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Figure 49. Tape Punch Control Chassis
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-POWER SUPPLY

The power supply is a separate package providing four levels of
secondary d-c voltage to the punch circuits. The power supply incor-
porates the use of transistors and etched circuitry on a plug-in board in
addition to the transformer, choke, and other power units mounted on the
chassis. (See figure 50.) Primary power at 115 volts, 60 cps is applied
through the power ON-OFF switch (S-1) and circuit breaker (CB1) to the
punch motor and to the power transformer. Power at d-c voltages of un-
regulated -28 volts and regulated -15, -12.5, and +6 volts are supplied to
the circuits. The source of these voltages is 30-volt ac produced by step-
down of primary voltage. The secondary ac is rectified in a fullwave
bridge rectifier consisting of four diodes and located on the power supply
chassis, Rectifier output is full-wave unregulated -28 volts with respect
to ground. Unregulated -28-volt power is supplied to the punch solenoids
and clutch solenoid located in the punch assembly. Choke-input filters
are used to filter the -12.5, -15, and +6-volt power supplies.

-15-And -12.5-Volt Power Supplies

The -15-and -12.5-volt power supplies are regulated by a control
amplifier located on the power supply board and a power amplifier located
on the power supply chassis. (See figure 51.) The power amplifier
carries fe majority of the load current. The filtered output from the
transformer is applied across a Zener diode. The diode has a fixed volt-
age drop of -15 volts which serves as a fixed potential on the control amp-
lifier. This fixed potential holds the control amplifier current output
steady. Since the control amplifier is little affected by load current
changes, its current output regulates the power amplifier. Because of
control amplifier regulation and because its output impedance is low, the
power amplifier is relatively independent of supply voltage changes. The
power amplifier output is a regulated -15 volts. A second output of -12.5
volts is produced by connecting three diodes in series with the output.
These diodes are back-biased to produce the more positive -12. 5-volt
level. The diodes have a voltage drop of approximately 0. 8 volt each.

+6-Volt Power Supply

The +6-volt power supply is also regulated by a control amplifier
located on the power supply board and a power amplifier located on the
power supply chassis. (See figure 51.) The series power amplifier
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Figure 50. Tape Punch Power Supply
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carries the majority of the load current. The regulation, however, is
half-wave operated. That is, the negative half-cycle of ac is clamped

to ground. The positive half is coupled through a capacitor to the filter
supplying the input to the +6-volt regulator and then to ground. From
ground, the return is to the filter supplying the input to the -12.5-and
-15-volt regulator and then to the transformer return. The output voltage
of the power amplifier is controlled by negative feedback. A Zener diode
acts as the reference for the output with a fixed 6.5-volt drop. If the out-
put voltage across a bleeder resistor tends to decrease, the difference
between it and the 6.5-volt reference is applied to the control amplifier

as a negative change. This negative change on the control amplifier causes
the power amplifier to become more positive, increasing the load current.
The output voltage therefore is increased sufficiently to offset the original
tentative decrease.

MAINTENANCE

Maintenance of the Tape Punch consists of tests for locating faulty
electrical circuits or elements, and of performing electrical and mech-
anical adjustments and preventive maintenance. In addition, procedures
for the replacement of parts is provided. Prior to performing electrical
checks or adjustments of signal circuitry, the tape punch power supply
should be checked to determine that the appropriate power levels are being
applied. Test equipment, recommended for use in performing checks, is
listed as follows:

Item Model or Type Manufacturer

Oscilloscope

Multimeter (20 kilohms
per volt) Model 630A _ Triplett

Autotransformer Range 0 to 115 volts
POWER SUPPLY TESTS
The tape punch power supply checks of the chassis and circuit board

include. insulation resistance; transformer primary and secondary output;
and load, no-load tests.
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Insulation Resistance

Check the resistance between the chassis and the body of all tran-
sistors, and the resistance between the chassis and the body of. all diodes.
Both resistances should indicate infinity on the highest ohmmeter re-
sistance range. If the resistances are not as required, check the installa-
tion of the parts. Particularly, check the mica washers used for insula-
tion.,

Transformer Primary Check
With the circuit board removed, apply exactly 115 volts to the pri-
mary of the tape reader power supply transformer. With the secondary

open, the output voltage should be 32. 01,5 volts.

