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WARNING
DANGEROUS VOLTAGES EXIST IN THIS EQUIPMENT

Be careful not to contact high-voltage connections or 115-volt input
connections when working on or near this equipment. When work-
ing inside the equipment, after the power has been turned off, always
short-circuit the high-voltage capacitors.

DON'T TAKE CHANCES!

EXTREMELY DANGEROUS VOLTAGES
(POTENTIALS UP TO 620 VOLTS)

exist in

Frequency Shift Converter CV-116/URR
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CHAPTER 1
INTRODUCTION

Section 1. GENERAL

1. Scope

a. This technical manual contains information
on the installation, operation, and maintenance of
Frequency Shift Converter CV-116/URR (fig.
1).

b. Comments on this publication should be for-
warded directly to the Commanding Officer, The
Signal Corps Publications Agency, Fort Mon-
mouth, New Jersey, ATTN : Standards Branch.

2. Forms and Records

The following forms will be used for reporting
unsatisfactory conditions of Army materiel and
equipment and when performing preventive
maintenance.

a. DD Form 6, Report of Damaged or Im-
proper Shipment, will be filled out and forwarded
as prescribed in SR 745-45-5 (Army); Navy
Shipping Guide, Article 1850-4 (Navy); and
AFR 714 (Air Force).

b. DA Form 468, Unsatisfactory Equipment
Report, will be filled out and forwarded to the
Office of the Chief Signal Officer as prescribed in
SR 700-45-5.

¢. DD Form 535, Unsatisfactory Report, will
be filled out and forwarded as prescribed in SR
700-45-5 and TO 00-35D-54.

d. DA Form 11-238, Operator First Echelon
Maintenance Check List for Signal Corps Equip-
ment (Radio Communication, Direction Finding,
Carrier, Radar), will be prepared in accordance
with instructions on the back of the form (fig. 11).

e. DA Form 11-239, Second and Third Eche-
lon Maintenance Check List for Signal Corps
Equipment (Radio, Communication, Direction
Finding, Carrier, Radar), will be prepared in ac-
cordance with instructions on the back of the form
(fig. 12).

f. Use other forms and records as authorized.

Section Il. DESCRIPTION AND DATA

3. Purpose and Use

a. The frequency shift converter unit (fig. 1)
converts frequency-shifted signals into direct cur-
rent (dc) output pulses that key the energizing
loop circuit of automatic teletypewriter printers.
This equipment is designed for continuous duty
and operates from the intermediate frequency
(if.) output of one receiver or from the output of
two radio receivers (designated as Receiver A and
Receiver B) operating in either a space- or
frequency-diversity system. It is capable of
translating frequency-shift radioteletype signals
to neutral dc pulses only, at speeds as high as 100
dot cycles per second. Because the teletypewriter
output connection of the converter does not match
the input connection to a standard teletypewriter
printer, an intermediate control unit is required

between the converter and the teletypewriter
printer.

b. The equipment consists of two separate radio
frequency (rf) input channels which feed fre-
quency-shift signals to a diversity section. In the
diversity section, the two signals are combined and
the result is converted from frequency-shift car-
riers to dc mark-space pulses. Each input circuit
operates from the if. output of a radio receiver
whose if. is within the range of 450 to 510 kilo-
cycles (kec). One of the features of each converter
channel is the automatic frequency control (afc)
circuit, which tends to minimize loss of output or
distortion in output teletypewriter (tty) signals
if the received signals drift away from the normal
frequency.

c. The converter has self-contained meters for
measuring various currents and voltages through-
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“out the unit. The dc output in the diversity cir-
cuit produces a signal for neutral loop operation.
The converter also has facilities to permit revers-
ing the polarities of the output mark and space
signals, and for establishing mark output signals
for adjustment purposes.

4. System Application

a. Frequency Shift Converter CV-116/URR is
a link in a complete radioteletype communications
system. A typical system consists of a teletype-
writer, a control unit, a frequency shift keyer, a

FREQUENCY SHIFT
CONVERTER
€V =116 /URR

RApIO
=¥ RECEIVERS
R-390/URR

ELECTRICAL
EQUIPMENT
CABINET CY-H/U

MZ2a)

Figure 2. Frequency Shift Converter CV-116 in Radio
Receiving Set AN/FRR-38.

radio transmitter and antenna in the transmitting
section, and two radio receivers and antenna, a
Frequency Shift Converter CV-116/URR, and a
teletypewriter printer in the receiving section.
The converter can be used with one radio receiver,
or with two radio receivers operating in either a
space-diversity or frequency-diversity system.

b. Figure 2 shows the converter unit in a typical
radio receiving set, Radio Receiving Set AN/
FRR-38. Two Radio Receivers R-390/URR are
used for diversity reception and the three units
are housed together in Electrical Equipment Cabi-
net CY-1119/U. The block diagram in figure 3
shows the signal path through the receiving end
of a typical radio teletypewriter communications
system. Frequency-shifted signals are fed to each
receiver from an associated antenna. At the re-
ceivers, conversion of the signals to an if. takes
place and the if. signals are amplified. The if.
amplifier output of each receiver is fed to its re-
spective converter section. Both input sections,
in turn, feed the diversity section where frequency-
shifted signals are converted into dc pulses. These
de mark-space pulses are used to operate the tele-
typewriter printer. Normally, the output of the
converter is fed to the tty through a control unit.

¢. The CHANNEL SELECTOR switch located
on the front panel permits selection of the output
of either channel A or channel B, or the combined
outputs of channels A and B for conversion to dc
pulses in the diversity circuits.

5. Technical Characteristics
Converter if. center frequencies :

Channel A frequency________ 50 ke.
Channel B frequency________ 29.3 kec.
Input frequency_______________ 450 to 510 ke.
Required minimum input volt-
age 100 uv.
Input frequency-shift range____ 150 to 1,000 cycles.
Input impedance_ . _____________. 50 ohms (approx.).
Number of input channels_______ 2.
Number of tubes__...___________ 45.
Output -___ Mark 0.060 ampere.
Space 0.0 ampere.
Power source required__________ 115 volts, 5060 cycles,
single phase ac.
Power consumption_____________ 200 watts.
Weight 69 1b.




