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MAJOR REVISION

This CE Manual of Instruction, Form 227-3534-0, replaces but does not obsolete
the previous Ramac CE Manual, Form 227-7610-0. The circuit descriptions in this manual
are written to “E” level System Diagrams.

The new and optional features listed below are included in this manual, replacing
the RaMac New Features M;mual, Form R27-3506-2.

Reset Multiply Remote Air Compressor
Blank Transmission Test Input Rearrangement
Record Advance Overflow 381 Remote Printing Station
Program Exit Splits 407 Printer

Dual File 382 Paper Tape Reader
Dual Access Compander

Dual Process Increased Processing Speed
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The rRamac 305 is a complete accounting system, capa-
ble of performing most of the accounting operations
required by the various transactions in modern busi-
ness. These business transactions are processed indi-
vidually as they occur, so that each accounting record
in the file represents its actual, up to the minute, status
at all times. Accounting records, which are stored in
the RaMAcC file, are automatically adjusted and updated
following each transaction. This technique of account-
ing is called in-line processing.

In-line processing is not, in itself, a new concept
of accounting. It was the prevalent system in the days
prior to the development of mechanized accounting,
when the number of transactions to be handled and
the number of accounts to be maintained were few.
With the growth of business activity and the develop-
ment of accounting machines, other techniques were
adopted. Batch processing, as performed by 1M
punched card accounting machines, became the most
efficient system for handling business requirements.

Development of a machine to perform accounting
functions by in-line processing has long been desired.
However, the most fundamental requirement of such
a machine is its ability to read, alter, and replace any
of the file records in any random sequence. Such a
machine was not practical until the development by
1BM of the 350 Random Access File. This file is an
integral part of the rRaMAC.

Five million characters of business facts are stored
in the file so that they can be referred to, adjusted,
updated, entered or extracted the moment a business
transaction is made. This processing technique is made
possible by the ability of the random access file to store
the information contained in 62,500 80-column stan-
dard 1BM cards within the machine. This information
is contained in 50,000 100-character records in the file.

Any one of these records may be reached in a maxi-

mum access time of 800 milliseconds (.8 second). The
effective access time is usually much less, and may be
reduced to zero in some programs. This ability to
obtain any record in the file without appreciable loss
of time makes possible the posting of transactions as
they occur. This immedijate processing leads to the
-availability of more timely information, and conse-
quently to closer control over business transactions.

IBM RAMAC 305

For example, in the area of inventory control and in-
voicing, for a single customer order the machine may:

Determine availability

Check customer credit

Price each item

Adjust stock balances

Invoice the customer

. Prepare the accounts receivable record
Accumulate usage data for sales analysis

. Credit the salesman’s commission account
. Perform various other related operations

© PN D TR 0o 1

Each operation is performed in sequence for each
order. Periodically, under card control, sales analysis
and other reports may be obtained, based on the ac-
cumulated usage data.

The procedures made possible by the ability to store
five million characters and to obtain them from
memory without appreciable loss of time, eliminates
the need for sorting, collating, and successive runs.

Current processing of minute-by-minute data means
dynamic accounting instead of a history for manage-
ment to review.

Closer control over inventory, results in reduced
inventory charges as well as increased service to cus-
tomers by reducing back orders.

Continuous processing eliminates the need for ac-
cumulating customers’ orders before making a run.
This makes possible a continuous flow of orders
through the office and warehouse, resulting in a much
smoother operation and better service to customers.

Character Coding

In the card, each character is stored in a particular
column in the form of punched holes. The vertical
position of each punch determines the character. In
RAMAGC, each character is stored in a particular charac-
ter position of a process drum track or file record;
it is stored in the form of magnetized spots rather than
punched holes. Just as the location of a punched hole
within a card column determines its Hollerith code
identity, the location of a magnetized spot within a

IBM RAMAC 305 7




character position determines its binary code identity.
Each magnetized spot is called a “bit,” and there is
an exclusive arrangement or combination of bits for
each character.

Within rartac, all data is read, transferred, and writ-
ten seriallv by word, character, and bit. There are
eight bit positions within cach character position. They
are identified as bits S, X, 0, 1, 2, 4, 8, and R. Bit §
merely provides a space between the recording bit
positions of each character, and is not used in the bit
coding. Bit R has no numeric or alphabetic value, but
is added to certain characters so that every character
will have an odd number of bits. This convention
makes possible a technique whereby rRAMAC may per-
form a validity check on each character transferred.

Translation {rom Hollerith code into binary code
involves the substitution of a particular bit or combi-
nation of bits for each Hollerith punch. The table
below gives the binary equivalent of each Hollerith
punch.

Major Units and Functions

The major units of rRamac include the 305 Processing
Unit, the 3850 File, the 323 Punch, the 370 Printer, the
340 Power Supply, the 380 Supervisory Station, and
the card reader, which technically is a part of the 380.

BINARY HOLLERITH
X 01 2 48R 12110 V 23 45 67 8 9
0 | ]
1 i I
2 1 i
3 I i |
4 | I
5 I I I I
6 11 I [
7 ARAR |
8 ] I
9 | Fil |
AT I ]
Bil]l ! l 1
CHE[ ]I 1 I 1
D] } I |
E[E]L}L { i 1 |
FI1j1! AR ! I 1
Girhplyljifd 1 I
HiT11 ) | |
SRR I ] I
JI | i I 1
Kil ] ) I 1
Lt 11 I !
Myl ! ] ] I
Njl 1 | | |

Processing operations, including all data transfers,
arithmetic, logical decisions, plus the mechanical oper-
ations of reading cards, changing file address, punch-
ing, and printing, are normally under complete control
of the stored program, suppleimented by control panel
wiring. The operator, however, may select the program,
start, stop, or alter processing operations from the
supervisory station. In addition, the operator may ob-
tain any record from the file without halting automatic
processing.

With the addition of optional features or the rear-
rangement of the basic units, the customer may change
the capacity of the machine. Several files may serve
a single process unit for a dual file system. One file can
be used by two process units for dual processing. With
the use of two access arms on a single file the access
time may be greatly decreased. Input and output may
be changed by the addition of a 382 Paper Tape
Reader or a 407 Printer. For output at remote loca-
tions the customer may use 381 Remote Printing
Stations with remote inquiry.

Process Drum

All transfers of data in the RaMAc begin or end at the
process drum in the 305 (Figure 2). The drum is a
cylinder, coated with magnetic recording material and
revolving at 6000 rpM. It is divided into circular tracks

BINARY HOLLERITH
X0 1 2 48R 12 11 0 1 2 3 4 5 6 7 8 9
ol N | !
Pl AR RN | l |
Qfl Pt | i
R I I I
S 1 ) 1 | I
T P ! |
U I I I I I
v 11 | i I
w I 1 | I
X (FRARER | | I
Y I 11 l i
z 11 i I
LERRN ! |
SRR EANE] i I 1 I
ot 1jifl I | |
bl B |
S| 11 i ] i !
|} R | | I
/ ! I it
4 1L Ny | 1 I
% 1 i | i i
# (BN 1 ! |
@ BEEE] ! |
Blank I

Figure 1. Hollerith Character Coding and ramac Binary Character Coding
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Figure 2. Process Drum Head Layout

(Figure 3), most of which have a read-write coil so
positioned that data may be recorded within the tracks
in the form of magnetized spots. The standard machine
has 32 addressable tracks; four for general storage,
twenty for instructions or storage, three for arithmetic
operations, three for input from the reader, one for the
typewriter, and one for output to the 370 Printer or
323 Punch. Additional tracks for output or general
storage are available as optional features.

On each track 100 characters are written serially
(sequentially) . The 100 character track is divided in
fields of 10 characters each (Figure 4). Because of the
direction of the revolution of the drum the first charac-

Arithmetic Tracks
ACCUmquror, Lam, Vv, e

Instryction Tracks

0 Through 9, &, A Throvgh \
Storage Tracks
WI xl YI Z
Output Tracks S, T
Supervisory Track Q
Input Tracks K1, K2, K3

Clock Track
Spare Track

Figure 3. 305 Process Drum

ter written or read is character 99, often referred to as
character 9 field 9 (F9C9), whiie the last is character
00 (FOCO). Each character position is further broken
down into the 7 bit system of coding with an S (space)
bit separating each character position.

Basic machine timing during a transfer to or from
the drum is directly related io the angular position of
the drum. An additional permanent track on the
drum, known as the clock track, generates the basic
timing pulses (Figure 4). This track is broken down
into character pulses, then into bit pulses. Regardless
of the physical location of the drum heads, all charac-
ter 99's are read or written at the same time as estab-

. hished by the clock track.

Because the drum is revolving at 6000 rpM, one
revolution takes 10,000 us. Between character 00 and
character 99 there is a 400 us gap leaving 9,600 us per
100 characters or 96 us per character. This is the rate
at which characters are read from or written on the
drum.

Core Buffer

When transferring data from one track on the drum
to another track it is necessary to have an intermediate
storage area, capable of storing 100 characters. Without
this additional storage area all transfers would have to
be from a particular character position of one track
to the same character position on the new track.

The storage unit used is a 100 character magnetic
core buffer. In any transfer of data the flow is from one
track to cores, and then from cores to another track.
Normally the cores are not addressed. The cores are
assigned character positions from 00 to 99 and read-in
or read-out starts at character 00. Note that this tim-
ing is the reverse of the drum where we always read
or write character 99 first. Figure 5 illustrates the
transfer of data from K track to W track through the
core buffer. The cores are being read into at a rate
established by the drum clock track, ie., 96 us per
character.

Random Access File

The third and largest storage area in the system is the
file. This device consists of 50 metal disks, coated on
both sides with a ferrous oxide recording material.
These disks, slightly separated from one another, are
mounted on a vertical shaft which revolves at 1200
rpM. Information is stored in the form of magnetized
spots in tracks around the top or bottom side of the
disks. At the side of the stack of disks there is an access
arm that moves under electronic control to any desired
track on any disk. Two magnetic read /write heads

IBM RAMAC 305 9




Field 1
Field 2 cc75 Dota
cs DRUM SHOWN AT FIELD 9, CHARACTER 9 TIME Storoge

Field 3 Field O
Go
Field 4 P
Field 9

Field 5

Field &
Field 8
Field 7
Clock Trock Jimings shown ore established by the General Storage, Program Storage, Input Output,

{Contains 816 equolly spaced Clock Track ond the Timing Rings

magnetic spots from the beginning
of CE thru end of CL)

Figure 4. Drum Timing and Data Assignment

(top and bottom) mounted on the access are used to
read or write information.

The file is available with a capacity of 5,000,000
characters or 10,000,000 characters. On the 5,000,000
character file there are ten 100-character records stored
on each track (five on each side of the disk), and there
are 100 tracks on each disk. The tracks are divided
into 5 equal segments or records of 100 characters
each. These segments are numbered sequentially, 0
to 4 on top and 5 to 9 on the bottom (Figure 6). The
tracks are numbered from 00 to 99 moving from the
outside to the center.

We now have a method of addressing any record on
the file. A 5-digit number is used, the first two digits
being the disk number, the third and fourth, the
track number, and the last the record number. Disk
address 35439 will position the head at track 43, record
9 (bottom of disk), disk 35.

On the 10 million character file, the track density has
been doubled, i.¢., there are 200 tracks per disk. The
tracks are still numbered from 00 to 99, but they
repeat 00 to 99 again on the same side. The second
or inside 100 tracks on the top disk, become disk

10 IBM RAMAC 305

ond Multiplicond Trocks
{Contains only those bits that decode
to the doto octually written)

address 01. The inside of the bottom disk becomes disk
address 99. In the above example disk address 35 would
now refer to the 18th disk from the top, the inside one
hundred tracks.

The disks are revolving at 1,200 rpM, about one-
fifth the speed of the drum. There are five times as
many characters passing the head in one disk revolu-
tion. The result is practically the same character rate
as on the drum, or 100 s per character. However, there
is no way to synchronize the drum with the file. When
reading from the file to the drum we must use our
core buffer again. Transferring from or to the file,
the entire record must be transferred starting with
character 99.

Input and Output

The card reader, a part of the 380 Console Unit, is
used to enter data into the system. This data is in Hol-
lerith form, read digit by digit, and must be translated
to binary form and written on the drum serially. The
input data is automatically written on K track. The
console can be used to manually read in data to a




specified drum track or file record. Q track is the input
and output track for the typewriter. The 382 Paper
Tape Reader may also be used for input.

Standard output devices are the 370 Printer, 323
High Speed Punch. These two devices use only S track
or § and T track. As an optional feature the 407 may
be used as output. An additional device for output is
the inquiry feature of the 380 or 381 Remote Station.

Stored Programming

Rather than use a control panel for all control of
operation, the RAMAC refers to its own storage units for
its next instruction, previously stored as a 10-digit
coded instruction. Twenty drum tracks are used to
store instructions (tracks 0-9, &, A-1) . Each field within
the track may contain a 10-digit instruction. Thus we
have a possible 200 program steps which the rRamac
will automatically refer to in sequence, starting with
program step 000 (FO track 0) and repeating after
program step 199 (F9 track I). Any instruction loca-
tion not used for an instruction may be used for
general storage.

By using its stored program, the RAMAC can transfer
data and compute. To punch, print out, feed a new
card, compare results and make logical decisions, or
change the program sequence, control of the machine
is turned over to the 305 control panel by special
coded characters in the 10-digit instruction. For refer-

ence purposes only, the character positions of an in-
struction are coded as follows:
T,A,B,T,A,BBMNPQ
In data transfer, which is the basic operation, the
characters in the different character positions of the
instruction have the following significance:

T,—Track of origin. Read from this track.
A,B,—Character position on above track where read-
ing should begin.

T,—Track of destination. Write the characters
transferred on this track.

A,B,—Character position where writing should begin.
MN-—Total number of characters to be transferred.

P—Program exit code. Any character in this posi-
tion causes an impulse to be emitted from a
corresponding hub on the control panel. This
impulse occurs after the instruction has been
completed, and may be used to test decision
elements and to cause the program counter to
be skipped to some new level. Such an impulse
may also be used to initiate mechanical func-
tions, such as printing, or feeding a new card.
A character in this section is often called a
“P flag.”

Q—Control code. Certain characters in this posi-
tion modify the instruction, for example: “1”
changes an instruction from a transfer of data
to a comparison of the data in the from and
to locations. “5” causes an accumulator reset
prior to an add or subtract operation. A char-
acter in this section is often called a “Q flag.”

[ {lalflm [~ r o]

From Track (K) K 7 3W®9 2435b5b g Tiiwe
FO Fi F2 F7 F8 F?
o{tﬂ”ll;‘}|H|||Ll7%nl”|n| ;111]1111 Hi”lll'
H o H :

Core Buffer
Y:lll”lll!,{l!I|IIII!'lllllllLL!,}ll"'lll!.{lll|lll|lr,_lllllll
; 4 H : H B
To Track (W)

FO Fl F2 F3 F4

llllIIlLl lllllllll
T 3

]
lllllllll
7 T
¢ B

11
T

!lll"ll '%ll‘lllll

Figure 5. Track to Track Transfer
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The P and Q sections of the instruction are often
blank. In program planning, a blank instruction is
indicated by the symbol b.

Instruction Example

If it is desired to transfer thirteen characters from
position 21-33 of track X to positions 65-77 of track
Y, the instruction is:

T, [AB, | T, | A,B, | MN P Q
X 33 Y 77 13 b b

If it is desired that this instruction be a comparison
of data rather than a transfer, the instruction becomes:

T, [ AB, | T, | AB, | MN P Q
X 33 Y 7. 18 b 1

If it is desired to test the result of the comparison in
order to select a new step of the program counter,
10 Records on Each Track

(0 thry 4 on TOP,
5 thry 9 on BOTTOM)

100 Charocters
on Each Record

.

I

%
=

\
\\\\\

gp) 5ot or ch\{\‘\\ \‘-
3

Track 00 /
Disk 01

Track 00
Disk 00
Access Arm
Top Dummy Disk Access Arm
Disk 01 Reod / Write Heods
B i}
Disk 00 Disk 00 ]
.
- A\
ALY
Y
1y \ ]
A= - ) &3
\ } S
4
N4 /
Disk 49
Disk 98 Disk 99 2ettom Dummy Disk

Figure 6. Random Access File—Disk, Track, and Record Selection
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a P flag must be included. This character may be any
of the alphabetic or numeric characters or one of
several special characters, each of which has a corres-
ponding program exit hub on the control panel; for
example:

T, | AB, | T.

0y

X 33 Y

b
&
o]

MN ] P Ql
13 s I

~T | n

~7
-

Address ldentification

A discussicn of programming requires an identification
of the various tracks or addresses within RaAMAC which
may serve as the origin or destination address in data
transfers or other operations.

From To

W ALY
General Storage X X
tracks Y Y
Z Z
Program
Step Nos.
0 0 000-009
Instruction tracks I 1 010-019
(may also be used 2 2 020-029
for general storage) 3 3 030-039
4 4 040-049
5 5 050-059
6 6 060-069
7 7 070-079
8 8 080-089
9 9 090-099
& & 100-109
A A 110-119
B B 120-129
C C 130-139
D D 140-149
E E 150-159
F F 160-169
G G 170-179
H H 180-189
I 1 190-199
Add L
Subtract M
Read out L
Read out and reset M
Multiplicand A%
Multiply

Divide (optional)

R 2 <

Input track K
Output track S
Optional output track

(printer) T T
File record R R




File address register

(also initiates a servo

to the new file address) ]
Inquiry track Q Q
Character selector

(causes the character to be

analyzed into Hollerith Code — (hvphen)
Components)
Core Buffer — (hvphen)

Data Fiow and Logical Organization

The general data flow of the rRamAac 305 is shown in
Figure 7. Notice this diagitam does not include the
controlling units and circuits. The need for these units
will not be apparent untl data flow is understood.

Data, either instructions or factors, is entered from
the reader to K track. Following any rcad opcration
the information must be transferred from K to some
other storage location, then another read operation

may take place (Figure 5). The flow is from K

% -
Format
o r
T _
A Alter

track into the core buffer and then out to the drum.
When all the information has been loaded, pro-
cessing may begin. The operator resets the machine
and then pushes program start, which will cause
the RAMAC to move sequentially through the pro-
gram steps beginning with step 000.

Each transfer instruction will require at least three
drum revolutions, each of which is considered a
machine cycle. To differentiate one cycle from the
other, we shall call them instruction cycle, read cycle,
and write cycle, or 1, R, and W. During the 1 cycle the

‘instruction will be read from the drum directly to the

instruction register for analysis. The storage location

- referred to will be determined by the program counter

which advances from 000 to 199 and then resets.

During the R cycle the T, character in the instruction
register is analyzed and a drum head is selected for
reading. The A,B, characters tell the machine where
on the selected track to begin reading while the MN
determines the stopping point. This information flows
to the core buffer. If T, = R the file is selected and the
data moves from the file to the cores.

During W cycle the T, character is analyzed, a drum
head is selected for writing and data is read out of
the cores to the drum. If T, = R, the flow is to the fle.

Instruction
Register
2.03.0%

I Cycle Gate
K
2] || —EF i
Register .02,
3.10.31 Comp
l Matrix Read L . 3.03.01
£ —
h Ts] @ h
CIBIA Parity &5 1

K3 K2 5 &,0‘A9-| WXYZ VL lpPT —.J Check s 3’ m Blonk
M Adder [3.02. 14 G n Core Trons~

g Buffer mission
3.01.00 5 Chack

I e * —— 3.03.03

Moatrix Write
3.10.10 }
W Cycle Data Switching File
3.02.12 Address
Register
‘ l Disk Write Data
Character
Matrix Write Data Selector Daote to J File
K Write Data 8.04.01 Address
Q Write Data Buffer
Inquiry Address Data

-

Figure 7. raMac Data Flow
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A,B, and MN determine the exact location within the
track for the data. This represents the most common
machine instruction and data flow.

When reading or writing on the file the 5-digit ad-
dress must be placed in the control circuits prior to
the T, or T, of R instruction. This is done with a
special command of T,= ], often referred to as a servo
command. The disk address itself is the first five char-
acters read from the selected track as established by
T,. During W cycle this address moves from cores t
the file address register. This register is a relay storage
device. Due to the relative slowness of relays, more
than 30 milliseconds is needed to complete the opera-
tion. Following W cycle the machine goes through two
additional cycles, D and P, before advancing to the next
instruction. ’

When processing is complete and the result is to be
punched or printed, it is first necessary to transfer
the data to one of the output tracks, § or T. This same
instruction should provide an impulse to the control
panel which can be wired to print or punch. This is
done by placing some character in the P position of the
instruction. Once again relays must be picked, result-
ing in extra cycles following W cycle. The sequence is
IRWDP with the specific program exit hub emitting
during P cycle.

Each of these machines cycles, I, R, W, D, and P are
basically 10 millisecond cycles of the process drum;
however, it is sometimes necessary to extend an R or
W cycle to some multiple of the process drum cycles.

14 IBM RAMAC 305

On the data flow diagram notice a parity check is
made on every transfer, before entering cores and after
leaving cores. Parity is checked during print or punch
out. The instruction is parity checked during I cycle.
Basically this means the bits within each character are
checked for an odd count. There is also a check for
the accuracy of the input data. The reader has two
sets of brushes and within the process unit a compari-
son will be made to be sure the same information
is read at each set of brushes.

The arithmetic unit consists of the adder, the delay
register, and 10 accumulators. Each of the 10 accumu-
lators occupies 1 field on the L (or M) track. The par-
tial product track is a non-addressable track used only
to develop the product or quotient, while the V track
is used for storing the multiplicand. Addition, subtrac-
tion, and multiplication are standard machine func-
tions while division is optional.

The console is represented by the keyboard and
typewriter. With the format key the operator may
manually enter an address into the file address register
and cause the file to servo. When the access arm has
located the correct record, the data will move from
file to cores, from cores to Q track, and from Q track
to the typewriter. The only path to or from the type-
writer to the process unit is via Q track. Data may be
placed on Q track from some other storage location,
then printed on the typewriter. At the typewriter it may
be partially or completely altered and then replaced
in the original location.




The electronic circuits used in the RaMac 305 are built
around. pluggable units. A pluggable unit will general-
ly include one or two electronic tubes and the asso-
ciated circuitry. The components of a standard circuit
are mounted on a frame provided with a standard 10
pin electronic tube base (Figure 8). To bring the unit
into use, it is plugged intd its corresponding socket on
one of the electronic gates; hence, the designation
“pluggable unit.”

The object of the “Electronics” section of this manual
is to give a functional understanding of the operation
ol the circuits used in RAMAC. Although there are ap-

Electronics

proximately 70 different pluggable units in use, there
are a comparatively small number of basic circuits from
which these units have been derived. These basic cir-

- cuits will be our main concern in this section.

Quite often a functional circuit is composed of sev-
eral pluggable units. For instance, the drum matrix
read amplifier (System Diagram 3.10.11”) consists of
two units, AM314 and AM315. The Overbeck ring
(1.01.05) is another example of a functional circuit
made up of several units. This should be kept in mind
when applying the principles of operation of a basic
circuit to the actual pluggable units.

AN

Two Tube
Unit
Pluggable
Unit Base
One Tube = t
Unit \ = —— j
L 1
— H
dL_
View A-A

Figure 8. Electronic Pluggable Unit Assembly
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Basic circuits plus the conventions relating to plug-
gable units and “System Diagrams” are described in
this section. Pluggable unit components are described
separately in “Component Circuits.”

Conventions

The following conventions are used in this section, the
“System Diagrams,” and the “Component Circuit”
diagrams.

Standard Levels

Standard levels are used in the circuits in which the
signal is either absent or present. The nature of many
circuits, however, necessitates their having non-stan-
dard outputs. Such circuits are the file servo circuits,
and the signals read from the process drum, core buffer,
and file.. Non-standard levels are frequently converted
to standard levels by means of the scheme illustrated
in Figure 9.

The nominal standard levels are as follows:

Nominal plate level: Up 140v; Down —+50v

Nominal cathode level: Up 12v; Down —38v

In practice, these levels will vary slightly throughout
rRaMacC. However, nominal values are used throughout
this section of the manual.

Physical Location of Pluggable Units

The pluggable units used in the 305 Process Unit are
mounted on three electronic gates, as shown in Figure
10. Each gate is subdivided into three panels. For iden-
tification purposes, the panels are numbered conse-
cutively from 1 to 9 (a 10th panel, mounted differently,
supports the mercury relays). Each panel is provided
with 264 sockets arranged in 24 columns (A to Z with
I and O omitted) and 11 rows (1 to 11). The location
of a pluggable unit, plugged into one of these sockets,
can be given in terms of three symbols: e.g., 3F2 speci-
fies the location of the socket on panel 3, column F,
row 2, Pancl wiring is brought out to edge connectors.

Storage Standard
Sermvo Amplifier |1 Clipper }- Shaper p——
Unit Level

A

/
Weak and Trigger or
Noisy Signal Inverters

Figure 9. Conversion of Weak Signals to Standard Level
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BACK GATE
Swings Out .

FRONT

GATE
Swings Out

T T

PANEL 7

PANEL4

PANEL 1)

PANEL 5

GATE

PANEL 6. .
o 39

PANEL 3

FIXED GATE

Figure 10. Electronic Gates and Panels

The pluggable units are used in the 350 File before
Systemn 305-10220 are arranged in 2 rows (numbered 1
and 2) of 20 columns (A to V with 1 and O omitted).
The location of a pluggable unit on the file is given
in terms of two svmbols: e.g., K2 specifies the location
of the socket in column K, row 2.

Beginning with 305-10220, the file pluggable units
are mounted on an electronic gate. These pluggable
units are numbered from 1 through 16 for horizontal
rows and lettered A through D for vertical columns.

Symbols for Pluggable Units

A pluggable unit is represented on the “System Dia-
gram”’ by a rectangle subdivided into four sections.

The bottom section contains a code, such as AM301,
which refers to a definite type of standard circuit.

The next to bottom section contains the code indicat-
ing the physical location of that unit, in some cases one
pluggable unit includes 2 identical circuits, each using
one section of a dual tube. The left hand section is
designated by the letter a, the right hand section by b.
The letter a or b is added to the location code of the
unit so that the code 6Blla indicates section a of the
tube circuit in the pluggable unit located on panel 6,
column B row 11.

The next to top section contains the symbol for the
logical function performed by the unit in the particu-
lar circuit where it is used. The same electronic circuit
may be used to perform different logical functions.



Special Tapped
Information Plate

(When Signals
RequiredN /
Plate
Logic \ Signals
Function AM /

Physical ————e1 4F2 je—— G;:d

Location AM 301 Cathode
Standard \ Grid
Circuit or
Code Cathode

Figure 11. Pluggable Unit Logic Block Diagram

For instance, the pluggable unit coded DD301 may
be used as an anp circuit (logical symbol a), or as an
OR circuit (logic symbol 0), or as an isolator (i1sor).

The top section may be used when additional infor-
mation is required. Thus, in the case of a single-shot
circuit, the unit coded CU302 contains the components
which determine the duration of the single shot pulse.
The length of the pulse is recorded in the top section.
In the case of circuits which represent diodes, the ori-
entation of the diode is often shown in the top section.

Note that in the case of trigger circuits, section 2 of
the block diagram also contains information relating to
the manual reset of the trigger. This will be explained
later.

Input and Output Signals

These signals are indicated by arrows on the input
and output lines on the “System Diagrams.” As a gen-
eral rule, certain types of signals are associated with a
definite section of the pluggable unit block diagram.

Top Section:

Center Top Section:
Center Bottom Section: Grid or Cathode Signals
Bottom Section: Grid or Cathode Signals

This general rule does not apply to some of the
units, such as diodes. The function of the unit will
usually make it clear whether this rule is applicable
or not. In doubtful cases, reference should be made to
the circuit diagram for the unit.

Test points are indicated by the pin number on the
pluggable unit where the signal is available.

Tapped Plate Signals
Plate Signals

Triager Conventions

A trigger is oN when its left side is conducting. Its
right plate is then high. A trigger is orF when its right
side is conducting. Its right plate is then low.

Resistor and Capacitor Conventions

The following values apply to resistors unless otherwise
stated in the diagram:

1. Wattage: 0.5 is understood.

2. Tolerance: 59, is understood.

3. Resistance value: x is understood (e.g., 10,000

ohms is written as 10) .

The following values apply to capacitors unless
otherwise stated in the diagram:

1. Voltage: 600v is understood.

2. Tolerance: 209, is understood.

3. Capacitance value; ufd is understood.

Abbreviations

The following abbreviations are used throughout “Sys-
tem Diagrams, Component Circuits,” and this manual:

A, tens position of FROM instruction

A, ten position of To instruction

ACC access

ACCR accumulator

ACLR alternating current line regulator

ACLR—-MB aiternating current line regulator
meter back

ACLR—-MF alternating current line regulator
meter front

ALBAR alarm bar

AMPL DRUM CLOCK
AR

amplified drum clock
accumulator track read

ASM assembly

AW accumulator track write

B, units position of FROM instruction
B, units position of To instruction
Bs bit space

BO bit 0

Bx bit x

Bl bit 1

B2 bit 2

B4 bit 4

B8 bit 8

Br redundancy bit

c0—C9 characters 0-9

CB circuit breaker

Ce character early

CE customer engineer

CHAR character

CHAR & FLD RING
GATE
CHAR RING DRIVE

character and field ring gate

character ring drive

CHB check brushes

CHK check

CL card lever, or character late
CLM clamp

CLP clip, or clipper

COMP component

CONN connector

CPC control cable parallel connector
CPL control panel

CT clock track

CTR counter

D diode

DB distribution board

D CYCLE delay cycle

DF dummy fuse

DHP drum head plug

DSE digit selector emitter
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E
ECN

FO-—F9
¥B
FBS
FCB
FCp
D
FIL

FLD RING DRIVE

FNA
FN]
FNM
FRN

GCP
GEN
GERM
GND

H

HD 0/3
HD 2,5
HD

1

Ix, 10, 11, 12, 14, 18
1 CYCLE

IMMED

INLK or INTL
INLK SW

INSN
1,0
150L

P

L
L1

LCO—-LCY
LFO—LF$S

12LPB

LR RESET

LT

MAN
MIC
Ml
MLPR
MN

MR
MT

NE

P

P3C
pP5C
PBS
PCB

PCL
PCP
PEM
PNL
PonlL
POT
PP
PPR
PPW
PRBS
PRG
PROC
PS

PT
PWR

Q

1IBM RAMAC 305

emitter (cam-370)
end connector

field 0—field 9

fuse box, or file binder post
card feed barrier strip

card feed circuit breaker

fuse conirol panel

feed

filament

field ring drive

slow blow signal type fuse
slow blow signal tyvpe fuse
slow blow non-indicating fuse
slow blow non-indicating fuse

punch control panel
generator
germanium diode
ground

hold coil—relays
head 0 or head 3
head 2 or head 5
heavy duty relay

incandescent light
program bits x,0,1,2, 4,8
instruction cycle
immediate

interlock

interlock switch
instruction

input or output

isolation

Jones plug

lower

line terminal #1

line character 0-9—cores

line field 0-9—cores

latch pick relay #12 on B side
latch relay reset

latch trip, or light

manual

immediate blow signal type fuse

immediate blow signal type fuse

multiplier

number of character to be
transferred

mercury wetted relay

motor terminal

neon

pick coil—relay, or punch—323

power parallel 3 connectors

power parallel 5 connectors

punch barrier strip

punch circuit breaker, or
power circuit breaker

punch card lever

process unit control panel

punch emitter

panel

power on light

potentiometer

partial product

partial product read

partial product write

printer barrier strip

program

process

program shaft—370

point

power

special instruction

TFMR
THPLAS
TRF
TRK

TS

U

W CYCLE

WP
WR
WRB

read amplifier

resistor barrier strip
read cycle

read clutch magnet
read

reader

read emitter

register

reset, or resistor

rewrite

radio frequency choke coil #3
germanium rectifier #12
relay

reference mark

rubber

read or write

supervisory station bar strips
shoe connector

supervisory circuit breaker—380
supervisory station control parel
solenoid

special

status 1

status 2

stop

start

standard

switch

FrROM track address
TO track address
terminal block
time delay
transformer
thermo plastic
transfer

track

terminal strip

upper

write cycle
Winchester plug
write

write brushes

Indexing of System Diagrams

The five digit number at the upper right hand corner
of each system diagram is an indexing of ihat diagram
according to the following table.

DIAGRAM
NUMBER

0.XX.XX
1L.XX.XX
2XX.XX
3XX.XX
3.10.XX
£XXXX
5XX.XX
6.XX.XX
72X XX
74X.XX
77X XX
8.XX.XX
9.XX.XX

10.XX.XX

MACHINE

CATEGORY INVOLVED
Reference 305
Processing information 305
Processing information 305
Processing in formation 305
305
305
Arithmetic 305
Supervisory station 380
Card Reader 380
323
370
350
Power Supply 340
Paper Tape 382

Point to Point Wiring Representation —
System Diagrams Relay Circuits

The relay circuits in the “System Diagrams” are drawn
point to point, ie., the wires in the machine go from
one relay point or coil to another exactly as drawn.




Modified Point to Point Wiring Representation —

System Diagrams Electronic Circvits

The electronic circuits in the “System Diagrams” em-

ploy modified point to point representation as follows:
The line originates at pin 3 of the unit on 1.02.03

and goes directly to pin 4 of the unit on 1.04.02.

1.02.03

l—A—»3 NAME 1 04.02

1.04.02

. 4
l.oz.oa‘NL.E

The line originates at pin 3 of the unit on 1.02.03
and goes to panel 1 edge connector 1Aa. It then goes
to panel 2 edge connector 2Bb, and then to pin 4 of
the unit on 1.02.05.

1.02.03 .02.05
AN 020 1.02.03~——-—»INAME .
1Aa b

Three lines are output in parallel from pin 3 of the
unit on 1.01.01. One line goes to pin 4 of the unit on
1.02.03, another to pin 4 of the unit on 1.08.04, and
another to pin 4 of the unit ‘on 1.04.05.

1.0l.0t 1.02.03
—NAME 1 02.03

3—3-———”.03.04 LOLNM*“E
»1.04.05

1.03.04 1.04.05

ME 4 .4
1.01.01—N'\L~¢E I.OI.OILAME-%
e

One line is output from pin 3 of the unit on 1.01.01.
Three pages are listed on the output line. This shows
that the line goes first to pin 4 of the unit on 1.02.03,
from there to pin 4 of the unit on 1.08.04, and from
there to pin 4 of the unit on 1.04.05.

1.01.01 1.02.03
]———-»3 NAME 1. 02.03 1.01.0!—‘—0,NAME .
1.03.04
1.04.05
1.03.04 1.04.05

4 4
LOLOI%‘E LOI.O‘M‘-’E

If a line goes to more than one point on a given page,
the last point on that page connects the first point on
the next page of the serial connection list. The output
from pin 10 of the unit on 1.05.01 goes first to pin 8
on 1.05.08, then to pin 4 on 1.05.08, then to pin 4 on
1.05.09.

1.05.01 1.05.08
105,01 NAME 3
1O NAME o5 06
1.05.09
4
1.05.09

4
1.05_01ANL.E

Combinations of the above 5 basic representations
are used in the sysiem diagrams.
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Circuit and Componeni Descriptions

The basic circuits used in the pluggable units fall into
the following categories:
I. Logic circuits: a) AND circuits;
c) Inverters: d) Triggers.
2. Driving and level setting circuits: a) Cathode
followers; b) Inverters; c) Amplefiers.

b) or circuits;

aND Circuits (’System Diagram’’ Symbol: A}

An AND circuit may have two or more inputs. When
all inputs are high, a high output will result. Physically,
the AND circuit consists of two or more diodes suitably
interconected. Diodes have a small resistance to elec-
tron flow from the cathode to the plate (forward), but
a large resistance to flow from the plate to the cathode
(back) . Diodes may be either crystal or vacuum tube
type. In rRamac the crystal type is not used in AND or
OR circuits, but is used in a few circuits to control the
direction of current flow. With crystal diodes the for-
ward resistance is usually negligible, but the back re-
sistance cannot be assumed to be infinite. With vacuum
diodes, the forward resistance must be reckoned with,
but the back resistance can be assumed to be infinite.

All vacuum diode AND circuits operate at cathode
levels. A typical example of the operation of an AND
circuit is shown in Figure 12.

The input signals come from a low impedance
cathode follower driving circuit. The output goes to a
high impedance load. The plates of the diodes are con-
nected together and returned to +140v through resistor
“R.” As long as the two inputs remain low (—38v)
current fiows through both diodes and the output is
low (—38v neglecting diode forward resistance).
input 2 is raised to +12v but input 1 remains at —38v,
diode 1 will continue to conduct while diode 2 is cut
off, and the output will remain low.

In a multiple input anD switch, if any input remains
low, then the diode with the low input will conduct,

+ 140V

R

Input 1 (To High
Impedance

Cathode Output  Load,
Ft;»llower Usually
nputs Grid of

-38V to +12
¢ ) Input 2 Next
Tube)

Figure 12. AND Circuit
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while the high input diodes are cut off, causing the out-
put to be low. If all inputs are raised to +12v, current
will flow through all diodes and the output voltage
will be the same as the input voltage (neglecting for-
ward diode resistance) . Thus, the output voltage al-
ways follows the lowest input voltage regardless of the
number of inputs.

Positive or Circuit

{("’System Diagram’ Symbol: O)

Like the AND circuit, the positive oRr circuit may have
two or more inputs. Unlike the anp circuit, when any
one positive or input is high, the output is high. The
basic diode interconnection for a positive OR circuit is
shown in Figure 13.

r Input 1 Diode 1 (To High
Impedance
Cathode Output  Lood,
Follower —o Usually
Inputs ﬁ - Grid of
(-38Y to+12V) Input 2 [ Diode 2 | Next
O Tube)
k
R
-60V

Figure 13. OR Circuit

The input signals come from a low impedance
cathode follower driving circuit. The output goes to
a high impedance load. The cathodes are connected to-
gether and returned to —60v through resistor “R.” As
long as both inputs are low (—38v) both diodes con-
duct equally and the output remains low (—38v neg-
lecting forward diode resistance) . If input 1 is raised to
+12v, diode I conducts while diode 2 is cut off, and
the output becomes +12v (neglecting forward diode
resistance) . As soon as input 1 is again dropped to
—38v, both diodes again conduct equally and the out-
put becomes low. Thus, the output voltage always fol-
lows the highest input voltage.

Negative or Circuit
(“’System Diagram’’ Symbol. NO)

The negative or circuit performs the same function
with negative pulses that the positive or circuit per-
forms with positive pulses. The diode interconnection
for the negative or circuit is identical with that of the
positive AND circuit (Figure 12).. The inputs are nor-
mally +12v. Whenever one input decreases to —38v,
the output follows it in accordance with the principle
established for anp circuits: the output always follows
the lowest input voltage.




Types of anp and or Circuits

The anp and or Circuits used in RamMac are not limited
to simple diode circuits. A basic AND circuit may in-
clude an inverter (“System Diagram” symbol A1) or a
cathode follower (“Svstem Diagram” symbol Ak) de-
pending on the type of output desired. Another type
AND circuit uses thyratrons. (“System Diagram” symbol
ATH) . Some OR circuits are made up of neon diodes
which use plate level inputs. For more details about
AND or OR circuits, see “"Component Circuits.”

Inverter ("’System Diagrdm" Symbol: I)

The inverter circuit produces a negative shift at its
plate when a positive shift is applied to the grid, or a
positive shift at its plate when a negative shift is ap-
plied to the grid. This property is used to invert logi-
cal conditions.

The inverter also amplifies and shapes signals. There-
fore, it is also used as level setter and pulse shaper.
Different circuits are used, depending on which of
these properties is to be emphasized.

The basic circuit is shown in Figure 14. When a
positive pulse is applied to the grid, the grid rises above
cutoff, the tube conducts, and the plate voltage drops.
At the end of the pulse, the grid voltage drops below
cutoff, the tube becomes non-conducting, and the plate
voltage rises to +140v.

Figure 14a illustrates the level-setting characteristic
of the inverter. The tube is biased so that the grid
voltage swing from cutoff to full conduction is a small
portion of the input pulse swing. And, since the circuit
also gives amplification, the output level can be set
to any desired value. Thus, a badly shaped, non-
standard level input pulse is restored to an almost
“square” output pulse at the right level.

Figure 14b: An input voltage divider has been added
in order to accept high input level pulses. The tube
then operates under the same conditions as in Figure
14a. Since the grid resistance is now higher, the added
resistor, in series with the grid, is bypassed by a capaci-
tor to speed up the response.

Figure 14c: Response to positive shifts only is re-
quired. A capacitor is added in series with the input
signal to differentiate the shifts occurring at the plate
of the trigger preceding the inverter. A negative shift
merely cuts off the tube farther and produces no
change in the inverter output.

Figure 14d: The input pulse is obtained through
relay contact points. To reduce the “noise” due to con-
tact-chatter, an integrating circuit is used in the input
circuit.

Figure 14e: For additional shaping of the inverted
pulse, a compensating capacitor “C,” is added in the

+140V

Input PUEJKXL
a. Output Pulse Out

Ilustrating Shaping \:

ifr - AN = = e
and Amplification In
Propesties of Inverter I
+ 140V
b . Out

+140V
c. g [ g’ Ouy
Voltoge ot_Ak l ——
Outputll— In ! '
+140V
Qutput Without
integreting Circuit
Out
d.
— =
In f l
I -250v
nout—  yi40v
Output Without Cc— ()
Voltage Across R} (i) Compensoting
Capocitor
Output with Cc AddedU(iii)
e.

Figure 14. Basic Inverter Circuit and Variations

output circuit. The stray capacitance is represented by
“C,.” The output wave shape when “C,” is charged by
R, is shown in Figure 14e (i). When “C.” is added,
the RC time constant of the charge path is reduced.
The resulting wave shape is shown in Figure 14e (iii) .
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The Schmitt Trigger (component type TR311) is an
application of the use of inverters as described by
Figures 14d and 14e. This application allows ragged,
noisy input pulses to result in squared-up output
pulses. Two inverters are used in series in the TR3]1
so that a positive output can be obtained from a posi-
tive input. (See “Component Circuits.”)

Triggers ('’System Diagrams’’ Symbol: T)

A trigger is a bi-stable multivibrator. This means that
it remains in either of two stable states until it is
forced by an external signal to assume the other state.
The forcing action is called triggering or flipping. The
bi-stable property of a trigger makes it useful as a
storage device. It is used in registers, counters, and
gate-forming circuits.

GENERAL TrIGGER CircuiT OPERATION

A trigger circuit resembles two inverter circuits with
the plate output of each inverter coupled to the grid of
the other inverter (Figure 15). In one stable state,
the left tube is in full conduction while the right tube
is cut off. In the other state, the right tube conducts
while the left tube is cut off. To flip the trigger from
one state to the other, an external signal must be

applied to a sensitive point in the trigger circuit. This
point may be a grid or a plate of the trigger. Since the
gain of a conducting tube is greater than the gain of
the non-conducting tube, it requires less energy to flip
the trigger by applying a negative voltage tc the con-
ducting grid than by applying a positive voltage to the
other grid. The trigger may also be flipped by applying
a negative voltage to the high plate of the trigger. In
any case, the input signal must initiate a regenerative
action to cut off the conducting tube and bring the
other tube into full conduction. A small grid current is
allowed to insure that the plate is at its lowest voltage
level, and that small grid voltage fluctuations cannot
initiate this regenerative action. A neon lamp is some-
times connected between plate and ground to give
visual indication of the state of the trigger.

Grip Frip — DirecT INPUT (TR306)

The most common way to flip a trigger is to apply
a positive or negative pulse to a grid. Assume that the
trigger is ofFF (the right plate is low), and it is to be
flipped oN by applying a negative pulse to the right
grid (Figure 15). The negative shift to this grid cuts
off the right tube, thereby raising the right plate volt-
age. This rising voltage is applied to the left grid
through its voltage divider, As a result, conduction
starts in the left tube, and the left plate voltage de-
creases. Since the negative input signal is also applied

= = » . 140V -
r 2140V Compensating

o ;‘°P°°"°’ 5 L Voltoge Divider

" 3
( Out
n 10 1/; AN
5 1] - = L T .8
in in § in
L v J L sov ] L -2sov -5y

INVERTER INVERTER TRIGGER

{ o) Basic Trigger Circuit

+140V

Left Plate ﬂ

+140V

Right Plote ——l_____’—
+50vV
Stightly +

Left Gyid—-—L_—J_
-38v

Sligh'lyﬁr__—___L—
Right Grid -38v

ON——ri*-~OFFA—-'<—ON
LO Hi i Lo Hl
-~ — ] T
T [ 3 10
Hl Lo [ HE WL LO
5 8 5 g 5 8

( b ) On-Off Convention

Figure 15. Basic Trigger Circuit and Trigger on-oFf Convention
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to the left plate through the voliage divider, a regener-
ative action is initated. The voltages are stabilized
when the left grid reaches ground potential. The volt-
age dividers keep the grid level sufhciently low to pre-
vent the positive going trailing edge of the pulse from
flipping the trigger back again.

As long as the external negative signal is maintained
to the right grid, the trigger is “clamped,” and cannot
be flipped by a signal to any other input.

A somewhat greater positive signal applied to the
left grid of a trigger thar is ofF will cause the trigger
to flip. This signal causes the left tube to conduct and
initiates a regenerative action similar to that outlined
above.

Grip Frip — Capracitor Inpur (TR 307 anp TR 308)
The inserting of a capacitor in series with each grid
makes the trigger sensitive to only negative grid inputs.
Triggers TR307 and TR308 are such triggers. Assume
that we have a capacitor input trigger that is ON. (See
Figure 16.)

With the trigger on, the left grid is close to cut off
and the right grid is below cut oftf. A negative pulse of
about —3v to the left grid is enocugh to start regenera-
tive action to cut oft the left tube. The attenuation
caused by the small input capacitor will keep normal
input signals within this range. A +3v input to point
A at the right grid would not affect the trigger since
this grid is about —30v below cut off. However, should
a sufficiently large positive signal be applied to the
right grid, the trigger would flip, but such a signal
would indicate machine trouble.

BiNary INPUT

If a series of negative pulses is applied to the high
grid of a capacitor input trigger the first pulse flips
the trigger, and the following pulses have no effect. The
action is the same as that described in the previous
paragraph. To flip the trigger in the other direction, a
pulse must be applied to the other grid, which is now
high. If the grids are tied together and a series of nega-

i
il
]

Attenuated ,/_" About 3V
Input Pulses About 3V i Negative
(Queto Smatt  posirive ¥ Voltoge at A~ -37V
Input-Capacitor) ' Voltage ot B~ S0V
i Voltage ot C - 3V
Out o

an——{

With Left Tube Conducting

Figure 16. Capacitor Input Trigger

tive pulses applied to the grids, the trigger will then
be successively turned o~ and offF as each pulse is
received. A urigger operating under these conditions is
looselv called a “binary trigger.” These triggers are
used extensivelv in counter and ring circuits.

PLATE PULLOVER

A trigger mav also be flipped by applying a negative
voltage to the high plate of the non-conducting tube
of the wrigger. The voltage of that plate is thus “pulled
down,” hence the name “plate pullover.” If only a
positive signal is available, it is of wrong polarity to
flip the trigger by the plate pullover method. An in-
verter is therefore used to provide the correct polarity
and level.

If an inverter is used to plate pullover a trigger that
is oF¥ (Figure 17), a positive signal pulse applied
to the grid of the inverter will cause the plate voltage
to drop from 140v to 50v. The left plate of the trigger,
which is connected to the plate of the inverter, will
also drop from 140v to 50v. The left trigger plate,
connected to the right trigger grid through a voltage
divider, will drive the right trigger grid down below
cut off. As a result, the right trigger plate rises, pulling
the left trigger grid up through its voltage divider. As
the left trigger grid approaches ground potential, the
left trigger tube begins to conduct, pulling the left
trigger plate voltage down, which is the same direction
as the initial shift applied by the inverter. This
regenerative action continues until the left trigger
grid reaches ground potential, where voltages are
stabilized with the left trigger tube fully conducting
and the right trigger tube cut off. The trigger is now
oN. The input pulse could now be removed without
reflipping the trigger, because the conduction of the
left trigger tube holds the left plate voltage down. The
plate level of the inverter follows that of the left plate
of the trigger.

If the inverter continues to conduct holding the left
trigger plate down, the trigger is “clamped.” No other
input to the trigger can cause it to flip, because the re-
generative action cannot be initiated as long as the
left tube is held in full conduction.

I

Hi-Level Divider in
Following Pluggable

j Unit

| o S
w

1

Figure 17. Trigger Plate Pullover
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TRIGGER RESET
(See “Component Circuits” for diagrams of units.)

When power is first turned on, either side of a trig-
ger may start conducting. It is therefore essential that,
before any operation is attempted, the triggers be reset
to their correct status.

Triggers always reset by raising one grid voltage
above cut off. Each grid resistor is connected through
a voltage divider to —250v. There is one exception: the
right voltage divider of TR308 is connected to —182v.
(The reason for this will be made clear later.) The left
voltage divider is always connected to pin 4, the right
divider to pin 6. To reset a trigger ofF, the reset volt-
tage is removed from pin 6. The right grid voltage
rises above cut-off and the regenerative process is
initiated. The right tube conducts, the left tube is cut
off, and the trigger is OFF.

Some triggers must be reset while the machine is
cycling; in other words, they must be reset automati-
cally and at “electronic speeds.” For instance, a trigger
may be reset at a given time during a machine cycle,
ready to be set at some later time during the same cycle.
In this case, an “electronic reset” unit IF301, is used.
(See “Component Circuits”.) The output of the elec-
tronic reset unit (pin 3, normally at —182v) is applied
to pin 6 (the right grid voltage divider) of trigger
TR308. When a reset pulse is applied to the 1F301
unit, the level at pin 3 is raised to Ov. The voltage at
pin 6 of the trigger rises above cut-off to force that side
of the trigger into conduction.

Other triggers are reset at a time when the machine
is not cycling. The reset in this case is initiated as a
result of a manual operation at the console. The
different ways in which this manual reset can be
accomplished are shown in Figure 18. In each case,
the reset pin of the trigger is returned to —250v. When
the key is depressed, the reset line is open (through
relay points) and the voltage at the reset pin rises to
ground potential. A capacitor between the reset key
and ground serves to protect the —250v supply from
transients resulting from contact bounce at the relay
points.

Single Shot Multivibrator

A “single shot” circuit, as used in RAMAC, is a mono-
stable multivibrator which, when impulsed by a posi-
tive shift, produces an output pulse of a predetermined
length. A single shot circuit is used whenever a pulse
of a given length is required. The start of the pulse is
determined by the time at which the single shot is
triggered by the positive shift, and the end of the
pulse is determined by the delay introduced by reactive
components within the single shot.
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Figure 18. Trigger Manual Reset

We may recognize two differences in single shot pulse
requirements:

a. Relatively short, accurately timed pulses, such as

used for timing purposes.

b. Longer pulses not so accurately timed, used to
provide a “minimum delay.” The requirement is
that, provided a given minimum delay is obtained
between start and end of pulse, the length of the
pulse 1s not critical.

These two requirements lead to the use of two types
of single shot circuits. For pulses where the timing is
critical, a multivibrator with an LC tank circuit is used.
The inductance of the coil in the tank circuit is adjust-
able, so that the length of the output pulse is adjust-
able. For the pulses where timing is not so critical, a
multivibrator with capacitor coupling between left
grid and right plate is used. The value of the capacitor
is chosen to give the desired pulse length and is
mounted externally.



ADJUSTABLE SINGLE SHoT: §5302

The SS302 unit is used to produce accurately timed
pulses. The basic circuit is shown in Figure 19. The
tank circuit is mounted on a separate pluggable unit,
CU302, and the diode is part of a third pluggable
unit, DD301.

The left grid is biased more negatively than the right
_grid so that the stable state of the multivibrator is with
the right tube conducting. In this state the right plate
voltage is low and the output is down. A positive pulse
applied to the input is differentiated by the input “C.”

The resulting positive peak raises the left grid volt-
age above cut off, so that the left tube starts to conduct.
As the left tube conducts, its plate voltage drops. This
drop is applied to the right grid through coupling ca-
pacitor “C.”; the right grid voltage is lowered and con-
duction through this tube decreases. The result of the
shifts at the two grids is to turn the left tube on and
to cut off the right tube. (The action is similar to the
flipping of a trigger described earlier.) The right plate
1s now high.

The current which starts to flow through the left
tube also flows through the LC circuit. Damped oscil-
lations are set up, and the current through the left
plate oscillates. During the first half cycle of oscillation,
the plate voltage decreases from +140v to a minimum
value, then increases back to +140v. (See Figure 19.)
During the second half cycle, the voltage would in-
crease beyond +140v, but the diode across the LC
circuit becomes conducting and effectively shorts out
the tank circuit. The result is that only one negative
voltage pulse has been produced at the left plate. The
frequency, or length, of that pulse is determined by
the tank circuit time constants,

At the end of the "“half cycle of oscillation,” the left
plate is again at +140v. The rising left plate voltage
and rising right-grid voltage (through “C.”) cuts off

r——
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Figure 19. Basic Circuit of Single Shot 55302

the left tube and turns on the right tube; the output,
after being high for a period of time equal to half an
oscillation of the tank circuit, is now down again.

The output pulse length can be adjusted by chang-
ing the time constant of the LC circuit. For this pur-
pose, the inductance of the coil has been made adjust-
able, giving a range of output pulse Iengths from 2 to 5
micro seconds. The position of the core within the coil
can be varied by screwing the core in or out as re-
quired. If a little more than 5 microseconds delay is
required, the time constant may be further increased
by adding an external fixed capacitor across the capaci-
tor in the tank.

NoN-ADJUSTABLE SINGLE SHoT: 1IN307

An IN307 unit may be used when long output pulses
are required and the desired tolerance on the pulse
lIength is not closer than about 159%,.

The unit contains two inverters. By cross connecting
the grid of one inverter to the plate of the other, a
multivibrator circuit is formed. The basic circuit is
shown in Figure 20. Observe that the circuit is com-
pleted by the external addition of a lead and certain
components, in particular capacitor “C.” which deter-
mines the length of the output pulse. The voltage
values indicated on the diagram are approximate, and
will be used as a help in explaining the circuit opera-
tion. In the stable state, the left tube is conducting,
and point “A,” Figure 20, is at +2v. Point “B,” on the
other side of the coupling capacitor “C,,” is at +140v,
the right plate potential.

The trailing edge of a positive plate level pulse is
differentiated at capacitor “C,,” giving a negative spike
at point “A.”" This voltage drop cuts off the left tube
causing its plate to rise. The rise of the left plate volt-
age through the voltage divider causes the right grid
to rise. The rising of the right grid causes this tube to
conduct. With full conduction, the voltage at point “B”
drops from +140v to about +30v. This drop of 110v is
impressed across capacitor “C,” to cause point “A” to
drop 110 volts below its original +2v or to —108v.
Point “A” now begins to rise toward +140v as capaci-
tor “C.” discharges through resistor “R.” The values
of resistor “R” and capacitor “C.” in this RC network
determine the discharge rate of “C..” To make time t in
Figure 20 equal to 180 microseconds, “C,” = 330 upuf
since “R” always=1 MEG. When point “A” reaches
about —8v, the left tube will again conduct, causing its
plate voltage to go down, cutting off the right tube and
making its plate rise. The capacitor “C,” now charges
up causing point “A” to return to +2v. This charging
continues unti} the original static state is reached with
138v across capacitor “C,.”
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Figure 20. Basic Circuit of Single Shot IN307 (Left Tube Con-
ducting)

The output pulse is usually obtained from the left
plate, giving a positive pulse, but it may be obtained
from the right plate to give a negative pulse.

Voltage Amplifiers (AM, AMI)

Amplifiers, as such, perform no logic function. They
are used mainly to amplify weak signals from certain
circuits. These signals are usually at non-standard
levels, but after amplification will generally be shaped
and “level set” to a standard level. It 1s to be expected
that amplifier circuits will vary appreciably from one
pluggable unit to the other. The common feature of
all voltage amplifiers, with few exceptions, is that a
weak signal applied to the grid will appear as an am-
plified signal at the plate. A notable exception is the
AM316 unit, which is not an amplifier at all, but
chiefly a gating or switching unit. The special features
of each AM type circuit are reviewed in “Component
Circuits,” under the respective circuit code numbers.

Current Amplifiers (CD, RD)

These units are used where current rather than volt-
age is to be amplified. The load is in series with the
plate, so that a small voltage change at the grid
produces a large current change through the load. Each
CD or RD unit uses a type 6350 tube.

Current amplifiers are used chiefly in the matrix and
core buffer circuits and to drive mercury relays. The
output signals are thus non-standard, and vary with
each application. The main features of each pluggable
unit are reviewed in the “Component Circuits” under
the respective circuit code numbers.
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Cathode Followers (K)

Cathode followers are widely used throughout ramac
circuits as power amplifiers. The chief advantages of
a cathode follower circuit are high input impedance
and low output impedance.

The plate of the cathode follower is connected
directly to +140v and the output is connected directly
to the cathode, which has a load resistor between it and
—60v. A voltage divider network at the input insures
that the grid voltage will be between +12v and —38v.
This choice of grid voltages allows the tube to conduct
all the time, and merely varies the amount of conduc-

.ion. Greater conduction, caused by a rise in grid

voltage, will be reflected by a rise at the output. Thus
the cathode voltage follows the grid voltage.

In actual practice, the cathode voltage will be slightly
higher than the grid voltage, and since the voltage
amplification factor of a cathode follower is less than
1, the amount of difference will vary with the voltage
at the output. Since the difference between grid and
cathode voltages is about 1 volt, it is usually ignored.

The low impedance (stable voltage level) output is
of great importance in the use of cathode followers as
power amplifiers. This stable output voltage level is
obtained regardless of voltage changes in the output
load by the following actions within the cathode fol-
lower:

1. Suppose that the output load voltage decreases by
an increase in load. This decrease in voltage will
cause the cathode to become more negative
(farther from grid potential) , which will increase
tube conduction, causing the cathode voltage to
tend to rise. These opposing actions balance and
the cathode output voltage remains the same as

before.
+140V

Input From Voltage Divider

+12v

-38V o

Output
+12v
-38v

-60V

Figure 21. Basic Cathode Foliower Circuit



2. Suppose that the output load voltage increases by
a decrease in load. This increase in voltage will
cause the cathode to become more positive (nearer
grid potential). With the cathode more positive,
the tube will conduct less, causing the cathode
voltage to tend to drop. These opposing actions
balance and the cathode output voltage remains
the same as before.

An increase or decrease in current through the out-
put load will tend to change the voltage at the cathode,
but the voltage here is self regulated as outlined above.

The actual cathode follower pluggable units may
perform a logical function in addition to providing
driving power. Examples include the AK, IK, and OK
units which perform the logical anp, Inverter and or
function, respectively.

Thyratrons (TH)

The thyratrons used in rRaMac are 2D21, heated ca-
thode, xenon filled, tetrode gas tubes. The thyratron
has several characteristics which distinguish it from a
vacuum tube,.

When the thyratron grid is brought up to a critical
voltage, the tube fires (conduction starts). Once con-
duction starts, electron flow through the gas causes
tonization, which prevents the grid from exerting
further control over conduction. To stop conduction,
either the plate circuit must be opened or the plate
voltage lowered to a value at which ionization cannot
be sustained. Both methods are used in Ramac thyra-
tron circuits.

There is a delay in the starting and stopping of
thyratron conduction due to ionization and de-ioniza-
tion times. lonization time for the 2D21 as used in
RAMAC circuits is 1 to 2 microseconds. This delay can
be decreased by pre-ionization, which is accomplished
by allowing a small electron current to flow before the
firing pulse is applied to the grid. Pre-ionization is ac-
complished by raising the screen grid to a sufficiently
high potential, as in thyratron units TH3038 and
TH304. De-ionization time is the time it takes for the
grid to regain control after the plate voltage has been
removed. Since this time can be several hundred micro-
seconds, it limits the frequency of operation of a
thyratron.

THYRATRONS IN RAMAG CIRCUITS

(“System Diagrams” Symbol: ATH)

All thyratron circuits used in RaMAac perform a logic
Anp function; they require two input signals to be
made to conduct. The basic thyratron circuit is shown
in Figure 22. The coil of the relay controlled by the
thyratron is in series with the plate circuit. The grids
are maintained at a voltage sufficient to insure pre-
ionization.

Mercury Reiay

Contact Points

a.
Geote Input
Firing Puise
Conduction .
f Current With Shunt
ma
b
10 b Without Shunt
o
a
1
C ==
o AY N sec.

f_ Thyratron May Cut Off

Figure 22. Basic Thyratron Circuit

To fire the thyratron, two input signals are required.
Usually a short firing signal is applied to the control
grid. The signal is obtained from a thyratron driver
unit, 1F302, which has a cathode follower output
suitable for driving several thyratrons in parallel. This
cathode follower output pulse is non-standard, from
—40v to +28v. The gating pulse has standard levels
+12v to —38v which is applied to the screen grid.
When both grid inputs are high, the thyratron fires
and current flows through the plate circuit, energizing
the relay in the plate circuit.

RESET BY OPENING THE PLATE CIrRcUIT

To extinguish the thyratron, the relay points must be
opened. When the plate voltage is removed, the
thyratron is cut off and the relay drops.

When this type of reset is used, a shunt resistor (part
of the thyratron pluggable unit) is connected across
the relay coil to the +70v supply, through the points
of a mercury wetted relay. The reason for the use of
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the shunt is illustrated in Figure 22b. At the instant
that conduction begins, a small conduction current,
represented by the ordinate “o0-a,” is established. The
current then increases exponentially, due to the in-
ductive reactance of the relay coil, until full con-
duction is attained. However, within a very short time
after firing, the conditions within the gaseous area
where ionization is taking place are far from steady.
As a result, the current does not increase smoothly
along curve “a-a’,” but osciliates erratically, somewhat
in the manner shown by the wavy line between “a”
and “a’.” It is possible for the current to decrease
momentarily to zero, thus cutting off the thyratron.
To avoid the possibility of the tube cutting itself off
before it has had a chance to conduct fully, a shunt
resistor is added to increase the initial current to about
10 ma (ordinate o-b in Figure 22b). The conduction
current then oscillates about curve “b-b™ without

danger of crossing the zero current axis.

RESET OF A THYRATRON BY ANOTHER THYRATRON

To accomplish the resetting of one thyratron by
another thyratron, the two plates are coupled together
through capacitor “C” as shown in Figure 23. The
relay coil is connected in series with the plate resistor

of the TH303 unit and the +70v line. Since the
TH303 unit is used only as a reset unit, it contains
the coupling capacitor but no shunt resistor, and its
plate resistor has a different value because there is no
relay in its plate circuit.

One of the two thyratrons will continue to conduct
until the other is fired. Following is a description of
this resetting action.

Assume that TH303 is conducting, energizing the
relay. The voltage at point “A” will be about +12v.
Since TH304 is cut off, the voltage at “B” is +70v,
giving a drop across “C” of 58 volts. When TH304 is
fired, the voltage at point “B” drops to +12v, forcing

‘the voltage at point “"A” to drop instantaneously to

—46v. An instantaneous —46v at the plate of TH303
cuts it off. The voltage at point “A” then rises expon-
entially to +70v as the capacitor “C” charges.

When TH303 is now fired, the process is repeated in
the other direction cutting off TH304.

The transient change in plate voltages is shown in
Figure 23a. TH303 is initially conducting. When
THS304 is fired, the capictor potential drops about
58v, then charges up and peaks a little above +70v
due to the inductance of the relay coil. When TH303
is fired, its plate drops about 58v. The capacitor again

+140v

Cut Off .
g Conducting Conducting TH 303
Plate
4V — — — — —
Cut OFf Cut Off TH 304 A
+70V i g Plate
Y D
’
14
s
s
[
2V : Conducting
¥
1]
1 1)
]
v
]
1]
£
A6V — —
Fig. a Fig. b

Figure 23. Reset of a Thyratron by Another Thyratron
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cieges, and since THA03 has no inductive load, its
prore s drage wes without overshoot, as shown at “D.”

The shunt resistor facioss the relay coil) is not
required in L-,is»‘t)'pe of reset. The effect of a shunt is
illustrated by the overshoot shown in dotted lines at
“C.” This overshoot might be large enough to drop
the plate voltage of TH304 to cut off, as shown at
“E.”” The large current peaks obtained from the capa-
citor on switching insure a satisfactory operation of
the thyratrons without the shunt resistor.

Mercury Wetted Contact Relays (MR)

Mercury relays are used in RAMAC as circuit breakers.
The relays consists of a pair of N/o and N/c contacts.
an armature, and a small pool of mercury sealed within
a glass capsule in an atmosphere of hydrogen at a
pressure of 225 ps1 (Figure 24) . Capillary action of the
mercury causes it to constantly bathe the operating
contact element. The capsule is located in the center

N,/C Point

N/Q Point

Operoting Point

N/C Points

Armature

Copiltary.
Supply

Reed

I,

= Mercury
Reservoir

&
Y

Figure 24. Mercury Wetted Contact Relay (Eicrgized)

of the relay coil. The operating contact element is held
against the N/c points under the spring tension of the
reed. Since the armature is off center within the cap-
sule, energizing the coil will cause the armature to
seek the center, causing the operating element to trans-
ter to the N /o points.

For further description of construction and operzft-
ing characteristics, see “Component Circuits.”

Modified Binary Counters

Four capacitor input triggers and an inverter may be
connected as shown in Figure 25 to form a circuit that
will count to nine and then return to zero. Assume
that all triggers are orF and we have zero stored in
the counter.

The first negative input pulse to trigger 1 turns this
trigger oN. One is now stored in the counter.

The second negative input pulse turns trigger 1 oFF,
causing the right plate voltage to drop. This negative

N/O Points

Operating
Contact
Element
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Figure 25. Modified Binary Counter

shift from pin 10 turns trigger 2 o, but does not aftect
trigger 8 since it is already OFF.

The third negative input pulse turns trigger 1 on.
The positive shift from pin 10 of trigger 1 does not
affect trigger 2. Triggers 1 and 2 are now ON.

The fourth negative input pulse turns trigger 1 OFF.
The negative shift from pin 10 of trigger 1 turns trig-
ger 2 ofF. The negative shift from pin 10 of trigger 2
turns trigger 4 oN.

The fifth pulse turns trigger 1 on. Trigger 4 is still
ON.

The sixth pulse turns trigger 1 ofF and trigger 2 oN.
Trigger 4 is still oN.

The seventh pulse turns trigger 1 oN. Triggers 2 and
4 are still on.

The eighth pulse turns trigger 1 ofF, which turns
trigger 2 OFF, which turns trigger 4 ofF, which turns
trigger 8 ON.

The ninth pulse turns trigger 1 on. Trigger 8 is still
ON.

The tenth pulse must turn all the triggers oF¥. This
is accomplished as follows: The input pulse turns trig-
ger 1 ofFr. The negative shift from pin 10 turns
trigger 8 oFF and attempts to turn trigger 2 ON.
However, the voltage rise at pin 3 (left plate) of trig-
ger 8 is inverted and applied to pin 10 (right plate)
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of trigger 2. This clamps wrigger 2 so that it cannot
turn oN. Thus all triggers are OFF.

Trigger 8 provides a positive output shift from the
left plate on the tenth pulse only. This carry pulse may
be inverted and used as the input to another modified
binary counter, forming a 2 position counter that will
count to 99.

Any counter trigger may have an amount set 1n it
by plate pullover before the negative input pulses start.
The input pulses will then cause the counter to ad-
vance from the number initially set in it. This principle
is used in several counters in RAMAC.

Resetting these counters is accomplished by elec-
tronic reset of each trigger before new amounts are
stored. (See ““Trigger Reset.”)

Overbeck Ring (Figure 26)

The Overbeck ring is used to supply timed pulses
within computer circuits much as cam operated circuit
breakers supply timed pulses on mechanical machines.
It consists of a set of triggers with a common input
from the ring drive line which carries pulses supplied
by the process drum.

Figure 26 shows an 8 position Overbeck ring with
positions 4-7 left out for clarity. Initially the triggers
are reset oFF with the exception of the home trigger,
which is on. Each negative input pulse will turn OFF
the trigger that is on. The fall of the voltage at pin 10
of the trigger being turned orr will grid flip the next
trigger oN. This continues through a closed ring, since
pin 10 of trigger 8 is connected back to pin 8 of trigger
1. Note that the output is taken from pin 10 of each
trigger.

AT our
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TR 307
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INPUT s = g
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Figure 26. Overbeck Ring




All operations performed by ranmac are based on the
transfer of data. This transfer of data falls into 6 cate-
gories, each of which will be treated in separate sec-
vons of this manual, in the following order:

1. The transfer of data from track to track on the

process drum.

. The transfer of data to and {rom the file.
. The transfer of data from punched cards.
The transfer of data to punched cards.
The ransfer of data to a printed report.

ST IS

The special transfer of data that performs arith-
metic.

In order to control the data as it is written or read
from the drum or file, it will be necessary to have basic
timing pulses available. These pulses which are re-
corded on the drum clock track, will tell the machine
the exact position of the drum at any instant (Fig. 4) .

