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WARNING
DANGEROUS VOLTAGES EXIST IN THIS EQUIPMENT

Be careful when working on the 115-volt motor circuits,
or on the 95- to 250-volt power supply circuits.

DON'T TAKE CHANCES
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CHAPTER 1
INTRODUCTION

Section |.

1. Scope

a. This manual contains instructions for the
installation, operation, theory, maintenance, and
repair of Teletypewriter Sets AN/FGC-20 (fig. 1),
AN/FGC-20X, and AN/FGC-21.

b. Forward comments on this manual directly
to Commanding Officer, The Signal Corps Publi-
cations Agency, Fort Monmouth, N. J.

2. Forms and Records
a. Unsatisfactory Equipment Reports

(1) Fill out and forward DA Form 468
(Unsatisfactory Equipment Report) to
the Office of the Chief Signal Officer, as
prescribed in AR 700-38.

(2) Fill out and forward DD Form 535
(Unsatisfactory Report) to Commanding
General, Air Materiel Command, Wright-
Patterson Air Force Base, Dayton, Ohio,

Section l.

3. Purpose and Use

a. Teletypewriter Sets AN/FGC-20 (fig. 2),
AN/FGC-20X, and AN/FGC-21 are fixed-station,
page-printing teletypewriters which transmit,
monitor, and receive messages in communication
centers and weather stations. Two or more
teletypewriters can be interconnected directly
and operated with or without the use of associated
equipment. Such arrangements are shown in
figure 3.

b. Each teletypewriter set requires an input
power source of 95- to 125- or 190- to 250-volts
alternating current (ac) when Power Supply PP-
978/FG is used, and can send and receive at
approximately 60, 66, 75, or 100 words per minute
(wpm) i1 response to 20- or 60-milliampere (ma)
neutral or 20- to 30-ma polar signals. The
equipment prints one to six copies on paper roll,

GENERAL

as prescribed in AR 700-38 and in AF
TO 00-35D-54.

b. Damaged or Improper Shipment. Fill out
and forward DD Form 6 (Report of Damaged or
Improper Shipment) as prescribed in AR 700-58
(Army); Navy Shipping Guide, Article 1850—4
(Navy); and AFR 71-4 (Air Force).

¢. Preventive Maintenance Forms

(1) Prepare D./{ Form 11-252 (Operator First
Echelon Maintenance Check List for
Signal Corps Equipment (Teletype-
writer) (fig. 89) in accordance with
instructions on the back of the form.

(2) Prepare DA Form 11-253 (Second and
Third Echelon Maintenance Check List
for Signal Corps Equipment (Teletype-
writer)) (fig. 90) in accordance with
instructions on the back of the form.

DESCRIPTION AND DATA

fanfold paper, or sprocket-fed forms 8% inches
wide. Any of the equipments may be modified
for receive only operation (fig. 4) by removing the
keyboard and reconnecting the wires.

4. Technical Characteristics of Teletypewriters
TT-98/FG, TT-99/FG, and TT-100/FG

Type of installation________ Fixed-station; send and re-
ceive; direct wire or radio-
teletype.

TT-98/FG and TT-100/FG:
standard communications.
TT-99/FG: weather com-
munications.

Type of characters_._______ English.

Characters per line__ . .___ Standard, 72. Weather, 76.

Type of paper feed_ . . _____ Friction or sprocket.

Signaling code . - __ . ______ Five-unit, start-stop; stop

impulse length equals
start impulse length mul-
tiplied by 1.42.

Symbols_______________.___

3
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Figure 8. Carrier, direct wire, or radio system, block diagram.
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FOWER (INPUT FUSE

Sc-tion Il.  PREINSTALLATICN SERVICES

Fuse Check

s before applying

Ampere

rating
1) __ 1.6
(F1, fig. 12). %
........... e

POWER SWITCH
TM2230-671

Foyw o .. Power input fuse and POW ER switch location.

17. Ground and Power Connections

TIWER, MOTOR, LIGHT, and
switches to their OFF positions
teleprinter power cord into an ac

Connect a temporary protective
~one of the thumblocks (fig. 4, on
he base casting.

on

eleprinter as follows:
re required type of paper (par.

vice ibility of inking ribbon; instal
bbon if necessary {par. 31c).
he platen lock and the cariiage

19. Local Test, Preliminary Checks and Ad-

justments

a. Open the door of Power Supply PP-
and adjust the primary and secondary
described below:

(1) Place the primary winding lead (contor
flexible lead, fig. 12) into the l
jack corresponding, as close au poouis...
to the input voltage available.
input voltage is midway between nu...
bers, use the higher numbered jack.

(2) Place the secondary winding coarse lead
into the M jack and the secondary fine
winding lead into the number 3 jack.

(3) Turn the LINE SELECTOR switch to
the TEST position (fig. 13).

(4) Turn the LINE CURRENT rhe
clockwise to its mechanical stop.

(5) Loosen the DC POWER switch
screw and move the DC POWER :
to the ON position. Tighten th
POWER switch clamp screw.

(6) Turn the POWER switch to the ON posi-
tion.

(7) Test the dc output voltage of the pc
supply by placing the leads of a
meter into the positive and negative
jacks (fig. 13) of the terminal and swi
box. The output voltage reading shuuu
be 120 volts.

(8) Rearrange the secondary winding fine ¢
secondary winding coarse leads “g.
until this voltage is obtained. Proceeu
as follows:

(a) If the voltage output is great«
volts, move the secondary w
lead to a lower number.
reaching the lowe * ~1mbei
1), the voltage is st..u w0 higl
secondary winding coarse I
L jack and the secondary w
lead to ¢ number that wil
required 120 volts.

(b) If the voltage ouuput is les
volts, move. the --->nda
fine lead to a higher numb.
icaching the highest numb
5), the voltage is still too lov
secondary winding coarse
H jack and tke secondary v
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(fig. 13) to the IN position. To operate the
selector magnets directly from the line, rotate the
POLAR RELAY switch to the OUT position.

23. Receive Only Modifications
(fig. 15)

When the teleprinter is to be operated as a
receive only machine, proceed as follows:

a. Remove the keyboard guard (par. 167) and
associated wiring to the terminal blocks. Move
the lead from terminal 1 of terminal block TB2
to terminal 3 (A, fig. 15).

(1) For receive only operation without the
motor stop feature and with the copy
light controlled by the POWER switch,
move the lead from terminal 5 to ter-
minal 2 and the lead from terminal 1
to terminal 2 of terminal block TB1.

(2) For receive only operation with the motor
stop feature and with the copy light con-
trolled by the motor stop feature, move
the lead from terminal 5 to terminal 3
of terminal block TB1 (B, fig. 15) and
the lead from terminal 1 to terminal 2.

(3) For receive only operation with the motor
stop feature and with the copy light
controlled by the POWER switch, move
the lead from terminal 5 to terminal 3
of terminal block TB1 (C, fig. 15) and
the lead from terminal 1 to terminal 3.

b. Remove the keyboard plug from the key-
board jack and remove the keyboard (par. 106).

¢. Remove the two machine screws and lock-
washers from the keyboard transmitter drive
shaft bearing cap. Remove the two machine
screws and lockwashers from the transmitter drive
shaft mounting bracket, and remove the keyboard
transmitter drive shaft from the teleprinter.
Replace the bearing cap with the two machine
screws and lockwashers.

d. Install the receive only dust cover adapter
on the dust cover.

Section lll.
24. General

The teleprinter may be installed to meet several
operational requirements. This variety of opera-
tional possibilities is achieved by varying the
connections of the signal lines to the teleprinter.

388705 0—56——2

T8 2 T8I
BRN-YEL _ -0 | WHT-RED _ —0 |
WHT=RED |
e vEE— 2
o 2 ax >>
BRN-YEL o3 o3

__704 __.794

—Ps BLK____|-o05s
A
TB2 181
BRN-YEL WHT-RED
———————————— -0 1
ol WHT-RED
—102 2
BRN-YEL | BLK o3
——7) 4 _—? 4
B
T8 2 181
BRNZYEL 1o WHT-RED |
o 2 — 102
WHT - RED
BRN— YEL ]
BRN-YEL | 54 BLK No 3
— —
S 7 I -05
c
TM2230-74

Figure 15. Wiring changes for receive only operation.

SIGNAL CONNECTIONS

25. Signal Line Connections

a. Connect the protective ground of the power
cord to a common ground terminal, if available,
or to a water pipe, or any other good ground
connection point.

17
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and the negative signal line to terminal
4. This polarity arrangement also
. applies if both stations supply series-
aiding battery.
(2) Neutral or polar, receive-only operation
(B, fig. 16).

(a) Disconnect the strap between terminals
2 and 3 of the terminal and switchbox.

() Connect the positive signal line to
terminal 3 and the negative signal line
to terminal 4.

(¢) Line current normally is supplied and
adjusted at the sending station. The
only resistance in the receive circuit
at the receive station is the resistance
of the selector magnets.

(3) Neutral, full-duplex operation (C, fig. 16).

(@) Send circuit: Disconnect the strap
between terminals 2 and 3 of the
terminal and switchbox and connect
the send signal lines to terminals 1
and 2. Set the DC POWER switch
to the ON position to supply power
for the send circuit. Send -circuit
current is adjusted with the LINE
CURRENT rheostat.

(b) Receive circuit: Connect the positive
signal line to terminal 3 and the nega-
tive line to terminal 4 of the terminal
and switchbox. ~ When full-duplex
operation is used, each station normally
supplies and controls the line current
in the send circuit.

26. Circuit Line-up

a. To secure the best possible operation, it is
necessary to adjust the teleprinter to meet the
conditions of the signal lines. Circuit line-up for
these teleprinters normally includes adjusting the
line current and rangefinder dial assemblies for the
equipment at both ends of the circuit, followed
by an exchange of test copy. Before the equip-
ment is installed on the line, it is necessary for all
personnel concerned to know the type of operation
required, and the source of line current.

b. The circuit from which the circuit line-up is
directed is called the control station. Generally,
the station of higher authority is the control sta-
tion. Line-up of a circuit between stations of
equal authority is normally directed by the station
that has the lowest numerical designation.

¢. Line current for any particular signal line in
a teleprinter system usually is supplied by the

station in the network which has the transmitting
device on that signal line. If two or more stations
have transmitting devices on the signal line, the
station of highest authority usually supplies the
power. Two or more stations may supply signal
line current. These teleprinters are designed to
supply signal line current as the main source of
supply or on a series aiding basis.

d. Polar or neutral signals can be received by
the teleprinter but only neutral signals can be sent
from the keyboard transmitter. Polar signals
must be 30 ma while neutral signals may be either
20 or 60 ma.

e. Line current is normally adjusted as follows:

(1) Turn the POWER switch to the ON
position.

(2) If the set is to supply signal line current,
set the DC POWER switch to the ON
position.

(3) The control station turns its LINE CUR-
RENT rheostat to maximum counter-
clockwise (maximum resistance) position.

(4) The noncontrol station turns its LINE
CURRENT rheostat to the maximum
clockwise (minimum resistance) position.

(5) The control station gradually decreases
resistance until the current reaches 75
ma for 60-ma circuits or 30 ma for 20-ma
circuits.

(6) The noncontrol station then adds resist-
ance gradually to bring the signal line
current down to the predetermined level.

(7) If enough current cannot be supplied to
the signal line in this manner, proceed as
follows:

(@) Turn the POWER switch to the OFF
position.

(b) Disconnect the signal line from terminal
1 of the terminal and switchbox and
reconnect it to terminal 5 of the termi-
nal and switchbox. This decreases the
internal resistance of the teleprinter
by 1,000 ohms and allows more current
to flow through the circuit.

(¢) Repeat the steps described in  (3)
through (6), above.

(d) If sufficient current cannot be attained
on the signal line in this manner,
another teleprinter in the circuit will
have to supply power on a series-aiding
basis. This can be accomplished by
having another teleprinter in the cir-

cuit turn the LINE CURRENT rheo-
19
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CHAPTER 3
OPERATING INSTRUCTIONS

28. General

Section . CONTROLS

The following charts list all controls used in

operation of the teleprinter.

Operating personnel

should become thoroughly familiar with the loca-
tion and operation of each control before oper-

ating the equipment.

29. Keyboard Controls
(figs. 17 and 18)

Control

Function

MOTOR switch_______

LIGHT switeh________

SEND-LOCK switch._.

LINE-BREAK switch_

FIGS key._ .. _______

LTRS key. .- _____.___

LINE FEED key____.

CARWET key_______

BELL key ... ___.____

Used to turn motor ON and OFF
for starting and stopping the
teleprinter.

Used to turn copy lamp ON and
OFF.

In the LOCK position, prevents
keyboard transmission. In the
SEND position, allows key-
board transmission.

When held in BREAK position,
opens signal line. Used to
start motors when turned off
by motor, stop feature.

When struck, shifts the platen to
upper-case position.

When struck after use of FIGS
key, returns platen to lower-
case position.

When struck, moves the paper up
one or two line spaces on the
platen, depending on the posi-
tion of the single-double line
feed lever.

When struck, returns the car-
riage (type basket) to the left
margin of paper.

When struck, after first striking
the FIGS key, rings the signal
beli.

Control Function
STOP key . __________ When struck, after first striking
the FIGS key, turns off the
motor.
REPEA Tkey._.______| When the REPEAT key, to-

Alphabet keys________

Blank key____________

Space bar____________

gether with any character or
function key except CAR WET
are struck and heid down, the
character or function is re-
peated until the REPEAT key
is released.

When struck, each alphabet key
causes the transmission of a
code group which causes the
printing of the letter, punctu-
ation mark, or symbol shown
on the key top.

Transmits blank code group.
Used as part of motor stop
operation in weather commu-
nications machines; prints hy-
phen in upper case.

When struck, causes carriage to
move one space to the right
without printing, permitting
spacing between words in a
message.

30. Teleprinter Controls
(figs. 19 and 20)

Control

Function

Platen crank _ _ _______

Manual CAR RET

button.

Manual LTRS button._

Rolls the paper from the platen
so the message can be torn off.

When pressed, causes the car-
riage to return to the left
margin.

When pressed after receiving the
FIGS code group, causes platen
to shift to the letters position.

21
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vnm PLATE : p
Figure 20. Plucen conlrols and manual space puskbution.
Section”™. T.__.A _  _  _ _ _C_.___.ONS
h “tarting Procedures {,, Replace tke p: r roller s
Checking woll Paper. The dust the paper unrous from th
removed when loacing or un- the roll.
| or before checking the amo..at .., Teed the paper into the
. plater N hread
oll paper (fig. 21). the p e pla
. the copyholder from the dust roller. ten cr
by pulling the top edge of the clockv -al inc
lder away fro— **- *'-* “over. stand artica
) mee e .ghe latch but 1 on Operate the pressure roll
both sides of the duv low) center the paper on the |
away from cach otl + the hat th L
dust cover window. sure that the paper 1s tee
(¢, Move the tcp access ' . daway ana free from creases,
from the dust cover. wr' kles.
(d) Press down on the [ latch (h) Close
and pull the paper ro card. te d
Insert the paper rol to a paper
paper roll. Latch
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COPY
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/\ COVER

TM2230-632
Fi;ure 21. Lezding pzgc- roll.

slot in the sprocl2t cam plaf
at the ends of tl: platen an
sprocket cam plate to extend t!
feed pins (fig. 22).
(3) Release the pressure rolier lever.
4) Place a box of fanfold paper on the fe— .
fold form rack (fig. 23) provided unc..

F"="9RATION T

SPROCKET FEED PIN

. I _re22. Fc



» e tabic top dicctly in 7
B’ s) i operator.
i ., Thread the loose ends of th

edadnk the top of ‘e box through
E chute in the table.

-

Figure 23. Fanfold paper placed in table.

% (6; Bring the paper over the top «
,, printer and thread it into t
T the platen assembly, between
CHUTE and the platen pressure roller. >traighten
; the paper and make sure the sprocket
NS feed pins mesh properly with the ner-
forations at the edges of the puper ug.
22).
(7) Close the top access door and the dust
cover window.
¢. Changing Inking Ribbon (fig. 24). It ‘- not
necessary to remove the dust cover from the tele-
printer when replacing the inking ribbon. The
top access door and the dust cover window when
open, allow enough room for inking rib -
, ing. The carriage may be spaced to tt f
: the opening by depressing the manual s _ -
cancolo canenLo button.
patR roaw (1) Remove the old inking ribbon a:
{ (a) Open the top access door and wue uust
s cover window. Wind one of the print-
TM2030-633 ing ribbon spools by hand, twirling thc
appropriate ribbon spool lock until the
opposite printing ribbon spool is ewupuy.

RIBBO’ SPOOL

RIBEGN SPOOL LOCK RIBBON GUIDE INKING RIBBON

! 1
RIBBON SENSING LEVER / RIBBON SPOOL LOCK

STOP PLATE RIBBON SroOOL

TM2230-675

Figvv2 24.  Inxing riobon n.echanio.n.



Digitized by GOOg[@



a. The margin signal bell should ring when the
66th character is printed. The automatic line
feed and carriage return should operate after the
72d character (76 on weather machines) is
printed. Carriage return should take place when
the carriage return code impulse is received.

b. Observe the action of the ribbon feed mech-
anism while printing. The inking ribbon must be
lifted and fed each time a character is typed.

¢. Check the space bar, FIGS key, and LTRS
key to see that they function properly.

d. With the platen in the figures (raised) posi-
tion, press the LTRS button on the teleprinter
dust cover. The platen should move to the
letters position.

e. When the carriage is toward the center of the
platen, press the CAR RET button on the dust
cover. The carriage should return to the left
margin.

Section lll.
35. General

a. Operation and maintenance of this tele-
printer equipment in arctic, tropical, or desert
regions creates a number of problems peculiar to
those regions. Moisture condensation due to
extreme humidity causes short circuits and cross-
fire. Deterioration of parts due to rust and corro-
sion often results in a complete breakdown of the
equipment. Dust, dirt, or sand encountered in
desert regions will affect operation and may cause
equipment failure.

b. To prevent corrosion, keep the equipment as
dry as possible. In cold regions, heat the shelter
in which the teleprinter is installed whenever
possible. Use all possible measures to prevent
quick changes in room temperature which might
cause moisture condensation.

36. Operation in Arctic Climates

a. Provide a reliable source of heat whenever
possible. A temperature of at least 40° F. should
be maintained in the room containing operating
teleprinter equipment.

b. The standard lubricants specified in para-
graph 81 provide the proper lubrication for low
temperature operation.

¢. Allow the motor to run for a warmup period
of approximately 15 minutes.

