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1620 SERVICE INDEX 

INTRODUCTION 

The 1620 Service Index is designed to guide Customer Engineers 
toward a logical and rapid solution to system failures. It is 
intended that function charts, logics, reference manuals, etc. 
be used in connection with the Service Index. 

Each section of the Service Index is indexed separately and 
i'ncludes individual page and figure numbering to permit rapid 
access to the specific information needed by the Customer 
Engineer. 
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See Core Storage 
Section - Page 4-2 

See MAR Section 
Page 5-2 

See I/o Section 
1622 - Page 3-1 6 

See Power Supply 
Section - Page 6-2 

See I/O Section 
Typewriter - Page 3 - 2 

See I/o Section 
1621 - Page 3-10 

See I/O Section 
1624 - Page 3-1 5 

"'--- -_/ --.--
See General Trouble Shooting Section - Page 2-2 
See Fortran Section - Page 7 - 2 
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GENERAL TROUBLE-SHOOTING 

INFORMATION 
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CHECK LIST 

I. General Information 
A. On what operation does the machine fai I? 

1. DFT 
2. Customer work (Fortran, etc.) 
3. Op code of failure 

B. What is the frequency of error? 
1. Time of day 
2. Environment (temperature, etc.) 
3. Does customer power fluctuate at certain 

time of day? (welder, heavy machinery, 
etc .) 

II. General Check List 
A. Have you checked for loose or bent connectors? 

1. 32 pin connectors (x, y, etc.) 
2. Edge connec tors. 
3. Laminar buss (pins and terminals) 
4. TB connectors (power supply, power 

sequence, etc.) 
B. Have you checked for grounds? 

1. DC isolated ground 
2. AC isolated ground 
3. Ground straps (check contact from the gate 

to the frame) 
C. Have you checked the Power Suppl ies? 

1. Voltage levels 
2. Ripple 

D. Have you checked Muffin fans? 
1. Power supply fans 
2. Gate fans 

E. Does the machine fai I on margins? 
1. Normal margins ± 15% 
2 • :::30'10 ma rg ins 

*3. Heat 
*4. Cold 

* Steps 3 and 4 are last ditch efforts and should be used 
only after all otherprocedures fail (See Note 1). 

III.Core Storage Check List 

A. Have you checked the difference voltage using 
1/4% accurate meter? 

B. What lights are on? 
C. What is the pattern of the fai lure? 

1. Greater or less than 50; odd or even, etc. 
2. Picking or dropping bits 
3. What bits are affected? 

D. Is the trouble in MBR rather than memory? 
E. Memory Temperature 1000 ± 30 (Muffin Fan) 
F. Have you seoped (using current probe)? 

1. x,y drive lines 
2. z (inhibit) drive lines 
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3. Decode Output 
4. Current driver outputs 
5. All I ines to the inductors 

G. Have you scoped the sense lines (us i ng a 535 
or equivalent scope and a type IIDII High 
Gain Differential Pre-amp plug in unit)? 

H. Have you checked the physical wiring of the 
indicators? 

I. Have you followed scope procedures i,n 1620 
CE Reference Manual? 

IV. MAR Check List 

A. What console lights are on? 
1. Op code of failure 
2. Previous Op code 
3. IIEII or 11111 cycle trigger of failure 
4. Which register failed 
5. Fai lure to read, or write 
6. Is the trouble in MAR triggers 
7. Is the trouble in Inc. Dec. switch 
8. Is the trouble in Multiply Register or 

TiC Circuits. 
B. Have you scoped (using a current probe)? 

1. Read drivers to all registers 
2. Sense lines 
3. Write drivers to all registers 
4. Bit drivers 

Note 1: If errors do not become more frequent with 
marginal check part (lor 2), block the fans and let 
the gates heat up. 

If part 3 does not solve the problem, obtain about 
501bs. of dry ice, remove the filters from the gate, 
place the dry ice on the floor, then construct a skirt 
out of paper and cause all the air to be drawn from 
around the dry ice. 

Note 2: Observe the function of the IIEII or '"1 11 cycle 
trigger to determine the register affected. Under some 
triggers, more than one register is affected. Be critical 
of the timing of the pulses on these lines. If the fail
ure occurs while writing, it will be detected at the 
time it is read out. In order to determine the cause, 
scoping must be done at the time of writing. Some 
intermediate checks can be performed by use of the 
MAR Display Switch, by stopping at different trigger 
times and displaying the register in question. Check 
to be sure that only the registers called for by a trigger 
are being operated on. 



TRANSIENT POWER LINE NOISE 

The only pattern that can be associated with noise is its 
lack of a pattern. If transient noise is suspected, the 
Physical Planning Department should be alerted to the 
situation. Listed below are some common symptoms 
noted in the field: 
1) High Iy intermittent failures 
2) Failure defies any analysis by pattern 
3) Failures occur mostly during the day (commonly 

related to the start or end of a work day when 
large numbers of equipment are being turned On 
or Off). 

4) Week end performance relatively trouble free. 
Areas in the 1620 system most noise sensitive: 
1) 1622 units tens ring 
2) Binary triggers 
3) Drift latches 
Methods of determine noise: 
1) Scope 

a. Suspected line 
b. "J" pins SMS Panels containing failures 
c. AC input I ines at contactors 

2) Indicator - A drift latch may be wired into circuit 
and gated to indicate a transient pulse. One of the 
test lamps (Tl or T2) on 1620 console could reflect 
status of th is latch. 

3) New Input - Run in temporary cable from building 
serviceto 1620. This will give the CE a power 
line free of building transients. 

Methods of aggravating noise problems: 
1) Determine other equipment on the 1620 line. Run a 

program while throwing On/Off switchs on this 
equipment, i.e., air-conditioning units, heaters, 
other DP equipment, etc. 

2) Separate AC and DC isolated ground from machine 
frame. 

Areas to investigate if noise problems are encountered 
or suspec ted: 
1) Is system on separate power line? 
2) Does system have a good ground return to power 

source (in most cases condu it ground is not satis
factory)? 
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INPUT - OUTPUT 

Typewriter 
Read Checks 
Write Checks 
Known Trouble Tip s 
Service Checks 

1621-1624 

1622 

Read Checks 
Write Checks 

Read Checks 
Reader Checks (off line) 
Write Checks 
Punch Checks (off line) 
Known Trouble Tips 
Service Hints 
1620-1622 Data Transfer Charts 

3. 1 

3. 2 
3.4 
3. 5 
3.9 

3. 10 
3. 15 

3. 16 
3. 17 
3. 18 
3. 19 
3. 20 
3.22 
3.31 



1) 
2) 

3) 
4) 

Check transfer to MDR 
If Op 37 check set of MBR from 
zone translator 

Read Checks 

Typewriter 

READ 
Checks 

MBR and READ Checks 

Refer to Section IV (Core Storage) 
MBR check may be caused by invalid 
data in memory 

1) Check Typewriter Bit Relays 
2) Check input translator 
3) Check typewriter keyboard 

contacts and selector common 

(False Read Check) 
Check VRC Circuit 

contacts (Timing Relationship pg. 3.3) 

Scoping Methods 

1) The input translator may be scoped by blocking a 
typebar in its fully raised position with the type
writer on-off switch in the off position. At this 
time, the input translator is conditioned to accept 
the bit{s) corresponding to the typebar raised. 

2) The·transfer to MDR, and from MDR to MBR, may 
be scoped by blocking a bit relay or group of 
relays transferred and locking the system in a 
trigger 30 operation. To lock in a trigger 30 
operation, block the "B" advance pulse which 
turns on the hold trigger. 
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Trouble 

1) MAR incrementing when flag 
key is depressed or extra digits 
being set in memory (i.e., 
having 1223 set in memory after 
keying in 123.) 

2) a. Skipped I/O Instructions 
b. Multiple I Cycle Triggers 
c. E and I Cycle 

Probable Cause 

1) a. Check for a broken spring on the left end of the ribbon lift bail. 

b. Selector Common Contacts and Typewriter Magnet Armature contacts 
maladiusted. The following relationship should exist: 

Magnet Armature Contact 45-60 mill i seconds 
I +7.5 mill iseconds t I 

5milli- r 
i 5 milli-I;;.. I 
~ seconds seconds I I 

I l 

I 
, 

Selector Common' Contact # 1 39 rgill ifr-conds 
, 
I 

I +. ml Iseconds I 
I i 

5milli- I , 5 milli-
seconds >- < seconds • 

Selector Common Conlact #2 12-18 mi II iseconds I 

2) a. Check carriage return contact to insure that the N/O contact has a minimum 
of .010 rise from its support strap during entire length of carriage return. 

b. Check tab interlock contact to insure that the N/O strap has .020 "To .030" 
contact rise. 



Write Check 

Typewriter 

r- ves
-( C~!:k )-NO 

1) See Memory Trouble
shooting Information 
(Page 4.2) 

~-. No 

1) Check Typewriter 
Mag. Arm. 

2) Check Typewriter Mag. 
3) Check Relay Network for 

defective Relay Point(s) 

Check Bit 
Relay Pick 
Circuit 

No 

Yes 

Yes 

1) Check I/o Exit Trigger 
Circuit 

2) I Cycle Entry Circuit 
3) Check Typewriter to Insure 

the Mechanism for Printing 
Last Character is operating 
properly 

Yes 

1) Check Write 
Check Trigger 
and Circuit 

4) Check Letter Cam 

~--....Jl) Check Selector comm}n Contact #2 

(False Check) 

~-NO MDR Correct -vesl 

1) Check for correct data 
in memory 

2) Check MDR Trigger Reset 
Circuit 

3) Check MBR to MDR Transfer 

Servicing Approach: 

1) Check MDR lines 
to translator 

1) Attempt to establish a failure pattern 
2) Load memory with most consistent failure pattern 
3) Sync on CR 5 for typewriter translator failures 

2) Check Translator VRC Circuit 
3) Check Write Check Latch 

4) Sync on Trigger 30 I sync trigger I etc. I for troubles during set of MDR. 
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KNOWN TROU BLE TI PS 
Typewriter 

Broken Typebars 

Improper setting of Impression Control and/or Mult
iple Copy Control can contribute to excessive type
bar breakage. Operators should be advised of the 
following procedures for setting the above controls. 

Impression Indicator. The lever under this window 
can be positioned in setting from a to 10 to deter
mine the force with which the typebars strike the 
paper. The higher the indicator setting, the harder 
the typebars strike. To test for the correct setting, 
move the indicator up until the comma and period 
print distinctly but not heavily. Use a higher setting 
for multiple copies, but be sure that the multiple 
copy lever is also correctly set before finally adjust
ing the impression. 

Multiple Copy Control. This lever moves the platen 
backward to compensate for the greater thickness of 
additional copies. As a general rule, the lever 
should be set at IIA II for one to three copies and 
moved back one position for each additional three to 
five copies. Heavy print at the top of characters 
shows that the platen is too far back; heavy print at 
the bottom of characters shows that the platen is too 
far forward. The shilling mark (/) is a good character 
to use in checking multiple copy settings. 

IMPRESSION AND TYPE ALIGNMENT 

VERY WEAK OR NO IMFRESSION 
Multiple c;opy lever in wrong position. 
Ribbon color control button in stenci I position. 
Wrong platen for thickness of form. 
Platen too soft. 
Improper power roll speed. 
Bind in power roll and drive mechanism. 
Ribbon failing to feed properly. 
Oil on ribbon. 
Ring and cylinder out of adjustment. 
Dirty or glazed power roll. Power roll may need 

to be replaced. 
Cam Serration worn at the knockout position. ~e

place cam. 
Loose rubber on power roll. 
Improper cam clearance. 
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Dirt in segment or on typebars in the slots. 
Impression indicator set too low. 
Universal bar or escapement choking off typebar 

action. 
Impression control screws set too light. 
Type impression may be set too I ight to avoid cut

ting the paper. Polish the type faces. 

INTERMITTENT LIGHT IMPRESSION 
Dirt in segment. 
Finger prints or grease on paper. 
Cam serrations worn at the knockout position. Re-

place cam. 
Bind in type bar linkage or type guide. 
Misadjustment of type bar. 
Worn type bar or universal bar. 
Loose carriage. 
Eccentric power roll due to loose rubber. 
Dirty or glazed power roll. Power roll may need 

to be replaced. 

CHARACTER FAILS TO PRINT 
Letter cam pivot worn. 
Armature off push rod. 
Bail armature stop too far forward. 
Weak magnet. 
Low voltage shot to mag. - (less than 42 volts) 
Typebar misal igned. 
Power roll worn. 

DIFFERENT HEIGHT ON END TYPEBAR 
Type bar guide may be leaning to right or left. 

OVERPRINTING AND UNDERPRINTING 
Check for light top or bottom. 
Check motion. 
Improper platen. 
Cushion of paper too deep in the form. 
Check mu I tiple copy lever. 
Check ring and cyl inder adjustment. 

TYPE CUTTING 
Check power roll speed. 
Impression indicator set too high. 
Platen too hard. 
Check ring and cyl inder adjustment. 
Type may need polishing. 
Impression control screws may require adjustment. 
Some papers are brittle and cut too easi Iy. Such 

paper may be reinforced by using a sheet of 



tough tissue behind the original. 

