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Control Panel Bracket ••• • • • • • • • • • • •• • • •• •• • • • •  6-170 
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Time Delay Lever, Time D elay Lever Spring, 
and Rachet Return Spring • •• • • • • • • • • • • • • • • • • • •• 6-176 

Drive Arm Spring and Punch Slide Latch •• • • • • • •  6-178 
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Reset Bail Trip Lever Spring • • • • • • • • • • • •• • • • • •  b-185 
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Release Arm and Release Arm Spring -
Pear View •• • •• • • • • • . • • . • • • • • • . • • • • • • •• • • • • • • . .  6-190 

Normally-Open Contact Spring, Normally-Open 
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Contact Bracket (Transfer T ype Contacts) • • •• •• 6-214 

Contact Bracket (Make-Type contacts) • • • •• • • • •• 6-216 

2ero Test set . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6-217 

Code Reading Contacts • •• •• • • • • • • •• • • • • • • • • • • •• 6-219 

Timing Contacts (Code Peading) •• • • • • •• • • • • • • • • 6-220 

LETTEPS-FIGURE S Contacts • • • • • • •• • • • • • • • • • • • • • •  6-222 

Timing Contacts (LETTERS -FIGURES) • • • • • • • • • • • •• 6-223 
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Assembly Mounting Bracket • • • • • • • • • • • • • • • • • • • • •  6-227 

Lever and A rm - Top View • • • •• • •• • • • • • • • • • • •• • •  6-228 

Middle Contact Spring, Lower Contact Spring, 
Operating Lever Spring. and Mounting Bracket •• 6-229 

Rake Assembly - Left Side View • • • • • • • • • • • • • • • •  6-231 

Feed Pawl A djusting Plate • • • • • • • • • • • • • •• • • •• • •  6-231 

Return Latch •• • • • • • . . ••• • • • • • • •• . • . • • • • •• • • • • •  6-232 
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Chadless Tape • • . • • • •• • • • • • • • • • • ••• • • • • ••• • • • •• 6-233 
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Operating Pawl Spring ••• • • • • • • •••• •• • • •• • • •• •• 6-262 

6. 245 Time Delay Drive Paw1 • •• • • • • • • • • • • • • •• •• • • • • • •  6-263 

6-246 Time Delay E ccentric Follower Drive Arm 
Spring •••• . • • • • • • • • • • • • • • • •• • • •• • • • • • • ••• • • • • •  G-264 

6-247 Time Delay Disabling D evice • • • • • • • • • • • •• • • • • •• 6-265 

6-2lJ8 M, B. and S Contact Springs and S-M Contact 
Gap . ••• . • • • • • • • • •• • • • • •• •• • • • • • • • • . • •• •• • • •• • . 6-265 

6-249 Twin-B and Twin-M Contact Springs • • •• • ••• • • • • •  6-267 

6-250 contact Assembl y, Alig nment of Operating 
L ever With Cam, and Operating Lever Spri ng • • • •  6-268 
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Side View • • • • • • • • • • • •• • • • • • • • • •• •• • • •• •• • • • • • • • 6 -270 

6-253 Power Backspace S witch Mechanism • • • • •• • •• • • • • •  6-272 

6-254 Armatu re Clamp • • • • • • •• •• • . • • • • •• • • •• • • •• • . •• • •  6-273 

6-255 Magn et Armat ure and Mounting Bracket 
(Preliminary) • •• •• • • • • • • • • • • • • • • • • • • • • • • . • •• . • 6-273 
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Detent ••• • • • •• • • • • • • • • •• • • • • • • •••• • • • • • • • • • • • •  6-281 
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6-264 Clamp Plate Sp ring and Tape Pl atform • • •• • • • • • • 6-283 
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Mounting Bracket - Rear View • • • • • • • • • • • • • • • • • • 6-285 

Normal ly� Open Contact Gap. Normally-OpEn and 
Normall�Clo sed Contact Sprin gs - Right 
Si de View • • • •• • • • • • • •• • • • • • • • • • • •• • • • • • • • • . • • •  6-286 

Normally-Clo sed Contact Gap - Rioht Side 
Vi ew • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • 6-287 

Feed-Out Bracket - Fight Side View • • • • • • • • • • • •  6-288 

Drive Arm Shaft Rear Bearing - Rear View • • • • • • 6-288 

Dri ve Arm - Top View • • • • • • • • • • • • • • • • • • • • • • • • • • 6-289 

Release Arm • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • 6-291 

Feed-Out Paw l • •• •• . • . • • . . . • . . • • • • . . . • • •• • • . . . • 6-291 

Feed-out Pawl Spring •• • • •• • • • • • • • • • • • • • • • • • • • •  6-293 

Armature Hinge and Spring • • • • • •• • • • • • • • • • • • • • • 6-294 

Ma gnet Mounting Bracket - Rear View • • • • • • • • • • •  6-294 

Relea s e  Arm Latch and La tch Spring • • • • • •• • • • • •  6-295 
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C ontact Mounting Bracket, Contact Lever 
Spring, and contact Clos ure • •• •• • • • • • • • •• • • • • • 6-307 

�., � 

;. , .. -,,, 



�( FigurP 

6-287 

6-288 

6-289 

6-290 

6-291 

6-292 

6-293 

6-294 

6-295 

6-296 

6-297 

6-298 

6-299 

6-300 

6-301 

6-302 

6-303 

6-304 

6-305 

l 6-306 

NAVELEX 0967-LP-616-7010 

LIST OF ILLUSTRATIONS - Cont inued 

Title Page 

Feed-Out Switch and Swit ch Lever S pring • • • • • • •  6-309 

Switch Lever Adjusting Bracket ••• • • • •• ••• • • • •• 6-310 

Feed-Out Switch (With Pulse Closure) • • • • • • • • • •  6-310 

Ribbon-Feed Pawl S pring and Eccentric Stud • • • •  6-312 

Fibbon-Feed Eccentric st ud (For Units With 
Adjustable A rm) • • • • •• • • • • •• • . • • • • • • • •• • •• • • . •• 6-312 

Ribbon-Feed Drive Ar� Spring and Pawl Down stop 
Eccentric and Ribbon Ratch et Wheel Spring 
Wa shers - Rear View • •• •• • • • • • • • • • • • • • • • • • • •• •• 6-313 

Ribbon Peversing Plate and Ribbon-Feed 
Feversing Arm Spring •••• • • • • • • • • • • • • • • • • • • • • •• 6-315 

Contact Mounting Bracket • • • • • • • • • • • • • • •• • • •• •• 6-316 

F unction Blade Springs •• • • • •• • • • •• • • • • • • • • •• • •  6-317 
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CHAPTER 1 
GENERAL INFORMAT ION 

AND SAFE'IY PRECAUTIONS 

1-1. SAFETY PRECAUTIONS. To 
stress the import ance of 
employing proper safety 
techniques while performing 
ma intenance procedures on the 
eq uipment involved, the user of 
this manual is directed to 
throughly familiarize himself 
with the safety precautions 
described in Chapter 4, 
paragraph 4-4. 

1-2. INTRODUCTION. This manual 
provides information and 
instructions for installation, 
operation, and maintenance of 
the Keyboard Send-Receive (KTR) 
and Receive-Only (ROTR) Typing 
Feperforator Sets Model 28 
(figure 1-1). Maintenance 

information includes 
instructions for testing, 
performing preventive 
maintenance and adjustments, 
troubleshooting, and repairing. 
A parts list is also included. 

1-3. EQUIPMENT DESCRIPTION. 
The Typing Reperforator Sets 
Model 28 consist of two basic 
type s, each of which is 
described in the following 
paragraphs. Figures 1-2 through 
1-6 are three-fourths front 
views of configurations 
currently in use. 

a. KTR Set. The KTR 
Typing Reperforator Set is an 
electromechanical apparatus that 
provides terminal facilities for 
exchanging messages over 
appropriate transmission 
facilities including telegraph 
lines, telephone networks, and 
radio channels. An operator 
sends the messages by typing 
them on a keyboard which 
translates the data to a serial 
start-stop (teletypewriter) 
code. The originating KTR set 

records the transmission on 
communications-type tape in t he 
form of code hole perforations 
and printed characters. Th e 
dista nt stations record the 
transmission on tape, page- width 
copy paper, or continuous 
tusin ess forms, determined by 
the facilities of the station. 
�he set operates at various 
speeds up tc 10 7 words per 
minute (wpm). 

b. ROTR Set. The 
Receive-Only Typing Reperforator 
Set ( ROTR) is s imilar to the RTR 
set, tut has no keyboard sending 
facilities. The ROTP set is 
used in applications that 
require only the reception of 
messages and printing and 
punching them on tape. The ROTR 
sets can be regular size or 
miniaturized as shown in figures 
1�3 and 1-4. 

c. High- and Low-Level. 
�his manual covers both high­
level and low-level 
configurations of typing 
reper forator sets. High-level 
typing reperforator sets are 
used in applications wherein 
radio frequency interference 
(RFI) does not present a 

problem. Low-level typing 
reper forator sets have R F I  
suppr ession features 
incorporated. One of the FFI 
sup�ression features is the use 
of a low-level signaling code 
from which the term low-level is 
derived. The low-level 
signaling code are the +6-volt 
(mark) and -6-volt (space) polar 

code levels versus the 
0.060-milliampere (mark) and o­
milli ampere (space) neutral code 
levels used in the high-level 
sets. High-level typing 
reperforator equipment is 
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NAVELEX 0967-LP-61E-7r10 

TYPING 

REPERFORATOR 

UNIT 

COVER 

Figure 1-2. Keyboard Send-Receive Typing Feperforator Set Model 28 
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Figure 1-3. Receive-Only Typing Feperforator Set Mo1el 28 
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Figure 1-u. Miniaturized Receive-Only Typing Reperforator set 
Model 28 
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Figure 1-6. Typical Multiple Reperforator Set Model 28 Cabinet 
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described in naragraph 1-3.1 and 
low-level eauipment is iescribed 
in paragraph 1-3.2. 

1-3.1 �QUIP�FNT DESCPIPTION 

{giGH-LEVEL) • The component 
complement of the typing 
reperforator sets may vary from 
one installation to another, 
depending upon the operational 
requirements. In general, a KTF 
set consists of a typing 
reperforator unit, a keyboard 
rase, a motor unit, and an 
enclosure as shown in figure 
1-7. Th e receive-only base 
repla ces t he keyboard base in 
FOTR sets, and in the multiple 
POTR sets, it accommodates three 
typing reperforator units. In 
KTR sets, the motor unit and 
tvpinq reperforator unit are 
mounted on the base portion o f  
the keyboard ( figure 1-7). The 
moto r unit supplies rotary 
motion, through a gear set, tc 
the typing renerforator unit and 
the keyboard. Gear sets may be 
interchanged to obtain various 
operating speeds up to 107 wpm. 
The transfer of rotary moti on 
from the motor unit to the 
typinq reperforator unit in ROTR 
sets is achieved thro ugh 
interchangeable gear sets or, in 
certain sets, by an optional, 
variable speed gear mechanism 
(see figure 1-8). In the 
multiple ROTP sets, the typing 
reperforator units may operate 
at a common speed, or at 
independently varied speeds. 

a. Typing Reperforator 
Unit. The typing reperforator 
unit contains

-
the mechanisms 

necessary for translating 
electrical input signals into 
mechanical m otions that 
perforate code holes and print 
the equivalent messages on taFe. 
The unit may be equipped t o  
provide either fully-perforated 
or partially-oerforated 
(chadless} operation. A 
function box is included t o  

NAVELEX 0967-LP-6�6-7010 

provide special functions s uch 
as unshift- on-space and signal 
bell. 

c. KTP and POTR Bases. 
Eoth the KTP and the ROTF bases 
provide mounting facilities for 
the typing reperforator unit, 
motor, drive gears, a nd vario us 
mecha nisms requ ired for con trol 
of the set. Unlike the FOTR 
tase, the KTP base is equipped 
with mechanisms for generating 
and transmitting a 
teletypewriter signal. 

c. Motor Units. The 
motor units provide mechanical 
motion for KTF and FOTR sets. 
These units may be either o f  two 
tasic types, ac synchronous or 
ac/dc series governed. The ac 
synchronous mot or is used when 
the power source is regulat ed; 
the ac/dc series governed motor 
operates from either regula ted 
or unregulated power. The 
latter is required where only 
unregulated power is available. 
�he units operate at the same 
speed. They are available in 
standard and heavy-duty 
horsepower ratings, to 
accommodate varying load 
requirement s. 

d. Enclosures. The 
components of the KTR and POTR 
sets may be housed in the 
following enclosures: The KTF 
cover, the ROTF cover, the 
miniaturized FOTR set cover, and 
the multiple reperforat or set 
cabinets. In addition, tables 
are available for supp ortin g  the 
cover-enclosed sets. 

e. Variable Features. A 
wide variety of optional 
features are available with the 
equipment. These f eatures, 
which Frovide special operations 
or control facilities, or w hich 
serve as an aid in operation, 
are in most cas es readily 
installed in the field. Some of 
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Figure 1-8. Miniaturized Receive-Only Typing Peperforator Set 
Model 28 (Cover Open) 
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these features are briefly 
described in the following 
pa ragraphs. 

(1) Tape Feed-out 
Mechanisms. These mechanisms 
operate automatically or 
manually to step-out a length of 
blank or LETTERS perforated tape 
for convenience in tape 
handling. Feed-out may be 
interfering or non-interfering. 

(2) Backspace 
Mechanism. This mechanism may 
be operated manually or with 
power drive. The mechanism 
retracts tape back through the 
punch block to allow erroneously 
perforated data to be 
obliterated by replacement with 
the LETTERS code combination. 

(3l Variable Speed 
Drive Mechanism. This mechanism 
is used in place of single-speed 
gear sets on certain ROTR sets. 
This feature permits the 
selection of operating s peeds by 
mean s  of a manually operated 
l ever. Typically, speeds of 60, 
75, and 100 wpm are available. 

(4) Motor Control 
Mechanisms. This mechanism 
starts or stops the set's motor 
in response to predetermined 
signal line or separate line 
conditions. 

(5) contact 
Mechanisms. A number of 
electrical contac t  assemblies 
are available to provide control 
to external equipment or for 
other special applications. 
These include code-reading, 
timing, and LETTERS -FIGURES 
contact mechanisms. 

(6l Accessories. 
Va rious accessories are 
a vailable to facilitate tape 
p rocessing and handling, 
including tape bins, low-tape 
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and tape-out alarms, and ta pe 
winders. 

1-3.2 EQUIPMENT DESCRIPTION 
(lOW-LEVEL) • Low-level typing 

reperforator sets differ from 
h igh-level typing reperforator 
sets in that RFI suppression 
features have been incorporated 
in se veral of the low-level 
components. The following 
paragraphs describe these 
features an1 point out the areas 
of difference between high-level 
and low-level equipment. 

a. RFI Suppression. RFI 
su��ression as applied to typing 
reperforator sets is 
accomplished by means of 
shielding and wave-shaping a 
low-level electrical telegraph 
signal throughout the equipment. 
The installations vary with each 
set, but produc e  the same 
results of ensuring signal line 
privacy. 

(1) Signaling. The 
code is transmitted by means of 
a +6-volt polar signal through a 
network of shielded cables to 
the shielded container of an 
electrical service assembly 
(ESA). A +6-volt s ignal is 

mark; a -6 -volt s ignal is space. 

(2) Electrical 
Service Assembly (ESA). The ESA 

is an electrica lly-shielded 
container in which shielded 
cables terminate. It also 
serves as a housing for certain 
components such as plug-in 
clutch magnet driver circuit 
cards, keyer circuit cards, and 
power supply circuit cards. 
components and construction 
characteristics of ESAs are 
discussed in paragraph 1-3.3. 

(3) Cabling. The 
shielded cabling varies with 
each set accord ing to need. 
Each component unit of a set is 
equipped with sufficient 
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shielding, in the form of 
metallic enclosures and shielded 
cables, to suppress signal 
radiation. All signal 
qene rators and ma gnet assemblies 
in the signal circuitry are 
shielde0 by means of metal 
containers attached to their 
re spective cables. 
Interconnecting cables join the 
component units to the ESA by 
means of metal connectors which 
screw together for a tight 
shielded connection . 

b. KTP and ROTR Set 
P�I Components. A shielded RFI 
selector mechanism is used in 
the typing reoerforator unit of 
KTR and ROTP sets. A shielded 
contact box assembly is used in 
the signal generator mechanism 
of the keyboard unit of KTR 
sets. 

c. PFI Selector 
Mechanism. The RFI selector 
mechanism (figure 1-9) mounts on 
the main frame of the 
reperforator. The selector 
consists of a special three-pin 
electrical receptacle, double­
shielded cable and metallic 
container. The three-pin 
electrical receptacle ensures a 
secure and shielded electrical 
connection to other associated 
apparatus. �he double shi elded 
cable electrically connects the 
three-pin electrical receptacle 
to the selector magnets. The 
shielded cable is composed of 
three electrical conductors 
encircled by braided inner and 
outer shields. The inner and 
outer braided shields are 
electrically separated from each 
other and the three electrical 
conductors by flexible solid 
dielectric. The metallic 
container functions as a 
shielded enclosure for the 
selector magnet assembly. 
Enclosed within the metallic 
container are the selector 
magnet coils, coil mounting 
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bracket, and select or armature. 
Each selector magnet coil 
contains an electrostatic shield 
which surrounds the coil 
windings. The selector coil 
mounting bracket provides 
mounting facilities for the 
coils, armature, and biasing 
spring. The receptacle, 
shielded ca ble, metallic 
container, and selector coils 
�rovide RFI suppression when 
used with associated RFI 
equip ment. 

d. RFI Signal 
Generator C ontact Box Assembly. 
�he PFI signal generator contact 
box assembly (figure 1-10) 
consists of a double-shielded 
contact box, a contact asse mbly, 
a f ilter card a ssembly, and a 
double-shielded signal line 
cable with receptacle. 

(1) Contact Box . 
�he RFI signal generator contact 
box is composed of an i nner 
metallic box completely enclosed 
by an outer metallic box. They 
are physically fastened together 
with insulating material to 
provide electrical isolation. 

(2) contact 
Assembly. The contact assembly 
is provided with gold-plated 
contacts to permit low voltage 
operation. It is electrically 
insulated from the inner box 
which encloses it. 

(3) Filter Card 
Assembly. The filter card 
assembly is a network of three 
resistors and a capacitor 
mounted on a circuit board. It 
is mounted on the contact 
assembly within the inner b ox .  
When used in conjunction with 
associat ed shielded cables, 
power supplies, and keyer, the 
filter provides a low-level 
inter face and RFI suppression .  
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Fiqure 1-9. RFI Selector MechaniRm 
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CABLE ASSEMBLY 

FILTER CARD ASSEMBLY 

MOUNTED ON CONTACT ASSEMBLY 

Figure 1-10. RFI Signal Generator Contact Box Assembly 
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Cable Assembly. A double­
shielded cable assembly is 
provided to electrically connect 
the contact box to a three-pin 
electrical receptacle. The 
shielded cable is composed of 
three electrical conductors 
encircled by braided inner and 
outer shields. Two of the three 
internal wires are electrically 
insulated. and transfer the 
telegraphic signals to 
associated equipment. The 
remaining wire is bare and 
electrically connected to the 
inner contact box. inner braid 
shieldr and cable receptacle. 
The inner and outer braided 
shields are electrically 
separated from each other and 
the wire by flexible solid 
dielectric. The inner braid is 
electrically connected to the 
inn�r contact box and the outer 
braid is electrically connected 
to the outer contact box. The 
cable assembly provides RFI 
suppression when used with 
associated RFI equipment. 

1-3.3 ELECTRICAL SERVICE 
ASSEMBLY. In low-level 
configurations an electrical 
service assembly (ESA) is used 
instead of the load current 
power supply. The following 
paragraphs describe briefly the 
components comprising the ESA 
with their functions. 

a. General Description. 
The ESA is an electrically­
shielded container in which the 
shielded cables terminate. It 
also serves as a housing for 
certain components such as plug­
in selector magnet driver 
circuit cards, clutch magnet 
driver circuit cards. keyer 
circuit cards, power supply 
circuit cards and relays. 
Figure 1-11 is a three-fourths 
front view of the Model 28 ROTR 
Set with the reperforator table. 
showing the front panels opened 
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indicat ing the location of the 
ESA. In table models the ESA is 
connected to the reperforator by 
shielded cables. 

b. ESA Designs. The 
ESAs are shielded metal 
containers which vary in 
configuration for different 
applications. They differ 
primarily because of the number 
of IRs (isolation relays) and 
circuit board connectors which 
are provided for the associated 
keyers and drivers. as well a s  
whether they ar e designed t o  be 
table-mounted or installed in a 
cabinet. ESAs that bouse l ow­
level keyer (LLR) or selector 
magnet drivers (SMD) require 
doubl e-shielded box 
con struction. An inner aluminum 
box functions as an 
electrostatic shield and is 
electrically isolated f rom an 
outer box which serves as a 
magnetic shield. Single-box 
construction is adequate for the 
clutch magnet driver (CMD) 
circuit cards which serves as a 
combined electrostatic-magnetic 
shield. The inner box contains 
a mounting plate with circuit 
board connectors to accommodate 
a power supply printed circuit 
board assembly and the required 
number of CMD, SMDr and LLR 
circuit cards. A screw terminal 
strip is provided for connecting 
the signal line. The outer box 
contains the inner box. a power 
supply transformer. power line 
filter. and a screw terminal 
block for ac power connections. 
A power switch and fuse are 
located on one side of the box. 
The r ectifier filter capacito r  
is housed w ithin the inner box. 
Figur es 1-12 and 1-13 show 
single-box and double-box ESAsr 
respectively, designed to b e  
table-mounted. Figure 1-14 
shows relative positions of 
inner and outer boxes and covers 
and circuit card connectors in a 
double-shielded ESA. 
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Figure 1-11. Receive-Only Typing Reperforator Set and Reperforator 
Table Model 28 
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Figure 1-12. ESA for Table Mounting - Single Box Construc tion 

Figure 1-13. ESA for Table Mounting - Double Box Construction 
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Figure 1-14. ESA Showing Circuit Card Connectors 
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c. ESA Components. 
Figure 1-15 is a top view and 
figure 1-16 is a bottom view of 
a double shielded ESA. Figure 
1-17 is an exploded view of an 
ESA having single-box 
construction, showing typical 
components. Figure 1-18 shows 
locations of typi cal cards used 
in an ESA. Pefer to the circuit 
discussions in Chapter 3 for a 
detailed discussion of the 
operation of each of these 
circuit cards. Abbreviations 
for the ESA components listed in 
table 1-2 are as follows: 

POTR Peceive-Only Typing 
Reperforator 

SFTR Send -Feceive Typing 
Reperforator 

ESA Electrical Service 
Assembly 

LLK Low-Level Keyer 

SMD selector Magnet 
Driver 

CMD Clutch Magnet 
Driver 

PS Power Supply 

WDP Wiring Diagram 
Package 

d. �SA C ircuit Cards. 
�he following paragraphs include 
a basic descrption of the 
?hysical properties and 
operating characteristics of the 
circuit cards used in the ESA. 

(1) Selector Magnet 
Driver (SMD). The TP323810 
selector magnet driver is a 15-
pin circuit card assembly 
designed to plug into an 
associated ES� as an integral 
part of its components. When 
used in conjunction with proper 
power supply and filter 
assemblies, it is intended for 
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PFI suppression of receiving 
selector noise in systems 
requiring this suppression. 
Figure 3-55 is a front view of 
the c ircuit card. The SMD 
p rovides two inputs and m ak es 
possible reception from either 
one of two separate transmitters 

(single input operation) while 
the i nput l ine from the other 
transmitter is open. A spacing 
signal at either input will 
provide a s pacing output. In 
order to function p roperly, the 
SMD s hould be installed in a 
dourle-shielded enclosure and 
used in conjunction with th e 
appropriate ESAs where extreme 
PFI suppression is required . I t  
is not intended for general use. 
�he input current to the SMD is 
a low-level +6-volt input for a 
marking state, and a -6-volt for 
a s pacing s tate. The output 
current of the SMD is 60 
milliamperes +10 percent du ring 
the m arking state. The output 
is zero during the spacing 
state . The SMD assumes the 
marking state with positive 
input voltages not greater than 
+0.5 volt de and the spacing 
state with negative voltages not 
great er than 0.5 volt de. The 
marking and spacing switching 
levels are adjustable within 10 

percent of each other. This 
requirement applies to eith er 
input. Each input of the S MD 
has a minimum input resistance 
of 50,000 ohms. The maximum 
input capacitance of either 
input is 2500 picofar ads. 
overall receiving margins o f  
properly adjusted Model 28 
selectors driven by this SM D 
{pola r  rectangular wave input) 

shoul d exceed 70 points at either 
input . The SMD provides a 
marking output when both inputs 
are open. Both inputs cannot be 
in th e marking condition 
simultaneously without producing 
a garbled output. The SMD 
operates at bit rates up to 75 
bau d. It operates in a free-
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Figure 1-15. Typical Parts of an ESA - Double Box Construction 
(Top View) 
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Figure 1-16. Typical Parts of an ESA - Double Box Construction 
(Bottom View) 
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TERMINAL STRIP (AC) POWER SUPPLY 
TRANSFORMER 

Figure 1-1 7. Typical Parts of an ESA - Single Box construction 
(Cover Removed) 

air ambient temperature of 70 
degrees Centigrade (158 degrees 
Fa hrenheit). Storage tempera­
ture should not exceed 85 degrees 
Centigrade (185 degrees Fahren­
heit). The SMD o perates from a 
power supply delivering 47 to 
53 volts de. The power consump­
tion under any combination of 
power source, environmental, and 
component conditions is 8.5 watts 
maximum. The SMD, together with 
associated ESA and power supply. 
is i ntended for use with equip­
ment requiring low-level RFI 
(polar-EMC) operation. 

(2) Low-Level Kever 
(TP303142). The low-level 

keyers (LLK) are circuit card 
assemblies approximately 2-1/ 4 
and 4-1/2 inches. They are 
designed to plug into a 15-pin 
connector that is wired into the 
ESA where it beco mes an integral 
components for the suppression 
of RFI. A front view of this 
circuit card is shown in figure 
3-56. The TP303142 LLK, when 
used in conjunction with the 
TP321268 filter card assembly 
is intended for use with the 
TP32364 4 and TP323645 signal 
gene rator (one contact) 
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assemblies. This LLK is 
adaptable to various types of 
Model 28-type equipment when 
used with the applicable ESA and 
is designed to operate from one 
set of contacts . However , two 
signa l generator outputs (filter 
card outputs) may be paralleled 
to drive one signal line fr om 
either of two signal genera tors. 
Each keyer is designed to 
operate into a high-resistance 
load such as the TP323810 SMD. 
An external power source, 
mounted in the associated ESA, 
is required to operate the 
keyers. All low-level keyer 
features for the TP303142 given 
in the following paragraphs 
assume the use of the TP321268 
filter card assembly. Maximum 
unloaded power consumption of 
each keyer is less than 50 
milliwatts. The output of the 
�P303142 keyer is +6.0 volt s de 
�1.0 volt corresponding to the 
marking state and -6.0 volts de 
spacing state. The marking and 
spacing state. The marking and 
spacing output voltage should be 
bal an ced to within 10 percent of 
each other. The TP303142 keyer 
operates from the spacing 
contacts (mark contact open, 
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POWER SUPPLY (PS} 

CLUTCH MAGNET 
DRIVER 

(CMD) 

Figure 1-18. ESA Showing 'Iypical Circuit Cards 

SELECTOR 
MAGNET 
DRIVER 

(SMD) 
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space contact closed) of the 
TP323645 or TP323644 signal 
generator assembly. The outputs 
from two TP321268 filter card 
assemblies may be paralleled for 
parallel operation of either of 
two transmitters. The nominal 
output impendance is 100 ohms. 
The keyers operate at bit rates 
up to 75 baud. Maximum short 
circuit output current is 6C 
milliamperes. The TP303 1 42 
keyer operates into a load 
resistance of 5000 ohms minimum. 
The keyers and TP32126 8 filter 
card assembly operate in a 
maximum free -air ambient 
temperature of 70 degrees 
Centigrade (1 58 degrees 
Fahrenheit). Storage 
temperature should not exceed 85 
degrees Centigrade (185 degrees 
�ahrenheit). The TP303 142 keyer 
operates from a power source 
delivering +7. 42 volts de +6.C 
volts. Maximum unloaded power 
c onsumption is less than 50 
milliwatts. The mark and space 
symmetry at zero volt (output 
waveform) is adjustable by means 
of the signal generator position 
adjustment for the TP303142 
keyer. The outputs may be 
adjusted within 1 0  percent of 
each other by the 5 megohm 
potentiometer on the keyer card. 
�he kever is intended for use on 
signal lines less than 1000 feet 
in length. Howev er, operation 
is possible with line lengths up 
to 5000 feet. 

(3) P ower Supply 
Card (General Description) • Two 
power supply cards are used in 
the ESA, one generating 0.5-
ampere and one generating a 1 .5-
ampere output. These two 
circuit cards, when installed in 
a shielded ESA containing the 
proper transformer and filter 
assembly, are intended as a 
radio interference power source 
in systems requiring low- level 
FFI. The required power supply 
should be plugged into the 15-

1-2 2 

pin TP1 48458 connector in the 
ESA that has a TP198650 
polarizing key between pins M 
and N for the 0.5-ampere power 
supply and between pins K and I. 
for the 1.5-ampere power supply. 
Refer to table 1 -1 for 
information regarding the 
applicable power supply card to 
be used with the particular set 
and to the wiring diagram 
packages in Chapter 5 for the 
applicable wiring diagrams. See 
figure 3 -54 for a typical card. 
The transformer and filter 
circuits for both power supplies 
are located in part of their 
associated ESA. The power 
transistor and heat sink for the 
1.5-ampere power supply is also 
part of the ESA. The power 
transistor and heat sink for the 
0.5-ampere power supply are 
inclu ded as part of the TP321290 
circuit card assembly. The 
amperage rating and quantity of 
power supply circuit cards to be 
used (one per ESA) will depend 
upon the equipment used. Each 
power supply circuit card 
assembly is a part of some ESA. 

Each ESA is part of equipment 
used in low-level operati on . 

(U) Power Supply 
(0.5-Ampere) Card. The 

following technical data applies 
to 0.5-ampere power supplies 
when installed in an ESA that 
accommodates from one to three 
selector magnet drivers (SMD) or 
clutch magnet drivers (CMD) • 

(a) Input: 100 
volts ac to 130 volts ac, 4 5  to 
66 Hertz 

(b) output: 

1. + 47 
volts de to +�3 volts de at 
0.5-ampere maximum 

2. +6.6 
volts de to +7.A volts de at 
0.018 -ampere maximum 

.�� 

) 
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(c) Fusing: 

1. AC: 

0.8-ampere, slow-blowing 
(TP1623 60} 

2. DC: 

r.5-ampere, fast-blowing 
(TP131807} 

(d) Operating 
Ambient Temperature: +40 
degrees Fahren heit to 120 
degrees Fahrenheit with cooling 
fan. 

(�l Power Supply 
(1.5-Ampere) Card. The 

following technic al data appl ies 
to the 1.5-ampere power supply 
installed in an ESA that 
accommodates from one to six 
selector m agnet drivers (SMD) or 
cl utch magnet dri vers (CMD). 

(a) Input: 100 
volts ac to 110 volts ac, 45 to 
66 Hertz 

(b) output: 
+47 volts de to +53 volts de at 
1.5-ampere maximum 

(c) Fusing, 

1. 
2-ampere slow-blowing 

2. 
1.5-ampere f ast-blowing 

AC : 

DC: 

(d) Operating 
Ambient Temperature: +40 
degrees Fa hrenheit to 120 
degrees Fahrenhe it with cooling 
fan in a multiple-reperforator 
cabinet (LBAC). 

(6l Clutch Magnet 
Driver. The following 
paragraphs describe the TP321991 
cl utch magnet driver (CMD} 
circuit card and outl ines the 
electrical theory when installed 
(plugged into a shielded ESA 

containing the proper power 

NAVElEX 0967-LP-616-7(10 

supoly and filter assemtlies) • 
Fefer to figure 3-57 for a front 
view of this circuit card. The 
C�D is a solid-state, direct­
coupled amplifier Luilt as a 
flug- in circuit card assem�ly 
approximately 2-1/2 ty 4-1/U 

inches. It r�quires an external 
power source. All connnect ions 
are made th roug h a 15-pir 
circu it card connector. Th e CMD 
output drives a Model 28 
transmitting clutch upon receipt 
of a low-level input pulse. It 
is to be used with the proper 
assoc iated equipment and is n ot 
for general use. 'These CMDs are 
adapt able to va rious Model 28 
equipment sets through the use 
of associated modification kits. 
Each CMD (one or more) is p art 
of, or associated with, some 
ESA. The number of CivlDs used 
depends on the number of cl utch 
�agnets use d in the set. The 
CMDs receive low-level sign als 
(+6-volt clutch coil e nergized, 

-6-volt coil de -energized, 
nominal) and operate a Model 28 
clutch. The TP321991 CMD is 
designed for use with 2 56� or 
252� coils, dependinq on th e 
type of transmitting equipment 
use d. The output current d ur ing 
the energized state for the CMD 
is: 

(a) 252M Coil 
(Single coil for LK/LAKs) 1 07 to 

132 milliamperes 

(b) 256M Coils 
(two coils in series for LXDs) 

124 to 156 mill iamperes 

NOTE 

When operating an LK or LAK 
at the maximum pulsing rate 
(minimum period), the machine 

may not respond to each syn­
chronous pulse when in the 
RFPEAT mode. 
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(c) Operation 
is consideren satisfact ory when 
the incoming synch ronous pulse 
complies with the following 
requirements: 

1. 
mum sync pulse duration 
milliseconds. 

Mini­
= 20 

2. Maxi­
mum sync pulse dura tion = 40 
milliseconds or 2 bit lengthsr 
wh iche ver is longer. 

3. Mini­
mum sync pulse period = 110 
percent of transmitted character 
length. 

Under the conditions of 1 
through 3 above, start pulse 
delay should be between 15 and 
35 milliseconds. (Delay is 
measured from zero volt of the 
positive-going input synchronous 
pulse signal to the beginning of 
the start pulse at the signal 
generator contacts.) If the 
TP321268 filter card assembly 
and TP303142 keyer are used, a 
nominal 6 milliseconds must be 
added to the delay to account 
for delay in the keyer. The 
TP321991 CMD assumes the 
energized state with positive 
input voltages not greater than 
+0.5- volt and the de-energized 
state with negative voltages not 
greater than -0.5-volt. The 
energized and de-energized 
switching levels as defined in 
the previous sentence are 
adjustable to within 10 percent 
of each other. The TP3 21991 CMD 
should have a minimum input 
resistance of 50,000 ohms. The 
maximum input cap acitance is 
2500 picofarads. The CMD 
pro vides a spacing (de­
energized) output when the input 
line is open. The clutch magnet 
driver operates in a free air 
ambient temperature range of 
zero degree Centigrade (32 
degrees Fahrenheit) to 65 

1-24 

degrees Centiqr ade (150 degrees 
Fatrenheit). Storage 
temperature should not ex ceed 85 
degrees Centrigrade (185 degrees 
Fahrenheit). The TP321 991 CMD 
operates from a power supply 
delivering +U7 to +53 volts de. 
Power consumption under any 
cowbination of power source, 
environmental, and componen t 
conditions is 13 watts maximum. 
�he TP321991 CMD is intende d for 
use on clock lines less than 
1000 feet in length. However, 
operation is possible with line 
lengths up to 5000 feet. The 
�P321 991 CMD, when used with 
associated �owe r supplies, is 
intended for use with interfaces 
conforming to the f ollowing 
requirements: 

Fed . Std. 22 Section 3102 b 

MIL-STD-188B 

1-4. RELATIONSHIP OF UNITS. 
Figure 1-1 shows the component 
relationship between a keyboard 
send-receive typing reperforator 
(KTF) set or a receive-only 

typing reperforator (ROTF) set. 

1-5. FEFEF ENCE DATA. Table 1-1 
lists the physical properties 
and operating characteristics of 
the Model 28 Typing F eperforator 
and its components. 

1-6. EQUIPMENT, ACCESSORIES, 
AND DOCUMENTS SUPPLIED. Table 
1-2 is a matrix showing high­
level and low-level teletype 
sets with covers, typing 
reperforator models, keyboards 
and bases, motors, etc., 
available. Both models and the 
equivalent Navy designation are 
included for each sets. 

1-7. EQUIPMENT AND PUBLICATIONS 
FEQUIFED BUT NOT SUPPLIED. 
�able 1-3 l ists the test 
equipment and publications 
required bu t no t supplied with 
the unit. 
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Manu fact ur er 

WPight an� Dimens ions 

'T'a pe 

Ke yboard �end-Re ceive Set 
Typing P ener f orator Set 

Re c eive-Only Typinq 
Ppperf orator Set 

Re cPive-Only Miniatur­
ized �vning R eperforator 
Set 

Typical Model 2R 

Multiple Perforator 
Set cabinet (Incluaes 
!'1ultiple "�'"'vpinq 
Reperforator Sets) 

'T'able 

Type 

"'· � 

Table 1-1. Refe r ence Data 

Property or Charac teristic 

Keyboard Send-Re ceive (KSR) and Receive-only 
(ROTR) Set s Mo1el 28 (Refer to 'T'able 1-2 for 

official nomencl atures) 

Teletype Corporat ion , Skokie, Illinois 

He ight 
(Inchesl 

13-3/4 

9-1/2 

9-1/4 

57-1 /? 

35 

Width 
(Inches) 

17 

13 

1( 

25-/1 2 

20-1/ 2 

Depth 
(Inches) 

18-3/4 

13-1/2 

1 2  

32-1/2 

18-1/2 

Standard Communications 

Weight 
(Pounds) 

119 

48 

40 

270 

50 
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Item 

Table 1-1. Peference Data - Continued 

P roper ty or Characteristic 

-------- --�-�--�---------

Width 

Code P�rforations 

Characters spacing 

AC Synchronous Motor 

In rut Volt aqe 

Phase 

F requency 

Input_ Current 

Starting 
Punning 

Heat Dissipation 

Horsepower 

Power Factor 

No Load 
l:"ull Load 

11/1 6 in. 

Chad less or fully perforated 

10 per inch (or 10 feed holes per inch) 

Requires regulated power source for operation 

115 VAC +10% 

Single 

60 Hz +S% 

9.00 amps 
1.85 amps 

50 watts 

0.50 

23.7% 
38.5% 
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Table 1-1. Reference Data - Continued 

Item I Property or Characteristic 

Miniaturized AC Synchro- 1 Requires regulated power source for operation 
nous Motor 

Input Voltage 

Phase 

Frequency 

Input current 

Starting 
Running (No Load) 
Running (Full Load) 

Horsepower 

115 VAC :t10% 

Single 

60Hz +0.5% 

5.00 amps 
1.05 amps 
1.25 amps 

0.025 

·� 

AC Governed Mo tor Operates from regulated or unregulated power source 

Input Voltage 

Phase 

Frequency 

Input Current 

Starting 
Running 

Heat Dissipation 

115 VAC +10% 

Single 

50 to 60 Hz 

1.75 amps 
1.00 amps 

75W 

z 

� 
tx:l 
t"i 

� 
0 
� 
"' 
-..J 
I 

t"' 
ttl 
I 

0'1 
..... 
0'1 
I 

-..J 
0 
..... 
0 
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(X) 

Item 

Power Fa ctor 

No road 
Full Load 

Horsepower 

Ambient Temperature 

Si gnal Current 

code 

Clutch Trip Magnet 
con trol Circuit 

Printed C haractersr 
Chadless 

Height 

Width 

Table 1-1. Reference Data - Continued 

71.0% 
66.8% 

0.5 

Property or Characteristi c 

-2ooc (-40F) to +5ooc (+1220F) 
Temperature should n ot increas e  over +40oc (+720F) 

0.060 or 0.020 ampere off/on direct current applied 
to signal generator from external source 

5-level Baudot - sequential start/stop 

Operates from following external sources: 

a. 115 VAC, !_10%r 60Hz 

b. 120 VAC !_10%, with suitable external resistance 

c. 50 VAC !_10%, with suitable external resistance 

0.120 in.r standard 
0.193 in .r maximum 

0.075 in.r stand ard 
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Table 1-1. Feferen ce Data - Continu ed 

Item I Property or Characteristic 

Print e� Characters, 
Fully Perforated 

Height 
Width 

Operatinq Speeds 

7.00 

Operations Per Minutel 390 

Baud 45.5 

0.100 in. 
0.046 in. 