34. Stopping Procedure

a. A teleprinter operator at any sending station
can stop the motors of all teleprinters in the
circuit by transmitting the figures code group,
placing all machines in the figures position, and
then transmitting either the stop code group for
standard communication circuits, or a blank code
group and then a stop code group for weather
communication circuits. The motors of all ma-
chines in the circuit will be stopped and remain in
a standby condition. They may be started from
any station by briefly placing the LINE-BREAK
switch in the BREAK position, opening the signal
circuit momentarily.

b. To stop a teleprinter and close it to traffic,
set the MOTOR and LIGHT switches to the
OFF positions. If the teleprinter does not supply
line current, place the POWER switch to the
OFF position also.

OPERATION UNDER UNUSUAL CONDITIONS

37. Operation in Tropical Climates

Heat and humidity are the major climatic
problems which must be overcome to permit re-
liable operation of this equipment in tropical
areas.

a. High humidity may cause condensation of
moisture on the equipment whenever the temper-
ature gf the equipment is lower than that of the
surrounding area. Equipment corrosion and the
presence of fungi are inevitable results of this
condition unless preventive measures are taken.
A continuously lighted bulb placed under the
equipment at the operating site can minimize
corrosion and growth of fungus.

b. The disadvantages of excessive heat may be
partially or wholly overcome by providing as much
ventilation as possible around the teleprinter,
particularly around the motor and power supply.
Increased friction caused by lack of lubrication
and dirty mechanisms also results in unnecessary
heat.

38. Operation in Desert Climates

Operational problems in desert areas are much
the same as those in tropical areas, except for the
lack of humidity. Dryness may dictate more
frequent lubrication. Dirt and dust can damage
bearings and moving parts of mechanisms. When-
ever it becomes necessary, measures similar to
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CHAPTER 4
THEORY

Section . THEORY OF TELETYPEWRITER SETS AN/FGC-20, AN/FGC-20X, AND
AN/FGC-21

39. General

This chapter contains a complete explanation
of the theory of operation of Teletypewriter Sets
AN/FGC-20, AN/FGC-20X, and AN/FGC-21.
The first section covers the overall fundamentals
of teletypewriter communication and the means by
which these sets operate in circuits with other
teletypewriter sets as well as the interfunctioning
of their components. Paragraphs 45 through 74
describe the function of the teleprinter, and para-
graphs 75 through 79 explain in detail the electri-
cal circuits of the teleprinter.

40. Basic Teletypewriter System

Figure 25 shows a basic circuit for operating two
interconnected teletypewriter sets on a neutral
basis. Impulses sent from either sending contact
operate the selector magnets in both teletype-
writer sets. In neutral operation, the selector
magnets are operated when the current flows and
are released when no current flows. The signal
code group determines the character to be trans-
mitted or received. In a basic circuit such as this,
each station has a means of sending and a means

TELEPRINTER A TELEPRINTER B

SENDING ' SENDING
CONTACT CONTACT
SELECTOR | SELECTOR
MAGNET MAGNET
| | | b

b ! siGNAL LINE q1
o— /0
l SIGNAL LINE .
TM2230-739

Figure 26. Basic circuit for operating interconnected lele-
printers.

of reception. Additional stations, keyboard trans-
mitters, or receiving units can be added to this
basic circuit as required.

41. Standard Start-stop, Five-unit Code

Thirty-two signals comprise the standard start-
stop, five-unit teletypewriter code (fig. 26). The
first 26 code groups are used for letters of the al-
phabet. The last six code groups cause the
functions (par. 60) to operate.

49. Sequential Signaling Code

a. The signaling code used in teletypewriter
communication is not the same as the Morse code
of manual telegraphy. In Morse code operation,
the code for different characters consists of
varying numbers of units or elements that have
unequal lengths (dots and dashes). In standard
teletypewriter operation, the code for different
characters always consists of five units or elements
of equal length. These equal-length units are
called marking and spacing impulses. Figure 27
shows the five-unit code group for the letter X.
Codes for other characters are made by combining
the five elements in different combinations.
Using all the possible combinations available
yields 32 different five-unit groups; therefore, it
is possible to transmit 32 different code groups in
the standard start-stop code.

b. Standard start-stop signals are transmitted by
neutral or polar operation. In neutral operation
current flows through the circuits in one direction
only. Marking impulses are current impulses, and
spacing impulses are no-current impulses. In polar
operation, current flows through the circuit in
both directions. Marking impulses are current
impulses in one direction, spacing impulses are
current impulses in the opposite direction, that is,
of opposite polarity.

c. The teleprinter can receive both neutral and
polar impulses. The keyboard transmitter is
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44. Synchronism

Starting and stopping the receiving unit in
synchronism with the keyboard transmitter is
accomplished by transmitting two additional
impulses along with the five-unit code impulses for
each character. The start impulse is a spacing
impulse sent immediately preceding the five-unit
code impulses (fig. 29). The stop impulse is a
marking impulse sent immediately following the
five-unit code impulses. The start impulse causes
the receiving unit to operate when the keyboard
transmitter starts. The stop impulse causes the
receiving unit to stop when the keyboard trans-
mitter stops. Thus, even if the receiving unit is
not synchronized with the keyboard transmitter,
it will be brought to a stop before the next signal
to start in step again isreceived. The length of the
start impulse is equal to that of one of the other

five impulses, and the stop impulse is 1.42 times
as long. The receiving shaft speed is greater
than the transmitter shaft speed, which gives the
receiving unit enough time to complete its function.

M = MARKING IMPULSE
S = SPACING IMPULSE

[~—— EACH IMPULSE M
.022 SEC

I ] 2 4

—_

TIME I M ! s M

STOP
IMPULSE
(.03 SEC)

—

(022 SEC)

CURRENT

START S
IMPULSE
(o]

i
3 =5
M I

|

|

le—FIVE UNIT CODE
FOR LETTER X

-TM2230-542

Figure 29. Standard start-stop, five-unit code stgnal for the
letter X, plus start and stop impulses.

Section Il. THEORY OF TELETYPEWRITER TT-98/FG, TT-99/FG, AND TT-100/FG

45. General

a. The teleprinter consists of a keyboard
transmitter and a receiving unit. The keyboard
transmitter and receiving unit are mounted on a
common base. FEach unit is electrically capable

TELETYPEWRITER
SET AN/FGC-20

of operating independently, depending on the type
of operation desired.

b. The keyboard transmitter is capable of trans-
mitting standard five-unit, start-stop code to the
signal line. The teleprinter can receive only
standard start-stop, five-unit code.

TELETYPEWRITER
SET AN/FGC-20X

KEYBOARD
TRANSMITTER

J

RECGEIVING
UNIT

+

RECEIVING
UNIT

KEYBOARD
r TRANSMITTER

MOTOR P

TM2230-548

Figure 30. Interconnected teleprinters, block diagram.
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motor speed remains constant.

50. Keyboard-transmitter Camshaft

Power for the keybuard-transmitte ;
is received through a friction clutch ,
the keyboard drive shaft. The clutch (
start and stop actions possible. The ..... ... ..o
driven shaft engages the notches on the center
clutch disk of the clutch. Two felt friction plates
on the driving shaft arc held against the center
clutch disk by spring pressure. The spring pies-
sure can be increased or decreased by tightening
or loosening the clutch collar. The friction be-
tween the center clutch disk and the friction plat:
on the driving shaft is sufficient to rotate the
driven shaft through its driving fork (under nor-
mal workload). If the cam stop lever (fig. 35)
is in a position to block the transmitter camshaft,
the friction between the center clutch disk and
the friction plates is overcome. The center
disk is stopped and remains stationary betwcen
the two felt friction washers. When the cam stop
lever is mechanically moved out of the path of
the transmitter camshaft, the camshaft resumes
rotation for the next code group.

DRIVEN GEAR FOR
FUNCTION SHAFT
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REPEAT KEY LEVER

SPRING

UNIVERSAL BAR

SENSING LEVER LOCKING BAIL

CAM STOP LEVER

UNIVERSAL BAR

SPRING

SELECTOR LEVERS COMB

TRANSMITTER CAMSHAFT

REPEAT BLOCKING LEVER

SPRING

NUT

LOCKING LEVER

SPRING REPEAT KEY LEVER/ LATCH
ACTUATED POSITION B
TM2230-690

Figure 35. Transmitter camshaft control mechanism.

movement of a key lever pushes the code bars
either to the right or left. The notches are cut so
that the first code bar will move to the right
(A, fig. 37) if the first unit of the code for the key
pressed is a marking signal. If the second unit
of the code is to be a spacing signal, the move-
ment of the second code bar will be to the left
(B, fig. 37).

b. The positions of the code bars are transformed
into electrical signals by the positioning of the
transmitter contact. The positioning of the
transmitter contact is controlled by the code bars,
the five rotating cams on the transmitter cam-
shaft, the five selector levers, and the five sensing
levers (figs. 36 and 37). Each code bar moves
only its associated sensing lever. Any selector

lever, however, will actuate the transmitter con-
tact when the selector lever is moved by its
associated cam. The five cams are positioned so
that they operate their associated selector levers
and transmitter contact in sequence as the trans-
mitter camshaft rotates. To send marking sig-
nals, a code bar shifted to the right turns its
mating sensing lever counterclockwise so that the
end of the sensing lever engages and latches the
upper end of the selector lever. When the lobe of
the mating cam raises the midpoint of the selector
lever, its lower end slides on the bearing shoe and
closes the transmitter contact. To send spacing
signals, a code bar shifted to the left turns its
mating sensing lever clockwise so that the end of
the sensing lever does not latch the upper end of

35



Digitized by GOOSIQ



Sequence Sending operation for sequential signals

16 Lower end of No. 6 selector lever turns transmitter
contact clockwise.

17 Stop impulse sent.

18 Tooth on camshaft strikes cam stop lever and
camshaft stops revolving (having completed a
one-half revolution).

19 Key lever must be released before above sequence
can be repeated for any other or the same key
lever to allow locking lever latch to return under
cam stop lever.

SELECTOR LEVER

CONTACT BAIL SPRING e LATCHED

TRANSMITTER
CONTACT

SELECTOR LEVER

DEPRESSED
KEY LEVER

BEARING
SHOE

SENSING
LEVER

A. SENDING MARKING IMPULSE

SELECTOR
LEVER
UNLATCHED

DEPRESSED

KEY LEVER CODE BAR

B. SENDING SPACING IMPULSE
TM2230-693

Figure 37. Operation of transmitting mechanism.

54. Character Repeat Feature

The chart below lists the sequence of operations
when the repeat key is pressed.

Sequence Sending operation for sequential repeat signals.

1 REPEAT key pressed.

2 Same sequence of operations takes place as in para-
graph 53 up to point where cam stop lever restor-
ing cam raises can stop lever. REPEAT-key is
either released or still pressed at this point. Rest
of sequence is identical with the chart in para-

- graph 53. If REPEAT key is still depressed,
sequence given below takes place.

Sequence Sending operation for sequential repeat signals

3 Repeat lever holds repeat blocking lever.

4 Restoring cam moves clear of cam stop lever.

5 Cam stop lever drops again.

6 Stop cam raises No. 6 selector lever (permanently
latched).

7 Lower end of No. 6 selector lever turns transmitter
contact clockwise.

8 Stop impulse sent.

9 Tooth on transmitter camshaft passes cam stop
lever.

10 Transmitter camshaft continues to turn and se-
quence above starts again.

55. Receiving Code Impulses
a. Polar Selector Magnet Operations.

(1) A polar selector magnet (A, fig. 39) con-
sists of a permanent bar magnet, an arma-
ture, a potentiometer, and two line and
two bias windings mounted on a U-
shaped silicon steel core. Around each
arm of the U-shaped core are wound one
line and one bias winding. A detailed
description of the circuits of the magnet
is given in paragraph 78.

(2) The armature (B1, fig. 39) is pivoted at
its center and is magnetically balanced
over the open end of the core. The
permanent magnet sets up a magnetic
field that is concentrated around the core.
When a winding around the core is ener-
gized, the magnetic field that it sets up
unbalances the permanent magnet field
and causes the armature to move on the
central pivot. Current flow in the wind-
ings increases the magnetic attraction on
one end of the armature, while decreasing
the magnetic attraction on the opposite

REPEAT BLOCKING
LEVER

LOCKING LEVER
LATCH

REPEAT LEVER

REPEAT
KEY LEVER

UNIVERSAL BAR

yos ﬂ
Mleavsuuauy

TM2230-580

Figure 38. Repeat mechanism.
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windings. The combined magnetic fields
of the energized bias windings and the
permanent magnet cause the left (blade)
end of the armature to be pulled toward
the left core, away from the selector
levers. Current flows in both line wind-
ings during reception of a neutral mark-
ing impulse. The current value in a line
winding normally is twice the bias current
value. The field set up by the energized
line winding around the left core opposes
the combined magnetic fields of the left
bias winding and the permanent magnet.
The energized line winding around the
right core aids the field of the permanent
magnet and opposes the field of the
right bias winding. Therefore, a marking
impulse in the line windings causes the
right end of the armature to be pulled
toward the right core arm, and the left
(blade) end to be moved into the path

SELECTOR LEVER Y LEVER

Y LEVER
DETENT

PIVOT STuD SPRING

BEARING

SET Y LEVER

DETENT

ARMATURE

ENGAGING
SELECTOR
LEVER

SELECTOR
CAM LOBE

A. RECORDING MARKING IMPULSE

SELECTOR LEVER Y LEVER

LECTOR ARMATURE
gEMELO%E NOT ENGAGING
SELECTOR

2 LEVER

B. RECORDING SPACING IMPULSE
TM2230-570

Figure 40. Impulse recording portion of the selector

mechanism.

of the selector levers (marking position).
Neutral operation of this selector magnet
is possible in both 20- and 60-ma circuits.
The line windings are connected in series
for 20-ma neutral operation, and in
parallel for 60-ma neutral operation.
Adjustment of the bias current value to
obtain greatest machine range is accom-
plished with a potentiometer which is
connected in series in the bias circuit.

b. Transformation of Elecirical Impulses Into
Mechanical Settings. The selector mechanisms
(figs. 40 and 41) of the teleprinter transform
electrical code impulses into mechanical settings.
Primarily, the mechanisms record the movements
made by the selector magnet armature in ac-
cordance with the code impulses received. The
windings of the magnet cause the armature to
move to one of two positions, depending on
whether the impulse received is a marking or a
spacing impulse. This position is then recorded

STOP LEVER

SELECTOR LEVER
SPRING

ARMATURE ENGAGING
STOP LEVER

GROOVED
SPINDLE STOP PLATE A
STOP LEVER
SELECTOR LEVER
SPRING
ARMATURE
DISENGAGED FROM
STOP LEVER
GROOVED
SPINDLE STOP PLATE B
TM2230-57I
Figure 41. Selector camshaft and stop plate.
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(2) Each of the remaining selector cam lobes
engages its corresponding selector lever,
one after the other, when the correspond-
ing electrical impulse is received. This
sequence is controlled by the angular
displacement of the cam lobes and the
speed at which the selector camshaft
rotates. All five cam lobes operate their
selector levers within one-half revolution
of the selector camshaft. After the last
five-unit impulse is received, the stop
impulse raises the selector magnet arma-
ture to engage the stop lever. The
selector camshaft is limited to making
only one-balf revolution per code group.
The other end of the stop plate which
then comes around is held by the stop
lever to stop the camshaft.

56. Transfer Operation

To select the character which is to be printed,
the five code rings of the typing unit must be
positioned according to the incoming code group.
The incoming code group is stofed in the five
Y-levers in clockwise and counterclockwise set-
tings. The Y-lever settings are transferred to
the code rings, positioning them.

a. The selector code rings (A, fig. 42) are
positioned about the stop arm shaft for clockwise
or counterclockwise movement. Each code ring

STOP BARS

TRANSFER

\\\\\\\

TRANSFER LEVER LATCH

A. TRANSFER OF MARKING IMPULSE SETTING

Figure 42.

T LEVER

Y LEVER DETENT

Y LEVER DETENT

Y LEVER
TRANSFER LEVER SPRING

has a slotted tail that mates with a corresponding
one of a set of five inverted T-levers. The T-
levers are mounted on a common pivot stud on
the end of the transfer level. Turning a T-lever
causes the mating code ring to turn. The T-levers
are mounted in the same planes as their cor-
responding Y-levers. Turning the transfer lever
causes the end of the T-lever to become engaged
with the end of the Y-lever. The prongs of the
T-lever are farther apart than those of the Y-lever;
therefore, only one end of each lever will engage
at any time. When the transfer operation takes
place, the transfer lever turns and moves all the
T-levers against the Y-levers. This action trans-
fers the five settings of the Y-levers to the cor-
responding code rings. Each Y-lever set clockwise
(for a marking signal) is engaged by its T-lever
on the right side which places the mating code
ring in the clockwise position. Each Y-lever set
counterclockwise (for a spacing signal) is engaged
by its T-lever on the left side; this places the
mating code ring in the counterclockwise position.

b. The transfer operation, or turning of the
transfer lever, takes place after the fifth code
impulse is stored in the Y-levers but before the
selector camshaft is brought to rest by the stop
impulse. A sixth cam or, latch tripping cam,
mounted on the selector camshaft (fig. 42) trips
the transfer lever latch causing the transfer lever
to be pulled down by the transfer lever spring.

SELECTED STOP BAR

CODE RING NO.!

STOP

ARM SHAFT

Y LEVER
DETENT
SPRING

SPRING

Y LEVER
DETENT

TRANSFER LEVER LATCH TRIPPING

CAM

B. TRANSFER OF SPACING
IMPULSE SETTING
TM2230-555

Transfer mechanism operation.
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Figure 46. Code ring cage; stop bar pushed into alined code
ring notches.

HOUSING

SPRING-LOADED
ROLLERS

TM2230-553

Figure 46. Antibounce clutch for stop arm.

stop bars arrest the square shaft stop arm halfway
between outer stop bar positions. Thus, there
are 32 different stop positions available. The
three duplicate stop bars, (carriage return, figures,
and line feed) do not project from the code ring
cage into the path of the &quare shaft stop arm.

57. Range-finder Mechanism

a. Because of transmission line characteristics
such as inductance and -capacitance, teletype-
writer signal waveforms become distorted. A
device is provided that permits an adjustment for
best opcration with distorted signals. For a
detailed discussion on the nature and effects of
distortion, refer to TM 11-680, Teletypewriter
Circuits and Equipment (Fundamentals).

b. Distortion consists of rounding the corners
and sloping the sides of the wave forms. Some
impulses become shortened and others lengthened.
This effect shifts some of the later code impulses
of a signal with respect to the starting impulse.
To permit the selector mechanism to work
properly, the selector cams are designed so that
they operate for only about 5 milliseconds (com-
pared to the full standard code impulse length of
22 milliseconds). The relationship of the cam
operating points with respect to the start impulse
is made adjustable.

