












































































































































































































































3. Replace the clutch-shaft assembly in the machine, 
taking care that the small key stays in the shaft 
and that the shaft goes through the output pinion 
inside the drive housing. The clutch pinion and 
the output pinion must engage their gear trains 
as this reassembly is done. (A light pin-punch 
mark in the side of the key helps keep it in place 
if it is loose.) 

4. Replace the clutch magnet. 
5. Replace the horseshoe clip on the clutch shaft. 
6. Check the clutch operation under power by op­

erating the reversing arm manually. 

4.12.8 Ribbon-Clutch Removal 

1. Removal procedure: 

a. Remove the cover and the ribbon assembly. 
b. Remove the ribbon. 
c. Move the ribbor.-drive unit to the left. 
d. Remove the cover over the left side of the 

lower ribbon drive. 

2. Remove the lower ribbon drive (not necessary 
for clutch removal). 

a. Remove the horseshoe clip on the lower 
ribbon-drive assembly. 

b. Remove the lower ribbon drive. 

3. Free the ribbon clutch. 

4. 

a. Remove the horseshoe clip on the ribbon 
clU tch shaft. 

b. Remove the screws in the clutch magnet 
housing. 

c. Remove the clutch magnet housing. 

Remove the ribbon clutch. 

a. Hold the clutch-shaft drive gear in your 
left hand to prevent it from falling. Be 
careful not to lose the key. 

b. Remove the ribbon clutch from the right. 

4.12.9 Upper Ribbon-Drive and Drag-Assembly 

Removal 

1. Remove the cover from the ribbon assembly. 
2. Remove the ribbon. 

-3. Remove the ribbon-motor-drive-gear cover. 
4. Remove the skew-assembly spring. 
s. Remove the retaining clip to free the sense y 

lever. 
6. Remove the sense-lever assembly. 
7. Remove the cover from the upper ribbon drive. 
8. Move the ribbon-drive unit to the left. The 

nylon friction disk will probably drop as the 
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9. 

10. 

11. 

12. 
13. 

cover and spider-spring assembly are removed. 
Remove the disk. 
Remove the retaining clip from the ribbon­
spindle shaft. 
Remove the ribbon-spindle shaft. Do not lose 
the key. 
Remove the horseshoe clip from the spool-driver 
gear hub. 
Remove the ribbon-drive and drag assembly. 
Reassemble in reverse order. 

a. Be certain the key is in the ribbon-spindle 
shaft. 

b. As the ribbon-drive and drag assembly is 
installed, lift the reverse drag pawl to 
engage the reverse drag friction ring. 

c. As the upper ribbon-drive cover is installed, 
the nylon friction disk must be held in posi­
tion and the spider spring must engage it 
properly. 

d. Check the reverse drag pawl by turning the 
spindle. The upper pawl should ratchet 
when the upper spindle is turned counter­
clockwise (when viewed from the spindle 
end). The lower pawl should ratchet when 
the lower spindle is turned clockwise (when 
viewed from the spindle end). 

4.12.10 Lower Ribbon-Drive and Drag-Assembly 

Removal 

1. Remove the cover from the ribbon assembly. 
2. Remove the ribbon. 
3. Remove the cover from the lower ribbon drive. 
4. Move the ribbon-drive unit to the left. 
S. Remove the retaining clip from the ribbon­

spindle shaft. See Figure 4-54. 
6. Remove the ribbon-spindle shaft. Do not lose 

the key. 
7. Remove the retaining clip from the spool-driver 

gear hub. 
8. Remove the ribbon-drive and drag assembly. 
9. Reassemble in reverse order. 

a. 

b. 

c. 

Be certain the key is in the ribbon-spindle 
shaft. 
As the ribbon-drive and drag assembly is 
installed, the reverse drag pawl must be 
lifted to engage the reverse drag friction 
ring. 
Check the reverse drag pawl by turning 
the spindle. The upper pawl should ratchet 
when the upper spindle is turned counter­
clockwise (when viewed from the spindle 
end). The lower pawl should ratchet when 
the lower spindle is turned clockwise (when 
viewed from the spindle end). 



4.12.11 Ribbon-Drive and Drag Disassembly 

1. After removing the drive-and-drag assembly (see 
Figure 4-54), stand the assembly up with the 
compression plate on top. 

2. While holding the compression plates against 
spring tension, remove the three horseshoe 
clips. 

3. Remove the upper compression plate, taking care 
not to lose the three compression springs that are 
now free. 

4. Remove the three springs. 
5. Remove the lower compression plate. 
6. Remove the reverse drag friction ring. 

CAUTION 

Note the direction of the teeth on the friction 
ring. The teeth on the upper friction ring are 
opposite to the teeth on the lower friction ring. 
Therefore, these rings can be incorrectly assem­
bled. 

7. The friction surfaces of the friction ring, spool 
driver, and lower compression plate should be 
clean and free from oil. 

8. Reassemble in reverse order. 

a. Make certain that none of the three com­
pression springs are lost. 

b. Be certain that the reverse-drag friction ring 
is not installed backward. After the assem­
bly is in the machine, the upper pawl should 
ratchet when the upper spindle is turned 
counterclockwise (viewed from the spindle 
end). The lower pawl should ratchet when 
the lower spindle is turned clockwise 
(viewed from the spindle end). 

4.12.12 Ribbon Tension Check 

With the new style ribbon drag springs (part 517164) . 
the ribbon drag is 1.5 to 4 pounds. This can be mea­
sured by using the standard push-pull scale. * 

To make this check, locate the scale on one of the 
ribbon drive plug Winding pins (the scale must be per­
pendicular to the pins). Gently push or pull in the 
direction opposite to the ribbon winding until the 
ribbon drive plug begins to move. The pounds in­
dicated are close enough to indicate the drag. Check 
on both upper and lower drive plugs. If the measure­
ment is out of the range indicated, the ribbon drag 
needs servicing by cleaning or replacement. 

*Use push-pull scale (office tool, part 461141). 

Open the T -casting and hook the spring into one of 
the notches in the tube (used to engage the Winding 
pin). Pull gently in the Winding direction of the ribbon 
(while observing the scale) until the ribbon begins to 
move. The pounds indi~ated on the scale* are close 

. enough to inch-pounds for this measurement. 
If this pull is outside the limits of 1-1/2 to 4 pounds 

(0, 68 to 1, 81 kg), the drag mechanism requires ser­
vicing. 

4.12.13 Ribbon Reversing Failures 

Failure of the ribbon to reverse can result if the toggle 
plate spring (black - part 473795) and the ribbon re­
verse level spring (cadmium-plated - part 473796) are 
interchanged. The ribbon reversing switch (operated 
by the toggle plate) on the left; the ribbon correction 
switch is on the right. 

4.13 HYDRAULIC CARRIAGE: REMOVAL AND 
REPLACEMENT PROCEDURES 

Models 3 and Nl printers use a hydraulic carriage. This 
is a two-speed carriage controlled by a punched paper 
tape or a forms-control buffer. 

On a tape-controlled carriage, the tape passes between 
two sets of reading brushes that are separated by a dis­
tance equiv~lent to seven line spaces on the paper. These 
brushes sense the control holes punched in the tape by 
the operator. Stop signals sensed by the slow (upper) 
brushes during high-speed skips slow the skipping action 
of the carriage preparatory to stopping when the holes 
are sensed by the stop (lower) brushes. 

Do not dismantle the hydraulic unit unless trouble is 
positively traced to this area. If disassembly is neces­
sary, observe extreme cleanliness when reassembling the 
components. Never wipe the fluid filter with a cloth of 
any type. The filter pores can clog and cause reduced 
fluid pressure and many carriage failures. A spare 
reservoir-gasket assembly should be available before 
disassembling this unit. While the unit is disassembled, 
change the filter. 

Carriage trouble can occur because of a low level of 
hydraulic fluid. An exposed hydraulic-motor port 
causes bubbling and traps akin the fluid. This causes 
carriage malfunction because of varying fluid pressure. 
Fluid level should be about to the bottom of the space/ 
skip magnets (one gallon). 
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CAUTION 

If either the space or skip control valve breaks 
or comes loose from the control magnet arma­
ture, it may fall to the bottom of the valve block 
assembly. This could cause hydraulic fluid to 
spew from the top of the valve assembly. 

In cases of complete failure to space or skip, do 
not remove the hydraulic unit cover with power 
on. Do not turn power on with cover removed 
until space and skip valves have been checked. 

4.13.1 Hydraulic-Unit Removal 

1.· Remove the 1403 covers. 

2. 

a. On Model N 1 

b. 

(1) Open the top cover from the front. 
(2) Open the right side door and remove 

the inner baffle. 
(3) Open right rear cover and remove 

iriner baffle. 
(4) Open stacker door. 

On Model 3 

(1) Remove the front cover. 
(2) Remove the rear cover. 
(3) Remove the right cover. 
(4) Remove the front inner cover, if 

necessary. 

Clear the rear forms-stacker area (Model 3) 

a. Slide the rear forms guide down. 
b. Unfasten the Negator* spring from the rear 

forms guide. 
c. Slide the Negator spring all the way up. 

3. Remove the rear guards. 

4. 

a. 
b. 

c. 

Remove the guard over the emitter. 
Remove the guard over the hydraulic drive 
belt. 
Remove the guard over the stacker gears. 

Remove the emitter wheel. 

a. Move the translator frame to the left. 
b. Loosen the setscrews that can be reached 

in the emitter collar. 
c. Turn the forms-advance knob to turn the 

emitter. 

*Trademark of Hunter Spring Division of Ametek Inc. 
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5. 

d. Loosen the remaining setscrews in the 
emitter. 

e. Remove the emitter collar. 
f. Remove the emitter wheel. 

Remove the emitter arm ( transducer). 

a. 
b. 
c. 

d. 

Remove the arm spring. 
Remove the holding screw. 
Remove the retainer screw, retainer 
spring, and spring block. 
Remove the emitter arm. 

e. Remove the emitter arm pivot collar. 

6. Prepare to remove the hydraulic unit. 

a. On Model Nl. 

b. 

(1) Disconnect the air hose and remove 
the hydraulic-unit air duct. Four 
screws hold this duct plate in place. 
When the screws are removed, the 
duct plate hangs by the resistor 
cable. 

(2) Drain the oil from the reservoir. 
(3) Remove the carriage tape tension 

idler mounting plate if necessary. 

On Model 3 

(1) Remove the sense amplifier mounting 
plate. 

(2) Remove the blower. 
(3) Drain the oil from the reservoir. 
(4) Remove the carriage tape tension idler 

mounting plate, if necessary. 
(5) Remove the screws from the rear heat 

sink resistor panel. 

7. Free the hydraulic-drive unit. 

a. Remove the electrical connections. 

(1) Remove the top cover on the reser­
voir. 

(2) Unplug the wires within the unit. 
(3) Remove the two screws in the plug 

on the left of the unit. 
(4) Remove the wires from the unit. 
(5) Replace the cover over the opening 

in the top of the reservoir, and re­
place two screws to hold the cover. 



b. 

c. 

Remove the drive belt. 

(I) Loosen the electric motor mounting 
screws. 

(2) Lift the motor enough to free the drive 
belt. 

(3) Clamp the motor at this position so 
that it can be used for support later. 

(4) Removethe drive belt. 

Remove the three holding screws nearest 
the front (total of four) for the hydraulic 
unit (in the reservoir mounting plate 
fastened to the printer casting). 

(1) Remove the front holding screw. 
(2) Remove the center lower holding 

screw. 
(3) Remove the center upper holding 

screw. 

8. Consider the problem of removing the hydraulic 
unit. The unit is now being held by the rear 
mounting screw and the boss around the output 
shaft. Be careful not to damage this shaft as the 

'. unit is removed. If possible, two men should re­
move this unit. The unit must be withdrawn 
straight out to the right until the output shaft is 
clear. The electric motor can be used as a rest 
while you are supporting the unit. 

9. Remove the hydraulic unit. 

a. Support the unit. 
b. Remove the rear mounting screw. 
c. Remove the unit straight out. 

4.13.2 Hydraulic-Unit Replacement 

1. Be careful in replacing this unit. 
2. Follow the removal steps in the reverse order. 
3. Do not fill the hydraulic unit with used fluid. 

Fill it with approximately 1 gallon of new fluid 
(part 477567) to provide the proper level (about 
to the bottom of the coils). Be sure that the 
fluid drain is closed before filling. 

To facilitate filling the hydraulic unit and 
making carriage adjustments on the Model Nl, 
open the cover from the rear and remove the 
sector-shaped right guard. Removing fuses 8 
and 9 permits operation of the top cover under 
power without running the hydraulic motor. 
(Do not run the hydraulic motor without oil 
in the hydraulic unit.) 

4. Recheck the internal adjustments after replace­
ment of the hydraulic unit. Always include: 

5. 

a. Magnetic emitter adjustment. 
b. Dynamic adjustment of the carriage tape 

brushes (static adjustment on buffer­
controlled carriage). 

Adjust the following also, if required. 

a. Space, skip, and bypass needle valves. 
b. Carriage control circuits for single-, 

double-, and triple-spacing, and carriage 
interlocks. 

4.13.3 Hydraulic-Unit Reservoir Removal 

Note: Replace the entire hydraulic unit in preference 
to replacing the pumps, motor, or detent blocks. Re­
placing these requires separating the channel plate as­
sembly from the reservoir. 

1. Preparing to remove the reservoir 

a. On Model N 1 

(1) Open the top cover from the front. 
(2) Open the right-side door and remove 

the inner baffle. 
(3) Open the right rear cover and remove 

the inner baffle. 
(4) Open the stacker door. 
(5) Disconnect the air hose and remove 

the hydraulic-unit air duct. Four 
screws hold this duct plate in place. 
When the screws are removed, the 
duct plate hangs by the resistor cable. 