6. Packaging Data

a. When packaged for shipment, the compo-
nents of Frequency Shift Converter CV-116/URR
are placed in a moisture-vaporproof container

(fig. 4). The size, weight, and volume of the
case follows:

Height __________________ 1184 inches.

Length__ - - 27 inches.

Width . 2214 inches.

Volume 4.13 cu ft.

Approximate gross weight__. 110 pounds.

b. The following list indicates the contents of

7. Table of Components

the case. See packing list attached to each case
for exact contents.

Contents Notes

1 Frequency shift converter unit._.| With tubes, pilot
lamp, crystals and
fuses.

2 Cords CG—409A/U____________
1 Electrical Power Cable Assem-

bly CX-2491/U.

1 Running spares_______________ See par. 9.
2 Technical manual 11-2241

Component I,‘;:S,;}ig:,d H&E.l)] ¢ ])(?xrl’.t)h L(eigg)th ‘(rgtlluf[t';e weigﬁltit(lb)
Frequency shift converter unit__ __________________________ 1 8% 17 19 |.__-____ 65
Cord CG-409A/U . e b P F 72 | __ 0.3
Electrical Power Cable Assembly CX-2491/U_______________ 1l 72 . 1.1
Technical Manual 11-2241.. ______________________________ 2 11 Y4 8y |
Running spares (spare tubes, fuses, crystals, and pilot lamp) _ - 1 e

Note.
requisition of spare parts.

8. Description

a. The frequency-shift converter unit (fig. 1)
is a self-contained unit 19 inches long, 834 inches
high, and 17-inches wide, weighing approximately
69 pounds. It has a gray aluminum-alloy panel,
base assembly, a black dust cover, and it is de-
signed for rack mounting.

b. The base assembly is fitted with file-drawer-
type double-extension drawer slides which sup-

port the chassis-panel dust cover assembly when

it is completely extended from its associated rack.
This is to facilitate inspection, adjustment, and
maintenance. Two handles extend forward from
the sides of the front panel for use in withdraw-
ing the assembly.

¢. Input, output, and power connections are
made by means of connectors located at the rear
of the chassis (fig. 9). The converter can be com-
pletely extended for maintenance and adjustment
purposes without removing the connecting cables.

d. All operating controls and meters are located
on the front panel. When the dust cover is re-
moved, the adjustment controls, used in preparing
the unit for operation, and the test switches can
be reached. The dust cover is held in place by

This list is for general information only. See appropriate supply publications for information pertaining to

four fasteners. Fuses and discriminator trans-
former adjustment screws are located at the rear
of the unit.

e. Do not attempt to remove the converter with-
out first disconnecting all cables at the rear of the
chassis. The converter can be removed from its
base assembly by loosening the knob fastener at
each end of the front panel, sliding the chassis-
panel dust cover assembly completely out, and
lifting upwards.

9. Running Spares

The group of running spares supplied with each
Frequency Shift Converter CV-116/URR is
packed in a corrugated fiberboard box taped to the
side of the internal flanged corrugated packaging
tubing. Spares are provided for all normally ex-
pendable items such as tubes, pilot lamps, fuses,
and crystals. Following is ‘a list of running
spares:

1 panel indicator lamp
12 fuses, 3-ampere

1 crystal, 405 ke

1 crystal, 425.7 ke

4 tubes, 5726

1 tube, 6AQ5W
4 tubes, 6AU6
1 tube, 6BAT

4 tubes, 5814




0
.n i
£ L
. <
s w 8
wE z :
zz : :
G & . :
w Vm .
= S
R -
§ [
)
S
<] s t.
@x x , n
Z a g i !
: ] A :
o 3 :
: =
: »
Fm————————— ; M
A : :
i 1§ :
| | m e
| - E
| | 3 w
| 2 s D.
~
| - ¢! § R
! £z - R
! n © 513 > :
z v p T T S /
| 2z o 8 :
t 2 | i ”..
c” L . _
| ,_.l.__ g :
| m_ M :
| W_ = oru
| 8 : M ;
o| 2 : ‘
| | M :
-
- o m V
< ) ol S
- : :
| _M_Unlv ° 2 RS S
| 59 oro > | :
Zak Ys = o 5 :
| S ok - hy
$29 z% o = —
| o = w7 . :
X ” 3 W n
| o g 3 :
| x | & ;
w > :
Lo | 3 ;
IIIIIIIII L PR nM
e -1 =
-O -
: ~
: v
: b
S
@ . W
w . F
g @
i 5 :
i i h




10. Additional Equipment Required

Because the converter is part of a communica-
tions system, the other components of the system
are required for operation. A typical receiving

_system would include the following equipment :

2 radio receivers and antennas. (1 required
for single-channel operation.)

1 Frequency Shift Converter CV-116/URR.

1 Teletypewriter TG-7-B (receiving).

1 control unit or adapter connector (required
to match the output connector of the con-
verter to the input connector of the tele-
typewriter).

Additional crystals for crystal operation on a
variety of receiver if. frequencies.




CHAPTER 2
INSTALLATION

11. Placement of Equipment

This equipment is designed to be rack mounted
with two receivers. In a standard relay rack in-
stallation, it is suggested that one receiver be
mounted above and the other below the converter
to facilitate extension of the converter from the
base assembly for servicing. Because the con-
verter input cables (fig. 1) are 6 feet long, the
receivers and the converter power source should
not be more than 6 feet from the converter. The
converter power connection must be made to a
115 v, 50-60 cycles per second (cps) single phase
ac source. Power input connections and tty out-
put connections are made at the rear of the chassis.
Eight screws on the base assembly secure the
equipment to the rack. See figure 6.

12. Uncrating, Unpacking, and Checking
New Equipment

Note. For used or reconditioned equipment, refer to
paragraph 15.

a. General. The equipment is shipped in a
wooden packing case as in figure 4 When new
equipment is received, select a location where the
equipment may be unpacked without exposure to
the elements and which is convenient for installa-
tion.

Note. Be careful when uncrating, unpacking, and han-
dling the equipment; it is easily damaged. If it be-
comes damaged or exposed, a complete overhaul might
be required or the equipment may be rendered useless.

b. Step-By-Step Instructions for Uncrating and
Unpacking Shipments (fig. 5).

(1) Place the packing case as near the oper-
ating position as convenient.

