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Figure 4-4. Left-Zero Program Card

¢ A punch clutch cycle without escapement or
punching is necessary.

¢ The keyboard is restored.

® The first digit is stored in the eighth register.

Description

The machine is stopped at an eight-column left-zero
field; the operator wishes to enter the correct digits
before pressing the left-zero key. Escapement to the
next column must be prevented until the left-zero key
is pressed. A punch cycle is taken with each key de-
pression. No information is entered into the inter-
posers during the read in cycle; thus, there is no
escapement. The punch clutch cycle during read-in is
necessary only to use the P-cam timings for the left-
zero operation.

To reduce the number of relays needed in each
register to store the information as it is keyed, the
decimal digits are converted into Bcp (binary coded
decimal) as shown in Figure 4-5.

Example: When the program card shown in Figure
4-4 is used, the machine is stopped at column 10 of
the program card. The number to be keyed in this
example is 46078 (Figure 4-6).

Read In Cycles

Cycle 1: Figure 4-7 shows the read in and read out
logic flow. Refer to Figure 4-8 for timing within cycles.
The machine is stopped at the high-order position of
the left-zero field. Starwheel 2 is sensed and the left-
zero field relays 1, 2, and 3 and the key entry relay
are engerized. The field and field size relays transfer

Decimal 1

BCD 1 2 1-2 4 1-4 | 2-4 |1-2-4| 8 1-8

Figure 4-5. BCD Code

Cycle 1 2 3 4 5 6 7 8 9 10

cycle 8; then LZ would

Keying-in may go up to
have to be depressed.

Storage
End of Read in

I

A
B
A
a1
A
B [
A
B
A
B
A
B_z
A
B
A

NOTE: Card remains in program column 10 throughout read in.

Figure 4-6. Read In (46078)

the keyboard latch contacts from the interposer mag-
nets to the left-zero register, and allow entry of data
into the registers.

The operator presses the correct key, closing the
latch contact, and energizing the relays of the 8A
register and the punch clutch. The punch clutch cir-
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Keyboard Entry Line Depending On Field Size
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Figure 4-8. Read In Timing

cuit is opened by P1 at 0°. At 20° P6 makes, energiz-
ing the keyboard restore magnets. (P-cam-gate .elay
was energized at 175° by P4 in the previous cycle and
is held until 79° of this cycle by P2.) When P5 makes
at 86°, the correct 8B relays are picked and the infor-
mation is transferred from the 8A register to the 8B
register. (The 8A relays are held until 150° by P6. The
8B relays are held until 79° of the next cycle by P2.)

Field size relays are energized by the starwheels
at the same time as field 1, 2, and 3 relays. The field
size relays allow the data to enter registers 8A, 7A,
6A, 5A, 4A, or 3A from the keyboard. In this example,
a 4 is stored in the 8B register (Figure 4-7).
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Cycle 2: The machine is still in the high-order col-
umn, field 1, 2, and 3 relays and the key entry relay
are picked.

The operator presses the next key, which closes the
latch contact, and energizes the punch clutch and the
correct 8A register relays. At 10° P3 makes, and the
information in register 8B is transferred to register 7A.
When P6 makes at 20°, the keyboard is restored. At
86° P5 makes, and the information in registers 8A and
7A is transferred to registers 8B and 7B. (Registers 8A
and 7A are held until 150° by P6. Registers 8B and
7B are held by P2 until 79° of the next cycle.) In this
example, a 6 is entered into register 8A. The 4 in



register 8B is transferred to register 7A at 10° by P3.
At 86°, the 6 in 8A and the 4 in 7A transfer to 8B and
7B, respectively.

Cycle 3: A punch clutch cycle is taken. The pre-
viously entered information is transferred to the next
A registers at 10°. The information is then transferred
to the B registers at 86°. In this example, the operator
presses the zero key, which closes the latch contact,
and energizes the punch clutch through a n/0 point of
the key entry relay. Nothing is entered in register 8A,
because nothing (no relays picked) in a register rep-
resents a zero during the punch out cycle. Information
in the B registers transfers at 10° to the next A regis-
ters (Figures 4-7, 4-8). At 86°, the information is
transferred to the B registers. At the end of this cycle,
there is a 0in 8B, a 6 in 7B, and a 4 in 6B.

Cycle 4: The 7-latch contact enters a 7 into register
8A. The previously entered information transfers to
registers TA, 6A, and 5A at 10°. The keyboard is re-
stored by P6 at 20°. The information in the A registers
is transferred to the B registers at 86°. (Register 8A is
held until 150° by P6; 8B is held until 79° of the next
cycle by P2.) In this example, the 7 key is pressed,
which closes the latch contact. At the end of the cycle
there is a 7 in 8B, a 0 in 7B, a 6 in 6B, and a 4 in 5B.

Cycle 5: An 8 is entered into register 8A. At 10°,
the information in the B registers is transferred to the
next A registers. The keyboard is restored at 20°. At
86°, the information in the A registers is transferred
to the B registers. (The information in the B registers
is retained until 79° of the next cycle.) In this exam-
ple, the operator has keyed the number 46078. The
B registers, at the end of the cycle, have stored an 8
in 8B, 7 in 7B, 0 in 6B, 6 in 5B, and 4 in 4B. Because
registers 3B and 2B do not have any relays energized,
they equal zero. All A registers equal zero.

Circuit Objectives

1. Cycle 1 (storea 4):
Close numeric-4 latch contact. (1A)
Enter numeric information into register 8A and
energize the punch clutch. (124, 21B, 22A)
Restore the keyboard. (18B)
Transfer register SA to 8B. (25)
Retain information in register 8B.
2. Cycle 2 (store a 6):
Close numeric-6 latch contact. (1B)
Enter numeric information into register 8A and
energize the punch clutch.
Transfer information from register 8B to 7A.
(26A)
Restore the keyboard.
Transfer registers 8A and 7A to 8B and 7B. (25,
26)

Retain information in registers 8B and 7B.
3. Cycle 3 (storea 0):
Close numeric-0 latch contact. (1A)
Enter numeric information into register 8A and
energize the punch clutch.
Transfer registers 8B and 7B to 7A and 6A.
Restore the keyboard.
Transfer information from registers 8A, 7A, and
BA to 8B, 7B, and 6B.
Retain information in registers 8B, 7B, and 6B.
4. Cycle 4 (storea 7):
Close numeric-7 latch contact. (1B)
Enter numeric information into register 8A and
energize the punch clutch.
Transfer registers 8B, 7B, and 6B to 7A, 64, and
SA.
Restore the keyboard. (8B, 18B)
Transfer information from registers 8A, 7A, 6A,
and 5A to 8B, 7B, 6B and 5B.
Retain information in registers 8B, 7B, 6B, and 5B.
5. Cycle 5 (store an 8):
Close numeric-8 latch contact. (1B)
Enter numeric information into register 8A and
energize the punch clutch. (25A)
Transfer registers 8B, 7B, 6B, and 5B to 7A, 6A,
5A, and 4A.
Restore the keyboard.
Transfer information from registers 8A, 7A, 6A,
5A, and 4A to 8B, 7B, 6B, 5B and 4B.
Retain information in registers 8B, 7B, 6B, 5B,
and 4B.

Read Out, Punch Out

¢ Read out the stored information.

e Set up the interposer magnets.

¢ Energize the escape and punch clutch magnets.
¢ Punch the information into the card.

Description

The punch out of a left-zero field is like an auto du-
plication operation; a punch cycle must be taken
without an escapement to start the punch out. During
the time that P5 is made, the information in the first
register is read into the interposers. Information in the
interposers causes the first escapement and the next
punch cycle.

Preventing the transfer of information stored in the
register for the first cycle (dummy cycle), allows the
first register to be read and cleared. As each column
is punched, the information is transferred from regis-
ter to register. The transfer allows the information
that is to be punched to be in register 1A at P5 time
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of each punch cycle. The information is stored in Bcp
and converted to decimal form before reaching the
interposer magnets by using register 1A relays to form
a decode tree.

Read Out, Punch Out Cycles

Cycle 1: Refer to Figure 4-9 for timing within
cycles. The operator presses the left-zero key, closing
the left-zero latch contact, and energizing the read
out relay and the punch clutch.

The left-zero field 1, 2, and 3 relays, and the key
entry relay are held by starwheel 2. (P-cam-gate relay
was picked at 175° of the last cycle by P4.) Informa-
tion is normally transferred from the B registers to the
A registers at 10° when P3 makes; for this cycle, the
P3 pulse is prevented from going to the registers by
N/c points of the read out relay.

Because no transfer occurs, the information is held
in the B registers and the 1A register for this first cycle
by the N/0 points of the read out relay and starwheel
2. By the time an escapement occurs, starwheel 2 and
P2 make, holding the B register. P7 is also made. (P6
or P7 is the hold for the 1A register. P7 is used as a
continuing hold to register 1A; if P6 released the 1A
register at 150°, the 1A relay points would open the
interposer magnets circuit.) The keyboard is restored

at 20° by P8, and is held restored by a N/o point of
the punch out relay to 448 volts for the rest of the
left-zero field.

At P5 time (86°), the interposer magnets are ener-
gized through a N/o point of the read out relay and
the decode tree of register 1A relay points. (The read
out relay and 1A register energize the 0 interposer
magnet, when the condition of no relays picked exists
for the next punch operation.)

The punch out relay is picked by P5 through a n/0
point of the read out relay. When starwheel 2 opens,
the key entry relay, and field 1, 2, and 3 relays are
de-energized. The escape magnet is energized by the
interposer bail contacts and P1 (180°). The escape
armature contact makes, energizing the escape inter-
lock relays, and allowing the punch clutch to be en-
ergized for the next cycle. In this example, during the
cycle, the 0 interposer magnet is energized and escape-
ment to column 10 occurs.

Cycle 2: During this cycle, the information that was
transferred from register 1A to the interposer magnet
during the previous cycle is punched. The information
transfers from register to register and energizes the
interposer magnet for the digit to be punched during
the next cycle. The punch clutch will not latch up for
the rest of the left-zero field.

PUNCH:- OUT CYCLES (LEFT-ZERO KEY)
l . | . T r
3450 First 345° Second 3450 Third to Last 3450 Last 345°
0 90 180 270 0 90 180 270 0 90 180 270 0 90 180 270
Starwheel 2 or 3 . [
2
l
Starwheel 12 I e -
[
R315,224, 325 i
B
R304 .
)
R309 79°  175°-P4 P2-79°  175°-P4 P2-79°  175°-p4 P2-79°  175°-P4 ,
i I 1 L I 1 I )
Key Pressed
+=H Left Zero
ister R 10°-P3 [P6-150° O] -150°
A Register Relay Po 10°-P3 P_6_'150
B Register Relay 326-3 Starwheel 2 P2-79° 86°-P5 P2-7?°
| B /
1A Register Relay P7-10° ps Pé P7-10° .. P6 P7-10°
10° 60°! Iof’ 600 '
Inte M t [ 60 '
rposer Magne - 5 i ; P5_, \ - P5 .
Punch Clutch p1 | 0° 8% 1667 pl-go 86 ‘6‘i° pjgo 86° 1667 P1-| g0
) T 1 b "
Escape Magnet 180° P1 180° P} 180°P1
P — —
Keyboard Restore 20°-P6) 317-3 1P°
I L}
R326 317-210°
!
R317 86° 326-2,P5 { p7 N0°
' l\
L

Figure 4-9. Punch Out Timing (8-Column Field)
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At 10°, the information in the B registers is trans-
ferred to the next A registers (Figure 4-9). The trans-
fer of information from the registers on this cycle and
the rest of the punch out cycles is allowed to occur
through a N/o point of the P-cam-gate relay, the
punch out relay, and P3.

At PS5 time, the interposer magnet is energized
through the decode tree. The interposer bail contacts
close, energizing the escape magnet. The escape arma-
ture contact energizes the escape interlock relays. The
punch clutch is energized through P1, the escape in-
terlock points, and P2. At 86° (P5), the information
in registers 8A through 2A is transferred to registers
8B through 2B. (The A registers are held until 150°
by P6. The 1A register is held until 10° of next cycle
by P7. The information in the B registers is retained
until 79° of the next cycle.) In this example, the 0
interposer magnet is energized, a 0 is punched in
column 10, and an escapement to column 11 occurs.

Cycle 3: During this cycle, information that was set
up in the last cycle is punched, new information trans-
fers to the interposers, a new column escapement oc-
curs, and a punch clutch cycle is initiated. At 10°,
the information is transferred from registers 8A
through 2A to registers 8B through 2B, and the inter-
poser magnet is energized through the decode tree.
(The A registers are held until 150°.) The escape
magnet is energized by closing the interposer bail
contacts; the escape armature contact energizes the
escape interlock relays. The punch clutch is energized
through P1, the escape interlock relays, and P2. In
this example, a 0 is punched in card column 11, the 0
interposer magnet is energized, escapement to column
12 occurs, and the punch clutch is energized.