(6) Drain the oil from the reservoir. 
(7) Remove the carriage tape tension idler 

mounting plate, if necessary. 

b. On Model 3 

(1) Remove the front cover. 
(2) Remove the rear cover. 
(3) Remove the right cover. 
(4) Remove the front inner cover, if 

necessary. 
(5) Remove the sense amplifier mounting 

plate. 
(6) Remove the blower. 
(7) Drain the oil from the reservoir. 
(8) Remove the carriage tape tension idler 

mounting plate, if necessary. 
(9) Remove the screws from the rear heat 

sink resistor panel. 
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2. 

3. 
4. 

Remove the reservoir; sixteen screws hold it in 
place. 
Replace it in a similar manner, but in reverse order. 
Replace the remaining parts in reverse order. 
(Tighten screws with equal force to prevent 
leaks.) 

Do not fill the hydraulic unit with used fluid. Fill it 
with approximately 1 gallon of new fluid (part 477567) 
to provide the proper level (about to the bottom of the 
coils). Be sure the fluid drain is closed before filling. 

To facilitate filling the hydraulic unit and making the 
carriage adjustments on the Model Nl, open the cover 
from the rear and remove the sector-shaped right guard. 
Removing fuses 8 and 9 permits the operation of the top 
cover under power without running the hydraulic unit 
motor. (Do not run the hydraulic unit without oil.) 

1. 

Hydraulic Motor 

Figure 4-58. Hydraulic-Unit Drive Assembly 
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2. 

3. 

4. 

Remove the wires from the terminal block for 
the control magnets. 
Remove the valve body assembly (Figure 4-58). 
Four screws hold it in place. 
Replace it in a similar manner but in reverse 
order. 

5. Replace the remaining parts in reverse order. 
(Tighten screws with equal force to prevent 
leaks.) 

4.13.5 Hydraulic-Unit Reassembly 

Note: Replace the entire hydraulic unit in preference 
to replacing the component parts. 

1. The channel plate assembly (Figure 4-58) should 
never be separated from the reservoir mounting 
(cover) plate except to replace a pump, motor, 
or detent block. 

2. Reassemble the channel plate assembly to the 
reservoir mounting plate as follows. 

Skip Pump 

a. Insert the holding screws and leave them 
loose. 

Control Valve Body Assembly 
Mounting Holes (4) 

Channel Plates 

Check Valve 

Detent Valve 

Eccentric Detent Stop Stud 



b. Place the aligning tool (part 450980) around 
the output shaft of the motor and over the 
boss on the reservoir mounting plate. 

c. This tool ensures that the output shaft is 
centered in relation to the outside circum­
ference of the boss. The output shaft is 
then in alignment with the support-bearing 
mounting hole in the side frame. 

d. Tighten the holding screws to fasten the 
channel plate assembly to the reservoir 
mounting plate. 

e. Remove the aligning tool. If the tool can­
not be removed and replaced with complete 
freedom from binds, the shaft and hub are 
misaligned. Loosen the holding screws and 
repeat steps band d until the shaft and hub 
are aligned correctly. It may be necessary 
to snug the holding screws and tap the 
channel plate lightly to obtain correct 
alignment. 

3. Install the pump and the motor oil seals. Using 
new oil seals for the space pump and the skip 
pump is advisable to minimize the possibility of 
leakage. 

4. Reassemble the components, with the exception 
of the pump pulleys, on the shafts of the pumps 
and on the shaft of the motor. Support each shaft 
to prevent bending when you re-pin the component 
parts to it. 

5. Reinstall the outboard bearing flanges: 

a. 

b. 

Slide the outboard bearing flanges in place 
around the pump shafts and snug the holding 
screws. 
Each shaft must be able to rotate freely. 

(1) Rotate each shaft through at least 3600 

to check for freedom from binds. 
(2) If necessary, readjust the outboard 

bearing flange by tapping lightly into 
the correct position. 

c. When the shaft rotates freely without binds, 
tighten the holding screws to fasten the out­
board bearing flange securely. 

d. Recheck each pump shaft for freedom of 
rotation after the holding screws have been 
tightened. 

6. Reinstall the pulleys on the shafts, and support 
each shaft fully to prevent bending as the pulley 
is pinned to the shaft. Again, recheck each pump 
shaft for freedom of rotation. If binds are en­
countered, readjust the outboard bearing flanges. 
(See step 5.) 

7. Check or make (as required) all hydraulic-unit 
adjustments that can be made with the reservoir 
removed. 

8. Replace the valve body assembly. Four screws 
hold it in position. 

9. Replace the reservoir. Sixteen screws hold it in 
place. (Tighten screws with equal force to pre­
vent leaks.) 

10. Replace the hydraulic unit and make the following 
adjustments. 

a. Adjust the space needle valve 
b. Adjust the skip needle valve. 
c. Adjust the bypass needle valve. 
d. Adjust the control circuitry for single-, 

double-, and triple-spacing and carriage 
interlocks. 

e. Adjust the magnetic emitter. 
f. Adjust the carriage tape brushes dynamically. 

(Not required on buffer-controlled carriages.) 

4.13.6 Hydraulic-Pump Drive-Belt Tension 

Shift the drive motor in its slots to obtain 1/8 to 5/32 
in. (3, 18 to 3, 96 mm) deflection of the belt halfway 
between the drive motor and the eject pump when ap­
plying a force of 1 pound (0, 454 kg). 

4.13.7 Hydraulic-Unit Leaks and Oil Seal 
Replacement Procedures 

This procedure is for the removal of leaking hydraulic­
unit oil seals. It is not considered leaking unless the 
leak noticeably affects the level of oil in the reservoir 
and/or the leak creates a problem; that is, an oil leak 
on the floor or forms. If the oil can be satisfactorily 
wiped up on preventive maintenance calls before caus­
ing a problem, or can be contained by the oil seal leak 
catcher system, do not replace seals. (See General 
Safety CE Memo No. 17.) 

1. Shut off system power. 
2. Determine where the unit is leaking. 

The general procedure for determining the 
source of a leak is to wipe off the wet com­
ponent and to check the unit periodically for 
a wet spot. 

a. Wipe off the reservoir. 
b. Check the reservoir gasket (part 475100). 
c. Check the reservoir cover gasket (part 

444425). 
d. Check the draincock (part 444957) and 

drain tube connection. 
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e. 

f. 

Check th'e ~pace and eject shaft oil seals 
(part 444260). 

(1) Remove the hydraulic drive belt 
cover. 

(2) Check for visible signs of oil at the 
bottom of the pump-bearing retainer. 

Check the hydraulic motor shaft oil seal 
(part 444260). Signs of oil having run 
down the side of the frame casting below 
the hydraulic-unit output shaft indicate 
a leak. 

3. Correct leaks as indicated. 

a. If gasket leaks, correct by tightening or 
replacing as required. 

b. If draincock leaks where it is threaded into 
housing, remove drain cock, clean the threads 
on draincock, and in the housing with clean­
ing fluid. Apply gasket cement (part 
450450) to draincock and install in reser­
voir. 

c. If draincock leaks through draincock into 
tubing, tap the end of the draincock lightly 
(on the screw that holds the handle). 

d. If oil leaks between drain tube and draincock, 
tighten tube clamp or replace drain tube if 
tube has become hard and tightening the 
clamp does not stop the leak. 

e. If the gaskets and draincock do not leak or 
have been corrected and: 

(1) The motor shaft oil seal leaks enough 
to require replacing, proceed with 
Procedure 1. 

(2) The eject or space pump-shaft oil seals 
leak enough to require replacing but 
motor oil seals do not; proceed to 
Procedure 2. Procedure 2 requires a 
special punch. See note under step 2 
of Procedure 2. 

4. 13.7. 1 Procedure 1 

1. Remove the hydraulic unit (4.13.1). 
2. Remove the output motor-shaft oil seal. 

a. 
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Remove the taper pins from the output 
shaft collar, gear, and seal retainer: Sup­
port the shaft fully when removing taper 
pins to prevent any bending of the shaft. 

b. Remove the collar. 
c. Remove the nylon spacer. 
d. Remove the bearing. A nylon insert is 

between the shaft and the inner race of 
the bearing, and a puller may be required. 

e. Remove the second nylon spacer. 
f. Remove the gear. 
g. Remove the seal-,retaining collar. 
h. Remove the screws holding the se aI-retaining 

washer, and remove the washer. 
i. Remove the shaft seal gasket. 
j. Remove the oil seal. 

3. Motor-shaft oil seal replacement 

a. Install a new oil seal (part 444260). 
b. Install a new shaft seal gasket (part 444980). 
c. Reassemble the components in reverse order. 

Support the shaft fully when pinning to pre­
vent bending. 

4. Remove pump-shaft oil seales) as required. (Re­
place only leaking seals.) If removing both seals, 
identify the pulleys and seal retainer in order to 
replace them on the correct shaft. 

a. Remove the taper pin from input drive 
pulley. Take care not to bend the shaft. 
Remove the pulley. 

b. Remove the four screws holding the pump­
bearing retainer and remove the retainer. 

c. Remove the nylon spacer from shaft. 
d. Remove the bearing. The bearing has a 

nylon insert between the shaft and the 
inner race, and a puller may be needed. 

e. Remove the second nylon spacer. 
f. Remove the pin in the seal retainer. Take 

care not to bend the shaft. 
g. Remove the shaft seal gasket (part 444980). 
h. Remove the oil seal (part 444260). 

5. Replace the oil seales). 

a. Install a new oil seal (part 444260). 
b. Install a new shaft seal gasket (part 4449~0). 
c. Reassemble the components as in steps 4 

through 6 in 4.13.5. 

Each shaft must rotate freely without biIids. 

6. Replace the hydraulic unit as in steps 1. through 4 
in 4.13.2. 



4. 13.7.2 Procedure 2 

Procedure 2 is for replacement of eject and space shaft 
seals when the motor-shaft seal does not require re-' 
placing. 

1. Prepare to replace oil seal. 

a. Remove all outside covers on the hydraulic 
end of the 1403, including the stacker­
control assembly. 

b. Remove the screw that holds the spring to 
the stacker-guide assembly. 

c. Drain the hydraulic reservoir. 
d. Remove the hydraulic drive belt cover. 
e. Remove the drive belt. 
f. See step 4 in Procedure 1 (4.13.7.1). 

2. Remove the oil seales). (See step 4 in Procedure 
i.) 

A modified 10 in. (254 mm) drift punch (part 4032) 
is required to drive these pins. Grind the point to a 
diameter of 3/32 in. (2, 39 mm) for a distance of at 
least 5/8 in. (15,9 mm) so that is just fits the pin holes. 

3. Replace the oil seales). See step 6 in Procedure 
1 (4.13.7.1). 

a. Install a new oil seal (part 444260). 
b. Install a new shaft seal gasket (part 444980). 
c. Reassemble the components as in steps 4 

through 6 in 4.13.5. 

Each shaft must rotate freely without binds. 

4. Replace the other components. Follow steps 
la through lc of Procedure 2 in reverse order. 
Do not put used fluid back in the unit. Fill it 
with approximately 1 gallon of new fluid (part 
477567) to provide the proper level (about to 
the bottom of the coils). Make certain that the 
fluid drain is closed before filling. 

4.14 CARRIAGE ADJUSTMENTS 

The 1403 carriage adjustments can be grouped into two 
general categories: hydraulic-unit adjustments and 
carriage-control adjustments. Refer to Figure 4-60. 

The first category includes mechanical adjustments 
for components within the hydraulic unit. 
- The second category includes adjustments for those 

electrical components that control the carriage. Some 
of these components are in the printer (E 1 emitter and 
carriage tape brushes); others are singleshots in the sys­
tem processor or control unit. 

A visual representation of the results of these adjust­
ments can be obtained by two methods. The first 
method uses a simple pencil trace. The second method 
uses a tachometer generator to produce a more accurate 
visual trace on the screen of an oscilloscope. 

In all cases, the tachometer generator (called tach 
generator) method is preferred because it is more 
accurate. 

Note: Certain adjustments for printers used with the 
IBM System/360 Model 20 can be made by alternate 
methods. These methods require the use of an Impulse 
Check Routine (ICR) or a Machine Function Test (MFT). 
These programmed diagnostic aids are indicated in the . 
text where applicable. 

4.14.1 Carriage Adjustment Using the Pencil Trace 

This method produces a graph that gives a visual repre­
sentation of the results of the adjustments or timings 
involved. It consists of drawing a straight line with a 
pencil across the paper while the paper is spacing. You 
must move the pencil at a uniform rate that shows from 
four to ten spaces (single, double, or triple) on a sheet 
11 in. (279, 4 mm) wide. Be careful not to apply too 
much pressure on the pencil, or an erroneous or dis­
torted graph may result. 

4.14.2 Carriage Adjustment with the Tachometer 
Generator 

The tach generator (Figure 4-59) converts the mechanical 
motion of the carriage into an electrical output for scop­
ing. This is an extremely accurate method of adjusting 
and analyzing the hydraulic unit. 

Before using the tach generator, check the adjustments 
of the space and skip needle valves (see 4.15.3). The 
forms tractor and upper and lower drive shafts must 
also be adjusted correctly. The tractor shaft relationship 
is correct when the upper tractor pins touch the top edge 
of the paper holes while the bottom tractor pins touch 
the bottom edge of the paper holes. Slight elongation 
of the holes under power is permissible. 

4.14.3 Tach Generator and Scope Connections 

1. Connect a 1.0 mfd, 200V capacitor (part 253826) 
across the tach generator output terminals. 

2. Remove the paper-advance knob from the upper 
tractor drive shaft. Install the tach generator 
(part 450976) and coupling (part 451290) on 
the shaft as shown in Figure 4-59 and tighten 
the setscrew. 

3. Ground the scope and connect the vertical 
input and the scope ground to the tach gen­
erator terminals. 
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Upper Tractor Drive - Shaft Assembly 

Tach 

Figure 4-59. Tach Generator and Coupling 

4. Sync the scope on the impulse to the space­
start magnet. For Model 3 use terminal 2, 
resistor 4, logic page 02.01.1. Terminal 2 is 
to the right of the resistor as viewed from the 
rear of the printer. Do not use terminal 1 
because accidental grounding causes the magnet 
coils to short out. For Model Nl, use pin A on 
SMS card socket 6 (CS-6), logic page 01.08.1. 