PILING 
Insufficient carriage tension. 
Improper universal bar adjustment. 
Dirt in segment. 
Dirt on power roll. 
Escapement tripping too late or too early. 
Dirt in carriage ways and rails. 
Worn typebar. 
Broken or worn universal bar. 
It is possible for an operator to pile the type by 

uneven rhythm or by striking two or more keys 
nearly simu I taneously. 

Strict adherence to adjustment procedures will 
minimize this occurrence. 

PAPER WRINKLING 
Swollen platen and feed rolls. 
Uneven feed roll pressure. 
Bent deflectors. 
Check all paper feed pointers. 
Partial feed roll contact. 

CARRIAGE RETURN 

FAILS TO OPERATE 
Faulty cam link adjustment 
Bind in cam. 
Back space pawl may be binding the interlock which 

wi II cause carriage return fai lure. 

INCOMPLETE RETURN 
Fau I ty cam adjustment. 
Escapement pawl pulled too far out of the rack. 
lip of the clutch knockout lever adjusted too high. 
Clutch lever bracket adjusted too loosely. 
Nut on compression spring under machine should 

be tightened. 
Lack of tension of the latch spring. 
Improper cam link adjustment. 
Improper latch adjustment. 

CARRIAGE LOCKS 
Latch I ink adjustment allows too deep a latch en-

gagement. 
Excessive latch spring tension. 
Weak motor. 
Bind in power roll and drive mechanism. 
Tip of clutch knockout lever too low. 
Clutch knockout lever I ink adjusted so knockout 

lever is too low. 
Margin rack adjustment allows too much overbank. 
Clutch lever bracket adjusted too tightly. 
Adjusting nut on compression spring adjusted too 
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tightly. 
Clutch operating arm too close. 
Carriage return tape off pulley. 
Truck roller or star wheel binds. 
Upper I ine I~ck Bellcrank spring. 

UNEVEN MARGIN 
Margin rack out of adjustment. 
Broken tab lever assembly or margin stop. 
Excapement pawl sticking or binding. 
Weak pawl spring. 
Air cylinder port closed too much. 
Carriage return contacts maladjusted or bounc ing. 
Too strong carriage return - especially on long 

carriage machines. 

MOTOR 

FAILS TO START OR RUN 
Faulty condenser. Check by turning motor by hand. 
Fau I ty motor. 
Broken switch. 
Switch I ink improperly adjusted. 
Frozen bearing. 
Bel ts too tight. 

NOISE 

TOP COVER VIBRATBS 
Open cover and spread sides sl ightly. 

REAR COVER VIBRATES 
Reposition rear cover. 

CARRIAGE END COVERS VIBRATE 
Reform spring clips. 

PAPER TABLE VIBRATES 
Reset positioning coll<llrs. 

NOISY PAPER BAIL 
Check for broken paper bai I spring. 
Reposition bail rolls on shaft. 

NOISY DRIVE 
Check motor and pu lIey lubrication. 
Align pulleys. 
Replace worn belts. 
Adjust belts. 
Check power roll adjustment. 

NOISY TYPING 
Typebar hitting front scale. 
Type rest pad worn. 
Platen too hard. 



NOISY SHIFT 
Broken shift stop bracket. 
Broken segment gu ide. 
Cracked bumper on shift pusher. 
Shift stop screw rubbing on bracket. 

NOISY SPACE BAR 
Improper stop bracket adjustment. 
Space bar mechanism hitting case. 
Improper pow I release lever adjustment allowing 

escapement pawls to drag. 

NOISY CARRIAGE REruRN 
Improper adjustment of the eccentric on the pawl 

release lever allowing the pawls to drag. 
Clutch adjusted to return the carriage too hard. 

SHIFT 

INCOMPLETE SHIFT 
Pusher too high or too low. 
Binds in basket or shift mechanism. 
Excessive or uneven pin clearance. 
Broken hairpin spring. 
Keybutton binding. 

FAILS TO SHIFT 
Check cam adjustment. 
Improper pin clearance. 
Pusher too high or too low. 
I mproper cam link adjustment • 
Lack of lubrication. 
Cam may be binding. 
Shift equal izing rod out of place or warped. 
Excessive pin to pusher clearance. 
Bind in plunger or maladjusted. 
Cam trip lever maladjusted. 
Auxiliary hairpin spring off. 

MOTION FAUllY 
Improper adjustment or adjusting nuts. 
Adjusting lock nuts. 
Left and right-hand shift motion adjustments not 

made equal. Test with strips of paper between 
the stop washers and the brackets in each posi
tion of the basket. 

Lock nut on stop bracket adjusting screw loose. 
Broken stop bracket (basket should rest evenly on 

both brackets to prevent breakage). 
Broken segment guide. 

LIGHT TOP OR BOTTOM 
Adjust shift stop bracket screws. 
Wrong platen for th ickness of form. 
Copy control lever set at improper position. 
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Check platen guide yokes for loose platen. 

SLOW OR BOUNCING SHIFT 
Improper cam adjustment. 
Improper pin clearance. 
Improper pusher adjustment. 
Broken pusher buffer. 
See that operator is not "beating the shift". 
Power roll glazed. 
Cam bind. 
Worn cam. 

TABULATION 

FAILS TO OPERATE OR TABULATES 
ONLY A FEW SPACES 

Improper cam adjustment. 
Fractured cam or link. 
Improper key lever link adjustment. 
Tab lever not being pulled far enough to latch. 
Linkage too long. 
Improper latch adjustment. 
Improper latch stop adjustment. 
Tab lever binding on margin rack. 
Bind in tab lever fulcrum. 
Improper tab rack adjustment which may cause tab 

lever to strike tab stop_ 
Tab lever stop on rear rail set too far forward. 
Friction governor adjustment may be faulty I causing 

a bind. 
Weak tab lever spring may prevent tab lever from 

restoring properly. 
Back space pawl may be binding the back space 

interlock which will cause tab failure. 
Lack of lubrication. 
Excessive cam clearance. 
Tab latch keeper to far rear. 
Trip I ink maladjusted. 
Plunger maladjusted or binding. 
Maladjusted interlock contacts. 

TABU LA TES SHORT 
Tab rebound check lever has excessive clearance 

with tab stop. 
Worn tab stop. 
Tab lever moving too far into the tab rack. 
Tab lever binding on the margin rack. 
Bind in the tab lever. 
Improper latch stop adjustment I allowing excessive 

clearance between tab lever and tab rack. 
Friction governor too tight. 
Insufficient carriage tension. 
Tab stop not completely set. 
See that the operator is not beating the tabular 

operation. This would appear as tabulating short 



by less than a full space. 
Rebound check lever may be too low and passing 

under the tab stop or may have excessive clear
ance with the tab stop. 

Bouncing or maladjusted contacts. 
Bind in carriage. 

TABULATES EXTRA SPACES 
Tab lever not getting sufficient bite on the tab stop. 
Friction governor too loose. 
Excessive carriage tension. 
Tab stop improperly set. 

CARRIAGE LOCKING 
Tab rebound check lever holding tab stop too tightly. 
Improper latch adjustment not allowing tab lever to 

unlatch. 
Friction governor too tight not allowing the tab 

I ever to knock off. 
Rebound check lever too high, catching and holding 

the tab lever out. 

BACK SPACE 

FAILS TO OPERATE 
Bind in cam. 
Improper cam adjustment. 
Bind in linkage. 
Broken, bent or improperly adjusted guide lug. 
Fractured cam or links. 
Broken escapement spring or corner bell crank spring. 
Final stop adjusted too close. 
Adjust height of back space pawl. 
I nterlock binding or interfering with back space 

pawl. 
Binding keybutton. 
Glazed power roll ,; 

BACKS TWO SPACES 
Cam repeats. 
Excessive play in linkage. 
Improper final stop adjustment. 
Improper guide lug adjustment. 

INTERMITTENT FAILURE 
Lack of lubrication on back space pawl. 
Improper cam adjustment. 
Fractured cam. 
Excessive play in linkage. 
Improper final stop adjustment. 
Improper guide lug adjustment. 
Adjust height of back space pawl. 

3.8 

SPACE BAR 

FAI LS TO OPERATE 
Check cam adjustment. 
Bind in cam. 
Space bar binding on cover. 
Improper stop bracket adjustment. 
Improper cam link adjustment. 
Spring on escapement lever plate loose or stretched. 
Bind or maladjusted plunger - (critical). Plunger 

must be lined up directly over the hole in the 
top of the solenoid to eliminate possible binds. 

Plunger bottoming in solenoid. 

REPEATING 
Faulty cam (do not confuse with need for stop 

bracket or cam I ink adjustment). 
Stop bracket adjustment too low. 
I mproper cam link ad j ustment. 
Operator may be operating the space bar twice. 

ERROR TYPEOUT - CHECK LITES 

Selector Contacts maladjusted. 
Ribbon I ift operating I ink shorting contacts. 
Worn letter cam pivot. 
Loose contact wires or short be1ween pins. 
Binding typebar. 
Broken keyboard contacts. 



SERVICE CHECKS 

A. MOTOR AND DRIVE 

1. Coasts freely when power is turned off. 
2. Belts and pulleys are aligned correctly. 
3. 1/4 11 belt deflection. 
4. Power roll end play is correct (.002 11 

- .010 1I
) 

B. CARRIAGE 

1. Freedom of movement - No play 
2. No loose parts - particularly margin and 

tab rack. 
3. Carriage tension and carriage return tape. 
4. Platen turns freely when not detented. 
5. Pin wheels do not bind. 

C. TYPEBARS 

1. Use type al ignment sample (B-1 Ref. Manual, 
Page 5) 

2. No binds or loose type slugs. 

D. ESCAPEMENT 

1. Fast, unhesitating action over the full length 
of the carriage (space across several times). 

2. All typebars trip the escapement pawl as they 
enter the type guide. 

E. CARRIAGE RETURN 

1. Positive return from any carriage position with 
line space lever at three (3). 

2. Impact is cushioned before striking left margin. 
3. No excessive whip of the carriage return tape 

on successive carriage returns. 
4. Carriage return clutch plate to operating arm 

clearance (.005 11 
- .015 11

). 

F. BACKSPACE 

1. Backspace complete length of carriage. 
2. Carriage does not lock up when backspace and 

carriage return key are depressed simul taneously. 

G. TAB 

1. Tab check lever two (2) spaces to the right of 
the tab stop on long and short tabulations. 

2. Tab speed about the same as carriage return 
speed. 
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H. RIBBON MECHANISM 

1. Reverses easily on both sides. 
2. Feed pawls feed two (2) full teeth on ribbon 

spools. 
3. Ribbon lift guide is not binding. 
4. All characters strike the ribbon in both upper 

and lower position of the color control lever. 

·1. SHIFT 

1. Equal distance (1/16 11
) between pusher and 

upper and lower pins on the shift actuating 
plate. 

2. Shift lock holds the basket securely (up and 
down). 

3. All characters have even impression (top and 
bottom) in either shift position. 

J. SOLENOIDS 

1. Remove and clean space, tab, C.R. solenoid 
plungers. 

2. With plungers bottom, key lever should be 1/32 11 

from the bottom of the slot with cam just tripped. 
3. Plunger spring hooks are centered in key lever 

slots. 
4. With power off, cam release lever of a tripped 

functional cam should rest midway on the cam 
log. 

K. MAGNET UNIT 

1 • Armatures and push rods do not stick or bind. 
2. All amatures resul t in a smooth typing speed. 
3. Armature to stop bail clearance (.070 11

) 

4. Cam to power roll clearance (light drag on two 
IBM cards). 

L. INTERLOCK CONTACTS 

1. Contacts are clean and remain closed for the 
full duration of the operation. 



1) Check transfer to MDR 
2) If Op 37 check set of MBR from 

zone translator 
3) Check sync lamp timing and 

duration (Note 2) (Page 3. 11) 
4) Refer to Section IV (Core Storage) 

(Page 4.2) 

Scoping Procedures 

Notes: 

1. Read Photo Diode Adjustment Procedure 

Read Checks 

1621 

MBR 
Checks 

READ 
Checks 

MBR and READ Checks 

1) Check Photo Diode outputs 
(Note 1) 

2) Check Sync Lamp Timing and 
Duration (Note 2) (Page 3. 11) 

3) Check Voltage Taps on 1621 
power transformer to insure 
they conform to the tap settings 
on the 1620 transformers (208V 
or 230VAC) 

4) Check Read Window to insure 
that it is free of dust and that 
the window mask is clear of 
photo diode I ight path. 

(False Read Check) 
Check VRC Circuit) 

G, and A4A05B, D, H, G on 02.83.50.1. 
Before the following diode adjustments are made, 
clean the read head area to remove a II dust from 
the read window. Make certain that the +12 and 
-12v power supplies are adjusted to the nominal 
values given on the 1620 voltage specification 
chart. 

4) Select a diode that has an output that is 
near to the average output of all diodes and 
use it as a reference or base for Steps 5 and 6. 
For example, see Figure 1. 
Channel Scope Point Voltage Reading 

1 A4A04 B -lO.Ov 

1) Center diode potentiometers 1 through 8. 
2) Set read lamp potentiometer for minimum 

intensity. 
3) Record diode output with no tape in machine. 

Scope channels 1 through 8 at A4A04B, D, H. 