7.0(' 7.00 ?.no 

428.6 636 f4 3 

50.0 7 4. 2 75.0 

Unit Code 

7.42 7.42 7.42 7.42 

368 404 460 600 

45.5 ') 0. 0 56.9 74.2 

-

-� 

7.50 7.50 7.50 

364 400 600 

45.5 50.0 75.0 

Pulse Length 0.022 0.020 c.0135 0.01�3 0.022 r.o20 0.0175 0.0135 0.022 0.020 0.0133 

Frequency (Hertz} 

Characters/Second 

Worc'ls/Minute 

BSA Power Sup plies 

l\C Innut 

Frequ<?ncy 
Power 

22.75 2S. 0 

6. 5 7. 1 

65 71 • (l 

37.1 37. 5 22.7S 25.0 

1 o. 6 10.7 6.0 6.7 

106 1('7 60 67.3 

0.5 - 7\mp 

100 to 130 VAC 

45 to n6 Hz 
55W at 1 S VAC 
for 25W out.put 

28.45 :n.1 22.75 25.0 37. �::, 

7.7 10.0 6. 1 6.7 1 0. 1 

75 100 f0.6 66.6 100 

1.5 - Amp 

100 to 130 VAC 

45 to 66 Hz 
100W at 115 VAC 
for 50W output 

•7. -'< 
;l::l 
< 
l� 
1:""1 
l'1 
X 

0 
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0'1 
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0 



.... 

I 

w 

0 

Item 

Output 

Operating Temperatur e  

Fusing 

ac 
de 

Table 1-1. Reference Data - Continued 

Property or Characteristic 

+47 to +53 VDC m 0.5 amp 
+6.6 to +7.8 VDC m 0.018 amp 
-6.6 to -7.8 VDC m 0.018 amp 

+400F (4.40C) to 
+1100F (430C) with fan 

0.8A slo-blow TP162360 

0.5A fast-blow T P131807 

+47 to +53 VDC m 1.0 amp 

+400F (4.40C) to 
+1100F (4 30C) with fan 

2 .0 slo-blow TP1201 66 

1 .5A fast-blow TP115358 

-
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GEAR SETS(BAUD) 
Table 1-2. Equipment Matrix, Model 28 Typing Reperforators and Tape Printer Keyboards 

I COVERS I ENCI TYPING REPERFORATORS !KEYB OARDS I RO BASE S I I I ESA'S /PCB'S I MOTORS 

0 I{) C\.1 

0 lri � 
I{) � 1'-

I{) Q) (\J 0 0 I{) 
lri <.0 ;! 0 lri I{) 
� I{) I{) 1'- � 

II /II I II II II II II /II I I II II //Jill //11 I II I I II I !IIIII lffi 
��-�<c �:t{;:J"'� rf: rf:�-� (j �"';;�<?a, 0"' . � <o 0 0" � � ., ., "-��O�NOO��������������� *� zyzy������ � � ������&���� 

N.�����&*������zy������������� ���������N.����������� �� 

���������������������������� ����0UQ���������������� 

0 

0 
I{) 

� ��t
u
:E� I I I I I I ;4%%XrM'JsirJrJtM'Jffii���%%1titl I J�Xi1q)�%%��%P%%i I I I I I I I I I I 

T ELETYPE 
IDENTIFICATION 

NUMBER 
TT-253/UG lX lX lX X � X � 
TT-253A/UG lX X X X [X X � 

0:: 
TT-253B/UG lX X [X X X � >< 

1- TT-253C/UG [X X � � � X lX 
� 

TT-253D/UG [X X X X X X X 
...1 

TT-292 /UG [X X [X X X X [X 
w TT-292A/UG X X � X l>< [X 
> 

AN/UGC -70* * w 
...1 AN/UGR-2 X X X [X [X l 
I TT-192/UG � X [X [X (!) 

I TT-192A/UG lX X X � lX 
0:: TT-192B/UG X X X lX � 
0 TT-192C/UG � rx X [X 0:: 

TT-274/UG X X ll< X 
TT-274A/UG [X X rx X 
TT-274B/UG X X X X 
TT-274C/UG X X [X X 

...1 0:: AN/UGC -78* X X X X X [X X lX X [X X [X X X X w 1-
TT-253( )UG X X X X X IX X lX X IX � X >< > � 

w 
AN/UGC - 64 X [X � � [X [X X X ,_j 0:: I 

3: 1- TT-571/UG X [X X [X rx C>< 0 0 
...1 0:: TT-605/UG X 28 RFC 6008/004/XXX/ BR X [X X [>< 

*PART OF VSL 50BR *** REFER TO VSL 50BR FOR COMPLETE BREAKDOWN AND PARTS (GEAR SHAFT ASSEMBLY FOR 60, 75, 100 WPM) 
**AN/UGC-70 CONSISTS OF VSL 569*** WHICH INCLUDES VCL 561BR***,VCL562BR* **, AND A COVER. 

* * *VSL AND VCL ARE TELETYPE CODES USED FOR REFERENCE ONLY. BREAKDOWN OF VSL'S AND VCL'S MAY BE OBTA INED FROM TELETYPE CORP. 
fFROM NAVELEX 0967 -588 -010. 
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Table 1-3. Equipment and Publication s Required But Not Sup plied 

Category 

Telegraph 
S ignal 
Analyzer 

Volt-ohm­
milli­
ammeter 

Tools 

'T'uning 
Fork 

Recommended 
Eouipment 

Test Set, 
Telegraph 
TS-2616/UGC 

Multimeter 
AN/USM-311 

Teletype 
Repair Kit 
TK-188/U 

TP1 049 86 

Alternate 

Equival ent 

Equival ent 

Equivalent 

Equipment 
Test Parameters 

Measures timing 
di stortion in 
start/stop and 
synchronous data 
telegraph signals. 
Refer to NA VSHIPS 
0969-125 -8010. 

AC voltage - 115, 
5.6 VAC 
DC voltages - 120, 
7.5, 1.5 VDC 
Direct Current -
60 rnA, 7 0 ua 
Resistance -
Continuity 
measurements 

Equivalent I Checks motor unit 
motor sp eed 

A pp lication 

Maintenance, 
Trouble­
shooting 

Maintenance, 
Trouble­
shooting 

Mai ntenance, 
Rep air 

Maintenance 
Trout;le­
shooting 

1-33/ 1-34 B��K 
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CHAPTER 2 

OPERATION 

2-1. INTRODUCTION. This 
chapter describes the operation 
of Keyboard Send-Receive (KTR) 
and Receive-Only (ROTR} T yping 
Feperforator sets Model 28 from 
a maintenance standpoint. 
Operation of a KTF or FOT R  
teletypewriter set when 
installed as part of a system is 
co vered in the appropriate 
system manual. 

2-2. CONTROLS AND INDICATORS. 
KTP and ROTR set controls and 
indicators are shown in figures 
2-1 and 2-2 and briefly 
described in table 2-1. 

2-3. OPERATING PROCEDURES. 
Procedures for operating the KTR 
and ROTR sets are provided in 
table 2-2. 

NOTE 

If the set is a low-level 
configuration, the proper 
switch on the associated 
electrical service assembly 
(ESA) must be set to the 

appropriate position for 
turn-on and turn-off. 

2-4. OPERATOR MAINTENANCE. 
Operator maintenance is limited 
to replacing tape and installing 
a new ribbon. Refer to figures 
2-2 and 2-3. 

a. Taoe Installation. 
Threading is identical for all 
units within the typing 
reperforator mechanism but the 
path from the tape container is 
adapted to the particular unit. 
To install tape, proceed as 
follows: 

(1) Refer to figure 
2-3. 

(2) Remove tape 
container hub and insert it 
through tape spool. 

NOTE 

On most units, tape feeds 
from right to left. Howe ver, 
in some RO units, tape feeds 
from left to right. 

(3) Roll hub with 
tap e  into tape container so that 
tap e feeds from bottom hole. 

(4) Ensure that low 
tape switch lever rides on outer 
edge of tape roll when tape is 
installed in the container. 

(5) cut or tear 
the leading end of tape so it.is 
squar e  and feed it from base 
tape guide rollers or loop into 
tape chute. 

(6) Push tape 
downward around die wheel to the 
point where it will be engaged 
by the feed wheel. 

(7) Turn manual feed 
thumbscrew counterclockwise to 
thread tape bet ween feed wh eel 
and die wheel, under the tape 
shoe through the punch block. 

(8) 
beyond edge of 
tape aperture, 
door with tape 

Extend tape 
cabinet or cover 
closing access 
p rotruding. 

b. Ribbon Installation. 
Open the cabinet or cover access 
door. The ribbon mounts in a 
v ertical position a t  top of 
rep erforator and is held in 
place on each of the two 
spool shafts by a toggle lever. 

2-1 
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Figure 2-1. KTR controls and Indicators 
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Figure 2-2. FOTR Controls and Indicators 
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Table 2-1. Control and Indicator Functions 

control/Indicator Function 

r---
-� 

KTR Control and Indicator Functions (figure 2-1) 

4AMP-SL-BL fuse 

POWER switch 

PilOT lamp 

FND OF LINE indicator 
lamp 

!.OW TAPE lamp 

Character counter 

li'unction kevs 

FIGS key 

LTRS key 

2-4 

Provides electrical circuit o verload 
protection .  

Applies primary ac power to motor unit 
and indicator circuits. 

Illuminates at all times when POWER 
switch is in ON position. 

Illuminates when typed message reaches 
the 66th to 68th space from the 
beginning of a line and remains 
illuminated until carriage return key 
is pressed. 

Illuminates when low tape contacts 
close whenever the diamete r  of the 
tape is reduced to a predetermined 
dimension. 

Indicator advances one unit for each 
character. Returns to zero when 
carriage returns to left margin. 

When pressed, manually sets code bar 
mechanism to signal code combination 
for function selected. Signal code 
combination is distributed to signal 
line. Signal co de is transmitted to 
local typing unit, for monitoring, 
and to remote typing unit. Signal 
code combination, received b y  typing 
units, activates mechanism corresponding 
to function selected. 

Selects figures signal cod e combination. 
Figures shift function initiated at typing 
units. Results in positioning of type 
box, through related mechanisms, for 
printing of figures, punctuation marks, 
or other upper case symbols. 

Selects le tters signal cod e combination, 
Letters shift function initiated at typing 
units. Results in positioning of type box, 
through related mechanisms, for printing 
of letters. 

' ' 
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Table 2-1. Control and Indicator Functions - Continued 

Control/I ndicator 

CARR RET key 

LINE FEED key 

KBD LOCK key 

KBD UNLK key 

BLANK key 

FEPT key 

BREAK key 

Upper Case 
s key 

Function 

Selects carriage return siqnal code 
combination. Carriage return function 
initiated at typing units. Results in 
returning printing type box carriage, 
through related mechanisms, toward le f t  
side o f  typing unit. 

Selects line feed signal code combination. 
Line feed function initiated at typing 
units. Results in advancing platen, 
through related mechanisms, either one 
line or two lines, depending on position 
of single-double line feed lever. 

When pressed, causes s ignal generator 
to b e  shunted, preventing signal 
generation. Key remains depressed 
until rele ased by pressing KBD UNLK key. 

When pressed, removes shunt from 
signal generator, allowing signals to 
be generated. 

Pressing key twice in succession 
op erates keyboard lock. KBD UNIK key 
must be pressed to resume operation. 
Pressing key alternately with other 
keys (except KBD LOCK and BREAK keys} 
will not lock keyboard. 

When pressed, to gether with any othe r key 
(exc�p t local function keys), causes 

repe ated transmission of function or 
character selected. 

When pressed for about two secon1s 
interrupts signal line causing 
typing units to run "open". Since 
depressing the BREAK key operates 
the keyboard lock, it is necessary 
to depress the KBD UNLK key to resume 
transmission. 

Pressing key causes bell to ring. 

2-5 
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TablP ?.-1. Contro l and In dicator Functions - Continue� 

Control/Indicator 

Character keys 

Space Bar 

.,.,APE F. O. key 

'T'J>PF E. SP. j{ey 

Functior 

When pressed, manually SPts codebar 
mechanism to code combination for c�aracter 
distributed to signal line. Signal 
mechanically distributed to signal 
code i s  transmitted to local typing 
unit, for monitoring, and to remote 
tvping unit. Signal code combination, 
received by typiPg units, activates 
printing mechanism to print letter or 
figure character selected, depending o n  
which shift function has been previously 
selected. 

Manually sets co de bar mechanism to space 
sianal code comtination. Signal co,e 
cowbination received by +voing unit 
activates spacing mechanism. 

Automatically feeds the taoe out of the 
Peperforator Set to a predetermined length. 

Moves tape back one character to the r ight 
of the punch block. 

PO"'f'P Control and Indi c ato r Functions (fiaure 2-2) 

,.,�PF OUT switch 

POW�R swit ch 

2-E 

Automatically feeds the +ape out of th e 
reperforator unit to a predetermined length. 

Ap plies primary ac power to motor unit and 
indicator circuits. 

;� 
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Table 2-2. KTR and RO TR Operating Procedures 

Step �.ction Normal Indication 

1 • 

2. 

Turn-on. To turn on the 
teletypewriter set, proceed 
as follows: 

CAUTION 

Ensure POWER switch is in OFF 
position before turning on the 
external power supply. 

*a I Ensure primary power cord i s  
plugged in t o  a c  outlet. 

*b 

*c 

Before turning POWER switch 
to ON, ensure that the set 
gears are com patible with 
the speed of the sending 
eouipment. Obtain desired 
speed by means of the select­
ing lever at the rear of 
the set. 

CAUTION 

Operate speed selector lever 
only when POWER switch is in 
OFF position. 

Set POWER switch to ON. 

QEerating Tests. Check 
for proper oper ation of 
teletypewriter set as follows: 

PILOT indicator illumi­
nates and motor sta r ts 
running. 

*a Press TAPE FE�D-OUT button 
(ROTR) or TAP� F.O. 

Armature should be pulled 
down and set runs open. 

key (KTP) • 

>;<Applies to both KTR and ROTR 

2-7 
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Table 2-2. KTR and ROTF Operating Procedures - C ontinued 

Step 

*b 

*c 

d 

e 

f 

g 

h 

i 

j 

*k 

2-8 

Act ion 

C lose e xternal signal 
circuit. 

Check an in coming message 
by inspecting the typed 
tape and comparing the 
coded equivalent (six 
characters in advance of 
the typed c haracter) with 
the typed character. 

Press KBD UNLK key and 
type any typical message. 

When END OF LINF lamp 
illuminatesr press CARR 
RET key. 

Press TAPE B. SP. key 

Press TAPE F. O. key 

Press REPT key simul­
taneously with any 
character key. 

Press BREAK key. 

Press KBD LOCK key. 

Remove typing reperforator 
tape container from typing 
reperforator set. 

Normal Indic ation 

Typing reperforator runs 
closed until incoming 
signal initiates perfora­
ting and typing functions. 

Typed character corresponds 
to coded equivalent. 

Indicator on character 
counter advances one unit 
for each character. END 

OF LINE lamp illuminates 
when character counter 
reaches 66 to 68 units. 

END OF LINE lamp goes 
out and character 
counter indicator returns 
to zero. 

Tape in typing reperfora­
tor moves one character 
to right of punch block. 

Tape automatically feeds 
out to predetermined 
length. 

Transmission of character 
is continuous until 
character key is released. 

Typing reperforator runs 
open. 

All keys on keyboard l ock. 

LOW TAPE indicator lamp 
illuminates. 

*Applies to both KTR and ROTR 
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TYPE WHEEL 

-TAPE CONTAINER 

TAPE GUIDE 

FEED HOLE 

PERFORAT ING 

MECHANISM 

WHEEL 

MANUAL 

TAPE FEED 

THUMBSCREW 

Figure 2-3. Path of Tape 

INTO 

TAPE CHUTE 
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To install ribbon, proceed as 
follows: 

(1) Refer to figure 
2-4. 

(2) Engage hook on 
end of ribbon in the hub of an 
empty spool (retain one spool if 
replacing a used ribbon). 

f3) Wind a few turns 
of the ribbon on to the empty 
sp ool to ensure that the 
reversing eyelet has been wound 
upon the spool. Wind the left 
spool clockwise and the right 
spool countercloc kwise. 

(4) Install empty 
spool over the open toggle of 
its spindle and turn the spool 
slightly until driving pins on 
shaft engage holes in rear of 
spool. 

LEIT ROLLER 

RIBBON 

RIBBON REVERSING 

ARM 

RIBBON 

(5) Close the toggle 
and thread ribbon aroun d the 
roller, through reversing pins 
(making sure eyelet is always 

above pins) for both spools, 
over the left roller (or under 
the right roller) and to the 
opposite spindle. 

(6) Place spool o n  
spindle. 

(7) Rotate spool to 
take up slack in ribbon and 
latch the sec ond toggle. 

(8) When properly 
installed, the ribbon should 
feed from the outside o f  each 
spool and shoul d reverse 
whenever an eyelet engages a set 
of reversing pins. 

RIBBON 

ADJUSTABLE 

EXTENSION ARM 

. . DRIVE ARM 

®-- ROLLER 

lj- ROCKER BAlL 

Figure 2-4. Path of Ribbo n 
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CHAPTER 3 

FUNCTIONAL DESCRIPTION 

3-1. INTRODUCTION. This 
chapter provides a functional 
description of the Keyboard 
Send-Receive (KTR) and Receive­
Only (ROTR) Typing Reperforator 
Sets Model 28 . Views of both 
fully perforated and chadless 
units are included, with basic 
asse mblies and location of 
components shown to clarify 
similarities and differences 
between these units. 
De scriptions are divided into a 
general system description keyed 
to a basic system diagram. A 
functional block diagram follows 
showing signal paths and the 
functional blocks comprising 
each of the blocks in the system 
block diagram. A brief 
description of the function 
nerformed by each of these 
blocks and the interaction 
between these blocks is keyed to 
the functional block diagram. 

The third le vel of circuit 
theory includes a detailed 
aiscussion of each assembly 
including illustrations of 
mechanical linkages and 
schematics where applicable. 
Fefer to the schematics and 
wiring diagrams in Chapter 5 for 
a complete display of circuit 
paths and system wiring. 

3-2 . GENERAL DESCRI PTION OF 
SYSTEM OPERATION. Figure 3-1 is 
a right front view of the 
chadless type Typing 
Peperforator unit Model 28, 
showing the location of 
principal assemblies. 
Figures 3-2 and 3-3 show a 
right-rear view and a left- rear 
view, respectively, of the 
Typing Reperforator unit 
Model 28 for fully-perforated 
tape. The fully-perforated tape 
typing reperforator unit (figure 
3-2) prepares fully punched tape 
and prints between the feed 

holes . T he chadless-type typing 
reperforator unit prepares 
partially punched ( hinged chad) 
tape and prints along the u pper 
edge of the tape. Except for 
these diffe rences, the two 
typing reperforator units are 
identical. 

3-3. BASIC BLOCK DIAGRAM 
DESCRIPTION. F igure 3-4 is a 
basic block diagram showing in 
simplified format the functional 
blocks and basic signal paths 
comprising the unit. The 
diagram contains nine 
mechanisms, each of which i s  
described briefly in the 
following paragraphs. 

a. Drive Mechanism. The 
typing operation, which causes 
characters to be imprinted on 
tape, is caused by striking a 
Frint hammer against selected 
characters on a rotating 
bakel ite type wheel. The type 
wheel is driven through a gear 
train and clutch arrangemen t by 
an ac motor mounted on the base 
of the unit. T he main shaft 
rotates continuously as lon g as 
power is applied. The unit is 
referred to as being in the 
idling condition when the m ai n  
shaft is turning and the signal 
circuit is closed, so that no 
signal is being received. The 
unit is referred to as running 
open when the main shaft is 
turning and no signal is applied 
to the selector magnets. 

b. Selecting Mechanism. 
Selection of the character to be 
punched or printed is made by 
pressing a key in the keyboard 
or when a five-level code i s  
received ov er the transmission 
line to the set. In either case 
this causes a series of 
electrical impulses representing 

3-1 
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Figure 3-1. Typing Reperforator Unit Model 28, Chadless Tape, 
Right Front View 
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the desired character to be 
generated. The selector 
mechanism, made up of a 
selector, a clutch trip 
assembly, and a cam-clutch, 
translates the signaling code 
combinations into mechanical 
arrangements which govern tape 
printing and perforating. The 
electrical pulses comprising 
each code combination are 
applied to a magnet on the 
selector. An 0.020 or 0.060 
ampere signal is applied 
externally to the selector 
magnet. External electrical 
signals are applied through a 
36-pin connector at the rear of 
the unit, as shown in figure 
3-4. The two-coil selector 
magnet may be wired in series 
for the 0.020-ampere signal or 
in parallel for 0.060-arnpere 
operation. A range finder 
permits adjustment of the 
selector in relation to the 
signaling code. 

c. Perforator Mechanism. 
This block contains the punch 
sl ides and components used to 
physically punch the code for 
the desired character in the 
tape. The mechanical 
arrangements are passed on 
through the trans fer mechanis m  
to control the position and 
printing mechanis ms, and to the 
punch slides to control the 
punching operation. 

d. Transfer Mechanism. 
Near the end of each selecting 
cvcle, the transfer mechanism 
moves the intelligence in the 
form of a mechanical arrangement 
from the punch slides to the 
function box mechanism and to 
the positioning mechanisms. 
Five mechanical linkages are 
included in the transfer 
m echanism, each associated with 
a punch slide to produce the 
five-level code described in 
paragraph 3-�. 

NAVELEX 0967-LP-616-70 10 

e. Function Box 
Mechanism. The function box 
mecha nism enabl es the u nit to 
perform various auxiliary 
functions including LETTERS­
FIGURES shi ft, unshift-on-s pace, 
and s ignal bell, as describ ed in 
the discussion of variable 
features. The function box 
conveys the motion of the main 
shaft to the mechanisms 
concerned with the actual t yping 
and punching operations. 

f. Positioning 
Mechanisms. This basic b lock is 
made up of three functional 
ass emblies which operate 
independent ly to position the 
typewheel during the typing 
operation. The operation o f  
each of these three mechanism s 
is described in the functional 
block diagram description. 

g. Type Wheel. The 
character to be used to type the 
intelligence on tape, either 
figure, letter, or special 
symbol, is embossed on a 
cylin drical bakelite type wheel 
which is rotatea by an ac m otor 
through a mechanical gear t rain 
and clutch arrangement as 
previously stated. During the 
function cycle the rotary and 
axial posit ioning mechanism s, 
having received the intelligence 
from the transfer mechanism, 
position the type wheel so that 
the character generated by the 
depressed key or received on the 
transmission line is selected 
and accurately positioned for 
printing. A typical type wheel 
character arrangement is shown 
in figure 3-5, in which the 
wheel's cyl indrical surface is 
shown rolled into a plane. 

h. Printing Mechanism. 
After the type wheel has been 
�ositioned and corrected, the 
printing mechanism supplies the 
impact which drives the paper 
and inked ribbon against the 

3-5 



w 
I 

Cl\ 

SIGNALiNG 
CODES 

AC POWER 
INPUT 

_j 
SELECTING 

MECHANISM -

CHARACTER SELECTION DATA PERFORATOR PERFORATION AND TAPE-FEED DATA 

MECHANISM 

P OSITIONING AND CHARACTER 
SELECTOR DATA 

AXIAL AND ROTARY POSITIONING DATA 

I PERFORATION AND 

TAPE-FEED DATA 

TRANSFER 
LETTERS-

MECHANISM 
FIGURES 

SELECTION 
CHARACTER 

I DATA 
SELECTION 

PRINT AND 
FUNCTION DATA 

PERFORATION ACTUATIO!i... BOX 
MECHANISM 

P OSITIONING 

MECHANISMS 

0 0 � 0 0 �0 �0 E-<0 0 0 
� ,....__

CHARACTER 
� 

TAPE 

PRINTING 

TYPE WHEEL 

POSITION AND 
CHARACTER 

SELECTION DATA TYPE 
WHEEL 

MECHANICAL ROTARY MOTION 
PRINTING TAPE AND RIBBON 

ACTUATION PRINTING PRINT-POSITION ACTIVATION 

MECHANISM 

ROTARY 

MOTION 
r---

MOTOR ACTUATION DRIVE RIBBON FEED DATA RIBBON 

UNIT MECHANISM MECHANICAL 
FEED 

MECHANISM RIBBON 
ROTARY FEED 
MOTION DA TA 

Figure 3-4. Basic System Block Diagram 

0 
1.0 
Cl\ 
..,J 
I 

1:"4 
I'd 
I 

0'\ 
.... 
Cl\ 
I 

..,J 
0 
.... 
0 



w 
I 
-...J 

r 

""' 
0 
i 
n 

� -4 m 
,., 
VI 

z 
m � 
::r: 
,., 
0 
� 

w 

IV 

-

0 

� 

QU't'KWA�J 
PIVCL=GR 

YSXFZEBD 
H• MNT"\.\0 < 

PRINT HAMMER 

1 7 
08 

60 
#. 

I I I I I I '"I '( I 1�1- I 

' I -1 ' 
I : 
I ) �- � 

• • I :: 
I • I � 

I I 

I ' '••' " 
I I I � 

. t-� ,, ( 
I� I '"\" ,, ' I ' ' 

• t I'-' 
I ll � 

._ _ _J ---- -----

• 

< 
.. 3 2 1 0 1 2 3 I .. 3 2 1 0 l 2 3 

LETTUS SECTION FIGUitfS SECTION 

16 LONGITUDINAL ROWS 

TOP VIEW SHONING CYLINDRICAL SURFACE IN A PLANE 

Figure 3-5. Typical Type Wheel Character Arrangement 

3: 
0 (") 1111: 
J: ':i. w 

N z 

"' 
1111: 

5 
� 
J: 
u 

0 !5 � 

� 

z 
:t>' 
< 
rx1 
t"i 
'tj 
:<! 

0 
'D 
0\ 
-...J 
I 

t-"4 
't1 
I 

0\ 
. ..1 
"" 
I 

-.1 
0 
..... 
0 



NAVELEX 0967-LP-616-7010 

selected character. It eff ects 
this operati on by means of a 
shaft supported by a bracket 
a ttached to the type wheel 
bearing h ousing. 

i. Ribbon Feed 
Mechanism. The characters are 
imprinted on the tape in ink 
supplied bv an inked ribb on 
which is held between the tape 
and the type wheel by a guide . 
The inked ribbon is advanced 
a fter printing ea ch character by 
a ribbon-feed mechanism. The 
pa th of the ribbon is down to 
the right off the top of a right 
spool, under a right foll ower, 
through right pins on the 
reversing arm, through the 
ribbon guide, up through left 
pins on the reversing arm, and 
to the right over the top of a 
left spool. A line drawing of 
the ribbon path i s  sh own in 
fi gure 3- 30. 

j. Taoe. The 
perf orating mechanism steps the 
tape, punches feed holes, and 
perforates chadle ss (or fully­
perforated) code holes re ceived 
by the selecting mechanism. The 
tape is threaded by means of a 
ha ndwheel. Printing and 
punc hing occur simultaneously at 
a punch block, both the 
c h aracters are printed, 10 

characters per inch, six spaces 
to the right of the 
corresponding code combinations. 
The type wheel is retracted at 
the end of each operation to 
m a ke the last printed character 
v isible. 

3-4. VARIABLE FEATURES. A 

number of features not sh own on 
the block diagram are available 
with the typing reperforator. 
Some of these fea tures are 
d e scribed briefly in the 
following paragraphs and 
discussed in more d etail later 
in the chapter. 

3-8 

a. Cont act Mechanisms. 
These mechanisms furnish 
electrical pulses for rem ote 
use. They include timing, code 
reading, and audible and visible 
indicator actuating contacts. 

b. Backspace Mechanisms. 
T� basic types are av ailable, 
manual and power drive. They 
are used to retract the tape in 
order to erase (obliterate) an 
error. 

c. Tape Feed-Out 
Mechanisms. several different 
methods print t he inclusion of a 
predetermined length of blank or 
LETTERS-perfora ted tape 
following a message. This 
operation facil itates handling. 
Normally, the interfering t ape 
feed-out mechanism operates at 
the end of a message. A message 
can not be received during the 
feed-out period. The non­
interfering tape feed-out 
mechanisms have provisions for 
operating messages that are 
received during the feed-out 
period. The mechanisms may be 
operated manually, 
automatical ly , or by remote 
control. 

d. Print Suppression on 
Function. This feature inhibits 
printing of a predetermined 
character when this ch aracter or 
function is selected. 

e. Motor Control 
Mechanisms. These devices start 
or stop the motor used to rotate 
the type wheel in response to a 
predetermined signal level or 
line condition. 

f. Universal Sunction 
Blade. This blad e contains 
removable tines so that it may 
be coded to accornod ate any 
desired function box 
requirement. 
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g. Variable Speed 
Configuration. A variation of 
the reperf orator unit is a 
configuration containing an 
addi tional shaft that enables 
its perforator an d typing 
mechanisms to be operated at a 
different speed from that of its 
selecting mechanism. 

3-5. SIGNALING CODE. The 
typing reperforator operates on 
the principle of electro­
mechanical conversion of message 
characters in terms of a signal 
code. As shown in figure 3-6, 
five signal levels comprise the 
code for the character to be 
printed or punched. A start bit 
(always spacing) precedes the 

first bit in the coded 
character, with the fifth 
character bit followed by a s top 
bit (always markingl. 

a. Baudot Code. 
Teletypewriter equipment uses 
the Baudot code, a five-level 
start-stop signaling code in 
which each character or function 
is represented by a combination 
of marking current and spacing 
current time intervals. In a 
polar signaling circuit, 
in tervals dur ing which current 
flows in a positive direction 
are referred to as marking 
elements, with intervals during 
which current flows in the 
opposite direction designated as 
spacing elements. In a neutral 
signal circuit, intervals during 
which current flows in the 
circuit are referred to as 
marking elements, and intervals 
d uring which no current flows as 
spacing elements. 

b. Five-Level 
Configuration. Every code 
combination includes five 
elements that carry the 
intelligence, each of which may 
be either marking or spacing. 
The start and stop elements 
provide for mechanical 

NAVELEX 0967-LP-616-7010 

synchronization between the 
transmitting and receiving 
equipment. �11 five elements 
are marked in t he letters code. 
The blank code consis ts of five 
spacing elements. 

c. Code Permutation. 
The total number of permutati ons 
of a five-unit code is two to 
the fifth power, or 32. In 
order to transmit more than 32 

characters and functions, a 
LET'IERS-FIGURES shift operation 
is designed into the equipment. 
This permits each permutation, 
excluding those used to shift 
and unshift the apparatus , to 
represent two characters or 
functions. 

d .  Typing Speeds. The 
typing reperforator may operate 
with a 7.00, 7.U2, or 7.50 unit 
transmission pattern, as listed 
in Table 1- 1. The signaling 
frequency is expressed in d ot 
cycles-per-second, one cycle 
consisting of a positive cu rrent 
pulse followed by a negativ e  
current pulse. The equipment 
speed in baud is equal to twice 
the frequency (refer to 
Table 1-1). Speed in words per 
minute(wpm) is roughly 
equivalent to one-sixth the 
operations per minute (opm) • 

M�rking element s in the 
intelligence code are 
represented by holes, while 
spacing element s consis t of an 
absEnce of holes. The row of 
smaller holes between the s ec ond 
and third levels are tape feed 
holes and do not enter into the 
code permutation. 

3-6. FUNCTIONAL BLOCK DIAGFAM 
DESCRIPTION. The following 
paragraphs comprise a b rief 
descrip tion of each of the 
functiona l blocks on the 
functional block diagram in 
figure 3-7. The interaction 
between functional blocks and 
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assemblies also is briefl y 
oiscussed . 

a. Power Switch. The 
typing reperforator has a power 
switch electrical ly connected in 
the ungrounded leg of the ac 
power input path, as shown in 
the s ystem schematic, figure 
3-8. In low-level 
configurations, the ESA has its 
own power switch. An indicator 
lamp connected in parallel with 
the switch comes on when power 
is ap plied to the reperforator 
unit. The ac input is applied 
to the tape feed-out switch and 
the backspace switch, which 
require a 115-vol t input, and to 
the ac motor used to rotate the 
main shaft. The type and 
location of the power switch 
used will vary ac cording to the 
individual set configuration. 
Note on figure 3-8 that the 115-
volt ac input is routed to the 
primary windings of a step-down 
transformer. The 5.5-volt ac 
output of the sec ondary winding 
is routed to indi cator lamps and 
keyboard components that require 
the reduced voltage. 

b. Motor Unit. A 1/2-
horsepower ac motor is used to 
supply rotary motion, through a 
gear train and clutch assembly 
to the reperforator unit and the 
keyboard. The motor is 
physically mounted on the 
keyboard frame of the 
reperforator as s hown in figures 
1-5 and 1-7. Either of two 
basic types of motor, ac 
synchronous or ac/dc series 
governed, may be used. The ac 
synchronous motor is used w hen 
the power source is regulated, 
while the ac/dc series governed 
motor operates from either 
regulated or unregulated power 
sources. Both motors rotate at 
the same speed, and both may be 
standard or heavy-duty models 
according to their adaptations. 
Note on figure 3-8 that the 
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motor contains both a s tarting 
winding, used to overcome 
inertial torque, and an 
operating winding. wben power 
is first applied to the motor 
both windings are energized and 
the starting capacitor begins to 
charge. When the capacitor is 
fully charged the motor s tart 
relay drops and the starting 
winding is de-energized. A 
thermal cutout relay is included 
for overheat conditions, and 
closes automatically when 
excessive ambient temperatu re 
exists, bypassing the motor and 
shutting of f the unit. 

c. Drive Mechanism. The 
motor supplies rotary motion, 
through a gear set, to the 
typing reperforator unit and 
keyboard. Gear sets may be 
inter changed to obtain various 
operational speeds. This may 
also be accomplished by an 
optional variable-speed drive 
mechanism. In the multiple ROTR 
sets, a common speed may be used 
or each set may operate at its 
own prescribed operational 
speed. 

d. Main Shaft. The main 
shaft and selec ting cam-clutch 
assembly, shown from right to 
left in figure 3-9, includes the 
clutch, stop arm bail cam, 
fif th, fourth and third selector 
cams, cams for the spacing and 
marking loc klevers, second and 
first selector cams, selector 
reset bail cam, and the f un ction 
trip cam. The cam-clutch is 
controlled by the selector 
throu gh the clutch trip 
assembly, as described in the 
detailed discussion of this 
assem bly. During the time in 
which the signal circuit is 
closed (marking), the selector 
magnet coils are energized and 
hol d the selector armature up 
against the magnet pole pieces. 
In this position, the armature 
blocks the lever, and the cam -
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clutch is held stationary 
between the stop arm and latch­
lever. At the end of the 
function cycle the cam-clutch is 
disengaged from the ac motor. 

e. Selector. The 
signaling code combination, such 
as the combination representing 
the character "Y", plotted in 
the upper left-ha nd corner of 
figure 3-7, is applied to the 
selecting mechanism. The start 
pulse of the character bein g  
received causes the selector, 
through a trip assembly, to trip 
the selecting cam-clutch, 
in itiating the selection cycle. 

f. Trip A ssembly. Near 
the end of the se lecting cycle, 
the cam-clutch actuates the 
function cam-clutch in the 
function mechanism to operate 
the printing and perforating 
a ctions. The selection cam­
clutch is then de-energized and 
rema ins inoperative until the 
next code combination is 
received. The trip assembly is 
acti ve during these functions. 

g. Selecting Cam-Clutch 
Assembly. The se lecting cam­
clutch assembly participates in 
transferring timed motion of the 
code combination in to a 
corresponding mechanical 
arrangement. The main shaft 
imparts motion to the selecting 
cam-clutch when the clutch is 
engaged at the start of the 
selecting cycle, and controls 
clutch operation throughout t he 
selecting cycle until the clutch 
is disengaged at the end of the 
cycle. 

h. Main Bail Assembly. 
The main bail assembly transfers 
the motion of the rocker bail 
assembly in the function b ox to 
align the punch slides in t he 
perforator mechanism. This 
ensures that printing and 
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punching operations are 
synchronized. 

i. Punch Slides. The 
outputs of the function and 
transfer mechanisms are routed 
to both the pos itioning and 
printing mechanism and to the 
�erforator mechanism, so that 
printing an d punching of th e 
selected character will be 
performed simultaneously. When 
the five punch slides are 
actuated by the selector, 
punches are aligned to perforate 
the tape in accordance with the 
hole positions for the character 
to be punched. 

j. Punch Block. The 
punch block operates in 
conjunction with selected pins 
to perforate the tape at the 
same time the s elected character 
is being typed by the printing 
mechanism. 

k. Tape-Feed Parts. The 
tap e-feed parts making up p art 
of the perforator mechanism 
include a toggle bail, a slide 
post, toggle links, draglinks, 
and the punch slide reset bail. 
As the perforating mechanism 
punches the selected hole 
combination, motion of the main 
bail assembly causes the tape to 
b� advanced one character s pa ce 
before the next code combin ation 
is received. Note that the 
selecting and punching/printing 
operations occur simultaneously. 
That is, while the perforating 
mechanism is punching the h ole 
positions for the selected 
character and the printing 
mechanism is impressing the 
chara cter on the tape, the 
selecting mechanism may be 
process ing the next code 
combination. 

1. Function Cam-Clutch 
and Trip Assemblies. The 
function ca m-clutch, like the 
selector cam-clutch, is driven 

� 

'') '" ;� ;'· 

,,� 



(v 

( 

( 

by the mai n shaft as shown in 
figure 3-9. �his clutch is 
engaged throughout the function 
cycle in the same manner that 
the selection cam-clutch is 
controlled by the main shaft 
throughout the selection cycl er 
and is actuated by a similar 
trip assembly. T he function 
cam-clutch and the rocker bail 
assembly translat e the rotation 
of the main shaft into simple 
harmonic motion. 

m. Rock er Bail Assembly. 
This assembly, in conjunction 
with the function cam-clutch, 
distributes rotar y motion of the 
main shaft to the following 
mechanisms: 

(1) Ribbon feed 
mechanism 

(2) Perforator 

( 3) Correcting 
mechanism 

(4) Function box 

(5) Printing 
mechanism 

(6) Oscillating 
assembly 

(7) Pushbars of the 
axial and rotary positioning 
mechanisms. During the first 
part of each function cycle the 
cams bear against the rollerr 
causing the b ail assembly to 
rock to the right. During the 
latter part of the cycle, the 
bail assembly returns to the 
home position as the rotary 
motion of the cams is reversed. 

n. Transfer Mechanism. 
Near the end of each selecting 
cycle, the transfer mechanism 
moves the intelligence in the 
form of a mechanical arrangement 
from the punch slides to the 
function box mechanism and to 

NAVELEX 0967-LP-616-7010 

the positioning mechanisms. 
Five mechan ical linkages ar e 
included in the transfer 
mechanism, each associated with 
a punch s lide, to produce t he 
five�level code described i n  
paragraph 3-5. 

o. Function Box 
Mechanism. T he function box 
mechanism enabl es the unit to 
perform various auxiliary 
functions including LETTERS­
FIGURES shi ft, unshift-on-space, 
and signal bell. The f unction 
box conveys the motion of the 
main shaft to the mecha nism s 
concern ed w ith the actual 
printing and punching. 

p. Type Wheel. As shown 
on the expanded view of the type 
wheel in figure 3-10r there are 
16 longitudinal rows, each of 
which is made up of four 
characters numb ered from 0 

through 4 from front to rear. 
The sur face is divided into a 
letters section and a fig ures 
section, with each section 
consisting of eight longitu dinal 
rows. The fifth row, in a 
counterclockwis e direction from 
the division line, is numbered 
0, with four rows in one 
direction. These are designated 
counterclockwise, while thr ee 
rows in the other direction a re 
designated clockwise rows , as 
shown in figure 3-10. It should 
be noted that the clockwise and 
counterclockwise modifiers refer 
to the direction of rot at io n  of 
the wheel to select the rows, 
an d not to their position of the 
wheel. The position of the 
print hammer relative to th e 
type wheel is also shown. 

q. Rotary Positioning 
Mechanism. The rotary 
positioning mechanismr which is 
controlled by the number 3, 4, 
and 5 selecting element s of the 
code, rotates the type wheel so 
that the row containing the 
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Figure 3-10. Type Wheel Showing 16 Logitudinal Rows, Front View 

selected character to be printed 
is aligned with the print h ammer 
at time of printing. 

r. Axial Positioning 
Mechanism. The functions of the 
axial positioning mechanism are 
to position the type wheel to 
the front so that the proper 
character in the selected row is 
al igned with the print hammer at 
the time of printing and to 
retract the type wheel and 
ribbon guide at t he end of the 
function cycle so that the last 
typed character is visible. It 
is controlled by pushbars 
actuated by numbers 1 and 2 of 
the code. 

s. Correcting Mechanism. 
Af ter the type whee l has been 
positioned by the rotary and 
axial positioning mechanisms, 
the selected character is more 
accurately aligned for printing 
by the corresponding mechanism 
which compensates for any play 
or backlash in the positioning 
linkages. 
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t. Printing Mechanism. 
Following type wheel positi oning 
and final correction, the 
printing mechanism is activated. 
�his assembly, ry means of a 
hammer, drives the tape and 
inked ribbon fo rcibly against 
the type wheel, imprinting the 
selected character on the tape. 

u. Ribbon Feed 
Mechanism. Immediately after 
the selected character has been 
typed, a ribbon-feed mechanism 
advances the inked ribbon one 
character space , and reverses 
its directi on when one of two 
ribbon spools is depleted. Near 
the end of the function cycle 
the axial positioning mechanism 
retracts the type wheel and a 
ribton guide so that the last 
printed character is visible. 
The LET�ERS or the FIGURES code 
sets up an arrangement in the 
transfer mechan ism which permits 
the function box to operate and 
to cause the rotary positioning 
mechanism to shift the type 
wheel 180 degrees of rotati on. 
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3-7. KEYBOARD AND BASE ASSEMBLY 
BASIC OPERATION. Functional 
descriptions of these units are 
included in the following 
paragraphs. 