(2) Remove the nails with a nail puller as
shown in figure 5@. Remove the top of
the packing case. Do not attempt to pry
off the top; the equipment may be dam-
aged.

(3) Remove the outer cardboard carton from
the case as shown in figure 5@®.

(4) Remove the equipment from the outer
carton as shown in figure 5@©.

(5) Remove the moisture-vaporproof bar-
rier from the inner carton.

(6) Open the inner carton as shown in fig-
ure 5®), and remove the flanged card-
board tubing. Place the operating com-
ponents and running spares on the work
bench or near the final location.

(7) Inspect all equipment for possible dam-
age incurred during shipment.

¢. Checking. Check the ~ontents against the
master packing slips.

13. Installation
(fig. 6)

a. The converter unit is designed for rack mount-
ing. It is secured to the rack by screws through
holes in the side flanges of the base assembly.

0. Before installing the converter, make cer-
tain that the tubes (fig. 45) are firmly inserted in
their sockets and that the proper fuses are in-
serted in the fuse holders (fig. 9).

c. To install the converter in the rack, first re-
move the chassis-panel assembly from the base
assembly by loosening the knob fasteners at each
end of the front panel and lifting upwards. Posi-
tion the base assembly in the rack and secure it
in place with the oval head machine screws and
cup washers furnished with the rack as shown in
figure 6@). Extend the drawer slides, as shown
in figure 6(®) to replace the chassis-panel assembly
in the base. Slide the converter into the rack
and tighten the two knob fasteners (fig. 6(©

and ©)).

14. Connections

a. Connections between the converter unit, its
associated receivers, the control box, and the tty
printer vary, depending on whether one or two
receivers are used. Typical conections are shown
in figure 7. (Refer to TM 11-647 for if. output
connections.)
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Figure 5. Frequency Shift Converter CV-116/URR, uncrating and unpacking.
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b. Insert the plug at one end of Cord CG-
409A /U into the INPUT A jack located at the
rear of the converter and the plug at the other
end of the cord into the coaxial if. output connec-
tor on the receiver, designated as receiver A.

c. If a second receiver is used for diversity oper-

RECEIVER B

«4—CORD GCG-409A/U

CONVERTER
UNIT
ELECTRICAL POWER =
CABLE ASSEMBLY 0 | @

CX-249i/U \

LICTEN ) S ——
THROUGH
CONTROL BOX

@

«+—CORD GCG-409A/U

RECEIVER A
e

T™M2241-7

Figure 7. Dual-diversity operation, cording diagram.

ation, insert the plug at one end of a second Cord
CG—409A /U into the INPUT B jack at the rear
of the converter. Insert the plug at the other
end of the cord into the coaxial if. output con-
nector on the second receiver, designated as re-
ceiver B.

d. The output connection (through a control
box) to the tty selector magnet is made through
pins A and D of the TT connector. (Refer to
the technical manual of the teletypewriter for
connections.) Provision has been made to place
the converter MARK HOLD-XTAL-AFC switch
in the MARK HOLD position from a remote po-
sition. This connection may be made by wiring
a test key or lever switch between pin C of the TT
connector and ground.

e. Insert the plug at one end of Electrical
Power Cable Assembly CX-2491/U into the three-
prong PWR. 1IN jackattherearofthe converter.
Insert the two-prong plug at the other end of the
power cord into the 115-volt ac power receptacle.

15. Service Upon Receipt of Used or Recondi-
tioned Equipment

a. Follow the instructions given in paragraph
12 for uncrating, unpacking, and checking the
equipment.

b. Check the used or reconditioned equipment
for tags or other indications pertaining to changes
in the wiring of the equipment. If changes in
wiring have been made, note the changes in this
manual, preferably on the schematic diagram.

¢. Check the operating controls for ease of ro-
tation. If lubrication is required, refer to the
lubrication instructions in paragraphs 32 and 33.

d. Perform the installation and connection pro-
cedures given in paragraphs 13 and 14.

11




CHAPTER 3
OPERATION

Section
16. General

Haphazard operation or improper setting of the
controls can cause damage to electronic equipment.
For this reason, it is important to know the func-
The actual operation of the

tion of every control.

I. CONTROLS AND INSTRUMENTS

17. Controls and Instruments
(fig.8)
The following chart lists the controls and in-
struments of the converter and indicates what they
do.

equipment is discussed in paragraphs 18 and 19.

Control or instrument

Function

POWER switeh _ _ _ _ ____________________ ___
AFC switeh___ _ . _____ o ______
CHANNEL SELECTOR switeh___________ L.
Channel A AFC SHIFT ADJUSTMENT_____
Channel A AFC THRESHOLD ____________.

Channel A AFC-XTAL-MARK HOLD switen_

Channel A DRIFT INDICATOR._ _________ -

Channel B AFC SHIFT ADJUSTMENT____.
Channel B AFC THRESHOLD LEVEL______

Channel B AFC-XTAL-MARK HOLD switch.

Channel B DRIFT INDICATOR. ______.____

Channel A or B SIGNAL INPUT meter_____._

Channel B DISCRIMINATOR meter________
Channel A DISCRIMINATOR meter________

In ON position, connects converter to ac power source.

In ON position, puts automatic frequency control into operation.

Selects channel or channels to be fed to diversity circuits.

Adjusts balance of channel A afc dc amplifiers for signals of various
frequency shifts.

Determines the minimum level above which the channel A automatic
frequency control circuit and keyer will operate.

Selects method of frequency control for channel A oscillator and energizes
the mark-hold circuit for test purposes. Using the right or left setting
determines polarity of output mark-space signals.

Indicates amount of correction from original setting automatically ap-
plied to channel A oscillator circuit to compensate for signal drift
when operating MARK HOLD-XTAL-AFC switch in AFC position
and AFC switch in ON position. Clutch permits manual control and
correction of channel A oscillator frequency when operating MARK
HOLD-XTAL-AFC switch in AFC position.

Adjusts balance of channel B afec de amplifiers for signals of various
frequency shifts.

Determines the minimum level above which the channel B automatic
frequency control circuit and keyer will operate.

Selects method of frequency control for channel B oscillator and also to
energize the mark-hold circuit for test purposes. Using the right or
left setting determines polarity of output mark-space signals.