If a dual input scope is available, use the im­
pulse to the space-stop magnet (terminal 2, 
resistor 3) as the second input to the scope. On 
single input scopes, two signals can be examined 
separately in relation to the start-magnet impulse. 

CAUTION 

A defective capacitor or one of incorrect rating 
alters the tach generator output trace on the 
scope. The capacitor should remove high­
frequency oscillation from the scope trace with­
out affecting pulse timing. Check by observing 
pulse timing with the capacitor in and out of 
the circuit. 

Before making any adjustment, be sure the hydraulic 
unit is up to normal operating temperatures and speed 
(see 4.14.4). For Model 3 the hydraulic unit should be 
hot to the touch. Rapid temperature buildup can be 
obtained by blocking the hydraulic blower air intake 
with a card, and running in gear at high speed with 
covers closed for about 15 minutes. 
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The Model N 1, due to its improved cooling system, 
should feel warm to the touch. The blower on the N 1 
cannot conveniently be blocked; however, the air flow 
can be blocked by placing a blank card (folded over on 
one end to prevent it from falling) between the blower 
duct and the hydraulic-unit reservoir. Loosening the 
duct to insert the card may be necessary. 

The recommended servicing position for the Model 
N 1 is with the top cover open from the rear and the 
sector-shaped guard removed. 

Make carriage adjustments in the sequence shown 
by the chart in Figure 4-60. 

4.14.4 Carriage Speed' Check 

Before making any adjustments, check the speed of the 
hydraulic motor to be sure it is not running slow. A 
quick check of the printer speed can be made by scop­
ing the output of the El emitter. Because the emitter 
is driven by the hydraulic Irlotor output shaft, it gives 
a reliable and accurate indication of the hydraulic motor 
speed. The duration of the interval between the corre­
sponding edges of successive emitter pulses should be 
less than: 

a. 5.1 ms at slow speed (see 4.15.3) 
b. 2.3 ms at high speed (see 4.15.4). 

For convenience, these pulses are available at the El 
hub on the CE panel. 



Hydraulic Uni.t 

Carriage Controls 

GROUP 1 I 
Procedure: 

1440, 1460, 
System/360 and 
System/370 with 
2821, System/360 
Model 25, System/3 

J 
Double-Space Singleshot * 

I 
Triple-Space Singleshot * 

I 
E 1 Magnetic Emitter 

l 

Detent Clearance 

Valve Body 

Space Needle Valve 

Skip Needle Valve 

Bypass Needle Valve * 

Single-Space Singleshot * 

Interlocks 
Carriage-Settling Singleshot also 
known as: 
Carriage-Interlock Singleshot 
Carriage Decelerate Singleshot 
After-Space Print-Delay Singleshot 
Forms-Interlock 

GROUP 2 

Procedure: 

System/360 
Model 20 

E 1 Magnetic Emitter 

Static Adjustment of 
Carriage Brushes 

Dynamic Adjustment of 
Carriage Brushes (Not 
required on some systems) 

GROUP 3 

Procedure: for 1410 and 
7000 Series Machines with 
the 14141/0 Synchronizer 

Double-Space Singleshot 

Triple-Space Singleshot 

* E 1 Magnetic Emitter 

*The adjustments can be made by either the pencil-trace, the tach-generator, or, on some systems, 
a program method. (The program method cannot be used to make the bypass needle valve adjustment.) 

Figure 4-60. Sequence of Carriage Adjustments 

1403-Nl and 3 MM 4-65 



Normally, 5.1 ms for sp~ce or 2.3 ms for skip is the 
slowest a hydraulic unit operates. When a hydraulic 
unit is failing due to speed, usually a drastic increase 
in emitter pulse time (several tenths of a ms or more) 
or even a complete loss of emitter pulses occur. For 
a drastic reduction in speed, determine the cause (see 
4.14.5). If a reduction in speed is not drastic, make 
the carriage adjustments. If the carriage can be ad­
justed satisfactorily, no further action is required; 
however, if it cannot be adjusted satisfactorily and 
speed is still slow, determine the cause (see 4.14.5). 

The space and skip needle-valve adjustments affect 
hydraulic-unit speed. Adjust needle valves to provide 
just enough back pressure to hold the detent against 
the backstop (4.15.2.3 and 4.15.2.5). 

4.14.5 Slow-Running Hydraulic Unit (Space Speed) 

If the hydraulic unit runs slowly at space speed, check 
for the following possible causes. 

1. 

2. 

3. 

4. 

5. 

Severe bind on tractor assemblies. With power 
off, check by advancing the carriage in 6- and 
8-line drive manually with the hydraulic detent 
arm disengaged. 

CAUTION 

Raise the carriage tape brushes to prevent damage 
if you turn unit backward. 

Clogged filter. Check for foam in the unit or 
bubbl~s coming out of exhaust baffle. Exhaust 
baffle· must be on; 
Leak in hydraulic pressure system. Bubbles or 
turbulence coming out from any area in the 
hydraulic unit is an indication of a leak. This 
is usually caused by a trapped or missing O-ring. 
Bubbles coming out of the filter are an indication 
that the unit. is running backward. 
Defective check valve (between space and skip 
pump lower). Operate the skip armature man­
ually to a start position while in continuous 
space speed. If the unit now gets up to normal 
skip speed, the check valve is defective. 

Both check valves are similar and can be inter­
changed for checking purposes. 
Space spool valve not opening enough in a start 
position. See 4.19.2. 

4.15 HYDRAULIC-UNIT ADJUSTMENTS 

4.15.1 Hydraulic Detent Backstop Adjustment 

This adjustment should not be necessary unless the 
detent or backstop has been replaced. 
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1. 

2. 

3. 

4. 

5. 

6. 

Raise the tape brushes to prevent any possible 
damage to them during this adjustment. 
Remove the reservoir (casing) that encloses the 
hydraulic unit. 
Be sure that the carriage is turned only in the 
forward direction. 
Position the backstop with the high side of the 
eccentric down. This causes the pounding of the 
detent arm to tighten the holding nut. 
Adjust the detent backstop for a clearance of 
.020 to .025 in. (0, 51 to 0, 64 mm) between 
the detent arm and the detent wheel when the 
arm is held against the backstop (Figure 4-61). 
Replace the reservoir that encloses the hydraulic 
unit. 

.020 - .025 
(0,51 - 0.64) 

Detent--~ 

Eccentric 
. Backstop 

Figure 4-61. Detent Adjustment 

4.15.2 Valve Body Adjustments 

Make these adjustments only if components have been 
replaced, or the valve body is not functioning satisfac­
torily. A check of the carriage start-stop response 
usually indicates whether the valve body is functioning 
correctly. 

. Note: Because valve body adjustments are difficult 
and time-consuming, a suspected valve body assembly 
should be replaced. 

4.15.2.1 Start-Stop Response 

Using the tach generator ($ee.4.14.2) check the valve 
body adjustments by obseirvirig the carriage start-stop 
response time. The tractor shafts should start moving 
3 to 4 ms. after the start impulse, arid should begin to 

. slow down 3 to 4 ms. after the stop impulse. Figure 
4-62 shows the oscilloscope trace produced by the 
tach generator showing these conditions. 
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Figure 4-62. Carriage Start-Stop Response 

Most start-stop response failures are caused by incor­
rect control valve body adjustments. Other possible 
causes of start-stop response failures are: 

1. Low voltage to the start-stop magnets. (Should 
be 60V.) 

2. Open coil. The start-stop magnet coil resistance 
measures about 18 ohms. With two coils in 
parallel, the resistance is 9 ohms. The voltage 
drop across a good pair of coils is about 5V. 
With one coil open, the drop goes to about 
10V. 

Erratic start-stop conditions can be caused by a bent 
hydraulic-unit output shaft, or by an intermittent bind 
in the tractor assemblies. Check by advancing the car­
riage manually in 6- and 8-line drive with the hydraulic 
detent arm disengaged. 

CAUTION 

Raise the carriage tape brushes to prevent 
damage if you turn the unit backward. 

4.15.2.2 Space Control Magnet Adjustment 

1. Turn off the printer mainline switch to prevent 
the operation of ~he carriage-drive motor. Some 
of the following adjustments require that the 
system power be,bp,.sO that the hydraulic unit 
space~start and sJ?:a:ce:'stop magnets can be .. 
energized. ",' ;,'::;( 

2. Remove the valve body assembly. If the reser­
voir is removed, to facilitate the adjustment 
procedures, mount the valve body temporarily 
back on the channel plates using the two upper 
holes of the plates and the two lower (tapped) 
holes in the valve body. 

't"t'-'- . 

3. Add or remove the shims under the pivot sup­
port block to obtain .011 to .013 in. CO, 28 
to 0, 33 mm) clearance between the start-magnet 
and stop-magnet cores and the armature (Figure 
4-63). The optimum clearance between the 
armature and the magnets when in the neutral 
(de-energized) position is .011 to .013 in. CO, 28 
to 0, 33 mm). Some spool valve units have a 
.011 to .014 in. CO, 28 to 0, 36 mm) clearance, 
which is correct. The spool valve adjustments 
are not critical. Normally, this adjustment must 
be changed only when related parts have been 
replaced. 

4. Turn on the system power and energize the 
space-stop magnets. 

5. With the space-stop magnet energized, adjust the 
backstop screw nearest the operating rod for .005 
to .008 in. CO, 13 to 0, 20 mm) clearance {preferably 
.005 in. CO, 13 mm)) between the armature and the 
stop-magnet cores (Figure 4-64). 