¢. A selector cam requires only about 20 percent
of an impulse length to perform its function,
which makes it possible to shift the selecting
interval ahead or behind the midpoint of the
impulse. The cam will operate during the
selecting interval of the receiving impulse. The
relationship between the stop plate and the
selector cam is made adjustable to orient the
cams within the impulse. The mechanism for
making the adjustment is described in d below.

d. The timing relationship between the selector
cams and stop plate is adjusted by altering the
position of the stop plate with respect to the
selector camshaft (fig. 47). Increasing the angle
causes the selector cams to operate later in the
impulse. Decreasing the angle causes the cams
to operate earlier. The position of the stop
plate may be adjusted by preventing the stop
plate from rotating while rotating the selector
camshaft. This will cause the grooved spindle
on which the stop plate is mounted to move
outward. The position of the stop plate may
be adjusted in the opposite direction by turning
the grooved spindle inward.

e. Movement of the orientation lever is con-
trolled by the range-finder dial assembly and the
range-finding cam. Turning the range-finder dial
assembly clockwise increases the time between
the selector cam operating points and the start
impulse. Turning it counterclockwise decreases
the time.

58. Function Shaft Operation

Figure 48 shows the mechanism that provides
the intermittent drive which rotates the square
shaft stop arm and type selecting arm to the next
selected position, actuates the printing and other
functional operations, and raises the transfer
lever so that the next code group can be received.
It consists primarily of the function shaft which
is power-driven intermittently one-half revolution
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DRIVING
GEAR

TYPE SELECTING ARM

SQUARE SHAFT DRIVEN GEAR
(37 TEETH)

SQUARE SHAFT
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(64 TEETH) SENSING
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TRANSFER
LEVER
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PRINT CAM
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FUNCTION SHAFT DRIVING GEAR
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FRICTION
CLUTCH PLATE

LEVER LATCH
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A
STOP ARM : m
' BALL BEARING
B
TM2230-663

Figure 48. Function shafl operation.

desired. Choosing the desired type bar is a
matter of rotating the type selecting arm to the
position behind the desired connecting bar. Each
of 26 positions corresponds to a different character.
The type selecting arm is rotated by the type
selecting arm driving gear which is rotated by the
sliding helical gear. The selecting arm is stopped
at the desired position by the square shaft stop
arm. The stop arm is stopped by the selector
mechanism, which uses code rings set up by the
incoming code impulses.

b. Therevolving squareshaftstop armisarrested
at the desired position by striking against a stop bar
which has been moved into its path. There are
32 such stop bars arranged in a semicircle about
the axis of the square shaft stop arm. The posi-

tions of 26 of these correspond to the 26 type bar
positions. (The other six are functions covered
in later paragraphs of this section.) Each stop
bar is located in the proper position for a cor-
responding type bar. The particular stop bar
corresponding to the letter to be printed is
selected by positioning the code rings according
to the code for that letter. This positioning is
done by the selector magnet armature in accord-
ance with the incoming code impulses, which
operate in conjunction with a series of levers and
cams. )

¢. The square shaft is driven by the function
shaft. As the function shaft makes a one-half
revolution, the square shaft could make almost
a complete turn. However, as it is never neces-
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forward to strike the connecting bar and causes
the type bar to swing toward the platen. The
type selecting arm does not push the connecting
bar and type bar all the way to the platen; it
merely strikes the connecting bar and gives the
type bar enough momentum to carry the move-
ment through. The movement of the print bail
blade is such that the type selecting arm is drawn
all the way back before the type bar reaches the
platen. After the type bar bounces away from
the platen, the connecting bar spring pulls the
connecting bar and type bar back to their normal
positions.

f. The type selecting arm can stop in 32 differ-
ent positions, but there are only 26 type bars on
the carriage. Therefore, there are six positions
of the type selecting arm where no connecting
bar and type bar will be struck, even though the
print cam operates the print bail blade. Five
of these six positions are used for performing other
necessary operating functions. The sixth is for
the blank impulse.

60. Operations of Teleprinter

The teleprinter performs two types of operations.
The first operation, the printing of letters and
characters is described in paragraph 59. The
second type of operation, called functions (pars.
61-70), consists of rotating the platen for line
feed, shifting and unshifting the platen, returning
the carriage, spacing across the line, stopping the
motor, and ringing the signal bell. The letters
(unshift), spacing, motor stop, and signal bell are
operated by the function cam and function select-
ing arm (fig. 51). The figures (shift), line feed,

FUNCTION SELECTING ARM
CLAW

FUNCTION
SELECTING ARM

APERTURE /¢)
GATE N\ ! ]

FUNCTION
CAM FOLLOWER
SIDE
PLATE

SUPPORT

LEVER FUNCTION

CAM

TM2230-578

Figure 61. Funclion selecting arm mechanism.

and carriage return are controlled by the function
stop bars in the code ring cage.

61. Function Cam and Function Selecting Arm
Controlled Functions

a. The function selecting arm is mounted on the
end of the square shaft and rotates with the shaft
to 32 positions. It moves axially in and out to
operate the function punch bars mounted in the
punch bar guide block (fig. 51). However, axial
movement does not occur in all 32 positions as
with the type selecting arm. The function cam
moves the lower end of the function cam follower
each time the function shaft makes one-half revolu-
tion. If the function selecting arm is not blocked
against axial movement, the function cam follower
pivots about its midpoint so that its upper end
pushes the arm inward. However, if the function
selecting arm is blocked to prevent axial move-
ment, the function cam follower pivots at its
upper end and forces the support lever, by which
it is mounted at its midpoint, to move. This
movement of the support lever feeds the carriage
to the right when printing or spacing takes place.
Axial movement of the function selecting arm
takes place only when functions are performed.
When characters are printed or spacing operations
take place, the support lever moves.

b. The axial movement of the function selecting
arm is governed by the construction of the punch
bar guide block and its associated aperture gate.
The forward surface of the guide block is cut away
in three areas (fig. 52). When the function select-
ing arm is turned to a position in front of any of
the high portions of the punch bar guide block
surface (shown shaded in all views), it cannot be
moved axially. It can be moved axially only when
it is turned to a position in front of one of the cuta-
way areas. All the function punch bars are
mounted in grooves located in the cutaway areas
where axial movement for operating them is possi-
ble. With three exceptions (the letters H, and S,
and spacing), the areas which are not cut away
correspond to the position to which the function
selecting arm is turned when printed characters
are selected.

c. The letters H and S print only in the letters
position of the platen. In the figures position of
the platen, they do not print and their position
under the function selecting arm is used for operat-
ing the punch bars for the motor stop and signal
bell functions. These two punch bars must, there-
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blocked for functions in the two platen positions.
The raised portions of the aperture gate are shown
black, and the raised portions of the punch bar
guide block are shown shaded.

62. Carriage Feed Operation

a. To prevent characters from being printed one
on top of another (strikeovers), the carriage is
moved automatically one letter space to the right
each time a character is printed or the space bar
is depressed. The carriage (fig. 55) rolls along
the guide rail and slides on the square shaft. It
is driven by the carriage rack driving gear when the
carriage feed pawl is disengaged from the ratchet
wheel. The carriage feed driving gear is driven
by the main shaft through a friction clutch. The
ratchet wheel is released when the carriage feed
link, attached to the ratchet feed pawl, is pulled.
The friction clutch then takes hold, the gears turn,
and the carriage feed and return driving rack and
the carriage are moved to the right. The carriage
feed link pivots the carriage feed pawl and is

CARRIAGE

CARRIAGE FEED
PAWL

MAIN SHAFT

N

operated by the function cam (fig. 51) through the
support lever which operates the carriage feed
lever. The support lever is turned by lifting the
function cam follower whenever the function select-
ing arm is blocked (as it is for all printed char-
acter positions and the space position). The
carriage can move only one space each time the
feed mechanism is operated. The carriage feed
mechanism is operated when the carriage feed
pawl is repositioned immediately after one tooth
of the ratchet wheel is spaced.

b. A manual carriage feed mechanism (fig. 56)
is provided to allow the carriage to move to the
right without receiving the space impulse. It
consists of a vertical link which connects the man-
ual space push button to a manual space bell
crank. When the push button is depressed, the
bell crank is rotated against the loop in the car-
riage feed link, which pulls the carriage feed pawl
out of engagement with the ratchet wheel on the
carriage feed shaft. The main shaft now drives
the carriage feed driving gear and carriage rack

N ANy

CARRIAGE

CARRIAGE FEED AND RETURN
DRIVING RACK

CARRIAGE RACK DRIVING GEAR

CARRIAGE FEED DRIVING GEAR

TM2230-582

Figure 65. Carriage feed mechanism.
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Figure 57. Carriage relurn driving mechanism.
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Figuie 60. Cai.iage 1eturn safety clutch.

' e Feed Operation
e platen is turned to feed the paper by the
n of the line feed mechanism. The amount
5 (one or two) depends on the position of
e-double line feed lever.
> platen either can be held in a given
or be turned one or two line spaces at a
the detent wheel attached to it (fig. 61).
the platen from turning while printing,
nt wheel is held by the line spacing de-
r. 62). When line feeding, the detent

o

PLATEN SPACING
DETENT

SINGLE-DOUBLE
LINE FEED
LEVER

LINE FEED PAWL

A.DOUBLE LINE FEED

wheel is t1
line: ::d pe
on which
about the
of the line 1
causes the
detent whe
grip of the
has been t
the next tooth or the second tooth of the deteuu
wheel. This action holds the platen in the ~A-
vanced position. The line feed lever is actu: 1
by turning the adjustable bell crank which pulls
the connecting link. Whenever the line feed :* -
bar is operated, the adjustable bell crank is oper-
ated by the parts shown on the lower left-hand
side of figure 93.

¢. The operations of the line feed mechanism
are described in the following chart:

Sequence Line feed operation

1 Line feed code group received

2 Transfer lever released

3 Code ringsaligned to accept Function shaft starts
the line feed stop bar. to turn.

4 Line feed stop bars operate

5 Line feed sensing lever released by function stop
bar.

6 Line feed sensing lever drops to low point of line
feed sensing lever restoring cam.

7 Line feed sensing lever thrusts line feed cam follower
laterally.

8 Line feed cam f{ollower roller engages (turning) line
feed operating cam.

9 Line feed cam follower pulled down by line feed
operating cam lobe.

10 Adjustable bell crank turns

PLATEN SPACING DETENT SINGLE-DOUBLE
\ LINE FEED

LEVER

DETENT WHEEL

LINE FEED PAWL

B.SINGLE LINE FEED

TM2230-742

Figure 61. Single-douoie line feed mechanism.
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PLATEN LATCH
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FIGURES STOP BAR

FIGURES SENSING LEVER RESTORING
CAM

SPACING COLLAR

PLATEN SHIFT

BELL CRANK~__

PLATEN SUPPORT FRAME

PLATEN SHIFT LINK

PLATEN SHIFT ARM

PLATEN
SHIFT BELL CRANK SPRING

FIGURE SHIFT SENSING LEVER

PLATEN SHIFT CAM FOLLOWER

PLATEN SHIFT OPERATING CAM

TM2230-660

Figure 63. Figures shift mechanism.

\/P.LATEN LATCHING ARM

S

PLATEN LATCH

LETTERS
PUNCH BAR

UNSHIFT LEVER

TM2230-575
Figure 64. Aperture gate latched.

Sequence Letter mechanism operation

Function selecting arm plunges axially

Letters punch bar pushed in

Unshift lever turns

Platen latch turns

Aperture gate releases

- Platen drops

Platen blocking arm latched by platen lower case

latch.

12 Function cam pivots function cam follower about
support lever.

13 Function selecting arm pulled back

14 Letters punch bar, unshift lever, and platen latch
return to original position (spring return).

-0 © NS W;

—

b. The letters platen blocking mechanism (fig.
66) is operated by the movement of the platen.
When the platen moves into the letters position,
the platen blocking arm bracket moves the platen
blocking arm, and causes it to become latched by
the platen lower-case latch. With the platen
blocking arm latched, the platen cannot move
from the letters position until a figures code group
is received. When the figures code group is re-
ceived, the figure shift sensing lever moves the
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Figure 66. Platen biccking 1
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Figure 67. Manual letters mechanism.
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Figure 68. Signal bell and motor stop actuating mechanisms.
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hand margin trip plate rotates the delaying lever.
This moves the delaying latch away from the stop
bar shift stop. The stop bar return spring then
returns the automatic carriage return and line
feed mechanism to its normal unoperated position.
The function stop bars move back under their
associated sensing levers.

71. Inking Ribbon Lifter Operation

a. The normal position of the inking ribbon is
below the printing line. In order not to obscure
the printing, the inking ribbon must be raised
and lowered to print each character. The ribbon
guide (fig. 70) through which the inking ribbon
is threaded can slide up and down on its mounting
and is lifted when the ribbon vibrator bell crank
is turned.

RIBBON VIBRATOR
BELL CRANK

PIVOT
BEARING

RIBBON VIBRATOR LEVER AND
TYPE SELECTING ARM  BRACKET

TM2230-572

Figure 70. Inking ribbon lifter mechanism.

b. The sequence of operations by the inking
ribbon lifter mechanism is shown in the chart
below.
Sequence Inking ribbon lifter operation
1 Type selecting arm turns to selected position
2 Type selecting arm plunges forward
3 The first lever of ribbon vibrator lever and bracket
struck.

4 Linkage turns ribbon vi-
brator bell crank.

5 Ribbon guide lifted

6 Type bar strikes inking ribbon against platen

7 Ribbon guide, ribbon vibrator bell crank, and ribbon
vibrator lever and bracket returned to original
position by ribbon vibrator bell crank spring.

12. Inking Ribbon Feeding Operation

a. To provide uniformly printed impressions,
the inking ribbon is pulled a short distance through

Type selecting arm pulled
backward.

the ribbon guide each time a character is printed.
The inking ribbon feed mechanism (fig. 71) is
mounted on the carriage. Both ribbon spools are
mounted on ribbon spool drive shafts.
b. Sequences of operation of inking ribbon feed
are shown in the chart below.
Sequence Inking ribbon feed mechanism operation
1 Carriage fed one space to right (when printing or
spacing operation takes place).
2 Helical gear turns bevel gears on one end (depending
on direction of ribbon feed) and the ribbon spool.
3 Inking ribbon pulled through the ribbon guide one
space.
4 Above sequence repeats for each advance of car-
riage to right.
5 As carriage returns to left, helical gear reverses
direction, but jaw clutch slips and inking ribbon
does not unwind.

73. Inking Ribbon Reversing Operation
a. After the inking ribbon is wound entirely on
one ribbon spool, the direction of inking ribbon
feed must be reversed so as to rewind the inking
ribbon on the empty ribbon spool. This revers-
ing operation is done automatically by the inking
ribbon feed mechanism (fig. 72) when the last
turn of inking ribbon is unwound from the paying-
out ribbon spool.
b. The chart below lists the inking ribbon
reversing operation sequences.
Sequence Inking ribbon reversing operation
1 Starting with left bevel gears meshed and right
bevel gears unmeshed, whenever carriage moves
to right, left ribbon spool is driven, taking up
inking ribbon; right ribbon spool idles, paying
out inking ribbon.
2 Eventually, almost entire inking ribbon is un-
wound from right ribbon spool.
3 Window in ribbon spool becomes uncovered
4 End of ribbon sensing lever projects through win-
dow (spring action).
5 Ribbon cam follower moved under reversing cam
(which turns when carriage moves to right).
6 Within }4 revolution of cam, ribbon cam follower
is pulled down.
7 Beam pivoted clockwise, trips detent, and relatches
in clockwise position.
8 Left bevel gears unmeshed
9 Right bevel gears meshed
10 Right ribbon spool now is driven, taking up inking
ribbon, and left ribbon spool idles, paying out
inking ribbon.

74. Margin Signal Bell Operation

a. The margin signal bell rings automatically to
warn the sending operator that the end of a line
is about to be reached. - When the carriage ap-

proaches the end of its travel, the bell is operated
by the carriage return latch tripping arm, which
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margin bell clapper carries it past its stop to
strike the upper side of the margin signal bell;
this rings the bell. The pawl is pivoted and is
held to the margin bell clapper by a pawl spring.

This action permits the carriage return latch
tripping arm to move past the pawl when the
carriage return driven gear comes around for
carriage return.

Section lll. ELECTRICAL CIRCUITS OF TELETYPEWRITER TT-98/FG, TT-99/FG, OR TT-100/FG

75. General

The circuits in the teleprinters are divided into
four main groups: power circuits, signal circuits,
local dc circuits, and motor circuits. Figures 74
through 86 are schematic diagrams of the tele-
printer circuits. Figures 253 through 257 are the
wiring diagram and a complete schematic diagram
of the teleprinters.

76. Power Circuit

a. Ac Input (fig. 74). The ac input circuit
provides power for the motor B1 or B2 and copy
lamps I 1 and I 2 and power that is rectified by
rectifier CR1 to energize the motor stop relay E1
and selector magnet E2 bias winding circuits.
POWER switch S4 controls the power input

circuit. The circuit is protected by fuse F1 in the
line to rectifier CR1. The circuit begins with the
upper pin of plug P1, through the contacts of
POWER switch S4, through fuse F1, through
shunt contact C of J4A. If Power Supply PP-
978/FG is removed, the contacts of J4A close and
the circuit is traced to contact B, and from con-
tact B to rectifier CR1. The circuit continues
through the rectifier to the contacts of POWER
switch S4 and back to the lower pin of plug P1.
If Power Supply PP-978/FG is installed, the
circuit 1s traced from contact C of jack J4A and
plug P4 through the adjustable tap to the primary
winding of transformer T1, out the fixed primary
tap to contact B of plug P4 and jack J4A and to
rectifier CR1, as above. Contacts C and B o

F2
1
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TEST > € o3 N
voLTs | | I o | RS
Jo g l I > 9 > ] 5K
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TO LINE AND TEST ' 300
| PART OF PART OF
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fl LBy 23! [ [
1.6 AMP  yea o | |9 <M
—O0 | | I > 210 >—7 ! < [0 <«
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| _S4 I I | (291> !
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Figure 74. Ac input and power supply circuit, simplified schemalic.
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3, the circuit continues to terminal 11 of
1° 2 P7and jack J7, to terminal E of jack
J8 and plug P8, through the 8-5 line
winding of selector magnst E2, through
terminal F of plug P8 and jack J8,
through terminal 12 of jack J7 and plug
P7, through contact 9 of POLAR RE-
LAY switch S8, through the switch rotor
to contact 10. The circuit continues to
contact 10 of LINE SELECTOR switch
S7, through the switch rotor to contact 9,
to contact 8 of POLAR RELAY switch
S8, through the switch rotor to contact 7,
to terminal 10 of plug P7 and jack J7.
The circuit continues to terminal B of
jack J8 and plug P8, through the 14
line winding of selector magnet E2, to
terminal A of plug P8 and jack J8, to
terminal 5 of motor stop relay EI,
through a float and closed contact to
terminal 4 of motor stop relay El, to
terminal 5 of jack J7 and plug P7, to
contact 4 of POLAR RELAY switch S8.
The circuit is completed through the
switch rotor to contact 5, then to contact
11 of LINE SELECTOR switch S7,
through the switch rotor to contact 12,
and is terminated at terminal 4 of the
terminal and switch box.