Indicates amount of correction from original setting automatically
applied to channel B oscillator circuit to compensate for signal drift
when operating MARK HOLD-XTAL-AFC switch in AFC position
and AFC switch in ON position. Clutch permits manual control
and correction of channel B oscillator frequency when operating
MARK HOLD-XTAL-AFC switch in AFC position.

Indicates the input level of the signal at the respective converter input
terminals.

Indicates channel B discriminator output.

Normally indicates channel A discriminator output. May be used
during alignment and final testing (ch. 5, Sec. III and IV) for meter-
ing various voltages throughout the converter.

Indicates by spinner disk whenever motor is operating to control oscil-
lator frequency.

Selects correct filter circuit in discriminator section output for different
keying speeds.

HIGH: For keying speeds over 38 dot cycles per second.

LOW: For keying speeds up to 38 dot cycles per second.

12
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Section Il. PRESETTING AND INITIAL ADJUSTMENT

18. Presetting

The adjustment and operating instructions out-
lined in this and the following section apply to the
equipment when it is used with radio receivers that
have an if. output matching the present converter
input frequency. In this case, no presetting of
the converter should be necessary. Although the
converter is preset for operation with a receiver
having an if. frequency of 455 ke, it may be used
with any receiver having an if. frequency in the
range of 450-510 ke. A receiver having a different
if. than that for which the converter has been pre-
set cannot be used with the CV-116/URR until
other crystals have been substituted for those in-
stalled in the converter and its if. input stages have

been realined. The proper crystal frequencies for
the converter may be determined from the fol-
lowing formulas:

for Channel A, #F=F,—50 ke

for Channel B, 7/=F,—29.3 kc
where /'=Crystal frequency in kc and #;=Re-
ceiver if. frequency in ke. A complete rf aline-
ment procedure is given in paragraph 61.

19. Initial Adjustment

e. General. 1n teletypewriter-printer loop cir-
cuits a marking current of 60 milliamperes (ma)
is normally used. Potentiometer adjustment
R109 (fig. 10) is provided to maintain this cur-
rent flow for external loop resistance variations

METER SWITCH SIlI

ADJUSTMENT

; REAR - s12
Rk 7= = i
) J10 _—j
KEYER CIRCUIT
TTY LOOP CURRENT ADJUSTMENT
ADJUSTMENT
KEYER CIRCUIT RIO9
ADJUSTMENT R|04
CHANNEL A R99 CHANNEL B
DC AMPLIFIER g DC AMPLIFIER VRie7
KEYER cmcun—».
ADJUSTMENTS EvE @ ADJUSTMENTS

PRESS TO TEST
SWITCH SI0O

—— —
TM 2241-9
Figure 10. Converter unit top view, showing location ol afe and keyer circuit adjustment controls and metering

switches.

14



between 125 and 500 ohms. Once set for a given
loop circuit, frequent adjustment of the output
circuit should not be necessary. However, this
initial adjustment is required whenever a differ-
ent printer is used, whenever changes are made in
the external loop circuit to compensate for tube
or component aging, or whenever different ac
power conditions exist.

b. Loop Current Adjustment. After checking

to see that all required connections have been made
as described in paragraph 14, throw the converter
POWER switch to the ON position. The pilot
lamp should light. Set the meter switch S11 (fig.
10) to position R109. Depress the PRESS TO
TEST switch and adjust potentiometer R109 for
a 60 microampere reading on the channel A DIS-
CRIMINATOR meter. This reading multiplied
by 1,000 is 60 ma, the required loop current.

Section Ill. OPERATION UNDER USUAL CONDITIONS

20. Preliminary Starting Procedure

Perform the preliminary starting procedure
given below before using the starting procedure
described in paragraph 21.

a. Be sure that a 115 volt, 50-60 cycle, power
source is available and that the POWER switch
is in the OFF position.

b. Be sure that the AFC switch is in the OFF
position.

¢. Turn both AFC SHIFT ADJUSTMENT
controls to 0.

d. Turn both AFC THRESHOLD LEVEL
controls to OFF.

e. Rotate the CHANNEL SELECTOR switch
to A.

/. Rotate both AFC-XTAL-MARK HOLD
switches to MARX HOLD position.

¢g. Turn both DRIFT INDICATOR controls
to 0.

k. Set SPEED switch at the LOW position.

21. Starting Procedure

Note. If, during the starting procedure, an abnormal
result is obtained see figure 40, troubleshooting chart.

See paragraph 20 before using this starting pro-
cedure.

@. Throw the POWER switch to ON and allow
the converter to warm up.

b. Tune in a teletypewriter signal on receiver A
by using a pair of earphones and the beat fre-
quency oscillator (bfo) of the receiver to locate
the station. Turn the receiver bfo off and leave
it off for all subsequent operations.

¢. Slowly retune radio receiver A while observ-
ing the channel A DISCRIMINATOR meter M4.
Tune until the meter needle deflects to the right
and to the left for miscellaneous keying signals.
The deflections will be of approximately equal plus
and minus values when the receiver is correctly
tuned. The reading on meter M1, showing the

SIGNAL INPUT level, should be at a maximum
for the station being tuned in.

d. Rotate the channel A AFC-XTAIL-MARK
HOLD switch to the left-hand XTAL position.
Turn the teletypewriter printer on and check the
copy. If the printing has no meaning, rotate
AFC-XTAL-MARK HOLD switch to the right-
hand XTAL position. The teletypewriter should
now print correct copy.

Note. Many teletypewriter stations transmit coded
messages, in which case, correct operation can be deter-
mined by proper carriage return and line feed.

e. Rotate the CHANNEL SELECTOR switch
to B.

f. Tune receiver B to the same teletypewriter
signal using the bfo to set the signal by ear. Then
turn the bfo off.

g. Slowly retune receiver B while observing the
channel B DISCRIMINATOR meter M3. Tune
until the miscellaneous deflections on meter M3
center around zero.

/. Rotate the channel B AFC-XTAL-MARK
HOLD switch to the left-hand XTAL position.
Check the copy on the teletypewriter printer. If
the printing has no meaning, rotate the AFC-
XTAIL-MARK HOLD switch to the right-hand
XTAL position.

<. With both receivers operating, rotate the
CHANNEL SELECTOR switch to the A+ B po-
sition. The converter is now set up for diversity
operation.