Cycles 4, 5, 6, and 7: Cycles 4, 5, 6, and 7 are identi-
cal to cycle 3 in operation. In this example, a 0 is
punched in column 12, the 4 interposer magnet is en-
ergized, and escapement to column 13 occurs during
cycle 4. Cycle 5 punches a 4, energizes the 6 interposer
magnet, and escapes to column 14. Cycle 6 punches a
6 in column 14, energizes the 0 interposer magnet,
and escapes to column 15. Cycle 7 punches a 0 in
column 15, energizes the 7 interposer magnet, and
escapes to column 16,

Cycle 8: During this cycle, the information set up
in cycle 7 is punched. The last digit is transferred from
register 2B to register 1A. The interposer magnet is
energized to allow the last digit to be punched on the
next cycle. At 10°, the information in register 2B is
transferred to register 1A. At 86°, the information in
registers 8A through 2A is transferred to registers 8B
through 2B, and the interposer magnet is energized
through the decode tree. The interposer bail contacts
make, energizing the escape magnet at 180° (P1);

the escape armature contact makes, energizing the
escape interlock relays. The punch clutch is energized
through P2, the interlock relays, and P1.'All digits that
were keyed in have been read out, so all registers
equal 0 (no relays picked). In this example, cycle 8
punches a 7 in column 16, energizes the 8 interposer
magnet, and escapes to column 17.

Cycle 9: Escapement to the last column of the field
(detail card) and out of the last column of the field
(program card) occur in the last part of cycle 8. The
starwheel 12 contact opens. All digits have been read
out of storage; the last digit is punched in this cycle.
The left-zero control relays are dropped during this
cycle. At 10°, the punch out relay is dropped; after
starwheel 12 contact opens, the punch out relay is
held by P7 until 10° of this cycle. The N/o points of
the punch out relay open, dropping read out 1 relay.
The N/o0 points of the punch out relay open the circuit
to the keyboard restore magnets, but the interposer
bail contacts hold the magnet until about 65°. The
digit is punched and the punch clutch latches at 345°.
In this example, column 17 is punched with an 8 (Fig-
ure 4-10).

Circuit Objectives .
1. Cycle 1 (energize 0 interposer magnet) (2A,
24A):
Close left-zero latch contact. (19A)

Read
Cycle inlast| 1 2 3 4 5 6 7 8 9
Key
Key
A
8 5T
A
7 —
B8
A
6
B
A
5 B |
A
4 g
B
A
3
B
2 A
B}
1 A
Interposer 0 0 0 4 [ 0 7 8
Punch Dummy 0 0 0 4 [ 0 7 8
Detail Card Column 9 9 10 n 12 13 14 15 16 17
Program Card Column | 10 10 1 12 13 14 15 16 17 18

LDummy Punch Cycle

Figure 4-10. Punch Out (46078)
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Energize punch clutch and read out relay (326).
(204, 12A)
Prevent transfer of information in registers. (326-
3,19B)
Provide a hold on the information in registers.
(326-5, 18A, 11A)
Provide a special hold for register 1A. (18A)
Provide a continuous restore to the keyboard.
(18B)
Energize interposer magnet. (23, 24)
Energize punch out relay (317). (20A)
Drop key entry (304) and field 1, 2, and 3 relays
(315, 324, 325). (18A)
Energize escape magnet. (9B, 10B)
Energize escape interlock relays. (12A)
Energize punch clutch. (12A)
2. Cycle 2 (punch a 0 and energize 0 interposer
magnet):
Transfer B registers to next A registers.
Hold 1A register until 10° next cycle. (32B)
Transfer A registers to B registers.
Hold B register information until next cycle. (184,
11A)
Energize interposer magnets. (23, 24)
Energize escape magnet. (9B, 10B)
Energize escape interlock relays. (12A)
Energize punch clutch. (12A)
3. Cycles 3,4, 5,6, and 7:
These cycles are similar to cycle 2.
4. Cycle 8 (punch a 7 in column 16 and energize
8 interposer magnet) (23, 24):
Transfer B registers to next A registers.
Hold register 1A information until 10° next cycle.
Energize escape magnet. (10B)
Energize escape interlock relays. (12A)
Energize punch clutch. (12A)
Break starwheel 12 or 4 contact.
5. Cycle 9 (punch an 8 in column 17):
Drop punch out relay (317). (20A)
Drop read out relay (326). (20A)
Open circuit to keyboard restore magnets. (317-3,
17B).

Left-Zero Credit Field

¢ An 1l-punch in the units position indicates a
credit field.

To indicate a credit field, the operator keys in the in-
formation just as in a debit field. To start the read out,
punch out operation, the operator presses the dash
(=) key instead of the left-zero key. Pressing the dash
key causes a credit (1l-punch) in the units column
to be punched above the units digit.

4-8 (11/66)

Credit Read In

® The program card coding indicates a left-zero
field.

® The operator keys in the correct digits.

® The information is stored.

Description

The program card is multipunched with a 7, 8, and
9 (program 2) in the high-order position, indicating
a 3-column field; for example, column 40 (Figure
4-4). The rest of the field is punched with 4’s de-
fining the field. The operator keys in the correct num-
ber of digits, then presses the dash key to start the
punch out, including an 11-punch over the digit in
the units position. In this example, the operator keys
in one digit (5), and presses the dash key to start
punching.

Read In Cycle

Cycle 1: The machine is stopped at a left-zero
field, and the program select relay is up. The 7, 8,
and 9 starwheels energize the field 1, 2, and 3 relays,
the field size relays and the key entry relay. The P-
cam-gate relay is up.

The operator presses the correct key, closing a latch
contact, and energizing the correct relays in register
3A (through the field size relay points and the en-
coding diodes). The punch clutch is energized
through the key entry relay and encoding diodes. At
20° of the punch clutch cycle, the keyboard is re-
stored. The correct relays in register 3B are energized
at 86°, and the information is transferred from register
3A to register 3B. In this example, a 5 is stored in
register 3B.

Circuit Objectives

1.Cycle 1 (storea 5):
Close numeric-5 latch contact. (1)
Enter numeric information into register 3A and
energize the punch clutch.
Restore the keyboard. (8A)
Transfer register 3A to 3B.
Retain information in register 3B.

Credit Read Out, Punch Out

e The operator presses the dash key for a credit
field.

¢ The information is read out and punched.

® The units column is multipunched. (Credit X
over units position.)

Description

The operator presses the dash key, energizing the
necessary relays to start the read out and punch out,



and also the relays to remember that this is a credit
field. A dummy cycle must be taken first to read out
the first digit to be punched. Each cycle will read out
the next digit to be punched. When the end of the
field is recognized, an extra cycle must be taken to
punch the 11-punch. This cycle is a multipunch cycle
to prevent escapement from the units position of the
field.

Read Out, Punch Out Cycles

Cycle 1: Refer to Figure 4-11 for timing within
cycles. The operator presses the dash key, which
closes the dash latch contact, and energizes the credit
field 1 relay, the read out relay, and the punch
clutch. As soon as the credit field 1 relay is up, the
credit field 2 relay is energized through ~/o points
of the credit field 1 relay. A N/c point of the read
out relay prevents the transfer of information from
register to register. The keyboard restore magnets
are energized at 20° by P6 and are held energized for
the rest of the punch out cycles. Information is held
in the B registers by P2, starwheel 8, and a ~/0 point

of the read out relay. At 86° (P5), the punch out relay
is picked through read out relay N/o points. The inter-
poser magnet is energized through read out relay ~/o
points, and the decode tree of register 1A relay
points. The escape magnet is energized at 180° by
P1 and the interposer bail contacts. The escape arma-
ture contact makes, energizing the escape interlock
relays, and allowing the punch clutch to be energized
for the next cycle. In this example, the 0 interposer
magnet is energized and an escapement to column 40
of the detail card occurs.

Cycle 2: During this cycle, the digit that was set up
during the last cycle is punched. In this example, a 0
is punched in column 40, the 0 interposer magnet is
energized, the digit 5 transfers from register 3 to regis-
ter 2, and an escapement to column 41 of the detail
card occurs.

Cycle 3: The digit that was set up in the last cycle
is punched. At 10°, the B registers transfer to the next
A registers. In this example, the digit 0 is punched in
column 41, the 5 interposer magnet is energized, and
an escapement to column 42 occurs.

CREDIT FIELD PUNCH OUT CYCLES (DASH KEY)

{ First | Second '
3450 345¢ 3450

0 90 180 270 0 90 180 270 0

Third ‘ Fourth { Last
345° 345°
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R336

R327

o
1

l
o
[¢]

R113

i 10°-P3|P6-150° 109 6-150°
A Register P3 | P

B Register 326-3 Starwheel 8| P2-79° 86°-P5 P2-79

79° 336-4 327-3

15t

TR —
1A Register P7-10°,,60°-P6 P7-10%p4 60°-P6 P7-10°

— o
Punch Clutch fl_ P5 P1 0° P5 . P 0°

15
°
-

Escape Magnet 180° 180°
‘ o P T
eyboard Restore | [20°-p6

86° 166° 86l o ’ |° o . 86 166
t t 166 86° 166
Interposer Magne ¢ P5

P 0° Note Thgo  [p |0°
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=]

1
80 (
P1 ];]7_3!‘00

|
R326 336-1

I L o
317-2 10

R317 326-2,P-5

™
P7 10°

]
Field Size Relay Starwheel 3,

Note 1: The 11 Interposer Magnet
Note 2: Punch Clutch Energized by Interposer Bail Contacts

Figure 4-11. Punch Out Timing (3-Column Credit Field)
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Cycle 4: The last digit has been transferred from
storage and is punched in this cycle. At 10°, the
punch out relay is dropped. The opening of punch out
relay N/o points drops the read out relay. At 79°
(P2), credit field 1 relay drops. The multipunch relay
is energized (through N/0 points of the credit field 2
relay and N/c points of the read out relay) and pre-
vents a circuit to the escape magnet when the 11
interposer magnet is energized. The 11 interposer
magnet is energized at 86° (P5) through N/c points
of the credit field 1 relay and ~/0 points of the credit
field 2 relay. The punch clutch is energized through
N/o points of the multipunch relay and the interposer
bail contacts. In this example, a 5 is punched in col-
umn 42 and the 11 interposer magnet is energized.

Cycle 5: The credit 11 is punched during this cycle.
At 10° (P7), the credit field 2 relay is dropped. n/o
points of the credit field 2 relay open the circuit to
the multipunch relay. The punch clutch latches at
345°. In this example, the 11-punch is punched above
the 5 in column 42.

Circuit Objectives

1. Cycle 1 (energize 0 interposer magnet for punch-
ing in next cycle):
Close dash latch contact. (11 key, 1A)
Energize credit field 1 relay (336), read out relay
(326), and punch clutch. (204, 12A)
Energize credit field 2 relay. (327). (20B)
Prevent transfer of information in registers.
Provide hold on the B registers and register 1A.
Provide a continuous hold on restore magnets.
Energize 0 interposer magnet.
Energize the punch out relay. (317). (20A)
Drop key entry relay (304) and fields 1, 2, and 3
relays (315, 324, 325). (18A)
Energize escape magnet. (10B)
Energize escape interlock relays. (131, wcr1).
(12A)
Energize punch clutch. (12A)
2. Cycle 2 (punch a 0, energize 0 interposer magnet):
Transfer B registers to next A registers.
Hold register 1A until 10° of next cycle.
Transfer A registers to B registers.
Hold B register information until next cycle.
Energize 0 interposer magnet.
Energize escape magnet.
Energize escape interlock relays. (131, wcr1)
Energize punch clutch.
3. Cycle 3 (punch a 0, energize 5 interposer magnet):
Transfer B registers to next A registers.
Hold register 1A information until 10° next cycle.
Transfer A registers to B registers.
Hold B register until next cycle.
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Energize 5 interposer magnet.
Energize escape magnet.
Energize escape interlock relays.
Energize punch clutch.
Break starwheel 4 contact.

4. Cycle 4 (punch a 5, energize 11 interposer mag-

net):

Drop punch out relay. (317). (20A)
Drop read out relay. (326). (20A)
Open circuit to keyboard restore magnets.
Drop credit field 1 relay. (336). (20A)
Energize the multipunch relay. (113). (6A)
Prevent energizing the escape magnet.
Energize 11 interposer magnet.
Energize the punch clutch.

5. Cycle 5 (punch an 11 above the 5):
Drop credit field 2 relay. (327). (20B)
Drop multipunch relay. (113). (6A)

Left-Zero Logic Controls

Figure 4-12 is a diagram of the basic left-zero opera-
tions and their controls. The read in operations are
shown with solid lines. The diagram can be used for
both troubleshooting and a quick reference to gen-
eral operation.

Principles of Operation for Wire Contact
Relay Machines

¢ Key the significant number.

® Make corrections before the field is punched.

¢ Press the left-zero key or dash key.

When the program card shown in Figure 4-13 is
used, the machine stops in the high-order column
of the left-zero field.

The operator can key any number of significant
digits. If the operator keys more digits than the field
will hold, the first digits keyed will be accumulated
in the 1A register and incorrect information may be
punched out.

Read In

e The program card coding (Figure 4-13) indi-
cates a left-zero field.

¢ The operator presses the first digit key.

¢ A punch clutch cycle without escapement or
punching is necessary.