3-7.1 KEYBOARD DESCRI PTION AND 
COMP ONENT FUNCTIONS. The 
keyboard provides mounting and 
transmission facilities for the 
sets. The keyboard is a device 
for converting the mechanical 
action resultin g from the 
de�ression of a key into 
electrical pulses that are 
transmitted over a transmission 
line. In adcition, it provides 
mounting facilities for a typing 
reperforator and a motor unit, 
as well as for a variety of 
accessories. 

a. General Description. 
Motive force for activating the 
keyboard is derived from the 
motor unit by means of an 
intermediate shaft assembly. 
Electrical wiring to and from 
the keyboard is terminated in a 
16-pin connector and at three 
terminal boards. The keyboard 
is operable at 60, 75 or 100 wpm 
(368, 460, or 600 opm). 

Operating speeds are varied by 
inte rchanging sets of gears that 
are supplied as optional 
components. The signal 
generator contact box may be 
adapted to provide either pol ar 
or neutral signals. It also may 
be adapted for synchronous 
pulsed transmission. Views of 
the keyboard assembli es are 
shown in figures 3-11, 3-12, and 
3-13. 

b. Base Assembly. The 
base assembly provides mounting 
facilities for th e keyboard and 
signal generator mechanisms, the 
intermediate gear shaft 
assembly, tape container, tape­
out switch, a base casting for 
su�port of the typing 
reperforator, a cr�racter 
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counter mechanism, and optional 
accessories .  

(1} Gear Shaft. The 
intermediat e ge ar s haft assembly 
includes three gears and a 
shaft. The ass embly transfers 
motive power through a gear to 
the typing repe rforator unit. 

Motive power is conveyed by a 
shaft connected through thi s  
gear assembly t o  a pair of 
helical gears w hich in turn 
drive the s ignal generato r  
mechanism. 

(2) Character 
counter. The character counter 
mechanism contains a scale which 
records in increments of one 
character the l ength of the 
transmitted message up to the 
72- character eauivalent of a 
page-printed teletypewriter line. 
�hen 66 to 68 characters ha ve 
been typed, an END-OF-LINE 
indicator l ights. Pressing the 
CARR RET key returns the counter 
to zero and opens the lamp 
circuit. 

c. Keyboard Mechanism. 
The keyboard mechanism contains 
the keytops, keylevers, code 
bars and levers and other code 
selecting p arts that transf orm 
the intelligence contained in 
the manual selection of a keytop 
into a teletypewriter code 
combination, represented by code 
bar positio ns. The code 
combination for the selected 
character is transferred from 
the code bars t hrough transfer 
lev ers to the s ignal genera to r  
mechanism. In addition, th is 
mechanism contains a rotary -type 
main power switch as well as 
POWER, TAPE-OTIT, and margin 
indicator lamps. The keytops 
are positioned in the 
conventional three-bank 
arrangement, with numerals, 
punctuation marks, and spec ial 
symbols available in upper case 
positions. The space bar is 
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located centrally below these 
keys. Keytops for local 
operations are provided above 
the standard keytops for 
facility of operation. This row 
has provisions for 11 keys. A 
wedge lock assembly prevents the 
si multaneous depression of more 
than one k eytop. 

d. Signal Generator 
Mechanism. The signal generator 
mechanism generates the start­
stop teletypewriter signal. 
Basically, it consists of an 
enclosed box containing a set of 
fulcrum-type transmitting 
contacts, a transfer bail used 
to control the opening and 
closing of the contacts, 
selector l evers that engage the 
transfer bail in a sequence 
determined by the position of 
the code bars. and a multilobe 
cam which determines the pulse 
duration of the signal code 
elements. A shaft, on which a 
gear and clutch are mou nted, 
receives motive power to drive 
the mechanism from a gear on the 
intermediate gear shaft 
assembly. The contact box may 
be equipoed with an FF or arc 
suppression network. 

3-7.2 BASE ASSEMBLIES BASIC 

DESCRI PTION AND TYPES. The 
typing reperforator bases are 
available in several variations. 
They provide a foundation for 
the motor unit and either one or 
three typing reperf orator units. 
They also provide mounting 
facilities for electrical and 
mechanical operational devices 
and accesories. Four types of 
bases are described in the 
following paragraphs. 

a. Single-Plate Base. 
This base contains a plate that 
rests on f our metal feet and 
serves as a f�undation for the 
other elements. Wiring, a power 
switch. a four-point terminal 
board. and a three-point power 
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connector are part of the p ower 
circuits. All other wiring 
terminates in a 32-point 
connector mounted by a brac ket 
at the rear of the plate. Three 
nine-point terminal boards 
provide intermediate connec ting 
point s  for this wiring whic h  
includes two selector magnet 
leads . The typing reperf orator 
unit is mount ed by four tapped 
hol es at the left f ront of the 
plate. The motor unit is 
supported by three posts and an 
adjusting p late. Motion is 
transferred from the motor unit 
to the typing reperforator unit 
by a single-speed drive 
mechanism (figure 3-14). Gear 
sets may be interchanged to 
obtain different operating 
speeds. A tape container with a 
roller, a wire guide and a 
wooden filler for a tape roll 
are attached to the extreme 
r ight of the plate. A low-tape 
mec hanism incorporating two 
switches which may be connected 
to visual o r  audible alarms is 
located in the rear of the 
container. The base may be 
carried by a front handle with 
the connector mounting bracket 
serving as a rear handle. 

b. Double-Plate Base. 
In this base. an upper plat e is 
separated f rom a somewhat l ar ger 
lower plate by rubber vibration 
mounts. The lower plate rests 
on four leather feet and has two 
handles and four slots for 
mounting a cover. Wiring, a 
power switch and a three-point 
connector are part of the power 
circuits. All other wiring 
terminates in a 16-point 
connector. Two nine-point 
terrr�nal boards provide 
intermediate connecting points 
for all wir ing except two 
selector magnet leads. The 
double-plate receive only base 
assembly is shown in figure 
3-1�. A clamp with keeper 
secures cables where they leave 
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the base. The tape container 
and the mounting facilities for 
the motor unit and the typing 
reperforator unit are ident ical 
to those of the single-pl ate 
base (see paragraph 3-7.2a). A 
LOW-TAPE lamp is mounted by a 
rracket on the tape container. 
Motion can be transferred from 
the motor unit to the typing 
reperforator unit throuqh a 
single-speed drive mechanism 
(figure 3-14}. Gearsets that 

may be interchanged to obtain 
different speeds, are available 
as an optional feature. A 
variable-speed drive mechanism, 
which permits manual selection 
of operating speeds (60, 75, or 
100 wpm) by movement of a l ever, 
may be used with this base as 
shown in figure 3-15. 

c. Miniaturized Base. 
This base is similar to the base 
previously described in that it 
is of double-plate construction 
and contains essentially the 
same features. It is, however, 
li ghter in wei ght and smaller in 
size, and the mechanisms are 
arranged differently to conserve 
space. The miniaturized base is 
shown in figure 3-16. The base 
contains two rectangularly 
shaped plates, separated by 
vibration isolators, and is 
eq uipped with fou r feet. A 
casting provides mounting 
facilities for a motor unit. A 
tape container, equipped with a 
TAPE-OUT switch, is supported by 
brackets above the motor unit 
mounting. A cont rol panel 
contains a main POWEF switch, a 
TAPE-OUT lamp, and provisions 
for a tape feed-out switch. Its 
mounting bracket also contains a 
fuse holder. Terminal boards ,  
cable clamps, a reperforator 
connector, and the necessary 
electrical wiring are inclu ded. 
�he base is normally equipped 
with a variarle-speed drive 
mechanism, which permits manual 
selection of operating speeds 
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(60, 75, or 100 wpm) by movement 
of a lever. A single-speed 
drive mechanism , with which 
s�eed changes are made by 
changing gears, may be used with 
this base. 

d. Multiple Reperforator 
Ease. This base provides 
mounting facilities for three 
typing reperforator units and 
cne motor unit, and for the 
necessary auxil iary equipment. 
A plate upon wh ich t he 
components are installed is 
separated from an oil pan b y  
resilient mountings. S ide rails 
are provided for installati on of 
the base in a cabinet. Pos ts on 
an adjustment plate are pro vided 
for mounting a motor unit. 
�hree tape containers equipped 
with tape-out switches, a 
14-�oint connector, terminal 
blocks, and a main POWEF switch, 
are also includ ed. Three c had 
containers are provided on bases 
accommodating a fully-perforated 
tape output typing reperforator 
unit. This base is shown in 
figure 3-17. T he typing 
reperforator units, which are 
mounted near the front of the 
base, receive rotary motion from 
the motor unit through a cross­
shaft assembly and timing belts. 
On some bases, intermediate gear 
assemblies transfer the motion 
from the cross-shaft to the 
typing reperforator units via 
timing belts. The units may 
operate at a common speed or at 
independently varied speeds. 
Speed changes are made by 
interchanging gears at the motor 
unit and cross-shaft assembly, 
by changing the sprocket and 
timing belt at the reperforator 
units; or on ba ses so equipped, 
by changing gears in the 
intermediate gear assemblie s. 

3-8. DETAILED FUNCTIONAL 
DESCRIPTION. The following 
paragraphs comprise a series of 
detailed discussions pertaining 
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to the functio nal blocks and 
general descriptions in the 
previous paraaraphs. Addit ional 
assemblies such as mechanisms 
used to perform variable feature 
functions are not described in 
the functional block discus sion. 
The detailed theory of operation 
of each of these mechanisms also 
is discussed. Unless stated to 
the contrary, references in text 
to "left" or "right" indicate 
the operator's left or right, 
facing the front of the unit. 
The selector mechanism will be 
at the right and the punch 
mechanism at the left. In 
illustrations, unless 
specifically labeled otherwise, 
it is assumed that the equipment 
is being viewed from the front. 
Pivot points are solid black to 
indicate fixed points and cross 
hatched to indicate floating 
points. 

3-8.1 RECEPTION AND TRANSLATION. 
The mechanisms associated with 
reception and translation 
functions are discussed and 
their operational theory 
described in the following 
paragraphs. 

a. Selecting Cam-Clutch 
and Trip Assembly. The 
components comprising this 
assembly are shown in figure 
3-18. When a code combin ation 
is received, the start element 
(spacing} de-energizes the 

magnet, and the selector 
armature under tension of its 
spring moves down out of the way 
of the start lever. The star t  
lever turns clockwise under 
spring pressure and moves the 
stop arm bail into the indent of 
the start cam. As the stop arm 
bail rotates about its pivot 
point, the attached stop arm is 
moved out of enga gement with the 
clutch shoe lever. The 
selecting cam-clutch engages and 
begins to rotate 
counterclockwise. The stop arm 
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tail immediately rides to t he 
high part of the cam, where it 
rem ains to hold the start lever 
away from the armature whi le the 
intelligence pulses of the code 
are received an d processed by 
the selector. When the stoF 
element at the end of the c ode 
comtination is received, th e 
armature is pulled up block ing 
the start lever. Thus the stop 
arm bail is prevented from 
dropp ing into the l ow part of 
its c am, and the attached s top 
arm is held in position to stop 
the clutch shoe lever. Whe n the 
clutch shoe lever strikes t he 
stOF arm, the inertia of a cam 
disk causes it to continue to 
tur n until its lug makes contact 
with the clutch shoe lever. At 
this point, a latchlever drops 
into a detent in the cam disk, 
and the clutch is held 
disengaged until the next code 
comtination is received. 

b. Clutch Operation. 
Clutc h operation is described in 
the following paragraph: 

(1) Engagement. The 
clutch drum is attached to and 
rotates in unison with the main 
shaft, as shown in figure 3-9. 
In th e disengaged posit ion, 
shown in figure 3-19, the clutch 
shoes do not contact the drum 
and the s hoes and cam disk are 
held stationary. Engagement is 
accomplished by moving the stop 
arm, shown in figure 3-18, away 
from the clutch, thus releasing 
stop lug A and the lower end of 
shoe lever B. The upper end of 
lever B pivots around its ear c, 

which bears against the upper 
end of the secondary shoe. The 
ear D and the upper end of the 
Frimary shoe are moved left 
until the s hoe makes contac t 
with the notched inner surface 
of the rotating drum at point E. 
As the drum turns 
counterclockwise, it drives the 
Frimary shoe downward so that it 
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Figure 3-19. Clutch. D isengaged 

again makes contact with the 
drum at point F. There, the 
combined forces acting on the 
primary shoe cause it to push 
against the secondary shoe at 
point G. The lever end of the 
secondary shoe then bears 
against the drum at point H. 

The drum drives this shoe upward 
so that it again makes contact 
with the drum at point I. 

Forces involved a re multiplied 
at each of the preceding steps. 
The aggregate force is applied 
through the shoes to lug J on 
the clutch cam disk, and the 
disk and attached cam turn in 
unison with the drum. 

(2) Disenqagement. 
Clutch disengagement is effected 
when the lower end of shoe lever 
P strikes the stop arm shown in 
figure 3-18. Lug A and the 
lowe r end of the shoe lever are 
brought together as shown i n  
figure 3-20 and the upper e nd of 
lever B pivots around its ear c. 

This allows its other ear D to 
move toward the r ight. The 
up�er spring then pulls the 

shoes togethe r  and away f rom the 
drum. The latchlever seats i n  
the detent in the cam disk and 
the cam is held in its stop 
position until the clutch i s  
again e ngaged. 

c. selector Operation . 
The s elector assembly consists 
�rimarily of two magnet coils 
(figure 3-18), an armature and 

associated bails, levers, and 
latches (figure 3-20). Five 
linkages, each of which consists 
of a selectin g  leve r, a p us h  
lever and a punch slide latch, 
link the selector cam with the 
punch slides. Since the 
linkages are identical, o nl y  the 
numbe r 4 is shown in its 
entir ety in figure 3-21. As the 
selecting elements of the code 
combination are applied t o  the 
magnet, the cam actuates the 
selecting levers. When a 
spacing element is received, a 
marking locklever is blocked by 
the end of the armature , and a 
spacing locklever swings to t he 
right above the armature an d 
locks it in the s pacing position 
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until the next si gnal transition 
occurs. Extensions on the 
marking locklever prevent the 
selecting levers from following 
their cams. When a marking 
element i s  received, the spacing 
locklever is blocked by the end 
of the armature, and the marking 
locklever swings to the right 
below the armature and locks it 
in the marking position until 
the next signal transition 
occurs. During this marking 
condition, the selecting levers 
are not blocked by the marking 
locklever extensions, but are 
permitted to move against their 
respective cams. The selecting 
lever that is opposite the 
detent in its cam , while the 
armature maintains a marking 
condition, swings to the right, 
or selected position, and the 
end of an associated pushlever 
falls off a step on the 
selecting lever. As the ca m 
rotates, the selecting levers , 
together with any selected push­
levers, are moved to the left by 
the high part of their 
respective cams, where they 
remain until the next code 
combination is received. The 
unselected pushlevers remain to 
the right. When the next code 
combination is received, a 
selector reset bail, lifted by 
its cam (figure 3-21), strips 
the selected pushlevers from the 
selecting levers, and the 
pushlevers are turned to the 
right by their springs. The 
selected pushlevers, in moving 
to the left, rotate associated 
punch slide latches 
counterclockwise (figure 3-21). 
Just before the fifth pushlever 
is selected the selecting cam 
acting through the function trip 
assembly, causes the perforator 
reset bail to release the punch 
slides. The unselected latches 
retain their associated slides 
to the right, whi le the selected 
latches permit their slides to 

move to the left under spring 
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tension. During the latter p art 
of the function cyc le, the reset 
bail returns the punch slides to 
their unselected position. T he 
latches under spring tension 
retur n to t heir unselected 
position when the pushlevers are 
r epositioned at the beginni ng of 
the next selecting cycle. 

d. Orientation. For 
optimum performance, the 
selecting mecha nism should be 
adjusted to sample the signaling 
code elements at the most 
favor able time. To make this 
adjustment, the operating 
margins are established through 
the range finder, which provi des 
a means of varying the time of 
sampling. The obtaining of this 
optimum setting is referred to 
as orientat ion. When the r ange 
finder knob (figure 3-18) i s  
pushed inward and rotated, its 
attached range finder gear moves 
the range finder sector (which 
supports the stop arm bail, stop 
arm and latchlever) either 
clockwise or counterclockwise 
about the selec tor cam-clutch. 
This changes the angular 
position at which the selec tor 
cam-clutc h stops with respect to 
the marking and s pacing loc k­
levers. When an optimum setting 
is obtained, the range finder 
knob is relea sed. Its inner 
teeth engage the teeth of t he 
indexing lock stud and hold the 
range finder mechanism in 
pos ition. The setting may be 
read on the range scale o pposite 
a fixed index mark. 

e. Transfer. Trans fer 
of motion near the end of each 
selecting cycle is accomplished 
by five linkages in the t ra nsfer 
mechanism. A l inkage, shown in 
figure 3-22, co nsists of. a 
trans fer lever, a pulse beam, 
and a bellc rank. Since the 
l inkages are similar, only the 
number 4 linkage is shown i n  its 
entirety. The linkages 
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associated with the unselected 
punch slides, described in 
paragraph 3-8.1c, remain in 
their unselected position, as 
shown. However, the selected 
slides in moving to the left, 
pivot the associa ted transfer 
levers which, in turn, move 
corresponding pulse beams 
clockwise (as viewed from 
above). The selected beams 
allow associated bellcranks 
under spring tension to pivot 
counterclockwise and lift 
attached pushbars. The push­
bars, in turn, control the 
positioning mechanisms. In the 
period of the last half of the 
function cycle, the selected 
sl ides are moved back to the 
right and return the link ages to 
their unse lected postions. 
Slotted upper arms of the 
bellcranks extend up into the 
function box and control its 
operation as described in the 
discussion of positioning 
mechanisms. An additiona l bell 
crank, not associated with a 
transfer linkage, is 
specifical ly concerned with the 
LETTERS-FIGURES shift. 

3-8.2 MOTION FOR TYPING AND 

PERFORATING. The motion of the 
main shaft is conveyed to the 
mechanisms concerned with typing 
and perforating by the function 
box mechanism, as described in 
the functional block diagram 
discussion. Functional 
descriptions of the three 
assemblies comprising this 
mechanism are included in the 
following paragraphs. 

a. Function Cam-Clutch 
and Clutch Trip Assembly. The 
trip assembly is shown in its 
unoperated condition in figure 
3-23. A follower lever rides on 
a function trip cam which is 
part of the selecting cam­
clutch. Near th e end of the 
selecting cycle, as the main 
shaft rotates counterclockwise, 
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the high part o f  the cam pivots 
the follower lever which, 
through an attached adjusting 
arm, rotates a main trip lever 
counterclockwis e. A reset bail 
trif lever attached to the main 
trip lever lowers the perfora tor 
reset bail and releases the 
punch slides, and an upper arm 
of the main trip lever moves out 
of the way of a clutch release, 
which falls against a down-stop 
and rotates a trip shaft 
counterclockwise. Immediat ely, 
the low part of the trip ca m 
allows the follower lever t o  
return to its u noperated 
position, and the upper arm o f  
the main trip lever moves down 
against the release. When the 
trip shaft is rotated by the 
release, it moves an attach ed 
clutch trip lever out of 
engagement with the clutch shoe 
lev er. The clutch engages, a nd 
the cam-clutch begins its c ycle. 
The internal operation of the 
clutch is the same as that of 
the selector clutch, descri bed 
in para graph 3-8.1a. About 

midway through the function 
cycle, an eccentric pi n on the 
function cam lifts a reset arm, 
which rotat es the trip shaft 
clockwise. The release is moved 
up and allows the main trip 
lever to fall against the 
adjusting arm a nd raise the 
reset bail. The eccentric pin 
then moves out from under the 
res et arm, and the release is 
permitted to return to its 
unoperated position against the 
main trip lever. when the cam­
clutch asse mbly c ompletes i ts 
cycle, the clutch shoe lever 
strikes the trip lever, and the 
clutch is disengaged. 

b. Rocker Bail Assembly. 
The bail is shown in its horne 
position in fig ure 3-24. During 
each function cycle, the 
function cams bear against the 
rollers and cause the bail to 
rock to the right (as viewed 
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from the rear in figure 3-24) 
during the first part of the 
cycle. During the latter part 
of the cycle the rocker bail is 
moved back to its home position 
as the direction of cam r otation 
is reversed. 

3-8.3 TYPE WHEEL POSITIONING. 
The operation of each mechanism 
used to position the type wheel 
is discussed in detail in the 
f ollowing paragra phs. The 
description of the type wheel as 
discussed in the functional 
block diagram description and 
shown in figures 3-5 and 3-10 
should be reviewed to obtain a 
more complete understanding of 
the positioning function before 
attempting to analyze these 
discussions. 

a. General Operation. 
Ea ch printing operation 
(excluding those devoted to the 

LETTEPS-FIGURES shift} begins 
and ends with the type wheel in 
the home position of the s ection 
containing the character to be 
printed. That is, the number 0 

character of the number 0 row is 
at the point of contact of the 
print hammer. Ac tually, 
inasmuch as the wheel is 
retracted to show the last 
printed character, the number 0 

character is slightly to the 
rear, but for this discussion it 
will be assumed that this is the 
point of contact. During the 
pr inting operation the axial and 
rotary positioning mechanisms, 
transferring separate but 
simultaneous motions to the 
wheel, position it so that the 
character represented by the 
received code combination is at 
the point of contact of the 
hammer at the time of printing. 
The rotary mechanism, w hich is 
controlled b y  the number 3, 4 
and 5 selecting elements of the 
code, revolves the wheel so as 
to select the proper row; and 
the axial mechanism, which is 
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governed by the number 1 and 2 
elements, moves it forward and 
rearward along its axis so as to 
select the proper character in 
the row . Rotation of the type 
wheel to print in either the 
LETTERS or the FIGURES. section 
is controlled by the number 7 
element of the code. The 
LETTERS-FIGURES shift, which 
consists of rotating the wheel 
eight rows from the home 
position of one section to that 
of the other, requires a 
separate operation of the 
equipment and results in the 
printing of the LFTTERS or 
FIGURES symbol. T o  illustrate 
the above, if the wheel is in 
the figures condition, as s hown 
in figure 3-25, and the numeral 
"5" is to be printed, there is 
no movement of the wheel during 
the printing operation, because 
"5" is already at the point of 
contact of the hammer. However, 
if the letter "I" is to be 
printed, the signaling code for 
LETTERS must first be viewed to 
shift the type wheel eight rows 
to the LETTERS home position. 
'Ihen during the next _operation 
it is rotated three rows 
counterclockwise and moved 
forward two characters so that 
"I" is at the point of contact 
of the hammer. Printing takes 
place, and the wheel is then 
returned to the letters home 
position. 

b. Rota ry Positioning. 
This mechanism, mounted on the 
front plate of the typing 
reperforator, includes two 
eccentric assemblies shown in 
figures 3-25 and 3-26. Each 
assembly contains a primary 
shaft, a section of which i s  
formed into a pinion. A 
secondary shaft, mounted in the 
primary and offset from its 
center, forms an eccentric, 
referred to as the rear 
eccentric. A portion of th e 
secondary shaft is also a 
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pinion, and a crank pin mounted 
on its disk-like forward surface 
forms a secondary, or front, 
eccentric. Each of the four 
pinions of the two eccentric 
assemblies is engaged by the 
rack of a pushbar; the number 3 
bar engages the rear pinion, and 
the number 5 enga ges the right 
pinion. The left front pinion 
is engaged by both the LETTERS 
and the FIGURES pushbar. The 
eccentric assemblies are linked 
to the type wheel shaft by a 
drive assembly as shown in 
figure 3-24. The type wheel is 
secured to the front of the 
shaft which is supported by a 
bearing housing mounted at the 
left rear of the front plate. A 
spur gear which meshes with a 
type wheel rack rides on the 
shaft in a bearing housing. �he 
shaft is free to move axially in 
the housings and the spur gear, 
but has flats in its 
circumference which bear against 
flats in the gear to ensure that 
it rotates when the gear 
rotates� When a pushbar is 
lifted by its bellcrank, in 
response to a marking pulse as 
described in paragraph 3-8.1e, 
the rocker bail operati ng blade 
(see figures 3-24 and 3-26) 

engages a slot in the bar and 
moves ,it to the left during the 
first part of the function 
cycle. The bar, by means of its 
rack and the mating pinion, 
rotates the associated eccentric 
one-half revolution where it is 
locked in position by a detent 
assembly while printing takes 
place. When the bail rocks back 
to the right during the latter 
part of the cycle, it returns 
the bar and eccentric to their 
home position where the 
eccentric is again detented . 
The preceding does not apply to 
the number 5 pushbar which is 
designed so that it is selected 
(moved to the left) on spacing 

rather than on marking, nor to 
the left - front eccentric which 
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affects the LETTERS-FIGUR ES 
shift . In both assemblies one­
half revolution of the rear 
eccentric results i n  its ma ximum 
verti cal displacement which is 
trans ferred through the f ro nt 
eccentric to a crank pin. 
Similarly, one-half revolution 
of the front eccentric results 
in its maximum displacement 
being transferred to the crank 
pin. If both eccentrics are 
rotated, the displacement of the 
crank pin is equal to the 
algebraic sum of the two 
displacements which may be in 
either the same or opposite 
directions. Both assemblies are 
so designed that, if the 
displacement of the rear 
eccentric is taken to be one 
unit, the displacement of the 
front eccentric is four units. 
Four permutations are thus 
available: zero (neither 
eccentric displaced), one unit 
(rear eccentric displaced), four 

units (front eccentric 
displ aced) and five or three 
units depending on how the 
ass embly is set up (both 
eccentrics displaced). In the 
right assembly the home position 
of the rear eccentric is down 
and t he home position of front 
eccentric is up (figure 3-26) • 

Thus their displacements are in 
oppos ite directions - up for the 
rear and down for the 
front - and their a ggregate 
displacement is three units 
downward. Any displacement 
occurring in the right assembly 
is imparted to the type wheel 
rack in equal quantity but 
opposite direction. For 
example, if the number 5 pushbar 
is selected, it causes the 
right-rear eccentric to be 
displaced, and one unit of 
upward motion is transferred 
throu gh a right output 
connecting rod to the right end 
of a cross link (figure 3-25) • 

The cross link pivots about a 
left output connecting rod and 
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at its left end imparts one unit 
of downward displacement to the 
type wheel rack. The rack 
rotates the spur gear, shaft, 
and type wheel one row of 
characters clockwise from the 
home position, and the number 1 
clockwise row (figure 3-2�) is 
presented to the print hammer at 
the time of printing. on its 
right stroke the number 5 
pushbar returns the eccentric 
and the type wheel to their home 
positions. In a si milar manner, 
selection of the number 3 
pushbar results in a four-unit 
downward displacement of the 
right front eccentric and a 
four-row, counterclockwise 
rotation of the t ype wheel. 
Selection of both the three and 
five type bars results in a 
three-row, counterclockwise 
rotation of the type wheel. The 
home position of the left-rear 
eccentric is up, and any 
displacement appearing in the 
left assembly is transferred to 
the type wheel rack in double 
q uantity in the same direction. 
When the number 5 pushbar is 
selected, the left-rear 
eccentric is displaced one unit 
downward. This movement is 
conveyed through the left output 
connecting rod to the 
appro ximate mid-point of the 
cross link. The cross link 
pivots .about the right output 
connecting rod and its left end 
imparts two units of downward 
movement to the type wheel rack 
which rotates the type wheel two 
rows clockwise from i ts home 
position. When both eccentric 
assemblies are displaced, the 
motion occuring in the type 
wheel rack is equal to the 
algebraic sum of the motions 
resulting from each assembly. 
For e xample, if the number 3, 4 
and 5 pushbars are all selected, 
three units of upward 
di splacement from the right 
assembly and two units of 
downward displacement from the 
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left assembly occur as one unit 
(3-2 = 1) of upward displacement 

in the rack and a 
counterclockwise rotation of one 
row in the type wheel. If 
neither the number 3, 4 nor 
number 5 pushbar is selected, 
the mechanism remains inactiv e 
and printing takes place in the 
number 0 row. Excluding the 
left-front eccentric, which is 
only used for the LETTERS­
FIGURES shift, there are eight 
permutations av ailable in the 
other three eccentrics , making 
it possible to select any of the 
eight rows in a given secti on 
(figure 3-5). 

c. Axial Positioning. 
This mechanism mounts on an 
axial bracket s upported by the 
frame and the f ront plate, as 
shown in figure 3-27, in a 
manner similar to the rotary 
positioning mechanism. T wo. 
eccentrics, a lower whose pinion 
is driven by th e number 1 
pushbar, and an upper whose 
�inion is driven by the number 2 
pushbar, rotate in a horizontal 
plane in bearing housings 
attached to the bracket. The 
eccentric assembly is linked to 
the type wheel shaft by an axial 
output rack and sector as s hown 
in figure 3-27. The selection 
of either the number 1 or number 
2 pushbars results in the 
maximum displacement toward the 
rear of the associated 
eccentric, and the eccentrics 
are so designed that, if the 
displacement of the lower i s  
taken to be one unit, that of 
the upper is two units. Ag ain, 
four permutations are available 
at the crank pin; zero (neither 
eccentric displaced), one unit 
(lower eccentric displaced) , two 

units (upper eccentric 
displaced) and three units 
(both eccentrics displaced) • If 

during a function cycle neither 
pushbar is selected, no mot ion 
occurs in the a xial positioning 
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Figure 3-27. Axial Positioning Mechanism 
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m echanism with the exception of 
that resulting from the 
oscillating assembly, and the 
number 0 character of the 
selected row is aligned with the 
hammer at the time of printing 
(figure 3-5). on the other 

hand, if the number 1 pushbar is 
s elected, it causes the lower 
eccentric to revolve, and one 
unit of displacement to be 
transferred by the crank pin to 
the axial output rack. The rack 
moves to the rear and passes the 
motion to the axial sector, 
which pivots counterclockwise 
(as viewed from a bove) • The 

right end of the sector, by 
means of a cylindrical rack in 
the type wheel shaft, mov es the 
type wheel one character f orward 
from its home position. The 
n umber 1 character is printed, 
and when the pushbar reverts to 
its unselected position it 
returns the axial linkage and 
type wheel to their home 
position. If the number 2 
pushbar is selected the number 2 
character is printed, and if 
both pushbars are selected, the 
number 3 character is printed. 
The cylindrical r ack has no 
lead, and the shaft can thus be 
rotated while being moved 
ax ially. With each cycle of the 
function clutch, an oscillating 
drive link transfers from tbe 
rocker bail an un selected motion 
to an oscillating drive bail 
(figures 3-27 and 3-28) • This 

movement i s  passed by tog gl e 
links to an oscillating bail and 
the sector pivot. The effect o f  
this action is to introduce a 
separate motion to the sector 
tending to cause it to pivot 
about the teeth on the output 
rack. During the fore part of 
the function cycle, if no axial 
pushbar is selected, the right 
end of the sector is moved 
forward s lightly and positions 
the number 0 character for 
printing. At the end of any 
c ycle the sector retracts the 
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type wheel slightly so that the 
last printed character is 
visible. Concurrent with the 
above operation, a ribbon 
oscillating lever is made to 
pivot about its left end, a nd 
with each cycle project and to 
retract the ribbon guide which 
would obstruct the view of the 
chara cter (figure 3-28). 

d. correction. During 
each function cycle the Rocker 
bail transfers motion through a 
correction drive link to a 
correcting clamp and shaft, as 
shown in figure 3-27. The shaft 
pivots a rotary correcting lever 
(see figure 3-25) which is 

equipped with an indentation 
that engages a tooth in a type 
wheel rack. There is a tooth in 
the rack for each row of 
characters (16 in all) an d they 
are so corr elated with the type 
wheel that when a tooth is 
engaged by the corrector its row 
is accurately a ligned with the 
print hammer. Axial correction, 
which is accomplished 
simultaneou sly, is similar to 
rotar y correction; the drive 
link rotates an axial correction 
plate counterclockwise (as 
viewed from the above) , and a 
roller mounted on the plate 
engages a notch in the axial 
sector (figure 3-27). Thus the 
typ e wheel is accurately al ign ed 
in toth fields of motion just 
before printing takes place. 
Dur ing the latt er part of the 
function cycle, a correction 
drive link spring returns the 
correction mechanism to its home 
position. Since the rocker bail 
is the source o f  motion for both 
the pushbars an d the positioning 
mechanism, correction must take 
place at a point near enough to 
the extreme travel of the bail 
so that it does not interfere 
with the movement of the type 
wheel rack or axial sector. In 
addition, because the rocker 
bail controls the tripping of 
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the print hammer, which occurs 
very late in the bail's stroke, 
it becomes necessary to utilize 
the time between the trippi ng of 
the hammer and its striking the 
paper to accomplish correction. 
The delay in actuating the 
correcting mechanism is effected 
by allowing a drive stud on the 
rocker bail to slide in an 
elongated slot in the correcting 
drive link during the early part 
of the cycle. 

e. LETTEFS-FIGURES 

Shift. The purpose of the 
LETTERS-FIGURES shift is to 
rotate the type wheel from the 
home position of one section to 
that of the oth,er (figure 3-10). 
I t is effected by means of the 
function box mechanism which is 
made up of a number of 
assemblies mounted on two plates 
located at the upper rear of the 
typing reperforat or (figure 
3-28 ). When the unit is in the 
le tters condition, as shown in 
figures 3-10 and 3-18 , and the 
figures code combination (12-45) 
is received, the transfer 
mechanism sets up the FIGURES 

arrangement in the bellcranks 
during the selecting cycle. 
Then, as the rocker bail moves 
from its home position during 
the first part of the function 
cycle, a lifter r oller under 
spring pressure f ol lows a 
camming surface. on the rear arm 
of the bail (figure 3-28 ), and 
the lifter allows LETTERS and 
FIGURES function blades to move 
down and, by means of tines on 
their lower surface, feel for an 

opening in the slotted upper 
arms of the bellcranks. The 
sl ot arrangement of the number 
1, 2, 4 and 5 bellcranks are 
identical and permit the entr y 
of both function blades when all 
are selected. However, on 
receipt of the FIGURES code 
combination the number 3 
bellcrank permits entry of the 

FIGURES blade while blocking the 
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LET�ERS blade. In moving all 
the way down, the FIGURES blade 
encounters a projection of a 
FIGURES arm assembly and causes 
the arm assemblies to shift from 
their 1ETTERS to FIGURES 

position. A yield arm exte nsion 
attached to the FIGURES arm 
assembly pivots a FIGURES 

extention arm away from the 
LETTERS-FIGURES bellcrank. A 

LETTERS extension arm under 
spring tension rotates the 
bellcrank clockwise (figure 
3-28) and the bellcrank lifts 
the LETTERS and FIGURES push­
bars. As the bail reaches its 
extreme position, the lifter is 
cammed up and raises the 
function blades. while the 
LET�ERS-FIGURES bellcrank i s  
being positioned by the function 
box, the number 1, 2 and 4 push 
bars are selected, the type 
wheel is moved two rows 
clockwise and three characters 
forward, and the FIGURES symbol 
is printed. on its return 
stroke, the rocker bail 
operating blade encounters a 
shoulder on the FIGURES push bar 
(which was lifted as described 
above ) and moves the bar to the 
right as viewed from the front 
in figures 3-24 and 3-26. The 
common pinion moves the LETTERS 

pushbar to the left, and the 
left-front eccentric shifts from 
its up to down position. Since 
the type wheel has been 
displaced two rows clockwise 
during the first part of the 
cycle, it is rotated six more 
rows to the FIGURES home 
position. As the bail returns 
to its home position during the 
last half of the cycle, a 
locklev er toggle linkage (figure 
3-28 ) prevents the lifter roller 
from following its camming 
surface, and the lifter holds 
the function blades up so they 
do not drop onto the bellcranks. 
As the bail nears its home 
position, a trip post riding on 
the oscillating drive link 
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strikes a lock rele ase armr 
buckling the toggle linkage and 
permitting the lifter roller to 
again fall on the bail camming 
surface. In a manner similar to 
that described abover when the 
LETTERS code comb ination (12345) 
is receivedr the function box 
causes the LETTERS-FIGURES bell­
crank to lower the LETTERS and 
FIGU RES pushbars. The wheel is 
rotated two rows 
counterclockwise during the 
first part of the cycle and six 
more rows to the LETTERS home 
position during the last part of 
the cycler and the LETTERS bar 
is moved to the right. The 
preliminary two-row rotation of 
the type wheel, which is made 
possible by selecting the number 
5 pushbar on spacing rather than 
marking, provides less throw and 
smoother operation than would be 
possible if the complete eight­
row displacement were effected 
during the latter part of the 
cycle. During each operation 
the lifter permits the functi on 
blades to move down and feel for 
an openingr but except for the 
shift operations they are 
blocked by slotted arms of the 
bellcranks. 

3-8.4 PRINTING. The printing 
mechanism effects the printing 
of the character on the tape by 
means of a print hammer which is 
actuated by the rocke r bail 
assembly. Operation of these 
assemblies is described in the 
following paragraphs. 

a. Print Hammer. The 
print hammer is mounted on a 
shaft supported by a bracket 
at tached to the type wheel 
bearing housing. In its 
unoperated conditionr as 
illustrated in figure 3-29r the 
hammer is held against an 
accelerator by a relatively weak 
spring. The accele rator is 
mounted on the hammer shaftr and 
in its upper position the hammer 
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is retained by a printing l at ch 
against the tension of a 

relatively strong spring. 

b. Rocker Bail Assembly. 
The rocker bailr during the 
initial part of the function 
cycler moves a printing drive 
link to the right (as viewed 
from the rear in figure 3-29) , 
causing a pivot arm to rotate 
clockwise. The arm lowers a 
trip link which slides in an 
elongated slot. Near the end of 
the rocker bail's travelr the 
trip link piv ots the latch which 
releases the accelerator. Under 
the spring tension* the 
accelerator snaps down and 
impels the hammer upward. the 
face of the hammer drives the 
tape and inked ribbon up against 
the type wheel and imprints the 
selected character on the tape. 
�he accelerator does not follow 
the h ammer through the complete 
printing stroke. Near the end 
of its travelr the accelerator 
encounters a projection on a 
latch bracketr and inertia 
carries the hammer the rest of 
the way. As the rocker bail 
returns to its home positionr i t  
causes the trip link t o  move upr 
release the latch and return the 
accelerator to its latched 
position. 