22. Types of Operation

a. General. Whether using a diversity system
or a single receiver input to the converter, three
types of operation are possible. The type of op-
eration used depends on the desired method for
controlling the frequency of the converter oscil-
lator. Three means of frequency control are
available; the crystal controlled oscillator, the
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variable frequency oscillator (vfo), and vfo with
afe.

b. Crystal-Controlled Oscillator O peration. To
place the converter in operation with crystal con-
trol, follow the steps outlined in paragraph 21.
If either receiver A or B indicates a drifi in fre-
quency, retune the receiver carefully to obtain an
average zero output on the DISCRIMINATOR
meter.

c. Manually Tuned Vfo Operation. To op-
erate the converter with manual control of the
oscillator frequency, perform the steps outlined
in paragraph 21 and proceed as follows:

(1) With both DRIFT INDICATOR con- -

trols set to zero, set the CHANNEL SE-
LECTOR switch to position A and ro-
tate the channel A AFC-XTAL-MARK
HOLD switch to the right or left AFC
position corresponding to the XTAL po-
sition required for correct copy (par.
21d).

(2) Carefully tune the channel A DRIFT
INDICATOR control until the DIS-
CRIMINATOR meter needle fluctuates
about zero on miscellaneous keying sig-
nals.

(3) Adjust the channel A DRIFT INDI-
CATOR control to correct for small fre-
quency drifts that may occur in receiver
A during operation.

(4) Rotate the CHANNEL SELECTOR
switch to position B and the channel B
AFC-XTAL-MARK HOLD switch to
the right or left AFC-XTAL position as
determined during the operation per-
formed under paragraph 21A.

(5) Carefully tune the channel B DRIFT
INDICATOR control until the channel
B DISCRIMINATOR meter needle
fluctuates about zero on miscellaneous
keying signals.

(6) Adjust the channel B DRIFT INDI-
CATOR control to correct for small fre-
quency drifts that may occur in receiver
B during operation.

(7) Rotate the CHANNEL SELECTOR
switch to position A+ B for diversity op-
eration of the converter.

d. Afc Operation. To place the converter in
operation with automatic frequency control, per-
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form the steps outlined in paragraph 21. Move
the AFC toggle switch to the ON position and
proceed as follows:

(1) Rotate the CHANNEL SELECTOR
switch to position A.

(2) Rotate the channel A AFC-XTAL-
MARK HOLD switch to the right or
left AFC position corresponding to the
XTAL position required for correct copy
(par. 21d), and immediately turn the
channel A AFC SHIFT ADJUST-
MENT until the AFC INDICATOR
stops spinning. The teletypewriter
should start printing.

(3) Adjust the channel A AFC THRESH-
OLD LEVEL control knob to the high-
est clockwise reading that does not allow
weak signals to operate the teletype-
writer. A practical way to find this
setting is to advance the knob several
divisions from the OFF position and
check to see that the teletypewriter is
printing correct copy. If the teletype-
writer starts to print garbled copy, ad-
vance the knob further in the clockwise
direction. The setting of the control is
subject to change from time to time be-
cause of different transmission conditions.
A steady marking condition results when
the transmitting station shuts down or
when the signal level drops below that
set by the AFC THRESHOLD LEVEL.

(4) With the same teletypewriter signal
tuned in on receiver B, rotate the
CHANNEL SELECTOR switch to po-
sition B.

(5) Rotate the channel B AFC-XTAL-
MARK HOLD switch to the right or left
AFC position corresponding to the
XTAL position required for correct copy
(par. 212), and immediately turn the
channel B AFC SHIFT ADJUST-
MENT until the AFC INDICATOR
stops spinning. The teletypewriter
should start printing.

(6) Adjust the channel B AFC THRESH-
OLD LEVEL control knob to the highest
clockwise reading that does not allow
weak signals to operate the teletypewriter
((3) above).



(7) Rotate the CHANNEL SELECTOR
switch to the A+ B position. The tele-
typewriter should now print correct copy
indicating that the converter is ready for
dual diversity operation.

23. Stopping Procedure

The stopping procedure is the same for all types
of operation. Throw the POWER switch to the

OFF position.

Section IV. OPERATION UNDER UNUSUAL CONDITIONS

24. General

The operation of Frequency Shift Converter
CV-116/URR may be difficult in regions where
extreme cold, heat, humidity and moisture, or
sand conditions prevail. In the following para-
graphs, instructions are given on procedures for
minimizing the effects of these unusual operating
conditions.

25. Operation in Arctic Climates

Subzero temperatures and climatic conditions
associated with cold weather affect the efficient
operation of the equipment. Instructions and pre-
cautions for operation under such adverse condi-
tions follow.

@. Handle the equipment carefully.

b. Keep the equipment warm and dry.

¢. When equipment that has been exposed to
cold temperature is brought into a warm room, it
will sweat untilit reachesroom temperature. This
condition also may occur when the equipment
warms up after a cold night. When the equipment
reaches room temperature, dry it thoroughly.

26. Operation in Tropical Climates

When operated in tropical climates, radio equip-
ment may be installed in tents, huts, or, when nec-
essary, in underground dugouts. When equip-
ment is installed below ground and when it is set
up in swampy areas, moisture conditions are more
acute than normal in the tropics. Ventilation is
usually very poor, and the high relative humidity
causes condensation of moisture on the equipment
whenever the temperature of the equipment be-
comes lower than the surrounding air. To mini-
mize this condition, provide adequate ventilation.

27. Operation in Desert Climates

a. Conditions similar to those encountered in
tropical areas often prevail in desert areas. Use
the same measures to insure proper operation of
the equipment.

b. Never tie cords to either the inside or the
outside of tents. Desert areas are subject to sud-
den wind squalls which may jerk the connections
loose or break the lines.

¢. Keep the equipment as free from dust as pos-
sible. Make frequent preventive maintenance
checks (pars. 28 through 31).
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CHAPTER 4
ORGANIZATIONAL MAINTENANCE

Section |. PREVENTIVE MAINTENANCE SERVICES

28. Definition of Preventive Maintenance

Preventive maintenance is work performed on
equipment to keep it in good working order so
that breakdowns and needless interruptions in
service will be kept to a minimum. Preventive
maintenance differs from troubleshooting and re-
pair in that its object is to prevent certain troubles
from occurring.

