CHAPTER 10
TELETYPEWRITER EQUIPMENT AND OPERATION

BASIC TELETYPEWRITER CIRCUIT

To see how intelligence is sent by teletype-
writer, let us first consider one of thesimpler
devices for electrical communications: the
manual telegraph circuit. In this circuit, shown
infigure 10-1, we have atelegraph key, a source
of power (battery), a sounder, and a movable
sounder armature. If the key is closed, current
flows through the circuit and the armature is
attracted to the sounder by magnetism. When
the key is opened, the armature is retracted by
a spring. With these two electrical conditions
of the circuit—closed and open—it is possible,
by means of a code, to transmit intelligence.
These two conditions of the circuit may be thought
of as MARKING and SPACING. Remember:
Marking occurs when the circuit is closed and a
current flows; spacing occurs when it is open
and no current flows.
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Figure 10-1.— Manual telegraph circuit.
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When a circuit operates on current and no-
current basis, as in figure 10-1, it is called a
NEUTRAL circuit. This type is generally used
to operate teletypewriters, although the Navy's
machines sometimes operate ona line condition
called POLAR OPERATION. This refers to the
system whereby marking signals are formed by
current impulses of one polarity, and spacing
signals by current impulses of equal magnitude
but opposite polarity. The following discussion
is based on neutral circuit operation.
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TELETYPEWRITER SIGNAL CODE

If ateletypewriter signal could be drawn on
paper, it would resemble figure 10-2. This
isthe code combinationfor the letter R. Shaded
areas show intervals during which the circuit
is closed (marking), and the blank areas show
the intervals during which the circuit is open
(spacing). Thereare atotal of seven units in the
signal. Five of these are numbered, and are
called INTELLIGENCE units. Thefirst and last
units of the signal are labeled START and STOP.
They are named after their functions: the first
starts the signal and the last stops it. These
are a part of every teletypewriter code charac-
ter; the START unit is always spacing and the
STOP unit is always marking. This method of
teletypewriter communication—the so-called
START-STOP method—gets its namefrom these
units.
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Figure 10.2.— Mark and space signals in the
teletypewriter character R.

The start-stop method keeps teletypewriter
machines and signals in synchronization with
each other. With this method the selecting mech-
anisminthe receiving machine comesto a com-
plete stop after each character.

Different characters are transmitted from the
keyboard by an automatic process thatselects
various combinations of marking and spacing in
the 5 intelligence units (fig. 10-3). When you
come to tape reading, you will see that the mark
and space units match the holes and blank spaces
on the tape. This is because holes in the tape
allow the transmitter distributor pins to rise,
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sending a marking pulse. No holes mean no
pulses—thatis, spacing intervals. The machine,
without benefit of tape perforations, automa-
tically takes care of start and stop elements.
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Figure 10-3.— Mark and space combinations
for characters on the teletypewriter
keyboard. 1.198

A total of 32 combinations canbe obtainedfrom
the five intelligence units, but, by using upper-
case and lowercase, the number of characters
obtainable is nearly doubled. When a teletype-
writer printing mechanism is shifted toupper-
case as a result of receiving a FIGS shift char-
acter, all succeeding characters received be-
fore a LTRS shift character print in uppercase
—as numerals and punctuation marks. The
machine does not, however, make such double
use of all 32 possible combinations, because 6
are used for the functions of carriage return,
line feed, figures shift, letters shift, space, and
for one normally unused blank key. This leaves
26 of the 32 that can be employed in both upper-
case and lowercase. When the 6 special func-
tions are added, the total is 58, which is the
number of characters and functions that can be
sent from a teletypewriter keyboard.

Examine figure 10-2 once more. This is
theoretically a perfect signal. The quality of
eachelementremains the same during its trans-
mission, and the shift from marking to spacing
(andvice versa) is instantaneous. These changes
are called TRANSITIONS. They occur at the
beginning and end of each of the solid blocks.
Some are mark-to-space transitions, and others
are space-to-marktransitions. For some other
character combination a transition may occur
between ''start" and intelligence unit 1, but in
any transmitted character there can be only 2,
4, or 6 transitions. Notice thatthe first 6 units
of the signal are the same length, but the Tth
(stop) unit is longer. Each of the first 6 units
requires 22 milliseconds of circuit time for
transmission. This is based on a transmission
speed of 60 words per minute. In teletypewriters
operating at 75 or 100 wpm the times for all 7
units are reduced proportionally. The stop unit
requires 31 milliseconds. If you assign a value
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of 1 to each of the first 6 units, then the stop
unit has a value of 1.42. The total number of
units in the letter R (or any other teletypewriter
character) is 7.42, requiring a transmission
time of 163 milliseconds. There is noallow-
ance for transition time, for a transition has
zero time duration. See figure 10-4,

CUMULATIVE TIME IN MILLISECONDS
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CUMUL ATIVE UNITS
1.1999
Figure 10-4,— The 7.42-unit teletypewriter

signal.

The telegraph circuit in figure 10-1 can be
converted to a simple teletypewriter circuitby
substituting a transmitting teletypewriter for the
key at station A, and a receivingteletypewriter
for the sounder at station B. This arrange-
ment is shown in figure 10-5.
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Figure 10-5.— Simple teletypewriter circuit.

Transmitter contacts are actually a set of
mechanically controlled switches that canpro-
duce a different combination of the 7.42-unit
signal for any letter orfunctionlever depressed.
As we have just seen, each character consists
of a 22-millisecond spacing unit functioning as
a start pulsetorelease thereceiving mechanism,
plus five 22-millisecond intelligence pulses—
either marking or spacing—anda 31-millisecond
marking pulse used to stop the receiving mech-
anism.

The selector magnet of the receiving tele-
typewriter mechanically releases a start lever
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when the start pulse is received, thus allowing
the selector cam-clutch to rotate through 1 rev-
olution. During this revolution, 5 selector le-
vers in the selector unit are positioned by the
operation or release (marking or spacing) of the
selector magnetarmature as determined byeach
intelligence pulse received. The time required
to position each selectorlever is approximately
20 percent of the time of 1 intelligence pulse, or
4.4 milliseconds. This time, again, is based
on a teletypewriter running at 60 wpm. Cams
on the selector cam-clutchare so located at the
time between each selector lever operation is
fixed at 22 milliseconds. During 4.4 milli-
seconds of the first pulse the first selector lev-
er is positioned; during 4.4 milliseconds of the
second pulse the second selector lever is po-
sitioned, and so forth, until all 5 selector lev-
ers are positioned (see fig. 10-6). These se-
lector levers control the internal mechanism
of the teletypewriter so as to select and at the
proper time print the correct character.
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Figure 10-6.— Selecting intervals for letter Y.

BAUDS AND WORDS-PER-MINUTE

Heretofore most discussions of teletype-
writer speed have been in terms of how many
words-per -minute are transmitted. Nowa more
technically accurate term "baud’ is being used.

The baud is officially designated as the unit
_of modulation rate. One baud corresponds to a
rate of 1 unit interval per second. Hence, to
find the modulation rate of a signal in bauds,
the figure 1 is divided by the time duration of
the shortest unit interval present in the signal.
For example, 22 milliseconds (. 022) is the time
interval of the shortest unit in the T7.42-unit
code at 60 words-per-minute (wpm). To find
the number of bauds corresponding to 60 wpm,
we divide . 022 into 1. Rounding off the results
of our division, we arrive at the figure 45.5,
which is the baud equivalent of 60 wpm.

At 100 wpm, the teletypewriter operating
speed is increased, and the signal unit time
interval is decreased. An operating speed of
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100 wpm is 74. 2 bauds, and a speed of 107 wpm
is 75 bauds—the ultimate goal for Navy teletype-
writer operation.

Conversion formulas for baud operations are
as follows:

1
220G Unit interval
_ Baud
MASS Unit code x 0.1
DISTORTION

An ideal teletypewriter circuit reproduces
signals at the receiving and exactly as they are
impressed at the sending end. Unfortunately,
this seldom happens under actual operating con-
ditions, for signal units havea way of lengthen-
ing and shortening as they travel along the cir-
cuit. This lengthening and shortening of marks
and spaces occurring during transmission re-
duces the quality of the signal, and is called
distortion.

Four fundamental types of distortionadversely
affect fidelity of teletypewriter signals.

1. Biasdistortionistheuniform lengthen-
ing or shortening of the mark or space elements,
one at the expense of the other. This means
that the total time for one mark and one space
never changes; only the length of the mark or
space element changes. If the mark is length-
ened, the space is shortened by the amount the
mark is lengthened. Bias distortion may be
caused by maladjusted teletypewriter line re-
lays, detuned receivers, or a drift in frequency
of either the transmitter or receiver.

2. Fortuitous distortion is the random
displacement, splitting, or breaking up of the
markandspace elements. It is caused bycross-
talk interference between circuits, atmospheric
noise, power line induction, poorly soldered
connections, lightning storms, dirtykeying con-
tacts, and such similar disturbances.

3. Enddistortionis the uniform displace-
ment of mark-to-space signal transitions with
no significant effect on space-to-mark trans-

itions. It is caused by the combination of re-
sistance, inductance, and capacitance in the
circuit.

4. Characteristic distortion is a repeti-
tive displacement or disruption peculiar to
specific portions of the signal. It normally is
caused by maladjusted or dirty contacts of the
sending equipment. It differs from fortuitous
distortion in thatit is repetitive instead of ran-
dom. Anexample wouldbethe repeated splitting
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of the third code element of a teletypewriter
signal.

The components of distortion, with their
causes and effects, have been only briefly de-
fined here. The proper recognition, identifica-
tion, and correction of signal distortion is a job
for maintenance personnel, using special test
equipment designed for the purpose.

ORIENTATION RANGEFINDER

Every teletypewriter has an orientation range -
finder. By means of the rangefinder scale, the
operator can setthe machine atthe range of best
signal reception. Low equipment range indicates
only a lowered operating margin. It does not
clearly indicate whether the cause is distortion
or a badly adjusted teletypewriter.

Refer again to figure 10-2, illustrating the
signal for the letter R. Each unit or element
is perfect in every respect. To print the letter
R, the selector mechanism could be set to op-
erate on any 20-percent portion of each unit,
and perfect copy would result. Under actual
conditions, a signal is never this perfect, nor
is a teletypewriter expected to operate over the
entire range of the rangefinder scale. Rarely
is more than 70 percent of the scale usable by
the selecting mechanism. This means that the
selection point of the rangefinder scale must be
positioned sothatthe best portion of the element
is used by selecting mechanism.

The rangefinder shown in part A of figure
10-7 is located at the left side of model 15 and
19 teletypewriters, and at the top of model 14
reperforators. It has a scale and a movable
finder arm. The rangefinder in part B of figure
10-7 is located on the right side of model 28
page printers and at the right front of model 28
reperforators. In this type of rangefinder, the
range scale is moved by rotating the rangefinder
knob., The indicator mark on the rangefinder
plate is the reference pointfor reading the scale.
The following discussion applies to both types
of rangefinders. Points on the scale—0 to 120
—divide the first unit of the signal only, not the
entire signal. When you adjust the rangefinder,
you shift the selection point of the first unit with
respect to the starting unit. Figures 10-8 and
10-9 illustrate this. Because all other units of
the signal follow at 22-millisecond intervals,
this amounts to adjustment or orientation of the
entire signal to the start pulse. Shifting the point
of selection simply means you are moving the
first black bar shown in figure 10-6 back and
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Figure 10-7.— Two types of orientation
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Figure 10-8.— Signal with marking bias.
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Figure 10-9.— Signal with spacing bias.

forth across the first signal unit, looking for
the most suitable position. The scale goesup
to 120, hence you can shift far enough sothat
the selectioninterval moves entirely off the unit.
Even if the signal were perfect, you couldstill
shift the finder far enough to produce errors.
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The object is to place the selection interval on
that portion of the unit that will give the se-
lecting mechanism a maximum margin of safety
while selectingthat unit and the four that follow.
With the selection point midway between the
transitions, there is the least chance of error.