. ~ .. ~;. - I· 

~5~~+:;$rl;,t-~ 
,-LD-----'.l.-iL- - .'~ c-I r ! i 

~~~~~·~·.T::·-r·-1 J'. ':':::,[;Jn~;-'~':'~~< 

o ,~ 

~t1c~'; 

~ () ~--
(Q) ,~. 

Figure 4-63. Space Start-Stop Magnet Armature in 
Neutral Position 

-Figure 4-94 .. ' Space-Stop Magnet Energized 
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6. Turn off the system power. 
7. Energize the space-start magnets. 

a. Remove the wires from the space-stop 
magnet terminals and insert them into 
the space-start magnet terminals. 
If the start magnet circuits in your 

particular printer return to -60V con­
trolled, do step b because this voltage· 
is not present with the print mainline 
switch off. 

If, instead, the start magnet circuits 
return to -60V (not controlled) then 
step b is unnecessary, although no harm 
results from doing it. 

b. Interchange the two -60V controlled 
start magnet return leads (TB-2-3 and 
TB-2-4) with the two -60V stop magnet 
return leads (TB-2-1 and TB-2-2). 

c. Turn on the system power. 

8. With the space-start magnet energized, adjust the 
backstop farthest from the operating rod for .005 
to .008 in. (0, 13 to 0, 02 mm) clearance, pre­
ferably .005 in. (0, 13 mm) between the armature 
and the start-magnet cores (Figure 4-65). 
If using a steel feeler gauge in the preceding steps 

is objectionable because of the attraction of the 
energized control magnets, use a data processing 
card to obtain these adjustments. 

9. Slow operation regults from a clearance of less 
than .005 in. (0, 13 mm). The armatures or 
cores have no residuals. 

10. Turn off the system power. 
11. Whenever this adjustment has been made, the 

space control valve adjustments must be checked. 

Adjusting Screw 

,-----------

Figure 4-65. Space Start-Magnet Energized 
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4.15.2.3 Space Control Valve Adjustment 

1. Adjust'the space-control magnets. 
2. Be sure that at least half of the lower threaded 

portion of the operating rod is screwed into the 
control valve and that the locking nut at the 
upper end of the control valve is tight. 

3. 
4. 

Note: No scratches, marks, or slight bends of 
any kind can be on the operating rod. These 
would lead to failure. 

Turn on the system power. 
With the space-start magnet energized, adjust 
the nuts at the top of the operating rod for 
.009 to .011 in. (0, 23 to 0, 28 mm) clearance 
between the top of the valve and the top sur­
face of the rectangular port in the valve body 
(Figure 4-66). 

a. This should result in .009 to .015 in. (0, 23 
to 0, 38 mm) clearance between the bottom 
of the valve and the lower surface of the 
rectangular port with the stop magnet en­
ergized and the armature in the stop posi-

b. 

c. 

tion (Figure 4-67). 
The optimum adjustments of the .011 to 
.013 in. (0, 13 to 0, 33 mm) clearance and 
the .005 to .008 in. (0, 13 to 0, 2 mm) 
clearance for the control magnets result in 
a.020to .024 in. (0, 51 toO,61 mm)con­
trol valve travel. 

Readjusting the .011 to .U13 in. (0, 28 
to 0, 33 mm) set at the factory is not neces­
sary unless related parts are replaced. 
If the .009 to .015 in. (0,23 to 0, 38 mm) 
clearance does not fall within the prescribed 
dimensions, the space control magnets must 
be readjusted within tolerance to obtain the 
correct clearance. 

Figure 4-66. Space Valve in Start Position 



.009 - .015 
(0,23 - 0,38) 

Figure 4-67. Space Valve in Stop Position 

5. Turn off the system power and restore to their 
original positions the wires interchanged in steps 
7a and bin 4.15.2.2. 

6. Turn the tab on the lockwashers over to keep the 
nuts from loosening during operation. 

7. Replace the valve body assembly. 

4.15.2.4 Skip Control Magnet Adjustment 

Note: Adjust in the same manner as in 4.15.2.2. 

4.15.2.5 Skip Control Valve Adjustment 

Note: Adjust in the same manner as in 4.15.2.3. 

4.15.3 Space Needle Valve Adjustment 

1. Set up the carriage. 

a. Remove the paper from the carriage. 
b. Tape the forms-stop contacts closed. 
c. Engage the manual clutch in either the 

6- or the 8-lines-per-inch position. 
d. Install an unpunched carriage tape. (On 

buffer-controlled carriage, use the tape 
provided with the printer.) 

e. Lower the tape brushes. 

2. Start the carriage by pressing the carriage restore 
key. (For buffer-controlled carriages, see system 
carriage diagnostics.) 

Note: A 2020 Submodel 5 starts in high speed 
and then shifts into slow speed after rate limiter~ 
times out. 

3. Bef¢>re adjusting the needle valve, allow the car­
riage to drive at skip speed with the blower intake 
blocked for at least 15 minutes to bring the oil 
temperature up to operating level. The hydraulic 
unit should be hot to the touch before the needle 
valve adjustments are made. The model Nl runs 
cooler than the Model 3 and needs only be warm 
to the touch. 

4. Loosen the lockscrew for the center needle valve 
(the center right screw, Figure 4-68). 

LineSpace -f.~-~~~n!< 

Skip 

(On buffer-controlled carriage, use 
the tape provided with the printer.) 

Fixed orifice in Bypass only 

Figure 4-68. Needle Valves 

5. Adjust the needle valve to cause the detent to nip 
as follows. 

6. 

7. 

8. 

a. Hold the screwdriver against the detent 
arm at the notch. 

b. Back off on the center left screw (Figure 
4-68) until you feel the detent nip the 
detent wheel. The impact is transmitted 
through the screwdriver. 

Adjust the needle valve to stop the detent from 
nipping. 

a. From the nip condition, close the needle 
valve only far enough to bring the detent 
to rest against the backstop. 

b. Tighten the lockscrew (the center right 
screw). 

After this adjustment has been made, the skip 
needle valve must be adjusted. 
Check the carriage speed as described in 4.14.4. 
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4.15.4 Skip Needle Valve Adjustment 

1. Adjust the space needle valve. (See 4.15.3.) 
2. Set up the carriage. Make certain: 

a. No paper is in the carriage. 
b. The forms-stop contacts are closed. 
c. The manual clutch is engaged. 
d. Unpunched carriage tape is installed. (On 

buffer-controlled carriage, use the tape 
provided with the printer.) 

e. The tape brushes are lowered. 

3. For buffer-controlled carriages, omit step 3 and 
refer to system carriage diagnostics. 
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Start the carriage in a programmed skip-to-l 
before print. This should result in a skip-to-l 
at high speed with no stop impulse available. 
If the carriage goes into low instead of high 

speed, open the carriage-tape brush block, re­
move the carriage tape, place a blank card under 
the slow (upper) brushes, and close the brush 
block. . 

Open the brush block and remove the card. 
Replace the carriage tape, close the brush block, 
and press the printer check-reset and start keys. 
The carriage should now run at high speed. 

Note: To attain high speed, removing the limiter 
card in the controlling device may be necessary. 
See system logics. 

Loosen the lockscrew for the skip needle valve 
(the front right screw, Figure 4-68). (See 1.10.2.) 

Adjust the skip needle valve as follows. 

a. Hold a screwdriver against the detent arm 
at the notch. 

b. Back off on the front left screw (Figure 
4-68) until you feel the detent nip the 
detent wheel. The impact is transmitted 
through the screwdriver. 

(1) If no nipping is detected after turning 
out a maximum of five turns, stop the 
carriage motor so that the hydraulic 
pumps are not moving. Turn down on 
the front left screw until it is closed. 
Then back off five full turns on this 
screw. Tighten the lockscrew(the 
front right screw). 

(2) If nipping is detected, adjust the 
needle valve to stop the detent from 
nipping. 

c. From the nip condition, close the needle 
valve only far enough to bring the detent 
to rest against the backstop. 

d. Tighten the lockscrew (the front screw). 
Stop the carriage. 

e. After this adjustment has been made, adjust 
the bypass needle valve. 

Check the carriage speed as described in 4.14.4. 

4.15.5 Bypass Needle Valve Adjustment (Pencil-Trace 
or Tach-Generator Method) 

Before proceeding, make sure the hydraulic unit is up 
to normal operating temperatures (warm for Model Nl, 
hot for Model 3), and that the space needle valve and 
skip needle valve are in correct adjustment. 

1. Adjust the E 1 emitter and the circuits controlling 
triple-space sufficiently to provide consistent 
triple-spaces when the detent is held disengaged. 

2. Program a loop to print blanks with triple-spacing. 
(On buffer-controlled carriages, see system carriage 
diagno stics.) 

3. Set the manual clutch to the 6-lines-per-inch drive 
position. 

4. a. If using the pencil trace method, check that 
paper is in the carriage and that the upper 
front paper guides (if present) are removed. 

b. If using the tach generator method, attach 
the tach generator as described in 4.14.3, 
and block the forms contact with a piece 
of card. 

5. Loosen the bypass (right front) needle valve lock­
screw (Figure 4-68) just enough to permit adjust­
ing the needle valve. 

6. Disengage the detent from the wheel by pressing 
down in the notch on the detect arm with a large 
screwdriver. 

7. Start the printer by pressing the start key. 
8. Adjust the bypass needle valve using the pencil 

trace or tach generator methods as follows. 

a. Observe the scope trace produced by the 
tach generator or draw line graphs across 
the paper as described in 4.14.1. 

b. Turn in on the bypass needle valve until it 
is too tight as shown by the scope trace and 
line graph in Figure 4-69. 

c. Slowly back off the bypass needle valve 
until the line graph or scope trace resem­

. bles that for a correctly adjusted bypass 
in Figure 4-70. 
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9. Tighten the lockscrew (right rear) and recheck 
the adjustment by making new line graphs or 
scope traces. A line graph having relatively 
sqpare corners followed by carriage drift, or 
a scope trace indicating light hydraulic bounce 
verifies that the bypass needle valve is in correct 
adjustment. Notice that incorrect adjustment 
indications result from as little as one quarter 
turn of the bypass needle valve from its cor­
rectly adjusted position. Figure 4-71 shows 
the results produced if the bypass is adjusted 
too loosely. 

10. Stop the machine. 
11. Make the carriage control adjustments. 
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Figure 4-71. Bypass Too Loose 

4.16 CARRIAGE-CONTROL ADJUSTMENTS 

Carriage operations are always controlled as follows. 

1. 

2. 

3. 

Single-space is always controlled by the processor 
or control unit. 
Double- or triple-space is controlled either by 
singleshots in the processor or control unit, 
or by the E 1 emitter in the printer, depending 
on the system. 
Skip operations over one space are controlled by 
the carriage E 1 emitter in conjunction with the 
carriage tape brushes. (On buffer-controlled 
carriages, skip operations over three spaces are 
controlled by the El emitter.) 
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4.16.1 Single-Space Singleshot Adjustment (Pencil­
Trace, Tach-Generator, or System/3 Program 
Method) 

Adjust the single-space singleshot (usually designated on 
the logic pages as either the 4.S-ms or S.S-ms singleshot) 
to show minit.,um stabilization time as indicated by the 
line graphs on i. 'Ie paper or the oscilloscope trace pro­
duced by the tat \ generator. 

You are adjusting an electrical component (singleshot) 
in the system to obtain the desired mechanical result 
(forms-tractor stabilization) in the printer. (For buffer- . 
controlled carriages, see system carriage diagnostics.) 

1. 

2. 

3. 

4. 
S. 

6. 

7. 

8. 

Set the manual clutch knob to the 6-lines-per-inch 
drive position. 
Program for single-space after print, or print-and­
branch only, with blanks in the print area. (Before­
print space and print produces a double space, ex­
cept on buffer-controiled carriages.) 
Check that the paper is in the carriage and that the 
upper front paper guides (if present) are removed 
if using the pencil trace method. Block the forms 
contacts if using the tach generator method. 
Start the carriage by pressing the start key. 
Draw line graphs on the paper while it is feeding 
or observe the scope trace (Figure 4-72). 
Adjust the single-space singleshot to produce a 
square line graph on the paper or to show mini­
mum stabilization time on the scope trace pro­
duced by the tach generator (Figure 4-72). 
The final adjustment of the single-space singleshot 
is for the best compromise between minimum 
overshoot at 6 lines per inch, and minimum pull­
in at 8 lines per inch. (This is also a compromise 
for the minimum time from the impulse to the 
space-stop magnet until the tractor shafts are 
settled down.) 

Note: The carriage-settling and forms-interlock 
adjustments must be made after making this 
adjustment. 

Record the settings of the singleshots on the ap­
propriate system logic page and hydraulic-unit 
decal for future reference. 

4.16.2 Interlock Singleshots 

The carriage interlock allows time for the carriage to 
settle down after spacing or skipping, and to control 
the start of the next print operation. 
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The name of the singleshot that controls this func­
tion is not consistent for all processors, control units, 
or reference material. This singleshot is known var­
iouslyas: 

Carriage-settling singleshot 
Carriage-interlock singleshot 
Carriage-decelerate singleshot 
Carriage-ending singleshot 
After-space print delay singleshot 

I t is usually designated on the logic pages as the 16-ms 
singleshot. In this manual it is designated as the carriage­
settling singleshot. 

4~ 16.2.1 Carriage-Settling Singleshot 

This adjustment should be made with an oscilloscope; 
however, if the 1403 is connected to a System/360 
Model 20, the ICR may be used instead. 

To adjust the carriage-settling singleshot: 

1. Observe and note the timing, of the single-space 
single shot. 

2. Adjust the carriage-settling singleshot so that the 
total of the two timings (single-space singleshot 
plus carriage-settling singleshot) equals 20.8 ms. 

This single~hot can be set most accurately by 
syncing on the start of the single-space singleshot, 
and adjusting the carriage-settling singleshot to 
time out 20.8 ms later. 

The carriage-settling singleshot is timed for the 
difference between: 

a. The duration of the single-space singleshot 
b. The 20.8 ms carriage interlock time (20.4 

for buffer-controlled carriage). 

Figure 4-73 shows speeds and timing. 

4.16.2.2 Forms Interlock Singleshot Adjustment 

The forms interlock provides sufficient time for the 
carriage to position the forms for printing when per­
forming two or more successive carriage space or skip 
operations. 

The singleshot that controls the forms interlock func­
tion is usually designated on the logic pages as the 10- or 
14-ms singleshot. 

System/360, System/370, and those systems using the 
1414 I/O Synchronizer (1410, 7010, 7040, and 7044) or 
the buffer-controlled carriage do not have a forms inter­
lock singleshot adjustment because this function is con­
trolled in these systems by the carriage-settling singleshot. 

To adjust the forms interlock singleshot, observe the 
timing of the single-space singleshot and adjust the forms 
interlock singleshot so that the total of the two timings 
is 19.7 ms. 

The forms interlock singleshot can be set most accu­
rately by syncing on the start of the single-space single­
shot and adjusting the forms interlock singleshot to 
time out 19.7 ms later. 

Record the settings of each singleshot on the appro­
priate system logic and hydraulic-unit decal for future 
reference. 

Item 1403 Printer Models 3 and N1 

1 Cartridge Type Train 

2 Number of Print Positions 132 

3 Maximum Printing Speed (LPM) 1100 

4 Train Motor Speed (RPM) 3600 

5 Train Velocity (IPS) 206 

6 Time Required for Type to Move 5.0 
.001" (Microseconds) 

7 Setting for Calibration of Print-Timing Has no dial 
Dial with Print Density Lever Set at C 

8 Timing Disk Speed (RFM) 1714 

9 Time of Carriage Start Impulse Print SS-1 of 
Print Scan 46 

10 Time Required to Print One Line 54.54 
with Single Space (milliseconds) 

11 Carriage Interlock Time (ms) 20.8 

12 Carriage Type (Speed) Dual 

Timings for the Model 3 with PCS and the Model N 1 with UCS 
or MCS are the same as above, except for maximum printing 
speed, which is 1400lpm and the time of carriage-start impulse 
which occurs when printing is finished. 

Figure 4-73. Carriage Reference Chart 

4.16.3 Double- and Triple-Space Singleshot and E1 
Emitter Adjustments 

A variable relationship exists between the double- and 
triple-space singleshots and the E 1 emitter. The systems 
that use the 1403 printers are in three groups according 
to the way this relationship is used. A separate adjust­
ment procedure is provided for each group of systems. 
Use the procedure group corresponding to the group 
involved (refer to Figure 4-60). 
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Group 1 includes the 1440 and 1460, System/3, 
System/360 Model 25, System/360 and System/370 
models using the 2821 Integrated Control Unit. In 
this group, double- and triple-space singleshots are 
used to control double- and triple-spacing, respectively. 
The E 1 emitter controls all programmed carriage tape 
(skip) operations over one space. 

Group 2 includes the System/360 Model 20. In this 
group no singleshots are provided for double- or triple­
spacing. Instead, the system uses the second and third 
E l-emitter pulses to end all programmed double- and 
triple-space operations and skip operations o~er one 
space. 

Group 3 includes the 1410, and the 7000-series sys­
tems (7010, 7040, and 7044) with the 1414 I/O syn­
chronizer. 

In this group the double- and triple-space singleshots 
are set to a fixed value and used to blank out the first 
and second E I-emitter pulses for double- and triple­
spacing. The carriage is stopped (when double- and 
triple-spacing) by the E 1 pulses, however, and not by 
the singleshots. The El emitter is adjusted to control 
double- and triple-spacing as in group 2. Skips over 
one space (over three spaces on buffer-controlled car­
riages) are also controlled by the El emitter. 

4.16.4 E 1 Magnetic Emitter Adjustment 

If the emitter is being replaced, the follOWing initial 
adjustment should be made before proceeding. 

Locate the emitter wheel on its shaft so that any 
one of the teeth on the wheel is just past, in a clock­
wise direction, the wedge on the front of the emitter 
transducer. The remaining adjustments are as follows. 

1. 

2. 

3. 
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The emitter wheel should be .010 to .020 in. 
(0, 25 to 0, 51 mm) from the nylon bushing 
as shown in Figure 4-74. 
Loosen the transducer clamp screw, and adjust 
the transducer for .008 in. (0, 20 mm) clearance 
to the emitter wheel. Figure 4-74 shows the 
transducer air gap. 

This adjustment can be varied to a minimum 
of .002 in. (0, OS mm) to meet the specified 
transducer output of 2 to 4.5V peak to peak 
and an El pulse duration of 1.1 to 1.5 ms at 
low speed. 
Adjust the emitter output. 

a. Disconnect the transducer leads from 
terminals 8 and 9 of the amplifier card. 

\ 

\ 

Adjusting Block 

Emitter Wheel 

Emitter Arm Spring 

Figure 4-74. El Magnetic Emitter 

b. 

c. 

CAUTION 

Turn power off when removing or replac­
ing the leads. If certain terminals are 
grounded, the amplifier-card components 
may be damaged. 

Connect one lead from the transducer to 
the scope probe and the other lead to the 
scope ground. 
With the emitter wheel operating continu­
ouslyat l~w speed, the waveform must 
appear as shown in Figure 4-75 with an 
output of 2 to 4.5V peak to peak. Refer 
to step 2. 

To operate continuously at low speed, 
remove the #1 carriage stop-brush wire 
or use a blank carriage tape, and press 
the restore key. On a 2020 Submodel 
5, use a tape having a punch in channel 
1. For buffer-controlled carriages, refer 
to system carriage diagnostics. 



Sharp change 
shou Id be here. 

/' 

2V min 
4.5V max 

1 
Figure 4-75. El Magnetic Emitter Waveform 

4. If the observed waveform appears as shown in 
Figure 4-75, reconnect the lead that was on the 
scope probe to terminal 8, and the lead that was 
on the scope ground to terminal 9. If, however, 
the waveform has a rapid rise to the positive 
pulse and a slow drop to the negative pulse, 
reverse the leads when reconnecting them to 

5. 
the terminal block. 
With all leads connected and the emitter wheel 
operating continuously at low speed, check the 
amplified output at the El-sync point or ter­
minal 1 on the amplifier card for: 

a. -8V minimum (normally -12V) 
b. 1.1 to 1.5 milliseconds duration 
c. 2 to 30 microseconds rise time 
d. 1 to 30 microseconds fall time. 

4.16.5 Procedure Group 1 