The process drum clock track also has a gap which
defines the beginning of a drum cycle. Because we
have a number of different types of cycles, it is fur-
ther necessary to definc these cycles and place them
in some logical sequence. In this manner the rRaAMAC
can keep track of all data as it is transferred.

Drum Gates and Pulses

Clock Pulses (Figure 28)

816 recorded spots on the clock track are used to develop
the other machine pulses and gates. The 208 .s gap
signals the end or the beginning of a drum cycle. The
100 character positions with 8 bits result in 800 pulses
of 12 s duration and an additional two characters,
character early and character late, result in 816 pulses.
The clock amplifier (3.10.30) takes the small sinus-
oidal voltages, shapes and amplifies them to standard
level pulses.

Reference Mark (Figure 27)

The reference mark signals the start of a drum revolu-
tion. It is generated on 1.01.00 by Schmitt trigger 1H2.

Basic Machine Timings

The lack of amplified drum clock pulses during the
gap allows the 470 uuf capacitor to discharge. When
1H2-7 reaches —6v, 1H2 flips, causing 1H2-10 to drop.
The resulting negative spike from the 130 puf capa-
citor is shaped by 1G3a. The positive spike caused by
the reflipping of 1H2 as clock pulses start again has no
effect in 1G3a.

Phase Pulses (Figure 28)

The three phase pulses drive the timing rings and
help control data flow. @ A advances the timing rings;
@B Is a delay to allow timing triggers to settle down;
and @ C controls the transporting of data. These phase
pulses are generated as follows:

@A is generated on 1.01.01 by single shot 1YI, which
is triggered by the rise of each clock pulse. 1Y2 is
adjusted for a 214 microsecond pulse output from 1Y1.
@ B, 314 microseconds long, is generated by 1V1, which
is triggered by the inversion of the fall of g A.

@ C, 8 microseconds long, is generated at 1'T1 by the
inversion of the fall of g B.

Bit Pulses (Figures 29, 31)

Bit pulses are used to select data bits from a drum
track. Each is available on 1.01.05 from pin 10 of its
own trigger. The 8 bit triggers form an Overbeck ring.

2T i

U

1H2-10

1G3-6

1G3-3 F[

Figure 27. Development of the Reicience Mark Pulse
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Figure 28. Expanded View of One Clock Pulse

(See Section 2 for Overbeck ring operation.) 1R4, the
Bs trigger, is the only one that is manually reset ON,
and is the home position. The bit ring is driven
through 1Z2a by the inversion of 7 A, which comes
from 1Z3 when not clock error and not manual reset
are present. Not manual reset is developed on 1.01.02
at 1H3 by plate pullover by the first RM after a man-
ual X reset. Not clock error will be developed later.

FIELD RING GATES

Character and Field Ring Gate (Figures 30, 31)

The character and field ring gate signals the presence
of the data containing area of a track beneath its
read-write head, and is high from the beginning of
C99 through C00. It is developed on 1.01.06 from
1M5-3. A manual reset before processing siarts causes
1M5-3 and 11.5-10 to be low. The first RM flips 1L5 on,
but the positive pulse from 1L5-10 dees not affect 1M5.
The first Bs @ B after RM flips 1L5 ofF. The fall of 1L5-
10 flips 1M5, bringing up the character and field ring
gate. Note on Figure 31 that the first Bsg B after RM
is Bsg B of C99. There is no Bsg B during CE.

The character and field ring gate is dropped by the
inversion of FO carry to 1M5-8. FO carry results from
turning off the FO trigger at the end of CO00 time
(1.01.09) .

Character Gates (Figures 29, 30)

The character gates are used to select a specific char-
acter or group of characters from the drum track. Each
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Figure 29. Timing Pulses and Gates
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is developed by its own trigger in a 10 trigger Overbeck
ring (1.01.08) . The C9 trigger, 1Q5, is the home posi-
tion. The ring is driven by Bsg B from 1.01.06, where
it is gated by the output of 1M4-10. 1M4 is flipped o~
from 1P5a at BO of C99, which is the first B0 during
the character and field ring gate. The gating of the
character ring drive is necessary since there are 102
Bs @ B pulses during a drum cycle, but only 100 of these
may be allowed to drive the character ring in order to
keep it in time with the drum.

The output of the C9 trigger is gated by character
and field ring gate at 1Q6a on 1.01.08, since the C9
trigger is oN from the end of C0O0 through C99.

Field Gates (Figures 29, 30)

The field gates are used with the character gates to
select a group of characters from a drum track. Each
is developed by its own trigger in a 10 trigger Overbeck
ring. The F9 trigger, 1Q7, is the home position. The
output of 1Q7 is gated by the character and field ring
galte, since it is oN from the end of ¥0 through F9. The
ring is driven from 1.01.06 by the inversion of CO.
CO provides a positive shift when the CO trigger is
flipped oFr (1.01.08).

Character Early (Figure 31)

Character early is a gate one character in length coming
just before €99, and signalling the start of the data con-
taining area of a drum track. It is developed on 1.01.07
from 1M6-10. 1M6 is flipped oN when ING6 is flipped
ofF by the fall of Bs which is the rise of the first g A
after RM. Note that 1N6 was flipped on by RM.
Character early gate falls when 1M6 is flipped.oFF by
the fall of not character and field ring gate, which comes
from 1M5-10 on 1.01.06 at the leading edge of C99.

Character Late (Figure 31)

Character late is a gate one character in length that
comes just after CO00, signalling the end of the data
containing area of a drum track. It is developed on
1.01.07 from 1L7-10. 1L7 is flipped o~ by the fall of
not FO carry, which is at the fall of C00. Character late
gate falls when 1L7 is flipped ofF by the fall of 1K7-10,
1K7 is flipped oFF by the next Bs after it was flipped
oN by BxCL from 1P5b. Since BxCk also occurs during
the not character and field ring gate, it will also flip 1K7
oN, but 1L7 will not be affected, since it is already OFF.

Not Clock Error

Not clock error allows the bit ring to advance (1.01.05) .
The absence of the not clock error gate indicates that
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the timing rings are out of sequence, and a clock error
exists. Not clock error is developed on 1.01.02 at 1H4-3.
JH4 is manually reset pin 3 high, and will remain thus
unless a clock error occurs.

Clock error is indicated by flipping 1H4 o~ through
plate pullover. If Bs or C9 or F9 triggers are not oN, or
the character and field ring gate trigger is oN (either
Bs, not gated C9, not gated ¥9, or not character and
field ring gate is low) at RM, the low output of 1H6
will be inverted and anded with RM at 1N4b to plate
pullover 1H4.

" Machine Cycles

The five basic types of machine cycles,I, R, W, D, and P
were explained briefly in the first section. These
machine cycles nearly always correspond to a 10 milli-
second drum cycle defined as one reference mark to
the next. The exception occurs when the process unit
is interlocked in a particular cycle awaiting comple-
tion of some mechanical action, i.e., servo, reading a
card, etc. At this time a machine cvcle may be equiva-
lent to several drum cycles.

The sequence of these cycles is illustrated in block
form in Figure 32. For a normal track to track transfer
three cycles, IRW in that order, are sufficient. The pro-
gression here is automatic. As shown in the diagram
on some operations a different sequence must be fol-
lowed. After any W cycle the RaAMAC must analyze the
instruction or operation further. If it is a file write
operation (T, =R) an IRWRW sequence is necessary
so that the information written on the first W cycle may
be read back and compared for accuracy.

In the event of a servo (T,=]), a copy operation
(card reader), a P flag, a test read/write or inquiry
(console operation), additional time is necessary to
energize and test relays, so an IRWDP sequence is taken.
In certain special cases even this is insufficient time so
the sequence may become IRWDPDDP as shown by the
dotted line.

In all 5 types of cycles there are two key triggers
for each, the cycle ready trigger and the cycle trigger.
The cycle ready trigger comes up before the end of
the previous cycle, as soon as the machine has decided
what the next cycle will be. The next RM brings on
the cycle trigger for that cycle ready trigger, and this
trigger will be on untl CLBR. One cycle ready wrigger
coming ON turns OFF the previous one. This sequence
is illustrated in Figure 33 and 34.

IRW

The following three 10 millisecond cycles are necessary
for a 30 millisecond track to track transfer: I (instruc-
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tion) cycle, R (read or from) cycle, W (write or to)

cycle.

OBJECTIVES

L. Icycleready at start of processing.
2. Icycle at first RM.
3. Icycledown at CLBI.

R Mark and Start Cycle

Cycle Complete (B 1CL)

W or P Cycle End
ICycle Ready
I CYCLE
ICycle End

R Cycle Ready
R CYCLE

R Cycle End

W Cycle Ready
W CYCLE

W Cycle End

D Cycle Ready
D CYCLE
Second D Cycle
D Cycle End

P Cycle Ready
P CYCLE

P Cycle End

5. W cycle ready and then W cycle (RM to CLBI).
6. Return to I cycle.

I Cycle Ready. To start processing, 1 cvcle ready
trigger (1C2-1.03.04) is turned on by S reset. Depress-
ing the program set key (6.04.12) will develop an S
reset as well as establishing the desired program level.

I Cycle. 1 cycle trigger (1E2-1.03.04) will come ox

4. R cycle ready and then R cycle (RM to CLBI).  with I cycle ready o~ and the next cycle start pulse,
I R w D P D P
| ] I
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Figure 33. Machine Cycle
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Figure 34. Execution Pulscs for Cvcle Sequencing

developed on 1.02.09 from a sequence reference mark.

Notice that the development of cycle start is depen-
dent on a number of conditions such as no error indi-
cations and no calls for a machine stop. The master
stop trigger may be turned 3 pin high by a start de-
veloped on 1.02.01. This Schmitt wrigger (1U9-1.02.01)
is turned 10 pin high through the R161 points. R161]
is picked on 1.02.03 by depressing the program start
key (6.04.12) . It may also be picked by the reader start
and program load switches, which will be covered
later.

Cycle Complete. 1 cycle will be complete after one
drum revolution. The cycle complete pulse at 1G2
(1.03.04) develops I cycle end pulse which turns off 1
cycle ready trigger at BRCL, while 1 cycle remains on.
The cycle complete pulse is developed on 1.02.08. The
trigger at 1G8 (1.02.08) is turned 10 pin high every
BOCL and 10 pin low every B2 during normal opera-
tion. At BICL the cycle complete pulse is developed at
1D10a if the previous operation has been completed.
The cycle complete gate trigger at 1H9 is turned 10 pin
high when none of the six inverters are conducting,
i.e., all operations are complete.

I cycle trigger (1.03.04) will be turned orF at CLBr
if R cycle ready has already been turned on.

R Cycle Ready and R Cycle. The R cycle ready trig-
ger (1C4-1.08.05) will come oN when the I cycle ready
trigger is turned orf (CLB1). This in turn conditions
the R cycle trigger, allowing it to be turned oN with
the next start R cycle. This is actually a cycle start
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(RM), conditioned on 1.02.10. As the machine ad-
vances from one cycle to the next it will always pro-
ceed as far as possible without interfering with a
previous operation which may still be in process. When
one servo-operation (T,=]) follows another and the
first servo is not complete (track not located) the sec-
ond servo will be suspended in R cycle ready until the
Al (1R10b-1.02.10) is cut off. This will be covered
more thoroughly in the file section.

R cycle ready can be brought up in one other man-
ner, following a W cycle, at 1B3a (1.03.05) . This occurs
on a file write operation (T,=R) and results in
IRWRW sequencing.

The conclusion of R cycle is the same as 1 cycle. R
cycle ready ofFfF at CiBl and R cycle oFF at CLBR.

W Cycle. W cycle sequence (1.03.06) will be the
same at 1 and R cycle, starting with R cycle end. The
completion of W cycle, however, can be accomplished
in a number of ways. Notice in the cycle flow chart
(Figure 32) there are three possible paths after W
cycle: R, I, or D cycle. The or switch 1B5 (1.03.06)
handles all these possibilities to end W cycle. The con-
ditions anded at 1B4b are used only by the CE for
single cycle multiply.

Return to I Cycle. At this point a decision must be
made to determine the type of cycle to follow W cycle.
The more common is a return to I cycle. The condi-
tions allowing this return are found at 1A2 and 1A3
on 1.03.04. Following I cycle ready the sequence repeats
itself.




IRWDP

As can be seen in Figure 32 any operation requiring
the energization of relays sets up a DP sequence fol-
lowing W cvcle. Also an instruction with a P flag
turns control of the program sequence over to the
control panel and requires a P cvcle to provide a con-
trol panel impulse. Let’s assume an instruction with a
P flag. The IRW sequence is the same as above.

OBJECTIVES:

1. Block I cvcle ready following W cycle.
2. D cvcle followed by P cycle.
3. Return to I cvcle.

Block I Cycle. Following W cycle, I cycle is blocked
at 1A2 (1.03.04) since P is not blank.

D Cycle Followed by P Cycle. D cycle ready will be
turned on at W cycle end (CLBR) at 1A7 (1.03.07) . Not
store check will be high except during the first W cvcle
of an IRWRW sequence (servo) . D cycle then proceeds
as the previous cycles. One variation is the line labeled
second D cycle developed at 1F10b (1.03.07) . As indi-
cated in the flow chart (Figure 32), this line will be
high along with D cycle in the present sequence. It will
be up as long as the D cycle delay trigger (1B8) is 3
pin high. This was accomplished on any previous D
cycle at 1B9a (1.08.07). P cycle (1.03.08) begins with
the end of D cycle and lasts until the following BrCL.

Return to I Cycle. The conditions permitting a re-
turn to I cycle following a P cycle are shown at 1A]
(1.03.04) . Following a P flag the new program line
should be high since the control panel wiring decided
which of the 200 program steps to return to. Copy
(card reader) would have been high after impulsing
the copy-in hub on the control panel.

Additional Sequences

PDDPIRW. When making an inquiry, the reset key
places the machine in P cycle ready with an X reset.
When the inquiry key is hit, a double delay cycle will
be taken (Figure 32) before going to P and IRW. Also,
if the program entry hubs or the program advance hubs
do not receive an impulse during P cycle to raise the
new program line, the Ramac will return to D cycle.
This will be a DD cycle (2 drum revolutions) , followed
by a P cycle. This will continue until new program is
raised.

During this double delay the second D cvcle line will
be up only for the second D cycle. The D cycle delay
trigger (1B8-1.03.07) is wurned 3 pin low (also the
D cycle ready trigger) at 1A9a at P cycle end. The next
cycle complete pulse, instead of developing D cycle end,
turns the D cycle delay trigger three pin high for a sec-
ond D cycle.

IRWRW sequence occurs on a file write operation
(T,=R) and is developed at 1B3a on 1.03.05.

Program Exit Overlap (Optional)

To speed up process time the W and P cycles can be
magde to occur simultaneously, eliminating the D cycle.
Normal IRWDP is a 50 millisecond operation with the
D and P cycle used to energize relays. Occasionally a P
flag may not require the picking of relays. In this case
the delay may be eliminated, resulting in a 30 milli-
second operation.

OBJECTIVES:

1. P cycle during W cycle.

2. Block D cvcle.

P Cycle During W Cycle. If the not P cycle line is
down the P cycle trigger will be turned on (1.03.08-
optional). This line will be down it 1]7 (1.03.11-
optional) conducts during a W cycle at Ce. Any opera-
tion in which the D cycle is necessary will have the
program exit overlap feature blocked at this unit.

This is done by turning the trigger at 1F7 10 pin
high or cutting off the or switch at 1E7a. The use of
the MR-7 line to gate the CE pulse at 1C9a (1.03.11)
is a pretest of control panel wiring to be sure the P
flag is not calling for an operation requiring a D cycle;
for example copy IN. Normally, with MR-7 open this
line is at 0 volts through a 1.5K resistor (2.09.11). If
the program exit calied for is wired to copy IN, this
line will be at —30 volts during W cycle through the
following circuit: from —60 volts at DB257-9 (1.03.11-
optional), through a 1.5 K resistor to copy in hub
on 2.07.01, by control panel wire to the program exit
hub selected (2.05.03), to MR-7, through a second
1.5K resistor to 0 volts (2.09.11).

Block D Cycle. (1.03.07-optional) D cycle ready can
be turned oN when the W cycle end and not W-P cycle
is high. This is raised at 1K8b (1.03.11-optional) only
if not P cycle is high. Not P cycle will be low during a
W-P cycle overlap.
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Track To Track Transfer

All data coming to or from the drum must go to the
core buffer with one exception (Figure 7). This occurs
during I cycle when the instruction is transferred

directly from the drum to the instruction register for -

analysis. During R cycle, data is read {rom an address-
able drum location into the core buffer. On W cycle
it is written from the core buffer into some new drum
location. In this section we will discuss first the prin-
ciples of reading and writing on the process drum,
and then reading and writing in cores. Then we can
examine in detail each type of transfer.

Read and Write Principles

Drum Magnetic Storage

Figure 35 illustrates thc form in which bits and char-
acters exist on a process drum track. Assume that the
whole track is magnetized in one direction forming
a closed magnetic loop, as shown in Figure 35a. Since
no lines of force are intersected as the drum revolves,
no voltage will be induced in the read coil. Now an
area of the track one bit in length is magnetized at
the bit 0 position (Figure 35b). The change in mag-
netic flux lines at the beginning and end of bit 0 will
induce a voltage at the read head as the drum revolves.
If two adjacent bit positions are magnetized, the flux
pattern will be like that shown in Figure 35c¢ for bit
2 and bit 4 of the character “W”. The read signal for
a “W" is also shown.

No portion of the 100 recording character positions
of the drum track is magnetically neutral. If a bit or
series of adjacent bits is written, current is drawn con-
tinuously through the center tapped write head coil
in the write I direction. The absence of bits causes
current to be drawn in the opposite or write 0 direc-
tion.

The brass shim between the ferrite pole pieces forces
the magnetic flux down into the drum surface to com-
plete its magnetic circuit. This action causes the drum
surface to become magnetized. Current flowing through
the coil in one direction will cause magnetization in
one direction, while a reversal of current will cause
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magnetization in the opposite direction. Specific ex--
ceptions regarding the manner of recording data will

be noted for certain special purpose tracks, such as K1

and K3.

Write Logic

The data coming from cores to the read/write head
current drivers during W cvcle will be 12 us pulses
(A to @A) for each bit of information. These
pulses will cause the write one side of the head current
drive unit to conduct, resulting in 65 ma of current
through the head coil (Figure 36) . This same data line
is inverted and placed on the write 0 grid of the current
driver, causing it to conduct with 65 ma of current
when no bits of information are coming from cores.
Each of the drum heads is addressable by placing some
character in the T, portion of the instruction. When
writing, the T, character should allow only one of
the drum heads to draw 65 ma. To accomplish this
the drum head circuitry is arranged in a matrix (Fig-
ure 37) . The zone portion of the T, register conditions
the cathodcs of the current drivers in the same zone
group for conduction. The numeric portion of the
T, instruction, gates the write data from cores to the
grids of three current drivers of the same numeric
group. The result will be only one current driver and
head in conduction.

Read Logic

During R cycle and I cycle the information written on
the drum will be read. All drum heads will be cutting
lines of flux as the drum is revolving; therefore, all
head coils will have a 1 volt peak to peak signal across
them (139.5v to 140.5v). All heads in the matrix, ex-
cept S and T, feed a common read data line.

During R cycle all but the selected head output must
be blocked. The T, character will select one of the 27
current drivers in the matrix for conduction in a
similar manner as was done during W cycle. Since
there is no write gate however, the T, line will allow
only 5 ma of current to flow in the cathode circuit
(Figure 37). This 5 ma current through the write 0
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Figure 35. Process Drum Track Flux Patterns

side of the selected head (Figure 36) will drop the
plate potential to 138 volts. The common read data
line will also be lowered to 138v and the only diode
able to transfer the 1v head signal will be that at the
selected head. Notice that the three “and” circuits at
the bottom of Figure 37 are not true “and” circuits.
When both inputs (the TZ line and the write gate)
are up, 65 ma flows. When only TZ is up, 5 ma flows:
When TZ is down, no current will flow. Since there
1s no matrix write data, the three current drivers
selected by the TN line will have +10v on their write
0 side. This can be seen in Figure 38.

There are times when we do not want the common
read data to reach the read amplifier. When writing
or when no head is selected for reading, undcsired
signals will appear on the common read data line.
To control this flow of data we shall develop a matrix

read gate and also use a special switching arrangement
shown in simplified form in the upper right hand
corner of Figure 37. The read data can reach the
amplifier input only if the matrix read gate is high
and the write gate low.

Three areas of Figure 37, outlined in dotted lines,
are drawn and described in detail below.

Selection Circuits

Figure 38 illustrates the circuit action necessary to
write a 9" on track C and then to read it. To write,
assume the instruction XXXC5301XX which will write
the “9” 1n position 53 of track C. An analysis of T,
will result in a TN=3, which places the data from cores
on the grids of the CD’s for position C, T and 3. The
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Figure 36. Process Drum Head

grid voltage will vary from —30v to +6v. The voltage
placed on the cathode by the zone matrix selection cir-
cuits will determine which of the three current drivers
conducts and whether it draws 65 ma of current for
writing or 5 ma for reading.

With Ov on the cathode the grid bias is high (+6v)
resulting in 65 ma of current through the left or right
half. With +10v on the cathode the tube barely con-
ducts (—4v bias) with 5 ma of current, while +26v on
the cathode cuts the tube off. To write, the TZ=12 line
is inverted, placing —40v on the. plate of 5V7, cutting
it off. The write gate is inverted placing — 40v on the
grid of 5V1 cutting it off. This means both resistor
legs can conduct with electrons flowing from the —60v
and the —250v supplies through the current drivers.
The result is Ov on the cathodes of all current drivers
in the TZ=12 matrix.

To read the “9” on track C an instruction of
C53XXX01XX is placed in the instruction register.
The analysis of T, results in a TN=3. Since matrix
write data will be low during R cycle, the inverted
matrix write data, on the write 0 grids will be high.
The matrix write gate (now low) when inverted,
places +28v on the grid of 5Vi. The +28v appear-
ing on the cathode of 5V1 will prevent any electrons
from flowing up the —60v leg of the resistor network
and through diode ““d” to the cathodes. The cathodes
of the current drivers are placed at +10v by con-
duction through the —250v leg only and 5 ma of
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current flows. This current through the write 0 side
of the C current driver lowers the plate voltage to
138v. The selected read signal, varying from 137.5v to
138.5v appears on the common read data line.

When TZ=12 is low, inverting it places +28v on
5V7, clamping the cathodes to approximately +26v,
regardless of the condition of the write gate. This holds
all the current drivers in the 12 zone section cut off.

Matrix Read Gate

The input of the common read data line to the read
amplifier must be controlled, since there are times
when unwanted data appears on this line (Figure 39).

1. During writing, the data being written will ap-
pear on the common read line.

2. If no track within the matrix is selected, the data
from all tracks will appear on the line, with the line
following the most negative signals. The selection of
no track within the drum matrix is Iimited to the
following:

a. No T, address. This selects the zone N matrix,
but no track within the matrix.

b. The selection of an 11 zone track, all of which
are outside the matrix. However, during a multi-
ply (T,=N)or divide (T,=P)operation, reading
must take place from the drum matrix during
W cycle to develop the answer.
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¢. The selection of T and S tracks, which are not
within the 0 zone matrix for reading purposcs.

The read signal enters the switch at 5Y11 on pin 9,
a 1 volt peak to peak signal varying about 138v. During
a read cycle the left hand section of the triode will
not be conducting and its plate will be above pin 9
and pin 3. The signal will pass through diodes B and
C, appearing at pin 3. During W cycle the left hand
section of the triode conducts pulling its plate below
pin 9, blocking the signal at diode B. This takes care
of condition 1 above.

During an R cycle the signal passes through the
switch unless the voltage at pin 10 (normally 140v)
is lowered, clamping pin 9 below the read signal level
at the current driver plates. This occurs if either half
of the duo-triode at 5U8 conducts. The right hand side
will conduct for conditions 2b and ¢ above. The left
hand section conducts when T,;=blank (this raises the
TZ=N and TN=0 lines) . The grid is brought to +6v
by TN = 0 while the cathode is common with the cur-
rent driver cathodes of the N zone section of the
matrix. TZ=N pulls the cathode down from +26v to
+10v and the tube conducts, lowering the matrix read
gate.

Core Buffer

The intermediate storage unit, through which all data
being transferred must pass, is the 100 character core
bufter. Figure 6 shows its location in the RAMAC system
of data flow.

Magnetics of the Core

The basic component of the core buffer is the ferrite
core (Figure 40) . It is made of a bi-stable alloy capable
of maintaining one of two magnetic states indefinitely.
This characteristic makes possible the storage of binary
information in a core.

The magnetic properties of the ferrite core are
illustrated by the hysteresis curve in Figure 40. This
curve shows the relationship between the flux density
and the magnetizing force as the current is varied be-
tween +Im and — Im. Im is the amount of current
along a wire threaded through a core necessary to
change that core’s magnetic state. +Im is the amount
of current flowing in one direction, and —Im is the
same amount of current flowing in the opposite direc-
tion.

In Figure 40, if the core is at the magnetic state
labeled B (or zero), and a current of +Im is applied,
the core’s magnetic flux density will follow the sharply
rising curve to +B Max. With the removal of the
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Figure 40. Core Magnetics

current, the core’s flux density will foliow the flat curve
to A (or one). The core is said to have flipped.

If the core is already at magnetic state A (one) and
a current of +Im is applied, the flux density will fol-
low the flat curve to +B max, and with the removal
of the current will return to A (one). The core has
not changed magnetic state.

1f the core is at magnetic state A (one) and a cur-
reni of —Im is applied, the flux density will follow the
sharply falling curve to —B max. With the removal
of the current, the flux density will go to state B (zero).
Thus, the core is flipped from one to zero.

If the core is at state B and a current of —Im is
applied and removed, the flux density will go to —~B
max and back to B; the core does not flip.

If a current of 141m is applied in either the + or —
direction, the core will not flip.

If two wires pass through the core, each carrying a
current of 14Im the result of the two will be Im. If
one of these wires carries a current of Im in one
direction, and the other carries 14Im in the opposite
direction, the result is the same as the first wire carry-
ing a current of 145Im.

Core Control Logic

Because a single core is a binary storage unit, seven
cores are necessary for each character with the rRamac
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seven bit system. For 100 characters 700 cores are nec-
essary. These are arranged in a matrix with 7 planes
of 100 cores each (Figure 41). Each plane is 10 cores
wide by 10 cores long, the vertical rows reserved for
each character within a field while the horizontal rows
represent the fields (0 to 9) . Each plane represents one
of the seven bits, therefore one character will have a
single core in each plane.

Because data is transmitted serially by character, we
must be able to select one of the 100 character positions
to pass + or — Im through at any particular instant.
All character 0 cores (70) will have a common drive
line passing through them. This holds true for charac-
ter 1, 2, etc. In addition, all cores of field 0 have a
common wire through them. Each of the other fields
has a common drive wire, also. By directing +156Im
through character (units) drive line 4 and + 14Im
through field (tens) drive line 7 all seven cores in
character 74 will have +Im. In a similar manner we
can send —Im through any character position simply
by reversing the direction of current through the drive
lines.

The units and tens lines are controlled by two
10 position Overbeck rings, called the core units ring
and the core tens ring, which advance sequentially
from character 00 to 99. When transferring to or from
the drum the two rings will be advanced with Bs or Br
clock pulses respectively. When data is flowing to or
from the file, the rings will be synchronized with a disk

4.11.00
| ettt |

W Cycle Gate.t
@C
]
R Cycle Gate L

clock, which will be covered later. The rings will al-
ways be reset to 00 before a transfer operation, and
begin advancing when the transfer begins. We now
have a method of addressing the seven cores of any
character position in the core array, by passing 15Im
through one units drive line and 15Im through one
tens drive line. For ease of explanation we say current
in a plus direction will write a one in the addressed
cores and current in a minus direction will reset to
zero, or read-out of the addressed cores.

During R cycle the data from the drum is written
in cores. This requires resetting the addressed cores to
zero with a “core read pulse” and then writing “ones”
in the same cores with a “core write pulse.” This will
be done at the end of each character time, i.e., BR @ C.
Notice on Figure 41, during R cycle, a BrRg C pulse
first develops a 3 us “‘core read pulse” at a single shot
to feed the addressed core drive lines. This results in
—Im through the addressed cores. The fall of the core
read pulse fires a second single shot to develop a 3 us
“core write pulse.” This also feeds the drive line to
pass +1m through the seven addressed cores, to write
“ones.” This same core write pulse advances the core
units ring to address a new core position for the next
read and core write pulses.

During W cycle the cores are read out and the data
will go to the drum. Now it is necessary to read-out
(or reset) the addressed cores at the beginning of a
character time (Bs@C) so the data may be placed on
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Figure 41. Core Buffer Logic
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the data from cores line. Each core read pulse resets
the addressed cores to zero as well as reading them out,
so it is necessary to write the information back in
immediately. This is done by following the core read
pulse with a write pulse, just as was done during R
cycle. On Figure 41 it is 2 Bs@ C which develops a 8
us core read and then write pulse, on W cycle.

To summarize: whether we are transferring data to
or from the cores, a read pulse must always be followed
by a write pulse.

Core Data Flow

The data flowing to and from the drum is in serial
form by bit. The bits are read into or out of cores in
parallel. The character register accomplishes this tran-
sition. There are seven triggers in the register, one for
each bit. To write in cores, @ C bits coming from the
read head (data to cores) are stored in the appropriate
triggers for that particular character. At Br time a read
pulse resets the cores and a write pulse attempts to
store a one in each plane. In order to control which
cores in a character position are flipped, an inhibit line
is threaded through all the cores in each plane. By pass-
ing —14Im through a particular inhibit line, that core
position which has +1m due to a write pulse, will have
a resultant current of +14Im. This is insufficient cur-
rent to flip the core from the 0 to the 1 state. Because
there is an inhibit drive line for each trigger in the
character register, we can sample all triggers at core
write time and drive those inhibit lines associated with
the no-bit triggers. The seven triggers are then reset
and the units and tens ring advances for the next
character.

To read from cores (W cycle) we must add a fourth
line, the sense line. There are seven sense lines; one for
each core plane or bit. The read pulse will pass —Im
through seven cores. Those cores which are at the ]
state will be flipped, inducing a signal on the appro-
priate sense line. Any core at 0 will remain unchanged,
therefore, no flux change and no induced voltage re-
sults in those sense lines. These sense pulses, coming in
parallel for any character at Bs time, will turn o~ the
triggers in the character register. This occurs at the be-
ginning of the character, so the triggers may be strobed
to put serial bits on the “data from cores” line. The
read pulse destroyed the information in the single
character position, so it is necessary to write immedi-
ately back into those cores, using the condition of the
seven character register triggers to control the inhibit
lines.

Core Circuits
The discussion of circuit operation necessary to store
data in cores during R cycle and read that data from

cores during W cycle follows. Reference is made to
Figures 42, 43 and 44. Figures 45 and 46 are sequence
charts illustrating core operation during a specific in-
struction.

OBJECTIVES:

1. Reset the core units and tens rings to 00.

2. Reset and enter the character register {rom the

drum.

3. R cycle core starts to:

a. Reset the addressed cores with a core read
pulse.

b. Write into cores from character register with
a core write pulse.

¢. Advance units and tens ring.

4. W core starts to:

a. Read into character register from addressed
cores with a core read pulse.

b. Rewrite into cores with a core write pulse.

¢. Advance the units and tens ring.

Core Unils and Tens Rings. The ten triggers in each
ring (4.02.00, 4.03.00) are reset 10 pin low by the
buffer counter reset line from 3.02.10, a CL pulse every
cycle unless T=R or N. The core units 0 line and the
core tens 0 line will be high, addressing core position
00. The units ring will advance with every pulse on
the write gate line (this is the 3 ps core write pulse)
and a carry will advance the core tens ring.

A special reset inverter is needed in each ring to
prevent the ring from rolling while the reset gate is
applied to the right hand grids. When a trigger is cut
off a negative shift on pin ten will appear as a negative
spike on the right hand grid of the next trigger in the
ring. This causes a positive spike on pin 10, the fall
of which puts another negative spike on the next grid.
Since all pin 10’s are connected to the following trig-
ger’s grid, the ring would roll, leaving .one trigger on
when the reset gate was removed. To block this spike
the reset gate is inverted at 484a (4.02.00) and 4S4b
(4.03.00) and the 10 pin plates on a trigger in each
ring are clamped at the low level.

Character Register. Because the data from the drum
is in serial form, it is necessary when entering cores
to store the bits for each character, X through R, in
the character register triggers. Then at the end of each
character we can read the data into all seven cores
for that character with a write pulse. The seven char-
acter registers triggers (4.08.01 to 4.08.07) are reset 10
pin low with a plus pulse on the character register
reset line from 4.11.00. During R cycle the R cycle gate
ands with @ C at 4G8a which in turn is gated with bit
S at 4G6b to give a Bs@ C reset pulse at the start of
each character coming from the drum.

On 4.08.01 (Br character register) the data to cores
line has all bits (@ C) from the drum on it. This com-
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mon data line is scanned with core bit R’s and any
drum bit R present flips the trigger 10 pin high. The
core bit ring on 4.09.00 is a core clock which will be
synchronized with either the drum clock or the disk
clock depending on the operation. It is reset to bit S
when not operating. When reading into or out of cores
it will be advanced by @ A pulses devcloped on 3.02.02.
Notice the @A, gB and gC pulses here are either
the @ pulses from the drum clock or the disk clock.

When a bit is stored in the characier register trigger
(4.08.01) the bit R write line will be low and the bit
R gate will be high. The bit K write line goes to the
inhibit drivers on 4.07.00 while the bit R gate goes
to the core data out line.

Core Start (R Cycle). On 4.11.00 the core start is
a BRg C pulse developed at 4H6 during R cycle gate.
On 4.10.00 the start pulse develops a 3 us core read
pulse at single shot 4K5. The fall of this pulse de-
velops the 3 us core pulse (core write pulse) at single
shot 4L6.

Using Figure 42 and diagram 4.04.00 we can see how
the core read pulse will reset all cores addressed by
the unit and tens rings to “0”. In Figure 42 we are

Write Gore 5

working with position 80. The core units 0 line is high
conditioning the grid of the CF304 at 4E1. The 3 ys
core read pulse (labeled read gate) causes the two
CD units, 401 and 4R1 1o conduct. Of the ten units
switch core transformers in the CF304 units, only the
one for position 0 will have current in winding “A”
causing it to flip. When it flips —14Im will be induced
in the secondary which is laced through all 70 charac-
ter 0 cores. In the same manner ail 70 cores in field
8 (core tens) receive —lslm resulting in —Im in 7
cores of character 80. This flips all these cores to the
“07 state.

The core write pulse (labeled write gate) follows
immediately and causes current to flow in all b wind-
ings of the 10 unit drive transformers and the 10 tens
drive transtormers. This current is in the opposite
direction of that through winding “a”. Since the units
0 and tens 8 transformer cores were the only ones
flipped during the core read pulse, only these two
transformer cores can change their flux direction dur-
ing the core write pulse. Since transformer action is
caused by changing flux lines only these two second-
aries will have +14Im induced in them, resulting in
+Im in the 7 character 80 cores.
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To select which of the seven cores will be allowed to
flip from “0” to “1” the character register triggers will
be analyzed and the inhibit lines for those positions
with no-bits will pass —14Im. This is shown in Figure
43 and diagram 4.07.00. To prevent writing a bit we
must pass current through winding “a” of the inhibit
switch core transformers. The CD 302 will conduct if
its DF303 is allowed to conduct. The DF303 will con-
duct if the core write pulse (write gate) and the bit
write line from the respective character register trig-
gers are both high. These lines feed an *“and” switch
within the DF303 unit.

Following the core write pulse the inhibit switch
core transformers have flipped and the next pulse
through winding “a” will not result in an output un-
less the transformer core is flipped back to its original
state. To accomplish this a steady current is passed
through winding “b”, opposite in direction from “a”.
When the write pulse is finished this current returns
the transformer core to its original state.
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On 4.02.00 the core units ring is advanced by the
core write pulse (write gate). Actually during writing
the core position addressed is one highér than the posi-
tion which receives —Im. In Figure 42 we found that
the only switch core transformers affected by the write
pulse were those originally flipped by the read pulse.

Core Start (W Cycle). The primary difference in core
operation during W cycle as compared to R cycle is the
direction of data flow and the timing of the core starts
The data is moving from the cores to the character
register. From there it moves to the drum on the line
labeled “serial data from cores”. It is necessary to read
out of any core position to the character register, all
seven bit positions at once, then scan each character
register trigger in sequence: X, 0, 1, 2, 4, 8, and R.
This means the core start must occur at the beginning
of each character. On 4.11.00 the core stari is a BsgC
developed at 4G8b and 4G6b. This core start developes
a core read pulse and core write pulse as during R
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cycle. The read pulse passes —Im through the ad-
dressed cores, flipping any core which has a “'1” stored
in it. A sense line passes through all cores in each
plane. The cores which are flipped by the read pulse
induce a small signal in one or more of the seven sense
lines at each character time (Figure 44) . These signals
are rectified at the PX units on 4.06.00, then amplified
and sent to the respective character register. At the
character registers it is anded with core sense, which
is a W cycle core read pulse, to turn the triggers 10 pin
high. As the core bit ring continues to advance the
seven character register triggers are scanned serially
to develop @ A to @A data from cores on 4.08.08.

The seven cores which have been read out are reset
to a blank. It is necessary before moving on to the
next character to rewrite back into this position from
the character register. The 3 us core write pulse, fol-
lowing the read pulse, attempts to pass +Im through
all seven cores. However, the inhibit lines on 4.07.00
are once more driven by those character register trig-
gers storing no-bit (bit write line high) .

The core units ring is advanced by this same core
write pulse.
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ExanmpPLE oF CorReE BUFFER OPERATION

Figures 45 and 46 are sequence charts illustrating the
core operation during the instruction W53C7402bb.

Transfer Of Data During ! Cycle

During I cycle a 10 digit instruction is read from one of
200 drum locations and placed in the instruction regis-
ter. The 200-step program counter determines which
instruction shall be chosen (Figure 47) . The hundreds
counter determines which of two track groups, numeric
(0-9) or 12 zone (&%, A-1) will be selected. The tens
counter selects the track within the group, and the
units counter determines which field of the selected
track will be transferred. For example, if the program
counter is at level 037, field 7 of track 3 is selected;
if the program counter Is at 137, field 7 of track C is
selected. One exception to the zone selection occurs
for the 0 drum track. This is in the 0 zone and both
the hundreds and tens counter must be analyzed.
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Figure 47. 1 Cycle Data Flow

Normally the program counter, reset to 000 with
the reset key, will advance sequentially at CLBR just
before I cycle. An instruction with a P flag interrupts
this sequence, requiring control panel wiring to con-
tinue. The program exit hubs may be used to impulse
the program entry hubs for sefting up a new program
level, or to impulse the program advance hubs to cause
the counter to continue advancing sequentially.

OBJECTIVES:

1. Set the program counter.
a. Program switches
b. Program entry hubs
c. Normal advance BRCL W cycle
d. Program advance hub (P fag)
2. Select a read head with the value in the program
counter, tens and hundreds.
3. Gate one field of selected track data by analysis
of the units position of program counter.
4. Reset and read-into instruction register.
Program Counter. Both the program counter units
(2.01.04) and tens (2.01.05) consist of ten triggers.
The hundreds counter (2712-2.01.06) is a single trigger,

50 IBM RAMAC 305

~
1Z =12

since 199 is the highest program level provided. There
are a number of ways to reset the program counters.
The manual reset key on the 380 console develops an
“X’ reset which sets the hundreds trigger (2.01.06-
2T2) 3 pin high. The “X” reset places all triggers in
the units and tens counters three pin high, resulting
in blanks in these counters. This is done by placing 0
volts on the program counter reset line at 214 on
2.01.07.

Depressing the program set key picks R153 (2.01.01)
and develops a 200 ps reset pulse at the single shot 2P4
(2.01.07) to reset the units and tens counters. Follow-
ing the reset pulse (R153 still up) the program selector
switches (2.01.01) determine which triggers will be
turned oN in each of the three counter positions. A
thiid method to reset and set the program counters is
used when a P flag is present (2.01.07-2L3). The flag
forces the D, P cycle and during the P cycle the count-
ers are reset. Following this reset they will be set with
impulses to the program entry hubs (2.01.02) from a
program exit hub. The line to pin 6 of 2L3 (2.01.07)
coming from the cE sync panel is normally floating.
This is the same as a plus voltage on the AL




The program advance pulse to pin 5 of all the
program counter units triggers is 2 BRCL pulse before
each I cycle (2.01.07) following any IRW sequence or
when the program advance hubs are impulsed follow-
ing an IRWDP sequence. The controls for advance-
ment of the counter are developed on 2.01.06 at two
triggers, labeled new program and program advance
(2N2 and ZM2) . Both are reset 10 pin low at I cvcle
end and remain there until a P flag or T,=J. The P
flag must result in the new program line being high or
1 cycle cannot begin (1.03.04) . 2N2 is turned on by im-
pulsing program entry hubs (units), program advance
hubs, or T,=] when P=blank. 2M2 is turned o~ by the
last two conditions only, not the program entry hubs.

In the counter rings the two Al units (2.01.05-2Gba
and 2.01.04-2G5b) are designed to block the rolling
of the counter during reset time. This concept is more
fully covered in the section on “Core Units and Tens
Rings.”

Head Selection. The program counter tens condi-
tions the numeric portion of the head matrix (2.03.07)
during 1 cycle ready. At the same time the program 100
trigger selects the zone matrix (2.03.09) . This is shown
in Figure 37. All of the selected track will appear as the
output of the drum matrix read amplifier.

I Cycle Gate. The field of the selected track data to
be entered into the instruction register is determined
by the value in the program counter units. On 2.02.03
the matrix read data is gated with I cycle and the pro-
gram gate; the latter being developed while scanning
the program counter units with the field ring. The re-
sult is ten characters of @ C data on the line labeled
gated process drum data. The various bits are sepa-
rated for entry into the instruction registers (2.02.04).

Instruction Register. The program bits are gated
with characters 9 through 0, the C9 data entering the
Q register (2.06.00), C8 data entering the P register
and so on down to CO data entering the T, register.
Remember, data from the drum is arriving character 99
first and character 00 last.

The T, and T, registers (2.03.03, 2.03.05), similar
in operation, consist of six triggers. Using T, register
{2.03.03) as an example, all triggers will be turned oFr
prior to the I cycle gate with the instruction register
reset A line. On 2.03.01 this line is high during any
“C” reset developed with the manual reset button,
check reset button, or program load button. The pro-
gram set reset line is high when the program set button
is pushed. These are static resets. When cycling the
reset occurs with the I cycle ready trigger oN (CLBr)
and lasts until the I cycle begins (RM).

The T, register triggers are plate-pulled oN in sev-
eral ways on 2.03.02. During I cycle the matrix read
data in the form of I bits “ands” with C0 and is in-

verted. The T, register may also be entered from the
380 Console at the D1302’s.

There are 4 modified binary counters in the instruc-
tion register; the A,, B,, A, B, counters. Using the
A B, (204.04, 2.04.05) counters as an example, these
counters are reset with a CLBr to RA gate, before
an 1 cycle. The instruction bits from the appropriate
character turn ox the corresponding triggers.

The MN register (2.04.12) and the Q register
(2.06.00) are binary storage units of four triggers.
M and N registers are read into on characters 6 and 7
respectively, while the Q register is read into during
character 9.

The P instruction register (2.05.02) is a relay storage
device, the relays being picked by thvratrons fired by
the bits in C8 of the instruction. The relays determine
which of the program exit hubs (2.05.08) will emit
during P cvcle. These relays therefore are held until P
cycle through the normally closed points of mercury
relay 2 (2.09.10) . The pick coils of the P relavs will be
energized until the plate circuit, P pick, is opened on
2.09.10 when MR-1 picks. MR-1 is picked on 2.09.01
by turning trigger 3M2 10 pin high at ¥6 of D cvcle.
The hold cuils were previously energized by the drop-
ping of MR2 at R cvele end (2.09.01) until P cvele
end. The impulse to the program exit hubs comes from
MR7 normally open points. MR7 is energized on every
P cycle (2.09.02) . The MR relay timings are shown on
the sequence chart on 0.09.08.

Figure 48 is a sequence chart illustrating the read in
of the instruction register during I cycle.

Transfer Of Data During R Cycle

Using the instruction W53C7402bb, during R cvcle the
data will move from the drum to cores {Figure 49).
T, =W will select the W drum head from the matrix.
The A,, B, counters will tell the machine when to
begin reading and the MN register will decide when
to stop. If the A, B, counters, containing 53, are ad-
vanced each character time beginning with Br of
character early, they will roll from 99 to 00 at Br
character 54. The carry thus developed begins read-in
to cores. 1f the A, B, counters continue to advance
they will reach 02, the amount in the MN register, at
Br character 52 and the transfer will be stopped.

OBJECTIVES:
1. Select the read head with the T, register.
2. Develop R/W cycle gate with AB compare to
MN compare.
3. Develop AB compare and MN compare.
4. Core start during R/W cycle gate.
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Select Read Head from T, Register. Analysis of the
T, register occurs on 2.03.07 and 2.03.09 developing
a TZ line and a TN line. It anv heads in the matrix
are selected, the matrix read gate (5.10.07) will be
high. The matrix write gate is low during R cvcle. The
matrix read data in the form of a I volt peak to peak
sinusoidal signal enters four stages of amplification
(3.10.11). The clipper at 5VI1 receives two similar
amplified and inverted drum signals, one riding at +15
volts (pin 10) and one at —15 volts (pin 5). Only the
top of the signal at pin 5 and the bottom of the signal
at pin 10 reach the TR306, blocking any noise appear-
ing on the base line. The trigger at 5U11 follows both
plus and minus changes on its grid. The Bs pulse will
set the trigger 10 pin low before the next character.
Matrix read data is now full bit pulses. The data was
written on the drum @A t0 ¢ A. Because there is a
delay when going to the drum and then from the drum,
the data is now approximately gB to @ B.

R/W Cycle Gate. The maurix read data is gated
with R cycle gate and g C to cores (3.02.06) . With the
instruction W53C7402bb the R cvcle gate should be up
for characters 53 and 52 only. On 3.02.04 the R cycle
gate will be up when any one of the three Al's conduct
if 3T6a is cutoff. 3U3 will conduct during R cyde
for the duration of R/W cycle gate from 3.02.03.
This is the major gate during track to track transfer,
determining when the transfer will begin and end. The
trigger at 3T1 will go to 10 pin high at AB compare
and 10 pin low at MN compare or Ci.

AB Counters. The A, B, counters are advanced
during R cycle with each Br. starting with CEBRr. The
trigger at 2]J6 (2.04.03) does prevent Br of character
00 and Cr from advancing them. The B, counter
carries into the A, counter and when the A, counter
rolls from 9 to 0 an A, carry (2.04.04) is developed
which becomes an AB carry (2.04.06) from Br to B2.
This is “anded” with Bsg C (2.04.14) 1o become AB
compare and raise the R/W cycle gate.

The MN compare signal used to drop the R /W cycle
gate is developed at 2X6 (2.04.14) from N set, M set,
Bs@ B and a previous AB carry (2Z6). The M and N
set are developed on 2.04.13 in the MN comparator. M
set will be high only when the value in the A counters
is equal to the figure in the M register. N set is high
when the B counter equals the N register. Both lines
are devloped in the same manner so we will examine
only N set. For N set to be high none of the eight AI
on this line can be conducting. Four inverters compare
the oFF side of the four N triggers with the on side of
the four B triggers. The other four AT’s compare the
onN side of the N triggers with the oFr side of the B
triggers. Only when all N triggers compare with all
B triggers will all eight AI's be cut off.
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WhenMXN=00 and A,B,=99, 100 characters are to
be transferred beginning at character 99. MN compare
must be blocked since it will occur at character 99 also.
The trigger at 226 (2.04.14) accomplishes this. It must
be ox to permit an MN compare at BsgB. In this
case above the rigger will not come o~ until Bx char-
acter 99 (2£7a), too late for MN compare.

Cove Start. During the R/W cycle gate a core start
(4.11.00) is needed at Brp C of each character written
into cores. The R/W cvcle gate was up at the begin-
ning of the first character transferred (BsgB). After
this character is entered into the character register, the
core start (Brg C) resets core position 00, writes the
character and advances the core units ring.

Transfer Of Data During W Cycle

During the W cycle, data ows from cores to the drum.
The drum track written on is decided by the T, ad-
dress while the starting character is fixed by the A,B,
covnters. The MN register determines how many char-
acters will be read out of cores beginning at core
character 00. The starting point on the drum and the
number of characters will be controlled by the W cycle
gate developed from the R/W cycle gate, which was
previously discussed. Figure 50 is a sequence chart
showing the necessary gates and the data flow.

OBJECTIVES:

1. Select drum head for writing with T, register.

2. Core start.

3. Select data specified by A,B, counters and the

MN register.

Head Selection. This is accomplished just as it was
during R cycle by analysis of T,. The matrix write
gate is up now allowing 65 ma to flow through the
selected current driver (3.10.13).

Core Start. The first core start pulse will read posi-
tion 00 of the core matrix into the character register.
This will occur in the example W53C7402bb at the
beginning of drum character 74. On 4.11.00 the core
start pulse, developed at 1H7, is BsgC (start of a
character) “anded” with W cycle gate and W cycle core
start gate. The W cycle core start gate is up every
machine cycle from RM to FOCOB2. The W cycle gate,
through a number of inversions is actually R/W cycle
gate “anded” with W cycle. On 3.02.08 the not W cycle
gate is developed at the trigger 3T1 on 3.02.03, up at
Bs @ B of the first character and down at Bs g B follow-
ing the last character to be transferred.

AB Carry and MN Compare. The R/W cycle gate is
started with an AB carry and stopped with an MN
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Figure 50. Development of W Cycle Gate (Instruction: W53C7402bb;)
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compare. During W cycle the B, counter is advanced
instead of the B, counter (2.04.03). Therefore, the
AB carry on 2.04.06 is a result of a carry in the A,B,
counters. MN compare is developed just as it was
during R cycle except M is compared to A, and N
to B,.

Parity Checking

All data entering or leaving core buffer is parity
checked, i.e., each character transferred must have an
odd number of bits. The data moving to the instruc-
tion register on I cycle is also parity checked. This can
be seen on the data flow diagram, Figure 7. When
an error occurs we want the machine to stop processing
immediately in the error cycle. The console will indi-
cate the cause of stopping (parity error) and the cycle.
Processing may be restarted at the beginning of I cycle
in the same program step by depressing the check reset
key followed by the program start key.

OBJECTIVES:

1. Count the bits in each character and turn on
parity error if the number is even.

2. Stop processing with cycle ready trigger still oN.

3. Reset parity error with check reset keyv: restart
in 1 cycle with program start.

Parity Error Trigger. Figure b1 illustrates the oper-
ation of the parity cerror trigger (3.02.14-3U5) during
1 cycle. R and W cycles are similar in operation. When
an error is detected 3U5 will be pulled 10 pin high.
The actual counter of bits is the parity control trigger
$W4. At the beginning of each character, Bsg C, it is
set* 10 pin high. The bits of data comprise a binary
input, the first bit after reset flipping the trigger ofF,
the second oN. If no bits or an even number of bits are
present the trigger will be 10 pin high at the end of
a character, Bs@B. The condition of the trigger is
tested each Bsg@ B at 3V5 and if 10 pin high, the parity
error trigger is turned on. Notice in Figure 50 the first
test pulse (BszB) is blocked and the final one per-
mitted by the slow rise and fall of the 1 cycle gate.
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Figure 51. 1 Cycle Parity Error
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Stop Processing. On 1.02.06 the parity error joins  all begin with character 9 (low order) position. The
the other possible error conditions. Any of them will  same is true of the expanded fields during the expand
raise the common error line. This error line turns the  operation. Also note that all fields, compressed or ex-
master stop trigger 10 pin high on 1.02.09 to block  panded, are adjacent.

all cvcle starts. The error line blocks cycle complete The compander operation is called for during pro-
on 1.02.08, and finally it directly turns ofr any of the  cessing by placing a 7, 8, or 9 in the 10th character
cycle triggers which may be o~. Blocking cycle com-  of a program instruction. Q=9 calls for compress; Q=8
plete prevents a cycle end which allows the cycle ready is an expand operation; Q=7 is a compress-expand
trigger to remain oN. This trigger and the parity error  operation.

trigger have neons on the console (6.15.07, 6.15.08). The function of MN characters in the instruction re-

Reset Parity Error Trigger. Depressing the check  presents the major change in programming. M now
reset key picks R156 (1.02.03) developing three levels  tells the machine how many adjacent fields, beginning
of reset: C, SX, and S. This resets the parity error  with the AB address (B must always be 9), are to be

and parity control triggers 3 pin high, all cycle and compressed or are to be the result of expansion. N

cycle ready triggers oFF except I cvcle ready. Depress- now tells the machine how many characters in each

ing the program start key will pull the master stop  field are to be transferred, automatically beginning at

trigger 3 pin high, permitting a cycle start. character 9. An N of 0 will result in the transfer of
10 characters from each field, a normal transfer
operation.

Compander (optional)

Compress
This optional feature permits the compression or ex- Of the three operations, compress requires 2 program
pansion of process drum track fields during a track istructions, the others one instruction.
to track transter. This is illustrated in Figures 52 and Using Figure 52, the first instruction L89b9946b9,

53. Notice in the compress operation, the portions of  will transfer four, six digit fields (MN) starting with
cach field to be compressed are of the samc length and ~ position 89 (AB) to the first 24 positions of cores.
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Since T, 1s blank, no transfer from cores will occur
during W cvcle. The second instruction then will be
—9953524bb, transferring the first 24 characters in
cores to S track, beginning with character 35. If one
instruction L.89535346b9 had been used, 46 characters
would have been read out of cores to S track on W
cycle.

On R cycle the R/W cycle gate will be brought
down at character 9 and M set (4N6-3.02.03-optional) .
This can be seen on the sequence chart in Figure 3.
During compander operation MN compare is blocked
at AI-4R8a. The read cycle gate is now developed on
3.02.04-optional at Al 3U3 from R/W cycle gate (a C9
to CY gate) , Q =9 and C9 to N comp. gate. This latter
gate, used in all compander operations, is developed
on 3.02.08-optional at trigger 3W2. This trigger is al-
ways pulled on at C9 and orF at N compare (Bs@ B)
which occurs once during each field. C9 to N comp.
gates, 10 per drum revolution, are equal in length to
the N in the compress instruction. Switching these
gates with R/W cycle gate results in selecting a num-
ber of them equal to M (See Figure 54) . This becomes
the R cycle gate and establishes the core starts.

During W cycle T,=blank so no head is selected for
writing from cores. The W cycle gate will be up for 106
characiers and all positions of cores will be read out
and then read back in. No data will be destroyed.
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Cycle complete will occur at Cr when the R/W cycle
gate goes down (3.02.03-optional) .

The second compress instruction, —9953524bb, is a
standard transfer, reading from cores to S track on
W cycle. T,= — addresses cores during R cycle and is
developed on 2.03.11. It causes a cycle complete at CE
(1.02.08) and blocks the R cycle gate (3.02.04) so no
core starts can occur. A T,=blank, on the other hand,
would raise the R cycle gate and cause Br’s to be in-
serted into cores. This would set the contents of the
cores to blanks.

Expand

The expand operation (Figures 53 and 54) requires
one instruction of the form K82W7975b8. The R cycle
occurs as normal with one exception found on 3.02.03-
optional. The R/W cycle gate can not be brought
down until Cr, which means all information on the
FroM track following the AB address will be placed in
cores.

During W cycle the R /W cycle gate (3.02.03-option-
al) is a character 9 to character 9 gate for the number
of fields specified by M, in this case seven. The not W
cycle gate (3.02.08-optional) is a product of the ten
C9 to N comp. gates and the R/W cycle gate “anded”
at Al 3Z2. This, in turn, becomes the W cycle gate de-
veloping the core starts.
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Figure 54. Compander Sequence Chart

Compress Expand

A 7 in character 10 position of the instruction will
compress the fields on R cycle, then expand them to the
original size on W cycle. The primary advantage of this
operation is the ability to change the information in
portions of adjacent fields leaving the rest of each field
intact. To accomplish compress-expand, the 7 in the
Q register will raise both Q=8 and Q=9 lines on 2.06.01-
optional from AK ZL6.

Increased Processing Speed (Optional)

1P is a special feature that may be installed in the
raMAcC 305 to reduce the time required to transfer
data between process drum tracks. This feature is auto-
matic in operation and requires no special program-
ming nor control panel wiring.

Normal transfer operations require 3 drum revolu-

K82W7975b8 - Expand (W ~ )

tions (30 ms) without this feature. I, R, and W cycles
always begin and end with a reference mark, even
though the actual transfer may take only a few char-
acter times. With 1ps installed, the system advances to
the next cycle as soon as the transter is complete, with-
out waiting for a reference mark. For example, as
soon as the instruction has been placed in the instruc-
tion register during 1 cycle, R cycle can begin. When
the data specified by the A;B, counters and the MN
register has entered cores, W cycle can begin. As soon
as the data from cores has been written in the specified
drum location, I cycle can be started. With optimum lo-
cation of imnstructions and data, an IRWI sequence may
be completed in 10 ms. The only limitation on loca-
tion of data is that 4 character times exist between
the end of one address to the beginning of the next.
Any less will cause the machine to take another cycle.
This 4 character gap between cycle gates is necessary
to allow the drum head selection circuits time to be-
come established.

To aid in servicing the machine, a ce switch has been
included which can cripple the 1ps feature.
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Circuit Operation

At the time of this printing, system diagrams are un-
available. To aid in a discussion of 1ps, two simplified
circuit diagrams are referred to (Figures 55, 56) and a
sequence chart is included (Figure 57) .

On a standard machine the cycle sequencing operates
similarly in all three types of cycles, I, R, and W. A
sequence RM tests all three cycle ready triggers to
turn onN one of the cycle triggers. Then a cycle gate is
developed from AB compare to MN compare (or pro-
gram gate during I cycle) to gate the data to and from
the drum. At the fall of the cycle gate the cycle com-
plete gate trigger (1H9-1.02.08) is turned on, then at
CLBO this trigger is sampled to develop a cycle com-
plete pulse. The cycle complete pulse turns oN the
next cycle ready trigger which then turns ofr the pre-
vious cycle trigger. The next cycle start (sequence
reference mark) then begins the new cycle.

With 1ps three major circuits need revising. A cycle

start pulse must be available at any character time, 4
characters after the actual data transfer of the previous
cycle is completed. A cycle complete pulse must be
available at any time. Finally, the A;B, counters and
the A,B, counters must be corrected after I cycle if
we are to use our AB carry to begin a transfer. This
correction is necessary to simulate starting the count-
crs at CEBR.

OBJECTIVES:
1. Start a cycle at BO of any character or at RM.
2. Cycle complete pulse as soon as transfer is com-
plete.
3. Correct A, and A, counters before R cycle begins.

Cycle Start. Refer to Figure 55. The cycle start
pulses, sampling the cycle ready triggers are now con-
ditioned BO0’s or sequence RM’s. I cycle can begin at
BO if I cvcle ready is oN and the program gate is not
high. The not program gate prevents I cycle from com-
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Figure 55. IPS Block Diagram (A)
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Figure 56. IPS Block Diagram (B)

ing up in the middle of the field in which the next
instruction is located. Also I cycle cannot be turned o~
during C1 or CO. This prevents 1 cycle from beginning
sooner than 4 characters after W cycle ends and can be
more fully understood after cycle complete has been
discussed.

R cycle can begin whenever R cycle ready is oN at
any C6B0. Since the I cycle transfer of data is always
complete at the fall of character 0, the R cycle transfer
can begin 4 characters later, at C5 time. R cycle trigger
will go oN at C6B0.

W cycle can come on at BO when W cycle ready is
turned oN. This will occur as soon as the read cycle
gate falls. We must delay the actual transfer of data
for 4 characters, however. Notice that W cycle ready
trigger fires a 285 s single shot. Until this delay is
complete, the A,B, carry cannot develop a Wcycle gate.

Cycle Complete. In each case listed above, the B0
or RM cycle start tested the 3 cycle ready triggers
(I, R & W) to turn on the next cycle trigger. On a
standard machine these ready triggers were turned on
by a cycle complete pulse at CLB0. With 1ps we will
develop a cycle complete pulse at Bl of the character
following the last character transferred, turning on
the cycle ready trigger immediately. In Figure 55 the
cycle complete gate trigger still comes oN with the fall
of the I, R or W cycle gates. This trigger is now
sampled every Bl time to develop a cycle complete

Progrom Counter | XO| X1 X2 | X3 | X4 | X5] X6 | X7 | X8 | X9
Correction To | 5 | 05 1 8o | 70 [ 60 | 50 | 40 { 30 | 20| 10
AB Counters

co 10 10 10 10 10
Correct
During | C9 20 |20f20]20]|20[20]20]2
These
Charocters { C8 20 120f20|20]20] 20
Before
R Cycle c7 20§20 (201 20

cé 20 { 20

_J

pulse and turn on the next cycle ready trigger.

Now let us examine the I cycle start which is blocked
every Cl and CO. If the W cycle gate should fall at the
end of character 3 of the field preceeding the instruc-
tion field, there would be only $ character times be-
tween W and 1 cycles. In this case, 1 cvcle must be
blocked until after the program gate. The cycle com-
plete trigger will be turned o~ at Bs @ B between char-
acter 3 and 2 (MN compare) . The I cycle ready trigger
will come on with cycle complete at C2B1. The next BO
start pulse would occur at character 1 time but it is
blocked at the “and” switch by the not program gate,
not Cl, and not CO line. 1 cycle will not come oN until
C9BO following the program gate.

AB Counter Correction and Advance. In normal
machine operation the A;B; counters were advanced
during R cycle beginning at CEBr. As the drum char-
acter ring advanced from 99 toward 00 the AB counter
value increased until it rolled from 99 to 00, develop-
ing an AB carry which started the transfer. The A,B,
counters advanced during W cycle, performing the
same function. With 1ps both counters advance during
all cycles except I cycle. On Figure 56, Br’s “and” with
the on side of the AB counter advance control trigger.
This trigger is intially turned on at CO of the I cycle
gate and ofF at FO, CO, B2. For all other cycles it is
turned oN at RM and ofF at F0, C0, B2, allowing 100
Br’s to impulse both counters.
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Since these counters may begin advancing at any one
of ten fields at COBR following the 1 cvcle garte, they
must be corrected to simulate starting them at CEBRr.
They will be incorrect by some multiple of ten, deter-
mined by the fall of the I cvcle gate. This in turn is
established by the program gate from the program
counters. We find that the A. and A, counters must be
corrected with the tens complement of the value in
units position (held location) of the program counter.
This can be seen in the chart in Figure 56. By adding
these amounts to the A, and A, counters during the 4
character delay between I and R cvcle, these counters
will remain in step throughout R and W cycles.

Since we may have to add up to 9 in these positions
within 5 character times, we must add 2 each correc-
tion character time. This allows us to add 8. Since
all four counters (A,B,, A,B,) have the initial in-
struction entered by character 1 time of the 1 cycle
gate, we can also use CO of I cycle for correction of the
decimai 1 position if the correction figure is odd. The
correction circuit is shown in Figure 56. During the
correction time, 2 advance pulses, a Bx and a BI, will

Fé6 F5

60159 |58 | 57 | 56|55 1 54| 53| 52

51 150149 48| 47| 46

impulse the A; and A, counters, adding 20, each char-
acter time. The control trigger determines how many
“20’s” are added to the counters. It is turned 10 pin
high at the fall of the I cycle gate if not in program
step X9. It will be plate pulled 10 pin low at G5, C6,
C7, or C8 depending on the value in the units posi-
tion of the program counters. If the program step is
X0 the trigger will be prevented from going ten pin
high since no correction is needed. Although not
shown on the simplified diagrams, the cycle start and
cycle complete pulses must be conditioned by a num-
ber of other conditions. There are a number of opera-
tions requiring a full drum revolution.

Service Aid. The start BO line is developed at an
“and” switch when the master stop trigger is OFF and
the CE switch is on ips. By turning the CE switch to
non 1ps operation, the start BO line is low and only the
RM can advance the cycles.

Example of IPS Operation. The sequencing chart in
Figure 57 illustrates 1ps operation with an optimized
instruction of A45B4001bb located in field 5.
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Figure 57. IPS Sequence Chart (Instruction A45B4001bb in Program Step XX5)
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File Mechanics

Disk, Track and Record Arrangement

The arrangement of the disks in the file is shown in
Figure 58. The file contains 52 disks, however, only
50 of these are used for data storage. The top and
bottom disks are dummy disks, used to aid in the
regulation of stray air currents within the file. The
recording disks are numbered consecutively from top
to bottom, 00 to 49. The whole disk array is rotated
at a speed of 1200 rem by a 1145 Hp, 220 volt Ac motor.

Data is stored on both the top and bottom of each
recording disk. There is one read/write head for
addressing the top side of the disk and one for the
bottom. Both of these heads are mounted in one
access arm (Figure 59) which may be positioned to
straddle any of the 50 disks.

When the access arm is addressed to any particular
disk, it may be moved inward or outward to place
the read /write heads at various radial distances from
the center. The arm may be detented at 102 different
positions. When the arm is detented at any one of
its 102 positions, a circular path on the surface of
the disk moves past the read/write heads. These circu-
lar paths are called tracks. Each track inciudes the
paths both on the top and on the bottom of the disk.

The innermost track and the outermost track on
each disk are reserved for use by the Customer Engi-
neer when servicing the file. The 100 remaining tracks,
which are used for storage of accounting records, are
numbered 00 to 99 from outside to inside.

With the disk rotating at 1200 rpm, each revolu-
tion requires 50 ms, which is 5 times as long as a
drum revolution. Using a bit frequency in the file
approximately equal to the bit frequency of the
drum, two complete 100 character records can be
stored in each 1/5 of the track circumference, one on
the top side and one on the bottom side. Thus, a
total of 10 records can be stored on each file track.
Record positions 0, 1, 2, 3, and 4 are on the top side
of each track; 5, 6, 7, 8, and 9 are on the bottom side.

350 Fiie

Disk and Track Selection

In order to select a given track, the arm must be
moved from its previous track location to the new
track location. This involves one of three types of
movement sequences:

1. To move to a numerically higher track address
on the same disk, the access arm must move inward
only.

2. To move the arm to a numerically lower track
on the same disk, the arm must move outward only.

3. To move to an address on another disk; the arm
must first be moved all the way out, then up or down
to the new disk location, and inward to the selected
track. _

Since the third movement sequence includes the
movements used in the other two, we shall use it as
the example for an explanation of disk, track, and
record selection.

AccESs MECHANISM

In order to accomplish the necessary movement of
the arm, an access mechanism is provided. This con-
sists basically of the following components (Figure 60).

1. A carriage on which the arm is mounted for
horizontal movement. '

2. A way on which the carriage is mounted for
vertical movement.

3. Two access cables, a capstan, two clutches, and
a motor to provide movement to the arm and carriage.

4. A disk detent to keep the carriage fixed in place
while the arm moves into the disk array.

5. A track detent to fix the arm’s position at the
correct track.

CARRIAGE AND Disk DETENT

In order to allow the arm to move vertically, it is
held in a carriage that is free to move vertically on
a specially constructed way (Figure 60). The arm
itself is free to move horizontally within special guides
on the carriage. However, the carriage cannot move
vertically at the same time that the arm is moving
horizontally without damaging the disks. Therefore,
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Figure 58. Disk Assembly

a detent is provided to lock the carriage to the way
while the arm is extended or retracted. Another de-
tent is provided to lock the arm all the way out, in
the home position, while the carriage moves vertically.
This disk detent (which locks the carriage to the way)
and the fail safe bar (which locks the arm in the
home position) are mechanically linked so that one
or the other must be engaged at all times. This link-
age (Figure 61) is called the fail safe interlock.
When the arm is retracted to the home position, out
air pressure is applied to the disk detent piston to
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Oil Drain Plug

unlock the carriage so that it can move. When the
correct disk has been located, in air pressure is applied
to the disk detent piston to lock the carriage to the
way and unlock the arm.

CAPSTAN AND CABLES

The capstan and cables provide a method of apply-
ing power to move the arm and the carriage. The
two cables are wrapped around the capstan in oppo-
site directions (Figure 62). One of these cables goes
up the far side of the way, over the tension adjusting




pulley, down and through a pulley on the carriage,
and is fastened to the front end of the arm. The
other cable goes up the near side of the way, through
a pulley on the carriage, and is fastened to the rear
end of the arm.

I the disk detent has locked the carriage to the
way, rotating the capstan clockwise will cause the arm
to move in; rotating it counterclockwise will cause the
arm to move out.

If the arm is locked in the home position by retract-
ing the disk detent, clockwise capstan movement will
cause the carriage to move down; counterclockwise
capstan movement will cause the carriage to move up.

SERVO CLUTCHES

The capstan may be caused to rotate in either direc-
tion by energizing one of two clutches attached to
the capstan shaft. Figure 63 shows an exploded view
of one of these clutches. The rotor is fastened to the
capstan shaft, and the clutch housing is free to move
about the shaft. The two clutch housings making up
the pair of servo clutches are each driven in the
opposite direction by a pinion assembly on the shaft
of a 14 np access drive motor. This pinion is shown
in Figure 64, along with its clutches. One of these
clutches is shown in cross section.