., LINE SELECTOR switch S7 in 60 ma or

P (polar) position, and rtor-stop relay EI
i  nonoperated positi... (B, fig. 76).
With terminal 3 on the terminal and
r...:;-l. ) IR I ST D I Contact 3
! 37, which
i ma posi-
1 s contact

divides.
of LINE
wugh the
sontact 8
( wh ' s
i . ; 1e s 1
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Figure 78. Test circuit without relay, simplified schematic.

the mark position. The ecircuit con- box remain closed when LINE SELEC-

tinues through transmitter filter Z2, to TOR switch S7 is in the TEST posi-
terminal B of plug P5 and jack J5, to tion. If DC POWER switch S11 is in
terminal 2 of terminal board TB2, to the ON position, the send circuit can
LINE-BREAK switch S3 which is in be traced from terminal 5 of the terminal
the LINE position, to terminal 3 of and switch box or terminal 1 through
terminal board TB2, to terminal 7 of resistor R3 to contact 7 of LINE SELEC-
jack J7 and plug P7, to contact 2 of TOR switch S7, through the switch

LINE SELECTOR switch S7, through
the switch rotor to contact 11. The
circuit is completed through terminal 9
of plug P7 and jack J7, to terminal D
of jack J4B and plug P4, to the negative
side of rectifier CR2.

(3) The signal circuits connected to the

terminals of the terminal and switch

rotor to contact 4, through the contacts
of DC POWER switch S11 to terminal
9 of plug P7 and jack J7, to terminal
D of jack J4B and plug P4, from the
negative to the positive side of rectifier
CR2, through fuse F2, to terminal E
of plug P4 and jack J4B, to terminal 6
of jack J7 and plug P7, through the
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J5, to terminal 2 of terminal board TB2,
through the contacts of LINE-BREAK
switch S3, which is in the LINE position.
The circuit is completed through ter-
minal 3 of terminal board TB2, to
terminal 7 of jack J7 and plug P7, to
contact 2 of LINE SELECTOR switch
S7, through the switch rotor to contact
11, to terminal 9 of plug P7 and jack
J7, to terminal D of jack J4B and plug
P4 to the negative side of rectifier CR2.

(3) The signal circuits connected to the

terminal of the terminal and switch box
remain closed when LINE SELECTOR
switch S7 is in the TEST position.
The circuits are identical with those
traced in a(3) above.

c. Selector Magnet Bias Circuits, Without Relay.
(1) The selector magnet bias circuits provide

dc from rectifier CR1 to the bias windings
of selector magnet E2. When LINE
SELECTOR switch S7 is in the 60 ma
position, 12 ma are supplied to the bias

)

windings of selector magnet E2. When
LINE SELECTOR switch S7 is in the
20 ma position, 8 ma are supplied to the
bias windings of selector magnet E2.
When LINE SELECTOR switch S7 is
is in the P (POLAR) position, the bias
circuit is disconnected and no current
flows through the bias windings. The
bias windings are connected through
variable BIAS resistor R4 which is
locked. This circuit includes a strap
arrangement marked BIAS TEST MA
which has a means for inserting a milli-
ammeter to measure the current in the
circuit. In neutral operation, the bias
circuit controls the movement of the
selector magnet E2 armature to the
space position.

With LINE SELECTOR switch S7 (fig.
80) in the 20 ma position, the circuit is
traced from the negative side of rectifier
CR1, through fuse F4, to terminal D of
jack J8 and plug P8, through the 2-3

NOTES:
1. [CINE SELECTOR] SWITCH S7 IN 20 MA 8 .o
POSITION. 7 SECT |
2.[POLAR RELAY|SWITCH S8 IN REAR
POSITION. 9
s8
SECT |
193) FRONT
J8 P8 2
T D | R2
I | 5,600
: ' 2 SE ég}o : S8
L R
| : i MAGNET 10 '3 %EE":R'
BIAS
I | WINDINGS
L : S
I
| : 10,0 REAR
| 6
c
4 s8
SECT |
REAR
R7
BIAS TEST MA 8K
Jvr P7 = 4
I < 16 ‘l O D s8
| | s | ((SECT I
| | FRONT
] e
2 I
. | <' REAR
TM2230-659

Figure 80. Selector magnet bias (20 ma) circuit, without relay, simplified schematic.
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Figure 82. Line relay bias (20-ma) circuil, simplified schematic.

circuit continues through resistor R8
to contact 6 of POLAR RELAY switch
S8, through the switch rotor to contact
4, to contact 10 of LINE SELECTOR
switch S7 which is in the 20-ma position,
through the switch rotor to contact 12,
to contact 10 of POLAR RELAY
switch S8, through the switch rotor to
contact 12, through resistor R7 to
contact 11 of POLAR RELAY switch
S8. The circuit is completed through
the switch rotor to contact 9, to contact
7 of POLAR REILAY switch S8, through
the switch rotor to contact 9, to terminal
8 of jack J11, through the bias winding
of line relay K1, to terminal 1 of jack
J11, to terminal 9 of plug P7 and jack
J7, to terminal D of jack J4B and plug
P4 to the negative side of rectifier
CR2. Capacitors C8 and C7 and re-
sistor R5 filter the rectifier CR2 output.

(3) With LINE SELECTOR switch S7 (fig.

83) in the 60 or TEST position, the cir-
cuit is traced from the positive side of
rectifier CR2 through fuse F2, to termi-
nal E of plug P4 and jack J4B to termi-
nal 6 of jack J7 and plug P7, to contact

3 of POLAR RELAY switch S8 which is
in the IN position, through the switch
rotor to contact 1, to contact 3, through
the switch rotor to contact 5. The cir-
cuit continues through resistor R8 to
contact 6 of POLAR RELAY switch S8,
through the switch rotor to contact 4, to
contact 10 of LINE SELECTOR switch
S7, through the switch rotor to contact
9, to contact 7 of POLAR RELAY
switch S8, through the switch rotor to
contact 9, to terminal 8 of J11, through
the bias winding of line relay K1, to
terminal 1 of J11, to terminal 9 of plug
P7 and jack J7, to terminal D of jack
J4B and plug P4, to the negative side of
rectifier CR2. Capacitors C7 and C8
and resistor R5 filter the rectifier output.

e. Selector Magnet Receive With Relay Circuit
(fig. 84).
(1) When the line relay is used and the tele-

printer is receiving signals, the line wind-
ings of selector magnet E2 are connected
in parallel across the mark and space
contacts of line relay K1. Either ener-
gized line winding moves the line relay
armature to the mark or space contacts.

1
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switch rotor to contact 9, terminal 7 of
jack J11, through the mark contact of
line relay K1 which is in the mark posi-
tion, to terminal 6 of jack J11, through
resistor R11, to terminal 6 of plug P7
and jack J7, to terminal E of jack J4B
and plug P4, through fuse F2, to the
positive side of rectifier CR2. If the
armature of line relay K1 is in the space
position, the circuit can be traced from
the negative side of rectifier CR2, to
terminal D of plug P4 and jack J4, to
terminal 9 of jack J7 and plug P7, to
contact 5 of POLAR RELAY switch S8
which is in the IN position, through the
switch rotor to contact 3, to terminal 11
of plug P7 and jack J7. The circuit con-
tinues to terminal E of jack J8 and plug
P8, through the 8-5 line winding of
selector magnet E2, to terminal F of plug
P8 and jack J8, to terminal 12 of jack J7
and plug P7, to contact 9 of POLAR
RELAY switch S8, through the switch
rotor to contact 11, to terminal 4 of jack
J11, through the space contact of line
relay K1. The circuit terminates through
terminal 6 of jack J11, through resistor
R11, to terminal 6 of plug P7 and jack
J7, to terminal E of jack J4B and plug
P4, through fuse F2, to the positive side
of rectifier CR2. Capacitors C8 and C7,
and resistor R5, filter the rectifier CR2
output.

f. Motor Stop Circuits (fig. 85).
(1) The motor stop relay is a sealed unit con-

sisting of two relays designated A and B
on Teletypewriters TT-98/FG and TT-
100/FG. The motor stop relays have
communication symbols and a sealed
unit consisting of the same two relays
with an additional relay designated C
on Teletypewriter TT-99/FG which has
weather symbols. The bottom views of
the relays are in the upper left corner of
each motor stop relay circuit. In the
normal operating condition, capacitors
C5 and C6 are charged from rectifier
CR1 when float 2 of motor stop contacts
S1 is against contact 1. The motor stop
function is an electromechanical function
which is actuated by pressing the H key
when the teleprinter is in the figures posi-
tion. This causes the function selecting

arm to be positioned in line with the
motor stop punch bar. The function
cam then causes the function selecting
arm to be moved inward, striking the
motor stop punch bar. As the punch bar
moves inward, it pivots the motor stop
function lever. The motor stop func-
tion lever strikes an insulator on float 2
of motor stop contacts S1, moving the
float from contact 1 to contact 3 momen-
tarily. As the float makes contact with
contact 3, it closes a circuit, discharging
capacitors C5 and C6 through the op-
erating winding of relay A motor stop
relay E1.

(2) On the TT-98/FG and TT-100/FG, the

discharge path of the capacitors C5 and
C6 is traced from the negative side of
capacitors C5 and C6 to terminal C of
jack J2 and plug P2, through float 2 and
contact 3 of motor stop contacts S1 to
terminal A of plug P2 and jack J2, to
terminal 1A of motor stop relay E1,
through the operating winding of relay
A to terminal 6B of motor stop relay E1,
back to the positive side of capacitors
C5 and C6 and then to the positive side
of the rectifier. Relay A of motor stop
relay E1 is composed of a 37-ohm operat-
ing winding, a 400-ohm release winding,
and & permanent magnet. The perma-
nent magnet is not strong enough to pull
the contacts to it without the operating
winding being energized. However, once
the contacts have been operated, the
permanent magnet, by itself, is capable
of holding them. Capacitors C5 and C8,
discharging through the operating wind-
ing of relay A, aid the permanent magnet
and operate the contacts. When this
happens, the set of contacts connected to
terminals 2A and 3A of motor stop relay
E1, which are connected in series to the
motor circuit, opens. This causes the
motor to stop. A second set of contacts
connected to terminals 2B and 3B of E1
closes. These contacts, connected in
parallel across transmitter contacts E4,
shunt transmitter contacts E4 and keep
current on the line regardless of the
position of transmitter contacts E4. A
third set of contacts, connected to ter-
minals 4B and 5B of motor stop relay E1
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and in series with the teleprinter receive
circuit, opens. This causes the current
in the teleprinter receive circuit to pass
through the winding of relay B and the
release winding of relay A momentarily.
Relay B is energized, closing its contact.
When this happens the receive current
continues to flow through the winding of
relay B, but now bypasses the release
winding of relay A, through the closed
contacts of relay B. Although the re-
lease winding of relay A opposes the per-
manent magnet, the contacts of relay A
remain operated during the time receive
current is passing through the release
winding because, during this time, cur-
rent is still present in the operating
winding. The electromagnetic force of
the release winding is in opposition to the
force of the operating winding, and the
permanent magnet holds the contacts in
the operated condition. The motor stop
function is completed when the motor
stop function lever allows float 2 of
motor stop contacts S1 to return to con-
tact 1, which opens the circuit through
the operating winding of relay A and re-
charges capacitors C5 and C6. The re-
ceive current continues to flow through
relay B. To start the motor, the contacts
of relay A must be released to their nor-
mal position. This is accomplished when
LINE-BREAK switch S3 is moved to
the BREAK position. The receive cir-
cuit through the winding of relay B is
then opened, causing the contacts of relay
B to open. When LINE-BREAK switch
S3 is released, it automatically returns to
the LINE position, allowing current to
flow through the line. The receive cur-
rent now passes through the winding of
relay B and also through the release wind-
ing of relay A. This causes the contacts
of relay A to release to their normal posi-
tion. When this occurs, the first set of
contacts closes, completing the motor
circuit and starting the motor. The
second set of contacts opens, removing
the shunt across transmitter contacts E4.
The third set of contacts closes, allowing
the receive current to be shunted across
the winding of relay B and the release
winding of relay A.

(3) On the TT-9/FG, weather symbols are
printed when the H key is pressed and the
teleprinter is in the figures position. To
use this position for both the motor stop
operation and printing of the weather
symbols, the operator must transmit a
blank signal when the teleprinter is in
the figures position to energize the wind-
ing of relay C of motor stop relay E1 be-
fore pressing the H key. This selects
the blank stop bar in the code ring cage.
The contacts in relay C close; one pair
closes the circuit to the operating winding
of relay A. If any consecutive code
group other than blank and H code are
sent in the figures position, function shaft
pulser contacts S10 open, deenergizing re-
lay C and restoring the machine to normal
operation. Function shaft pulser contacts
S10 are controlled by the rotation of the
function shaft which rotates one-half rev-
olution for each code group, opening the
contacts once each one-half revolution.
The circuit for the discharge of the capaci-
tors can be traced from the negativeside of
the capacitors to terminal E of jack J2 and
plug P2, through float 2 and contact 1 of
motor stop contact S1, to terminal B of
plug P2 and jack J2, to float 1A and its
contact that is closed to the operating
winding of relay A, to terminal 6B of
motor stop relay E1, to the positive side
of capacitors C5 and C6, and then to the
receiver. The operation of the motor
stop relay is identical with that described
for teleprinters without weather symbols
((2) above).

79. Ac Circuits

Motor B1 or B2 and copy lamps I 1 and I 2
circuits (fig. 86) operate on 115 volts, 50 to 60
cycles ac supplied through plug P1 which is
normally connected to a 115-volt convenience
outlet. The ac for the copy lamps I 1 and I 2
circuits is controlled by LIGHT switch S6. The
power for motor B1 or B2 circuit is controlled by
MOTOR switch S5. The TT-100/FG and TT-
99/FG are equipped with synchronous motor B2,
and the TT-98/FG is equipped with series-
governed motor Bl. Motors Bl and B2 cir-
cuits and copy lamps I 1 and I 2 circuits are
described in (1) through (3) below. The ac
circuit supplies the power to motor B1 or B2 to
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minal 4 of terminal board TBI1, through filter Z1,
through terminal D of jack J3 and plug P3,
through one of the field windings of series-
governed motor B1, through the armature,
through the governor contacts, through the other
field winding, through terminal C of plug P3
and jack J3. The circuit continues through
filter Z1, through terminal 2 of terminal board
TBI1, through the normally closed contacts 2 and
3 of motor stop relay E1, through terminal 3 of
terminal board TB1. The circuit is completed
through MOTOR switch S5, through terminal 5
of terminal board TB1, through the contacts of
POWER switch S4 to the lower pin of plug P1.
When series-governed motor Bl reaches the
proper speed, centrifugal force overcomes the
pull of the movable electrical contact spring, and
the governor contacts open. The circuit is
traced from terminal D of plug P3 through one
of the field windings of series-governed motor B1,
through the armature, through terminal A of plug
P3 and jack J3, through resistor R1 to terminal
B of jack J3 and plug P3, through the other
field winding to terminal C of plug P3 and jack
J3. Adding resistor R1 reduces the current
through the field windings and the motor speed
decreases until governor contacts close and shunt
resistor R1. Current through the motor increases
until the governor contacts again open. This
procedure continues as long as series-governed
motor Bl is running. Series-governed motor Bl
is electrically suppressed from radio-frequency
(vf) interference by capacitors C1, C16, and C17
and filter Z1. Capacitor C2 suppresses the rf
interference caused by operation of contacts 2
and 3 of motor stop relay E1.

c. Synchronous Motor B2 Circuit. The circuit
begins at the upper pin of plug P1, through the

contacts of POWER switch S4, through fuse F1,
through the C-B shunt contacts of J4A, through
terminal 4 of terminal board TBI1, to terminal 3 of
motor start relay E3. Here the circuit divides.
One path is traced through the winding of motor
start relay E3, through terminal D of jack J3 and
plug P3, through motor B2, through terminal A
of plug P3 and jack J3. The second path is traced
through capacitor C9B, through terminal C of
jack J3 and plug P3, through motor B2 through
terminal B of plug P3 and jack J3. At this point,
the two paths join and the circuit is continued
through terminal 2 of terminal board TBI, to
motor stop relay E1, through contact 2 and float
3 of motor stop relay E1, to terminal 3 of terminal
board TB1, through MOTOR switch S5, to ter-
minal 5 of terminal board TB1, through the con-
tacts of POWER switch S4 to the lower pin of
plug P1. When MOTOR switch S5 is first turned
on, a surge of current passes through the winding
of motor start relay E3, causing the relay to
operate. When motor start relay E3 is operated,
it places capacitor C9B in parallel with capacitor
C9A and resistor C9C. This shifts the phase of
the current, giving the additional torque necessary
to rotate the motor armature and builds up its
speed rapidly. Once the motor has reached its
proper speed (3,600 rpm) the current passing
through the winding of motor start relay E3 de-
creases to a value that allows motor start relay E3
to release. The current through the starting
winding of synchronous motor B2 is reduced be-
cause it now passes only through capacitor C9B.
Capacitor C9A and resistor C9C are discon-
nected from the circuit when motor start relay E3
is released. Capacitor C2 suppresses the rf inter-
ference caused by operation of contacts 2 and 3
of motor stop relay E1.
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OPERATOR FIRST ECHELON MAINTENANCE CHECK LIST FOR SIGNAL CORPS EQUIPMENT

TELETYPEWRITER
INSTRUCTIONS: See other side
EQUIPMENT NOMENCLATURE EQUIPMENT SERIAL NO.
TELETYPEWRITER SET AN/FGC-20 3i8

LBGEND FOR MARKING .CONDITIONS: v Satisfactory; I  Adjustment, repair or replacement required; @

NOTB: Strike out items not applicable.

Defect corrected.

IF DEFICIENCIES NOTED ARE NOT CORRECTED DURING INSPECTION, INDICATE ACTION TAKEN FOR CORRECTION.