Use this group for the following systems: 

1440 
1460 
System/3 
System/360 Model 25 
System/360 and System/370 Models with the 
2821 Control Unit. 

4.16.5.1 Double-Space Singleshot Adjustment (Pencil­
Trace or Tach-Generator Methods) 

1. Set the manual clutch knob to the 8-lines-per­
inch drive position. 

2. Program for double-space after-print only. (Before­
print space and print gives three spaces.) 

3. Check that the paper is in the carriage and that the 
upper front paper guides (if present) are removed 
when using the pencil trace method. The forms 
contacts may be blocked when the tach generator 
method is used. 

4. Start the carriage by pressing the start key. 
5. Draw line graphs on the paper while it is feeding 

(as described under 4.14.1). 

6. 

7. 

8. 

Adjust the double-space (9.8-ms) singleshot to 
produce a square line graph on the paper, or to 
show minimum stabilization time on the scope 
trace produced by the tach generator. Be sure 
the carriage is double-spacing. 

Figure 4-76 shows both the pencil and scope 
traces for the double-space singleshot adjustment. 
Set the manual clutch to the 6-lines-per-inch drive 
position and repeat the observations of the line 
graph or scope trace. 
The final adjustment of the double-space single­
shot is to obtain the best compromise between: 

a. Minimum overshoot at 6-lines-per-inch 
b. Minimum pull-in at 8-lines-per-inch. 

This represents a compromise for the minimum 
time from the impulse to the space-stop magnet 
until the tractor shafts are settled down. 

4. 16.5.2 Triple-Space Singleshot Adjustment (Pencil­
Trace, Tach-Generator, or System/3 Program 
Method) 

1. Set the manual clutch to the 6-lines-per-inch 
drive position. 

2. Program for triple-space (after-print only). 
3. Check that paper is in the carriage and that the 

upper front forms guides (if present) are removed 
when using the pencil trace method. The forms 
contacts may be blocked when the tach generator 
method is used. 

4. 
5. 

6. 

7. 

8. 

Start the carriage by pressing the start key. 
Draw line graphs on the paper while it is feeding, 
or observe the scope trace. Be sure the carriage 
is triple-spacing. 
Adjust the triple-space (13.8-ms) singleshot to 
produce square line graphs or minimum stabiliza-
tion time as shown by the tach generator scope 
trace. 
Set the manual clutch to the 8-lihes-per-inch 
drive position and repeat the observations of 
the line graphs or scope traces. See the single­
space singleshot-adjustment line graph and 
scope trace (Figure 4-72). Figure 4-77 shows 
the triple-space singleshot adjustment scope 
and pencil traces. 
The final adjustment of the triple-space single­
shot is to obtain tne best compromise between: 

a. Minimum overshoot at 6-lines-per-inch 
b. Minimum pull-in at 8-lines-per-inch. 

This is a compromise between 6 and 8-lines-per­
inch for the minimum time between the space­
stop magnet impulse and the time when the 
tractor shafts have settled down. 
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4.16.5.3 E1 Magnetic Emitter Timing (Scoping 
Method Only) 

Before this timing adjustment is made, the magnetic 
emitter should be in good mechanical adjustment as 
described in 4.16.4. 

The double- and triple-space singleshots must be 
correctly adjusted first. 

1. Program for double-space (after-print only). 
2. Put the printer in 8-lines-per-inch drive. 
3. Sync the scope on the impulse to the space-start 

magnet. 
4. Observe the time when the double-space single­

shot times out. 
5. Display and observe the E 1 magnetic emitter 

pulse. Compare the time that the double-space 
singleshot times out with the start of the mag­
netic emitter pulse nearest to the time out of 
the double-space singleshot. 

6. Program for triple-space (after-print) in 6-lines­
per-inch drive and observe the time that the 
triple-space singleshot times out. 

7. Display and observe the E I-magnetic emitter 
pulse. Compare the time that the triple-space 
singleshot times out to the start of the emitter 
pulse. 

8. Adjust the El emitter by shifting the emitter 
arm to provide pulses timed as closely as pos­
sible to the time out of the double- and triple­
space singleshots (Figure 4-78). Split the dif­
ference so that time T 1 and time T2 are ap­
proximately equal. (Use expanded sweep on 
the scope.) For actual scope traces, see Figures 
1-59 and 1-60. 

I Doubl e-Space s. s. I Triple-SpaceS.S. 

~ I-T2 

El L-I---El 

Figure 4-78. El Pulse To Singleshot Relationship 

This timing is a compromise adjustment to 
provide emitter pulses timed as closely as pos­
sible to the time out of both the double- and 
triple-space singleshots. 

Note: The carriage-tape brushes must be checked 
dynamically after this adjustment has been made. 
(Not required on buffer-controlled carriages.) 

4.16.6 Procedure Group 2 

Use this group for System/360 Model 20. This group 
requires timing of the E 1 emitter only. 

Before making the timing adjustment, the magnetic 
emitter should be in good mechanical adjustment as 
described under 4.16.4. 

4.16.6.1 E1 Magnetic Emitter Timing (Pencil- Trace 
or Tach-Generator Methods) 

1. Prepare the carriage. 

a. 

b. 

If using the pencil trace method, see that 
paper is in the carriage and that the upper 
front paper guides (if present) are removed. 
If using the tach-generator method, attach 
the tach generator as described under 4.14.2. 

2. Set the manual clutch to the 6-lines-per-inch drive 
position. 

3. Program a triple-space loop. 
4. Start the carriage by pressing the start key. 
5. Draw line ,graphs on the paper or observe the scope 

trace. 
6. Shift the emitter arm to obtain the least tractor 

stabilization time as indicated by the line graph 
or scope trace (refer to Figures 4-76 or 4-77). 

7. Change the program to double-space at 8-lines­
per-inch. 

8. Run the program and draw new line graphs or 
observe the scope trace. 

9. Readjust the emitter arm as required to obtain 
the best compromise condition for minimum 
tractor-shaft stabilization time in double- (8-
lines-per-inch) and triple-space (6-lines-per-inch) 
operations. Some overshoot may be necessary 
on triple-spacing at 6-lines-per-inch to prevent 
excessive pull-in during double-spacing at 8-lines­
per-inch. 

10. After completing the magnetic emitter timing 
adjustments, adjust the carriage-tape brushes 
dynamically as described in 4.16.9. (Not re­
quired on buffer-controlled carriages.) 

4.16.7 Procedure Group 3 

Use this group for the following systems that use the 
1414 I/O synchronizer: 

1410, 7010, 7040, and 7044. 

This group requires setting of the double- and triple­
space singleshots to fixed values and adjustment of 
the E 1 emitter. Before making the emitter adjustment, 
make certain the emitter is in good mechanical adjust­
ment as described in 4.16.4. 

4.16.7.1 Double-Space Singleshot Adjustment 

Program a double-space loop and set the double-space 
singleshot for 8 ms. 
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4.16.7.2 Triple-Space Singleshot Adjustment 

Program a triple-space loop and set the triple-space 
singleshot for 12 ms. Use the same procedure as 
described in 4.16.5.2. 

Note: The carriage-tape brushes must be checked 
dynamically after this adjustment is made. (Not 
required on buffer-controlled carriages.) 

4.16.7.3 E1 Magnetic Emitter Adjustment 

Use the same procedure as described in 4.16.6.1 for 
Procedure Group 2. 

The carriage-tape brushes must be checked dynamically 
after this adjustment is made. (Not required on buffer­
controlled carriages.) 

4.16.8 Static Adjustment of the Carriage-Tape Brushes 

1. Position the tape brushes for a 1 in. 1 + 1/32 - 0 in. 
(25,4 + 0, 79 mm) projection from the brush holder 
(Figure 4-79). Hold the range of adjustment as close 
as possible because of possible difficulties in timing 
the stop brushes to the E 1 emitter. 

Projection From Brush Holder 

Figure 4-79. Carriage-Tape Brush Projection 

2. Adjust the brush separator for approximate 
centering of the brushes in the separator slots 
by turning the threaded brush-guide pivot shaft 
in conjunction with the separator collars. Ad­
just for minimum end shake (of the separator) 
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and no binds or interference when the separator 
is pivoted out to enclose the brush tips. Posi­
tion the threaded portion of the brush-guide 
pivot shaft so that the end is flush to 1/32 in. 
(0, 79 mm) recessed from the outside surface 
of the locknut. . 

3. With the unit opened and the brush separator 
held pivoted toward the brushes, check for a 
brush projection of 1/8 ± 1/64 in. (3,18 ± 0, 
38 mm). Adjust by repositioning the brushes 
in the brush blocks. Set the stop brushes with­
in .010 in. (0, 25 mm) total variation for the 
full set within the 1/8 ± 1/64 in. (3, 18 ± 0, 
38 mm) range. 

Note: On a skip operation, the tape stops with 
the hole one space past the brushes. 

4. a. On tape-controlled carriages, adjust the 
brush blocks so that the toe of the shorter 
group of strands line~ up with the scribed 
lines on the brush separator (when the 
brushes are held flush with the flat por­
tion of the brush separator). 

b. On buffer-controlled carriages, install the 
tape provided with the printer and adjust 
the drive sprocket to have the brush just 
fully made in the tape hole. 

5. Adjust the brush-frame pivot stud for friction 
sufficient to hold the brushes in any open 
(unlatched) position. 

6. Adjust the brush-separator eccentric stop stud 
for .050 ± .010 in. (1,27 ± 0, 25 mm) clearance 
between the brush separator and the contact 
rolls at the scribed line (Figure 4-80). 

7. Adjust the latch block to obtain .001 to .006 in. 
(0,03 to 0, 15 mm) clearance between the latch 
pawl and latch block with the brush assembly 
fully depressed (Figure 4-80). 

8. Adjust the brush-separator stop rod to ensure 
that the brush tips are below the active surface 
of the separator a minimum of 1/32 in. (0, 79 
mm) when the unit is opened. 

9. Align the tape-drive sprocket to obtain tracking 
of the program tape with clearance between the 
contact roll flanges and the tape edges. Position 
the locating collar against the left-hand side of 
the sprocket assembly. 
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Figure 4-81. Tach Generator Traces for Skipping Operations 

4.17 CHARACTER SET FEATURES 

4.17.1 UCS/PCS/MCS Pulse Generation 

UCS/PCS/MCS pulse generation in the train printers 
involves the movable base on the T -casting, the printer 
circuitry, and the print cartridge. The added UCS/ 
PCS/MCS transducer replaces a filler block in a slot in 
the front of the movable base. The rotor is attached 
beneath a new design idler gear so that the type train 
cartridge, the PSS drum, and the UCS/PCS/MCS rotor 
are all driven by the train drive motor (Figure 4-82). 
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The correct operation of the UCS/PCS/MCS feature 
depends upon the timings and adjustments of its com­
ponents. These include timing the type slugs to the 
cartridge, timing the cartridge to the keyed drive gear, 
timing the idler gear to the train drive gear, and cor­
rect UCS transducer adjustments. 

Note: PCS is used on Model 3 only. 

4.17.2 UCS/PCS/MCS Transducer Adjustments 

The UCS/PCS/MCS transducer is held in its slot in the 
movable base by a clamp and a screw. A flat spring, 
alongside the transducer in its slot, holds the trans­
ducer snugly during adjustment when the clamp is 
loosened. 

1. 

2. 

3. 

Adjust the air gap between the pointer and the 
transducer to obtain .0045 in. (0, 1 mm). 
Adjust the emitter output. 

a. Disconnect the leads from the transducer 
to terminals 8 and 9 of the amplifier card. 

b. 

c. 

CAUTION 

Turn power off when removing or replac­
ing the leads. If certain terminals are 
grounded, the amplifier card components 
may be damaged. 

Connect the transducer lead that was on 
terminal 8 to the scope probe, and the 
lead that was on terminal 9 to the scope 
ground. 
With the pointer continuously rotating, 
the waveform must appear as shown in 
Figure 4-83 with an output of 2 to 9V 
peak to peak. 

If the observed waveform appears as shown in 
Figure 4-83, reconnect the transducer lead that 
was connected to the scope probe to terminal 
8, and the lead that was connected to the scope 
ground to terminal 9. If, however, the wave­
form has a rapid rise in the positive direction, 
and a slow drop in the negative direction, re­
verse the leads when reconnecting them to the 
terminal block. 



T - Casting 

Idler Gear 

Screw 

Cartridge Drive 

Gear 

Drive Key 

Movable Base 

Figure 4-82. UCS/PCS/MCS Pulse Generator 
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4. With all leads connected and the pointer operating 
continuously, check the amplified output at ter­
minal 1 on the amplifier card for: 

a. -8Y minimum (normally -12Y) 
b. 1.1 to 1.5 milliseconds duration 
c. 
d. 

2 to 30 microseconds rise time 
1 to 30 microseconds fall time . 

This UCS/PCS/MCS pulse is shaped and lengthened in 
the amplifier to produce an output of 1.2 to 2.0 milli­
seconds duration (Figure 4-84). This duration should 
overlap every fifth PSS home pulse whose duration is 

UCS/PCS 
Transducer 

Retaining 
Clamp 

UCS/PCS Pointer 

Transducer 

PSS Drum 

only 5-120 microseconds. This overlapping action takes 
place due to the relationship of the train idler gear to the 
train drive gear. It selects and gates every fifth PSS home 
pulse as shown in Figure 4-84. 

If the printer is attached to a System/360 Model 20, 
use the Impulse Check Routine (lCR) for this adjust­
ment. 

If the PSS home pulse occurs outside the home select 
gate ,adjust the pointer on the idler gear. To prevent 
damage to the transducer, recheck the air gap befo re · 
starting the machine. 

UCS/ PCS Pu lse 
(Home Select Gote) 

Ti ming Drum (PSS) 
Home (1 45th) Pulse 

1. 2 ms to 2. 0 ms ---+-I 

--.J I-- 5 fLS to 120 fLS 

Figure 4-84. UCS/PCS/MCS Home Pulse Gating 
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4.17.3 Timing the Train Drive Gear to the Idler Gear 

The start of a UCS/PCS/MCS train revolution is indicated 
by the UCS/PCS/MCS home pulse. This pulse is gener­
ated by the added (UCS/PCS/MCS) transducer and the 
pointer on the idler gear. It is used to gate, or select, 
every fifth standard home pulse produced by the timing 
disk on the train drive gear. 

To ensure the proper timing relationship between these 
pulses, the idler gear mu·st be timed correctly to the train 
drive gear. On some machines, both of these gears are 
spot marked. Regardless of whether either or both gears 
have spot marks or not, the procedure for timing them is 
the same. 

1. Set the pointer on the idler gear in the approxi­
mate center of its adjusting slot. 

2. Align and mesh the idler gear with the train drive 
gear so that the pointer on the idler gear and the 
leading edge of the train drive-gear key are in line 
with an imaginary line passing through the centers 
of both gears as shown in Figure 4-85. This align­
ment should obtain the required timing condition. 
Any required variation in the timing relationship 

. between the UCS/PCS/MCS pulses and the gated 
standard pulse (PSS) home can be obtained by 
shifting the pointer. Remeshing should not be 
necessary on machines having spot-marked gears. 
On machines without spot marks, it may be nec­
~ssary to shift the gear mesh one tooth either way, 
If the proper pulse-timing relationship cannot be 
obtained within the adjustment limits of the 
pointer. 

Drive 

Key 

Pointer 

Figure 4-85. UCS/PCS/MCS Train Drive Gear to Idler 
Gear Timing 
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If the machine does not have spot-marked gears, once 
the correct mesh has been obtained by this procedure, 
the CE should supply' his own spot marks in the posi­
tions shown in Figure 4.:.85. Observe that one of the 
spots is on the tooth of the idler gear; the other is on 
the tooth space (between the teeth) of the train drive 
gear. Because these gears are handened, do not use a 
punch. Use a drop of dark nail polish or paint, etc. 

4.17.4 Timing the Cartridge to the Printer 

The slot in the type train drive gear can engage the key 
in the cartridge drive gear at several positions with respect 
to the graphics (characters) on the train. However, one, 
and only one, of these positions is correct. 

To ensure that only this correct position is used, pre­
paratory adjustments must be made to both the cartridge 
and the cartridge-drive mechanism. 

4. 17.4. 1 Preparing the UCS/PCS/MCS Train Cartridge 

To facilitate the timing of the UCS/PCS/MCS cartridge, 
a type slug containing the graphic (character) 1 is desig­
nated as the home position slug. The front area of this 
slug just above the embossed graphics is copper-colored 
for identification. There may be other slugs having a 1 
graphic, but they do not have this distinctive coloration. 

Align the graphic 1 on this marked slug with the arrow 
scribed on the base of the cartridge. This ensures that 
the type train drive gear has made the necessary number 
of revolutions to obtain the correct type slug to PSS 
pulse relationship. Be careful to retain this alignment 
when installing the cartridge. 

Figure 4-86 shows train arrangements with marked type 
slug. 

4. 17.4.2 Preparing the UCS/PCS/MCS Cartridge 
Drive Mechanism 

Gear cover (part 856518) provides a universal method of 
timing the UCS/PCS/MCS cartridge. This cover (Figure 
4-87) has a circular window near its center and a circular 
opening with a rectangular notch. 

To time the cartridge drive mechanism, turn the car­
tridge drive gear until these two conditions are met: 

1. The key on the cartridge drive gear aligns with the 
rectangular notch, as shown in Figure 4-87. 

2. The UCS/PCS/MCS pointer-clamping screw is 
visible through the circular window. 

The cartridge can now be installed correctly. 
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Figure 4-87. Timing the UCS/PCS/MCS Cartridge 

4.17.5 Installing the UCS/PCS/MCS Train Cartridge 

With the cartridge and its drive mechanism prepared as 
described under 4.17.5, lower the cartridge carefully into 
position. Be careful to maintain the alignments indicated 
in these preparatory adjustments while engaging the slot 
in the train drive gear with the key on the cartridge drive 
gear. Lock the cartridge in position with its locking 
handles. 

4.17.5.1 UCS/PCS/MCS Train Cartridge Switch 

When the UCS/PCS/MCS cartridge is locked in position 
on the printer, it closes a switch on the underside of the 
movable base to signal the printer that a UCS or PCS 
cartridge is installed. This activates the necessary sys­
tem circuitry for correct operation with this cartridge. 

In the System/360 and System/370 this switch pre­
vents activation of the line -Y DUAL MODE SW UCB 
in a 2821 control unit having the ues feature. 
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4.18 SELECTIVE TAPE LISTER (SLT) 
ADJUSTMENTS 

4.18.1 Solenoid Air Gap 

Adjust the solenoid backstop screw (Figure 4-88) for 
.031 in. (0, 79 mm) nominal air gap between the sole­
noid plunger and the backstop. To do this: 

1. Remove the paper ramp (four mounting screws). 
2. Remove the leads to the pair of tape-advancing 

mechanisms that requires adjustment. 
3. Remove the four mounting screws to remove the 

tape-advancing mechanisms from the machine. 
4. Separate the pair of mechanisms. The three 

shafts that are interchangeable can be used with 
either mechanism. 

5. Remove the shaft and paper-feed arm from the 
mechanism. 

6. Loosen the locknut on the solenoid. 
7. Fit a strip of the paper tape .0028 to .003 in. 

(0, OS to 0, 08 mm) thick between the paper­
feed following arm and the rubber stop (Figure 
4-88). 

8. Press the paper-feed follower arm in to hold the 
paper, and turn in on the backstop screw until 
the paper can be pulled out with a slight drag. 

9. Back off the backstop screw 5/8 of a turn and 
tighten the locking nut. 

Paper Strip 

R ubber Stop-___ -.!::~ 

Figure 4-88. Solenoid Air Gap 

4.18.2 Paper Feed Arm Stop 

Follower Arm 

.031 Normal 
(0,031) 

With the feed arm replaced and the solenoid operated 
manually, loosen the four screws that hold the paper­
tear arm. Shift the arm to obtain .002 to .007 in. 
(0, OS to 0, 18 mm) air gap between the paper-feed 
arm and the rubber stop (Figure 4-89). 



Adjusting Screw 

Paper-Tear Arm 
Mounting Screws 

Figure 4-89. Paper-Feed-Arm Stop 

4.18.3 Gripper-Stop Spring 

Paper-Feed Arm 

Place a .005 in. feeler gauge between the paper-feed arm 
and the paper-tear arm rubber stop. Move the paper­
feed arm only (Figure 4-90). When the feed arm grips 
the feeler gauge, the grippers should just contact the 
stop spring. With a .010 in. feeler gauge in place of 
the .005 in. gauge, the gripper should not contact the 
stop spring. To change the spring position use the 
adjusting screw. 

Upper Gripper Arm 

Adjusting Screw 

Rubber 
Stops 