The space between the rotor and the housing is
filled with powdered iron and graphite. The applica-
tion of a direct current to the magnet coil will cause
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the powdered iron particles to align themselves and
form a magnetic bond between the continuously
running housing and the rotor.

71 Heod Lifter
Spring
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The servo control circuits are designed so that only
one clutch is energized at a time. If one of these
clutches is energized to produce the desired movement
of the arm or carriage, the other will be energized
as the addressed position is reached to cause dynamic
braking.
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TRACK DETENT

Once the arm has been moved into the correct track,
a track detent is driven by air pressure into a land
in the rack on the side of the arm (Figure 65). In
order to allow the rack to have teeth large enough
to effectively hold the arm in place, two detents are




provided, one for even track addresses, and the other
for odd addresses. Thus, one arm rack tooth is used
to hold the arm for two tracks, depending on which
detent is used. Both detents are air operated and
spring returned.

Record Selection

When the access arm is detented so that its read /write
heads are scanning a particular track, further selection
1s necessary to obtain one specific record.

The selection between the records on the top
side of the disk and those on the bottom is accom-
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Mounting Screws
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Figure 62. Access Mechanism

Figure 63. Exploded View of Magnetic Clutch

plished by the side relay. When normal, this relay
connects the read/write circuits to the top head,
when transferred, to the bottom head.

The selection of one of the five records on the
selected side of the selected track is accomplished
with the aid of the record heads. These heads are
mounted on the top casting at intervals of 72°. A
permanent magnet mounted on the top dummy disk
moves past one record head every 10 ms. The relays
which establish the record address connect the proper
head into the record selection circuit to provide a
record start pulse at the correct time. The same relays
connect a second read head into the circuit to supply
a record stop pulse 10 ms after record start. The
record stop pulse serves as a safety feature.

REeap/WriTE HEADS

The actual reading and writing of a file record is
done by the read/write heads. Figure 66 shows the
physical arrangement of the coils used for reading
or writing on the disk. The read/write coils have a
core consisting of 8 laminations, while the erase
coil core has 14 laminations. The erasing of a broader
path than is used for writing and reading helps mini-
mize extraneous ‘“‘noise.” The read/write head is cast
in plastic and mounted in a Jarger mechanism called
the air head (Figure 66).

Figure 59 shows the air heads as they are mounted
in the access arm. The purpose of the air heads is
to position the read /write head in relation to the disk.
When the access arm is advanced from a position
clear of a disk to a position straddling a disk, the
read/write heads must be in a retracted position to
avoid striking the edge of the disk. When the arm is
detented at a track address, the read/write heads
must be positioned close to the disk for reading
and writing.
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The positioning of the air head (and the read/write
head which it contains) is controlled by the appli-
cation or removal of air pressure. If no air pressure
is applied to the head, the springs act against the
gimbal pins to hold the head against the head cover.
When air pressure is applied to the air head, the three
pistons are forced to protrude from the head against
the head cover. The stationary head cover limits the
movement of the pistons, forcing the head away
from the cover and toward the disk. To keep the head
from scraping the disk, air is expelled against the
disk from six small orifices in the head. The applied
air pressure thus causes two distinct forces to impel
the head in opposite directions. The point at which
these forces balance allows the head to ride about
.0003” from the surface of the disk. When air is
applied, the heads are said to be down, even though
the bottom head is moved upward to reach its active
position,

Servo Control Mechanism Logic

The preceding material has explained the mechanisms
required to move thc read/write heads from one
address to another. Since the various actions involved
in a servo operation are controlled electronically, some
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Shaft

ouT-Up

means of translating the positions of the access arm
and carriage into electrical signals and controiling
their movement is required.

Track PoTENTIOMETER LocGic

The track potentiometer provides a means of indi-
cating electrically the distance and direction that
the access arm must be moved to reach the addressed
track. This potentiometer is mounted on the carriage
as is shown in Figure 60. The wiper is geared to
the access arm. As the access arm is moved from it’s
home position, the wiper moves from one end of the
potentiometer resistor strip toward the other.

The upper part of Figure 67 shows the logic of
the track potentiometer operation. A 150 volt floating
power supply is connected across the extremes of
the potentiometer. The position on the potentiometer
resistor strip corresponding to the newly addressed
track 1s g:cunded. However, since the track potentio-
meter is not physically large enough to permit a
separate tap for each track position, taps are provided
for track positions 00, 20, 40, 60, 80, and 100 only.
Intermediate track positions are addressed by ground-
ing a point on a voltage divider network connected
between two adjacent taps. The selection of the
grounding point is accomplished by the track ad-




dress relay tree (8.02.02). Ground potential is pro-
vided through the disk null relay N/o points which
are transferred when the carriage is detented at the
correct disk.

If the wiper receives a positive signal, as is the case
in Figure 67, this voltage is taken through the home
relay N/c points (the home relay i1s down when the
carriage is detented) to the differentiating clutch
amplifier. A positive voltage causes the in and down
clutch to be energized. This moves the arm in.

A negative wiper signal follows the same path to
the clutch amplifier, but energizes the out and up
clutch.

A zero wiper signal causes neither clutch to be
energized. However, it does cause an output from
the track nuil detector, which is used to apply air
to the correct track detent.

Disk PoTENTIOMETER Locic

The disk potentiometer provides a means of indic-
ting electrically the direction and distance that the
carriage must be moved to reach the addressed track.
It operates on the same principle as the track potentio-
meter; however, the disk potentiometer resistor strip
is actually mounted on the side of the way. The
spacing of the disks is sufficient to allow a separate
tap on the disk potentiometer strip for each disk
position. The disk potentiometer wiper is mounted
on the carriage.
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Figure 65. Track Detent

The output at the disk potentiometer wiper is fed
to the disk null detector and a /0 point of the home
relay. If the home relay is up (disk detent not en-
gaged), this signal is fed to the clutch amplifier to
control the movement of the carriage.

The output of the disk null detector controls the
disk detent air and the disk null relav (top of Figure
B7).

Disk DETENT SwiTCH

When the disk detent is disengaged, the disk detent
switch is transferred to pick the home relay (8.04.03).
Since disengaging the disk detent also frees the car-
riage to move, the control of the clutches is given to
the disk potentiometer when the home relay is picked,
as was seen in the discussion of the disk potentiometer.

TacHoMETER Locic

The tachometer provides a means for controlling the
speed of movement and deceleration of the arm or
carriage during a servo operation. It is essentially
a pc generator, which is mounted on the clutch shaft.

As the clutch shaft gathers speed, the tachometer
supplies a potential that builds up to a maximum of
approximately 25 volts. The tachometer signal has
the same polarity as the potentiomenter signal which
has energized the active clutch, but the two signals
oppose each other in the differential clutch amplifier.
As the carriage or arm approaches the addressed posi-
tion, the wiper signal becomes less than the tacho-
meter signal. This causes the opposing clutch to be
energized to provide dynamic breaking. With proper
adjustment, the carriage or arm will decelerate to a
smooth stop without oscillation or overshoot.

AR VALVE SOLENOIDS

The air valve solenoids are provided to control the
air used to position the read/write heads and to oper-
ate the two track detents and the disk detent. These
are Jocated at the lower part of the access mechanism,
on the side away from the disks. From top to bottom,
these solenoids control the following: odd track de-
tent, even track detent, head, disk detent in, disk de-
tent out.

AR COMPRESSOR

Compressed air is supplied to the air valve solenoids
from a piston type compressor currently located in its
own cabinet. Previous models were located under the
file. A schematic of the remote air compressor is
shown in Figure 68. One or two compressors may be
used depending on the requirements of the system.
Air is delivered from the tank to the file through
flexible hose. A solenoid operated vent valve will
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open the file air lines to atmosphere if the file is taken
off line. Water from the tank and lines accumulates
in the automatic drain valve. From there it passes
to trays to evaporate. A pressure switch will de-
energize a dump valve solenoid if the line pressure
exceeds 80 psi. This will direct the compressor output
to the atmosphere until the pressure in the tank is
reduced to 60 ps1 by hle operation or bleeding.

Each of the two compressors has a three position
control switch in the sequence control box. With
the switch set to orFF, the unit under control of that
switch is inoperative.

448V
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When set to rocar, the compressor can be con-
trolled with the start and stop buttons on the control
box. On 8.40.04, the compressor motor is excited
through the motor control switch and the three points
of switch Cl to the line. Cl coil is energized from
L2, through the thermal points; then, through the
remote-local switch terminal 33 (8.40.03) to the start
switch on 8.40.04. When the control switch is set to
REMOTE the motor control is through time delay
point 7 (8.40.03). This point closes after the timer
motor has been started by a signal from the 305.

Disk Detent Switch
Engaged

-

Disengaged

[

CLUTCH
AMP

Switched By Disk
Address Reloy Tree Tach
U Signal
f N Disk Detent
H Out Air
150V DISK : H
FLOATING - Y Vg 1}
POWER ]
SUPPLY 1
* DISK NULL
Down DETECTOR
T (]
. < Disk bﬂmr
-_ In Air

Figure 67. Logic of Access Servo System
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Basic File Servo Circuits

In order to follow the circuits involved in a complete
T, = ] operation, it will first be necessary to consider
the following basic servo circuits: safety circuits, null
detectors, differential clutch amplifier.

Servo Safety Circuits

Great care has been taken in the design of the 350
circuits to protect the records that are stored in the
file. A number of safety circuits must be properly
conditioned before the file can be operated as a
component of the rRaMac. Two safety relays are
involved in these safety circuits, and both must be
energized. These are the logic safety relay, and the
bias safety relay.

Locic SAFETY RELAY

The logic safety relay, R5116 (8.06.01), can be picked
only by meeting the requirements of the interlock
chain in series with the coil. Even if all of the inter-
locking conditions are fulfilled, R5116-2 N/0 must be
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shunted in order to pick the relay initially. This shunt
may be provided by either the safety reset switch
(8.06.01), or by R160-1 (1.02.02). R160 is energized
by the reset switch at the supervisory console (1.02.08).

If either reset switch is depressed, R5116 (8.06.01)
will be energized, provided the following conditions
exist:

I. The carriage is not at its extreme upper or lower
limit of travel on the way. This permits the disk drive
overtravel safety switches to be closed (8.06.01).

2. A number of critical relays must be in the
machine. A normally open and a normally closed
point of each of these relays are paralleled, so that
any one may be either energized or not energized and
still complete its portion of the interlock (8.06.01).

3. The pressure supplied by the air compressor
must be greater than 45 ps1 in order to close the air
pressure switch (8.00.06) .

Even though the logic safety relay is picked with
the above conditions satisfied, the bias safety relay,
R5007, must be picked to establish a heold circuit
through the R5007-3 N/o points.




Bias SAFETY RELAY

Figure 69 has the circuit for the pick of the bias
safety relay, R5007 (8.06.02).

This relay is to be energized only if all of the
following conditions and voltages are present:

1. Logic safety relay is energized.

2. +48v, +140v, —250v and —60v are present.

3. Regulated voltages —210v, +215v, +140v are
present.

4. Pluggable unit B8b is present.

5. Track and disk ground fuses are intact.

6. Track and disk power fuses are intact.

7. Track and disk floating power supplies voltages
are present.

Normally the left hand grid of the DE304 is at
approximately ground potential causing the left hand
section to conduct, picking R5007. If the disk or track
ground fuses, the regulated 140v or regulated 215v
power goes out, the left hand grid will be pulled down
cutting this side of the tube off. If the —250v or regu-
lated —210v were not present, the right hand grid
would go plus, raising the common cathode potential
and cutting off the left hand side again. The relay
points of R5055 and R5056 in the plate circuit will be
closed only if the two floating power supplies are oper-

ating correctly. The logic safety relay, R5116, must be
+ 140V

Truc.k Pwr Disk Pwr
Bias -
r—o_ " Bias
5056-1

Logic Sofety

5055:_, [ i ° §75no-5
&

Disk Ground

- ———— s = -

+140v + 215V -ZIoV
sov RG  RG RG

Figure 69. Bias Safety

up due to the fact that either the reset key or the safety
reset key are depressed. R5116 has no hold until
R5007 has been picked; therefore, the key must be
held until 5007 picks.

Null Detectors

The disk and track null detectors are almost identical.
We shall consider the disk null detector first, then the
differences between the disk null detector and the
track null detector.

Disk NurLrL DETECTOR

-Figure 70 is a redrawing of the disk null detector

(8.01.04) to include all the components within the
pluggable units.

Servo logic requires that the disk null relay, R5079,
be energized only when the carriage is located at the
disk to which it is addressed. This relay is picked
through the normally open points of MR3. MR3 is
picked only when the disk wiper signal is within 14
volt of ground level.

The input to pin 4 of C10a must be high to allow
this unit to draw current to energize MR3. This re-
quires that both halves of A10 be cut off; that is, both
grids must be about 10 volts negative with respect
to their cathodes. As the left cathode and the right
grid are both connected to ground, Blla must supply
—10 volts from pin 6 and +1i0 volts from pin 3 to
achieve a null. The circuit components are such that
the required levels will be available if the input to
D10 is within 145 volt of ground level.

If the input to D10 rises, the increased conduction
through the left triode causes a lower level at the
cathode of Clla. Clla draws more current to lower
the grid of Blla. The input to the right cathode of
Al0 becomes negative, allowing current to flow
through that triode, which lowers its plate output.
Cl0a is thus blocked and MR3 is dropped.

A negative input to D10-5 causes the left triode to
conduct less, raising the cathode of Clla. Clla draws
less current to raise the grid of Blla, causing greater
conduction. Pin 6 of Blla is thus raised, causing the
left triode to Al0 to conduct. This lowers the plate
output of A10. As a result, Cl0a is blocked and MR3
is dropped.

The potentiometer in the cathode circuit of D10
controls the bias at the right grid. Since the voltage
level of the common cathodes of D10 is determined
by the total conduction of beth triodes, the grid bias
at the left triode is also controlled in part by the
potentiometer adjustment. The sensitivity and balance
of the disk null detector are therefore functions of
this potentiometer adjusiment.
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Figure 70. Disk Null Detector (8.01.04)

TrAck NurL DETECTOR

Servo logic requires that the track null relay (R5082
on 8.02.04) be energized only when the access arm
is positioned at the track to which it is addressed, or
when it is at home position if there is no disk null.
R5082 is energized by the N/o points of MR2. With
disk null relay (R5079) energized, MR2 is picked in
a manner identical to the pick of MRS by the disk
null detector. This may be seen by comparing Figure
70 with Figure 78 (8.01.04 with 8.02.04) . The opera-
tion of the track null detector when the arm is at
the home position will be considered later.

Clutch Power Amplifier

Figure 71 shows the differential clutch amplifier
(8.05.01) with the components of all the pluggable
units drawn in. The input to pin 5 of Al4 is taken
from either the track or disk potentiometer wiper, de-
pending on the status of the home relay (GR5010).
The input to pin 8 is the tachometer signal.

If a positive signal is applied to pin 5 of Al4, the
in and down clutch will be energized, assuming that
R5116 and R5035 are energized. The positive signal
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to Al4-5 increases conduction through the upper tri-
ode. This raises the cathode level, causing less cur-
rent to flow through the lower triode. Thus, the level
of Al4-3 hecomes more negative while A14-10 becomes
more positive. These two levels applied to Bl4 cause
less current to flow through B13’s upper triode, and
more current through the lower triode. Thus, B14-3
becomes more positive while B14-10 becomes less posi-
tive. The inputs to pin 5 and 8 of Cl4 cause the out-
put from pin 3 to rise and that from pin 10 to fall.
The halves of the CD 308’s which drive the out and
up clutch are cut off, while greatly increased current
is drawn through the in and down clutch.

Similar analysis will show that a negative wiper
signal causes the out and up clutch to be energized.

As the clutch shaft gains speed, a signal is supplied
from the tachometer to pin 8 of Al4. This signal has
the same polarity as the wiper signal applied to pin
5, but its maximum value is about 25 volts. As the
wiper signal becomes less than the tachometer signal,
the differential amplifier becomes unbalanced in the
other direction. This causes the opposite clutch to be
energized to provide dynamic braking.

.
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File Servo Circuit Operation

In order to facilitate the explanation of file circuits,
we shall assume that a servo from address 01451 to
address 49955 is being executed from the instruction
W04]9905bb. Figure 72 is the data flow diagram.

OB JECTIVES:
1. Cause IRWDP cycle sequence.
2. Place new address in file address register relays.
3. Start mechanical servo operation.
a. Retract air heads.
b. Move arm out (track detent was released dur-
ing R cycle).
c. Retract disk detent, causing fail safe mechan-
ism to lock arm all the way out.
d. Move carriage down to new disk.
e. Engage disk detent, causing fail safe mechan-
ism to free arm.
f. Move arm into new track.
g. Engage track detent.
h. Extend air heads.
4. Notify process unit servo is complete with track
located gate.
5. Select addressed record for reading or writing.
IRWDP Sequence: The T,=] line causes D cycle
to follow W cycle. Tt also blocks 1 cycle ready trigger
until P cycle end. On 2.01.06, T, = ] forces a program
advance and a new program if P=blank. New pro-

W Cyel New File Address MR 4
Ty=J a yele From Core Buffer 2.09.03
L I Lbote ! 1 L i

L |

Y Address Buffer Relays

(LD—C_yj (3.05.03, 3.05.05, 3.05.07)
sz— X MR 6
-4~ MR 5
X Pick Com.
k J Hold B

¢ Address Register Reloys
T (8.01.01, 8.02.01, 8.03.01)

X Address Reg. Rly. Hold
Figure 73. Pick and Hold Address Register Relays

gram must be up to allow P cycle end to initiate an
I cvcle (1B2a —1.03.04).

Address Register Relays: The data flow chart for a
servo operation (Figure 72) illustrates the path of the
file address data. During R cycle the 5 specified char-
acters are read into core buffer. On W cycle they are
read out of cores as data to J and stored in the thyra-
tron controlled address buffer relays. MR4 provides
plate voltage for these thyratrons on a T, = J opera-
tion. When MR6 makes, the address buffer relays are
sampled to pick the address relays in the file. Just
prior to reading the address out of cores, MR5 picks,

Disk Write Dota

T2 3 R

305 { 350
Ty=R ]
A Disk Read Out Dato
T
I
+70v |
R Cycle | Track Located
Data Switching } Record Start
f Record Stop
MR 4 ———— i
i J Pick
Core 'c I File Address
Buffer Dota to J Address Reloys
Buffer ; A 8.01.01 ——1 A Start 4
Rel .01, l
Taa‘,:‘ain: B I 8.02.01 \
o
W Cycle & Tens ; ! 8.03.00 Read Amp
Data Switching | 3.05. 97__/ ] C78 B B O s
Track Units | ] File
T I<h
3 o;r(;; [ } N File Start CS."V?'
| o0 J\ +48y __A 6_ — Pick Common Reloys ircuits
R PickCommon © 1 | eem | Foo o
A ;eocsorga y MR 6 Selection 11 8.04.0% Write Amp
To=) o |..3.05.14_1 ) Tiold
i
!
+48v,
& 5 ] 1 Hold B
|
| Start 4
I
}
|
!
l

Figure 72. File Data Flow and Servo Control
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dropping the hold on all file address relays, file start
relays and some of the buffer relays. After the new
relays have been picked MR5 will drop out establish-
ing a hold until the next servo instruction. The only
address buffer relays held are the record relays (for
record advance purposes) , and the disk tens relays (for
dual file purposes) .

The timings of these MR relays for a T, = J opera-
tion are shown on System Diagram 0.09.05. MR5 will
pick on 2.09.03 at the start of R cycle (3F3a), and
drop out at F2 of second D cycle (same as D cycle).
This lowers the ] hold B line on 2.09.10, dropping
the address bufter relays (3.05.03, 3.05.07). All hle
address relays (8.01.01, 8.02.01, 8.03.01) are dropped
since their hold lines become J hold B on 3.05.11.

MR4 picks at the same time MR5 does on 2.09.03
but holds up longer, until D cycle end. This raises the
] pick line on 2.09.10 to provide +70 volts to all the
address bufter thyratrons (3.05.03, 3.05.05, 3.05.07).
During W cycle the core data appears as data to J
from C99 through C95 (A,B,=99 and MN =05).
On 3.05.01 this data is separated into 4 bit lines which
feed the associated thyratrons of the address buffer
relays. The units position of the core buffer appéaring
at C99 time is gated to the record address thyratrons
(3.05.03) . The next two characters, track units and
track tens, are gated to the track address thyratrons
(3.05.05) . The disk address characters go to the disk
address thyratrons (3.05.07).

To transfer the address from the process unit to the
file address register, on 8.01.01, we must ground the
proper pick line and place + 48v on the pick common
line. The pick line grounding is accomplished on
3.05.12 and 3.05.3 by the points of the previously
energized address buffer relays. The pick common line
passes through 8.00.07 on one of eight common lines,
depending upon the file configuration. For a single
5 million character file installation, pick common ac-
cess 0/3 disk 00-49 would be used. This particular
line is connected to + 48v through MR6 N/o points
(3.05.14) . MR6 will be up during D cycle (2.09.03).
The pick common selection circuits on 3.05.14 will be
more fully explained under 350 Optional Features.”

During D cycle MR5 dropped out, establishing a
hold on all file address relays. The points of these
relays have now set up new ground points on the disk
potentiometer (8.01.03) through the relay tree on
8.01.02, and on the track potentiometer (8.02.03)
through the relay tree on 8.02.02.

The following table will aid in tracing the pick
circuits for the address 49955:

Address Register Relay Address Buffer Relay Point
Disk 40 R5137 (8.01.01) R355-5 (3.05.13)
Disk 8 R5121  (8.01.01) R347-2 (3.05.12)
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Disk 1 R5180 (8.01.01) R342:2 (3.05.12)
Track 80 R5166 (8.02.01) RK339-2 (3.05.12)
Track 10 R5152 (8.02.01) R335-2 (3.05.12)
Track 4 R5156 (8.02.01) R330-2 (3.05.12)
Track 1 R5134 (8.02.01) R327-2 (3.05.12)
Record 4 R5163 (8.03.01) R3083 (3.05.12)
Record 1 R5157 (8.03.01) R305-3 (3.05.12)

START SERVO OPERATION

The initiation of the servo operation is controlled by
the start relays on 8.04.01. These relays are picked and
held along with the file address relays with MR6 and
MR5 (de-energized) respectively. The start hold ac-
cess line becomes J hold B on 3.05.11, while the pick
common line goes to MR6.

Retract Air Heads: The air head solenoid on 8.01.05
is de-energized as soon as the head relay (R5070)
drops. This is only necessary if the disk address has
been changed, so on 8.01.07, R5070 is dropped only
if the disk null points (5079-5) are open after the
start relays repick. For our example, the disk null re-
lay (R5079) on 8.01.04 will be down. A positive disk
null signal is applied to the null detector from the
disk potentiometer through the start relay points,
G5046-7 N/o on 8.01.03. The disk wiper is located at
disk 01 while the new ground point is at disk 49,
through the address relay tree on 8.01.02.

While the start relays are de-energized, and the new
address is being transferred to the file, the disk null
relay was dropped by applying —60v to the null de-
tector through G5046-7 N/c points on 8.01.03. The
head relay (R5070) on 8.01.07 is held at this time by
the normally closed start relay points.

Move Arm Out: To accomplish this objective the car-
riage must still be detented, the track detent must be
released and the out-up clutch energized. The track

J Hold Sofety 4 Pick Address Register
LB LR5116, Common (Relays
] X Start 1,R5046
(8.04.01)
)(Srorf 2,R5044
8.04.01) XStart 1 Hold
— |
X Start 3,R5043 Check F
eck For
(@.04.00 Disk Null
X Fositive Disk
X Start 4,R5058 Wigear Signal
(8.04.01) —4-Disk Nl
R5079
_1 Air Head Relay
R5070 (8.01.07)
T Air Heod
Solenoid

Figure 75. Retract Air Heads




detent solenoid (8.02.05) was de-energized when the
start relay (R5046) dropped during R cycle. The disk
detent in solenoid (8.01.07) is still energized through
the home relays points (R5010-1N/¢) and track null
points (R5082-2n/c) .

The out-up clutch is energized by applying a nega-
tive track signal (clutch) to the clutch amplifier on
8.05.01 and closing the clutch power relay points
(R5085) on 8.05.02. The negative track signal from
the track potentiometer on 8.02.03 is provided by
grounding the home position. The de-energized disk
null relay indicates the arm must be completely re-
tracted to facilitate a shift to a new disk, so a disk
null point (G5079-11 N/c) places ground potential at
the track potentiometer plus end, beyond track ad-
dress 00.

The clutch is actually energized when R5035 on
8.04.02 is picked. With no disk null (R5079 normal),
R5085 picks when the air head begins retracting
(R5070 normal) and the track detent is out. The CD
cathode is grounded through the track detent switch
on 8.01.06. If the read/write heads are already near
the edge of the disk due to a previous track address
of less than 20, we must delay arm movement until
the air heads are fully retracted. In this case the clutch
delay relay (R5006) will be energized and holding.
The R5006-1 N/o points place a negatively charged
capacitor on the grid of the CD, which must discharge
through the R5070-4 N/c points before the clutch
power relay is picked.

Retract Disk Detent: When the arm is fully re-
tracted, a track null is developed. The track null
points  (R5082-4 N/o on 8.01.07) close to energize
the disk detent out solenoid. At the same time the
disk detent in solenoid is de-energized with the open-
ing of R5082-2 n/c. When the disk detent is disen-
gaged the home relay (R5010) on 8.04.03 will be
energized.

Air Head Disk Null Home
Start 2 R5070 R5079 R5010
LR5044 L Down  Down y Down
Ground Track
XPot. At Home

Pos.(8.02.02)

XNeg. Track Pot.
Wiper Signal

% Clutch Power
R5035 (8.04.02)

X Neg. Input To
Clutch Amp.

X Out-Up Ciutch
X Shaft Rotation
Corriage
Detent
XArm Moves Qut

Figure 76. Move Arm Out

Shaft Disk Null
a

Arm Moves nal Refay R5079
L Out Rolanon, Down 4
—__ Diminishing Negative Toch.
=Z|==Wiper Signal Signal
(8.05.03)
X in-Down Clutch
X Dynamic Braking
T |
Early Track
M Null Picks
Track Null MR 2
Relay R5082 X
(8.02.04)
. Disk Detent _|_Disk Detent
XArrives At Home F Gut Solenoid T In Sofenoid
——Retract Disk Detent

Figure 77. Retract Disk Detent

In order to save time when transferring from track
drive to disk drive the track null circuits are designed
to pick MRZ early (8.02.04) when moving to the
home position. Figure 78 shows the disk null points
in the grid circuit of the left hand section of Allb.
When R5079-8 is normal the grid is tied to a more
negative point on the cathode resistors of B11b. This
cuts off the right hand section of Alla before the
track signal actually reaches zero volts.

Move the Carriage Down: The failsafe mechanism
locked the arm in the home position when the disk
detent was retracted. Energizing the in-down clutch
on 8.05.02 will move the carriage down until a disk
null is detected. A positive disk signal (clutch) is ap-
plied to the clutch power amplifier on 8.05.01 through
the transferred home relay points (G5010-8). In our
example the carriage is at location 01 {8.01.03) while
the disk potentiometer is grounded at location 49
through the address relay points on 8.01.02.

Engage Disk Detent: When the disk null is detected
the disk detent in solenoid is energized through the
R5079-4 N/o points.

Move the Arm In: Energizing the in-down clutch
will now move the arm in until a track null is detected
at the addressed track. A positive track signal can be
applied to the clutch power amplifier (8.05.01) when
the home relay (G5010) drops. This occurs as soon as
the disk detent is engaged on 8.04.03.

The track potentiometer (8.02.03) will be grounded
at position 95 by placing the 10 one ohm resistors and
then the ten ohm resistor on 8.02.02 in parallel with
the markite strip from position 100 to position 80. This
is done through the following N/o points on 8.02.02:
from position 100, G5166-5N/0, G5152-7N/0, the
ten one ohm resistors, G5152-6 N/o, the 10 ohm re-
sistor, G5152-8 N/o, G5166-6 N/0 to position 80. The
fifth one ohm resistor down will be grounded through

the units track address relay points.

350 File 79




MR2

{
{ 140v

Cilb

Am 321

Figure 78. Track Null Detector (8.02.04)

The full application of the postive track signal
(clutch) to the power amplifier on 8.05.01 will be de-
layed following a carriage movement until the carriage
settles down. Accerelator limiter points, R5004-1 N/c
and R5005-1 ~/c will open, sequentially, after the
carraige reaches the addressed disk. On 8.04.03, R5004
picks when the disk detent switch transfers and R5005
picks shortly later when the 10 pfd condenser has
charged.

Engage Odd Track Detent: When the wiper on the
track potentiometer reaches the addressed position,
the track signal decreases to zero volts. This picks the
track null relay (R5082) on 8.02.04 which will ener-
gize the odd track detent solenoid on 8.02.05.

Extend the Air Heads: The air head relay (R5070)
on 8.01.07 is picked through the track null relay
points, R5082-2n/0. This energizes the air head
solenoid on 8.01.05.

Track Located Signal: This signal, developed on
8.10.01 by the closing of the arrival relay points
(R5071-2N/0), informs the 305 process. unit that
the servo is complete. The arrival relay on 8.01.06
picks as soon as the track detent switch transfers if a
track null exists and the air head relay is picked.
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Figure 80. Engage Disk Detent at Disk 49

Record Selection: The record address relay points
are used to select the correct record head through
the network on 8.03.02. In our example, address 49955,
record address relays 1 and 4 provide a record start
pulse from the 0/5 head and a record stop pulse from
the 1/6 record head. These pulses will tell the process
unit when to start reading or writing record 5.

The bottom head on the access arm will be selected
by energizing the side relay (MRI1) on 8.10.03.
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Figure 82. Engage Odd Track Detent at Track 95

Figure 74 is a sequence chart of the entire servo
operation.

CusTOMER ENGINEERING TRACK SELECTION

One of the two customer engineering tracks (inner or
outer) on an addressed disk is selected automatically
when the test lock swiich is oNn and T, = ] operation
is iniuated. If the record address is an odd number,
the outer track is selected. If the record address is even,
the inner track is selected.

The test run relay, GR5119 (8.11.01) is energized
when the test lock switch is on (6.15.04). With
GR5119 energized in addition to GR5079, control of
the track address is exercised by GR5134-12 (8.02.02).
The entry of an even track address will leave GR5134
down, and will apply ground to the 100 (inner CE
track) tap of the track pot. The entry of an odd track
address will cause GR5134 to be picked, and will apply
ground to terminal “B”, which is a point on a voltage
divider connected between the 00 tap and the positive
input to the track potentiometer. This will establish
ground level at a point one track from the track 00
position.

Stort 4 Disk Null Track Nuli Start 3
\R508)  (R5079,  (R5082,  LRSQ43,
Clutch
~t Power
R5035

)(Head Solenoid
R5070 (8.01.07)

X Air Head Selenoid
(8.01.05)

X Arrival
(8.01.06)

AWy

" Read/Write Heads
Extended

ﬁ(Track Located
(8.10.01)

Figure 83. Extend Air Heads; Obtain Track Located Signal
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File Read/Write

Basic Circuits

The method used to record information on the RAMAC
file differs from that used on the process drum. On
the drum one polarity of flux indicates a bit while
the opposite polarity indicates no bit. On the disk an
NRZI (non return zero 1BM) system is used where a
change in flux represents a bit while no change repre-
sents no bit (see Figure 86) . One additional difference
is the fact that all space bits (Bs) are inserted and
written for each character. This is done only to sta-
bilize the file read circuits.

The physical arrangement of the read/write coil
and the erase coil are shown in Figure @. The coil
wiring is shown on System Diagram 8.10.02. Notice
that the read/write coil is centertapped with the erase
coil feeding the tap. One of the two heads (top or
bottom) will always be selected by the points of the
side relay, MRI. This is picked by analysis of the units

. position in the file address relays (8.10.03). When

writing on the disk, the write relay 5057 wiil be ener-
gized and the arrival relay 5071 will be up. Electrons

will flow from the head ground through the top head
erase coil (assume MRI1 is normal). At this point it
will flow through either hall of the read/write head,
depending on which write amplifier (A or B) is con-
ducting. One of the two will always be conducting
during a file write operation and a bit of information
coming in will cause the other to conduct. The result-
ant flux pattern laid down on the disk will change
polarity only when a bit of information is written.
WRITE AMPLIFIER (8.10.05)

A detailed drawing of the write amplifier is shown in
Figure 84. The three CD308’s will conduct on either
the left or the right side to pass write current one way
or the other through the read/write head. The con-
dition of trigger D8, determines which half of these
CD’s conducts. The two outputs of the trigger feed
two inverters at B8a, and the output of the inverters
goes to the grids of the CD308’s.

The start 1 relay R5058 will be energized any time
the arm is not in a servo operation. When a file write
operation takes place the disk write data line will have
@ C data pulses from the core buffer, plus inserted
Bs 3 C pulses on it. These pulses are inverted and

{8a
CF303 }—9

8o

CF303 9

v
Start 4
Disk Write Gate

i Arrivol
) I R5071-6
Disk Write Dote 7 Ll
In 306
——————
GR5058-12 A
Start 4 1.8 ¥

Figure 84. Write Amplifier (8.10.05)
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fed to the trigger D8 through a binary input, each one
flipping the trigger to the opposite condition. The
CD308’s will follow the trigger, one side conducting
with the other side cut off, until the trigger changes
its status.

Because the writing of the data must occur at a
specific time in the revolution of the disk, there must
be some wav to prevent either side of the CD308’s
from conducting until ready. The disk write gate will
be low until the desired sector on the disk is reached.
This Jow on pin 8 of the TR310 keeps both halves
of the trigger cut-off. The two .outputs will be high
and are mverted to lows on all grids of the CD308s.
So we can say the disk write gate determines the start-
ing and stopping time of current flow through the
read /write head.

The erase coil, with current always flowing through
it in the same direction, is necessary to eliminate any
peripheral flux from the previous record. The width
of its field is greater than that of the read /write head.

REAp AMPLIFIER (8.10.04)

Once the data has been stored on the disk in the form
of flux reversals, the read/write head can be used to

read these changes. The read amplifier is shown in
Figure 85. When a change in flux passes the head, a
small current will flow through the head coil. This
places a pulse of one polarity on one grid of the
AM306 (D4), and a pulse of the opposite polarity on
the other grid. This 2 phase signal will be amplified
through the four stage differential amplifier. One ad-
vantage of the push-pull amplifier is the elimination
of noise picked up in the head leads. These noise
pulses will generally appear on only one input to the
amplifier and the degenerative feedback between the
two halves of the amplifier will eliminate them.

The outputs of the amplifier A4, will have alternate
_positive and negative pulses representing data. The
plus pulses from first one output and then the other
are combined at the OR cathode follower A5, then
shaped at the Schmitt trigger C5 to provide disk read
out pulses.

AvuTtomaTic Gain CONTROL

Because of the difference in surface speed between
the inside and the outside of the disk, signals from
the inside track will vary from 11 to 14 millivolts
while signals from an outside track will vary from 26
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Figure 85. Read Amplifier (8.10.04)
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to 40 millivolts. The read amplifier must be able to
accommodate signals between these extremes. To ac-
complish this an automatic gain control circuit (B5-
8.10.04) samples the output pulses and varies the am-
plification of the second stage at C4, accordingly. For
example, if the output signals increase in strength it
would be desirable to reduce the amplification of C4.
This can be done by lowering the plate voltage and
raising the cathode voltage. The signals are sampled
at pin 10 of A5 and cause the left hand section of B5
to conduct more heavily, increasing the charge on the
.1 uf capacitor between pin 7 and ground. This raises
the voltage on pin 7 causing the right hand section of
B5 to conduct more heavily. This in turn raises pin 10
and lowers pin 3, which has the desired effect on C4.

Prior to dual access and double density files, the
first few bits of the record were (when reading) used
to set the level of amplification. To prevent any pos-
sible distortion of the first few bits, a series of g C
AGC pulses are now written ahead of the data portion
of each record. These pulses are written cach time the
record is altered and are used when reading to estab-
lish the charge level of the .1 uI capacitor.

Disk CrLock

The only pulses generated by the file itself are the five
record start pulses for each revolution. These are de-
veloped by a permanent magnet, fixed to the top
dummy disk,as it passes each of the five equally spaced
record start heads fixed to the file housing (8.03.04).

The record start heads are numbered 0 to 4, or 5 to
9, depending upon whether the top read/write head
or the bottom read/write head on the access arm is
selected. Since the disk is revolving at 1200 rpm, a
start pulse occurs every 10 milliseconds. These pulses
tell the 350 file when to start writing (or reading) a
record and when the record should have been finished.

Between two start impulses 100 characters must be
written or read (with a gap before and after). This
requires a clock to control the character rate and to
identify each character and bit (or no bit). A clock
track written on the disks would not be feasible be-
cause of the inability to predict the exact position of
the read/write head from one servo to the next. On
the drum, the heads are permanently fixed but not so
in the file. For this reason the disk clock must be gen-
erated by an external oscillator during a write opera-
tion. On a read operation the data being read will con-
trol the cleck.

When writing cn the disk the spacing of the data
bits is determined by the speed of advancement of the
core buffer bit ring. On a track to track transfer, the
core bit ring was driven by @ A pulses from the proc-
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ess drum clock. On 3.02.02 it can be seen that the g A
pulses to the cores come from the disk clock instead of
the process drum clock when T=R (hle read or
write). These disk clock pulses are developed on
3.01.02 from three single shots. The rise of the disk
clock, a square wave signal of approximately 12 ps in
duration, triggers the @ A single siict. The fall of the
214 us @A pulse initiates the 214 ps @B pulse. The
@ C single shot will be triggered by the fall of @B
or the fall of the disk clock, whichever occurs later.

The disk clock square wave is generated by an oscil-
lator on 8.01.01. When writing into the file, one oscil-
lator (consisting of pluggable units 2D6 and 2F6a)
determines the frequency of the clock. It is adjusted
to step through 100 characters plus a 1200 ys gap dur-
ing the interval between two consecutive record starts.
Because the records stored on the file must be retained
permanently while the speed of the disks and the oscil-
lator frequency may vary, some method is required to
keep the disk clock frequency synchronized with the
rate of the data bits being read from the file. To accom-
plish this there are two oscillators used when reading.
The bits on the disk read out line switch one oscilla-
tor, then the other, to the disk clock lLine. This can
be seen in Figure 82. Notice that when the oscillators
are switched, the active oscillator always begins its sine
wave at the midpoint and proceeds to the lower half
of the osciliation. Raising pin 5 of the CF302 portion
of the oscillator to ground level prevents it from oscil-
lating.

When writing, the oscillator at 2D6 and 2F6a will
conduct continuously in the following manner. Pin 5
of 2F6a drops below ground level because 2D7a is not
conducting. This is due to the high at pin 10 of the
clock switching trigger 2E7, which will bc held 10 pin
high. At the same time the low at pin 3 of this trigger
is inverted, causing conduction at 2D7b, blocking the
second oscillator at 2F6b. The clock switching trigger
is held 10 pin high by raising the write clamp line
(access 0/3).

When reading from the file the write clamp line
will be down. The disk read out data pulses are In-
verted and binarilly fed to the trigger at 2E7, altern-
ately switching it on and then oFF. This alternates the
oscillators through the two AK’s, 2D7a and 2D7b.
During both reading and writing the clock control
trigger at 2B6 is 10 pin high and has no effect on the
oscillator operation. When it is desirable to stop both
oscillators, this trigger is turned 10 pin low by a nega-
tive shift on the clock set line. This causes both AK
units to conduct, stopping the oscillators.

Figure 86 illustrates the operation of the oscillators,
the clock and the phase generating circuits for reading
and writing. To assure that the oscillators will switch
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Figure 86. File Write and Read Waveforms

at least twice every character, the space bits are in-
serted. Notice in the diagram that one oscillator is
tending to speed up on the read operation. This in-
creases the duration of the Bl clock cycle. The @A
and @B pulses have been advanced; however @C,
which is initiated by the fall of the clock pulses, is
still in time with the disk data out. This is important
since ¢ C’s are used later on to sample the disk data.

File Write Operation (T, —R)

Two data flow charts in Figure 88 and a sequence
chart Figure 87 are provided to supplement the write-
up. The file write operation, for example X99R9900bb,
can begin when the track has been located. This in-
struction will transfer X track (100 characters) to core
buffer on R cycle. On W cycle the data in the core
buffer is transferred to the file location specified by
the address relays. As a check, a second RW cycle will
follow the first W cycle. On the second W cycle the
data just written will be read from the file and com-

pared, character by character, to the data from X track
which is placed in cores during the second R cycle. Any
variation in the two records will stop the machine.

OBJECTIVES:

1. T,=R causes an IRWRW sequence.
a. Pick up the write relay R5057.
b. Store check trigger differentiates first Wcycle
from second.

2. During first W cycle data flows from core buffer

to addressed record position in the file.

a. Record start.

b. Write acc pulses (@ C) for 200 gs.

¢. Write core character 00, 600 us after record
start.

d. Insert Bs for each character.

e. The disk clock controls core ring advance and
core starts.

t. Stop file write after core character 99 is writ-
ten.

g- Check file speed and write speed.
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3. On second R cycle re-read selected drum track
into cores.

4. On second W cycle data flows from file record
just written to comparing circuits and data from
cores flows to comparing circuits.

a. Record start.

b. Block acc pulses from data line.

c. Develop standard disk data, @A to A, to
compare circuits.

d. Disk clock advances cores and reads out of
cores to compare circuits.

e. Stop machine and turn on file check light if a
comparing error occurs.

f. Stop file read after core character 99 is com-*

pared.

IRWRW Cycle Sequence: A T, character of R will
command the machine to begin a file write operation
by picking R5057 on 8.10.01. This relay is energized
by firing the thyratron (3A11) on 3.01.06 with I cycle
end and T,=R. Notice that the file hubs on the 305
control panel must be jackplugged. The relay will re-

e |

main energized until the thyratron is cut-off by firing
a second thyratron at 3B11. This occurs at the end of
the first W cycle.

The store check trigger (2T4) on 3.01.05 controls
the special cvele sequence for T,= R. It also identifies
the first W cycle and the second. Every I cycle it is
turned ten pin high. The trigger remains ten pin high
until the fall of the disk write delay (254) . This occurs
just prior to writing the record on the first W cycle. It
will then remain 3 pin high throughcut W cycle, the
second R cycle and into the second W cycle. Then itis
turned ten pin high by the fall of the disk read delay,
2V2, just prior to reading the record for comparing.
The read delay is initiated by W cycle record start and
store check switching at “and” inverter 255a. This can
be seen in Figure 87.

On 1.03.05, R cycle ready trigger will be turned on
with W cycle end and store check for the second RW
cycle. Both I and D cycle will be blocked at this time.

First W Cycle: The data flow during this cycle is
shown on Figure 88. The core buffer contains 100
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characters to be written on the disk. Once W cycle
begins, the machine will wait for the proper record
start pulse; then, after a 600 us delay, begin writing.

‘The record start pulse originates on System Diagram
8.03.04. For example, il the record address is 49995,
the record start pulse selected will be {from the 0/5
record head. As the permanent magnet passes the head
a pulse is generated. On 8.03.02 this 0/5 pulse will be
selected since the record 1 and record 4 address relays
are up. After amplification and shaping on 8.03.03 the
start pulse will become R cycle or W cycle record start
on 3.01.04. The W cycle record start is conditioned by
W cycle, T = R, and track located signal (2W7). T=R
will be high while W cycle ready is high, if T,=R, as
in our case. This means T = R will also be up while R
cvcle is still up (from CLBI to CLBr). To block a

possible R cycle record start at this time the “and”in-

verter at 2Y8b will be conducting.

During the first W cycle (not store check still high)
the record start pulse is inverted at 255b on 3.01.05
and its leading edge triggers the 200 us single shot,
2C6 on 3.01.01. The rise of the 200 ys gate from pin 3,
labeled control level gate, is placed on pin 7 of the Al
at 3R8 on 3.02.12. I disk write gate is high at this time
we will place acc pulses (@ C) on the disk write data
line. The disk write gate trigger (2V5 — 3.01.07) will
be set 10 pin high by the leading edge of the 200 us
delay, labeled start record write delay. The disk write
data on 3.02.12 is inverted on 8.10.05 and used to alter-
nate conduction through the two halves of the read/
write head.

The 400 us disk write delay (254 — 8.01.05) is initi-
ated by the fall of the disk W cycle delay gate, which is
the 200 us delay gate. During this 400 us nothing is
written on the disk, however the gap is being devel-
oped. At the fall of the 400 ys disk write delay the store
check trigger, 2T4, and the disk W cycle control trig-
ger, 283, are turned 3 pin high. The fall of the next
@ A sets the disk W cycle gate 3 pin high, raising the
disk cycle gate line. This gate, 600 us after record
start, signals the machine to start reading out of core
buffer to the disk write amplifier. On 3.02.08 it will
drop the not W cycle gate, which inverted becomes the
W cycle gate. On 3.02.02 we can now send phase pulses
to the cores, each @ A advancing the core bit ring, and
every eighth bit time (Bit S) the gC will develop a
core start on 4.11.00 at 4H7. This start reads out of
the cores to the character register and 3 us later ad-
vances the core units ring. Because the W cycle gate
does not come up until the fall of @A, the bit ring
is still at bit S when @C arrives. This reads out of
core character 00 and advances the units ring to char-
acter 0.
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The data from cores, gA to @A, 1s sampled on
3.02.12 with @ C at 3R8. At the same time core space
bits are being inserted for each character at 358. Since
the core bit ring is reset to Bs, the first bit in any file
record following the acc pulses will be a space bit
(Refer to Figure 86).

To stop writing after core character 99 has been
written it is necessary to drop the disk cycle gate on
3.01.05 at 2V3. This blocks the core starts. The stop
disk cycle gate line has a negative pulse at this time
developed on 3.01.07. Two “and” inverters feed this
line, one for W cycle and one for R cycle. During W
cycle 2X5b will have Bs pulses on pin seven. Pin eight

‘will go up when the write gate control trigger goes 3

pin high at the fall of core field 9. At the same time
a 180 ys delay is initiated at 2U1 on 3.01.07. The fall
of this delay gate will turn off the disk write gate 180
us after the last character is written.

The record must be written within one sector on
the disk. 1f the disk write gate remains “up” into the
next sector, the acc pulses for the next record will be
erased. To detect this condition, the record stop pulse
(record start for following record) samples the disk
write gate trigger at 2V10b on 3.01.07. A write gate
stop failure will turn on the file check trigger on
1.02.06. The fall of the record stop pulse, 40 ys later,
is inverted at 2Thb on 3.01.07. It is capacitively
coupled to the inverter at 2F10b, where it plate pulls
the disk write gate 10 pin low.

When writing on the file a check will be made to
ascertain that the file is up to speed. If the file is below
speed, writing may be completed long before the end
of the sector (record stop). On 3.01.08 the fall of the
disk write gate will trigger the single shot at 4Y2. The
negative single shot gate should appear at pin 5 of the
Al at 4YIa when the record stop pulse is on pin 6.
In this case no file speed check will be detected. No-
tice that the check will be made only if a write opera-
tion has just been performed. The trigger at 4X2
will be pulled 10 pin low each file revolution with the
record start. Only the fall of the disk write gate can
raise pin 10 and allow the check. The duration of the
single shot is adjusted after the file has reached full
speed as outlined in the Ramac Reference Manual.

Second RW Cycle: The store check line, being high
at the end of the first W cycle, demands another RW
cycle. The second R cycle will be accomplished in the
normal manner, re-reading the selected drum track
into the core buffer.

During the W cycle the 100 characters in the corc
buffer are entered into the compare circuits (3.03.01)
as W data and the file record is entered into the com-
pare circuits as read data. (Refer to the data flow on
Figure 88.) The two sets of data flow must be syn-




chronized with the file clock. The file clock in turn
will be controlled by the data coming from the disk.

A W cycle record start will be developed in the same
manner on 3.01.04. ON 3.01.05 the disk read single
shot 2V2 will be turned on, since store check is high.
At the end of 360 ps pin 3 will go low, turning the
disk R cycle control trigger 3 pin high and the store
check trigger 10 pin high. The disk R cycle control
scans the disk data line at the Al at 2U3b looking for
the first bit written (after the acc pulses). The first
bit, a space bit, arrives and triggers a 4 us read delay
at 2R1. At the fall of pin 10 the disk cycle gate will
be brought up by turning the trigger at 2T3, 3 pin
high. The disk cycle gate will again become the W
cycle gate on 3.02.09. This will provide core phase
pulses to drive cores, and also develop W data on
3.02.12 at 3Q2b.

The disk clock on 3.01.01 was started with the first
Bs on the disk read out data line by setting the
clock control trigger at 2B6 10 pin high. This trigger
had been previously set 10 pin low at the fall of the
860 us disk read delay, appearing on the clock set line.
It was previously explained how the clock control
trigger kept both oscillators from operating when 10
pin low. Each data bit from the disk on 3.01.01 will
flip the clock switching trigger, 2ZE7. The write clamp,
which previously kept it 10 pin high, is down since
the write relay 5057 on 8.01.01 dropped out at W cycle
end of the first W cycle.

The disk read out data pulses are arriving at disk @ A
time since they are switching the clock. These pulses
are developed into 6 us pulses at the disk data single
shot on 3.01.01 at 2F9. This is the disk data line which
brings up the disk cycle gate on 3.01.05. This data is
also fed to pin 8 of the standard data trigger 2H7, the
plus shift turning this trigger 3 pin high. The next
@ A will flip 2H7 trigger 3 pin low resulting in a @A
to @A standard data pulse. In the case of 2 consecu-
tive data pulses, both @ A’s will be blocked at 2K7b
resulting in a 24 ps data gate out. The standard disk
data has the space bits removed on 3.02.06 at 3P4
(since there are no Bs in cores) and becomes read
data.

W data and read data are now compared on 3.03.01.
Two AK’s at 3G7a and 3F4b are fed by both data
lines. If both sets of data are identical neither one
conducts. Any discrepancy causes one of them to con-
duct resulting in a ¢ C pulse on the compare railure
line to the file check trigger. This trigger raises the
error lines and stops the machine in the same manner
as a parity error, described in section 4, except the file
check light will be on.

The reading and comparing operation will be
stopped on 3.01.05 by dropping the disk cycle gate

with a negative pulse on the stop disk cycle gate line
at the first Bs after the fall of core field 9 (after char-
acter 99) .

The file writing and reading operations are shown
on the sequence chart in Figure 86. Notice how the
two oscillators are out of phase during bit one time.
@A and @B are early in relation to the data pulse
but @C, initiated by the fall of the clock, is back in
time.

Read Record From File (T, —R)

With the instruction, R99X9900, the ranmac cycles
through I, R, and W cycles, during which it transfers

. the record from the established file address into the

core buffer on R cycle and to track X on W cycle. As
the transfer from the core buffer to track X is a typi-
cal W cycle operation as covered in Section 4, we need
to give attention only to the R cycle operation .

The earlier discussion of the second W cycle opera-

tion with T,=R has developed all of the concepts
necessary to understand how data may be read from
the file. In the second W cycle operation with T, =R,
the standardized disk data was passed through 3.02.06
to become read data which was entered into the com-
pare circuits on 3.03.01. With T, =R the read data
is gated into the core buffer circuits by the R cycle gate
(3.02.06) . Refer to Figure 89.
The R cycle gate is provided by gating the disk cycle
gate against R cycle at 3V3a (3.02.04) . The disk cycle
gate is developed in the same manner as was used to
develop it for the second W cycle with T, = R, except
that the single shot, 2V2, is triggered with the R cycle
record start applied through 2W2a (3.01.05).

It will be recalled that on R cycles the core buffer
waveform generator is not activated at any character
time until Br @ C, after all bits for that character have
been entered into the character register. Because of
this, the core units and tens rings do not advance until
the end of each character time. When the rings ad-
vance from 99 to 00, the last character has been trans-
ferred and the disk cycle gate can be turned off
immediately. The fall of core F9 is inverted into a
positive shift at 2Y4a (3.01.07). This is gated by R
cycle to cause a negative shift on the stop disk cycle
gate which flips the trigger 2T3 (3.01.05) to lower
the disk cycle gate.

Record Advance

There are certain types of ledger accounts which nor-
mally require the capacity of two records to store the
required data. A RAMAC user may, for example, reserve
two records for each of his customer accounts.

One of these records would normally contain such
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Figure 89. Data Flow and Controls, T,==R

information as name, address, and shipping instruc-
tions, whereas the second would contain the account-
ing data related to that customer. The two records
required by ledger accounts of this type are normally
stored in two consecutive file addresses. The record
advance feature permits both of these records to be
made availabe without requiring a second servo in-
struction.

For example, the ledger account of a particular cus-
tomer is stored in file addresses 25242 and 25243.
Record 25242 contains customer name, address and
shipping instructions. Record 25243 contains the ac-
counting data. When it is necessary to process a cus-
tomer order, the following instructions transfer the
customer’s records to the processing track:

1. K05]J9906 causes a servo to file address 25242.

2. R99W9I900 &

a. Transfers record containing customer name,
address, and shipping instruction to track W.
b. PROGRAM EXIT & is wired into RECORD ADVANCE
iN. This causes the file address to advance from
25242 to 25243. RECORD ADVANCE OUT is wired to
PROGRAM ADVANCE.

3. R99X9900 transfers record containing account-

ing data to track X.
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Immediately prior to record advance the access
mechanism is established at file address 25242. The
address register relays are holding on the J hold B
line. The record relay which holds is R5160, for record
2 (8.03.01). The disk tens relays and the record relays
of the process unit address buffer are holding to J hold
B. These relays are: '

1. R354 disk iens =2 8.05.07
2. R306 record =2 3.05.03
OBJECTIVES:

1. Drop record 2 relays in address buffer and ad-

dress register.

2. Pick record 3 relays in both groups.

3. Provide record advance out impulse during sec-

ond P cycle. Drop old record relays.

Drop Old Record Relays: The program exit & hub
emits an MR7 impulse during the first P cycle. This is
wired to the record advance in hub on 3.05.02, picking
R290 and R295 through the R306-2 N/o points. This
will cause the 305 to go through an IRWDPDDP se-
quence. These relays hold through MRS9 until charac-
ter 48 of the second D cycle (2.09.02). The R290-4
points will open the hold to the record relays in the
address buffer and address register by picking R311 on




3.05.01. The address buffer relays are on 3.05.03 and
the address register relays are on 8.03.01. This occurs
at F7 of the first D cycle following P cycle.

Pick New Record Relays: After dropping the record
relays it is necessary to pick new relays, increasing by
one the previous address. R295 has stored the informa-
tion that the previous record address was 2. On 3.05.03
the address buffer relays 305 and 306 are picked
through the 100 @ resistor and the normally open
points of R290 and R295 to ground. The other side of
these relays goes to + 70 volts on the j pick line,
through MR4 during the double D cycle. On 8.03.01,
R5157 and R5160 (the record I and 2 relays) will pick
through the normally open points of 305 and 306 on
3.05.12. The common side of the address register relays
goes to + 48v on the pick common line. Normally
this circuit is through MR6, which picks on servo
operations. For record advance, however, we will place
MRY7 on the MR6 line. On 2.09.11 the circuit will be
through the R289-3 n/o points to MR7 to +48 volts.
R289 will pick on 3.05.02 through the 290-2n/0
points.

P, D, D, P cycle sequence will be required to com-
plete the record advance routine. To continue the pro-

gram a control panel impulse to the program advance
hubs or the program entry hubs is required. This im-
pulse will be available during the second P cycle from
the record advance out hubs on 35.05.02. When the
record address is advanced from 9 to 0 it may be
desirable to change the track address. In this case the
record advance overflow hub (3.05.02) emits instead
of the record advance out hub.

Skip to Record

This feature operates very similar to record advance.
A P flag wired to one of the 10 skip to record hubs
(3.05.02) will change the record address, the track
and disk addresses remaining unchanged. Any one of
the 10 possible record addresses may be selected. A
skip to record out hub provides an impulse to con-
tinue programming on the second P cycle.

For example, a P flag wired to skiP TO RECORD 8 on
3.05.02 will pick relays 278 and 284. The 278-2n/0
points will pick R277 during the double D cycle. On
3.05.10, R311 will be energized through the 278-4 N/0
points to drop both address buffer relays (3.05.03)
and address register relays (8.03.01). Relay 309 on
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Figure 90. Read Record From File (R99Y9900bb)
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3.05.03 will be picked through the 284-2 points to
ground, when J pick (MR4) is made. On 3.05.12 rec-
ord 8 pick line will be grounded through 309-3x/0
points. This will pick the record 8 relay R5164 on
8.03.01 because the pick common line is returned to
+ 438 volts by placing MR7 on the MRG6 line. The skip
to record out hub provides a control panel impulse
on 3.05.02 through the 277-2N/0 points.

350 Optional Features

In this section the various combinations of files, proc-
ess units and accesses will be discussed. This covers
dual access, dual file, dual process and also the 10 mil-

lion character file. Figure 93 illustrates the location of
the various access arms available, the location of the
shoe connectors, fuse boxes and relav gates. The a1 and
s refer to MasTER and sLavE 305's, the slave processing
unit being the second 305 on a dual process system.
Access 0 is used on the standard single access machine
and is connecied to the 305 through shoe connector
E (M) . For dual access, 0 and 2 are used through sce
(M) . For dual process, accesses 0 and 3 are used
through sce (M) and sce (s) respectivelv. 1f dual ac-
cess is included with dual process, all four accesses
are used, 0 and 2 for the master 305 and 3 and 5 for
the slave. A dual file system with single access uses
access O for both files. The second file is connected to
the 305 from its sce (M) to the first file’s scH (n).
Nearly all the scH terminals are jumpered to the cor-
responding positions on the first file’s sce (M) . This
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can be seen on 8.00.07. The sce (M) on the first file
goes to the 305. Dual access can also be included on
a dual file system using access 2 through the same
cable arrangement.

A dual file system as well as the 10 million char-
acter file will augment the standard file addresses. For
a dual file the second file will use addresses 5000 to
99999. With a 10 million character file the addresses
will run from 00000 to 99999 for one file. If a 10 mil-
lion and a 5 million character file are used on a dual
file system the 10 million character file uses addresses
00000 to 99999 and the 5 million character file will
use 100000 to 149999. Two 10 million character files
use 00000 to 99999 and 100000 to 199999.

It is important to note that all operational informa-
tion and control panel hubs refer to access 0 and ac-

R Cycle Gate

Disk Cycle Gate

| -
Tronsfer Record 26341 to Track W

Disk Cycle Sate

R Cycle Gate

W Cycle Gote W Cycle Gate
—— —

| S
Tronsfer Record 26348 to Track X

cess 1 on a dual access system. In the system diagrams
access 0 and 3 correspond to the control panel access
0 while access 2 and 5 correspond to the control panel
access 1.

Dual Access

To reduce the time required for servo operations and
to allow processing to begin sooner, two access arms
may be installed on a single file. Mechanically, the
second access operates like the first and is located in
position 2 (Figure 93). All circuits in the file are
duplicated for the second access. These are mounted
in a second relay gate below the first with identical
numbering for the relays and pluggable units. The
input, output and control lines to the 305 from access

+
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2 circuits pass through sce along with lines from ac-
cess 0. To trace these lines physically the System Dia-
grams contain small charts showing the plug connec-
tions in shoe connector E for access 0/3 and access 2/5.

FuncTiONAL OPERATION

There are two modes of operation for a dual access
file:

1. Automatic sequencing.

2. Select Mode.

A. Using one access only.
B. Using either access, selected through the con-
trol panel.

Automatic sequencing occurs without any special
control panel wiring. Following a machine reset, a
T,=] instruction will cause access 0 to servo. This
same instruction switches all file input and output cir-
cuits to access 2. Any later instructions or commands
to the file will be directed to access 2. This includes
another T,=], a T=R, or an inquiry. A second
T, = J will activate access 2 and at the same time alert
access 0 to any file commands following. This means
all programs using automatic sequencing will begin
with two T, =] instructions conditioning access 0 for
the first file read or write operation.

The switch of the control circuits, when in auto-
matic sequencing, may be prevented by including a Q
of 4 in the T, = J instruction. The following file com-
mands will refer to the access which received this
servo instruction. Another T, = J withouta @ =4 will
resume the sequencing.
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In the select mode of operation the operator must
choose the active access with control panel wiring.
Five hubs, shown in Figure 94, have been added to
the 305 control panel. A wire from the dual access
common hub to seL places the machine in the select
mode. Program exits may be wired to either the dual
access 1 or 0 hubs, through selectors if desired, to alert
access 2 or 0. The selected access remains so until a
new sclection takes place. To use only one access for
the entire program, a wire from the common hub to
the 1 or 0 hub can be used.

Duar Access Locic '

In Figure 95 the control of the two access arms as
well as the data flow is illustrated. The condition of
three relays, R426, R429, and R432 determines which
access will be active. Let’s assume these relays are all
picked, conditioning access 2. During W cycle of a
T, =] operation the file address (data to J) picks the
access 2 buffer relays, disk tens and record, through the
N/o points of R432. The other buffer relays are com-
mon to both accesses. Pick common is directed to
access 2 address relays through R426-1 N/o. This line
also initiates the pick of the start relays for access 2.

DUAL ACCESS
0 1 C SEL
O 0 O0—Q_0

C,27-3

Figure 94. Dual Access Hubs




The result is a servo of access 2. The address relays
and start relays will hold through n/c MR5.

This same operation will drop out (Figure 95) the
3 selection relays at the end of P cycle. R426-5n/cC
conditions the 0 access write amplifier, while R426-6
N/c conditions the 0 read amplifier. Another T, = J
instruction will pick the access 0 address and start
relays through the R432x~/c and R426-1 N/c po.nts.
Notice that during this T,=] operation MR5 will
open to drop the old access 0 address and start relays.
The access 2 address and start relays will hold through
R429-8 N/c points at this time.

CircuiT DESCRIPTION

Access Selection: An “X” reset will set the alternate
access trigger (3Y8-3.05.09) 10 pin low. This allows the
manual reset line to fire the three blowout thyratrons
and drop the three access selection relays. This trigger
will be flipped from one state to the other every W

CYCLES I,RW D,P I RW I RW D P 1., RW I R W 0O,P, I

cycle during T,=]J and Q=1. Its output alternately
conditions the relay pick thyratrons, then the blow out
thyratrons which will be fired at P cvcle end.

In the sclect mode a control panel wire from puaL
ACCESS ¢ to sEL blocks the binary input to the alternate
access trigger. It can be flipped only by an impulse
to the 0 hub or the 1 hub.

Servo: The servo operation on dual access is per-
formed in the same manner as on a single access file.
When tracing circuits the condition of the three select
relays must be known.

A modification in dual access interlocking does exist -
on 1.02.10. Normally a servo operation cannot begin
if the access arm is still engaged in a previous servo,
i.e., track located is low. An exception to this is follow-
ing an “S” or “X” reset. Any time pc is turned OFF
the file address relays will drop. This means the
first servo must be made with track located down. On
a dual access system the first two servos will be made
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with track not located. On the first servo the R cycle
control trigger (1R11-1.02.10) will be 3 pin high
allowing a start R cycle. P cycle of T, =} will pull
IR11 3§ pin low, but the next T, =] instruction for
access 2 will turn trigger 1K9 3 pin low. This returns
the R cvcle control trigger 3 pin high, allowing an-
other start R cycle without a track located gate. Both
triggers will remain 3 pin low for the remainder of
the operation requiring a track located signal for an R
cvele start during T,= .

Dual File

Funcrionar OPERATION

There is no change in the operation or programming
of a rRamac when a second 350 Disk Storage Unit is
added to the system. The 305 Process Unit automatic-
ally decides which 350 will servo, this action depend-
ing upon the tens value of the disk address. When per-
forming an instruction in which T =R, the system
will read or write at the last servo address. The file
which contains this address will be referred to as the
active file in this discussion. The 5 million character
file added to a basic system is referred to as file 2.
It will contain records whose addresses range from
50000 to 99999. A 10 million character file in a dual
file system becomes file 1 with addresses from 00000 to
99999. The 5 million character file contains addresses
100000 to 149999. This requires an additional char-
acter position in the disk address circuits (3.05.07)
which is analyzed for a 1 bit to select file 2 as the
active file.

A separate set of system diagrams will show the cir-
cuits for file 2. Input and output signal lines go from
sce on file 2 to scH on file 1. From there many termi-
nals on sce and scH of file 1 are common. Ac power to
both files comes from the remote compressor. The
“power on” sequence is controlled by a timer in the
remote compressor cabinet and is covered in the 340
Power Supply” section of this manual.

Circuit OPERATION

The block diagram of Figure 96 shows the modification
to the circuits when two files are used. During any
T,=] command, the ] hold B line opens and drops
any address relays and start relays in either file. The file
address is entered into the common address buffer re-
lays. To select the active file, the high order position
of the file address is analyzed and the pick common
line is directed to file 1 or 2. The pick common also
picks the start relays for the active file. The start relays
will hold until the next servo, alerting the active file’s
read /write circuitry for a T=R operation. Notice
that the inactive file’s start and address relays will be
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down. The only neons indicating on an inactive file
are logic safety, bias safety, head relay and disk sol-
enoid.

On 3.05.14 there are 4 pick common lines available
for a dual file system with single accesses. Two of these
will be used, determined by the file configurations (5
or 10 million character files). The address bufter re-
lays in the 305 will direct the MR6 pick common line
to one or the other. On an inquiry operation the first
digit of the address keyed at the console will select one
of the four common lines coming from 6.05.02.

Dual Process

FUNCTIONAL OPERATION

Dual system control allows two RAMAC systems to share
the same disk storage unit or units. To enable each
system to operate independently, an access mechanism
is provided for each in the shared file (s) . Each system
may use dual access in the shared file. The master
system uses accesses 0 and 2 while the slave system
uses accesses 3 and 5. Figure 93 shows the arrange-
ment of accesses within a shared file. Each access has
its own relay gate, with 0 and 3 being the top gate in
the left and right end of the file, respectively. Two
additional shoe connectors, £ and H, are added for
accesses 3 and 5. The symbol (s) signifies slave com-
ponents and the symbol (M) master.

The only reason to prevent the two systems from
operating completely independently would be an at-
tempt of both systems to process the same record
simultaneously. No restriction is placed on both files
servoing to the same address; however, dual process
interlock circuits prevent a track located signal to the
second file to servo to a common address. The first
file to reach an address has precedence. Whenever a
file servos it compares the contents of its address relays
to the contents of the other file’s address relays. With
dual access, two comparisons must be made. If both
comparisons are unequal, a track located signal is
allowed. These same checks are made following a rec-
ord advance or a skip-to-record operation.

Dual process interlock can be suppressed by control
panel wiring on either or both of the 305’s. However,
when a system picks interlock suppression it cannot
write on the file. When dual process interlock suppres-
sion is active a neon glows on the originating system’s
console, just above the file check light (8.25.u1}).

With dual accesses on a shared file a double inter-
lock condition can arise preventing either file from
receiving a track located signal. For example:

Access 0 to address A

Access 3 to address B '
Access 2 to address B witha Q of 4
Access 5 to address A with a Q of 4
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Figure 96. Dual File Logic

Dual process double interlock release circuits will
allow the master system to receive a track located sig-
nal in this case.

Either system can operate with the other off. Depres-
sing the power on switch on either console will cause
the timer motor in the master compressor cabinet to
sequence the file (s) power on (8.40.03). A slave com-
pressor cabinet will be used only if the capacity of the
two compressors in the master cabinet are insufficient.
The slave cabinet will have only additional compres-
sors in it. The control of file power is still in the
master cabinet. When using a slave cabinet, the air
supplies are in parailel. With dual access, dual file,
dual process systems, connect master cabinet file 2 hose
vent valve to the slave cabinet file 1 hose vent valve.
The master cabinet file 1 hose vent valve supplies file 1
and the slave cabinet file 2 hosc vent valve supplies
file 2.

CircuiT OPERATION

The dual process interlock circuits for access 0 chueck-
ing the addresses at which arms 3 and 5 (on a dual
access file) are located, are on diagrams 8.25.01 and
8.25.05. Each of the other three accesses will have
similar circuits. A number 3§ or 5 in parenthesis fol-
lowing a relay point indicates a relay in one of the
other gates. All other relays and points are in access 0
gate. The objective is to develop a track located signal
on 8.10.01 as soon as the access 0 servo is completed
if access 3 and 5 are not at the same address. Plus 48
volts will be placed on the track located line through
R5034-2N/0 and R5067-2~/0 on 8.25.01. These re-
lays are picked by the J hold B line when an unequal
condition exists in the compare circuits on 8.25.05.
They will hold through their own 1 points until J
hold B is broken by another servo instruction.
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An impulse to the dual process interlock suppress
pick (vpisp) hub on the master 305 control panel
(8.05.11) will latch pick relays R5093 and R5094 by-
passing the compare points in the track located signal
line. File writing cannot occur from the system which
has suspended interlocking because R5057 cannot pick
(8.10.01) . The interlock suppress will exist until the
drop out hub on the master 305 is impulsed, latch trip-
ping R5093 and R5094.