3. 10 

2 A4A04 D - 8.0v* 
3 A4A04 H - 9.2v 
4 A4A04 G - 6.4v 
5 A4A05 B -11.3v 
6 A4A05 D - 2.2v** 
7 A4A05 H - 9.8v 
8 A4A05 G -1O.4v 

-67.3 



8.4v Ave 
-'2..)67.3 

*Use this diode as the reference diode because it is 
closest to the calculated average. 

** Th is diode may need to be rotated, the mask may 
be dirty or out of adjustment, the gasket may be out 
of place or the diode may need to be replaced if it 
cannot be brought to specified levels. 

5) With no tape in the machine, scope the refer
ence diode selected in Step 4 and adjust the 
.read lamp potentiometer until the diode output 
is -lOv. Ideally, the potential on the read 
lamp should not exceed llv. 

6) Scope the remaining diodes and adjust the 
individual read diode sensitivity potentio
meters for a -lO.Ov output at each diode. 
This is a starting point for the following 
adjustments: 

If -lOv cannot be obtained, it may be nec
essary to change the read lamp potentiometer 
adjustment, keeping in mind the ideal poten
tial for the lamp. If the read lamp potentio
meter is re-adjusted, the diode outputs should 
be re-checked and the diode potentiometers 
re-adjusted if necessary. 

7) (a) Punch up a length of tape with 1, 2, 4, 
8, C, 0, X, EL, etc., in consecutive 
positions. This can be done by inserting 
a read alphameric instruction with the 
typewriter designated as the input device 
(3700501 00100). RELEASE and START. 
Depress the sh ift key and type 1, 2, 4, 
8, spare bar, 0, -, +. Nowsetupa 
program loop to write alphamerically on 
the punch (39 00500 00200 49 00000 
00000). RELEASE and START. The paper 
tape punch should now be punching the 
desired pattern. Form the punched tape 
into a loop and place on the read head. 
A good spl ice can be made by cutting the 
tape on an angle, about 450; holding the 
ends of the tape, with Channell toward 
you, overlap tape end in LEFT hand OVER 
tape end in RIGHT hand by 1/16" to 1/8". 
Glue in this position, with feed holes 
aligned, using a quick setting glue such 
as I BM tape muci lage, Part #221020. 

(b) Set 1621 switch for strip mode. 
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(c) Depress NON-PROCESS RUNOU T. The 
loop should now be running over the read 
head. 

(d) Measure the peak-to-peak voltage swing 
at the points given in Step 3. The diode 
swing is a result of the change in light 
when reading through tape (positive 
level) to a light through a code hole 
(negative level) and is a function of 
diode sensitivity and tape transparency. 
The diode potentiometers will adjust the 
plus and minus levels up or down simul
taneously. 

r-

(1) The peak-to-peak voltage swing must 
be at least 14.0 volts. If a diode 
fails to meet the minimum 14.0 volts 
swing with the power supplies at 
their nominal values, and rotation 
of the diode does not increase the 
sensitivity thereby increasing the 
swing, replace the diode. 

(2) For diodes with peak-to-peak volt
ages between 14.0 volts and 22.0 
volts, center the voltage swing 
about -1.0 volt reference with the 
diode potentiometer. For example, 
a diode with a minimum swing of 
14.0 volts would be set to +6v and 
-8 .Ov. See Figure 1. 

+10.0 

-"..- + 5.5 
".. 

/ 

V 
- 1.0 

_____ - 6.5 

~ ______ ~~ __ ~~ _______________ -12.0 
Flattened Curve Indicates 
Saturation (Above -11. 9v) 

Proper Adjustment For 
Diodes With Peak-To
Peak Swing From 14.0v 
To 22.Ov 

Figure 1. 
swing) 

Diode Voltage Adjustment (14 to 22v 



(3) For diodes with peak-to-peak voltages 
greater than 22.0 volts, set the neg
ative peak to -12.0 volts (just in 
saturation). The positive peak will 
be between +10.0 and +12.0v. See 
Figure 2. 

(e) Measure the +S ampl ifier outputs at 4A07G, 
K, C, L, and 4A08G, K, C, and 4A09C. 
The + signals must be at least 2.0 milli
seconds in duration. 

(f) Changes in voltage, temperature, and 
dust on the read window will cause the 
voltage level to move up or down from 
their initial values. An average cycl ic 
shift of 1 volt is to be expected. Re-
adj ust any diode as per 7) (d) when the 
power supplies are adjusted to their nom
inal setting and anyone of the following 
conditions exist. See Figure 3. 

(a) The positive level is more negative 
than +5.0 volts. 

12.0 __ 

10.0--------~--------------~~ __ -------

- 1.0 ____________ ~r_ __ ~-------------oo 
N.,¢ 
C"IC"I 

-12.0------~...-4.-------
Flattened Curve Indicates 
Saturation (About -11. 9v) 

Proper Adjustmen'f For 
Diodes With Peak-To
Peak Swing Greater 
Than 22.0v 

Figure 2. Diode Voltage Adjustment (Over 22v swing 

(b) The negative level is more positive 
than 7.0 volts. 

(c) The +S amplifier signals at points 
listed in 7) (e) are less than 2.0 
mi II iseconds in duration. 
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Figure 3. Effect of Change in Vol tage, Temperature, 
and Dust on Read Window 

Re-adjust per Step 7 if any of the above conditions 
exist. (c) Indicates a diode with less than the 
minimum 14.0v swing. 

2. Timhg Disk Lamp and Photo Diode 
The timing disk lamp must be adjusted so that both 
of the following conditions are met: 

1) The negative peak of the diode measured at 
A4A06C must be set to -12 volts (just in sat
uration) • 

2) The trailing edge of the sync pulse must be in 
the center of the code pulse within .5m sec 
for all channels. 

Whenever the lamp assembly is shifted to obtain 
the correct timing, a change in diode output wi" 
be noted because this adjustment also affects 
vertical/horizontal positioning of the light source 
relative to the diode. More or less I ight reaching 
the diode alters the sync diode output which in 
turn causes a wider or narrower sync pulse. Since 
timing is arrived at using the trai I ing edge of the 
sync pulse, the diode output and timing adjustments 
are interacting. To satisfy conditions 1 and 2 as 
previously stated, the combined adjustments of 
the sync lamp potentiometer, lamp , socket, 
timing disk diode potentiometer, and/or the 
complete lamp block assembly may be required. 

ADJUSTMENT 
The lIanded ll output of tape Channels 1, 2, 3, 6 and 
7 can be used to check the sync pu Ise timing as 
follows: 
1. Punch up a length of tape with G, EL, G, EL, 

etc., in consecutive positions. This can be done 
by inserting a read alphameric instruction with 
the typewriter designated as the input device. 

INSERT. Type 3700501 00100, 3900501 00200, 
49 00012. RELEASE START. Type G, :j:. RELEASE. 
START. The paper tape punch shou Id now be 



punching the desired pattern. Form the punched 
tape into a loop and place on the read head. 

2. Tie D1D14F and D1D14G to ground (system dia
gram 01.80.30.1). The eight input AND will 
now be satisfied when reading a IIG II character. 
(Tape channels 1, 2, 3, 6, and 7; and channels 
4 and 5 tied to ground). The tape pattern with 
alternate IIG II and IIELII punches is used to obtain 
a data signal every other character. 

3. Set up a program loop to read tape as follows: 
INSERT; Type 3700501 00300, 4900000. 
RELEASE; START; The reader should now be run
ning the loop of tape. 

4. Set scope trigger mode to external minus. 
5. Sync scope on lIanded ll output at D1D14E on 

01.80.30.1. 
6. Scope D 1 D 14E and p lace the center of the -S 

waveform in the center of the scope face. The 
-$ lIanded ll output must be at least 2 milliseconds 
in duration. Failure to meet this requirement 
ind icates an improperly a I igned read mask. 

7. A time/div. setting of approximately 509 sec/div. 
will spread the -S output waveform across the 
scope face. 

8. Scope the sync diode output at A4A06C on 
02.83.50.1. 
(a) Set the timing lamp potentiometer for lOv 

across the lamp. 
(b) Adjust the timing disk diode potentiometer for 

a negative peak of -10v on the timing signal 
(adjust the timing lamp if the potentiometer 
I imit is reached). 

(c) Loosen the two lamp assembly holding screws 
and adjust the assembly for a maximum neg
ative peak. Make sure that the top of the 
timing lamp is not touching the drive shaft. 

(d) Re-adjust the timing disk diode potentiometer 
to set the negative peak to - 12v on the 
timing signal (just in saturation). 

9. Scope the type sync output pulse at A4A06A and 
adjust the lamp assembly so that the fall of the 
sync pulse (+S to -S) occurs in the center of the 
lIanded li output waveform within 0.5 milliseconds 
(Center of scope face due to Step 6). Scope 
A4A06A and A4A06C alternately to maintain 
the negative peak of the diode at -12v while 
positioning the sync. The negative peak may be 
re-adjusted to -12 with the timing diode potenti
ometer to facilitate this adjustment. See Figure 4. 
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Sync Pulse A4-A06-A 

Sum Of Bit Pu Ises D 1-D 14-E 

2.0 Millisecond Minimum 

Bit Pulse (Earl iest Fall Time) 

Bit Pulse (Latest Rise Time) 

Bit Pulse 

Bit Pulse 

Difference In Duration Caused By Diode 
Characteristics And Individual Diode 
Potentiometer Adj ustment 

+S On Light ~ 1---
--------------------~ ~------------------
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:} 
I 
I 

2.0 ms 
Minimum 

Fall Time Of Sync Pulse 
In Center Of Bit Pulses 

Difference In 
l.M:::::~-'::----Ti me Caused 

By Skew 

Figure 4. Sync Pulse Timing 



Write Check 

Yes 

1) See Memory 
Trouble-shooting 
Information 

r NO-fR correc) 
1) Check for correct 

data in memory 
2) Check MDR Trigger 

Reset Circuit 
3) Check MBR to MDR 

Transfer 

Servicing Approach: 

1624 

Yes 

Yes~ 

1) Check MDR lines 
to translator 

2) Check extension to 
1624 

3) Check PCB-2 
4) Check Mag. Coi I for 

position fail ing 
5) Check for defective 

diode across failing 
punch Mag. 

1) Attempt to establ ish a fai lure pattern. 
2) Load memory with most consistent failure pattern. 
3) Sync on most convenient PCB Integrator for 

translator problem. 
4) Sync on Trigger 30, sync trigger, etc., for 

troubles during set of MDR. 
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Yes 

1) Check I/o Exit 
Trigger Circuit 

2) I Cycle Entry Circuit 
3) Check 1624 to Insure 

the mechanism for 
punch ing last charac,ter 
is operating properly 

1) Check Ball Check Contacts 
2) Check PCB-3 Integrator 
3) Check Write Check Latch 

1) Check Write 
Check Trigger 
and Circuit 



Read Checks 

Card Reader - Punch 

NO-----~~ea~6~tc~r---------Yes 

1622 
Console 

Reader Check 
Yes ----..,..---- Yes 

See 1622 
Off Line Section 
(Page l<t5J 

"3,/7 

1622 
Console No 

Reader Check 

yes----------< ~-----------No 

Check 
Transfer to 

1620 Circuitry 

Check 
1) 1620 Input translator circuitry 
2) 1620-1622 line d rivers and 

terminators 
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False 1620 Check 
Check 
1620 error circuitry 



\If 
Check 

Trans Accu Circuitry 
1) Read Trans Accu 

Latch Circu itry 
2) CB's 
3) C lock Rings 

1622 Off Line Section 

Reader Checks 

Read Error VRC, No 
NoVRC Read Error 

Read Error 
and VRC 

B2 Light A2 Light 

\ 
A2 and B2 Light I 

\ I 
\If 

with Card 
r\ SCR Agrees 

No 

,II \ 

Check 
First Read Circuitry 

Check 
Second Read C i rc u i try 

t T 
1) Brush Condition, Timing 

and Tracking 
2) Contact Roll 
3) Card Lever Contact and 

Relay 
4) CB's 
5) Card Transport 
6) Common Brush Circuit 
7) Row Bit Cores and 

Register Circuitry 

3. 17 
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Check 
1) Read Buffer Circuitry 

a. 'SCR Latches 
b. Buffer Read and 

Write Circuitry 
c. Core Planes 

2) Card Code to BCD 
Translator Circuitry 

3) RBR-2 Latch 



See 1622 

No 

1622 
Console 

Punch Check 

Off line Section 
(Page~ 

1 (( ~ 

Check 

Write Checks 

Card Reader - Punch 

( 1620 
. Write Checks ) 

No----~ 

Yes 

1620 
MBR Check 

Yes 

See 1620 Memory 
Trouble-shooting 
Section 
(Page 4.2) 

Yes 

1) 1620 MBR to MDR transfer 
2) 1620 MDR reset 

Yes--

I 
Check 

1) 1620 Output Translator 
Circuitry 

1622 
Console 

Punch Check 
No 

False 16 0 Check 
Check 
1620 Error Circuitry 

2) 1620-1622 line Drivers 
and Terminators 
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1622 Off Line Section 

Punch Checks 

Punch Error, 
NoVRC 

No Punch Error 
NoVRC 

Punch Error 
and VRC 

~---------r-~ B2 Light A2 Light 

Check 
Trans Accur Circuitry 
1) Punch Trans Accur 

Latch Circuitry 
2) CB's 
3) Clock Rings 

~t----------Yes 

Check 
Punch Check Brush Circuitry 
1) Brush Condition; Timing 

and Tracking 
2) Contact Roll 
3) Card Lever Contac t and 

Relay 
4) CB's 
5) Card Transport 
6) Common Brush Circuit 
7) Row Bit Cores and 

Register Circuitry 

Mrhanica, 

Check 

Card Punched 
Wrong 

A2 and B2 Light 

SCR Agrees 
with Card 

E,ectricai 

Check 

No 

1) Punch Matrix 

No 

Check 

SCR Agrees 
with Card 

Check 
BCD to Card Code 

See 1620 Write 
Check Section 
(Page 3. 17) 

Punch Buffer Circuitry 
a) SCR Latches 
b) Buffer Read and Write 

Circuitry 
c) Core Planes 

1) Punch Unit Binding, 
Sticking Punches and 
Interposers, Punch Magnets, 
Punch Nail Screws, etc. 