3-8.5 RIBBON FEEDING. Each 
function cycler as the rocker 
bail nears the end of its left 
travelr a roller mounted on i ts 
forward arm pivots a drive arm 
clockwise. The drive arm lifts 
a feed pawl which advances the 
ribbon by rotat ing a ratche t on 
one of the ribb on spools one 
tooth. A retaining pawl under 
spring tension detents the 
ratchet while the feed pawl r 
during the latter part of the 
function cycler is lowered so as 
to engage the next tooth. The 
ribbon is advanced in this 
manner during each operation 
until the ribbon feed mechanism 
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is reversed. The ribbon-feed 
mechanism is shown in figure 
3-30. When a spool is almost 
depleted, a rivet in the ribbon 
encounters pins on the reversing 
arm, and the stress applied 
through the ribbon as it is 
rolled on the other spool pivots 
the arm. As the pawl assembly 
is lowered at the end of the 
next operation, an extension 
strikes the reversing arm, and 
the pawl i s  shifted against the 
other ribbon spool ratchet. The 
pawl's rounded lower extension 
pivots a reversing lever which 
shifts the retaining pawl so 
that it engages the opposite 
ra tchet. The ribbon will then 
feed in the opposite direction 
until again reversed. A detent 
holds the reversing arm in 
position until its next 
reversal. 
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3-8.6 PERFORATING. Either of 
two types of tape perforati on 
may be performed, depending on 
whether fully perforated or 
cha dless (hinged chad) type tape 
is to be used. Operation of 
both type mechanisms are 
described in the following 
par agraphs. 

a. Perforatinq-Chadless 
Units. As described in 
paragraph 3-8.2a, the reset bail 
is lowered near the end of the 
selecting cycle and releases the 
five punch slid es shown i n  
figur e 3-31. The selected 
slides move to the left and the 
unselected slides a re held to 
the r ight side by their latches. 
In the selected position, a 
projection of each slide extends 
over the slide post. Durin g the 
first part of the function 
cycle, the rocker bail moves to 
the left and, by means of a 

�---RATCHETS� 

LEFT ROLLER 

RIBBON \� \ I 

.-\-----

RIBBON REVERSING 

ARM 

RIBBON GUIDE 

RIBBON' 

ADJUSTABLE 

EXTENSION ARM 

'! I DRIVE ARM 

®-- ROLLER 

lj- ROCKER BAIL 

RIGHT ROLLER 

Figure 3-30. Ribbon Feed Mechanism, Front View 
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Figure 3-31. Perforating Mechanism - Chadless Tape Unit 
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drive link and rocker armr 
rotates the toggle shaft and 
bail counterclockwise. Toggle 
links attached to the front a nd 
rear of the bail lift the slide 
post and move the reset bail to 
the left. The selected slides 
are carried upward by the post 
and force the associated pins 
through the tape. Th� slides 
pivot about the same point as 
the drag links, and thus become 
an integral part of the main 
bail assembly during the 
perforating stroke. A retractor 
bail, which engages notches in 
the punch pins, is pivoted 
clockwise as the pins move up 
through the tape. Approximately 
midway through the function 
cycle, the function trip 
assembly lifts the reset bail. 
During the last half of the 
cycle, the toggle bail is 
rotated clockwise and lowers the 
punch slides. The reset bail, 
moved to the right by the toggle 
links, drives the slides back to 
their unselected positions, 
where it holds them until the 
next operation. The retractor 
bail, under spring pressure, 
holds the punch pins down 
against the slides until the 
pins are retracted below the 
tape. The notches in the pins 
are long enough to allow the 
retractor bail to pivot its full 
amount without lifting the 
unselected pins against the 
tape, but are short enough to 
permit the bail to serve as a 
downstop for the pins� and thus 
hold them in the block. A 
compression spring is mounted on 
the number 3 punch pin, and four 
tension springs a re hooked to 
the slide post and the retractor 
bail. The main bail assembly, 
the retractor bail, and the 
selected slides and punch pins 
move as a unit during the 
perforating strok e, and the 
retractor bail tension springs 
are not part of the load on the 
toggle shaft. The openings in 
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the block above the tape, 
through which t he selected pins 
protruder are semi-circular, so 
that only the rear portion of 
the hole is severed. 

b. Perforating-Fully 
Per forated Units. As previously 
stated, the reset bail is 
lowered near the end of the 
selecting cycle, releasing the 
five punch slides shown in 
figure 3-31. The selected 
slides move to the left, an d the 
unselected slides a re retained 
to th e right by their latch es . 
In the selected position, a 
projection of each slide extends 
over the slide post. Since a 
feed hole is perforated every 
operation, the punch slide 
associated with the feed-hole 
punch pin is designed so that it 
is always in a selected 
position. During the f irst part 
of the function cycle, the 
rocker bail moves to the left 
and, ty means of a drive link 
apd rocker arm, rotates the 
toggle shaft and bail 
counterclockwis e. Toggle links 
attached to the front and r ear 
of the bail lift the slide post 
and move the reset bail to the 
left. The selected slides are 
carried upward by the post and 
force the associated pins 
through the tape. The slides 
pivot about the same point as 
the drag links, and thus become 
an integral part of the main 
bail assembly during the 
per forating stroke. 
Approximately midway through the 
function cycle, the function 
trip assembly lifts the reset 
bail, as sh own in figure 3-32. 

During the last half of the 
cycle, the toggle bail is 
rotat ed clockwise pulling the 
slide post down and lowering the 
selected punch slides. The 
punch slides, which engage 
notches in their respective 
punch pins, pull the punch pins 
down below the tape. the main 
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bail assembly and the selected 
punch slides and their 
associated punch pins move as a 
unit during the perforating 
stroke. The opening in the die 
bloc k above the tape, through 
which the pins protrude, are 
circular so that the entire hole 
is punched. A chad chute, 
mounted on the reperforator 
punch block, mates with a chute 
on the base, and carries the 
chad punched from the tape into 
a chad container. 

3-8.7 FEEDING - FULLY-PERFORATED 
AND CHADLESS UNITS. Tape 
feeding is accomplished after 
perforation during the last half 
of each function cycle. The 
tape is threaded down through a 
tape guide and then up between a 
feed wheel and die wheel 
(figures 3-31 and 3-32). A feed 

pawl driven by the toggle bail 
acts upon a ratchet and rotates 
the feed wheel which, by means 
of pins and a slot in the die 
wheel, advances the tape one 
character at a time. A detent 
with a roller that rides on the 
ratchet holds the feed wheel and 
tat:e in position during 
perforation. The detent and 
feed pawl springs are so 
positioned that the pressure of 
the detent of the ratchet is 
high during the first half_of 
the cycle (to hold the tape in 
position during perforation), 
but is low during idling and the 
last half of the cycle, to 
facilitate tape threading and 
feeding. A tape shoe retains 
the tape on the feed wheel, and 
a guide spring holds it back 
against a reference tlock so 
that the feed holes are punched 
a uniform distance from the 
edge. The tape is stripped from 
the feed wheel by a stripper 
plate, passes into the punch 
block where it is printed and 
perforated, and finally emerges 
at the left. A guide spring, by 
holding the tape back against a 
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reference surface on the bl ock, 
maintains a uniform relationship 
between the code perforations 
and the edge of the tape. 

3-9. DETAILED FUNCTIONAL 
DESCRIPTION, VARIABLE FEATURES. 

A number of variable features 
may be installed as part of the 
typing reperforator set. The 
following paragraphs describe in 
detail the theory of operation 
of these units. 

3-9.1 CONTACT ASSEMBLIES. 
contact assemblies which may be 
installed as part of the typing 
reperforator include the 
Selector Mechanism Timing 
Contacts, LETTERS-FIGURES 
Contacts, S ignal Bell contacts, 
End of Feed-Out Timing Contacts, 
Code-Reading Contacts, and 
Timing Contacts. The o peration 
of each of these mechanisms is 
des cribed in the following 
�aragraphs. 

a. Selector Mechanism 
Timing Contacts. Operating in 
conjunction with an additiona l 
cam mounted on the selector cam 
assembly, shown in figure 3-33, 
this timing contact set (break­
make transfer) operates each 
cycle of se lection. The 
actuating lever maintains a 
relationship with the rest 
position of the selector cam, 
because its pivot point i s  on 
the range scale selector rack. 
Therefore, the contact set is 
used to signal that the selector 
cam is in the rest postion. 

b. LETTERS-FIGUFES 
Contacts. The LETTERS-FIGURES 

contact ass embly is mounted on 
the rear of the selector 
mechanism and is operated by the 
upper extension of the LETT ER S 
pushbar. Its purpose is to give 
a remote signal to indicate 
whether the typing reperforator 
is in the LETTERS or the FIGURES 
condition. When the unit is in 
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the LETTERS condition, the 
LETTERS pushbar is positioned 
towards the right and in contact 
with the operating lever. In 
this position (rotated 
counterclockwise) the operation 
lever is not in contact with the 
center contact spring and the 
center and upper contact points 
are made. When the FIGURES code 
combination is received, the 
LETTERS pushbar is moved to the 
le ft and permits the operating 
lever to rotate clockwise and 
engage the center contact spring 
and break the contact between 
the center and upper contact 
points. As the operating lever 
rotates further, contact is made 
between the center and lower 
contact points. 

c. Signal Bell Contacts. 
Mounted on and controlled by the 
function box, these contacts 
provide an electrical pulse to 
actuate an audible alarm when 
the typing reperforator recei ves 
the signal bell code 
combination. The contacts are 
shown in figure 3-34. With the 
unit in the FIGURES condition 
and the signal bell code 
combination (1-3--) received at 
the selector mechanism, the 
number 1 and 3 bellcranks rotate 
in response to the marking 
pulses, and the number 5 

bellcrank rotates in response to 
a spacing pulse. In this 
position, the slotted arms at 
the top of the bellcrank permits 
the signal bell function blade 
to drop under spring tension. 
The normally-open signal bell 
contacts, fixed to the function 
blade, drops with the blade and 
the contacts close. In the 
LETTERS condition, the FIGURES 
bellcrank blocks the signal 
bell function blade. 

d. End of Feed-Out 
Timing Contacts. This contact 
assembly, used in conjunction 
with the non-interfering LETTERS 
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(or blank) tape feed-out 
mechanism, furn ishes an 
electrical pulse to indicat e  the 
termination of feed-out. T he 
contacts are actuated by a bail 
extension that receives its 
motion from the tape length 
adjusting plate. When the feed­
out operation terminates, the 
plate engages and rotates t he 
bail arm, c ausing the normally­
open contact to close and t he 
normally-closed contact to open. 
Refer to the discussion of the 
remote control tape feed-out for 
additional theory concerning 
this function. 

e. Code-Reading 
Contacts. Five contacts, e ac h  
o f  which is actuated by a punch 
slide, read the code 
combinations perforated by the 
typing reperforator and 
establish c ircuits corresponding 
to the five ele ments. Either 
transfer or make contacts are 
available. Applications include 
ecror c hecking and parallel code 
output. 

f. Timing Contacts. 
When connected to external 
circuits, these contacts provide 
ele ctrical pulses which m ay be 
synchronized with the code­
reading contacts for circuit 
control purposes. Either 
single- or double-contact 
mechanisms are available. The 
contacts, which are of the 
transfer type, are actuated by 
bails which receive motion from 
the typing reperforator f unction 
cam. 

3-9.2 UN IVERSAL FUNCTION BLADE. 
This function blade may be coded 
for any desired character o r  
shift condition by removing 
tines. The function blade has 
removable t ines in the markin g 
and spacing positions for a ll 
levels. The universal function 
blade is shown in figure 3-35. 
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3-9.3 PRINT S UPPRES S ION-ON­
FUNCTION. This feature utili zes 
a print hammer stop that permits 
the hammer to strike the top.of 
the characters on the type wheel 
but not the base surface. 
Therefore, if a character or 
function symbol is relocated in 
the base surface, printing will 
not occur when this character or 
function is selected. 

3-9.4 INTERFERING LETTERS TAPE 
FEED-OUTPUT. The theory of 
operation of this function is 
described in the following 
paragraphs. 

a. General. This 
feature enables the typing 
reperforator to step out tape 
containing successive letters 
code combinati ons. The feed-out 
operation may be actuated 
locally by a hand lever or, with 
the addition of a separate set 
of parts, it may be controlled 
remotely by energizing a 
solenoid. Letters feed out will 
continue as long as the hand 
lever or solenoid is actuated. 
S ince the mechanism's operation 
involves tripping the selector 
clutch while reta ining the 
armature in its marking 
position, a messa ge can not be 
received during the feed-out 
period. The mechanism is shown 
operated in figure 3-37. 

b. Initia tion. When the 
typing reperforator is in the 
idling condition, the selector 
magnet is energized and the 
start lever is blocked as shown 
in figure 3-36. Feed out is 
initiated by moving a hand lever 
to the left (figure 3-36). A 
drive shaft affixed to the hand 
lever rotates a trip lever which 
lifts the start lever. The 
latter cle ars the armature and 
under spring tension rotates 
clockwise. The selecting cam­
clutch engages and the unit 
undergoes a complete cycle of 
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operation. S ince the selector 
remains energized, it is 
equiv alent to all intelligence 
elements of t he signaling code 
being marking. As a result, the 
LETTERS symbols is printed, the 
LETTERS code combination (12345) 
is perforated and the tape is 
advanced one feed hole. As long 
as the hand. lever is retain ed to 
the left, the start lever w ill 
trip the selecting cam-clutch 
and feed out will continue. 

c. Termination. Feed­
out is terminated by releasing 
the hand lever. The driver 
shaft and trip lever rotate 
clo ckwise under spring tension 
and lower the start lever. When 
the stop arm ba il and start 
lever are moved to the left b y  
the stop arm bail cam, the start 
lev er is blocked by the 
armature, the selecting c am­
clutch is d isengaged and th e 
typing reperforator is returned 
to its idling condition. A 
message received during feed-out 
will be qarbled. 

d. S olenoid operation. 
By the use of an additional set 
of parts, the LETTERS feed-out 
operation can be initiated by an 
electrical pulse from an 
external source. When the 
solenoid (figure 3-36) is 
energized by the pulse, it pulls 
a plunger to the left. The 
plunger, through a stop a rm and 
the drive shaft, causes the trip 
lever to lift the start lever. 
and feed-out is effected as 
described in the description of 
the initiation operation. Feed­
out will continue until the 
solenoid is de-energized, a t  
which time the plunger moves 
back to the right, the start 
lever is lowered, and feed-out 
is terminated as described in 

the discussion of the 
termination operation. 
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3-9.5 REMOTE CONT ROL N ON­
INTERFERING BLANR TAPE FEED-OUT. 
The following paragraphs 
describe this operation. 

a. General. A 
predetermined length of bla nk 
(unperforated) ta pe may be 

stepped out at the end of each 
message by remote control. · The 
operation is initiated by an 
electrical pulse from a remote 
source that is applied to a tape 
feed-out magnet. The feed-out 
is adjustable in steps of 0.6 

inch, up to 18 inches. Messages 
received d uring any part of the 
feed out cycle will be processed 
without interference or loss of 
content. A n on-repeat latch 
prevents successive tape feed­
out operations from being 
initiated until the first feed­
out sequence has been completed. 
At the end of the feed-out 

' 

operation, the mechanism stops 
and remains inactive until 
an other cycle is in itiated. 
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Feed-out initiation is described 
in the following paragraph. 

b. Initiation. The 
feed-out operation is initi ated 
when an electrical pulse is 
applied to the feed-out magnet 
with the ty�ing reperforator in 
the idle condition. With the 
magnet energized, the armature 
bail moves the blocking bai l out 
of engagement with the drive 
bail assembly. The spring­
loaded drive bail falls into the 
detent of its cam and the 
connecting link positions the 
release lever on the lower step 
of the latchlever. The non­
repeat latch is delayed one 
cycle by the spring loaded 
blocking latch on the drive 
bail. (If the start magnet i s  
held en ergized longer than one 
cycle, the non-repeat latch 
prevents the drive bail from 
again falling into the detent of 
its cam.) As the drive bai l 
reaches the detent of its cam, 
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the blocking latch rides over 
the non-repea� latch. The drive 
bail then reaches the high part 
of its cam and the non-repeat 
latch falls into engagement with 
the drive bail. When the s tart 
mag net is de-energized, the 
spring-loaded blocking bail 
again engages the drive bail 
and, simul taneously, disengages 
the non-repeat latch. 

c. Metering. When the 
drive bail positions the release 
levers on the lower step of the 
latchlever as described above, 
metering takes place. The 
release lever has now permitted 
the check pawl and feed pawl to 
engage two adjacent ratchets. 
One of the ratchets is fed 
continually by the feed pawl. 
This ratchet has a deeper notch 
at every sixth tooth, so that 
the pawl engages the second 
ratchet on every sixth cycle. 
Af ter the second ratchet has 
rotated an amount equivalent to 
two teeth, a follower, riding a 
cam attached to the ratchet, 
drops off its peak and unblocks 
the tripping mechanism. After a 
predetermined length of tape has 
been fed (as measured by the 
second ratchet), the latchlever 
is actuated, as it would be by 
the selector cam on receipt of a 
message, and the tripping 
mechanism is blocked to prevent 
further feeding. 
Simultaneously, the feed pawls 
are lifted off the ratchets, and 
the ratchets return to their 
zero position. 

d. Tripping and Punch 
Blocking. A bail that follows a 
cam attached to the main s haft 
engages the function clutch trip 
lever. When the cam follower 
enters the detent of its cam, an 
operating spring causes the bail 
to operate the clutch trip 
lever. The perforating and 
printing mechanisms are then 
allowed to punch and print the 
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character s tored in the 
selector. However, to ensure 
that only blank tape will b e  
advan ced, a blocking link i s  
connected t o  the selector 
stripper cam follower shaf t .  
�hen the magnet i s  energized, 
and the d rive bail positions the 
release lever on the lower step 
of the latchlev er as described 
in th e previous paragraph, the 
left end of the blocking link 
moves to the left and under the 
pun ch slide reset bail. Now, 
when the function clutch is 
tripped, the marking punch 
slides are blocked by the punch 
slide reset bail. The slid e 
post on the front toggle links 
clears the punch slide 
projection on i ts upwar d 
movement. The punch slide reset 
bail then falls off the blocking 
link, but the punch slides 
cannot move for ward into the 
marking pos ition because they 
are blocked by the slide post. 
Each time the main shaf t rotates 
one revolution, a blank tape 
feed-out cycle is initiated , 
provided the function clutch 
trip lever bail is not blocked 
by the metering mechanism. 
Should an i ncoming message trip 
the metering mechanism, the 
tripping mechanism is 
immed iately blocked from an y 
further operation and the 
blo cking link is pulled out of 
engagement with the punch slide 
reset bail. 

e. Storage. The purpose 
pf the storage mechanism is to 
hold the reset bail (perforating 
mechanism) in e ngagement with 
the punch slides until the 
slides are fully reset, so that 
they may recognize the firs t 
character set up in the pun ch 
sl·ide latches by the select ing 
mechanism. This mechanism 
consists of a latch that is 
operated by a l ink attached to 
the punch s lide reset bail 
toggle. During reception of an 
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incoming message, the toggle 
mechanism pushes the latch out 
of the way of the reset bail 
prior to its being stripped by 
the clutch trip lever. 

3- 9.6 REMOTE CONTROL NON­
INTERFERING LETTERS TAPE FEED­
OUT. The operation of this 
mechanism is essentially the 
same as that of the remote­
control n on-interfering blank 
tape feed-out mechanism. This 
feature, h owever, does not 
contain a blocking link on the 
stripper cam follower sha ft .  
Therefore, the ta pe output is 
perforated in the letters code 
combination (12345). This 
mechanism is shown in figure 
3-37. 

RESET CAM 

MOUNTING PLAT� 

NON-REPEAT LATCH 

3-9.7 AUTOMATIC NON-INTERFERING 
LETTERS FEED -oUT. The following 
par agraphs describe the theor y 
of this operation. 

a. General. This 
feature automat ically initi ates 
the feed-out of a predetermined 
length of LETTERS perforated 
tape at the end of each message, 
following a fixed period of 
signal line idle time. The 
duration of delay between the 
termination of the message and 
the initiation of feed-out is 
determined by one of seve ral 
available cams. (At 100-wpm 
operation, for example, delays 
of ap proximately 4 seconds and 
16 seconds are available.) The 
length of tape feed-out is also 
variable in increments of 

/� STOP BLOCK 

METERING 

FEED PAWL 

BLOCKING 

BAIL 
FRONT RATCHET 

TAPE LENGTH ADJUSTING PLATE 

Figure 3-37. Remote control Non-Interfering Letters Tape Feed­
Out Mechanism 
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0.6 inch up to 3.6 inches or 18 
inches. The mechanism may be 
controlled rem otely with the 
addition of a separate set of 
pa rts. Messages received during 
any p art of the feed-out cycle 
are processed without 
interference or loss of content. 
An exploded view of the 
mechanism is shown in figure 
3-38. 

b .  Initiation. The 
feed-out operation is 
automatically initiated by a 
fixed period of idle signal 
line. Through the interaction 
of a drive link operated by the 
rocker bail and a follower 
activated by the reset bail cam 
in the selector, the mechanism 
recognizes the end of a message. 
The timing of the selector while 
receiving a messa ge is such that 
the reset bail cam raises its 
follower during the first part 
of the selector cycle. The 
follower, through a linkage, 

PUNCH SlJDE LATCH 
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lowers a latchlever which 
permits a release lever to 
rotate clockwise. When the 
release lever is in its 
clcckwise position, the 
mechanism is in its unoperated 
condition as explained below. 
�hen the rocker bail goes to its 
extreme left po sition durin g the 
middle of the function cycl e, 
the attached dr ive link rotates 
the release lever 
counterclockwise and places the 
mechanism in its operated 
condition. Each time a new 
character is received, the above 
sequence occurs. End-of-message 
rec ognition is obtained when the 
release lever i s  rotated 
counterclockwise by the r ocker 
rail and is not permitted t o  
rotate clockwise b y  the 
follower. 

c. Metering and Feed­
Out. When the release lever 
rotates counterclockwise, it 
lowers a front check pawl o nto 

�-:� . ""'i RELEASE LEVER 

TIME DELAY 

LEVER 

t-:rl LATCH LEVER 

METERING FEED PAWL 

REAR METERING RATCHET 
\ 

�RONT METERING RATCHET 

Figure 3 -38. Automatic Noninterferin g Letters Tape Feed-Out 
Mechanism 
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two metering ratchets. A time 
de lay lever rides on a cam 
attached to the f ront ratchet. 
When the front ratchet rotates, 
the time delay lever rides to 
the low part of the cam and 
causes a release arm to release 
the drive arm of a feed-out bail 
assembly. A r oller on the drive 
arm then rides, under spring 
pressure, on a feed-out drive 
cam on the main shaft. As the 
shaft rotates, each time the 
roller rides to the low part of 
the cam, the feed-out bail 
assembly rotates the main triF 
lever counterclockwise tripping 
the function clutch. The feed­
out bail also rotates the punch 
slide latches counterclockwise 
setting up a LETTERS code 
combination. Thus, the 
reperforator feeds-out LETTERS 
tape in the same manner as if 
the function clutch and punch 
slides had been actuated by t he 
selector. As the rachets are 
rotated as described above, an 
adjusting plate on the front 
ra tchet reaches t he position 
where it rotates the latchlever 
clockwise. The l atchlever, in 
turn, through the time-delay 
lever, causes the release arm to 
latch the drive arm and 
terminates feed-out. The 
la tchlever also pe rmits the 
release lever to move to its 
clockwise position and lift t he 
metering feed pawl and front 
check pawl off the ratchets. A 
spring returns the front ratchet 
to its start position. T he 
mechanism remains in its 
unoperated condition until the 
next code combination is 
received. The adjusting plate 
is adjustable for varying 
lengths of tape feed-out. 

d. Non-Interference. 
When the first character of an 
incoming message is received 
during feed-out, the selector 
clutch is tripped and the reset 
cam follower causes the release 
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lever to rotate clockwise. 
Feed-out is terminated, as 
described in the discussion of 
the meterin g operation, and the 
message is perforated. When the 
first character is received 
during feed-out, the 
relationship between the 
selector cam and the function 
cam could be such that the reset 
bail would release the punch 
slides before the slides are 
fully reset. In this case, the 
first character of the incoming 
message would be lost. The 
purpose of the storage assembly 
is to prevent this. The storage 
assembly consists of a reset 
bail latch that is moved by a 
link attached to the reset bail 
shaft. During normal reception 
of messages, the link pushes the 
latch out. of the way of the 
reset bail prior to the bail's 
being lowered by the main trip 
lever. Whenever the condition 
described above occurs, the 
latch holds the bail in 
engagement with the slides until 
they are fully reset, so th at 
they may recognize the firs t 
character set up in the punch 
slide latches by the selector. 

3-9.8 BACKSPACE MECHANISMS. 
�hese mechanisms are described 
in the following paragraphs. 

a. General. The back­
space mechanism steps the tape 
back through the punch block in 
order to delete perforated 
errors. The erroneously 
perforated c9de combination in 
the retracted tape is then 
obliterated by perforating the 
letters code combination in i ts 
place. The back space mech anism 
may be operated manually or it 
may include power drive. The 
mechanism used with chadless 
tape differs from that used with 
fully perforated tape in that it 
contains a tape rake for 
depressing the chad. The 
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mechanisms are shown in figure 
3-39. 

b. Manual Backspace 
(Full y Perforated Tape). 

Depressing the handle of the 
backspacing bellcrank disengages 
the perforator feed pawl from 
the feed wheel ratchet. The 
backspacing feed pawl then 
engages the feed wheel ratchet 
and rotates the f eed wheel 
clockwise, backspacing the tape 
to the next row of perforations. 

c. Manual Backspace 
(Chadless Tape). Depressing the 

handle of the backspacing bell­
crank disengages the perforatcr 
feed pawl from the speed wheel 
ratchet and simultaneously 
rotates the rake to depress the 
chads. The backspacing f eed 
pawl then engages the feed wheel 
ratchet and rotates the f eed 
wheel clockwise, backspacing the 
tape to the next row of 
perforations. 

d. Power Drive Back­
space. A start magnet in the 
power drive mechanism is 
energized by a remote source. 
When energized, the armature 
bail is pulled downward. An 

extension of the bail disengages 
the drive link latch, which 
drops and engages a notch in the 
eccentric arm. The eccentric 
arm, driven by the perforator 
main shaft, moves to

'
the right. 

Th is action causes the bell­
cran k  handle to be depressed 
through a system of linkages 
between the drive link latch and 
the bellcrank, af ter which 
operation is as previously 
described. 

3-9.9 SEND-FECEIVE KEYBOA RD, 
DETAILED FUNCTIONAL DESCRIPTION. 
The following paragraphs provide 
a detailed discussion of the 
sequence of operation, function 
keys, and character counter 
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mechanism of the send-receive 
keyboard. 

a. Sequence of 
Operation. The discussion is 
further broken down to the 
discussions of depression of 
keys, positioning of code bars, 
and resetting of the code bars, 
as described in the following 
paragraphs. The code bar and 
codelever universal bail 
mechanism is shown in f ig ur e  
3-40. 

(1 ) Depression of 
Keys. As a code-selecting 
keytop is depressed, the 
corresponding codelever rotates 
about its pivot point. The rear 
end of the codelever comes up 
and rotates the universal bail. 
The extension arm on the top of 
the u niversal bail moves out of 
engagement with the step at the 
rear end of the universal bail 
latch. This occurs when the key 
and corresponding codelever 
latch are a bout two-thirds of 
the way toward full stroke. The 
universal bail latchlever t hen 
moves downward under spring 
force developed by the 
latchlever spring. As this 
latch comes dow n, it strikes the 
code bar reset bail latchlever 
and carries it downward. T he 
code bar mechanism is shown i n  
figure 3-41. When the corner of 
the reset bail latch descen ds 
beyond the center line of the 
needle bearing (mounted on the 
reset bail) , the varibus spring 
forces acting on the reset bail 
cause it to swing to the right. 
This in turn allows the various 
code bars to move to the right 
(in the direction of the spring 

forces acting on each code bar) • 
During this time, the codelever 
is moved up to its full 
position. Therefore, t he code­
lever may stop some of the code 
bars from moving to their 
extreme right hand position. 
�he code bars have vertical 
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CODE LEVER UNIVERSAL 
BAIL EXTENSION 

CODE LEVER 
NON-REPEAT UNIVERSAL BAIL 

UNIVERSAL BAIL 
LATCH LEVER 

I 

LEVER CRANK 

Figure 3-40. Code Bar and Codelever Universal Bail Mecha nism 

CODE BAR BAIL 

UNIVERSAL BAIL 
LATCH LEVER 

Figure 3-41. Code Bar Bail Mechanism 
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ex tensions that eng age a curved 
part of the signa l generator 
transfer levers. Those code 
bars that are permitted to move 
to the extreme ri ght also .move 
the corresponding transfer lever 
to the right. However, those 
code bars that are stopped, 
b ecause their teeth engage the 
actuated codelever, do not quite 
touch or move their 
corresponding transfer levers. 
Therefore, these transfer levers 
remain in their normal left hand 
position as shown in figure 
3-42. A locking wedge is 
m ounted on the proj ection of the 
lower position of all code� 
levers and function levers as 
shown in figure 3-43. When the 
lever is operated, its locking 
wedge moves downward between the 
lock balls, in the lock ball 
channel, preventing the 
simultaneous operation of more 
than one keylever. 
Simultaneously with the trip-off 
of the reset bail and the 
movement of the code bars to the 
right, the clutch trip bar 
(located in the rear slots of 

the code bar guides) moves to 
the right as shown in figure 
3-41. This clutch trip bar 
engages the clutch stop lever 
and moves it out of l atch with 
the clutch stop l ug. Up to this 
point, all of the action has 
been caused by manual operation 
of the keytop and its associated 
codelever as shown in figure 
3-40. The moto r unit supplies 
the mechanical power to drive 
the associated typing 
reperforator unit and the signal 
generator shaft. Refer to the 
appropriate section for 
description and principles of 
operation of the motor unit. 

(2) Positioning of 
Code Bars. Once the clutch is 
tripped, it rotates continuously 
as long as the keyboard is 
turned on. Since the clutch 
shoes are mounted on a plate 
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that is part of the cam 
assembly, the cam begins to 
rotate (clockwi se when viewed 
from the front of the keyboard). 
The arrangement of the cam 
assembly shown in figure 3-44, 
is such that the third cam from 
the rear begins to push downward 
on its corresponding transfer 
lever. At almost the same time, 
�he eighth cam from the rear 
tegins to move the transfer 
lever locking bail upward. The 
blade portion of this locking 
bail goes up beside a downward 
projection on each transfer 
lever. The locking projection 
is left or right of the locking 
bail, depending upon the 
position of the transfer lever 
(as set up by the permutation 

action of the code bars). Thus, 
in the first few degrees of cam 
rotation, the permutated 
position of the transfer levers 
is lo cked into position and the 
code tars are free to be reset 
in their normal latched 
posit ions. The cams and th eir 
corresponding transfer levers 
are numbered from rear to f ront. 
The. number 3 cam engages its 
transfer lever first, and moves 
it down. S ince the start pulse 
is always spacing , no code bar 
is required to engage this lever 
and it is always held to the 
left by its spring. Therefore, 
as the third cam moves the lever 
down, the hook at the upper 
right side of the transfer lever 
engages the right side of the 
trans fer (rocker) bai l. This 
tips the transfer bail to the 
right and pulls the contact 
drive link to the right. The 
resulting action of the contact 
toggle is such that the left set 
of contacts acts as a pivot and 
the right hand contacts beg in to 
open. The �igh t-hand contacts 
control the signal current in 
single contact type operation. 
�hen these contacts are open, 
the result is no current in the 
signal circuit. Therefore, the 
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CONTACT BOX 
SPRING SPACING CONTACT 

(SHOWN CLOSED) 

MARKING CONTACT 
(SHOWN OPEN) 

CONTACT TOGGLE 

CONTACT BOX 

TRANSFER 
LEVER 

Figure 3-42. Transfer Lever Mechanism and Contact Box Mechanism 
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WEDGB RETAINER 

Figure 3-43. Wedge Lock Mechanism 

SELECTED--"" 
NUMBER 2 CODE BAR 

UNSELECTED 
NUMBER 4 CODE BAR 

SELECTED •I 
NUMBER 5 CODE BAR 
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Figure 3-44. Code Bar Selection 
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first pulser the start pulse of 
any character code is a spacing 
(no current) pulse. The number 
1 cam and the transfer lever 
move downward next. In turnr 
the upper left hook of the 
associated transfer lever pulls 
down on the rocker bail (holding 
it to the right or tilting it 
back to the left) • This pushes 
the drive link to the left (or 
right) and results in closing 
the right (or left) contacts and 
allowing a marking (or spacing) 
pulse to be transmitted. 
Similarlyr the remaining 
transfer leversr numbers 2, 4 r 5 

and 6r are pulled downward by 
their respective cams. The 
resulting pulse is marking if 
the transfer lever is to the 
rightr or spacing if it is to 
the left. The number 7 transfer 
lever is held to the right by a 
stop pin. Thereforer the last 
pulse (the stop pulse) is always 
marking (current on). The 
locking bail is actu ated by the 
number 8 cam lobe. This cam 
begins to move the locking bail 
up into its locking position 
almost as soon as the cam s tarts 
to rotater as shown in figure 
3-42. Full lock position occurs 
approximately at the half-way 
point of the start pulse (48-1/2 
degrees of rotation). The dwell 
on the eighth cam from the front 
holds the locking bail in its 
lock position until after the 
beginning of the number 5 pulse. 
Then the cam pulls the bail down 
out of lockr and all transfer 
levers are free to return to 
their initial positions at a 
point about halfway through the 
stop pulse. 

(3) Resetting of the 
Code Bars. Reset of the code 
bars is accomplished by means of 
an eccentric on the front of the 
cam assemblyr which drives an 

eccentric follower arm (figure 
3-41). This arm engages a stud 
on the side of the reset bail 
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and pulls t he reset bail to the 
left as the cam rotates. A t  the 
peak position of the reset 
eccentricr the code bar reset 
bail latch is clear of the 
needle bearing stud. This 
permits the latch spring to pull 
the latch up into locking 
positionr and the code bar reset 
bail is latched as the eccentric 
drives the follower arm back to 
its initial position. As t he 
code bar reset bail is moved to 
the l eft (into reset)r it 
engages projections on the 
permutation code barsr clutch 
trip barr and a step on the non­
repeat lever. Thusr all of 
these elements are moved to the 
lef t into latched reset 
position. The repeat mechanism 
is shown in figure 3-45. T he 
reset eccentric is positioned in 
angular relationship to the 
remainder of the cam so tha t 
pick-up of the code bars an d 
non-repeat lever begins. Just 
after the number 2 pulse beginsr 
near the end of the start p ulser 
the code bars have been moved to 
the left a sufficient distance 
to permit the codelever (that 
determined the permutation) to 
drop down out of the univer sal 
bail. This permits the 
universal bail to rotate forward 
and move the non-repeat lever 
down and off the reset bail. At 
the same timer the extension of 
the u niversal bail moves in 
under its latchlever and holds 
this l atchlever up almost i n  the 
same position that the pawl on 
the non-repeat lever had held it 
in the early reset movement. 
With the universal bail latch 
held upr the reset bail 
continu es to move to the left. 
Full reset occurs at 
approximately 180 degrees of cam 
rotation (1/4 through the number 
3 pulse). As soon as the 
universal bail is permitted to 
move forwardr a second keytop 
can be depressed. Howeverr from 
that point onr full time of cam 
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Figure 3-45. Repeat Mechanism 

3-72 

,A, I 

) 

� 



' ( 

( 

( 

rotation must expire before a 
third and successive keytops can 
be operated. 

b. Function Keys. The 
following paragraphs describe 
theory of operation of the 
function keys. 

(1) Repeat· 
Mechanism. Operation of the 
REPT keytop simultaneously with 
one of the keys in the three 
lower rows or the spacebar 
disables the non-repeat 
mechanism and causes the 
character or function selected 
to be repeated as long as the 
REPT keytop is held operated. 
The depressed REPT keytop causes 
its function lever to raise the 
right end of the non-repeat 
lever as shown in figure 3-45, 
and rotates it about its pivot 
point. In this position, the 
non-repeat lever cannot be 
engaged and operated by the code 
bar bail, therefore, the non­
repeat lever cran k will not 
reset the operated code bar bail 
latch. The code bar bail and 
universal bail la tchlever are 
thus maintained in their 
operated positions, and the code 
bar bail follows the eccentric 
movement back and forth until 
the REPT keytop is released. 

(2) Electrical Line­
Break Mechanism. The electrical 
line-break mechanism, shown in 
figure 3-46, provides a means of 
interrupting signal circuits as 
an alerting signal for automatic 
equipment sometimes used in the 
teletypewriter system. 
Interruption of the line current 
is accomplished by depressing 
the BREAK keytop. When the 
BREAK ke ytop is depressed, its 
function lever pivots and raises 
the front end of the break 
lever. The rear portion of the 
break lever depresses the 
actuator pin of the sensitive 
switch, which opens the 
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normally-closed contacts. This 
a ction breaks t he continuity of 
the signal line , causing 
transmission of a break (no 
current) signal. When the BREAK 
keytop is released, the ten sion 
of the switch spring and the 
creak lever spring cause the 
fun ction lever to retur n the 
keytop to its normal position , 
and the switch contacts to their 
normal closed condition. 

(3) Keycoard Lock­
Unlock Mechanism. Operation of 
the (red) KYBD LOCK keytop 
causes its function lever t o  
raise the keyboard lock bar 
pawl. In its upper position, 
the p awl releases the keyboard 
lock bar, and a spring pull s the 
bar to the right. In this 
position, projections on th e 
lower side of the bar block the 
upward movement of any code 
lever and the repeat function 
lever. This mechanism is s hown 
in figure 3-47. Operation of 
the (red) KYBD UNLK keytop 
causes its function lever to 
rise against a camming surface 
on the keyboard lock bar an d 
drive the bar toward the left 
until the lock bar pawl drops 
into a notch in the lock bar. 
In t his position, the 
projections on the lock bar lie 
tetween the codelevers and offer 
no interference with their 
operation. This mechan ism is 
sho�n in figure 3-48. 

(4) Tape Backspace. 
Depressing the TAPE B.SP. k eytop 
directly activa tes a Switch 
which controls the backspace 
function on the typing 
reperforator. The keytop i s  
spring loaded t o  return to its 
unoperated position after e ach 
operation. There is no 
associated function lever f or 
this keytop, and the code b ar 
mechanism is not affected by its 
operation. The operation i s  
isolated from the signal 
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Figure 3-46. Electrical Line-Break Mechanism 
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KEYBOARD 

UNLOCK 
KEYLEVER 

KEYBOARD UNLOCK 

FUNCTION LEVER 

Figure 3-48. Keyboard Unlock Mechanism 

generator mechanism and does not 
affect other units in the line 
circ uit. The purpose of the 
back space function is to permit 
eradication of an erroneous 
character code, or codes, by 
reperforating such codes, using 
the five-hole perforated LETTERS 
code. 

(5) Tape Feed-Out. 
The TAPE F.o. keytop operates a 
sensitive switch located at the 
rear of the base. Although the 
switch is actuated through a 
function lever, the use of this 
key is an off-line operation and 
has no effect on the code bars. 

c. Character Counter 
Mechanism. Functional operation 
of this mechanism is described 
in the following paragraphs. 

(1) General. The 
character counter is driven 
mechanically from the code bar 
mechanisms through the counter 
a nd counter reset code bars 
located in the second and third 
(from front) slots of the code 

bar basket. These code bars 
have drive projections which 
engage the forks of the fee d  and 
reset bails of the counter. As 
the code bars fall to the right 
when a key on the keyboard is 
struck, the counter mechanism is 

tripped. The mechanism is shown 
in figures 3-49 and 3-50. These 
functions may be divided into 
thr ee distinct phases of 
operation of the counter 
mechanism, stepping, counte r 
reset and r estart. 

(2) Stepping. 
Referring to sequence A (fi gure 
3-51) , as a k ey is struck the 
code bars fall to t he right, 
carrying with them the feed bail 
(1) . The drive bail, which is 

linked to the feed bail, moves 
to the left slightly more than 
one tooth. As the code bars are 
reset under power, the steppi ng 
�ail (1) moves clockwise, 
causing the drive lever to 
advance the ratchet drum one 
tooth. The drive pawl prevents 
the ratchet drum from rotating 
counterclockwise until it i s  
again tripped for the following 
character. When this occurs, 
the ratchet drum rotates 
slightly counterclockwise, 
coming to rest against the 
latchlever. 

(3) counter Feset. 
Sequence B (figure 3-51) 
illustrates the tripped position 
of the counter mechanism for a 
reset function. The reset bail 
(2) moves c ounterclockwise as 

its code bar fa lls to the right, 
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COUNTBR � 
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LATCH LEVER 
SCALE BRACKET 

DRIVE LEVER I RATCHET 

RBSBT BAIL LATCH LEVER SPRING 

Figure 3-49. Character counter Mechanism, Front View 

ANTI-BOUNCE LEVER 

DRIVE LEVER 

RESET LEVER SPRING 
SPRING 

FEED LEVER 

RESET LEVER EXTENSION 

BAFFLE 

Figure 3-50. Character Counter Mechanism, Rear View 
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Figure 3-51. Operation of Character counter Mechanism 
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causing the reset lever in turn 
to rotate clockwise. As the 
reset lever rotates clockwise, 
the reset lever extension moves 
downward until it falls under 
the should er of the projection 
on the drive and latchlevers 
under the action of its spring. 
When the c ounter bars are reset, 
as in c (figure 3-51), the reset 
ba il is rotated clockwise to its 
original position, causing the 
reset lever to rotate 
counterclockwise, carry ing both 
the drive and latchlevers out of 
enga gement with the ratchet 
teeth. The mechanism remains in 
this condition, and the ratchet 
drum assembly rotates rapidly 
counterclockwise (under the 
action of its return spring) 
un til it reaches its zero 
position. As the ratchet drum 
reaches its zero position, a 
stop on the ratchet strikes a 
stop lever fastened to the 
frame. The elast ic impact is 
transmitted through the stop 
lever to the anti-bounce latch, 
whose lower end is normally in 
contact with the stop l ever. 
The anti-bounce latch rotates 
counterclockwise, dropping in 
be hind the ratchet stop. As the 
ratchet drum rebounds from the 
stop lever, its stop stri kes the 
anti-bounce latch, preventing 
further motion and maintaining 
the anti�bounce latch in its 
actuated position. The ratchet 
continues to operate between the 
stop lever and anti-bounce latch 
until the energy in the system 
has been largely diss ipated. 
The ratchet stop then remains in 
contact with the stop lever, 
permitting the anti-bounce latch 
to return to its normal 
position. 