On 2 record advance or skip-to-record operation the
] hold B line itself does not drop, however, it is modi-
fied before reaching 8.25.01 and 8.25.05. On 3.05.11
R289 or R277 points will open dropping the compare
relays and allow a retest of the comparing circuits.
The dual process double interlock release circuit is on
diagram 8.25.09. All four arrival relays (R5071) must
be picked. If there is no track located signal in either
the slave or master 305 at this time, a double interlock
exists. A high from 2Zlb in the master system will
force a record start for the master system on 3.01.04.

In the event both systems servo to the same address
simultaneously, preventing an access 3 clear signal
(3.25.05) and an access 0 clear signal (8.25.06), the
master system clear relay, R5034 on 8.25.01, will pick
through R5034-3 (8) ~/c points on 8.25.01 with ] hold
B. The slave svstem clear relay, R5034 on 8.25.02, will
be unable to pick.

10 Million Character File

The track density has been doubled on this file in-
creasing the addressable locations to 99999. Fifty single
thickness disks are used which means 4 disk addresses
per disk. This can be seen in Figure 6. All even disk
addresses servo to the outer 100 tracks while odd disk
addresses move the arm to the inner 100 tracks. There
is an ouier and one inner cE track, separated by 200
processing tracks.

The track detent assembly is shown in Figure 97.
There are four detents numbered 1, 2, 8, 0 from out-
side to inside. Detent 0 operates for track addresses
00, 04, 08, 12, etc., detent 1 for addresses 01, 05, 09, 13,

98 IBM RAMAC 305

Detents

ot
<
QE Q_

1 ..

g
ﬁﬁ

( L J
3 i
(0 Below) (2 Below)

Airlines Connections

Figure 97. Track Detent, 10 Million Character File

etc., detent 2 for 02, 06, 10, etc., and detent 3 for 03,
07, 11, etc.

The address register for a single 10 million character
file is not changed. However, the bit 1 relay of the
units position of the disk address is now used in the
track address relay tree to determine whether the track
address is for an odd or even disk. For the disk mark-
ite all we need is the disk 10’s relays and the 2, 4, and
8 bit relays of the disk units position. This can be
seen on diagrams 8.01.02 and 8.02.02 for a 10 million
character file.

The 5 and 10 million character gate files are identi-
cal in most areas. Any area that is different is easily
identified. Each System Diagram covering a changed
circuit has the title “10 million character file.”

The single thickness disks used on this file require
a different access arm, head spreader, read /write head,
and head air pistons.




For normal processing the only input available to the
rRAMAC is through the card reader. The data read from
the cards is translated from Hollerith into binary
code, checked for accuracy, and stored on the input
track of the process drum.

Mechanical Principles

Card Feed

A 402 type card feed is used to transport the cards
from the hopper, past two sets of reading brushes
to the stacker. The upper brushes are called write
brushes, and the lower brushes are called check
brushes. To recognize the presence of cards there is
a card lever contact ahead of each set of brushes.
There is also a hopper card lever contact.

The cards are placed in the hopper face down, 9
edge toward the throat, and are moved past the
brushes by a series of feed rolls. The feed rolls are
gear driven from the card feed clutch. At a fixed time
in each feed cycle, a pair of feed knives move a single
card from the hopper through the throat to the first
set of feed rolls.

As a card moves past a reading station the 80 indi-
vidual brushes scan the 80 columns, searching for
punched holes. When a brush locates a hole, a + 140
volt signal is applied to that brush line. The identity
of a punched hole is determined by the timing within
the machine cycle when that hole is read. Signals from
the write brushes are used to write card data on drum
track K1. Check brush signals write card data on K3
track. K3 data is compared with write brush data to
verify the reading accuracy of the write brushes.

Mechanical Drive

Figure 98 shows the relationship of the card feed
unit to the 380 mechanical drive. The card feed clutch
ratchet receives its drive from the motor, through a
series of idler pulleys. The feed unii, the feed circuit
breakers, and the index are driven by the card feed
clutch through the horizontal shaft. The horizontal

Card Reader

shaft is driven whenever the card feed clutch pawl
and arm are engaged in the 10 tooth ratchet. The
clutch latches at 320° of the index on systems equipped
with K38 track. It latches at 288° on systems without
K3 track.

Card Feed Clutch

The card feed clutch is similar to the 402 card feed
clutch. Once the armature is attracted the pawl en-
gages the first tooth of the ten tooth ratchet to pass
by it. The safety pawl guarantees that once unlatched,
the clutch pawl cannot be relatched by the armature
until it has engaged with the ratchet and has been
driven through a cycle. The clutch lever yoke spring
absorbs the shock when the clutch pawl arm latches
up and returns the arm to the 320° position if there
is any movement beyond this point.

Card Feed Control

To start the feeding of cards, a single depression of
the reader start key causes three card feed cycles. The
process unit controls feed cycles after run in. Fach
PROGRAM EXIT impulse received at the card feed hubs
causes one feed cycle. When the feed runs out of cards,
several operations can take place. They are described
below under “Last Card Operation,” “Last Card Rout-
ine,” and “Automatic Last Card Routine.” Feed check
circuits allow feeding, provided cards feed in correct
order and do not jam. Read check circuits allow card
feeding as long as the data read from the card is writ-
ten correctly on the input track.

Run In Circuits

OBJECTIVES:
1. Three successive pulses to the card feed clutch
(7.22.03) .
2. Keep the feed check relay up (7.22.04).
3. Keep the read check relay up until read check
time (7.22.04).
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One depression of the start key will feed 3 cards,
the first card passing the check brushes on the third
feed cycle. The sequence chart in Figure 99 illustrates
the relay operation. Relays 8035, 8036, and 8037 are
up before striking the key and will remain up uniess
a feed failure occurs. R8027, the run relay will pick 3
times through the R8004-2 N /0 points on 7.22.03, then
R8004 will drop. This directs control of R8027 to the
select relay, R170, on 2.07.03.

320° ? % 180 70 30° 0 9%
. | i f ! ‘
f#— . _FIRST FEED CYCLE
Cards in Hoppec R BODJ (7.22.01)

SECOND FEEC CYCLE

Supervisory
Circuit Breakers

Supervisory
T3 C8Clach

Process Unit Conirol

OBJECTIVES:

1. Energize card feed clutch once (7.22.03) .

2. Laich pick R170 (2.07.03).

When R170 is up the reader not ready line is high
(2.07.03) . This line blocks an R cycle gate (3.02.04)
or a W cycle gate (3.02.08) if T=K. R170 LT is
picked by FCB 19 at 253°.
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Figure 99. Reader Run-in Clutch Control
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Last Card Operation

After the run in, the card feed will operate for each
impulse received at the feed card hubs until the last
card has passed the check brushes. The opening of
R8013-10N/0 points (7.22.03) blocks the pick of
R8027. 1t there are more cards to be processed, place
them in the hopper and depress the start key. The
cards will feed in and then processing will proceed
as if there were no interruption. If there are no more
cards to be processed, the last card may be fed to the
stacker by depressing the start key. R8027 will be
picked through the R8002-3 x/0 points.

Last Card Routine

Many programs will include a special routine to be
executed after the last card has been processed. This
last card routine (arLc hubs not wired) should be used
whenever the amount of cards to be processed is more
than one hopper full. The set of last card hubs is
used to indicate when this routine should start. The
last card relay, which controls these hubs, is energized
during the first card feed cvcle after the last card has
passed the check brushes. An example of this condi-
tion is shown in Figure 100.

When the feed runs out of cards the last card rou-
tine will be suppressed by placing cards in the hopper.
An example of this operation is shown in Figure 101.

OBJECTIVE:
Energize the last card relay (7.22.03) .

In Figure 100 the program loop is short so that the
card feed is kept in continuous operation. Transfers
from the input track are accomplished by the instruc-
tion, K99W9900Fb. After the last card has passed the

check brushes, the program instruction that transfers
last card data to W track is accomplished, but a card
teed operation does not take place. R170 picks, but
with the second card lever relay down, the run relay
does not pick. Processing continues until the program
loop returns to R ¢ycle of the same instruction. De-
pressing the reader start key allows a card feed cycle.
The last card relay picks during this cycle. This latch
trips R170 and programming resumes, branching into
the last card routine.

Avutomatic Last Card Routine

When the amount of cards to be processed is less than
one hopper full, the last card routine can be started
automatically. Bottle plugging the Arc hubs on the
control panel allows one additional card feed follow-
ing the cycle that the last card passed the check
brushes. The last card relay picks during this cycle
allowing the last card routine to start.

OBJECTIVES:

1. One additional automatic feed cycle after last
card passes check brushes (7.22.03) .
2. Pick last card relay (7.22.03).
The additional cycle occurs when R170 is picked.
The circuit that picks the run relay on 7.22.03 goes
through R8007-5N/0 to the arc hubs on 3.05.11.

Feed Interlock

The feed interlock circuitry is designed to stop card
feed operation whenever cards feed incorrectly. When
cards are feeding correctly the feed check -and feed
interlock relays are up throughout each feed cycle.
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OB JECTIVES:

1. Keep feed check relay up (7.22.04),

2. Keep feed interlock relay up (7.22.04) .

The feed interlock relay must be up to keep the
feed check relay up. The hold coil of the feed jntei
lock relay, R8037, picks twice -each cycle through
FCB’s 4 and 9 in series on (7.22.04) . R8037 pick coil is
impulsed to bridge one gap between the FCB 4 and 9
impulses. This impulse is received as long as no card
jam occurs. R8087 hold receives an impulse from
FCB 5 to bridge the second gap in the FCB 4 and 9
impulses as long as cards are feeding in their proper
order.

Data Flow

There are three different input tracks, K1, K2, and
K3. Card data read at the write brushes is written
on KI. K1 data is transferred to K2 without going
through the core buffer. This transfer occurs at th:
beginning of the cycle when the card containing the
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data passes the check brushes. Datd Tead at the check
briishes is written on K38. As soon as all K3 data has
béen written, a bit by bit comparison of K2 and K3
data is made. 1f this data compares favorably, ransfer
of K2 data to the core buffer is allowed. This describes
the eard reader operation for normal processing con-
ditions. The K test-K run switch on the console is set
to x ruN for this operation. That is the normal posi-
tion for this switch. With it so set, a T =K operation
addresses K2 track.

To assist a Customer Engineer to analyze read check
problems the K test-K run switch may be set to K TEST.
When this is done a console read K operation reads
K8 track. The card feed will not run continuously
wi th the switch in this position. It forces a read check.
Tlhis switch is not present on early production models.
Esuly models use a bit count system of read checking.

\ N riting on K1 and K3
G a rd data is written in character positions 00 to 79 of
K 1 and K3 tracks. Card column one data is written




in C00; column two in COI; etc. Character positions
80 through 99 of K1 and K3 never receive data. As
the card is read, all the 9 punches are read simulta-
neously, then all the 8 punches, etc. The process drum
makes 114 revolutions during each read time impulse.
This allows each card calumn to write into its parti-
cular character position on the drum. Each hole dev-
elops its own write character gate to allow writing on
K1 and its own check character gate to allow writing
on K3. Any brush reading a hole at 9 time will have
the read impulse decoded intc BO and B4 pulses,
berause data is stored on K1 and K$ one bit early.
Writing one bit early allows data to be transferred to
K2 from K1 without going through the core buffer.

Since the character in the card may be composed of
more than one Hollerith punch, the bits recorded
within a particular character position during a digit
impulse time may be supplemented by additional bits
at a later digit time. The intervals between the record-
ing of bits cannot be occupied by write 0 current be-
cause this would erase the bits which were written at
an earlier digit time. The technique used is to erase

Write Convension

Write Choracter Gate

the track completely, prior to card reading time. Then
@ C bits are recorded without interspersing write 0
current. This is called the discrete pulse method of
Writing.

OBJECTIVES:
Writing on K1 objectives follow. Writing on K3 objec-
tives are similar.

1. Erase K1 (3.10.21).

2. Develop the write character gate (7.21.05).

3. Decode emitter output ('7,25.00).

4. Write on K1 (3.10.21) .
. The following describes the achievement of the above
objectives while writing a 7" on K1 track from card
column 14 (brush 13). The description refers to Fig-
ures 102 and 103. At the beginning of the card feed
cycle, FCB 25 provides current to completely erase
(write 0) K1 wrack. Then, when the 7 punch is sensed,
the impulse is “anded” with C14 and Br to plate pull
the write character gate trigger ( 7X38 — 7.21.05) . This
trigger develops a gate for each punch that is sensed in
the card. It allows decoder impulses to be written on
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Figure 103. Card Read and Check Sequence Chart

K1. B8 of C13 lowers the write character gate. At the
time that the 7 punch is sensed, the emitter (7.22.01)
is made on the 7 segment. The decoder emits B0, B,
B2 pulses all during this time. B0, B1, and B2 repre-
sent a 7 when written one bit early. One group of
these pulses “ands”” with the write character gate, then
is strobed with a @ C. These pulses then become write
one pulses at the write head. Br’s are not written on
K1 and K3.

Transfer K1 to K2

Refer to Figures 102 and 103. The track transter CB
controls when data is shifted from Kl to K2. This
occurs very early in a feed cycle just before K erase
time. Data transferred must be delayed one bit and
have Br’s added where needed.

OBJECTIVES:
1. Delay K1 read data (3.10.20).
2. Add Br’s where needed (7.27.00).
3. Write data on K2 track (3.10.21).
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Write on K1 - Represents
81, 87, ond B2 Resulting from
Translotion of Hofierith "7+

K1 read data delay occurs on 3.10.20. Figure 104 is
a sequence chart showing an example of signals pres-
ent when a “P” is read from K1 track.

BR’s ave insevted into K1 read data on 7.27.00.7]7
counts the number of bits present in each character.
7]J7-10 is high whenever the count is even. This output
“anded” with the R bit gate inserts Br’s into K2 write
data.

K2 write data is gated by the K2 write gate. The se-
quence of developing this is shown in Figure 103.

Read Check

Read check consists of comparing K2 and K3 track
data bit by bit tc see if the data is the same on both
tracks. K3 data has to be delayed one bit and ex-
panded to full bit width before entering the com-
parator so that it will be similar to K2 read data.
On a T, =K operation if the two tracks contain the
same data, R cycle gate is allowed. This allows the
process unit to read K2 track. Hf the data does not



compare, the R cvcle gate is not allowed, a read check No T,= K R cycle gate is allowed when the reader
p 4 < i A g

is indicated, and the card feed will not operate. not ready line is high.
OBJECTIVES:
. Conscle Read K3 Track
Equal comparison.
I. Delay K3 read data (3.10.22) . OBJECTIVES:
2. Coxipare OK (7.28.00). I. K3 data to cores {7.28.00).
3. T, =K Rycle gate (3.02.04). 2. Add needed Br’s (7.27.00) .
The delay of K3 vead data is accomplished the same K3 data “anded” with K-test allows K3 data to

way Kl read data is. Figure 104 shows a sequence
chart of K1 read data delay.

T he comparator has no output if each input is equal,
so the ATH 7Z7 conducts on 7.28.00. On 7.22.04, the
read check relay, R8036, picks when the thyratron
fires. This allows the reader select relay, R170, to be
latch tripped.

A T,= K R cycle gate is allowed on 3.02.04 after the
reader select relay is tripped. This is indicated when It is possible to load programs from the card reader

cores. K2 data “anded” with Br’s, inserts Br’s where
needed on the K3 data line.

Program Load

the reader not ready line is low. to the program tracks. This is accomplished by auto-
matically performing the instruction K9919900 as soon
OBJECTIVES: as the data read is checked on the input track. The
Unequal comparison. instruction also has a special automatic program exit,
1. Fail to pick read check relay (7.22.04). which is labeled copy out. This exit is usually used to
2. Interlock reader (7.22.01). start a program to transfer the 1 track data to other
3. No T, =K R cycle gate (3.02.04) . program tracks and then program load another card.
The read check relay is not picked when there is an A program load operation may be started two ways.
unequal comparison. One way is to place the program load cards in the
Reader interlock results from not tripping the reader teed hopper and then depress the program load but-
select relay. R8036-3 N/o on 7.22.01 prevents tripping.  ton. This causes 3 card feed cycles and then the auto-
CHARACTER
BIT S X 0 | 2 4 8 R S
o Al B C Al B C Al B}c Al B | C Al B, C Al B} C
Dotaon K1 - “ P " — v e —
K1 Read Coil Signal /\\ /T\NL/'/\F/‘/\\/ 5R11-7 3.10.20
e 4 4
Output 58 10- 3 / / .\_\/K-\_.\/
o8 5511-3
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Figure 104. Delay and Expansion of K1 Read Data (3.10.20)
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matic transfer of K wrack data to 1 track, and a copy
ouT EXIT. The other wav is to wire the control panel
from the start hub 1o the copy in hub and then
depress the reader start kev. This will cause the feed
operation, then the transfer to I track, and copy out
FXIT.

Additional program load card operations may be
initiated by wiring a PROGRAM EXIT to the copy in hub.

Program Load Button Operation

Figure 105 shows the sequence of operations when the
program load button starts the operation.

OBJECTIVES:
I. 3 card feed cvcles (7.22.01).
2. Copy line high (2.07.01).

3z|0° 59 IZlU z;u 30° 7,n IZ'(I

Program Load Switch

R 8002 17,22.01;

R 8004 17,2201
Reset

-4————— Cord feed Cycle ~——— |

3. Master stop trigger 3 pin high to begin process-
ing (1.02.09).

T,=K (2.03.03).

T,=1 (2.03.05).

IRWDP cycles (1.03.04 to 1.05.08) .

Copy out impulse (2.07.01).

The 3 card feed cycles are normal run in card feed
cycles. They are started by the program load switch
parallel to the start button on 7.22.01.

The copy line high signals the system that a program
load operation is taking place. The copy trigger is
turned oN by R175-3 /o on 2.07.01. R175 latch picks
on 1.02.03 when the program load switch is depressed.

The master stop trigger pin 10 is plate pulled as a
result of R161 on 1.02.03 picking. R161 is picked
through the R175-2n/0 points when R175 is latch
tripped. This occurs when the R8021-4, 2nd read delay

SO Gk

2%0 20 5lﬂ IZIU 2{0 7

-
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Figure 105. Program Load
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Figure 106. Copy Operation

relay is up, indicating the third feed cycle is nearly
complete.

T,= K is set in the instruction register as a result of
T,=X and T,=2 on 2.05.03. Turn on T,=X and
turn on T, =2 are developed with 1 cycle on test.
I cycle on test is developed on 1.03.04 with the copy
line high.

T,=1 is developed by copy and I cycle on test on
2.08.04, similar to the development of T, — K above.

IRWDP cycle details are found in the Basic Machine
Timing Section. I cycle ready is initiated by depressing
the program load button. Refer to Figure 101

A copy out impulse originates from the MR-7 line.
MR-7 picks every P cycle on 2.09.02.

Copy in Operation

At the completion of the run in card feed cycles, the
start hub emits an impulse. This impulse when re-
ceived at the copy hub, plate pulls the copy trigger
on. This sets up an automatic K9919900 operation
with a copy out impulse. Any program exit impulse
into the copy in hubs initiates this automatic pro-
gram also.

OBJECTIVES:

1. Three card feed cycles (start button) .

2. Start hub impulse (1.02.02).

3. Copy line high (2.07.01).

4. T,=K (2.03.03).

5. T,=1 (2.03.05).

6. IRWDP cycles (1.03.04 to 1.03.08) .

7. Copy out impulse (2.07.01).

All of the above objectives except the start impulse
are described under the program load operation. The

Copy Out | 2,07.01
B

start impulse is a MR-7 impulse coming from 6.11.04.
The impulse passes through R167-1 n/0, and R8006-2
N/o. R167 was latch picked on 1.02.03 when the reset
button was depressed. R8006 is latch picked on a run
in operation on 6.11.04. The MR-7 impulse is present
during P cycle. The reset button placed the machine
in P cycle ready. The master gate, going high after the
third card feed cycle, starts P cycle. This is illustrated
in Figure 106.

Input Data Rearrangement (Optional)

The control panel hubs associated with this feature
may noi be wired to any other area of the panel. The
control panel mask is bright orange to define this
restricted area.

Rearrangement

Data rearrangement is accomplished by controlling
the location on K track in which data from each
card column will write. 100 input track control exit
hubs and 80 card column control entry hubs on the
305 control panel allow this control. By wiring from
any track hub to any card column hub, the informa-
rion contained in the card column will be written on
K1 aind K3 tracks in the character position wired. The
control panel wiring “ands” the character to be writ-
ten with the brush from which it is read. A Br is
written in all unwired positions on K2 track. Figure
107 is a block diagram showing how the rearrange-
ment feature operates.
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Figure 107. Input Data Rearrangement and Check Logic

Eliminators

An eliminator permits any card code to be eliminated
from any character which is to be written on the input
track. The card code to be eliminated is determined
by one input to an eliminator. This input comes from
one of the card code hubs. The card column from
which the code is to be eliminated is determined by
the other input to the eliminator. This input comes
from a card column control entry hub. A card code
is removed from a character by eliminating the de-
coder output for the card code at the time that the
character is to be written.

OBJECTIVE:
Eliminate decoder output (7.10.01).

The elimination occurs at the AK 7P9%a on 7.10.01.
7P9a-5 is always high unless 7S8-3 is plate pulled.
Plate-pulling is done at Br of any character when
there is a coinciding input to both hubs of any elim-

inator.
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Analysis Selectors

The prerequisite to this feature is Input Data Re-
arrangement. Analysis selectors are used to analyze
a character for card code content as it is being written
on K track. Only data that is being written on K
track can be analyzed. Analysis selector pu hubs are
in the orange section of the 305 control panel. They
may be wired from other hubs in the orange section
only. Both pu hubs must be impulsed at the same time
to pick up a selector. One pu hub must be wired from
a card code hub. The other must be wired from a
CARD COLUMN CONTROL ENTRY.

Once a selector is energized, it remains energized
until 885° of the next card feed cycle through FCB-31
on 7.10.08. The analysis selector test point hubs are
on the 305 control panel. These hubs may be tested
with program exits only between a T, =K instruction
and the next card feed instruction. Testing an ana-
lyzer must wait until a T, =K instruction is permis-
sable, i.e., reader ready, so that an analyzer is not
tested during a card feed cycle. The T, =K, card feed
and analyzer testing may occur on the same instruction.



Mechanical Principles

The sole purpose of the 370 is to serve as an output
printer for the RaMAc; thus, all of the mechanisms in
this unit are related either to the positioning of forms
or to the selection and printing of characters in the
proper positions on these forms.

Print Element

Figure 108 shows the relationship of the form to the
print element, ribbon, and hammer. These comprise
the essential elements for printing.

Only one print element and one hammer are needed
because the 370 prints serially. The print element, or
print stick, is a hollow aluminum tube with 8 sides
and 7 divisions lengthwise. A pariicular character is
engraved in each of the 7 divisions on each side. With
the various combinations of fixed increments of hori-
zontal and/or rotational movement, any one of the
56 characters may be placed in the printing position,
opposite the hammer.

The positioning of the print stick to print a char-
acter is controlled by the identity of the bits within
a character on the output track. Each bit value 1s
translated into a number of units of horizontal or
rotary motion of the print stick. The table in the
lower left corner of Figure 108 shows that bits X, 0,
and 2 impart rotary motion of 4, 2, and 1 units, re-
spectively. Bit 1, 4, and 8 impart horizontal motion
of 1, 2, and 4 units, respectively. The table in the
lower right corner shows the combinations of hori-
zontal and rotary motion necessary to position the
print stick for the printing of any character.

Figure 109 shows a top view of the printing mech-
anism. The print stick has two internal keys, which
ride in splines on the print element shaft. It is free
to slide horizontally on the shaft, but rotation of the
shaft causes rotation of the print stick also.

The left end of the print element shaft is geared
to a pulley, which is operated by the rotary control
tape. A block, welded to the tape, fits into a slot of
the pulley to provide a positive action. Tension is

370 Printer

applied to one end of the tape by a spring operated
lever. Rotary motion is imparted to the print stick by
pulling the rotary control tape a fixed distance in in-
crements of 1 to 7 units. Exact rotary alignment of
the print stick at print time is accomplished by the
aligner, which is spring operated and cam returned.

The ends of the print stick are held between two
plates, which are fastened together by three rods. This
is called the basket. The print stick is free to rotate
within the basket, but moves horizontally along the
print element shaft as the horizontal position of the
basket is moved. The horizontal position of the basket
is under control of the horizontal control tape and the
horizontal return spring. Horizontal motion is im-
parted to the print stick by pulling the horizontal
control tape a fixed amount in increments of 1 to 6
units. Exact horizontal alignment of the print stick,
at print time, is obtained by a cam operated aligner
or comb. The seven-tooth aligner is spring driven
against the basket at print time. The end plate of the
basket is held between the teeth of the aligner.

In addition to the hcrizontal and rotary motion of
the print stick, the complete print carriage and ham-
mer carriage move from left to right past successive
printing positions. These carriages return to their
extreme left positions between the printing of lines.
In order to keep the print control tapes taut without
stretching or breaking them, and to prevent imparting
false horizontal or rotary motion to the print stick,
these tapes are looped over pulleys of the half speed
carriage instead of coming directly from the print set-
up unit. The half speed carriage is so named because
it moves at half the speed of the print and hammer
carriages. The methods of driving these mechanisms
will be explained later.

The aligner mechanism and ribbon feed are oper-
ated through a gear which rides on the aligner and
ribbon drive shaft. The gear has an internal key which
rides in a groove of the shaft. The gear is free to slide
along the shaft, but must turn with it. The aligner
and ribbon drive shaft turns at 1500 rpM, but the gear
ratio causes the aligner mechanisms to operate at
twice that speed, thus permitting a printing speed of
3000 characters per minuze.
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Figure 108. Print Element Positioning

Print Setup Unit

Bit values are translated from electrical impulses into
increments of motion to the control tapes within the
print seiup unit. Figure 1160 illustrates the method
by which motion is imparted to the horizontal and
rotary control tapes, and from the tapes to the print
stick. One end of both the horizontal setup tape and
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the rotary setup tape is attached to the setup unit
frame. Each of the setup tapes is looped over its three
setup pulleys and is linked with its corresponding con-
trol tape. The print stick may be caused to move to
the left by moving the upper or lower horizontal setup
pulley to the right or by moving the middle pulley to
the left. Likewise, rotary motion may be imparted to




Print Element Shoft Forms Tractor

Rotary
Detent

Half Speed Carriage

Rotary Control Tape

Figure 109. Print Assembly

the print stick by moving the upper or lower rotary
setup pulley to the right or the middle pulley to the
left.

Figure 111 illustrates schematically how one of the
two groups of setup pulleys may be operated to pro-
vide the desired increments of motion to its setup
tape. The directions of motion indicated by this figure
are applicable to a rear view of the mechanism. As
the setup bail moves to the right, it will engage with
any setup pawl which has been raised into its path.
It can be seen that two of the setup pulleys would
move to the left and one would move to the right as
the result of inter-action between its pawl and the
bail. The increment of motion resulting from the
operation of any one of these setup pulleys is de-
termined by the distance from the pivot point of the
arm to the pivot of the pulley.

Figure 112 shows an exploded view of one position
of the print setup unit. Each setup position includes
two setup pawls and a repeat pawl. Each of the setup
bails has seven teeth, one for operating a setup pawl
at each position of the print setup unit. Although the
lower bail is beneath the upper bail, its teeth are
shorter so that the operating edges of the two sets of
teeth are at the same level. The teeth of the lower

Hommer

Hammer Carriage

Print Element

Basket

Horizontal
Detent

Aligner &
Ribbon Shaft

o
4

Horizontal
Control Tape

1T

- Retumn Arm

Rotary Control Tape Return Arm

bail operate between the teeth of the upper bail so
that each bail has a tooth directly above a setup paw!
at each position. Each of the setup bails oscillates left
and right at a speed of 1500 cycles per minute, but
since they operate 180° out of phase, the effective
speed of operation is 3000 cycles per minute.

If the setup magnet is energized, its armature is at-
tracted to permit the latch arm to follow into the low
dwell of the reset cam. The operating ear on the
right end of the latch arm operates against the lower
side of both setup pawls to move them upward.

One of the bails will be in a retracted position at
the time of the impulse to the magnet, but it will
then move to the left and engage its pawl. The setup
pawl will be moved to the left by the bail until it
operates against the motion pulley stud, moving to
the left also. The upper end of the motion pulley arm
will be moved to the left and the setup pulley will
move to the right, thus imparting motion to the setup
tape, the control tape, and to the print stick.

The reset cam turns at 1500 reM. However, it has
two high lobes and thus operates 3000 times per min-
ute to reset the latch arm onto the setup magnet arma-
ture, if it has been unlatched.
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Figure 110. Schematic of 370 Printing Mechanics

If a second consecutive impulse is received by the
setup magnet, one of the setup pawls and the repeat
pawl will already be in an advanced position. The
operating ear of the latch arm will move the retracted
pawl upward into the path of the retracted bail, and

it will also cause the repeat pawl to move upward and
latch onto the repeat pawl latch block. This will cause
the setup pulley to remain in its operated position as
one bail is retracted and the other advanced. The
advancing bail will give slight additional movement

ONE OF TWO SETUP BAILS

~

Setup Bail

Setup Pawl Setup Pawl

Pivot

Units

Motion

Total Units of Motion 6 4 2

Figure 111. Functional Operation of Motion Pulleys
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to the repeat pawl as it reaches the setup position,
thereby allowing the repeat pawl to be unlatched from
the repeat pawl latch block.

In order to permit a parity check of characters which
are set up for printing, each setup position operates
a pair of setup contacts as shown in Figure 112. The
Br setup position does not operate a setup pulley,
but does operate its pair of setup contacts.

Since there is only one latch to operate two setup
pawls within each position of the print setup unit, the
latch must be reset onto the setup magnet armature
before printing time. There also must be some ar-
rangement to prevent the setup pawl from dropping
off the bail when the latch is reset. This is the function
of the locking bar. As a pawl, which has been operated
by the latch, is moved by the bail into its setup posi-
tion, the step on the underside of the pawl reaches a
position above the locking bar before the latch is re-
set. The locking bar will then prevent the pawl from
dropping off of the bail until after the bail and pawl
are retracted (see Figure 112) .

1f, due to some malfunction, the latch should fail
to hold the pawl high enough to clear the locking
bar, the locking bar would be pivoted against its

Setup Pulley

Setup Magnet
Lotch Am

Reset Cam

Repeat Pawl
Latch Block

spring tension. This arrangement is to prevent break-
age in the event of a mechanical failure.

Figure 113 shows a top view of the print setup unit
mounted in the 570.

Hammer Unit

A rear view of the hammer and its associated mechan-
ism is shown on Figure 114. The hammer drive shatt
turns at 1500 reM. However, the gear ratio results in
8000 rpm operation of the hammer cam shaft This
permits the hammer to be fired at the same frequency,
as the print stick is positioned for printing.

* The hammer platen, hammer arm, hammer cam
shaft, hammer latch, unlatching lever, tension adjust-
ment mechanism, and the three trip tape pulleys just
to the rear of the unlatching mechanism are all parts
of the hammer carriage. The inner surface of the 1500
rpPM gear which drives the hammer cam shaft has a key
which rides in a groove of the hammer drive shaft.
This gear, being a part of the hammer carriage, is
free to move along the hammer drive shaft, but turns
with it

Setup Cantacts

Figure 112. Exploded View of One Bit Position of Print Setup Unit
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Figure 113. Print Setup Unit

In the normal position, the hammer arm is held
clear of the hammer cam by the hammer latch. The
$70 must anticipate when a character is to be printed
and must energize the hammer magnet while the ham-
mer fatch cam is at its high dwell. The hammer latch
cam follower will then follow the cam to its low dwell,
causing the trip tape to be pulled. The tightening of
the trip tape causes the unlatching lever pulley to
move downward, which causes the left end of the un-
latching lever to move upward. This lifts the hammer
latch clear of the hammer cam follower, which is then
free to follower the hammer cam down the gradual
slope to its low dwell. As the hammer cam continues
to turn, the sharp rise as it approaches its high dwell
imparts sufficient momentum to the hammer arm to
throw the hammer against the paper, ribbon, and
print stick.

H the hammer magnet is not energized again for
printing the next character, the hammer latch cam
follower will be relatched by the hammer magnet
armature and the hammer latch and unlatching lever
will be returned to their normal position by spring
tension. The hammer latch then holds the hammer
cam follower clear of the hammer cam. The rebound
lever insures against double impression resulting from
bounce of the hammer.
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As the hammer cam follower is operated against the
tension of its return spring when it is thrown forward
to print a character, the printing impact may be ad-
justed by positioning the tension adjusting lever to
alter the tension of the spring. This permits adjusting
the hammer impact for printing on multipart forms.

Main Tape Drive

The preceding discussion has shown how the print
stick is positioned for printing the various characters
and how the hammer is fired. It has also been stated
that both the print carriage and the hammer carriage
must move from left to right past the successive print-
ing positions as a line is printed, and that they must
move back to their home position after each line. As
the 370 prints a maximum of 80 characters at ten
characters per inch on one line, total movement of
the carriage is slightly more than 8 inches.

Figure 110 illustrates the manner in which the ham-
mer carriage, print carriage, and half speed carriage
are driven. The hammer and print carriages are at-
tached to the main drive tape and are pulled to the
right at tape speed when the tape drive pulley is
caused to rotate clockwise. The half speed carriage



moves at half tape speed because of the block and
tackle arrangement.

The tape drive plley is mounted on the emitter
shaft, which will be explained later. The emitter shaft
is positively driven in its clockwise direction, but is
returned by the carriage return spring action through
the hall speed carriage and the main drive tape.

Figure 115 provides a front view showing the print
carriage, half speed carriage, part of the main drive
tape, and the carriage return spring.

Emitters

As the print and hammer carriages are moved from
left to right across the form during the printing of a
line, individual characters are read from the output
track to impulse the bit magnets within the print set-
up unit. Wiring on the 370 control panel determines
the character position of the output track from which
a character will be selected for printing in each of the
80 print positions. The machine must have some

Hommer Platen

Rebound Lever

Unlatching Lever

Hommer Drive Shoft

Figure 114. Hammer Carriage

Hommer Com Shoft

means of determining, electrically, when the print car-
riage reaches each printing position.

Figure 110 shows that there is a definite relationship
at all times between the horizontal position of the
print carriage and the angular position of the emitter
shaft, to which the tape drive pulley is attached. This
provides a means of indicating electrically when print-
ing positions are reached.

Figure 116 shows two emitter plates positioned to
be wiped by brushes mounted on the emitter shaft.
Each emitter plate has 80 spots, 40 on each side. Each
wiper assembly includes two sets of brushes, one set io
wipe the spots representing print positions 1 through
40 located on one side of the emitter plate, and a sec-
ond set to wipe the spots representing print positions
41 through 80 located on the opposite side of the
emitter plate.

The emitter closest to the front of the machine is
the print position exit emitter, and that closest to the
rear is the print control exit emitter. The actual func-
tion served by these two emitters will be explained
later.

Fixed Pivot

Hammer Magnet

Trip Tope

Tension
Adjustment

370 Printer 115



Half-Speed -
Carriage

Figure 115. Carriage and Print Mechanism

Three circuit breakers, called El1, E2, and E3, are
also mounted on the emitter shaft. Two of these are
closed when the print carriage is in its home position,
and the other closed when print position 80 has been
passed.

After the 370 receives a signal to cause it to print a
line, the driving mechanism for the emitter shaft is
engaged. This causes the shaft to turn through a part
of a revolution, pulling the print and hammer car-
riages past the successive printing positions, and caus-
ing the emitter brushes to wipe the emitter spots.
When the last position to be printed has been passed,
the emitter shaft is disengaged from its driving mech-
anism, allowing the carriage return spring to force the
carriage and the emitter shaft back to their home posi-
tions. The actual mechanism which drives the emitter
shaft will be discussed later.

Program Shaft

The 370 control panel permits a very flexible arrange-
ment of data in printing each line. The format may
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be varied from line to line under control of code
characters in certain character positions of the output
track. In order to accomplish the selection of the de-
sired format for each line, some time must be allowed
between the signal to initiate a printing operation and
for the engagement of the emitter shaft drive. A set of
timed impulses must be available during this time for
the purpose of testing code characters and picking
selectors. These impulses are provided by the program
shaft circuit breakers.

When the 305 program directs the 370 to print, the
first result is to energize the program shaft clutch mag-
net (Figure 117). This permits the program shaft to
turn through one 320 ms cycle, at the end of which
the clutch latches. The program shaft operates the
cam contacts that can be seen mounted on the upper
right corner of Figure 116. The emitter shaft engages
after 130 ms of the program shaft cycle.

ProcrAM SHAFT CLUTCH

The program shaft clutch (Figure 117) contains the
following basic elements: a magnet and armature, a




latching mechanism, a clutch pawl, an eight-tooth
ratchet, and a restoring device. The clutch drive gear
and the clutch ratchet are continuously running and
ride free on the program shaft.

When the clutch magnet attracts the armature, the
latch is rotated in a clockwise direction by spring ten-
sion, thus releasing the pawl. The pawl then pivots
in a counterclockwise direction and engages in a tooth
of the ratchet. The pawl and pawl arm then turn with
the continuously running ratchet. Since the clutch
pawl arm is pinned to the program shalt, the program
“ shaft CB’s are operated through one cycle.

The clutching mechanism is restored to normal dur-
ing the program shaft cycle in the following manner.
The restoring cam operates against the roller to pivot
the knockoff arm in a counterclockwise direction. The
knockoff arm pulls the adjusting screw plate to the
right by spring tension. Since the adjusting screw plate
is attached by two screws to the latch arm, the latch
arm is pivoted in a counterclockwise direction to re-
latch on the armature. As the upper end of the latch
arm moves to the left, it operates the knockoff bell
crank, which knocks the armature free from the mag-
net cores.

Print Position
Emitter Plate

Print Control
Emitter Plate

Figure 116. Print Position Exit and Print Control Exit Emitters

Emitter Shaft Drive

The emitter shaft drive is engaged directly as a result
of the operation of the program shaft clutch. The
emitter shaft starts turning when the program shaft
has turned for 120 ms of its 320 ms cycle. The emitter
shaft drive may be explzined with reference 10 Fig-
ures 118 and 119.

A sector gear is attached to the rear end of the
emitter shaft; it is driven by the sector drive gear.
The sector drive gear is continuously running, but it
normally does not mesh with the sector gear.

In order for drive to be transmitted to the emitter
shaft, the sector drive gear must slide approximately
24-inch on its shaft, toward the front of the machine,
to mesh with the sector gear. This is accomplished un-
der control of the face cam mounted on the rear end
of the program shaft.

As the program shaft turns through its cycle, the
face cam follower rides from a high dwell to a low
dwell. A strong compression spring forces the face cam
follower and the cam follower operating plate toward
the rear of the machine. The cam follower operating
plate causes the sector drive gear operating lever to
pivot so that the sector drive gear is moved toward
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Figure 117. Program Shaft Clutch

the front of the machine 1o mesh with the sector gear.
The pivoting of the sector drive gear operating lever
causes it to be latched in its operated position by the
line stop magnet armature. This keeps the sector drive

gear meshed with the sector gear even after the face
cam follower has returned to its high dwell.

When printing on a particular line is complete, the
line stop magnet must be operated to unlatch the sec-
tor drive gear operating lever and permit the sector
drive gear to de-mesh. To prevent any possibility of
overdriving the mechanisms operated by the emitter
shaft, the sector gear has only enough tecth to be
driven through a safe arc. In addition, a knockoft stud
on the side of the sector gear will operate a lever to
unlatch the line stop magnet mechanically if there
should be electrical failure. This may be seen in Fig-
ure 119.

Viewed trom the rear of the machine, as in Figure
119, the emitter shaft, sector gear and carriage return
control cam turn counterclockwise during the printing
of a line. As they turn, the follower for the carriage
return control cam rides to a lower dwell, permitting
the cam follower spring to lift the dash pot plunger.
When the line stop magnet is energized to de-mesh the
sector drive gear, the emitter shaft is pulled clockwise
by the main drive tape back to its home position.

The follower for the carriage control cam returns
to its high dwell, pushing the dash pot plunger down-
ward. The dash pot thus absorbs the shock as the
emitter shaft and the print, hammer, and half speed
carriages reach their home position.

P § Ciutch
‘Magnets

P S index &
Foce Cam

Figure 118. Face Cam, Cam Follower, and Sector Operating Lever
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Figure 119. Printer Drive and Clutch Mechanism

Mechanica! Drive

Figure 120 shows how mechanical power is trans-
mitted from the motor to the various units within the

printer.

The following continuously running mechanisms
operate at 1500 rpn: the CRCB’s, the hammer drive
shaft, the aligner and ribbon drive shaft, and the print
setup unit cams. All of these units are involved in
the printing of characters. Even though all these units
operate at 1500 rrPM, 3000 characters per minute (with-
in a line) are printed. This is accomplished through
the use of double cams and 1 to 2 gear ratios.

All of the moving parts within the 370 which are
not continuously running are under either direct or
indirect control of the program shaft clutch. All of
the non-continuously running parts, except the pro-
gram shaft itself, are driven by the sector drive gear
and returned by the carriage return spring operating
against the half-speed carriage.

Timing Relationships
All continuously running mechanisms are timed to
the CRCB index which is mounted on the hammer

drive shaft. This index (Figure 121) turns at 1500
rRPM; hence, it requires 40 ms per revolution. It is

P S Clutch Magnets

divided into two halves, A and B, each of which is
graduated in milliseconds, 0 to 20.

The program shaft index (Figure 119) is attached
to the face cam, which is mounted on the rear of the
program shaft. As this index requires 320 ms for a
cycle, it is graduated in increments of 10 ms, 0-32. The
index is at zero when the program shaft clutch is
latched. The program shaft clutch itself may engage
or latch only when the CRCB index is at Al0.

The sector drive gear meshes with the sector gear
to set the emitter shaft and the hammer, print, and
half speed carriages in motion when the program
shaft index indicates 18 (130 ms). The timing of the
emitter spots must then have a definite relationship
to the CRCB index.

These timing relationships are shown on system dia-
gram 0.09.50 and Figure 122.

Form Feeding Mechanism

The 370 Printer employs a forms tractor mechanism
to feed forms by lifting at the marginal pin holes.
This is the only provision for feeding, therefore forms
must have marginal pin holes. The tractor mechanism
is driven from the shaft operated by the form feed
ratchet shown in Figure 121.

Units of single, double, and triple spaces are ob-
tained by repetitive single spaces. Skipping also uses
the repetitive single space method.
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Figure 120. 370 Mechanical Drive

Line space drive is obtained through two cams on
the left end of the continuously running hammer
drive shaft. The function of the line space drive is to
give an oscillating motion to the line space pawl. The
pawl is normally held clear of the form feed ratchet
by a disengaging arm. Impulsing the line space mag-
net allows the disengaging arm to cam forward and
drop the line space pawl into the form feed ratchet
by spring tension, as the pawl is at its maximum for-
ward position. The pawl and ratchet are then pulled
back an amount equal to one space by the line space
drive cam, after which the disengaging arm lifts the
drive pawl clear of the ratchet. The ratchet is held
in position by a spring loaded detent roller.

On repetitive spacing, the line space disengaging
arm Is not relatched, but allows the drive pawl to drop
into the next rachet tooth for another space.

The form feed employs a 12 channel tape to control
the positioning of forms for skipping and overflow.
Five of these channels, numbers 7 through 11, are
inoperative on a standard machine. The tape chan-
nels are read by star wheel contacts (Figure 121).

Selection Circuits

The only function of the 370 is to serve as a document
printer under control of the 305 program. An auto-
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matic print operation is initiated by an mmpulse into
the print hub on the 305 control panel. As a result
of this print signal, the program shaft clutch is oper-
ated to provide a program shaft cycle. At 13 of the PS
index the sector drive gear starts to drive the emitter
shaft, which causes the operation of the print and
hammer carriages. As the carriages move across the
form and the print position exit emitter spots are
wiped, characters for printing are selected from the
output track by wiring on the 370 control panel. The
370 checks the parity count of each character printed,
as it is read from S track. It also makes a parity check
of the setup magnets energized for each character
printed. The controlling circuits for each function of
the 370 are described below.

Print Ready

Before a 370 can start to print a line, it must be in a
ready status. The ready light on indicates that the 370
main line switch is on, forms are in the printer, and
that S track is not interlocked. S track becomes inter-
locked whenever the printer is printing data, after a
setup error has occurred, or after an S track parity
error is detected.

The ready light on 7.74.12 glows whenever R1 and
R2 are up. R1H is picked on 7.74.11 through the
start key, R40-3N/0, and R41-2N/0. R40 is the print




setup check relay. Its control is explained under “Set-
up Check.” Control of R41, the track check relay, is
explained under *“Track Check.” R2H 1s picked
through emitter cam El on 7.74.11. E] indicates that
the carriage is in the home position. The names of
the other points in the pick of R2H indicate other

conditions that prevent a ready condition.

Printer Not Ready

Printer not ready is a signal to the process unit that
the printer is unable to start a print operation or ac-
cept new data on S track. This signal exists whenever
the printer is printing, or after a setup error or track
check error have occurred.

OB JECTIVES:

1. Printer not ready line high (2.07.03) .

2. Prevent T,=S§ program (3.02.08).

3. Prevent print start (7.74.11).

The printer not ready line is high whenever the
print select relay is up. It is latch picked to begin a
print operation. It is latch tripped after the last char-
acter in the line has been printed. However, R1-4 x /0
on 7.74.12 prevents tripping if a setup error or a
track check error occurs during the printing of a line.

To prevent a T,= S transfer the not W cycle gate
is developed from printer not ready and T=S§ on

3.02.08.

Feed

Pawl

Left
Forms
Tractor

Tape
Drive
Spoal

Figure 121. CRCB Index and Carriage Tape Assembly

Printer start is prevented by R2-1N/o on 7.74.11.
R3 cannot pick. By referring to Figure 122 you can
see that R2 drops early in a print operation.

Printer Start

Energizing the PS clutch magnet causes the print stick
1o start moving across the line to be printed. The PS
clutch magnet is picked whenever the printer is ready
and a PROGRAM EXIT impulse is received at the print
hubs. Figure 122 shows the relays needed to pick the
PS clutch. :

.Line End

The movement of the carriage is terminated by im-
pulsing the line stop magnet after all characters for a
particular line have been printed. A line end opera-
tion is started automatically by emitter shaft CB k3
after character 80 is printed. If less than 80 characters
are to be printed, printer operating time can be saved
by wiring {rom the print control exit hub after the
last character to be printed into the line end hub.
However, line end must not be impulsed before print
control exit 10. This exception allows sufficient time
for the carriage to return home before the program
shaft clutch is reenergized, when the 305 is interlocked
with T,=S. The cut of the program shaft face cam
will not allow the carriage to return before print posi-
tion 10 time.

The line end operation also removes the printer
interlock and re-establishes the printer ready condi-
tion, Figure 122 shows a sequence chart of line end
operations.

OB JECTIVES:

1. Energize the line stop magnet (7.74.42).

2. Remove printer interlock (2.07.03).

3. Printer ready (7.74.11).

The line stop magnet is energized through CRI13
after Rb is picked. The pick of R5 is initiated on
7.74.42 by E3 or the line end hub.

Printer interlock removal is accomplished by latch
tripping the print select relay. The printer not ready
line goes low when the print select relay is tripped.
The print select relay is tripped through R5-2N/c,
R14-2n/0 on 7.74.12 from CR-17.

Printer ready indicates that the printer is ready to
begin printing a new line. It is indicated when R2H
is picked through El on 7.74.11. If a long line is
printed R2 is picked when position 20 is passed on
the carriage return. This is the time when E1 makes.
In the example of Figure 122, E2 never opened; so
R2H picked when CR19 made after R14 was tripped.
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Figure 122. Printer Operation

Print Start

Format control of a printed line is accomplished by
wiring the print start and print stop hubs. The cor-
UMN coNTrOL Ex1T of the first position of each field to
be printed should be wired to PRiNT sTART. This allows
the hammer to be fired, and a set up check to be made.
Figure 122 shows the sequential operation of print
start.

OB JECTIVES:

1. Fire hammer (7.74.22).
2. Setup check (7.74.31).

The hammer magnet picks through R38-1 n/o0. R38
picks on 7.74.22 when an impulse is received at a
print start hub. The print position and print con-
trol hubs emit impulses as long as R6 is up.

A setup check is made whenever R38-2 N/c is open
on 7.74.31. R39-2 N/o keeps R40 up for one print cycle
after R38 picks until a setup check can be made (see
Figure 122).

Print Stop

Wiring print start and print stop hubs allows format
control. They are wired from COLUMN CONTROL EXITS.
PRINT STOP prevents hammer firing and nullifies set
up check. These objectives are accomplished by pick-
ing R115 and dropping R38. Refer to Figure 122 and
the objectives under “Print Start” for further ampli-
fication.

122 IBM RAMAC 305

)

Printing Circuits

Print Setup

Once the carriage has started across the copy and PRINT
START has been impulsed, it is only necessary to set the
print stick and fire the hammer to print. The set of
the print stick depends upon analysis of a character on
S track. The character to be printed depends upon
control panel wiring (see Figure 122) . The print stick
can be set up whenever the print position emitter
makes. It sets up when a control panel wire allows an
emitter impulse to an output track hub. The ham-
mer fires when a printable bit is detected in the ouT-
PUT TRACK position wired.

The print stick is set up by motion pulley move-
ment. The setup magnets are energized through print
reilay points. The proper print relays are picked
when the character to be printed (selected data) is
analyzed. Selected data is developed by “anding” S
track data with the selected character gate. The se-
lected character gate is determined by control panel
wiring. Figure 123 is a block diagram showing the
logic of print setup. It combined with Figure 122
shows the printing of a 2 in print position 3.

OBJECTIVES:

1. Selected character (7.71.08).

2. Pick print relays (7.74.21).

3. Set print stick (7.74.22).

4. Fire hammer (7.74.22).

The selected character is a “gate” that allows only
one character of § data tc be analyzed for each print




position exit impulse. The character analyzed de-
pends upon the output track hub wired. The develop-
ment of this “gate” can be seen in Figure 123. The 6
ms print position exit impulse passes through the FO,
and C8 diode or switches, and then is lengthened to
13 ms using condensors and a discharge CB. The con-
denser and discharge CB at the F1 AK of Figure 123
are typical of the circuit connected to all 20 AK units.
The actual condensors are the twenty .047 uf uniis
connected to the AK’s on 7.71.03 and 7.71.04. CR21
is the discharge CB. The F0 and C8 AK units develop
a field 0-9 pulse during FO time and a CHO0-9 pulse
during C8 time. These two pulses “anded” develop
the selected character.

The print rvelays energized depend upon the thyra-
trons fired on 7.72.01. The thryatrons fire through
CR2 on 7.74.21. Then the appropriate print relays
pick through CR3 on 7.74.21. The thyratrons fired
depend upon the bit structure of the selected data
character. The “anding” of selected character and §
read data develops selected data. S read data is always
present since S read data does not pass through the
read matrix.

The print stick s set after the setup magnets are
energized. They are energized through print relay
N/o points and CR10.

CR-1 Prirt Position

The hammer magnet 1s energized through one or
more print relay N/o point and CR20. Notice on Fig-
ure 122 that the print position exit emitter wiper will
be making on the 5 spot before the character selected
by the 3 spot is printed.

Checking Circuits

Two separate parity checks are made of each character
printed. The first, a track check, verifies the parity
count of each character printed as it is read from §
track. The second, a setup check, verifies the parity
count of the setup magnets energized for each char-
acter printed. The check light glows and the 370 stops
when an error is detected, or the control panel can
cause either a “A” to print then stop the 370, or con-
tinue to print succeeding lines. Each checking circuit
condition is discussed below.

Track Check

R41 energized indicates a track check error. This relay
picks whenever the thyratron 8D10 on 7.75.01 fires.
The pin 8 input to the thyratron is the selected char-
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acter. This permits the thyratron to fire only for char-
acters that are printed. The .02 ,f condenser and 7.5K
resistor at pin 8 delay the selected character at least
4 s so that the Bsg B test pulse can fire the trigger
just after the bit count of the character has been made.
The test pulse checks the condition of the S parity
control trigger. 8E8a-5 low, when the test pulse is
present, indicates an odd number of bits has just been
detected.

Track Check Error

R41 picks when a track check error occurs. When a
track check error occurs, the 370 completes the line it
is printing before it stops. The track check error relay
holds until R45 on 7.74.32 picks. The printer check
reset switch picks R45. As long as the track check error
relay Is up, it prevents re-establishment of the ready
condition by preventing the pick of Rl and R2 on
7.74.11. The printer not ready line is also kept high.

After the print carriage returns to its home position
R58 picks on 7.74.32. This lights the check light on
7.74.12. Operating the check reset button, then the
start bution, re-establishes printer ready.

Setup Check

R40 up indicates a successful setup check. R40 up is
necessary for printer ready, therefore, a means of keep-
ing it up is needed whenever a setup check is not being
made. This means is through R38-2 n/c on 7.74.31.
This circuit must be opened in order to test the setup
contacts when a character is printed. If an odd num-
ber of setup magnets are energized, there is a circuit
through the setup contacts.

A study of the picks and holds of relays 38, 39 and
115 in Figure 122, reveals how these 3 relays control
the time that setup checks are made. R39 up picks R40
for the cycle between R38 pick and the first setup
check. R115 up allows the last character printed to be
setup checked.

Setup Check Error

The setup check relay, R40, drops when a setup check
error occurs. The 370 finishes printing the line and
then stops in a not ready condition with the printer
check light on. The setup check relay is prevented
from repicking by the setup check interlock relay,
R48, on 7.74.31. R48 drops when the check reset but-
ton is depressed. This allows a repick of R40. Depress-
ing the start key then re-establishes printer ready.
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Error Print—Delta Stop

Improper control panel wiring can cause setup errors.
When testing for this condition on a machine mal-
function, it may be desired to print a delta left of any
line which includes an error. Jackplugging the delta
stop or delta non-stop hubs causes this.

When delta stop is wired the printer prints a delta
feft of the line in error after the carriage returns to its
home position. Then the printer stops in a not ready
condition. Depressing the start key re-establishes print-
er ready in this case. However, the check light remains
oN. It may be extinguished by depressing the printer

_check reset button.

Figure 124 shows the sequence of circuit operation.
When the print stick is in its home position a delta
prints if the hammer is fired. The hammer magnet
is energized through R43.3x/0 on 7.74.22. R43 and
R58 are picked through the delta stop hubs as the
carriage nears its home position. R58 staying up keeps
the check light on. R45 picks to drop the error inter-
lock condition, R48 up. If the error had been a track
check error, R41 would have indicated the error con-
dition.

Error Print—Non-Stop

When the A non-stop hubs are jackplugged the 370
prints a A to the left of any line with an error and
continues operating without any interruption. This
is accomplished by failing to destroy the printer ready
condition. I an error occurs the check light turns o~
and stays ON.

Bottleplugging the A non-stop hubs keeps R44
up constantly. This allows the R44-2 N/o points on
7.74.11 to keep the ready 1 relay held. Therefore the
ready condition is re-established when the carriage re-
turns home in the normal manner.

Other than the fact that the ready condition is not
destroyed this operation is the same as error print —
delta stop.

Print Control Circuits

Print control circuits increase the flexibility and use-
fullness of the 370. The function and operation of
each circuit is described below.

X-Eliminate

In a numerical field a Bx in the units position digit
indicates the complete number is negative. 1f such a
Bx were allowed to to enter into the setup of a char-
acter for printing, an alphabetical character would
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Figure 124. Error Print — Delta Stop

print. The X-eliminate feature is provided to prevent
this. The wire from PRINT CONTROL EXIT 20 tO X-ELIM
in Figure 125 operates the feature.

If a Bx is suppressed by the X-eliminate relay, R34
on 7.74.22, a print setup error indication will occur
unless there is a modification in the pick of the Br
setup magnet. The table below indicates how this
circuit is modified.

CHARACTER SETUP MAGNET
CONTAINS BX BR
Bx, Br, Etc. Suppress Suppress
Bx, No BR, Etc. Suppress Pick
No Bx, Etc. No pick  Picked Normally (R25)

The above conditions are accomplished in the pick
of the bit R setup magnet.

NX-Eliminate

The 370 may be wired to print a minus sign to indi-
cate a negative number. The two wires labelled A in
Figure 125 accomplish this. This control panel wiring
allows the Bx setup magnet only to be energized if
there is a Bx in the units position. It picks only the
Br setup magnet if there is no Bx in the units posi-
tion. R85 on 7.74.22 controls this operation.

Zero Suppression

In the numeric field it is often desirable to suppress
the printing of zeros to the left of the first significant
digit. This may be accomplished by a PRINT CONTROL
ExiT wired into the zero suppress start hub to pick R37

(7.74.22) . The R37-1 point prevents the hammer mag-
net from being energized if only the B0 relay, R16 is
picked. The first character containing any bit, other
than a BO, will provide a circuit to the hammer mag-
net and will pick R31 through R37-1 n/0. R31-3 then
opens the R37 hold circuit. R31 can also be picked by
a print control exit impulse wired into the zero sup-
press stop hub. Figure 125 shows proper control panel
wiring.

Print Space

If pRINT START is wired from PRINT CONTROL EXIT 10
and PRINT sTOP from PRINT CONTROL FXIT 21, then
every print position exit hub from 10 through 20
should be wired. If any print position exit hub within
this field is left blank, no setup contacts will transter
causing a setup error. To prevent this, wire into the
print space hubs from each print position exit hub
which is not otherwise wired.

An impulse into the print space hub (7.74.22) is
taken to 8H8a (7.72.01) where it gates Br pulses onto
the selected data line at 8]9b, where they are strobed
with g C. These BRgC pulses cause thyratron 8R9
to be fired. Thus. the Br relay and the Br setup mag-
net are exergized to prevent a false error indication.

Special Character Hub

A special character hub on 7.74.21 may be wired from
a print control exit hub to cause the character thus
selected to be printed. The print position exit hub
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Figure 125. Numeric Field Wiring

should be left blank for a printing position where a
special character is to be printed.

Analyzers

An analyzer determines the Hollerith code of any
character on the output track. It then emits an im-
pulse from a combination of its exit hubs to indicate
the code content determined. An analyzer operates
during the early part of the program shaft cycle be-
fore the emitter shaft drive engages. There are four
analyzers.

An analyzer reads a character on § track in the
same manner that a character is read for printing.
The same circuit is used and the print relays are
picked. This is done because the circuit is not needed
for printing early in the program shaft cycle.
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Figurel126is a block diagram showing how the ana-
lvzer relays are picked. The character to be analyzed
is determined by the output track hub wired. The Aci
hub determines which analyzer will do the analyzing.
The analyzer relays arc picked through the appropri-
ate print relay points and the program shaft CB asso-
ciated with the analyzer.

Figure 127 shows the sequence ol operation when
selecting character 51 to set up analyzer A, and of
selecting character 13 to set up analyzer D.

Analyzer A detects a Bx. Analyzer D detects a B3.

Multiple Line Printing

The 370 can print up to 4 lines each time the print
select hubs are impulsed. This operation is called
multiple line printing, or mrp. Normally a different
line program selector is energized for each line to
control format. Each of the mLP out hubs, 1, 2, 3, and
4, emits an impulse during the early part of the pro-
gram shaft cycle preliminary to the printing of its
corresponding MLP line. Usually an MLP start hub is
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impulsed after analyzing a character on the output
track. Figure 128 shows control panel wiring for a 4
line MLP operation.

Once an MLP operation starts, the output track must
remain interlocked until the last line has been printed.
The program shaft clutch magnet must be energized
for each line to be printed. The appropriate MLP out
hub must emit an impulse for each line printed.

OBJECTIVES:

1. Interlock output track (7.74.12).

2. Successive PS clutch picks (7.74.11) .

3. mMLP ouT impulse (7.74.51).

The output track remains interlocked as long as the
print select relay, R172, is not tripped. R54-5N/c on
7.74.12, an Mvrp interlock relay point, prevents this. It
serves to latch trip R14 instead. R54 was picked on
7.74.50 and remains held until the last line of print is
initiated.

PS clutch picks occur each time R3 on 7.74.11 picks.
R3 picks, whenever the carriage returns home, through
R2-1 N/o. El makes, as the carriage returns home pick-
ing R2. The last time the carriage returns home, R3
does not pick because R172 has been tripped.

The appropriate MLP out impulse is present through
a program shaft CB and the appropriate mMLP start re-

T T Ll T ~t T
Analyzer A Impuise from "X" Hub
(7.74.54 )

R101 (7.74.53) Held by PS 13 (7.74,52)
i 1 ! }

Analyzer D Impulse from "‘8“ Hui:
(7.74.55) | |

lay. For example, during an MLP 4 operation the MLP
3 out impulse passes through R51-2N/0 on 7.74.50 at
the beginning of the third mLp line. R51 holds until
late in the third program shaft cycle.

Line Program Selectors

Each line program selector has eleven sets of hubs.
One set of hubs from each selector is grouped together
above the print control hubs. The other 10 sets are
grouped together in the lower half of the control
panel. Each set of hubs is connected via relays so that
only two of them are common at one time. The ¢
and N hubs are common normally. The ¢ and 1 hubs
are made common if the 1 pu hub is impulsed. The ¢
and 2 hubs are made common if the 2 pu hub is im-
pulsed, etc. Once a pu hub is impulsed the hubs so
controlled remain common until line end.

Figure 128 shows control panel wiring for a line
program selector application. The machine wiring for
these selectors is shown on System Diagrams 7.74.61
through 7.74.63.

Selectors

Twelve selectors of the conventional type are cata-
loged on 7.74.72. A sample set of hubs with the asso-

370 Printer 127




Analyzer

— A

LINE PROG. SEL. PU

Analyzer Control Impulse

—A

Acl o—
o0 o—o o—ol

FFEEEFFFEFFE

Line Progrom Selector

.—.—v‘——QIOCCCO
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ciated relay point is shown at the top of the page.
The location of all hubs and identification of all relay
points are shown in the table.

The pickup hubs for these selectors are shown on
7.74.71. An impulse into the 5 hub picks R139, which
holds until R11 picks at line end. This transfers all
five points of selector 5.

Form Feeding Circuits

Paper Space Control

The 370 may be wired for single, double, or triple
spacing. The line space magnet (7.74.42) must receive
a CR17 impulse for each space to be taken. If the
single, double, or triple space hubs are jackplugged,
PS1, PS2, or PS3, respectively, will be placed in the
circuit to the line space magnet. The timing chart
(0.09.50) shows that £51. PS2, and PS3 overlap one,
two, and threc CR17 impulses respectively. Spacing
occurs after the program shaft clutch magnet is im-
pulsed, but before printing begins.

Once the form is positioned at the desired line by a
skip, normal line spacing is suppressed before printing
that line. This is accomplished by R7 (7.74.42). R7
is picked as R73 holds. R7 holds until PS 17 makes
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after printing begins, and opens the circuit from the
space hubs to the line space magnet.

Carriage Tape Control

The 370 form feed carriage emplovs a standard 1pM
12 channel carriage tape to control the positioning of
the forms for skipping and overflow. Five of these
channels, numbers 7 rthrough 11, are inoperative ex-
cept as an optional feature. A hole in channel 1 of the
tape is normally used to stop the carriage at the first
line of a form. A hole in channel 12 is used to initiate
an overflow to a new form. Holes in channels 2
through 6 are used to stop a form at one of 5 inter-
mediate positions after skipping has been started. The
holes in the tape channels are sensed by star wheel
contacts.

The form feed mechanism is caused to take repeti-
tive spaces for all movements of the form. Except for
form spacing operations, the form feed may not be
advanced while a line printing operation is in prog-
ress. The repetitive impulses to the line space magnet
(7.74.42) for a skip or restore action are provided by
a circuit through the selected skip To channel relay
points and the skip start relay point, R73-2x/0 from
CRI17. This circuit is opened by the selected sxip TO
channel relay point as that relay is latch tripped when
the selected channel is reached.

Programmed Skips

In order to skip before printing, a skip to hub on the
370 control panel must be impulsed before the print
hub on the 305 control panel is impulsed. If skip 1O
is impulsed after the print cycle has started, skipping
will take place after printing.

A 370 print operation is normally initiated during
a program step having T,=S§. If it is desired to have
the skipping take place before printing, the PROGRAM
EXIT impulse is wired through a communication chan-
nel to the appropriate skip to hub. The same impulse
is wired to CYCLE DELAY-IN. CYCLE DELAY-OUT Is then
wired to PRINT and to PROGRAM ADVANCE OF PROGRAM
ENTRY.

If it is desired that skipping take place immediately
after printing, either of two control panel wiring
methods may be used. The first requires that the rro-
GRAM EXIT impulse be wired into print hub and the
cycle delay-in hub. The resulting CYCLE DELAY-OUT
impulse is wired through a communication channel to
the desired skip to hub. This same impulse is wired
t0 PROGRAM ADVANCE Or PROGRAM ENTRY. The second
method makes use of an impulse at the 370 control
panel, such as an ANALYZER EXIT impulse, to cause

skipping.



It is possible for a 370 to receive a signal to skip
while it is in the process of skipping. So that the 370
can remember where to skip to, and to prevent a
process unit interlock, it has a second set of skip to
relays. The two sets of skip to relays take turns being
the relays to store skip information. The function of
the skip buffer control relays is to control when the
skip to relays store data. One set is prepared to be
picked for every other print operation.

Figure 129 shows sequential relay operation for a
skip to 2 beiore printing, printing, and a skip to 3
after printing. The printer receives the skip to 3 im-
pulse while the skip to 2 is in operation. The program
that causes this operation is W9959900%b. Cycle de-
lays are used in the wiring of the & PROGRAM EXIT.
Notice that the skip buffer control relays, R152, and
R153, pick every other time the print select relays

instruction: W9959900&b

pick. Also skip bufter relays, R177, 178, and 179, pick
cvery other time the program shaft clutch is energized.
The figure shows R152, 153, 177, 178, and 179 as latch
tripped at the beginning of the sequence. They are
ripped whenever the 870 reset button is depressed.

OBJECTIVES:

1. Pick skip to relay (7.74.41).

2. Skip start (7.74.42).

3. Interlock 370 (7.74.11).

4. Skip stop (7.74.41).

A skip to relay is latch picked to remember what
carriage tape channel hole stops the form movement.
It stavs up until the hole is sensed.

Skip starts occur when R73 on 7.74.42 is picked.
R114-2 in the pick of R73 prevents a skip start when-
ever a printer is already skipping. R73-2N/0 allows
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CR17 impulses to the line space magnet.

Printer interlock is accomplished by dropping R2
on 7.74.11. R73-5 N/c does this.

Skip stop is accomplished by dropping R73. R73 is
held through a N/o skip relay point. Skip to relays
are latch tripped when the skip to hole is sensed on
7.74.41.

OB JECTIVE:

1. Pick a skip to relay during a skip (7.74.41).

To pick a skip to relay during a skip it is necessary
to use the set of skip to relays not concerned with the
present skip. R152 and R153 points accomplish this.
These relays are latch picked every other print opera-
tion on 7.74.40. R177-1 N/c controls this. Referring to
7.74.40 you see that R177 is latch picked every other
PS clutch pulse under control of R152-3 n/0. Refer to
Figure 129 to see the timing of these relay operations.

Overflow

The overflow hubs (7.74.41) emit a PS17 impulse
after printing starts if the channel 12 contact is closed.
The ovErRFLOW impulse is wired to a skip to hub to
cause a skip to a hole in the desired channel after
printing of the line is complete.

Restore

Depressing the restore switch causes a skip to 1 opera-
tion. When you operate the restore switch on 7.74.42,
one of the skip to one relays, R155 or R156, picks.
R114 on 7.74.40 latch picks. When the restore switch
returns to normal, the skip start relay, R73, picks on
7.74.42. The circuit then operates as a normal skip
to 1 skip.

If the channel 1 star wheel contact is already read-
ing a hole when the restore switch is operated, the
skip takes place nevertheless. This is insured by R114-1
N/c on 7.74.41, which holds open the circuit to Iatch
trip R155 or R156. The first impulse to the line space
magnet also latch trips R114.
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Optional Features

MLP Repeat

Up to 8 lines of MLp may be printed by using this
feature. It consists of relays and control panel hubs to
permit extended control of MLp. MLP and MLP repeat
control panel hubs are shown in Figure 130. The wir-
ing in this figure also shows an example of wiring to
cause a 6 line MLP operation. The MLP repeat in hub
must be impulsed before analysis time of the last
standard mLP line called for has passed (line 3 in Fig-
ure 130).

- Impulsing the Mip repeat in hub picks R56 on
7.74.50 to allow a hold for R54 through Rb6-2n/0
until PS-16 makes again on 7.74.51. With R54 up the
printer select relays may not be tripped, so the printer
proceeds into repeating MLp. The MLP repeat out hub
emits an impulse during the first MLP repeat program
shaft cycle. This impulse is directed by control panel
wire to an MLP in hub. The MLP in hub selected de-
termines the number of MLP repeat lines of printing.
In Figure 130 the number of additional MLP repeat
lines of printing is 3. R59 remains up throughout the
MLP repeat operation to activate the MLP 5, 6, 7, and
8 hubs.