® The keyboard is restored.
® The first digit is stored in the eighth register.
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Figure 4-13. Left-Zero Program Card, Wire Contact Relay Machines

Description

The machine is stopped at an eight-column left-zero
field; the operator wishes to enter the correct digits
before pressing the left-zero key. Escapement to the
next column must be prevented until the left-zero key
is pressed. A punch cycle is taken with each key de-
pression. No information is entered into the interpos-
ers during the read in cycle; thus there is no escape-
ment. During read in, the punch clutch cycle is
necessary only to use the P-cam timings for the left-
zero operation.

To reduce the number of relays needed in each
register to store the information as it is keyed, the
decimal digits are converted into Bcp (binary coded
decimal) as shown in Figure 4-14. When the program
card shown in Figure 4-13 is used, the machine is
stopped at column 10 of the program card. The num-
ber to be keyed in this example is 46078 (Figurz 4-15).

Read In Cycles (Reed Relay A Registers)

Cycle 1: Figure 4-16 is the read in and read out
logic flow. Refer to Figure 4-17 for timing within
cycles. The machine is stopped at the high-order posi-
tion of the left-zero field. Starwheel 2 is sensed; left-
zero field size 2, field 1, and field 2 relays are energized.
The field 1 relay transfers the keyboard latch contacts
from the interposer magnets to the left-zero register
(via the encoding circuit) and allows entry of data in-
to the proper bit register.

The operator presses the correct key, which closes
the latch contact, and energizes the 8A register relays
and the punch clutch. The punch clutch circuit is
opened by Pl at 0°. At 45° P6 makes, energizing the
keyboard restore magnets through field 2 relay ~/o
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Decimal 1 2 3 4 5 [ 7 8 9

BCD 1 2 1-2 4 1-4 ( 2-4 [1-2-4| 8 1-8

Figure 4-14. BCD Code, Wire Contact Relay Machines
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NOTE: Card remains in program column 10 throughout read in.

Figure 4-15. Read In (46078), Wire Contact Relay Machines

points. When P5 makes at 86°, the 8B relays are
picked and the information is transferred from regis-
ter 8A to register 8B. (The 8A register relays are held
until 175° by P6; 8B is held by P2 until 65° of the
next cycle.)

Field size relays are energized by the starwheels
under control of the program card. The field size re-
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Figure 4-17. Read In Timing, Wire Contact Relay Machines ( Reed Relay A Registers)

lays allow data to enter registers 8A, TA, 6A, 5A, 4A,
or 3A from the keyboard. In this example, a 4 is
stored in register 8B (Figure 4-15).

Cycle 2: The machine is still in the high-order col-
umn, field 1 and 2, and field size 2 relays are picked.

The operator presses the next key, which closes the
latch contact, and energizes the punch clutch and the
8A register relays. At 5° P3 makes, and the informa-
tion in register 8B is transferred to register 7A. At
45° P6 makes, restoring the keyboard. When P35
makes at 86°, the information in registers 8A and 7A
is transferred to registers 8B and 7B, respectively.
(Registers 8A and 7A are held by P6 until 175°;
8B and 7B are held by P2 until 65° of the next cycle.)

In this example, a 6 is entered into register 8A. The
4 in register 8B is transferred to 7A at 5°. At 86°, the
6 in 8A and the 4 in 7A are transferred to 8B and 7B.

Cycle 3: A punch clutch cycle is taken. The pre-
viously entered information transfers to the next A
registers at 5°. At 86°, information is transferred from
the A registers to the B registers. In this example, the
operator presses the 0 key, which closes the latch con-
tact, and energizes the punch clutch. Nothing is entered
into 8A (no relays picked in a register represents a
0 during a punch out cycle). At 5°, the B registers
transfer to the next A registers. At 86°, the A registers
transfer to the B registers. At the end of this cycle,
thereisa 0in 8B, a 6 in 7B, and a 4 in 6B.
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Cycle 4: The T-latch contact enters a 7 into register
8A. The previously entered information is transferred
from the B registers to the next A registers at 5°. At
45°, the keyboard is restored by P6. At 86°, P5 makes
and transfers the information from the A registers to
the B registers. In this example, the 7 key is pressed,
which closes the latch contact. At the end of the cycle,
there is a 7 in 8B, a 0 in 7B, a 6 in 6B, and a 4 in 5B.

Cycle 5: An 8 is entered into register 8A. At 5°, the
B registers transfer information to the next A registers.
At 45°, the keyboard is restored. When P5 makes at
86°, the A registers transfer to the B registers. In this
example, the operator has keyed in the number 46078.
At the end of the cycle, there is an 8 in 8B, 7 in 7B,
0 in 6B, 6 in 5B, and 4 in 4B. Because there are no
relays energized in registers 3B and 2B, they equal 0.
All A registers equal zero.

Circuit Objectives

1.Cycle 1 (storea 4):
Close numeric-4 latch contact. (1A)
Enter numeric information into register 8A and
energize the punch clutch.
Restore the keyboard. (10B)
Transfer register 8A to 8B. (17, 18)
Retain information in register 8B.
2. Cycle 2 (store a 6):
Close numeric-6 latch contact. (1A)
Enter numeric information into register 8A and
energize the punch clutch.
Transfer information from register 8B to 7A. (17,
18)
Restore the keyboard.
Transfer registers 8A and 7A to 8B and 7B (17,
18)
Retain information in registers 8B and 7B.
3.Cycle 3 (store 2 0):
Close numeric-0 latch contact. (1A)
Enter numeric information into register 8A and
energize the punch clutch.
Transfer register 8B and 7B to 7A and 6A.
Restore the keyboard.
Transfer information from registers 8A, 7A, and
6A to 8B, 7B, and 6B.
Retain information in registers 8B, 7B, and 6B.
4. Cycle 4 (storea 7):
Close numeric-7 latch contact. (1B)
Enter numeric information into register 8A and
energize the punch clutch.
Transfer registers 8B, 7B, and 6B to 7A, 6A, and
5A.
Restore the keyboard. (10B)
Transfer information from registers 8A, 7A, 6A,
and 5A to 8B, 7B, 6B, and 5B.
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Retain information in registers 8B, 7B, 6B, and

5B.
5. Cycle 5 (store an 8):

Close numeric-8 latch contact. (1B)

Enter numeric information into register 8A and
energize the punch clutch. (17, 18)

Transfer registers 8B, 7B, 6B, and 5B to 7A, 6A,
5A, and 4A.

Restore the keyboard.

Transfer information from registers 8A, TA, 6A,
5A, and 4A to 8B, 7B, 6B, 5B and 4B.

Retain information in registers 8B, 7B, 6B, 5B,
and 4B.

Read In Cycles (Capacitor A Registers)

Cycle 1: Figure 4-16 is the read in and read out logic
flow. Refer to Figure 4-18 for timing within cycles. The
machine is stopped at the high-order position of the
left-zero field. Starwheel 2 is sensed; left-zero field size
2, field 1, and field 2 relays are energized. The field
1 relay transfers the keyboard latch contacts from
the interposer magnets to the left-zero register (via
the encoding circuit) and allows entry of data into the
proper bit register.

The operator presses the correct key, which closes
the latch contact, and charges the 8A register capacitor
and energizes the punch clutch. The punch clutch
circuit is opened by Pl at 0°. At 45° P6 makes,
energizing the keyboard restore magnets through field
2 relay N/o points and terminating the charge to the
8A register capacitor. When P1 makes at 180°, the 8B
relays are picked by the discharge of the 8A register
capacitor and the information is transferred to the 8B
register. The 8B register relays are held through P2
until 65° of the next cycle. Key entry during A-to-B-
register transfer is prevented by field and end dis-
charge relays.

Field size relays are energized by the starwheels
under control of the program card. The field size re-
lays allow data to enter registers 8A, 7A, 6A, 5A, 4A,
or 3A from the keyboard. In this example, a 4 is stored
in register 8B (Figure 4-15).

Cycle 2: The machine is still in the high-order col-
umn, field 1 and 2, and field size 2 relays are picked.

The operator presses the next key, which closes the
latch contact, and energizes the punch clutch and
charges the 8A register capacitors. At 5° P3 makes, and
the information in register 8B is transferred to register
7A. At 45° P6 makes, restoring the keyboard. When
P1 makes at 180°, the information in registers 8A and
7A is transferred to registers 8B and 7B, respectively.
(8B and 7B register relays are held through P2 until
65° of the next cycle.)
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Figure 4-18. Read In Timing, Wire Contact Relay Machines (Capacitor A Registers)

In this example, a 6 is entered into register 8A. The
4 in register 8B is transferred to TA at 5°. At 180°, the
6 in 8A and the 4 in 7A are transferred to 8B and 7B.

Cycle 3: A punch clutch cycle is taken. The pre-
viously entered information transfers to the next A
register at 5°. At 180°, information is transferred from
the A registers to the B registers. In this example, the
operator presses the 0 key, which closes the latch con-
tact, and energizes the punch clutch. Nothing is en-
tered into 8A (no relays picked in a register repre-
sents a 0 during a punch out cycle). At 5°, the B reg-
isters transfer to the next A registers. At 180°, the A
registers transfer to the B registers. At the end of this
cycle, there is a 0 in 8B, 2 6 in 7B, and a 4 in 6B.

Cycle 4: The 7-latch contact enters a 7 into register
8A. The previously entered information is transferred
from the B registers to the next A registers at 5°. At
45°, the keyboard is restored through P6 and the ca-
pacitor charge is ended by the keyboard bail contacts
opening. At 180°, P5 makes and transfers the informa-
tion from the A registers to the B registers. In this ex-
ample, the 7 key is pressed, which closes the latch
contact. At the end of the cycle, there is a 7 in 8B, a
0in 7B, a 6 in 6B, and a 4 in 5B.

Cycle 5: An 8 is entered into register 8A. At 5°, the
B registers transfer information to the next A registers.
At 45°, the keyboard is restored. When P1 makes at
180°, the A registers transfer to the B registers. In this
example, the operator has keyed in the number 46078.
At the end of the cycle, there is an 8 in 8B, a7 in 7B,
a 0in 6B, a 6in 5B, and a 4 in 4B. Because there are no
relays energized in registers 3B and 2B, they equal 0.

Circuit Objectives
1. Cycle1 (storea4):

Close numeric-4 latch contact. (1A)

Charge numeric information into register 8A
and energize the punch clutch.

Restore the keyboard. (10B)

Terminate capacitor charge.

Transfer register 8A to 8B. (17, 18, 19, 20) Dis-
charge capacitor through wcr-44 and P1.

Allow key entry. (1A)

Retain information in register 8B.

2. Cycle 2 (store a 6):

Close numeric-6 latch contact. (1A)

Charge numeric information into register 8A and
energize the punch clutch.

Transfer information from register 8B to 7A. (17,
18, 19, 20) Capacitor charges through P3 and
8B relay points.

Restore the keyboard.

Terminate capacitor charge.

Transfer registers 8A and 7A to 8B and 7B. (17,
18, 19, 20)

Allow key entry. (1A)

Retain information in registers 8B and 7B.

3. Cycle 3 (storea 0):

Close numeric-0 latch contact. (1A)

Charge numeric information into register 8A and
energize the punch clutch.

Transfer registers 8B and 7B to 7A and 6A.

Restore the keyboard.

Terminate capacitor charge.

Transfer information from registers 8A, 7A, and
6A to 8B, 7B, and 6B .
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Allow key entry. (1A)
Retain information in registers 8B, 7B, and 6B.
4. Cycle 4 (storea7):

Close numeric-7 latch contact. (1B)

Charge numeric information into register 8A and
energize the punch clutch.

Transfer registers 8B, 7B, and 6B to 7A, 6A, and
5A.

Restore the keyboard. (10B)

Terminate capacitor charge.

Transfer information from registers 8A, 7A, 6A,
and 5A to 8B, 7B, 6B, and 5B.

Allow key entry. (1A)

Retain information in registers 8B, 7B, 6B, and
5B.

5. Cycle 5 (store an 8):

Close numeric-8 latch contact. (1B)

Charge numeric information into register 8A and
energize the punch clutch.

Transfer registers 8B, 7B, 6B, and 5B to 7A, 6A,
5A, and 4A.

Restore the keyboard.

Terminate capacitor charge.

Transfer information from registers 8A, 7A, 6A,
5A, and 4A to 8B, 7B, 6B, 5B, and 4B.

Allow key entry. (1A)

Retain information in registers 8B, 7B, 6B, 5B,
and 4B,

Read Out, Punch Out

¢ Read out the stored information.

¢ Set up the interposer magnets.

* Energize the escape and punch clutch magnets.
¢ Punch the information into the card.

Description

This operation is initiated by pressing the left-zero
(rz) key. Unlike the operation for the reed relay ma-
chines, no dummy cycle is taken. The Lz key com-
pletes a circuit through the 1A register decode tree
to the interposers. Information in the interposers
causes the punch cycle; information is shifted to the
A registers during P3 time and decoded to the inter-
posers through 1A register at P5 time of each punch
cycle. This information is stored in Bcp and is con-
verted into decimal form before reaching the inter-
poser magnets by using the 1A register relays to form
a decode tree.