To determine the range limits, the finder is
adjusted at the two extreme positions —at the
lower and the upper end of the scale. In each,
observations are made of the typed record and a
reading is taken when about one error is typed
per line of copy. This means about one error
in 69 characters. Orientation ranges onproperly
adjusted teletypewriters for different degrees
of signal distortion are as follows:

Points

Very little distortion. .. 80
Moderate distortion....60-70
Average distortion
Large distortion....... Less than 40

As shown in figure 10-7(A), the orientation
range limits with practically perfect signals and
a teletypewriter in good condition should be 15
and 95. In this instance, best operating results
are obtained when the finder arm of the re-
ceiving teletypewriter is set at the midpoint
(55) of this range.

Actually, the orientationrangeis determined
twice: First, range of the machine (local range)
is determined, then range of machine when con-
nected to the line (line range) is determined.
Setting of the finder arm is the midpoint of the
sum of these two ranges.

The orientation range is obtained locally by
using keyboard signals or running a test tape
through the transmitter distributor. Normally,
the letters R and Y are used because they give
a complete reversal of impulses. Letter R is
S-M-S-M-S and Yis M-S-M-S-M. (Other char-
acters, such as S and G, can be selected and
willalso give a complete reversal of impulses.)
If the range isnot less than about 70 points (from
about 20 to 90 on the scale), it may be assumed
that the machine is satisfactory.

The difference between the range determined
by local test, and the corresponding range ob-
tained when receiving signals over a line, rep-
resents the reduction in margin due tosignal dis-
tortion. The reduction, as illustrated in figure
10-7(A), isa direct measure of total signal dis-
tortion. This illustration shows the line range
limits to be 20 and 70 on the scale. The line
range represents a reduction of local range limits
by 5 points on the lower end and 25 on the upper.
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The manner in which typed errors occur in
the neighborhood of the orientation limits may
give indication of the nature of the distortion.
If limits are fairly definite —the copy changes
from good to bad when the rangefinder is moved
only a small distance—bias, or distortion due
tospeed variations or faulty apparatus, is pres-
ent. If there is a certain range at each limit
over which certain characters are consistently
in error, this is due to characteristic distor-
tion. If limits are not definite--that is, there is
a range over which errors occur, and errors
do not occur consistently on certain characters
—this is an indication of fortuitous distortion,
As a general rule, characteristic and fortuitous
distortion cause reduction of the range at both
limits. Onthe other hand, bias affects one range
more than the other. Marking bias reduces the
upper range limit, and spacing bias reduces the
lower range limit,

Maintenance men sometimes test distortion
tolerance of a teletypewriter by applying pre-
distorted signals. This predistortion ranges
from zero to 40 percent. A well -adjusted ma-
chine types correctly when signals from a test
set are distorted as much as 35 percent.

Normally, rangefinding a teletypewriter is not
aneverydayoccurrence. Itusuallyis performed
in conjunction with maintenance of the machine.
Unless something goes wrong with the circuit,
rangefinding is done during maintenance periods.
When rangefinding a machine, care must be
taken that the machine is in good adjustment,
and range limits are read accurately.

CIRCUIT TYPES

The word ''circuit' is used in two senses in
the Radioman's work. First, in the electrical
sense: a continuous conductor for the flow of
electrons; second, in the communication sense:
a path between two or more points, capable of
providing one or more channels for thetrans-
mission of intelligence. In the discussion of
teletypewriter operation we shall concentrate
on the communication sense of the word.

A duplex circuitisa circuit between two sta-
tions that permits the uninterrupted exchange of
information by employing two separate electrical
paths. Each station may transmit and receive
simultaneously. The term full-duplex some-
times is substituted for the term duplex.

A half-duplex circuit is a single electrical
path used for transmitting information from one
station to another. The circuit has no pro-
vision for the exchange of information, but may
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comprise any number of receiving stations.
Each station receives only or transmits only,
depending on its intended function. The fleet
broadcastisan example of a half -duplex circuit.

A simplex circuit embraces features of both
the duplex and half-duplex type circuits. The
simplex circuit consists of a single electrical
path over which two or more stations may ex-
change information. Any station may transmit
and receive, but not simultaneously.

You learned in your study of amplitude mod-
ulation in chapter 9 that whenever a carrier is
modulated, two sideband frequencies are pro-
duced that carry the intelligence present in the
audiofrequency. Onlyone sidebandis necessary
for transmission of the signal, anda transmitter
in which the carrier has been suppressed may
be used to send a separate message on each of
the sidebands. The messages from the two aud-
io channels are made to modulate the same car-
rier, but modulation takes place in different
modulators.

The output of the two modulators contain side-
bands formed by heterodyning the individual audio
signals with a common carrier suppressed in
the output. The filters remove the lower side-
band from one modulator output and the upper
sideband from the other. Thus, each of the two
sidebands conveys a separate message and may
be used as a separate channel. At the receiving
end, the carrier frequencyis reinserted and the
intelligence recovered.

As used in the Naval Communication System,
up to 16 teletypewriter channels are transmitted
on one sideband of each SSB circuit through a
frequency multiplexing system. Frequency mul-
tiplexing isa processfor including multiple sets
of transmissions on a single bandwidth by crowd-
ing, or '"stacking' the individual frequencies.

Togive added range to landline transmissions,
repeaters are inserted in the line to renew the
strength of weak signals as they pass through
the wire. Repeaters are of two kinds. First,
there is the ""'straight' repeater, which strength-
ens (amplifies) the signal just as it is received.
Unfortunately, this type also amplifies any inter-
ference the signal may have picked up along the
wire. '

The other repeater is the ''regenerative''type.
It builds, or regenerates, an entirely new sig-
nal from one that is worn out or distorted, and
eliminates the interference. Both types of line
repeaters retransmit signals automatically,
using a local source of power. They may be
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placed atthe end of the line (terminal) or at an
intermediate point along the line.

Repeaters cannot be used with RATT trans-
missions. Radioteletypewriteris further handi-
capped by the same atmospheric disturbances
that sometimes hamper radiotelegraph communi-
cations. Although RATT transmits on radio
waves instead of wires, the basic equipments
are the same asthose used in landline teletype-
writer operation. The difference is that RATT
requirestransmitters and receiversto send and
pick up signals.

THE TELETYPWRITER

The teletypewriter, of course, is little more
than an electrically operated typewriter. The
prefix "tele" means "at a distance.' Coupled
with the word 'typewriter' it forms a word
meaning "typewriting ata distance. ' By operat-
ing a keyboard similar to that of a typewriter,
signals are produced that print characters in
page form, called hard copy.

The characters appear at both sending and
receiving stations. In this way, one teletype-
writer will actuate as many machines as may be
connected together. An operator transmitting
from New Yorkto Boston will have his message
repeated in Boston, letter by letter, virtually
as soon asitis formed in New York. The same
will apply at all receiving stations that tie into
the network. One commonly used machine is
the model 28 page teletypewriter, also called
the model 28 printer, a machine widely used by
both military and commercial communication
systems.

MODEL 28 TELETYPEWRITERS

Model 28 is a manufacturer's designation
applied to a complete line of teletypewriter
equipments. Compared with some of the older
models that we will discuss, the components of
the model 28 series feature smaller size, lighter
weight, increased speeds, quieter operation, and
less maintenance. They are also better suited
for shipboard use under severe conditions of roll,
vibration, and shock.

One component of the model 28line (designated
TT-48/UG) is the keyboard-sending and page-
sending and page -receiving teletypewriter shown
infigure 10-10. Let us look at some of the ex-
ternal features of this machine. The numbers
following correspond to those shown in figure
10-10.
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Figure 10-10. — Model 28 teletypewriter (TT-48/UG).

1. POWER SWITCH—When turned ON,
this switch starts the motor in the teletype-
writer, and makes the machine operative. To
secure the machine, turnthe power switch OFF.

2. KEYBOARD-Described innextsection.

3. BULLETIN HOLDERS--There are two
on the machine. Used as necessary for re-
cording any information an operator needs to
have at his fingertips.

4, COVERRELEASE PUSHBUTTON—Re-
leases cover of machine for raising.

5. COVER-—Raised for access to typing
unit. It is hinged at the rear and is counter-
balanced by a mechanism that aids in lifting and
holding it open.

6. COPYHOLDERAND LINE GUIDE—The
copyholder holds the message to be typed. The
line guide helps the operator follow the lines as
he types.

7. END-OF-LINE INDICATOR LIGHT--
A red lamp thatlights about six characters from
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the end of the line. The machine is adjusted to
type 69 characters to the line, including spaces
between words or groups.

8. PAPER RELEASE LEVER — Located
under cover. When pushed back, this control
frees the paper for adjustment. When pulled
forward, it holds the paper tight.

9. LID RELEASE PUSHBUTTON-—When
pushed, releases lid of machine for raising.

10. LID-—When raised, provides access to
the paper, paper release lever, and line space
lever.

11. MESSAGE—In the form of hard copy.

12. LINESPACERLEVER-—Located under
cover. Pull forward to single space, push back
to double space.

13. PLATEN HANDWHEEI—Located under
cover. When depressed and turned, feeds paper
in direction in which turned, up or down.

14, COPY LIGHT—A clear lamp that is
lit while the teletypewriter is on, illuminating
the copy.
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KEYBOARDS

The model 28 printer is equipped with either
of two types of keyboards: communication or
weather. The first contains letters and punc-
tuation marks common to the standard type-
writer, and the weather keyboard provides nec-
essary symbols for transmission of weather
data. Similarities and differences in the two
keyboards are illustrated in figure 10-11. Ob-
serve that the lowercase characters are the
same, and that letters of the alphabet appear in
the same positions. The difference lies in the
uppercase of the bottom two rows. A trained
operator can use either the communication or
weather keyboard without loss of speed or effi-
ciency.

WEATHER KEYBOARD

QWOOOOOLOO®
@OAEOVWO®O®

@@?@O

Figure 10-11.— Two types of teletypewriter
keyboards.

Figure 10-12 is another illustration of the
communication keyboard with emphasis placed
on the function keys. The action performed by
the function keys is described as follows:

1. SPACE BAR-—The space bar, located
at the front of the keyboard, is used to send
spaces (as between words).

2, CAR RET (carriage return)—The car-
riage return keyis used to return both the type
box carriage and the printing carriage to the
left to start a new line of typing.
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3. LINE FEED-—Whendepressed, this key
causes the paper to feed upward one or two
spaces depending upon the position of the single-
double line feed leverlocated on the typing unit.

4, FIGS (figures)—The figures key is
pressed to condition the machine for printing
figures, punctuation marks, or other uppercase
characters.

5. LTRS (letters)—Theletters keyisused
to condition the machine for printing the letters
(lowercase) characters.

6. BELL—Operation of the BELL key
(which is uppercase action of the S key) causes
a signalbell toring locally andat distant stations.