2) Punch Unit Connectors 
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KNOWN TROUBLE TIPS 
Card Reader Punch 

FEED TROU BlE 

1. Check feed knives for a I ignment and travel, and 
feed rolls for adequate pressure. 

2. The fai lure of the last few cards to feed can resul t 
from too wide an angle between the card weight 
and the card weight spring. This can be corrected 
by using an older card weight or by forming the 
springs. Tension of the hopper contact will 
accentuate this condition. 

3. Card dust and shavings in the feed or dirt on the 
feed rolls can result in read-in errors. Operations 
which require overpunching result in fine card 
shavings which may not follow the chip chute and 
can float around in the transport and relay areas. 

4. Care should be exercised in replacing the chip 
chute. It can be inserted backward covering the 
chute opening and causing chips to pile up inside 
the machine. 

5. A loose feed roll drive belt can cause read-in 
errors. If the belt is too loose, it can jump a 
tooth on the first feed roll drive gear and cause 
the card to read one digit low for the card cycle. 
The trouble will be intermittent, for on the next 
card cycle it will be back in time. loose-belts 
can also cause CB timing variation and results in 
read-in errors. 

6. The contact rolls setscrews should be checked to 
ensure that the roll is being positively driven. A 
dragging contact roll can cause read-in errors as 
well as jamming problems. 

7. Pressure shoes should be checked for sufficient 
tension and even drag. The shoe surfaces tend 
to become pol ished. This trouble can be corrected 
by increasing the spring tension or roughening the 
surface of the shoes. lack of, or uneven, tension 
can cause off-punching as well as jamming. 

8. If jamming is experienced at the fOlWard al igners, 
the edge of the al igners should be examined. If 
the surfaces are not smooth, they should be honed. 

9. If the die retracting pin spring tension is insuffi
cient, it is possible for the pin to bounce in the 
card line. This will show as a nick on the card 
edge and again result in off-punching as well as 
jamming. 

lubriplate (IBM #70), PiN 435682 has been 
helpful in reducing belt and pulley wear. 
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BRUSH TROUBLE 

1. Check the reading brushes for correct timing 
and tracking. 

2. Brushes should be centered over the contact roll 
to fac il itate straight feeding of the card and 
prevent it from being forced up or down into the 
card guides. Bent brushes can catch the card 
edge or holes in the card. Care in removing 
and replacing the brush blocks in the machine 
will reduce the bent brush problem. 

3. Intermittent read failures can occur if brushes 
rub the brush separator. Over-all centering of 
brushes in the brush separator slots is accompl ished 
by shifting the brush separator. Individual brushes 
which are misaligned must be individually aligned 
for proper centering within the separator slots. 
This should resul t in the brushes tracking through 
the center of the hole. Any brush separators 
which do not permit uniform tracking at the 
extreme ends of the card should be replaced. 

4. Read-in troubles can resul t from brush blocks 
which have not been locked in place. Always 
check the brush blocks on a read-in trouble call. 

5. A loose feed roll common brush or a lack of a 
common brush tension can result in read-in errors. 

6. Also check for: 
a. loose, cracked or broken Quick Disconnect 

blocks. 
b. loose individual terminals from brush cable 

or between Quick Disconnect and brush 
blocks. 

c. Examine and flex brush cables to check for 
open or shorted wires. 

d. Carefully examine the brushes for bent, broken 
(electrical shorts) or short (brush) strands. A 
short strand can be a real trouble-maker and 
is difficult to see. 

PUNCH TROUBLE 

10 Off-punching cards by one digit can be caused 
by a loose picker knife drive belt. This can 
happen when the clutch latches and the belt 
jumps one tooth on first feed roll drive pulley. 

2. If cards are nicked on the leading edge by the 
punches, check the timing of the first stepped roll. 

3. If vertical registration varies sl ightly, check 
pressure shoe springs for tension. Check that 
pressure shoes have not become polished where 
they contac t the card. 

4. Varying vertical registration can be caused by an 
intermittent roll closing too soon and moving the 
card slightly at end of the previous Geneva cycle. 



5. Variable registration 12 through 9 may be caused 
by insufficient intermittent roll tension. Tension 
trouble can be caused by the cam follower hitting 
the low dwell of its operating cam or by a weak 
,spring. 

'6. Variable registration 12 through 9 may be caused 
by pol ished intermittent rolls or worn Geneva gears. 

7. If vertical registration is off for the entire card, 
check Geneva gears for proper mesh and for loose 
pins. 

8. If the punch unit cuts long holes or is tearing holes, 
check the punch unit timing. 

9. Partial punching or double punching can be caused 
by too little armature-to-core clearance. Partial 
punching can also be caused by too much armature
to-core clearance. 

lO.lnsufficient wink befween the Geneva Drive Gears 
and the intermittent roll drive gears can result in 
rapid gear wear and breakage of the intermittent 
roll shaft. Wink must be checked around the cir
cumference of the gears. There must be a minimum 
perceptible wink and a maximum of .003 11 wink. 
If an intermittent roll shaft breaks, the gear wear 
in the Geneva is usually found to be sufficient to 
require the replacement of the Geneva drive housing 
also. 

11.Card jamming can be caused by loose punch bail 
tongue screws (apply Glyptol to threads). 

STACKER TROUBLE 

1. Jamming in the stacker area can result from impro
perly adjusted chute blades, loose screws on the 
magnet assembly, or oil befween the chute blades. 

2. The stacker plate can bind owing to warpage of the 
plastic, which can cause jamming in the stacker 
pocket. This trouble can be eliminated by grinding, 
filing, or sanding the top edge of the plate that goes 
into the sl ides. . 

3. If cards are turned end for end, check for verify 
notch catching. 

GENERAL 

1. Cables should be inspected occasionally for rubbing 
~gainst the frame or gates. Where rubbing is experi
enced, retaping and repositioning, if possible, are 
suggested. 
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SERVICE HINTS 

Card Reader Punch 

Trouble-shooting Methods 
Removing the error relay driver A2C07 effectively 
cripples the error stop circuits. 

Grounding either the read buffer ready latch or the 
punch buffer ready latch permits continual transfer of 
data between the buffer and the 1620, while the 1622. 
is stopped. This permits scoping the data transfer cir
cuits without cards in the 1622. 

Reader Scan Ring - RSR 
Reader scan ring trouble wi II usually show up as dropped 
or extra bits in the SCR. To check: 
1) Turn on the read row bit scan latch by grounding 

A2ClO F (04.10.08.1). The RSR should now be 
running. 

2) Scope timings and levels using marginal voltages 
as needed. 

Row Bit (RB-2) 
If the RB-2 read sense amplifier is failing, the SCR 
will contain all "C" bits after reading in a card 
containing miscellaneous punches. 

If a single position of RB-2 fails when displayed in the 
SCR, the SCR will contain "C II bits regardless of data 
in the associated card column. Also, a read check 
will occur (B2 light on) for any column containing as 
odd numbers of holes. To check: 
1) Run a test deck with ripple pattern if it appears 

that there is no output from the RB-2 sense amp
I ifier. 

2) If it is a single column failure, run a test deck with 
a punch in the failing column. 

3) Scope sense amplifier output at A 1 B05 AF 
(04.30.02.1) using internal sync. 
a. If there is no output using the ripple deck, 

the trouble could be the common brush, 
common brush transi.stor, display switch 
contacts, CLC and CLC relay points, or the 
sense ampl ifier. 

b. If there is no output for a single position, the 
trouble could be the individual reading brush 
and circuit, read brush resistor, or connector. 

c. Incorrect CB timing will give reading failures. 
Note: The same testing procedure is used for RB-2 
punch sense amplifier. Items a. and b. apply to the 
punch side also. Scope at A1 B04 AF (04.30.02.1). 

3.22 

Row Bit Register 2 (RBR-2) 
This single latch is turned on by the output of either 
the read or punch RB-2 sense ampl ifier. To check: 
1) Run same test decks as when checking RB-2. 
2) Scope RBR-2 (on side) output at AlB 18 B 

(04.25.03.1). 

Single Character Register (SCR) 
Failures of the RSR, inhibit drivers, SCR latches, 
RB-2 and RBR-2 will show up in the SCR. If a check 
of the RSR, RB-2 and RBR-2 shows that they are 
functioning properly, a further check of the SCR and 
associated circuits is indicated. 

SCR failure indications: 
1) Groups of ten dropped (SCR blank), for example: 

o through 9, 10 through 19, 20 through 29, etc., 
indicates a failure in the selection (decode) 
switches in the tens part of UTR. 

2) Pattern in groups of eight (SCR blank), for example: 
1, 11, 21, 31, • • • • • 71 or 4, 14, 24, 34, 
44, ••••• 74, indicates a failure of a 
selection (decode) switch in the units part of U TR. 
To check: 
a. Turn on RBR-2 latch by grounding AlB 18 P 

(04 .25 .03. 1). 
b. Turn on the read select key and single cycle 

to the fai I ing position. 
c. Turn on the not units advance key to prevent 

UTR from stepping. 
d. Depress the start key. 

The failing position should be reading and writing in 
the read buffer. Scope read and write decode switches, 
A1 D05 F and H (04.30.06.1). The voltage probe can 
be used to determine that a decode switch is selected. 
However, the current probe must be used to check that 
the decode switch and current source circuit is func
tioning properly. 
3) Pattern of all 1 bits or all 4 bits, etc., dropped, 

indicates a possible failure of an inhibit driver or 
one of the SCR latches. To check: 
a. Read in one card which contains punches 

associated with the failing bit. 
b. Turn on read select switch. 
c. Depress CE start key. The clock and UTR 

should now be running and circulating the 
character through the 80 positions of the read 
buffer and associated circuitry. 

d • Sync on BO. 
e. Check levels and timings of the sense ampl ifier 

strobe, sense amplifier output, read/write 
current or voltage, inhibit lines, and SCR 
latches. 

f. Vary marginal voltage as needed .• 



4) For particular character dropping or picking up bits 
(6 (4-2) drops the 2 or 6 (4-2) comes out as 4-2-8): 

a. Check RSR as given previously. 
b. The failure could be in the card-code-to-BCD 

translator. 

Card-Code-to-BCD Translator 
Failures in the translator will show as dropped or extra 
bits in the SCR. As an example, dropping or picking up 
of bits for a six is used here. To check: 
1) Turn on read row bit scan latch by grounding 

A2 C 10 F (04. 10.08. 1). 
2) Turn on RSR-6 latch by grounding A2 E16 F on 

04.35. 14. 1. 
3) Turn on RBR-2 latch by grounding AlB 18 P 

(04.25.03. 1). 
4) Turn on read select switch. 
5) Depress start key on CE panel. The output of 

RBR-2 is now being translated as a six and is 
continuously circulating through the read buffer 
and associated circuitry. 

6) Use scope to check circuits (Sync on BO at A2 E05 A 
(04.15.01.1). Vary marginal voltages as needed. 

Read Trans Accu (Pre "J II Suffix Machines Only) 
To check operation of the read trans accu scan latch: 

. 1) Place a deck of blankcards in the hopper. 
2) Turn on I ine-off I ine switch to off line position. 
3) Set up scope to observe the read trans accu scan 

latch. The latch wi II be turned on once and then 
off. 

4) Depress CE start key to cause a three card run-in. 
Observe scope. 

If the read trans accu scan latch fai Is to turn on, check 
circuits back to and including the CBls. 

If the read trans accu scan latch turns on, the following 
procedure can be used to set up a continuous loop for 
transferring A 1 to A2 and B 1 to B2. 
1) Set a II A 1 and B 1 cores to the one state by 

initiating a three card run-in using a ripple deck. 
2) Turn on the read trans accu scan latch by grounding 

A2 D13 F (04.10.08.1). With the read trans accu 
scan latch turned on, the clock and UTR will start. 
The one status of the A 1 and B 1 cores will transfer 
to A2 and B2 on the first UTR cycle. 

3) Remove the ground from the read row bit scan latch 
and single cycle 00 through 79 observing that the 
A 1, B 1, A2 and B2 I ights are on for each core 
position. 

For a further check of A 1, A2, B 1, and B2 circuits, 
see procedure given under Reader-Punch Check Circuits. 
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1622 to 1620 Transfer (Read) Opera tions 

Continuous Transfer Loop 
The following procedure can be used to facil itate 
locking the 1620-1622 in a continuous transfer to 
1620 operation • 
1) Insert the following program: 

00000 3601000 00500 
000 12 46 00000 00600 
00024 49 00000 

2) Turn read check error switch to the program 
position. 