DAILY
CONDITION
NO. ITEM Tl w]|T[F]S
1| |NSPECT UNIT FOR PRESENCE OF T004Sv—AGGEESaRHEGy—MNO RUNNING SPARES.
PAR 12 v|iv
2
FHEHTEEN A OOS E— S CAEW Sy T6y— A NT e ON—G STy T EAET - RE MR T ER—COU-ERy—CONRONENT—PANE L
3| cuean INSIDE AND OUTSIDE OF GHEGTS—AND- TELETYPEWRITER COVER OF DIRT, GRIME, GREASE, RUST, OIL,
GUMMY DEPOSIT. PAR 87 viv
%1 INSPECT THE COVER OF THE TELETYPEWRITER FOR CRACKED OR BROKEN GLASS, LOOSE SCREWS, BROKEN OR
DAMAGED MINGES, DAMAGED COPYHOLDER, SCRATCHES.
» DAMAGED COPYHOLDER, PAR 87 Vv
5
INSPECT ALL ELECTRICAL CONNECTIONS FOR FIRMNESS OF SEATING AND PROPER CONTACT, CORROSION, GREASE, OIL.
PAR 86 Vi iv
6
THHTEN—A O E—ELECTRHGA—CONNECTHONST
7
TUGHTEN AL 008 E—SCRABNS T —LUGE,—MOUNTHIG—BOLTS ON—TE RN -G Kby NO— SR ONNECT- RS-
8
CLEAN EXTERIOR OF KEYS, SWITCHES, AND TERMINAL BLOCKS OF DIRT, GREASE, GRIME, MOISTURE.
PAR 87 ViV
9 | INSPECT EACH KEY OR SWITCH FOR PROPER MECHANICAL ACTION; FREEDOM OF MOVEMENT, POSITIVE ACTION,
SPRING TENSION; LOOK FOR BROKEN, MISSING OR ILLEGIBLE KEY TOPS. PAR 87
VEEKLY
] U
sz 5z
=z = -
No. ITEM 32| No. ITEM §._
10 12
INSPECT SHEGFS FOR DIRT, CRACKS, WISSING OR BROKEN SCREWS, INSPECT TERMINAL BLOCKS FOR CRACKS, BREAKS, DIRT, LOOSE
RUST, OAMAGE, WORN LORD MOUNTINGS. CONNECTIONS, LOOSE SCREWS AND MOUNT INGS.
PAR 87 PAR 86
11 INSPECT ALL WIRING AND CABLING FOR CRACKS, ROTTING INSU- 13
LATION, FRAYED, CUT, OR GOUGED JACKET ING, KINKS, PROPER OPERATE THE TELETYPEWRITER AND CHECK FOR SMOOTH OPERATION,
SUPPORT WHERE REQUIRED, LOOSE TERMINATIONS, BROKEN CON- CLEAR PRINTING, SIGNS OF WEAR, EVIDENCE OF MOTOR OVER-
DUCTORS . PAR 86 HEATING. PAR 19
“

DA 1 'lm1]-252 REPLACES DA AGO FORM %19, 1 DEC 50, WHICH IS OBSOLETE.

Figure 89. DA Form 11-262.

388705 0—56——6 .
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ning, disassemble the motor and clean
the commutator with a cloth dampen-
ed with Cleaning Compound. Reas-
semble and run the motor.

(b) If there is still excessive sparking, re-
move the armature from the motor and
clean the commutator lightly with No.
0000 sandpaper. Wrap the sandpaper
around the armature and turn the
armature in a lathe or between fixed
centers; hold the sandpaper lightly by
hand.

Caution: Do not use emery cloth.

(4) Undercutting mica separators between com-
mutator segments. Excessive sparking be-
tween the commutator and the motor
brushes results when the copper seg-
ments of the commutator are worn down
below the level of the mica separators.
Undercut the mica.

Caution: After the mica has been
undercut, see that no particles of metal
remain in the slots. Such metal particles
may short the commutator segments.

f. Selector-Magnet Coils. Clean the coils of the
selector magnet with a cloth dampened with sol-
vent (SD). Remove rust from the pole pieces
with No. 0000 sandpaper; then recoat them with
a thin film of lacquer.

g. Wiring and Electricgl Parts. Remove dust
and dirt with a clean, dry sash brush. Remove
all oil and gummy deposits with a clean cloth.

k. Felt Friction Plates and Washers. Do not
clean dirty or gritty friction plates with solvent
(SD). Discard them. When overhauling the
equipment, repalce all felt washers with new ones
regardless of their condition.

87. Operator's Maintenance

a. Dust Cover.

(1) Inspect the cover thoroughly. Look for
dents, cracks, marred painted surfaces,
rust, corrosion, loose or missing screws,
and faulty hinges. See that the copy-
holder is in good condition.

(2) Check all visible screws for tightness.

(3) Clean the outer surfaces of the cover with
a piece of cheesecloth slightly moistened
with water. To remove oil, grease, or
gummy stains on the outer surface of the
cover, slightly moisten the cloth with
solvent (SD).

b. Table.

(1) Inspect the table for breaks or cracks.
Look for marred painted surfaces, missing
or loose screws, dust, and dirt.

(2) Clean the outer or painted surfaces of the
table by using cheesecloth moistened
with water or solvent (SD).

¢. Keyboard Transmitter.
(1) Inspect the keyboard transmitter for
cracked key levers. Examine the key-
board guard casting for cracks or breaks.

(2) Check each keytop to be sure it. is fasten-
ed securely to the key levers.

(3) Clean the keytops and space bar with a
damp cloth.

d. Miscellaneous. Perform all additional main-
tenance checks listed in DA Form 11-252 (Oper-
ator’s Check List for Signal Corps Equipment—
Teletypewriter).

88. Technician's Maintenance

This maintenance must be performed by quali-
fied technicians. To service a teletypewriter set
thoroughly, take the equipment out of service and
partially disassemble it as described below. Be
sure to notify all other stations that the teletype-
writer set will be out of service temporarily. Ar-
range for a suitable table or bench on which to
place the components as they are removed.

a. Preparation. Remove the equipment from

service as follows:
(1) Disconnect power from the equipment.
(2) Remove the dust cover.

(3) Remove the teleprinter from the base
casting.

(4) Remove the keyboard transmitter.

b. Teleprinter Base.

(1) Clean the base thoroughly with a clean
cloth. Wipe away all deposits of oil or
grease that may have dropped from the
mechanical assemblies. Use a cleaning
brush to brush away all loose dirt and
paper lint from the hard-to-reach places
such as connecting jacks, switches, and
terminal blocks. If grimy deposits are
difficult to remove with a dry cloth,
moisten the cloth with solvent (SD).

(2) Perform the preventive maintenance for
cords, cables, wiring, terminal boards,
keys and switches as described in g,
k, and ¢ below.
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pallets, carefully insert a piece of paper
between the type bars and the type-bar
backstop and brush the pallets lightly
with the pallet cleaning brush slightly
moistened with solvent (SD). Check
the small center areas of letters, such as
0o, q, d, g, and b, to be sure no dirt
remains.

(6) After performing all other maintenance
checks listed on DA Form 11-253,
lubricate the assemblies in accordance
with paragraphs 89 through 93. Re-
move all excess lubricant.

g. Cords, Cables, and Wiring.

(1) Check all visible wiring for cracked or
deteriorated insulation, frayed, or cut
insulation at connecting or supporting
points, kinks, and strain caused by
improper placement.

(2) Tighten loose fasteners, clamps, and
wiring connections. Repair loose or
broken connections. Remove corrosion,
rust, dirt, and dust from ground connec-
tions. Make sure that the outer in-
sulating cover on cords and cables is
wiped clean. Do not use oil or solvent
(SD) on rubber insulation.

(3) Adjustment of wiring normally is con-
fined to arranging it so that it does not
interfere with operation of mechanical
parts. It may be necessary to resolder
certain connections or to replace some
wiring or conductors when they become
worn or damaged.

h. Terminal Boards.

(1) Inspect the terminal boards for cracks,
breakage, and loose connecting or mount-
ing screws. Examine the connections for
mechanical defects (broken or stripped
screws and threads), dirt, grease, and
corrosion. Tighten loose screws, lugs,
and mounting bolts. Use tools of the
correct size. Be extremely careful not to
strip the threads by exerting too much

force. Solder loose or broken con-

nections.

(2) Wipe off moisture with a clean cloth
and brush the dust and dirt from the
terminal board with a clean dry brush.
When necessary, terminal strips may be
cleaned with a cloth moistened with
solvent (SD). Be careful that the solvent
does not come in contact with the insula-
tion of any of the wires leading to the
terminal strip. Remove and clean cor-
roded or loose connections. Use Cleaning
Compound to clean electrical contact
surfaces on all connecting devices.

1. Keys and Switches.

(1) Inspect the mechanical action of each key
and switch. Look for dirt or corrosion.
Operate each key or switch to see that it
moves freely. Note the amount of spring
tension and inspect for insufficient con-
tact pressure when applicable. Tighten
loose screws, lugs, and mounting bolts.
Remove loose connections that are dirty
or corroded, and clean them before
tightening or soldering connecticns.

(2) Wipe off all moisture. Carefully clean
the exterior surfaces of keys and switches
with a dry, stiff brush. Clean corroded
and dirty contact surfaces with No. 0000
sandpaper, crocus cloth, or a contact file.
Polish them with a burnishing tool
after cleaning. If contacts are pitted or
burned, use a contact file to restore the
surfaces and then polish them with a
burnishing tool.

j. Reassembly and Performance Test.

(1) Reassemble the teleprinter.

(2) Place the LINE SELECTOR switch in
the TEST position and plug the power
input cord into the outlet from which it
was removed earlier.

(3) Make a performance test of the set as
describeéd in paragraph 99.

Section lIl. LUBRICATION

89. Recommended Lubricants
The only lubricants recommended for tele-
printers are—

a. Oil, lubricating (WECo Spec. KS-7470),
Signal Corps stock No. 6G1325 (1 qt can).
b. Grease (WECo Spec. KS-7471),
Corps stock No. 6G650 (1 lb. container).

Signal

90. Recommended Lubrication Schedule

The following chart shows the recommended
intervals for checking the lubrication of tele-
printers. When checking, lubricate only those
points that require lubrication. Do not over-
lubricate.

85



c2at into the pump eylinder
{C) To grease the gears and racl
nozzle of the grease gun
gcor and rack teeth at an an;
45°. Operate the huadle u
grease is ejected and, at the
{ n the gear or move the 1
... rack to form a continuot
~-ase.

t. Me s of Applying Oil. Appl
oiler furiisoued with Tool Equipment
—*+L - piece of wire approximately

er

1) "




direction to increase the flow of oil.
Move the adjustable stop beneath the
pump handle to one side to make the
stop inoperative.

(2) When wire is used, dip the wire % inch
into the oil and touch the lubrication
point to apply 1 or 2 drops of oil. In
this way, the quantity of oil applied is
more easily controlled and overlubrica-
tion can be avoided. Use only the oil
recommended in paragraph 89. Apply
just enough oil to the moving parts to
cover rubbing surfaces. However, a
small additional amount of oil will help
to prevent corrosion and to wash away
the products of wear. When the tele-
printer has been completely lubricated,
wipe away excess oil and dirt.

93. Detailed Lubrication Instructions
(figs. 91-99)

The points to be lubricated, the type of lubri-
cant to be used, and the quantity to be applied
are listed in the charts in & through f below.
The item numbers are arranged according to the
method of application, so that the teleprinter can
be treated by one lubricant or by one method at
a time in a systematic way. Item numbers
shown in figures 91 through 99 for the parts tobe
lubricated correspond with the item numbers
listed in the charts in & through f below.

a. Ball Bearings. All ball bearings in the
teleprinter are sealed and do not require lubrica-
tion.

b. Gears and Racks. Wipe the old grease from
the gears and racks with a clean, dry, lint-free
cloth. Apply fresh grease as follows:

l«I:Ilg I]EIe;n Name of part Method and quantity
91 13 | Carriage return driven gears___________________ Apply sparingly all around gear teeth.
92 10 | Main shaft driving gears (inside cover) . ________ Work grease around gears, and cover gear teeth
liberally. '

93 2 | Carriage rack driving gears____________________ Apply sparingly all around gear teeth.
93 6 | Function shaft driven gear____________________ Apply sparingly all around gear teeth.
93 7 | Square shaft drivinggear_____________________ Apply sparingly all around gear teeth.
93 20 | Function shaft driving gear_ _ _________________ Apply sparingly all around gear teeth.
93 23 | Carriage feed worm gear______________________ Apply sparingly all around gear teeth.
93 25 | Carriage return shaft drive gears_______________ Apply sparingly all around gear teeth.
93 26 | Transmitter shaft drive gears__________________ Apply sparingly all around gear teeth.
95 9 | Ribbon drivegears___________________________ Apply sparingly all around gear teeth.
95 12 | Guiderail .. __________ . _____ Apply sparingly to rack teeth.

96 4 | Carriage feed and return driving rack.__________ Apply sparingly to rack teeth.

¢. Friction Clutches. Apply oil as shown in the
chart below. Do not release the spring tension
on friction clutches for periodic lubrication. If
necessary to release the spring tension to provide
a thorough cleaning during lubrication, loosen the
clamping screw that secures the spring positioning
collars, turn the friction clutches by turning the
motor by hand (or in the case of the transmitter
friction clutch with keyboard transmitter removed,

turn the clutch itself), and apply oil. After
collars are oiled, set them to give approximately
the required spring tension on each friction clutch,
run the teleprinter without printing for about 5
minutes, and then operate on repeat space for
about 5 minutes. When lubrication is completed,
set the spring tension of the friction clutches in
accordance with instructions in paragraph 21.

Fig. Item Name of part Method and quantity
No. No.

91 2 | Carriage feed friction cluteh___________________ 10 to 15 drops on each washer along periphery of felt
friction plates; apply sparingly to spring and driving
collar.

91 11 | Keyboard transmitter friction clutch___________ 10 to 15 drops on each washer along periphery of felt
friction plates; apply sparingly to spring and driving
collar.
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Fig. Item Name of part Method and quantity
No. No.
92 3 | Function selectingarm_______________________ Apply sparingly to all working surfaces.
92 4 | Stop bar shift lever___________________________ 1 drop at pivot.
92 7 | Stop bar shift link_ __ ________________________ Thin film.
92 8 | Paperroller lateh_ _ __________________________ 1 drop at pivot.
92 9 | Motor stop actuating lever and signal bell clapper | 2 drops at each pivot point.
pivots.
92 11 | Function cam follower__ . _____________________ Apply sparingly to cam groove and bearing of roller.
92 12 | Unshiftand carriage feedlevers_________________ 2 drops at each pivot.
92 13 | Support lever______ . 2 drops at each pivot.
92 14 | Function punch bars_________________________ Several drops between bars and guide block.
92 15 | Platen lateh____ _____________________________ 2 drops at pivot; thin film on working surface, each
end.
92 16 | Aperturegate____ . ___________ 2 drops in notch;several drops between gate and guide
block.
93 1 | Printingbailblade__.__________________________ Thin film both sides, along entire edge.
93 3| Clutch spring._ . _______ Apply sparingly to clutch spring.
93 5 | Function driven gear_ ________________________ Several drops at bearing and clutch teeth.
93 8 | Delayinglever_______________________________ 1 drop at pivot.
93 9 | Line feed and figures connecting links_ _ ________ 2 drops at each end of both links.
93 10 | Line feed and figures bell crank pivots__________ Several drops each.
93 11 | Line feed and figures cam follower pivots._._____| 2 drops each.
93 12 | Delaying latech_______________________________ 1 drop at pivot; apply sparingly to latching surface.
93 14 | Coderings._ _ - _____. Thin film all along inner and outer working surfaces
of each code bar.
93 15 | Line feed and figures cam followers_____________ Apply sparingly to rollers, pivots, and all rubbing
surfaces.
93 16 | Line feed, figures and sensing lever restoring | Thin film on all exposed surfaces.
cams.
93 22 | Clutch lateh_ . _____________________________ Apply sparingly to roller and latching surfaces.
93 24 | Carriage return blocking mechanism____________ 1 or 2 drops at pivot; apply sparingly to latch sur-
faces.
93 27 | Print cam follower___________________________ Apply sparingly to cam groove and bearing of roller
and to spring hook.
94 1 | Stop bars in code ring cage____________________ 2 drops at each end of all 35 stop bars.
94 2 | Platen eccentric pivot_ _ ______________________ 1 or 2 drops at pivot points.
93 3 | Code ring locking shaft_______________________ 1 drop at each pivot.
94 4 | Detent wheel ________________________________ Several drops at lever point; thin film on detent wheel
teeth.
94 5 | Single-double line feed lever___________________ 1 drop at pivot and detent surface.
94 6 | T-lever_ _ _ - .- 2 drops on bearing surface.
94 7 | Code ring locking bail latching surface__________ Thin film on latching surface.
94 8 | T-levers and separating washers__ _____________ Apply sparingly to all rubbing and bearing surfaces.
94 9 | Y-leversanddetents_ . ________________________ Apply sparingly to all rubbing and bearing surfaces.
94 10 | Selector lever guide comb_ ____________________ Apply sparingly to all rubbing surfaces.
94 11 | Selector magnet armature knife edge__ _________ Apply sparingly.
94 12 | Selector levers, pivot bearings, and separating | Apply sparingly to all rubbing and bearing surfaces.
washers.
94 13 | Orientation lever pivot and range-finding cam____| 1 or 2 drops. Thin film on cam surface.
94 14 | Grooved pin in end of selector camshaft________ Several drops between pin and camshaft.
94 15 | Selector cams and stop plate_ _ . _______________ Thin film on working surfaces.
94 16 | Transfer lever latech_ _________________________ 2 drops on pivot; thin film on latching surface.
94 17 | Transfer lever restoringcam___________________ 1 drop on cam surface.
94 18 | Transfer leverroller__________________________ Apply sparingly to working surfaces.
94 19 | Antibounce clutch____________________________ Several drops in clutch.
95 2| Linefeed pawl_____________________________.__ 2 drops at pivot.
95 3 | Sprocket feet pins____________________________ 1 drop on each pin.
95 5| Beamdetent_ _ __________________________.____ 1 drop at pivot; apply sparingly to latching surfaces.
95 6 | Ribbon feed cluteh_ ... _______________________ Apply sparingly to clutch teeth.
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Teleprinter, motor side, showing lubrication points.
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c. Continuity Testing. The continuity test is
used to locate an open circuit by trying to complete
a circuit through suspected parts. Multimeter
TS-297/U or a lamp connected to a battery that
will conveniently indicate a closed circuit may be
used for this test. When making continuity tests,
make sure parallel current paths are disconnected.
Make the tests by connecting the test leads so that
current can only go through the suspected circuit.
Be sure no other part of the circuit is shunting the
part being tested. If necessary, disconnect cer-
tain leads. Check all likely causes in this manner.
If, after checking all probable causes, the fault can-
not be located, make a continuity check of the
whole circuit. Test from one terminal to a half-
way point in the circuit; if continuity is indicated,
check the other half. Continue this process of
dividing the circuit into smaller parts until the
open circuit definitely is located.

d. Testing Capacitors. Capacitors may cause
trouble by being shorted or by leaking. To test,
discharge the capacitor with an insulated shorting
jumper, disconnect one lead, and connect tlie
capacitor to an ohmmeter (using the highest read-
ing scale).

(1) A good capacitor will be indicated by the
ohmmeter pointer first moving up the
scale rapidly, then returning slowly to-
ward the infinity mark.

(2) A capacitor in an open circuit will give a
reading of infinite ohms; shorted capaci-
tors will give readings of constant value
between zero and infinity, depending on
the resistance of the short.