7. BLANK (unlabeled key in bottom row) —
Depressing the blank key twice (effective in
either uppercase or lowercase) locks all key-
boards in the circuit and renders them inoper-
ative by setting up the receive condition. Res-
toration to the send condition is accomplished,
under individual circumstances, through oper-
ation of the KBD UNLK key by the operator de-
siring to send from his keyboard.

8. BREAK-—To stop (break) another sta-
tion's sending, depress the BREAK key for about
3 seconds. This causes the KBD LOCK key to
drop and lock keyboards on both sending and
receiving machines. After a break it is neces-
sary to operate the KBD UNLK key to free the
keyboard for sending.

9. REPT (repeat)—Torepeata character,
depress the character key and the REPT key.
The character will be repeated automatically at
line speed as long as both keys are held down.

The four keys described next perform their
functions only on the machine on which the key
is operated (referred to as "local machine"),
without affecting any other machine on the line.

10. LOC LF (local line feed)—To feed the
paper up inthe local machine, depress the LOC
LF key, which feeds the paper up automatically
and rapidlyas long as it is held down. This key
is for use in locally feeding up paper to tear off
a message not fed up far enough by the trans-
mitting station. It also is used when inserting
a new supply of paper in the machine.

11. KBD LOCK (keyboard lock)—To lock
the keyboard on the local machine, depressthe
KBD LOCK key. The keyboard is now inoper-
ative until released by the KBD UNLK (keyboard
unlock) key. The KBD LOCK Kkey also drops
automatically when the power switch is turned
OFF, whenthe BREAK key is operated, or when
a break is received.
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FUNCTION KEYS

SPACE BAR

50.93

Figure 10-12.— Model 28 keyboard with emphasis on function keys.

12. KBD UNLK (keyboard unlock)—To un-
lock the keyboard on the local machine, de-
press the KBD UNLK key. This action raises
the KBD LOCK key, making the keyboard op-
erative. Operate this key after turning on the
power switch and after sending or receiving a
BREAK.

13. LOC CR (local carriage return)—To
return the type box to the left margin on the
local machine, depress the LOC CR key. This
key is for use in omission of carriage return
at the end of a transmission from another sta-
tion.

TYPING UNIT

The model 28 typing unit is shown in figure
10-13. Printing is produced by the type box,
which contains the characters and symbols shown
on the key tops. Operation of keys and space
bar moves the type box across the platen from
left to right. On each key stroke the type box
is moved into position for the printing hammer
to strike the proper type pallet, printing the
character on the paper. Operation of the CAR
RET key returns thetype box to the left margin,
and operation of the LINE FEED key moves the
paper up to the next line.
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The force of the printing blow is controlled
by the printing spring adjusting bracket, which
is set for the individual service requirement
according to number of carbon copies required.
Notch 1 is for one to three copies, and notch 2
for four or five copies. If copies are either too
light or too dark, the force of the printing blow
can be adjusted by moving the printing spring
adjusting bracket, taking care not to make the
printing blowany heavier than necessary to pro-
duce satisfactory copies.

Type palletsare arranged in four rows. The
type box moves up and down in selecting the row
in which each characterto be printed islocated.
Lowercase characters are in the left half of the
box and uppercase characters are in the right
half. The type box moves left and right on shift-
ing and unshifting operations, rather than in the
familiar up-and-down motion of carriage shift-
ing onthe typewriter and older teletypewriters.
This combined vertical and horizontal motion
brings the character to be printed into line with
the printing hammer. There are two pointers
on the type box, the LTRS pointer onthe left and
the FIGS pointer onthe right. When typing stops,
the pointer at which the printing hammer is aimed
indicates where the next character will be printed.
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PRINTING SPRING

PRINTING
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1.
Figure 10-13.— Model 28 typing unit.

If the printing hammer is aimed at the LTRS
pointer, the type box is in lowercase. If the
printing hammer is aimed at the FIGS pointer,
the type boxisinuppercase. Anoperation shift-
ing the type box to uppercase or lowercase moves
the corresponding pointer to the typing location.

OPERATING THE MODEL 28 TTY

The controls and parts used to operate the
model 28 printerareillustratedin figures 10-10
and 10-12. You will find frequent reference to
these illustrations helpful in comprehending the
instructions for operating this equipment.

Assuming that the printer is functioning prop-
erly and is connected to an incoming signal, the
only action necessary to commence receiving
trafficisto apply power to the equipment. This
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is accomplished by rotating the power switch
(located slightly below and to the right of the
right of the keyboard) upward tothe ON position.
Donotbe alarmed if the firstfewcharacters are
garbled, because the printer's driving motor re-
quires several seconds to attain running speed.

Conditioning the machine for transmitting is
a simple process. After applying power and
allowing the motor to attain running speed, de-
press the BREAK key and hold it down for at
least 2 seconds. This locks the keyboards of
all stations on the circuit. Additionally, de-
pressing the BREAK key starts the motors of
those machines in whichthe motor shutoff mech-
anism is utilized. (Model 28 printers have a
mechanism that shuts off the motor when no
signal is received for approximately 2 minutes,
but the mechanism often is disabled by stations
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not desiring this feature.) After releasing the
BREAK key, pressthe KBD UNLK key to unlock
your keyboard. The machine now is ready for
transmitting to other stations.

Transmission begins at the keyboard. With
the touch system, use the CAR RET key as a
guide for the right hand and the A key for the
left hand. The little finger of each hand is used
on the guide key. It is important that you use a
light, quick, even touch on the keys. Force is
unnecessary because the machine is operated
electrically. Teletypewriter manual operation
requires accuracy, rhythm, confidence, and
speed in their proper relation. Although a light
touch is essential to speed, each key must be
pressed in a positive manner. Otherwise you
maybe writing the word FOR and have FR appear
on the page simply because the letter O was
pressed without allowing sufficient time for print-
ing the letter F. To become a skillful teletypist,
proficiency in the touch system of typing is, of
course, a "'must."

The function keys represent "functional op-
erations, ''or nontyping selections; that is, when
pressed, they do not print anything on the page.
Each function key was described in our dis-
cussion of the keyboard, but let us review the
ones used most commonly in transmitting mes-
sages. These are the figures (FIGS) key, the
letters (LTRS) key, space bar, carriage re-
turn (CAR RET) key, and LINE FEED Kkey.

To shift the machine to the uppercase for
typing numerals, punctuation marks, and special
characters indicated on the upper part of the
keys, press FIGS. To UNSHIFT the machine,
press LTRS, and type the letters of the alpha-
bet.

The space baris usedto space between either
words or characters. On Navy printers the
space bar functions the same whether uppercase
orlowercase characters are transmitted. Some
commercial machines, however, have a feature
called '"unshift on space,' which means the
printer returns to lowercase after each space.
In fact, all printers have this feature, but on
Navy machines it is purposely disabled. The
operating procedure explained in the next chapter
requires that you press the FIGS key before
each group of uppercase characters so that the
distant machine will print characters in the
proper case whether it is adjusted to unshift on
space.

The CAR RET key is used to return the car-
riage to the beginning of the line. Usually the
machine is adjustedto print aline 69 characters
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in length. This includes the spaces between
the typed words. The end-of-line indicator lamp
lights about six characters before the end of
the line.

The LINE FEED key feeds the paper up, one
to two lines at a time, thus preventing over-
lining.

The latter two functions, carriage return and
line feed, also are performed automatically by
the printer upon printing the 69th character on
each line. This prevents characters piling up
at the end of a line when the normal carriage
return and line feed functions are not received.

MISCELLANEOUS OPERATING FEATURES

To raise the cover for access to the typing
unit to change paper and ribbonor to clean type,
press the cover release pushbutton and lift the
cover. To raise the lid for access to the paper,
press thelid release pushbutton and lift the lid.
To turn the paper up or down, raise the cover,
and press and hold down the platen handwheel
(so that it engages the platen ratchet wheel)
while turning itin the desired direction. Do not
attempt to hold down or operate the platen hand-
wheel while the teletypewriter is operating. To
adjust the paper, raise the lid, push back the
paper release lever tofree the paper, straighten
the paper, and pull the lever forward to its
normal position. To set the line spacing for
single or double space, raise the lid, press the
line space lever to the left and pullit forward
for single space or push it back for double space.
To spaceto a desired location for typing, space
the type box over until the LTRS pointer is at
the desired typing location. Then, if upper-
case is desired, operate the FIGS key.

Changing Paper

To insert a new roll of paper in the model
28, first shut off the power. Press cover re-
lease pushbutton and lift cover. (Refer as nec-
essary to figs. 10-14 and 10-15.) Push back
paper release lever, lift paper fingers, and
pull paper from platen.

Lift the used roll from machine and remove
spindle from core of used roll. Insert spindle
in new roll. Replace spindle in spindle grooves
with paper feeding from underneath roll toward
you. Feed paper over paper-straightener rod,
down under platen, and up between platen and
paper fingers. Pull paper up a few inches be-
yond top of platen, and straightenitas you would
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Figure 10-14.— Paper roll removed.
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Figure 10-15.— Paper roll inserted. 1.220
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straighten paper in a typewriter. Then lower
paper fingers onto paper and pull paper release
lever forward.

While inserting paper, care should be taken
not to disturb the ribbon or the type box latch.
After paper is in place, check to see that the
ribbon still is properly threaded through the
ribbon guides. Also check to make certain the
type boxlatch has not beendisengaged. It should
be in a position holding the type box firmly in
place. Close cover, Open lid by pressing lid
release pushbotton, bring up the end of the
paper, and close lid with paper feeding out on
top of it.

Changing Ribbon

To replace a worn ribbon, press cover re-
lease pushbutton and lift cover. (Refer asnec-
essary to figs. 10-16 and 10-17.) Lift rib-
bon spool locks to a vertical position, and re-
move both spools from ribbon spool shafts. Re-
move ribbon from ribbon rollers, ribbon re-
verse levers, and ribbon guides. Unwind and
remove old ribbonfrom one of the spools. Hook
end of new ribbonto hub of empty spool and wind
until reversing eyelet is on the spool. If the
ribbon has no hook at the end, the spool will

PLATEN
HANDWHEEL

RIBBON
SPOOL

LOCK  RIBBON |

RIBBON
ROLLER

RIBBON RIBBON
REVERSE CUIDEe
LEVER :

BOX REVERSE
LATCH

have a barb that should be used to pierce the
ribbon near its end.

Replace spools on ribbon spool shafts, making
sure they go down on spool shaft pins, and that
the ribbon feeds from the outside of the spools.
Turn down ribbon spool locks to a horizontal
position, locking spools in place. Thread rib-
bon forward around both ribbon rollers, through
the slots in the ribbon levers and ribbon guides.
Take up slack by turningfree spool. After slack
has been taken up, check to make certain that
ribbon still is properly threaded through ribbon
guides, and that the reversing eyelet is between
spool and the reverse lever. Also see that the
typeboxlatch has not beendisengaged. It should
be in position, holding the type box firmly in
place.

RIBBON
SPOOL LOCK
(VERTICAL
POSITION)

RIBBON
SPOOL SHAFT

RIBBON
REVERSE
LEVER

1.221
Figure 10-16.— Ribbon spool mechanism.
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1.
Figure 10-17.— Ribbon inserted. *
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Figure 10-18.— Type box in place.

Turn the paper up a few inches by pressing
down and turning platen handwheel. Close cover.
Open lid, bring up the end of the paper, and close
lid, with paper feeding out on top of it.