29. General Preventive Maintenance Tech-
niques

a. Use No. 000 sandpaper to remove corrosion.

b. Use a clean, dry, lint-free cloth or a dry brush
for cleaning.

(1) If necessary, except for electrical con-
tacts, moisten the cloth or brush with
Solvent, Dry Cleaning (SD); wipe the
parts dry with a cloth,

(2) Clean electrical contacts with a cloth
moistened with carbon tetrachloride;
wipe dry with a dry cloth.

Caution: Repeated contact of carbon
tetrachloride with the skin, or prolonged
breathing of fumes, is dangerous. Make
sure adequate ventilation 1s provided.

o. 1f available, dry compressed air may be used
at a line pressure not exceeding 60 pounds per
square inch to remove dust from inaccessible
places; be careful, however, or mechanical damage
from the air blast may result.

Note. The initial airblast should be directed away
from the equipment to prevent possible damage from any
foreign matter which may have been in the air line.

&. For further information on preventive main-
tenance techniques, refer to TB SIG 178.

30. Use of Preventive Maintenance Forms
(figs. 11 and 12)
a. The information in this paragraph is pre-
sented as a guide to the individual making an
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inspection of equipment in accordance with in-
structions on DA Forms 11-238 and 11-239. The
decision as to which items on the forms are appli-
cable to this equipment is a technical decision to
be made in the case of first echelon maintenance,
by the communication officer/chief or his desig-
nated representative, and in the case of second
and third echelon maintenance, by the individual
making the inspection. Instructions for the use
of each form appear on the reverse side of the
form.

b. Circled items on figures 11 and 12 are either
partially or totally applicable to Frequency Shift
Converter CV-116/URR. Paragraph numbers
in the ITEM column refer to preventive mainte-
nance information in this manual.

31. Performing Preventive Maintenance

a. Performing FEwxterior
tenance.

Caution: Tighten screws, nuts, and bolts care-
fully. Fittings tightened beyond the pressure for
which they are designed will be damaged or
broken.

(1) Check for completeness and satisfactory
condition of the converter unit (par. 7).

(2) Check suitability of location and installa-
tion for normal operation (pars. 11 and
13).

(3) Remove dirt and moisture from cords,
jacks, plugs, and panels of the converter.

(4) Inspect the seating of the fuses (fig. 9)
and all plugs and connectors.

(5) Inspect all controls for binding, scrap-
ing, excessive looseness, worn shafts, mis-
alinement, and positive action (figs. 8,
9, and 10).

(6) Check for normal operation (pars. 18
through 23).

(7) Clean and tighten the panel mountings

(fig. 6).

Preventive Main-



OPERATOR FIRST ECHELON MAINTENANCE CHECK LIST FOR SIGNAL CORPS EQUIPMENT
RADIO COMMUNICATION, DIRECTION FINDING, CARRIER, RADAR

INSTRUCTIONS: See other side
EQUIPMENT NOMENC LATURE EQUIPMENT SERIAL NO.

LEGEND FOR MARKING CONDITIONS: ¥  Satisfactory; X Adjustment, repair or replacement reduired; (¥) Defect corrected.
NOTE: Strike out items not applicable,
DAILY

CONDITION

NO ITEM

COMPLETENESS AND GENERAL CONDITION OF EQUIPMENT (receiver, transmitter, carrying cases, wire and cable,
microphones, tubes, spare parts, technical manuals and accessories). PAR.310a (1)

LOCATION AND INSTALLATION SUITABLE FOR NORMAL OPERAT1ON.
PAR.310a (2)

3} CLEAN DIRT AND MOISTURE FROM ANTENNA, MICROPHONE, HEADSETS, CHESTSETS, KEYS, JACKS, PLUGS, TELEPHONES,
CARRYING BAGS, COMPONENT PANELS.
, PAR.31a (3)

M
(, INSPECT SEATING OF READILY ACCESSIBLE "PLUCK-OUT" ITEMS: TUBES, LAMPS, CRYSTALS, FUSES, CONNECTORS,
VIBRATORS, PLUG-IN COILS AND RESISTORS. PAR. 310 (4)

l 5‘ INSPECT CONTROLS FOR BINDING, SCRAPING, EXCESSIVE LOOSENESS, WORN OR CHIPPED GEARS, MISALIGNMENT, POSITIVE
ACTION.
PAR. 310 (5)

6
(4) CHECK FOR NORMAL OPERATION.

PAR.31 0 (6)

WEEKLY
| é 1
NO. ITEM EE Y ITEM 23
37 z 4
5 54
U 7
CLEAN AND TIGHTEN EXTERIOR OF COMPONENTS AND CASES, RACK
MOUNTS, SHOCK MOUNTS, ANTENNA MOUNTS, COAXIAL TRANSMISSION INSPECT STORAGE BATTERIES FOR DIRT, LOOSE TERMINALS, ELEC-
LINES, WAVE GUIDES, AND CABLE CONNECT IONS. TROLYTE LEVEL AND SPECIFIC GRAVITY, AND DAMAGED CASES.

PAR. 310 (7)

©
5
)

INSPECT CASES, MOUNTINGS, ANTENNAS, TOWERS, AND EXPOSED CLEAN AIR FILTERS, BRASS NAME PLATES, DIAL AND METER
METAL SURFACES, FOR RUST, CORROSION, AND MOISTURE. WINDOWS, JEWEL ASSEMBLIES.
PAR. 310 (8) PAR. 310 (12)
INSPECT CORD, CABLE, WIRE, AND SHOCK MOUNTS FOR CUTS,
BREAKS, FRAYING, DETERIORATION, KINKS, AND STRAIN. INSPECT METERS FOR DAMAGED GLASS AND CASES.
PAR.310{9) PAR.31a (13)
10 16
INSPECT ANTENNA FOR ECCENTRICITIES, CORROSION, LOOSE FIT, INSPECT SHELTERS AND COVERS FOR ADEQUACY OF WEATHER-
DAMAGED INSULATORS AND REFLECTORS. PROOF ING.
1L 17
INSPECT CANVAS ITEMS, LEATHER, AND CABLING FOR MILDEW,
TEARS, AND FRAYING. CHECK ANTENNA GUY WIRES FOR LOOSENESS AND PROPER TENS|ON.
PAR.31a (10)
12) \NSPECT FOR LOOSENESS OF ACCESSIBLE ITEMS: SWITCHES, 18
KNOBS, JACKS, CONNECTORS, ELECTRICAL TRANSFORMERS, POWER- CHECK TERMINAL BOX COVERS FOR CRACKS, LEAKS, DAMAGED
STATS, RELAYS, SELSYNS, MOTORS, BLOWERS, CAPACITORS, GEN- GASKETS, DIRT AND GREASE ’ ’
ERATORS, AND PILOT HT ASSEMBLIES. ’ :
ORS, 1L L6 BL PAR.3Ia (1)
IF DEFICIENCIES NOTED ARE NOT CORRECTED DURING INSPECTION, INDICATE ACTION TAKEN FOR CORRECTION. PAR.31 a (i15)