Caution: Be extremely careful when
handling charged capacitors. A severe
electrical shock may be received from
the capacitor or from leads connected to
a power supply in operation.

100. Localizing Mechanical Troubles

_ Although many mechanical troubles can occur
In a teleprinter, no difficulty should be experienced

a. Keyboard Transmitter Trouble Chart.

in locating the fault if the sequence of operations
is carefully checked through its various steps.

a. Method of Checking Operating Sequences. A
convenient way of checking the operating sequences
is to disconnect power from the motor (with DC
POWER switch in the ON position and LINE
SELECTOR switch in TEST position. Turn the
motor by hand to make the mechanical compo-
nents of the teleprinter work slowly. Press any
key on the keyboard transmitter and, as the motor
is turned slowly, each impulse can be checked at
the keyboard transmitter, the selector mechanism,
and on a line-current meter. Continued turning
of the motor will permit the troubleshooter to
observe the transfer, type selecting, printing, and
all other operations to be observed as desired.
(To disengage the function-shaft clutch drum
completely may require more momentum than
can be gained manually.) This allows every
procedure of the operating cycle to be checked.
This procedure will reveal troubles caused by
maladjustment, broken parts, or faulty assembly.

b. Use of Test Circurt. Use the test circuit
when making the above slow-motion tests. The
sending of each impulse then can be checked
visually against the operation of the receiving
mechanism. To send, depress the key for the
signal desired and turn the motor.

101. Troubleshooting Charts

The most common failures in the teleprinters,
together with the probable cause of the trouble
and the corrective actions to be taken, are listed
in a and b below. Both electrical and mechanical
troubles are listed in the order of importance.
Although several probable causes are given for
most troubles, all of these may not occur at the
same time. The troubleshooter must determine
which cause applies to the particular situation
being investigated.

Caution: Be sure the LINE CURRENT con-
trol is in the counterclockwise position before
connecting power.

Condition

Probable trouble

Correction

Cannot send sequential signals from
keyboard transmitter.
adjustment.

nected.

out of adjustment.

Send plug disconnected
Keyboard transmitter contacts out of

Keyboard-transmitter
Keyboard-transmitter friction clutch

Cam stop lever binding

Connect plug.
Adjust contacts (par. 266).

plug discon- | Connect keyboard-transmitter plug.

Adjust friction clutch (par. 269).

Clean cam stop lever.
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b. Page Printing Mechanism Trouble Chart—Continued

Condition

Probable trouble

Correction

Receiving unit prints errors or
scrambles letters and functions—
Continued

Receiving unit prints same character
or performs same function regard-
less of signals being sent.

Certain characters (or functions) will
not print (or operate).

Receiving unit operates, but range

(range-finder measurement) is nar-
row.

Receiving unit prints, but causes
noise on local radio receivers.

Receiving unit prints but sticks in
print position.

Platen will not shift_ ______________

Platen will not unshift_____________

Platen cannot be prevented from
returning to figures or is erratic.

Carriage will not feed

Carriage does not feed properly

Selector camshaft or transmitter cam-
shaft friction clutch slipping.

Dirty, binding, or sticking selector
mechanism.

Worn or broken Y- or T-levers________

Selector camshaft stop plate loose. . ___

Selector lever spring broken___________

Square shaft friction clutch slipping.____

Selector magnet mounting loose . ______

Type arm or function selecting arm
loose.

Transfer lever latch spring or transfer
lever spring broken.

Antibounce clutch jammed._ . . ________

Function selecting arm sticking
punch bar guide block.

Stop bar sticking- .. ... _____________

Stop bar spring broken or missing_ ____
Line current too high or too low_______

Bias potentiometer improperly set_____

Motor speed incorrect at transmitter___

Selector mechanism improperly ad-
justed.

Faulty of filter. _ ____________________

Faulty rf filter connections___ . _______

Type bar connecting spring weak or
missing.

Print mechanism binding_____________

Figures sensing lever spring broken____

Platen shift arm mounting loose__ .____

Figures shift sensing lever or cam fol-
lower bent or broken.

Function aperture gate stuck.__ . _____

Signal bell or motor stop punch bar
stuck in operated position.

Cam follower stop collar on mounting
stud dirty or improperly placed.

Line feed and figures shift cam fol-
lower spring broken.

Carriage feed link
justed.

Carriage feed clutch slipping_ ... ______

improperly ad-

Driving collar loose_____ . ___________.

Carriage feed clutch lever spring
broken.

Ribbon-driving mechanism jammed. __ .

Carriage return link improperly ad-

justed.

Adjust friction clutch (par. 206).

Clean or adjust selector parts (pars. 172
200).

Replace defective levers.

Replace worn parts.

Replace selector lever spring.

Adjust friction clutch (par. 206).

Readjust and tighten mounting screws
(pars. 172-200).

Readjust and tighten selecting arms
(par. 228).

Replace a broken spring.

Replace antibounce clutch.
Clean and readjust if necessary.

Clean stop bar guide plate and code
rings.

Replace spring.

Readjust line current.

Check and adjust the resistance of the
bias potentiometer.

Have transmitter motor speed checked.

Make complete adjustment of selector
mechanism (pars. 172-200).

Check filter; replace if defective.

Check and replace defective bonding
straps; tighten connections.
Replace type bar connecting spring.

Clean and adjust print mechanism.

Replace spring.

Readjust arm and tighten mounting
screws (par. 239).

Replace defective parts.

Clean function group parts.
Clean function group parts.

Clean and adjust collar (par. 182).

Replace broken line feed and figures
shift cam follower spring.
Readjust link (par. 241).

Readjust clutch; replace felts if neces-
sary (par. 248).

Tighten setscrews.

Replace spring.

Readjust ribbon-driving mechanism
(par. 253).

Adjust link (par. 216).
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Section VI. REMOVAL AND REPLACEMENT OF TELEPRINTER COMPONENTS

102. General

a. This section describes replacement pro-
cedures required to overhaul completely a de-
fective or inoperative teleprinter. Procedures
include replacement of all parts of the unit except
those parts for which the procedure is obviously
simple.

b. All repairs should be made by personnel
thoroughly trained in teleprinter maintenance.
Equipment operating with minor faults may fail
complete as the result of efforts by inexperienced
personnel to correct apparently simple defects.

¢. Follow the inspection, cleaning, and lubrica-
tion instructions given in paragraphs 85 through
93. Whenever repairs are made, the teleprinter
should be completely readjusted in accordance
with paragraphs 171 through 274.

103. General Disassembly Procedure

a. Preparation for Disassembly. Take the fol-
lowing preparatory procedures before starting
to disassemble the teleprinter.

(1) Arrange a clean place on a bench or table
to work. Be certain that dust or dirt
will not fall or be blown into the me-
chanism while it is being disassembled.

(2) Obtain several small, clean cardboard,
wood, or metal containers to store re-
moved parts.

(3) Arrange the necessary tools and materials
so that they will be readily accessible
during the progress of the repair work.

b. Disassembly Procedure.

(1) Disconnect the power and signal line
connections from the teleprinter.

(2) Remove the dust cover.

(3) Remove the inking ribbon and paper from
the teleprinter.

(4) Disassemble the various parts and as-
semblies; use the correct tool for each
specific operation. Do not disassemble
the teleprinter or its assemblies beyond
the point necessary to thoroughly in-
spect and clean the mechanism, and to
repair and replace any parts.

(5) When small parts are disassembled, place
them in a container and mark them to
identify their origin. Vary the sequence
of disassembly to meet any particular

situation. Use the procedure that will
require the least amount of time without
sacrificing quality.

104. General Reassembly Procedures

Reassemble all parts, subassemblies, and units
in accordance with the following provisions:

a. Replace all worn or broken parts that cause
malfunctioning of the teleprinter and adjust them
according to the directions in the appropriate
paragraphs. While the cquipment is disassem-
bled for checking and repair, replace any parts
that are likely to cause trouble before the next
scheduled overhaul of the machine.

b. Tighten all screws, nuts, and bolts carefully,
but not excessively. Many of the threaded holes
are tapped into aluminum or magnesium alloy
castings and will be stripped if too much force is
used. When installing screws in aluminum or
magnesium alloy castings, treat them with Anti-
seize Compound (CE-52-2724.5000.080) before
installation.

c. Be careful to replace the correct springs in
the friction clutches. The springs are similar in
appearance; they are not identical. Improper as-
sembly could result in faulty operation and cause
premature failure of the clutches.

d. Be sure to install tapered pins so that the
taper of the hole in the shaft and the hole in the
part being pinned is matched and that the tapered
pin is inserted in the proper direction. Before
driving the pins, place a support under the parts
to prevent bending or distortion.

e. When installing a part on a shaft by means of
setscrews, remove the setscrews from the part.
Sight down the tapped hole in the part to make
sure the hole is in line with the flat on the shaft.
Many parts are secured to the shaft by means of
two setscrews. In such cases, be sure both tapped
holes are alined with flats on the shaft.

f. Some bent and distorted parts may be re-
stored to shape and re-used, provided no cracks
result from the straightening process and that the
hardened surfaces have not been softened by the
repairs.

g. If the locking edges of lockwashers are
rounded, install new ones.

h. Replace screws or nuts that have damaged
heads or threads.
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{7, and the other end on the spring post
on the contact mounting (15).

6) P ition the contact mounting (15) on the
f..me of the machine so that the con-
tacts are in correct alinement. Attach
the contact mounting (15) with two lock-
washers (5) and two machine screws (4).
Adjust the contact (13) as directed in
paragraph 266 and tighten the machine
screws (10).

7) Position the contact cover (3) over the
contact mounting (15); secure the cover
to the frame with two internal tooth
lockwashers (2) and machine screws (1).

Disassembly and Reassembly of Key-
board-transmitter Sensing and Selec-

tor Levers
(fig. 102)
Disassembly.
1, _lemove the keyboard t-ansmitter from
' ' ‘ntor (par. 106a).
2 e setscrew (1) and remove the
rer pivot stud (2). Catch tl._
rs (3, 4, 6, 8, 10, 12, and 14)

wer s ig wevers (5, 7, 9, 11, and 13)
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( rs. 264-267).

109. Disassembtly and Reassem s-
mitter Camshaft and Tr A er
(fig. 293)

a. Disassembly.

(1) Remove ... & doar
the teleprinter (par. :

(2) Remove the sensing =~ =
(par. 108).

(3) Remove the t ‘ et
the clutch y
camshaft (3)
mitter cams
shaft from tl

(4) Remove the
washers (5),
move the bal
the ball beax _ ., . .
frame (32).

(5) Remove the retainer ring
secures vhe ~am stop lever
cam stop L. .r post . ]
lever.

6) 1

(a1

8) 1
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Setscrew (10209)

Clutch yoke (50484A)
Transmitter camshaft (51545A)
Machine screw (10003)

Flat washer (104509
Lockwasher (10429)

Ball bearing (10753)

Collar (51599)

Ball bearing (10753)
Retainer ring (10949)

Cam stop lever (51549A)
Plain hexagonal nut (10501)
Lockwasher (10430)

Cam stop lever post (51563)
Plain hexagonal nut (10512)
Lockwasher (10403)

Figure 108.

b. Reassembly.

(1) Position the universal bar (36), and the

TM2230-689

17 Lockwasher (10403)

18 Machine screw (10041)

19 Lockwasher (10429)

20 Cable clamp (20519)

21 Cap nut (10547)

22 Lockwasher (10431)

23 Cable clamp (20518)

24 Lockwasher (10405)

25 Machine screw (10015)

26 Machine screw (10003)

27 Lockwasher (10429)

28 Machine screw (10003)

29 Lockwasher (10403)

30 Cable assembly (53288A and 20419)
31 Transmitter filter Z2 (52305A)
32 Keyboard frame (51441A)

Transmitter camshaft and filter, exploded view.

(3) Attach the front key lever guide (26) to
the code bar guide studs (29) with two

five code bars on the code bar guide
studs (21). Arrange the five code bars
in their proper sequence, with code bar
No. 1 (35) next to the universal bar,
followed by the remaining code bars (34—
31) and the middle key lever guide (30).

(2) Position the assembled code bar guide

studs and code bars on the keyboard-
transmitter frame. Secure them with
two machine screws (27) and lock-
washers (28).

388705 0—56——8

machine screws (24) and lockwashers
(25). Install the universal code bar
return spring (23).

(4) Install the key lever mounting bracket

(22) on the keyboard casting with three
machine screws (20), lockwashers (21),
the machine screw (25, fig. 103), lock-
washer (24), cable clamp (23), lock-
washer (22), and cap nut (21).

(5) Install the repeat key lever (19, fig. 104)

and the space bar lever (18).
113
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TM2230-603

Locking lever latch spring (51544)
Setscrew (10209)

Repeat blocking lever spring (50944)
Retainer ring (10949)

Locking lever latch stud (51564)
Repeat blocking lever (51569)
Lockwasher (10409)

Plain hexagonal nut (10507)
Universal bar adjusting screw (50658)
Locking lever latch (51570A)
Repeat lever pivot stud (51568)
Flat washer (50414)

Repeat lever (52914)

Figure 105. Keyboard-transmiller camshaft locking mech-

anism, exploded view.

worm gear bracket (9), gear cover (6),
and gasket (3).

(3) Remove the four machine screws (1,

fig. 107) and lockwashers (2). Remove
the assembled motor by moving it side-
ways away from the frame.

(4) Remove the shims (3) from the right

and left spacer plates (6 and 7).

b. Replacement.

(1) Position the shims (3, fig. 107) on the

right and left spacer plates (6 and 7) so
that the holes in the shims line up with
the holes in the spacer plates.

(2) Position the motor on the frames and

secure it with four machine screws (1)
and lockwashers (2, fig. 107).
Note.—There should be minimum backlash

between the motor driven and driving gears.
Use shims (3) as required.

(3) Place the gasket (3, fig. 106), gear cover

(6), and worm gear bracket (9) on the
printer frame. Secure them with four
machine screws (1) and lockwashers (2).

(4) Lift the left side of the teleprinter and con-

nect the motor plug connector to the
receptacle in the base.

113. Disassembly and Reassembly of the Syn-

chronous Motor

(fig. 107)

a. Disassembly.

1)
(2)

3)

(4)

(5)

(6)

Q)

(8)

Remove the motor from the teleprinter
(par. 112a).

Remove the four machine screws (4) and
lockwashers (5). Remove the spacer
plates (6 and 7).

Remove the machine screw (8) and lock-
washer (9). Hold the blower wheel (12)
to prevent the motor shaft from turning
while removing the screw. Remove the
worm gear (10).

Remove the setscrew (11) and remove
the blower wheel (12) from the armature
shaft.

Tap the pin (13) from the armature shaft
and recmove the two grease seals (14)
from the shaft.

Remove the plug connector (15) from
the motor leads and remove the plastic
tubing (16) from the leads.

Remove the four high hexagonal nuts
(17), through bolts (18), and lockwash-
ers (19). Remove the motor end cast-
ings (20 and 21).

Remove the motor armature (22) from
the motor stator (23).

b. Reassembly.

(1)
(2)

3)

(4)

(5)

Position the motor armature (22) in the
motor stator (23).

Position the front end casting (21) and
the rear end casting (20) on the motor
stator (23). Secure them with four
through bolts (18), lockwashers (19),
and high hexagonal nuts (17). Be sure
to thread the motor leads through the
proper opening in the front end frame
before installing the armature.

Install the plastic tubing (16) on the
motor leads, and install the plug con-
nector (15) on the leads.

Position the grease seals (14) on the
shaft of the motor armature (22) and
install the pin (13).

Position the blower wheel (12) on the
armature shaft and secure it with the
setscrew (11).
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17.011) 14 ( 49)
15 } '53514A)
10) 16 I '0814)
99) 17 1 nut (pari of 52470A which
20, 21, 22, and 23)
53440) e
3479) w1
07) 20 I Z (53502A° ‘includes items 3,
7 14 17, 18 19 20, 21, 42 and 23)
1 Fro-* -1 castmg
2 Mo nature (563361A) (includes item 13}
) 3 Mo._. ___tor (563562A)
Figu.c (i37. ., . . moi.r, explodea view.
on the worm gear (10) onth ~ a- 114, Disassembly and Reassembly ¢. o
S] ‘t. Secure it W;th the Inaciuine Governed Mofor
-—--.r (8) and lockwasher (9). (fig. 108)
a. Dis T
(1) the series-governed 1
pri-*or (par. 112a).
(2) - tue machine screw (£

wasiLeL (6) Remove the wou

(3) Rcmmove the pin (8) and the |
(¢ ~-d 10) from the moto
Shaut.
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Machine screw (10079)
Lockwasher (10431)
Shim (51509)

Shim (51510)

Machine screw (50207)
Lockwasher (10406)
Worm gear (50350)

Grease seal (50949)
Grease seal (50949)
Plug connector (53512A)
Setscrew (10204)
Motor governor target (50303A)
Machine screw (10321)
Lockwasher (10412)
Motor governor cover (50311)
Setscrew (10203)
Gprmg (51855)

overnor worm (56555A)
Electrical contact brush (51154)
Electrical contact brush (51543)

TM2230-602

Spring (50334)

Grooved pin (50302)

Self-locking hexagonal nut (10500)
Machine screw (10001)

Lock washer (10403)

Electrical contact (50281A)

Sleeve (50293)

Plain hexagonal nut (10507)
Lockwasher (10404)

Electrical contact (50338)

Cotter pin (10800)

Governor adjustment lever (50301)
Cotter pin (10800)

Governor adjustment screw (50299)
Flat washer (50148)

Motor governor adjustment gear (50278A)
Motor speed governor base (51249A)

Series-governed motor (51861A) (includes items 3, 4,

8,9, 10, 40, and 41)

Electrical contact brush (20769 and 11070)

Brush cap (51155)

Figure 108. Series-governed motor, exploded view.

(4) Unsolder the cable leads to the plug
connector (11) and remove the plug con-

nector.

(5) Remove the setscrew (12) and the motor

governor target (13).

(6) Remove the two machine screws (14) and
lockwashers (15) and remove the motor

governor cover (16).

(7) Remove the two setscrews (17) that hold
the motor speed governor base (38) to the
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the grooved pin (23). Remove the
grooved pin.

(3) Remove the self-locking hexagonal nut
(24), machine screw (25), and lock-
washer (26). Remove the electrical con-
tact (27) and remove the sleeve (28)
from the contact.

(4) Remove the plain hexagonal nut (29) and
lockwasher (30). Remove the electrical
contact (31).

(5) Remove the cotter pin (32). Remove
the governor adjustment lever (33).

(6) Remove the cotter pin (34) from the op-
posite end of the governor adjustment
screw (35). Turn out the governor ad-
justment screw from the mounting on
the motor speed governor base (38).
Catch the flat washer (36) and the motor
governor adjustment gear (37) as they
fall from the motor speed governor base.

b. Reassembly. If necessary, clean or burnish
the governor contact points before reassembly.
Remove any built up or pitted portions of the
contacts with a contact file. Do not remove any
more metal than is necessary.