(4) Restart. 
Sequence D (figure 3-51) 
illustrates the restarting 
action of the counter. mechanism 
for the character follo wing a 
carriage return. As a key on 
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the keyboard is depressed, the 
counter code bar falls to the 
right, the feed bail moves 
counterclockwise and the drive 
lever moves to the left. A s  the 
drive lever moves to the left, 
it is disengaged from the reset 
lever extension and falls into 
engagement with t he ratchet 
tooth. As the code bars are 
reset under power, the feed bail 
'rotates clockwise, and the feed 
lever begins to move to the 
right. As it does, its 
proje ction pushes the reset 
lever extension to the right and 
out o f  engagement w ith the 
latch-lever, which falls into 
engagement �ith the ratchet 
drum. As the d rive lever 
completes its stroke, it steps 
the ratchet one tooth, as in the 
normal stepping operation. 

d. End- of-Line Switch. 
Operation of the end-of-line 
switch is controlled by a switch 
cam. �he switch cam rotates 
with the ratche t drum and can be 
adjusted to close the switch at 
any typed line length from 10 to 
80 .characters. The location of 
this switch is shown on figure 
3-49. 

e. Bases. The rece ive­
only typing reperforator bases 
are composed basically of 
passive mechanisms. The 
variable-speed drive mechan ism, 
used with certain bases and 
available as an optional 
feature, is described below. 

3-9.10 VARIABLE FEATURES. 
functional descriptions of 
units are described in the 
following paragraphs. 

The 
these 

a. Variable-Speed Drive 
Mec hanism. This mechanism is 
used on certain receive-only 
bases and permits the manual 
selection of the typing 
reperforator operation speed to 
permit synchron ization with the 
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transmission speed of the 
incoming signal. Speed 
selections must be made with the 
motor unit inoperative. The 
mechanism is shown in figure 
3-52. A motor pinion gear 
attached to the motor shaft 
drives the main driving gear on 
a hub at the front end of the 
lower of two of the variable 
speed intermediate gear 
mechanism shafts. Three gears, 
fastened to hubs which rotate 
with the lower shaft, are 
driving gears. From the front, 
the first gear drives at 75 wpm 
speed, the second, smallest gear 
at 60 wpm, and the largest gear, 
at the right, at 100 wpm. On 

the upper shaft, spaced so the 
gears will clear non-mating 
driving gears in the shifting 
operation, but will mate for the 
selected gear ratio, are three 
driven gears. The driven gears 
slide freely horizontally on a 
hub fastened to the shaft, but 
are keyed to rotate the shaft, 
regardless of which gear 
combination has been selected. 
From the front, the gears on the 
top shaft are first, the driven 
gear for 60 wpm operation, 
second, the largest gear, for 
100 wpm, and third, the smallest 
gear, for 75 wpm. Between the 
second and third gear and 
separated from the gears by 
spacers is a gear block on which 
the shift lever slides. 
Manually positioning the gear­
shift handle releases the three 
position detent in the top of 
the housing and permits the 
movement of the handle to the 
right or left, as required to 
select a gear ratio. The 
selected ratio is indicated by 
indexed detents in the grease 
retainer covering the mechanism. 
At the rear, the mechanism is in 
position for 75 wpm operation. 
The center position is for 
100 wpm, and the front index is 
for 60 wpm. The gear ratio 
selected must be the same as 
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that on the distant station 
transmitting equipment. The 
lower shaft drives a hub and 
driving sprocket at its front 
end. The sprocket is connected 
through a timing belt to operate 
the typing reperforator at the 
selected speed. 

b .  Synchronous Pulsed 
Transmission. The synchronous 
pulsed transmission mechani sm 
provides a means of initiating 
signal transmission from the 
keyboard, at a predetermine d  
rate, upon reception of an 
0.050-ampere external clocking 
pulse of 20-millisecond 
duration. This mechanism i s  
shown in figure 3-53. When any 
green key on the keyboard i s  
depressed, the reset bail moves 
right and r eleases all selected 
code bars. Also released i s  the 
universal code bar which moves 
right and closes the clutch 
magnet conditioning contacts 
setting up the clutch trip 
magnet to r eceive the external 
clocking pulse. Upon reception 
of the external clocking pulse, 
the clutch trip magnet energizes 
and unlocks the clutch trip bar. 
As the clutch trip bar move s to 
the r ight it engages the cl utch 
trip bail extension and trips 
the signal generator clutch , 
allowing the signal generator 
cam shaft to rotate and transmit 
the proper sequential signal. 
After one complete revo lution of 
the signal generator cam shaft, 
the r eset bail returns to the 
starting position resetting all 
code bars and the clutch trip 
tar. 

3- 9.11 ELECTRICAL SER VICE 
ASSEMBLY COMPONENTS. The 
following paragraphs include 
detailed functional descriptions 
of the circuit cards used in the 
ESA units found in low-level 
typing reperforator sets. Refer 
to the paragraphs following the 
functional block diagram 

3-79 



NAVELEX 0967-LP-616-7010 

<" 
I 

"'), ,, 

'� 
Figure 3-52. Variable-Speed Drive Mechanism 

3-80 



( 

( 

( 

� 
CONTACT 

� MECHAN.ffiM 

CODE 
BAR 

NAVELEX 0967-LP-616-70 10 

SYNCHRONOUS 
PULSED 
MAGNET 
MECHANISM 

F igure 3-53. Synchronous Pulsed Transmission Mechanism 

description for the operation of 
the ESA used in the set. 

a. ESA Using 0.5-Ampere 
Power supply Card . Refer to 
figure 5-26 for the power supply 
card schematic diagram. Power 
supply transformer T1, diodes 
CR1, CR3, and power supply 
rectifier filter capacitor C8 
form a full-wave rectifier to 
obtain a minimum of 58 volts 
unregulated de. Transistors Q1 
and Q2 form a two-stage series 
voltage regulating element. 
Both transistors are always 
conducting, with the base­
emitter drop of each transistor 
at approximately 0.7 volt. The 
voltage drop across R2 is 
negligible. (Resistor R2 is 
used in conjunction with 
capacitor C5 for RFI noise 
suppression.) In effect, the 
emitter of Q1 is clamped to the 
same potential as the reference 
diode combination CR7 through 
CR12, ie, the de output of Q1 is 
nominally 47 volts. The 
difference between the Q1 de 

output and the unregulated de 

appears across the collecto r­
emitter junctio n of Q1. Figure 
3-54 shows both front and r ear 
views of th is circuit card. 
7rans istor Q2 is a gain stage 
for Q1. Resistor R1 limits the 
current that di vides between the 
CR7 through CR12 reference 
diodes and the base of Q2. The 
base current of Q1 or the 
collector current of Q2 is equal 
to the base current of Q2 
multiplied by the de curren t 
gain (HFE) of Q2. Resistor R7 
acts as a bleeder and assur es 
that Q1 and Q2 will conduct e ven 
when no load is connected a cross 
the output terminals. Without 
R7 and no load connected, the 
output would rise to the same 
value as the unregulated de. 
However, a minimum load of 
0.150-ampere must also be 
applied to maintain the +53 volt 
regulation limit. The +7-v ol t  
output is obtained by dropp in g  
the unregulated de voltage 
across resistor R4 to supply the 
Zener refer ence diode CR6 w hi ch 
is connected across the output. 
Resistor R5 and Zener diode CR5 
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provide a -7-volt output in the 
same manner previously 
de scribed. However, a full-wave 
rectifier consisting of 
rectifier diodes CR2 and CR4 and 
ca pacitor C4 is required to 
obtain the negative unregulated 
potential with respect to the 
circuit common. Capacitors C1 
through C3 suppress RFI noise 
transients which occur due to 
rectifier switching. Capacitors 
C6 and C7 and inductors L3 and 
L4 suppress Zener diode noise. 
The transformer shields and a 
low-pass filter consisting of 
L1, L2, and C9 through C12 
provide noise isolation between 
power line and power supply. 
The ESAs are normally wired so 
that one 250-ohm (25-watt) 
resistor is connected across the 
collecter-emitter of Q1 when 
each associated SMD or CMD is 
inserted in its connector to 
reduce power dissipation in Q1. 
(This is equivalent to 

paralleling Q1 and 250 ohms for 
each, approximately 0.150-ampere 
of load current.) Fuse F102 
limits the output current to a 
total of 0.5 ampere. 

b. ESA Using 1.5-Ampere 
Power Supply Card . Refer to 
figure 5 -30 for the power supply 
card schemat ic diagram. Power 
supply transformer T1, diodes 
CR1, CR2, and power supply 
rectifier filter capacitor C101 
form a full-wave rectifier to 
obtain a minimum of 58 volts 
unregulated de. Transistors Q1 
and Q2 form a two-stage series 
voltage regulating element. 
Both transistors are always 
conducting, with the base ­
emitter drop of each transistor 
at approximately 0.7 volt. The 
voltage drop across R2 is 
negligible. ( Resistor R2 is 
used in conjunction with 
capacitor C4 for RFI noise 
suppression.) In effect, the 
em itter of Q2 is clamped to the 
same potential as t he reference 
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diode combination CR3 through 
CR8, ie, the de output of Q2 is 
nominally 47 volts. The 
difference between the Q2 de 
output and the unregulated de 
appears across the collector­
emitter junction of Q2. 
Transistor Q1 is a gain stage 
for Q2. Resistor R1 limits the 
current that divides between CR3 
through CR8 reference diodes and 
the base of Q1. The base 
current of Q2 or the collector 
current of Q1 is equal to the 
base current of Q1 multipli ed by 
the de current gain (HFE) of Q1. 
Resistor R4 acts as a bleeder 
and assures that Q1 and Q2 will 
conduct even when no load is1 
connected across the output 
terminals. Without R4 and no 
load connected, the output would 
rise to the same value as the 
unreg ulated de. Capacitor C1 
through C3 suppress RFI noise 
transients which occur due to 
rectifier switching. The 
transformer shields and a low­
pass filter consisting of L1, 
L2, and C102 through C105 
provide noise isolation between 
power line and power supply. 
Fuse F102 limits the output 
current to a total of 1.5 
ampere. 

c. Selector Magnet 
Driver (SMD). The following 
electrical theory requires 
reference to figure 3 -55 and the 
schematic diagram in figure 
5-28. The TP323810 selector 
magnet driver (SMD) is basi cally 
a direct-coupled amplifier 
providing a current gain of 
approximately 8 0  .db. The f irst 
two stages (Q1, Q&. or Q5, Q7) 
provide the necessary gain to 
drive a Schmitt trigger (Q8 and 
Q9) • Transistors Q2 through Q4 
comprise a power regulator stage 
which provides the power su pply 
with a constant load. In the 
marking state with a positi ve 
voltage with respect to common 
applied to each input ( or a 
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Figure 3-55. Selector Magnet Driver (SMD)r TP323810 

�usitive voltage on one inputr 
the other open), Q1 and Q5 
conductr which in turn saturate 
Q6 and Q7. In this marking 
stater the voltage drop from the 
em itter of Q6 to the collector 
of Q7 is less than the voltage 
drop from the CR15 anode to the 
Q8 emitter. Under this 
condition, the base-emitter 
junction of Q8 is reverse­
biasedr thus turning Q8 off. 
With Q8 offr the Q9 base will 
conduct through R26 and thus 
energize the external selector 
magnet in the collector c ircuit. 
Transistor Q9 base current is 
sufficient to saturate the 
collector. In this condition, 
selector magnet current is 
determined primarily by the 
value of the limiting resistor 
F23 and the power regulator 
output voltage. In the spacing 
stater with a negative voltage 
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on input 1r input 2r or both 
inputsr the respective input 
transistor or transistors (Q1 , 
Q5) are off . I n  this condition 
Q6-Q7 collector current i s  cut 
off and the base of Q8 conducts. 
�ransistor Q8 base current is 
sufficient to saturate the 
collector. The Q8 emitter­
collector saturation voltage is 
less than the forward drop 
across CR13 thu s reverse biasing 
the base emitter junction of Q9. 
With this junction reverse 
tiased, Q9 collector current is 
cut off and the selector ma gnet 
is de-energized . Because of the 
difference in magnitude of Q8 
and Q9 load currentsr the drop 
across R21 will be greater in 
the marking sta te than in 
spacing. This means that the 
input voltage to the third state 
(Q6 VCE + Q7 VCE) necessary to 

change the state of Q8 will be 
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different depending on the 
previous state. Specifically, a 
larger combined Q6 and Q7 
collector-emitter voltage is 
required to turn on Q8 than to 
turn off QB. This hysteresis, 
peculiar to Schmitt triggers, 
enables positive driver input 
signals to energize the selector 
coil and negative goinq input 
signals to de-energize the coil. 
Resistors R4, R16, and 
potentiometers R3 and R15 serve 
to bias Q1 and QS and set the 
center of the switching 
interval. Emitter resistors P7 
and R18 assist in gain 
stabilization. Resistors R6, 
R8, R19, and R20 form voltage 
dividers to bias CR2 through CR4 
and CR10 through CR12. These 
diodes exhibit temperature 
characteristics such that 
together with R7 and R18, 
effective temperature 
compensation is obtained to 
stabilize the switching level of 
the SMD. Diode CPS establishes 
a voltage reference for the 
first stages to ensure switching 
level stability. When low­
resistance transmitters (about 
100 ohms) are used to key the 
driver, R1 and R13 have no 
significant effect of the 
operation of the circuit. 
However, when the line 
resistance is high (open line), 
R1 and R13 apply sufficient bias 
to drive Q1 and QS into 
conduction. This operation will 
maintain the terminal equipment 
in the idle state when input 
lines are open, or will allow 
single-line operation by 
simulating a marking signal on 
the other input. In the power 
regulator, CR8 and the base­
emitter ju nction of Q4 establish 
a voltage reference for R11 
which determines the current 
drain of the unit. Diode CR6, 
CR7 and the base-emitter 
junction of Q3 serve to clamp 
the Q4 collector at a low 
voltage so as to minimize power 
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dissipation in Q4. As the power 
requirement of the circuitry 
following the regulator 
decreases, the output voltage of 
the regulator will begin to 
rise. This rise correspond s to 
a decrease in QU collector-base 
voltage. The effect is to 
increase the forward bias on the 
base-emitter junction of Q3 and 
cause increased collector 
conduction. This collector 
current increases the conduction 
of Q2 whereby Q2 and R10 absorb 
the excess power. Q2 f unctions 
as a variable resistance so as 
to maintain a constant 
resistance across the outpu t of 
the regulator regardless of the 
state of the driver circuitry. 
As a consequence of this, the 
power supply sees a constant 
load, regardless of driver 
state. Capacitors cu and cs 

provide negative feedback to 
reduce transient generation in 
the driver. Capacitors C3 and 
C7 and ca are radio-frequency 
bypass capacitors to eliminate 
any parasit ic oscillations that 
may occur as a result of 
switching. 

d .  Low-Level Keyer 
(LLR) • The principles of 

operation of the TP303142 keyer 
circuit card are described in 
the following paragraphs. Refer 
to figure 3 -56 for a front view 
of the TP303142 circuit card and 
figure 5-24 for a schematic 
diagram. The TP303142 low-level 
keyer is a neutral-to-polar 
converter which, by means o f  
passive and active filterin g, 
shapes the output waveform. In 
the marking state the signal 
generator contact is open and Q1 
conducts to a level established 
ty resistors R1, R2, and R11. 
Transistor Q1 conducts 
sufficient current to saturate 
the collector of Q2 which rises 
to slightly less than the 
positive supply voltage. With 
Q2 conducting, Q4 and Q6 also 
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Figure 3-56. Low-Level.Keyer, TP303142 

conduct. Transistor Q4 base 
current (equal to the total 
output load current divided by 
the product of Q4 and Q6 gains) 
is small and consequently the 
voltage drops across R6, R 10, 
and R7 are insignificant. 
Transitor Q6 base current (equal 
to total output l oad current 
divided by the gain of Q6) is 
also small res ulting in an 
insignificant voltage drop 
across RB. Thus, the output 
voltage is the power supply 
voltage minus the sum of Q2 
voltage with collector-emitter 
saturated, Q4 base-emitter 
voltage and Q6 base-emitter 
voltage. The drop across R9 for 
normal output loads is 
insignificant. In the spacin g 
state the signal generator 
contact is closed . In this 
state R1 is shunted by the 
series combination of R 13 
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through R15 thus reducing Q1 
base voltage below the emitter 
voltage established by the 
voltage divider R 3, F11. W ith 
the emitter being at a higher 
potential than the base, Q1 is 
turned off. With Q1 off, Q2 is 
off and its collector voltage 
approaches the negative supply 
voltage. In this state Q3 and 
Q5 conduct. For the same 
reasons as in the marking state, 
the output voltage is primarily 
a function of Q3 base-emitter 
voltage and Q5 base.-emi tter 
voltage. Diode CR1 is added to 
compensate the unsymmetrical 
properties associated with th� 
second stage. During 
transitions, the nonsymmetric 
low-pass contact filter 
prefilters the input to the 
keyer. In addition, common mode 
effects due to the unbalanced 
strap capacitance of the contact 
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assembly, are reduced. 
Capacitors C1 and C6 limit the 
high-frequency response of 
states 1 and 2, thus providing 
additional shaping. Stage 3 (Q4 
and Q3) is a low-pass active 
filter. By means of C2 charging 
and discharaging through the 
feedback network, consisting of 
R6, R10, R 7, and C2, the rise 
and fall times are lengthened to 
produce an acceptable spectrum 
(from RFI standpoint). 

Capacitors C3, C5, and C5 
provide additional shaping by 
bypassing undesirable frequency 
components generated in Q3, Q4, 
QS, and Q6. C7 is a radio 
frequency bypass capacitor to 
decouple the power supply. 

e. Power supply Card. 
Two power supply circuit cards 
are employed in the ESA used 
with model 28 type equipment: 
one a 0.5-ampere, and the other 
a 1.5-ampere. The 0.5-ampere 
and 1.5-ampere circuit cards, 
when installed in a shielded 
electrical service assembly 
( ESA) containing the proper 

transformer and filter assembly, 
are intended as radio frequency 
interference (RFI) suppression 
power sources in systems 
requiring low-level RFI. Refer 
to paragrap� 3-9.11a and b for 
theory of operation of an ESA 
using both types and to f igure 
3-54 for a front and top view of 
the TP321290 power supply 
circuit card. The following 
paragraphs explain the general 
operation of each power supply 
circuit card assembly when it is 
installed in an electrical 
service assembly (ESA). The 
transf ormer, filter, and the 
1.5-ampere power transistor with 
heat sink are inc luded as part 
of the ESA. For more detailed 
information, refer to the wiring 
diagram package of the specific 
set that is used. 
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(1) Power Supply 
(0.5-Ampere) Card. Transformer 

T1, capacitor ca, filter 
components L1, L2, C9, and C10 
through C12 are all located in 
the electrical service assembly, 
not on the circuit card 
assembly. (Refer to figure 3 -54 
and schematic diagram in figure 
5-26.) Transformer T1, diodes 
CR1, CR3, and capacitor ce form 
a f ull-wave rectifier to o b ta in 
a minimum 58 volts unregula ted 
de. Transistors Q1 and Q2 form 
a two-stage series voltage 
regulating element. Both 
transistors are always 
conducting with the base-emitter 
dro� of each transistor a t  
approximate ly 0.7 volt. Th e 
drop across R2 (used in 
conjunction with cs for n oi se 
suppression) is negligible. In 
effect, the emitter of 01 ( de 
output) is clamped to t he same 
potential as the reference diode 
combination CR7-CR12 ( nominally 
47 volts). The difference 
between the de output and 
unreg ulated de appears acro ss 
the collector-emitter junction 
of Q1. Resistor R1 limits the 
current that divides between the 
CR7-CR12 reference diodes a nd 
the base of Q2, which is a gain 
stage for Q1. The base current 
of Q1 (Q2 collector current) is 
the base current of Q2 
multiplied by the de curren t 
gain (HFE) of Q2. Resistor R 7  
across the output acts as a 
bleeder and also assures that Q1 
and Q 2  will conduct e ven when no 
load is connected across the 
output terminals. Without R6, 
and o ut�ut would rise to the 
same value as the unregulated de 
with no load connected. The 
+7-volt output is obtained by 
dropping the unregulated de · 

voltage thr ough resistor R4 to 
supply the Zener reference diode 
CR6, �hich appears across the 
output. RS and CR5 provide 
-7-volts in a similar manner; 
however , a full-wave rectifier 
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consisting of rectifier diodes 
CR2, CR4, and capacitor C4 is 
required to obtain the negative 
unregulated potential with 
respect to circuit common. 
Capacitors C1 through C3 are 
used to suppress noise 
transients which occur due to 
rectifier switching. capacitors 
C6 and C7 and inductors L3, L4 
suppress Zener diode noise. A 
low-pass filter consisting of 
L1 through C12, and trans­
former shielding are used 
to obtain noise isolation 
between power line and power 
supply. 

(2) Power supply 
(1.5-Ampere) card. Transformer 
T 1, capacitor C101 and low-pass 
filter components L1, L2, C102 
through C105, transformer 
shielding, and power transistor 
with heat sink Q2 (Q1 of ESA) 
are located in and are parts of 
the associated electrical 
service assembly. (Refer to 
figure 3-54 and schematic 
diagram in figure 5 -30.) 
Transformer T1, diodes CR1, CR2, 
and capacitor C101 form a full­
wave rectifier to obtain a 
minimum +58-volt unregulated de. 
Transistors Q1 and Q2 form a 
two-stage series voltage­
regulating element. Both 
transistors are always 
conducting with the base-emitter 
drop of each transistor at 
approximately 0.7-volt. the 
drop across R2 (used in 
conjunction with C4 for noise 
suppression) is negligible. In 
effect, the emitter of Q2 (de 
output) is clampe d to the same 
potential as the reference diode 
combinati on CR3 and CF8 
(nominally 47 volts). The 

difference between the de output 
and unregulated de appears 
across the collector emitter 
junction of Q2. Resistor P1 lim­
its the current that divides be­
tween the CF3 and CR8 reference 
diodes and the base of Q1, which 
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is a gain stage for Q2. The 
base current of Q2 (Q1 
collector-emitter current) is 
the base current of Q1 
multiplied by the de curren t 
gain (HFE) of Q1. Resistor P4 
across the output acts as a 
bleeder and also assures that Q1 
and Q2 will conduct even when no 
load is connected across the 
output terminals. Without R4, 
the output would rise to the 
same value as the unregulated de 
with no loa d connected. 
capacitors C1 through C3 are 
used to supress noise transients 
which occur due to rectifier 
switching. A low-pass filter 
(in ESA), consisting of L1, L2, 

C102 through C105, and 
transformer shielding, is used 
to obtain noise isolation 
between power line and power 
supply. Fuse F102 limits 
current output to a total of 
1.5 amperes. 

f. Electrical Theory 
(TP32 1991 CMD}_. All circui t 

refer ences in the following 
paragraphs are made with respect 
to figure 3-57, the circuit 
board assembly drawing, and 
schematic diagram in figure 
5-25. The driver is basically a 
direct-coupled amplifier 
providing a current gain of 
approximately 80 decibel. The 
first two sta ges (Q1 and Q2 ) 
provide the necessary gain to 
drive a Schmitt trigger (Q3 and 
Q4) • Q5 and CR2 comprise a 
power regulator sta ge which 
provi des the power supply with a 
constant load. In the marking 
state, with a positive voltage 
with respect to common applied 
to the input side of the Q1 base 
resistor P5, Q1 conducts, which 
in turn saturates Q2. In this 
condition, the sum of the 
voltage drops around the loop 
R14, Q2 collector-emitter and Q3 
base-emitter is in a condition 
to reverse bias the base-emitter 
junction of Q3 and thus cut off 

�I 

) 

• 
¥:1 



I( 

( 

( 

NAVELEX 0967-LP-616-7010 

Figure 3-57. Clutch Magnet Driver (CMD) TP321991 for Low-Level 
Operation 

Q3 collector current. The Q4 
base current increases the 
voltage drop across R15 in order 
to satisfy loop conditions 
established by the power 
regulator voltager R14r CR8, and 
Q4 base-emitter voltage. The Q4 
base current is sufficient to 
saturate the collector. In this 
condition, load current is 
determined primarily by the load 
resistance. R17, and the power 
regulator output voltage. In 

the spacing state, with a 
ne gative input voltage. Q1 is 
cut off with reverse base­
emitter bias established by the 
reverse transient protection 
diode CR3. With Q1 off. Q 2  does 
not conduct. Consequently, to 
satisfy loop conditions 
established by R13, Q3 base­
emitter, R14, and the regulator 
voltage, Q3 conducts to raise 
the voltage across R13. Base 

current is suff icient to 
saturate the Q3 collector. The 
Q3 collector-emitter voltag e is 
less than CR8 voltager which in 
turn reverse biases the base­
emitter junction of Q4. With 
the latter junction reverse ­
biased, the Q4 collector is cut 
off. The collector circuit at 
Q2 has been interrupted and 
brought out to the connector 
contacts at the bottom of the 
car d. This circuit must be 
completed exter nally or Q3 
cannot be turned off and th e 
magnet coils are held de­
energized. The circuit thus 
affords a degree of local 
magnetic control. Because of 
the difference in magnitude of 
Q3 and Q4 load currentsr the 
dro p across R14 will be greater 
in th e marking state than i n  
spacing state. This means that 
input volta ge to the third state 
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(Q 2 VCE) necessary to change the 
state of Q3 will be different 
depending on the previous state. 
Specificallyr a larger Q2 
collector-emitter voltage is 
re quired to turn on Q3 than to 
turn off Q3. This hysteresis, 
peculiar to Schmitt triggers, 
enables positive driver input 
signals to energize and load 
coil and negative-go ing input 
signals to de-energize the load 
coil. Resistor R6 and 
potentiometer R7 serve to bias 
Q1 and set the center of the 
switching interval. Emitter 
resistor R8 assists in gain 
stabilization. R11 and R9 form 
a voltage divider to bias CR4 
through CR6. These diodes 
exhibit temperature 
characteristics such that 
together with R8, effective 
temperature compensation is 
obtained to stabilize the 
switching level of the driver. 
CR7 establishes a voltage 
reference for the first stage to 
ensure switching level 
stability. When a low­
resistance transmitter (about 
100 ohms) is used to key the 
driver, R4 has little 
significance on the operation o f  
the circuit. However, when the 
input resistance is extremely 
high, R4 applies sufficie nt bias 
to Q1 to cut it off. This 
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operation will maintain the 
terminal equipment in the idle 
state when the input line is 
open-circuited. In the power 
regulator, CR1 and the base­
emitter junction of QS establish 
a voltage reference for R1 and 
R2 which determines the current 
drain of the unit. As the 
driver demands less power from 
the r egulator, such as being in 
the de-energized state, the 
excess current (excess over 
energized current) is shunted 
through Zener diode CR2. This 
operation maintains a relatively 
constant load for the exte�nal 
power supply. R2 is adjusted to 
set minimum CR2 current for 
volta ge regulation. Coil L1 and 
capacitor C1 serve to reduce 
noise generated by Zener diode 
CR2. Capacitors C3 and C6 
provide negative feedback to 
reduce transient generation in 
the driver. C5 and c7 are 
radio-frequency bypass 
capacitors to eliminate any 
parasitic oscillations that may 
occur during high-speed 
switching. Diode CR9, C4 and 
R16 form a transient�limiting 
network to protect Q4 from 
excessive reverse transient 
voltages presen t when switching 
inductive loads. 
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CHAPTEF 4 

SCHEDULED MAINTENANCE 

4-1. INTRODUCTION. This 
chapter contains preventive 
maintenance and performance test 
procedures f·or the Keyboard 
Send-Peceive (KTR) and Receive­
Only (ROTF) Typing Feperforator 
s�ts Model 28. The purpose o f  
scheduled maintenance i s  to 
anticipate and eliminate 
potential trouble sources in an 
effort to minimize interruptions 
to service. Recommended 
preventive maintenance actions 
are tabulated in a scheduled 
maintenance action index along 
with suggeste� intervals of 
performance and references to 
paragraphs containing specific 
instructions for performing 
maintenance actions. The 
scheduled maintenance actions in 
this manual are cancelled when 
the Planned Maintenance System 
(PMS) is i mplemented for this 

equipment aboard your ship or 
station. 

4-2. SCHEDULED MAINTENANCE 
ACTION INDEX. Table 4-1 li sts 
scheduled maintenance action to 
be performed on K TR and ROTR 

sets. The Periodicity colu mn 
indicates the interval and 
sequence of maintenance action 
performance. D denotes daily, w 

denotes weekly, M denotes 
monthly, Q denotes quarterly, 
and F denotes as required. The 
Maint enance Action colu mn 
briefly describ es the 
maintenance action to be 
performed. The Reference column 
lists the paragraph describing 
the maintenance action in 
further detail. 

U-3. EQUIPMENT AND MATERIALS 
FEQUIRED. The following 
equipment and materials are 
required to accomplish 
preventive maintenance and 
performance test procedures 
included in this chapter. 

Clean, lint-free cloths . 

Cleaning solvent: 
T richloroethane O-T-62� 

Table 4•1. Scheduled Maintenance Action Index 

Periodicity 

M 
(Or after 
150 hours of 
operation) 

M 
(Or after 
150 hours of 
operation) 

Q or R 

Maintenance Action 

Inspect KTR and ROTR 

Lubricate KTR and ROTR 

Conduct performance tests 

Reference 

4-Sa 

4-Sb 

4-8 
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Lubricants: Oil, MIL-L-17672 
Grease, MIL-G-23827 

Test equipment and tools 
listed in table 1-3. 

CAUTION 

To clean gold contacts in 
units so equipped, pass a 
twill jean cloth between the 
closed contacts of the sig­
nal generator; avoid pulling 
the twill jean completely 
through the contacts. Open 
contacts to release the twill 
jean cloth. Use no o ther 
cleaning or burnishing 
methods. Avoid pitting or 

chipping the go ld contact 
points. Do not touch the 
cleaned contact surfaces. 

4-4. SAFETY PRECAUTIONS. The 
following are general safety 
precautions that are not related 
to any specific procedures and 
therefore do no t appear 
elsewhere in this publication. 
These are recommended 
precautions that personnel must 
understand and apply during many 
phases of operation and 
maintenance. 

a. Reep Away From L ive 
C ircuits. Operating personnel 
must at all time s observe all 
safety regulations. Do not 
replace co mponents or make 
adjustments inside the equipment 
with the primary power applied. 
Under certain conditions, 
dangerous poten tials may exist 
when the power control is i n  the 
off position due to charges 
retained by capacitors. To 
avoid casualties, always remove 
power and discharge and ground a 
circuit before touching it. 

b. Do Not Service Or 
Adjust Alone. Under no 
circumstances should any person 
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re ach into or enter the 
enclosure for the purpose of 
servicing or adjusting the 
equipment except in the presence 
of so meone who is capable of 
rendering aid. 

c. Resu scitation. 
Personnel worki ng with or near 
high voltage should be familiar 
with modern methods of 
resuscitation. Such information 
may be obtained from the Bureau 
of Medicine and surgery. 

4-5. PREVENTIVE MAINTENANCE 
PROCEDURES. The following 
paragraphs contain scheduled 
preventive maintenance 
�rocedures referenced in 
table 4-1. 

a. Monthly Inspecti on . 
Inspect KTR or ROTR monthly or 
after 150 hours of operation as 
follows: 

(1) Remove cover. 

(2) Inspect all 
mechanisms for presence of a 
red, powdery substance which 
indicates lack of lubrication. 

(3) Examine the KTR 

or ROTR for damaged parts and 
replace, if necessary. 

b. MOnthly Lubrication. 
If lack of lubrication is 
ind icated, lubricate the ty ping 
reperforator and tape printer, 
base, and keyboard in accordance 
with instructions provided in 

paragraph 4-6. 

NOTE 

Typing reperforator and 
tape printer, base and 
key board should be lubri­
cated every two d ays for a 
period of 12 days after 
cleaning solvent. 
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4-6. LUBRICATION. The 
following paragraphs provide 
lubr ication instructions for 
Model 28 reperforator and tape 
printer units and associated 
reperforator and tape printer 
keyboards and bases. Lubricate 
intervals are specified in table 
4-2. Intervals are based on 
speed of operation, and apply to 
keyboards and bases as well as 
the basic reperforator and tape 
printer units. Lubrication 
methods for typical units are 
presented in .lubrication charts 
located at the end of this 
chapter. The lubrication charts 
consist of photographs and line 
drawings. Photographs show the 
general area to be lubricated. 
Callouts on the photographs 
refer to line drawings 
indicating each specific 
mechanism to be lubri cated, and 
method of lubrica tion. 

a. General Lubrication 
Instructions. Apply MIL-L-17672 
oil wherever the use of oil i s  
indicated. Apply MIL-G-23827 
grease on all surfaces where 

NAVELEX 0967-LP-616 -7010 

indicated. If the function cam 
needle bearings are disassembled 
at any time, repack the bea ri ng s  
with TP195287 grease (Beacon 325 
grease or its equivalent). The 
following symbols apply to the 
specific lubrication 
instructions indicated in t he 
line drawings. All spring wicks 
and felt oilers should be 
satur ated. T he friction 
·surfaces of all moving part s 
shoul d be thoroughly lubricated. 
over-lubrication, however, which 
will permit oil or grease t o  
drip or b e  thrown o n  other 
parts, shou ld be avoided. Take 
special care to prevent oil or 
grease from getting between 
armatures and pole faces or 
between ele ctrical contact 
points. Apply a thick film of 
grease to all gears. Apply oil 
to all cams, including the 
caroming surfaces of each clutch 
disc. Pull a piece of "BOND" 
pap er between the armature and 
the pole pieces to remove any 
oil or foreign matter that may 
be present. Ma ke certain that 
no lint or pieces of paper 

Table 4 -2. Lubrication Intervals - Typing Reperforator and T ape 
Printer Units, Typing Reper forator and Tape Printer 
Bases, and Typing Reperforator and Tape Printer Keyboards · 

Operating Lubrication 
Speed (wpm) Int erval 

60 3000 hours or 
1 year* 

75 I 2400 hours or 
9 months* 

100 1500 hours or 
107 6 m onths* 
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remain between the pole pieces 
and armature. 

Symbol 

0 

Meaning 

Apply MIL-L-17672 oil 
(01 - apply drop of 

oil. 02 - apply two 
drops of oil. etc.) 

G - Apply MIL-G-23837 

SAT 

grease 

Saturate with 
MIL-L-17672 oil 
(felt washer. oilers, 

wicks, etc. ) 

WARNI NG 

Disconnect or turn off power 
before applying any lubri­
cant. 

b. Lubrication 
Intervals. Lubricate the units 
just prior to placing them in 
service. After a few weeks in 
service. relubricate to make 
certain that all points receive 
lubrication. Thereafter, use 
the lubrication intervals 
specified in table 4-2. 

c. Views. References to 
front. rear. left, right. etc., 
in the lubrication charts, apply 
to the units as viewed by the 
operator facing the unit. The 
photographs identify figure 
numbers referring to particular 
line drawings of mechanisms to 
show where these mechanisms are 
lo cated on the unit. The line 
drawings indicate points to be 
lubricated and the kind and 
quantity of lubricant to be 
used. Parts in the line 
drawings are show n in an upright 
po sition unless o therwise 
specified. 
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d. Typing Feperforator 
Unit. Lubrication charts for a 

typical typing reperforator unit 
are in table 4-3 and presented 
in figures 4-1 through 4-47 . 
Figures 4-21 through 4-24 show 
the basic units, figures 4-25 
through 4-44 show variable 
features; f igures 4-45 through 
4-47 show the earlier design 
mechanisms. 

e. Keyboards. 
Lutrication charts for typi cal 
typing reperforator and tape 
print er keyboards are indexed in 
tab le 4-4 and presented in 
figures4-48 through 4-76. Basic 
units are shown in figures 4-48 
through 4-71. Variable features 
are s hown in figures 4-72 
through 4-76. 

f. Bases. Lubrication 
charts for typical Model 28 
reperforator and tape printer 
receive-only ba ses are indexed 
in table 4-5 and presented in 
figures 4-77 through 4-85 
Specific lubrication procedures 
are provided as follows: 

(1) Receive-only 
base (figures 4-77 through 
4-81) • 

(2) Multiple-mounted 
receive-only base (figure 4-82). 

(3) Auxiliary­
mounted receive-only base 
(figure 4-8 2) • 

(U) Receive-only 
miniaturized reperf orator base 
(figures 4-83 and 4-85) • 

(a) Sliding 
Subbase for receive-only 
miniaturized reperforator base 
(figure 4-85}. 