~~~-- Lower Gripper Arm 

~ __ ~---- Spring 

I 
I 
I 
I 
I 

Paper Ramp 

L..-- Paper-Tape Path 
I 
I 
I 
I 
I 

L...-. __ Paper-Feed Follower Arm 

Figure 4-90. Tape Advancing Mechanism 

4.18.4 Paper Drag Levers 

Paper drag levers are on the snap-in tape-guide plate. 
Adjust the tension of each lever to require 20 to 30 

grams to pull a paper tape from under the lever. Use 
single-width tape to adjust each lever individually. 

4.18.5 Service Hints 

Two conditions can cause overprinting: 

1. The paper may not be feeding freely from the 
tape spool. 

2. The rubber cylinder in the gripper arms may 
wear excessively flat. It can be rotated to get 
a new surface. Cut off any end that protrudes. 

4.19 SELECTIVE TAPE LISTER FEATURE 
(CARRIAGE DRIVEN) 

4.19.1 Console and Mai ntenance Featu res 

4.19.1.1 Error Recovery and Restart Procedures 

Except for those conditions that actually stop the 
machine, the program must be set up to execute the 
action to be taken. The user's program must indicate 
to the operator when the machine becomes not-ready. 
Sense bit 1 indicates that operator intervention is 
required. 

Restart Procedures: Bit 1 is set for any condition that 
causes the Model N 1 to go not-ready. With the STL 
feature, this could result from erroneous spacing or 
tape breakage, which causes a forms-check indication 
and drops ready. An end-of-tape condition causes an 
end-of-forms indication, forms-check indication, drops 
ready, and raises the cover. 

Operation Action 

1. 

2. 
3. 
4. 

5. 

Record an erroneous spacing condition. When 
it is caused by a tape jam, note where the jam 
occurred. 
Correct an end-of-tape or broken-tape condition. 
Give a machine reset. 
Manually skip, or program space or skip, affected 
tapes or all tapes to make the tape positions ready. 
Allow program to continue. 

4.19.2 Checks, Adjustments, and Removals 

4.19.2.1 Center Plate Guide and Sense Unit 

Some adjustments are made more easily with the center 
plate guide and sense unit out of the machine. Also; in 
some of the adjustments the unit in question must be 
removed from the center plate assembly. 

Tape Sense Switch: This adjustment should be made 
with the center plate guide and sense unit removed 
from the machine. It can then be taken to a bench 
or other convenient area for making the adjustments. 
Proceed as follows. 

1. 

2. 

3. 

Remove the snap-in tape-guide plate and discon­
nect the cable. 
Loosen the four screws that hold the center plate 
cover to the lower rear part of the guide plate. 
This allows access to the switch assemblies. 
Remove the center plate switch assemblies 
individually for adjustment. Each switch as­
sembly is attached to the center plate by one 
screw. 
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4., Adjust the tape sense switch so that the contact 
opens when the actuator has risen approximately 
halfway up the slope of the sense-wheel ratchet 
tooth (Figure 4-91). Check the wire contacts 
and replace if necessary. The ratchet tooth­
actuator relationship can be observed through 
a viewing hole in the switch assembly bracket. 
Use a meter to observe contact break accurately. 

5. Loosen the two sense-switch holding screws to 
make the adjustment. Retighten and replace the 
switch assembly on the center plate. Leave the 
cover off to perform the end-of-forms switch 
adjustments. . 

Se",e Wheel Ratchet A"embly ~ 

/'" 

1/2 Tooth, contactsl';reak--P 

I 
I 

I 

Figure 4-91. Tape Sense Switch Adjustment 

Tape Sense 

Switch Actuator 

Tape Sense Switch 

End-o/-Forms Switch: These adjustments must be made 
with the switches mounted on the center plate and the 
cover removed. The adjustments must be done with 
the center plate assembly off the machine. 

Adjust the end-of-forms switches so that the n/c con­
tacts open when the switch lever is pressed to within 
3/64 ± 1/64 in. (1, 19 ± 0, 38 mm) from the surface of 
the center plate (Figure 4-92). Check to ensure that the 
switch contacts close when the lever is released. The 
end-of-forms switches are mounted in the same brackets 
as the tape-sense switches. The switch is adjustable by 
loosening the two mounting screws. Retighten after 
each adjustment. 

Forms Side 

3/64 ± 1/64 Contacts Break 
~or .047 ± .015 
I (1,19 ±O,38) 

I 
~ SwHch Lever 

Center Plate ~ 
Figure 4-92. End-of-Forms Switch Adjustment 
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Sense Pressure Pad: The sense pressure pad should hold 
the paper tape against the sense wheel with sufficient 
pressure to cause th,e wheel to turn when the paper 
moves. Insufficient pressure may cause the wheel to 
turn only a portion ofits cycle, or not at all. Exces­
sive pressure may cause short spaces or tape breakage. 
Either malfunction causes a forms check. 

Check the adjustment of the pressure pads as shown 
in Figure 4-93. 

II 

r I 

II 

Figure 4-93. Sense Pressure Drag Measurement 

1. Use a length of single~width 1.5 in. (38, 1 mm) 
paper tape that is ap'proximately .004 in. (0, 10 
mm) thick, 20-pound (76 g/m2) stock. 

2. Apply tension to the tape as shown, using a 
gram gauge or spring scale. (Reinforcing the 
tape may be necessary to prevent tearing.) 
Observe the force required to pull the tape 
through. 

3. The force required should be 227 to 363 grams 
(.5 to .8 pound). Check all positions. 

If the pressure is not within tolerance, determine 
which of the following adjustments gives the desired 
. results. 