(1) Position the motor governor adjustment
gear (37) and flat washer (36) on the
motor speed governor base (37).  Se-

“cure them by turning in the governor
adjustment screw (35). Install the cotter
pin (34) on the end of the governor ad-
justment screw.

(2) Position the governor adjustment lever
(33) on the end of the governor adjust-
ment screw (35). Secure it with a cotter
pin (32).

(3) Position the electrical contact (31) on the
motor speed governor base (38) and se-
cure it with a plain hexagonal nut (29)
and lockwasher (30).

(4) Position the electrical contact (27) and
sleeve (28) on the motor speed governor
base (38). Secure them with a machine
screw (25), lockwasher (26), and self-
locking hexagonal nut (24).

(5) Position the grooved pin (23) on the elec-
trical contact (27). Install the spring
(22) on the grooved pin and on the gov-
ernor adjustment lever (33).

(6) Install the motor governor on the series-
governed motor (par. 1146(1)-(6)).

(7) Adjust the speed of the series-governed
motor (par. 20).

118. Removal and Replacement of Platen

Trough Assembly

a. Removal.

(1) Remove the two machine screws (1, fig.
109) flat washers (2) and lockwashers (3)
that hold the bracket link (12) to the
teleprinter frame.

(2) Remove the two retainer rings (5 and 10)
that hold the connecting links (6 and 11)
to the studs on the platen assembly.

(3) Remove the two setscrews (1, fig. 110)
that hold the eccentric pivots (4) to the
two ends of the teleprinter frame.
Remove the assembled eccentric pivots,
the plain hexagonal nuts (2), and spacing
collars (3) from each of the eccentric
pivots.

(4) Lift the platen assembly from the tele-
printer frame.

. Replacement.

(1) Position the platen assembly on the tele-
printer frame.

(2) Install the spacing collar (3, fig. 110) and
the two plain hexagonal nuts (2) on each
of the eccentric pivots (4). Position the
pivots in the holes in the frame casting
so that the eccentric stud on the end of
the pivot engages the bearing in the
platen support frame (30). Secure each
of the eccentric pivots with two set-
screws (1). '

(3) Position the connecting links (6 and 11,
fig. 109) on the studs on the platen as-
sembly. Secure them with the two
retainer rings (5 and 10).

(4) Aline the holes in the bracket link (12,
fig. 109) with the tapped holes in the
teleprinter frame. Secure the bracket
link to the frame with the two machine
screws (1), flat washers (2), and lock-
washers (3).

(5) Adjust the platen assembly (pars. 235
and 236).

119. Removal and Replacement of Platen

Frame Assembly

a. Disassembly.

(1) Remove the platen assembly from the
teleprinter (par. 118a).

(2) Remove the machine screw (5, fig. 110)
and lockwasher (6). Remove the platen
latching arm (7).
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pi..t stud on the line feed lever (29).
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(7) Disconnect the platen detent spring (17)

from the line spacing detent (19) and the
~ spring post on the platen trough (46).

(8) Remove the retainer ring (18) that holds
the line spacing detent (19) to the platen
detent eccentric stud (22). Remove the
line spacing detent.

(9) Remove the plain round nut (20) and
lockwasher (21) and remove the platen
detent eccentric stud (22).

(10) Remove the setscrew (23) that holds the
pressure roller lever (24) to the platen
pressure roller operating shaft (30).
Remove the pressure roller lever and
spacer.

(11) Remove the pressure roller operating
shaft screw (25). Slide the platen pres-
sure roller operating shaft (30) to the left
to remove it from the platen trough (46).

(12) Remove the two retainer rings (26 and
27) from the platen pressure roller shaft
(28). Remove the platen pressure roller
shaft and the platen pressure roller (29)
from the platen pressure roller operating
shaft (30).

(13) Unhook the two paper guide springs (31)
from the paper guides (42 and 38) and
from the platen trough (46).

(14) Remove the pivot screw (32) that holds
the paper guide shaft (37) to the platen
trough (46).

(15) Remove the two setscrews (33 and 34)
that hold the paper guides (38 and 42)
to the paper guide shaft (37).

(16) Unhook the three stripper springs (36)
from the six paper strippers (40 and 41).

(17) Remove the four retainer rings (35) and
remove the paper guide shaft (37).
Catch the paper guide (38), three sleeves
(39), six paper strippers (40 and 41), and
paper guide (42), as they fall from the
shaft.

(18) Remove the hinge pin (43). Remove
the platen trough spring (44) and the
paper trough guide (45).

. Reassembly.

(1) Position the paper trough guide (45) on
the platen trough (46). Insert the hinge
pin (43) far enough to install the platen
trough spring (44) and insert the hinge
pin the rest of the way.

(2) Position the paper guide (42), six paper
strippers (41 and 40), three sleeves (39),

388705 0—56——9

and paper guide (38) on the paper guide
shaft (37). Install the four retainer
rings (35) to hold the paper strippers (40
and 41) in position.

(3) Install the three stripper springs (36) on
the paper strippers (40 and 41).

(4) Position the paper guides (38 and 42) on
the paper guide shaft (37). Secure them
with the two setscréws (33 and 34).

(5) Position the assembled paper guide shaft
(37) and paper guides on the platen
trough (46). Seccure the assembly with
a pivot screw (32).

(6) Attach the two paper guide springs (31)
to the paper guides (38 and 42) and to
the platen trough (46).

(7) Position the platen pressure roller (29) be-
tween the arms of the platen pressure
roller operating shaft (30). Iusert the
platen pressure roller shaft (28) through
the arms and roller. Secure it with two
retainer rings (26 and 27).

(8) Position the platen pressure roller oper-
ating shaft (30) on the platen trough
(46) and secure it by installing the pres-
sure roller operating shaft screw (25).

(9) Position the pressure roller lever (24) and
spacer on the platen pressure roller oper-
ating shaft (30). Secure it with a set-
screw (23).

(10) Position the platen detent eccentric stud
(22) on the platen trough (46). Secure it
with a lockwasher (21) and plain round
nut (20).

(11) Position the line spacing detent (19) on
the platen detent eccentric stud (22).
Secure it with a retainer ring (18).

(12) Attach the platen detent spring (17) to
the line spacing detent (19) and to the
spring post on the platen trough (46).

(13) Position a flat washer (16), platen spac-
ing detent (15), and flat washer (14), on
the stud on the platen trough (46).

(14) Attach the platen spacing detent spring
(13) to the platen spacing detent (15) and
to the spring post on the platen trough
(46).

(15) Position the connecting link (11) on the
bracket link (12) and on the stud on the
platen trough. Secure it with the two
retainer rings (10 and 9).

(16) Place the platen lever latch (8) on the
stud on the platen trough (46). Attach
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the platen lever latch spring (7) to the
platen lever latch (8) and to the platen
trough.

7) Position the connecting link (6) on the
bracket link (12) and on the stud on the
right side of the platen trough (46). Se-
cureit with the two retainerrings (5and 4).

8) Adjust the platen trough (pars. 229, 230,
232, 233, 237, 238, 240, and 241).

9) Install the platen trough on the platen
frame (par. 1190).

Disassembly and Reassembly of Platen
Crank
(fig. 111)

isassembly.

) Push the platen crank (6) in and turn it
clockwise to remove it from the platen
shaft. Remove the spring (5).

) Remove screw (1) that holds platen crank
knob (2) onto the platen crank (6). Re-
move the platen crank knob, plain
washer (3), and lockwasher (4).

Note.—The screw (1) is staked to the platen
crank (6).

2w (54959)
ben crank knob (54961)
n washer (10454)

Figure 111.

B

b. Reassembly.

(1) Position the lockwasher (4), plain washer
(3), and platen crank knob (2) on the
platen crank (6). Attach them to the
platen crank with the scraw (1).

(2) To fasten the platen crank (6) onto the
platen shaft at the bayonet-type connec-
tion, place spring (5) in the bayonet
socket of the platen crank (6). Push the
bayonet socket onto tha pin on the-platen
shaft and twist the crank counterclock-
wise.

122. Disassembly and Reassembly of Platen
(fig. 112)
a. Disassembly. ,

(1) Remove the platen from the platen
assembly (par. 119a(1)—(10)).

(2) Remove the plain hexagonal .nut (2)
from the shaft (3). Remove the pin-
wheel body (12) and the platen roller
(4) from the pinwheel body (20).

(3) Remove the retainer ring (5), flat washer
(6), sprocket friction plate (7), sprocket
cam plate (8), inside guide (9), sprocket

TM2230-529

4 Lockwasher (10409)
5 Spring (54957)
6 Platen crank (54960A) (includes items 1, 2, 3, 4, and 5)

Platen crank, exploded view.
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wheel body [20).
""de the assembled pinwheel body (20)
1to the shaft (3). Position the hole

i the pinwheel body over the slot ™
the shaft and bottom the lc:'Z=z p..
(19} in the slot.

(7) Slide the platen roller (. over the as-
sembled pinwheel body (20) and up
against the shoulder.

(G) Slide the assembled pinwheel body (12
over the threaded end of the shaft (3).
Insert the locking pin (11) throuzh t:e
pinwheel body (12) and into the slot in
the shaft. Do not drive the pin all the
way down. Hold the platen tube with
the slot up and slide the pinwheel body
i~to the platen roller. Bottom the
locking piz (11) in the slot.

“Told the platen together with the plain
aexagonal nut (2) drawn up on threads of
th. plater shaft.

™ Adjust the platen {(par. £~

, Replace .l.e pluwen in .. plate. as-
sembly (par. 1195(3)-(12)).

_ .. Removal and Replacement of Carriage

113‘,

1) Mmm the carrig ‘¢ the left margin stop
et ... on t.e fiber car-
_IVi.., gear t..at engag ‘'e
Iast tooth on the carriage feed and rcvuin
driving rack.
e Remove the machir-~ -----— (1> -~
T 1id
tecnane wan t
ew and two lc
dera™ ~nd tlo (oo
ckett  eframeon e
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BEARING

TM2230-509

15 Plain wing nut (10508)
16 Lockwasher (10431)
17 Platen lockup arm (50598)
18 Carriage guide rail (50394A) (includes items 15, 16,
and 17)
) plate (52257) 19 Cap screw (50591)
30 ](3)&11 bearin(g56 15%732)
ate (522 1 ap screw
plate (52253) 22 Ball bearing (10752)
23 Carriage locking stud (50594)
24 Set screw (10204)
sracket (50571) 25 Self-locking hexagonal nut (10501)
26 Ball bearing (10752)
27 Roller mounting stud (50593)
ru wivin~ =3k (50592) 28 Carriage frame (50545A)

F.yw.c 113. Cuiicuye frame assembly, exploded view.

that the ribbon vibrator lever the right hand margin trip plate (6) on
ehind and not under the tape the bearing cap; und secv-e them witl.
fig. 114). the two machine screws (,, lockwashers
ring cap on the carriage (5), and flat washers (4).
on the left hand margin (6) Adjust the carriage (pars. 209, 210, 211,
two flat washers (7), and and 255).
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Disassembly and Reassembly of Ribbon

43

T3
\5/

Feed Mechanism

the ribbon from the ribbon
........ (1, fig. 115;.
Lift the locki __ latch (30) ard press
in tl  ribbon sensing levers (20) to
remove the printing ribbon spools (1)
from the ribbon spool drive sl.afts (24).
P-move tl.e printing ribben speols sid
t  printing ribbon from the machine.

.~ F oaove the muchine screws (2) and lock-

washers (3). Remove the ribbon feed
mechanism.

Rem¢--- *he four machirne screws (4),
'k rs (5), and retainer plates (C)
—.d .ca.ove the type bar backstop
cushion (7).

Remove the two self '~~-*~~ “-xagonal
nts (8) from the Maciine ouews (9).
I ft the ribbon drive subassembly (14)
from the pins on the ribbon sensing levers
T aGe two ribbon drive

on roversing  detent
the detent lever and
ribbon drive subas-

ache screws (1:) and
Remove tl.e detent

_len sensiz lever
are attached to tne
L __.._..g levers (29).

(4)

\v/

(<

wi‘'" the setscrews (21).
Po....on tl.c shaft collar:
flats on the shaft and
place with the setscrews (23).
Position the two ribbon r
followers (19) on the two r
1---ers (20) and position the
i zlevers on the posts ou tl
drive mountings (29). Fa
bon sensing levers with
washers (17), lockwasher
machine screws (16).

Attach the two r
spr’ °5) to the
ing » tne ribbc
Pos e ribbon 1

(13, o Jhe 1ibbor
(14). Fasten it in
lockwashe  “"7) anc
HOOk th(‘ 1iowdd) T




12

&

ol (10900) 17
104, 18

19
01)

20
34)
cushion (50429A) 21
500) 22
J03) 23
‘tent sprir.g (50403) 24
02) 25

26
tent plate (50393) 27
sembly (5u400A) (inclides itemn.s %g

r spring (50447).
03) 30

B

13
\

TMzc30-5C2

Flat washer (50414)

Lockwasher (10429)

Ribbon reversing cam follower (50423A) (‘e ----"
(50424 A) (right hand)

Ribbon sensing lever {65026A) (lef. “and) (coo-c-- ,
(right hand)

Setscrew (10201)

Ribbon spool driven shaft collar “50392)

Setscrew (10201)

Ribbon spool drive shaft (50435..,

Fiat washer (50315)

Spool friction spring (55561)

Shaft collat (50391)

Ribbon spool driving gea: \vvx23) B

Ribbon drive mounting (50451A) __‘thand) (5C .
(right »~~d)

Locking l....a

Figu-e 116. Ribbon fccd mechanism, exploded view.
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(10) to the ribbon detent lever and frame
of the ribbon drive subassembly (14).
Position the ribbon drive subassembly
(14) on the pins on the two ribbon sens-
ing levers (20) and on the two ritbon
drive mountings. Attach them with the
machine screws (9) and self-locking nuts
(8), but do not tighten securely.
Position the type bar backstop cushion
(7) on the two ribbon drive mountings
(29). Fasten it with the two retainer
plates (6), four lockwashers (5), and four
machine screws (4).

Position the assembled ribbon feed
mechanism on the frame of the carriage
and fasten it in place with the lockwash-
ers (3) and machine screws (2).

Install the printing ribbon spools (par.
31d).

Adjust the ribbon feed mechanism (pars.
252, 253, and 254).

sassembly and Reassembly of Type Bar

Group

(fig. 117)

sassembly.

Remove the ribbon feed mechanism (Par.
126a(1)-(3)).

Remove the 26 springs (1) from the guide
plate (18) and from the connecting
bars (4).

Push the hinge pin (2) out of the type
bar segment (14). .

Remove the 26 type bars (3) and the 26
connecting bars (4) from the type bar
segment (14) and from the mounting
plate (17).

Remove the two plain hexagonal nuts
(5) and lockwashers (6). Remove the
setscrews (7) from the type bar seg-
ment (14) and the carriage frame.
Remove the type bar segment from the
carriage frame.

Remove the type bar segment machine
key (8) from the carriage frame.
Remove the two machine screws (9).
Remove the ribbon guide mounting
bracket (10).

Remove the four machine screws (11).
Remove the type bar bumper stop plate
(12) and the type bar bumper plate
shim (13}. .

Remove the two machine screws (15) and

lockwashers (16). Remove the guide
plate (18) and the mounting plate (17).

b. Reassembly.

(1)

@)

3

4
(5)

(6)

Position the guide plate (18) on the car-
riage frame and the mounting plate (17)
on the guide plate. Attach them to the
frame with the two lockwashers (16) and
machine screws (15).

Position the type bar bumper plate shim
(13) and the stop plate (12) on the type
bar segment (14). Attach the shim and
plate to the type bar segment with the
four machine screws (11).

Position the ribbon guide mounting
bracket (10) on the type bar segment
(14). Attach it with the two machine
screws (9).

Position the type bar segment machine
key (8) on the carriage frame.

Position the type bar segment (14) on
the type bar segment machine key (8).
Attach it to the carriage frame with the
two setscrews (7). Lock the setscrews
in place with a lockwasher (6) and plain
hexagonal nut (5).

Position the 26 connecting bars (4) and
the 26 type bars (3) in the type bar seg-
ment (14), with the connecting bars (4)
against the guide plate (18). Numbers 1
to 26 are stamped in both connecting
bars and type bars of communication
symbol machines, and numbers 1 to 27
on weather machines. Install the bars
in matched pairs with the No. 1 set on
the left hand side of the carriage.

(7) Thread the hinge pin (2) in the type bar

segment through the holes in the 26 type
bars.

(8) Install the 26 springs (1) on the connect-

ing bars (4) and on the mounting plate
(17).

(9) Install the ribbon feed mechanism (par.

1266(11), (12), and (13)).

128. Disassembly and Reassembly of Carriage

Frame
(fig. 113)

a. Disassembly.
(1) Remove the carriage from the teleprinter

(par. 123a).

(2) Remove the two machine screws (12) and

lockwashers (13) and remove the carriage
feed and return driving rack (14).
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and Reassembly o Celector

r magT-t ast sed on
: utilizing a 1 rmin='s
_ ___er a magnet als (fig.

wgrot (fig. 118).

ne screws (1), flat
v~~ters (7). Re-
1 sseml.y from
Liavest

pins (4). PF:move
two cover springs

(6).

from the (-~ cabl
move the vwu pieces of
(13) from the electric
potentiometer.

(6) Remove the self-lockin;
(15) from the sielector n
(18). Remove the elec
{rom the selector magne

(7) Unsolder the six electri
selector magnet cuable (
terminal posts of the sel
and tag the leads. Rer
magnet cable from the
(16).

(> Remove the selector m
18), flat washer (19),
machine screw (21), flat
lockwasher (23). Rem
magnet (24) and the mag

9) Remove the setscrew (2
bar wagnet {27) in the
bracket (42); mark t
bracket before removing
the selector magnet bra

(10) Remove the setscrew (¢
armature lever mounti
the selector magnet bra.

(1) Re e the retainer r
from wtne armature mou
Slide the airmature leve
{from the armature (3%
selector magnet bracke
the armature from the
bracket.

(12) Remove the machine
lockwasher (34). Remo
a.mature stop bracket {

(13) Remove the two machir
plain hexagonal nuts (3¢
ture stop bracket (37).

{14) Remove the two arm:
stop screws (63) and
nuts (3¢° ‘Trom the
bracket (..,.
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110 100 90

Machine screw (10018)

Flat washer (10464)

Lockwasher (10420)

Cotter pin (10806)

Cover (56089)

Cover spring (56091)

Machine screw (10032)
Lockwasher (10430)

Locking nut

Plain hexagonal nut (10529)
Potentiometer mounting hracket (53333)
Tubing

Insulating tubing

Potentiometer (20025) (includes item 9)
Self-locking hexagonal nut (10501)
Electrical clamp (20513)

Selector magnet cable (53545A)
Selector magnet cable stud (56127)
Flat washer (50315)

Lockwasher (10430)

Machine screw (10011)

Figure 118.