4-7. SCHEDULED PERFORMANCE 
7ESTS. Scheduled performance 
tests consist of mechanical 
checks for high-level and low-
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Table 4-3. Typing Reperforator and Tape Printer 
Lubrication Chart Index 

'Iitl e 

BASIC UNITS 

Page 

Punch Mecpanism for Chadless Tap e (2 Sheets) I 4-10 

Punch Mechani sm for Full y Perforated Tape I 4-12 
(2 Sheets) 

Typing Reperforator Unit I 4-14 

Rotary Positioning Mechanism I 4-15 

Selector Mechanism I 4-15 

Range Finder Mechansim I 4-16 

Main Shaft Mechanism I 4-1 7  

Transfer Mechanism I 4-18 

Pushbars I 4-18 

Typing Reperforator Unit, Right Rear View 

Function Box Mechanism 

Axial Positioning Mechanism 

Axial Positioning Mechanism, Left Side View 

Detent Assemblies, Bottom View 

Printing Mechanism With Steel Pr int Hammer, 
Left Side View 

Printing Mechanism With Resilient Print 
Hammer, Left S ide View 

Rocker Bail Mechanism, Fear View 

Function Cam Clutch 'Irip Mechanism 

Slack Tape Mechanism 

Main Shaft and Jack Shaft Mechanisms, 
Two Shaft Units 

Main Shaft and Jack Shaft Mechanisms, 
Two Shaft Units ( Line Drawing) 

4-19 

4-20 

4-20 

4-21 

4-21 

4-22 

4-23 

4-24 

4-25 

4-26 

4-26 

4-27 
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Figure 

4-24 

4-25 

4-26 

4-27 

4-28 

4-29 

4-30 

4-31 

4-32 

4-33 

4-34 

4-35 

4-36 

4-37 

4-38 

4-39 
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Table 4-3. Typing Reperfo rator and Tape Printer 
Lubrication Chart Index - Continued 

Title 

Tape Mechanism for Model 2 8  Tape Printer 
Unit 

VARI ABLE FEATURES 

Unshift-on-Space Mechanism 

Signal Bell Contact Mechanism, 
Right Side View 

Manual and Solenoid Operated Interfering 
LTRS Tape Feed-Out Mechanism and Signal 
Bell Mechanism 

Page 

4-27 

4-28 

4-28 

4-29 

Manual and Solenoid Operated Interfering LTRSl 4-30 
Tape Feed-Out Mechanism, Right Front View 

Automatic and Remote Control Noninterfering 
LTRS Tape Feed-Out Mechanisms, Right 
Front View 

Remote Control Noninterfering LTRS and 
BLANK Tape Feed-out Mechanism 

Automatic and Remote Control Noninterfering 
LTRS and BLANK Tape Feed-out Mechanisms 
(3 Sheets) 

Automatic and Remote Control Noninterfering 
BLANK Tape Feed-Out Mechanisms 

End of Tape Feed-Out Timing Contacts for 
Noninterfering LTRS and BLANK Tape Feed-Out 
Mechanisms 

Timing Contact Mechanism (Operated 
by Selector') 

Print SUppression on Functions 

Blank Delete Mechanism (2 Sheets) 

LETTERS-FIGURES Contact Mechanism, 
Later Design 

Timing Contacts 

Code-Reading Contacts 

4-31 

4-32 

4-33 

4-36 

4-37 

4-38 

4-39 

4-40 

4-42 

4-42 

4-43 
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4-40 

4-41 

4-42 

4-43 

4-44 

4-45 

4-46 

( 
4-47 
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Table 4-3. Typing Reperforator and Tape Printer 
Lubrication Chart Index - Continued 

Title 

Man u al and Power Drive B ac kspace 
Mechanisms (for Chadles s T a�e) 

Backspace Mechanism for Chadles s 
Tape (Manual) 

Backspace Mechanism for Chadles s 
Tape (Powe� Drive) 

Backspace Mechansim for Fully -Perforated 
Tape (Power Drive) 

Time Delay Motor Stop Mechanism 

E ARLIER DESIGN MECHANIS MS 

Ribbon Feed Mechanism, Early Des ign 

R emote control Noninterfering BLANK Tape 
Feed-Out Mechanism ( 5  Sheets ) 

Remote Control Noninterfering Ta�e Feed-out 
Mechanism and Timing Contacts 

Page 

4-44 

4-45 

4-45 

4-46 

4-47 

4-48 

4-49 

4-54 
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OJ HOOKS (2) SPRING 

02 PIVOT POINT FEED PAWL 

02 PIVOT CHECK PAWL 

02 PIVOT POINTS (2) REVERSING 

ARM 

� G CONTACTING DRIVE ARM 

SURFACE ADJUSTABLE 

EXTENSION 

SAT FELT WASHER DRIVE ARM 

ROLLER 

OJ HOOKS (2) SPRINGS (2) 

G TEETH RATCHET WHEEL 

02 SHAFT ROLLERS {2) 

02 SHAFT 
I 

FELT RATCHET WHEEL 

WASHERS (2) 

02 PIVOT DETENT 

G CONTACTING DETENT 

SURFACES 

'---------- 02 UPPER AND LOWER SLIDE LEVER 

BUSHING 

�--------------- 02 PIVOT DRIVE ARM 

REAR VIEW 

Figure 4-2. Ribbon Feed Mechanism, Later Design 
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SAT FELT WICK DRIVE LINK SPRING 

02 PIVOT POINTS (2) PUNCH DRIVE LINK 

02 ROLLER DETENT LEVER 

02 PIVOT POINT DETENT LEVER 

SAT PIVOT POINTS (2) RESET BAIL 
(FELT WASHERS) 

SAT PIVOT POINTS (4) FRONT AND REAR 
(FELT WASHERS) TOGGLE LINK 

�SAT PIVOT POINTS (2) 
(FELT WASHERS) 

-- SAT FELT WICK 

TOGGLE BAIL 

FEED PAWL SPRING 

SAT FELT WASHER FEED PAWL 

01 PIVOT POINTS (2) FEE D  PAWL 

SAT FELT WICK DETENT S PRING 
G HOOKS-EACH E ND DETENT SPRING 

SAT PIVOT POINTS (2) TOGGLE BAIL 
(FELT WASHERS) 

02 PIVOT POl NTS (2) ROCKER ARM 

01 HOOKS- EACH END (4) DRAG LINK S PRINGS 

01 PIVOT POINTS (2) RETRACTOR BAIL 
(FELT WASHERS) 

OJ PIVOT POINT TAPE SHOE 

01 PIVOT POINTS (2) TAPE SHOE ARM 

01 HOOKS -EACH END SPRINGS 

SLIDING SURFACES DEPRESSOR SLIDES 

01 PIVOT POINTS (S) PUNCH SLIDES 
RESET BAIL G RESET SURFACE 

��-----------SAT FELT STRIP OSCILLATING SLIDE POST 

�-------------- G SLIDING SURFACES (5) 
'---------------- G SLIDING SURFACES 

PUNCH SLIDES 
DEPRESSOR SLIDE 

Figure U-3. Punch Mechanism for Chadless Tape (Sheet 1 of 2) 
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m l 
01 SLIDING SURFACE (5) 

(UPPER GUIDE) 

01 SPRING-EACH END 

01 PIVOT AND FELTS 

G SLIDING SURFACE (5) 
(RETRACTOR NOTCH) 

01 SLIDING SURFACE (5) 
(LOWER GUIDE) 

€> cfcib/ � 01 SLIDING SURFACE (5) 

.------------.......:;:::::::--·G RATCHET TEETH 
02 Oil HOLE 

.---SAT PIVOT POINT 
(FELT WASHER) 

.......-------- SAT PIVOT POINT 
(FELT WAStER) 

'------ 02 PIVOT POINTS (2) 

PUNCH PIN 

RETRACTOR 

RETRACTOR BAIL 

PUNCH PIN 

PUNCH PIN 

PUNCH SLIDE GUIDE 

FEED WHEEL 
FEED WHEEL 

FEED WHEEL 

DIE WHEEL 

HANDWHEEL HARING 

Figure. 4-3. Punch Mechanism for Chadless Tape (Sheet 2 of 2) 
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4-12 

• 

---------:;;;;.,.--7'----:( SAT FELT WICK DRIVE LINK SPRING 

§ \ / L ,' 02 PIVOT POINTS (2) PUNCH DRIVE LINK 

01 PIVOT P�NT TAPE SHOE 

G RESET SURFACE 

02 ROLLER 

02 PIVOT POINT 

PIVOT POINTS (4) 
(FELT WASHERS) 

PIVOT POINTS (2) 
(FELT WASHERS) 

PIVOT POINTS (2) 
(FELT WASHERS) 

I""''L.o 01 PIVOT POINTS (2) 

RESET BAIL 
DETENT LEVER 

DETENT LEVER 

FRONT AND REAR 
TOGGLE LINK 

TOGGLE BAIL 

TO.GGLE BAIL 

TAPE SHOE MM 

)JV"�r11 01 HOOKS- EACH END SPRINGS 

D 01 PIVOT POINTS (6) PUNCH SLIDES 

�'Sf ,<;r,<...4 SAT FELT STRIP OSCILLATING SLIDE POST 

7;;:::-./_ - SAT PIVOT POINTS (2) RESET BAIL 

� (FELT WASHERS) 
.... "/, 01 CONTACT SURFACES (6) PUNCH SLIDES 

SAT FELT WICK 

FELT WICK 

PIVOT POINTS (2) 
, 02 PIVOT POINTS (2) 

FEED PAWL SPRING 

DETENT SPRING 

FEED PAWL 
ROCKER ARM 

Figure 4-4. Punch Mechanism for Fully-Perforated Tape 
(Sheet 1 of 2) 
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01 SLIDING SURFACE (6) 
(UPPER GUIDE) 

PUNCH PIN 

01 SLIDING SURFACE (6) PUNCH PIN 
(LOWER GUIDE ) 

llll � 01 S LIDING SURFACE (6) PUNCH PIN 

C 01 SLIDING SURFACE (6) PUNCH SLIDE GUIDE � --

02 

SAT 

SAT 

HOOKS-EACH END SPRING 

RATCHET TEETH FEED WHEEL 

OIL HOLE FEED WHEEL 

PIVOT POINT FEED WHEEL 
(FELT WASHER} 

PIVOT POINT DIE WHEEL 
(FELT WASHER) 

"------- 02 PIVOT POINTS (2) HANDWHEEL BEARING 

Figure U-4. Punch Mechanism for Fully-Perforated Tape 
(Sheet 2 of 2) 
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Figure 4-5. Typing Reperforator Unit 
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Figure 4-6. 

NAVELEX 0967-LP-616-7010 

G TEETH ROTARY OUTPUT RACK 

G SPECIAL TEETH ROTARY OUTPUT RACK 
ROTARY CORRECTING LEVER 

PIVOT POINT ROTARY CORRECTING LEVER 
SHAFT 

PIVOT POINTS (2) CONNECTING RODS 

PIVOT POINTS DETENT LEVERS (8) 
(FELT WASHERS) 

HOOKS - EACH END SPRINGS (4) 

CONTACT POINTS DETENT LEVERS (8) 
PIVOT POINTS (3) CROSS LINKS 
(FELT WASHERS) 

SLIDING SURFACE ROTARY OUTPUT RACK 

Rota ry Positioning Mechanism 

2 BEARING GUIDE SLOTS (5) PUSH LEVER 
GUIDE BEARING 

SAT FELT WICK S£LECTOR WICK 

HOOKS - EACH END (12) SPRINGS 

02 ENGAGING SURFACES (5) PUSH LEVERS 

2 GUIDE SLOT 

02 

�"' fiLL UP 

WICK 

(AVOID AIRLOCK) 

MARKING LOCK 
LEVER 

LUBRICATOR WICK 

LUBRICATOR 
RESERVOIR 

� 01 HOOKS- EACH END (12) SPRINGS 

·- • 
02 BEARING GUIDE SLOTS (6) SELECTOR LEVER 

GUIDE BEARING 

L----------------- 02 GUIDE SLOTS 

Figure 4-7. Selector Mechanism 

SELECTOR AND 

PUSH LEVER GUIDE 
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U-16 

--------- G TEETH KNOB 

G TEETH RACK 

SAT FELT .WASHERS (2} CLUTCH ST.OP ARM 

--- 01 HOOKS - EACH END SPRING 

Figure u-a. Range Finder Mechanism 
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NAVELEX 0967-LP-616-7010 

..------...,.---__,.-
06 .. FUNCTI ON CAM NEEDLE BOTH ENDS OF SLEEVE 

BEARING SLEEVE (3) AND OIL HOLE IN SLEEVE 

02 BEARING 

'! 

• 

CSURF>CE: 
(EACH CAM) 

02 CAMMING 
SURFACES (2) 

�-----02 ROLLER PIVOT 

' 
02 BEARING 

'--------------- G TEETH 

MAIN SHAFT 

SELECT OR CAM 

FUNCTION CAM 

FUNC TION CAM 

MAIN SHAFT 
DRIVEN GEAR 
(IF UNIT IS SO EQUIPPED) 

*IF FUNCTION CAM NEEDLE BEARINGS ARE DISASSEMBLED AT ANY TIME, REPACK BEARINGS 
WITH GREASE (BEACON 325) (TP195298) OR ITS EQUIVALENT. 

Figure 4-9. Main Shaft Mechanism 
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,------ 01 PIVOT POINTS (S) PULSE BEAMS 

,.---- 01 CONTACT SURFACES (S) TRANSFER LEVERS 

CONTACT POINTS (S) PULSE BEAMS 
(EACH END) 

HOOKS - EACH END SPRING 

L----- 01 PIVOT POINTS (S) 

'---------- 01 SLIDING SURFACES (S) 
(EACH SIDE) 

TRANSFER LEVERS 

GUIDE BRACKET 

Figure U-10. Transfer Mechanism 

r--------------------- G RACK TEETH (7) 

------ 01 CONTACT SURFACES (7) 

�,___ _______ 01 CONTACT SURFACES (6) 

Figure 4-11 • Pushbar 

U-18 

PUSH BAR 

PUSHBAR 

PUSH BAR 
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NAVELFX 0967-LP-616-7010 

Figure 4-12. Typing Reperforator Unit. Right Rear View 
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NAVELFX 0967-LP-616-7010 

.., � 01 SLIDING SURFACES 
(EACH SIDE) 

FUNCTION BLADES 

PIVOT POINTS FIGURES ARM ASSEMBly 

HOOKS- EACH END (2) EXTENSION ARM SPRINGS 

r.a » 01 HOOKS -EACH END (2) LETTERS AND 

��Je:__1 01 SLIDING SURFACES 
(EACH SIDE) 

G CONTACT POINTS (2) 

01 HOOKS -EACH END 

01 PIVOT POINT 

FIGURES ARM 
ASSEMBLY SPRING S 

FUNCTION BLADES 

FUNCTION BLADES 

FUNCTLON BLADE 
S PRINGS (2) 

LIFTER ROLLER 

G ROLLER SURFACE LIFTER ROLLER 

�, liLT- 01 HOOKS - EACH END LIFTER TOGGLE 
LINK SPRING 

' - 01 HOOKS -EACH END LIFTER SPRING 
'-----------.,.-- 01 PIVOT POINT FUNCTION BLADE LIFTER 

'------------- 01 PIVOT POINTS (6) BELL CRANKS 

'--------------- 01 PIVOT POINTS LETIERS ARM ASSEMBLY 
EXTENSION 

Figure 4-13. Functi on Box Mechanisw 

,---------------- G SLII)ING GUIDE CORRECTING 
SURFACES DRIVE LINK 

r------------ 01 HOOKS -EACH END SPRING 

r--�-------01 PIVOT POINT AXIAL OUTPUT 
RACK 

� JJJI!lJ ll - 02 PIVOT POINT ROTARY CORRECT-

�- -�§ lNG LEVER SHAFT 
-, \\ G CONTACT POINTS ROTARY CORRECT-

�'=-�@ Ill \!>t; , ) • ·� " " I II./'-... 
1\ � \ � G TEETH 

� leA<: >-j. \'--"'" 01 PIVOT POINT 

e,.,c ..-G TEETH 

'----....;.... ____ G CONTACT SURFACE 

'-�------,.-------·SAT PIVOT POINTS 
(FELT WASHERS) 

'---------------- 01 PIVOT POINT 

ING CLAMP 

AXIAL SECTOR 
AXIAL OUTPUT RACI� 

AXIAL CORRECT­
lNG PLATE 

AXIAL SECTOR 
TYPEWHEEL SHAFT 

AXIAL CORRECT­
lNG PLATE ROLLER 

OSCILLATING DRIVE 
BAIL 

L----------------- SAT PIVOT POINT 
(FELT WASHER) 

AXIAL SECTOR 

GUIDE ROLLER 

Figure 4-14. Axial Positioning Mechanism 
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NAVELEX 09E7-LP-616-701C 

01 PIVOT POINT OSCILLATING BAIL 

01 CONTACT SURFACES RIBBON CARRIER 

01 PIVOT POINTS RIBBON OSCILLATING 
LEVER 

01 PIVOT POINT RIBBON OSCILLATING 
(FELT WASHER) LEVER 

01 CONTACT SURFACES RIBBON CARRIER 

SAT PIVOT POINTS (2) OSCILLATING 
(FELT WASHERS) DRIVE LINK 

Figure 4-15. Axial Positioning Mechanism, Left Side View 

01 DETENT POINTS DETENT 
LEVERS (4) 

01 HOOKS - EACH END DETENT 
LEVER 
SPRINGS (2) 

SAT PIVOT POINTS DETENT 
fFELT WASHERS) LEVERS (4) 

Figure 4-16. Detent Assemblies, Bottom View 
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NAVELEX 0967-LP-616-7010 

G CONTACT SURFACE PRINTING LATCH 

02 SLIDING SURFACE PRINTING TRIP LINK 

02 PIVOT POINT PRINTING LATCH 

02 PIVOT POINTS PRINT HAMMER 

OJ HOOKS· EACH END PRINT HAMMER SPRING 

OJ HOOKS· EACH END HAMMER ACCELERATOR 

SPRING 

OJ HOOKS -EACH END PRINTING LATCH 

SPRING 

OJ PIVOT POINT PRINTING DRIVE LINK 

01 HOOKS- EACH END PRINTING TRIP LINK 

SPRING 

01 PIVOT POINTS (2) PRINTING PIVOT ARM 

Figure 4-17. Printing Mechanism with steel Print Hammer, Left 
Side View 

· 
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NAVELEX 0967-LP-616-7010 

G c
·
O NTACT SURFACE PRINTING LATCH 

02 SLIDING SURFACE PRINTING TRIP LINK 

02 PIVOT POINT PRINTING LATCH 

02 PIVOT POINTS PRINT HAMMER 

01 HOOKS- EACH END PRINT H AMMER SPRING 

0 I HOOKS - EACH END H AMMER ACCELERATOR 

SPRING 

01 HOOKS- EACH END PRINTING LATCH 

SPRING 

01 PIVOT POINT PRINTING DRIVE LINK 

01 HOOKS- EACH END PRINTING TRIP LINK 

SPRING 

01 PIVOT POINTS (2} PRINTING PIVOT ARM 

NOTE 

The printing mechanism with resilient print hammer ( not illustrated ) 
shall be lubricated in the same manner as the steel print hammer 
shown above but in addition, the felt washer between the resilient 
print hammer accelerator and the frame shall be saturated with oil 
in accordance with general lubrication procedures. Where a mecha­
nism is equipped with print suppression parts, a thin film of grease 
shall be applied on print hammer stop at the point of contact with 
the point of contact with the print hammer lever. 

Fi gure 4-18. Printing Mechani sm with Resilient Print Hammer. Left 
Side View 
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NAVELEX 0967-LP-616-7010 

G CONTACT SURFACE RIBBON FEED ECCENTRIC 

01 PIVOT POINTS 

SAT SLIDING SURFACE 
(FELT WASHER 
UNDER BLADE) 

G PIVOT POINT 

01 PIVOT POINT 

01 ROLLER SURFACE 

01 PIVOT POINTS 

01 PIVOT POINT 

SAT PIVOT POINT 
(FELT STRIP) 

L-..---01 ROLLER SURFACE 

STUD 

PUSH BAR OPERATING BLADE 

PUSH BAR OPERATING BLADE 

CORRECTING DRIVE LINK 

OSCILLATING DRIVE LINK 

CAM FOLLOWER ROLLER 
(UPPER AND LOWER) 

CAM FOLLOWER ROLLERS 

PRINTING DRIVE LINK 

ROCKER BAIL 

CAM FOLLOWER ROLLER 

L----------------- 01 CONTACT SURFACE FUNCTION CAM 

4-24 

Figure 4-19. Rocker Bail Mechanism, Rear View 
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NAVELEX 0967-LP-616-7010 

01 CONTACT POINTS (2) MAIN TRIP LEVER 

01 END OF LEVER CLUTCH TRIP SHAFT 

01 HOOKS - EACH END CLUTCH RELEASE SPRING 

G CONTACT SURFACE RESET LEVER 

SAT FELT WASHERS CLUTCH TRIP SHAFT 

01 HOOKS - EACH END LATCH LEVER SPRING 

01 CONTACT SURFACE CLUTCH STOP LUG 

01 BEARING CLUTCH TRIP SHAFT 

f\\ I \\ 
- - -

01 ' HOOKS- EACH END FOLLOWER LEVER SPRING 

01 PIVOT POINT TRIP CAM FOLLOWER LEVER 

CONTACT SURFACE TRIP CAM FOLLOWER LEVER 

01 CONTACT POINT MAIN TRIP LEVER 

01 HOOKS - EACH END MAIN TRIP LEVER SPRING 

01 PIVOT POINT MAIN TRIP LEVER 

Figure 4-20. Function Cam Clutch Trip Mechanism 
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NAVELEX 0967-LP-616-7010 

PIVOT POINT S 

G 

'' I I \\ G C ON TACTING 
SURFACES - EACH END 

ROLLER SURFACE 

G 

Figure U-21. Slack Tape Mechanism 

TAPE 
DEPRESSOR 

CLAMP PLATE 
SPRING 

DRIVE ROLLER 

Figure U-22. Main Shaft and Jack Shaft Mechanism, Two-Shaft Units 
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NAVELEX 0967-LP-616-7010 

*IF FUNCTION CAM NEEDLE BEARINGS ARE DISI\::sr:MBLED AT ANY TIME, REPACK BEARINGS 
WITH GREASE (BEACON 325) (TPJ95298) OR ITS EOUIV/'LENT. 

TEETH GEARS (2) 

CAMMING FUNCTION CAM 
SURFACES (2) 

*FUNCTION CAM BOTH ENDS OF 
NEEDLE BEARING SLEEVE AND OIL 
SLEEVE (3) HOLE IN SLEEVE 

BEARING (2) MAIN SHAF T 

CAMMING CLUTCH CAM 
SURFACE DISK 

BEARING FUNCTION 
SURFACE CLUTCH DRUM 
BEARING (2) JACK SHAFT 
TEETH GEARS (2) 

Figure 4-23. Main Shaft and Jack Shaft Mechanisms, Two-Shaft Units 
(Line Drawing) 

. :: :::::·::::::::::.:::: . ....... .. ...... .... ... . . . ' ..... .............. .. . . ····· ············•·· 

SAT FELT WASHER TAPE MECHANISM 

Figure 4-2U. Tape Mechanism for Model 28 Tape Printer Unit 

4-27 



NAVELEX 0967-J"_P-616-701 0 

r---------------- 01 HOOKS-EACH END 

.------- 02 SLOT 

'.'of..' _ ! 01 SLOT 

01 GUIDE EXTENSION 

SPRING 

FUNCTION BOX 

REAR PLATE 

FUNCTION BOX 

FRONT PLATE 

FUNCTION BLADE 

Figure 4-25. Unshift-on-Space Mechan ism 

t Jill 
G CO�ACT SURFACE 

01 HOOKS­

EACH END 

G CONTACT SURFACE 

1.. G SLIDING SURFACES 

' ' ' ' ' ' G SENSING FINGERS 

FUNCTION BLADE 

SPRING 

FUNCTION BLADE 

FUNCTION BLADE 

FUNCTION BLADE 

Figure U-26. Signal Bell Contact Mechanism, Right Side View 
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NAVELEX 0967-LP-616-7010 

SIGNAL BELL CONTACT 
MECHANISM (RIGHT 
SIDE VIEW) (FIG. 4-28) 

MANUAL AND SOLENOID OPERATED 
INTERFERING LTRS TAPE FEED-OUT 
MECHANISM (FIG. 4-30) 

Figure 4-27. Manual and Soleno id Operated Interfering LTRS Tape 
Feed-Out Mechanism and Signal Bell Mechanism 
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NAVELEX 0967-LP-616-7010 

02 BEARING �----�-i--------------------- SURFACE 

�v \r\ 
01 BEARING 

I SURFACES (2) 

·02 BEARING 
SURFACES 

01 HOOKS-
EACH END 

G CONTACT 
SURFACE 

01 HOOKS -
EACH END 

PLUNGER 

DRIVE SHAFT 

START 
LEVER 

SPRING 

TRIP LEVER 

SPRING 

Figure 4-28. Manual and Solenoid Operated Interfering LTPS Tape 
Feed-Out Mechanism, Fight Front View 
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NAVELEX C967-LP-61E-7010 

Figure 4-29. Automatic and Remote control Noninte rfering LTRS 
Tape Fee d-Out Mechanisms, Right Front View 
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NAVELFX 0967-LP-616-7010 

02 PIVOT POINT 

ROLLER SURFACE 

02 PIVOT POINT 

02 PIVOT POINT 

G 

G 

G 

01 

CONTACT POl NT 

CONTACT POINT 

CONTACT P OINT 

HOOKS-EACH END (2) 

02 PIVOT POINT 

02 SLIDE SURFACE 

G CONTACT POINT 

�Pt G CONTACT POINT 

� 02 HOOKS-EACH END 
'\ 

ARMATURE HINGE 

DRIVE BAIL ROLLER 

DRIVE BAIL ROLLER 

DRIVE BAIL 

BLOCKING BAIL 

DRIVE BAIL 

BLOCKING LATCH 

SPRING 

DRIVE LINK 

DRIVE LINK 

RELEASE LEVER 

LATCH LEVER 

SPRING 

Figure 4-30. Remote Control Noninterfering LTRS and BLANK Tape 
Feed-Out Mechanism 
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NAVELEX 0967-LP-616-7010 

,.--------------- SAT FELT WASHER DRIVE LINK 

NOTE: PARTS A.SSOCIATED ONLY WITH THE AUTOIY.ATIC MECHANISMS. 

SAT FELT WASHER 

;f' 01 HOOKS-EACH END 

02 BEAR lNG SURFACE 

02 BEAR lNG SURFACE 

DRIVE LINK 

SPRINGS (3) 

RELEASE LEVER 

SAFETY LATCH 

' ' ' G CONTACT SURFACES (3) LATCH LEVER 

� / 
02 BEARING SURFACES (2) RESET CAM 

FOLLOWER 

Figure 4-31. Automatic and Remote Control Noninterfering LTFS 
and BLANK Tape Feed-out Mechanisms (Sheet 1 of 3) 
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NAVFLEX 0967-LP-616-7010 

�------------- 01 HOOKS-EACH END 

,----------- 02 BEARING SURFACE 

� 01 HOOKS-EACH END 

BEARING SURFACES (2) 

02 BEAR lNG SURFACE 

01 HOOKS-EACH END 

G CAMMING SURFACE 

02 BEAR lNG SURFACE 

r------- 01 CONTACT SURFACE 

r+-----4- 02 BEARING SURFACE 

� 02 CAMMING SURFACE 

I 01 HOOKS-EACH END 

r-----------02 BEARING SURFACES 

SPRING 

RELEASE ARM 

SPRING 

LATCH LEVER 

TIME DELAY LEVER 

SPRING 

TIME DELAY CAM 

TIME DELAY CAM 

RELEASE ARM 

ROL LER 

DRIVE CAM 

SPRING 

BEMINGS (FRONT 
AND REAR) 

Figure 4-31. Automatic and Femote Control Noninterfering LTRS 
and BLANK Tape Feed-out Mechanisms t�hP.et 2 o� 3) 
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NAVELEX 0967-LP-616-7010 

"- 01 HOOKS-EACH END SPRINGS (2) 

02 BEARING SURFACES RATCHETS (2) 
(PLACE BETWEEN 
RATCHETS) 

,---- G TEETH RATCHETS (2) 

OJ HOOKS-EACH END SPRING 

, '� I OJ PIVOT POINT REAR CHECK 
PAWL 

,.------ OJ HOOKS-EACH END SPRING 

OJ PIVOT POINT RESET BAIL LATCH 

01 PIVOT POINT RESET BAIL LINK 

.----- 01 CONTACT SURFACES (2) RESET BAIL 

-------- 01 CONTACT SURFACE 

�------ 01 CONTACT SURFACE 

�---- 01 HOOKS-EACH END 

RESET BAIL 
TRIP LEVER 

RESET BAIL LINK 

SPRING 

Figure u- 31. Automatic and Remote Contr ol Noninterfering LTFS 
and BLANK Tape Feed-Out Mechanisms (Sheet 3 of 3) 
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NAVELEX 0967-LP-616-7010 

"--------02 PIVOT POINT 

fl . 01 HOOKS-EACH END 

,.. . 02 SLIDING SURFACES (2) 

BLOCKING LINK 

SPRING 

BLOCKING LINK 

Figure 4-32. Automati c and Remote Control Noninterfering BLANK 
Tape Feed-Out Mechanisms 
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NAVELEX 0967-LP-616-7010 

SLIDING SURFACES SWINGER INSULATOR BUTTON 

PIVOT POINT BAIL W/HUB 

ENGAGING SURFACES LOWER BAIL EXTENSION 

Figure 4-33. End. of Tape Feed-Out Timing Cont a cts for 
Noninterfering LTFS a nd BLANK Tape Feed-Out 
Mechanisms 
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e 

"' 
"' .,1111� ,' 

� _I Ill t _!_ _ I 
=- . .-�--� __. I 

f Dl D lb Y: 
II 

,, 

" 

II 
II 
" 

G METAL FACE TOWARD SWINGER SPRING 
OPERATING ARM INSULATOR 

,.t---- SAT FELT WASHERS (3) OPERATING LEVER 

'------ 02 BEARING-EACH END OPERATING LEVER 

'---------OJ HOOKS-£ACH END OP ERATING LEVER 
COILED SPRINGS 

'------------G OPER ATING SURFACE CAM 

Figure U-34. Timing Contact Mechanism (Operated by Selector) 
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( 

( 
\ 

� 

( 

ENGAGING SURFACE PRINT HAMMER STOP 

( 
Figure 4-35. Print suppression on Functions 
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.-- SAT FELT WASHER (2) 

HOOKS - EACH END 

SLIDING SURFACE 

SLIDING SURFACE 

HOOKS - EACH END 

ENGAGING SLVACE 

LOWER END 

SLIDING SURFACE 

BEARING SURFACE 

ARMATURE BAIL 

SPRING 

ROD 

LATCH LEVER 

SPRING 

BLOCKING LEVER 

TtOD 

FEED PAWL 
EXTENSION 

PLATE WITH BUSHING 
(FRONT AND REAR) 

Figure 4-36. Blank Delete Mechanism (Sheet 1 of 2) 
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NAVELEY 0967-LP-616-7010 

CONTACT SURFACE FUNCTION BLADE 

HOOKS'-EACH END SPRING 

BLANK FUNCTION 

BLADE 

..._--------02 ENGAGING SURFACE PRINT HAMMER 

......._ ______ 01 HOOKS -EACH END SPRING 

-:£::iZ 02 SLIDING SURFACE PRINT HAMMER 

Figure 4-36. Blank Delete Mechanism (Sheet 2 of 2) 
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NAVELEX 0967-LP-616-7010 

-+----------- 01 PIVOT POINT OPERATING LEVER 

� _ 01 HOOKS-EACH END SPRING 

Figure 4-37. 'LETTERS-FIGURES Contact Mechanismr Later Design 

CONTACTING CONTACT ACTUATING 
SURFACE BAIL 

HOOKS- EACH 
CONTACT ACTUATING 

END (2 SPRINGS) BAIL SPRINGS 

SAT FELT WICK CONTACT ACTUATING 
BAIL SPRINGS 

SAT FELT WASHERS CONTACT ACTUATING 
BAIL SHAFT 

SAT FELT WASHERS CAM FOLLOWER ARM 

Figure 4-38. Timing Contacts 
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NAVELEY 0967-LP-616-7010 

L;..- • • •• • G CONTACT SURFACES . .. ·;�·"------. I 

���� 

Figure 4-39. Code Reading Contacts 

PUNCH SLIDES 
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Figure 4-40. Manual and Power Drive Backspace Mechanisms (for 
Ch adless Ta pe} 
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NAVELEX 0967-IP-616-7010 

02 3EARING SURFACE RAKE SHAFT 
(REAR) 

G GEAR TEETH GEAR SEGMENT 

02 HOOKS-EACH END PAWL SPRING 

02 BEARING SURFACE FEED PAWL 

G CONTACT SURFACE FEED PAWL 

02 HOOKS-EACH END SPRING 
(3 SPRINGS) 

02 BEARING SURFACE NUT I SHOULDER 

02 BEARING SURFACE BELL CRANK 

Figure 4-41. Backspace Mechanism for Chadless Tape (Manual) 

BEARING SURFACE' LINK 

02 ROTATING SUR- ECCENTRIC 

FACE 

02 SLIDING SURFACE ECCENTRIC DRIVE 
ARM FORK 

02 BEARING SURFACE ARM 

02 BEARING SURFACE ARMATURE BAIL 

02 HOOKS-EACH END SPRINGS 

{2 SPRINGS) 

Figure 4-42. Backspace Mechanism fo r Chadless Tape, Power Drive 
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NAV�LFX 0967-LP-616-7010 

HOOKS -EACH END BACKSPACE PAWL 
SPRING 

BEARING SURFACE BACKSPACE PAWL 

FEEDING SURFACE BACKSPACE PAWL 

BEARING SURFACE NUT I SHOULDER £02 

)� 
BEARING SURFACE BELL CRANK 02 

�02 HOOKS- EACH END BELL CRANK SPRING 

02 

2 

BEARING SURFACE LINK 

SLIDING SURFACE ECCENTRIC DRIVE 

LINK F ORK 

ENGAGING SURFACE LATCH 

ROT ATING SURFACE ECCENTRIC 

BEARING SURFACE ARM 

HOOKS - EACH END ARMATURE LATCH 

SPRING 

HOOKS - EACH END ARMATURE BAIL 

SPRING 

BEARING SURFACE ARMATURE BAIL 

Figure 4-43. Backspace Mechanism for Fully-Perforated Tape, Power 
Drive 
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01 

02 

01 
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01 

" SAT 

02 

03 

01 

NAVELEX 0967-LP-616-7010 

HOOKS-EACH END 

ENGAGING SURFACE 

FELT WASHERS 

ENGAGING SURFACE 

ENGAGING SURFACE 

HOOKS-EACH END 

FELT WASHERS 

BEARING SURFACE 

EACH END 

BEARING SURFACE 

EACH END 

TEETH AND FLANGES 

ENGAGING SURFACE 

FELT WASHERS 

BEARING SURFACE (2) 

BEARING SURFACE 

HOOKS-EACH END 

ENGAGING·SURFACE 

ENGAGING SURFACE 

ENGAGING SURFACE 

SPRING 

CONTACT OPERATING 

PAWL AND LATCH LEVER 

LATCH LEVER 

BELL CRANK AND 

CONTACT OPERATING 

PAWL 

LATCH PAWL AND 

LATCH LEVER 

SPRING 

LATCH PAWL 

RATCHET IVHEEL 

SHAFT 

BELLCRANK AND 

SUPPORTING STUD 

RATCHET 1'/HEELS 

CLAMP ARM AND 

BELLCRANK 

CONTACT PAWL 

TIME DELAY RESET SHAFT 

BUSHING 

ECCENTRIC FOLLOWER 

DRIVE ARM AND 

ECCENTRIC 

SPRING 

DRIVE ARM 

CONTACT OPERATING PAWL 

AND CONTACT INSULATOR 

SELECTOR RESET BAIL 

TIME DELAY RESET LEVER 

Figure 4-44. Time Delay Motor Stop Mechanism 
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4-48 

r-----------------02 PIVOT POINTS (2) RIBBON ROLLER 

r----------- 01 HOOKS -EACH END (2) SPRINGS 

r--------- 02 PIVOT POINT FEEP PAWL 

02 PIVOT POINTS (2) REVERSING ARM 

I�G CONTACT SURFACE DRIVE ARM 

\\\ 
CONTACT SURFACE 
ADJUST ABLE DRIVE ARM \ \ 02 PIVOT POINTS (2) RIBBON ROLLER 

02 PIVOT POINTS (2) REVERSING ARM 

02 PIVOT POINT REVERSING LEVER 
�TAlNING PAWL 

02 PIVOT POINT DRIVE ARM 

,.- �..... > SAT PIVOT POINTS (2) SHAFTS 
(FELT WASHERS) 

'---------- 01 HOOKS-EACH END SPRING 

Figure 4-45. Ribbon Feed Mechanism, Early Design 
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(FIG. 4-48) 
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CODE READING CONTACTS 
( FI.G. 4-41) 

SHEET 2 OF 5) REMOTE CONTROL NONINTERFERING 
BLANK TAPE FEED-OUT MECHANISM ----

(EARLY DESIGN) 

(FIG. 4-48) 
(SHEET 4 OF 5) 

(FIG. 4-48) 
(SHEET 2 OF 5) 

(FIG. 4-55) 

(FIG 4-48) 
(SHEET 3 AND 4 
OF 5) 
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Fi gure 4-46. Remote Control Noninterfer ing BLAN¥ Tape Feed-Out 
Mechanism (Sheet 1 of 5) 
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�---------------- G CONTACT POINT FEED-QUT PAWL 

FEED-QUT PAWL 02 GUIDE SURFACE 

- :::? � I I I 02 PIVOT POINT FEED-QUT PAWL 

'-----01 HOOKS- EACH END DRIVE LEVER SPRING 

G SLIDING SURFACE ECCENTRIC COLLAR 

'--------- 02 PIVOT POINTS (2) DRIVE LEVER SHAFT 

...._--------------01 HOOKS- EACH END FEED-QUT PAWL SPRING 

,-----------------G CONTACT POINT 

SLIDING SURFACE 

RELEASE ARM 

LOCK LEVER 

HOOKS - EACH END SPRING 

.....--------- SAT PIVOT POINT 
(FELT WASHERS) 

:W I 02 PIVOT POINT 

LOCK LEVER 

RELEASE ARM 

' 01 HOOKS - EACH END SPRINGS 

Figure U-46. Femote Control Noninterfering BLANK Tape Feed-out 
Mechanism (Sheet 2 of 5) 
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r------------------- 01 HOOKS- EACH END {2) SPRINGS 

01 CONTACT POINT 

.).,r 02 PIVOT POINT 

r�) ' 1 02 PIVOT POINT 

�Jo G ALL TEETH 

--------- 02 POST 

LIFTER LEVER 

LIFTER LEVER 

RATCHET SHAFT 

RATCHETS 

LIFTER LEVER 

·--------------01 HOOKS- EACH END SPRING 

� \,"='"./ 02 CONTACT POINT LATCH ARM 

Figure 4-46. Femote Control Noninterfering BLANK Tape Feed-Out 
Mechanism (Sheet 3 of 5) 
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� � 02 ROLLER SURFACE KICK-OUf ARM 

L 

L 
L 

r-"'\------G CONTACT POINT FEED-OUT LATCH 

r------ 01 CONTACT SURFACE KICK-OUT ARM 

02 PIVOT POINT LATCH ARM AND LATCH SHAFT 

� 01 HOOKS - EACH END SPRIN G 

L ' � 
� 

� ...._ .. !)' � 
�P" � 

� 
� � 

� 

D� 
� 
1) 

02 PIVOT POINT ARMATURE BAIL 

01 HOOKS- EACH END SPRING 

g:::JD 

r:;:: .- 02 PIVOT POINT NON-INTERFERING LEVER SHAFT 

'------+_,:...._ __________ 01 CONTACT POINT NON-INTERFERING LEVER 

Fi gure 4-46. Remote Control Noninterfering BLANK Tape Feed-Out 
Mechanism (Sheet 4 of 5) 
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..----lr------------ 01 HOOKS- EACH END SWITCH LEVER SPRING 

-------+1----------- 02 PIVOT POINT SWITCH LEVER 

Figure 4-46. R.emote Control Noninterfer ing BLANK Tape Feed-Out 
Mechanism (Sheet 5 of 5) 
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TIMING CONTACTS 
(FIGURE 4-38) 

REMOTE CONTROL NONINTERFERING 
BLANK TAPE FEED-OUT MECHANISM 
(CONTINUED) (EARLY DESIGN) 

(FIGURE 4-46) (SHEET 5 OF 5) 

Figure 4-47. Remote Control Noninterfering Tape Feed-Out 
Mechanism and Timing Contact s 
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Table 4-4. Typing Reperforator and Tape-Printer Keyboard 
Lubr icat ion Chart Index 

Figure 'Iitle Page 

BASIC UNITS 

4-48 Typical Tape P rinter Keyboard 4-57 

4-49 S pacebar Mechanism 4-58 

4-50 Keylever Mechanism 4-58 

4-51 Break Lever Mechanism 4-59 

4-52 Function Lever Mechanism 4-59 

4-53 Code Lever Mechanism 4-60 

4-54 Code Bar Mechanism 4-60 

4-55 Nonrepeat Lever Mechanism 4-61 

4-56 Signal Generat or Mechanism 4-62 

4-57 Contact Box 4-63 

4-58 Transfer Bail Mechanism 4-63 

4-59 Transfer Lever Mechanism 4-64 

4-60 Function Clutch Mechanism 4-64 

4-61 Electrical Line B reak Mechanism 4-65 

4-62 Shaft Mechanism 4-65 

4-63 Intermediate Gear Mechanism 4-66 

4-64 Universal Bail Latchlever , Fight Side View 4-66 

4-65 Locking Bail Mechanism 4-67 

4-66 Code Bar Bail Mechanism 4-67 

4-67 Code Lever Univers al Bail Mechanism 4-68 

4-68 Lockbar Latch Mechanism 4-68 

4-69 Tape-out Switch Mechanism 4-69 

4-70 Character Counter Mechanism, Front View 4-69 

4-71 Character counter Mechanism , Rear View 4-70 
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Table 4-4. Typing Reperforator and '!ape-Printer Keyboard 
Lu brication Chart Index - Continued 

Fi gure 

4-72 

4-73 

4-74 

4-75 

4-76 

4-56 

'Iitle 

VARIABLE FEATURES 

Local Tape Feed-Out Mechanism 

Repeat -on-Space Mechanism 

Synchronous Pulsed Magnet Mechanism 

Gear Shift Mechanism for Tape Printer 
Keyboard (2 Sheets) 

Gearshift Assembly for Tape-Printer 
Keyboard 

Pa ge 

4-70 

4-71 

4-72 

4-73 

4-75 
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SHAFT MECHANISM 
(FIG. 4-64) 

TRANSFER BAIL 
MECHANISM 
(FIG. 4-60) 

CODE BAR 
MECHANISM 
(FIG. 4-56) 

GEARSHIFT MECHANISM 
FOR TAPE PRINTER 
KEYBOARD {FIG. 4-77) 

�' 

ION CLUTCH 
MECHANISM (FIG. 4-62) 

GEARSHIFT ASSEMBLY FOR 
TAPE-PRINTER KEYBOARD 

(FIG. 4-78) 

Fiqure 4-48. Typical Tape Printer Keyboard 

"""' 

TRANSFER LEVER 
MECHANISM (FIG. 4-61) 

CODE BAR BAIL 
MECHANISM (FIG. 4-68) 

CODE LEVER 
MECHANISM 
(FIG. 4-63) 

CODE LEVER 
UNIVERSAL BAH 
MECHANISM 
(FIG. 4-69) 

CHARACTER 
COUNTER 
MECHANISM 
(FRONT VIEW) 
(FIG. 4-72) 
CHARACTER 
COUNTER 
MECHANISM 
(REAR VIEW) 
(FIG. 4-73) 
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U-58 

_,-.------ 01 Bearing Surface 
(Left and Right) 

Figure 4-49. Spacebar Mechanism 

01 Engaging Surface 
(36 Levers) 

Figure 4-50. Keylever Mechanism 

·� 

Spacebar 

) 

Keytop Levers 
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Figure 4-51. 