Cleaning Type

When printing is smudged, the type should
be cleaned. You must remove the type box .
from the machine. Open cover and unlock type LATCHING
box latch by moving it to the right (see fig. 10-
18). Grasp handle on right side of type box, d N I B M
and raise that side up and to the left until the L B pE pslanppy Felp ;
type boxunhooks on the left side and canbe freed A Eayg oguenrpay gavgp L
from type box carriage. Turn type box over to : §| SRR | ALY |
side with type (fig. 10-19) and clean with a dry,
hard-bristle brush. DO NOT use type cleaning -
solution.

To replace type box, hold it with type toward 31.28
platen and the large hook on the left. Slip this Figure 10-19.— Type box, front and back.

NOTCH

201



RADIOMAN 3 & 2

hook under stud in front of left type box roller,
and push smaller hook on right side down into
place on stud in front of right type box roller.
Hold type box latch in horizontal position and
move toleft over latching notch as far as it will
go. Raise latch to vertical, and press to left
until it locks into latching notch. Check to see
that the ribbon still is threaded properly.

TELETYPE TAPE

Before discussing equipment that produces
and handles messages ontape, let's get squared
away onthe twotypes of tape used for messages
transmitted over the NTX system. The first
typeis the fully perforated, or CHAD, tape (fig.
10-20). (Incidentally, ''chad" is the confetti
(small paper disks) punched from the tape to
make the holes.) Onchadtape the teletypewriter
code is completely punched, and no printing
appears. The other type, only partially per-
forated, is called CHADLESS. There is, how-
ever, more than one kind of chadless tape. The
center tape in figure 10-20 is produced by newer

models of perforators and reperforators and
carries the printed message in addition to the
perforations. The printing always lags the per-
forated code by six spaces. In other words, the
pattern of holes representing letter A may be
punched as the first letter of a message, and
six spaces later (to the right) the letter A is
printed on the tape. The reason for this is that
both printing and perforating occur at the same
time. Because of their simultaneous action,
printing and perforating must necessarily occur
at different locations on the tape. Accordingly,
the machines are designed to printthe character
six spacedtothe right of the corresponding per-
foration.

The partial perforations of chadless tape re-
main hinged to provide enough surface for the
printed word, which eliminates need for read-
ing the perforations, at the same time per-
mitting the transmitter distributor sensing pins
to penetrate the perforations and transmit the
message. When a tape is completely perfor-
ated—as is chad tape —the remaining surface is
not sufficient for printed characters.
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Figure 10-20.— Chad and chadless tape.
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Older teletypewriter reperforators, such
as the model 14, similarly produce a chadless
tape different only in that the alphabet char-
acters print along the upper edge of the tape,
whereas the figures and other uppercase char-
acters print along the lower edge.

A third king of chadless tape has the same
type of partial perforations butdoes nothave any
printing whatsoever (lower tape infigure 10-20).
The teletypewriters and high-speed reperfor-
ators used on cross-office circuits at the auto-
matic relay centers produce this kind of chad-
less tape.

The continued widespread use of chad tape,
and chadless tape without printing, make it nec-
essary for the operator to learn to read tape.
We will have a lesson in tape reading at the end
of the chapter.

REPERFORATOR

TRANSMITTER i
DISTRIBUTOR =

//w

| SELECTOR SWITCH

PERFORATOR

MODEL 28 SEND-RECEIVE CONSOLE
(AN/UGC-6)

The AN/UGC-6 teletypewriter (fig. 10-21) is
a versatile communication equipment. It re-
ceives messages from the signal line and prints
them on page size copy paper. In addition, it
can receive messages and record them ontape
in both perforated and printed form. With page-
printed monitoring, the teletypewriter trans-
mits messagesthat are originated eitherby per-
forated tape or by keyboard operation. It me-
chanically prepares perforated and printed tape
for separate transmission with or without simul -
taneous transmission and page -printed monitor-
ing.

The teletypewriter set is composed of the
following components: acabinet, akeyboard, an

iF::—'ﬂ

AUTOMATIC TYPER

CHARACTER COUNTER

KEYBOARD

LINE-TEST SWITCH

31.29A

Figure 10-21, — The AN/UGC -6 teletypewriter.
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automatic typer, a typing perforator, a trans-
mitter distributor (TD), a typing reperforator,
and power distribution panels.

In operation, the components are linked to-
gether by electrical or mechanical connections
to offer a wide range of possibilities for send-
ing, receiving, or storing teletypewriter mes-
sages. All equipment components arehoused
in the cabinet. Transmission signals are initi-
ated through the keyboard or the transmitter
distributor. Signals are received, and local
transmission can be monitored, on the auto-
matic typer. The typing perforator andtyping
reperforator are devicesfor preparing tapes on
which locally initiated or incoming teletype-
writer messages can be storedfor future trans-
mission through the transmitter distributor.

The keyboard, typing perforator, automatic
typer, and transmitter distributor are operated
by the motor mounted on the keyboard. Selec-
tion of these components for either individual or
simultaneous operation is by the selector switch

TAPE
CONTAINER

SELECTOR

FLEXIBLE
SHAFTS
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located at the front of the cabinet, to the left of
the keyboard. All these components are con-
nected in series in the signal line, but the se-
lector switch has provisions for excluding vari-
ous components from the line. The external
signalline is connectedto the equipment through
a line-test switch located below the selector
switch on the front of the cabinet. This pro-
vides a means of disconnecting the equipment
from the line for local testing of the components.
The typing reperforator is operated by a separate
motor and powerdistribution system. It alsois
connected to a separate external signal line.

The major components of the AN/UGC -6 send-
receive console are described in greater detail
in the following paragraphs and illustrations.

KEYBOARD

The keyboard (fig. 10-22), similar tothe key-
board of the TT-48/UG that we discussed earlier,
actually is a keyboard and a base combined. It

AUTOMATIC
TYPER
DRIVING GEAR

INTERMEDIATE
GEAR
ASSEMBLY

AC MOTOR

CHARACTER
COUNTER

MOUNTING
STUDS

RUBBER SEAL

50.92
Figure 10-22.— Keyboard unit.
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provides a foundation for the motor, automatic
typing unit, and typing perforator. It also
supports the tape container and character counter
used in connection with the typing perforator,
gears for operating the automatic typer, flex-
ible connections for operating the typing per-
foratorand transmitter distributor, anda three-
position selector switch for choosing the mode
of operation of the equipment.

The keys on the AN/UGC-6 keyboard are
identical to those on the TT-48/UG, except for
the addition of a tape backspace (TAPE B.SP.)
keyinthe top row. Depressing thiskey reverses
the direction of tape feed in the perforator by
one space. Itis used when correcting errors
in tape preparation.

AUTOMATIC TYPER
Automatic typer is just another term for the

typing unit described in our discussion of the
TT-48/UG teletypewriter set. Except for minor

RIBBON
FEED
MECHANISM

PRINTING
MECHANISM

BACKSPACE
GUARD

s

TAPE FEED
SHAFT

PERFORATING
MECHANISM

BACKSPACE
DRIVE MECHANISM

changesin operating features, all model 28 typ-
ing units (or automatic typers) are identical in
appearanceandfunction. They convertelectrical
impulses into printed matter on page form.

TYPING PERFORATOR

Tape perforation by operation of the keyboard
is accomplished by the typing perforator (fig
10-23). The perforator is controlled by mech-
anical linkages to the keyboard, and is powered
through flexible connections and a shaft by the
a-c motor mounted on the keyboard. The tape
produced by the perforator is a chadless, per-
forated tape with printed characters corres-
ponding to the perforated code. Printing and
perforating occur simultaneously, but the char-
acters are printed six spaces to the right of the
corresponding code combinations. Tape is
supplied from a container mounted at the left
rear corner of the keyboard.

TAPE GUIDE
AND ROLLER

POSITIONING
MECHANISMS

Figure 10-23. — Typing perforator (front view).50. 98
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Printing is accomplished bya type wheel that
is controlled by positioning mechanisms and a
hammer for driving the tape and an inked rib-
bon against the type wheel to imprint the selected
characters. The positioning mechanisms select
the proper characters by moving the type wheel
in accordance with mechanical arrangements in
the keyboard. The type wheel is retracted at
the end of each operation, sothatthe last printed
character is visible to the operator.

A perforating mechanism steps the tape, rolls
in feed holes, and perforates chadless code
holes corresponding to the code selected in the
keyboard.

A backspace mechanismis wired electrically
to the B.SP. key on the keyboard. Depressing
the backspace key energizes a magnet that ac-
tuates the mechanism and backs the tape out of
the perforator a distance of one character space.

RIBBON FEED
MECHANISM

PRINTING
MECHANISM

TAPE r
FEED WHEEL (7%
i §")ﬂ*‘“v

P

FINDER

PERFORATOR KNOB

This facilitates correcting errors in tape prep-
aration.

TYPING REPERFORATOR

The typing reperforator (located in the top
left compartment of the cabinet) is similar to
the typing perforator, with identical subassem -
blies for the typing and perforating mechanisms.
(See fig. 10-24.) The main difference between
the perforator and the reperforator is that the
reperforator is not controlled by the keyboard.
Instead it has its own selector unit (similar to
the one on the automatic typer) and normally
responds only to a line signal received on a
different line from the one serving the basic
teletypewriter. This feature permits duplex
operation of the AN/UGC-6 console. That is,
the reperforator can be receiving traffic from

TAPE GUIDE
AND ROLLER

POSITIONING
MECHANISM

SELECTOR
ASSEMBLY

50.102
Figure 10-24. — Typing reperforator (front view(;.
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a station on one circuit, while the other com-
ponents in the console are transmitting traffic
to the same station on another circuit.
Additional features of the reperforator that
are uncommon to the perforator are the signal
bell, low tape alarm, a mechanical variable
speed drive mechanism, a blank tape feed-out
mechanism, and a tape threading feed wheel.

TRANSMITTER DISTRIBUTOR (TD)

The transmitter distributor (fig. 10-25) is
mounted on its own base in the front of the cab-
inet on the left side. It is a mechanical tape
reader used to convert messages on standard
chadless or fully perforated tapes to the electri-
cal impulses of the teletypewriter code. The
impulses are transmitted directly to the signal
line or circuit. U

Conversion of the perforations in the tape to
electrical impulses is accomplished by passing
the tape over five sensing pins. These sensing
pins activate a mechanical mechanism that op-

e

—

FEED WHEEL

~

erates a set of contacts to send out either a mark
or space impulse, depending upon whether the
sensing pins rise into a perforation or are held
stationary by the tape.

The unit includes a start-stop switch in which
incorporated tight-tape, shutoff, and free-
wheeling tape features. The start-stop switch is
a three-position switch. When positioned in the
center, the switchis OFF andtape will not feed.
When positioned tothe right, the switch is in the
ON (or RUN) position and tape is fed over the
sensing pins. When positioned to the left, the
switchisin freewheeling, and tape may be man-
ually pulled back and fed forward without any
intelligence being sent to the line.

The tight-tape lever rides on the tape as it
feeds through the tape guide. If the tape be-
comes tight or tangled, the lever is lifted and
the TD stops feeding tape. Relieving the pres-
sure on the lever automatically starts thetape
feeding again.

Another feature of the TD is the end-of-tape
switch. The switch is controlled by a pin

SENCING PING

TAPE LD
(RAISED)

76.33
Figure 10-25.— Transmitter distributor (TD).
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protruding through the tape guide plate. As long
as this pin is depressed by tape feeding through
the guide, the TD is operable. When the end of
the tape passes over the pin, the pin rises and
the TD stops transmission automatically.