3) Place a card with the desired information, as well 
as an 11-12 punch combination in any column 
other than column 80, in the read feed. Run in 
card under control of the above program. 

This procedure will force a 1620 read check which 
will prevent a read clutch cycle and also prevent 
resetting the buffer ready latch. Continuous transfers 
to 1620 will take place with a read check occurring on 
each • However, the 46 code will interrogate and 
reset check indicator allowing subsequent transfers to 
proceed. 

Control I ines and data I ines can be scoped dynamically 
while this program is running • 

Alternate Procedure for Continuous Transfer Loop 
This procedure does not force a read check. Therefore, 
if for some reason the forced read check is undesirable, 
this alternate procedure should be used. 
1) Turn on the read buffer ready latch by grounding 

A2 C05 K (04.10.11. 1)* 
2) Insert: 00000 36 xxxxx 00500 RN 

00012 3400000 00101 K-Space 
00024 49 00000 00000 B 

3) Depress rei ease key then start key. The data and 
control I ines may now be scoped as desired. 

PUNCH SERVICING PROCEDURES, CHECKS AND 
HINTS 

Punch VRC Immediate Stop 
The units tens ring can be stopped when a punch VRC 
occurs by connecting jumpers as follows: frqm A2 C15 
E (Logic 04.10.07. 1) to an unused inverter circuit to 
A2 C04 C (Logic 04.10.10.1). The units tens ring 
will stop immediately because the units advance will 
be blocked. The card will be laced in the specific 
column in which the VRC occurred and for the remain
der of the card. The punch buffer will not be reset. 
After removal of the jumpers, it will be possible to 
interrogate it for the cause of the VRC. The stop key 
must be depressed before removal of the jumpers to 
prevent reloading the buff er. 

* or read buffer ready switch if machine so equipped. 



Punch Scan Ring (PSR) 
Punch scan ring failures are shown by incorrectly 
punched cards such as double punching or missed 
punches in an entire row. Punch check errors will 
also occur. 

To check the PSR, turn on the punch scan latch by 
grounding A2 D16 F (04.10.08.2). When the punch 
scan latch is on, \he UTR and the PSR start. Scope 
the PSR circuits for levels and timings. Vary marginal 
voltage as needed. 

BCD-to-Cqrd-Code Translator 
Failures in the BCD-to-card-code translator show up 
as incorrectly punched cards. To check: 
1) Load the punch buffer from the 1620 (write code 

operation) using data corresponding to the fai lure. 
2) Follow checking setup procedure given under PSR. 
3) Scope the BCD-to-card-code translator for timings 

and levels, varying the marginal voltage as needed. 
Note: Failing punch magnet circuitry and punch mech
anics will also appear as incorrectly punched cards. 

1620 to 1622 Transfer (Write) Operation 

Continuous Transfer Loop 
The following procedure can be used to facilitate 
locking the 1620-1622 in a continuous transfer to 1622 
operation. 
1) Turn on the punch buffer ready latch by grounding 

A2 D26 H (04. 10. 11. 1)* 
2) Insert the following program: 

00000 38 xxxxx 00400 WN 
00012 3400000 00101 K-Space 
00024 49 00000 00000 B 

3) Depress release key then start key. The data and 
control I ines may now be scoped as desired. 

READE~PUNCH CHECK CIRCUITS 

Checking A 1, B 1, A l-CBCR, B l-CBCR, OR and 
Exc lusive OR 
The objective of this procedure is to test: 
1) A l-C BC Rand B l-C BC R • 
2) The OR associated with A l-CBCR. 
3) The exclusive OR (XO) associated with B l-CBCR. 
4) The inhibit drivers for A 1 and B 1 core planes. 
5) The read drivers, write drivers, and sense ampli

fiers associated with Aland B 1 core planes. 

Procedure 
1) Operate NPRO key to clear all check planes 

(reset cores to "0"). 
2) Turn on RBR-l latch by grounding AlB 18 F 

(04.25.03.1). 
* or punch buffer ready switch if machine so equipped. 
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a. For single cycle operations: 
(1) Turn on single cycle switch. 
(2) Turn on read select switch. 
(3) Using CE start key, single cycle 00 - 79 

five times. The Aland B 1 lights shou Id 
show the following pattern: 

First time through A 1 and ,B 1 are blank 
Reading out cleared cores ("0") and writing back 
lis from RBR-l through OR (A 1) and through XO 
(B 1). 

Second time through Aland Blare on for each 
position 

Reading out lis set on first time through. Writing 
into A 1 plane from A 1 OR RBR-l. Inhibiting 
writing into B 1 plane because both RBR-l and B 1 
are on and the XO inhibits the write back. 

Third time through A 1 is on for all 80 positions 
-B 1 is blank 

Reading out A 1 cores which were set on second 
time through. B 1 blank because B 1 cores were 
inh ibited from writing on second time through. 
Write back into A 1 cores from A 1 or RBR-l. 
Write back into B 1 from RBR-l through XO. 

Fifth time through Same as third time. 
Note: That after the first time through (all blank), 
the second, fourth, sixth, etc., times through will 
always be 01 ike. 

b. For electronic speed operation: 
(1) Turn off single cycle switch. 
(2) Depress CE start key and allow rings to 

run for a few seconds. 
(3) Depress CE stop key. The A 1 and B 1 

configuration should be I ike either an 
even (second, fourth, etc.) time through, 
or an odd (third, fifth, etc.) time through. 

(4) Turn on single cycle switch. 
(5) Using CE start key, single cycle 00 through 

79 twice to observe that the Aland B 1 
I ights conform to the odd or even configur
ation. If Al or Bl do not conform, run 
the machine at electronic speed and scope 
the circuits while checking timings and 
levels. Vary the marginal voltage as 
needed. 

Checking A2, B2, A2-CBCR, B2-CBCR, Comparing 
AND, and Exclusive OR 
The objective of this procedure is to test: 
1) A2-CBCR and B2-CBCR. 
2) The comparing and associated with A2-CBCR. 
3) The exclusive OR (XO) associated with B2-CBCR. 
4) The inhibit drivers, read drivers, write drives and 

sense amplifiers associated with the A2 and B2 core 
planes. 



Procedure 
1) Operate NPRO to clear all check planes (reset cores 

to "0"). 
2) Tum on read select switch. 
3) Tum on A2-CBCR latch by grounding A 1 B20 F 

(04.25.03.1). The output of A2-CBCR is used to 
set all cores in A2 to the one status. 

4) Tum on B2-CBCR latch by grounding A 1 B20 P 
(04.25.03.1). The output of B2-CBCR is used to 
set all cores in B2 to the one status. 

5) Using CE start key, run the machine for a few 
seconds. 

6) Depress CE stop key. The cores in the A2 and B2 
planes should be all set to the one status. 

7) Remove ground wires from A2 and B2-CBCR's. 
8) Using CE start key, run machine for a few seconds. 

The A2 cores are being read out to A2-CBCR. With 
A2-CBCR on and RBR-2 off, the comparing AND is 
satisfied and at write time the A2 cores wi II be set 
to the one status. The B2 cores are being read out 
to B2-CBCR. With B2-CBCR on and RBR-2 off, 
the XO causes a one to be written back into the 
B2 cores. 

Single cycle through all 80 buffer positions and 
check that the A2 and B2 I ights come on for every 
position. If the check is satisfactory, the A2 and 
B2 sense amplifiers, read drivers, write drivers, 
comparing AND and exclusive OR circuits are 
working properly for a no compare condition. Vary 
marginal voltage as needed. 

To check the comparing AND and the exclusive OR for 
a compare conditions and -to check the inhibit drivers, 
the RBR-2 latch must be tumed on. With RBR-2 on: 
1) The comparing AND will not be satisfied and the 

one status of the A2 cores read out to A2-CBCR 
will be inhibited from writing back into the A2 
plane. 

2) The XO circuit will have like inputs to both sides 
on one cycle (B2 core reads out to tum on B2-CBCR) 
and will therefore inhibit writing back into the 
B2 plane. 

On the next cyc Ie B2-CBCR wi II not be tumed on (no 
cores in the one 'status in B2 plane) while RBR-2 is still 
on. The XO circuit has unlike inputs and ones will be 
written back into B2 plane. To check: 
1) Tum on RBR-2 by grounding A1 B18 P (04.25.03.1). 
2) Turn on single cycle switch. 
3) Tum on read select switch. 
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4) Using CE start key, single cycle 00 through 79. 
First cycle through A2 and B2 on 
Second cycle through A2 off and B2 off 
Third cycle through A2 off and B2 on 
Fourth cyc Ie through Same as second 
Fifth cycl e through Same as third 

This test can be made at electronic speeds. If failures 
develop, scope the associated circuitry for I evels and 
timings. Vary the marginal voltage as needed. 

INTERLEAVE OPERATION 

Reader or punch checks may occur with interleave 
troubles. 

Indications of Interleave Problems 
1) The 80th character transferred to the 1620 is 

missing or incorrect. This could occur if the 
punch trans accu scan latch is turned on while 
the read disconnect latch is on. The extender 
A 1 E09 (04. 10.08.2) to the AND A2 D20 is for 
the purpose of preventing this condition. This 
appl ies to pre "J" suffix 1622's only. 

2) Incorrect or missing punching and reading could 
occur in the punch operation latch A2 A 16 
(04. 10 .09.2) fai Is to tum on during a punch 
operation and a read operation is initiated by 
the 1620. 

3) If an attempt is made to select the read and punch 
buffer simultaneously, nothing will be punched and 
nothing will be loaded into the read buffer. (Units 
read and write "X" drivers are inoperative). A 
VRC check will resul t because nothing will be 
placed in the SCR. Operating the CE read and 
punch select switches at the same time will cause 
the condition just described • 

. 4) If data being loaded into the read buffer is 
simultaneously punched in a card and this data 
is not in the punch buffer, the II+S Punch buffer 
scan ll to A2 B08 H (04.35.01.1) is probably 
floating (open). 

Interleave Trouble Diagnosis 
Run read and punch "off line ll simultaneously. 

If interleave failures do not occur, the failing inter
lock is assoc iated with either transfer from or transfer 
to the 1620. If failures do occur, they eliminate the 
previously mentioned interlocks. 

If the failures occur fairly frequently (every 5 or 6 
cards), the fai I ing interlock is probably the read row 
bit scan and punch buffer scan. 



Fai lures between row bit scan and punch trans accu or 
between punch buffer scan and read trans accu occur 
every 40 to 50 cards. 

Failures seldom occur between read trans accu and 
punch trans accu or between stacking latches. 

Checking Interleave Operations 
Jumper wires may be used to force interleave between 
any two of the scan latches. For example, an inter
leave between read row bit scan and punch buffer scan 
can be forced as follows: 
1) Put the punch stacking latch (A2 D 16) on an extend

er and remove the lead from pin L. 
2) Jumper from the read stacking latch turn-off output 

(A2 C10 Q on 04.10.08.1) to the punch stacking 
latch turn-on input which is now on the extender 
(A2 D16 Lon 04.10.08.2). 

3) Jumper from the punch stacking latch turn-off input 
(A2 D16 Q on 04.10.08.2) to the read stacking 
latch turn-on input. (A2 ClO Lon 04.10.08.1). 
Pin L is not in use so an extender is not needed. 

4) Depress the reader or punch start ke}5 to start the 
operation. 

Once started, the read row bit scan and punch 
buffer scan should alternate but never overlap 0 

If a failure occurs, alternation may stop. If it 
stops, run one feed and scope the interlocks 
involved. 

Jumper wires may be used to force interleave between 
other latches. (This applied to pre IIJII suffix 1622's 
only) • 
1) Read Stacking Latch Punch Trans Accu Stacking 

Latch 
Jumper A2 ClO Q to A2 D19 Land A2 ClO L to 
A2 D19 Q 

2) Read Trans Accu 
Stacking Latch 

Jumper A2 D13 Q to 

and A2 D13 L to 
3) Read Trans Accu 

Stacking Latch 
Jumper A2 D13 Q to 
and A2 D13 L to 

Miscellaneous Service Hints 

Punch Stacking Latch 

A2 D 16 L (I ead removed on 
extender pin L) 

A2 D16 Q 

Punch Trans Accu Stacking 
Latch 

A2 D19 L 
A2 D19 Q 

When a line containing an inductive spike must be 
used as a scope sync, i.e., relays, magnets, etc. 
a resistor and rectifier may be used as shown to remove 
the spike at the scope sync hub (this does not remove 
the spike in the machine). (See Page 3.36) 
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OFF LINE SERVICING 

Punch buffer or read buffer can be loaded artifically 
by forc ing bits from the single character register and 
the CE switches in back of the machine. 
1) Ground IIp ll or IIFII pin of desired SCR latch or 

latches (see logic pages 04.25.01.1 and 04.25.02.1) 
2) Transfer Read Select or Punch Select Switch. 
3) Depress start key. (Single cycl e switch may be 

transferred for advancing one position at a time). 