1. The eccentric adjustment controls the pressure 
in all positions .. (The eccentric studs are located 
on the pressure bar latch pivot and control its 
adjustment.) 

2. The spring projection determines the pressure in 
one individual position. 



Note: Damage to finger pull could restrict 
spring action. If this is suspected, check the 
operation with the finger pull removed. 

Eccentric Adjustment: The eccentric adjustment is 
changed as follows. 

1. Remove the center plate from the machine. 
2. Remove the center plate cover from over the 

sense switches and locate the eccentric studs. 
3. Loosen the locking nut. (The locking nut is 

located on the inside, except on some early 
machines in which the nut faces the access 
hole.) 

4. Rotate the eccentric to adjust. The eccentric 
of the stud should always be left in the upward 
position (when the center plate is in a normal 
position) for correct operation of the mounting 
bar latch. 

5. Tighten the locking nut and check the pressure 
as shown in Figure 4-93 and previously described·. 
The recommended setting for the end pressure 
springs (1 and 8) is approximately 200 grams. 
This ensures that the other position falls in the 
desired range. 

6. Check and adjust the other end if necessary. 
Both latches should operate evenly and with 
approximately the same forces. 

Spring Adjustment: The nominal setting of spring pro­
jection is 3/8 ± 1/16 in. (3, 75 ± 1,57 mm) as shown in 
Figure 4-94. This adjustment can be changed by form­
ing the spring in the area shown. Forming the spring to 
this tolerance is not necessary if correct pressure can be 
attained with the eccentric adjustment. 

Finger Pull" _ ~ .28 +.02 (7,1 +0,5) 
Removed~,' I -.00 

Mounting Bar 

'~\ ____ "\ /sense Pressure Pad 

'1- --~? 

1 

: 0 Backup Spring Barely Touching 
1 or Slight Clearance 1/32 (0,79) 
I 
I 

I Form Here 
I 
I 

10 

3/8 ±1/16 
(3,75 ± 1,57) 

Figure 4-94. Sense Pressure Pad Adjustment 

Two situations occur in which the spring should be 
formed. The first is when the correct drag pressure 
cannot be attained with the eccentrics. In this case, 
adjust the springs for 3/8 ± 1/16 in. (3, 75 ± 1,57 mm) 

projection. The second is when the correct drag pres­
sure cannot be attained in either one or several posi­
tions; adjust the springs for either the specified projec­
tion or to bring it in line with the other positions where 
the drag pressure measured correctly. 

4. 19.2.2 Tape-Feed Unit 

Feed-Unit Assembly: The feed-unit assembly is clamped 
to the upper tie bar. The assembly is positioned initially 
on the bar to obtain .002 in. (0, 05 mm) maximum end 
play of the lister drive-shaft assembly with no thrust 
loading of the bearing. Because actually measuring this 
end play is not possible, the objective is for a minimum 
amount of play without a bind. 

Drive Shaft Idler Gear: The idler gear between the 
drive shaft gear and the feed roll gear is located in an 
oversize hole. Adjust the idler gear so that it turns 
freely without binding and has no more than .002 in. 
(0, 05 mm) backlash between each pair of mating 
gears of the three-gear train. 

Gripper-Tension Adjustment: Adjust the gripper spring 
tension to ensure constant contact between the gripper 
and the feed-gwde plate. Adjust by rotating the adjust­
ing collar clockwise until light tension is exerted. This 
condition is approximately attained when the collar 
locking screw is horizontal (Figure 4-95). 

Gripper Adjusting 

/COlla, 

Gripper Gripper Shaft 

Gripper Spring 

Figure 4-95. Gripper Tension Adjustment 

Feed Roll Shaft: The center bearing support must be 
in correct adjustment to eliminate deflection and to 
ensure correct support of the feed roll shaft. Adjust 
as follows: 

1. Bring position 4 or 5 feed pressure roller into 
contact with the feed roll. If the contact is 
not possible, adjust the feed magnet assembly. 

2. Tighten the clamping screw of the center bear­
ing support (Figure 4-96) until the feed-roll 
shaft deflects causing the armature gap of the 
feed magnet to increase slightly. 

3. Back off the clamping screw just enough for the 
feed roll shaft to return to normal as noted by 
the feed-magnet armature gap. 
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Feed Roll ---_I 

Feed Roll 
Shaft 

Figure 4-96. Center Bearing Support 

Bearings 

Removal and Replacement: Follow this procedure if 
removing and replacing the feed-roll shaft assembly is 
necessary. 

1. Remove the paper-guide chute assembly (part 
of the basic 1403-Nl). This permits access to 
the terminal block. 

2. Remove from the terminal block the wires that 
come from the tractors and input cable. Identify 
for ease of replacement. 

3.· Remove the magnet unit cover (two screws). 
Remove the gear guard (two screws). 

4. Remove the feed unit assembly (four screws) 
from the top tie bar. 

5. Remove the shaft center-support adjusting screw. 
6. Remove the screws holding the back forms-guide 

plate. (The guide is only loosened, not detached.) 
7. Remove the feed-roll drive gear from the feed­

roll shaft by driving the taper pin that holds the 
drive gear. 

8. Remove the feed frame right assembly (held by 
four dowel screws) and slide the frame from the 
unit. 

9. Remove the collar from the left end of the feed­
roll shaft and remove the shaft. 

10. Reassemble in reverse order. Check the bearing 
support and armature adjustments and readjust 
as necessary. Check the feed unit assembly end­
play and readjust ifnecessary. Check idler gear 
adjustment and readjust if necessary . 

Feed Magnet Assembly: The feed magnet assembly 
adjustment has two phases (Figure 4-97). The yoke 
adjustment controls feed-roll pressure, the retainer 
adjustment controls armature travel. These adjust­
ments should be checked and performed in the cor­
rect sequence. 

4-88 

Yoke Adjustment 

1. Check for .015 + .003 - .00 in. (0,38 + 0,08 mm) 
clearance between the armature and the yoke when 
the armature is attracted as shown in Figure 4-97. 
Use a spring hook to apply light pressure .3 to .5 
pounds (136 to 227 kg) on the armature just above 
the pivot. Do not use excessive pressure because 
this compresses the feed roll and gives a false 
reading. 

2. Adjust, if necessary, by loosening the yoke hold­
ing screw and shifting the magnet assembly to 
obtain .015 + .003 - .00 in. (0, 38 + 0,08 mm) 
between the armature and the yoke. Tighten 
the yoke holding screw. 

Retainer Adjustment 

1. Check for a clearance of .035 + .002 - .00 in. 
(0,89 + 0, 05 mm) between the armature and 
the yoke when the armature is not attracted. 
If not within tolerance, proceed with step 2 .. 

2. Loosen the retainer holding screw and shift the 
retainer to obtain the correct clearance. Posi­
tion the retainer squarely with the armature so 
that no interference exists between either side 
of the armature and the retainer. 

3. Tighten the retainer holding screw. 

When the magnet assembly agjustments are complete, 
check to ensure that a 20 pound (76 g/m2) paper tape 
passes freely between the feed roll and the feed magnet 
roller when the armature is released 

4.19.2.3 Tape Stacker Unit 

The stacker drive belt should be adjusted so that a force 
of 1.5 to 2 pounds (0, 68 to 0,91 kg) pounds deflects 
the belt 3/8 in. (9, 52 mm) inwardly from the pulley 
tangent line. Adjust by raising or lowering the drive 
motor mounting slots. 

4.19.2.4 Access Window Latch 

Adjust the access window latch block assembly in the 
mounting slots (with the latch pivot pin offset in the 
correct position) to provide the best latching action, 
and to provide .030 to .060 in. (0, 76 to 1,52 mm) 
gap in the paper path between the access window and 
the stacker mounting fIller (Figure 4-98). 

Friction Stop: Adjust the stop nut on the friction­
adjusting screw to stop the window before it reaches 
the end of the raised portion of the slide when the 
window free falls from a vertical position. 



Figure 4-97. Feed Magnet Assembly Adjustments 

Access Window ----

Access Window 

Yoke Holding Screw 

G) Armature Retainer 
Adjustment 

Feed Roll ---~ 

o Mounting Bracket 

Adjustment 

4.19.2.5 Tape-Skip Length 

Contact Without 
Compress ion 

Latch Block Assembly 

Exact skip length is obtained by adjusting the poten­
tiometer on SMS card B08. This card is accessible 
through the right rear door of the printer. 

Figure 4-98. Access Window Latch 

Make the adjustment with the yellow jumper wire in­
stalled between B07N and B08H. If you are unable to 
obtain the desired skip length, transfer the jumper wire 
from B08H to B08G and readjust the potentiometer. 
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4.20 STL LOCATIONS 

Figure 4-99 is a schematic view of the STL feature 
mounted on a Model N 1 printer. 

Skip 
Control 

Access Wi ndow -----t--..:::::...'""-:7.c~--JJiJ 

Center Plate 

Guide and -------t--~r-------I 
Sense Unit 

Figure 4-99. Schematic of STL Feature Locations 
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All 1403 power is supplied by the system. Excep.t for 
the top-cover operating circuits, the Model N 1 and 
Model 3 use the same power supply. 

The mainline switch on the printer is in series with 
the system supply through a single conductor in each 
of the two shoe connector cables. This switch does 
not remove the dc voltages except the -60V or +60V 
controlled. It should not be operated while system 
power is on. 

The printer circuits operate on 60V dc. The cover 
and stacker drive motors operate on ac voltages. These 
voltages are: 

208V for 60-cyc1e machines 
220V for 50-cyc1e (World Trade) machines. 

The cover drive motors and the stacker drive motors 
use single-phase voltages. 

5.1 VOLTAGE 

The carriage motor, the type train drive motor, and 
the-hammer blower motor are 208-230 volts ac 3-phase 
motors. 

I 
DANGER 

Be careful of this voltage. 

Chapter 5. Power Supply 

5.2 VOLTAGE VARIATION ..... 

When connected to the system, the printer must con­
tinue to perform all specified functions within the 
following voltage ranges. 

Line Voltage ± 1 0% 

+60V dc ±10% at component using voltage 
--60V dc ± 1 0% at component using voltage 
- 6Vdc ± 4% at component using voltage 
+ 6Vdc ± 4% at component using voltage 
-12V dc ± 4% at component using voltage 
+12V dc ± 4% at component using voltage 
-20V dc ± 8% at component using voltage 

5.3 -60 and +60 Volt Hammer-Magnet Power 
Difference 

Depending on the system to which the 1403 is attached, 
the hammer magnets require either +60V or -60V. All 
printers are interlocked so that no damage occurs if 
machines are mismatched. 
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Most of the printer components are in the same location 
on both Models N 1 and 3 printers. However, in Model 
N1 some of the electrical components have been relo­
cated, mostly to the left end of the machine. 

MACHINE SERIAL PLATE 

On the Model N 1 this plate is attached to the right-hand 
upper front corner of the end cover frame, or on the 
right end foot of the base casting. 

On the Model 3 printer this plate is attached to the top 
surface of the right-hand cover frame. 

Both machine serial plates are read from the inside of 
the machine. 

BLOWERS AND AIR FILTER 

The two blowers and common air filter are in the left 
end of the Model N 1. The air is drawn in through the 
various openings in the lower section of the machine 
(notably the large opening through which the cables 
pass) and through the filter. Some machines have 
louvers. 

The filter can be removed or replaced through the 
left end door. 

On the Model 3, the blower and filter on the left end 
of the machine are for the hammer unit. The blower 
for the hydraulic unit is located on the right end of the 
machine. 

COUNTERBALANCE MECHANISMS FOR MODEL N1 

These mechanisms include counterbalance arms, bell­
cranks, cables, clamps, pulleys, and springs. The counter­
balance arms and bellcranks are in full view when the 
covers are raised. The remaining components are hidden 
behind removable walls inside the right and left doors. 
The spfings are inside the tubular metal shields. 

TERMINAL BLOCKS 

The terminal block description and location are shown 
in Figure 6-1 for Model N1 and Figure 6-2 for Model 3. 

SHOE CONNECTOR RECEPTACLE 

Shoe connector receptacles are located inside the left­
side door (Figure 6-3) on the Model N1 and behind the 
left-end cover on the Model 3. The connectors number 
from left to right when viewed facing the left end of the 
machine. 

Chapter 6. Locations 

FUSES AND POWER RECEPTACLE 

The Model N I fuses are on the door of the fuse box in­
side the left-end door. The printer power cable recep­
tacle is on the side of the fuse box (Figure 6-4). 

The fuses on the Model 3 are located on the rear of 
the inside of the back cover. The power receptacle is 
located on the left end of the machine. 

RELAYS 

The ac control relays are in the fuse box inside the left­
end door on the Model N1 (Figure 6-3). The relays on 
the Model 3 are located on the left end of the machine 
just above the base near the front. 

REED RELAYS AND SMS CARDS 

The reed relays are mounted on SMS cards. An eight­
position SMS card receptacle group to receive these 
cards is located inside the right-side door (Figure 6-6). 
They are removable through the right-rear door. 

The eight SMS card positions accommodate both the 
standard and UCS sense amplifiers as well as the meter 
relay, ribbon delay, and forms cover control circuitry. 
Cards are numbered (see Figure 6-5) from left to right 
when viewed through the open right-end door. The 
magnetic (E1) emitter amplifier card is mounted in this 
group ahead of position 1. Logic page 01.08. ~ shows 
the SMS card socket assignments. 

The carriage start pulse is now available in the Model 
N1 at SMS card socket 6 (CS-6), at pin A. 

The relay terminals are shown on Figure 6-5 for rib­
bon correction and cover. 

CAPACITORS AND RESISTORS 

Capacitors and resistors except those on the hydraulic 
unit of the printer, are mounted inside the fuse box. 
This box (Figure 6-7), inside the left-side access door, 
contains four relays in addition to the capacitors and 
resistors. All components are identified by labels in­
side the box. 