Secondary D-C Voltage Level Checks

Plug the circuit board into the chassis. Energize the power supply
through the connection of an autotransformer originally set to zero. In-
crease the autotransformer voltage slowly to 115 volts and check the volt-
age levels at the +6, -28, and -15-volt output terminals. If there are any
signs of overheating, or if the output voltage decreases when the input
voltage increases, reduce the input voltage immediately and repeat the
test. If the malfunction continues, reduce the input voltage to zero and
discontinue test procedures until the element causing the malfunction has
been located and replaced.

Load Test

Apply the loads indicated (table 23) to the appropriate test points
indicated, with the power supply deenergized.
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Table 23. Power Supply Load Test

Supply Test Maximum Maximum Load

Voltage Point Voltage Ripple

(Volts) (Volts) (Millivolts -
Peak-to-Peak)

+6 Pin 1 +6+0. 5 50 200 ohms

-12.5 Pin 7 -12.5 75 160 ohms

-15 Pin 3 -15%1.5 75 150 ohms

-28 Pin 4 -28+3 200 100 ohms

-24.5 Pin 2 -24.5x1, 5% 200 46 ohms

(Lamp

Supply)

Ground Pin 8 0 0 : 12 watts

* Lamp Supply is not used in Tape Punch

NOTE

With rated load of 160 ohms, the output
at pin 7 should be less negative than the
-15-volt supply by 1.5-to 3-volt dc.

1. With the power supply energized, the output voltages should be
as shown (table 23).

2. With the power supply energized and the loads connected, use the
oscilloscope to read the allowable ripple as listed (table 23).

No-Load Test

To perform the no-load tests, remove the loads as specified (table
23) and measure the secondary d-c levels. The voltage limits of each
level should be as shown (table 24).
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Table 24. No-Load Tests

Voltage Level Test Point Voltage Limits
(Volts)

+6 1 +6.3%0.5

-12.5 7 -12.5 to -13.1

-15 3 -15.5x1.5

-28 4 -29%3

-24.5 2 -24.5%3

SIGNAL CIRCUIT BOARD CHECKS

Signal circuits consist of control and amplifying circuitry mounted
on two etched circuit boards which plug into the tape punch control chassis.

The control circuit board contains the antirepeat flip-flop and 10
clamping circuits that tie the punch to the computer. The tape punch
driver board contains the amplifiers designed to drive the tape punch
solenoids. The two boards should be removed from the control chassis
before applying the appropriate voltage levels to the respective boards.

The tape punch power supply, previously tested, is used as the power
source in the foliowing tests.

Control Circuit Board Check

Checks are performed on the antirepeat flip-flop circuit and the
clamping network to determine functional values, and isolation of possibly
defective elements on the board.

Antirepeat Circuit. Connect the various power supply output levels
to the appropriate input terminals on the board.

1. Apply all normal power to the board.

2. Connect a 2, 200-ohm resistor between antirepeat output terminal
(pin 32) and ground.

3. Apply -12 volts between TPP (pin 20) and TPP T' (pin 31).
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4. Connect the multimeter between the antirepeat output terminal
(pin 32) and ground to monitor the voltage.

5. The voltage output should be 0-volt dc.

6. Connect TPP (pin 20) to ground and apply -12 volts to antirepeat
output terminal (pin 32)

7. Connect the multimeter between TPP T' (pin 31) and ground to
monitor the voltage. This voltage should read -12 volt-dec.

8. Remove the power source and disconnect the meter.

Clamping Circuit. To perform the clamping circuit check, proceed
as follows:

1. Apply +6-volt dc to pin 41 and connect pin 27 to ground.

2. Connect the multimeter between pin 2 and ground, to monitor
the voltage at clamp 1.

3. The voltage should be no more then +1-volt dc.

4. Repeat step 2 for clamp 2 through 10. (Refer to table 25 for
pin numbers checked at each clamp).

5. Remove the power source and meter from the board except for
power ground (pin 27).

6. Apply -12 volts to pin 2. (clamp 1).

7. Insert the multimeter in series with pin 27 and the power supply
ground.

8. The current should be no more than 4-milliamperes dc.

9. Repeat steps 6 and 7 for clamps 2 through 9. The current should
be no more than 4-milliamperes dc. (Refer to table 25 for input terminals
for clamps 1 through 10).

10. Repeat steps 6 and 7 for clamp 10. The current should be no
more than 8. 3-milliamperes dc.

Table 25
Input Terminals to Clamps 1 Through 10
Clamp No. 1 2 3 4 5 6 7 8 9 10

Pin No. 2 4 7 9 12 35 36 37 38 40
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Driver Circuit Board Check

Checks are performed on the driver amplifiers; and tape advance,
antirepeat, and PCM functions to determine that signal output levels are
within appropriate values and tolerances, and to isolate possibly defective
elements on the board. In addition to the tape punch power supply output
levels, a -12-volt external power source is required in the subsequent
procedures.