OPERATING THE AN/UGC-6

Power is applied to the AN/UGC-6 in the
same manner as to the TT-48/UG. The switch
is located on the front of the cabinet, slightly
below and to the right of the keyboard. Rotat-
ing the switch so that the pdinter is pointed up
energizes the equipment, except for the re-
perforator, whichis controlled byits own power
switch.

After applying power, but before operating
the set, ascertain that the line-test switch is in
the desired position. The switch must be in the
lower (LINE) position to connect the teletype-
writer to distant stations. In the upper (TEST)
position, the equipment is connected to a local
test circuit (if wired), and no intelligence is
sent to the signal line. This, of course, does
not affect the reperforator, which is connected
to its own external line.

With power applied, and the line-test switch
in the LINE position, select the desired mode
of operation with the three-position selector
switch (fig. 10-26). From left to right, the
three positions of the switch are keyboard (K),
keyboard and tape (K-T), and tape (T).

76.34
Figure 10-26. — Selector switch.
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KEYBOARD MODE OF OPERATION

To transmit a message directly to the line
as you are typing it, rotate the selector switch
to the K position. Depress and hold down the
BREAK keyfor approximately 2 seconds to lock
out all keyboards in the circuit, and then de-
pressthe SEND (KBD UNLK) key to unlock your
keyboard. Transmit five spaces, two carriage
returns, and a line feed, in that order, to align
the distant machines to the same position as
yours, and then type your message. The auto-
matic typer monitors your transmission, pro-
viding you witha printed copy of the message.

In the keyboard mode of operation, the typ-
ing perforator is mechanically isolated from the
keyboard, andthe character counter mechanism
does not function. The transmitter distributor
circuits also ar’e inoperable.

KEYBOARD-TAPE MODE OF OPERATION

Keyboard operation in the keyboard-tape (K-
T) mode is the same as when in the keyboard
mode, except that typed, perforated tape is pre-
pared simultaneously by the typing perforator.
This mode is particularly useful whena message
must be transmitted on more than one circuit.
You can transmit the message on one circuit
while preparing a tape for transmission on the
other circuits.

With the line-test switch in the TEST po-
sition, you can utilize this mode of operation to
prepare tape for later transmission and, at the
same time, to obtain a page copy of the trans-
mission as it will appear when sent on the cir-
cuit. Care must be exercised in using this
method, however, because you can neither send
nor receive messages during the period the ma-
chine is disconnected from the circuit.

When the selector switch is in the K-T po-
sition, the character counter moves one unit to
the right with each character and spacing oper-
ationrecorded onthe tape. The transmitter dis-
tributor also is operable.

TAPE MODE OF OPERATION

Whenthe selector switch isin the T position,
the keyboard and perforator are isolated from
the other units. This permits you to prepare
tape for transmission while transmitting mes-
sages via the transmitter distributor, or re-
ceiving messages on the printer. You type no
page copy in this position, so watch the character
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counter to make certain that you do not type too
many characters for the length of the line. As
pointed out previously, the counter registers
each spacing character. Nonprinting functions,
such as FIGS, LTRS, LF, and CAR RET, are
not registered.

To correct an error when punching tape, de-
press the TAPE B. SP. key to move the tape
back, one space at a time, until the first wrong
code is over the perforating pins of the punch
block. Press the LTRS key as many times as
you have backspaced to change the incorrect
codes to LTRS codes. Because it is theonly
character having allfive perforations, the LTRS
code will obliterate any other character code
on the tape. This is called '"lettering out' an
error. After lettering outthe incorrect portion,
retype that part of the message. The error will
not appear on the page copy when the tape is
sent. The characters still are registered on
the counter, however. Therefore, when the
counter indicates that you have reached the end
of the line, you still may type as many char-
actersas you lettered out. Figure 10-27 shows
a lettered-out tape.

31.24
Figure 10-27.— A lettered-out tape.

USING THE TRANSMITTER DISTRIBUTOR

The transmitter distributor (commonly
called the TD) is operable only in the K-T and
T modes of operation, and then only when the
SEND key is depressed. In the following dis-
cussion of the TD, assume that the selector
switch is in either the K-T or T position and
that the SEND key is depressed.

To place a tape in the TD, move the start-
stop lever to the center (OFF) position. Re-
lease the tape lid by pressing the tape lid
release button. Place the tape in the tape guide
in such a manner that its feed holes engage the
feed wheel with the portion of the tape having
two perforations towardthe rear of the TD. In-
sert printed tape so that the printed, chad side
is up. If nontyped chadless tape is used, po-
sition the tape so that the open side of the hinged
chadsis to the top. With fully perforated (chad)
nontyped tape, you must be careful to feed the
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tape from the beginning. Reversing the tape
results in a garbled transmission. While hold-
ing the tape firmly in place on the feed wheel,
press down on the tape retaining lid until its
latch is caught. Move the start-stop lever to
the left (FREEWHEELING) position, and man-
ually adjust the tape so that the first character
tobe transmitted is located over the sensing pins.
Figure 10-28 shows the path of the tape through
the TD.

START-STOP

\SWITCH

TAPE LID

TAPE GUIDE RELEASE
PLATE = BUTTON
l' TAPE
1.210(76)A
Figure 10-28. — Path of tape in transmitter

distributor.

Totransmit from the tape, operate the start-
stop lever on the TD to the extreme right (ON)
position. If the tape is inserted in the TD cor-
rectly, it feeds over the sensing pins, and the
message is transmitted to the signal line.

CHANGING TAPE

A visual indication of low tape supply is in-
corporated into each roll of tape. Whenthe
color of the tape changes from pale yellow to
red, theroll is nearly exhaustedand requires re-
placement. Additionally, the warning device in
the reperforator's tape container is activated
when the tape supply for that unit is low. Heed
these warnings' Don't miss a message by try-
ing to use up the last bit of tape on a roll.

To change tape inthe perforator, setthe key-
board selector switchtothe T mode of operation.
Raise the perforator cover, and open the lid in
the center of the cabinet dome. Tear the old
tape at the point where it enters the tape chute
(fig. 10-29). With power applied to the equip-
ment, depress the REPT key and any character
on the keyboard until the old tape is fed out of
the punch block. Then, lift the tape reel from
its container and remove the remainder of the
old tape from the reel. Inserta fresh roll of
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Figure 10-29. — Path of tape in typing perforator.

tape on the reel. Place the reel back into its
container so that the tape feeds from the front
of the container and off the bottom of the reel.
Thread the tape over the tape guide roller and
into the chute of the punch mechanism. De-
press the REPT key and any character on the
keyboard for automatic feeding, and, at the
same time, push the tape downward until it is
engaged by the feed and die wheels. Continue
feeding tape until the tape appears at the left
side of the punch block. Close the lid in the
cabinet and lower the cover over the perforator.

The procedure for changing tape in the re-
perforator is almost identical to that for chang-
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ing tape in the perforator.
through the two units is identical.
fig. 10-30 as necessary.)

For access to the reperforator and its tape
supply, open the left rear lid in the cabinet.
Tear the tape at the tape chute and clear it out
of the punch block by manually rotating the feed
wheel or, if the reperforator is so equipped,
by pressing the automatic tape feed button. Lift
the tape reel from its container, remove the old
tape, and insert a fresh roll of tape on the reel.
Position the reel in its container in such a
manner that tape feeds from the rear of the con-
tainer and off the bottom of the reel. Make

The path of the tape
(Refer to
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Figure 10-30.— Path of tape in typing reperforator.

certain that the lever on the tape out switch
assembly is toward the rear of the cabinet and
under the roll of tape. Lead the tape over the
tape roller at the rear of the tape container,
to the right and over the roller mounted on the
typing reperforator, andto thetape chute. Slide
the tape into the chute and rotate the tape feed
wheel untilthe tape emerges from the punch and
chute at the left of the reperforator. Close the
lid, making sure that the tape feeds through the
hole in the front of the lid.

CHANGING RIBBONS

You already know how to change the ribbon
in the automatic typer. Now you will learn how
this is done in the perforator and reperforator.
The procedure for replacing the ribbonin either
the typing perforator or the typing reperforator
is the same.
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Open the cabinet dome lid required for ac-
cess to the component. Open the ribbon spool
toggles and remove the old spools. Disengage
the old ribbon from the reversing pins, the rib-
bon guide, and the rollers. Removethe old rib-
bon from one of the spools. Engage the hook of
the new ribbon on the hub of the empty spool,
and wind the ribbon on the spool past the re-
versing eyelet. Insert the spools on the shafts
and close the toggles.

The path of the ribbon (fig. 10-31) is from
the bottom of the left spool, up and over the left
roller, down through the left reversing pins,
through the ribbon guide under the type wheel,
across thefront of the unit and throughthe right
reversing pins, under the right roller, and up
and around the left side of the right spool.

Make certain that the ribbon remains in the
guide slots and that both reversing eyelets are
between the ribbon spools and the reverse
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Figure 10-31. — Path of ribbon in typing perforators.

levers. Roll up any slack in the ribbon on the
spool on which the ribbon is being wound.

ADDITIONAL MODEL 28 UNITS

The design and function of the individual units
in the model 28 line of teletypewriters remain
basically the same, but the AN nomenclature
assigned the units when they are employed sep-
arately (or in combinations such as found in the
AN/UGC -6) usually is changed. Often, simply
changing the style or type of cabinet in which a
unit is enclosed causes a change in nomenclature.
For example, when the keyboard and automatic
typer comprising the TT-48/UG teletypewriter
(fig. 10-10) are placed in the cabinet shown in
figure 10-32, they become the TT-69/UG tele-
typewriter set. The latter set is designed for
installation aboard ship.

TYPING REPERFORATOR TT-192/UG

The typing reperforator shown in figure 10-
33isdesignated TT-192/UG. Basically, itis the
same as the onedescribed as a component of the
AN/UGC-6. It serves the same purpose and
functions in the same manner. Because of space
limitations, however, most shipboard installa-
tions of the TT-192/UG do not include the
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7635
Figure 10-32.— Teletypewriter TT-69/UG.

table shown in the illustration.

Normally, the reperforator's wiring is ter-
minated in a patch panel (described later in this
chapter) so that it can be patched or connected
into anyteletype circuit wired throughthe panel.
Bypatching the reperforator into a circuit, a tape
copy of each message is obtained, and messages



Chapter 10 — TELETYPEWRITER EQUIPMENT AND OPERATION

50.114(76)
Figure 10-33. — Model 28 typing reperforator

set TT-192/UG.

requiring further processing in tape form need
not be retyped by the operator.

SEND/RECEIVE TYPING REPERFORATOR
TT-253/UG

Because of its versatility and compactness,
the TT-253/UG send/receive typing reperfor-
ator (fig. 10-34) is installed aboard shipin large
numbers. In addition to its usefulness as a
regular reperforator, the set can be utilized to
prepare tape for transmission and to send and
receive messages in the same manner as the
larger, page-printing teletypewriter sets. Its
use for sending and receiving messages is, of
course, restricted to situations where a page
copy is not required.
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TRANSMITTER DISTRIBUTOR TT-187/UG

With the addition of its own motor, the trans-
mitter distributor described as a part of the
AN/UGC-6 console becomes the TT-187/UG
shown in figure 10-35. The unit is self-con-
tained, and can be mounted in any convenient
space that is large enough to accommodate its
base.