Read Out, Punch Out Cycles

Cycle 1: Refer to Figure 4-19 or 4-20 for timing with-
in cycles. The operator presses the left-zero key, which
closes the left-zero latch contact and energizes the
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read out relay and the first interposer magnet (through
field 2 relay N/o points and the register 1A decode
tree). The escape magnet is energized by the inter-
poser bail contacts and there is an escapement to
column 10. The escape armature contact makes, ener-
gizes the escape interlock relays and allows the punch
clutch to be energized.

The left-zero field 1 and 2 relays are held by star-
wheel 2 through field size 2 relay N/o points until
escapement occurs. When starwheel 2 opens, field size
2 relay and the field 1 and 2 relays are de-energized.
At 5° when P3 makes, information is transferred from
the B registers to the next A registers. The keyboard
is restored by the interposer bail contacts and is held
restored by P6 and n/o points of the read out relay
to +48 volts.

At P5 time (86°), the read out interlock relay is
picked, the A registers (capacitor A registers transfer
at 180°) transfer to the B registers and the interposer
magnets are energized (through N/o points of read
out relay and the decode tree of register 1A relay
points). The read out relay circuit energizes the 0 in-
terposer magnet, when the condition of no relays
picked exists, for the next punch operation.

The escape magnet is again energized by the inter-
poser bail contacts and P1 (180°). The escape arma-
ture contact makes, energizing the escape interlock
relays and allowing the punch clutch to be energized
for the next cycle. In this example, the O interposer
magnet is energized, a 0 is punched in column 10, and
escapement to column 11 occurs.

Cycle 2: This cycle punches the information trans-
ferred from register 1A to the interposer magnet dur-
ing the previous cycle. Information is transferred from
register to register and the interposer is energized
for the digit to be punched during the next cycle.
(The punch clutch does not latch up for the rest of
the left-zero field.)

At 5°, the information in the B registers is trans-
ferred to the next A registers (Figure 4-19 or 4-20).
(Register 1A is held until 175° by P6.)

At P5 time (86°), the interposer magnet is ener-
gized through the decode tree. The interposer bail
contacts close, energizing the escape magnet. The es-
cape armature contact energizes the escape interlock
relays (9,10). The punch clutch is energized through
P1 and the escape interlock points. Information in the
A registers (capacitor A registers transfer at 180°)
is transferred to the B registers and retained there
until 65° of the next cycle. In this example, cycle 2
energizes the 0 interposer magnet, punches a 0 in
column 11, and escapes to column 12.

Cycle 3: This cycle punches the information that
was set up in the previous cycle, transfers new infor-
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First | Second | Third ] Last ‘
345° 345° 345° 345° 345°
0 90 180 270 0 9 180 270 0 9 180 270 0 90 180 270
Starwheel 2 — ((
Starwheel 12 ¥ —
Field Size 2 —
Field 1 and 2 S—I
N
Left-Zero Key S—OIIe
. Field Point | 5°-P3 |P6-175° 5°-p3 |P6-175° 5°-p3  [P6-175°
1A Register ‘, { I: :| | ‘ [l———l
5°-p3  |p6-175° 5°-p3 |P6-175 5°-p3 [P6-175°
A Register L { II— ——
. 86°-P5 P2-65° 86°-P5 P2-65° 86°-P5 P2-65°
B Register o'T 1 :), -1 — ol -
86° P5 166° 86° P5 166° 86° P5 166°
Interposer Magnet — H— H— } H—
70° 70° 70° 70°
Interposer Bail Contact L — I i — |+ {
180°-P1 180°-P1 80°-P1
Escape Magnet — | | —
P2-65° P2-65° P2-65° P2-65°
Escape Interlock — — b J ' f—t —
Eapenent o~ IR N NG
P1-0° P1-0° P1-0° N P1-0°
Punch Clutch + } b ——'—1
Int Bail Cor:folcf-70°
Keyboard Restore - H—
]’ P7-30°
Read Out Relay — -
86°-p5 sg P6-175°
Read Out Interlock :i A i -

NOTE: The left-zero key picks the read out relay and
the first interposer magnet to start the punch out
operation.

Figure 4-19. Punch Out Timing (8-Column Field) Reed Relay A Registers, Wire Contact Relay Machines

mation to the interposers, escapes to the next column,
and initiates a punch clutch cycle.

At 5°, information is transferred from the B regis-
ters to the next A registers. At 86°, the information is
transferred from the A registers (capacitor A registers
transfer at 180°) to the B registers and the interposer
magnet is energized. The escape magnet is energized
by the closing of the interposer bail contacts. The
escape armature contact energizes the escape interlock
relays. The punch clutch is energized through P1 and
the escape interlock relays. In this example, a 0 is
punched in card column 12, the 4 interposer magnet
is energized, and escapement to column 13 occurs.

Cycles 4, 5, 6, and 7: Cycles 4, 5, 6, and 7 are sim-
ilar to cycle 3 in operation. In this example, a 4 is
punched in column 13, the 6 interposer magnet is
energized, and escapement to column 14 occurs dur-
ing cycle 4. Cycle 5 punches a 6 in column 14, ener-
gizes the 0 interposer magnet, and escapes to column
15. Cycle 6 punches a 0 in column 15, energizes the
7 interposer magnet, and escapes to column 16. Cycle

7 punches a 7 in column 16, energizes the 8 interposer
magnet, and escapes to column 17.

Cycle 8: Escapement to the last column of the field
(detail card) and out of the last column of the field
(program card) occurs in the last part of cycle 7. The
starwheel 12 contact opens. All digits have been read
out of storage; the last digit is punched on this cycle.
At 30°, the read out relay is dropped. (After starwheel
12 opens, the read out relay is held by P7 until this
time.) N/o points of the read out relay open the cir-
cuit to the keyboard restore magnets, but the inter-
poser bail contacts hold the magnets until about 65°.
The digit is punched and the punch clutch latches at
345°. In this example, column 17 is punched with an
8 (Figure 4-21).

Circuit Objectives
1. Cycle 1 (energize O interposer magnet, punch a
0, re-energize 0 magnet):
Close left-zero latch contact. (16B)
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PUNCH OUT CYCLES (LEFT-ZERO KEY)
o First Second ] Third Last '
345 345° 345° 345° 345°
0 90 180 270 0 90 180 270 0 90 180 270 0 90 180 270
Starwheel 2 — ((
Starwheel 12 k —
Field Size 2 —
Field 1 and 2 —
N
Left-Zero Key s_or'e
. Field Point | 5°-P3 |P6-175° 59-p3  [P6-175° 5°-p3  |P6-175°
1A Register & i |.L :l —| |,____.|\
. 5°-P3  |R44-210° 5°-p3  |R44-210 5°-p3  |R44-210°
A Register L | — ) — J
P1-180° P2-65° P1-180° P2-65° P1-180° P2-65°
B Register + — 4 -4
86° P5 166° 86° P5 166° 86° P5 166°
Interposer Magnet — H—A H 3 66) 6!-—5——166
(e} le} o} (o]
Interposer Bail Contact F 72: — 701' } i\ 704 - 701‘
180°-P1 180°-P1 80°-P1
Escape Magnet — — —
P2-65° P2-65° P2-65° P2-65°
Escape Interlock — 4 [ + ¥ J b J
Escapement I N N NN N N)
P1-0° P1-0° P1-0° 1-0°
Punch Clutch k ¢ ; — o
Int Bail C +-70°
Keyboard Restore — nt Bt O?mic 9:
o
Read Out Relay — L P7-3OJ'
86°-p5 58 -175°
Read Out Interlock :i At Péi ]75:

NOTE: The left-zero key picks the read out relay and
the first interposer magnet fo start the punch out

operation.

Figure 4-20. Punch Out Timing (8-Column Field) Capacitor A Registers, Wire Contact Relay Machines

Read
Cycle in Last] 1 2 3 4 5 6 7 8
Key
Key 8 Lz
A 8
S | I
5 al 7 sl
s [[7]] s [
6 A 71 I8 ]
B | ] 7 8 |
5 Al s 11 7 Hisl
B J[6] [7 1 &1
4 Al 4 Js 71 18l
g If4 [} 6 T7 T s
s A 4] T e 117118}
B O+ JTel T 7 fs8
2 A [« TeT T TI7018b
o S A A
1 A 4 6 17 18
0
Interposer A 0 0 4 6 ] 7 8
N\
Punch 0 0 0 4 6 0 7 8
Detail Card Column 9 10 11 12 13 14 15 16 17
Program Card Column| 10 n 12 13 14 15 16 17 18

Figure 4-21. Punch Out (46078), Wire Contact Relay Machines
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Energize read out relay (42), interposer magnet,
and punch clutch. (16B, 2A, 10A)

Restore keyboard. (10B)

Transfer information from B register to next A
register. (17, 18, 19, 20) ‘

Drop field size 2 relay (29) and field 1 and 2
relays (1, 36). (14A)

Transfer A register to B register.

Energize interposer magnet. (2A)

Energize escape magnet. (12B)

Energize escape interlock relays. (9, 10). (10A)

Energize punch clutch. (10A)

.Cycle 2 (punch a 0 and energize 0 interposer

magnet):

Transfer B register to next A register.

Hold register 1A until 175°. (16)

Transfer A register to B register.

Energize interposer magnet. (2A)

Energize escape magnet. (12B)

Energize escape interlock relays. (9, 10). (10A)

Energize punch clutch. (10A)



3.Cycles 3,4, 5,6,and 7:
These cycles are similar to cycle 2.
4. Cycle 8 (punch an 8 in column 17):
Drop read out relay (42). (16B)
Open circuit to keyboard restore magnets. (42-5,
10B)
Punch out last digit.
Latch up punch clutch at 345°.

Left-Zero Credit Field

® An 1ll-punch in the units position indicates a

credit field.

To indicate a credit field, the operator keys in the in-
formation just as in a debit field. To start the read
out, punch out operation, the operator presses the
dash (—) key instead of the left-zero key. Pressing
the dash key causes a credit (11-punch) in the units
column to be punched above the units digit.

Credit Read In

® The program card coding indicates a left-zero
field.

® The operator keys in the correct digits.
® The information is stored.

Description

The program card is multipunched with a 7, 8, and 9
(program 2) in the high-order position indicating a
3-column field; for example, column 40 (see Figure
4-13). The rest of the field is punched with 4’s de-
fining the field. The operator keys in the correct num-
ber of digits, then presses the dash key to start the
punch out, including an 1l-punch over the digit in
the units position. In our example, we key in one digit
(5), and press the dash key to start punching.

Read In Cycle

Cycle 1: The machine is stopped at a left-zero field
and the program 2 relay is up. The 7, 8, and 9 star-
wheels energize the field size 1, 2, and 3 relays, and
the field 1 and 2 relays. _

The operator presses the correct key, which closes
a latch contact, and energizes the correct 3A register
relays through the encoding network and the field size
relay points. The punch clutch is energized through
the encoding network. At 45° of the punch clutch
cycle, the keyboard is restored. The 3B register relays
are energized at 86°, and the information transfers
from register 3A to 3B (capacitor A registers transfer
to B registers at 180°). Information in the B registers

is held until 65° of the next cycle by P2. In this
example, a 5 is stored in register 3B.

Circuit Objectives
1.Cycle 1 (store a 5):

Close numeric-5 latch contact. (1A)

Enter numeric information into register 3A and
energize the punch clutch.

Restore the keyboard. (10B)

Transfer register 3A to 3B.

Retain information in register 3B.

Credit Read Out, Punch Out

¢ The operator presses the dash key for a credit
field.

¢ The information is read out and punched.

¢ The units column is multipunched. (Credit X
over units position.)

Description

The operator presses the dash key, which energizes
the relay necessary to start the read out and punch
out, and also the relay to remember that this is a
credit field. Each cycle reads out the digit to be
punched and sets up the digit for the next cycle.
When the end of the field is recognized, an extra
cycle is taken to punch the 11-punch; this cycle is a
multipunch cycle to prevent escapement from the
units position of the field.

Read Out, Punch Out Cycles

Cycle 1: Refer to Figure 4-22 or 4-23 for timing with-
in cycles. The operator presses the dash key, which
closes the dash latch contact, and energizes the
credit relay. As soon as the credit relay is up, the
read out relay is energized through credit relay n/o
points. The interposer magnet is energized (through
field 2 n/o points and the 1A register decode tree),
the keyboard is restored, an escapement to column
40 occurs, and a punch cycle is taken.

The keyboard restore magnets are energized and
are held energized for the rest of the punch out
cycles by P6 and the interposer bail contacts.