Driver Voltage Levels. Connect the power supply output levels
(-28-, -15-, and +6-volt dc) to the appropriate input terminals on the
board.

1. Apply all normal power to the board.

2., Connect a 150-ohm, 10-watt resistor between output 1 (pin 6)
and -28-volt dc (pin 36).

3. Connect input 1 (pin 5) to ground.

4. Connect the multimeter between pin 6, (output 1) and pin 36 (-28-
volt dc) to measure the voltage drop across the resistor.

5. The voltage should be less than 0. 1-volt dc.

6. Connect the 150-ohm, 10-watt resistor between outputs 2 through
9 individually and -28-volt dc (pin 36) while connecting inputs 2 through 9
individually to ground. (Refer to table 26 for pin number designations).

7. Connect the multimeter between outputs 2 through 9 individually
and pin 36 (-28-volts dc) to measure the voltage drop across the resistor.

8. The voltage should be less than 0. 1-volt dc in each case.

9. Remove the ground from the board inputs.

10. Apply -12 volts from an external power supply to input 1 (pin 5)
with the load connected as in step 3.

11. Connect the multimeter between output 1 (pin 6) and ground.

12. The voltage should read no more negative than -0. 25-volt dc.

13. Repeat step 10 for inputs 2 through 9 and measure the voltage
between outputs 2 through 9 individually and ground. The voltage should
be no more negative than -0. 25-volt dc. The following table shows input
and output terminal designations.
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Table 26.
Input and Output Terminals
Input No. 1 2 3 4 5 6 7 8 9
Pin No. 6 10 15 20 25 30 35 41 43
Output No. 1 | 2 3 4 5 6 7 8 9
Pin No. 5 8 13 18 23 29 34 39 42

Tape Advance and Code Delete Check. To check the resistance of
the tape advance and code delete functions, proceed as follows:

1. Remove all power from the board.

2. Connect an ohmmeter between pin 3 (tape advance) and the input
side of resistor R20.

3. The resistance should read 22 kilohms.

4. Connect the ohmmeter between pin 16 (code delete) and the input
side of resistor R20.

5. The resistance should read 22 kilohms.

6. Repeat step 4 for resistors R21 through R28 individually. The
resistance should read 22 kilohms in each case.

PCM and Antirepeat Check. To perform the tests on the PCM and
antirepeat functions, proceed as follows:

1. Remove all meters from the board.

2. Connect pin 1 (PCM), and pin C (antirepeat) to ground.

3. Connect a 150-ohm, 10-watt resistor between pin 6 (output 1)
and pin 36 (-28-volt dc).

4. Apply all normal power (-28, 15-+6) to the board.

5. Connect the multimeter between pin 6 (output 1) and pin 36 to
measure the voltage across the 150-ohm resistor.

6. The voltage should read less than 0. 1-volt dc.

7. Repeat steps 2 through 5 for outputs 2 through 9. (Refer to
table 26 for output terminal designations. )

8. Remove the ground from pin 1 and pin C and apply -12-volt dc
to pin 1 and pin C successively.
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9. Measure the voltage drop across the 150-ohm resistor con-
nected between pin 36 (-28-volt dc) and outputs 1 through 9 individually.
(Refer to table 26 for output terminal designations.)

10. The voltage should be no more negative than 0. 25-volt dc.

TAPE PUNCH FUNCTIONAL CHECKS

The tape punch is functionally tested either with coded signals
applied from the typewriter or by static signal inputs to the punch driver
amplifiers to simulate commands from the computer. Coded signals, in
both instances, are checked against coded configurations in the tape to
determine correct punch operation. The tape punch power supply output
voltage levels should be checked with driver and control boards removed,
at the board pins listed in table 27, prior to performing functional checks:

Table 27.

Board and Pin Numbers

Voltage to Ground Board No. Pin No.
0 volt (ground) 42590-501 27
+6x£1 volt 42590-501 41
-38x5 volts 42587-501 36
-16+£3 volts 42587-501 26
+6x1 volt 42587-501 21
0 volt (ground) 42587-501 11
-16+3 volts 42590-501 33

Code designations and the respective pin numbers for tape punch
inputs are shown (table 28).
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Table 28.