OLDER TELETYPEWRITERS

The forerunners of the model 28 line of tele-
typewriter equipment are the model 14 typing
reperforator (fig. 10-36), the model 15 page
printer (fig. 10-37), and the model 19 teletype-
writer set (fig. 10-38). A number of these equip-
ments still are found at shore stations (and
possibly aboard a few ships), but their use is
limited because of their operating speed. The
maximum operating speed of the older equip-
ment is 60 wpm, which is incompatible with the
higher speeds now employed on most Navy cir-
cuits. Consequently, as these older models age
beyond economical repair, they are being re-
placed by components from the model 28 line.

Operating the older machines is similar to
operating their model 28 counterparts. By com-
paring figures 10-36, 10-37, and 10-38 with the
previous illustrations of model 28 equipment, it
readily is seen that the location and appearance
of some of the functional controls are somewhat
different. Butanoperator familiar with the pur-
pose of these controls can adapt easily to oper-
ating either the older models or their counter-
parts in the model 28 line.

TELETYPEWRITER SERVICE TROUBLES

Here are some of the more common service
troubles you may encounter, with a brief de-
scription of how they may be recognized, their
causes, and whataction the operator may take to
correct them.

The troubles presented here are only a rep-
resentative sample of those that may be en-
countered. The equipment technical manuals
give a thorough coverage and include helpful
charts to aid in tracking down the trouble.

MACHINE WILL NOT START: See that the
plug on the power cord from the teletypewriter
is pushed all the way into the outlet. Check for
a power or fuse failure. If a fuse is open, ro-
tate the motor by hand and check for excessive
bind. If the fuse is not blown, check the motor
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Figure 10-35.— Transmitter distributor TT-187/UG.
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31.25
Figure 10-36. —Model 14 typing reperforagor.

for excessive temperature. The synchronous
motor in the Model 28 is equipped with a thermal
circuit breaker that protects it against exces-
sively high temperatures caused by a prolonged
overload. If the breaker is tripped, reset it by
pressingthe red button onthe motor plate at the
rear of the motor.

UNABLE TO COMMUNICATE WITH OTHER
OFFICES: Make sure the SEND key is de-
pressed. Be sure the line switching lever is
positioned correctly.
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PRINTER RUNS "OPEN'": This trouble may
be recognized by the machine operating con-
tinuously without either printing or spacing. The
machine also appears to run faster than during
normal operation. Shift the line switching lever
tothe TEST position or patchthe equipment into
a test circuit as applicable. If this causes the
machine to become idle, it is an indication that
the trouble probably is in the incoming signal
circuit.

PRINTING ERRORS: When printing errors
occur that obviouslyare not typographical, some
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Figure 10-37.— Model 15 page printer.

comparisons maybe made to determine whether
the trouble is in the machine or the circuit. If
the errors occur when you are sending, operate
the line switching lever to the TEST position
(or plug in the test loop) and try the machine.
If the same errors occur, the trouble probably
is in the machine.

If you have a spare machine, connect it to
the circuit. If errors occur on both machines,
the trouble is in the circuit. If the errors hap-
pen on only one of the machines, the trouble is
probably in that machine.

For errors when receiving, connect a spare
machine to the circuit. As pointed out already,
errors on the spare machine indicate circuit
trouble, and correct copy from the spare ma-
chine indicates that the first teletypewriter is
causing the trouble.

RIBBON TROUBLES: If the ribbon is feeding
and the printingis faint, a new ribbon is needed.
If the ribbon is not feeding, make sure it was
placed in the machine correctly.
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PAPER FEED TROUBLES: Thisis indicated
by the paper either feeding to one side, not feed-
ing, tearing, or jamming. Make sure thatthe
paper was placed in the machine as previously
outlined. See that too much paper has not ac-
cumulated behind the unit. The paper may not
have been torn correctly.

UNABLE TO SEND WITH TD: Make sure the
tape was properly placed in the transmitter dis-
tributor. Check to see that the end-of-tape pin
is depressed, and that the tight-tape stop lever
is down. See that feed holes in the tape are not
mutilatec}.

TAPE FEED TROUBLES WHILE PERFOR-
ATING: Make sure tape is feeding freely off the
roll, and that it was placed in the machine
correctly.

FAILURE ON LINE FEED: There may be
bindsinthe moving parts of linkage for line feed
function. Check these parts for freeness.

FAILURE TO PRINT: This may be due to
binds in the printing carriage assembly. Check
for freeness in moving parts, and for missing
springs. Another source of this trouble may be
the improper installation of the ribbon.

NO SIGNALS FROM KEYBOARD: This
trouble may stem from either an open or a
closed signal line. The contacts should be
checkedtodetermine if they are dirty or shorted.

INTERMITTENT ERRORS: This trouble may
have a variety of sources. Among them are
inadequate or excessive line current, range
finder set beyond range limits, or incorrectad-
justments.
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The volume of teletypewriter traffic relayed
by NAVCOMMSTAS and many of the smaller
shore stations hasled to the development of tape
relay equipment that requires a minimum of
operator attention. At the top in figure 10-39
are receiving banks or console packages, which
house several typing reperforators for use on
incoming lines in torn-tape relay centers. The
operator logs each incoming message, tears it
off at the end of the message, and determines
the proper outgoing circuit from the routing in-
dicators onthe tape. He then hand-carries each
tape tothe appropriate sending bank of automatic
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Figure 10-38.— Model 19 teletypewriter set.

transmitter distributors (bottom, fig. 10-39,
and inserts it in the appropriate circuit tape
grid (visible at tops of sending banks). The tape
grid —sometimes called a washboard because
ofa certain similarity of appearance—is simply
aplace where tapes can remain during the period
they are awaiting retransmission. They are
stowed from top down in order of precedence.
Other operators inattendance atthe sending bank
remove waiting tapes from the grid in order of
precedence, and insert them in the TDs. A
numbering TD applies a sequential channel num-
ber to each message, thus keeping a record of
traffic relayed over each channel.
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31.30
Figure 10-39.—Receiving and transmitting

consoles at a torn-tape relay
center.
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If duplicate copies of relayed traffic are re-
quired for the files, monitoring equipment (not
shown in fig. 10-39) is used. This is a group of
typing reperforators that produces duplicates
of tapes undergoing transmission onthe sending
bank, and winds the monitor tapes on reels suit-
able for stowage. The monitoring equipment
also duplicates the channel number for each
message, providing a means of reference if the
message should be needed in the future.

FULLY AUTOMATIC RELAY EQUIPMENT

High-speed automatic relay centers are
equipped with the very latest model 28 teletype-
writer components. The transmitter distribu-
tors and reperforators are enclosed in cabinets
that also contain the operating controls. Fig-
ure 10-40 shows the equipment layout atan auto-
matic relay center. At left are the incoming
line cabinets; outgoing line cabinets are atright.
At center are the supervisor's control position
and the miscellaneous intercept section. There
are two reperforator-transmitters in each in-
coming cabinet. They slide out of the cabinet
for easy replacement in event of failure. The
reperforator-transmitters operate at a cross-
office speed of 200 wpm. Therefore, messages
are relayed from the incoming line cabinets to
theoutgoing line cabinetsin a matter of seconds.
When necessary, a third machine can be assigned
to an outgoing circuit, to which high-precedence
messages can be switched. The equipment is
designed to '"'recognize' high-precedence tapes;
a messagein this "priority" machine causes its
transmitter to take control of the line as soon

31.31
Figure 10-40.— Automatic relay center.
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as any message in progress is transmitted.
The transmitter retains control until it has
processed all urgent messages awaiting trans-
mission. Only then does control revert to the
two regular machines.

Traffic volumes to be delivered to a given
destination may often exceedthe capacity of one
outgoing-line channel. In such anevent as many
as 10 machines and 10 line channels may be
shifted to serve a single destination.

All lines are duplex circuits; that is, any
station can transmit a message to the relay
center at the same time it is receiving a mes-
sage. FEach tributary station normally has two
teletypewriters; one is a sending machine and
the other a receiving-only teletypewriter.

Automatic relay centers are manned by very
few operators, compared with semiautomatic
torn-tape relay stations. Improperly prepared
or garbled message tapes are routed automa-
tically to the intercept position (fig. 10-41) for
operator action. Correctly prepared messages
enter and leave the relay center untouched by
human operators.

31.3
Figure 10-41. —Intercept section of auto-
matic relay center.

To reduce the frequency of supplying the re-
perforators with fresh tape, the machines use a
3000-foot tape supply roll, instead of the usual
1000-foot roll.

ASSOCIATED EQUIPMENT

Teletypewriter communication systems re-
quire other associated equipment in addition to

219

the teletypewriters justdiscussed. Radio trans-
mitters and receivers, such as those studied
in chapter 9, are required for radioteletype-
writer transmission and reception. Let us now
get acquainted with the patch panels, keyers,
converters, and other equipment necessary for
RATT operation.

RECTIFIER POWER SUPPLY

Although teletypewriter motors operate on
alternating current, a source of direct current
is always required for the signal circuit carry-
ing the start-stop code intelligence. Figure 10-
42 shows one model rectifier power supplyin-
stalled aboard ship to rectifyalternating current,
changing it to d-c for the operation of teletype-
writers and converters. This rectifier fur-
nishes a power output of 120 volts d-c at 1.0
ampere, which is enough to supply many tele-
typewriters operating simultaneously. The on-
off switch, fuses, and voltage adjusting control
are accessible througha door in the front of the
cabinet.
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31.33
Figure 10-42.—Rectifier power supply for

teletypewriter operation.

TELETYPEWRITER PROJECTOR UNIT

Teletypewriter projector unit model TT-T1
shown in figure 10-43, enables a teletypewriter
message to be read simultaneously by groups of
persons. It isinstalled in the pilot ready rooms
in aircraft carriers and in teletypewriter con-
ference rooms ashore.
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3134
Figure 10-43.— Teletypewriter projector
unit model TT-71.

The bottom of the cabinet houses a page
printer. The message is printed on a roll of
transparent cellophane. An optical lens system
with a 1000-watt lamp enlarges the image of the
teletypewriter message and projects it onto a
tilted mirror at the top rear of the cabinet from
where itis reflected onto the translucent screen.
The message is visible along the lower edge of
the screen as it is being printed. With each
successive line feed the message advances up-
ward on the screen one line ata time and finally
moves out of view at the top. A tape typing unit
provides a permanent typewritten record of
transmissions in the projector unit, but at most
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installations this feature is not used because a
page copy from an additional printer patched into
the same circuit has been found to provide a
more readable and more convenient file copy.

The projector unituses an ordinary teletype-
writer ribbon. The cellophane roll is changed
exactly as you wouldinstall a roll of paper in an
ordinary printer, except that the loose end must
be started on an automatic takeup spool. The
optical unit is focused easily and does not often
need refocusing.

The screen size limits the length of the typ-
ing line to approximately half the normal line
length. You must remember this whenever you
are typing material to be received on the pro-
jector unit. At most installations, the printer
or perforating teletypewriter used for punching
tapes for the projector has the end-of-line warn-
ing light and bell adjusted to warn you of this
shortened line length.

TELETYPE PANELS

Teletype panels SB-1203/UG and SB-1210/
UGQ, shown in figure 10-44, are used for inter-
connection and transfer of teletypewriter equip-
ment aboard ship with various radio adapters,
such as frequency shift keyers andconverters.
The SB-1210/UGQis intended for use with cryp-
tographic devices, whereas the SB-1203/UG is a
general-purpose panel.