Sync 
Source 

R Scope 
..... <~------.f\!VVV\------~----X Sync 

D I Hub 

I 
For Negative 
Supply Voltage 

Scope 
Sync 
Hub 

R Sync 

xh--------~I------------~----------~~~ Source 

R May be 10K to 50K 

yD 
For Positive 
Supply Voltage 

D May be any diode or small selenium rectifier 
that has a voltage rating greater than the 
supply voltage. 
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Single Cycle 1622 Read Operation 

1) Jumper A2 B23 H to A2 E26 F and A2 All B to 
A2 E26 A (or any other unused inverter) - Allows 
CE clock start. 

2) Remove SMS card at A2 C07 - Prevents error stop 
of machine. 

3) Remove SMS card atA2 B23 - Prevents automatic 
c lock start. 

4) Remove PM Relay #3 - Opens #2 read CLC circuit. 
5) Transfer the following switches: 

a. Override switch 
b. Off I ine switch 
c. Single cyc Ie switch 
d. Read select switch 

6) Run any card with all 80 columns punched through 
read feed (any punches) - Loads RB-1 cores. 

7) Single cycle the UT ring for RB-1 to A1Bl transfer
RB-l I ight should be on for all positions •. 

8) Again single cycle the UT ring to check RB-l to 
AlB 1 transfer - RB-1 I ight should be out and AlB 1 
lights shou Id be on for all positions. 

9) Ground A2 013 F - Collector Pullover Read Trans 
Accu Latch. 

10) Single Cyc Ie the U T ring for AlB 1 to A2B2 transfer
A1Bl and A2B2 lights should be on for all positions. 

11) Replace PM Relay #3 and remove PM Relay #2 -
Opens # 1 read C LC ci rcu it. 

12) Run any card with all 80 columns punched through 
the read feed. (Any punches) - Loads RB-2 cores. 

If display of other than a 12 punch (CAB bits) is desired, 
follow Steps 13 and 14. 

13) Remove the SMS card at A2 013 (Read Trans Accu 
Latch) - Prevents continuous reset of Reader Scan 
Ring Latches. 

14) Advance Reader Scan Ring as follows: 
Ground A2 E 18 A (RSRB advances) 
Ground A2 E 17 A (RSRA advances) 

Repeat alternately to advance ring 9-8-7-6-5-4-
3-2-1 

Then Ground A2 E21 F (RSRB advance P) 
Ground A2 E22 E (RSRAadvance P) 

Repeat al ternately to advance ring 0-11 • 
15) Single cycle the UT ring for RB-2 to A2B2 and 

buffer transfer - AlB 1 I ights out and A2B2 I ights on. 
16) Again single cycle the UT ring to check RB-2 to 

A2B2 and buffer transfer - A2B2 I ights out, single 
character register displays bit structure of character, 
Reader Scan Ring was set for 
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17) Repeat 16 - Bufferwrong - inhibit, trouble. 

Single Cycle 1622 Punch Operation 

1) Load 1622 Punch Buffer with all positions having 
the bit structure (same character) as follows: 
a. Insert 3600100 00100 
b. Rei Start, type in 80 characters (same char

acter) 
c • Insert, type in 38 00100 00100 

4900000 
d. Run blank cards in and punch several cards 
e. Stop machine 

2) Jumper A2 B23 H to A2 E26 F and A2 All B to 
A2 E26 A or any other unused inverter (Allows 
clock start) 

3) Remove SMS card at A2 C07 
4) Remove SMS card at A2 B23 
5) Remove Relay 32 
6) Transfer the following switches: 

a. Override switch 
b. Off line switch 
c. Single cycle switch 
d. Punch select switch 

7) Reset AlB 1 and A2B2 as follows: 
a. Ground A 1 B23 G 
b. Step through UTR 
c. Ground A 1 B23 K 
d. Step through U TR 

8) Tu~n on Punch Scan Latch - Ground A2 016 F 
9) Advance Punch Scan Ring to character position 

before the one equal to the digit stored in Punch 
Buffer. 

10) Remove the SMS card at A2 019 Punch Trans Accu 
Latch - Prevents continuous reset of Punch Scan 
Ring. 

11) Advance Punch Scan Ring as follows: 
Ground A2 F16 A (PSRB advance) 
Ground A2 F15 A (PSRA advance) 

Repeat alternately to advance ring 12-11-0-1-2-
3-4-5-6 then Ground A2 F22 P (PSRB advance P) 

A2 F23 E (PSRA advance P) 
Transfer to and from 1620 can be accomplished by 
turning on CE MAR stop bypass switch. SCE key 
can be used to single cycle these transfers when a 
Read or Write Op code is add ressed in the 1620. 

12) Single cycle UT ring for Buffer to A1Bl transfer
RB-1 should be on for ~II positions. 

13) Again single cycle UTR ring to check buffer to 
AlB 1 transfer - RB-1 light shou Id be out and AlB 1 
light on for all positions. 

14) Replace A2 019 SMS card in socket. 



15) Ground A2 D1~:f.-.- collector pullover punch 
Trans Accu Latch. 

16) Single cycle UT ring for A 1B1 to A2B2 transfer -
A1B1 and A2B2lights should be on for all positions. 

17) Replace Relay 32. 
18) Run any card with all 80 columns punched through 

the punch feed (any punches). 
19) Sing~e cycle UT ring for RB-2 to A2B2 transfer 

(RB-2, A1B1 and A2B2 lights should be on for all 
positions) • 

20) Again single cycle UT ring to check RB-2 to A2B2 
transfer (RB-2 and A2B2 lights should be off and 
A1B1 lights should be on for all positions). 

Stop on Error - IBM 1622 
For highly intermittent trouble experienced in comparing 
circuits on the 1622, the following circuit can be wired 
temporarily. Itwill stop the clock in the UT ring posi
tion and scan ring position in which the failure occurred. 

To check read trouble, it is necessary to gang punch a 
deck of cards from one given card (preferably an error 
card) having random punching in it. Trans Accu 
operation (Test 3) can only be checked with cards 
having a single punch per column. 

To check punch trouble, it is only necessary to punch 
repetitively from a given area of memory having infor
mation similar to that described in the previous para
graph. (See Page 3.39) 

CHARTS 

Pages 5.40 through 3.43 are improved timing and 
function charts for 1620-1622 transfer operation. 
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TesLl - To check row bit registers, row bit cores, 
brush'es, etc., run in cards, connect inputs indicated 
in drawing to RBR-l at AlB 18 F and RBR-2 at AlB 18 P 
on 04.25.03.1 and either read or punch cards as des
cribed above. Machine will stop on e:rror with only 
one RBR I ight on. \ 

Input - B A G ... 
Ckt'l 

D VE -'. 
~ 

LA. 0 ~ &. 0 K, 
Ckt 4 Ckt2 

VE VE 
~ JL 

E A ·C 
10-,. 

Ckt 3 

VE - F ... Input 

Connect: 
Pre "J II Suffix " , 

1622 B 10 D2 ot -

A2 C13 PL 
"J II Suffix 1622 
B11 D3 at A2 Cl0 A 
04.10.07.1 

* 

A 

R 

K -
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Test 2 - To check CBCR circuitry, run in cards, connect 
inputs indicated in drawing to CBCR-A 1 at AlB 19D 
and CBCR-A2 (04.25.03. 1). *Connect Pin "K II of VF 
circu it 1 in drawing to appropriate (read or punch) +S 
Trans Accu on 04.10.08.1 or 2. Machine will stop on 
error with only one CBCR-A I ight on. 

Test 3 - To check Trans Accu circuitry, run in cards, 
connect inputs indicated in drawing to CBCR-A2 at 
A 1 B20 D and CBCR-B2 at A 1 B20 C (04025.03.1). 
*Connect Pin "K II of VF circuit 1 in drawing to appro
priate -S Trans Accu on 04. 10.08. 1 or 2. Machine 
will stop on error with only one CBCR #2 light on. 

A E H 
Ckt 1 
VF G 

F.-

, 
I 
I 
I 
I 
I 

R 
~ 

A2 C21 H P 
(reset) -
04.05.07. 1 

0 
Ckt 2 

VF 

0 
Ckt 3 

VF 

I . 
I 
I 
I 

CL -.. 

D 
i--

Connect to 
Al A19 D 
(stop clock) 
04.10.04. 1 



CODE 
34/~/H 

. [ENTRY ADV. 

LAMP 

DT 

-c I/O EXIT 
TGR 

04.83.06.1 

STOP 
CLOCK 

01.10.05.1 

INCR/DEeR 
TGR (lNCR) 
01..0.05.1 

HOLD TGR 
01.64.12.1 

C3 
RUN TGR 

01.06.10.1 

1622 Read RN 36 
RA 37 

Rd Bul ur 79 

ROY CESW 
11443 

Read NPRO 
Rese' (C) 
Pwr On 
Reset 

DL 

SEL5 

NO FEED LAMP 

~ 
+ 5 Poh Chk 

-5 Poh CB 
Request 
hotch 

Inv. 

Time 

-S Pch Bul 
Scan 

a 4.10.09.2 

Pch Buf -,J-:;::'=~::::=====1~+-...J 
UT79 

-!6RC5M272"_B322" 
04.01.02.1 

r--t===:---------'l~_ START 1622 CLOCK 

17-2 Run . 

Rd Motor 
Delay 
Dropout 

Rd Motor 
Stort 

OR 

I 

Request 
Rd Rb Scan 
Latch 
4.10.08.1 

Driver 

RJ2 Rd Motor 
Start 

J -.20 v 

4-6 J 
11-3 Stocker 

Contact 

,*,--'I'---~ Read Disconnect 11-3 
04.15.06.1 

RD70 RD69 

,)o-_--'L.....-S_ R
_
ea

_
de

_' R_ •• _dY---iI-_~ ~~~.04.1 

Inv04.15.06.1 

To RC 5 (M272"-B322"1 and - 25. 
04.01.02.1 



AAdv 

E~ycl. 
Entry 

Sol 4 

00099/19999 
& S'opTgrOff 

Not Record Mark 

RO-WR Call Tgr 
01.64.14.1 

-SReset 
MIR&MOR 

1622 WRITE WN 38 
WA 39 
DN 35 

No' TUr 30 " No. Tg,J 1 
01.64.12.1 

810ckMARReset 
01.59.10.1 

n07 

-C So. 1/0 
Sam M)R 

PchOi.CL 

RoodBu! 
Sean Lotch 

UT 79 

-S Pch Buf Rood, 

No Sean in 
p

No 1620 
Writ. Check 

Clock .... r----r-----------.. 
614-01 

Per. MOl r 
Stort 

Pch Motor 
Dtlay 
Dropout 

No. UT 79 

& No 1620 Writ. Check 
04.15.06.1 

04.15.06.1 

Punch Ready 

Punch Clutch Drive lch 

) ;.: 
\....-....'NO. Rd OP 

PL 6 

-5 Rd ~B 
SUn 

l
~_20Y 

04.02.04.1 

SYNC 
S,: PC" 

r 27
-
4 

R067 

In.'l1 04.04.04.3 

I.. 04.15.06.1 



CORE STORAGE 

MBR Checks 
Service Procedure 
Scope Chart and Patterns 

4. 1 

Page 
4. 2 
4. 3 
4.4 



No----------------------I Data Wrong 
in MBR 

1 
1. False Check 

Check VRC 
Ckt. 

yes----l 

! 
Refer to core storage 
servic i ng procedure, 
(See Page 4.3) 

o 

A lack of pattern is indic
ative of a failure common 
to the entire memory but 
external of circuits such as: 

1. Diode across R 102 
defective. 

2. Memory over temp therma I 
or fan defective 
(temp should be 1000 ±3) 

3. Memory operating voltage 
incorrect. The +12 and 
+30 should have voltage 
difference as indicated 
on marginal supply when 
measured at IIA" gate with 
a 1/4% accurate meter 
(Weston 90 1, PiN 460879 
or equivalent). 

4. Electrical noise (see General 
Trouble-shooting Information 
(See Page 2.3) 

4.2 

l---------------yes 

At this point, run system and record 
the following: 

1. Address which failed 
2 • Bit tha t fa i led 
3. Was bit picked or dropped? 
4. An I/o Op code pattern may 

appear. If so, check write 
check light. If on, see I/o 
Section I. If off, check gating 
of MBR and MDR from translator. 

After recording a series of failures, 
study recorded information, looking 
for an address or bit pattern. 

1. Address pattern 
a. A common digit in units tens, 

hundreds, or thousands, above 
or below 10 K. 

b. Groups (banks) of addresses 
which contain this pattern. 

2. Bit pattern 
a. A particular bit or group of 

bits failing in any address. 
b. Is failure always above or 

below 50? 



CORE STORAGE SERVICING PROCEDURE 

Because of the size of core storage wires and terminals, 
a strong light and magnifying glass is desirable when 
broken wires and shorts are suspected. 

In diagnosing memory problems, it should be kept in 
mind that a short in core storage will cause a split in 

Problem 
T. No read or write in any position of memory 

2. Missing bits in either all even addresses (or odd) 
ina II add resses e ithe r <50 or:>50. 

3. Extra bits in either all even addresses (or odd) in 
all addresses either<50 0'>50. 

4. Dropping all bits in banks of 10 addresses, i.e., 
X02.XX, X 12.XX to X92.XX. 

5. Dropping all bits in addresses as patterned below: 
(a) 200 addresses 

6. 