Code Designations And Pin Numbers

Code Column Inputs (Plug P-9)
5 20
4 21
3 22
2 23
1 24

Table 29 shows the coding of the punch. A '"1" represents an
applied voltage of -12+1 volts, and a "'0" represents a voltage of 01 volt,
or an absence of voltage. In the character or command column an "L"
preceding the character or command indicates that the typewriter is in
letter shift, and an "F'" preceding the column indicates that the typewriter
is in figure shift.

Table 29.

Coding
Character Input Code Output Hole
or Command Configuration

5;4,3;2,1 543021
BLANK 00000O0 o
L-E, F-3 00001 o O
LINE FEED 00010 o0
L-A, F- MINUS 00011 000
SPACE 00100 0 o
L-S 00101 0 o
L-I, F.8 00110 0 o0
L-U, F-7 00111 0o00O
L-Carriage Return, F-Tab 01000 0 o
L-D, 1 01001 0 o O
L-R, F-4 01010 0 o0
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Table 29. (Continued)

Character Input Code Output Hole
or Command Configuration
L-J 01010 0 o000
L-N 01100 00o0
L-F 01101 00o0o O
L-C 01110 0000
L-K 01111 00000
L-T, F-5 10000 0 o
L-Z, F-Plus 10001 0 o O
L-L, 10010 0 o0
L-W, F-2 10011 0 o000
L-H, 10100 0 0o
L-Y, F-6 10101 0 0o O
L-P, F-Zero 10110 0 000
L-Q, F-1 10111 0 0000
L-0O, F-9 11000 00 o
L-B 11001 00 o O
L-G 11010 00 o0
L-Fig. 11011 00 o000
L-M, F-Period 11100 000O
L-X 11101 0000 O
L-Vv 11110 00000
L-LTR. 11111 000000

Typewriter Coding Input

A previously tested typewriter assembly should be used to enter the
coding to the punch.

A cable connecting the typewriter assembly to the punch will be re-
quired in the following check:

1. With all boards in the typewriter and tape punch assemblies, and
with the two assemblies connected, energize both assemblies and place
the COMPUTER-MANUAL PUNCH switch at MANUAL PUNCH.

2. Place the PUNCH-EXTERNAL switch at PUNCH.

3. With the FIG SHIFT key on the typewriter depressed, the
characters or commands (table 29) should be executed on the typewriter
for figures.
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4, The tape should be punched in accordance with the code indicated
(table 29), with a hole in the tape indicating a '"'l'" and absence of a hole in-
dicating a "'0".

5. With the LTR SHIFT key depressed, repeat the procedure in
steps 3 and 4 for the characters under character and command column of
Table 29.

Simulated Computer Inputs

Static input signals to the punch drivers corresponding to the code
combinations {table 29} are applied to the punch input pins of plug 9 (shown
in table 28) in the following procedures:

1. With the assembly energized, place the COMPUTER-MANUAL
PUNCH switch in the MANUAL PUNCH position.

2. Apply successively the combinations shown (table 29) to the pins
shown (table 28). After a particular combination is set, actuate the punch
by applying a -12-volt signal to pin 10 of plug 9.

3. As each code combination is punched, the same code combination
should appear on the tape.

TAPE PUNCH ADJUSTMENTS

Tape punch adjustments are made on the mechanical punch located
on the front of the punch assembly chassis and consist of adjustments of
tape punch contacts and of the clutch and tape feed mechanisms. These
adjustments should be made only if necessary.

Tape Feed Mechanism

To insure that the feed hole (sprocket hole) is properly positioned
along the width of the tape and that the tape is being fed evenly, thereby
assuring proper registration (required distance between holes), it may
be necessary to adjust the tape feed mechanism according to the follow-
ing procedure:

1. Feed out a length of blank tape (approximately 1 foot long), and
check the registration of the feed holes. Spacing between feed holes should
be 0. 100 inch or 60 feed holes in 6 inches. (See figure 52A.) If the tape
feed does not meet this requirement, loosen the locknut and adjust the
detent arm eccentric stud until the proper registration is obtained.
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(See figure 47B.) The tape support plate should be adjusted so that

the center line of the feed hole will be approximately 0. 394 inch from
the inside (or guide) edge of the tape (nearest No. 5 ¢ode hole). In addi-
tion, the outside tape guide (on tape runout arm) should be adjusted to
insure even feed of the tape.

NOTE

If a detent adjustment is made, con-
tinue with steps 2 and 3.