Each of the panels contains six channels,
with each channel comprising a looping series
circuit of looping jacks, set jacks, and a rheo-
stat for adjusting line current. The number of
looping and setjacksin each channel varies with
the panel model. Each panel includes a meter
and rotary selector switch for measuring the
line current in any channel. There are six mis-
cellaneous jacks to which may be connected any
teletypewriter equipment not regularly assigned
to a channel.

To operate either of the teletype panels:

1. Turnallline current rheostats counter-
clockwise toincrease circuit resistance to max-
imum value.

2. Turn on the local line current supply
at the rectifier unit and atthe distribution panel
(not shown in the illustration). The green in-
dicator light on the model SB-1203/UG panel
will come on.

3. If the desired teletype equipment is
wired in the same looping channel as the radio
adapter (keyer or converter) to be used, nopatch
cords are required.
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4, Turnthe meter selector switch to the
desired channel and adjust the corresponding
rheostat to give a line current indication of 60
milliamperes.

5. If the desired teletypewriter (for ex-
ample, in channel 1) is not wired in the same
looping channel as the keyer or converter to be
used (for example, channel 3), insert one end of
a molded patch cord (supplied with panel) in the
setjackin channel 1, and the other end in either
one of the two looping jacks in channel 3.

Inany switching operation between the various
plugs and jacks of a teletype panel, remember
to never pull the patch plug from the machine
(set) jack before first removing the other end of
the cord plug from the loop jack. Pulling the
plug from the set jack first will open-circuit the
channel and cause all teletype messages in the
channel tobe interrupted. The proper procedure
is to take the plug out of the looping jack first,
and to insert it last. This action maintains
closed-circuit operation of all channels in the
panel at all times.
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70. 79(76)
Figure 10-44.— Teletype patch panels SB-1203/UG
and SB-1210/UGQ.

TONE-SHIFT KEYER/CONVERTER

Tone-shift keyer/converter model AN/SGC-1A
is used for short-range RATT operation. Nor-
mally it is used for communication on UHF and
VHF bands, but it can be used with any trans-
mitter designed for voice modulation. The AN/
SGC-1A is shown in figure 10-45, with blocks
toindicate other equipment necessary for a com -
plete tone-shift system.

In tone modulation transmission, the tele-
typewriter pulsesare converted into correspond-
ing audio tones, which amplitude modulate the
transmitter. Conversion of the audio tones is
accomplished by an audio oscillator in the tone
converter, which operates at 700 cycles when
the teletype loop is ina closed-circuit (mark)
condition and at 500 cycles when the loop is in
an open-circuit (space) condition.

An internal relay closes a control line to the
radio transmitter, which places the transmitter
on the air when the operator begins typing a
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Figure 10-45.— Tone-shift keyer/converter AN/SGC-1A.

message. The control line remains closed until
after the message is transmitted.

When receiving messages, the tone con-
verter accepts the mark and space tones coming
in from the radio receiver and converts the in-
telligence of the tones to the make and break
contacts of a relay connected in the local tele-
typewriter loop circuit. This action causes the
local teletypewriter to print in unison with the
mark and space signals from the distant tele-
typewriter.

The receive level control, located at the
upper left on the front panel, permits adjust-
ment of the level of the incoming tone signals
from the receiver. The loop current rheostat
is next to the receive level control, and is ad-
justedto 60 milliamperes whenthe teletype loop
is in the mark, or closed, circuit condition. A
meter andits switch permit measurements to be
takenin all the important portions of the circuit.
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Two indicator lights flank the upper part of the
meter. One light (green) indicates the receive
condition and the other (red) indicates the trans-
mit condition. Bothlights are off when the keyer/
converter is in the standby condition.

The send bias rheostatis located at the right
of the meter. It permits correction of teletype
distortion (for example, unequal length of mark
and space signals) in the local teletypewriter
loop when sending a message.

At the far right is a jack marked TTY MON-
ITOR. A monitoring teletypewriter may be
patchedintothis jack, thereby placing it in series
with all other teletypewriters in the loop.

The power indicator light is located at the
lower left side of the front panel. The ON-OFF
switch is located next to it.

The receive bias control is located at the
right of the power switch. This control enables
correction of distortion in the receiving tone
circuit.
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The control switch, located at the right of
the meter switch, permits the keyer/converter
to function in several ways. When the switch is
on AUTO (automatic), the equipment may be in
one of three conditions: receiving, transmitting,
or standby. When in the standby condition, the
reception of an incoming mark tone causes the
control circuit to change to receiving. Follow-
ing the end of the incoming message, the circuits
shift back to standby. When in the standby con-
dition, the operation of the local teletypewriter
causes the circuitsto changeto transmit. After
the last letter is keyed, there is a time delay
of about 3 seconds and then the circuits shift
back to standby. These interlocking functions
prevent the equipment from shifting directly from
transmitto receive, or vice versa. Thus an in-
coming signal will notinterrupt an outgoing sig-
nal nor will keying the local teletypewriter,
when receiving, cause the circuit to shift to
transmit. The normal method of operation is
with the control switchin AUTO position. After
a station has completed sending its message, it
is ready for reception of any return message
after a 3-second time delay.

The control switch position marked TRS is
useful when making initial adjustments but is
not usedin carrying oncommunications because
it locks the equipment in the transmit condition
and makes itimpossibleto receiveany message.

The REC/STDBY position of the control switch
prevents the equipment from changing to the
transmit condition eventhough theteletypewriter
is operated, but it can receive messages or re-
main in the standby condition.

The fourth position of the control switch is
ADJ FREQ. This position is for maintenance
use only, and is not used during operating
periods.

Because a small time delay is incurred in
the operation of the control circuits of the local
and distant terminals, the first character trans-
mitted is usually lost. The normal 5 spaces,
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2 carriage returns, and line feed functions used
at the beginning of each message are more than
adequate to compensate for this first-character
loss.

FREQUENCY-SHIFT KEYER

For frequency-shift RATT transmission, a
keyer is needed to replace the oscillator of a
CW transmitter witha source of radiofrequency
excitation that canbe shifteda small amount up-
ward and downward to produce RATT signals
corresponding to the mark-space teletypewriter
code. Such a frequency-shift keyer is model
KY-75/SRT shown in figure 10-46.

During frequency-shift keying operation, the
frequency of the transmitter's carrier appears
at a certain frequency during s SPACE signal
and shifts a few hendred cycles higher for a
MARK ssignal. Theamountof this frequency-shift
deviation of the keyer is adjustable over a range
from O to 1000 cycles per second. Usually, the
keyer is adjusted for an 850-cycle shift, which
means that the MARK signalis 425 cycles above
the carrier frequency, but the SPACE signal is
425 cycles below the carrier.

The procedure for setting up the keyer and
transmitter for frequency-shift transmission is
that of adjusting the crystal oscillator and tuned
circuits of the keyer to the desired crystal fre-
quency. A signal from the teletypewriter is then
applied to the keyer where it is frequency mod-
ulated and then coupledto the transmitter where
it is multiplied to the channel frequency.

The KY-75/SRT Kkeyer is used also for fac-
simile transmission. Newer models of Navy
transmitters, such asthe AN/SRT-15 described
in chapter 9, have built-in keying circuits for
frequency-shift mode of operation and donot re-
quire an external keyerfor either RATT or fac-
simile transmission.
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Figure 10-46. — Frequency-shift keyer KY-75/SRT.

CONVERTER-COMPARATOR GROUPS

The AN/URA-8B frequency-shift converter-
comparator group, shown in figure 10-47, is
used for diversity reception of RATT and FAX
signals. The equipment consists of two fre-
quency-shift converters (top and bottom units)
and a comparator (middle unit).

For either space diversity or frequency di-
versity reception, two standard Navy receivers
are employedin conjunction with the converter-
comparator group. Inspacediversity operation,
thetwo receivers are tuned to the same carrier
frequency, but their receiving antennas are
spaced several wavelengths apart. Because of
the required spacing between antennas, space
diversity usually is limited to shore station use.
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In frequency diversity operation, the two re-
ceivers are tuned to different carrier frequencies
that are carrying identical intelligence. Fre-
quency diversity reception commonly is used
aboard ship for copying fleet broadcasts, which
are keyed simultaneously on several frequencies.

Indiversity reception, the audio output of each
receiveris connected toits associated frequen-
cy-shift converter which convertsthe frequency-
shift characters into d-c pulses. The d-c (or
mark-space) pulses from each converter are fed
tothe comparator. In the comparator, an auto-
matic circuit compares the pulses and selects
the better mark and the better space pulse for
each character. The output of the comparator
is patched to the teletypewriter. The converter
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units also canbe used individually with separate
teletypewriters to copy two different FSK sig-
nals.

The newest converter-comparator group is
the AN/URA-17 shown in figure 10-48. This
is a completely transistorized equipment de-
signed to perform the same functions as the
AN/URA-8B. Although present procurement of
frequency-shift converters is confined to the
AN/URA-117, there are relatively few installa-
tions compared with the larger number of AN/
URA-8B converters.

The AN/URA-17 consists of two identical
converter units. Each converter has its own
comparator circuitry. Hence, a separate com-
parator unit is not required. The physical size
of the AN/URA-17 is further reduced by using
transistors and printed circuit boards. The
complete equipment is less than half the size
of the older AN/URA-8B.

Proper tuning of the receivers employed with
these converter-comparator groups is of the
utmostimportance. Each converter has a small
monitor oscilloscope that gives a visual

1.235
Figure 10-47.— Frequency-shift converter-comparator

URA-8B.

FREQUENCY SHIFT CONVERTER
CV-483/URA-17

50.766
Figure 10-48. — Converter-comparator

group AN/URA-11.
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indication of the receiver tuning. The scope
patterns for correct and incorrect tuning are
shown in figure 10-49.
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1.239.3
Figure 10-49.—Monitor oscilloscope patterns
for frequency-shift converters.

Detailed instruction for operating the AN/
URA-8B and the AN/URA-17 are contained in
their respective technical manuals.

TRANSMITTERTELETYPEWRITER CONTROL
UNIT

Another piece of equipment used with tele-
typewriter installations aboard ship is the con-
trol unit shown in figure 10-50. This unit is
mounted close to the teletypewriter keyboard
and permits remote control of the radio trans-
mitter. Ithasatransmitter power on-off switch,
a power-on indicator lamp, a carrier-on in-
dicator lamp, and a three-position rotary selec-
tor switch.

The TONE S/R switch position is used for
both sending and receiving when using tone-shift
keyer / converter AN/SGC-1A. When using
carrier -frequency shift mode of operation, the
operator must switch to CFS SEND position for
transmitting, and to CFS REC position for re-
ceiving.

ELECTRONIC MULTIPLEX TERMINAL SET

Model AN/FGC-5 (fig. 10-51) is a send-
receive electronic time-division multiplex ter-
minal set used chiefly for teletypewriter com-
munications over long-range, high-frequency
radio circuits using frequency shift keying.

Time-division MUX (multiplex) is the trans-
mission of the intelligence of several teletype-
writer circuits on a time-sharing basis in a
character-by-character sequence. Teletype-
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1.244.1
Figure 10-50.— Transmitter teletypewriter

control unit.

writer signals can be fed into the MUX equip-
ment simultaneously from two, three, or four
teletypewriters. The same information is then
transmitted from one MUX equipmentto the re-
ceiving group at the distant station in a time
sequence with one character from each channel
at a time. The receiving MUX then distributes
the information to the proper teletypewriter
circuits in their original on-off direct-current
form. Uptofour charactersare thereforetrans-
mitted over a single circuit during the time
ordinarily required by one.