(b) Common digits in either units, tens and ten 
K or hundreds and thousands, i.e., OOOXX to 
099XX and 100XX to 199XXor OXXOO to 
OXX99 and 1XXOO to 1XX99. 

With conditions in Step 5 but in banks of 10. 

Operation Switch #3 Switch #4 

Force all bits Normal Normal 
Blank Memory Transferred Transferred 
Force Flag 8 1s Normal Transferred 
(88) 
Force 7' s (77) Transferred Normal 

4.3 

current which would cause the shorted line to carry 
less current than is necessary for proper operation. 
Therefore, with this type of failure, unpredictable 
resul ts can occur: 

Possible Cause 
Bias winding, current source, or current driver. 

Open sense winding or weak presense amplifier. 
Shorted inhibit drives. 

Open inhibit winding or weak inhibit driver. 
Shorted sense amp. 

Decode switch or associated wire in matrix switch. 
(An open decode switch can cause damage to other 
decode switches). 

Open X or Y line. 

Open inductor. 

Switch #5 Switch #6 

Transferred Transferred 
Normal Normal 
Transferred Normal 

Normal Transferred 



C Amp 

Sense 
Amp 

Voltage Pattern Voltage Pattern 
7b - Page 4.7 7c and 8b - Page 4. 7 

F Amp t-H_--
C 

Pre Voltage Pattern 
Sense 7a & 8a _ Page 
Amp rA~~ ________ 4~._7~ 

Current Patterl_J. ___ -"\:;::_-=i=~ 
3 - Page 4.5 

Voltage Pattern 
2 - Page 4.5 

IS 

Current 
Source 

G A D 

Current 
B Driver 

C 

Matrix 
Switch 

Voltage Pattern 
9a - Page 4.7 

C D 

Inhibit 
Driver 

A 

Current Pattern 
9b - Page 4.7 

Voltage Pattern 
6a - Page 4.6 

E SWD ;..IL-

Current Pattern 
6b - Page 4.6 

Voltage Pattern 
6c - Page 4.6 

K 

Decode 
Switch 

SWD 

Decode 
Switch 

D 
Unselected 

F 

Current Pattern 

'--------_-1--__ --' 6d - Page 4. 6 Selected 

Voltage Pattern 
Ib - Page 4.5 

Current Pattern 
4a - Page 4.6 t11tt11111 

TYPICAL CORE STORAGE CIRCUITRY 
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4. 5 

1. Current Driver 

Units input (A2K28A) at lO volts / cm. 
Units gate (A2K28B) at 10 VOltS/CIllo 

2. Current Driver Inputs 

--a. 
.h. /--/c. jld. 

! 

Units (A2K28A) 
Tens (A2K27 A) 
Hundreds (A2HO~A) 
Thousands (A2K02A) 

3. Current on Selected X and Y Drive Lines 

_a. Matrix A Output (Y line) at 200 
ma/cIll. 
Matrix D Output (X line) at 200 
ma/cm. 
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4. Current Driver Output 

a. 
/b. 

! 
Units Output (A2K28C) at 100 rna/ern. 
Units Output (A2K28C) at 20 
volts/ern. 

5. Current Driver Output 

---- a. Units (A2K28C) 

~b. 

1~: 
Tens (A2K27C) 
Hundreds (A2H03C) 
Thousands (A2K02C) 

6. Units Decode Switch Output 

____ a . Unseleeted (A2H25E·) at 20 volts / ern. 
Unseleeted (A2H25E) at 200 rna/ern. 
Selected (A2H25E) at 20 volts / ern. 
Selected (A2H25E) at 200 ma/ ern. 
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7. Pre-Sense Amplifier (Force 7' s for 
observation) . 

----- a. Differential (between A2F28A and 
A2F28C) at 50 mv / em. 

--·-b. Strobe (A2F28H) at 10 volts/em. 
e. Output (A2F28F) at 10 volts/em. 
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4. 7 

Differential (between A2F28A and 
A2F28C) at 50 mv / em. 
Output {A2F28F} at 5 volts/em. 

9. Inhibit Driver 

-a . Output (A2E08C) at 10 volts / em. 
Output {A2E08C} at 100 -rr:a/ em . 
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The se are drawn from F suffix logic s but are 
satisfactory for general use on any suffix 1620. 

5. 1 



Check for Valid 

MAR 
Check 

Information in Memory 
(Usually a Programming Error) 

Investigate MAR 
Check Circuit 

Observe Operations 
Fail ing (Inc., Dec., etc) 

Is Failure in 
MARS prior to 
Cycle MAR 
Check Occur 

Yes 

Does More 
Than I Bit 

Fail 

Is Failure 
Confi ned to I 

MAR 'Position 

Observe Operations 
Failing (Inc., Dec., etc) 

r 

No 

Only One 
MARS 

Reg. Fail ing 
No 

Is Reg. Used 
On Cycle Befor No 

I-------~ Failing Cycle, I 
The Same , 

1. Bit Driver and 1. Check Sense 
Amp & Ckt 
Check MAR T 

1. Refer to "Bit 1. Check Read (See 1. Check for Mult
iple Regs. 
Reading or 
Writing on On 
Cycle. 

Assoc iated Inverter., 
2. Refer to "Bit by 2. 

Position" Function 
Chart 

Trigger 
3. Check MAR Plane 

(See Note 2) 

by Position 
Function Chart" 
Troube is pro
bablyassociated 
with gating of 
position that is 
fail ing. 

5.2 

items under Yes 
on previous block) 
and/or Wirte Drivers 
(See Read & W ri te 
Drive Function Charts) 

2. Check MARS plane 
(See Note 2) . 

2. Check Service 
Hint #3. 



MAR CHECK SERVICE HINTS 

1) When a MAR check occurs which cannot be ana
lyzed to one or two SMS cards by using the Function 
Charts on pages 5.4 through 5.27. A scoping loop 
must be developed. The best scoping loop is a short 
program to determine what program would most 
effectively record several failures and develop a 
one or two instruction 'loop that auplicates your 
most common failure. Example: A failure which 
occurs when decrementing from 00000 to 19999 
(20 K system) may be scoped on Dec (- 1) loop lIa II • 
a. Dec (-1) Loop - 25 00000 00000 (P & Q field 

49 00000 may he altered 
to check any 
fa i Ii ng add ress) 

The following events take place on this program: 
Op - 25 1. I cycles -Inc +2 00000 to 00011 

2. IIEII cycle entry - Turn Off Inc/Dec 
trigger (Dec) 

3. Trg. 26 - Read & Write OR-l Dec 
(00000 to 19999) 

4. Trg. 27 - Read & Write OR-2 Dec 
(00000 to 19999) 

Enter I eyc I es 
Op - 49 5. I cycles Inc +2 00011 to 00023 

6. IIE" cycle entry - Change status 
of lnc/Dec trigger 

7. Trg. 18 - Read OR-2, Write IR-l 
Bypassed branch back toOp 25. 

To scope a decrement problem, sync scope on Trg. 26 
or Trg. 27. 
Note - During this loop, the failure will not appear in 
MAR, therefore you will not branch to an incorrect 
location. 

b. Inc (+1) Loop - Set record mark at failing address 
00000 31 xxx xx xxxxx 1. P & Q field rep 
00012 49 00004 failing address. 
Operation will be same 2. Program may be 
as in Dec (-1) Loop inserted at any 

location. 

c. Inc (+2) Loop 00000 49 00000 - I cycle will 
give you the best loop for Inc +2 problems. 

- -
d. Dec (-2) Loop 26 00011 0000648 .;.. The primary 

purpose of this program is to lock up in I cycles 
while exercising Dec -2 on Trgs. 47 and 48. If 
a failure occurs, the machine will halt. 

2) On 1620 serial 10701 and higher, the rotary MAR 
selector switch can be used in connection with 
switches 7 and 8 to excercise the MAR, MARS, 
Incr-Decr circuits, MAR Read and Write drivers, 
etc. for any specific MAR register. See item 2.3. 1 

5.3 

Page 5 of the 1620 CE Reference Manual Supplement, 
Form #227-5620-1. 
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SERVICE HINTS 

Power Suppl ies 

If one or more circuit breakers trip to the Off position 
when power is applied, check their outputs for shorts 
to other voltage levels, as well as to ground. 

Note: A good ohmmeter than can peg to zero resistance 
on the R x 1 scale must be used, because of the very 
low total resistance of the circuits. Look for dead 
shorts. The minimum resistance to be expected can be 
found by dividing the supply voltage by the maximum 
output current. 

If trouble is in an individual power supply, some of the 
following points may be useful: 
1) On the logic diagrams, those parts enclosed within 

dotted or broken I ines are located on the SMS cards 
or in the overvoltage device. 

2) Series power supply transistors are those other than 
the ones on the power supply SMS cards. 

3) With the power supply removed, you can wire 110 
VAC into TB 1 pins 1 and 2. Output may not reach 
full value, but should be close and adjustable 
(remove overvoltage device or overvoltage SMS 
card) • 

4) Visually inspect the unit for crimped wires or cable 
chafing, (unit may work in opened position, but not 
in closed). 

5) If the voltage is too high and cannot be varied by 
the adjusting control, check for shorted series 
power supply transistors (located on the large power 
supply heat sink), or for a bad power supply SMS 
card. 

6) If the output voltage is high and CB 1 did not trip, 
replace the overvoltage protective device or over
voltage SMS card (if supply is so equipped). 

7) An open diode in the rectifier circuit shows up as 
low voltage under load. This can be detected by 
feeling the diodes: they are quite warm when oper
ating normally. If one is cold, it is probably open. 

8) A shorted diode in the rectifier circuit will probably 
trip the circuit breaker in the primary of the input 
transformer. It maya Iso trip the overcurrent CB due 
to overvoltage spikes on the output. With the over
voltage device removed, the spikes can be scoped 
at the output terminals. 

9) Shorted or open series power supply transistors can 
be detected by scoping or by checking the resistors 
in the emitter circuit for heat. 

10) Check voltages after the machine has been On for 
15 minutes. Voltage may drift slightly between cold 
and warm states. 

6.2 

11) Do not ground the meter or scope to the heat sink. 
Instead, ground to the holding screws at the corn
ers of the unit. 

12) If the system powers down immediately after a 
power up and the voltages of the various power 
supplies are correct, remove the overvoltage 
device from the power supplies one at a time 
and repeat the power up sequence. If power 
up is successful, the overvoltage device is 
faulty for that power supply. 

13) The charts O!" page 6.3 and 6.4 may be helpful in 
determining causes of power supply failures. 
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FORTRAN DIAGNOSTIC PROCEDURE 

SECTION I 

Description 

Fortran subroutines consist of a series of fixed programs 
in machine language which perform specific floating and 
fixed point arithmetic operations, such as; add, subtract, 
multiply, divide, logarithms, square root, trigometric 
functions, etc. 

These subroutines are selected and entered by a group of 
machine language instructions designed to do a given 
arithmetic formula or problem, i.e., A + B xC";' D = E. 
A number of such groups arranged in a series to perform 
a customer's job form what is known as the object pro
gram. The object program and subroutines are used in 
conjunction with each other and are located in different 
areas of memory in the 1620. 

The object program is developed by the Fortran compiler 
program working on arithmetic statements suppl ied by a 
programmer. The compiler program is entered into the 
1620. Fundamental arithmetic instructions in Fortran 
language are then read in and are operated on by com
piler. The results are punched out and form the object 
program. 

The program used by customers for most day-to-day 
work is the object program and subroutines. Investiga
tion reveals that the object program constitutes a very 
small percentage of the total operation, i.e., most of 
the time the subroutines are being exercised and only 
branch back to the object program to determine the 
next subroutine to be executed and pick up new data. 

There are two types of 1620 Fortran now in general use 
in the field--original Fortran and Fortran with format. 
The following diagnostic procedures deal separately 
with each Fortran. Refer to section that applied to the 
type of Fortran be i ng used. 

SECTION II 

Original Fortran 

The object program used in the original Fortran consists 
basically of transmit field (Op Code 26) and branch and 
transmit (Op Code 27) operation codes. A group of 
instructions to perform A + B = C would consist of a 
transmit field Op code followed by a branch and trans
mit Op code followed by another transmit field Op 
code. 

7.2 

The first transmit field (Op Code 26) transmits one 
factor (a) to the Floating Accumulator (FAC). This 
instruction is not needed for subroutines requiring only 
one factor, i.e., FLN, FSQR, etc. The Floating 
Accumulator initially is used to store a factor of an 
arithmetic operation. When the arithmetic operation 
is executed, the answer or result is stored in the Float
ing Accumulator. The memory area allocated to the 
Floating Accumulator is 00051 to 00060. 

The branch and transmit (Op Code 27) transmits the 
other factor to the P-1 address and branches to the 
address of the first instruction of the subroutine, saving 
the address of the next instruction in the object pro
gram in IR-2. The subroutine is then executed. 

In the case of the I/o subroutines (Read, Accept, 
Punch and Return Carriage), the subroutine is entered 
by means of a branch and transmit immediate (Op Code 
17) only. 

The last instruction of any subroutine is always a branch 
back (Op Code 42). After execution of the subroutine, 
the branch back is executed to the IR-2 (saved) address. 
At this address is a transmit field (Op Code 26) to 
transfer the answer or result stored in the Floating 
Accumu lator to another area of memory. The program 
then advances to the next instruction to perform the 
next objective. 