At 5° (P3), register 3B is transferred to register 2A.
At P5 time (86°), the 2A register is transferred to the
2B register (capacitor A registers transfer to B registers
at 180°). The interposer magnet is re-energized
(through N/0 points of the read out relay and the
decode tree of the register 1A relay points). The es-
cape magnet is energized at 180° by Pl and the
interposer bail contacts. The escape armature contact
makes, which energizes the escape interlock relays,
and allows the punch clutch to be energized for the
next cycle. In this example, the 0 interposer magnet
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CREDIT FIELD PUNCH OUT CYCLES (DASH KEY)
First | Second T Third | Last T
3450 345° 345° ! 345° a 345°
0 90 180 270 0 90 180 270 0 90 180 270 0 90 180 270
Starwheels 7,8,and 9 s———-—q
Starwheel 4 —
Field Size 1,2,and 3 f——t
Field 1 and 2 s——l
Note
Dash Key —t
. (Field Point | 5°-P3 |P6-175° 5°-p3 | P6-175°
1A Register § { —_— d ‘r—————ll
. 5°-p3 | P6-175° 5°-p3 | P6-175°
A Register [ SR —_———y
. 86°-P5 P2-65° 86°-P5 P2-65°
B Register :IL s T -
86° P5 166° 86° P5 166° 86° P5 166°
Interposer Magnet +——— H— H— H—
O (o] (e} (o]
Interposer Bail Contact +— 701' [ 704 7% ' 7&
80°-P1 180°-P1
Escape Magnet — f— —
P2-65° P2-65° P2-65° 86°-P5 P2-65°
Escape Interlock 1 ] [ -
Escapement I JOT N )
P1-0° P1-0° P1-0° 80°-P1 o
Punch Clutch k - 0 i P1-0
N . 900
Keyboard Restore ' Int Bail Conta 1-72
(o]
Read Out Relay = F7-30
P6-175°
Credit Relay 67175,
86°-p5 P4-355°
Read Out Interlock 4 ) Dy
1

NOTE: The dash key picks the credit relay, the read out relay, and
the first interposer magnet to start the punch out operation.

Figure 4-22. Punch Out Timing (3-Column Credit Field) Reed Relay A Registers, Wire Contact Relay Machines

is energized, an escapement to column 40 of the detail
card occurs, a 0 is punched in column 40, the 0 inter-
poser is re-energized, and there is an escapement to
column 41.

Cycle 2: During this cycle, the digit that was set up
on the previous cycle is punched. In this example, a 0
is punched in column 41, the digit 5 is transferred
from 2B to 1A, the 5 interposer magnet is energized,
and an escapement to column 42 of the detail card
occurs.

Cycle 3: The last digit has been transferred from
storage and is punched on this cycle. At 30°, the read
out relay is dropped. ( The credit relay is held by P6.)
When P5 makes at 86°, the escape interlock relays
are picked through read out relay ~/c points and
credit relay N/o points, and a punch cycle is taken.
At P5 time, the 11 interposer is energized through
read out relay N/c points and credit relay N/o points.

4-20 (5/69)

(The escape interlock relays prevent picking the es-
cape magnet when the 11 interposer magnet is ener-
gized.) At 175°, the credit relay is dropped. In this
example, a 5 is punched in column 42, the 11 inter-
poser magnet is energized, and no escapement occurs.

Cycle 4: The credit 11 is punched during this cycle.
At 65° (P2), the escape interlock relays are dropped.
The interposer bail contacts open the circuit to the
keyboard restore magnets. The punch clutch latches
at 345°. In this example, an 11 is punched above the
5 in column 42.

Circuit Objectives

1. Cycle 1 (energize 0 interposer magnet for punch-
ing this cycle; re-energize for next cycle):
Close dash latch contact. (11 key, 1A)
Energize credit relay (41) and read out relay
(42). (16B)



CREDIT FIELD PUNCH OUT CYCLES (DASH KEY)
First | Second [ Third I Last I
345° 345° 345° 345° °5 345°
0 90 180 270 0 90 180 270 0 90 180 270 0 90 180 270
Starwheels 7,8,and 9 f———
Starwheel 4 4
Field Size 1,2,and 3 f———
Field 1 and 2 —
Note
Dash Key —
) (Field Point | 5°-P3 | P6-175° 5°.p3 | P6175°
1A Register § 4 ] 1 ip———q
. 5°-p3 |R44-210° 5°.p3 | R44-210°
A Register ] 'L 4
. P1-180° | P2-65° Pi-180° | P2-65°
B Register — — -
86° P5 166° 86° 5 166° 86° P5 166°
Interposer Magnet F——— H—t H——t H—
o o o o]
Interposer Bail Contact W 73' 70: — 70: — 70:
80°-P1 80°-P1
Escope Magnet —_— — [
P2-65° P2-65 P2-65° 86°-p5 P2-65°
Escape Interlock + 4 - . —
Escaperhent J\‘_r \l\*\n \m\r
P1-0° P1-0° P1-0° 80°-P1  P1-0°
Punch Clutch [ + 0
. o
Keyboard Restore —_ Int Bail Corfuct-ilg
(e}
Read Out Relay F P7_30,
P6-175°
Credit Relay v 175:
86°-p -
Read Out Interlock T > ?4 35%'

NOTE: The dash key picks the credit relay, the read out relay, and
the first interposer magnet to start the punch out operation.

Figure 4-23. Punch Out Timing (3-Column Credit Field) Capacitor A Registers, Wire Contact Relay Machines

Energize 0 interposer magnet.
Restore keyboard magnets.

Escape to column 40.
Transfer information from register 3B to 2A.
Transfer register 2A to 2B.

Re-energize the 0 interposer magnet. (2A)

Energize escape magnet. (12B)
Energize escape interlock relays (9, 10). (10A)
Energize punch clutch. (10A)
2.Cycle 2 (punch a 0, energize the 5 interposer

magnet):

Transfer B registers to next A registers.
Hold register 1A information until 175°.
Transfer A registers to B registers.
Hold B registers until next cycle.
Energize 5 interposer magnet.

Energize escape magnet.

Energize escape interlock relays (9, 10). (10A)
Energize punch clutch.

Break starwheel 4 contact.

3. Cycle 3 (punch a 5, energize 11 interposer mag-

net):

Drop read out relay (42). (16B)

Energize 11 interposer magnet.

Energize escape interlock relays (9, 10). (10A)
Prevent energizing the escape magnet.
Energize punch clutch.

4. Cycle 4 (punch an 11 above the 5):

Drop escape interlock relays.
Open circuit to keyboard restore magnets.
Latch punch clutch.
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Left-Zero Logic Controls

Figure 4-24 shows the basic left-zero operations and
their controls. The read in operations are shown with
solid lines. The diagram can be used for both trouble-
shooting and a quick reference to general operation.

Starwheel
1
Starwheel e e e e e -
7 1 :
|
] Program Credit :
Starwheel L’:ﬁrpowr | _ 5] Escape Field |
2 Field . ! Magnet Last !
Starwhee! Size Field Contacts Column :
8 Program ‘ } \ : :
2 | r——=- : |
|
Starwhee! ¥ J : |
1 |
Starwheel Escape ! i
9 Interlock | |
! |
! I
_ H |
E- Read : Il :
Left-Zero Out | 1 .
Key [~~~ "77° _+' r | : :
1
v 1 |
: : | - ! |
B | : |
Dash | -4~ Credit | I 1 !
Key i L_ L — 34 Interposer |
o Punch Magnets |
[ Clutch I
U P5 |
1l ! |
e ettt 1 |
e 70 .
0 ! 1
Key ¥ j :
i i -- - BCD De-
Fifsld - BCP | > ;;:d gig,;f:ZA, :- Register : Register Read‘ Out | ] code Reg [~ ——-»] 0-9 :
Points Coding Points 5A4A,34 | | 2A I 14 Point 1A Points Inferposer |- =3
1-9 [} y H |I : L _________ _f Magnets
Keys i | o ! |
1 | © | |
l§ 1
" J |
R te I .
———— Read In 8:?;5?23, Register
. 58,48, 38 28
ead Out Open During Left-Zero

Figure 4-24. Left-Zero Logic Controls and Flow, Wire Contact Relay Machines
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® The regulated (=10%) 48 volt at 1.65amp out-
put supplies machine operating voltages.

See the machine wiring diagram for correct connec-
tions of the ac line. The ac main line voltage can be
115v, 208v, or 230v, single phase, 60-cycle. Only one
leg of the 115v input is fused. If a 208v or 230v input
is used, both legs are fused. The ac input voltage can
vary 10% and maintain correct machine operation.

The power supply circuit includes the motor switch
and the test jack. The motor switch is a hand-operated
toggle switch that turns the motor off and allows other
areas of the machine to remain energized. It is useful
when hand cycling of the machine is desired. Some
adjustments are made with the motor stopped. The
motor switch is located at the rear of the machine on
the frame that mounts the reed relay gates.

The test jack is located on the power supply chassis
and, when the main line switch is on, is the 448 volt
source for the test probe.

Note: A limited number of early production
machines were shipped with unregulated 3amp power
supplies. The power supply page of each machine
wiring diagram will indicate which power supply is
installed in that machine.

Card Punch Voltages

® The first objective is to supply the voltages
necessary to operate the card punch.

® The power supply provides +48 volts de, at
1.65amps, and 0 volts to operate the card punch.

e All voltages are available as soon as the main
line switch is turned on.

® 60 cycle operation only is described.

As soon as the main line switch is turned on, 115vac
enters the primary winding of the ferro-transformer.
This ac line voltage is taken through the primary wind-
ing of the transformer and the main line switch. From
here it goes through rectifiers cr1 and cr2. The rec-
tifiers change alternating current to direct current. C1
acts as a resonant capacitor for the transformer. C2
is connected across the +-48vdc at 1.65amps output and
shorted by a bleeder resistor (R1). The high resistance
of the parallel bleeder holds the capacitor charged to
a point near peak value of the applied voltage at no
load. Across the plus and minus terminals of the capac-

Chapter 5. Power Supplies and Control

itors then, is developed the +48vdc at 1.65amps, and
the zero volt potential. The 448v is fed through a
2amp long-time lag fuse (F3) to position 5 on terminal
block 2 (TB2-5). TB2-4 is the reference point for zero
voltage from the power supply.

The +48v to the punch circuits is from TB2-5, to CF4,
common, to Pcc2 operating strap, and from there to
prccl operating strap.

Zero volts is supplied to the punch circuits from
TB2-4 to P1 operating strap. The zero volt side of the
card feed magnet is used as a source while trouble-
shooting.

You can now establish zero volt and 4-48 volt refer-
ence points on the wiring diagram. TB2-4 is the zero
volt reference point in the power supply. Plus 48 volts
will always be on the operating point of pcct and pcce;
Ovdc will always be on the operating strap of punch
cam 1 (P1).

Figure 5-1 locates the components of the power
supply. See “Chapter 77 for wiring diagram details.

Figure 5-1. Power Supply
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Power On

¢ The main line switch is located on the lower
right front of the machine.

¢ No warm-up period is required for machine
operation.

The motor control circuit consists of the main line
switch, start relay, and motor. Closing the main line
switch causes current to flow through the start relay
coil and the run winding of the motor. This causes the
start relay to operate or “pick up.” When the start
relay operates or “picks up,” the motor starts because
the normally open point of the relay completes the

5-2 (11/66)

circuit to the start winding of the motor. The start
relay is a high and low current relay. On a 115vac
line, the relay picks up when the current reaches 5.1
amps and drops out when it reaches 4.35 amps. The
start relay contacts cut in the start winding of the
motor in place of an internal starting switch inside the
motor.

If the long-time lag fuse were blown, when the main
line switch was turned on, the motor would not start.
The machine is plugged into a 115vac outlet. With
the main line switch on and the long-time lag fuse
blown, a voltmeter placed across the fused terminals
reads 115vac. With a good fuse, the meter would read
zero volts.



Chapter 6. Console and Maintenance Features

Keys, Switches, and Indicators

Figure 6-1 shows the keys and switches associated
with the numeric keyboard; Figure 6-2 shows the keys
and switches associated with combination keyboards.

MAIN LINE SWITCH

Starts the motor and makes all machine functions
immediately available.

Located on the lower right front of the machine.

STACKER SWITCH

Operated by the stacker card weight when about
500 cards are stacked.

When operated, prevents the card feed clutch being
energized, except by the register key.

Located in the stacker.

BACKSPACE KEY
Backspaces the program card and cards at the
punch and read station up to column 1.
Releases the keyboard when it becomes locked.
Located below the master station.

COLUMN INDICATOR
Indicates the next column to be encountered as
cards pass the punch and read stations.

Located above the master station at the base of the
program drum holder.

Toggle Switches on Switch Panel

ON/AUTO SKIP DUP

ON position makes program punching for automatic
skipping and automatic duplicating effective.

auTo skip bup (off) position nullifies the 11-5 (start
automatic skip ), and 0-6 (start automatic duplication)
codes in the program card.

Figure 6-2 shows the location on switch panel.

INSERT/STACK MC INSERT

A feature available on all models.

INSERT position allows the operator to insert a mas-
ter card manually at the read station.

STACK MC INSERT position allows the operator to in-
sert a master card manually in the stacker.

The functions are initiated by pressing the Mc key
(after the last detail card is registered, and before
column 80 of the last detail card is punched or
skipped).

ONE/TWO PROG SEL
ONE position: program 1 will be set for column 1 of
the detail card during the cF cycle.