01 Engaging Surface 

01 Bearing &lrface 

G Contact &lrface 

Break Lever Mechanism 

01 

01 

G 

Engaging Surface 

Bearing &lrface 

Contact &lrface 

Figure 4-52. Function Lever Mechanism 

Break Keylever 

Function Lever 

Break Lever 

Key lever 

Function Lever 

Lever 
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4-60 

G Contacting Surface 
(32 Levers) 

01 Guide Slots 
(32 Levers) 

SAT Felt Washers 
(6 Washers) 

01 Bearing Surface 
(32 Wedges) 

01 Hooks - Each End 
(40 Springs) 

Fi gure U-53. Code Lever Mechanism 

01 Hooks - Each End 
(7 Springs) 

'--------------�,.......01 Guide Slots 
(Left and Right -
Top and Bottom) 

Figure U-54. Code Bar Mechanism 

·� 

Codelever 
Universal Bail 

Codelevers 

Codelever 
Shaft 

Lock Ball 
Track 

Spring 

) 

Spring 

Codebar Guides 
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(' ' 

SAT Felt Washer Nonrepeat Lever 
(Rear Vhiw) Crank 

02 Bearing Surface Nonrepeat Lever 
FRONT VIEW '92+ �I Crank 

01 Hooks - Each End Spring 

01 Bearing Surface Codebar Bail 
Roller 

02 Bearing Surface Nonrepeat Lever 

��� 
u 

� ( G Engaging Surface Nonrepeat Lever <:::::::: 0 

02 Guide Slot Nonrepeat Lever 

( 
�igure 4-55. Nonrepeat Lever Mechanism 
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�';Jil G Engaging Surface Contact Toggle 

�� 
01 Hooks - Each End Spring 

SPECIFIC NOTES 

CAUTION 

Note: The marking "DO NOT OIL" 
on the signal contact box cover should 
be interpreted literally. Portions of 
the mechanism should be greased as 
indicated, but no oil should be used. 

Figure 4-57. 

GENERAL NOTES 

Disassembly: Remove nut and lockwasher 
securing contact box cover 
and remove cover. 

CAUTION: GREASE SPARINGLY- KEEP 
CONTACTS FREE OF OIL. 

Contact Box 

SAT Felt Washers Latches 
(2 Washers) 

G Engaging Surface Transfer Bail 

01 Hooks - Each End Spring 
(2 Springs) 

02 Bearing Surface Transfer Bail 

SAT Oil Wick Transfer Bail 

Figure 4-58. Transfer Bail Mechanism 
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,,� 
I 

I 

01 Guide Slots Transfer Levers l 
(7 Levers) 

02 Mounting Post Transfer Bail 

01 Hooks - Each End Spring 
(7 Springs) 

01 Guide Slots Transfer Levers 
(7 Levers) 

SAT Felt Washers Caroming &lrfaces 
(4 Washers) 

01 Guide Slots Transfer Levers 
(7 Levers) 

Figure 4-59. Transfer Lever Mechanism 

) 

02 Latching &lrface Clutch Stoplever 
and Clutch Latch-
lever 

01 Hooks - Each End Spring 
(2 Springs) 

SAT Felt Washers 
(2 - Front and 

Clutch Tripbail 

Rear) 

Figure 4-60. Function Clutch Mechanism ,�J 
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01 Hooks - Each End 

� I I J • It G Contact Surface 

01 Bearing Surface 

Figure 4-61. Electrical Line Break Mechanism 

SAT Felt Washer 

� 

-- -
G Gear Teeth 

020 Oil Hole 

04 Internal Mech-
anism 

SAT Felt Wick 

020 Oil Hole 

02 Camming &lrface 
Each Cam 

SAT Felt Washer 

Figure 4-62. Shaft Mechanism 

Spring 

Sensitive Switch 

Break Lever 

Signal Generator 
Shaft 

Signal Generator 
Shaft 

Signal Generator 
Shaft 

Keyboard Clutch 

Keyboard Clutch 

Signal Generator 
Cam 

Signal Generator 
Cam 

Signal Generator 
Shaft 
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·� 

02 Oiler - Each End Motor Shaft 
(Right and Left) 

G Teeth (2 Gears) Intermediate Gears 

02 Ball Bearing Intermediate Gear 
(2 Bearings) Shaft 

Figure 4-63. Intermediate Gear Mechanism 

) 

1 Hooks - Each End Spring 

Felt Washer Universal Bail 
Latchlever 

Guide Slot Universal Bail 
(Each Side of Slot) Latchlever 

Engaging &lrface Reset Bail Latch 

Figure 4-64. Universal Bail Latchlever, Right Side View .;,, .. ) ?I 
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U 
01 Hooks - Each End 

SAT Felt Washers 
(2 Washers - Front 
and Rear) 

SAT Felt Wick 

01 Guide Slots 
(3 Slots) 

Figure 4-65. Locking Bail Mechanism 

Felt Washers 
(2 Washers) 

Bearing Qlrface 
(2 Places) 

Hooks - Each End 
(2 Springs) 

Felt Washer 

Bearing 

Bearing Surface 

Engaging Qlrface 

Figure 4-66. Code Bar Bail Mechanism 

Spring 

Locking Ball Post 

Camming Qlrfaces 

Locking Bail 

Coc:lebar Bail 

Coc:lebar Bail 

Spring 

Coc:lebar Ball Latch 

Coc:lebar Ball 

Coc:lebar Ball Latch 

Eccentric Follower 
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�· 01 Hooks- Each End 

:!;>"' - II llll ... •u 02 Bearing 5\lrface 

Spring 

Codelever 
Universal Bail 

Figure 4-67. Code Lever Universal Bail Mechanism 

Ll-68 

....._ _____ 01 Bearing Surface 

Figure 4-68. Lockbar Latch Mechanism 

Lockbar Latch 

� 
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I( 

01 Hooks - Each End Springs 
(2 Springs) 

01 Bearing Surface Tape Lever 
(Front and Rear) 

G Contact Surface �'Witch Lever 

01 Bearing Surface Switch Lever 

Figure 4-69. Tape-out switch Mechanism 

( 

G Engaging Counter Scale 

Surface Bracket 

01 Bearing Indicator Cord 
Surface Pulley 

01 Hooks- Spring 
Each End 

01 Bearing Ratchet Latch-
Surface lever 

01 Bearing Ratchet Drive 

Surface Lever 

l �igure 4-70. Character counter Mechanism, Front View 
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4-70 

01 Contact Surface Antibounce Latch 

01 Bearing SUrface Antibounce Latch 

02 Bearing Surface Ratchet Drum 

G Teeth Ratchet 

01 Engaging SUrface Reset Le\'er 
(2 Places) Extension 

01 Hooks - Each End Spring 
(3 Springs) 

01 Bearing Surface Reset Bail 

01 Bearing SUrface Dri\'e Le\'er 
Feed Bail 

01 En�,:aging SUrfaces Drive Lc\·cr 
(3 Surfaces) Bail & Reset 

Bail 

Figure 4-71. Character Counter Mechanismr Rear View 

02 Guide Slot Local Line Feed 
Trip Link 

01 Bearing SUrface Local Line Feed 
Function Levt>r 

01 Hooks - Each End Spring 

01 Bearin�;t Surface Function Bail 

G Engaging SUrface Local Line Feed 
Function Lever 

Figure 4-72. Local Tape Feed-Out Mechanism 
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,..-----

0 ---- ...... ..... \ 

----
,--' 

L ......... ._.. _____ _, 

\ 
I \ 

'" r-, r 
""'� L. 

.. 
�� �G 

Hooks - Each 
End 

Spring 

Bearing Sur- Lever 
face - Each End 

Engaging 
Surfaces 

Lever 

Figure 4-73. Repeat-On-Space Mechanism 
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'$) 
I 

01 Hooks - Each End Universal Codebar 
Spring 

01 Hooks - Each End Clutch Tripbar 
Spring 

SAT Felt Washers Armature- Pivot 

01 Hooks- Each End Spring 

"") "" 

G Engaging �rface Contact SWinger 

,,) 
Figure 4-74. Synchronous Pulsed Magnet Mechanism 
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0 0 

• 

rrP1 
10 1S 100 

·�· 

Figure 4-75. Gearshift Mechanism for Tape Printer ¥eyboard 
(Sheet 1 of 2) 
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01 Key Speed ShUt Linkage 

01 Spring Speed Shift Linkage 

Figure 4-75. Gearshift Mechanism for Tape Printer Keyboard 
(Sheet 2 of 2) 
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G Teeth Gears 

SAT Felt Washers Speed Shift 
Mechanism 

G Teeth Gears 

G Teeth Gears 

Figure 4-76. Gearshift Assembly for Tape Printer 
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Table 4-5. Typing Reperforator and Tape Printer Receive-Only 
Ba se Lubric ation Index 

Figure 

4-77 

4-78 

4-79 

4-80 

4-81 

4-82 

4-83 

4-84 

4-85 

4-76 

'Iitle 

RECEIVE ONLY BASES 

Receive-On ly Base, Rear View 

Low-Tape Alarm S witch Mechanism, 
Right Side View 

Receive-only Base, Left Front View 

V ari able Speed Drive Mechanism, Top View 

Vari able Speed Drive Mechanism, Left 
Side V iew 

MULTIPLE-MOUNTED AND 
AUXILIARY-MOUNTED RECEIVE­
ONLY BASES 

Low-Tape Alarm S witch Mech anism 

RECEIVE-ONLY MINIATURIZEC 
REPERFORATOR BASE 

Receive-On ly Base a nd Motor Unit 
Mounted on a Sli di ng subbase 

Low-Tape Alarm Switch, Top View 

Sliding Subbase 

P age 

4-77 

4-78 

4-79 

4-80 

4-80 

4-81 

4-82 

4-83 

4-84 
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r------- 01 PIVOT POINTS (2} TAPE LEVER 

01 HOOKS-EACH END (2) SPRINGS (2) 

--------01 PIVOT POINT SWITCH LEVERS (2) 

Figure 4-78. Low-Tape Alarm Switch Mechanism, Right Side View 
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,..,....,---p�------- G TEETH GEARS 

��S·' II G TEETH GEARS 

Figure 4-80. Variable Speed Drive Mechanism, Top View 

-

03 DETENT POST SELECTOR LEVER 

03 SLOT SELECTING LEVER 

03 BEARING SURFACE SELECTING LEVER 
PILOT SCREW 

SAT PIVOT FELT WASHER 

Figure 4-81. Variable Speed Drive Mechanism, Left Side View 
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01 HOOKS-EACH END SPRINGS(2) 

02 BEARING SLJRFACES(2) TAPE LEVER 

G CONTACT SURFACE 

02 BEARING SURFACE 

Figure 4-82. Low-Tape Alarm Switch Mechanism 

SWITCH LEVER 

SWITCH LEVER 
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Figure 4-83. Receive-Only Base and Motor Unit Mounted on a 
Sliding Subbase 
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..,.------- 01 

�------02 

(TOP VIEW) 

HOOKS -EACH END 

BEARING SURFACES (2) 

"---- G CONTACT SURFACE 

---- 02 BEARING SURFACE 

Figure 4-84. Low-Tape Alarm Switch, Top View 

SPRINGS (2) 

TAPE LEVER 

SNITCH LEVER 

SWITCH LEVER 
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G SLIDING 

� �
� �  Ol L-1·1 

SURFACES 
(8 PLACES) 

01 SLIDING 
SURFACE 

I ��"' 
0 

0�. 

• • 

• 

4-84 

+----1-�=--- 02 BALL 

BEARINGS 
(2 PLACES) 

.�0 
• • 

G BEARING AND 
SLIDING AREA 

• I ).J' I 
(8 PLACES) 

TORSION 
SPRINGS (2) 

BEARING 

• 
-�- I 

POINTS (4) 

G FLAT SURFACES (2) 

Figure U-85. Sliding Subbase 

"�I 

STOPS 

LOCKING 
LEVER 

SLIDE 

) 

SLIDE 

LATCH 

LOCKING CYLINDER 

LOCKING CYLINDER 
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level equipment in paragraph 
4 -7a and operational checks 
iiescribed in paragraph 4-7b. 

a. Mechanical Checks. 
The following mechanical checks 
are to be performed quarterly or 
as required. 

WARNING 

Disconnect power from unit. 
Failure to comply can cause 
serious injury. 

(1) Type Wheel. 
Check type wheel as follows: 

(a) Refer to 
figure 6-97. 

(b) Select 
SSMMM code combination. 

(c) Place 
rocker bail to extreme left. 

(d) Ensure 
correcting lever is firmly 
seated in type wheel lock. 

(e) Type wheel 
should be aligned so that a full 
character is printed uniformly 
on paper. If character is not 
printed uniformmly, perform 
adjustment procedure described 
in paragraph 6-3.11(2} and (3). 

(2) T ape Hole 
S pacing. Check tape hole 
spacing as follows: 

(a) With a 
maximum tape supply load (full 
roll), power perforate six 
series of nine BLANK 
combinations followed by one 
LETTERS combination. Only 
LETTERS or BLANKS are 
acceptable. 

NAVELEX 0967-LP-616-7010 

(b) Place the 
the t ape o ver smooth side o f  a 
95960 tape gauge so that the 
first "2 code hole in tape is 
concentric with the first 0.072 
inch hole of the tape gauge. 

NOTE 

The first five holes in the 
gauge are the same size as 
the code holes in the tape 
(0.072 inch diameter), but 
the sixth hole in the gauge 
is larger (0.086 inch dia­
meter). This arrangement 
allows a +0.007-inch varia­
tion in five inches. The 
next four 0.072-inch holes 
in the tape gauge should be 
vis ible through number 2 code 
holes in the tape, and the 
sixth number 2 code hole in 
the tape should be entirely 
wit hin the 0.086-inch dia­
meter hole of the tape gauge. 

(3) Orientation and 
Ranqe. Check orientation a nd 
range as follows: 

(a) Refer to 
figure 6-62. 

(b) Rotate the 
range finder knob in one 
direction until an error appears 
in typed copy, then retract 
range finder setting slowly 
until the error disappears. 

(c) Note the 
number of points indicated at 
this position. 

(d) Rotate the 
range finder knob in the 
opposite direction, until error 
appears in the typed copy, and 
retra ce the range finder setting 
slowly until error disappears. 
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(e) Note the 
number of points indicated at 
this position. 

{f) Rotate the 
range finder knob to a setting 
midway between the settings 
obtained in {c) and {e) • This 
setting should be 72 points 
minimum. If not, perform the 
adjustment described in 
paragraph 6-3.1h (19). 

(4) Printing Trip 
Link Clearance. Check printing 
trip link clearan ce as follows: 

(a} Pefer to 
figure 6-93. 

{b) Trip the 
function clutch. 

(c) Positi on 
the rocker bail to its extreme 
left. 

(d) Manually 
lift the accelerator so that the 
latching surfaces of the 
printing latch and the 
accelerator are e ven. 

(e) Measure the 
c learance between the 
accelerator and latch. 

{f) There 
should be some to 0.015 inc h  
c learance. I f  not, perform the 
adjustment described in 
paragraph 6-3.11 (32). 

(5} Signal Generator 
Contact. Check the signal 
generator contact as follows: 

figure 6-140. 
(a) Fefer to 

(b) Remove the 
cover from the contact box. 

(c) Place the 
detent toggle against its 
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spacing stop and measure the 
marking contact gap (left side). 

{d) Place the 
detent toggle against its 
marking stop and measure the 
spacing contact gap. 

(e) The two gap 
measurement should be equal. If 
not, perform the adjustment 
procedure described in paragraph 
�-4.2b (4). 

(6) Clutch Shoe 
Lever Spring Tension. Check 
clutch shoe lever spring tension 
as follows: 

(a) Refer to 
figure 6-138. 

(b) Engage the 
clutch and hold cam disc to 
prevent turning. 

{c) Attach a 
spring scale hook and pull at 
tangent to the clutch. 

(d) The force 
required to move shoe lever in 
contact with the stop lug s hould 
be between 15 and 20 ounces. If 
not, perform adjustment 
procedure described in paragraph 
6-4.2a(5). 

(7) Clutch Shoe 
Lever Clearance. Check clutc h  
shoe lever clearance a s  fol lows: 

(a) Refer to 
figur e 6-135. 

(b) Disengage 
the clutch and measure the gap 
between the clutch shoe lever 
and clutch disc stop lug. 

(c) 
clutch and rot.a te it 
clutch shoe lever is 
bottom of the unit. 

Trip the 
until the 
toward 

�· 

) 
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(d) Align the 
head of the clutch drum mounting 
screw with the stop lug. 

(e) Manually 
compress the shoe lever against 
the stop lug and allow them to 
snap apart, engaging the clutch. 

(f) Again 
measure the gap between the 
clutch shoe lever and clutch 
disc stop lug. 

(g) Subtract 
the measurement obtained in step 
{f) from that obtained in step 

(b) and record the difference. 

(h) The 
di fference should be between 
0.055 and 0.08 5 inch. If not, 
perform the adjustment procedure 
described in paragraph 
6-4. 2a (1). 

NOTE 

At 100 wpm set the differ ence 
at 0.075 inch for proper 
operati on. 

b. Operational Tests. 
Operationa l tests for high-level 
KTF and FOTR sets are discuss ed 
below in p aragraph 4-7b(1) and 
for low-level KTF and ROTR sets 
in paragraph 4-7b(2). 

(1) Operational 
Tests (High-Level). Figure 4-86 
shows the test setup requir ed to 
perform high-level KTF and ROTR 
test procedures described in 
table 4-6. If abnormal 
indications are encountered 
during a test, refer to 
Troubleshooting Index Table 5-1 

NAVELEX 0967-LP-616-7(10 

in Chapter 5. Prior to 
conducting the t ests, p erform 
the following initial c ontr ol 
settings on the TS-2616/UGM test 
set shown in figure 4-86 . 

TS- 2 616/UGM 

(a) AC POWER switch to OFF 

(down) position 

(b) PEAK RESET switch to 
AUTO. 

( c) FATE-BAUDS switch to 
74.2. 

(d) CODE LEVEL switch to 5. 

(e) DISTORTION SELECT switch 
To PEAK-TOTAL. 

( f) TRANSITION SELECT switch 
to ALL. 

(g) INPUT POLARITY switch 
to either + or - to 
caus e meter to deflect 
to right. 

(h) INPUT SELECT switch to 
NEUTRAL 60. 

(i) INPUT FILTER switch to 
IN. 

(2) Operational 
Tests (Low-Level). Figure 4-87 
shows test setup required to 
perform low-level test 
procedures described in table 
4-7 . If abnormal indications 
are encountered during a test, 
refer to Troubleshooting Index, 
table 5-1 in Chapter 5. Prior 
to conducting the tests, perf orm 
the initial control settings on 
the TS- 2616/UGM test set as 
described in pa ragraph 4-7b(1). 

4-87 
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SI GNAL LINE S  
SSZ (+), SS3 (-) 

(CONNECTED 

TO SET JACK 
VIA TB102) 

KTR OR ROTR 

SETS 

SET LPG 

LOCAL 

115 VDC 
POWER 

SOURCE 

(CONNECTED 

TO TB104) 

COMMUNICATIONS 
PATCHING PANEL 

SB-1203A/ UG 

(ALTERNATE 
SB-1210A/UGQ) 

LPG 

LOW Z 

TEST SET 
TS-2616/UGM 

Figure 4-86. KTR and ROTR Test Setup (High-Level) 
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step 

1. 

a. 

b. 

c. 

d. 

e. 

f. 

g. 
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Table 4-6. KTR and ROTR Test Procedures (High-Level) 

Action 

Prelimina.;:y. 

Ensure TS-2616/UGM test set 
controls are set as indicate d 
in p ar agraph 4-7b(1). 

Ensure main power switch on 
KTR or ROTR is set to OFF 

(down) position. 

Refer to figure 4-86. 

Ensure KTR or FOTR ar e local 
115 VAC power source are 
correctly connected to 
patching p anel . (Refer to 
N�VSHIPS 0967-874-1010, 
formerly NAVSHIPS 95718.) 

Plug KTR or ROTR t est set, 
and local 115 VAC power 
source power cords into 
115 VAC outlets. 

Set power switches on test 
set and local 115 VAC 
power source to ON position. 

Set KTR or ROTR main power 
switch to ON position. 

Normal 
Indication 

·� 

Reference 
Table 5-1 

! 
tx:l 
t-1 
tx:l 
::.4 

0 
1.0 
0'1 
� 
I 

1:"4 
'"t1 
I 

0'1 
� 

0'1 
I 

� 
(') 
� 

0 



Step 

2. 

a. 

b. 

3. 

a. 

b. 

4. 

a. 

b. 

s. 

Table 4-6. KTR and POTP Test Procedures (High-Level) - Continued 

Action 

1�Checks. Check 
for proper operation of 
lamps as follows: 

Observe pilot lamp. 

Observe cabinet illumination 
lamp. 

Motor Checks. Check 
for proper operati on of motor 
as follows: 

Observe motor starting. 

Determine that motor is 
not running too slow or 
too fa st. 

M ain S haft Drive Check. 
Check for proper m ain shaft 
drive as follows: 

observe main shaft rotation. 

Observe ge ars. 

Signal Generator Shaft 
Drive Check. Observe 
signal generator shaft 
rotation. 

Normal 
Indication 

Pilot lamp is lit. 

Illumination lamp is lit. 

Motor starts. 

Motor runs at correct speed. 

Ma in shaft rotates. 

Ge ars do not howl or chatter. 

Signal generator shaft rotates. 

Peference 
Table 5- 1 

Item 1 

Item 2 

Item 3 

Item 4 

Item 5 

Item 6 

Item 7 

0 
\D 
CTI 
...J 
I 

t"l 
I'd 
I 

CTI 
..... 

CTI 

I 
...J 
0 
-' 

0 



� 
I 

IJ) 
-A 

r 

step 

6. 

a. 

b. 

c. 

d. 

e. 

:r. 

g. 

� 

Table 4-6. KTR and ROTR Test Procedures (High-Level) - continued 

Action 

TYPing Reperforator 
Checks. C heck typing 
Feperforator as follows: 

Apply signal to se t from 
signal line (external) or 
signal test set. 

Apply alternate R and Y 

signal input. 

If dis tortion test set is 
used, apply FIGS and LTRS 
input. 

With signal line idle 
(marking) press TAPE F.O. 

key. 

While tape is feeding, 
interrupt feed-out with 
incoming signal. 

Stop signal transmission. 

Lift tape out of tape 
container. 

Normal 
Indication 

Typing reperforator opeates. 

R and Y are typed and perforated. 

Proper shift character is 
printed and corresponding 
code is perforated. 

Tape is fed out to preset length. 

Feed-out stops and first character 
of signal is typed and perforated. 

Tape automatically feeds out to 
preset length, typed and perforated 
for le tters. 

TAPE OUT lamp lights. 

""'\ 

Reference 
Table 5-1 

Item 8 

Item 9 

Item 10 

Item 11 

Item 12 

Item 13 

Item 14 

z 
:J:ll 
< 
t:t:l 
t-1 
t:t:l 
X 

0 
IJ) 
0'1 
..J 
I 

t-4 
"d 
I 

0'1 
_. 

0'1 
I 
..J 
0 
_. 

0 



c 
I 

\{) 
N 

step 

h. 

i. 

j. 

k. 

1. 

m. 

n. 

o. 

Table 4-6. KTR and POTF Test Procedures (Hig h-Level) - Continued 

Action 

Replace tape roll (with at 
least one inch of tape 
on core} • 

Press BREAK key. 

Press KYBD LOCK key. 

Press KYBD UNLK key. 

operate keyboard. 

Depress CAP PET key. 

Press PEPT key and one 
character key (or space 
bar} and hold. 

P ress TAB B. SP. key. 

Normal 
Indicati on 

TAPE OUT lamp extinguishes. 

Typing reperforator runs open. 

Keys in lower t hree rows will 
not operate. 

Tape is perforated according 
to input message. 

Character counter indicator 
advances one unit for each 
character or space typed and 

END-OF-LINE lamp lig hts between 
66th a nd 68th space. 

Character counter indicator 
returns to zero and END-OF-LINE 
lamp is extinguished. 

Character (or space} is typed 
and perforated continuously 
until FEPT key is released. 

Last perforated character is 
moved to right (in punch 
mechanism} in line wit h punch 
pins. 

Reference 
Table 5-1 

Item 15 

Item 16 

Item 17 

Item 18 

Item 19 

Item 20 

Item 21 

Item 22 

0 
1.0 
"' 
...., 
I 

t_-1 
ltJ 
I 

0\ 
...A 

0\ 
I 

...J 
0 
...A 

0 
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Tab le 4-6. KTR and ROTR Test Proce dures (High-Level) - Conti nued 

Action 

Press LTRS key. 

Turn KTR or ROTR main power 
switch to OFF position. 

Normal 
Indication 

LETTERS code perforation obliterates 
previously punched (errone ous} code. 

Motor stops. 

� 

Reference 
Table 5-1 

Ite m 23 

Item 24 

'Z 
!):>' 
<:: 
tr:l 
t:-1 
tt:1 
� 

·� 
� 
"' 
...J 
I 

1:"4 
'0 
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I 
.J 
Cl 
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TO 
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326792 
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_j 

TEST SET 
TS-2616/UGM 

TEST COR� 
ALLIGATOR CLIPS 

IN 
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4-94 

Figure 4-87. KTR and ROTR Test Setup (Low-Level) 
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Table 4-7. KTR and ROTR Test Procedures (Low-Level} 

Action 

P re liminary. 

Ensure TS-2616/UGM test set 
contro ls are set as indica ted 
in paragraph 4-7b(1}. 

Ensure main power switch on 
RTF or ROTR is set to OFF 

(down) position. 

Refer to figure 4-87. 

Ensure KTR or ROTR and local 
115 VAC power source are 
correc tly connected to 
patching panel . (Refer to 
NAVSHIPS 0967-874-1010, 
formerly NAVSHIPS 95718.} 

P lug KTR or ROTR t est set, 
and local 115 VAC power 
source power cords into 
115 VAC outlets. 

Set power swit ches on test 
set and local 115 VAC power 
source to ON position. 

Set KTR and ROTR main power 
switch to ON position • 

Normal 
Indication 

� 
' 

Reference 
Table 5-1 

'2l 

� 
tr:l 
t"' 
tr:l 
:>< 

0 
1.0 
01 
..... 
I 

t"' 
'"d 
I 

0\ 
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0'1 
I 

..J 
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2. 

a. 

b. 

3. 

a. 

b. 

4. 

a. 

b. 

5. 

Table 4-7. KTR and ROTR Test Procedures (Low-Level) - Continued 

Action 

Lamp Checks. Check 
for proper operation of lamps 
as follows: 

Observe pilot lamp. 

Observe cabinet illlum ination 
lamp. 

Motor Checks. Check 
for proper operation of motor 
as follows: 

Observe motor starting. 

Determine that motor is not 
running too slow ot to o fast. 

Main S haft Drive Check. 
Check for proper main shaft 
drive as follows: 

Observe main shaft rotation. 

Observe ge ars. 

Signal Generator Shaft 
Drive Check. Observe 
signal generator shaft 
rotation. 

Normal 
Indication 

Pilot lamp is lit. 

Illumination lamp is lit. 

Motor starts. 

Motor runs at correct spee d. 

Ma in shaft rotates. 

Gears do not howl or chatter. 

S ignal generator shaft rotates. 

Reference 
Table 5-1 

Item 1 

Item 2 

Item 3 

Item 4 

Item 5 

Item 6 

Item 7 
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Table 4-7. KTF and FOTR Test Procedures (Low-Level) - continued 

Action 

TYping Feperforator Checks. 
Check typing reperforator as 
follow s: 

Apply sign al to set fro m  
line (external) or signal 
test set. 

Apply alternate F and Y 

signal input. 

If distortion test set is 
used, apply FIGS and LTFS 
input. 

With s ignal line i dle 
(marking) press TAPE F.O. 

key. 

Normal 
Indication 

Typing reperforator operates. 

F and Y are typed and perforated. 

Proper shift character is printed 
and corresponding code is 
perforated. 

Tape is fed out to preset length . 

� 
.' 

Feference 
Table 5-1 

Item 8 

Item 9 

Item 10 

Item 11 

While tape is feeding, 
interrupt feed-out with 
incoming signal. 

Feed out stops and and first characteriitem 12 

of signal is typed and perforated. 

Stop signal transmission. 

Lift tape out. of tape 
container. 

Tape a utomatically feeds out 
to preset length, typed and 
perforated for letters. 

TAPE OUT lamp ligh ts. 

Item 13 

Item 14 

� 
t-t 
t%J 
:..: 

0 

� 

"' 
...J 
I 

t-t 
'"d 
I 

0'1 
_. 

0'1 
I 
...I 
0 
_. 
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Table U-7. KTR an d ROTR Test Procedures (Low-Level) - Continued 

Action 

Replace tape roll (wit h at 
l east one inch of tape on 
core). 

Press BREAK key. 

Press KYBD LOCK key. 

Press KYBD UNLK key. 

Operte keyboar d. 

Depress CAR RET key. 

Press REPT key and one 
c haracter key (or sp ace 
bar) a nd hold 

Press TAB B. SP key. 

Normal 
Indica tion 

TAPE OUT lamp extinguishes . 
' 

Ty ping reperforator runs open. 

Keys in lower three rows will 
not operate. 

Tape is perforated a ccording to 
in put message. 

Character counter indicator 
advances one unit for each 
c harac ter or space typed and 
END-OF-LINE lamp lights between 
66th and 68t h space. 

Character counter indicator 
returns to zero an d END-OF-LINE 
lamp i s  extinguished. 

Character (or space) is typed 
an d perforated con tinuously until 
REPT key is released. 

Last perforated character is 
moved to right (on punch 
mechanism) in line with punch 
pins. 

R.eference 
Table 5- 1 

Item 15 

Item 16 

It.em 17 

It;em 18 

Item 19 

Item 20 

Item 21 

Item 22 

0 
1.0 
0\ 
...J 
I 

t"i 
'U 
I 

0'1 
...... 
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I 
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0 
...... 
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Table 4-7. KTR and ROTR T est Procedures (Low-Level) - conti nued 

Action 

P ress LTRS key. 

Turn KTP or ROTR main power 
switch to OFF position. 

Norma l 
Indication 

LETTERS code perforation obliterates 
previously punched (erroneous) code. 

Motor stops. 

·� 

Reference 
Table 5-1 

Item 23 

Item 24 
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CHAPTER 5 
TROUBLESHOOTING 

5-1. I NTRODUCTION. This 
chapter provides information 
required to isolate a 
malfunction in Send-Receive 
(KTR) and Receive-Only (ROTR) 

Typing Reperforator Sets 
Model 28 to a misadjusted 
mechanism or a defective 
component. Troubleshooting is 
based on the result of 
operational tests described in 
paragraph 4-7b of chapter 4 .  
Wiring and schematic diagrams 
are presented at the end of this 
chapter for use in 
troubleshooting. 

5-2. TROUBLESHOOTING 
PROCEDURES. Troubleshooting 
procedures for high and low ­
level KTR and ROTR 
teletypewriter equipment are 
provid ed in paragraphs 5-2.1 and 
5-2.2. The high-level 
procedures contained in 
paragraph 5-2.1r are also 
applicable to low-level 
equipment. The procedures 
contained in para graph 5-2.2 are 
applicable to low-level 
equipment only. 

5-2.1 HIGH-LEVEL TROUBLESHOOTING 
PROCEDURES. The following 
paragraphs provide procedures 
for use in troubleshooting high­
level KTR and ROTR 
teletypewriter equipment. 

a. Troubleshooting 
Index. The troubleshooting 
index, table 5-1r conta ins the 
items referenced in tables 4-5 
and 4-6, operational test 
procedures. I f  an abnormal 
indication is encountered, the 
technician is directed to a 
fault isolation paragraph. 

b. L amp, Fuse, and 
Semiconductor Index. Table 5-2 
provide a list of lamps and 

fuses used in the high level KTR 
and FOTR sets. The above a ctive 
components constitute the m ost 
probable cause of failure. 

c. Fault Isolation 
Pro cedures. The following 
paragraphs provide fault 
isolation procedures referenced 
in table 5-1. 

(1) If the motor 
does not start when mai n  power 
swi tch is ONr proceed as 
follows: 

(a) Check the 
external power supply t o  verify 
115 volts ac is present on 
external connector pins 2 
(grounded s ide) and 11 
(ungrounded). When check ing 

miniaturized setsr check at 
lower terminal board termin als 1 
(ungrounded) and 7 (grounded). 

(b) Check the 
solder connections to terminals 
of 16-point connector and 
receptacle. Check for lo ose or 
missing contacts within the case 
and for broken body molding s. 
Check the case for breaks o r  
dents .  Check the mating of the 
connector and receptacle and the 
operation of the latch lock ing 
the two in mated positi on. 

(c) Check The 
solder conn ecti ons to terminals 
of 36-point connector and 
receptacle. Terminals 35 a nd 36 
of the connector (attached to 
the typing reperforator) must b e  
strapped on the soldered end, 
and the connector must be m ated 
w ith the ba se receptacle to 
compl ete the ac power 
distribution circuit in the set. 
Check for loose or missing 
contacts w ithin the case and for 
broken body moldings. Check the 

5-1 
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Item I Text/Step 

1 I 2a 

2 2b 

3 3a 

4 3b 

5 4a 

6 4b 

7 5 

8 I 6a 

9 6b 

5-2 

Table 5-1 .  Troubleshooting Index 

Symptom 

Pilot lam p does not light 

Cabinet illumination lamp 
does not light 

Motor does not start 

Motor runs at incorre ct 
speed 

Main shaft does not rotate 

Gears howl or chatter 

Signal generator shaft 
does not rotate 

Typing reperforator runs 
open with signal input 
from signal line or signal 
test set. Typing rep erfor­
ator runs closed on veri­
fiable signal input from 
signal line or signal test 
set 

Typing and perforating 
failure when alternate 
R and Y signal is input 
Intermittent error 

Set gains or loses a pulse 
Perforating failure 

Punch fai ls to penetrate 
tape 
Tape does not feed 
Fee d holes are incorrectly 
spaced 

Printer does print 
Ribbon fails to feed or 
reverse 
set fails to type 

Fault 
Isolation 
Paragraph 

5-2. 1 c  (2) (a) , (b) , 
(c) , and (dl 

5-2. 1 c  (3) (a) , (b) , 
and (c) 

5-2 • 1 c ( 4) (a) , (b) 
and (c) 

5-2.1 c (5) (a) , {b) and 
{C) 

5-2 .1 c (6) (a) an d (b) 

5-2.1 c(7) 

5-2 .1 c (b) 

5-2. 1 c  (9) (a) ,  (b) , 
(c) , (d), (e) , (f) , (g) 
(h) , and (i) 

5-2.1 c(1 0) 

5-2.1 c(1 1 )  

5-2.1 c (1 2) (a) , (b), 
and (c) 
5-2.1 c (1 3) (a) and (b) 
5-2. 1 c  (1 4) (a) and 
(b) and 5-2.1 c(21 ) 
(a) , (b) , (c) , and (d) 

5-2.1 c(1 5) 

5-2. 1 c  (1 6) (a) and (b) 

5-2. 1c (1 7) 
5-2. 1 c  (1 8) 
5-2. 1 c  (1 9) (a) and (b) 

5-2. 1e (20) (a) and (b) 

..,I 
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Table 5-1. 

Item !Text/Step 

10 6c 

1 1  6d 

12 6e 

1 3  6f 

14 6g 

1 5  6h 

16 6i 

17 6j 

18 6k 

19 61 
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Troubleshoot ing Index - continued 

Symptom 

LTRS or FIGS shift fa ilure 
Lett�rs not positioned 
squarely for printing 
Only top or b ottom of 
character prints 
Characters too light or 
smudged 

Tape does not feed when 
TAPE F.o. key is pressed 
Incorrect length of tape 
is fed out 

Tape continues to feed when 
signal interrupts feed-out 
Loss of first character of 
incoming signal 

Fault 
Isolati on 
Paragraph 

5-2. 1c (22} (a) 
5-2.1c (23) 

5-2. 1c (24) (a) and (b) 

5-2. 1c (27) 

5-2.1c (26) (a} r (b) r (c) r 

(d) 
5-2.1c (27) a 

5-2.1c (28) (a) r 

5-2.1c (21J) (a) and (b ) 

Tape does not feed out � 5-2 .1c (30) (a) and (b) 
Tape feeds out to incorrect 5-2.1c(31 ) 
length 

TAPE-OUT lamp fails to 
light 

TAPE-OUT lamp remains 
1U 

Break signal tr ansmission 
failure 

5-2. 1c (32) (a) r (b) , (c) r 

(d) r and (e) 

5-2.1c (33) 

5-2. 1c (34) (a) and (b) 

KYDB LOCK key does not lockl5-2.1c(35) 
keyboard 

Keyboard transmission does 
not operate typing reper­
forator per fectly when KYBD 
UNLK key is pressed. 

Character counter failure 
when keyboard is in o per­
ation 
END-OF-LINE lamp fails 
to light when character 
counter reaches 66th to 
68th space 

5-2. 1e (36) (a) , (b) r 

(c) , (d) , and (e ) 

5-2.1c (37) (a) and (b) 

5-2. 1c (37) (c ) r (d) , 

(e) and (f ) 

5 -3 
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Table 5-1 . Troubleshooting Index - continued 

Fault 
Isolation -,j 

Item !Text/Step I symptom Paragraph 

20 I 6m I Character counter indicator 5-2. 1c (38) (a) and (b) 
fails to return to zero 
position 
END-OF-LINE lamp remains I 5-2. 1c (39) (a) and (b) 
lit 

21 6n Repeat function fails 5-2.1c(40) (a) and (b) 

22 60 Tape fails to backspace 5-2.1c (41) (a) , (bl, 
(c) , and ( d) 

23 I 6p I Back space correction fails l 5-2.1c (42) (a), (b), and 
(c) 

24 I 6q I Power remains on 1 5-2.1c (1) (e) 

�> 

;� 

5-4 



(" 

Qty 

1 

1 

1 

1 

1 

( 

1 

( 

NAVELEX 0967-LP-616-7010 

Ta ble 5-2. Lamp, Fuse, and Semiconductor Index 

Name, Type 
Part Number 

Fuse, 4A, 
Slo-Blo 
129919 

Pilot Lamp 
115V 

Neon 
161215 

Lamp 
6V 

Incandesce nt 
161957 

Lamp 
6V 

Incan descent 
161957 

Lamp 
6V 

Incandescent 
161957 

Lamp 
6V 

Incand escent 
161957 

Function 
Location 

Electrical circuit protec-
tion Keyboard Ba se 

Power on indicator 
Keyboard 

End of Line Indicat or 

Low Tape Indicator 
Keyboard 

Tape co py Light 
Cabinet 

Charact er Counter Scale 
Cabinet 

Energizing 
Voltage 

---

5. 5 VAC 

5.5 VAC 

5. 5 VAC 

5. 5 VAC 

5. 5 VAC 

L__ ----- ---
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case for breaks or dents. Check 
the mating of the connector and 
receptacle and the operation of 
wire lat ches locking the two in 
mated position. 

(dl Check motor 
connections. Leads are 
in terchangeable. Refer to the 
wiring diagrams at the end of 
this chapter. 

(e) Check the 
main power switch. Short the 
leads to the switch with an 
in sulated screwd river or an 
insulated jumper wire. Replace 
switch if shorting out the 
switch eliminates the power 
failure. 

(2) If the pilot 
lamp does not illuminate when 
ma in power switch is ON, proceed 
as follows: 

(a) Check the 
external power supply to verify 
that 115 volts ac i.s present on 
external connector pins 2 
(grounded side) and 11 
( ungroundedl. When checking 

miniature sets, check at lower 
terminal board terminals 1 
(ungrounded) and 7 (grounded). 

( b) Check the 
solder connec tions to terminals 
of 16-point connector and 
receptacle. Check for loose or 
missing contacts within the case 
and for broken body moldings. 
Check the case for breaks or 
dents. Check the mating of the 
connector and receptacle and the 
operation of the latch locking 
the two in mated position. 

( c) In KTR sets 
only , check the pilot lamp and 
socket. 

NOTE 

The pilot lamp socket con-
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tains a built-in lamp pro­
tecting resistance. Replace 
the socket if lamp replace­
ment does not correct pilot 
lamp failure but subsequent 
steps ind icate that power 
failure is not a problem. 

(d) Check for 
loose connections on the 
terminal boards. Pefer to the 
wir ing diagrams at the end of 
this chapter for location of 
straps and jumpers on each set. 

(3) If the cabinet 
lamps in KTR sets fail to 
illuminate, proceed as follows: 

(a) Check the 
connector (attached to cabi net 
cable) and receptacle ( on b ase­
ter minal board bracket) for good 
condition and proper mating in 
the event of cabinet 
illumination lamp failure. 

(b) Check the 
cabinet illumination lamps (2) 
and sockets. 

(c) Check for a 
burned out base- mounted 
transformer and loose 
transformer leads at the motor 
terminal block. 