DA 1F2§:‘ 51 11-238 REPLACES DA AGO FORM 419, 1 DEC 50, WHICH 1S OBSOLETE.

Figure 11. DA Form 11-238.

19




20

SECOND AND THIRD ECHELON MAINTENANCE CHECK LIST FOR SIGNAL CORPS EQUIPMENT
RADIO COMMUNICATION, DIRECTION FINDING, CARRIER, RADAR

LNSTauCTIONS:

See other side

EQU! PUENT NOMENCLATURE

! EQUIPMENT SERIAL NO.

LEGEND FOR MARKING CONDITIONS: ¥ Satisfactory; X Adjustmeat, repair or replacement required; (¥) Defect corrected.
NOTB: Strike out jtems not applicable.

LOCATION AND INSTALLATION SUITABLE FOR NORMAL OPERATION.
PAR. 310 (2)

L T
No ITem 3. ITEM EY: |
=1 I &
19

[ 2} couriereness anD GENERAL CONDITION OF EQUIPHENT (receiver, ELECTRON TUBES - INSPECT FOR LOOSE ENVELOPES, CAP CONNEC—
"“;"“‘“‘"- carrying coses, wire and cable. "“"‘F"“;'"- TCRS, CRACAED SOCKETS: INSUFFICIENT SOCKET SPRING TENSION;
tubes, aspare parts, technical manusls and accessories). CLEAR DUST AND DIRT CAREFULLY; CHECK EWISSLON OF REGE IVER
PAR.310 (1) Trof Tuoes. ; PR SFE TR

INSPECT FiLM CUT-QUTS FOR LOOSE PARTS, DIRT, MISALIGNMENT
AND CORROSFON.

®

CLEAN DIRT ANC kOISTURE FROM ANTENNA, MICROPHONE, HEADSETS,
CHESTSETS, KEYS, UACKS, PLUGS, TELEPRONES, CARRYING BAJS,

COMPONENT PANELS. PAR. 310 (3)

INSPECT FIXED CAPACITCRS FOR LEAKS, BULGES, AND DISCOLORA=-
10N,
PAR.3I1 b (2)

INSPECT SEATING OF READILY ACCESSIBLE "PLUCK~CUT" {TEMS:
TUBES, LAMPS, CRYSTALS, FUSES, CONNECTORS, VIBRATORS,
PLUG=IN COILS AND RESISTORS.

PAR. 310 (4)

INSPECT RELAY AND CIRCUIT BREAKER ASSEMBLIES FOR LOOSE

MOUNT INGS; BURNED, PITTED, CORRODED CONTACTS; WISALIGNMENT
OF CONTACTS AND SPRINGS; INSUFFICIENT SFRING TENSION; BIND-
ING OF PLUNGERS AND HINGE PARTS. PAR.31b (3)

CHECK FOR NORMAL OPERATION.
PAR.310 {6)

7
23
INSPECT CONTROLS FOR BINDING, SCRAPING, EXCESSIVE LOOSENESS, INSPECT VARIABLE CAPACITORS FOR DIRT, MOISTURE, MISALIGN=-
WORN OR CHIPPED GEARS, MISALIGNMENT, POSITIVE ACTION. MENT OF PLATES, AND LOOSE MOUNT {NGS.
PAR. 310 (5) PAR.31b (4)
(] 24

INSPECT RESISTORS, BUSHINGS, AND INSULATORS, FOR CRACKS,
CHIPPING, BLISTERING, DISCOLORATION AKND MOISTURE.

PAR.31b (5)

CLEAN AND TIGHTEN EXTERIOR OF COMPONENTS AND CASES, RACK
MOUNTS, SHOCK MOUNTS, ANTENNA MOUNTS. COAX{AL TRANSMISSION
LINES, WAVE GUIDES,. AND CAGLE CONNECTIONS.

PAR.310 (7)

INSPECT TERMINALS OF LARGE FIXED CAPACITORS AND RESISTORS
FOR CORROSION, DIRT AND LOOSE CONTACTS.

PAR.3ib (6)

INSPECT CASES, MOUNTINGS, ANTENNAS, TOWERS, AND EXPOSED
METAL SURFACES, FOR RUST, CORROSION, AND MOISTURE.

CLEAN AND TIGHTEN SWITCHES, TERMINAL BLOCKS, BLOWERS,
RELAY CASES, AND INTERIORS OF CHASSIS AND CABINETS NOT
READILY ACCESSIBLE.

CLEAN AIR FILTERS, BRASS NAME PLATES, DIAL AKD uETER
WINDOWS, JEWEL ASSEMSLIES.