TM2230-600

Flat washer 550315)

Lockwasher (10430)

Selector magnet (56126 A)
Bracket (52292)

Setscrew (10220)

Magnet (52289)

Setscrew (10225)

Retainer ring (10969)

Retainer ring (10969)

Armature lever mounting shaft (52288)
Armature (54092A)

Machine screw (10010)
Lockwasher (10404)

Machine serew (53183)

Plain hexagonal nut (10507)
Armature stop bracket (52529)
Armature leaf spring stop screw (53183)
Plain hexagonal nut (10507)
Setscrew (10235)

Setscrew (10221)

Selector magnet bracket (52528)

Terminal selector magnet, exploded view.
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(15) Remove the setscrews (40 and 41) from
the selector magnet bracket (42).

b. Disassembly— Nonterminal Magnet (fig. 119).

(1) Remove the two machine screws (1), flat
washers (2), and lockwashers (3). Re-
move the selector magnet assembly from
the teleprinter.

(2) Remove the two machine screws (4) and
lockwashers (5). Remove the assembled
potentiometer (11) and potentiometer
mounting bracket (8).

(3) Unsolder the electrical leads in the tubing
(9) from the two terminal posts on the
selector magnet (19) and from the termi-
nal lugs of the potentiometer (11). Tag
the leads. Remove the tubing from the
electrical cable assembly. Remove the
pieces of insulating tubing (10) from the
electrical leads at the potentiometer.

(4) Remove the machine screw (12), flat
washer (13), lockwasher (14). Remove
the electrical clamp (15) from the selector
maguet electrical leads. Remove the
machine screw (16), flat washer (17), and
lockwasher (18). Remove the selector
magnet and the magnet bracket (21).

(5) Remove the electrical connector (20) from
the electrical leads. Tag-the leads.

(6) Remove the setscrew (22), mark the
magnet (23), the magnet bracket (38),
and remove the magnet.

(7) Remove the setscrew (24) from the mag-
net bracket (38).

(8) Remove the retainer rings (25 and 26).
Slide the armature mounting shaft from
the armature (28) and from the magnet
bracket (38). Remove the armature
from the magnet bracket.

(9) Remove the machine screw (29) and lock-
washer (30). Remove the assembled
armature stop bracket (37) and machine
screws (31).

(10) Remove the two machine screws (31)

and plain hexagonal nuts (32) from the
armature stop bracket (33).

(11) Remove the two armature leaf spring
screws (34) and plain hexagonal nuts (35)
from the magnet bracket (38).

(12) Remove the setscrews (36 and 37) from
the magnet bracket (38).

. Reassembly—Terminal Magnet (fig. 118).

(1) Install the four setscrews (41 and 40) in
the selector magnet bracket (42). Place
the leading ends flush with the surface of
the mounting bracket.

(2) Install the plain hexagonal nuts (39).
Screw them about halfway up the threads
of the armature leafl spring stop screws
(38). Install the machine screws in the
selector magnet bracket (42).

(3) Screw the plain hexagonal nuts (36) onto
the mach'ne screws (35). Install the
machine screws in the armature stop
bracket (37), with the ends of the
machine screws approximately flush with
the face of the armature stop bracket.

(4) Position the armature stop bracket (37)
on the selector magnet bracket (42).
Fasten it in place with a machine screw
(33) and lockwasher (34).
Position the armature (32) in the selector
magnet bracket (42). Insert the arma-
ture mounting shaft (31) through the
selector magnet bracket, armature, and
armature stop bracket (37). Install the
retainer rings (30 and 29) on the arma-
ture mounting shaft.

(6) Hold the armature mounting shaft (31)
in the selector magnet bracket (42) with
a setscrew (28).

(7) Assemble the bar magnet (27) on the
selector magnet bracket (42). lLeave an
air gap of .015 inch between the south
pole of the bar magnet and the armature
stop bracket (37) (par. 194). Fasten the
bar magnet in place with a setscrew (26)

(5)

Selector magnet (53550A)

Electrical connector (20419)

Magnet bracket (52292)

Setscrew (10220)

Bar magnet (52289)

Setscrew (10225)

Retainer ring (10969)

Retainer ring (10969)

Armature lever mounting shaft (52288)
Armature (54092A)

Machine screw (10010)

Lockwasher (10404)

Machine screw (53183)

Plain hexagonal nut (10507)

Armature stop bracket (52529)
Armature leaf spring stop screw (53183)
Plain hexagonal nut (10507)

Setscrew (10221)

Setscrew (10235)

Selector magnet bracket (52528)

Figure 119—Continued.
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* Position the electrical clamp (16) on the
studs on the selector magnet cable stud
(17" 1d fasten it with a self-locking hex-
agunias nut (15)

©°7) Slide the two pieces of insulating tubing
(13) over the ends of the wires in the
tubing (12). Solder the two cable wires
to the two terminal lugs on the poten-
tiometer (14). Slide the two pieces of
..sulating tubing over the soldered

(13) Install the potentiometer (14} cn the
potentiometer mounting bracket ( ).
Fasten it ... lace with a plain hexag...al
mut (10). Insta’l and draw up the
locking nut (9) firgertight.

(14) Tasten the assembled potentiome* -~ “14)
and piiintiometer mounting bracl  11)
to the selector magnet bracket (4., ./ith
two lockwashers (8) and machine scre..s



130. Dis ran 'y of Range

a.

(. .
Disassembly.

(.) Remove thec ‘wo socket-l
‘ “Ya..lc ' ast
“ere weww-dbled selector It 1
(18).

(2) Remove t..e two sock
screws [3) ana lockwask
the selector lever guide

(3) Remove th~ self-lockir

1d the flat washer (
...... tation lever (10) i
lev-t stud (11). Remc
oricatati  'ever ana n

(4) Remove .o self-lockir
(6) arnd machine screw \/) vl vl
orientation lever (10).

(5) Remove the orientation lever stud { .

(6) Remove the two setscrews (12) that] 1
the range finding cam (13) to the shat. .{
tie range finder dial assembly (15). Pull
the dial assembly from the range findin~
cam (13) and the spacer (14).

(7) Remove the setscrew (16) that holds tl »
positioning ball (17) in the selector lev: -
comb bracket (18). Remove the posi-
tioning ball.

) 1.

. Reassembly.

(1) Insert the positioning ball (17) in the
selector lever comb bracket (18). Faster
it loosely with a setscrew (16).

(2) Start the end of the shaft of the
finder dial assembly (15) in the h
the sclector lever comb bracket
Position the spacer (14) and the
finding cam (13) on the shaft and
plete the dial assembly install
Hold the range finding cam on the :
loosely with the two setscrews = ).

(3) Install the orientation lever stud (-
the selector lever comb bracket (18).

(4) Install the machine screw |
orientation lever (10) at upp
the correct position and lock .. ...... ...,
self-locking hexagonal nut (5;.

(5) Position the orientation lever (10, on the
orientation stud (11). Secure i =
flat washer (9) and a self-lockin_
onal nut (8).

(6) Attach the sclector lever guide com!

15
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bracket (48).
11, In

in

wil
1z, H

in

It

(32
(13) Ac

e

132. Disassembly and Reassembly ..

Lever Assembly
(fig. 122)
a. s v
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split shaft collars (40). Solid shaft collars
require two socket-head setscrews. The shaft
of the transfer lever assembly (31) has flat
surfaces to accommodate the setscrews. Split
shaft collars require one socket-head machine
screw (39).

(7) Remove the setscrews (22) from shaft
collar (23). Remove the shaft collar
(23) from the shaft of the transfer lever
assembly (31). If the split shaft collar
(40) is used, remove machine screw (39)
and remove shaft collar from the shaft
of the transfer lever assembly (31).

(8) Remove setscrews (24 and 26) from shaft
collars (25 and 27). If the split shaft
collars (40) are used, remove machine
screws (39).

(9) Pull the transfer lever assembly (31)
out of the bearings in the teleprinter
frame. Catch the shaft collars (25 and
27) as they fall from the shaft of the
transfer lever assembly (31).

(10) Remove the spring stud (28) from the
transfer lever assembly (31).

(11) Remove the self-locking hexagonal nut
(29). Remove the transfer lever roller
stud (30).

(12) Remove the spring (32) from the
transfer lever latch (34) and from the
spring post.

(13) Remove retainer ring (33) and remove
the transfer lever latch (34).

(14) Remove the transferleverlatch stud (35)
from the teleprinter frame.

(15) Loosen the plain hexagonal nut (36).
Remove the machine screw (37). Re-
move spring post eccentric (38).

b. Reassembly.

(1) Position the spring post cccentric (38)
in the hole in the teleprinter frame.
Screw the plain hexagonal nut (36) onto
machine screw (37). Screw the ma-
chine screw (37) into the teleprinter
frame sufficiently to hold spring post
eccentric (38) in place. Tighten the
plain hexagonal nut (36) against the
teleprinter frame to lock machine screw
(37) in place.

(2) Install the transfer lever lateh stud (35)
on the teleprinter frame.

(3) Place transfer lever latch (34) on the
transfer lever latch stud (35) and secure
it with the retainer ring (33).

(4) Connect spring (32) to the transfer lever
latch (34) and to the spring post.

(5) Install the transfer lever roller stud (30)
on the transfer lever assembly with a
self-locking hexagonal nut (29).

(6) Install the spring stud (28) on the transfer
lever assembly (31).

(7) Insert the shaft of the transfer lever assem-
bly (31) through the first bearing suffi-
ciently to install the two shaft collars (27
and 25 or 40) on the shaft. Position the
transfer lever assembly (31) in the bear-
ings.

(8) Install setscrews (24, 25, and 26; or ma-
chine serew 39) in shaft collars (25, 27,
or 40). Position the collars (25 and 27,
or 40) on the transfer lever shaft.

(9) Place the shaft collar (23 or 40) on the
shaft of the transfer lever assembly (31).

(10) Install the ball bearing (20) on the clutch
latch (21) with a machine screw (19), lock-
washer (18), and plain hexagonal nut (17).

(11) Install the assembled clutch latch (21)
and ball bearing (20) on the shaft of the
transfer lever assembly (31). Fasten it
with a machine screw (16).

(12) Attach the T-lever pivot stud (15) to the
transfer lever assembly (31) with a lock-
washer (14) and plain hexagonal nut (13).

(13) Install the T-levers (12, 10, 8, 6, and 4)
and the flat washers (11, 9, 7, and 5) on
the T-lever pivot stud (15). Alternate
T-levers and flat washers until all are
installed. Secure with a flat washer (3)
and a self-locking hexagonal nut (2)

(14) Install the transfer lever spring (1) on
the transfer lever and on the spring post
eccentric (38).

(15) Adjust the transfer lever shaft and the
clutch latch as instructed in paragraphs
186, 187, 188, 190, 201, 202, and 204.

(16) Replace the teleprinter on the base as
instructed in paragraph 105b.

133. Disassembly and Reassembly of Print

Bail Blade Shaft
(fig. 123)

a. Disassembly.

(1) Remove the teleprinter from the base as
instructed in paragraph 105a.

(2) Remove the transfer lever shaft as in-
structed in paragraph 132a.
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Figure 123.

) Remove the two setscrews that hold the

print cam to the function shaft. Slide

the print cam to the selector side of the

page printer. Be careful not to lose the
bushing on the cum follower stud.

. Unhook the print cam follower spring (1)

from the print cam follower (8) £=- -~

the spring post on the teleprinte .
) Remove twu screws and lockwasl. ... .....t
hold the middle bearin 3 to the frame

assernbly. Remove tl.. .aiddle bezring
cap by sliding it toward the selector side.
;T ’ T a3, pr
n follower

ector side.

1t (4), and
1l cer.

y { and
t m fo"
emuve th.

-\, ~~Ckwasnhers

8
9
10
11
12
13

Print cam
Machine s
Lockwashe¢
Washer (1
Print bail
Print bail

Print bail blade shaft, explode

(10)
bail

rem

b. Reassemovy.

1)

(2)

3)

(4)

/N
\v~/

(6

Position the print bai
shaft (13). Fasten i
(9}, lockwashers (10)
Position the print cam
shaft (13). Fasten
screw (6), plain washe
Position the stud (3) «
and secure it with a ¢
the bushing (2) on the
Insert the end of the sh
in the function side «
frame.

Position the bearing «
end of the shaft. Sec
to the frame with tw
washers.

Attach the print cam
to the cam follower ar
the teleprinter frame.
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(12) Position the fuace’

) - sice of tl

. with a m

«,, --.iwasher (4

stud (1), and lockw
) Secure the m 1ual

bracket moun..ng s

locking hexrgonal n. | |
(14) Reacjust as require:l fo'lowir

adjustments (pars. 171-L. _,.

137. Disassembly and Reassembly o Line
Feed and Platen Shift

(fig. 127)
a. Disassembly.

1) Remove the retainer rin_
delaying lever {2).
(2) .

) -

4) .

(37).
6) 1
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screws (35).

(2) Se:ize the ) et
on the pive be
bracket (37, ...... _ ____Ine

>* Hook one end of the plat
latck spring (32) to the be
bracket (37) and the othe
platen lower case latch (¢

(4) Hook ore end of the carric_ rett
cra < spring (31) to the carriage .
sen ng lever and the other end .. .._._
bel: crank pivo’ bracket (37).

(5) Secure the platen shift link (29) on e
pivot stud of the bell crank pivot braci..t
(37) with a retainer ring (28).

(6) Position the platen shift cam follc r
(27) on the function shaft. Hoc' the
eye in the top of the cam followei onto
the pivot stud on the platen shift bell
crank (30). Secure it with retainer ri1 °
(26). Replace the function shaft (pe
139b).

(7) Install the cam follower stop stud "~
fig. 106) on the teleprinter fruie. . .-
sition the spacing collar (39) on tI  am
follower stop stud and secure it with a
setscrew (38).

(8) Hook one end of the platen s 1
crank spring {25, fig. 127) on th 1
shift bell crank (30) and the ot 1
on the platen bracket link.

(9) Position the line feed bell ¢ oL

the bell crank pivot bracke. ...
(10, Attach the connecting link
connecting link (22) with the
ers (21), flat washers {20), ar.. ....c..... o
screws (19).

EXER R XY
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5—Cc .

: (50755)
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139. Removal and Replacement of = ~ |

o

wirm (50936)

1 spring (560917)
|

n claw (50841A) (i

")
oring (56279)

Function Shaft

1 an

F

~

iter

7
8
9
10
11
12
13

TM223(

Spring retainer (56277)

Ball bearing (10753)

Spacing collar (56278)

Set screw (10209)

S~vare shaft driven gear (50383)
S ing helical gear (50565A)
Syuare shaft (50456)

re sl »zploczd view.

(7) Remove the platen shift
(par. 137a(15)).

(8) Remove the two machine s
lockwashers (2) and remov
cap.

(9) Remove the machine scr
washer (4), machine screw
washer (6). Slide the cent
toward the selector side of
to clear the print bail bk

remove the center bearing cap.

‘10) Remove the two machine

~ad lockwashers {8) and r

bearing cap.

(11) Loo e two " “3cre
the | cam (+ tot
L0). ‘e the pit ¢



ment with the bushing on the print cam
follower.

(12) Remove the assembled function shaft
(46) by pulling it upward and outward
from the three bearing supports in the
teleprinter frame.

b. Replacement.

(1) Position the assembled function shaft
(46) on the teleprinter frame, with the
bearings resting in the bearing supports
on the frame.

(2) Install the bearing cap on the selector
side of the teleprinter frame with two
machine screws (7) and lockwashers
(8).

(3) Position the center bearing cap on the
center frame with the print bail bhlade
shaft in position. Secure it with ma-
chine screw (5), lockwasher (6), machine
screw (3), and lockwasher (4).

(4) Install the bearing cap on the function
side of the teleprinter frame with two
machine screws (1) and lockwashers (2).

(5) Move the print cam (42) into engage-
ment with the bushing on the print cam
follower. Secure it by tightening the
two setscrews (41).

(6) Install the platen shift cam follower
(par. 137b(6)).

(7) Install the cam follower stop stud (par.
137b(7)).

(8) Install the line feed cam follower (par.
137b(13)).

(9) Imstall the figures shift and line feed cam
follower spring (par. 1375(14)).

(10) Install the transfer lever shaft (par.
132D).

(11) Install the signal bell and motor stop
function lever from the function side of
the teleprinter frame (par. 1346).

(12) Adjust the function shaft as instructed
in paragraphs 182, 203, 206, and 227.

(13) Install the teleprinter on the base as
instructed in paragraph 1056.

140. Disassembly and Reassembly of Function

Shaft
(fig. 129)
a. Disassembly.
(1) Remove the function shaft from the
teleprinter (par. 139a).
(2) Remove the machine screw (9), lock-
washer (10), and flat washer (11). Re-

388705 0—56——11

move the transfer lever restoring cam
(12), flat washer (13), locking bail cam
(14), flat washer (15), flat washer (16),
ball bearing (17), and flat washer (18)
from the function shaft.

(3) Remove the two setscrews (19). Remove
the line feed and platen shift sensing
cam (20), friction plate (21), square shaft
driving gear (22), friction plate (23),
friction clutch plate (24), and clutch
pressure spring (25).

(4) Remove the clamping screw (26) and
turn off the friction adjusting collar (27).

(5) Remove the two setscrews (28) and re-
move the driving collar (29).

(6) Remove the ball bearing (30) from the
function shaft (46).

(7) Remove the retainer ring (31). Remove
the flat washer (32), function driven gear
(33), and flat washers (34 and 35) from
the function shaft.

(8) Remove the retainer ring (36). Remove
the function shaft sliding clutch drum
(37) and cluteh spring (38).

(9) Remove the two setscrews (39) and
remove the flexible coupling disk (40).

(10) Remove the two setscrews (41) and
remove the print cam (42).

(11) Remove the two setscrews (43) and
remove the function cam (44).

(12) Remove the sleeve bearing (45) from
the function shaft (46).

. Reassembly.

(1) Install the sleeve bearing (45) on the
function shaft (46).

(2) Position the function cam (44) on the
function shaft (46). Secure it with the
two setscrews (43).

(3) Position the print cam (42) on the
function shaft (46). Secure it with the
two setscrews (41).

(4) Position the flexible coupling disk (40)
on the function shaft (46). Secure it
with the two setserews (39).

(5) Position the clutch spring (38) and the
function shaft sliding cluteh drum (37)
on the function shaft (46) so that the
cluteh drum engages the flexible coupling
disk  (40). Secure it with retainer
ring (36).

(6) Install the two flat washers (35 and 34),
function dri