ON | ONE ON | ON
+ D + + D U o+ o+ 4+ + U +
AUTO WO  AUTO ' CLEAR
SKIP PROG FEED
DUP I SEL |
PROG PROG
pup || n o |92t ReL | liwo
LEFT
1 2 3 || 12 ||FeeD l_zsko
ERROR
i 4 5 6 ||skir]| | rec
MULT AUX
PCH 7 8 ? 1| our mc

Figure 6-1. Numeric Keyboard and Switch Panel (Model B11)
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ON INSERT ONE ON  ON ON ON
AUTO STACK TWO AUTO PRINT LZ CLEAR
SKIP MC  PROG FEED PRINT
DUP INSERT SEL
ROW
K 0 ==
- 0 PROG PROG '
REL !
DuP _ / ONE ™WO '
ik 0-1 \
1 2 3 72 '
]
1 2 3 & LEFT .
u I o P FEED |11 zero |2
07 25 | 116 -7 ;
5-8 4 5 5 ;
Ve 4 5 é |
SKIP REG 3
H J K L .
2-8 T T2 | 113 '
]
12-5-8 7 8 9 - |
p . z " Py '
NUMERIC z ( 4 ? AUX ALPHA | |4
X C \% B N M . . bup
| ~0-5 07 2.3 05 13- -5 | 174 | 0-3-8 | 12-3-8
Alpha / SPACE BAR k— Numeric
Punch Punch
Code Code

Figure 6-2. Combination Keyboard and Switch Panel (Model B22)

TWO position: program 2 will be set for column 1 of
the detail card following the cF cycle.

ON/AUTO FEED

ON position: a new card is fed automatically when-
ever column 80 of the card passes the punch station;
the card at the read station is stacked; the card at the
master station is registered at the read station; the
card at the detail station is registered at the punch
station.

auto FEED (off) position: nullifies the automatic
feeding functions.

ON/PRINT

A feature available on all models.

ON position: machine prints the character along the
top edge of the card as each column is punched, and
allows suppressing of zeros under control of the left-
zero print switch.

pRINT (off) position: unconditionally suppresses all
printing.

ON/LZ PRINT

Available on all models with printing feature.

ON position: all zeros to the left of the first signif-
icant digit print.

6-2 (2/69)

vz PRINT (off) position: zeros to the left of the first
significant digit of a field will not print, but the units
position will print.

ON/CLEAR

Spring-loaded momentary contact switch.

CLEAR position: clears all cards from the feed bed,
without feeding additional cards from the hopper.

One operation of the switch initiates the multiple
cycles necessary to complete the clear operation.

Functional Keyboard Keys
NUMERIC

Shifts the combination keyboard into numeric posi-
tion as long as the shift key is held down.

Normally used to punch numbers in an otherwise

alphabetic field.

ALPHA
Shifts the combination keyboard into alphabetic
position as long as the shift key is held down.
Normally used to punch letters in an otherwise nu-
meric field.



DUP

With program control, duplicates the field for which
it is pressed at 20 columns per second.

Without program control, duplicates at the rate of
10 columns per second as long as the key is pressed.

REL

Restores the keyboard.

Causes cards at the punch and read stations to be
advanced completely past those stations.

Fields programmed for automatic duplication be-
yond the point of release are punched in the card as
it advances.

FEED

Causes a card-feed cycle:

1. Feeds a card from the hopper.

2. Registers the card in the master station at the
read station, and registers the card in the detail
station at the punch station.

3. Stacks the card in the eject station.

SKIP
Causes skipping of the field for which it is pressed.
Normally used for skipping the right-hand portion

of an alphabetic field.

REG
Registers cards at the punch and read stations.
Stacks the card in the eject station.

AUX DUP

Supplied only if the machine is equipped with the
auxiliary duplication feature.

Causes the entire field to be duplicated from a mas-
ter card on the auxiliary drum.

MULT PCH
Prevents normal spacing so that more than one digit
can be punched in a column.
The keyboard is in numeric shift.

PROG 1

Shifts the machine to program 1 mode (upper half
of program card).

Initiates a feed cycle when the automatic feed
switch is off and a card has been processed through
column 80.

PROG 2
Shifts the machine to program 2 mode and otherwise
is the same operation as PROG 1.

ERROR RESET

Restores the keyboard.

On left-zero-insertion machines (Model B), when in
a left-zero field, an error is erased by resetting storage.

SPACE BAR
Causes one-column space in a manual field.

Character Keys
® The character keys are used manually to punch
and print a card in the punch station.

Numeric Keyboard consists of 12 single-purpose
character keys that punch the digits 0-9, and two spe-
cial characters (12- and 11-punches). The keyboard is
so interlocked that no two keys can be operated at the
same time. Multiple digits can be punched manually
in one column by holding the multiple punch key
down, while the keys are pressed one at a time.

Combination Keyboard consists of 34 character keys,
all but two (“A” and “Z”) of which are dual-purpose
keys: upper and lower shift characters. Upper shift
characters, shown on the key as the top character, can
be punched in numeric shift. Lower shift characters,
shown at the bottom of the key, can be punched in
alpha shift.

Shifting is controlled automatically by the program
unit, or manually by pressing ALPHA or NUMERIC. The
period, dash, and comma are common to both shifts.

The “A” and “Z” keys function only in alpha shift, as
they have no numeric representation. Pressing either
the “A” or “Z” key in numeric shift will lock the ma-
chine. Operation can be resumed by releasing the card,
backspacing, pressing the error reset key, or pressing
the alphabetic shift key (which causes the letter to
be punched).

The — (dash) key punches an 11 in either numeric
or alphabetic shift. It initiates no other action.

The 12-punch is initiated by pressing the “&” key in
numeric shift.

Interlock Circuits
STACKER SWITCH (N/C CONTACT)

Transferred by the stacker card weight at about 500
cards.

Opens the circuit to the card feed clutch.

Prevents feed cycles when transferred.

When this switch is transferred, only the register
key can energize the card feed clutch.

DETAIL CARD LEVER (N/O CONTACT)

Left pressure rail in detail station.

Transferred when detail card is registered in punch
station.

Picks card lever relays between 5° and 10° (second
cF cycle).

Provides circuits for punching and all automatic
functions except further card feeding.

READ CARD LEVER (N/O CONTACT)
Left pressure rail in master station.
Provides hold circuit for clear function.
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KEYBOARD RESTORE MAGNETS (2)
Located in the keyboard.
Prevent manual punching while energized.
Energized by:

. Backspace key.

. Card feed cycle.

. Dup key.

Skip operation.

. Duplication operation.

. Release operation.

. Interposer bail contacts.

. Error reset key.

01D UL DO

MOTOR CONTROL SWITCH
Located on the right side of the circuit card mount-
ing gate (as viewed from rear of machine).
Opens the circuit to the motor without interfering
with the other machine circuits.

Operating Instructions

¢ Turn the main line switch on.

® Insert cards into the hopper and release the card
pusher.

¢ Place a program card on the program drum and
insert the program drum in the machine.

¢ Lower the starwheels.

® Turn the auto feed switch on, the auto skip/auto
dup switch on, and the print switch on.

¢ Set the program select switch in the correct
position.

¢ Press the release key.

® Press and hold the feed key until two cards are
fed.

¢ Punch the card.

® The card punch is ready for all programmed
operations.

Functional Operations

The 1BM 29 Card Punch operations can be divided as
shown in Figure 6-3. These operations are defined as:

Start and Run: Establishment of power (electrical
and mechanical) necessary for machine operations.
This includes the operation of the card feed, and the
pick-and-hold of the card lever relay.

Interposer Selection: Engagement of an interposer
or interposers with the punch bail in preparation for
punching.

Escapement: Advancement of the program drum
and of the escapement driven feed rolls.

Card Transport: Mechanical control of the move-
ment of the card throughout the machine.
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1
Start and Run

Card Lever Relay|

| J

2] 3] 5]
Interposer Escapement Punch Drive
Selection Unit Cycles
2
Card
Transport

Figure 6-3. Operations

Punch Drive Cycle: Controlled rotation of the punch
drive unit index shaft. According to the function, this
is required to punch a hole in the card at the punch
station, or to read a hole in the card at the pin sense
station.

Sequence of Operations
It is essential that the customer engineer be aware of
the correct sequence of operations as they are used in
any machine function.
For example: the function is to punch a character
from the keyboard. The sequence of operation is:
1. Start and run
2. Interposer selection
3. Escapement
4. Card transport
5. Punch drive cycle
By using the numbers only, we can show the se-
quence in this way.
1
2
34
5
Showing escapement and card transport (3-4) side
by side indicates that while 3 causes 4, they happen at
the same time. Using this notation, the sequence of
these operations for all of the functions of the 29 are
shown in Figure 6-4.
The functions shown in Figure 6-4 are the responses
of the machine to the inputs given here:

Key Punch
Multiple Punch

Press any character.

Press the multiple punch key and any
numeric key.

Press the skip key in numeric shift or
alpha shift.

Press the duplicate key for one or more
columns with no programming.

Key Skip

Manual Duplicate



Blank Blank | Skip:
Column Column | Release, | Release
Key Mult Skip | Manual[Manual | Auto | Auto |[Auto, [Aute
Function| Punch | Punch | Key Dup Dup Dup Dup Drum Space
First 1 1 1 1 I 1 1 1 1
Col 2 2 3 5-2 5 5-2 5 3-4 3-4
3~4 3-4 4-5 3-4 3-4 3-4 3-4 5
5 5 5 5 5 5
Second | Repeat | 2-5 3-4 Repeat |Repeat | 3-4 3-4 Repeat | Repeat
and for all | Repeat | Repeat |for all [for all 5-2 5-2 | forall [forall
Other | Cols for all | for Cols  [Cols Repeat | Repeat | Cols Cols
Cols Cycles | Field for for
Def Field Field
Def Def
3-4

Figure 6-4. Sequence of Operations

Press the duplicate key for one or more
blank columns with no programming
with the machine in alpha shift.

Press the duplicate key or read a “0” in
the program card in a column followed
by “12’s” in the program card.

As above but for blank columns with
the machine in alpha shift.

Press the release key if the starwheels
are up (or if down in a column pro-
grammed “12”). An “11” is in a pro-
grammed card. A card-to-card skip oc-
curs.

Press the release key in a nonpro-
grammed field but with the starwheels
down.

Blank Column
Manual Duplicate

Auto Duplicate
(Program 1)

Blank Column Auto
Duplicate

Skip: Release Auto,
Drum (Program 1)

Release, Auto Space

Manvually Inserting and Registering Cards

A card can be placed manually in the detail station.
Hand-feed the card under the card guide and move
the card to the left, making sure that the right end of
the card is under the card pusher arm. Press the regis-
ter key to move the card into the punch station and
align it in the correct position for punching column 1.
This card is registered in the punch station. With the
card registered in column 1 and no additional opera-
tions to be performed, the card can be stacked (after
the following operations). Press the release key to
move the card through the punch station. Press the
register key to move the card into the read station.
The card is then in the correct position to be read by
the sensing mechanism at the read station. This card
is registered in the read station. Press the release key
to move the card into the eject station, Press the regis-
ter key to move the card to the left and then up into
the stacker.

Cards can also be manually inserted and registered
in the master station. Upon manually inserting a card
into the master station, pressing the register key regis-

ters the card in column 1 in the correct alignment so
that the pin sensing mechanism can read the card.
Pressing the release key moves the card into the eject
station.

Note: Pressing the register key actuates the feed
mechanism but does not feed a card from the hopper.
This allows the operator to register a card in the
punch or read station and prevent feeding a card from
the hopper.

If the register key is pressed while a card is regis-
tered at the punch station, the register key will stay
down. The release key, error reset key, or the back-
space key must be pressed to restore (clear/unlock)
the keyboard.

Numeric and Alphabetic Information

e This is controlled manually by the alpha and
numeric keys.

e It is controlled automatically by the program
card.

¢ The combination keyhoard is in either numerie
or alphabetic shift. Numeric shift is the upper
character on the keyboard. Alphabetic shift is
the lower character on the keyboard.

¢ The keyboard is in alphabetic shift when pro-
gram control is off (and vice versa).

On the combination keyboard a group of keys is used
to punch either numeric or alphabetic information.

There are no upper or lower case letters in the 1BM
hole code; just letters, digits, and special characters.
The card punch is either in alphabetic or numeric
shift. To punch letters, the card punch must be in
alphabetic shift; to punch digits, the card punch must
be in numeric shift; and to punch special characters,
either alphabetic or numeric shift is used, depending
on the special character that is to be punched.

The keyboard shift is controlled manually by press-
ing the numeric or alphabetic shift keys, or automati-
cally by the program unit. If the program unit is not
being used, program control is off. With program con-
trol off, the card punch is in alphabetic shift.

Example: When the card punch is in alphabetic
shift, the combination 5K key is pressed and a K (11-2)
punches in the card. A digit 5 will be punched if the
numeric shift key and the 5K key are pressed at the
same time.

Keys that punch in either alphabetic or numeric
shift are combination keys. The “A” and Z” keys are
the only single-purpose keys on the combination key-
board.

The two most common special characters are the
ampersand (&) and the dash or hyphen (-). The
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ampersand is represented by a 12-punch in the card,
and the dash (hyphen or minus) by an 1l-punch.
These are the only special characters that can be
punched on the numeric keyboard. On the combina-
tion keyboard, the dash is punched by pressing the
dash key in either alpha or numeric shift. The amper-
sand is punched by pressing the &P key ( combination
keyboard ) while in numeric shift.

Pressing an improper key, while in numeric shift,
will cause that key to stay down and the keyboard
will lock up. An example would be pressing the “A”
or “Z” key while in numeric shift. The keyboard can
be restored by pressing the release key, backspace key,
or error reset key.