ANALYZER A
EXIT

! 0 4 0—0 80
|- LINE PROG. IMP

L]

F—MLP RPT —

ANALYZER B
EXIT
1

Figure 130. mLp Repeat Control Panel-




The 323 Punch serves as one of the output devices for
the rRamac 305. Its operation during automatic proc-
essing is under control of the 305 program, supple-
mented by control panel wiring on the punch itself.
When a program exit impulse is received at the punch
hub on the 305 control panel, the 323 takes a cycle.
During this cycle, data is selected from the output
track, translated into Hollerith code, and punched
into a card.

Mechanical Principles

Feeding Mechanism

The feed knives feed one card through the throat into
the first set of feed rolls for each revolution of the
punch clutch. The feed rolls then carry the card past
the punch station and the brush station to the stacker.
The knives are driven back and forth by gear sectors
which mesh with the knife racks. The gear sectors
are pinned to a shaft which moves back and forth
under the control of complementary cams mounted
on the punch clutch shaft as shown on Figure 134.

Die and Stripper Punch Brush

Magazine

Punch Brushes

Magozine Cord

Lever Contact

Die Card
Lever Contact

Figure 131. Punch Feed Schematic

Card Lever Contact

323 Punch

When a card is fed from the hopper, it is fed
between the first pair of feed rolls. The feed rolls
operate intermittently under control of the geneva.
The feed knives are timed to carry the card up to the
first feed rolls while the feed rolls are stationarv. To
insure that the first feed rolls will pick up the card, the
knives buckle the card slightly just before the feed
rolls start turning.

The upper feed rolls are mounted in fixed bearings.
The lower feed rolls are provided with pivoted bear-
ings to allow separation of the rolls when a card is
fed between them. Feed roll tension is provided by
a pressure bracket consisting of four bearing shoes
held against the feed roll shaft by compression springs.

The card also passes a set of brushes and a contact
roll. The brush assembly consists of 80 individual
brushes mounted in a brush holder so that they are
insulated from each other.

Figure 131 shows a schematic diagram of the punch
feed. Cards are placed in the hopper, face down, 12-
edge toward the throat. During the first feed cycle,
the bottom card is fed from the normal hopper loca-
tion to a position where its leading edge is just enter-
ing the die and stripper. At the end of the first feed
cycle, the die card lever contact has been closed in
addition to the hopper card lever contact.

Stacker Roll

Stacker

323 Punch 131




During the second feed cvcle, the first card 1is
advanced past the die and stripper to a position
where its leading edge has just reached the brush

station. The second card 1s advanced to the position
where its leading edge is just cntering the die and
stripper. At the emd of the second cvcle, the brush
card lever contact has been closed in addition to the
die card lever contact and the hopper card lever con-
tact.

During the third feed cvele, the first card moves
past the reading station, the second card moves past
the die and stripper. and the third card is advanced
from the hopper. Punching may be performed on this
and on all subsequent feed cycles.

Drive Mechanism

Power to drive the 323 Puach is provided by the drive
motor. A diagram of the drive mechanism is shown
in Figure 132,

When the dnve motor is energized, the following
mechanisms operate continuously:

I. Motor, V-belt, and drive pulley.

2. Geneva disk.

3. Eccentric shaft

4. Oil pump.

5. Punch clutch ratchet.

All of the other mechanisms are under control of
the punch clutch. The feed rolls, contact roll, and
stacker roll are under further control of the geneva
clutch. Operation of the punch clutch causes the
geneva clutch to engage mechanically in a manner
which will be described later.
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Figure 132. 323 Mechanical Drive
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When the motor is in operation, but with neither
clutch engaged, the drive pulley turns the drive pulley
shaft to which the pulley is keved. Attached to this
shaft inside the gear housing are two gears, the geneva
drive gear and the eccentric shaft drive gear.

The eccentric shaft drive gear operates the eccentric
shaft, which in turn transmits motion to the punch
bail. The geneva drive gear operates the geneva, the
geneva ratchet, and also the punch clutch idler gear
and shaft. Pinned on the outside of the idler gear
shaft is a small gear which drives the intermediate
index gear (Figure 133). The punch clutch 14-tooth
ratchet is a part of the index gear assembly and
rotates continuously as long as the motor is in opera-
tion. The intermediate index gear and ratchet rotate
on the punch clutch shaft, but are not pinned-to it.

In order to place the other machine units in oper-
ation, 1t is necessary to unlatch the punch clutch pawl
from its armature so that it will engage in the contin-
uously running 14-tooth ratchet. When the pawl
engages, the punch clutch shaft turns with the ratchet.
One of the gears mounted on the punch clutch shaft
drives the P-cam shaft. The gear on the outside end
of the punch clutch shaft drives the dynamic timer,
which is the index for the 323.

Within the gear housing, pinned to the punch clutch
shaft, are two sets of complementary cams. One set
of cams operates the feed knives, and the other con-
trols the engaging of the geneva clutch pawl with its
ratchet.

The geneva pawl and pawl arm are normally sta-
tionary, but when the pawl engages with the geneva
ratchet, they are driven by the geneva disk, which
imparts an intermittent motion to the pawl and pawl
arm. Welded to the geneva pawl arm is the pawl gear,
which serves as the drive gear {or all feed rolls, the
contact roll, and the stacker roll. Because all of these
rolls are driven from the gencva, they all turn inter-
mittently. The intermittent movement is necessary so
that the card will be stationary when punching occurs.
Only the upper feed rolls and the contact roll are
driven by the gear train in the housing. The lower feed
rolls are driven by their corresponding upper rolls
through gears at the front ot the machine. The stacker
voll is driven by a gear train from the last feed roll.

Punch Clutch

The punch clutch has a 14-tooth ratchet similar io
the one-tooth ratchet commonly used on iBM equip-
ment. The principal parts of the clutch include ihe
continuously running [4-tooth ratchet, a clutch pawl,
a latching mechanism, and a magnet. The magnet
provides a means of electrically controlling the oper-
ation of the clutch. The clutch magnet armature serves




Figure 133. Punch Clutch

as the latching mechanism to latch the pawl and keep
it from engaging in. the ratchet.

When the magnet is energized, the armature is
attracted and the pawl is unlatched. The pawi spring
causes the pawl to pivot in a clockwise direction to
engage the 14-tooih ratchet when the next ratchet
tooth reaches the pawl. The pawl pivots on a stud
fastened to the clutch pawl arm, which is pinned to
the punch clutch shaft. Thus, when the pawl turns
with the ratchet, the shaft must also turn.

Once the pawl is unlatched, it must make one
complete revolution before it can be relatched, because
there is but one latching point. For this reason, it is
necessary to keep the armature attracted only long
enough to allow the pawl to engage the ratchet.

When the pawl reaches the end of its cycle, the
armature has been returned to its normal position by
the return spring, and the tail of the pawl will strike
the armature, causing the pawl to be cammed out of
mesh with the 14-tooth ratchet. When the pawl has
been cammed out of mesh, the keeper drops behind

the clutch pawl arm and prevents the clutch shaft
from turning backward. Without the keeper, the shaft
might turn backward because of thev rebound, and
the pawl could drop against and catch on the 14-tooth
ratchet. This nipping action would have a tendency
to round off the edges of the ratchet teeth.

The latch point of the punch elutch is 14.5 on the
mdex.

Index and Cycles

Since all of the mechanical and electrical actions in
the 323 must be synchronized with each other, it is
necessary to have a common index to which all
machine timings may be referred. The dynamic timer
serves as the index for 323 operations.

For convenience in measurement, one cycle is
divided into units called cycle points. The most logical
unit of division is the distance between successive
punching positions on the card. The distance from
the 12 punching position to the 11 punching position
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in one card represents one cycle point. The distance
from the 12 punching position in one card to the
12 punching position in the following card is one cycle.

There are 12 punching positions in each column of
the card. Since each punch position is 14 inch from
the next, the card moves 15 inch on its path through
the machine for each cycle point.

Since the card is 314 inches wide, 13 cycle points are
required to advance a card past any given point. In
this machine there is 14 inch between cards; therefore
the cycle consists of 14 cycle points. The teeth on the
intermediate index gear and the marks on the dynamic
timer scale are used for further subdivisions. A timing
given as 11.1 indicates one tooth past the 11 index
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mark. Since the punch clutch Iatches at 14.5, this is
the starting point of each machine cycle.

Geneva Mechanism

As indicated previously, the feed rolls must operate
intermittently to allow punching of the card. The card
must be standing still when punched, but it must be
moved to a new punching position fourteen times each
cycle. This intermittent motion is provided by the
geneva mechanism.

The geneva drive gear is located just inside the gear
housing and pinned to the pulley shaft. A stud and
roller fastened to this gear operate in the slots of the




geneva (Figure 135). The hub of the geneva drive
gear is a cam surface for approximately two-thirds of
its periphery. The cam surface holds the feed rolls
in a stationary position during punching time by
locking the geneva in position.

The geneva disk has seven deep slots and seven
shallow cuts. The roller of the drive gear operates
in the deep slots and the cam surface rides in the
shallow cuts. As the drive roller leaves the deep slot of
the geneva disk, the cam surface turns into the shallow
cut, thus stopping the geneva disk from turning and
holding it until the drive gear has rotated to a point
where the drive roller enters the next deep slot. Then
the cam surface has turned to a point where it releases
the disk and allows it to turn freely.

The geneva disk and disengaging cam turn contin-
uously as long as the drive motor runs; however, no
motion is transmitted to the feed rolls until the
geneva pawl is engaged with its 7-tooth ratchet. The
geneva ratchet is pinned to the same shaft as the
geneva disk. This shaft runs through the geneva pawl
arm and gear (Figure 137). The pawl is free on the
shaft and does not turn unless the pawl is engaged with
the ratchet.

Figure 135. Geneva Mechanism

intarmediate index Geor

When the punch clutch is not engaged, the geneva
pawl is cammed away from each tooth of the 7-tooth
ratchet by the disengaging cam roller. The disengag-
ing cam makes one revolution each cycle point. Before
the 7-tooth ratchet starts to turn counter-clockwise, the
disengaging cam roller moves against the tail of the
pawl, raising it out of the ratchet tooth. The geneva
and the 7-tooth ratchet start to turn. After the pawl
is clear of the ratchet tooth, the disengaging cam roller
moves to the left, allowing the pawl to ride down into
the next tooth.

Because the disengaging cam makes one revolution
for each index point, it will operate the disengaging

roller and raise the pawl to clear each tooth on the

7-tooth ratchet. By hand-cranking the machine, it can
be noted that the disengaging roller prevents the
geneva pawl from engaging.

The operation of the geneva pawl is controlled by
the pawl disengaging roller. As shown in Figure 137,
the pawl disengaging roller is mounted on an L-shaped
lIever which pivots on the latch cam arm. When the
punch clutch is engaged, the latch cam turns, causing
the latch cam arm to rotate in a counter-clockwise
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direction. As the latch cam arm rotates, the upper end
moves to the left and down, allowing the pawl dis-
engaging roller to move away from the pawl, permit-
ting the pawl to engage the next tooth of the geneva
ratchet.

As the punch cycle is completed and the punch
clutch latches, the latch cam causes the latch cam arm
to rotate in a clockwise direction, carrying the pawl
disengaging roller to the right. This allows the dis-
engaging cam to raise the pawl out of the geneva
ratchet tooth.

The geneva ratchet makes two revolutions each
punch cycle. The geneva pawl is not disengaged after
the first revolution of the geneva ratchet because the
Jatch cam arm is moved back into the disengaging
position only at the end of each punch cycle.

Principles of Punching

The mechanism for punching holes consists of the

following:
1. 80 individual punches, each controlled by an
interposer.

2. 80 punch magnets together with armature and
pull wires to control the 80 interposers.

3. A punch bail to drive the punches through the
card.

4. An eccentric drive shaft and links to operate the
punch bail.

For each card column there is one punch which may
punch 4 hole in any of the 12 punching positions. The
card feeds 12-edge first, and every 12 hole to be
punched is punched at 12 time. The card then moves
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to the 11 position and every 11 hole to be punched is
punched. The process is repeated for each of the twelve
digit positions,

As previously mentioned, the eccentric shaft operates
continuously, as long as the drive motor is in opera-
tion. The purpose of the eccentric shaft, with its links
to the punch bail, is to convert the rotary motion of
the shaft to the reciprocating motion necessary to op-
erate the punch bail; this is illustrated in Figure 138.
Only one of the 89 punches with its associated punch
magnet is shown.

When the punch magnet is not energized, the punch
bail may move up and down without contacting the

‘interposer; therefore, no punching takes place. When

the punch magnet is energized, its armature is at-
tracted, and through the pull wire the corresponding
interposer is pulled under the punch bail tongue. As
the punch bail tongue moves down, it carries the
punch interposer and the punch connected to it down
through the card. On the return stroke, the punch is
positively withdrawn from the card by the action of
the punch bail. As the interposer is returned to its
normal position, the upper rounded edge strikes the
knockoff bar and the interposer is cammed away from
the punch bail tongue. The interposer spring then
holds the interposer in normal position.

Disengaging Cam

Geneva Drive
Gear

3 Genevg Roller

) g
HoL
Geneva Pawl l[

7 Tooth Ratchet

Detent

Geneva Disk

Feed Knife ond Latch
Com Assembly

Latch Cam Arm

Figure 137. Geneva Assembly and Drive




Eccentric Shaft

Armature

Punch Bail
Connecting Link

Punch Bail

Interposer \

Punch Bail Tongue /
/Punch Fin Magnet Pull Wire
% // ~e—— Stripper

'/ // %/// // le———Die

Figure 138. Principle of Punching

Magnet Unit

The punch magnet unit consists of 80 punch magnets
along with their armatures and pull wires, 80 inter-
posers and punches, the die and stripper assembly, and
the punch bail assembly.

There are three types of interposer and punch as-
semblies. One type is used in the first column, a
second type in the 80th column, and a third type is
used in all columns from 2 to 79 inclusive. The inter-
poser used in the 80th column is provided with a long
stud for the eye of the magnet pull wire to prevent
slipping off the stud. The interposer used in column
1 is attached to the punch to prevent the interposer
from slipping off. The space between the interposers
prevents the interposers from sticking together and
causing extra holes to be punched.

The magnet unit is held in place by four mounting
screws and is located by two aligning screws. The mag-
net unit aligning screws are located approximately
midway right and left on the front and back of the
magnet assembly. These aligning screws determine
the vertical punching registration. The left front and
back mounting screws hold the punch magnet assem-
bly through wide slots. Thus, horizontal registration
can be adjusted. The right front and back mounting
screws pass through elongated holes to permit vertical
registration adjustment by the aligning screws.

Oil Pump

The oil pump is a simple rotary-vane pump. It is
located inside the gear housing on the shaft of the
small gear which drives the index. It pumps the oil

from the bottom of the gear housing to the top, where
it is free to run down over the geneva mechanism and
gears.

The rotor is pivoted off-center in the housing. The
expansion chamber at the inlet provides a vacuum and
causes the oil to enter the pump from the well below.
The compression chamber at the outlet causes oil to
be forced out at the top. See Figure 139.

Card Feed Control

The fundamental purpose of the 323 is to serve as an
output device for the ramac. It may also be used as a
gangpunch when it is not required in the RAMAC pro-
gram. When used exclusively for gangpunching the
gangpunch hubs on 7.44.21 must be jackplugged.
When used as an output device in the RAMAC system,
the run interlock hubs must be jackplugged. In this
condition the 323 may gangpunch and punch from
the output track. The following discussions cover the
323 when used as a RaAMACG output device.

Punch Ready

It is necessary to place the 323 in a ready status before
it can operate as an on line output device. This is ac-
complished by depressing the start key after placing
cards in the hopper. This causes two feed cycles, and

Compression

Chamber

Pump Vane

Pump Housing Expansion

Chamber

Inlet

Figure 139. Oil Pump
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then turns on the ready light. The second card into
the 323 will be the first card punched by the raMac.

Once the punch is ready, feeding of cards is con-
trolled by the process unit. Each PROGRAM EXIT impulse
received at the punch hubs causes one punch feed cycle
until the hopper runs out of cards. In this case, punch
ready is obtained by placing cards in the hopper, then
depressing the start key.

When a job is complete, cards may be run out of the
feed by removing the cards from the hopper, then de-
pressing the start key.

OBJECTIVES:

1. Energize the drive motor (7.44.51).

2. First card feed cycle (7.44.22).

3. Second card feed cycle (7.44.22).

4. Punch ready (7.44.21).

The drive motor operates when HD1 is up. HDI
picks on 7.44.22 when R17 picks parallel to the punch
clutch magnet. Once the motor starts, it runs continu-
ously until machine pc power is removed.

The first card feed cycle is obtained by impulsing
the punch clutch magnet through P11 on 7.44.22. R16
picks through the start key and R15-1 N/0 on 7.44.21.

The second card feed cycle is accomplished in the
same way that the first Is. Figure 140 is a sequence
chart of card feed relay operation.

The punch ready light glows when R18 on 7.44.22
picks with R16 down. R16 does not pick because
R4-6 N/c is transferred. The circuit for the light passes
through R11-1N/0 on 7.44.21. R11 picked late in the
second card feed cycle.

Punch Select Feed Cycle

Each program exit impulse into the punch hubs on
the 305 control panel causes one punch feed cycle.
When this happens R16 on 7.44.21 is picked through
R171-3 N/0 on 7.44.22, providing the punch is ready.
The CR cam in this circuit is timed to close one index
division after each tooth of the punch clutch ratchet
passes the latch position. R16 energizes the punch
clutch so that the clutch pawl will engage the next
ratchet tooth. During this cycle, data will be selected
by control panel wiring from the output track, and
will be punched into the card passing the die and
stripper. The punching circuits will be covered later.
In Figure 140 the third and fourth cycles are examples
of relay operation during a punch select cycle.

Punch Not Ready

Whenever data is being punched the transfer of new
data to S track is prevented by the punch not ready
line on 3.02.08. This input keeps the not W cycle gate

line high. The punch not ready line is high whenever
the punch select relay, R171 on 2.07.03, is up. R17]
1s latch tripped just after 9 time punching. On the
third feed cvcle this impulse passes through R9-2~/c
on 7.44.31. On the fourth and successive cvcles it must
pass through the peec relav points. ppBC checks are
made only from the fourth feed cvcle on. R171 is latch
tripped if there has been a successful ppec check or if
the ppeC stop hubs are not wired. The R171 LT im-
pulse also passes through R22-1~x/c on 7.44.22, This
insures that a successful parity check of § track has
been made. Parity check and ppBc are discussed later.

If the punch takes only one punch cycle, punch
ready is obtained when R18 picks. It picks through its
hold coil and R171-3 x/c on 7.44.22,

Punching Circuits

Control panel flexibility allows data from any S track
character to be punched in anv column of a card. The
bit data on S wack must be translated to Hollerith
code impulses at the appropriate output track hub to
do this. Then a wire from the output track hub to a
punch magnet hub causes punching. The logic of this
translation is shown in Figure 141.

Whenever the digit impulse CB’s make, all charac-
ters of S track must be analyzed to determine if their
associated thyratrons should fire. This is possible be-
cause each CB impulse is 23 milliseconds long, which
is equivalent to 214 drum revolutions. A thyratron
fires if, at a given impulse and character time, the
gated data and decoder output compare equally. At
Br of the character analyzed, a punch gate is devel-
oped if there is an equal comparison. Do not be mis-
led by the words “punch gate.”” The signals on the
punch gate line are actually Br pulses. The character
timing of the punch gate determines which thyratron
fires.

OBJECTIVES:

1. Gated data (7.42.01).

Decoder output (7.41.01).
Equal compare (7.43.01).
Punch gate (7.43.01).

Fire thyratron (7.45.00-7.45.09).

The following describes the development of the
above objectives when a Bx and B0 are sensed in C0l
at 12 impulse time. Refer to Figures 141 and 142 when
developing these objectives.

Gated data is developed whenever there are 3 co-
inciding inputs to either of the “and” switches on
7.42.01. In this example 8F6b conducts during Bx and
BO time.

The decoder output consists of Bx’s and B0’s as long
as the punch emitter is made for 12.

G oo 1o
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An equal comparison occurs at CO1 time because the
inputs are equal.

A punch -gate is developed at Br of any character
whose inputs to the comparator are equal. The trigger
at 8]6 is not flipped when this gate is developed. The
trigger is flipped when a character is not to be punched.
The trigger is reset after each character at Bx time.

A thyratron fires during digit impulse time when the
punch gate coincides with the thyratron’s character in-
put, COOBR in this example.

Translation of 8-3 and 8-4 Combination

Most special characters have an 8-3 or 84 Hollerith
code combination as seen in Figure 1. Because of this
the punch translation logic of Figure 141 is modified
on the machine. Analysis of Figure 1 shows that the
modification of the translation circuitry must accom-
plish the following objectives. 1 the character con-
tains:

Bl + B2 + B8 a 3 and 8 must punch.
B4 + B8 a 4 and 8 must punch.
B8 An 8 must punch.

B1 + B8 An 8 must not punch.

The above objectives are accomplished by control-
ling the trigger 8]6 to originate a punch gate when you
need it.

OBJECTIVE:

Punch 3 or 4 with a B8 present (7.42.01).

When the 323 emitter is making on its #3 spot or
its #4 spot, the decoder circuit supplies Bl and B2
pulses or B4 pulses, respectively. A character on the
output track may include a B8 in combination with
a Bl and B2 or a B8 in combination with a B4. In
either of these cases the presence of the B8 in a char-
acter must be prevented from destroying the compari-
son between the gated data and the decoder pulses.
For this reason, B8 pulses are excluded from the gated
data when the 323 emitter is making cn its #3 spot
or its #4 spot. This is accomplished on 7.42.01 where
the inversion of EM 4 or EM 3 prevents B8 pulses
from being gated through 8C9b.

OBJECTIVE:
Punch 8 with B8 present (7.43.01).

At 8 emitter time to insure that an § is punched
when a B8 is present, the lower half of the comparator
is crippled. This is done through 8G6b on 7.43.01.
With this unit operating a B8 must be in the gated
data or the trigger 8j6 is flipped. With a B8 present
8]6-10 remains high at Br and a punch gate is de-
veloped.

OB JECTIVE:

Not punch 8 with B8 and Bl present (7.43.01).
The previous objective showed how an 8 is puncherl

when a B8 is present. The objective is now to suppress

B8 punch gate when a Bl is present. This is accom-
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plished by flipping 8]J6 pin 10 low. 8H6-5 receives
Bl @ C impulses from 8H7b when this condition ex-
ists. This impulse flips 8]J6 pin 10 low to prevent
punching.

Punch Parity Check

When daia is being punched, a parity check is made of
all data on the output track. If there is a parity error,
the punch willi stop at the end of the punch cycle. The
punch not ready line remains high. The punch parity
light glows. With the punch not ready line high, a
T, =S instruction may not be performed.

The card being punched when a parity error occurs,
may or may not be in error. If the error character is
not wired to punch, the card will be punched correct-
ly. The operator may determine which character is in
error by reading S track from the console. Parity error
characters will be underlined by the tyvpewriter.

Manual Correction of Parity Error Card
The procedure to manually correct the card follows:
1. Depress the console check reset kev.
2. Read the output track. Error characters are un-
derlined.
3. Depress the program start key.
4. Remove the cards from the punch stacker. De-
press the 323 check reset and start keys. The
second card to reach the stacker is the error card.

Repunching of Parity Error Card

Following is rhe procedure to eliminate the error card
and to cause the controlled data to be punched into
a new card:

1. Dcpress check reset key at console.

2. Read the output track. Error characters are un-
derlined.

3. Correct the output track data and transfer cor-
rected data back to output track.

4. Depress the program start key.

Remove the cards from the 323 hopper.

6. Depress the 323 start key to run the cards out of
the punch feed.

Depress the 323 check reset key.

8. The last three cards must be removed from the
stacker. The next to last card is the error card;
replace it with a new card. Place these three cards
at the front of the deck removed from hopper,
and return the deck to the hopper.

9. Depress start key to cause run-in and to re-
establish automatic operation.

The new card will be punched with the corrected

output track data and processing will continue from
that point.

w

~I
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OBJECTIVES:

1. Detect parity error (7.44.51).
Punch not ready (7.44.22).
Correct S track data.

4. Run cards from feed.

5. Remove parity error interlock.
6. Run cards into feed.

Punch second card into feed.

Pariiy error checks are made on the output track
whenever the punch select relay is up. When the par-
ity etror relay (R22 on 7.44.51) is up, a parity error
has been detected. The parity control trigger on
7.75.01 counts the bits in each character on § track.
If the bit count is even, the thyratron 8Cl10 fires
through R171-4 n/0 to pick R22.

Punch not ready is maintained when a parity error
occurs by not latch tripping the punch select relay,
R171 on 2.07.03. R22-1 N/c on 7.44.22 opens the latch
trip circuits.

S track data is corrected by a console read, alter,
write operation. The details of this operation are dis-
cussed in the Console section of this manual. The con-
sole check reset key should be depressed before the
read, alter, write operation. The program start key
should be depressed after.

To remove the cards from the feed it is necessary to
empty the hopper, then depress the 323 start key.
When the hopper card lever relay drops, R1-3n/c on
7.44.21 allows the start key to pick the clutch control
relay, R16. Reference to Figure 143 shows that the
next to last card into the stacker is the error card.

The parity error interlock is maintained by R22.
Depressing the punch check reset key drops R22 on
7.44.51. However, this does not latch trip the punch
select relay. This cannot be accomplished until after
the delayed brush card lever relay, RS, picks. R8-5~/0
on 7.44.22 prevents tripping the punch select relay.
When R8 picks the corrected S track data has been
punched into the second card into the feed.

Cards are run into the feed by depressing the start
key. This causes two feed cycles just as a normal run-
in operation does. A third feed cycle occurs because
R171 is up. R16 on 7.44.2]1 picks through R4-6 n/0
and R171-3~/0 on 7.44.22. This third cycle is the
cycle when the corrected data is punched.

Punching the second card into the feed is accom-
plished because R171 starts the feed cycle. Just before
this cycle the brush card lever relay, R4, picks. This
relay must be made, for any punching to take place.
When it is down it prevents the first card into the feed
from being punched. The R4-11 n/o point on 7.44.71
allows emitter impulses to the decoder. Decoder output
is necessary for punching from the S track.




Oupress Check Reset Key af Consofe.
Correct Output Track from Console.

Depress Progrom Start. Gang Punch Substitute New Cord for Error Card. Corrected Date
Remove Carch But no Thyratron It is next to Lost Cord in Stacker. Punched into New
Pority Error from 323 Hopper. Plate Supply Last 3 Cords in Stacker Cord on This Cycle.
on This Cycle, Depress 323 10 Punch From (including Replaced Error Cord) Data Gong Punched
7.75.01 Start Key. Output Trork ore Ploced at Bottom of Deck in Hopper. from Preceding Card.
A A, Y
Punch Check
Start Key Reset Key Start Key
e { [ 4
§ — } i RIZILT
RI7) (2.67 03 ) . “Punc’s Not Reody” L
3 f 2,
RI8 R18 R18
l__._ - —t—
R16 R16 1 Ciutch Control (30
Punch Clurch Punch Clutch p.Ci Pl r.Ql r.C [
4 ek Sy = — S 51, L
R22(7.44.5)) " Parity Reloy
els
RI4(7.44.21) R34 | Run Conteol 14,
‘_——_———
N R (74401 ) Pl Hopper CL
t 4 +
\ R2{7.44.11) i k2 Die CL
t 1f
N R4 (7.44.1) m R4 Beush CL
t 1)
R7 ¢ 7.44.11) R7 7 R7 87
AR NIV - o
\ 8 - ”< 7.44.11 ) [Deloyed Brush CL - rE
¢
R9 (7.34.11) 89 3 Ry R
L e —— - -
N HD 2(7.44.11) | HD 2 (7.44.51)
t
! | =| == =| =|
[E_I_U G_. Jy O b_O ‘ V O_ I I O =Y O —I_U O = U_O = U_O_
ﬂT' =] n'fl El ﬂl-f-s n /s =L n = n s "—nILJ ‘fn/t nf"]
Error Error Error Ereor Error Cord 1o Card to Cord to Corrected Dota
Card Card Cord Cord Cord Receive Receive Receive Card { Punched }
Corrected Corvected Corrected
Data Data Data
[N ¥) [Ba¥]
R A R,
Wy T=$ woy ; I=S w Cycle (7= 5) Deloyed by * Punch Not Ready "
D [ W Cycle Gate
W Cycle, T=5
P A Wired is Interupted During
e Punch Error Correction

Routine ot Console

Figure 143. Correction of Parity Error Card

Punch Repeat

Punch repeat allows a 323 to take two punch cycles
for each procraM ExiT calling for a punch out opera-
tion. The format of the second card may be changed
by using co-selectors. The co-selectors would be picked
by the PUNCH REPEAT ouT impulse. This impulse is
available only at the beginning of the second punch
cycle.

Punch repeat may be initiated by the same PROGRAM
EXIT that impulses punch select. This impulse must be
wired to the punch repeat P hub via a communication
hub. Punch repeat may also be initiated by impulsing
the punch repeat D hub. The D hub should be wired
from an output track hub via a digit selector. A se-
quence chart showing a punch repeat operaticn is
shown in Figure 144.
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Figure 144. Punch Repeat
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OB JECTIVES:

1. Start punch repeat (7.44.45).

2. Keep S track interlocked (3.02.08).

3. Energize punch clutch second time.

4. Punch repeat out impulse (7.44.45).

Punch Repeat is staiied by picking R113 on 7.44.45.

S track remains interlocked for the second cycle be-
cause R113-3N/c prevents tripping the punch select
relay. This does cause error control relay, R18, to pick
though.

The punch clutch is picked a second time by R16-2
on 7.4422. R16 is picked through R18-2n/0 since
R171 is still up.

The punch repeat out impulse on 7.44.45 passes
through R1-5N8/0 on 7.44.45 and P12. Circuits are
provided to remember the punch repeat status when
correcting a parity error card. Figure 145 describes this
operation.

Sign Conversion

A Bx in the units position of a number indicates that
the number is negative. If the units position digit of

Depress Check Reset Key ot Console.
Correct Qutput Track from Console.

a negative number is zero, the bit structure of the
character is Bx, BO and Br. Punch translation decodes
the Bx and B0 into a 12 time impulse. However the
units position should be punched with an 11 and a 0
punch, not a 12 punch. The sign conversion circuits
convert a 12 time impulse into 11 time and 0 time
impulses.

The circuits are on 7.44.41. The units position out-
put track hub should be wired to one of the sign con-
version in hubs. The corresponding sign conversion
out hub should be wired to a punch magnet hub. The
only impulse that is changed when it enters an in hub
is a 12. All other impulses travel through the two
normally closed points to the out hub. R55 picks dur-
ing 12 time. Hf a 12 impulse is received at an in hub,
R55 N /0 points allow picking of an impulse relay, for
example, R81. The impulse relay -2 point then allows
Il time and 0 time impulses to reach the out hub.

Column Split

It is often desired to provide a different assignment
for a 12 or 11 impulse than is afforded the numeric
impulse emitter from the same output track hub. In
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Figure 145. Delay of Punch Repeat During Error Correction
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such a case, the output track hub may be wired
through a corumn spLIT. 12 or 11 time impulses re-
ceived at the column split common hub will be emit-
ted from the 11 — 12 hub (7.44.61) . Numeric impulses
received at the common hub are emitted from the
0 —9 hub.

Ten positions of column split are included on the
323 control panel. Each position is controlled by a
point of R27, which is encrgized during the time that
P16 is closed, 14.6 to 11.6.

Double Punch and Blank Column Detection

The 328 is provided with 20 standard and 60 optional
positions of double punch and blank column detection.
This feature permits any column of the card to be
checked for either double punches, blank column, or
both. The 323 may be wired to stop or offset stack
the error card, or both, if a double punch or blank
column is detected. Figure 146 shows the flexibility
of this feature.

vpec detection is accomplished as the card passes
the punch brushes. The data from which the card was
punched has already been replaced on S track when
the ppec check is made. For this reason error cards
must be corrected manually. If pPBc sTOP 1s wired, the
first card to reach the stacker on a restart is the error
card.

If inspection reveals that the error is in a gang
punch field, all cards must be removed from the feed
and a punch restart made.

OBJECTIVES:

1. Detect blank column (7.44.31).
Detect double punch (7.44.31).
Stop punch feed (7.44.22).
Interlock § track (3.02.08).
Restart punch.

A blank column is detected just after 9 time if the
blank column control relay, Rb2 on 7.44.31, is not
picked. Each punch brush wired for blank column
detection must pick its ppeC detection relay. This will
complete the test circuit to pick R52.

A double punch is detected when the double punch
control relay, R53 on 7.44.32, is picked. R53 is picked
when the second hole of a column wired for double
punch detection is sensed. It picks because the first
punch sensed transfers the dzsh two point of the posi-
tion wired.

The punch feed stops becausc the circuit to pick the
clutch contro! relay, R16, is open at R18-2N/0 on
7.44.22. R18 is down because it cannot pick through
R171-3n/c. R171 is not latch tripped because all the
relay points between P14 and P23 on 7.44.31 are trans-
ferred. R51, the ppBC stop relay, is picked instead.
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S track intevlock is accomplished when the punch
select relay, R171 is up. The reasons for this are ex-
plained above. R171 up develops the punch not ready
Iine on 3.02.08.

Punch restart is accomplished by depressing the 323
check reset key, then the start key. The check reset key
trips the punch select relay through R51-3x/0 on
7.44.22 and drops R51 on 7.44.31. The start key re-
picks the run control relay, R14 on 7.44.21.

Optional Features

Offset Stacker

The offset stacker provides an alternate method of
indicating ppBc errors. If the offset stacker hubs are
jackplugged (7.44.99), any card containing a DPBC er-
ror will be stacked in an offset position from the other
cards in the stacker. The ppsc stop hubs (7.41.31)
may be left unwired so that a ppec error will not de-
stroy continuous operation.

The offset stacker device consists of a split stacker
roll and a cam assembly, a pair of cam fingers, and a
magnet that controls the operation of the cam fingers
(Figure 147) .

The two cam fingers are so arranged (mechanically)
that they operate simultaneously, and one controls the
operation of the other. One cam finger latches on the
magnet armature. It carries a stud, which operates the
other cam finger. This assures that the two cam fingers
operate at the same time and permits them both to be
controlled by a single latch. When the cam fingers are

Right
Cam Finger Control
Adjusting Screws O on v

ognets
o\

Left Offset Com

Cam Finger

-

Split Stacker Roli
Offset Cam

Figure 147. Offset Stacker




latched in an open position, they clear the cam surface
and are inoperative. When the magnet coil is ener-
gized, the armature is attracted, and the cam fingers
are released and allowed to close about the cam shaft.
As the stacker roll revolves, the cam surface causes the
stacker roll to be carried toward the front of the ma-
chine. The stacker roll has a split shaft, splined so
that it may be driven in either a normal or extended
position. At the end of the cycle the restoring cam
carries the cam fingers beyond the latching point and
knocks the armature awav from the cores. With the
cam fingers relatched, the stacker roll is free to be re-
turned to its normal position by spring tension.

Since the unpunched or double punched column is
sensed by the punch brushes one cycle before the card
reaches the stacker, the operation of the offset stacker
magnet is delayed for one cycle until the card contain-
ing the blank or double punched column is being
stacked.

On 7.44.99 R111 must be energized in order to pro-
vide a P18 impulse to the offset stacker magnet. When
the offset stacker hubs are jackplugged, a circuit is pro-
vided to R111 by the energization of R33 or the failure
to energize R52. This is a P14 impulse supplied from
7.44.31 at 9.7 to 18.2 of the cycle during which the
error is detected. Once picked, R111 holds through P17
until 9.5 of the following cycle, thereby providing a
circuit to the offset stacker magnet from 0.5 to 2.5,

Pilot Selectors

Ten pilot selectors are available on the 323. Each of
these has a P exit or immediate pick up hub and a
delay pick up hub.

An impulse into the P exit pick up hub for pilot
sclector 1 latch picks R231 and transfers the selector
points immediately (7.44.92) . This hub is designed
primarily o receive 305 PROGRAM EXIT impulses wired
through a coyauNicaTion channel

An impulse into the delay pick up hub selector 1
picks R232, which then holds until 13.9. R232-2 pro-
vides a P20 impulse to the pick of R231 at 13.2 to 13.7.
Thus, the selector points will be transferred during
the following cycle. This hub is intended primarily to
receive digit impulses from an output track hub.

All selectors are tripped by the same impulse that
trips the punch select relay in the 305 (2.07.03,
7.44.22) . This impulse is provided at 9.7 to 13.2 after
punching is complete.

Co-Selectors

Twenty co-selectors are available on the 323. Each
selector has five sets of points. An impulse into the
pickup hub for co-selector 1 picks R118, which then
holds until 18.9 through P19. The points of R118 im-
mediately alter the circuit through the selector posi-
tions so that the circuit is from C to T rather than
from C to N. The circuits are on 7.44.94.
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407 Accounting Machine

The 407 Accounting Machine—Models R1 and R2-is
an optional RaMAC output unit. When selected by the
305, it performs a list cycle reading S track instead of a
card in its feed. When on line, its card feed is inopera-
tive. When selected by the 305, any standard 407 func-
tion may be accomplished; for example comparing,
MLR, carriage controls, selection, programming, stor-
age, counters, and summary punching. The 407 may
be used off line as a standard 407.

Mechanical Principles

The mechanical principles are the same as a standard
407 Accounting Machine. The 407 Customer Engineer-
ing Manual of Instruction, Form 22-8090-4, contains
descriptions of all 407 mechanical principles.

407 Circuits

Standard 407 circuits are altered so that it can per-
form on-line operation. The additional circuits are
shown on wiring diagram 210950. All relays and CB’s
on this diagram are prefixed by “RA.” This diagram
supplements 407 diagram 123165B. The following dis-
cusses only the circuits peculiar to a Model R1 or R2.

Standard 407 circuits are explained in the 407 Cus-
tomer Engineering Manual of Instruction, form 22-
8090-4. All wiring diagram references in this writeup
refer to the 407 supplemental diagram unless other-
wise designated.

On Line 407 Ready

To place the 407 in a ready condition, wire its inter-
lock hubs then depress its start key. This causes the
407 CR mechanism to run continuously, and the 407
ready light to glow. The card feed will not feed cards.
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OBJECTIVES:

1. Cause CR mechanism to run continuously.

2. Prevent card feeding.

3. Pick power interlock relay (7.44.51).

The CR mechanism runs continuously whenever
the drive cluich is energized. The hold circuit for the
drive clutch is through the run relay point, R1638
AU N/o in section 4A of the 407 diagram. The run
relay is held through a second read card control relay
point, R1632 BL in 1A. The run relay picks through
standard 407 circuits. R1632 is picked in 2B through
RA112-6 N/o and RAll24 N/0 to the line. RA112
picks through the interlock hubs in 3A.

Card feeding is prevented by opening the circuits to
the gripper clutch and picker clutch magnets. The grip-
per clutch circuit is opened by RAI11-7 n/cin 1A. The’
picker clutch circuit is opened by RA111-6 in 1A. Card
reading is prevented by RA131-A and B N/c points in
2A. RAI131 picks in 3A when the run interlock hubs
are wired.

The power interlock velay on 744.51 picks through
RA112-10 in 3A, and CR108 in 3A of the 407 diagram.
It picks on the first 407 cycle after depressing the start
key. The poweriinterlock relay points on 7.44.51 allow
340 regulated voltages to the 407.

Off Line 407

To take a 407 off line it is necessary to drop all the
function interlock relays. They are relays RAI12,
RA111, and RA131 in section 3A. To drop RA112 and
RAI131, open the INTERLOCK connection. (The INTER-
Lock may be wired through an alteration switch.)
Then, depressing the start key will cause RALIl to
drop.

407 Print Select

A PROGRAM EXIT impulse to the 407 print (select) hub
on the process control panel, causes the 407 to perform
a list cycle. R134 is latch picked (2.07.03) when the
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407 is selected. This causes the next 407 cycle to be a
_ list cycle if the impulse is received before 230° of the
407 index (see Figure 149). Printing during this cycle
will be discussed later. Data on S track cannot be al-
tered until the 407 has finished reading it. This inter-
lock is accomplished by 407 not ready on 3.02.08. At
180° of the 407 print cycle, the 407 has finished reading
S track data. R134 LT is energized (2.07.03) through
SCL40 to 1A of the Supplement through CRRA 9,
RA111-7n/0, to CR30 in 7A of the 407 diagram. This
allows 50° (about 55 milliseconds) for writing new
data on S track and selecting the 407. Therefore, it is
possihle to have successive list cycles.

407-323 Select

Whenever the same PROGRAM EXIT is wired to the 407
print {select) and the punch (select) hubs on the 305
control panel, 407 printing will precede 323 punching.

This sequence is controlled by relays 133, 134, and 135
in the 805. Relays 134 and 171 on 2.07.03 are latch
picked simultaneously when this happens. R134-2 N/0
allows a 407 list cycle on 2.07.03. The 323 punch cycle
is held up because R135-6 N/c prevents a pick of R16
on 7.44.22. R134 is latch tripped at 180° of the 407
list cycle through CRRA 9 in section 1A. R16 picks
through R135-1 N/o. R135 was picked through R171-3
on 7.44.22. R16 then allows a punch cycle. At the end
of the punch cycle, R171 and R133 are latch tripped.

On Line Printing

When the 407 prints, switching relays in the 323 con-

nect it to the punch translation logic circuits shown
in Figure 141. Figure 148 shows how this is accom-
plished. The thyratrons, instead of developing an im-
pulse at the 323 output track hubs, pick high speed
permissive make relays in the 407. These relay points
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allow 407 master CB impulses to the second reading
hubs. Each permissive relay pick then is similar to
reading a hole in a card at the second read station.

Printing circuits are best described by using an ex-
ample. The following assumes the 407 to be perform-
ing an on-line 407 list cvcle. It can be applied to the
printing of a 5 irom C00 of S track. Figure 149 shows
relay operation for printing a 5 trom C00.

OBJECTIVES:

1. Pick switching relavs (7.51.02) .
2. Pick read relay (3B).

3. Develop print/punch gate (7.43.01).

4. Fire thyratron (7.45.00-7.45.09).

5. Pick print relay (6A).

6. Hold print relay through impulse time (6A).

The switching relays pick to synchronize the punch
translation logic to the 407. They pick on 7.51.02
through RA130 BN/0 in section 2A. Their hold is
through CR82 in 2A until 180°. When they drop,
punch translation logic is synchronized to the 323 so
punching can begin.

The read relay, RA109, picks in 3B through the
R1422-1 N /0 point (feed control relay) . Itis up during
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read time only. R1422 picks in 8B of the 407 diagram.
The pick circuit is modified by RAT180 AL and RA112-7
in 1B. RA130 is picked in 3A through CRRA 2, and a
407 select relay point, R134-2N/0 on 2.07.03.

The print/punch gate develops the same way the
punch gate develops. A description of this develop-
ment is in the 323 section. However, there is a modi-
fication to the circuits which prevents development of
a print gate until a full character has been analyzed.
This modification is necessary because the thyratron
plate supply and the decoder input occur at the same
time. Since these two signals are not synchronized with
the 305, they may begin at the middle of a character.
If this happens, the first character can be incorrectly
compared and a print gate developed in error.

The pluggable units 8]7 and 8K6a are added to pre-
vent this false print gate. 8]7-3 rises slowly and falls
rapidly. This prevents development of a false print
gate for the first and last character.

Figure 150 shows how this is accomplished. The
emitter gate is high, searching for “5’s” on S track.
CO07 data is a 4. If 8]7-3 rose immediately a false print
gate would have developed since the decoder could not
emit a Bl before the emitter gate went high. Similarly
a Bl in C84 was prevented from firing a thyratron
when 8]7-3 fell quickly.

The thyratron fives as soon as it has coinciding print
gate and character inputs through the plate supply
CB’s.

305 Time
Bir co7 l

COs ) \ C85

The print velay picks through the thyratron when
or after MCB’s 7 and 8 make. The circuit for picking
a print relay runs from ground through MCBS and
the relay coil in section 6A; to 7.44.73 through a n/0
switching relay point; to the thyratron.

Print relays hold through the impulse CB’s. If the
mpulse CB’s are at their extreme low tolerance, the
print relay pick coil is held by its inductive kick back
circuit after the thyratron stops firing. This circuit
runs from ground through MCB’s 7 and 8 and through
the diode attached to pin 10 of the thyratron to
ground. The print relays hold circuit starts in 6A and
runs through RA131-A and B N/o points in 2A, and
the impulse CB’s in 26A of the 407 diagram.

Parity Check

A parity check of all § track data is made each time
the 407 is selected by the 305. 1f a parity error is de-
tected, the 407 parity error hight glows and the 407
parity error hub emits an impulse. This impulse may
be wired to MACHINE sTOP to cause the 407 to stop at
the end of the list cycle. When this happens, S track is
interlocked. To remove the interlock, depress the 407
parity reset switch, then the start key.

OBJECTIVES:
1. Parity check S track (7.75.01).
2. Indicate parity error (7.75.01).
3. Stop 407 (30A - 407 diagram) .

s X 0 1 2 4 8 R S x 0 ¢ ¢
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Figure 150. 407 Print Gate Control (7.43.01)
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4. Interlock S track (5.02.08).

5. Clear interlock.

S track parily check occurs on 7.75.01.

Parity ervors are indicated when the thyratron 8C11
on 7.75.01 fires. It fires at Bs@ B following a character,
when 8D9-10 is left high, if 8C11-7 and 8 are high. 407
not ready is high when the 407 is selected. 8C11-6 is
high when CR41 in-3A is made. RA109-2 n/0 allows
the error 1 relay, RAl13, to pick during S track read
time only.

The 407 stops when the parity error impulse is re-
ceived at the stop hub. R1464 in section 30A of the
407 diagram picks to cause a normal 407 stop manual
start.

S track interlocks when the 407 select relay, R134,
is up. The trip circuit to R134 is open at RA113-5 n/c.
407 not ready on 3.02.08 prevents a W cycle gate when
T=S.

The interlock is cleared by depressing the parity re-
set switch, then the start switch. RA108 in section 3B
picks after the error 1 relay picks. While up, it nullifies
the 407 start key with its - 3 N/c points in section ]1A.
RAI08 drops when the parity reset switch is depressed
(3B) . 407 ready is obtained by depressing the start key.
This also allows CRRA 9 in 1A to trip the 407 select
relay, thus releasing S track interlock and developing
407 ready.

Error Print

An asterisk prints to indicate a parity error when the
407 error print hub is wired to a lower zero print hub.
This will not stop the 407; however, the stop hub
could be wired also. The parity error light remains on
after an error, until the parity reset switch is depressed.
RA113-6 N/o, and error 1 relay point in section 3B, al-
lows the asterisk entry CB impulse to reach the error
print hub.

Program Exit Translator

The program exit translator in hubs accept program
exit impulses from the 305 control panel via communi-
cations hubs. Translators may be used only when pick-
ing pilot selectors and impulsing the last record hub.
The PROGRAM EXIT used must be the same as that used
for 407 priNT (select). The translator converts the
program exit impulse into a 407 timed 10° impulse,
occurring at 318° of the first list cycle following recep-
tion of the impulse. The translators are in 4A of the
407 supplement.

Multiple Line Read

The MLR hubs in 2A of the supplement may be wired
from a 305 PrROGRAM EXIT via communication hubs to
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start a MLR operation. The PROGRAM EXIT used must
also be wired to 407 prINT. The MLR hubs may not be
wired from a PROGRAM EXIT TRANSLATOR. All standard
MLR controls remain the same.

Record Ahead Control

When 407 counters are used to accumulate, they may
be controlled for programming the same as an oft-line
407 by simulating cards feeding through the 407. This
is accomplished by carrying two complete input rec-
ords in the 305 program. The data to be printed and
the control data for the next item to be printed can
be assembled and transferred to S track. In this way,
control data for the next item is available one list cycle
ahead, just as it would be if wired from first reading
in an off-line operation. The comparing unit can then
be used to compare control data and initiate program
cvcles. An example of wiring to accomplish this is
shown in Figure 151. Counters controlled by this wir-
ing may be “run-in-reset” by wiring the Ri-on hubs
(2B-supplement) . The reset occurs the first time the
407 is selected. This run-in-reset will function the same
as a standard 407 run-in total cycle. Print suppression
will occur. The counters wired will clear. Relay se-
quence is shown in Figure 152.

Run In RESET OBJECTIVES:

1. First 407 select.

407 program start.
Suppress printing (1A).
Reset counters.

Fail to read S track.

407 ready.

The first 107 select impulse causes the 407 to per-
form an S track read cycle.

407 program start occurs as a resu]t of the control
panel wiring shown in Figure 151. There is no data in
the “data to be printed this cycle” fields (Figure 151).
This causes an unequal comparison with the “next
card data.”

Printing is suppressed on this first list cycle and the
following total cycles. Picking the non-print relay,
R1656 in 1A, does this. R1656 PL picks through R1633
AUN/c, CRRA 5 in 3B, and 1422-1 N/o in 8B of the
407 diagram.

The non-print relay holds through the “run-in con-
trol change” cycle and the counter reset total cycles.
On the counter reset total cycles the non-print relay,
R1656 PL, picks through R1633 AU N/o in 1A of the
407 diagram.

The non-print relay picked through a second read
card control relay N/c point, R1633 AUN/c in 1A.
This relay does not pick until 225° of the first list
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Figure 151. On Line Comparing

cycle when RUN-IN—ON is wired. RAll7-3N/c in 2B
prevents picking R1632 until the first list cycle after
R1481-12 makes.

All counters reset that are wired to reset. The reset
occurs during the total cycles started by the unequal
comparison. This is a standard 407 function accom-
plished with standard 407 circuitry.

S track cannot be read during total cycles because
R1422, the feed control relay, cannot pick. This pre-
vents the read relay, R109, in 3B from picking.

407 ready occurs after the last total cycle when the
minor 2 relay drops. R1413-5 N/c in 1B lights the ready
light. This same point prevents starting 407 on-line list
cycles, while the 407 is still in a total cycle.

Last Record Operation

The last record hub in 2B of the 407 Supplement may
be wired from a PROGRAM EXIT via a2 PROGRAM EXIT
TRANSLATOR, or a 407 control panel impulse. The pro-
6rRAM EXIT used should be the same one that is wired
to 407 print (select). The wire to the LR hub may
test the 305 last card selector. The run-in—on hubs
must be wired to make the LR hub active. Wiring the
LR hub causes the 407 CR mechanism to stop, after
printing the last output of a job. RA118 in 2B picks
during the last on-line list cycle. This causes the second
read card control relays in 2B to drop at 228°, This
opens the permanent hold to the run relay, R1638, at
R1632-BL n/0 in 1B. R1638 drops and picks R1464 in
30A through R1638-AU n/c in 4A. R1464-4 N/c trans-
ferring in 4A opens the permanent hold to the drive
magnet.

If a program start occurs during the last list cycle,
the 407 stops after the programs are over. The drive

clutch is kept energized by delaying the pick of R1464
in 30A until after the program cycles have finished.
The minor 2 relay, R1413-11 N/c in 30A, opens the
pick of R1464.

Wiring the Lr hub activates the rcT hub in section
1B of the 407 supplement.

407 Final Total

At the completion of a job it is possible to take a 407
final total. One of the two following procedures must
be followed:

I. When the Lr hub is wired, depress the final total
key after the 407 stops at the end of a job. A
final total will print.

2. When the Lr hub is not wired, do the following:
a. After the job is finished open the INTERLOCK
connection. (Wire the INTERLocK through an
alteration switch.) This causes the CR mechan-
ism to stop.

b. Depress the 407 start key. This insures that all
function interlock relays drop.
c. Depress the final total key.

The first card in relay, R1688, must be down to
allow a final total. R1688 AL N/c¢ in 8A of the 407
diagram must be made. R1688 remains up as long as
the second reading card control relay, R1632 in 2B of
the 407 supplement, is up. R1632 is dropped by open-
ing RA118-2N/c in the first procedure. RA112-5N/0
drops R1632 in the second procedure.

Reset Check

Circuits added to the 407 allow clearing a reset check
while the 407 remains on-line. To clear a reset check,
depress the 407 stop key. This turns off the reset check
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Figure 152. Run-in Reset Operation

light. Then advance the form to prevent over printing.
Depress the 407 start key, followed immediately by the

stop key for each total cycle.

remains off, the counters are clear. Resume processing

by advancing the form, then depressing the 407 start

key.
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When a reset check occurs, R1444 - 2 N/c transferred
in 1A, opens the circuit to the start key. Depressing
the stop key picks the reset check release relay, R1669
in 8B of the 407 diagram. Section 5A shows a RA112-2
N/c modification of the 407 circuits. This allows
R1669-A N/c to drop out R1444. the reset check re-




Functions and Operations

The 1M 382 Paper Tape Reader is an optional input
unit for the 305 system. The tape reader is designed
to read 5-channel telegraphic tape and 8-channel tape,
using the 181 858-884 coding as standard input to the
system. In addition, an all-channel decoding principle
has been incorporated so that virtually all tvpes of
paper tape can be used for input to the RaMac.

Tape is read at the rate of 20 characters per second
and is written on the tape input track ($) in the same
sequence in which it is read. Writing on the input
track can be turned oN or oFF at the 382 control panel
to eliminate the entry of unnecessary data from the
tape.

g
%
!
l,

[

Figure 153. IBM 382 Paper Tape Reader

382 Paper Tape Reader

The entry of data from the tape reader to the proc
ess unit is controlled by a program exit impulse wired
to the feed tape hub on the process unit control panel.
The impulse to the feed tape hub initiates a tape feed
operation, and the 382 will continue to feed and read
tape until the end of the tape record is signalled by
the presence of an identifying special character. A
control panel exit corresponding to the special char-
acter will emit an impulse when that character is read
from the tape. Wiring the exit impulse to the record
end hub will suspend tape feeding until another tape
feed operation is initiated at the process unit.

Tape Reader

The paper tape reader is mounted in a desk type cab-
inet which can be located either to the right of the
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console or to the left of the printer. The reading
mechanism is the same as that used in the 46-47 Tape-
to-Card Punch. The reading mechanism accepts tape
up to one inch in width. All punched holes must have
a spacing of one-tenth of an inch center to center both
vertically and horizontally. The tape feed sprocket can
be adjusted to allow tape with offset feed holes to be
read.

Tape Input Track

As tape is read into the system, it is written on the $§
track. Each time the tape reader is impulsed to read a
new record, the tape input track is automatically
erased. The information from the tape is then entered
serially, starting at track position 00 and progressing
in ascending sequence.

Writing on the input track is controlled by a track
position counter. Each time a character is written, the
track position counter advances to condition the next
track position on the following read cycle. 1f the tape
record contains more than 100 characters, the track
position counter will advance from position 99 to 00
and begin writing again at track position 00. When
writing is turned off, counter advancing stops, even
though tape continues to pass through the tape reader.

The tape input track is interlocked to prevent trans-
ferring data from the input track until tape reading is
complete, and to prevent entering data from a process
drum track during the time that tape is being read.

8-Channel Operation

8-channel tape is used by the 1BM CARDATYPE 858 and
the 884 Typewriter Tape Punch. The code structure
is the same binary coded decimal system that is used in
the rRaMAC.

An 8-channel tape contains two types of data:

1. Alphabetic and numerical information.

2. Functional codes which are needed to identify or
control the operation of the reader in assembling
and selecting data to be written on the input
track. This includes such items as skip codes,
error codes, and end-of-line codes.

TAPE FEED
1ABCDEFGHIJK MNOPQRSTUVWXYZQ012345
END OF LINE

X—-000 90000000000
o0 000000000
CHECK— @ 00 ¢ 00 0o o o0
o0 ' o0
® 0 @ ¢ 0 00O POE OO OO SO OLRESOEPREES
4—0 (YY) so0e e000 o0
2—0 o0 e e 00 o0 oo o0
]—0¢ © o © 060 ® © ¢ © 0 06 ¢ © 0 0 o

Eight punching positions across the tape provide for
coding alphabetic, numerical, and functional codes.
Combinations of six of these channels are used for the
letters, numbers, and special characters. The remain-
ing two channels are used for checking and end-of-line
codes.

The eight channels are labeled, from bottom to top,
1, 2, 4, 8, check, 0, X, and end-of-line. Each character
is represented by a single hole or combination of holes
as illustrated in Figure 154.

When the tape is punched correctly, each vertical col-
umn contains an odd number of holes. When the tape
is read by the 382 each column is checked to see that
an odd number of punched holes are sensed. If an even
number of holes is sensed, the tape reader stops and
the tape check light turns on to indicate the reason
for the stop.

Control panel functions are contrclled by placing
special character codes in the tape. For example, selec-
tors may be picked up or dropped out by character
codes in the tape. The last character in every record
must be unique so that when it is recognized tape
reading can be suspended. This final character or
special function code must be wired from its exit to
the record end hub.

5-Channel Operation

The tape reader will accept standard 5-channel 11/16
inch telegraphic tape. When reading 5-channel tape,
the lower five reading pins are used for sensing and
the upper three perform no function. The 5 cHa sTp
switch on the 382 control panel must be wired in order
to interpret telegraphic codes.

The b-channel tape system includes 31 valid code
combinations which are divided into 5 functional
codes and 26 character codes. The functional codes
correspond to printing telegraphic equipment func-
tions. Space, carriage return, line feed, letters shift,
and figures shift are the five functional codes. The 26
character codes are dual purpose codes. In one shift
(letters shift) they represent the 26 letters of the al-
phabet and in the other shift (fAgures shift) they
represent numerical digits and special characters. After
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Figure 154. 8-Channel Code
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Figure 155. 53-Channel Code

a shift code has been sensed by the 382, the decoding
circuits remain in that shift until the next shift code
is read from the tape.

The special characters are represented by the nor-
mally unassigned figures shift codes. Any of these char-
acters not assigned to digits or special characters may
be used for functional codes.

Al Channel Exits

The ALL-CHANNEL EXITs are provided so that tape codes
other than 8-channel or 5-channel telegraphic may be
decoded and processed. The concept of decoding with
the all-channel exit hubs is based on assigning a binary
value to each of the seven punching positions, num-
bering from the bottom of the tape and progressing to
the top. To determine which of the 128 all-channel
exit hubs will emit for a particular punched code, the
binary value of the holes are added and the total de-
termines the number of the exit hub for that code. By
wiring the ALL-CHANNEL EXITs to the character entry
hubs any tape code of up to seven channels can be
decoded. Figure 156 illustrates the process of selecting
an appropriate ALL-CHANNEL EXIT for a given combina-
tion of tape punches.

Mechanics

The 382 contains the following major mechanical
units:
1. A clutch controlled circuit breaker unit.
2. A cam operated, latch controlled tape reading
unit.
3. A continuously operating tape rewind unit,

CB Unit

A clutch controlled circuit breaker shaft, operating
eight circuit breakers, provides for electrical control of
the tape reading process. The tape reading unit is gear
driven from the circuit breaker shaft; therefore, the
circuit breaker clutch must be energized in order to
furnish mechanical power to the tape reading unit.

Tape Reoading Mechanism

The tape reading mechanism performs two functions:
I. Mechanical sensing of the tape.
2. Advancing the tape one character position dur-
ing each tape read cycle. .
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Figures 157, 158, and 159 illustrate the operation of
the wape sensing mechanism. With the tape reading
mechanism latched, the reader pins are held in a re-
tracted position by the individual reader pin inter-
posers. The group of ecight reader pin interposers are
held in a retracted position by the latched interposer
bail.

A reader cycle is initiated by energizing the reader
control magnet and transferring the control arm. With
the control arm in the fully operated position the inter-
poser bail assembly is free to follow the pin operating
cam. As the interposer bail follows the pin operating
cam, the reader pin interposers drive the reader pins
against the tape under spring tension. The same inter-
poser bail motion releases the pin contact lever bail
assemblies by removing the stud that separates the two
bails when the reading mechanism is latched. The
motion of the pin contact lever bails allows the eight
pin contact levers to pivot toward the reader pin inter-
posers. If the reader pin is stopped by the tape, the
position of the interposer will prevent the pin contact
lever {rom transferring. M the reader pin passes
through a hole in the tape, the position of the inter-
poser will allow the pin contact lever to transfer and
close the pin contact.

As the pin operating cam restores the interposer bail
to the latched position, the reader pin interposers re-
tract the reader pins. The stud on the interposer bail
forces the pin contact lever bails apart and restores the
pin contact levers to their normal position. Positive
relatching of the interposer bail assembly is provided
bv the control magnet armature knockoff cam.
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Control Magnet Lever
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Arm Assembly
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Figure 157. Sensing Mechanism, Latched Position
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Figure 158. Reader Pin Stopped by Tape

Tape feeding occurs between 225° and 227° on the
clutch drive index during each tape sensing cycle. Tape
feeding is mechanically interlocked by the tape sens-
ing mechanism. Therefore, tape feeding can only take
place during a tape sensing cycle.

Figure 160 illustrates the operation of the tape feed
mechanism. The driving power for the tape feeding
mechanism is furnished by the tape feed cam, which
is mounted on the same shaft as the pin operating cam.
In the latched position the feed pawl operating arm
is held away from the feed ratchet wheel by the feed
pawl latch. As the feed pawl operating arm reaches
the high dwell of the tape feed cam, the feed pawl
latch is free to pivot away from the feed pawl operat-
ing arm under spring tension. As the feed pawl operat-
ing arm approaches the low dwell of the tape feed cam,
the feed pawl engages with the feed ratchet wheel and
advances the pin wheel one position.

The auxiliary latch is used to restore the feed pawl
latch and to interlock the operation of the sensing
mechanism and the tape feed mechanism. The tail of
the auxiliary latch normally rests against the contact
lever bail of the sensing mechanism. If the sensing
mechanism is in the latched position the auxiliary
latch resting against the contact lever bail prevents
the feed pawl latch from releasing the feed pawl oper-
ating arm. During a sensing cycle, the pin contact lever
bails move toward the sensing pins and allow the feed
pawl latch and the auxiliary latch to pivot and release
the feed pawl operating arm. As the pin contact lever
bails are returned to the latched positicn, the left bail
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Figure 159. Reader Pin Sensing Hole in Tape

operates against the tail of the auxiliary latch and re-
stores the feed pawl latch on the feed pawl operating
arm.

Tape Rewind

Two tape reels are furnished with each machine—one
for supplying tape to the machine and one for storing
tape which has been processed. The rewind assembly
is driven from a small motor located under the rewind
spool. A friction disk is driven directly from the motor.
The rewind reel is impelled by friction between the
bronze shoes of the spider assembly and the surface of
the friction disk. The reel mounts above the spider
assembly and its weight increases the force with which
the shoes on the spider assembly rest against the sur-
face of the friction disk. As the spool receives tape, the
weight of the reel and tape increases and the torque
exerted on the reel gradually increases to compensate
for the added load.

Recder Pin ~———p|

Pin
Contact
Lever

Circuit Description

Tape Feeding

To set up the RAMAC to read tape, the operator must
first depress the RAMAC reset key and then depress the
382 start key. The 382 will go through one circuit
breaker shaft cycle as the reset key is depressed. This
cycle is called a reset cycle and establishes circuits to
activate the 382 start key. As the start key is depressed
the 382 goes through a second circuit breaker shaft
cycle to set up the § track for the entry of tape data.
During the setup cycle, $ track is erased and the 100
character counter is reset to position 00. The 382 will
begin to feed and read tape automatically after the
setup cycle is complete. Tape feeding will continue
until the first record end code is read from the tape.
A CHANNEL EXIT wired to the record end hub suspends
tape feeding and places the 382 in a ready condition.
Feeding of the next tape record must be initiated by
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a PROGRAM EXIT impulse to the feed tape hub on the
305 control panel. Whenever tape is being fed. the tape
not ready signal interlocks the $ track. Figure 162 is a
tape feeding sequence chart.

Service aid. The read control magnet is impulsed
every other circuit breaker shaft cycle when the 382
start and stop keys are held depressed. Depressing the
console reset key allows vou to use this technique. It
is possible to connect the 305 remote cycling box to the
382 (see 10.12.11) and have the 3 keys mentioncd
above at your finger tips. (Depressing the check reset
key on this box latch picks the tape select relay on
2.07.04.)

OBJECTIVES:
1. Initiate a reset cycle when the console reset key is
depressed by energizing the CB clutch (10.02.00) .

2. Initiate a setup cycle when the 382 start key 1s
depressed by energizing the CB clutch (10.02.00) .

3. Write R bits on § track during the setup cycle
(10.06.01) .

a. § Erase gate (10.06.00).
b. § Erase data (10.06.00).

Tape Feed

Rests against pin
contact lever boil.
Moves to the right
when bail is released.

Feed Pawl
Operating Arm

Feed Ratchet

Wheel \

Pin Wheel

Detent Assembly

Figure 160. Tape Feed in Latched Position
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Cam Auxiliary Latch

AN

4. Reset the 100 character counter during the setup
cycle (10.05.01-.02) .

5. Feed the tape until a record end code is read.
a. Energize the CB clutch each cycle until record
end (10.02.00) .
b. Energize the reader control magnet each cvcle
until record end (REapY) (10.02.01).
c. Interlock $ Track (2.07.04 Optional).

6. Transfer control of the 382 start circuits to the
305 (10.02.00) .

- Tape Reading

Figure 161 illustrates the process of entering tape data
on the process drum input track. As the reader pins
sense punched holes in the tape, the reader pin con-
tacts close and complete circuits to pick corresponding
analyzer relays. The points of the analyzer relays form
a decoding network to activate the channel exit hub
that corresponds to the character that was read from
the tape. The channel exit is normally wired to the
associated character entry hub.

Feed Pawl
Latch
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Chaoracter
Register
%_ 10.04.00
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10.03.00 8 B
Decoder -—& Decoder
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S
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Gate I Ctr, |Ctrat99
A Al
10.05.01
Reset Char Gate Bsgp  10.05.00 Z 10.05.02
. \ 100 Drive Pulses
TR 307 .
96 Al ) | To Roll The Counter
BRCL One Drive Pulse Per
Cheracter Written To
10.05.
0.05.00 Z Advance the Counter
RM Starting Point.

Figure 161. Paper Tape Data Input

The impulse to the character entry hub is translated
to standard RAMAGC code by the diode decoding net-
work. The diode decoding network conditions units
within the tape character register to produce an output

in serial bit form that corresponds to the decoded
character. The output of the tape character register is
available during each character time of the drum
revolution.
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The character gate indicates that the tape character

register has a new character to write. After CB 5 makes
the first output pulse from the tape character register
flips the character gate control trigger (9E9). The
character gate trigger (8E11) produces an output from
Bs@ B through Br during each character time.
The 100 character counter determines the character
position in which the tape character will be written
on § track by combining the output of the counter
with the character gate to produce the § write gate.
The output of the counter is available only when the
counter is standing at a value of 99. The 100 character
counter is reset to a value of 00 during the setup cycle.
The counter receives an additional advance after writ-
ing each character. This causes the counter to allow
writing one character sooner than the last character
was written. Figure 162 shows the § track writing se-
quence.

If the write off hub is impulsed, writing on the §
track will stop at the next character sensed. The paper
tape continues to feed, however. Impulsing the write
on hub re-establishes the ability to write on the §
track. The ~/c write off relay points on 10.03.15 pre-
vent decoder output when WRITE OFF is impulsed.

ot

Write on $ track (counter at 79) (10.06.01) .
BrCL advance 100 character counter after writ-
ing a character (10.05.00) .

=

8-Channel Redundancy Check

When an 8-channel tape is read, an automatic redun-
dancy check is made of each character as it is read. If
an even number of holes is sensed a read check error
is indicated. This error stops tape feeding and keeps
the $ track interlocked. To clear this error the opera-
tor must reread the tape record. This is accomplished
by repositioning the tape 10 read the preceding record
end hole, then depressing the rerun key. If the tape
record reads correctly processing resumes. If not the
read check re-occurs.

Figure 163 shows the operational sequence when the
rerun key is depressed after a read check.

Optional Features

Telegraphic Checkable Code

This feature checks the accuracy of standard 5-channel
tapes, if the tapes have been punched with a checkable

OBJECTIVES: code character at the end of each record. It counts the
1. Channel exit impulse (10.03.04) (10.03.14). number of holes punched in each tape record and
2. Tape data (bit structure) (10.04.00). compares the units position of the total with the tape
3. Character gate (10.04.01). check code number punched at the end of the record.
4. Advance 100 character counter (100 pulses) If the two numbers are equal, no tape punches have

(10.05.00) . been dropped or misread.
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Figure 162. Tape Feed,Read and Write Sequence
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Figure 163. Read Check Rerun Operation

The beginning of each tape record is defined by a
Figure (Figs) shift code. The end of each tape record
is identified by the following four codes in order:
carriage return, figures shift, line feed, and the tape
check code. Figure 164 shows tape record codes.

Two sets of hubs are added to the 382 control panel
for this feature. They are TCCC RECORD END (TRE) and
the Tccc switch (tccc). They are at NP 18 and 19.
Jackplug the Tccc switch when a tape is to be read
and checked. The TRE hub emits the record end im-
pulse when Tccc is jackplugged and the compare to
the check digit is equal.