As shown in figure 10-51, AN/FGC-5 con-
sists of two equipments, the telegraph trans-
mitting group andthe telegraph receiving group.
These terminal equipments do not however,
take the place of the radio transmitter and re-
ceiver. The transmitter and receiver still are
requiredasinany other methods of RATT trans-
missionandreception. You may think of the AN/
FGC -5 transmitting group asthe keyer, and the
receiving group as the converter in the simpler
RATT systems described previously.

The operating speed of all teletypewriters
used with the MUX set must be identical so that
both terminals of the system can cycle in syn-
chronism. Normally, 60-wpm channel speed is
used, although the units and the teletypewriters
can be changed to operate at 75 wpm.
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Figure 10-51.— Electronic multiplex telegraph terminal set AN/FGC-5.

Anewer telegraphterminal set is model AN/
UGC-1 (fig. 10-52). It is a completely trans-
istorized version of the AN/FGC-5. The re-
ceiver group, transmitter group, and a common
power supply are allhoused in a single cabinet
only 36 inches high. Itis only one-fourththe size
of the complete AN/FGC -5 equipment, with which
it is operationally compatible. The AN/UGC-1
offers a choice of 3 system channel speeds: 60,
75, or 100 wpm per channel, and either 2, 3, or
4 channels of operation, depending on traffic re-
quirements and radio propagation conditions.

A recently developed transistorized telegraph
terminal set designed for 100 wpm, single side-
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band operation is the AN/UCC -1 (not illustrated).
Multiplexing is accomplished by frequency di-
vision. The equipment has the capability of 16
narrow-band channels or 8 narrow-band channels
and 4 narrow-to-wide-band channels, in the fre-
quency range of 300 to 3300 cps. Spacing be-
tween channels is 170 cps.

RATT SYSTEMS AFLOAT

Let us now see how the various pieces of
equipment—teletypewriters, keyers, converters,
receivers, and transmitters —are combined into
complete RATT systems. The Navy uses two
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31.37

Figure 10-52.— Transistorized electronic
multiplex telegraph terminal set
AN/UGC-1.

basic RATT systems aboard ship. One, the
TONE-MODULATED SYSTEM for short-range
operation, is similar to the familiar a-m radio.
The other, the CARRIER-FREQUENCY-SHIFT
SYSTEM for long-range operations, is similar
tothe standardf-m radio. The two systems are
shown integrated in figure 10-53.

The page printer —model 15 or 28—sends out
a continuity of d-c on-and-off pulses (timed in-
tervals of current and no-current). These in-
tervals are, as you know, mark and space im-
pulses, and various combinations represent the
various characters being transmitted.

Whentwoteletypewriters are wire -connected,
the exchange of intelligence between them is
direct. But when the teletypewriters are not
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Figure 10-53.— Basic RATT transmit-
receive systems.

joined by wire, operationis more complex. Di-
rect-current mark and space intervals cannot
be sent through the air.

The gap between the machines mustbe bridged
by radio. To bridgethegap, a radio transmitter
and receiver are needed. The transmitter pro-
duces a radiofrequency carrier wave to carry
the markand space intelligence. Also, a device
such as a KEYER is needed to change the d-c
pulses fromthe teletypewriter into correspond-
ing mark and space modulation for the carrier
waveinthe transmitter. The radioreceiver and
a CONVERTER are required to change the radio-
frequency signal back to d-c pulses.

Figure 10-54 shows a modulated carrier wave
with audio tone impulses impressedonthe radio-
frequency carrier wave, with corresponding d-c
mark and space signals.

ML "1‘

A I HADONMR
‘M‘ﬁ't ""l’l"l’l"“'m"‘l'lll'."Hi'["”“"“l' H“l ll'

1.227
Figure 10-54.— Modulated carrier wave
with corresponding audio
tone for mark and space
electrical impulses.
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Figure 10-55showsacarrier-frequency-shift
wave thatincreases and decreasestodenote mark
and space d-c impulses.
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1. 227

Figure 10-55.— Frequency of the
carrier wave increases and
decreases corresponding to
mark and space impulses.

In the operations shown in figures 10-54 and
10-55, the d-c teletypewriter signal that can
travel only by wire becomes, through the medium
of a tone terminal or keyer unit, either a tone-
modulated signal or a carrier-frequency-shift
signal for radio carrier wave transmission.

SHORT-RANGE SYSTEM

To transmit messages by the short-range
system, a page printer, a tone terminal, and a
transmitter are used. The printer sends out a
d-csignal. The signal is changed to audio tones
inthe tone terminal. The transmitterimpresses
the audio tones on the carrier and sends out a
tone-modulated carrier wave (fig. 10-56).

TONE MOOULATED SYSTEM
TRANSMIT

AUDIO ELEC- g
TRICAL M-
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SIGNALS

(#
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1.228

Figure 10-56.— D-C mark and space impulses
converted to audio tones and
impressed on carrier wave.
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To receive messages with the short-range
system, a radio receiver, a tone converter, and
a page printer are required. The tone -modulated
carrier wave enters the receiver, which extracts
the signal intelligence and sends the audio tones
to the tone converter. The converter changes
the audio tones into d-¢c mark and space pulses
for the page printer (fig. 10-57).

TONE CONVERTER
W
S 25
2
TONE MODULATED RECEIVER DIRECT CURRENT
SYSTEM - C aFEi ELECTRICAL Bl MARK AND SPACE
LS B M e IMPULSES SIGNALS
WAVE
o [E—]
®2 000
@sssesy HHHH
RECEIVER TTY
0 u]

Figure 10-57.— Receiving operation of
the tone converter.

In practice, the same tone terminal is used
for the receiving and the sending circuits inas-
much as it contains both atransmit "keyer' unit
and a receive ''converter' unit.

LONG-RANGE SYSTEM

Atthe transmitting end of the long-range sys-
tem are a page printer, a transmitter, and a
frequency-shift keyer unit. The keyer unit is
built into the newer transmitters, but in some
older systems it is a separate piece of equip-
ment. When the page printer is operated, the
d-c mark and space signals are changed by the
keyer unit into frequency-shift intervals. The
frequency-shift intervals are transmitted as
carrier-frequency-shift signals (fig. 10-58).

On the receiving side of the long-range sys-
tem area receiver, a frequency-shift converter,
andapage printer. When the carrier-frequency-
shift signal enters the receiver, itis detected and
changed into a corresponding frequency-shifted
audio signal. The audio output of the receiver
is fed to the converter, which changes the fre-
quency-shifted audio signal into d-c mark and
space signals (fig. 10-59).
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Figure 10-58.— D-C mark and space impulses
are changed by the keyer unit
into frequency-shift
intervals.
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Figure 10-59.— Conversion of frequency-
shifted carrier wave into mark
and space impulses.

In both the tone-modulated system and the
carrier-frequency-shift system, all teletype-
writer signals pass through the teletypewriter
panel that controls the looping current in all the
circuits. The teletypewriter panel integrates
the tone-modulated and the carrier-frequency-
shift systems. It provides every possible RATT
interconnection available on board ship. This
operational flexibility gives maximum efficiency
with the fewest circuits and the least amount of
equipment inthe Navy's compact RATT systems
afloat.

230

TAPE READING

In order to read perforated tape, you must
understand arrangement of code positions. The
code is a five-unit mark-space signaling code
arranged vertacally on the tape, from the No. 1
position at the top to the No. 5 position at the
bottom. A hole is a mark; no hole is a space.
Betweenthe second and third positions is a tape
feed perforation (TRACK) that is smaller than
the code perforation (see fig. 10-60). This
smaller perforationfits overthetape feed wheel
that movesthe tape throughthe transmitter-dis-
tributor, and is NOT a part of the code. The
upper side of chad tape usually has a slight rough-
ness made by the hole-punching pins. Read the
tape with this side uppermost. Use the track as
a visual guide. Remember, no more than two
perforations will appear above the track, nor
more than three below. In figure 10-60 the po-
sitions are numbered from 1to 5. Thisis for
study purposes: don't expect these numbers to
appear on an actual tape.

The LTRS code contains perforations in all
five positions. Codes besides LTRS and BLANK
contain perforationsindifferent combinations of
positions. Forinstance, A is 1-2, Bis 1—-4-5,
and C is 2—3—4.

Read the perforations in lowercase until a
FIGS code appears. Following a FIGS code read
the tape asuppercase untila LTRS codeappears,
after which read aslowercaseagain. On circuits
on which machines unshift on spacing, read codes
in lowercase following the space code.

Memorize several codes at a time, learning
the uppercase characters for each. Perforate
strips of tape and readthe codes you have mem -
orized. Association of memoryand eye will help
you recognize codes quickly and will build read-
ing speed.

Thediscussionand illustrations following pro-
vide a study plan for learning the code. Begin
bylearning thel-HOLE codes: E, LF, SPACE,
CAR RET, and T (fig. 10-61). Letter E is per-
forated in the No. 1 position, and the remainder
of the positions are blank. LINE FEED is one
perforation in the No. 2 position—and so forth,
downto T, whichis perforatedinthe No. 5 place.
Keep this patternin mind. Perforate these codes
several times on atape to help remember them.

Your next group is of three key letters: A,
O, and N.

Check figure 10-62. The letter Ais repre-
sented by two holes above the track. This
pattern—two holes above the track—is



Chapter 10 — TELETYPEWRITER EQUIPMENT AND OPERATION

L4 ® L
0000000000000000000o..ooo.oooooloo.oooo..o.oooo.
® ®

0606000000620000

31.38
Figure 10-60.— The 5-~unit teletypewriter code.

common to M, G, and B, but this time read UP
to get the associated codes. The final letter of
this series is N (fig. 10-64), which you read up
for C and F.

[ [ d [
[ [ ]
©00000000000000000000c00000000000O0CT

31.39
Figure 10-61. —The 1-hole codes: E, LF,
SPACE, CARRET, and T.

31.42
Figure 10-64.— Letters N, C, and F.

With this much information mastered, get
plenty of practice before learning more letters.
Perforate the codes and, as your reading im-
proves, mix them to make the reading more
difficult. Emphasize ACCURACY, not speed. If
you haven't the opportunity to work with a per-
forator, draw the codes on 3x5 cards (withan-

31.40
Figure 10-62,.— Letters A, U, J, and W.

also characteristic of U, J, and W; read DOWN
to find which. In the same way (fig. 10-63) O is

31.41
Figure 10-63.— Letters O,M, G, and B.
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swers on back) and scramble them.

You can learn three more sets of letters by
using the track line for a guide. Read letter I
(one hole above and one below the track line)
and retain it as a reference point for reading D
or Z (fig. 10-65). Learn R and use it to read L;
learn Y and read P (fig. 10-66).

Eightletters that you can master by remem-
bearing them as opposites are Q and X, V-andK,
HandS, Eand T (figs. 10-67and 10-68). Letters
E and T, remember, are also among the one-
hole codes.
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31.43 31.45

Figure 10-65.— Letters I, D, and Z. Figure 10-67.— Letters Q and X; V and K,
31.44 31.46

Figure 10-66.— Letters Rand L; Y and P. Figure 10-68.— Letters H and S; E and T.

Two keys you will usea great deal are LTRS perforations. The FIGS code resembles it in
and FIGS, which shift your machine into lower-  that there are two perforations above the track,
case and uppercase. The LTRS code is easy to and two below, with only the No. 3 position
recognize because it is the only one with five blank.
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