Program Card Preparation
¢ The program card controls all automatic punch-
ing operations.

Correct punching in a given column of the program
card controls all automatic punching operations in the
corresponding column of the card that is being
punched. The particular punching that is required de-
pends on the functions to be controlled. Each digit
row in the program card serves a specific purpose.

For program 1 mode operations, the operator
punches a 12-hole in all columns of the program card,
except the first column of every field to be punched,
skipped, or duplicated. For program 2 mode opera-
tions, the operator punches a 4-hole in all columns,
except the first column of every field to be punched,
skipped, or duplicated.

When consecutive fields are to be skipped or dupli-
cated, program them as a single field. In program 1
mode, the 12-contact is used for a hold circuit through-
out a field that was set up by punching in the first
column of the field. In program 2 mode, the 4-contact
is used for a hold circuit throughout a field that was
set up by punching in the first column of the field.

During the skipping operation in either program 1
or program 2 mode, the 12- or 4-punch in the program
card permits skipping over all but the first column of
that field at 12 milliseconds per column. The 12-posi-
tion in program 1 mode and the 4-position in program
2 mode are referred to as field definition.

An 11-hole initiates an automatic skip in program 1
mode operation. A 5-hole initiates an automatic skip
in program 2 mode operation. These punches in the
first column of any field automatically start a skip over
that field. The skip is continued by the 12- or 4-hole
punched in the remaining columns of that field.

A 0-hole starts automatic duplication in program 1
mode. A 6-hole starts automatic duplication in pro-
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gram 2 mode. These punches, depending on which
position the program 1/program 2 switch is in, in the
first column of any field start automatic duplication of
the field. The 12-holes (program 1) or the 4-holes
(program 2) continue (define) the rest of the field.

Punch 1’s in program 1 mode, 7’s in program 2
mode, in all columns of all alphabetic fields in the pro-
gram card. Under program card control, the combina-
tion keyboard is normally in numeric shift. However,
in an alphabetic field, the 1’s in program 1 mode and
the 7’s in program 2 mode of the program card shift
the multiple-purpose keys of the combination key-
board to punch the lower characters on the keys in-
stead of the upper characters on the keys. During
automatic duplication of alphabetic information, the
1-holes in program 1 mode, and the 7-holes in pro-
gram 2 mode, also cause automatic spacing over blank
columns.

During automatic duplicating in a numeric field,
the machine stops if a blank column is sensed. It is
then necessary to press aALPHA or to have 1’s or 7’s (de-
pending on which position the program 1/program 2
switch is in) punched in the program card. Numeric
information can be duplicated automatically whether
it is programmed for the alphabetic or numeric key-
board. The I's or 7s allow automatic spacing in a
numeric field when blank columns are to be sensed.

Numeric Keyboard: When duplicating is performed,
the 1-punch in program 1 mode, or the 7-punch in

_program 2 mode, in the program card serves a similar

purpose. These punches in the program card permit
automatic spacing over the blank column of an auto-
matically duplicated field.

Clearing a Locked Keyboard: When the machine is
duplicating without 1’s in program 1 mode, or 7’s in
program 2 mode, in the program card, duplication
into a blank column locks the machine. Clear this
condition by one of three methods:

1. If the machine has a combination keyboard,
press ALPHA to space over the blank column.

2. Lift the starwheels to space over the blank col-
umn.

3. Press the backspace key to drop out the duplicate
relays.

Use the third method to unlock the keyboard when
it is electrically locked.

Program Drum Installing: After a special code is
punched into a data card, place the card on the cyl-
inder called the program drum. The card is held on
the program drum by a clamping strip that is man-
ually operated by a clamping-strip handle (located
inside the program drum at the 12-edge end of the
program card ).



Insert the drum on its shaft into the machine. It is
held by a detent spring on the drum hub. A pin aligns
the drum with the column indicator wheel.

Press the release key to advance the program drum
to column 1.

Manual Numeric Field

® Program 1: A blank (space) in the first column
of the field designates a manual numeric field,
and 12’s in all columns except the first, define
the field.

® Program 2: A blank (space) in the first column
of the field designates a manual numeric field,
and 4’s in all columns except the first, define the
field.

Place the keyboard in numeric shift by turning the
program control lever to the left and lowering the
starwheels on the program card. When the starwheels
are down, program control is on. Field definition
punches do not shift the keyboard A single-column
manual numeric field is represented by a blank column
in the program card not followed by 12’s or 4’s.

The 12’s used in program 1, and the 4’s used in pro-
gram 2, are called field definition punches and are
used to define the rest of the field. The field definition
punches do not shift the keyboard, but they do allow
the operator to complete a skip or duplication after
the first few columns of the manual field are punched.

Manual Alphabetic Field

¢ Program 1: Punch 1’s in all eolumns of the
field, and 12’ in all columns except the first,
to define the field.

¢ Program 2: Punch 7’s in all columns of the

field, and 4’s in all columns except the first, to
define the field.

When the starwheels are lowered, the keyboard will
be in numeric shift with a blank card in the program
drum. In program 1 mode, 1-punches in the program
card cause the keyboard to go into alphabetic shift. In
program 2 mode, 7-punches in the program card cause
the keyboard to go into alphabetic shift. In alpha
shift, the dual purpose keys punch the alpha punch
code of the lower graphic on that key. This can be
done without having to press the alphabetic key. A
single-column manual alphabetic field is represented
by a 1 in the program card not followed by 12’s and
I’s, or 4s and 7’s.

Manual Skip (Program Controlled)

® Program 1: The skip key initiates a skip and
the 12-holes in the program card continue the
skip to the end of the field.

® Program 2: The skip key initiates a skip and
the 4-holes in the program card continue the
skip to the end of the field.

If the program card is blank in either program 1 mode
or program 2 mode, pressing the skip key results in
the card punch taking a single space. If program con-
trol is off, pressing the skip key also results in the
card punch taking a single space.

Avutomatic Skip

® Program 1: Punch an 11-hole to initiate an auto
skip (automatic skip), and 12-holes in the re-
maining columns of that field.

® Program 2: Punch a 5-hole to initiate an auto-
matic skip, and 4-holes in the remaining col-
umns of that field.

The auto skip operation is made active by lowering
the starwheels and turning on the auto skip/auto dup
switch. A single column auto skip field is represented
in program 1 by an 11-punch in a column of the pro-
gram card, and in program 2 by a 5-punch in a col-
umn on the program card.

Automatic Duplication (Numeric Information)

® Program 1: Punch a 0 in the program card to
initiate automatic duplication, and 12’s in all
columns except the first, to define the field.

® Program 2: Punch a 6 in the program card to
initiate automatic duplication, and 4’s in all col-
umns except the first, to define the field.

When a field of information is transferred from a card
at the master station to a card at the punch station,
under control of the program drum, the operation is
called auto dup (automatic duplication). If a blank
column is sensed at the read station and the card
punch is in numeric shift, the machine will lock up.

Avutomatic Duplication (Alphabetic Information)

® Program 1: Punch a 0 and a 1 in the first col-
umn of the field, and 12’s and 1’s in all columns
except the first, to define the field.

¢ Program 2: Punch a 6 and a 7 in the first col-
umn of the field, and 4’s and 7’s in all columns
except the first, to define the field.

Both alphabetic and numeric information can be auto-
matically duplicated in alpha shift. If a blank column
is sensed at the read station and the card punch is in
the alphabetic shift, the blank column will duplicate
as a blank.
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Manual Duplication (Program Control On)

® This is designated by the field definition
punches (12’ or 4’s in the program card).

¢ Numeric or alphabetic information can be man-
ually duplicated.

Pressing the dup key with program control on, causes
manual duplication to appear at different rates of
speed. The rate of speed depends on the punches in
the program card. If the dup key is pressed just once
in a field containing 12’s, these field definition punches
continue any duplication started by the dup key, at
the rate of 20 columns per second. If the dup key is
pressed in a blank column in the program card, dupli-
cation occurs at the rate of 10 columns per second.
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SECTIONS 15 and 16
The wiring diagram page for the Interspersed Gang
Punch feature is shown in Sections 15-16.

Refer to Field Engineering Theory-Instruction Man-
ual, IBM 29 Card Punch Features; 29 Interpreting
Card Punch, Model C, Form 223-2926 for machines
baving this special feature.
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Appendix A. Machine Characteristics

The 18M 29 Card Punch is available in nine different Figure A-3 shows speeds, dimensions, and power re-
models shown in Figure A-1. The Model A is the basic ~ quirements.

card punch. It can have either the numeric or combi-
nation keyboard and also be equipped with or with-

out the print feature. MODEL NAME KEYBOARD [FEATURE
The Model B is the left-zero-insertion card punch.
It provides all the features of the Model A card punch A1l]  Basic Card Punch 12-Character
A . . A2 Basic Card Punch 64-Character
with the additional left-zero feature. With the left- A21 Basic Card Punch 12-Character |  Print
zero feature, it is unnecessary to key zeros to the left A22 |  Basic Card Punch 64-Character | Print
of significant digits in numeric fields when this feature Bl Left-Zero Insertion
is programmed for automatic left-zero operation. Card Punch 12-Character
The Model C. the i . d h id B 12 Left-Zero Insertion
e Model C, the interpreting card punch, provides Card Punch 64-Character
all the features of the Model A card punch and is B 21 Lefz:-zrzr; |ns:rﬁon e .

. . . - t int
equipped with the print feature that can be controlled 822 | Left-Zero Insertion aroctery om
from an early read station. This makes it possible to Card Punch 64-Character | Print
interpret prepunched cards without punching the €22 |  Interpreting Card
cards a second time. Punch 64-Character | Print

Figure A-2 shows the compatibility of features be-
tween models. Figure A-1. IBM 29, Models
MODEL
A B c
Aux Duplication X X X X X X X X
Card Insertion XX X | X X [ X X | X
Character Inhibit X (X x|Ix[x x| x{x] x| x{x|x||x][x]x]|x
High-Speed Skip X | x X | x X | x X | x
Interspersed Gang Punch XX XX X X X | X
Read Board Ext XX [ XXX | XXX X| X|{X X X|XIX]|X
SC Modulus 10 X [x|x|x
SC Medulus 11 X X
SC Nr Generator X X
Variable Length Card X | X X | X X[ X X[ X

Figure A-2. IBM 29, Feature Compatibility
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CHARACTERISTICS

DESCRIPTION

Speed: W/O Print W/Print
Manual punching 20 col/sec 18 col/sec
Manual duplication 10 col/sec 9 col/sec
Automatic duplication 20 col/sec 18 col/sec
Skipping 80 col/sec
Releasing 80 col/sec
Feed from pre-register to detail station 0.250 sec

Hopper 500 cards

Stacker 500 cards

Dimensions:

Width 39"
Depth 29"
Height 38"
Table height 27"
Maximum Weight 230 pounds

Power

115v, single phase, 60 cycle,
3.0a (Models A and B)

208v, single phase, 60 cycle,
1.6a (Models A and B)

230v, single phase, 60 cycle,
1.5a (Models A and B)

Heat Dissipation

525 BTU/Hr (Models A and B)

Power Receptacle Requirements

B, H (115v)
C, K (208/230v)

Figure A-3. IBM 29, Characteristics
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Appendix B. Electrical Symbols and Identification

Base Machine
For purposes of this discussion, only the reed relay
diagrams are referred to in this section.

The power supply is shown on Systems 00.29.01.1
of the wiring diagram. The power supply includes the
male receptacle, main line switch, long time lag fuse,
start relay, '12 horsepower motor, transformer, motor
control switch, two-ampere fuses, rectifier, and filter
network. All fuses on the machine are behind the
chipbox. To reach the fuses, remove the chipbox.

All edge connectors are shown on the wiring dia-
gram as arrowheads in the circuit. An example is C13
and C15 in the circuit through the multipunch (Mp)
keystem upper to the mr relay on Systems 01.29.04.1.
This is interpreted to mean that pin 13 on tab C dis-
tributes the circuit to the MP keystem upper in the
keyboard, and that the circuit returns to pin 15 on tab
C to the mp relay. Refer to “Edge (sms Card) Con-
nectors” and “Circuit Card” for detailed information
on the use of connectors. All edge connector locations
are shown on Systems 01.29.18.0 of the wiring diagram.

The Z-connector is mounted to the machine frame.
It connects to a paddle card that is part of the key-
board cable. The keyboard circuits are distributed
through the Z- and C-edge connectors. The C-con-
nector mounts directly to the reed relay circuit card at
the rear of the machine.

Note: The circuit card land patterns are not drawn
point to point. The cable wiring is drawn point to
point. The female cable edge connector pins are shown
as a wedge. The male land patterns of the circuit card
tab (and the paddle card) are shown as an arrow-
head. This identification enables the customer engi-
neer to isolate either the relay circuits from the base
machine or vice versa.

The symbol for a magnet is similar to that of a relay,
the difference being that the magnet symbol depicts a
core and the relay does not. Relays are shown as small
rectangles with a digit indicating the number of the
relay.

Switches are always named, and the on or off side
of the switch is usually indicated. In cases where the
switch has two different functions, such as I and 2
with the program select switch, the numbers 1 and 2
are indicated. The stacker switch is operated mechani-

cally by the cards in the stacker, and the symbol is
different from those switches operated manually.