DANGER 

Reverse voltage applied to any of the six con­
densers located on the resistor panel can cause 
them to explode. After servicing this area and 
before power is applied, immediately re-install 
the perforated steel resistor panel cover. 
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Terminal Blocks 

No. of 
TB No. Terms W.D. Lac. Description 

1 10 01.05.1 DC Input Voltages 

2 8 02.01.1 Carriage Magnets 

3 4 01.07.1 Forms Switches & Hammer Unit Thermal 

4 4 01.09.1 Hammer Unit Blower 

5 2 01.09.1 Ribbon Motor (50'Cycle) 
(4) 

6 4 01.08.1 Ribbon Clutch Coils 

7 6 01.09.1 Train Motor 

8 2 01.07.1 Train Motor Thermal 

9 12 02.05.1 Cover Motor, Stacker Motor and Meter 
99.99.1 

10 * 6 01.07.1 Upper Forms Switches 

11 6 01.07.1 Lower Forms Switches 

12 20 01.07.1 Selective Tape Lister Feature Only 
02.04.1 

13 4 01.09.1 Hydraulic Drive Motor 

14 4 01.09.1 Hydraulic and Cartridge Blower Motor 

15 4 01.08.1 Ribbon Correction Cam Drive 

16 4 02.05.1 Stacker Motor 

17 2 01.09.1 Oiler and Correction Motors 50'Cycle 

*TB-l0 is Removed and Wires Transferred 
to TB-12 When Selective Tape Lister 
Feature is Used 

Physical Location 

Hydraulic Motor on Drive Side 

Under Hydraulic Reservoir Cover 

On Left Side Frame· Inside at Top 

Lower Left Side on Blower Motor 

Right Side of Ribbon Drive Assembly 

Right Side of Ribbon Drive Assembly 

Left End of J - Casting· Inside 

Left End of T - Casting· Inside 

Above SC·l and SC·2 Connector Side 

On Translator Frame· Behind Upper Tractors 

On Translator Frame· Behind Lower Tractors 

On Top of Paper Feed Unit for Selective Tape 

Rear Right Side Under Hydraulic Motor 

Lower Left Side on Blower Motor 

Lower Left Side of T·Casting 

I nside of Stacker Casting 

Inside T·Casting Right Side 

Figure 6-1. Terminal Block Description and Location Chart, Model N 1 

Terminal Blocks 

No. of 
TB No. Terms W.D. Lac. Description Physical Location 

1 10 01.05.1 DC I nput Voltages Machine Pan·Rear·Near Fuse Panel 

2 8 02.01.1 Carriage Magnets Under Hydraulic Reservoir Cover 

3 4 01.01.1 Forms Switches & Hammer Unit Thermal On Left Side Frame· Inside at Top 

4 4 01.09.1 Hammer Unit Blower On Motor Frame in Upper Left Rear of Machine 

5 2 01.09.1 Ribbon Motor Right Sideof Ribbon Drive Assembly 

6 4 01.08.1 Ribbon Clutch Coils Right Side of Ribbon Drive Assembly 

7 6 01.09.1 Chain Motor Left End of T· Casti ng . Inside 

8 2 01.07.1 Chain Motor Thermal Left End of T - Casting· Inside 

9 4 01.09.1 Hydraulic Unit Blower (50·Cy. Only) On Manifold Assembly Right Side of Machine 

10 * 5 01.07.1 Upper Forms Switche~ On Translator Frame· Behind Upper Tractors 

11 5 01.07.1 Lower Forms Switches On Translator Frame· Behind Lower Tractors 

12 20 01.07.1 Selective Tape Lister Feature Only On Top of Paper Feed Unit for Selective Tape 
02.04.1 

13 24 01.08.1 Ribbon Idling Control Left Front Inside Panel (1403-3) Near TB-7 (1403-1-2) 

14 5 01.08.1 Ribbon Control Feature (1403-1-2) In Relay Unit· Under Machine Pan 

15 4 01.08.1 Ribbon Control (1403-1-2-3) Left End of T - Casting 

16 2 01.09.1 Oil Pump Motor (1403-3) Right Side of T - Casting 

17 2 01.09.1 220V AC Dist 50·Cycle Only Machine Pan· Left End· Near Power Plug 

18 8 01.08.3 Paper Damper Magnets (1403-3) Behind Lower Magnet Damper Plate 

19 8 01.08.3 Paper Damper Magnets (1403-3) Same as TB-18 

20 8 01.08.3 Paper Damper Magnets (1403·3) Same as TB-18 

21 4 01.09.1 Cartridge Blower 50-Cycle (Only) On Cartridge Blower 
(1403-3) 

*TB·-10 is removed and wires transferred to TB-12 when selective tape I ister feature is used. 

Figure 6-2. Terminal Block Description and Location Chart, Model 3 
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Remote Cable to 

Figure 6-3. Left-End View, Model N 1 

. ~ J 
Figure 64. Fuse Box (ShoWIng Power Recep acle) 
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Figure 6-5. Relay and Socket Location and Numbering 
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SMS Cards 

rigure 6-6. Rear View 

Stacker Gate 
Support Bracket 

Main Line Switch 

Figure 6-7. Interior of Fuse Box 

Rubber Sound-Barrier Strips 

CIR Panel C-4 
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Print quality is an important consideration with any 
1403 Printer. However, where the output of a 1403 
is used for input to an optical character recognition 
system, quality of printing becomes a prime consid­
eration. 

This is because a 1403 printer that is producing 
printing that is entirely satisfactory to customers who 
are visually reading the output may not be producing 
printing with 'the characteristics needed for low reject 
rates in reading machines. 

See Figure A-I glossary of print quality terms to as­
sist in identifying various print quality concepts. 

A.1 PRINTING CHARACTERISTICS DEFINED 

Some of the terms in this manual are unique to the 
subject of print characteristics. Definitions of these 
terms follow. 

A.1.1 Average Edge 

The typical edge of a printed character is not a straight 
line. The term average edge is defined as an imaginary . 
line that bisects the edge irregularity (Figure A-2). 
Average edges of characters need to be clearly indicated, 
because of the way in which the character recognition 
logic of the optical character reader is designed. 

A.1.2 Stroke Width 

A stroke is a portion of a character (Figure A-3). It can 
be a vertical, horizontal, curved, or slanted segment. 
Stroke width is the distance between the average edges 
of the stroke. (See Figure A-I.) 

A.1.3 Density 

Density or ink coverage is the blackness of a character 
(see Figure A-I, Items 3 and 4). 

A.1.4 Contrast 

Contrast is the difference in density measurement be.:. 
tween the character and the background area. This can 
also be defined as the difference between print reflec­
tion from the printed character and background reflec­
tion from the surface of the document. 

Appendix A. Print Quality Concepts 

HHHH CUTOFF 
(LEFT) 

1 

HHHH CUTOFF 
(RIGHT) 2 

HHHH END TO END 
DENSITY 3 

HHHI1 SINGLE POSITION 
DENSITY 

4 

HHHH DARK LEGS OR 
STROKES 

5 

M:'H~M"N: EXTRANEOUS 
.0." : :' •• , I. INK 

h 

HHHH HORIZONTAL 
REGISTRATION 7 

HHHH LI GHT BOTTOMS 
8 

HHHH LIGHT TOPS 
9 

1443 PHANTOM 
PRfNTING , 10 

HI.lHlHlIN SHADOW 
PRINTING 

11 

HHHH SLUR 
12 

HHHH STROKE WI DTH 
(NARROW and 
WIDE) 13 

HHHH VERTICAL 
REGISTRATION 

14 

Htlliti VOIDS 
15 

HHHH 
HHHH WIGGLERS 

HHHH 16 

Figure A-I. Print Quality Glossary of Terms 

1403-NI and 3 MM A-I 



Figure A-2. Average Edge and Stroke Width 

-:- --\ - -
- - -- - : '-----(D 

1 

..-----<2 

i;0 _____ 1_--- _ 
I 

Figure A-3. Character Stroke 

A.1.5 Extraneous Ink 

The three strokes that make up 
the. character" One" are drawn 
by the dotted line. 

Extraneous ink (or other particles) is any spot appearing 
within the reading area not between the average edges of 
the character (see Figure A-I, Item 6). This condition 
(Figure A-4) can be caused by streaks, smears, or splatter. 
No extraneous ink (or particle) whose area is equal to or 
greater than a half-cell area is acceptable (Figure A-5). 

Figure A-4. Extraneous Ink 

A.1.6 Phantom Printing 

Phantom characters are usually found when printing on 
very stiff documents, such as card stock. They occur 
when a sequence, such as * Ixx3xx5 , is printed, and 
occur because the machine options every third train 
character to every fourth hammer. See Figure A-I, 
Item 10. The phantom in this example is a 2 halfway 
between the I and 3. 
If phantoms are suspected, a simple test can verify 

this by printing *Ixx3xx5xx and examining the blank 
spaces for 2,4, etc. 

*x = any character 

A-2 

T~ .015 
(0,38) 

~~~ 
1_ .015 _ 1 
r-(O,38)~ 

r, .•. (0,38) 

~'----------' 
407 - 1 Cell Areas 

Because the extraneous-ink blotch 
in cell area 1 is less than half the 

f7\ area of the cell, it is not recognized 
\.!..J and, therefore. is acceptable. 

The ink blotch in cell area 2 
is greater than ha If the cell area 
and is not acceptable. 

o This also applies to the "stringing 
'out" of characters. 

NOTE: 407-1 cell area= 

.01,875 x .01875 
(0,476 x 0,476) 

Figure A-S. Extraneous Ink and Cell Areas 

If UCS feature is installed, a reduction in phantoms 
can be obtained by rearranging type slugs, thereby 
breaking up two-thirds of the phantom combinations. 

To assist in this area, intersperse numeric and alpha­
betic slugs. The following is suggested for an AN 
arrangement: 

Example: I23-GHI-456-1KL-789-MNO-O#@-PQR 

Individual applications may dictate modifications to 
these. 

See IBM System/360 BPS Utility Program Operating 
Guide, Program Number 360P-UT-048, SC24-3396 for 
assistance in punching a new train image card deck with 
which to load the UCB. 

Note: . Throughput is affected by rearranging the type 
slugs. The chances of throughput being increased or 
decreased slightly are about equal. 

A.1.7 Voids 

A stroke void in a character (Figure A-6) is a light spot 
that is completely surrounded by ink. 

A character void (Figure A-6) is a light spot that is not 
completely surrounded by ink (see Figure A-I, Item 15). 

Stroke Void 

Character VO;d"\ _ _ , 

'" _ ..... ' 

Figure A-6. Voids 



A.1.S Slur 

A slur is ink that is'not a part of the average character 
outline. Smears, phantom printing, etc., are also in­
cluded in this category (Figure A-I, Item 12). 

A.2 PRINT QUALITY MEASURING DEVICES 

Two types of gauges are available for measuring print 
quality. 

A.2.1 Pocket Comparator 

An integral part of this device (part 451595) (Figure 
A-7) is an engraved reticle containing the outlines of all 
the readable characters plus the outline of the permis­
sible size of extraneous particles. Figure A-8 illustrates 
the 407-1 reticle (part 451596); and a 1428 reticle (part 
451995) are also available. With this device you can ob­
serve whether or not the confines of the character are 
within the minimum and maximum character stroke 
widths. Detailed instructions accompany this device. 

Figure A-7. Pocket Comparator 

A.2.2 Document Registration Gauge 

The document registration gauge (Figure A-9) can be 
used to : 

1. Locate printing properly on the document. 
2. Check the character shape and stroke width. 
3. Determine whether any extraneous particles are 

in the character-sensing strip (reading band). 
4. Check for line skew (printed line must be parallel 

to the base line ±20). 
5. Check for proper character pitch and spacing 

(maximum character pitch is ten characters per 
inch). 

6. Check the printing for proper vertical and hori­
zontal registration. 

7. Check preprinted vertical field marks for proper 
size and placement (a character cannot be located 
closer than .100 in. (2, 5 mm) to a preprinted 
field mark). 

8. Check for proper layout and any mark-reading 
formats. 

9. Check the relationship of the timing mark to the 
marking zone. 

10. Define minimum clear areas between mark-read 
columns. 

11. Permit measurement of dimensions and placement 
of the timing mark. 

12. Check pen and pencil marks in the mark-read 
column for size and placement. 

Specific instructions accompany the gauge. The docu­
ment registration gauge for the 1418 is part 451590; for 
the 1428, part 451990. By using the pocket comparator 
and the document registration gauge, specific print faults 
can be identified. Observe the stroke width especially. 

Character stroke width should measure .0lD in. (0, 25 
mm) through a .018 in. (0, 46 mm), except that a maxi­
mum of 25% of the stroke can range from .008 in. (0, 2 
mm) through .022 in. (0, 6 mm). This recognizes that 
ribbon printing, when viewed through a magnifier, ap­
pears ragged and lacks sharpness of edge definition. 
Figure A-lO illustrates character stroke width conditions. 
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Figure A-S. 407-1 Reticle for Pocket Comparator 

Figure A-9. Document Registration Gauge 

A-4 

---r-- _________________ _ 
T ~ 

a ;:n 00 ~ Average stroke is at least 
NO· 

;; 0' q 9 .010 but less than .019 (0,48l. I L :::....::- ________________________ _ 

Acceptable 

Acceptable 

Average stroke width is .010 (0 ,25) . 

t u _ - - -

;:n ~ -M~r~ th~n 25% of edge 
;:? N. g? 'N. between .008 & .010 
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Figure A-10. Stroke Width Conditions 

Minimum stroke width 
is less than .008 (0 ,20) . 



Appendix B. Specifications Summary 

Maximum Printing Speed (LPM) 1100 

Train Motor Speed (RPM) 3600 

Train Velocity (IPS) 206 

Time Required for Type to Move 
.001" (Microseconds) 5.0 

Timing Disk Speed (RPM) 1714 

Time of Carriage Start Impulse Print SS-1 
of Print 
Scan 46 

Time Required to Print One Line 54.54 
with Single Space (Milliseconds) 

Carriage Interlock Time (ms) 20.8 

Carriage Type Dual Speed 

1403-Nl and 3 MM B-1 