(4) If the motor 
does not start whe� main power 
switch is ON, proceed as 
follows: 

(a) Check the 
fuse. If open, check mechanical 
linkage from motor through 
typing reperforator manually for 
excessive load before replacing 
fuse. If a fuse burns out 
immediately upon installation, 
check for short ed wiring in the 
motor or the tape-out circuit. 

(b) Check for 
an open thermal cut-out switch 
at the rear of the motor 
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mounting bracket. If the red 
switch button is raised, rotate 
the motor manually and check 
mechanical linkages to the motor 
shaft for an obstruction. 
Depress the switch button. If 
the cutout operates shortly 
after the motor switch has been 
reset, allow the motor to cool 
for five minutes and c�eck 
further for the cause of 
overheating before resetting. 

(c) Examine the 
motor brushes and replace a 
brush if its length is less than 
3/ 8 of an inch. Wipe off and 
blow off accumulated carbon 
dust. Relationship of brush to 
slip rings should be maintained. 
Be sure brush springs are in 
place. 

(5) If motor runs at 
incorrect speed, proceed as 
follows: 

(a) If the 
synchronous motor operates at 
incorrect speed, check for 60 
Hertz (plus or minus 0.5 Hertz) 
frequency in the external power 
supply. 

(b) Check the 
governor adjustment. If the 
motor runs at incorrect speed, 
check for 115 volts ac power 
line supply. If line voltage is 
adequate and stable, use a 120-
vps tuning fork to check the 
governor. Adjust if required. 

(6 ) If the main 
shaft does not rotate when 
mechanical motion is transmitted 
to RTR main shaft, proceed as 
follows: 

(a) Check the 
mechanical linkage through the 
intermediate gear mechanism. 
Adjust mesh of pinion and drive 
gear for barely perceptible 
backlash when the drive gear is 

NAVELEX 096 7-LP-616-7010 

centered vertically and 
horizontally beneath pinion. 

(c) Check the 
mechanical linkage through 
varia ble speed drive mechanism. 
Note that the gears are properly 
installed and securely fastened 
to th eir shaft or sleeve. Check 
for sheared gea r mounting 
screws. Check condition of t he 
gears and remove any foreign 
objects in the gear mechanism. 
Visually inspect gear mesh when 
the g ear change lever is in each 
of its three positions. 

(c) C heck the 
condition and tension of th e 
timing belt. The belt should 
not be too tight. If belt 
appears too loose (yields m ore 
than 1/16-inch in response to 
slight pressure midway between 
the two sprockets), check for 
loose ned screws attaching either 
the r eperforator or the 
inter mediate gear mechanism or 
both to the base. 

(7) If the gear s 
howl or chatter when mechanical 
motion is transmitted to KTR 
m ain shaft, check the mechanical 
linkage through the interme diate 
gear mechanism. Adjust mesh of 
the pinion and drive gear for 
barely perceptible backlash when 
the d rive gear is centered 
vertically and horizontally 
benea th pinion. 

(8) If the signal 
generator shaft d oes not rota te 
when mechanical motion is 
applied, check mechanical 
linkage through the interme diate 
gear mechanism. Adjust mesh of 
the pinion and drive gear for 
barel y perceptible backlash when 
drive gear is centered 
vertically and horizontally 
beneath pinion. 

(9) If the set runs 
open when external signal line 
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or signal test se t signal is 
applied to the set, proceed as 
follo ws: 

( a) Check for 
an open signal line external to 
the set. Check for 0.060-ampere 
115 volts de signal circuit 
( unless the selector magnets 
have been series wired for 0.020 
or 0.030-ampere operation). If 
operating on 0.030-ampere 
circuit, check the external 
signal line relay. 

(b) Check the 
solder connections to terminals 
of the 16-point connector and 
receptacle. Check for loose or 
missing contacts within the case 
and for broken body moldings. 
Check the case for breaks or 
d ents. Check the mating of the 
connector and receptacle and the 
operation of the latch locking 
the two in mated position. 

(c) Check the 
solder connections to terminals 
of the 36-point connector and 
receptacle. Terminals 35 and 36 
of the connector (a ttached to 
the typing reperforator) must be 
strappe d on the soldered end, 
and the connector must be mated 
with the b ase rec eptacle to 
complete the ac power 
distribution circuit in the set. 
Check for loose or missing 
contacts within the case and for 
broken body moldings. Check the 
case for breaks o r  d ents. Check 
the mating of the connector and 
receptacle and the operation of 
w ire latches locking the �wo in 
mated position. 

( d) Check for 
lo ose connections on the 
terminal boards. Refer to the 
wiring diagrams a t  the end of 
this chapter for location of 
straps and jumpers on e ach Stt. 

( e) Check for 
open selector magne ts or taulty 
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connections on the selector unit 
of the typing reperforator. 
Drag a thin piece of clean paper 
between the armature and the 
magne t cores to clean a dirty or 
oily armature. Be sure no lint 
is left benea th the magnet 
cores. 

(f) Check for 
binding mechanisms in the 
selector unit. Check linkage 
for free operation. Check the 
clutch adjustment, (paragraphs 
6-21b(1) and (3)), with 
particular attention to failure 
of the stop lever to latch or 
release. 

(g) Check the 
selector mechanism adjustments, 
paragraphs 6-3. 1h (9), (4), (6), 
(7), (8), (10), (15), (16), 
(17), and (20) in the order 
indicated. 

(h) In RTR 
sets, check for an open signal 
break switch (normally closed) 
on the keyboard. Check signal 
bre ak key linkage to the switch. 

(i) In KTR 
sets, check the signal generator 
contacts and mechanical 
linkages. 

(10) If the set runs 
closed on verifiable signal 
input, check for binding 
mechanisms in the selector unit. 
Check the linkage for free 
operation. Check the clutch 
adjustment (paragraphs 6-3.1b(1) 
and (2)) with particular 
att ention to failure of stop 
lever to latch or release. 

(11) If the typing 
reperforator fails to function 
when signal input is alternate R 
andY, check operation an� 
mechanical linkage of the 
function clutch. Note that the 
clutch is tripped near the end 
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of the ope�ating cycle of the 
selector clutch. 

(12) If an error in 
typing and reperforating is 
intermittent when signal input 
is alternate R and Y, proceed as 
follows: 

(a) Check for 
an open signal line external to 
the set. Check for 0.060-ampere 
115 volts de signal circuit 
(unless the selector magnets 
have been series wired for 0.020 
or 0.030-ampere operation). If 
operating on 0.030-ampere 
circuit, check the external 
signal line relay . 

(b) Check the 
range finder knob phasing 
{paragraph 6-3.1h(18). 

(c) Check the 
selector mechanism adjustments 
(paragraphs 6-3.1 h (9) (12), 
(13), and (1�). 

(1�) If the set gains 
or loses a pulse when signal 
input is alternate R and Y, 
proceed as follows: 

(a) Check for 
binds in the selector and 
transfer mechanisms. Note in 
particular free operation of the 
linkage involved in the 
particular pulse gained or lost, 
as determined by analyzing 
errors for a comm on (1, 2, 3, 4, 
or 5 pulse ) addition or 
omission. 

( b) Check the 
selector mechanism adjustments 
(paragraphs 6-3.1h(9) r (12), 
( 1 3) , and (14) ) • 

(1U) If the set fails 
to perforate when signal input 
is alternate R and Y, proceed as 
follows: 

NAVELEX 0967-LP-616-7010 

(a) Chec! 
function clutch and cam 
mechanisms and rocker bail 
operation. Check the punch 
mounting plate (preliminary 
adjus tment) (paragraph 
6-3.1c(1)). 

(b) Check the 
rocker bail and guide bracket 
adjustments. Check the function 
clutch trip lever adjustmen t 
(paragraph 6-3. 1b (6)). Check 
the reset arm (paragraph 
6-3.1 b(7)) punch position, 
toggl e  op�rating arm (paragraph 
6-3.1c(4) a nd punch mounting · 
plate (final) adjustments 
(paragraph 6-3. 1c(2)). 

(15) If the punch 
pins fail to penetrate tape when 
the s ignal inpu t is alternate R 

andY, check pu nch slide 
downs top plate (paragraph 
6-3.1d(3)), punch pin 
penetration (para graph 
6-3.1d(1)), and punch slide 
guide (�ragraph 6-3. 1d (2)) • 

(16) If the tape does 
not feed when signal input is 
alternate R and Y, proceed as 
follows: 

(a) Check for 
binds or obstructions in th e 
tape container on path of tape. 

(b) Check 
perforator adjustments. 

(17) If feed holes 
are incorrectly spaced when the 
signal inpu t is alternate R and 

Y, check perforator adjustments. 

(18) If the printer 
does not print when signal input 
is alternate R and Y, check 
proper installation of the 
ribbon, particularly through 
ribbon carrier beneath 
typewheel. 
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(19) If the ribbon 
fails to feed or fails to 
reverse when signal input is 
alternate R andY, proceed as 
follows: 

(a) Check the 
position of the eyelets on the 
ribbon above the ribbon reverse 
arms at both spools. 

(b) Check thE: 
ribbon feed mechanism and 
operating arm adjustment 
(paragraphs 6·-3 .1 g (1) , (2) , and 
(3)) • 

(20) I f the unit 
fa ils to type when the signal 
input is alternate R and Y, 
proceed as follows: 

(a) Check the 
ribbom carrier {paragraph 
6- 3. 11 ( 1) or 6- 3. 1 n ( 1)) 

(b) Check the 
print hammer (paragraph 
6-3.11 (4) or 6-3.1m(4)) 

(21) If the unit 
fa ils to perforate tape when the 
signal input is a lternate R and 
Y, proceed as follows: 

(a) Check the 
selector magnet bracket 
normaly operating conditions. 
(paragraph 6- 3.1h(9)). 

(b) Check the 
selector armature (paragraph 
6 - 3.1h(4)) 

(c) Check 
selector spring tensions 
(paragraph 6- 3.1h(6), 6- 3.1h(8), 
and 6-3.1h (1 0)). 

(d) Check 
selector clutch spring tensions 
(paragraph 6- 3.1h(16) and (17)). 

(22) If there is FIGS 
or LTRS shift failure when 
distortion test set is used to 
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apply FIGS and LTRS 1nput 
proceed as follows: 

(a) Check the 
function mechanism (paragraphs 
6-3.1e(1) and 6- 3.1b(8)). 

(b) Check the 
typewheel positioning mechanism. 

(23) If the letters 
are not positioned squared for 
printing when t he distortion 
test set is used to apply FIGS 

and LTRS input, check the a xial 
and rotary positioning mechanism 
linkage and adjustments. 

(24) If only top or 
bottom of a character prints 
when the distortion test set is 
used to apply FIGS and LTRS 
input, proceed as follows: 

(a) Check and 
adjust the axial and rotary 
correcting mechanism f or firm 
positioning of the correcting 
plate roller (axial) or 
correcting lever lobes (rotar y) 
simultaneou sly with activation 
of printing hammer. 

(b) Check the 
oscillating bail drive link 
(paragraph 6-3.lk(21)) and the 
oscillating bail pivot 
(paragraph 6-3.lk(22)). 

(25) If characters 
are too light or are smudged, 
check print hammer adjustment 
(paragraph 6- 3.11(4) for 

chadless tape or paragraph 
6- 3.1 m(4) for f ully perforated 
tape) • 

(26) I f tape does not 
feed out when the TAPE F.O. key 
is pressed while signal the line 
is idle (marking) , proceed as 
follows: 

(a) Turn o ff 
the main power switch and press 
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the TAPE F.o. key to discharge 
capacitor. 

(b) Check for 
an open feed-out magnet winding 
or loose leads at the magnet. 
Check the power supply lead 
common to both feed-out and back 
space magnet at both terminal: 

( c) Check the 
feed-out switc h 

(d) Check the 
mechanical linkage through feed­
out mechanism. 

(e) Check the 
tape feed-out adjustments. 

(21) If an incorrect 
length of tape feeds out, when 
the TAPE F.o. key is pressed 
while the signal line is idle 
(marking) check t he remote 

control tape feed-out mechanism. 

(28) If tape 
continues to feed out when feed­
out is interrupted with an 
incoming signal, check feed-out 
adjustments. 

(29) If the first 
character of an incoming signal 
is lost when feed-out is 
interrupted with incoming 
signal, proceed as follows: 

(a) Check the 
feed-out adjustments. 

(b) Check the 
mechanical linkage with selector 
mechanism and perforator. 

(30) If the tape does 
not feed out to preset length, 
typed and perforated for letters 
when signal transmission ends, 
proceed as f ollows. 

(a) Check the 
mechanical linkage with selector 
mechanism. 
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(b) Check the 
feed-out adjustments. 

(31) If an incorrect 
length of tape feeds out wh en 
signal tran smission ends, c heck 
feed-out adjustments. 

(32) If the TAPE OUT 

lamp fails to light when tape is 
lifted from tape container, 
proceed as follows: 

(a) Check the 
mechanical linkage to the t ape 
out switch for bent or broken 
components or missing springs. 

(b) Check the 
TAPE OUT lamp and socket. 

NOTE 

If the TAPE OUT lamp socket 
contains a bu ilt-in lamp 
protecting resistance and 
lam p replacement does n ot 
correct p ilot lamp failur e 
but power failure is not a 
pro blem, replace the socket. 

(c) Check the 
outer or lower tape-out s wi tch. 

(d) check the 
connector and receptacle for 
connecting tape container to 
base terminal board mounting 
bracket. Ensure that the 
connector at the end of the tape 
container cable is properly 
mated with its receptacle 

(e ) Check for a 
burned out base transf ormer or 
for loosen transformer lead s. 

(33) If the TAPE OUT 
lamp does not extinguish when 
the tape roll is replaced, check 
the TAPE-OUT switch (paragr aphs 
6-5.1 (2) (a) through (6)). 
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(34) If a BFEAK 
signal transmission failure 
occurs when the BREAK key is 
pressed, proceed as follows: 

(a) Check for a 
short in the normally closed 
BFEAK switch. 

( b) Check the 
mechan ical linkage from the 
BREAK keylever to switch. 
Operation of the keylever should 
not affect the code bar 
mechanism. 

(35) If the keyboard 
fa ils to lock w hen the KYBD LOCK 
key is pressed, check the 
mechanical linkage of the KYBD 
LOCK key through its code. 

(36) If the keyboard 
transmission does not operate 
typ�ng reperforator correctly 
when the KYBD UNLK key is 
pressed, proceed as follows: 

(a) Perform 
fault isolation proced ures 
5-2.1c(9) through 5-2.1c(25). 

(b) check the 
signal generator contacts and 
mechanical linkages. 

(c) Check the 
operation and adjustment of the 
signal generator clutch 
mechanism (paragraph 6-4.2a(1), 
through (5)). 

(d) Check the 
signal generator and keyboard 
adjustments (paragraphs 
6-4.2b(1) through (5) and 
6-4.2c(2) through (4)). 

(e) Check the 
synchronous pulse mechanism 
(paragraphs 6-6.2b(1) through 
(7)) • 

(37) If the character 
counter fails to ad vance one 
unit for each character or space 
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typed when the keyboard is 
operating, proceed as follows: 

(a) Check the 
mechanical linkage to the code 
bar mechanism. Ensure that the 
character counter operating 
forks are positioned over the 
pins on the right end of their 
respective code bars. 

(b) Check the 
character counter adjustmen ts 
(paragraphs 6-4.1b(1) through 
(8)). 

(c) Check the 
END OF LINE lamp and socket. 

(d ) Check for 
maladjusted or d irty switch 
contacts in the character 
counter mechanism. 

(e) Check for a 
burned out base mounted 
transformer or for loose 
transformer leads. 

(f) Adjust the 
END OF LINE switch bracket and 
cam (paragraph 6-4.1b(2)). 

(38) If the char acter 
counter fails to return to zero 
position when the CARR RET key 
is pressed, proceed as follows: 

(a) Check the 
mechanical linkage to the code 
bar mechanism. Ensure that the 
character counter operating 
forks are positioned over t he 
pins on t he right end of their 
respective code bars. 

(b) Check the 
mechanical linkage of the 
character counter reset 
mechanism. 

(39) If the END OF 
LIN E  lamp remains lit when the 
CAF RET key is pressed, proceed 
as follows: 
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(a) Check for 
dirty or maladjusted switch 
contacts i n  the character 
counter mechanism. 

(b) Adjust the 
character counter END OF LINE 
switch (paragraph 6-4.1b(2) ) .  

(40) If a repeat 
function fails when the REP T 
keys and any of the character 
key or space bar is pressed, 
check freedom of the linkage and 
�ating of the repeat keylever 
and code bar nonrepeat lever 
(paragraphs 6-4.1c (10) through 
(14) • 

(41) If tape fails to 
backspace when the TAPE B.SP. 
key is pressed, proceed as 
follows: 

(a) Check for a 
de fective backspace switch, 
located immediately beneath the 
TAPE B.SP. key. Check the 
switch at terminals 4 and 6 of 
the lower terminal board (orange 
lead and red lead ) . 

(b) Check for 
an open magnet coil on the 
typing reperforator. Check for 
loose leads on the magnet and 
check both terminals of the 
common power supply lead between 
the backspace magnet and feed 
out magnet (for typing 
reperforator}. 

(c) Check the 
mechanical linages in the 
backspace mechanism (on typing 
reperforator ) . The mechanism 
should operate freely and 
wi thout binding on downward 
movement of magnet armature. 
(paragraphs 6-6.1k (1) , (3) , 

6-8.1d ( 2) , 6-8.1b(2) , 6-8.1b(3) . 

(42) If the back 
space correction fai�s when the 
LTRS key is depressed, proceed 
as follows: 
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(a) Check the 
mechanical linkages in the back 
space mechanism (in typing 
reper forator) (paragraph 
6-6.1k(3) , 6-8.1b(2) , (3) , and 
6-8.1d(2) ) .  

( b) Check the 
rake adjustment (paragraph 
6-6.1k(1) . 

(c) Check the 
mechanical linkage through the 
intermediate gear mechanism. 
Adjust mesh of the pinion a nd 
drive gear for barely 
per ceptible backlash when t he 
drive gear is centered 
vertically and horizontally 
beneath pinion. 

(43) If the motor 
continues to run when the m ai n  
power switch is turned off, 
remov e  the main power source 
from the unit. Disconnect the 
lead from either termina l of the 
main power switch. Reapply main 
power. If the motor does n ot 
start, replace the main power 
switch. 

d. Maintenance Schematic 
and Wiring Diagrams. Schematic 
and wiring diagrams a re provided 
at the end of this chapter as 
aids to troubleshooting and 
maintenance of the typing 
reper forator sets. An index of 
the schematic and wiring 
diagrams for high level 
equipment is provided in ta bl e  
5-3. 

5-2.2 LOW-LEVEL TROUBLESHOOTING 
PROCEDURES. The following 
paragaphs provide 
troubleshooting procedures for 
checking some of the 
difficulties that may be 
encountered in the operation of 
electrical service assemblies 
(ESAs) and their associ ated 

components. For troubleshooting 
mechanical failures refer to the 
high-level equipment troubl e-

5-13 



NAVELEX 0967-LP-616-7010 

Table 5-3. 

Figur e 

5- 1 

5-2 

5-2 

5-3 

5- 4 

5- 5 

5-6 

5-7 

5-8 

5-8 

5-14 

Ind ex of High-L evel Schematic and Wir ing D iagram s for 
Tr ouble shooting 

Title Pag e 

LPR, LPE and LRPE Typing and Non-Typing I 5-29 
Reperforator Wir ing Diagram 

LTRK1, 2, and 10 send-Rece ive Typing Reper- I 5-31 
£orator Keyboard Wiring Diagram (She et 1 of 2) 

LTRK1, 2, and 10 S end-Rece ive Typing Reper- I 5-33 
£orator Keyboard Wiring Diagram (She et 2 of 2) 

LTRK1 Keyboard, LPR9 Typing Reperforator , and I 5-35 
LSRC200 Cabinet Schematic Diagram 

LTRK5, 6, and 7 Send -Receive Typing Reperfor- I 5-37 
ator Keyboard 

LTRK5, 6, and 7 Send-Receive Typing Reper- I 5-39 
£orator Keyboard , and LPR53 and 9 Typing 
Reperforator Schematic Diagram 

LRBS, 41, 49, and 57 Reperforator Base Wir ing I 5-4 1 
Diagram 

LRB31 and 62 compact ROTR Reperforator Base 
and LPR40 Typing Reperforator Schematic 
Diagram 

Model 28 Motor Un its Wiring Diagram 
(She et 1 of 2) 

Mod el 28 Motor Units Wiring Diagrams 
(She et 2 of 2) 
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shooting procedures in paragraph 
5-2.1. which are also applicable 
to low-level equipment. 

a. Wiring and Schematic 
Diagrams. Wiring and schematic 
diagrams for use in trouble­
shooting low-level equipment are 
shown in f igures at the end of 
this chapter. An index of these 
diagrams is provided in table 
5-4. 

b. Lamp, Fuse, and 
Semiconductor Indexes. Refer to 
table 5-2 for a list of lamps 
and fuses used in both high­
level and low-level TO sets. 
Additional fuses, and 
semiconductors found in low­
level assemblies are listed in 
bills of materials which are 
included in figures at the end 
of this chapter. These active 
components are identified 
because they constitute the most 
probable cause of failure. 

c. ESA General 
Troubleshooting Instructions. 
The following paragraphs provide 
general instructions for us e 
when troubleshooting KRT and 
ROTR ESAs. 

(1) Since the ESA 
encloses and is dependent on 
other component circuits for its 
operation, the field trou ble­
shooting and repair for these 
components also are included in 
the procedures. Refer to the 
applicabl e  wiring diaqrams at 
the end of this chapter which 
are referenced in table 5-4, for 
circuit tracing and 
identification of components. 
The diagrams are identified with 
their associated assemblies in 
the equipment matrix provided in 
table 1-2 of Chapter 1, which 
also indicates the figure 
number. 

(2l Before 
attempting to repair a power 
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supply fault, the technicia n 
should familiarize himself with 
the power supply card and ESA 
wirin g. Refer to the circuit 
description in Chapter 3. Refer 
also to t he wiring diagrams for 
each typing reperforator set as 
identified in table 1-2 of 
chapter 1. The wiring diagrams 
are t hose provided at t he end of 
this chapter and indexed in 
table 5-4. 

(3) Troubleshooting 
for an ESA is required only to 
repair the power supply or to 
correct wiring defects in case 
of loose, broken, or f aulty 
wiring. Wiring can re checked 
by following the different 
circuits on the appropriate 
wirin g  diagram, point-to-point 
and comparing with the actu al 
equipment wiring. 

d. Power Supply 
Troubleshooting Procedures. If 
trouble should develop, it may 
be found by performing the 
checks outlined in the trouble­
shooting procedures in tabl es 
5-5 and 5-6 using a multimeter. 
The following instructions are 
applicable when troubleshooting 
power supply circuit cards. 

(1) Colored test 
point jacks are provided on top 
of the power supply circuit card 
to accept standard meter probes. 

(a) W hen a 
fault in the power supply is 
suspected but not obvious, 
disconnect all power from the 
ESA. Remove all keyer (LLK) and 
clutch magnet driver (CMD) 
circuit cards. Apply 100 t o  130 
volt ac power to the ESA an d 
proceed with the troubleshooting 
procedure as outline in table 
5-5 or 5-6. 
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Table s-q. 

Figures 

5-9 

5-10 

5-10 

5-10 

5-10 

5- 1 1  

5- 1 1  

5- 1 1  

5-12 

5-13 

5- 1 4  

5-15 

5- 1 6  

5-16 

5-16 

5-17 

5-16 

Index of Low-Level Schematic and Wiring Diagrams 
for T roubleshooting 

'Iitle 

LRB8, q 1 ,  qg, and 57 Reper forator Base 
Wiring Diagram 

32 1 230 Electrical Service Assembly 
(Clutch) Wiring Diagram (Sheet 1 of 4) 

321 230 Electrical Service Assembly 
(Clutch) Wiring Diagram (Sheet 2 of 4) 

321 230 Electrical bervice Assembly 
(Clutch) Wiring Diagram (Sheet 3 of 4) 

32 1 230 Electrical Service Assembly 
(Clutch) Wiring Diagram (Sheet 4 of 4) 

321231 Electrical Service Asssemblies 
Wiring Diagram (Sheet 1 of 3) 

321 231 Electrical Service Assemblies 
Wiring Diagram (Sheet 2 of 3) 

32 1 23 1  Electrical Service Assemblies 
Wiring Diagram (Sheet 3 of 3) 

323810 Selector Magnet D river with S ignal 
Combiner S chematic Diagram 

321 231 Electrical Service Assemblies 

3238 1 3  Electrical Service Assembly for 
One Keyer and One Driver, Schematic 
Diagram 

321230 Electrical Service Assembly 
Schematic Diagram 

323813 Electrical service Assembly Wiring 
Diagram (Sheet 1 of 3) 

3238 1 3  Electrical service Assembly Wiring 
Diagram (Sheet 2 of 3) 

32381 3  Electrical Service Assembly Wiring 
Diagram (Sheet 3 of 3) 

319204 Selector Assem�ly S chematic Diagram 
and Wiring Diagram 

Page 

s-qg 

5-5 1 

5-53 

5-55 

5-57 

5-59 

5-61 

5-63 

5-65 

5-67 

5-69 

5-71 

5-73 

5-75 

5-77 

5-79 

,,] 
'1 

) 
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Table 5-4. Index of Low-Level Schematic and Wiring Diagram s 
for Tro ubleshooting - continued 

Figure 

5-18 

5-18 

5-19 

5-20 

5-21 

5-22 

5-23 

5-24 

5-24 

5-25 

5-25 

5-26 

5-27 

5-27 

5-28 

5-29 

Title 

Send-Feceive Typing Feperfcrator Keyboar d 
Used with 323802 Modification Kit, Wiring 
Diagram (Sheet 1 of 2) 

Send -Feceive Typing Feperforator Keyboar d 
Used with 323802 Modification Kit, Wiring 
Diagram (Sheet 2 of 2) 

LPF used with Modification Kit 323802 for 
Low-Level Operation, Wiring Diagram 

LPF and LFPE Typing and Non-Typing Feper­
forator with &elector Assembly, Wiring 
Diagram 

Page 

5 -81 

5-83 

5-85 

5-87 

send-Receive Typing Feperforator Set when UsediS-89 
with 323802 Modification Kit Schematic Diagram 

Feceive-Only Typing Feperforator set with 
Low-Level FFI Components Schemat ic Diagram 

5-91 

3031 42 .Polar Line Keyer !6V Schematic Diagram 5-93 

321991 Circuit Card (CMD) Schematic Diagram 5-95 
(Sheet 1 of 2) 

321991 Circuit Car d (CMD) Schematic Diagram 15-97 
(Sheet 2 of 2) 

321290 Circuit Card Schematic Diagram 15-99 
(Sheet 1 of 2) 

32129� Circuit Car d Schematic Diagram 15-101 
(Sheet 2 of 2) 

321268 Filter Card Assembly Schematic Diagram 15-103 

323810 Circuit Assembly (SMD with Signal 15-105 
Combiner) (Sheet 1 of 2) 

323810 Circuit Assembly (SMD with Signal 15-107 
Combiner) (Sheet 2 of 2) 

326750 Filter Card Assembly Schematic 15-109 

321132 Circuit Card Assembly Schematic 15-111 
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Table 5-5. Power SUpply Troubleshooting 
Pro cedures (0.5 Ampere Card) 

Probe 
Stepl Action !Position 

2 

1 Iebeck Voltage! COM-7 
fro m -7 test 
jack. 

Check voltage! COM +7 
fro m +7 test 
jack. 

5-18 

Normal 
Response 

Meter reading 
should be: 
Min-6.6 volts 
Max-7.8 volts 

If normal, 
proceed to 
Step 2. 

Meter read ing 
should be: 
Min +6.6 volts 
Max +7.8 volts 

If normal, 
pro ceed to 
Step 3 

Abno rmal Response 
and Pro cedure 

RESPONSE: Meter read­
ing of zero volt. 

PROBABLE CAUSE: CR5 
shor ted or R5 open. 

PROCEDURE: CR5 short­
power supply card and 
repair or replace. 

Recheck Step 1. 

RESPONSE: Meter read­
ing of +57 volts to 
+90 volts. 

PROBABLE CAUSE: 
open. 

C R5 

PFOCEDUPE: Remove 
power supply car d  and 
repair or replace. 

Recheck Step 1 .  

RESPONSE: Meter read­
ing of zero volt. 

PROBABI.·E CAUSE: CP6 
shorted or R4 open. 

PROCEDURE: Remove 
power supply card and 
repair or replace. 

Recheck Step 1. 

RESPONSE: Meter read­
ing of +57 volts to 
+90 volts. 

PROBABLE CAUSE: 
open. 

C R6 

'� 

) 

�· '0� 
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Table 5-5. Power SUpply T roubleshooting 
Procedures (0 .5 Ampere Card) - Continued 

Action 
Probe 

Position 

Check voltage ! COM 
from UNREG. UNREG. 

test jack. 

Check voltage! COM +50 
from +50 test 
Jack. 

Normal 
Response 

Meter reading 
should be: 
Min +57 volts 
Max +90 volts 

If normal, 
proc eed to 
Step 4. 

Meter reading 
should be: 
Min + 47 volts 
Max +53 volts 

If normal, 
end test. 

Abnormal Response 
and Procedure 

PROCEDURE: Remove 
power supply card and 
repair or replac e. 

Recheck Step 1 .  

RESPONSE: Meter read­
ing of zero volt. 

PROBABLE CAUSE: Loose 
or blown fuse. 

PROCEDURE: Remove 
powe r supply card and 
replace fuse. 

Proceed to Step 5. 

RESPONSE: Meter read­
ing indicates voltage 
which is too low . 

PROBABLE CAUSE: CR1 
and/or CR4 open or 
shorted. ca defective. 
T1 a nd power line 
filter defective. 

PROCEDURE: Remove 
power supply card or 
defective parts and 
repair or replace. 

Recheck Step 1. 

RESPONSE: Meter read­
ing of zero volt . 

PROBABLE CAUSE: Q1 
and/or Q2 open. 

PROCEDURE: Remove 
power supply card and 
repair or replace. 
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Step 

5 

5-20 

Table 5-5. Power Supply Troubleshooting 
Procedures (0.5 Ampere Card) - Continued 

Action 
Probe 

Position 

Check voltage ! COM 
from UNREG. UNREG. 

test jack. 

Normal 
Response 

Meter reading 
should be: 
Min +57 volts 
Max +90 volts 

Abnormal Response 
and Procedure 

Recheck Ste p 1. 

RESPONSE: Meter read­
ing of more than zero 
volt but less th an 
+47 volts. 

PROBABLE CAUSE: Too 
many shorting straps 
across CR8, CR 9, 
CR10, and CR 11. 

PROCEDURE: Remove 
power supply card 
and remove s tr aps, as 
necessary to increase 
volt age. Replace card. 

Recheck Step 1. 

"� 

RESPONSE: Meter read- ') 
ing of +57 volts to 

· 

+90 volts. 

PROBABLE CAUSE: Q1 
and/or Q2 shorted. 

PROCEDURE: Remove 
power supply c ard and 
repair or replace. 

Recheck Step 1. 

RESPONSE: Meter read­
ing of zero volt . 

PROBABLE CAUSE: Re­
peated fuse blowing. 

�) 
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Table 5-5. P ower Supply Troubleshooting 

Action 

Procedures (0.5 Ampere Card) - Continued 

Probe 
P osition 

Norma l 
Response 

R eturn to 
Step 4. 

Abnormal Response 
and Procedure 

PROCEDURE: Disconnect 
power and remove 
power supply card. 
Make continuity checks 
between card terminals 
B and N, N and H, B 
and H. A zero or near 
zero reading on the 
1-ohm scale of a 
multimeter indicates 
a short. Check con­
tinu ity between Q1 
case and its hea t  s ink 
(Q1 must be electri­

cally isolated from 
heat sink with mica 
insu lators). If the 
power supply card 
chec ks satisfactorily, 
check power line f il ter 
T1 and C8 for sh orted 
condition. Repair or 
replace card. 

Recheck Step 1 • 

RESPONSE: Meter read­
ing indicates.vo ltage 
whic h is too low. 

PROBABLE CAUSE: CR1 
and/or CR4 open or 
shorted. C8 def ective. 
T1 and power line 
filter defective. 

PROCEDURE: Remove 
power supply card or 
defective parts and 
repair or replace. 

Recheck Step 1 • 
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Table 5-6.. Power Supply Troubleshooting Procedures 
(1.0 Ampere Card) 

'·� 
Probe 

Step I Action I Position 

1 !Check volta ge! COM UNREG. 
from UNREG. 

2 

5-22 

test jack. 

Check voltage 
from +50 tes t 
jack. 

COM +50 

Normal 
Response 

Meter reading 
should be: 
Min +57 volts 
Max +90 volts 

If norm al, 
p roceed to 
S tep 2. 

Meter reading 
should be: 
Min +47 volts 
M ax +53 volts 

If normal, 
end tes t. 

Abnormal Response 
And Procedu re 

RESPONSE: Meter reading 
of zer o volt. 

PROBABLE CAUS�: Loose 
or blown fuse. 

PROCEDURE: Remove power 
supply c ard and secure 
or replace fuse. 

Proceed to Step 3. 

RESPONSE: Meter reading 
indicates volt age which 
is too low. 

PROBABLE CAUSE: CR1 
and/or CR2 open or 
shorted. C5 defective. 
T1 and power line 
filter defective. 

PROCEDURE: Remove power 
supply card or defective 
parts and repair or 
replace. 

Recheck Step 1. 

RESPONSE: Meter reading 
of zero volt. 

PROBABLE CAUSE: Q1 
and/or Q2 open. 

PROCEDUF.E: Remove power 
supply card and repair 
or replace. 

Recheck Step 1. 

RESPONSE: Meter reading 
of more zero volt but 
less than +47 volts .  

') 

PROBABLE CAUSE: Too .. 
many shorting ,J straps across CF5, 

'�'"' 

CR5, CR6, and CR7. 



(' 

step 

( 

(, 

NAVELEX 0967-LP-616-7010 

Table 5-6. Power Supply Troubleshooting Procedures 
( 1 • 0 Ampere Card) - Continued 

Action 
Probe 

Position 
Normal 

Response 
Abnormal Re spon se 

And Procedure 

PROCEDURE: Remove power 
supply card and remove 
st raps, as neces sary, to 
increase vol tage. 
Re place card. 

Recheck Step 1. 

RESPONSE: Meter reading 
of +57 to +90 volts. 

PFOBABLE CAUSE: Q1 
and/or Q2 shorted. 

PROCEDURE: Remove power 
supply card and repair 
or replace. 

Recheck Step 1. 
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Tabl� 5-6. Power Supply Troubleshooting Procedures 
( 1. 0 Ampere Card) - Continued 

step I Action 

3 Iebeck voltage 
from UNREG. 
test jack. 

5-24 

Probe 
Position 

COM UNREG. 

Normal 
Response 

Meter r eading 
should be: 
Min +57 volts 
Max +90 volts 

Return to 
Step 2. 

Abnormal Response 
And Procedure 

RESPONSE: Meter reading 
of zero volt. 

PFOBABLE CAUSE! Re­
peated fuse blowing. 

PROCEDUFE: Disconnect 
power and remove power 
supply card. Make 
continuity checks 
between card terminals 
D and s, S and K, D 
and K� A zero or near 
zero reading on the 
one-ohm scale of a 
multimeter indicates 
a short. Check con­
tinuity between Q2 
case and its heat 
sink (Q2 must be 
electrically iso-
la ted from hea t 
sink with mica insu­
la tors) • If the 
power supply card 
checks satis fa c­
torily, check power 
line filter, T1 and 
cs for shorted con­
dition. Repair or 
replace card. 

Recheck Step 1. 

,,� 

) 

� 
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T able 5-6 . Power Supply �roubleshooting Procedures 
(1.0 Ampere Card)- Contin ued 

Probe Normal Abnormal Re sp onse 
Action Position Fesponse A nd Procedu re 

RESPONSE: Met er reading 
indicates volt age whic h  
is too low. 

PFOBABLF CAUSE: CR1 
and/or CR2 open or 
shorted. C5 defec-
tive. T1 and power 
line filter 
de fective. 

PROCEDURE: R emove power 
supply card or defective 
parts and repair or 
replace. 

Recheck Step 1 .  
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WARNING 

Be extremely careful with 
capacitors; they may be 
charged. A severe electri­
cal shock may be received 
from a capacitor or leads 
connected to the power supply 
while it is in operation. 

In following the procedure 
outlined in table 5-5, perform 
step 1. If a normal response is 
received, proceed to step 2. If 
an abnormal response is 
received, repair or replace the 
card. Aft�r this procedure, 
return to step 1. Next, perform 
step 2 and on in the same 
manner. 

(2) I f  this trouble­
shooting fails to reveal the 
difficulty, check for loose or 
cold solder connection or a 
broken or misplaced wire in the 
ESA. Recheck all wiring as 
indicated in paragraph 
5-2.2c(1). 

(3) contin�ally 
blowing fuses indic ate a shorted 
component or components. 
Disconnect power, remove the 
circuit card assembly and make 
continuity checks between 
circuit card conn ector terminals 
B and N, N and H, and B and H. 
A zero or near zero reading on 
the one ohm scale of a 
multimeter indicates a short; 
disregard any other reading. 
Also check continuity between 
the power transistor case and 
its heat sink; the power 
transistor must be electrically 
isolated from the heat sink with 
mica insulters. If the board 
assembly checks satisfactorily, 
examine the power line filter, 
power transformer, and rectifier 
filter capacitor for a shorted 
condition. (These components 
are located within the ESA.) 
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(U) Failure to 
detect the fault using the 
methods described above normally 
indicates a loose or cold s ol der 
connection, broken or mispl aced 
wire in the service assembly. 
Check all wiring according to 
appropriate wiring diagrams. 

e. Low-Level Keyer (LLK) 
Troubleshooting Procedures. 
Table 5-7 provides information 
for use as a guide when trouble­
shooting the LLK. The following 
recommendations also are 
applicable when troubleshooting 
LLKs. 

(1) It is 
recommended that any damaged 
keyer card be replaced in the 
field and maintained in a r epair 
center. The repair center 
should have equipment capable of 
simulating normal operating 
conditions. 

(2) It is also 
recommended that the keyer and 
asociated filter cards (if any) 
be radio frequency interference 
(RFI) suppression tested after 
servicing and prior to final 
installation. Failures from 
this standpoint are not 
necessarily rec ognized by 
monitoring a typical 
communicati ons operation. 

f. Clutch Magnet Driver 
(CMD) Troubleshooting 

procedures. Table 5-8 provides 
information for use as a gu ide 
when troubleshooting the CMD. 
The followi ng recommendations 
also are applicable when 
troubleshooting CMDs. 

NOTE 

The clutch magnet driver 
(CMD) is a circuit card 

assembly that needs only to 
be plugged into a properly 
keyed 15-pin receptacle which 

·� 

) 

j 
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Table 5-7. I.-ow-Level Keyer Troubleshooting Guide 

(a) 

(b) 

(c) 

(d) 

symptom 

Circuit always marking 

Circuit always spacin g 

Mark - space bits 
detectable but will not 
go positive on mark 

Mark - space bits 
detectable but will not 
go negative on space 

is wired into an appropriate 
electrical service assembly 
(ESA) • 

(1) It is 
recommended that any damaged 
clutch magnet driver (CMD) unit 
be replaced in the field and 
maintained in a repair center. 
The repair center should have 
equipment capable of simulating 

Probable Cause 

Photocell in keyboard or 
distributor shorted 

Photocell in keyboard or 
distributor open circuited 

Q3 open and/or Q2 shorted 

Q4 open and/or Q1 shorted 

(2} It is also 
recommended that the CMD Lt:-:: 
radio frequency interferenc e  
(RFI) suppression tested after 

installation. Failures from 
this standpoint are not 
necessarily recognized by 
monitoring a typical 
communications operation. 
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( b) 

(c) 

(d) 

(e) 

(f) 
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Table 5-8. Clutch Magnet Driver 
Troubleshooting Guide 

Symptom 

swit ching levels out of 
tolerance 

Circuit always marking 

Circuit always spacing 

output current too high 

output current too low 

�ransient suppressor 
network ineffective 

Pro bable cause 

(1) Improper adjustment 
of R7 

(2) Q1 low gain 

(3) CR7 defective or out of 
toleranc e 

(1) Q3 open 

(2) Q1, Q2, or QU collector­
emitter shorted 

(1) Q1, Q2, or Q4 open 

(2) Q3 collector-emitter 
Shorted 

(3) CR8 open 

(1) CR2 open 

(2) R17 out of tolerance 

(1) R2 improperl y adju st ed 
or defective 

(2) R17 out of t olerance 

(1) CR9 open 

(2) R16 open 

(3) C4 open 

� 

) 






















































