Figure 165 shows a sequence chart of a Tccc opera-
tion. In this operation the Tccc tape data and the
counter data compare equally. If the comparison were
uncqual, a read check stop would occur. Restarting the
382 when a read check occurs is described under “Re-
dundancy Check.”

Track Skip Control
Track skip control allows skipping over portions of
the $ track while writing the tape record. Writing on
the skipped over area of the track is suspended during
skipping. Writing resumes at the position skipped to.
The effect of a skip is to set the track write control
counter to the position indicated by the skip wiring.
The control panel hubs used for skip control are
shown in Figure 166. This figure also shows an ex-
ample of skipping caused by the wiring in the figure.
The following explains the sequence chart in Figure
166. The control panel wire from the skip control 1
hub develops the skip gate. The skip gate occurs at
the character at which the first skip will stop, C30.
When the skip control in hub receives its first impulse,
the skip starts. This causes the counter to reset when
the skip reset counter line goes high. After the reset
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CHECK CODE

F cC F t

I R | F

G G

S S
] ® [ ]
2 L J e O o
FEED P N R R I A O P R O I I I I R
3
4 ® ® O ®
5 [ ] ®

included In Count

- Beginning Of Unit Record
Figure 164. TCCC Tape Codes

End Of Unit Record

the counter drive line advances the counter at each
character time. This causes the counter to reach 99 at
C30 time. The next character read then writes in C30.
The skip start character doesn’t print, because it is
not wired to print. The next skip control hub (2)
becomes hot at the RM following the reset of the
counter. This is controlled by R162. R162 picks when
the thyrawon 9R10 on 10.51.15 fires. With the skip
control 2 hub hot, the skip gate developed occurs at
C50, the stop character for the next skip.

If the skip code is not punched in the tape because
the field is completely filled with data (making the
skip unnecessary), passing the skip TO TRACK POSITION
(position wired from a skip exit) advances skip con-
trol to the next exit. For example, if skip 1 is wired to
SKIP TO TRACK POSITION 30, passing position 29 without
a skip, advances skip control from skip 1 to skip 2. This
is accomplished by 9K10b on 10.51.04. At B4 as €29
is being written the skip counter advance sets up the
ATH 9R10 on 10.51.15 to fire at the next RM.
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Figure 165. TCCC Operation Sequence
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Arithmetic

General Principles

The raMac is capable of performing addition, sub-
traction and multiplication. Division is also available
as an optional feature. However, the basic arithmetic
function of RaMAc is addition, since subtraction is per-
formed by complement addition, multiplication by
repetitive addition, and division by repetitive comple-
ment addition.

Accumvulator Track

The accumulator track and associated circuits are pro-
vided to accomplish the basic arithmetic functions.
Like other processing tracks, the accumulator track is
divided into ten fields with ten character positions per
field. Each field of the accumulator track is also called
an accumulator. Thus, Ramac has 10 accumulators,
each of which can store 10 digits. Within each accumu-
lator, the C9 position stores the lowest order digit, and
the CO position stores the highest order digit.

Unlike the normal process drum track, which has a
single head for reading and writing, the accumulator
track employs two heads, one for reading and one for
writing. The read head is positioned to read one char-
acter earlier than its corresponding machine character
time, and the write head is pesitioned to write one
character later (Figure 167).

The reason for this read head and write head dis-
placement is that the accumulator must be capable of
reading a digit contained in any character position,
adding to that digit, and writing the sum back in the
same character position.

Programming, For Add, Subtract, and Read Out

A positive number may be added into an accumulator
by employing the character L in the T, section of the
instruction. For example, to add the six digit number
located in position 54-99 of track W into accumulator
2, the instruction is W591.2906.

A positive number may be subtracted into an ac-
cumulator by employing M as the T, character. For
example, to subtract the three digit number located
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in positions 13-15 of track X into accumulator 1, the
instruction is X15M1903.

It is not possible to couple two accumulators in the
manner that accounting machine counter groups arc
coupled. If an accumulated amount exceeds the 10
positions of an accumulator, this condition is indi-
cated by the transfer of a seiector on the control panel.
This overflow selector may be tested after each addi-
tion, and when found to be transferred, a special
program step may be executed to add 1 into the low
order position of another accumulator. Thus, even
though two accumulators may not couple automati-
cally, effective coupling may be accomplished by pro-
gramming, but an extra program step is required.

If it is desired to read a number out of an accumu-
lator, the T, character must be either L. or M. If
T, =1L, the number will remain on the accumulator
track after read out. This is the same as a normal proc-
ess drum transfer. If T, = M, the affected accumulator,
or accumulators, will be reset to zero during read out.
If the instruction requires any portion of an accumu-
lator to be reset, the complete accumulator will be
reset.

True Add, Complement Add

Since RaMac adds algebraically, a true add operation
is performed under the following two conditions:
I. T,=L and the number coming from core buffer
into the adder circuits is positive.
2. T,= M and the number coming from core buffer
into the adder circuits is negative.
A complement add operation is performed under
the following two conditions:
1. T,=L and the number coming from core buffer
into the adder circuits is negative.
2. T,= M and the number co:zing from core buffer
into the adder circuits is positive.

Logic of RAMAC True Add Operation

During the execution of an example instruction,
X75L4903, the R cycle operation is the same as with
any ordinary process drum transfer. During W cycle
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Figure 167. Accumulator Track

the three characters which were transferred from track
X are scanned out of the core buffer during C49, C48,
and C47 time. Thesc three numerical digits are en-
tered into the adder circuits simultaneously with the
three digits already stored in C49, C48, and C47 posi-
tions of the accumulator track.

Since the accumulator read head reads one character
early, the digit in the C49 position of accumulator 4
will be read during C50 time. However, the entry of
the accumulator digit into the adder circuits must be
simultaneous with the digit coming from the core
buffer during C49 time. Therefore, the accumulator
digit is delayed one character time in a delay register
before entry into the adder circuits.

If the sum of the units position digits is 10 or
greater, there must be a decimal carry into the tens
position. This is accomplished by entering a numeric
I into the adder along with the digit coming from the
core buffer and the digit coming from the delay reg-
ister during C48 time.

Three separate input lines to the adder are required
to fulfill the needs shown above. These inputs are
designated as inputs A, B, and C. A input is from the
core buffer, B input is from the delay register and C
input is the carry input.

BINARY ADDITION, MODIFIED
Since the numeric data on all tracks is stored serially
in binary bit form, addition within the adder circuits
takes place one bit at a time in binary form. The adder
circuits will accept only the numeric bits, Bl, B2, B4,
and B8, from any character.
In order to accomplish addition a bit at a time, the
following four rules are necessary:
Rule 1. If no bit pulses are received at any of the
three inputs to the adder, the bit sum is
zero.

i
i
)
1
1
i
t
t

i

rite

Rule 2. If a bit pulse is received at only one input,

the bit sum is 1.
Rule 3. If a bit pulse is received at each of two
inputs, the bit sum is 0, and there is a bit

carry into the next bit.

Rule 4. 1If a bit pulse is received at each of the three

inputs, the bit sum is 1, and there is also a
bit carry.

Let us apply these rules to adding pulses at Bl and

B2 time into adder input B, and pulses at Bl and B2

time into input A. In decimal form this problem is

3+3=6.

B8 time B4 time B2tume Bl time
Input B 0 0 1 1
Input A 0 0 1 1
Input C 0 1 1 0
Bit Sum 0 1 1 0

The binary sum of this addition is B4 and B2, which
translates to decimal 6, the correct answer.

Since four binary bit positions are used to repre-
sent each numeric digit, sums having a value 0 through
15 could be accumulated within a particular char-
acter position. However, a numeric bit value greater
than 9 cannot be allowed to remain in one character

position.

B8 B4 B2 Bl
Input B 0 1 1 0 = 6
Input A 0 1 1 1] =+ 7
Input C 1 1 0 0
Bit Sum 1 0 1 =+138

The bit sum in the problem above must be modi-
fied to leave Bl and B2 in the character position
shown, and a decimal carry initiated to carry 1 into
the next character position. In order to modify the
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bit sum, ten must be subtracted. Since direct subtrac-
tion is not possible, complement addition is used.
However, we are dealing with a 16 base counter, so
the 16’s complement of ten, 6, must be added. Figure
168 shows the correction necessary for the problem
cited above.
The necessity of + 6 correction adds two simple
rules to the four already given for ranmac addition:
Rule 5. Whenever the bit sum exceeds 9, + 6 cor-
rection and decimal carry are initiated.
Rule 6. A bit 8 carry is thrown away whenever it
occurs, since this carry situation is taken
care of by the decimal carry set up as a
result of rule 5.

App CycrLe AND CorrecTioN CYCLE

Since the adder receives inputs from the core buffer
and from the delay register only during bits 1, 2, 4 and
8 time, the remaining four bit times may be used for
correction. These two intervals of time are called add
cvcle and correction cycle. The correction cycle covers
bit times, R, S, X, and 0, which have a value of 1, 2,
4, and 8, respectively, for correction purposes.

8 4 2 1
0{0]0] 0fF—
0i0j0i
0(0{|1i0
01011 1 JAdd 6
ol1!1o0fo0
o110} 1
011 11 0
011 1 1
11004} 0
1101011
Add 7
1{0{1}0
110011y
P1110]0
Sum=13—=f 1 |1 | O] 1 =
1j1f{11o0
] 1 T
Decimol +6
~—10]0{0]| O Correction
Carry
0jo0j0}
ofo|t} o0
Sum =3 010 11

FOUR-POSITION BINARY COUNTER

Figure 168. + 6 Correction
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Use oF PracTiCE PROBLEM CHART

The use of the practice problem chart (Figure 169)
will aid in understanding the rayac arithmetic proc-
ess during a true add operation. The numbered blocks
across the top of the practice problem chart represent
machine character time. Bit times are indicated for
the add and correction cycles in relation to each char-
acter time. The three adder inputs are indicated along
the right side. The input of a bit is indicated by a “1”
in the proper square, no input is indicated by “0".
The Bl square at input C is reserved for decimal carry.
The adder register triggers which store the sum until
it can be written on the accumulator track (one char-
acter later than machine time) are indicated below
the adder inputs. A horizontal line is used to indicate
that the trigger is storing the appropriate bit; the ab-
sence of a line indicates the trigger is not storing a bit.

Assume that the instruction being executed is X75L-
4903 with 463 stored in C73, C74, and C75 positions on
track X and 873 in accumulator 4 at the C47, C48, and
C49 positions. Using Figures 169 and 170 together,
trace the flow of data and the entry of data on the
practice problem chart.

During R cycle a normal transfer was executed,
transferring 463 from track X to the 00, 01, 02 posi-
tions of the core buffer. The actual arithmetic data
flow, which we shall trace, takes place during W cycle
as follows:

I. At C50 time the § in the C49 position of accumu-

lator 4 is read into the delay register a bit at a time.
At each following character time, the next charac-
ter is read into the delay register, a bit at a time.
Each character is stored in the delay register for
one character time.

2. At C49 B1 time the add cycle is initiated. A
pulse is received into adder input B from the delay
register and into adder input A from the core
buffer. This results in no sum, and a carry, which
sets up the feeding of a bit carry into adder input
C during B2 time.

3. At C49 B2 time a pulse is received into all three
adder inputs. This results in a B2 sum, and a carry,
which causes storage in the adder register B2 trig-
ger at B4 time, and a bit carry into input C at
B4 time.

4. At C49 B4 time a pulse is received into input C
only. This results in a B4 sum which causes stor-
age in the adder register B4 trigger at B8 time, and
no carry.

5. At C49, B8 time no adder inputs are received.
The add cycle is complete at the end of B8 time.

6. At C49 Br time the correction cycle is initiated.
Since nothing is stored in the adder register Bl
trigger, there is no entry into any input during Br.
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Figure 169. Development of 873 4 463

7. At C49 Bs time the adder register B2 trigger
causes a pulse to be entered into adder input B.
Since no correction is necessary, there is no pulse
into input A. This results in a correction B2 sum,
which causes storage in the adder B2 trigger at Bx
time, and no carry.

8. At C48 Bx time the adder register B4 trigger

causes a pulse to be entered into adder input B.

There is no pulse into input A. This results in a

correction B4 sum, which causes storage in the

adder register B4 trigger at B0 time and no carry.

At C48 BO time there is no entry into the adder,
resulting in no sum and no carry. The correction
cycle is complete at the end of BO time.

10. At C48 Bl time another add cycle is initiated.
A pulse is received into adder input B from the
delay register. No pulses are received into inputs
A or C. This results in a sum, which causes storage
in the adder register Bl trigger during B2 time.
Since the adder register Bl trigger had nothing
stored in it at C48 Bl time, 0 is written in the Bl
position of C49 on the accumulator track. (Re-
member: the accumulator write head is offset one
character later.)

11. At C48 B2 time a pulse is received at both the A
and B inputs, resulting in no sum and a carry. The
adder register B2 trigger is in the “storage” state
during C48 B2 (due to the addition that took
place during C49 time), a 1 is written in the B2
position of C49 on the accumulator track.

12. At C48 B8 time a pulse is received into input G
due to bit carry during B4. A sum and no carry re-
sults. Storage takes place in adder register B8 trig-
ger at Br time. Since the BS trigger had nothing
stored during C48 B8, 0 is written in the B8 posi-
tion of C49 of the accumulator track.

9.

13. The correction cycle proceeds much as it did
before, except that a + 6 correction occurs because the
adder register B4 trigger is in the “storage” state when
the B8 trigger is flipped to the “storage” state at Br
time. A Bs pulse and a Bx pulse (correction B2 and
B4) are fed into input A while input B pulses are
controlled by the adder register triggers.

14. Since + 6 correction and decimal carry go hand
in hand during true add, a Bl pulse is fed into adder
input C at C47 time. Writing will occur on the accumu-
lator track in the C48 position during C47 time, using
the same principles used during C48 time.

Tracing the data flow and entry of data on the
practice problem chart for the C47, C46, and C45
positions should cause no difficulty, if the principles
and rules already presented are followed.

Adder

Logic and Data Flow

The adder (5.01.01), the result register (5.01.02) and
the adder register (5.01.03, 5.01.04) will be treated as
a unit with no consideration of the type of operation
being performed (See Figure 170) . Three inputs to the
adder, A, B, and C, will be examined to raise two of
the four following output lines: sum or no sum, carry
or nc carry.

This information is stored in 2 triggers, sum and
canry, at @ C time for each bit. The sum triggers will
be sampled to turn on the appropriate bit sum trig-
gers in the adder register. These are scanned twice
during a character time, once in the add cycle, Bl
through B8 and once during the correction cycle, Br
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Figure 170. True Add Logic

through BO. The serial data from the adder register
goes two places. During the correction cycle, it returns
to adder input A for possible correction. During the
add cycle, it is the output of the adder, delayed one
character time from the inputs.

The carry trigger output is used to turn on the bit
carry trigger. The latter provides an input to the
adder, one bit later than it was developed. Also if a
carry is sensed at Br time, indicating an attempt to
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accumnulate 16 or higher, the decimal carry trigger is
turned on. This trigger is also turned oN when a bit 8
sum is sensed (Br time) and the 2 or 4 bit sum trigger
is oN, indicating a sum over 9. This decimal carry trig-
ger remains oN until B4 of the next character, and is
used to enter the + 6 correction factor during the cor-
rection cycle, and to provide a carry at Bl time of the

next add cycle.



The following circuit explanation covers only the
adder and adder register circuits. For the various func-
tions, the input switching may vary but the adder itself
will still develop a serial sum out, one character time
later than the inputs, and also sense the need for a
decimal carry.

Figure 171 shows a sequence chart of adder operation.

Circuit Description

OBJECTIVES:

1. Establish add cvcle (B1, B2, B4, B8) and cor-
rection cycle (Br, Bs, Bx, B0).

2. Combine input bits to produce output of sum
Or MO sum, carry or no carry.

3. Develop serial data out, one character after input.

4. Determine need for decimal carry.

Add Cycle—Correction Cycle: The correction cycle

trigger (6G10-5.01.05) is in continuous operation,
being flipped 10 pin high at every Br for a correction

TIME

cycle gate. It is flipped 3 pin high every Bl for an add
cycle gate.

Add Operation: On 5.01.01 the three inputs to the
adder, A, B, and C, are compared bit by bit to de-
velop two outputs. At each bit time, the sum or no
sum line will be high and the carry or no carrv line
will be high. At @ C time, the sum and carry triggers
on 5.01.02 are set. One bit later, these triggers are
sampled with @ B’s.

The bit carry trigger 6N11 on 5.01.02 is turned 3
pin high one bit later than the carry trigger. This bit
carry is returned to the adder ihrough input C or
5.02.04 to be mixed with the other inputs. The sums
or no sums are stored in the adder register on 5.01.03
and 5.01.04. Since the @B sums are arriving one bit
late, the four bit sum triggers will set one bit later
than their value indicates. Notice that the bit I sum
trigger (6]J10-5.01.03) is pulled 3 pin high at B2¢g B
time if the sum line is high. Once the sum trigger is
pulled 3 pin high it will remain so until a no sum
result for that bit arrives from the adder. For example,
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Figure 171. Adder Operaticn
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the bit one sum trigger can only be pulled 10 pin high
at B2 or Bs time with no sum @ B.

Serial Data Out: The four sum triggers are scanned
with Bl, B2, B4 and B8 to produce g A to @A serial
data out. The triggers are also scanned at Bgr, Bs, Bx
and B0 to develop serial data for the correction cycle.
All serial data appears on the register out line on
5.01.03.

Correction Cycle and Decimal Carry: The output of
the four sum triggers is always returned to the adder
during the correction cycle (Br, Bs, Bx B0) through
input B (Q7b—5.02.04). If the sum counter accumu-
lated more than 9 during the add cycle, a correction
factor of + 6 is entered into the adder through input
A (6Q9 —5.02.03) . During a true add operation, this
becomes an input at Bs and Bx. The decimal carry
trigger (5.03.01) is turned 3 pin high at the and switch
6L.10a if the 8 sum trigger is turned oN (sum @B at
Br time) and the 2 or 4 sum trigger is oN. Also, a sum
greater than 15 (carry g B at Br time) will result in a
decimal carry. This trigger will remain ox until B4 of
the next add cycle.

True Add Operation

The instruction W951.7802bb will add characters 95
and 94 from W track to characters 78 and 77 of the
accumulator track (L). During R cycle a normal trans-
fer of data from W track to cores will take place. Dur-
ing W cvcle, the add operation will occur and it is
shown in the flow chart of Figure 172,

Data is being read one character early from the
accumulator track and then delayed one character in
the delay register. i a Q of 5, calling for a reset of
the accumulator, were present, the on time accumu-
lator data would never reach the adder. At adder in-
put B the add subtract fields gate selects the desired
accumulator track data for adder entry during add
cycle time. This same gate is allowing the data from
cores to enter adder input A. One character later the
sum of the two inputs will appear from the adder
register. During the add cycle the bit carries are re-
turned to adder input C. If a + 6 correction is needed
as determined by the decimal carry trigger, it is en-
tered into adder input A during the correction cvcle
with the adder result going to input B. The adder re-
sult has Br inserted and is gated to the accumulator
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L
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Figure 172. True Add Data Flow and Controls
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Figure 173. Delay Register Operation
write head one character late by the add subtract write The detailed development of the true and comple-
gate. Since the write head is physically located one ment add gates will be covered later under “Sign

character late, the result is returned to the same char- Analysis and Sign Control.”

Accumulator Read Data and Delay Register: On

acter position from which the accumulator factor was
read. 3.10.42 all data on the accumulator track appears as
full bit pulses on the read data line. The read head
OBJECTIVES: is positioned to produce approximately gA to T A
1. Develop true add gate. data one character early. At the delay register (5.02.02),
2. Read and delay the accumulator track data one this data is scanned with @ C pulses to produce @ C
character time. bits at 6D9a and @ C no bits at 6F11a. This is shown
8. Select desired accumulator track data with the in Figure 173. The @ C bit pulses are scanned by the
bit ring to turn their respective delay triggers 3 pin

add subtract fields gate.

4. Enter adder with core data, accumulator data high. The @C no bit pulses are scanned to turn the

and carries. ) triggers 10 pin high. Therefore, the four delay trig-
Insert Br’s after bit count. gers will be set from @C to @C for at least a full

Select adder output with add subtract write gate.  character.

Write result on accumulator track. One character after one of the delay triggers has

True Add Gate: The inputs to adder input A will  been turned 3 pin high, its 3 pin is mixed with a bit
be controlled by the type of operation being per-  ring pulse. These A to @A pulses are all sent to the
formed. To establish a true add operation both the  AI-6A8a where they mix with a @B to pull the ac-
instruction and the sign of the factor coming from  cumulator delay trigger, 6A7, 8 pin high. This same
cores must be analyzed. For the present discussion we line of delayed bit pulses is inverted at AI-6A9a and
will assume true add is high for the entire operation. mixed with @ B’s to pull the accumulator delay trigger

N oo
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10 pin high. The result is on time @B 10 @B ac
cumulator delay data. This data is gated at 6E8a with
Q=not 5, Test R/W + W Cycle. Q =5 is a reset com-
mand. The other conditions allow the changing of
the accumulator track data from the console.

Add Subtract Fields Gate: We must now select the
data specified by the instruction for entry into the
adder with the add subtract fields gate. Since the ac-
cumulator track is really 10 separate accumulators we
must always enter the entire field (s) into the adder.
This is necessary because of the possibility that quan-
tities added to low order positions of an accumulator
(field) may require carries into several high order
positions. In complement addition another reason for
entering the complete accumulator will be discussed.
In our sample instruction, W95L7802bb, all of field

TIME

seven of the accumulator track must enter the adder.

The Add Subtract Fields Gate gates the on time ac-
cumulator data at 6P5 on 5.02.04. This gate is de-
veloped on 5.06.02 at trigger 6U7. 6U7 is pulled 3 pin
high at A compare of W cycle. This can be seen in the
sequence chart in Figure 174. A compare, developed
on 2.04.14, always occurs at the beginning of the field
(COB8) in which the AB counters roll from 99 to 00.
The add subtract fields gate trigger is pulled 3 pin low
at C9Bx at the end of the add operation with the
cycle complete gate high. Note that the add subtract
fields gate actually comes up during bit 8 of the high
order of the previous accumulator. If a bit 8 does en-
ter the adder at this time it will not be written since
the add subtract write gate comes up at Br, one char-
acter later.
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Figure 174. Example Truc Add Operation (W95L7802bb)
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Adder Inputs: During the add subtract fields gate,
adder input B has a complete held or fields of 3B
to @B on time data on it, as discussed above. W data
enters adder input A from the core buffer during the
add subtract fields gate. This data is further condi-
tioned on 3.02.12 by W cvcle gate which is established
by the instruction. It is also cunditioned on 5.02.03
by true add and add cvcle gate. The bit carries and
the decimal carry will funciion as outlined under
“Adder” operation.

Parity Insert: The adder register out data appears
on 5.01.05 in serial form, one character time after the
inputs. At “and” switch 6HI10, the add cycle data is
allowed to pass through. These data bits are sent to
5.03.03 as parity insert control data. The trigger at
6]7 on 5.03.03 counts the bits within each character.
If left 10 pin high at Br time, a Br is inserted in the
data from adder line at 6Gba on 5.01.05.

Add Subtract Write Gate and Write Head: The
data from the adder goes to 5.06.04 where it is gated
with the add subtract write gate before going to the
accamulator write circuits. Although the entire ac-
cumulator contents are sent to the adder from C9
through CO, the desired output will be from C8
through C9 of the next field. The add subtract write
gate is developed on 5.06.02 at trigger 6V7. This trig-
ger is pulled 8 pin high at C8 after the add subtract
fields gate trigger is turned 3 pin high. It is pulled 3
pin low at C8 after the add subtract fields gate trigger
is turned 3 pin low.

The full ten characters (or multiple of ten) of ac-
cumulator write data is sent to the write circuits on
3.10.42. Accumulator write trigger 5Q6 is flipped 3 pin
high with each gC data bit from 5R5 pin 9. This
trigger is flipped 3 pin low at each @C no data bit
from 5R5 pin 6. The two complementary outputs of
this trigger are gated to either side of the accumulator
write head with an accumulator write gate. This lat-
ter is a conditioned add subtract write gate.

The sequence chart in Figure 174 illustrates the
operation W95L7802bb with 0000000831 in accumu-
lator 7 and 32 in characters 94 and 95 of W track.

Complement Add

Principles of RAMAC Complement Add

TENs COMPLEMENT

Complement addition within RaMAC is based on the
tens complement principle. Using this principle, a
number may be subtracted from another number by
adding its tens complement. The tens complement

of a number is the result of subtracting its units digit
from 10 and all other digits from 9. For example,
473218 may be reduced by 51684 by two difterent
methods to obtain the same answer.

Direct Subtraction Complement Addition

0473218 0173218
— 51684 +9918316
0421534 0421531

Note that the carry from the high order position
is dropped when doing tens complement addition.

Since this method of subtraction is used in rRanmac,
a negative figure will appear on the accumulator
track as its tens complement. When it is necessary
to transfer such a number out of the accumulator
with T, =L or M, it is converted to a true number
by complement addition to zero. A bit X is added to
the units position digit to identify the number as
being negative.

SIXTEENS COMPLEMENT
Since RAMAG stores and processes each digit as a four
position binary number, the complement addition of
individual bits within each digit must be done to
a base of 16. This sixteens base binary number must
then be modified to a decimal (tens base) number
just as it was during true add.
In order to accomplish sixteens complement addi-
tion the following method is used:
1. The number coming from the core buffer is
inverted into adder input A, giving the fifteens
complement of that number.

Example:

BS B4 B2 B1
Adder input A

number = 4

The inversion
of 4=11

2. A Bl pulse is automatically added to the units
digit of the input A number to give the 16’s com-
plement of that number.

Example: B8 B4 B2 Bl
15’s complement of 4=11 1 0 1 1

Add Bl 0 0 0 1
16’s complement, 12 results 1 1 0 0

The first digit from the core buffer into input A
will always have a Bl added, as will all digits going
into the C9 position of an accumulator. This Bl pulse,
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automatically added into input G, is called “sixteens

carry.”
MobpiFicATION FROM 16’s COMPLEMENT
TO 10’s COMPLEMENT
The sixteens base number that is in the adder register
at the end ol the add cycle must be modified to a
decimal number during the correction cycle.., This
is accomplished during a complement add operation
by either initiating a decimal carry or adding a +10
correction according to the following rules:

1. The need for a decimal carry is indicated by a
bit 8 carry from the adder.

2. The need for a +10 correction is indicated by the
absence of a bit 8 carry.

COMPLEMENT ApD EXAMPLE PROBLEMS
I. True number resulting from a subtraction:

W75M2902
B — 00005
A= 038

Result = 00002
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2. Complement number resulting from a subtrac-

tion:
W75M2902
B = 00003
A= 05
Result = 99998
7 I v I v
[ = com *00 com 200
T LR L GG
| | RANY A 1171
aannn 7 ARGy / 4 / a
B 717 2t pant
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3. Complement number resulting from the addition
if a negative number:
W75L.2903
B=00175
A= 337 (negative)

Result = 99838
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4. True number resulting from the subtraction of
a number that is entered one place to the left:

W75M2802
B=00175
A= 16

Result = 00015
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5. True number resulting from adding a negative
number that is entered one place to the left:
W75L2802
B=00175
A= 16 (negative)

Result = 00015
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In example #5, note that true add, rather than
complement add was performed during C9 time. The
need for complement add was not recognized until
Bx of C8. The sixteens carry was thus entered at Bl
of C8. Compare with example #4.

6. There is a method of arriving at a complement
result without complement adding the figure at
input A. The addition of a positive figure to a
negative number on the accumulator track is
performed as a normal true add operation, since
the negative number is aiready in the tens
complement form.

W75L.2903
B =987 (complement)
A =011
Result = 998
; T I ; :
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Complement Add Data Flow

During the add cycle, the data from cores is inverted
to the fifteens complement form at adder input A
by the complement add gate. At this time, the units
position of the data from cores must be converted
to the sixteens complement by the entry of a bit one
into adder entry C. This occurs at AB carry time.
In the event more than one accumulator is used
during the complement add operation, there will also
be a bit one added at every character 9 (units posi-
tion of each accumulator) .

A decimal carry is developed only if the result ac-
cumulated exceeds 15. This is indicated by a bit carry
at Br time. The decimal carry signifies thar the result
in the adder register is already back to the tens com-
plement form so no correction is necessary. A carry
into the Bl position of the next character is needed,
however, and is entered at input C

No decimal carry signifies that the result is in the
sixteens complement form, and must be corrected by

adding 10 (Bs and BO) through input A during the
correction cycle.

OBJECTIVES:

1. Develop complement add gate.
2. Read and delay accumulator track data (see irue

add) .

3. Select desired accumulator track data (see true

add) .

4. Enter adder

a. Complement core data.

b. Insert units position sixteens carry.

c. Correct result withh +10 if no decimal carry.

. Insert BrR (sec true add).
. Select adder output (see true add) .

. Write result on accumulator track (see true add) .

Complement Add Gate: This gate is developed at
the same trigger that provides the true add gate (6M2-
5.04.02) . It will be pulled 3 pin high after an analysis
of the T, character (L or M) and the sign of the
factor coming from cores. This will be covered later
in “Sign Analysis and Sign Control.”

Adder Entry: The W data from cores is inverted
at 6R10b on 5.02.03 to develop the fifteens comple-
ment input to the adder. The bit one carrv to the
units position is entered through input C (5.02.04)
by the line labeled sixteens carry. This line is de-
veloped on 5.04.02, as a result of complement instruc-
tion and a check sign pulse. The check sign impulse
(5.04.01) is a Bl at C9 or AB carry of W cycle. The
AB carry occurs at BrR to B2 of the first character
coming from cores (see Figure 174). Character 9
allows a sixteens carry insert at the units position of
each accumulator if more than one enters the adder.
The number of accumulators (fields of the accumu-
Iator track) is determined by the M of the instruction.

A correction factor of +10 will be entered through
input A only if there has been no decimal carry (6RS8-
5.02.03) .

=~ & O

Sign Analysis and Sign Control

Sign Analysis

Sign analysis refers to the examination of the oper-
ation called for and the sign of the factor in cores
to determine whether this factor will be true added or
complement added to the factor in the accumulator.
This is shown in the table below:

+ Sign — Sign
T,=1L, Add True add Comp. add
T,=M, Subtract Comp. add True add

~1
-1
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Accumulator | { [T—— — —— — —
l lI;eod l f—_ Adder Input B ﬂ| A
Correction Cycl A ' ﬁk
Rz,:i:tyer orrection Cycle | Add, Subt
i Write
5.02,02 Add Cycle 1 Accumuiator | Gate
Q=3 Accumulotor Data A i Write -~
> ! Accumulat
—t umulator
L 5.02.04 | Write Gate
v eaa VT T T T T T I
Add, Subt Fields Gate Output Switch Pority Insert
— Date L Adder Input A | — 5,01.05 | 5.03.03
W Cycle From Cores _ ) }
Data Switching ) \ Al A | t L__.Add Cycle
Add Cycle I e } -
Complement Add __§ l
Correction Cycle | q—— i
B/ B0 ————e——rif- A ' Adder
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Figure 175. Complement Add Data Flow and Controls

The accumulator track consists of ten separate 10
position accumulators which cannot be coupled. How-
ever, the rRamac is designed to permit more than one
accurmnulator to be added to or subtracted from during
one program step. For example, an instruction W95
1.7743bb will add 43 characters from W track to the
accumulator track. Characters 95 through 88 will
enter accumulator 7 beginning with character 77.
Characters 87 through 78 will enter accumulator 6,
characters 77 through 68 will enter accumulator 5, etc.
The first character from W track will be analyzed for
a sign; after that each character entering the C9 posi-
tion of the accumulator will be analyzed. Some factors
from W track may true add and some may comple-
ment add to the accumulator depending on the sign
stored in the units position of the factor. A bit X
written in the units position indicates a negative
number on the process drum (excluding the accumu-
lator track) or file.

CircuiT DEVELOPMENT

Each character coming from cores during W cycle is
checked for the presence of a Bx. Any Bx flips the
sign trigger 6R4 on 5.04.01 3 pin high (or minus).
Every Bs then returns the trigger to 10 pin high (or
plus). The two instruction, T—=L and T=M, are
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switched with the outputs of this trigger to raise either
complement instruction or true instruction each
character. This switching results in the sign analysis
pattern shown above. Since the only positions which
contain a sign are the first one or those arriving at
the adder at C9 time, this is when a check sign im-
pulse, developed at 6Q4, on 5.04.01, tests the true or
complement instruction line. This Bl check sign im-
pulse conirols the condition of the true-complement
trigger on 5.04.02 and also develops a sixteens carry
for complement add.

Sign Control

For purposes of console display and control panel de-
cisions, the sign of each accumulator is stored in a
relay. The condition of zero or non-zero for each ac-
cumulator is also stored in relays. The points of these
relays used for control panel decision elements and
console lights are shown on 5.05.09. The pick and
drop-out of the sign relays (5.05.02, 5.05.08) is thyra-
tron controlled. A pulse on the fire minus (thy) line
picks the desired relay, indicating a negative quantity
in that accumulator. A fire plus pulse causes the blow-
out thyratron to conduct, dropping the relay.




Immediately following any operation on an accumu-
lator the following items must be analyzed to deter-
mine what the new sign is to be: )

1. The operation performed, determined by the in-

struction and the sign of the factor in cores.

ro

The original sign of the accumulator.
8. Was there a decimal carry from the high order
(character 0) of the accumulator?

The table in Figure 176 covers all the possible con-
ditions with numeric examples.

This table can be covered by a standard rule. Dur-
ing a true add operation there should be no decimal
carry and during a complement add operation there
should be a decimal carry if the sign is to remain un-
changed. Anv violation of this rule indicates a sign
change of the accumulator or an overflow of the

scanned each machine cycle by the field ring. The plus
and minus trigger indicates the sign condition for
each accumulator during its field. This in turn raises
the write minus or write plus line during each ac-
cumulator field. During an arithmetic operation, all
the items required for sign cortrol are compared. The
C9/Bx pulse checks the decimal carry trigger for the
high order (CO) of the previous feld. Q=15 tells
the machine to ignore the accumulator factor and
its sign. _

Following the vperation on any accumulator the fire
minus or fire plus line will send a pulse to the sign
relay storage unit, except in the two conditions of no
sign change shown on the chart.

CirctiT DEVELOPMENT
On 5.04.03 the normally closed points of each sign

accumulator.

ConTrOL Locic

Figure 177 shows the flow of information required to
change the accumulator sign. The ten sign relays are

relay are scanned one field early. On 5.04.04 the plus-
minus trigger is set at COB1 and will indicate the ac-
cumulator sign during the correct field. On 5.04.05
the write accumulator sign trigger is set at C9BO to
CI9BO of the next field. At CI9Bx on 5.05.01 (6F5a)

co iControling Unit Examples
Result  1Operation|Accr. SignDecimal Carry 5.05.01 Actual Adder
-012 988
True Add - No 6L2 +009 009
- 003 997
-012 988
FIRE |Comp Add - Yes 6L3 - 009 991
=021 DC 979"
+012 012
MINUS Comp Add + No 6E5 -015 985
- 853 997
Comp Add 000 000
Q-5 +or- No 6D5 - 007 993
- 007 993
T dd s an i
rue A - Yes 6D6 +022 022
+0 DC 010
000
FRe | T A vore No 607 03] ot
+031 031
+022 022
PLUS FIRE ZERO 6F6a
- 022 9
=% pc 666
T2=N (Multiply)
Fire Plus For Acer 0 & 1 619 Accr 0 & 1 Used For Product
True Add + No :gig 023
No Sign 063 - %8—
Change -015 985
Comp Add + Yes - 021 979
~ 036 DC 954
686 +939
True Add + Yes 5.05.07 +200 zgg
%139 bC 139
FIRE 6C7 - 939 071
OvereLOw(Com Addl - No 5.05.07 =200 800
X 139 871
- Yes 687 -939 861
Comp Add 5.05.07 - 061 939
FIRE ZERO X 000 DC 000

Figure 176. Accumulator Sign Analysis
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Fire Minus (Pick Relay)

Field Ring

L, 0 , Write Accr - (C9BOTo C980)
. | 1+ Write Accr 4
Sign Relays i - (C9 To C98B0)
2+ Write >
> Accr Sign
Accr R
5.05.02 34 Siom - _ | s.04.05 C9, BX
3 9 Plus Minus > Accr
5.05.0 is Scan | Trigger ) Sign Control
5.05.08 3> 5.04.03 5.04.04 + Decimal Carry , 5.05.01
5+
i Comp Add
6+
7+ True Add R
84 o Q=3
——es iy
o
9+

Fire Plus (Drop Relay)

Figure 177. Accumulator Sign Control Logic

we will mix all the required items together at one of
the units indicated on the chart to provide a fire plus
or minus. This occurs during the units position of the
next accumulator. The fire minus line will flip trigger
6Y2 10 pin high. At character 7 time pin 10 is scanned
to develop a fire minus (thy) line. This occurs 3 char-
acters after the accumulator operation was completed.
Fire plus is simply the C9/Bx pulse from 1K 6M1b.

All units on 5.05.01 used for sign control during add
or subtract operations are gated with the add subtract
write gate. Fire Plus when the accumulator is zero is
developed at 6F6a with only the fire zero line high.
Sign control during muiltiply and divide will be cov-
ered later in the appropriate sections.

Zero Control

if any operation should cause an accumulator to go to
zero, the zero relay for that accumulator must be en-
ergized. Each of the zero relays (5.05.05, 5.05.06) is
controlled by two thyratrons: one thyratron to ener-
gize the relay, and the second thyratron to drop the
relay by extinguishing the first.
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The method of controlling the zere and non-zero
thyratrons .is to examine the data scanned out of the
adder on add cycle during each field that the add-
subtract write gate is high. If any bit is included in
this data, the accumulator is not at zero and a fire non-
zero pulse is supplied. If the data is completely blank,
a fire zero pulse is provided. Note that each thyratron
is gated by the field gate following the accumulator
field, to allow the correct thyratron to be fired after the
data has been examined for that accumulator.

The fire zero and fire non-zero pulses are developed
at 6E8b and 6M10a (5.05.04). The test pulse, BRCY
or BrCL is developed at 6E9. These test pulses are
controlled by 6E7 so that they are available only dur-
ing accumulator write gate or reset cycle. Each test
pulse will cause either a fire zero or a fire non-zero
output, depending on the state of the zero field trigger,
6F7.

6F7 is plate pulled pin 3 high by each BOCS8 pulse
through 6F8a. If any numeric data bit is scanned out
of the adder during the add-subtract write gate, 6F7
will be plate pulled pin 10 high from 6F8b.



Reset zero field search (5.01.05) is developed at
6H10 by the “anding” of add cycle and register out.
At this point neither X nor R bits have been added to
the data from the adder register.

In multiplication and division operations, fire non-
zero is forced for accumulator 1 and 0. This is accom-
plished by clamping the left grid of 6F7 (5.05.04) at
its high level by multiply/divide: zero thyratron con-
trol, which is developed at 6W9 (5.06.02) for multi-
plication and at 6W8 for division.

Accumulator Overflow

RAMAC has only one overflow relay, R27 (5.05.08). It
is a latch tvpe, and will be picked if anv one of the
ten accumulators should overflow. After an overfiow,
the overflow hubs will remain transferred until an im-
pulse is wired into the overflow drop out hub. This
will latch trip R27.

It is not possible for an accumulator to overflow on
an operation having Q =5. For this reason Q =not 5
is supplied as one input of the thyratron 6A5. Note
that 6A5 1s fired by fire overfiow and extinguished by
firing of 6A6 during P cvcle.

Fire overflow is developed on 5.05.07 as a result of
any one of the three sets of conditions listed in Figure
176. The overflow trigger is only used to indicate a
decimal carry during a complement add and a nega-
tive accumulator, a normal occurence. Its output, how-
ever, is “anded” with fire zero to indicate the special
overflow condition resulting in a zero accumulator.

Reset Cycle

Since the sign data and the zero, non-zero data are
stored in thyratron controlled relays, removing DC
from the raMAc will destroy this data. The first I cycle
following an X reset becomes a reset cycle (IL1-
1.01.02) during which time the data on the accumula-
tor track will be scanned to repick the appropriate
zero relays. Any accumulator which contains a nega-
tive number will have a Bx in character 0, therefore,
CO of each accumulator must be scanned during a
reset cycle to repick the sign relays. The writing of the
Bx must be done when the accumulator goes minus.
The sequence chart in figure 178 illustrates this oper-
ation.

OBJECTIVES:
1. Write Bx in C0 when accumulator goes minus.
2. Develop reset cycle gate after reset.
3. Scan accumulator data for zero.
4. Scan COBx to fire minus.
Write Bit X: The bit X is inserted into data from
the adder at 6H11b on 5.01.05. The fire minus line is

a C9/Bx from 5.05.01 indicating a minus result. Re-
member that data from the adder is one character late
so the bit X is written in character 0 of the accumula-
tor track.

Reset Cycle: The reset cycle trigger (1L1-1.01.02)
is reset 3 pin high by X reset, and mixes with I or P
cycle. It is pulled 3 pin low at the end of I cycle by
the reset cycle reset line.

Repick Zero Relays: The reset cycle line allows
CO0/CL Br’s to test the zero field trigger (6F7-5.05.04)
and fire zero or non-zero. The data from the accumula-
tor must pass through the adder to become reset zero
field search data on 5.05.04. The add subtract write
gate must be up at 6F8b on 5.05.04. The add subtract
fields gate must also be up to allow all ten fields of
the accumulator track to pass through the adder.

On 5.06.02, the reset cycle line flips the add subtract
fields gate trigger 3 pin high. This in turn flips the
add subtract write gate trigger § pin high at C8 time.
The reset cycle line also blocks the accumulator write
gate to prevent writing on the accumulator track.

Repick Sign Relays: On 5.05.01, the restore sign
trigger, 6E6, will be flipped 10 pin high by a Bx at
C1 of the accumulator read data during a reset cycle.
At C9/Bx oi the next accumulator field, we flip trig-
ger 6Y2 10 pin high from the restore sign trigger, if a
COBx was sensed. This results in a fire minus (thy) at
C7. At C8 and RM the restore sign trigger is restored
to 3 pin high.

Accumulator Read Out

When an instruction with a T, =L or M is executed,
the numeric data must be transferred from the ac-
cumulator into the core buffer during R cycle. This
data is passed through thc adder for several reasons.
First, the early accumulator data must be delayed one
character time to enter cores on time. Secondly, a nega-
tive number in the accumulator must be converted
from complement to true form.

The data flow chart for this operation is Figure 179.
On every R cycle, accumulator data enters adder input
A directly, one character early. Each accumulator sign
relay is scanned to develop a true or complement add
gate for that accumulator. This is the only entry to
the adder during add cycle. The serial data from the
adder goes to the output switch where BRr’s are in-
serted. Also, an absence of bits from the adder repre-
sents a zero so B0’s must be inserted. Any negative
accumulator must have a Bx in the units position to
identify it on the process drum, since it is now in true
form. The units position will be the first character
to enter the adder after AB carry. If more than one
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TIME
B s

o] FOLFL [ F2 | F3 | F4 | F5 | F6 | F7 | F8 | FO

Prog. Start  Prog Set  Reset

R161| R153 R159
™ 01.02.09) (1.02.03)
i P Cycle Ready (1.03.08)

R171-3(1.01.02)
—Hem ! =
| Cycle Ready (1.03.04)
cLat ! L
I Cycle (1.03.04) ond Reset Cycle (1.01,02)
1
~H M

CLBR |

|
Bit X in CO Position of Accumulotor 8 Read ot C18X Time o

} 8E6 - 10 (5.05.01)
} fca
| Fire Minus 6C8 - 10 (5.05.01)
! coax |
i 6Y2-10
| Cod,

Fire Minus (Thy) 6L1-3

b

Thyratron 6C1 (5.05.02)

I
Add-Subt Fields Gate (5.06.02)

Add-Subt Write Gate (5.06.02)

J I
6F7-3 (5.05.04)
S| S NS oy Y N I
Fire Zero (5.05.04) CSBOI
cém\,
Fire Plus (5.05.01)
c;m\,

Thyratron 6€3 (5.05.05)

R73 {5.05.05)

Figure 178. Reset Cycle Operation

accumulator is read out, all those following the first
will have their units position in C9. Remember, the
Bx on the accumulator track was only used to pick
the minus relays on a reset cycle and was located in C0.

The zero insert requires more discussion. Since the
BO insert must occur during a correction cycle, the
analysis of the adder register for this condition must
occur before correction. Using an unmodified binary
counter, the zero condition may appear in several
forms. During a true add operation it will always oc-
cur as no 8, 4, 2 or 1 bits since adder inputs B and C
will never receive any data. During complement add
several conditions may arise as shown below:

AcerTrack 9 9 9 0 8 9 9 o0 ¢ 0
Input A 6 6 6 15 12 6 6 15 15 15
Input B 6 0 0 0 0 0 o0 0 0 0
Input C 1 1 1 1
Result 6 6 o6 15 12 6 7 0 0 O
Correction 10 10 10 10 10 10 10

Sum O 0 0 9 6 0 1 0 0 O

182 IBM RAMAC 305

ACCUMULATOR 8
1S NEGATIVE

ACCUMULATOR 7
CONTAINS 0

The fifteens complement of the complementary
number appearing on the accumulator track is shown
at adder input A. A sixteens carry is inserted into the
units position at input C. This results in decimal car-
ries to the next position since our counter rolls from
15 to 0. The result before correction must be tested for
zero inserts. A digit 6 and a digit 0 always require a
zero insert when complement adding. Notice that
when using the tens complement form on the accumu-
lator track, any zeros to the right of the lowest order
significant digit are in 10’s complement form, as well
as the low order significant digit.

ORJECTIVES:
1. Scan sign relays to develop a true or complement
add gate.
Enter adder input A during R cycle.
Insert Bx at C9 of negative accumulators.
Insert BO’s.
Insert Br’s (see “True Add Operation™).
Gate adder output to cores.

A




True or Complement Add: Since the accumulator
read data is obtained one character early, the data
from accumulator 9 enters the adder during the inter-
val from ce through C91; the data from accumulator
8 enters the adder during the interval from C90
through C81, etc. Because of this timing, the true-com-
plement trigger, 6M2 (5.04.02), must be forced into
the desired state at CE or CO. During read out, 6M2
is controlled from 6N2 and 6P3 by not accumulator
sign scan and accumulator sign scan, respectively.
These two units are gated with R cvcle and a BICE
or BIGO test pulse. These gates (5.04.04, 5.04.03)
represent the positive or negative condition of accu-
mulator 9 during Cg time, accumulator 8 during F9
time, etc.

Adder Input A: On 5.02.03, the accumulator read
data, one character early, is permitted to enter the
adder when the accumulator to adder gate is high
(6S10b) . This gate is actually R cycle, developed on
5.06.04. Within adder input A, the data is mixed with
the true or complement add gate.

Bx Insert: During complement add on an R cycle, a
bit X is inserted in the units position of the accumu-
lator data at 6G6 on 5.01.05. The units position will
occur at AB carry for the first accumulator read out or
at C9 of all following accumulators read out.

B0 Insert: The bit 0 is inserted at 6G5b on 5.01.05
when the zero insert trigger on 5.03.02 is 3 pin high.
This trigger is set 3 pin low at B1l. Then either of two
conditions existing in the adder register at BR@g C will
pull it 3 pin high. These conditions are explained
above.

Adder 1o Cores: The on uime data from adder goes
to 3.02.06 where it is gated with T=L/M to become
read data. This in turn is gated by R cycle and gC
(8P2) to become data to cores.

READ OuTr EXAMPLE

Figure 180 shows an example of a read out operation
for the instruction L.84Y5912 with accumulator 8 nega-
tive and accumulator 7 positive. The number in ac-
cumulator 8 is 9248900426. The number in accumula-
tor 7 is 0000000019.

Read Out and Reset

In a T,=M operation the accumulator track is the
origin of a data transfer as in the case with T, =1L.
In addition to data transfer, however, the particular

N 1
| 5.01.05 :
ABC C
Accumulator. : ol o Add’ !
Read ] 0 > A )
3.10.42 [ & SN BX |
! !
b e e e e L e D - — J
Adder Inputs
8 e
> Output To R Cycle
5.02.04 > Switch beeeeadm Data Switching
- 5.01.05
. Adder o
Accr— Adder A g | Adder Register
———
> 5.01.01
5.02.03 01.0 -
Parity
C > - Insert
5.03. 03
5.02.04
I e -
! revirecy Zero Insert !
8,4,2,1
! — 5.03.02 !
i B0 Al
| A ’ [
Accr Sign [True Comp; ! o !
Scon Trigger : RCycle 1 A >l T |
—_—— > i
! 8,1,4,2 i A I !
i -
, Comp Add | BROC !
Lo o L L L e e e e e e e J

Figure 179. Accumulator Read Out Data Flow and Controls
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accumulator from which the data is taken must be re-
set to zero. It is important to note that a read out and
reset operation requires that the complete accumulator
be reset if any part of it is reset.

To accomplish read out and reset we need only to
modify read out by bringing up the accumulator write
gate but provide no write data, i.e., write blanks in the
accumulator. Accumulator write gate is brought up on
5.06.02 by read out and reset coming from 5.06.01. The
read out and reset trigger will be pulled 3 pin high
at C8 of a T = M operation when the set up trigger
is 3 pin high. This will occur at A compare, which
1s a COB8 pulse occurring prior to the field in which
the AB counters develop a carry, ie., develop R/W
cycle gate. This assures us that the entire accumulator
will be reset. At C9 after the cycle complete gate is
raised (6X8b-5.06.01) the reset trigger will be pulled
3 pin low dropping the accumulator write gate.

During this time no data should be present on the
accumulator write data line on 5.06.04.

Multiplication

Multiplication is performed by ramac as a series of
repetitive additions, involving three process drum
tracks: the multiplicand track, the partial product
track, and the accumulator track. The multiplicand
track is addressed by a T, or T, of V, and may serve
either as the track of origin or destination in a trans-
fer of data. The partial product track may not be
addressed, but is utilized automatically in the process
of multiplication. The accumulator track was dis-
cussed in the development of addition.

The multiplicand is limited to 9 digits. A larger
multiplicand might develop an 11 digit partial prod-
uct apd the high order digit would be lost. The prod-
uct can be as large as 20 digits; therefore, an 11 digit
multiplier may be used with the 9 digit multiplicand
to develop a 20 digit product. A larger multiplier may
be used; however, all lower order digits beyond the 20
high order digits of the product are lost.

Programming of Multiplication

In order to accomplish multiplication, the following
two program steps are necessary:

1. The first, containing a T, of V, writes the mult-
plicand once in each field on the multiplicand
track. The A,B, is normally 99 to cause the units
digit to be written in the C9 position of each
field.

2. The second instruction contains a T, of N, an
A,B, of 99, and an MN of the number of digits

in the multiplier. The T,A B, part of the in-
struction is the address of the multiplier. This
program step requires an I cycle, an R cycle and
a long W cycle composed of as many machine
cycles as there are digits in the multiplier. Thus
with an MN of 06, there will be six machine
cycles. We shall call each machine cycle occur-
ring during this long W cycle a “muluply W
cycle.”

Theory of Multiplication

Multiplication by the raMac is a series of repetitive
additions combined with the right shifting of the par-
tial products stored in the accumulator. The number
of additions of the muldplicand to itself is controlled
by the digits of the multiplier. Each digit of the multi-
plier, beginning with the low order, requires a com-
plete machine cycle to perform its adding require-
ments. Each of these cycles are W cycles, therefore a
multiply operation requires as many continuous muiti-
ply W cycles as there are digits in the multiplier. The
multiplicand is added to itself by adding each field of
the multiplicand track to each field of the partial
product track and writing the sum on the next field
of the partial product track.

Since the largest possible multiplier digit is 9, re-
quiring 9 additions, one field is left in the machine
cycle to add the partial product to the previous partial
product from the accumulator track. At the same time
the accumulator data must be shifted right one char-
acter, so that the tens position adds to the units posi-
tion of the partial product. This sum is then rewritten
on the accumulator track in accumulator 0. This is
shown in the example below:

195 Fg4 § PP 000 ' Multiplier
24 M’cand 195 2
780 F3 { P.P. 195
390 M’cand 195
P - P.P 390
4680 F2 { M'cand 195
P.P 585
F1 { M’cand 195
P.P. 780
FO < Accr 000
End of Ist W Cycle Accr 780
P.P 000 Multiplier
¥2 { M'cand 195 1
F1 PP 195
M’cand 195 Right Shift
P.P. 390
FO < Accr 0780
End of 2nd W Cycle Acer 4680

Notice that the developing product is being shifted
out of accumulator 0 into accumulator 1 during the
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right shift. These two accumulators (20 digits) are
reserved for the product. The units position of the
product will always be found in character “n—2"of
accumulator 1 where “n” is the number of digits in

the multiplier.

Muitiply Data Flow

Tigure 181 shows the data flow and controls during a
multiply W cycle. The multiplier has been previously
placed in each of the 10 fields of the multiplicand
track with a T, =V instruction. On a T, = N instruc-
tion, 1 cycie and R cycle occur normally, placing the
multiplier in cores. For example, W49N9902bb would
place €49 and C48 of W 1rack in the cores.

At CE time of each multiply W cycle, the multiplier
digit is transferred to the multiplier comparator, core
position 00 reading out on the first W cycle, position
01 on the second cycle, etc. At the comparator, the digit
is analyzed to raise the multiplicand to adder gate for
the number of fields specified (See gate 1 on Figure
181). This gates on time data from the multiplicand
track into adder input A. The fall of this gate is fixed
at CIFO0, therefore, the time it is brought up deter-
mines the number of additions performed.

The output of the adder is written on the partial
product track one character late, due to the adder
delay. Nine characters later this same information
must be read from the partial product track, on time,
to adder input B to add with the next multiplicand
field. Therefore, the partial product write head is
physically displaced 9 characters ahead of the read
head. The partial product to adder gate (gate 2 on
Figure 181) is raised one field after the multiplicand
to adder gate, when the first partial product is read
from this track.

By CB8F0 the fully developed partial product has
been written on the last field of its track. During field
0 this data will be added to the right shifted accumula-
tor track. On the first W cycle accumulators 0 and 1
contain zeros; however, on following W cycles the pre-
vious partial product is located there. C8F1 through
CIF0 of the accumulator track will be right shifted
through the delay register. C9F1 is lost each shift cycle.
C8F0 through COFO0 of the accumulator track will be
shifted right by the one character delay of the adder.
While C8F0 of the accumulator enters adder input A
one character early, C9 of the partial product track is
entering adder input B since the partial product to
adder gate is still up. The accumulator to adder gate
(gate 3 on Figure 181) is up from CIF0 to GOFO to
gate C8 through CO to the adder. The shift gate (gate
4 on Figure 181) is up from C8F1 through CI9F0 to
right shift the rest of the product accumulators.
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The accumulator write gate will be up for field 1
and field 0 to gate the data from the delay register and
the adder to the accumulator write head.

To summarize, the major objectives of multiply are
listed below. The detailed objectives will be covered
later.

MAajor OBJECTIVES:

I. Place multiplicand on track V with a T,=V
instruction.

-2. Place multiplier in core buffer on R cycle of a
multiply instruction, T, = N.

3. Analyze first multiplier digit on W cycle.

4. Repetitively add multiplicand to itself (partial
product) .

5. Shift accumulators 1 and 0 right one character.

6. Add partial product to accumulator 0 (during
shift) .

7. Analyze next multiplier digit and repeat steps 4,
5, and 6.

8. Continue for MN times.

loading the Multiplicand Track, T,—V

When the instruction having a T,=V is executed,
the multiplicand is written inta each field of the multi-
plicand track. In order to accomplish this special type
of transfer, the W cycle gate is raised by the leading
edge of each C9, and lowered by N compare. A spe-
cial operation is also required of the core buffer.

1f the instruction W75V9907 is executed, the data
from C75 through C69 of track W will be transferred
into the core buffer during R cycle. During W cycle,
the W cycle gate will be raised at the leading edge of
each C9 and will be lowered by N compare at the
trailing edge of each C3. When the W cycle gate is
lowered, the core units and tens rings will have ad-
vanced to 07. Since the same characters must be en-
tered into each field of the multiplicand track, the
core units and core tens rings must be reset prior to
the beginning of each field.

An additional requirement of T, =V is to erase and
then insert R bits in any position on V track which
does not receive data.

OBJECTIVES:

1. Develop 10 W cycle gates of 9 characters or less
to load multiplicand track.
2. Erase V track and insert BR when W cycle gate
is down.
3. Reset core units and tens rings to 00 at each CO.
W Cycle Gate: Pin 10 of the W cycle multiplicand
trigger, 3W2 on 3.02.08, controls the W cycle gate
through AI 3X3a. Each C9 pulls this irigger 10 pin




—~——— Y

\'°°¥

c
Sumylgtor I

FO

- —— Wrife@?ote

J6/37| 38| a9] 40| 41142
A

One Character Early Accumulator Accumulator
oo - Write
3.10.42 3.10.42 Shift
o lo—&
1
Dela @ Accumulator
Y Writ:
Register G:f:
I On Time F1&F0
i Input B E . Ou;ptai] S\gsitch_‘
PP_.Adder'I A ‘r —l > e
C) I
! 5.02.04 Adder
L 3 Adder Register
e —mmm o - 5.01.03
1 Input A : > Ty =N/P
- - I
3 Accr—eAdder | A | W Cycle
O o ! 5.01.01 —*,
) ! N Y
Multiplier ! ) A
Comparator M'cand Adderl " : -
1
5.06.05 —~—~>- :
A ) 5.02.03 !
________ W
r‘ Input € b PP Read PP Write
| s.02.04 T 3.10.43 3.10.43
Core Buffer [ Ll g AR J F9 Thru FO A
On Time On Time

¢ |

lWN Data Swifching]

Matrix Reod |¢
Amp

Multiplier Digit

BERITme
Multiplier Digit is "3"
Gaop [ FO | F1 | F2 | 3| Fa| 5 | F6 ] 7| r8] Fo
CE | CL
I
N
(1) MPCD TO ADDER Ll Iy
C C980
(2) PP TO ADDRR S P
: ; : C9BX
(3 ACCR TO ADDER I
: i 1 ~CO
(@)  SHIFT GATE L I
— ~Cg-
(5) FOWRITE GATE P
i c8~
(® ACCRW GATE T
o c8”
i I ¥
I '
i ] i

Figure !81. Multiply Data Flow and Controls

187

Arithmetic




high. At N compare it 1s pulled 10 pin low. N com-
pare (2.04.14) occurs 10 times during W cycle, when
the digit value of the N register is the same as the
quantity in the B, counier which began advancing at
Br of CE time. In the example above (W75V9507) N
compare will occur each C2 at Bsg B, seven characters
after C9.

Erase and Insert Br: Erasing of V track when the
W cycle gate is down, is accomplished by kceping the
matrix write gate high throughout W cycle. T=V
is “anded” with W cycle at 3V6a (3.02.09) to keep the
matrix write gate high. Since the matrix write gate re-
mains high during intervals of time when no data is
coming from core buffer, R bits must be inserted into
the matrix write data path to prevent subsequent parity
errors. Br pulses are inserted into the matrix write
data through 3U7 (3.02.12), where they are gated by
not W cycle gate, T=V, and W cycle.

Reset Core Buffer: Buffer counter reset (3.02.10) is
supplied from 3Q3 with the anding of CO, T=V, W
cycle and the output of 3Q4 from every BO to every
Bs. Thus, buffer counter reset is high from B0 to Bs
of every CO during W cycle when T=1YV.

Multiply, T.=—N

For this discussion, the major objectives listed above
under “Data Flow” will be broken down into detailed
objectives. Notice that there is no sign analysis of the
multiply factors. A fire plus is developed at 6L.9b on
5.05.01 for the product accumulators on all multiply
operations. Figures 182 and 183 illustrate portions of
a multiply instruction W49N9902bb, with factors of
746 X 43%.

OBJECTIVES:

1. Transfer multiplier to core buffer during R cycle
(see “Track to Track Transfer”).

2. First multiplier digit to multiplier comparator.

3. Gate required number of fields from multipli-
cand track to the adder with the M’cand to adder
gate.

4. 'Write adder output on partial product track.

5. Gate partial product track output to adder with

PP to adder gate.

6. Right shift accumulators 0 and 1 one character.

7. Add partial product track to accumulator 0 dur-

ing shift.

8. Write shifted accumulator 0 and 1 data.

9. Repeat W cycles for MN machine cycles.

Load Multiplier Comparator: The comparator on
5.06.05 is a modified binary counter capable of de-
veloping a carry when advanced from 9 to 0. The
multiplier digit is entered as W data which is strobed
by the bit ring to set each of the four triggers. This
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must occur prior to the multiply W cycle, at CE time.
To develop W data from the data from cores at 3K4
on 3.02.12, the W cvcle gate must be raised during CE
time. On 3.02.08 at 3X3b the not W cyvcle gate is low-
ered by the “anding” of T,=N and muluplier read
out gate. This gate is alwavs raised at RM and lowered
by the first Bs@ B of a drum revolution (1P4-1.01.07).
See Figure 183.

During this special W cvcle gate, a core start is de-
veloped on 4.11.00 at Bx of Ce at 4H5. The character
register reset line will be high during this time while
the core bit ring is still at Bs (4M6) . The core buffer
counters are reset (3.02.10) at Ci. of R cycle and then
the reset is suspended for the duration of W cycle by
T,=not N being low. This enables the multiplier
digits to be read out progressively at each Ck time, since
the core units and tens rings are advancing.

Multiplicand to Adder Gate: The muluply compa-
rator counter (5.06.05) is advanced each field time with
C9. A carry pulls the multiplicand gate trigger on
5.06.03 3 pin high to raise the aMrcp to adder gate at
CYBO time. This gate remains high until the beginning
of F0. On 5.02.03 the matrix read data is gated into
adder input A through 6R9. True add will be up
throughout multiply, since there is no sign analysis. The
matrix read data is from V track, which is selected by
TN=5 and TZ=90. TN =5 is high since T,=N.
TZ =0 is artificially developed on 3.10.14 at 5S6a.

Partial Product Write: Data from the adder is gated
to the partial product write circuits by T,=N/P on
3.10.43. The trigger at 5T3 is flipped 10 pin high by a
bit from the adder, to cause write I current to flow
at the fall of g C. With no bits from the adder 5T3
is flipped 3 pin high for write 0 current. Notice that
the partial product track is constantly erased except
when data from the adder is present.

Partial Product to Adder Gate: The adder output
is written one character late and the PP Read Head
(3.10.43) 1is physically positioned and adjusted to read
the data 9 characters after it is written. Therefore, 10
characters after character 9 of the multiplicand track
first enters the adder, it is returned from the partial
product track to adder input B. At the same time C9
of the multplicand track is again entering input A.
The partial product to adder gate is developed on
5.06.03 (6T4) at BxC9, one field after the mpcp to
adder gate came up. This gate will stay up until Cr.

Right Shift: The product, which is being accumu-
lated in accumulators 0 and 1, must be right shifted
each W cycle, before the next partial product is added
to 1t.

All accumulator data is appearing at the output of
the delay register as on time accumulator delay data.
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Figure 182. Multiplication During Instruction W49N9902bb

This is gated to the accumulator write data line at
6V10a on 5.06.04 when the shift gate trigger is 3 pin
high. The shift gate goes high at F1C8 of a multiply
W cycle when the product gate trigger is pulied 3 pin
high. It remains 3 pin high until FOC8. The on time

Delay
Register (Active F1C8 Through FOC9)
(.
—~ MULTIPLIER COMPARATOR
0 o] 0 0 0 9 8 7 6 5 4
MULTIPLICAND TRACK
746 746 746 746 746 746 746 746 746 746
° ADD ADD ADD ADD
S
; ﬁ /| / V% | PARTIAL PRODUCT TRACK
2 2984 2238 1492 746
ADD [{Active FOC8 Through FOC0)
ACCUMULATOR TRACK
32078~ Product
00 R 2238|-~— Previous Total
N

data is written one character late due to the physical
position of the accumulator write head.

C8 through C0 of accumulator 0 will enter the adder
to be right shifted (delayed one character) under con-
trol of accumulator to adder gate (6S10b-5.02.03).
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This gate 1s a result of the product trigger (6T8 on
5.06.04) being 3 pin high and F0.

Add PP to Accumulator 0: The accumulator read
data enters input A while the partial product read data
enters input B from FOCY to CL. The PP to adder gate
is up until CL (5.06.03). The accumulator to adder
gate is up until FOCO.

Write In Accuriulators 1 and 0: The accumulator
write data on 5.06.04 consists of the accumulator delay
data (6V10a) during Fl and then data from the adder
beginning at FOC8 when the shift gate goes down. Data
from the adder is gated at 6Ul1lb when the partial
product trigger is pulled 3 pin high to develop the FO
write gate.

Repeat W Cycle: The above steps are repeated for
each mukltiplier digit. Te accomplish this, W cycle end,
on 1.03.06, is delayed by blocking cycle complete on
1.02.08. The cycle complete gate trigger at 1H9 will
not be flipped 10 pin high until MN compare falls at
1K10b. MN compare is a Bs@ B pulse occurring when
the MN register equals the A,B, counters. These
counters were set to 99 during I cycle. At R cycle end
they advance to 00 (2K6a-2.04.03) and normal B,
counter advance is blocked by T.=N. At the end of
each W cycle they advance one more unit (2Kbb -
2.04.03) . The MN compare will occur after MN W
cycles, which is equal to the number of digits in the
multiplier.

Reset Multiply

If accumulators 0 and 1 contain significant data at the
start of the multiply W cycle this data wiil be added
to the partial product. A Q of 5 in a multiply instruc-
tion will erase these two accumulators during the R
cycle by raising accumulator write gate. Trigger 6V4
on 5.06.02 is flipped 10 pin high at this time and reset
every CE. Since there is no accumulator write data,
during R cycle, write 0 current will be drawn through
the write head.

Division (Optional Feature)

Automatic division is performed by Ramac in much the
same manner as multiplication. Multiplication is a
series of repetitive additions using tracks L, V, and PP.
Division is a series of repetitive subtractions also using
tracks L, V, and PP.

The following is a definition of the terms used in
division:

quotient

divisor l dividend

Programming of Division

In order to accomplish this process of division, three
program steps arc necessary as follows:

1. The first, containing a T, of L, loads the divi-
dend into accumulators 0 and 1 according to the
following rule for quotients of 11 digits or less:
The number of digits in accumulator 0 must not
exceed the number of digits in the smallest divi-
sor used, providing the dividend does not exceed
11 digits. For dividends greater than 11 digits, at
least 2 digits will be in accumulator 0. It may be
necessary, therefore, to shift the divisor to the left
on V track to obtain the correction quotient.

Note: A Q flag of 5 is usually used to clear accumula-
tors 0 and 1 before the dividend is entered.

2. The second instruction contains a T, ot V and
is used for loading the divisor into each field of
the multiplicand track. For quotients of 11 digits
or less, the A,B, will be 99 to load the divisor
into the low order positions of each field. (For
quotients greater than 11 digits, it will be neces-
sary to position both the divisor and dividend
turther to the left by the number of places de-
sired in the quotient minus 11.) The execution
of this instruction causes the V track to be loaded
exactly as it is during the multiplication process.

3. The third instruction must be L09P99 with an
MN of twice the desired number of digits in the
quotient. This instruction starts the actual divi-
sion operation. The MN of this instruction de-
termines the number of machine cycles that W
cycle lasts during the development of the quo-
tient. The machine cycles that occur during this
long W cycle are divided into pairs, which occur
repetitively. The first cycle of the pair is called
“divide odd W cycle” and the second cycle of the
pair is called “divide even W cycle.”

Description of Division

During the division process, the development of the
quotient involves counting the number of repetitive
subtractions of the divisor from the dividend which
are necessary to reduce the dividend to less than the
divisor. The divisor is written in each field on track V
(the multiplicand track) and the dividend is stored in
accumulators 0 and 1. The quotient is developed in a
single position quotient counter and transferred to C9
position of accumulator 1 (F1C9) the next drum cycle
after it is developed. Since the quotient counter is a
single position, the quotient must be developed a digit
at a time. Therefore, the divisor must be subtracted
from only the high order digits of the dividend to
insure that the quotient digit will be nine or less. These
high order digits of the dividend, which we shall call
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Figure 184. Divide Odd W Cycle — Data Flow and Controls

the “active dividend,” are placed in accumulator 0,
and the rest of the dividend, which we shall call the
“inactive dividend,” is placed in accumulator 1. The
two data flow charts, Fxgures 184 and 185 show this
operatlon

faJor OBJECTIVES:
1. Analyze sign of accumulator 0 and 1.
2. Repetitively subtracr divisor (V track) from ac-
tive dividend (in cores during F9, then on PP

track.)

3. Count successful subtractions to develop quotient
digit.

4. Detect overdraw and true add divisor to remain-
der.

Enter quotient in C9 of accumulator 1.
Left shift accuamulator 0 and accumulator 1.
Enter shifted accumulator 0 into core buffer.