2. Adjust the eccentric stud for the feed pawl lever so that the
feed pawl moves the ratchet wheel (detent wheel) to within less than 0.010
inch of detented position. (See figure 52B.) The extent of feed ‘motion
should never be beyond the detented position. -

3. With the feed roller (on feed lever) on the high point of the feed
cam, adjust the feed pawl stop to stop the motion of the feed pawl, without
chocking off, just as soon as the detent roller is fully seated between two
teeth of the ratchet (detent) wheel. (See figure 52B.) -

4. Adjust the tape stripper so that the curved portion is even with
or below the surface of the pin wheel (tape feed sprocket wheel).

Clutch Mechanism

It may be necessary to adjust the clutch mechanism for appropriate
tolerances so that the clutch engages and disengages smoothly, without
play, when the clutch solenoid is energized or deenergized. To adjust
the clutch mechanism, proceed as follows:

1. Set the clutch detent cam on the punch shaft to engage the detent
_arm (figure 53B) at the point where the feed lever roller has moved 15%1
degrees past the low dwell on the feed cam. (See figure 52B.)

NOTE

15 degrees equals one-eighths of an
inch with a 0.010-inch tolerance.

2. Position the clutch magnet yoke on the casting so that the tip of

the armature, when in attracted position, clears the high point of the
clutch sleeve by 0.005-inch to 0. 007-inch. (See figure 53A.)
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3. When the armature knockoff roller is on the high dwell of the
cam, there should be 0.005-inch to 0.010-inch gap between the arma-
ture and the knockoff. Reform the knockoff to obtain this gap. (See
figure 53A.)

4. DPosition the clutch collar on the clutch shaft so that when the
latch point of the sleeve just engages the armature tip, the latch point of
the detent cam is one-thirty-second of an inch short of latching onto the
tip of the detent arm. When making this adjustment, and before tighten-
ing the setscrews, the clutch sleeve and its collar should have their nor-
mal free relationship to each other. (See figure 53B.)

5. Adjust the knockoff cam (radially on the shaft) so that the clutch
will not overtravel more than 4-1/2 degrees. One degree from the latch-
ed position equals one-thirty-second of an inch to one-sixteenth of an inch
of movement. (See figure 53A.)

Contacts

The clutch (PCC) and tape (PTC) contacts are adjusted for air gap
when necessary. Double punching and tape malfunctions are prevented
by these contacts, which are located in the upper left corner of the
mechanical punch. (See figure 44, front view.)

1. The PCC contacts should be adjusted to have a minimum of
0.025-inch air gap with the latches in their normal position against the
punch solenoid armatures. Also, the stationary strap should move an
additional 0.002 inch away from its support stop after the contacts close.
(Break before making adjustment.)

2. The outside break contacts (PTC) should be closed during all
normal operations (tape properly conditioned). Observe that the station-
ary contact moves an additional 0.002 inch when the contacts close. There
should be a 0.020- to 0.025-inch air gap when the contacts are open.

PREVENTIVE MAINTENANCE

Preventive maintenance of the tape punch assembly is limited to re-
soldering loose or corroded joints and lubrication of certain components
of the mechanical punch. Reference should be made to the Friden Motori-
zed Tape Punch Model 2 Service Manual for disassembly and assembly of
the mechanical punch. Periodic lubrication of the mechanical punch should
be performed as shown. (Table 30.)
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Table 30.

Mechanical Punch Lubrication

Component | " Lubricant Lubricant
‘ Interval
Clutch mechanism Retinax "T" (Shell) 100 hours
Other - ' Tellus No. 27 (Shell) 200 hours
NOTE

Apply lubricant by hand and wipe off
excess, leaving only a light film.

DISASSEMBLY AND ASSEMBLY

The components of the tape punch assembly are shown. (See figure
44.) The procedures in this paragraph explain component removal. Com-
ponent replacement is essentially the same as removal except in reverse
"~ order. ‘

Mechanical Punch Unit

To disassemble the mechanical punch unit, disconnect the tape punch
control chassis cable from the desk and from the knockout panel. Remove
six panel mounting screws and remove the mechanical punch.

Control Chassis

To disassemble the control chassis, disconnect cables P2 and P3
at the control chassis. Disconnect cable Pl at the power supply. Release
the chassis snap slides and remove the control chassis from the desk.
Once the chassis is removed, release the snap lock on the board retainer
and remove the driver and control network boards. (See figure 54.)
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