Figure 1 is a graphic illustration of the interaction 
between the subroutine program the the object program. 
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The (fixed) subroutines are located in memory from 
address 00422 to 07500. The object program groups 
are variable in number and extend from 07500 up. 
Object program lel)gth depends on the complexity of 
the problem being calculated. 

The following are the fixed subroutine names, their 
abbreviations, the number of factors required by each 
subroutine and the address of the first instruction in 
each subroutine: 

ORIGINAL FORTRAN 

No. of 
Factors Address of 

Subroutine Name Abbreviation Required 1st Instruction 

Floating Subtract FSB 2 00422 
Floating Add FAD 2 00470 
Floating Multiply FMP 2 01050 
Reverse Floating Divide FDVR 2 01250 
Floating Divide FDV 2 01286 
Floating A to the -B Power FAXBN 2 01290 
FJoating A to the +B Power FAXB 2 01956 
Floating Natural Logarithm FLN 1 02036 
Floating Exponent FEXP 1 02958 
Floating Square Root FSQR . 1 03686 
Reverse Sign RSGN 1 03728 
A to the -I Power FAXIN 2 03772 
A to the +1 Power FAX I 2 03808 
Fixed Add FXA 2 03992 
Fixed Subtrac t FXS 2 04022 
Fixed Multiply FXM 2 04046 
Reverse Fixed Divide FXDR 2 04088 
Fixed Divide FXD 2 04124 
Read Floating Point Number READFL 1 04364 
Accept Floating Point Number ACCFX 1 04648 
Print Floating Point Number PRTFL 1 05684 
Punch Floating Point Number PCHFL 1 05726 
Print Fixed Point Number PRTFX 1 05932 
Punch Fixed Point Number PCHFX 1 05974 
Return Carriage RETCAR 0 06864 
Convert Floating Point to 

Fixed Point FIX 06890 
Convert Fixed Point to 

Floating Point FLOAT 07000 

Figure 2 
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The following additional subroutines are known as 
relocatable subroutines and are found at the end of 
the object program. The address of the first instruction 
of these subroutines wi II be variable depending on 
object program length • However, as the relocatable 
subroutines are entered by branching to certain fixed 
locations which contain further branch instructions to 
the relocatable subroutine, it will normally not be 
necessary to treat them any differently than fixed 
subroutines. 

At times, these relocatable subroutines are entered 
(two places) by means of an unconditional branch 
Op Code 49) when the subroutine is to be repeated 
using the same data as used previo.usly. 

ORIGINAL FORTRAN 

Relocatable Subroutine Name Abbreviation 

Floating Sine 
Floating Cosine 
Floating Arctangent 

FSIN 
FCOS 
FATN 

Figure 3 

It is a characteristic of a branch and transmit Op code 
that the next address in memory is always stored in IR-2. 
As the subroutine is always entered by means of a 
branch and transmit Op code, the next object program 
instruction is saved in IR-2. The last instruction of all 
subroutines is always a branch back Op code to return 
to the object program for the next subroutine to be 
executed. 

To break down failures on Fortran object programs that 
result in a machine stoppage, use the following steps: 
1. Display IR-l and IR-2. 
2. If IR-2 is blank, the fai lure occurred in the object 

program and on the instruction at the IR-l minus 12 
address. Dump as follows: 35 (IR-l minus 12) 
000100. 

3. If IR-2 contains an address, the failure occurred in 
a subroutine and on the instruction at the IR-l 
minus 12 address. Dump as follows: 
35 (IR-l minus 12) 00100 
35 (lR-2 minus 12) 00100 

The IIpll address of the instruction at the IR-2 minus 
12 address is the address of the first instruction of 
the fail ing subroutine (see Figures 2 and 3). The 
instruction at the IR-l minus 12 address is the failing 
instruction. 

4. To loop the fai I ing subroutine, it is necessary to 
dump from addresses IR-2 minus 12, IR-2 minus 24, 
IR-2 minus 26, etc., successively, until an instr
uction is found with the address of the Floating 
Accumu lator (00060) in the IIpll field. This is the 
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No. of 
Factors 
Required 

1 
1 
1 

1st Instruction 

19990 
19970 
19950 

first instruction of the object program group of instr
uctions in which the failure occurred. A branch (Op 
Code 49) may be inserted into the IR-2 address branch
ing to the first instruction of the fail ing object program 
group of instructions as follows: 

07596 27 00422 19xxx 
07608 .26 19xxx 00060 
07620 26 00060 19xxx 
07632 27 00470 19xxx 
07644 27 01050 19xxx (Fa iI i ng 

Instruction) 
07656 27 01250 19xxx 
07668 26 19xxx 00060 
07680 26 00060 19xxx 

IR-2 contains 07656 - Insert 36 07656 00100, 
Release, Start - Type in 49 07620. Insert-
49 07620 - Release, Start. The program is 
now looped between 07620 and 07656. 

Machine will loop in the failing subroutines using the 
factor or factors being used when the failure occurred. 
A shorter loop using only the subroutine that fai led can 
then be developed by stepping through the last instr
uction of the subroutine before the failing subroutine 
and then dumping FAC. Using this as one factor, 
write a program as follows: 

Insert 36 00031 00100. Release Start. Type in 
dumped FAC. Insert 00000 26 00060 00040, 
00012 (Instruction located at I R-2 address), 



00024 49 00000. 

The machine may be single cycled through the subroutine 
instructions. The customer Fortran listings containing 
machine language instructions for these subroutines at 
the end of the listings, may be used to check machine 
operation, instruction by instruction, or the subroutine 
may be looped at high speed for scoping. The IIpli 
address of the branch and transmit instruction at the 
IR-2 minus 12 address is the address of the first instr
uction of the subroutine. If this address is below 07500 
it is not relocatable. Check the address in Figure 2 to 
find which subroutine is being used. If this address is 
above 07500, it is relocatable. To tell which relocat
able subroutine is being used, check the address with 
those in Fi gure 3. 

SECTION III 

Format Fortran 

The object program used in the format Fortran consists 
basically of three or more branch and transmit immediate 
Op codes (Op Code 17). To perform A + B = C, the 
following instructions wi II be used: 

The first branch and transmit Op code transmits one 
factor (A) to the Floating Accu~ulator (FAC) using the 
To FAC subroutine located in 01238 in memory. This 
instruction is not needed for subroutines requiring only 
one factor, i.e., FLN, FSQR, etc. The Floating 
Accumulator initially is used to store a factor of an 
arithmetic operation. When the arithmetic operation 
is executed, the answer or result is stored in the 
Floating Accumulator. 

The next branch and transmit immediate transmits the 
other factor to the P-1 address and branches to the 
address of the first instruction of the subroutine, saving 
the address of the next instruction in the object program 
in I R-2. The subroutine is then executed. 

The last instruction of any subroutine is always a 
branch back (Op Code 42). After execution of the 
subroutine, the branch back is executed to the IR-2 
(saved) address. This address is a branch and transmit 
immediate to transfer the answer or result stored in the 
Floating Accumulator to another area of memory using 
the IIFrom FAC II subroutine located at 01306 in memory. 
The program then advances to the next instruction to 
perform the next objective. 

Figure 4 is a graphic illustration of the interaction 
between the subroutine program and the object program. 

FORMAT FORTRAN 

FACTOI\ A 

19XXX 

FACTOI\ 8 

19XXX 

FACTOII C 

19XXX 

FACTOII D 

19XXX 

Figure 4 
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The.(fixed) subroutines are located in memory from 
address 00408 to 08300. The object program groups 
are variable in number and extend from 08300 up. 
Object program length depends on the complexity of 

the problem being calculated. The following are the 
fixed subroutine names, their abbreviations, the num
ber of factors required by each subroutine and the 
address of the first instruction in each subroutine: 

FORMAT FORTRAN 

No. of 
Factors Address of 

Subroutine Name Abbreviation Required 1st Instruction 

Floating Subtract FSB 2 00408 
Floating Add FAD 2 00518 
Load into Floating Accumulator TOFAC 1 01238 
Store from Floating Accumulator FMFAC 1 01306 
Floating Multiply FMP 2 01378 
Reverse Floating Divide FDVR 2 01756 
F.loating Divide FDV 2 01862 
Reverse Sign RSGN 1 02546 
Fixed Add FXA 2 02644 
Fixed Subtract FXS 2 02700 
Fixed Multiply FXM 2 02748 
Reverse Fixed Divide FXDR 2 02816 
Fixe9 Divide FXD 2 02876 
Convert Fixed Point to Floating 

Point FLOAT 1 03222 
Floating A to the +B Power FAXB 2 03270 
Convert Floating Point to Fixed 

Point FIX 1 03494 
A to the -I Power FAXIN 2 03622 
A to the +1 Power FAXI 2 03670 
Floating A to the -B Power FAXBN 2 04232 
Read Card RACD 1 04512 
Read Typewriter RATY 1 04548 
Read Tape RAPT 1 04596 
Write Card WACO 1 04748 
Write Typewriter WATY 1 04796 
Write Tape WAPT 1 04844 

Figure 5 
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The following additional subroutines are known as 
relocatable subroutines and are found at the end of 
the object program. The address of the first instruction 
of these subrountes will be variable depending on 
object program length. However, as the relocatable 
subroutines are entered by branching to certain fixed 
locations which contain further branch instructions to 
the relocatable subroutine, it will normally not be 

necessary to treat them any differently than fixed 
subroutines. 

At tines, these relocatable subroutines are entered 
(two places) by means of an unconditional branch 
(Op Code 49) when the subroutine is to be repeated 
using the same data as used previously. 

FORMAT FORTRAN 

Relocatable Subroutine Name 

Floating Natural Logarithm 
Floating Exponent 
Floating Square Root 
Floating Sine 
Floating Cosine 
Floating Arctangent 

Abbreviation 

FLN 
FEXP 
FSQR 
FSIN 
FCOS 
FATN 

Figure 6 

It is a characteristic of a branch and transmit Op code 
that the next address in memory is always stored in 
IR-2. As the subroutine is always entered by means 
of a branch and transmit immediate Op code, the next 
object program instruction is saved in IR-2. The last 
instruction of all subroutines is always a branch back 
Op code to return to the object program for the next 
subroutine to be executed. 

To break down failures on Fortran object programs that 
result in a machine stoppage, use the following steps: 
1. Display IR-1 and IR-2. 
2. If IR-2 is blank, the fai lure occurred in the object 

program and on the instruction at the IR-1 minus 
12 address. Dump as follows: 35 (lR-1 minus 12) 
00100. 

3. If IR-2 contains an address, the failure occurred in 
a subroutine and on the instruction at the IR-1 minus 
12 address. Dump as follows: 

35 (lR-1 minus 12) 00100 
35 (JR-2 minus 12) 00100 

The "P" address of the instruction at the IR-2 minus 
12 address is the address of the first instruction of 
the failing subroutine (see Figures 5 and 6). The 
instruction at the IR-1 minus 12 address is the fail ing 
i nstruc ti on. 
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No. of 
Factors 
Required 

Address of 
1st Instruction 

19910 
19930 
19890 
19990 
19970 
19950 

4. To loop the failing subroutine, it is necessary to 
dump from addresses IR-2 minus 12, IR-2 minus 24, 
IR-2 minus 36, etc. , successively, until an instruc
tion is found with the address of the liTo FAC" 
subroutine (01238) in the "p-" field. This is the 
first instruction of the object program group of 
instructions in which the failure occurred. A 
branch (Op code 49) may be inserted into the 
IR-2 address branching to the first instruction of 
the failing object program group of instructions as 
follows: 

OBJECT PROGRAM 

07596 17 00408 19xxx 
07608 17 01306 (FmFAC) 19xxx 
07620 17 01238 (To FAC)19xxx 
07632 17 00518 19xxx 
07644 17 03270 19xxx (Failing Instruction) 
07656 17 01862 19xxx 
07668 17 01306 (FmFAC)19xxx 
07689 17 01238 (To FAC)l9xxx 

IR-2 contains 07656 Insert - 36 07656 00100 -
Release, Start - Type in 49 07620 - Insert 
49 07620 - Release Start. The program is now 
looped between 07620 and 07656. 



Machine will loop in the failing subroutines using the 
factor or factors being used when the fai lure occurred. 
A shorter loop using only the subroutine that failed can 
then be developed by stepping through the last instruc
tion of the subroutine before the fail ing subroutine and 
then dumping FAC. Using this as one factor, write a 
progrnm as follows: ' 

Insert - 36 0031 00100 - Release, Start - Type 
in dumped FAC - Insert 00000 26 00060 00040, 
00012 (Instruction located at IR-2 address), 
00024 49 00000. 

The machine may be single cycled through the subroutine 
instructions. The customer Fortran listing containing 
machine language instructions for these subroutines at 
the end of the listings may be used to check machine 
operation, instruction, by instruction{ or the subroutine 
may be looped at high speed for scoping. The "P" 
address of the branch and transmit immediate instruction 
at the IR-2 minus 12 address is the address of the first 
instruction of the subroutine. If this address is below 
08300, it is not relocatable. Check the address in 
Figure 5 to find wh ich subroutine is being used. If 
this address is above 08300, it is relocatable. To tell 
which relocatable subroutine is being used, check the 
address with those in Figure 6. 
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