Ne:

During R cycie the dividend in accumulator 0 will
be loaded into cores as the instruction demands. On
the divide odd W cycle the divisor will be complement
added to the dividend from core buffer during field 9.
The result is written on the partial product track. Dur-
ing field 8 and later fields the divisor is complement
added to the amount on the partial product track.

During these subtractions a decimal carry at each
character 0 tells the machine that a successful reduc-
tion has been made. It adds one to the quotient count-
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er and keeps complement add up. No decimal carry
indicates the remainder has gone from plus to minus
and initiates a true add of the divisor to the partial
product. The remainder on the partial product track
continues to pass through the adder and back to the
partial product track on each field. The divisor is
blocked from input A following the true add field.
At FO time the remainder is written in accumulator 0
as it leaves the adder.

At the beginning of the divide even W cycle the quo-
tient digit is in the quotient counter and the remainder
in accumulator 0 and 1. At F2C0 the quotient is
passed through the adder and written at F1C9 of the
accumulator track. All of accumulators 1 and 0 are left
shifted one character. This is accomplished by delayving
the early accumulator read data 3 character times. It
is passed through the delay register, the adder and the
divide left shift register, each stage providing one
character delay. For example, C9 is read at CO time,
delayed three character times until C7 time and writ-
ten in C8 of the accuinulator track. At the same time
the new active dividend is taken from the adder output
to core buffer from FOC9 through FO0C0. The odd and
even W cycles are continued for the number of times
specified by the MN of the instruction. At the end of
the division process, the quotient will be in accumula-
tor 1 beginning with the units position (C19), and any




remainder will be in accumulator 0 (and perhaps the
high order positions of accumulator 1, depending on
the size of the remainder).

Quotient
Example problem: 3 ) 753 Accr. 0 Accr. 1 Counter
Beginning of first divide W cycle:| 7153 j
End of first divide odd W cycle: 1 1133 J

End of first divide even W cycle: L‘_‘_“_L_L_L[l&%‘_l_._._l__[_j_‘_‘j
e R AR ARR AR AR AN S

lost =""" Dotted lines indicate shifting that has
taken place during divide even W cycle.

The divisor and dividend are treated as plus factors
resuiting in a positive quotient. There is a possibility
that the dividend in accumulator 0 or 1 may be in
complement form, since it was loaded on a previous
instruction. In this case it must be returned to true
form before ii is used in the divide operation. This sit-
uation will be covered later under *“Divide Sign Con-
trol.”

Divide Circuits

This discussion will treat only the divide instruction.
It would have been preceded by two other instruc-
tions loading the dividend in accumulators 0 and 1,
and the divisor on V track. The two data flow charts
in Figures 184 and 185 and the diagram of the divide

gates 1n Figure 186 will aid in tracing the drcuits.
Assume an instruction of LO9PY906 for the problem
753 =+ 3.

OBJECTIVES:

1. Transfer dividend in accumulator 0 to core
buffer on R cvcle.

2. On odd W cycle repetitively subtract to develop
one digit of the quotient.
a. Divisor to adder gate at F9 to enter core buffer
contents into adder.
b. Partial product read data to adder on all fields
after ¥9.
¢. Complement add divisor from V track to
adder.
d. Write results on partial product track.
e. Add “one” to quotient counter when decimal
carry at CO occurs.
f. True add V track to correct overdraw when
no decimal carry occurs at CO.
g. Write remainder in accumulator 0.

3. On even W cycle left shift accumulator 1 and 0.
Enter quotient digit in F1C9.
a. Gate quotient counter to adder at F2C0.
b. Delay accumulator read data 3 characters for
left shift.
c¢. Transfer remainder in accumulator 0 to core
buffer.

4. Continue W cycle until} MN compare.
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Figure 185. Dividc Even W Cycle — Data Flow and Controls
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Figure 186. Division Gates

Dividend to Cores on R Cycle: The transfer of data
from the accumulator track to cores is accomplished in
the same manner as an accumulator read out, with one
exception. The R/W cycle gate (3.02.03), raised by
AB compare, is not lowered until Cr. MN compare is
blocked by the conduction of 2Z4a (2.04.14) on a
divide operation. This must be done since the MN
characters of the instruction now specify the number
of W cycles to be taken.

Divide Odd W Cycle: The sequence of events during
the long divide W cycle is controlled by the trigger 4U9
on 5.07.04. This trigger is reset 3 pin high with “C”
reset. Each W cycle start pulse flips the trigger when
T,=P. 10 pin high raises divide odd W cycle. An
even number of W cycle start pulses will leave it at
divide even W cycle, or 8 pin high.

Dividend from Cores to Adder: The data to adder
input B during the odd W cycle (6N8-5.02.04) is
labelled dividend to adder data. It comes from two
sources on 5.07.01. During F9 it is W data from core
positions 00 to 09. For all other fields it is partial
product read data. All that is necessary to place core
data on the W data line is to raise the W cycle gate
during F9 (3.02.12). This is provided at 3E6a on
3.02.09.

Partial Product Track to Adder: Following F9 all
fields of the partial product track will be gated to the
adder on the dividend to adder line (5.07.01).
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Complement Add V Track to Adder: V track is
selected in the read matrix by TN=5 and TZ=0.
The latter is forced at 5S6a on 3.10.14. The matrix read
data enters adder input A (5.02.03) under control of
the quotient digit not 9 gate and the divisor adder
gate. The divisor adder gate (5.07.01) will remain up
until the overdraw is corrected. It is a result of either
divide complement add or divide true add being high.
The divide complement add trigger is set 10 pin high
at F9 of each odd W cycle, and will remain there until
an overdraw (no decimal carry) . '

If a quotient digit greater than 9 is attempted due
to incorrect placement of the dividend in accumulator
0, trigger 4V6 will be flipped 3 pin low, blocking adder
input A. This condition is signaled by a decimal carry
at F1CO because the dividend was not reduced to a
negative number after 9 subtractions.

Once the matrix read data (track V) is at input A
it will be complement added until an overdraw. The
true-complement trigger (5.04.02) is set to complement
each field by divide complement add and check sign,
a CI9B1 pulse.

Partial Product Write: All data from the adder will
be written on the partial product track by T,=P and
W cycle on 3.10.43.

Develop Quotient: Each successful reduction of the
divisor during the odd W cycle results in a decimal
carry at CO time. “One” is added to the quotient count-
er on 5.07.02 at this time. Notice that this operation is



conditioned by complement add. Following the over-
draw a true add operation takes place to return the
remainder to a positive condition. This results in a
decimal carry also, but it is not part of the quotient.

Correct the Overdraw: I the subtraction of the
divisor from the dividend results in a negative remain-
der, no decimal carry occurs at CO. This signals a
divide true add operation to correct the remainder.
On 5.07.01 the divide complement add trigger is
flipped 10 pin low by no decimal carry. This in turn
flips the true add trigger, 4U6, to raise the divide true
add gate. This trigger is pulled 10 pin low each CO
time so the gate is never up for more than one field.
The divide true add gate will flip the true-complemcnt
trigger on 5.04.02 to true add. V track will enter the
adder from input A without inversion.

Remainder to Accumulator 0: Following the true
add of the divisor, the correct remainder is read from
the partial product track, passed through the adder
with no change and rewritten on the next PP field.
This continues until FO when the output of the adder
will be directed to the accumulator write circuits (see
Figure 184) . The divide FO write gate trigger (4U10-
5.07.04) is flipped 10 pin high at FOCS8. It remains
high until Cr. At the same time the accumulator write
gate is raised on 5.06.02 through 6W8.

Divide Even W Cycle: On 5.07.04 trigger 4U9 is
flipped 3 pin high at the start of the second W cycle.

Quotient Digit to Accumulator: The contents of the
quotient counter are always present on the quotient
digit line. It is gated into adder entry B (617 - 5.02.04)
at F2C0. This means it will be written one character
later at F1C9 on the accumulator track.

Left Shift Accumulators 0 and 1: The entire remain-
der in accumulators 0 and 1 must be left shifted one
character in preparation for the next reduction opera-
tion. When adding and subtracting a delay of two
character times between the accumulator read head
and accumulator write head resulted in writing the
data in the same position from which it was read. This
is due to the physical location of the two heads. A de-
lay of three characters will write the data in the char-
acter position immediately following the one from
which it was read. The additional delay in the divide
left shift register results in a left shift.

The accumulator delay data is entered into adder
input A, on time, at 6N7 on 5.02.03. It leaves the adder
one character late and is entered into the left shift
circuits on 5.07.03. This circuit operates very similar
to the delay register. The @ C bits from 4X6a fip the
respective shift triggers 3 pin high while the @C no
bits from 4W7a flip them 3 pin low. The 8 pins are all
sampled with @ B’s at 4X11b resulting in one charac-
ter delay.

The accumulator read data appears three characters
later as divide left shift data. 1t is gated to the accu-
mulator write data line by the left shift write gate from
trigger 4U11 on 5.07.04. At the same time the accu-
mulator write gate is raised through 618 on 5.06.02.

Remainder to Core Buffer: The new “active divi-
dend,” appearing at the adder output from F0C9
through FOCO of the divide even W cycle is sent to
core buffer by the divide core buffer write gate (4V1la-
3.02.06) . This gate also provides a character register
reset and core start pulses through 4)8b on 4.11.00.

W Cycle Control: The odd and even W cycles con-
tinue until the correct number of digits in the quo-
tient have been developed. The completion of W cycle
is signalled by an MN compare since MN in a divide

- instruction must be two times as great as the number

of quotient digits desired. The A,B, counters are ad-
vanced “one” for each machine cycle during the long
W cycle at 2K5b on 2.04.03. MN compare, a BsgB
pnlse, occurs during FOCY to raise the cycle complete
gate (1H9-1.02.08) on the last divide even W cycle.

Divide Sign Control

The sign of the quotient is always set to plus. Fire plus
for accumulator 1 occurs at 6K8b on 5.05.01 and for
accumulator 0 at 6K8a.

The dividend and divisor must be sent to the adder
inputs in true form. A negative figure is always written
in true form on all process drum tracks except the ac-
cumulator track. Track V, the divisor, will always be
in true form. A negative dividend, however, will be
written in complement form on the accumulator track
prior to the divide instruction. Either accumulator 0
or accumulator 1 or both, may be in complement form.
The complement accumulator must be changed to true
form by passing it through adder input A with the
complement add gate up, prior to its use in the divide
operation. Accumulator 0 will be recomplemented, if
negative, when first sent to cores on the R cycle of the
divide instruction. Accumulator 1, if negative, will be
recomplemented on the first left shift cycle.

Recomplement Accumulator 0: When the accumula-
tor delay data from accumulator 0 enters adder input
A on R cyde, the true complement trigger on 5.04.02
will be set to complement add at 6N2. The sign relay
for this accumulator is not set to plus until the first
divide odd W cycle.

Recomplement Accumulator 1: On the first left shift
operation at F1 of the even W cycle the sign of accu-
mulator 1 is still negative. The true complement trig-
ger is set to complement at 6P7 on 5.04.02. Then, at
FOC8 of the divide even W cycle the sign relay for
accumulator 1 is set to plus at 6K8b on 5.05.01.
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380 Supervisory Operations

The 380 Console includes a card reader, typewriter,
keyboard, indicator panel, control keys and control
panel. The various operations of the Ramac are con-
trolled from this station. The operation of the card
reader and the control exercised over other Ramac
units from the supervisory console during the process-
ing of data are covered in other sections of this manual.
This section deals with the special operations per-
formed by the supervisory station which supplement
the actual processing of data.

The special supervisory operations include the cor-
rection of invalid characters which are indicated by a
parity error, alteration of data on a process drum track,
typing a record from the file, and operation of the
typewriter as an auxiliary document printer. All of
these operations involve the transfer of data to and
from the typewriter track (Q track) and the analysis
of individual characters from Q track in order to ener-
gize the corresponding typewriter key magnet.

Supervisory Mechanical Components

The four major mechanical components that make up
the 380 supervisory station are: a magnet operated
electric typewriter, a console keyboard, a supervisory
circuit breaker unit, and a group of spring driven
rotary stepping switches.

The console typewriter provides a printed output
for data that is transferred as a result of manual con-
sole operations and also serves as an auxiliary docu-
ment printer under control of the program being
performed by the process unit. A control panel is pro-
vided to allow flexible format control of the output
data. The control panel permits rearrangement of the
output data, variable line length, controlled spacing,
zero suppression, and ribbon color centrol.

The console keyboard contains a complete set of
alphabetic and numeric keys that are used to enter
information on the process drum and correct error
information from the process drum or file. In addition
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to the alphabetic and numeric keys a group of function
kevs are provided to control manual console oper-
ations. .

The supervisory circuit breaker unit is clutch con-
trolled and makes one revolution for each console key
depression or each character that is transferred from
Q track to the typewriter.

The rotary stepping switches control the selection
of individual character positions on Q track. As each
character is read from Q track and typed, the rotary
switches advance one position and select the next char-
acter for tvping.

Keyboard

The keyboard used with the type 380 Console con-
tains two mechanically independent units. One of
these units is similar in design and functional opera-
tion to the 024 type keyboard; this unit contains all
of the alpha-numeric keys. A mechanically inde-
pendent 7-key unit for the functional keys has been
mounted upon the rear of the alpha-numeric keyboard.

ALPHA-NuUMERIC KEYBOARD

The operation of an individual key is illustrated in
Figures 187 and 188. The depression of a key causes
the key stem bell crank to move its latch pull bar
forward, causing the latch assembly to drop off the
latch bar.

Individual key stem springs restore the keys and pull
bars to normal. A separate flat spring holds each pull
bar against its latch assembly and insures its relatching
in the notch of the latch.

In Figure 188, notice that the latch assembly is made
up of three parts, which are free to rotate about a pivot
point. Each part has its own function. The permuta-
tion bar supports the operating spring and causes the
contact bails to pivot and close the bail contacts. The
latch hooks over the latch bar and holds the latch
assembly and its permutation bar inoperative until its
key is depressed. The check lever slides over the notch
in the latch to block a second operation before the
latch assembly is fully restored.
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In Figure 189, several keyboard mechanical features
are shown. Disk interlocks, which are operated by the
latches, prevent tripping more than one latch assembly
at a time. The pull bar guide has L shaped separators
which hook under the pull bars, to aid in disassembly
of the keyboard. As each key stem is returned to its
normal position, it comes to a stop against a nylon cord
threaded through the slot in each key stem.

Notice the position of the restoring bail in Figure
188. The bail is operated by two restoring magnets,
one at each end of the bail. When the restoring mag-
nets are energized, the permutation bar and latch
assembly are lifted to permit the latches to relatch on
the latch bar.

FuncrioN KEy UnNiT

The function key unit is illustrated in Figure 190.
There are seven key positions identical to the one
position shown.
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Figure 190. Function Key Unit
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When the key is depressed, the contact lever is moved
downward until it is free of the latch bar. The upper
spring pulls the contact lever to the right to close the
contact. The contact lever remains in its operated posi-
tion and the contact remains closed until the restoring
magnets are energized. When the restoring magnets are
energized, the armature pivots to move the contact
lever clear of the latch bar. The contact lever return
spring then moves the contact lever upward to its
original position

Supervisory Clutch

The supervisory CB unit is controlled by a clutch
similar to the type 24 punch clutch. Power is supplied
to the unit from a continuously running V belt from
the card feed drive mechanism. The drive pulley is
formed with a sleeve which fits around the drive shaft
and inside the clutch spring (Figure 191). With the

Function
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Common
Contact
Boil

Common
Contact
Bail pivots
at this point
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Figure 191. Supervisory Clutch Assembly

clutch sleeve latched on the clutch magnet armature,
and with the detent latched, the clutch spring is un-
coiled (expanded) tightly within the clutch sleeve.
The position of rest for the clutch spring, circuit
breaker shaft, and index is determined by positioning
the clutch spring collar, which anchors the spring to
the shaft.

When the clutch is unlatched, the tension of the
clutch spring causes it to coil about the drive pulley
sleeve, locking the pulley to the circuit breaker shaft.

As the drive shaft completes a revolution and ap-
proaches latch up position, a step on the clutch slceve
strikes the tip of the rubber-mounted clutch magnet
armature. A step on the inner wall of the clutch sleeve
engages the tip of the clutch spring. Momentum of
the driven mechanism causes the clutch spring to
unwind until a point is reached at which the clutch
detent latch engages the detent. The spring being un-
wound frees the drive pulley from the circuit-breaker
shaft. The index pointer should indicate 0° when the
clutch is latched. One cycle of the supervisory CB shaft
requires 100 milliseconds.

Rotary Switches

The 380 makes use of two types of spring driven rotary
stepping switches. One has 11 operating contact posi-
tions, and the other has 20.

Clutch Steeve

Bearing

Grease Fitting

ELEVEN PosiTioN RoTARY SWITCH

A drawing of an eleven position rotary switch is shown
in Figure 192. The mechanism has 8 wafers of 12 con-
tacts each. The wafers are numbered 1-8, front to rear.
The uppermost contact on each wafer is the common
position for the wiper. The contact immediately below
the wiper common on each wafer is contact #1. These
contacts are numbered consecutively in a downward
and counter-clockwise direction so that the last con-
tact is 11.

There is a wiper with three wiper arms for each
wafer. The wipers make continuously against their re-
spective wiper commons. With the rotary switch in any
detented position, one of the three wiper arms will be
making against one of the contacts 1 through 11 on
each wafer. Contact 11 is the home position. If the
rotary switch is advanced one step from home, the
eight wiper arms making on contact 11 will be ad-
vanced to a position clear of all contacts; however, the
next set of eight wiper arms will be advanced to con-
tact 1. Successive pulses to the drive magnet would
cause this set of wiper arms to step from contact 1 to
contacts 2, 3, 4, etc.

The rotary switch is advanced one step by each de-
energization of the drive magnet. When the drive
magnet is energized, the drive spring is compressed and
the drive pawl is moved to the right, where it engages
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the next tooth of the ratchet. When the drive magnet
is de-energized the drive spring advances the ratchet
one tooth position. The detent holds the ratchet and
wipers stationary when not being advanced by the
drive pawl.

A cam with three lobes spaced 120° apart is mounted
on the front end of the ratchet shaft. The lobes of this
cam are used to operate a cam contact to give an elec-
trical indication that the rotary switch is, or is not,
at its home position. The reset cam contact is open at
the home position and is closed at all other positions.

There are times when the rotary switch must search
for a particular position. In order to permit searching
to take place as rapidly as possible consistent with re-
liable operation, a set of interrupt contacts is included.
This set consists of one normally closed and one nor-
mally open contact, both of which transfer when the
drive magnet is energized.

TweNTY PosiTioN RoTArRY SwitcH

The twenty position rotary switch is similar in con-
struction and identical in operation to the eleven
position rotary switch. There are twenty contacts, not
including the wiper common, numbered I through 20
in the counter-clockwise direction.

Contact 20 is the home position. There are two
wiper arms on cach wiper and two lobes on the reset

RoTtary SwitcH TErRMINoLOGY UsEp IN
SYSTEMS DIAGRAMS

Two eleven position rotary switches are used as the
program counter for supervisory program control. One
of these rotary switches maintains the program level
and the other maintains the program step. PCLRS 4
designates the program control level rotary switch,
wafer 4. PcLrs 4-2 designates the program control level
rotary switch, wafer 4, contact 2. Pcsrs is the designa-
tion for the program control step rotary switch.

One eleven position and one twenty position rotary
switch are used as the character position, or column
control counter when writing on, or typing from, the
Q track. The tens counter is an eleven position rotary
switch and is designated ccTrs. The units counter is
a twenty position rotary switch and is designated
CCURS.

Typewriter

The typewriter used in the supervisory station is sim-
ilar to the model B cardatype typewriter. The motive
power to operate the machine is supplied by a con-
tinuously rotating power roll, which is driven through
cog belts by a 1/40th up, 230 v, Ac motor. The rubber
composition power roll drives nylon cams to cause
character printing, or metal cams to initiate such func-
tional operations as spacing, carriage return, or tabula-
tion. The cams are released magnetically. However, for

Drive Spring

Wipers (3 Sets)

Home Position Cam

Figure 192. Spring Driven Rotary Step Switch
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Figure 193. Typewriter Cam and Typebar — Rest Position

analysis or maintenance, manual depression of the keys
may be made effective by pulling the keyboard locking
bail toward the front of the machine.

CHARACTER PRINTING

Figures 193 and 194 illustrate the mechanical opera-
tion of typing a character. Energizing a character
magnet attracts the armature, which forces a push rod
against the lower part of a nylon cam. This causes the
nylon cam to rotate against the periphery of the rubber
power roll. As the cam follows the roll, it rotates the
cam lever about its pivot, pulling the typebar forward
at an accelerated rate. Momentum forces the upper
half of the typebar toward the platen with a whipping
action, until the center of the typebar strikes the ring
or anvil. The resultant flexing of the typebar causes a
short, clean impact of the type slug against the ribbon,
which leaves an image of the type slug face on the
paper. During the printing operation, the momentum
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of the cam lever pulls the cam away from the power
roll as the tail of the cam strikes the knockout finger.
The cam return spring pulls the cam back to its re-
stored position, followed by the cam lever return spring
pulling the cam lever back to its restored position.

SPACING

As a character is printed, the lower portion of the
typebar pushes forward on a universal bar, or U-bar.
The U-bar is a semicircular bail, located below the ring,
and behind the typebar guide comb. It is common to
all type bars. Forward travel of the U-bar is trans-
mitted through linkage to lift the single escape pawl
out of the rack for a one position escapement. Motion
of the escape pawl can also be initiated by impulsing
the space magnet, or by depressing the space bar man-
ually, either of which releases a metal space cam. As
this cam rotates, it operates linkage which lifts the
escape pawl from the rack; thereby causing a space
without printing.
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CARRIAGE RETURN

A supervisory station clear operation, or a manual
depression of the carriage return key, causes the single
lobe carriage return cam to be unlatched. This causes
the carriage return friction clutch to be latched in its
operated position. The clutch, located at the right end
of the power roll, winds a carriage return tape onto a
drum. As the tape is wound, it pulls the carriage to the
right until the left hand margin control unlatches the
clutch, allowing the carriage return mechanism to be
restored. While the clutch is held engaged the escape
pawl is held out of the rack, and an interlock comtact
is held in its transferred position. The interlock con-
tact is located on the right side of the frame, toward
the rear, near the off-on switch.

TABULATION

When the tabulation magnet is energized, it releases
a single lobe metal cam. As this cam follows the power
roll, motion is imparted to place the tab lever mechan-
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Printing Caused by Whip of Upper Position of Typebar.
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( Comnion to all Positiors )

o k -

Pivot O

Nylon Cam
Cam Lever Return Spring Extended

|il

.n

Power Roli

Figure 194. Typewriter Cam Knocking Out
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ism in its latched position, and at the same time the
escape pawl is raised from the rack. The main spring
pulls the carriage to the left, under control of a fric-
tion governor, until the tab lever is uniatched by
striking a preset tab stop or the right-hand margin
stop. Either of these will cause the tabulating mecha-
nism to be restored and will permit the pawl to hold
the rack. While the tabulating mechanism is in its
latched condition, a tab interlock contact is held trans-
ferred. This contact is mounted in the left rear, above
the motor.

RisBoN FEED

Each typebar, when operated, causes a common bail
to move toward the operator. This movement is linked
to cause both ribbon lift and ribbon feed. A ratchet
drive rotates either the left or right hand ribbon spool
to cause spacing of the ribbon. When a spool ap-
proaches the empty condition, increased ribbon tension
initiates reversal of spool feeding and the ribbon moves
in the opposite direction.

Single Case Typebar

Underscore Typebar Only is Cut Out
at This Point to Prevent Escapement

Com Lever

Cam Return Spring Extended

Pivot Maognet Push Rod




TUNDERSCORE

In ramac application, use of the underscore is re-
stricted to error identification. The typewriter does
not space when the underscore is printed; this permits
the identification of an error character without back-
spacing. To prevent spacing when the underscore is
tvped, the underscore typebar is relieved at the point
where it would contact the U-bar.

Supervisory Circuits

Typing a Character from the Console Keyboard

Typing a character from the console keyboard involves
the selection of the typewriter key magnet that corre-
sponds to the character to be typed. As an alphabetic
or numeric key is depressed, one or more common
channel relays are picked. There are common channel
relays corresponding to each of the six bits that make
up the rRaMAac code and a network of common channel
relay peints directs an impulse to the proper typewriter
key magnet. The logic drawing of console keyboard
typing illustrates this operation (Figure 195). The
timing of the SCB contacts is shown on System Dia-
gram 0.89.21.

OsjecTivEs: Type a “5”

1. Energize the SCB clutch (6.01.05).

2. Pick the common channel relays (6.03.01) .

3. Energize the 5 key magnet (6.14.05) .

4. Restore the console keyboard (6.02.04) .

SCB Clutch: The chart on 6.02.01 illustrates the key-
board bail contacts that will close as the result of any
key depression. The 5 key will close the 8 and 9 con-
tacts. The 8 bail contact serves as a common bail con-
tact and is closed by every alphabetic and numeric
key. The SCB clutch is energized by the 8 bail contact
(6.02.04) and SCB-5 which is closed when the clutch
is latched.

Common Channel Relays: The 1 and 4 common
channel relays (R8081 and R8092) are energized by
SCB 1 and the 9 keyboard bail contact through D1131
and D1138 (6.02.02) .

Key Magnet: The 5 key magnet is energized by SCB
5 through a network of common channel relay points
(6.14.03) . The console switching relay point in series
with the key magnet on 6.14.05 is used in conjunction
with the 381 Remote Printing Station optional fea-
ture. It will be up for all normal console operation.

Keyboard Restoring Magnets: The keyboard restor-
ing magnets (6.02.04) are energized by SCB 3 or SCB
9 through the points of R8042, late in the cycle after
the common channel reiays have been picked.

Alph Num
Cont
Baif 19
6,02, 54 8ail Contacts
SC8
Clutch —
6.01.05 scay L f A
. Common
Supervisory Channel
Circuit Breakers Relays
6.03.01
SCB 2 N

1

Key Mognet

6.14.05

Figure 195. Console Keyboard Typing

Typing Data From Q Track

Most supervisory operations involve transferring data
from Q track to the typewriter key magncts. The cir-
cuits for energizing the typewriter key magnets are
very similar to those previously discussed under con-
sole keyboard typing. The key magnets are energized
by the common channel relays, and a supervisory clutch
cycle is required for each character that is to be typed.
The circuit for energizing the SCB clutch and the
method of picking the common channel relays are the
major differences between Q track typing and key-
board typing. Controlling relays complete a circuit to
the SCB clutch and the common channel relays are
picked by analyzing one character of data from Q
track for each SCB clutch cycle.

The actual selection of a character of data from Q
track is performed by ccrrs #5 and ccurs #8 (Fig-
ure 196) . If the ccrrs is in the 0 position, its output
is anded with ¥0 to produce a controlling gate that is
up only during F0. If the ccurs is in the 0 position,
its output is anded with CO to produce a gate that is
high at CO of each field. The two outputs are com-
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bined to produce a gate that is high only at C00. The
Q read/write gate at CO0 is used to control the transfer
of the first character of data from Q wrack. Each bit in
the selected character ol data fires a thyratron which
picks a Q track data bit relay. The transferred points
of the bit relays pick the corresponding common chan-
nel relays and the proper typewriter key magnet is
selected by a network of common channel relay points.

ate in the SCB clutch cycle the ccurs advances from
the 0 position to the 1 position. On the following
clutch cycle the Q read/write gate is high at C0l and
the second character of data is selected and typed in a
similar manner.

OBJECTIVES:
1. Energize the SCB clutch (6.01.05).
2. Select one character of data from Q track
(6.08.02) .
3. Pick Q wack data bit relays (6.09.11).
4. Pick the common channel relays (6.03.01).

Q Track Read Cc;nhof

5. Energize a typewriter key magnet (6.14.05).
6. Advance the column control rotary switches
(6.06.10) .

SCB Clutch: The typing of data from Q track is
normally the result of a programmed type operation,
an inquiry, or a console read/alter/write operation.
The circuit to the SCB clutch (6.01.05) is completed
by the transferred points of the controlling relay for
one of these operations. The circuit to the clutch is
available until the line of typing is complete.

Selecting One Character of Data: The selected char-
acter of data appears on 6.08.02 labeled store data in
bit relays. The desired character of Q track data is
selected by combining Q read data with the Q read/
write gate at 3C5. The Q read /write gate is developed
at 3Eba and is high for one character time during each
SCB cycle. The input to 3E5-6 is a gate that is high for
one character time during each drum revolution. The
input to 3E5-5 insures that the Q) read/write gate will
be developed only once for each SCB cycle. Early in
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Figure 196. Selecting a Character of Q Track Data
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the cycle, SCB-15 (Q track read) is applied to 3DI1-5
and the leading edge of the SCB 15 impulse, inverted
by 3D3a, flips the Q read/write gate control trigger
at 3E4. The output of 3E4 allows the next RM to turn
on the Q read/write gate trigger at 3D4. When 3E5-6
goes high for one character time the ) read /write gate
is available to select one character of data from Q
track. The Q read/write gate turns off the controlling
triggers at Br to prevent the development of a second
Q read/write gate during the same SCB cycle.

The specific character timing of the Q read/write
gate is determined by the position of ccurs #8
(6.06.04) and cctrs #5 (6.06.08) . For example, with
both rotary switches in the 0 position, plus 140 volts
is applied to 1Q1-6 (6.08.06) to develop a F0O gate on
the column control comparator tens output line. Con-
tact 20 on ccurs #8 applies plus 140 volts to IN1-6
(6.08.05) to develop a CO gate on the column control
comparator units output line. The outputs of the two
comparators are combined at 1L3 (6.08.02) to produce
a gate at C00. Before the next chararter is typed the
units rotary switch will advance one position and the
gate for the following cycle will appear at CO1.

Q Track Data Bit Relays: Relays corresponding to
the bits present in the selected character of Q track
data (6.09.11) are picked by SCB-15 and the thyratrons
on 6.08.03. SCB-15 (Q track read) and the selected
character of Q track data are applied to each of the
seven thyratrons. The coincidence of a bit impulse
from the bit ring and a data bit from the selected
character will fire a thyratron and pick the correspond-
ing bit relay.

Common Channel Relays: The common channel
relays (6.03.01) are picked by SCB 1 through the
transferred points of the Q track data bit relays. For
example, R8085 is picked through R8164-4 N/o and
R8147-8 N/0 to type a 2 during an inquiry operation.

Key Magnet: The key magnet (6.14.05) correspond-
ing to the character of data from Q track is energized
by SCB 2 through a network of common channel relay
points (6.14.01, .02, and .03).

Column Control Rotary Switches: Near the end of
each SCB cycle the ccurs advances one position. The
rotary switch drive magnet (6.06.10) is energized dur-
ing each cycle by SCB 10 through R8442-2 or R8212-8.
The rotary switch is advanced by the spring returned
magnet armature at the end of the SCB 10 impulse as
the magnet is de-energized. The ccrrs (6.06.10) is
advanced every tenth cycle by the contacts of the
ccurs. When the ccurs #7 (6.06.04) is positioned
on contact 09 or contact 19, an SCB-10 impulse is
applied to the ccrrs drive magnet and as the units
rotary switch advances from 9 to 0 the tens rotary
switch advances one position.

Type Operation

A type operation is the process of using the console
typewriter as an auxiliary document printer under
control of the 305 program. Before the type operation

“can be performed the data to be tvped must first be

assembled on {3 track. A program exit impulse wired
to the type hub on the 305 control panel initiates the
actual type operation by picking controlling relays in
the 380 (Figure 197). An impulse emitted from the
type hub on the 380 control panel is used to control
the typing format. If the impulse is wired to coLumN
CONTROL ON, the COLUMN coNTroL EXITs (00-99) will
emit impulses sequentially as each character is typed.
These impulses can be wired to control spacing, tabu-
lation, and other typewriter format functions. The
typing of Q track data takes place in the manner pre-
viously described. When the desired number of char-
acters have been typed, a COLUMN CONTROL EXIT im-
pulse wired to the clear hub drops out the controlling
relays and returns the typewriter carriage.

OBJECTIVES:
1. Initiate a type operation.
a. Program exit wired to the 305 type hub
(1.02.03) .
b. Pick the controlling relays (TYPE No. 1, TYPE
No. 2, TYPE No. 3 and INQ/TYPE) (6.04.05).

2. Establish format control.
a. Emit an impulse from the 380 type hub
(6.04.05) .
b. Emit impulses sequentially from the coLumn
CONTROL EXITS (6.06.03) .

3. Type data from Q track.
a. Energize the SCB clutch (6.01.05).
b. Select one character of data from Q track
(6.08.02) .
c. Pick Q track data bit relays (6.09.11).
d. Pick the common channel relays (6.03.01).
e. Energize a typewriter key magnet (6.14.05).
f. Advance the column control rotary switches
(6.06.10) .

4. Clear and carriage return.
a. Drop the controlling relays (6.04.05).
b. Energize the carriage return magnet (6.14.04).
c. Restore the rotary switches to the 00 position
(6.06.10) .

5. Prevent altering Q track until the type operation
is complete.
a. Interlock the W cycle gate (3.02.08).

Initiate a Type Operation: A program exit impulse
wired to the 305 type hub (1.02.03) initiates the type
operation by picking TYPE No. 1 relays (R8151 and
R8152) on 6.04.05. The SCB clutch (6.01.05) is ener-
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Figure 197. Programmed Type Operation

gized by a TYPE No. 1 relay point and during the result-
ing clutch cycle TYPE No. 2, TYPE No. 3, and INQ/TYPE
relays are picked by SCB-2, SCB 3, and the transferred
points of a TYpe No. 1 relay (6.04.05). TYPE No. 1, 2,
and 3 relays are used to control the initial set-up of
the type operation and drop out during the first and
second clutch cycles, but the INQ/TYPE relays must be
up during the entire type operation. The iNQ/TYPE
relays are held up by overlapping SCB 2 and SCB 4
impulses until the end of the type operation.
Format Control: An SCB 1 impulse is emitted from
the type hub (6.04.05) on the 380 control panel during
the second SCB cycle of the type operation. The im-
pulse is controlled by TYPE No. 3 which is picked
too late in the first cycle to make the SCB-1 impulse
available. TyPE No. 3 drops out late in the second
clutch cycle to prevent emitting a second type impulse.
The type impulse wired to GCOLUMN CONTROL ON
(6.06.01) picks cor cTRL oN #1 which picks corL cTRL
ON #2 late in the same cycle. coL CTRL ON #2 remains
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transferred until it is laich tripped by the clear relay
(CLR R8374) at the end of the tvpe operation. coL
CTRL ON #2 activates the COLUMN CONTROL EXITS on
the 380 control panel (6.06.03). As each character of
data is typed an SCB 1 impulse is emitted from the
cotresponding control panel exit. These impulses are
used to control tabulation, carriage returning, and
other format functions of the console typewriter.

Typing Data from Q Track: The details of selecting
a character of Q track data and cnergizing a typewriter
key magnet are discussed in a previous paragraph. For -
a type operation the necessary clutch cycles are pro-
vided by the transferred points of the IxQ/TYPE relay
(6.01.05) . The selection of the characters to be typed
is controlled by the coL cTrRL ON # 2 relay activating
cCrrs #5 (6.06.08) . The pick of the common channel
relays is controlled by the INQ/TYPE relay points
(6.03.01) .

Clear and Carriage Return: A column control exit
wired to the clear hub (6.10.01) terminates the type
operation by dropping out the controlling relays, re-
turning the typewriter carriage, and restoring the
rotary switches to the 00 position.

The column control exit impulse wired to the clear
hub picks the clear setup relay (CLR SU RB8189)
(6.10.01) . After the typing of the character selected
for this clutch cycle is complete, the clear relays (CLR)
are picked by SCB 5 and R8189-2n/0 (6.10.01). The
CLR relays drop out the relays that have been con-
trolling the tvpe operation by latch tripping or inter-
rupting overlapping pick and hold circuits. For ex-
ample, the INQ/TYPE relay (6.04.05) drops out when
the clear relays open the circuit from SCB 2 to the pick
coils. The coL crrL oN #2 relay is latch tripped by
the clear relay points and SCB 9 (6.06.01) .

The carriage return magnet (6.14.04) is energized
by SCB 3 or SCB 9 through the points of the carriage
return relay (carr ReT R8274) . The carr RET relay is
picked by SCB 2 through D1196 (6.14.04) and the
transferred points of the clear relay (6.11.04).

The ccurs and ccrrs are restored to the 8 positions
by completing a circuit to the rotary switch drive
magnets through the interrupt contacts and the search
relays (COL CTRL UN sRch) (6.06.10). The SCB 7 im-
pulse through the interrupt contact advances the rotary
switch one position at a time until the circuit is broken
by dropping out the search relays. coL CTRL UN SRCH
(6.06.02) is picked by cLEar R8374-5 and the ccurs
cam contact. This contact is open only when the rotary
switch is resting in the 0 position. The rotary switch
will continue to advance until COL CTRL UN SRCH Is
latch tripped. coL €TRL UN srRcH is latch tripped by
SCB 7 through RS CLR (8450-2) when the rotary
switch has advanced to the 0 position (ccurs #6 con-
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Figure 198. Type with Column Control on

tact 19) (6.06.04) . A similar circuit is provided to
return the CCTRS to the 0 position during a clear oper-
ation.

Interlock Q Track: To prevent altering Q track
while a type operation is in progress, the W cycle gate
is interlocked by T=0Q and typewriter not ready
(83.02.08) . The line labeled typewriter not ready is
high until the 1INQ/TYPE relay is dropped out at the
end of the type operation.

Format Control

The 380 supervisory control panel permits various ar-
rangements of typewritten data. The sequence in
which characters are selected from Q) track for typing
and all functional typewriter operations can be se-
lected at the control panel. Two groups of hubs, col-
umn contro} exits and program exits, emit impulses
which are used to control the typewriter format.

The column control exits are numbered 00 through
99 and correspond directly to the character positions
on Q track. As character 00 of Q track is being typed,
an impulse is emitted from the 00 column control exit.
The column control exit impulses are controlled by the
same rotary switches that perform the selection of

characters from Q track. The rotary switches normally
advance sequentially from position 00 through position
99 and are advanced one position for each SCB cycle.

The order in which the characters from Q track
are typed can be altered by interrupting the normal
step-by-step advancement of the rotary switches. If a
column control exit impulse is wired to a coLUMN
CONTROL ENTRY, the rotary switches will search to the
new position before the next character is typed. In the
example illustrated in Figure 200, after character 65
has been typed the rotary switches will advance to po-
sition 93. Character 93 will be typed immediately fol-
lowing character 65 and the rotary switches will con-
tinue to advance normally and select characters 94
through 99.

To periorm a search operation a circuit is completed
to the rotary switch drive magnet through the inter-
rupt contact. As the magnet is energized, the interrupt
contact opens and the rotary switch advances as the
magnet is de-energized. The interrupt contact closes
as the magnet is de-energized and the process is re-
peated until the circuit to the interrupt contact is
broken when the rotary switch reaches the position
that corresponds to the column control entries that
were impulsed to initiate the search.
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CoLUMN CoNTROL UNITS ROTARY SWITCH
SEARCH OB]JECTIVES:

1. Initiate a units search to position 3.
a. COLUMN CONTROL EXIT wired to COLUMN CON-
TROL ENTRY UNITS #3 (6.06.01).
2. Energize the rotary switch drive magnet through
the interrupt contact (6.06.10).
a. Latch pick coL cTRL UN srcH R8443 (6.06.02) .
3. Open the circuit to the drive magnet when posi-
tion 3 is reached.
a. Latch trip coL cTRL UN srcH (6.06.02).
4. Suspend SCB clutch cycles until the search is
completed (6.01.05) .
Initiating the Search: An SCB 1 impuise wired from
a column control exit to COLUMN CONTROL ENTRY #3
picks R8405 (6.06.01). R8405 is held by SCB 8 and
remains up until the next clutch cycle is initiated
after the search is complete. If the search operation is
initiated by an impulse other than a column control
exit, column control will be turned on automatically
when R8405-5 latch picks cor ¢TRL oN #2 (6.06.01).
Advancing the Rotary Switches: The units drive
magnet is energized by SCB 7 through the interrupt
contact and the transferred points of cOL CTRL UN SRCH
(6.06.10) . coL cTRL UN srRcH is latch picked by SCB 9
through R8405-2 (6.06.02) . The interrupt contact will

continue to furnish a series of pulses to advance the
drive magnet until the coL cTRL UN SRCH relay is latch
tripped.

Search Stop: coL CTRL UN SRcH is latch tripped when
the rotary switch reaches the new lecoation (6.06.02) .
The trip circuit is through opp sect R8442-2n/0 or
N/c, R8405-4 or -3, ccurs #6 contact 2 o2 12 and
SCB 7 (6.06.04).

COL CTRL UN SRCH does not actually drop out until
the rotary switch advances from the 2 contact to the
3 contact due to a parallel circuit to the trip and pick
coils through R8463-2. As the rotary switch advances
from contact 2 to contact 3 COL CTRL UN SRCH drops out
and opens the circuit to the drive magnet.

Since the ccurs is a twenty position switch, the
tens position of the new switch location must be an-
alyzed to determine whether the ccurs should stop
on the first half of the switch or the second. If the
column control exit impulse that initiated the search
was wired to any odd position of column control entry
tens, the odd section relay (opp sect R8444) will
be energized to transfer control of the stopping point
to the second half of the rotary switch (6.06.02) .

SCB Clutch: The circuit to the SCB clutch i1s sus-
pended while a search operation is in progress by
a normally closed coL cTRL UN sRcH point (6.01.05).
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Figure 199. Clear
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sumed at any point by wiring a program exit impulse

CoruMmN ConTtroL TENS ROTARY SwiTCH SEARCH
10 COLUMN CONTROL ON.
In the example illustrated by Figure 201, program

The tens search is initiated and controlied in the same
manner as the units search. The circuits for a tens Xe
search can be developed bv following the objectives  control is turned on after CO1 of Q track is typed. The
that were listed for the units search. The tens drive A0 program exit causes a carriage return. The Al exit
i . shifts to the black ribbon and turns column control
back on. Typing will be resumed on the next line

magnet is located on 6.06.10 and the controlling re
lays are located on 6.06.06 and 6.06.07. cctrs #2 ‘
starting with C02 from Q track.

(6.06.08) controls the stopping point of the tens
search. The program control operation is performed by
rotary switches (program control level and step rotary
switches — PcLRS and PcsRs) in a manner very similar

to column control operation.

Program Control
The program exits provide an alternate source of im-
OBJECTIVES:

pulses for controlling typewriter format. The column
control exits are available only on cycles in which a 1. Turn on program control.
character of data is being read from Q track and typed. 4. COLUMN CONTROL EXIT wired to PROGRAM CON-
In some cases it is necessary to type information that TROL ON (6.07.01).
is not present on Q track or perform a series of func- 2. Turn off column control.
tional operations that do not involve the typing of data a. Latch trip cor cTRL ON #2 (6.06.01).

i 3. Emit an SCB 2 impulse from level A step 0

from Q track. To perform this type of operation con-
trol of the typewriter format is transferred from the (6.07.03) .
iri a. Energize the SCB clutch.

column control exits to the program exits by wiring
a column control exit to PROGRAM CONTROL ON. After 4. Advance the PcCsgs.
program control has been turned on, the program exits a. Energize the pcsrs drive magnet (6.07.07)
will emit sequentially starting with A0 and progressing 5. Advance the pcLrs after level A step 4

a. Energize the pcLrs drive magnet (6.07.07)

through E4. Typing of data from Q track can be re-
209
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Figure 201. Program Control

6. Turn off program control.

a. Program exit wired to COLUMN CONTROL ON
(6.06.01) .
b. Latch trip PrROG CTRL ON #2 (6.07.01).

Turn On Program Control: A column control exit
wired to PROGRAM CONTROL ON picks PROG CTRL ON #1
(R8459) and a hold circuit is available through SCB 8
until early in the next clutch cycle (6.07.01). Late in
the cycle SCB 9, through the transferred points of
PRG CTRL ON #1, latch picks PRG cTRL ON #2 (R8460) .
The typewriter remains under program control until
PRG CTRL ON #2 is latch tripped.

Turn Off Column Control: Column control is
turned off by latch tripping coL cTRL oN #2 with the
same impulse that latch picked PROG CIRL ON #2
(6.06.01) .

Program Exit Impulse: 1f the rotary switches have
been previously reset to level A step 0, an SCB 2 im-
pulse will be emitted from the A0 program exit
(6.07.03) through the 11 contact on pcsrs #1 and
the 11 contact on pcLrs #1 (6.07.05). The circuit
to the SCB clutch is still available through the trans-
ferred points of iNg/TYPE (6.01.05).

PCSRS Advance: The step rotary switch is advanced
one position during each clutch cycle by SCB 10 and
PRG CTRL ON #2 (6.07.07). The step rotary switch
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is an eleven position switch. As program control ad-
vances through steps 0 through 4 the step rotary switch
advances through the first five contact positions. As
program control advances through steps 0 through 4
of the next level the step rotary switch advances
through the next five contact positions. Contacts 11
through 4, and 5 through 9 perform identical functions.
When the rotary switches are reset by a.clear operation,
the step switch will stop on the #11 contact or the #5
contact (6.07.03) . The #10 contact position is unused
and as the step rotary switch advances from the #9
contact, the #10 contact must be skipped in order to
return the switch to contact #11 and set-up step 0.
This is accomplished by picking apv srp 0 R8458
when the rotary switch is in the contact #9 position
(6.07.01) . Apv sTP 0 initiates a search to contact #11
by latch picking prRe cTRL STEP SRcH R8461 (6.07.02).
The theory of program control search operation is
essentially the same as the column control search oper-
ation previously discussed.

PCLRS Advance: The level rotary switch is ad-
vanced by SCB 10 and the coniacts of pcsrs #7 as
the program step rotary switch advances from the con-
tact 4 position or the contact 9 position (6.07.04).

Turn Off Program Control: Program control is
turned off by wiring a program exit to COLUMN CON-




TROL ON (6.06.01). The same impulse that latch picks
COL CTRL ON #2 latch trips PROG CTRL ON #2 and sus-
pends the program operation (6.07.01).

Carriage Return

A column control exit or program exit wired to CAR-
RIAGE RETURN will cause the typewriter carriage to
return to the beginning of the next printing line be-
fore the next character of Q track data is typed.

OBJECTIVES:
1. Return the typewriter carriage.
a. Energize the carriage return magnet (6.14.04).
2. Suspend typing until the carriage return is com-
plete.
a. Prevent energizing the SCB clutch (6.01.05).
The carriage return magnet is energized by SCB
3 or 9 and car RET R8274-2. (On systems not equipped
with 381 the cathodes of D1171 and D1172 are jump-
ered) . CAR RET is picked by the impulse to the carriage
return hub (6.14.04) .

Tabulation

An impulse wired to the tabulate hub will cause the
typewriter carriage to escape to the next tab stop be-
fore the next character of data is typed. The impulse
to the tabulate hub sets up an operation similar to the
carriage return operation. The tab magnet is ener-
gized to release the carriage (6.14.05) and cLR DEL
is picked to hold off the next clutch cycle until the tab
operation is completed.

Zero Suppression

When typing fields of numeric data from Q track it is
often desirable to suppress the typing of zeros to the
left of the first significant digit. The suppression of
zeros is accomplished by wiring the column control
exit that corresponds to the high order digit to zErRo
SUPPRESS ON. With zero suppression turned on, the im-
pulses that would normally energize the zero magnet
are rerouted to the zero transfer hub on the control
panel. The zero transfer hub is normally wired to
SPACE. Zero suppression is turned off by the first signifi-
cant digit or by wiring a column control exit to ZERO
SUPPRES> OFF.

OBJECTIVES:
1. Turn on zero suppression.
a. Column control exit wired to ZERO SUP ON
(6.15.01) .
b. Latch pick LFT zZR sur #2 (6.15.01).

2. Reroute the zero type impulse to ZERO TRANSFER
(6.14.01) .

3. Turn oft zero suppression with the first signifi-
cant digit.
a. Latch trip LFT zR SuP #2 (6.15.01).

Column Contrz! Delay

A column control delay operation suspends the typing
of Q track data for one cycle and is initiated by wiring
a column control exit impulse to the column control
delay hub. In the example illustrated by Figure 202,
the column control delay is initiated during the cycle
in which C93 is typed. During that cycle the rotary
switches do not advance, but on the following cycle the
column control exits are suppressed to eliminate a
second impulse from the same exit. During the delay
cycle the impulse that would normally go to the key
magnet is switched to the column control delay exit
(CCD). The CCD impulse wired to the type only #
hub will cause the “#” to be typed during the delay
cycle. Late in the delay cycle the rotary switches ad-
vance and on the following cycle normal typing is re-
sumed with C94.

OBJECTIVES:
1. Initiate a column control delay.
a. Column control exit wired to COLUMN CON-
TROL DELAY (6.06.11).
2. Prevent the column control rotary switches from
advancing.
a. Hold the drive magnets in the energized posi-
tion until the following chatch cycle (6.06.10).
Emit an impulse from CCD exit during the delay
cycle (6.06.11).
4. Suppress the column control exit during the de-
lay cycle (6.06.03). A

o2

Column Split

A column control exit wired to COLUMN sPLIT alters
the key magnet circuits so that only the numeric por-
tion of an alphabetic character will be typed. The
column split operation initiates a column control de-
lay and during the delay cycle the character is read
from Q track a second time. The common channel
relays are picked and analyzed for the presence of an
X bit and the impulse that would normally energize
a key magnet is transferred to the X or NX control
panel exit (Figure 203).

OBJECTIVES:

1. Setup column split.
a. Column contrel exit wired to COLUMN SPLIT
(6.15.01) .
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Figure 202. Column Control Delay

2. Type the numeric portion of the character
(6.14.01) .

3. Initiate a column control delay cycle.
a. Pick coL cTrL DEL #2, R8447 (6.06.11).

4. Emit an impulse from X or NX hub (6.15.01).

Digit Selection

A column control exit wired to the digit selector pu
hub will suspend typing of the corresponding character
position. The character of data from Q track picks the
bit relays and the common channel relays in the nor-
mal manner, but the impulse to energize the key mag-
net is transferred to a network of bit relay points that
make up the character selector. Through the network
of bit relay points the impulse is emitted from the
digit selector exit hubs that correspond to the Hollerith
code representation of the character.

OB JECTIVES:
1. Suppress the impulse to the type magnets
(6.14.01) .
2. Emit an impulse from the digit selector exit
(6.15.02) .

Ribbon Shift

The red or black portion of the typewriter ribbon can
be selected by wiring a column control exit to RIBBON
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SHIFT—RED OF RIBBON SHIFT—BLACK. Ribbon shifting is
accomplished by the detent magnet, which removes
the detent roller from the detent plate and allows it
to be shifted, and the transfer magnet, which moves
the detent plate to the black position. To shift from
black to red the detent magnet only is energized and
the detent plate moves to the red position under
spring tension. To shift from red to black both mag-
nets are energized (6.14.04).

Manual Console Operation

Read Operation

The operator may examine the data on any of the
addressable tracks by depressing the read key and then
the alphabetic or numeric key that corresponds to the
track to be examined. The block diagram of read oper-
ation, Figure 204, illustrates the sequence of events and
major units involved.

Depressing the read key resets the process unit to I
cycle ready and sets up controlling circuits for a 10¢
column print operation (100 characters of Q track
data typed consecutively with all format control panel
wiring bypassed.) As the track key is depressed the
corresponding character is typed to indicate which




track is being examined and the typewriter tabulates
to the first tab stop. During the clutch cycle that re-
sults from the track key depression, the master stop
trigger is turned ofF and the svstem advances through
an IRwDP cycling sequence. During 1 cycle the com-
mon channel relays that were picked to type out the
track indication, setup a corresponding T, value in
the instruction register A T, value of Q is automati-
cally set up during 1 cycle and a 100 character track
to track transfer is performed during the R and W
cycles to transfer the desired data to Q track. During
P cycle a type operation is initiated by picking the
read /write test write relays and 100 characters of Q
track data are typed out under control of 100 column
print. After C99 has been typed, a clear and carriage
return is initiated automaticaliy.

OBJECTIVES:
Read Key Cycle
1. Setup read operation control circuits.
a. Energize the SCB clutch (6.01.05).
b. Turn on I cycle ready (1.03.04).
c. Pick 100 column print (6.11.04) .

0° IE'!OC'

TYPE CHARACTER 94

Track Key Cycle

1. Type the track indication.
a. Energize the SCB clutch (6.01.65) .
b. Energize a key magnet (6.14.05) .

2. Tabulate to the first tab stop.
a. Energize the tabmagnet (6.14.05).

3. Advance through an 1RwpP cycling sequence.
a. Turn ofF the master stop trigger (1.02.09).

4. Set up the instruction register during I cycle.
a. Enter a T, value corresponding to the typed
track indication (2.03.03).
b. Enter a T, value of Q (2.03.05).
5. Perform a 100 character transfer to Q track.
a. Develop a 100 character R cycle gate (3.02.04) .
b. Develop a 100 character W cycle gate (3.02.08) .
6. Type 100 characters of Q track data.
a. Condition the thyratron plates (Q track read)
(6.08.03) .
b. Select Q track data (store data in bit relays)
(6.08.02) .
c. Energize the key magnets (6.14.05) .

7. Initiate a clear after C99 is typed (6.10.01).
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Figurce 203. Column Split
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Typewriter Parity Checking

Each character of data that is selected for typing is
parity checked before the typewriter key magnet is
energized. At the same time that the common channel
relavs are being picked by the bit relays, a network
of bit relav points are checked to determine if an even
or an odd number of bit relays have been picked. If
an even number of bit relays have been picked, the
circuit to ‘the key magnets is opened and the impulse
that would normally energize a key magnet is switched
to the underline magnet. The advance of the cclumn
control rotary switches is suspended on the cycle that
the parity is detected and on the following cycle the
same character of Q track data is selected a second
time. On the second cycle the key magnet circuit is
restored to normal and the error character is typed
over the underline. At the end of the second cycle the
rotary switches advance and normal typing continues
until the end of the line is reached or another error
character 1s detected.

OBJECTIVES:

1. Test for an even number of bit relays (6.09.01).

2. Open the normal key magnet circuit (6.14.01).

3. Energize the underline magnet (6.14.05).

4. Prevent the advance of the column control rotary
switches.
a. Hold the units drive magnet energized
(6.06.10) .

5. Suspend the parity test on the delay cycle
(6.09.01) .

Alter Operation

An alter operation is the process of entering data on Q
track directly from the console keyboard. The data on
any addressable process drum track can be altered by
first entering the new data on Q track and then trans-
ferring the data from Q track to the track to be altered.

An alter operation may be performed to enter new
data on a process drum track or to correct an invalid
character that has been indicated during a console
read operation. The type of alter operation to be per-
formed is determined by the test lock switch. If the
test lock is oN, data can be written in any or all Q
track positions during an alter operation and subse-
quently transferred to any process drum track. If the
test Jock is OFF, the only Q track character positions
which can be changed are those positions which have
been previously underlined to indicate an invalid
character and after the error character is corrected the
data can only be returned to the process drum track
which was read initially.

Q
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Bit Relays
6.09.11

SCB 1
Y

(-

Y 6.03.01

Common
Channel
Relays
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Check
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Underline
Magnet

6.14.05

Key Magnet
6.14,05

Figure 205. Typewriter Parity Checking

Alter Parity Correction

An error character that is indicated while the machine
is processing can be corrected by performing a simple
threesstep console error correction procedure. .

I. Read the process drum track that contains the
error.

2. The error character will be underlined as the
track is typed. Depress the alter key with the test
lock oFr. The typewriter will automatically
space umntil the error character is reached. De-
pressing the alphabetic or numeric key to correct
the error character will enter that character on
Q track and the typewriter will resume spacing
to the énd of the line or until the next error
character is reached.

3. Depress the write key. The corrected data will
be typed out and automatically returned to the
process drum track that was read initially.

Depression of the alter key initiates an operation

that is very similar to a console read operation (Figure
206) . The controlling relays that are picked by the
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alter key energize the tab magnet and set up a 100
column print operation to control the advance of the
rotary switches and the selection of data from Q) track.
As soon as the tab is complete the alter relays pro-
vide a continuous circuit to the SCB clutch and during
each clutch cycle a character of data is read from Q
track and set up in the bit relays. A normal parity test
is performed on each character and if the character
contains an odd number of bits, a circuit is completed
to energize the space solenoid. If an invalid character
is set up in the bit relays, the alter colunin delay relays
will be picked and the space solenoid will not be ener-
gized. The alter column delay relays suspend the cir-
cuit to the SCB clutch and condition the Q track write
circuits to accept one character of data from the con-
sole keyboard. Depressing the correct alphabetic or
numeric key initiates one SCB clutch cycle. During the
clutch cycle the corresponding common channel relays
are picked and the corrected character is typed. The
common channel relay points are analyzed and the
corrected character is written on Q track. The char-
acter position in which the data is written is deter-
mined by the position of the column control rotary
switches. During the manual clutch cycle the alter
column delay relays drop out and spacing is resumed
as the circuit to the SCB clutch and the space magnet
is restored.

OBJECTIVES:
1. Set up alter operation control circuits.
a. Pick 100 column print (6.11.04).
2. Tabulate to the first tab stop.
a. Energize the tab magnet (6.14.05).
3. Set up one character of data in the bit relays.
a. Condition the thyratron plates (Q track read)
(6.08.03) .
b. Select one character of data (store data in bit
relays) (6.08.02).
c. Pick the bit relays (6.09.11).
4. Space past valid characters.
a. Energize the space solenoid (6.14.05) .
5. Detect an error character.
a. Pick aLT coL pEL #1 (6.09.01).
b. Open the circuit to the space
(6.12.01) .
c. Open the circuit to the SCB clutch (6.01.05) .
6. Type the corrected character.
a. Energize the SCB clutch (6.01.05) .
b. Energize the key magnet (6.14.05) .
Write one character on Q track.
a. ) write gate (3.10.41).
b. Q write data (3.10.41).
8. Resume spacing.

solenoid

~J

Writing on Q Track: Writing a character of data
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on Q track is controlled by the Q write gate (3.10.41) .
The Q write gate is an SCB 2 impulse controlled by
ALT #2 and aLT cor DEL #3 (6.09.10).

During the time that the Q write gate is high, a one-
character Q read /write gate is developed based on the
setting of the column control rotary switches (6.08.02) .
A character corresponding tc the alphabetic or nu-
meric key that was depressed will appear on the bit
data to be written line every character time until the
common channel relays drop out near the end of the
cycle. The Q read/write gate sclects one character of
data from the bit data to be written line and allows
it to be transferred to the Q track write circuits as Q
write data.

Alter Operation —Yest Lock On

With the test Jock switch turned o, any character or
group of characters of Q track data may be changed
during an alter operation. Under normal operating
procedures the track to be changed would first be typed
out during a console read operation. By depressing the
alter key and then holding down the dup key on the
console keyboard, the existing data on Q) track can be
duplicated until the character to be changed is reached.
Releasing the dup key suspends typing and allows data
to be written on Q track one character at a time from
the console keyboard. The alter operation is suspended
automatically as C99 is duplicated or altered, or the
operation may be suspended at any point by depress-
ing the clear key.

Depressing the alter key with the test lock oN picks
the test alter relays which energize the tab magnet and
set up a 100 column print operation (Figure 207).
After the typewriter reaches the first tab stop, no
further clutch cycles are available until the operator
depresses the dup key or a character key. Holding the
dup key down provides a circuit to the SCB clutch
and during each clutch cycle one character of Q track
data is read from Q track and typed under the con-
trol of 100 column print. When the character to be
changed is reached, releasing the dup key opens the
circuit to the SCB clutch and completes a circuit to de-
velop a Q track write gate on the following clutch
cycle. The keyboard contacts provide the next clutch
cycle as an alphabetic or numeric key is depressed. The
altered character is typed through the normal common
channel circuits and the character is written on Q
track under control of the Q track write gate.

OBJECTIVES:

1. Set up test alter control circuits.

a. Pick 100 column print (6.11.04).
2. Tabulate to the first tab stop.

a. Energize the tab magnet (6.14.05).
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3. Type Q track data under control of the dup key.
a. Energize the SCB clutch (6.01.05) ).
b. Condition the thyratron plates (Q track read)
(6.08.03) .
c¢. Pick the bit relays (6.09.11).
d. Pick the common channel relays (6.03.01).
e. Energize the key magnets (6.14.05) .
4. Type the character to be altered.
a. Energize the SCB clutch (6.01.05).
b. Pick the common channel relays (6.03.0]).
c. Energize a key magnet (6.14.05).
5. Write one character on Q track.
a. Q write gate (3.10.41).
b. Q write data (3.10.41).

Write Operation

In order to alter an addressable process drum track
from the console, the data must first be entered on Q
track and then transferred to the track to bc altered.
A console write operation is the process of manually
transferring data from Q track to another process drum
track.

The position of the test lock determines the type of
operation that will be performed when the write key
is depressed. If the test lock is oFF the only process
drum character that can be altered is one that has been
underlined as invalid during a console read operation,
therefore, when the write key is depressed Q track is
automatically transferred to the error track that was
previously read. If the test lock is oN, any addressable
process drum track can be altered. Depression of the
write key must be followed by an alphabetic or nu-
meric key depression to indicate the track on which the
Q track data is to be written.

Write Operation — Test Lock Off

Depression of the write key initiates an SCB clutch
cycle and during the cycle controlling circuits are es-
tablished to allow the transfer of data from Q track
to the error process drum track and the subsequent
typing of the data that was transferred (Figure 208).
To prepare for the transfer of data the process unit is
reset to I cycle ready. The 100 column print relays
are picked to control the typing of Q track data.
When the error track was read initially, track selec-
tion relays were picked to set up the proper T, value
in the instruction register. With the test lock ofF the
track selection relays that are picked during the read
operation do not drop out until a write operation is
performed. During the first clutch cycle the track selec-
tion relays (sELD TRK MEM) pick the corresponding
common channel relays to type out an indication
of the track to which the data is being transferred.

After the track indication has been typed the tab mag-
net is energized and the typewriter carriage escapes to
the first tab stop.

Late in the first clutch cvcle the master stop trigger
is turned oFF and the process unit advances through a
normal RwpP cycling sequence. During 1 cvcle the
track selection relavs (SELD TRK MEM) set up a T,

value in the instruction register and the transter of
data from Q track to the error track is performed dur-
ing the R and W cvcles. During P cycle the typing of
() track data is initiated and a normal tvpe operation
is performed under control of 100 column print.

OBJECTIVES:

1.

Set up write operation control circuits.

a. Energize the SCB clutch (6.01.05) .

b. Turn on I cycle ready (S reset) (1.03.04).
c. Pick 100 column print.

Type the track indication.

a. Pick the common channel relays (6.03.01).
b. Energize a key magnet (6.14.05).
Tabulate to the first tab stop.

a. Energize the tab magnet (6.14.05).
Advance through an IrRwbpPp cycling sequence.
a. Turn off the master stop trigger (1.02.09).
Set up the instruction register during 1 cycle.
a. Enter a T, value of Q) (2.03.03) .

b. Enter a T, value from selected track memory
(2.03.05) .

Perform a 100 character transfer.

a. Develop a 100 character R cycle gate
(3.02.04) .

b. Develop a 100 character W cycle gate
(3.02.08) .

Type 100 characters of Q track data.

Write Operation —Test Lock On

Write operation with the test lock oN is essentially the
same as write operation with the test lock orr. The
primary difference is that a second key depression is
required to type the track indication and enter the
proper T, value for the transfer of data (Figure 209).

Inquiry Operation — RAMAC Reset

An inquiry operation is the process of reading and typ-
ing a selected 100 character record from the file. To
perform an inquiry it is necessary to cause the access
mechanism to servo to the selected record location,
read the file record, transfer the data to Q track, and
type out the data after the transfer is complete. If the
RAMAC is not processing and is in a reset condition,
an inquiry can be initiated by depressing one of the
three format keys and then entering the proper five-
digit address with the numeric keys.
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Depressing the format key conditions the console to
accept a fle address. Each of the three format keys
perform the same controlling functions, but as the
typing is initiated an impulse is emitted from a hub on
the 380 control panel that corresponds to the format
key that was depressed. The impulse from the format
hub is used to establish the typing format for the file
record.

The logic of inquiry operation is illustrated in Fig-
ure 212.

Depression of format key #1 picks the FMT 1 A
and B relays. INg su and 1NQ ADDR relays. The FMT
relays remain up until the typeout is initiated and
they control the typing format. The 1NQ ADDR relays
set up the entry of the five-digit file address.

Relay storage is provided in the console for each
position of the file address. As each numeric key is
depressed a circuit must be completed from the nu-
meric keys to a different position of relay storage. The
contacts of the pcLrs are used to switch the circuit
successively from one position of storage to the next.
As each key is depressed the rotary switches advance
one position and set up the entry of the next digit.
The rotary switch advancing from the fifth position
to the sixth signals the completion of the file address
and picks the INQ ADDR COMP relay.

Picking INQ TRANS SU, INQ TRANS START, and turning
on the inquiry trigger, turns OFF the master stop trig-
ger and allows the process unit to advance through a
ppDPIRWDP cycling sequence. Late in the P cycle the
address switching relays are energized to control the
transfer of the file address from the supervisory buffer
to the file address register. During the D cycles the
MR 6 line picks up the file start relays and transfers
the file address from the supervisory buffer relays to
the file address relays. During i cycle a T, value of R
and a T, value of Q are set up in the instruction reg-
ister in a manner very similar to console read or write
operation. Operation is suspended in the R cycle until
the servo is complete and the selected record has been
reached.

The transfer of data to Q track is completed during
the W cycle and the completion of the transfer is sig-
nalled by an MR 8 impulse during the D cycle. The
INQ TRANS COMP relays initiate the type operation by
picking the INQ TYPE relays and conditioning Q track
read. The INQ TRANS coMP relays also energize the SCB
clutch for one cycle to control the impulse from the
format hub. The type operation progresses normally
as soon as COL CTRL oON is picked by the impulse from
the format hub.

INQUIRY OB JECTIVES:
1. Set up the inquiry operation.

a. Carriage return (6.14.04) .
b. Pick: rFMT 1 A & B (6.04.0]).
INQ SU (6.04.01) .
INQ ADR (6.04.02) .
2. Enter a five-digit address.
a. Pick disk 10’s relays (6.05.01).
b. Advance the PCLRS (6.07.07).
¢. Pick disk units relays (6.05.01).
d. Advance the pcLrs (6.07.07) etc.
3. Advance through a pppPIRWDP cycling sequence.
a. Turn orF the master stop trigger (1.02.09).
4. Drop out the old address and start relays.
a. MR 5 (2.09.10).
5. Servo to the inquiry address.
a. Pick file address relays (8.01.01, 8.02.01,
8.03.01) .
b. Pick the file start relays (8.04.01).
6. Transfer data from file to Q track.
a. Set up T, =R in the instruction register
(2.03.03) .
b. Set up T,=Q in the instruction register
(2.03.05) .
¢. Develop a 100 character R cycle gate (3.02.04) .
d. Develop a 100 character W cycle gate
(3.02.08) .
7. Emit an impulse from the format hub (6.04.01).
Set up a type operation.
a. Turn column control on (6.06.01).
b. Develop Q track read (6.09.10).

®

Inquiry — RAMAC Processing

In order to perform an inquiry while the RAMAC is
processing, the servo and file read operation must be
executed at a time that does not interfere with pro-
grammed servo and file read operations. The inquiry
on hubs must be wired before processing inquiries can
be performed and the point in the program loop at
which the inquiry servo can be initiated must be sig-
nalled by a program exit impulse wired to the inquiry
in hub.

A processing inquiry is normal until the address has
been entered and the INQ TRaNs sU relay has been
picked. At that point, the inquiry is suspended until
a program exit impulse enters the inquiry in hub and
initiates the inquiry servo and transfer by picking
INQ TRF sTR #1 (6.04.03). At the conclusion of the
inquiry transfer an impulse is emittcd from the inquiry
out hub to return the process unit to the proper pro-
gram step and resume operation.

Inquiry Type Inierlock
If it is necessary to perform inquires while processing
a program that uscs the console typewriter as an out-
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put device, the inquiry operation must be modified to
prevent the inquiry from interfering with the pro-
grammed typing. Wiring the inquiry type interlock
hubs on the 305 control panel modifies the inquiry
operation. After the format key has been depressed,
the operator must wait until the inquiry light comes
on before entering the file address. Once the format
key has been depressed the INg su relay picks, but
the INQ ADDR relays are not picked until a program
exit impulse enters the inquiry in hub. When the
INQ ADDR relays have been picked the file address can
be entered and the inquiry proceeds in the normal
manner.

The interlocking function is performed by latch
picking INg ADR INTLK (R8132). The INQ ADR INTLK
relay places the pick of the INg ADR relays under con-
trol of a program exit impulse wired to the inquiry
in hub. If the operator attempts to enter the file ad-
dress before the iNg ADR relays have been picked, a
clear operation will be initiated by ALPH NUM BAIL
CONT #8 (6.02.04).