Relay points, circuit breakers, and manually oper-
ated contacts can have an operating, normally closed,
or normally open contact or point. The terms “con-
tact” and “point” are used interchangeably. The sym-
bols for these three types of contacts are similar for all
components.

Refer to Systems 01.29.06.1 of the wiring diagram.
Dup 2 is the name of a relay contact point. Dup 2
with 120-4 over it is a normally open contact and illus-
trates the standard BM symbol for a normally open
contact. Each contact point has an operating contact
(also known as operating strap) and is identified by
having no point attached. The other element of the
contact having a wedge-shaped point is known as the
normally open point. A normally open contact, there-
fore, is made up of an operating contact and a nor-
mally open contact point. A normally closed contact
can be recognized by a line with an extended wedge
(or arrowhead) on the end. An example of a normally
closed contact is the contact named dup 2 with the
numerals 120-3 under it. In this case, the name alone
is not the distinguishing identification of the contact
point. The name dup 2 is the name of the relay, and
the numbers actually identify the point.

On a wiring diagram, there is no difference in the
symbol for a wire contact relay operating point and a
reed relay operating point. The only difference is in
the way the relay points are labeled. The wire contact
relay coil is identified as wcri and its points are
labeled similarly.

Note: The 29 wiring diagram is drawn with certain condi-
tions on the machine:

1. Power off.

2. No cards in the machine.

3. The starwheels lowered.

4, A blank card on the program drum.

There is one variation in the previous symbol explanations.
The operating strap of an independently operated contact as-
sembly (a contact assembly that is not part of a relay or circuit
breaker) is designated by adding a small rectangle or square to
the end of an operating contact symbol. An example of this
contact can be seen on Systems 01.29.04.1 and is named MP
keystem contact. Other examples of independently operated
contact assemblies are the latch contacts, bail contacts, and
pin contacts.

On the 29 wiring diagram, all contacts or points are shown
as they are wired in the machine. A reed relay contact as-
sembly always appears on the diagram showing the operating
point and a normally closed or normally open contact in the
same grouping.
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The number associated with each contact point identifies it
with the relay it is located on. Using the skip relay as an ex-
ample, refer to Systems 01.29.17.0 and locate skip relay 123-3
and 123-6 points. The number 123 is the number of the skip
relay assembly. The number-3 is a normally closed point in
the skip relay. The number-6 is a normally open point in the
skip relay.

During its operation, the operating contact of a re-
lay either makes (touches) a normally open point, or
it opens a normally closed point. It is common to one
or the other during any operation. Therefore, the op-
erating contact is also referred to as the common point.

Each starwheel contact is labeled to designate the
function it performs. The number 5 and 11 starwheel
contacts control (initiate) auto skip operations, the
number 4 and 12 starwheel contacts control field de-
finition, the number 6 and 0 starwheel contacts con-
trol auto dup (automatic duplication) circuits, the
number 7 and 1 starwheel contacts are used for con-
trol and alpha field circuits.

The 1BM symbol for a rectifier can be found in the
wiring diagram. Rectifier 117cr1 is located between
the detail card lever contact and the card lever relays
on Systems 01.29.05.1. Electron flow in a rectifier is in
the opposite direction from that of the wedge point in
the rectifier symbol. The cathode of the rectifier is the
vertical line in the symbol, and the anode is the base
of the wedge. The positive side of the rectifier is the
cathode side, and the positive terminal of each rec-
tifier is identified with red paint so that it can be con-
nected correctly in the circuit.

The 29 card punch uses three types of circuit break-
ers (cB’s): the card feed cB’s, the punch cB’s, and the
program cam contacts. CF2, cr3, and CF4 are names to
identify the cB assemblies that they pertain to. Note
that the symbol for cr2 (card feed number 2) has a
normally clo.sed contact. The lower contact in cF3 is
the normally open contact and the contact resting
against the circle is the operating contact. The circle
represents the cam that moves the operating strap of
the cs.

Circuit breakers close and open at different times
and for different durations of time. Looking again at
cr?, the title M 355° means that this cB makes con-
tact when the card feed shaft is at 355° on the card
feed index. The title B 180° means that cr2 breaks
contact at 180° on the card feed index.

Punch cB3 (P3) and punch cs4 (P4) are in the dup
2 relay circuits. P3 is shown as a normally open cs.
All cB’s on the 29 Card Punch are the normally open
type, yet you can see that P2 is shown as a normally
closed cB, and P3 as a normally open cB. This is be-
cause the cB’s are shown on the diagram with the
punch clutch latched. The punch shaft restores to its
home position or “latches” at 345°. Therefore, at 345°,
P4 is making contact and is shown normally closed.

B-2 (11/66)

P3 is not making contact and is shown as normally
open. For this reason, P1, which makes at 180° and
breaks at 0°, is shown as a normally closed cs.

The symbol for cr3 indicates that this is card feed
cB number 3 and that it makes at 70° and breaks at
150° on the card feed index. The card feed camshaft,
on which the cF cams are mounted, latches at 0°.
Since neither cF3 nor cr4 are made at 0°, both of these
are shown as normally open cB’s.

pccz (program cam contact number 2) is shown on
Systems 01.29.04.1. pcct ( program cam contact number
1) is shown with a normally open point and an oper-
ating point. pcc2 has three points: an operating point,
a normally open point, and a normally closed point.
The make and break time of the program cam con-
tacts is given in columns. The timing of these contacts
is controlled by the position of the program drum.
There is a tolerance on the make and break time of
the program cam contacts. Tolerance means that the
contact action will occur when the contact point is
between two given limits. pcc1 will make on the nor-
mally open side between column 80% and column
80%. The break time of pcci is very critical and should
be adjusted very accurately. pcci is adjusted to break
at column 88%.

pcce shows a tolerance on both the make and break
time. These timings refer to the normally closed con-
tact. The diagram shows that the operating point will
make on the normally closed side between column 87%
and column 88%, and will break between column 82#%
and column 84.

Keyboard Electrical Functions

Pressing a key on the keyboard forces a keystem down
and actuates a permutation bar. This mechanical link-
age closes a latch contact, a bail contact, a keystem
contact, or a combination of latch and bail contacts.
Certain function keys (other than character keys)
close keystem contacts only. All permutation bars do
not operate both latch and bail contacts. The key-
board reference chart on Systems 00.29.10.0 of the wir-
ing diagram shows all the combinations of contacts,
the card code, and the symbol associated with each
keystem.

The combination keyboard wiring schematic is
shown on Systems 00.29.03.1 of the wiring diagram.
The latch contacts are labeled “L”, and the bail con-
tacts are labeled “B”. Their associated keystems, the
symbol, and the card code are shown on Systems
00.29.10.0.

The combination keyboard voltage input is shown
in 3B. The common voltage line, used in both alpha
and numeric shift, is through connector Cl0 and is
controlled by a card lever relay N/o point and the
keyboard restore bail N/c contact.



The alpha voltage line for the 64-character key-
board is through connector C16 and is controlled by
an alpha relay N/o point, card lever relay N/o point,
and the keyboard restore bail ~N/c contact.

The numeric voltage line for the 64-character key-
board is through connector C14 and is controlled by an
alpha relay N/c point, card lever relay N/o point, and
the keyboard restore bail N/c contact.

Refer to Systems 01.29.18.0 for the voltage distribu-
tion to the keyboard restore bail contact from the
power supply.

The “C” and “Z” edge connectors distribute the key-
board (both numeric and combination) voltages. Sys-
tems 01.29.02.1 shows the latch contacts of the numeric
keyboard and the interposer magnets. The 13 inter-
poser magnets are connected to either the numeric or
combination keyboard through the “Z” edge connector.

The even-numbered bail contacts are on the left
side of the keyboard, and the odd-numbered bail con-
tacts are on the right side of the keyboard (as viewed
from the front of the keyboard).

The latch contact number is the same as its asso-
ciated keystem number. When the Ul key, keystem
position 28, is pressed, its latch contact (28) energizes
the 1 interposer magnet if the keyboard is in numeric
shift. In alpha shift, the 448 volt circuit to the 28
latch contact is broken by alpha relay N/c points, and
the only active output is through 1- and 7-bail con-
tacts. The output of the 1-bail contact energizes the

0 interposer magnet, and the output of the 7-bail con-
tact energizes the 4 interposer magnet during the same
punch cycle. The 0- and 4-card code is the letter U.

Certain latch contacts and bail contacts are in the
-+-48 volt common circuit (refer to Systems 00.29.03.1).
These latch contacts and bail contacts are not af-
fected by alpha or numeric keyboard shifting and
always produce the same punch code. Example: The
B! key (23) latch contact always punches a 2-code
(refer to Systems 00.29.10.0). Note that the bail con-
tacts associated with the B! key (23) are 15, 10, and
8. The 23 latch contact is in the common circuit, the
15 bail contact is in the alpha circuit, the 10 bail con-
tact is in the numeric circuit, and the 8 bail contact is
in the numeric circuit.

Therefore, when a key is pressed, all its individual
contacts close, but only those controlled to operate by
keyboard shift energize the interposer magnets. The
number of the latch or bail contact does not neces-
sarily mean that the same interposer magnet will op-
erate. The keys on the keyboard operating keystem
contacts do not operate latch or bail contacts and are
not under control of the interlock disks.

Use the keyboard reference chart on Systems 00.29.-
10.0, 01.29.02.1, and 00.29.03.1 with reference to each
other for further understanding of the keyboards. Note
that the “A” key (keystem 5) and the “Z” key (key-
stem 7) are not combination keys and will lock up
when pressed in numeric shift.
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Alpha Key ..ot
Auto Dup Speed ............

Auto Feed Switch
Auto Skip/Auto Dup Switch
Automatic Duplication

Alphabetic Information ..............ccovviiininiiiniennnn, 6-7

First Column of Card ...................... e 1-8

Numeric Information ................ccccoeoviviiiiviiiiiiiiinin, 6-7

Operation .........c.cc.cooveeiieinnenn, ... 3-11,3-33
Automatic Skip Programming ... 6-7
Automatic Skipping ... 3-15, 3-37
Aux Dup Key ..o 6-3
Backspace

KeY oo

Key Operation

MechaniSm ..o
Bail and Latch Contacts ..................c..oooooiiiiiiiiiec 2-18
Base Machine .................

Card Escapement
Card Feed and Punch

Circuit Breakers ..............ccccoocoiioiiiiiiieieieeeeeeeee 2-15

Mechanical Timing Charts .................cccooeeieiiiiiiii 1-7
Card Feed

Clutch ...

Detail Station and Punch Station

Index ...

Latch Magnet .............ococooiiiiiioeieeeee

Latch Magnet Assembly ................ccococooveiiiiiiiii 2-5

Mechanical Action
Card Hopper ...................

Feed Knives .............
Card Lever Contacts
Card Movement ......
Card Printing ...............
Card Punch Voltages
Card Registering ...................c.c.....

Mechanics ...........oc.ooooiiiiieieee e
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Speed ..o,

Card Transport ...............ccocooveveiueieeeeeeeeeeeeeeeeee e
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Clutch . 1-7
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Shaft ..o 1-7
Character Keys ..............cocooooeiiiieieee e 6-3
Circuit Card ... 2-34
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SWItCh .o 8-2
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Code Plate ... 2-40
Column Indicator ...............ccccccooiiioiueiiiiiieiiieeeieee 6-1
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Data Cards ...........cccoooiiiiiiii e 1-1
Detail Card ... 14

Lever (N/O Contact) ... 1-7
Drive Mechanism .............. 2-1
Drum Interlock ........................ 2-29
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Dup Key ..o 6-3
Duplication .........ccccoooiiiiiiiiiie ... 3-6,3-28
Edge (SMS Card) Connectors ................cccccvvvceeverveen.nn. 2-36

Eject Station ..........ccccocceiiiiieeieee s 14
Electrical Symbols and Identification ...............ccc..ocooo.... B-1
End of Card
Auto Feed Switch Off ...
Auto Feed SwitchOn ...............
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Error Reset
KEY oo
Key Operation ......................
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Escapement ...
Friction Clutch ........
Magnet Assembly ...

Features ........................
Feed Key ........cccoo......
First Depression ..........c.ccccccniiiiinieeninenceceieeiienns
OPeration ............ccooveiiiiiiirec e
Second Depression ................
Feed Knife Operating Link ............
Feed Knives and Card Hopper
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Field Definition Punches ...........
Field Size ........cccocoovvvevienns
Friction Clutch and Escapement
Functional Keyboard Keys ..............c..cccovininnn..
Functional Operations ................c...........
Insert/Stack MC Insert Switch ........
Interlock Circuits
Interlock DISKS ......o.ccooviviioiiiiiiceeee e
Interposer
Bail Contacts .........c.coooeevviiiiiieiceee e,
Magnets .
Selection
Keyboards
Electrical Functions .............ccccccoooeiiiiieiiiieiiciie
Interlocks .......................
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Restore Magnets
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Credit Field ...
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Error Reset Key .....................
Logic Controls ....... .
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Program Card ...
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Manual Dup Speed ...
Manual Numeric Field ...
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URNIE e

Punching and Reading Sequence ...................c..ccocovvveeii.. 1-3

Read Card Lever
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