Keyboard Interlocking While Processing

During processing all alpha/numeric keys and the
read, write and alter keys are inoperative. Depressing
any of these keys will result in an immediate clear oper-
ation, dropping all controlling relays and causing a
carriage return. As long as the master stop trigger is
oFF the ProC PRG sTP relay (R8043) on 6.02.05 will
be de-energized. Depressing the read key on 6.02.03,
for example, will direct SCB-5 through R8043-4 N/c
on 6.11.01 to pick the clear relays on 6.10.01.

Depressing any alpha/numeric key will close bail
contact #8 on 6.02.04. This directs SCB-5 to the clear
relays through R8043-3 N/c on 6.02.04.

Control Selector Switch

The operator may determine the mode of operation
of the rRamac by positioniing the control selector dial
switch on the supervisory panel. The switch has five
positions, PROGRAM RUN, CONTROL STOP, SINGLE OPERA-
TION, SINGLE GYCLE, and FORMAT TEST. Its wafers, desig-
nated 24A, 24B, 24C, and 24D, are located on 1.02.01,
1.02.02, 1.02.04, and 6.04.06, respectively.

ProGraM RuN

The control selector switch is placed in the PROGRAM
RUN position for normal processing. When in this
mode, the RAMAC executes the successive cycles and
steps of its operations without any intervening idle
periods, except for certain delays necessitated by inter-
locking conditions. All of the automatic processing
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operation discussed in previous sections of this manual
have assumed the control selector switch to be in the
PROGRAM RUN position. This does not include the man-
ual supervisory operations.

CoNTRrOL STOP

Processing may be halted at a selected program step by
first positioning the program selector switches to iden-
tify the program step and then turning control selector
switch to coNTROL sTOP.

Processing is halted by flipping the master stop trig-
ger (1.02.09) to lower the master gate from 1Q10-3.

This prevents cycle start pulses from being gated
through 1N10; hence, machine cycling is halted with
the R cycle ready trigger oN. No cycle trigger will be on.

If the program start button is depressed while in
CONTROL sTOP, the rRaMac will cycle through one com-
plete program loop and stop at the same program
step, presuming that the setting of the program selector
switches has not been changed.

SINGLE OPERATION

If the control selector switch is placed in the SINGLE
OPERATION position, processing may be advanced one
program step at a time by depressing the program start
button. I cycle end will gate with single operate at
1S10a, and not inquiry and not test R/W at 1Slla
(1.02.07), to cause the master gate to be lowered at
1Q10-3 (1.02.09). This will allow only one program
step per depression of*the program start button. Cy-
cling will stop at R cycle ready on each occasion. No
cycle trigger will be on.

SinGLE CYCLE

If the control selector switch is placed in the SINGLE
CYCLE position, processing will advance only one cycle
with each depression of the program start button. The
program start button raises the master gate at 1Q10-3
(1.02.09) in the same manner as in the examples
above.

This gate is lowered by each cycle complete pulse
gated with single cycle at 1S10b (1.02.07) .

ForMAT TEST

The format test mode is designed to permit the testing
of supervisory operations one cycle at a time. It is
particularly helpful to the operator when program-
ming a new typing format, but is also of aid to the
Customer Engineer. When the control selector switch
is in the FORMAT TEST position, each supervisory cycle
must be a direct result of either the depression of a key
at the supervisory keyboard or the depression of the
program start button. If the supervisory operation be-
ing tested requires a transfer of data between tracks of




the process drum or file, each machine cycle (I, R, W,
D, and P) will be taken individually, also under con-
trol of the program start button.

Any of the supervisory operations, read, alter, write,
or inquiry, may be entered at the keyboard, and may
be advanced, cycle by cycle, with the program start
button. If the supervisory circuits are not already in
some particular operational status, the depression of
the program start button will initiate a type operation.

Format test does not result in any modification of
supervisory operation other than to place supervisory
and machine cycles under control of the program start
buiton.

When in format test, if the program start button is
depressed without first setting up a read, alter, write,
or inquiry operation, a type operation will be initiated.
The type operation will be executed just as though the
type hub on the 305 control panel were impulsed, ex-
cept that it will be executed cycle by cycle under con-
trol of the program start switch.

381 Remote Printing Station

The 381 Remote Printing Station provides for addi-
tional typewriter output at remote locations. One to
four remote printing stations can be attached to the
305 System and installed at any distance up to 40 feet.
A customer may install and maintain a cable to extend
this distance to 2500 feet.

Three basic types of operation are possible with
the remote printing station: 1) selected station type
out, 2) inquiry transfer, and 3) remote inquiry.

Figure 215. IBM Remote Printing Station

A selected station type out is a programmed type
operation directed to one or more of the remote
printing stations. A remote station type hub for each
of the remote printing stations is provided on the 305
control panel. A program exit impulse wired to a re-
mote station type hub will initiate a normal type
operation and set up switching circuits to transfer
the type impulses to the key magnets at the selected
remote station.

An inquiry transfer operation is the process of typ-
ing out the results of a console initiated inquiry at
one of the remote printing stations. The stations re-
questing file information are selected by positioning
the station select switch at the console. Depressing the
format key sets up a normal inquiry operation and
depressing the station select set key establishes switch-
ing circuits to transfer the type impulses to the se-
lected remote station at the same time that the infor-
mation is typed out at the console.

Direct file inquiry from a remote location is possible
with the installation of the remote inquiry optional
feature. An additional keyboard containing five banks
of address keys and five functional keys is added with
the remote inquiry optional feature. The address keys
select the five digit file address. The function keys con-
trol restoring of the keyboard (clear), selecting the
desired format (format 1-2-3), and initiating the
inquiry {inquire).

The 381 functional operations, use of switches, con-
trol panel wiring, and station description are covered
in the 1IBM 381 Remote Printing Station, M Series
Builetin (Form G26-3503-1) . An understanding of the
material covered in the bulletin is a prerequisite to
circuit and component description.

ApDITIONAL COMPONENTS
The following components are added to the 380 con-
sole:

1. Switching relays. One set of switching relays for
the console and one set of switching relays for
each remote station are added. The points of the
switching relays are added between the network
of common channel relay points and the type-
writer key magnets.

2. Interlock relays. Wire contact relays are added
to prevent normal console operations from inter-
fering with a remote inquiry.

3. Intermachine shoe conncctors. One shoe connec-
tor receptacle for each remote station is added to
the 380 console.

4. Switches. An eleven position rotary stepping
switch is installed on the console relay gate
(optional inquiry only). The console control
switch, station select wafer switch, station select
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set switch and type release switch are installed
on the console display panel.

5. Lights. The additional indicating lights are:
type check, console control, and a station select
light for each of the remote stations.
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Figure 216. Console Keys and Lights

6. Control panel hubs. Four sets of remote station
hubs are added to the 305 control panel for
selecting a remote station with a program exit.
Twelve format hubs (three per station), and
four type exit hubs are added to the 380 console
control panel.
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Figure 217. Control Panel Modifications

Each remote station contains the following com-

ponents:

1. Typewriter. An 1M Electric Model Bl modified
for DP equipment is provided and includes a
110v Ac motor, paper sensing device, and a power
switch controlled lockout bail solenoid.
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2. Display panel. The ribbon control and tabulator
clearset levers extend through the display
panel. The control switch, power switch, station
ready light, RamMac ready light, and form light
are mounted on the pan=l

3. Component gate. A component gate with two
hinged cevers opening toward the rear contains
a cable reel for excess cable, 110v utility outlet,
pc power supply, typewriter connectors and CE
telephone connector.

4. Keyboard. When equipped with remote inquiry
a special keyboard is added just to the right of
the typewriter keyboard. The keyboard contains
five banks of keys for file addressing and five
functional keys for controlling the inquiry oper-
ation.
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Figure 218. Inquiry Keyboard

Mechanical Principals

INQUIRY KEYBOARD

The keyboard consists of 5 removable key banks and
a control key bank.

Numeric Key Bank (FIGURE 219)

Each column of the inquiry keyboard is a separate key
bank unit containing nine digit keys. When a digit key
is depressed, the bottom of the key stem engages the
cam bar and cams it to the rear. The travel of the
cam bar is determined by the slant of the cam surface.
The cam bar is designed so that two adjacent keys
cannot be depressed simultanecusly. The motion of
the cam bar is imparted to the scctor arm which is
geared to the emitter finger assembly. The emitter
fingers rotate to contact one of the emitter segments.
If a key is not depressed, the emitter finger remains
in contact with the zero emitter segment.

The digit keys are latched down by a spring-loaded
latch bar that engages a formed ear on the front side
of the key stem. The latch bar may be moved forward
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Figure 219. Address Key Bank

to release a depressed digit key by depressing another
digit key in that key bank.

Motion to clear a column is imparted to the latch
bar by the clear bail.

ControL KEY Bank (Ficure 220)

The control key bank consists of five keys, the inquire
key, clear key, and three format keys (1-2-3). De-
pressing the inquire key locks the entire keyboard
until a pulse is applied to the inquire key release
magnet. With the inquire key latched down, the fol-
Iowing conditions exist.

1. The clear key is ineffective because the inquiry
lockout pawl is in position to interfere with the
clear lever.

2. The clear bail is holding the slide bar for each
of the numeric key banks toward the rear, there-
by preventing any of the keys from being de-
pressed or cleared.

3. The selected format key is locked down.

The clear key operation when the keyboard is not

locked is as follows:

1. The clear iever slips by the inquiry lockout pawl.

2. The clear lever pivots the clear bail, forcing the
slide bars toward the front of the machine; this
frees all of the numeric keys.

3. The contrcl key slide bar releases the selected
format key.
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Selected Station Type Owt

A selected station type out operation is initiated by a
program exit impulse wired to one of the remote sta-
tion hubs on the 305 control panel (Figure 217). The
logic of selected station type out is illustrated by Fig-
ure 221.

A program exit impulse wired to the remote station
#2 hub picks TYPE #I and initiates a normal con-
sole type operation. The same program exit impulse
latch picks the remote print relays for station 2
(RP2A, R8616 and R8276). During the first clutch
cycle an impulse from the station 2 type exit hub on
the 380 control panel is wired to COLUMN CONTROL ON
to establish the proper typing format for the remote
station. The selection of data from Q track and the
pick of the common channel relays is identical to nor-
mal console type operation. The SCB-2 impulse that
normally energizes a selected console key magnet is
transferred by the station switching relay points to the
corresponding key magnet at the remote station.

The data from Q track can be typed simultaneously
at more than one station by wiring the program exit
to more than one remote station type hub on the 305
control panel.

OBJECTIVES:

1. Inmitiate a console type operation.
a. Pick TveE #1 (R8151) (6.04.05).

2. Emit an impulse from the station 2 type hub
(6.04.07) .
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Figure 220. Control Key Bank

3. Energize the station 2 key magnets (6.20.02)
(6.14.05) .

Inquiry Transfer

Inquiries originating at the console can be directed to
any of the remote stations in the console format. Oper-
ation is as follows:

1. Depress a format key on the console and wait

for the inquiry light io come on.

2. Place the station select switch to the desired

station.

3. Depress station select set.

4. Key in the five digit file address.

After depressing the last key, the information from
the selected address will type out at the console and
the selected station in the console format.

Only one modification of normal console inquiry
operation is necessary in order to perform an inquiry
transfer. The station switching relays for the station
requesting the file data must be picked up before the
actual typing of data begins. Under normal inquiry
operation, after the format key has been depressed
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and the INQ ADR relays have been picked the inquiry
is suspended until the operator enters the five digit file
address. Before the file address is entered, the operator
must position the station select switch and depress the
station select set key. Depressing the station select set
key picks the inquiry transfer select relay for the select-
ed station (6.03.20) . The entry of the file address from
the console keyboard initiates a servo and file read
operation in the normal manner (Figure 212). When
the INQ TRF comP relays are picked at the conclusion
of the transfer of data to Q track, the inquiry transfer
select relays pick the station switching relays for the
selected remote station (6.04.08). With the station
switching relays transferred, the data from Q track
will be typed out at the remote station as well as at
the console.

Remote Inquiry

Note: This discussion is written to “C” level System
Diagrams. On later levels the relay designation will be
changed from 1XXX to 8¥XXX.
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The Remote Inquiry feature allows . -ect inquiry
from any of the Remote Printing Stat ns. Normal
Inquire On and ITI interlocking are active. The re-
mote inquiry is answered when a program exit im-
pulse enters the inquiry in hub on the 505 control
panel. Figure 222 illustrates the logic of remote in-
quiry operation.

Before the operator at a remote station can initiate
an inquiry, the file address must be set up in the
remote inquiry address keys and a format key must
be depressed. These keys remain in the operated posi-
tion until they are cleared manually or the inquiry
is complete. Depressing the inquire key at the remote
station initiates the inquiry operation by picking the
KB 1 1Ng relay in the 380 console.

In order to allow time sharing of the console inquiry
circuits, a station request scanner (SRS rotary switch)
is used. The KB 1 1Nng relay activates the SRS drive
magnet to advance the rotary switch to the position
that corresponds to the requesting station. If the same
station initiates a second inquiry, the SRS advances
through the remaining positions of the rotary switch
and checks for requests at the other stations before
answering a second request from the same station.

When the SRS reaches the requesting position, a
test impulse is directed to the latched format key at
the remote station. The test impulse through the 381
format key picks the corresponding format relays in
the 380 console and sets up normal inquiry controlling
circuits. A program exit impulse entering the inquiry
in hub picks the 1NQ ADPDR relays and conditions the
console circuits for the entry of the file address.

The INQ ADDR relays activate the pcrLrs drive magnet
and the SCB clutch. During each clutch cycle the ro-
tary switch advances one position to control the se-
quential scanning of the address key emitters at the
remote station. The #8 wafer of the PcLRs picks the
disk tens scan relay which directs a test impulse to the
disk tens address key emitter at the remote station. A
decoder at the remote station produces an output on
four bit lines that corresponds to the numeric position
of the address key emitter. The output of the decoder
is returned to the 380 console to pick the correspond-
ing supervisory buffer relays under control of the
PCLRS. As the rotary switch is advanced to the next
position a new scan relay is picked and the process
is repeated for the disk units address.

As the pcLrs advances to the sixth position the INg
ADDR CcOMP relays are picked and normal inquiry oper-
ation is resumed. To direct the type impulses to the
remote station, the station switching relays are picked
by INQ TRF coMP just prior to the actual type out.
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OBJECTIVES:

1. Search the SRS to the inquiring station.
a. Energize the SRS drive magnet (6.03.21) .

2. Pick the console format relays to initiate an in-
quiry (6.04.01).

3. Transfer the file address from the remote key-
board to the supervisory buffer relays.
a. Energize the SCB clutch (6.01.05) .
b. Pick the scan relays (6.07.08).
c. Test the remote inquiry address keys (6.20.01) .
d. Pick the supervisory buffer relays (6.05.01) .
e. Advance the pcirs (6.07.07).

4. Initiate a normal inquiry.
a. INQ ADDR coMP (6.04.02).

5. Emit an impulse from the station format hub
(6.04.07) .

6. Pick the station switching relays (6.04.08) .

Interlocks

Ramac REapy (REMOTE INQUIRY)

Before a remote inquiry can be made, the RAMAC must
be ready to accept the inquiry. The RAMAC is ready
when it is in a reset position or when processing. On
6.02.06, if R1381 (ramac not ready) is down, the
RaMAC ready condition exists. The relay (R1381) will
pick through R1044-9N/c (proc prog reset), and:
R1043-1 (proc prog stop). When processing, process
program stop (R1043-1 N/0) will prevent the pick of
the relav. The relay will also be down if the ramac
is reset (R1044-9 n/¢). The ramac ready lights at the
Remote Stations (6.20.03) will be turned on through
R1381-1n/c (6.02.06). On 6.03.20, SCB5 impulses to
the SCB clutch will be prevented through R1381-2~/c
if the RAMAC not ready condition exists.

StAaTION READY

On a selected station type out operation, the type
must not be attempted unless:

1. The typewriter motor for the station is ON.

2. There is paper in the typewriter.

3. The control switch for the selected station is in
the RUN position.

In order for the selected station type out to progress,
it was necessary to pick the station switching relays.
There must be a ground return circuit for these relays
to pick. It will be shown that the three conditions
listed above must exist, or the ground return for
the switching relays will be open.

1. On 6.04.08, the ground side of the switching re-
lays goes to 6.04.11. R8539 must be vp to com-
plete the ground circuit.

2. The station 2 ready relays (R8539, etc.) are
picked through R8217-2N/c (form stop) on
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6.04.09, to 6.20.03, through run-stop control
switch in ruN, to the 40v pc supply.

3. The input to the 40v pc supply is the 11bv ac
that is across the typewriter motor.

1f the station is not ready, the following conditions
should occur:

1. Program should stop.

2. The interlock light should be on.

3. Select light corresponding to the not ready sta-

tion should “blink.”

On 6.04.07, the impulse to the remote station hub
will go through R8539-1 n/c (RP2 Ready) through
D1097 to the program stop hub on the 305 control
panel (1.02.09).

On 6.04.11 the remote printer interlock relay
(R8379) will pick through the ground circuit sup-
plied by D1219, R8616-3 /0 (RP2A), and R8539-2
N/c (station ready). The clutch interlock relay will
open the SCB clutch circuit (6.01.05) preventing sub-
sequent clutch cycles. On 6.04.10, the interlock light
will come o~ through R8379-12N/0 (RP interlock).
The select station 2 neon will turn oN through R8616-4
~/o (RP2A) and R8253-3n/c (RP2 ready). The
2 Meg resistor and .22 uf capacitor and the neon form
a relaxation oscillator whose frequency is approximate-
ly 3 cycles/second. This causes the neon corresponding
to the not ready station to blink.

Once the interlock condition described above is en-
countered, the operator has three options:

1. Perform a clear operation with console control
switch on. However, this will cancel type out
of that data.

2. Turn run-stop control switch to stop and cor-
rect the situation at the remote station (forms,
switches, plugs, etc.). Type out will commence
immediateiy. Depress the program start key at
the console to resume operation.

3. Press the type release button on the console. The
attempted type out will occur at the console. De-
press the program start key to resume operation.

TyPE RELEASE

Depression of the type release button will cause a type
out of the selected information at the console and re-
lease the interlocks on the machine.

I. On 6.04.07, the type release switch (SWI5A)
will latch pick type release relay (R8385) and
console type A relay (R8536) . R8536 will set up
the pick to the console switching relays.

On 6.04.11, R83885-2 n/c will cause the RP inter-

lock and clutch interlock relays to drop on the

next SCB cycle.

3. On 6.01.05, R8385-3 N/0 bypasses R8494-1 N/c
(clutch interlock) and releases SCB clutch.

1o
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4. The selected information will type out at the
console because the console switching relays
are up.

5. On 6.02.06, the type release switch shorts out all
carriage return and tab contacts and will release
any tab or carriage return interlock conditions.

Tvypre CHECK (selected station program type out only).

If a parity error is detected in the Q track data relays,
a type check should occur. The type check neon should
turn oN and subsequent transfers to Q track shouald be
prevented.

1. On 6.09.01 a Q track parity will latch pick the
type check relays (R8378, R8382). On 6.04.10
the R8382-3 N/o point turns on the type check
light.

2. On 6.04.11 the SCB 3 impulse will pick the RP
interlock (R8379) and the clutch interlock
(R8494) .

3. On 6.04.07 the latch trip of the remote station
select relays is prevented.

4. On 6.04.10 the R8382-4 n/o point keeps the type-
writer not ready line high, preventing a W cycle
gate when T = Q.

5. Type release will release this interlock.

A type check interlock should also occur if the type-
writer loses power during a program type out. The
type check condition will not be recognized until the
clear occurs. The station ready relays are picked with
the 40v supply from the Remote Printing Station and
the presence of this supply indicates typewriter power.
If power is lost, the station ready relays will drop. This
will open the ground to the station switching relays to
prevent key piling (6.04.11). The ~/c point of the
station relay supplies a ground return ior the latch
pick of the station not ready relay (R8541) on 6.04.11.
The R8541-1 N/o points pick the type check relays on
6.09.01 and the machine is type check interlocked.

FormaT CHECK (Remote Inquiry)

If an operator fails to unlock the inquiry keyboard, or
fails to depress a format key, the system should not re-
spond to a remote inquiry. This is accomplished by
impulsing the inquire key release magnet if either of
these conditions exist.
1. The keyboard must be unlocked and a format
key depressed (6.20.03) before a format “A” re-
lay can be energized (6.04.01).
2. Failure to pick a format relay will result in not
picking R1336 on 6.04.01.
3. The format check relay (R1337) will pick on
6.03.20 through R1336-1n/c.
4. When the search to the selected station is com-
pleted, the inquiry key release magnet is ener-



gized (6.20.03) to 6.03.21, through R1337-X ~/0
(FMT check), R13794~/0 and R1336-3~/c.

ConsoLE INTERLOCKING (Remote Inquiry)

If an error occurs at a Remote Station preventing the
completion of a remote inquiry, the console operator
must be able to clear the affected station at his discre-
tion. This is accomplished by turning the console
control switch oN. On 6.02.06, the switch will pick
R1380 (console control). On 6.03.2] a search to the
console position is initiated through the SRS interrup-

ter contact and R1380-2N/0. On 6.02.03 the clear key
is activated through R1380-1 n/0 and SCB-5.

The test lock is interlocked through the console posi-
tion of SRS-8-11 (6.15.04) .

Program load is also a console operation. In order to
start an operation with the program load button, the
circuit must be operative with + 48v through SW14A
N/o (6.03.21). When the console control switch is
turned on the SRS rotary switch advances to the con-
sole position and provides + 48v through SRS 7-11
and SWI4AN/o (6.03.21) to SW5AN/0 (6.04.12).
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Decision Elements

The decision elements in the RAMAC system are as
follows:
Accumulator sign.

d

2. Accumulator overflow.
3. Compare.

4. Field compare.

5. Blank transmission test.
6. Character selector.

7. Selectors.

8. Cycle delay.

Each of these decision elements has a special purpose
selector with hubs on the 305 control panel. The selec-
tors are tested with a program exit impulse at a pre-
determined point in the program routine. The status
of the selector, whether normal or transferred, deter-
mines what the system will do next.

The first two of these decision element selectors,
accumulator sign and accumulator overflow, are dis-
cussed in the Arithmetic section (Section 11) under
“Accumulator Sign Control.”

Compare

The compare feature is probably the most frequently
used of the decision elements. In addition to its func-
tion as a source of logical decisions, this feature is often
used by the programmer as a safeguard to prevent any
possibility of obtaining and altering the wrong file
record.

There are three types of compare operations, each
of which is activated by the inclusion of a particular
Q instruction. The three types of compare operations
are illustrated below:

1. It is desired to determine whether the data
in character positions 37-43 of track W is the
same as the data in character positions 81-87 of
track Y. The following instruction may be used:
W43Y870781.

The Q instruction of “1” changes this program in-

struction from a transfer of data to a comparison. The
P instruction causes the I, R, and W cycles to be fol-
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lowed by D and P cycles. It also causes an impulse
to be emitted from the “$” hub on P cycle.

This impulse may be used to test any of the com-
pare hubs (3.03.05) .

2. It is desired to determine which fields of track

X are equal to the corresponding fields of track
A. The following instruction may be used:
X99Z99008&2.

The Q instruction of “2” causes each field of track X
to be compared with the corresponding field of track Z.
Two sets of field compare hubs (3.03.04) are associ-
ated with each field. The field compare hubs are condi-
tioned to indicate the result of the comparison within
each field. After a compare operation, the state of the
compare relays will not be altered until the next pro-
grammed comparison.

8. The programmer desires to compare the fields
of track X with the fields of track Z, as in the
preceding example. He also desires an indication
of the equal or unequal condition of the two
tracks taken as complete units. This requires a
combination of two types of comparisons men-
tioned above, and is accomplished by using a Q
instruction of “3,” as in the following program
instruction: W99Z9900P3.

With this instruction, the compare hubs (3.03.05)
are conditioned to indicate the equal or unequal re-
lationship between the two complete tracks, and the
field compare hubs indicate the equal or unequal
relationship between the individual fields.

Compare (Q=—1)

The instruction W43Y8707&1 will cause the following
objectives to take place:

OB JECTIVES.

1. P flag causes D and P cycle with an impulse
from “%” hub on P cycle.

2. W data from T, address to compare circuits on
W cycle.

3. Read data from T, address to compare circuits
on W cycle.

4. Pick R31 if unequal occurs.




D, P Cycles: D cycle is initiated, following W cycle
by the P=not blank line. During P cycle the “&”
program exit hub will emit an MR7 impulse (2.05.03)
to test the compare selector.

W Data: The data from the T, address was placed
in cores on R cycle. Then on W cycle it enters the
compare circuits on 3.03.0} as W data.

Read Data: On a Q=1 operation a special circuit
is necessary to provide read data from the drum read
matrix during W cycle. Normally this would be a write
operation. The matrix write gate is blocked on 3.02.09
by the not Q compare line being low. The T, address
selects the desired head. With the matrix write gate
low the matrix circuits are conditioned for reading
(see “Track to Track Transfer”).

Pick R31: All compare hubs on 3.03.05 are condi-
tioned by R31 points. R31, if previously energized,
will be dropped out at I cycle end of a compare in-
struction at thyratron 3K5 on 3.03.01. During the W
cycle gate, a difference between W data and read data
will fire thyratron 3]6°through Al 3G6. This picks
R31, which will remain up until another compare
instruction.

Field Compare (Q—2)

The table beneath the field compare hubs (3.03.05)
shows that a separate relay is employed to condition
the hubs for each field. These relays are energized on
3.08.02, with an individual thyratron for each relay.
Each of the thyratrons receive + 70 volts through its
respective relay on the line labeled P pick.

OBJECTIVES:

1. Drop all field compare relays on R cycle of com-
pare operation.

2. Pick specific field compare relay during W cycle
if unequal is detected.

3. Hold relays until next compare operation.

Field Compare Relays: On 3.03.02 the relays are
held by field compare hold to the normally closed
points of MRI1 on 2.09.11. MRI11 is energized on
2.09.02 at the start of R cycle on a compare operation
and dropped at F4 of W cycle.

Pick field compare relay: Each of the ten thyratrons
on 3.03.02 is conditioned by a field gate. An unequal
condition existing between read data and W data on
3.03.01 will appear on the not compare line and pick
the required field compare relay. The read data and
W data are gated to the compare circuits on W cycle
just as they were for Q =1. P pick must be high dur-
ing this W cycle to enable the thyratrons to fire. It is
supplied through the normally closed points of MR1
on 2.09.10. MR1 will pick and open P pick at F6 of
D cycle if P is not blank (2.09.01) and drop out at ¥4

of P cycle. Therefore it will be normal on a compare
operation until after W cycle, at which time the field
compare hold will be established.

The field compare feature may be used to compare
a group of fields of the T, track to a different group
of fields of the T, track. This mayv be illustrated with
the instruction X59729960&2 which will cause a com-

parison between 6 fields. Fields 5, 4, 3. 2, I, and 0 of
track X will be compared to fields 9, 8. 7. 6, 5, and 4,
respectively, of track Z. The result of the comparison
will be indicated in selectors 9, 8, 7, 6, 5, and 4.

Compare ond Field Compare (Q@— 3)

A program instruction that has a Q instruction of “*3”
will cause triggers 2X10 and 2Y10 (2.06.00) to be
turned on. Since trigger 2210 will be oFF, the gates
Q=1 and Q=2 will both be available from the spe-
cial instruction register. With Q=1 and Q =2 both
high, the compare and the field compare operations
will both be accomplished on one program step.

Blank Transmission Test (Q=26)

The blank transfer hubs are located on 3.03.05. From
the chart on 3.05.05 it can be seen that a blank trans-
fer has occurred if relay 30 is up. The blank transfer
selector can be picked or dropped onlyv during an in-
struction with a Q=6. A test of W data is made
during a Q=6 instruction. lf anvthing except bit 0
or bit R occurs, the transfer was not blank and relay
30 will be down. It the W data contained only bit R’s
or Bit 0’s, a blank transfer has occurred and R30 will
be up.

At I cycle end of a Q =6 instruction, 3Q6 on 3.03.03
is set 3 pin high and 3M6 is fired, dropping R30. H
3N6 conducts, R30 will pick and a blank transmission
will be indicated (3.03.03) . If 3Q5 conducts, 3Q6 will
be pulled 3 pin low and 3N6 cannot come up at W
cvcle end. 3Q5 conducts only on a transmission which
has bits other than Br or B0 as W data. If only Br or
B0 occurs as W data, 3Q5 will not conduct and 3Q6
will remain 3 pin high. 3N6 will conduct at W cycle
end. This will pick R30 and indicate a blank trans-
mission.

Character Selector

One of the most powerful decision elements within
RAMAC is the character selector. This unit permits the
selection of a particular routine from among several
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possible program branches. These may be illustrated
by the following instruction: K05-9901&b.

In the area of inventory control and billing, a par-
ticular program might require the processing of several
different tvpes of cards. Column 6 of the card might
be reserved for a code character to identify the type
of transaction which that card represents. The first step
in the processing of each new set of card data could
emplov the following instruction: K05-9901&b.

The character - (hyphen) in the T, position
would cause the code character in the 05 position of
track K to be stored in the character selector relays.
H the program exit from the & hub is wired into the
character selector in hub (3.04.03), the out hubs might
be wired as follows:

“A"—This card represents items ordered by a cus-

tomer. Wire to program advance.

“B”—This card represents items returned for credit

by a customer. Wire to program 50.

“C"=This card represents merchandise received to

replenish stock. Wire to program 75.
“D”—This card represents price changes to be stored
in item records. Wire to program 85.
“E”—This card represents a remittance received from
a customer. Wire to program 95.
“F’—This card represents an alteration in custom-
er’s maximum credit allowance. Wire to pro-
gram 105.

“G"—Etc.

In addition to the set of hubs on 8.04.03 which indi-
cates actual alphabetic, numeric, or special character
identification, the character selector also includes three
standard and three optional sets of hubs on 3.04.04 and
3.04 06, which indicate the Hollerith elements that
comprise the selected character. As an optional feature
three positions each of “X” “no-X” bit and “0” “no 0~
bit selection may be added to the function of the char-
acter selector. These selectors allow analyzing of a
character for the presence or absence of X or 0 bits.

To enter a character into the character selector, T,
must be - (hyphen) and MN must be 01. Although
not essential, A,B, should be 99 to allow maximum
pick time for the character selector relays.

The character selector relays are energized by the
six thyratrons on 3.04.01. P pick, which is MRI N/c,
applies + 70 volts through the character selector relays
to the thyratron plates during W cycle. Since each of
the relays has a particular bit value, the screen grid
of each thyratron receives a particular bit pulse from
the bit ring. Data to “-”" is applied to the control grids.

Data to *-” is obtained on 3.02.12 at 8T8 from W
data anded with T="*-" and gC'’s.

The hold circuit for the character selector relays
(3.04.01) is supplied through the normally closed
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points of MR3 on the line labeled “~hold”(2.09.10) .
MR3 (2.09.01) 1s energized at the leading edge of R
cycle when T,="" to F4 of W cycle. This drops all
relays and then holds the new relays before their points
are tested on P cycle.

Selector

The 305 control panel has hubs for ten standard and
additional optional selectors. Each selector has two sets
of points, with a common, normal, and transfer hub
for each point as indicated on 2.08.03.

Latch type relays are used and there is a pickup and
drop out hub for each selector. In addition there is a
reset hub for each group of ten selectors. It can be seen
on 2.08.04 that an impulse into the reset A hub picks
R213. The points of R213 then apply + 48v to latch
trip all relays of selectors 1 through 10.

Cycle Delay

It is frequently desirable to test the points of a selec-
tor and then to drop that selector (or pick it) before
continuing to the next program step. If the same im-
pulse which tests the selector is wired to the pU or
po hub, several ill effects would result. The state of
the selector would be altered in the midst of the im-
pulse wired through its points; hence, a fragment of
the impulse would be emitted from the normal point
and a fragment from the transferred point. This could
cause an invalid program level to be stored in the
program counter. The cycle delay unit provides a
means of testing a selector and then dropping it (or
picking it) 30 milliseconds later.

Figure 223 illustrates a typical application of the
cycle delay unit. A program exit impulse tests a selec-
tor and, if the selector is transferred, it is desired to
drop the selector as well as to set the program counter
at the necessary level. In the event that the selector is
transferred, the impulse passes from the transferred
hub into the cycle delay in hub.

This causes an impulse to be emitted from the cycle
delay out hub 30 milliseconds later. The cycle delay
exit is wired to the po hub and through a distributor
to the desired program level.

The process unit control panel has 15 standard cycle
delay positions. An impulse into a particular 1N hub
on 2.08.05 causes an impulse from the corresponding
ouT hub on 2.08.06.




The cycle delay relays are arranged in binary fashion
so that only four relays are needed to receive the inputs
from 15 hubs. Four additional relays are needed to pro-
vide the impulse from the corresponding ouT hubs. For
this reason the cycle delay selectors can be used to add
binary numbers. For example, impulsing both delay
I and 4 will result in an impulse from the cycle delay
5 exit hub on the second P cycle.

The cycle delay operation involves four mercury
relays whose timings are shown on 0.09.04. It should
be remembered that all control panel impulses are pro-
vided by MR7.

OBJECTIVES:

1. Store program exit impulse in cycle delay relays.

2. Cause D, D, P cycles to follow P cycle.

3. Impulse from cycle delay exit hub on second P

cycle.

Store Program Exit Impulse: Using the sequence
chart and control panel wiring in Figure 223, R101
and R102 will be picked on the first P cycle by the
program exit impulse (MR7).

D, D, P cycles: The not new program line remains
high since no impulse reaches a program entry hub or
a program advance hub (2.01.06). This results in two
D cycles followed by a P cycle.

Cycle Delay Exit: Relays 107 and 108 are picked
during the second D cycle throngh the R101 and R102
points. On the second P cycle the R107 and R108
points allow an MR7 impulse at the cycle delay out
hub. This impulse, if wired to program entry will raise
the new program line (2.01.06) and allow cycling to
advance.

Program Exit Split (optional)

Operation

The double program exit hubs can be split and placed
under selector control, so that either the upper hub
or the lower hub (but not both), will emit the cor-
responding program exit impulses. See Figure 224.
This feature is divided into two groups: program exit
hubs A-Z make up the first group, and program exit
hubs 0 (zero) through 9, and special characters make
up the second. The operation of this device consists of
impulsing either the U (upper) or L (lower) pickup
hubs (located in control panel positions C, 23-26)
with a program exit; or similar impulse. 1f the upper

P Instruction of "K" from MR 7

DISTRIBUTOR

c Not New Program 2.01.06 "
=
OUT - ENTER NEW PROGRAM
D Cycle 1.03.07
M D cycle ].03.07 P INSTRUCTION OF A" P INSTRUCTION OF K~
CYCLE DELAY '3 SELECTORS
Y
R 101 & 102°P 2.08.05
\—_—%
R 101 & 102H 2.08.05
O
R 107 & 108 P 2.08.05 <
R 107 & 108 H
Cycle Delay Out 2.08.06
New Progrom © 2.01.06

Figure 228. Cycle Delay
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Figure 224. Split Progran: Exit Hubs

hub is impulsed, the corresponding program exit hubs
of this group will emii until the lower hub is impulsed.
If the lower hub is impulsed, the lower row will emit
until the upper hub is impulsed. At the beginning of a
job, a start, or similar impulse should be used to set
up the group of exits desired. Reset and check reset
have no effect on which exits are set up to emit. Two
console neons, one for each group, indicate when the
upper set of program exits are active. They are located
just above the cycle neons.
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Description of Circuits

System Diagram 2.05.03 indicates that when relays 82,
85, and 88 are deenergized the upper program exits are
active. Control of these three relays (which control the
first group of double program exit hubs) is accom-
plished on System Diagram 2.05.05. Relays 82, 85, and
88 are picked by an MR 8 line after R95 is latch
picked. Relays 82, 85, and 88 remain held and the
lower program exits are active until after R95 is latch
tripped. The second group of program exits are con-
trolled similarly.




The power input to the type 340 power supply must
be from either a 208 or 230 volt, three phase, 60 cycle,
four wire service. Variations from this input can be
= 109, for voltage and * 14 cycle per second for fre-
quency. All ac and pc power for operating the RAMAC
305 is obtained from the 340 Power Supply except the
file power, compressor, and access motors. The 340
does not use three phase power as such, but arbitrarily
distributes voltages to various loads which are not
necessarily balanced across the phase lines.

340 Voltages

The ac voltages supplied by the 340 and the purpose
of each is listed below:

1. Unregulated line Drum motor, drive motors for 370, 323
(208 vac-230 vac) card reader, typewriter and 382, blower
motors.
2. Regulated 230  File filament transformer, file blower
vac (ACLR 1&2) motor and flood lights.
3. 6.3 vac 305 tube filaments.
4. 115 vac convenience outlets, AC sequencing
circuits.

The pc voltages supplied by the 340 are listed below:

1. 4270 vdc electronic circuits.
+140 vdc

2. +70 vdc thyratron plate supply.

3. 448 vdc relays and lights.

4. —60 vdc,—250 vdc electronic circuits.

. —250 vdc reset

o

reset of triggers.

File Voltages

The 340 power supply provides + 270v, + 48v, + 140v,
— 60v, and — 250v to the 350 file (s). The — 250v and
+ 270v are used to develop 3 regulated pc voltages
within the file, + 215v, 4+ 140v and — 210v, for use in
the track and disk null detector circuits. Regulated
236 vac is also sent to the file for the tube gate blower
motor, the flood lights, and to develop 6.3 vac filament
voltage. The floating power supplies in the file are
driven solely by the 6.3 vac. All other file motors (ac-
cess, COmMpressors, Compressor blowers) are supplied
230 vac from the line cord on the remote compressor
cabinet.

Control Functions and Monitoring

The power supply is normally operated by the remote
controls at the console. It can also be operated by a set
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of controls at the rear of the 340. The following push
buttons are used:

On the Console On the Power Supply Purpose

MASTER POWER IMMEDIATE OFF Remove all power

OFF instantaneously.
POWER ON POWER ON Initiates normal cycl-

ing up sequence.

(Use POWER ON DC ON Re-establishes all
buiton) DC voltages
POWER OFF POWER OFF Initiates normai cycl-
ing down sequence.
DC OFF DC OFF Removes all DC
voltages.
RESET Removes blown fuse

or electronic gate
thermal trip
condition.

The immediate off button cuts off all power in-
stantaneously regardless of sequencing, and should be
used only in an emergency. The reset button removes
the blown fuse or the electronic gate thermal trip
condition. It will not reset the process unit.

In addition to the above controls, a pc off toggle
switch and a pc on push button are mounted on the
ct sync panel. The toggle switch may be thrown to
cause a pc off sequence. With this switch transferred,
the power on and the pc on buttons are inactive. The
toggle switch must be returned to the normal running
position before pc can be reapplied.

Meters

There is an ac and a pc voltmeter located on the
power supply panel. A selector switch is provided for
each meter. The switch not only selects the proper
input, but also selects the proper range.

The Ac meter measures the input voltage across
each of the three phase lines and the output voltages
of both ac line regulator transformers. It is a 167
ohm per volt meter with a range of 0-300 volts.

The pc volt meter measures the output of the pc
regulators for each of the pc supplies. The ranges
for the meter are 0-150 and 0-360 volts.

Phase Sequence

The sequence of phase rotation at the power input
terminals must be 3, 2 and 1 on lines 1, 2, and 3
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respectively. A resistance-capacitive network monitors
this sequence and causes the Ac sequence light on the
340 panel to glow brightly when the sequence of rota-
tion is correct. The improper sequence will cause the
light to be very dim or out. When the sequence is
wrong, there is an unbalanced current distribution
across the individual phases. This unbalanced condi-
tion has no noticeable effect on the RAMAG system.

The following chart shows the variations in current
load for both sequences:

Correct Wrong
No Load Sequence Sequence
Phase 1 28.7 Amps 33.5 Amps 25.8 Amps
Phase 2 33.8 Amps 36.0 Amps 43.2 Amps
Phase 3 29.5 Amps 34.0 Amps 36.0 Amps

Blower Timer

The electronic panel blowers should continue to run
for 3 to 5 minutes after the machine power is turned
off. A timer motor on the power supply panel starts
after all voltages have been removed from the RAMAC
system by a depression of the power off button.

The time required to open the normally closed
timer micro-switch contacts is controlled by the time
dial setting on the front of the timer. Each dial divi-
sion is equal to 30 seconds. The timer is spring reset
when the blower timer motor is de-energized.

Regulation

The AC voltage regulators are step-up type transform-
ers, whose outputs are used as filament transformer
inputs. The primary windings of the voltage regula-
tors are non-saturated inductors. In normal trans-
former operation, changes in primary voltage are re-
flected as changes in secondary voltage due to the
changing magnetic lines of force or flux density. The
voltage regulators use the saturable reactor principle
of a saturated core for the secondary winding.

When the core is saturated, there is little or no
change in the lines of force (flux density) across the
coil. An inductor operating at saturation maintains a
nearly constant magnetic flux density through a com-
paritively wide variation in current flow, and there-
fore maintains a nearly constant voltage across its
output terminals.

The ACLR 1 and 2 saturable reactors are shown on
9.04.01 and 9.04.02. The capacitor and the secondary
winding form a resonant circuit which will cause satu-
ration of the secondary core. Up to 500 volts Ac may
appear across the secondary winding. The secondary
is tapped to provide 236 vac.
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All eight pc power supplies also use saturable re-
actors for voltage regulation. In addition, a buck-
boost transformer is used on the output of the sec
ondary (for example, T9 on 9.05.01). This trans-
former takes an increase or a decrease in sccondary
voltage, transforms it to a bucking or a boosting cur-
rent, respectively, and couples it back to the sec-
ondary.

The primary windings of the ac and pc regulators
have tapped windings to provide for either of two
input voltages (208 or 230 volts) . Design requirements
dictate the actual arrangement of the secondary wind-
ings on the reactors.

The regulation of the ac regulators is * 39, for
input voltage variations of * 109,. The regulation for
the pc power supplies is generally = 1%, for the input
voltage variations of * 109.

Adjustment of DC Levels

The output voltage may be adjusted over a range of
*+ 109, of input voltage. Initially the variac is ad-
justed until a nominal voltage, as stated on the meter
caibration chart, is read on the pc meter. The pc
loads will vary according to the type of operation
performed by the machine at any given instant.
Thus, the pc voltage must be set initially and
checked periodically under specified machine condi-
tions. (These are covered in the 305 CE Reference
Manual.)

Sequencing

The 340 sequencing circuits are both aAc and bc,
therefore extra care should be used when servicing
this equipment. Heavy duty Ac contactors must be
used to supply Ac power to the various motors, to the
pc power supplies and the filament transformers. The
energizing of these contactors is controlled by a group
of standard 48 volt duo relays. The contactors, K1 to
K8 are listed on System Diagram 0.46.01 and the duo
relays, 1 to 32, on 0.46.00. For discussing all sequenc-
ing circuits the function charts on System Diagrams
0.43.00, 0.43.01 and 0.43.02 will be used.

Power On

When either the 340 or the 380 power on button is
depressed the indivdual machine components must re-
ceive power in a definite sequence to prevent damage
to circuitry or overloading of the line. The function
chart for this sequence is shown on 0.43.00.




OBJECTIVES:
1. Depress power on switch (9.02.02) .
2. Power to ac and pc sequencing circuits, K2
(9.03.03) .
3. Start file power on sequence, R1 (9.03.00) .
a. Start file timer (8.40.03).
b. Start disk drive motor (8.40.06) .
¢. Start access motors and hose vent valves
(8.40.06 and 8.40.05) .
d. Start compressor motors and compressor cab-
inet blowers, Cl1 ({8.40.04).
Start 305 sequencing, R5 (9.03.01),
Blowers on, K4 (9.01.03).
Drum and unregulated ac,K1 (9.01.02).
Filament build up for 30 secs, K7 (9.01.01).
Full filament for 30 secs, K8 (9.01.01).
9. Negative pc on, K3.
10. Plus pc on, K6.
I1. —250 vdc reset on, R3 (9.05.01).
12. Ready light, R3 (9.03.02).
File Power On Sequence: This sequence is con-
trolled by the timer located in the compressor cabinet
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sequence control box (8.40.03). The function and
timings of the seven TC contacts are shown in Figure
225. These contacts test the file remote local control
switches (8.40.05) and compressor remote local switch
(8.40.03) . If set to REMOTE the motors will start dur-
ing the power on sequence. On LocaL or ofF the file
motors or compressor motors will be bypassed. The
file sequence complete circuit, labeled INTLK also is
conditioned by these switches, checking Cl and Kl
only if the control switches are on REMOTE.

For dual file operation the TC contact timings are
changed to start disk motor 1 sixty seconds before disk
motor 2 to prevent loading of the line. For dual
process there is still a single timer located in the
master compressor cabinet. It is energized by a power
on sequence from either 340.

DC Off Sequence

When servicing the RaMac it is often desirable to re-
move all pc voltages. The function chart for this
operation is on 0.43.01.

340 X 2BU (9.03.01)
T o X Ri
W Timer Motor
350 102 D1
Timer
R2 Motor
Hold
107 XTD5 & 6 K TD3 & TD4
.L__—Ez RZ}——« Rﬂ——z»
Xci X K2 XK1
Compressor h
Motors ose
K & Vent X »It:‘(‘:)ctzess )kDisk Drive
Cabinet Solenoids ors Motors
Blower
340 lRS (9.03.01)
SECONDS
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240
01 P 8.40.03
D 2 C I I 1 i
HOME |/ 8.40,03
D3IC || [ ]
8.40.05
TD 4L T 1
8. 40. 0S
D5 ]
8, 40, 05
TD 6 [C : —
8.40. 05
D7 [C I T ]
8.40.03
B CLOSED

NOTE: Chart shows single file installation timing . For dual file retime TD1, TD2 and TD3 to make 60 secs earlier,

Figure 225. File Power On Sequence
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OB JECTIVES:

1. Depress pc off switch dropping R4 (9.03.01).

2. Remove -250v reset voltage, R3BL (9.05.01).

3. Remove all positive voltages, K6 (9.02.01).

4. Remove all negative voltages, K3 (9.02.61).

The pc voltages will remain off after the poc off
switch is released since R4 can only be repicked
through R5BL. R5 has no hold circuit. Notice that
R3 on 9.03.01 will drop if any pc voltage is lost. This
also initiates a pc off sequence.

DC On Sequence

If a pc off sequence was initiated by the pc off toggle
switch on the cE panel (9.03.01), this switch must be
returned to normal before any pc on switch is opera-
tive.

OB JECTIVES:
1. Depress any pc on switch, picking R5 (9.03.01) .
2. Positive voltages on, K3 (9.02.01) .
3. Negative voltages on, K6 (9.02.01).
4. -250v reset line high, R3BL (9.05.01).

Power Off Sequence

Depressing either power off switch (9.03.01) will re-
move all Ac and pc from the RAMAC. As in a pc off se-
quence the positive pc voltages will be removed before
the negative pc voltages with the exception of the -250v
reset voltages. When the filaments go off, a timer motor
in the 340 is started, (9.02.01) opening the TClI points
8 to 5 minutes later. These normally closed points
keep the blowers in operation. The points are spring
reset as soon as the timer motor is de-energized. The
function chart for this operation is on 0.48.00.

DC Fuse Blow and Restore

The function charts are on system diagram 0.43.01.
If any pc fuse blows the indicating plunger makes
contact on an alarm bar picking R30 or R29 (9.05.06) .
Either relay picking will latch pick the ac and pc
fail relay, R26, (9.03.02) which turns on the fuse light
and initiates a pc off sequence. Also, a loss of any pc
voitage without a blown fuse will latch pick R26,
turning on the fuse light.

To restore power after the fuse light is on, the Je-
fective fuse (if one exists) must be replaced. Then the
reset button (9.03.02) must be depressed to latch trip
R26. The pc on button may then be depressed.

AC Fail Sequence

There are four types of ac failures which will initiate
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a power off sequence. The function chart is on 0.43.02.
The four failures are:

1. File failure.

2. Blown ac fuse.

3. Filament supply failure.

4. Closing of the thermal circuit breakers in the

electronic gates.

In all cases the power off sequence will proceed as
normal, however, K2 will remain energized on 9.02.02
through the 2AU N /o points. This will provide + 45
volts to the DC sequencing circuits and for the power
on and fuse lights.

File Fail: Relay 4 and 6 are dropped on 9.03.0]
when the file interlock circuit is opened. This circuit
tests the condition of the K1 contactor (8.40.06) and
the Cl1 contactor (8.40.03) . These contactors will drop
if the thermal in the disk motor (shaft) opens or any
of the thermals for the compressor cabinet motors
open (8.40.04).

Blown AC Fuse: Any of the indicating ac fuses
will pick one of six relays (R20, R21, R22, R23, R24,
R25) if it blows. This drops relay 1 initiating the
power off sequence (9.03.01).

Filament Failure: Failure of either filament supply
will drop R29 (9.04.01) or R28 (9.04.02). These re-
lays in turn drop R1 (9.03.01).

Thermals: The three thermal points in the 305 tube
gates can drop R7 if overheating causes them to open
(9.03.01) . The R7AL points will drop R1.

In all cases above R26 must be latch tripped with
the restore key before power can be restored to the
system.

Immediate Off

The immediate off switch on the power supply panel,
or the master power off switch on the console are to
be used only in case of emergency. Operation of either
switch (9.02.02) will pick K5 by removing L1 from
the B side of this contactor. The K5 points energize
the shunt trip coil in the main CB on the 340
(9.01.01) and the shunt trip coil in the main CB in
the compressor cabinet (8.40.03). This removes all
Ac¢ and pc power immediately. These two CB’s must
be manually reset before power on is effective.

Servicing

Extreme CAUTION should be exercised when servic-
ing or inspecting the power supply. Dangerous volt-
ages are present at various points within the power
supply, even when the machine is in a power off
status. If it is necessary to make a test instrument con-
nection within the power supply, or to reach into it
for any reason, the commercial power input should
be disconnected.




Several self-contained servicing devices have been in-
corporated in the ramac. The ability to effectively use
these devices will facilitate the analysis of reported
failures. Good customer engineering logic while using
the oscilloscope and the built-in aids should result in
a minimum of down time for the system.

Supervisory Console

The supervisory console has great potential for the
preliminary analysis of machine failures. The Cus-
tomer Engineer should be thoroughly familiar with
the indications provided by the signal neons and
should develop an intimate knowledge of the various
operations that may be performed at this station.

The particular cycle during which a failure occurs
can often be determined by monitoring the signal
neons while operating RAMAC In SINGLE OPERATION,
SINGLE CYCLE, or FORMAT TEST. If the failure is one
that will not be immediately indicated on the signal
panel, the point at which failure occurs can generally
be determined by investigating the affected process
drum tracks between successive program steps.

The console may be used to alter program instruc-
tions or process drum data after the test lock switch
has been turned on. Such changing should be done if
necessary to determine the exact conditions under
which failure occurs.

If a failure involves a transfer of data to or from
the file, the testing operations should be restricted to
the Customer Engineering tracks on the disk. One of
these tracks is addressed automatically by turning the
test lock oN.

The test lock switch energizes R8056 (6.15.04) and
R5119 (8.11.01). R5119-2 then picks R5118. If the
file address register relays store an odd track address,
R5119-4 and R5134-12 (8.02.02) will address the ac-
cess arm to track ~1; if an even track address is stored
in the address register, R5119-4 and R5119-5 address
the arm to track 100. The track null is thus destroyed.
The loss of the track null without dropping the servo

Servicing Aids

start relavs will cause the clutch power relay, R5035
(8.04.02), to be energized. A servo is thus initiated
to one of the CE tracks.

With the test switch oN, data may be read from or
stored at the addressed CE track. A new servo may not
be initiated, however, as long as the test switch is on,
unless the remote cycling box is connected into its re-
ceptacle on the synchronizing panel. The CE test
relay, R8056-4 (6.15.04), opens the MRG6 circuit so
that a file pick pulse cannot be supplied to the file.
If a servo to another CE track is desired, the remote
cvcling box must be plugged in. This will pick R163
(1.02.03). R163-6 (2.09.11) will then shunt R8056-4
(6.15.04) .

305 Synchronizing (Sync) Panel

Since the oscilloscope is used almost invariably in the
analysis of the electronic circuits, an appreciable sav-
ing in total service time can be accomplished by reduc-
ing scope set-up time to a minimum. In order to facili-
tate scope setup, a synchronizing panel is located be-
hind the front relay gate on the process unit. An
assortment of pulses and gates which are frequently
used in triggering or gating the scope signal are avail-
able from hubs on this panel. A 4-input ANp inverter
switch is also included so that the scope may be trig-
gered by the coincidence of two or more of the sync
panel signals. A

A diagram of the sync panel is shown in Figure 226.
The System Diagram location and identification of
each of the sync panel hubs follows:

CE-1  (1.01.00) Reference Mark.
CE-2 (3.01.04) Record Start.
CE-3 (1.03.04) I Cycle.

CE4 (1.03.05) R Cycle.

CE-5 (1.03.06) W Cycle.

CE-6 (1.03.07) D Cycle.

CE-7 (1.03.08) P Cycle.

CE-8 (1.01.05) Bit 0.
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Figure 226. 305 Sync Panel

CE9 (2.05.03)

CE-10 (2.10.01)
CE-11 (2.10.01)
CE-12 (2.10.01)

CE-13 (2.10.02)
CE-14 (2.10.01)
CE-15 (2.10.01)

CE-16 (2.10.01)
CE17 (2.10.01)
CE-18 (2.10.01)
CE-19 (2.10.01)
CE-20 (2.10.01)
CE-21 (2.10.02)

Program repeat exit — used in
conjunction with program repeat
switch.

High input to voltage divider.

48 volt input to voltage divider.
Standard (low) level output from
voltage divider.

Reader cycle point gate used in
conjunction with dial switch.
Core buffer tens ring gate used in
conjunction with dial switch.
Core buffer units ring gate used in
conjunction with dial switch.
Input to 4-input Al

Input to 4-input Al

Input to 4-input AL

Input to 4-input Al

Output from 4-input Al

Field ring gate—used in conjunc-
tion with dial switch.
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" PROGESS RINGS
CHARAGTER -

CE-22 (2.10.02) Character ring gate—used in con-
junction with dial switch.

CE-34 (2.10.02) Tweaker hub used in conjunction
with the tweaker probe.

7 Communication hubs providing

CE- 26{
(2.10.02) ;v cuits 1o file test panel.

C
CE-29
CE-30

Use of the Cycle Control Switch

Single Cycle: This setting simply parallels the single
cycle setting of the console control selector switch
(1.02.04), allowing processing to advancc one cycle
with each depression of the program start key.

Cycle Repeat: This setting will prevent a cycle com-
plete gate on 1.02.04. The previously set cycle ready
and cycle triggers will remain oN, rcpeating the estab-
lished cycle until the CE stop button is depressed. The
desired cycle may be set up by first using the SINGLE
CYCLE position of the switch.




Program Repeat: To cause the RAMAC to repeat a
particular program step, this switch setting blocks the
normal program advance pulse and the P cycle pro-
gram counter reset pulse on 2.01.07. If the program
being repeated has a P flag, the MR7 impulse will be
directed to the P-out hub on the sync panel (2.05.03)
rather than to the 305 control panel program exit
hubs. This prevents any program exit impulses from
reaching the program entry hubs, and setting up a
new program level. To check any of the decision ele-
ments during this repated program, a wire may be
taken from the P-out hub on the sync panel to the
desired 305 control panel hub.

To enable I cycle ready to be turned o~ at P cycle
end (1.03.04) an MR7 impulse is used to force the
new program line high on 2.01.06. This impulse is
directed through the program repeat switch points on
2.05.03.

Use of the Sync Panel Hubs

The sync panel hubs, CE-10, CE-11, and CE-12, are
points on a voltage divider (2.10.01). The principal
purpose of this divider is to convert plate level or 48
volt level signals to approximately standard level for
entry into the 4-input Al switch.

The four input AI at 4T1 (2.10.01) employs sync
panel hubs, CE-16, 17, 18, and 19, as inputs and CE-20
as an output. If this unit is used, CE-16 must be wired
to prevent the triode grids from floating. The other
three input hubs may be wired or may be left open.

CE-21 and CE-22, with their associated dial switches,
provide process unit field ring gates and character ring
gates. These signals are available at their specific
process drum timings. For example, if it is desired to
examine the data bits entering the core buffer during
character 49 time of R cycle, it would be desirable to
trigger the scope through the AL R cycle, F4, and C9
could be wired to the Al input hubs, and the output
hub wired to the trigger input of the scope. Since the
output from CE-20 would consist of a negative shift
at the leading edge, it would be necessary to adjust
the scope to trigger on the negative slope. If the scope
is triggered with the positive shift, C48 will be dis-
played instead of C49.

The gates provided by the tens and units rings of
the core buffer address counter must be used when it
is desired to examine particular characters of data
which are being stored into or read from the file. The
process unit charactei and field ring gates cannot be
used to trigger the scope. The reason for this is that
the rotation of the disks is not synchronized with the
process drum clock. By sclecting the proper core tens
ring gate from CE-14, and the proper core units ring

gate from CE-15, the scope may be triggered to inspect
any character of the data transfer.

The units position of the core address counter is
“anded” with a bit 2. This is to prevent early trigger-
ing of the scope by spikes due to the overlap of the
falling character 9 and the rising new field gate. Later
triggering could be caused by the spikes due to over-
lapping of the falling field and the rising character 0
gate. The overlap is due to the varying time constants
for the changing states of triggers. The bit 0 hub,
CE-8, should be used in the event that such extraneous
triggering is troublesome while using the units ring
and the tens ring hubs.

H it is desired to examine the data bits being
decoded from the card at a particular digit impulse
time, the corresponding reader cycle point gate may
be selected from CE-13 (2.10.02) . The selection is ac-
complished by the associated dial switch. It should be
noted that the signals available from CE-13 are at the
+ 48 volt level.

The trigger tweaker hub, CE-34, provides a means
of grid flipping or plate pulling triggers. The resistive-
capacitive circuit ties to ground.

When servicing the RAMAC, it is frequently desirable
to prevent machine operation from being interrupted
by a parity error, compare failure, or read check fail-
ure. The Customer Engineer can accomplish this by
throwing the parity stop switch to No (1.02.06), if the
remote cycling box is plugged into its receptacle on
the sync panel. With both R163-5 and the parity stop
switch open, neither a parity error nor a compare
failure will halt system operation. The 1B point of
the parity stop switch (7.28.00) compleies a circuit
through R163-10 to insure that R8036 picks on each
feed cycle. This will prevent a read check from stop-
ping the system. :

The communication hubs provide direct circuits to
the file test panel. Scope triggering pulses and gates
may be sent from the 305 to the 350 or vice-versa
through these lines.

In addition to the switches and hubs discussed
above, the sync panel includes a pc on and a pc off
switch. With the pc off switch in the oFF position,
the G on and PowERr on switches at the power supply
panel and at the supervisory panel are crippled. This
prevents the pc from being applied inadvertently while
the Customer Engineer is working on the system.

305 Remote Cycling Box

The 305 remote cycling box has five push-button
switches. This device is connected through a flexible
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cable to a Jones plug which mav be plugged into a
receptacle on the sync panel.

When the remote cvcling box is attached, RI163
(1.02.03), is energized. The points of R163 make ac-
tive the CE check reset switch. the CE program set
switch, the CE program start switch, the CE program
stop switch, and the CE manual reset switch. The cor-
responding switches at the console are made inactive
by transfer ol the R163 points.

Giher points of R163 perform certain auxiliary

functions as follows:

I. R163-5 (1.02.06) —Parallels the parity stop switch
1A point to suppress parity error stops.

2. R163-6 (2.09.11) —Parallels R8056-4 to provide
MR6 impulses to file pick common even though
test lock is oN. Servo operations can be per-
formed.

3. R163-7 (2.05.03) — Transfers all program exit
impulses to the P-out hub on the sync panel when
the CE cycle control switch is set to PROGRAM RE-
PEAT.

4. R163-9 (1.02.03) —Permits inquiry even though
test lock is on.

5. R163-10 (7.28.00) —Prevents read check error
stops when the parity read check switch is at No.

6. R163-12 (2.01.07) —Blocks program counter ad-
vance pulse when the CE cvcle control switch is
set t0 PROGRAM REPEAT.

370 Dynamic Timer (Figure 227)

The 370 dynamic timer index is in continuous opera-
tion and is therefore synchronized with the CR index
at all times; however, it is not in automatic synchron-
ism with the program shaft index and with the emitter
shaft. Since the dynamic timer index is based on a 400
millisecond cycle, there is a possibility of engaging the
program shaft clutch at ten different points in the dy-
namic tmer cycle. Thus when the dynamic timer is
to be used in servicing the printer, the impulse to
energize the PS clutch must be timed to cause the
clutch to engage when the dynamic timer is at its zero
index line.

The dynamic timer CB, DTCB (7.74.11), is nor-
mally shunted by the dynamic timer interlock switch.
If this switch is opened, R3 will be energized at the
proper point of the dynamic timer cycle to cause the
program shaft clutch to engage in synchronism with
the dynamic timer index.

The interval from 17 to 19 on the dynamic timer
index is identified as print position #1 (Figure 227).
It is during this interval of time that impulses are
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available from print position exit emitter spot #1
and print control exit emitter spot #1. Thus, the
print positions as indicated on the dynamic timer in-
dex refer to the position of the emitter shaft when a
character is selected for printing. Actual printing time
comes somewhat later.

The dynamic timer has a 400 millisecond cycle;
printing takes place at the rate of 20 characters per
cvcle. Therefore, the interval which represents print
position #1 on the first cycle will represent print posi-
tions #21, #41, and #61 on succeeding cycles.

1f it is desired to use the dynamic timer to examine
the relay circuit actions occurring in the area of print
position #41, it would be desirable to prevent print
position #21 or #61 from lighting the dynamic timer
neons. A method is provided whereby this may be
accomplished.

The socket connections for the dynamic timer
power pack and the dynamic timer neons are shown
on 7.74.81. Note that RI5 must be energized in order
to complete a circuit to the neons. Relay 15 has a
latch pick and a latch trip coil on 7.74.11. The pick-
up and drop-out hubs are located on the timer panel
above the socket for the power pack. Leads may be
taken to these hubs from print control exit emitter
hubs on the control panel to make the dynamic timer
effective only during the desired interval.

Relay 15 may also be picked prior to the beginning
of the PS cycle with the same impulse which holds R3
(7.74.11) . The dynamic timer control pulse hub is
provided on the timer for this purpose.

A jack for an auxiliary start key is also available on
the 370 timer panel. When this key is inserted, the
circuit to relay 1 is broken; hence neither of the ready
relays, R1 nor R2, will be energized. (7.74.11). The
auxiliary start key is placed in the circuit so that, when
depressed, it will energize R32. R32-1 bypasses R2-1
and R172-3 in the circuit to R3.

The dynamic timer index should not be used to ad-
just or manually check a timing. The timer index will
not agree with the CRCB index when the machine is
operated by hand. This variance is due to gear play
and belt stretch in the drive mechanism. Refer to the
305 CE Reference Manual for complete details.

Dynamic Timers for Reader and Punch

A dynamic timer is included with both the reader and
punch. Unlike the 3790, these dynamic timer indexes
are continuously synchronized.
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Figure 227. 370 Dynamic Timer

File Test Pane! (Figure 228)

The 350 file has been designed with a built-in test
panel. All normal electronic adjustments and most file
trouble analysis can be performed at this station. The
file test station includes 7 adjustable potentiometers,
46 indicating neons and 6 spares, 16 servicing hubs
and 5 spares, 5 fuses, 3 toggle switches and 1 push-
button switch. The System Diagrams locations for the
various test station items can be found on 0.55.01.

The specific adjustment procedure for each of the
potentiometers will be found in the 305 CE Reference
Manual. The purposes of neons and fuses are self-
explanatory on Figure 228. Except for the communi-
cation hubs and the ground hub, the servicing hubs
are monitor points placed in the file circuits.

The safety off push-button (8.06.01) is used to drop
the logic safety relay 5116. R5116-5 then drops the bias
safety R5007 (8.06.02) . The file should be in a saFETY

ofF condition when working around the access mech-
anism. ‘

The - three toggle switches are the double-pole
double-throw type with the center position ofFf. The
safety reset adjust switch in the SAFETY RESET position
completes the pick circuit to the logic safety R5116
(8.06.01). The apjust position of this switch com-
pletes the circuit to pick the adjust relay 5052
(8.06.01) in the electronic gate. When this relay is
energized the following objectives are accomplished:

1. R5052-1 turns on the adjust neon on the file test

panel (8.08.01).

. R5052-2 drops the head solenoid relay (8.01.07).
R5052-10 applies ground level to the clutch am-
plifiex wiper signal input (8.05.01).

4. R5052-7 connects a 6.3v Ac signal to the track

null detector input (8.02.03).

5. R5052-8 connects a 6.3v ac signal to the disk

niull detector input (8.01.03).

Lo N
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The no null toggle switch (8.01.04) removes either
the disk null condition or the track null condition.
It does this by supplying —60 volts to the last stage
of the disk or track null amplifier (8.02.04). Loss of
the track null will cause the track detent sclenoid to
be de-energized. This permits the access arm to be
moved manually.

The null adjust switch (8.01.04) controls the out-
put of the null adjust signal hub. it makes an ampli-
fied disk potentiometer signal available when up. An
amplified track potentiometer signal is available when
the switch is down.

File Robot (8.20.00)

The testing of file servo operations can be facilitated
by operating the access mechanism as a separate ma-

Figure 228. File Test Panel
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chine, free of control from the process unit. If this is
to be done, an additional set of controls must be avail-
able to the Customer Engineer. These additional con-
trols are included in a portable box which is called
the robot. This device is illustrated in Figure 229.

The functions of the front panel switches, jacks, and
lights are as follows:

Address: Two sets of rotary switches permit ad-
dresses “A” or "B’ to be made active. The access
mechanism may be caused to servo alternately between
the two addresses. Five rotary switches are used to set
up each address. Each switch connects one side of an
address relay coil to ground. Any address from 00000
to 99999 may be selected.

Track Solenoid: This switch may be opened to re-
move the + 48 volt input to the track solenoids. It is
a spsT toggle switch which prevents either track sole-
noid from being energized when in the down position.



ADDRESS SOLENOIDS ADDRESS

A @ DISK TRACK 8
DISK TENS DISK TENS
v v

HEAD

START HOLD COMPARE

MANUAL START
AUTOMATIC

SAFETY OFF

START TRACK
HOLD LOCATED

Figure 229. File Robot

Disk Solenoid: This switch prevents either disk de-
tent solenoid from being energized when in the down
position. When opened, this spsT switch removes the
+ 48 volt potential from the disk detent solenoid line.

Head Solenoid: This spst switch makes it possible to
remove the air supply to the file read/write heads.
When down it prevents the + 48 volt line {from being
applied to the air head solenoid. This keeps the air
heads away from the disks at all times.

Compare: This is a spare spsT switch placed in the
robot for future use.

Start Hold: This switch breaks the hold circuit for
the start relays when in the down position. It is a
SpsT toggle switch.

Manual Start-Automatic: When this double pole-
double throw toggle switch is in the AUTOMATIC posi-
tion, it completes the circuit so the track located signal
will cause a change of address. The access mechanism
will then servo automatically between the two ad-
dresses set up by the rotary switches.

When in the MANUAL START position, the switch
provides a + 48 volt impulse to initiate a servo to the
alternate address. The switch is spring loaded to re-

turn from the MANUAL START position to the center
OFF position.

Safety Off: The safety-off switch is the push-button
type which will open the + 48 volt potential to the
logic safety relays when depressed. Dropping the logic
safety relay will cause the bias safety relay to drop
also.

Start Monitor Point: This is a hub on the robot
which permits observing the ‘“start hold” signal with
the oscilloscope.

Track Located Monitor Point: This hub on the
robot permits observing the “track located” signal
with the oscilloscope.

“A” and “B” Address Lights: These two neon lights
indicate which of the two addresses is active.

Operating Procedure for the File Robot
The following procedure should be followed in con-
necting the robot for servicing the 350 file:

1. Turn off the pc power.

2. Put the manual start-automatic switch at its cen-
ter position.

3. Put the remaining toggle switches in the down
position.

4. Connect the H and K connectors from the elec-
tronic gate to the receptacles in the back of the
robot.

5. Turn on the pc power.

The following procedure may be employed to oper-

ate the access mechanism under manual control:

1. Verify that the safety relays in the electronic
gate are energized.

2. Position the five rotary switches of the “A” group
at the desired record position. Place the “B”
address switches at a different record position.

3. Place the track, disk and head solenoid switches
in the up position.

4. Place the start hold switch in the up position.

5. Flip the manual start switch up momentarily.
The access arm will go to the address indicated
by the lighted neon address light on the front
panel of the robot.

6. After the access arm has reached the selected ad-
dress, a second deflection of the manual start
switch will cause the access arm to servo to the
alternate address selected in step 2.

The System Diagrams page 8.20.00 shows that nine
relays are included in the robot. Two of these, MR1
and MR2, are mercury relays. MR1 (8.20.00) supplies
the hold circuit for the address register relays and for
the file start relays. MR2 supplies + 48 volts to the
common pick circuit for these. We learned from the
previous discussion of the file circuits that a servo is
initiated by first dropping and then repicking the
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