PAR. 310 (12)

B PAR.310(8) PAR.31b (7)
Cl g
INSPECT CORD, CABLE, WIRE, AND SHOCK MOUNTS FOR CUTS, INSPECT TERMINAL BLOCKS FOR LOOSE CONNECT1ONS, CRACKS
BREAKS, FRAYING, DETERIORATION, KINKS, AND STRASN. ANO BREAKS.
PAR. 3140 {9) _ PAR. 31b (8)
10 28
INSPECT ANTENNA FOR ECCENTRICITIES, CORROSION, LOOSE FIT,
CAMAGED INSULATORS AND REFLECTORS. CHECK SETTINGS OF AOUUSTABLE RELAYS.
_ PAR.31b (9)
iy [
INSPECT CANVAS ITEMS, LEATHER, AND CABLING FOR MILDEW, LUBRICATE EQUIPMENT IN ACCORDANCE WITH APPLICABLE
TEARS, AND FRAYING. DEPARTMENT OF THE ARMY tUBRICATION ORDER.
PAR.3t0 (10) PAR.31b (10)
12} INSPECT FOR LOOSENESS OF ACCESSIBLE ITEMS: SWITCHES, KNOBS, 30
JACKS, CONNECTORS, ELCZTRICAL TRANSFORMERS, POWERSTATS, INSPECT GENERATORS, AMPLIDYNES, DYNAMOTORS, FOR BRUSH WEAR,
RELAYS, SELSYNS, MOTORS, GLOAZRS, CAPACITORS, GENERATORS, SPRING TENSION, ARGING, AND FITTING OF COMMUTATOR.
ANO PILCT LIGHT ASSEMILIES. PAR. 310 (I1)
13 51}
INSPECT STORAGE BATTERIES FOR DIRT, LOOSE TERMINALS, CLEAN AND TIGHTEN CONNECTIONS AND MOUNT INGS FOR TRANSFORMERS
ELECTROLYTE LEVEL AND SPECIFIC GRAVITY, AND DAWAGED CASES. CHOKES, POTENTIOMETERS, AND RHEOSTATS.
PAR.31b (1)
1

INSPECT TRANSFORMERS, CHOKES, POTENTIOMETERS, AND
RHEOSTATS FOR OYERHEATING AND OIL-LEAKAGE.

PAR.31b (12)

INSPECT METERS FOR DAMAGED GIASS AND CASES. BEFORE SHIPPING OR STORING - REMOVE BATTERIES.
PAR.310(13)
16 34
INSPECT SHELTERS AND COVERS FOR ADEQUACY OF WEATHERPROOF ING. INSPECT CATHODE RAY TUBES FOR BURNT SCREEN SPOTS.
17 35
CHECK ANTENNA GUY WIRES FOR LOOSENZSS AND PROPER TENSION. INSPECT BATTERIES FOR SHORTS AND DEAD CELLS.
8 P INSPECT FOR LEAKING WATERPROOF GASKETS, WO 00!
CHECK TERMINAL BOX COVERS FOR CRACKS, LEAKS, DAMAGED a5 $45-
GASKETS, DIRT AND GREASE. @
MOISTURE AND FUNG1PROOF. PAR.31b (14)
28 IF DEFICIENCIES NOTED ARE NOT CORRECTED DURING INSPECTION, INDICATE ACTION TAKEN FOR CORRECT ION.

PAR.31b (15)

-
FopM . y P 'SOLETE. ab—10—54382-1
DA .0 51112‘39 REPLACES DAAGO FORW %1%, 1 DEC 50, WHICH 15 OBSOLETE

T™M2241-11

iqure 12. DA Form 11-239.



(8)

(9)

Inspect case, mounting, and exposed
metal surfaces for rust, corrosion, and
moisture.

Inspect cord and cable for cuts, breaks,
fraying, deterioration kinks, and strain

(fig. 7).

(10) Inspect cabling for tears, mildew, or

fraying (fig. 7).

(11) Inspect for looseness of accessible items :

switches, knobs, jacks, connectors, trans-
formers, relays, motors, blower, capaci-
tors, and pilot light assemblies.

(12) Clean the meter and indicator windows

and jewel assembly.

(13) Inspect meters for damaged glass and

cases.

b. Performing Interior Preventive Mainte-

nance.

Caution: Disconnect all power before perform-

ing the following operations.

Upon completion,

reconnect the power and check for satisfactory
operation.

(1)

Do not work on tubes immediately after
shutdown. Severeburnsmay result from
contact with hot envelopes. Inspect
glass envelopes for cracks and accumula-
tion of dirt (see fig. 45 for tube location).
Inspect firmness of tubes in their sockets.
Press them firmly, but gently, straight
down in their sockets. Do not jiggle the
tubes from side to side as this may break
the pins or spread the contacts of the
socket. Inspect tube sockets at times
when removal of the tubes is required.
Check emission of tubes.

Inspect terminals of the large fixed ca-
pacitors for corrosion and loose connec-
tions. Carefully inspect mountings to
discover loose mounting screws, studs, or
brackets. Examine leads for poor insu-
lation, cracks, and evidences of dry rot.
Cut away frayed strands on insulation.
If wire is exposed, wrap it with friction
tape. See that the terminals of capaci-
tors are not cracked or broken. Thor-
oughly inspect the case of each large fixed
capacitor for leaks, bulges, and discolor-
ation. Clean the case of fixed capacitors,
the insulating bushings, and all connec-
tionsthat are dirty or corroded. Capaci-
tor cases and bushings usually can be
cleaned with a dry cloth, however, if the

(5)

(7)

deposit of dirt is hard to remove, moisten
the cloth in solvent (SD).

The relay is considered normal if the ex-
terior is free from dirt or dust, the con-
tacts are not burned, pitted, or corroded,
the contacts are lined up and spaced cor-
rectly, the moving parts travel freely and
function properly, the connections to the
relay are tight, the wire insulation is not
frayed or torn, the relay assembly is
securely mounted, and the field coil shows
no signs of overheating. Examine the
contacts of the relay (par. 59) with the
ald of a flashlight. Tighten all loose
connections and mounting screws, but do
not apply enough force to damage the
screws or break the parts they hold.
Brush the exterior with a soft brush. If
it is very dirty, clean it with a brush
dipped in solvent (SD). If loose con-
nections are found, they should be cor-
rected. If dirty or corroded, remove,
clean, and replace them carefully.
Inspect variable capacitor C8 (fig. 48)
for dirt, moisture, misalinement of plates,
and loose mountings.

Inspect all resistors (figs. 43 and 46) for
blistering, discoloration, and other signs
of overheating. Inspect the coating of
the cement-coated resistors for signs of
cracks and chipping. Inspect all leads,
but be careful not to move resistors with
delicate pigtail leads or these leads may
break at the point where they enter the
resistor body. Resistors that have be-
come discolored indicate that they have
been overheated and that there may be
circuit trouble which requires analysis
and correction.

Note. When fungiproofed resistors are
heated, a harmless brown stain may appear.
Inspect terminals of large fixed capaci-
tors and resistors for corrosion, dirt, and
loose contacts ((2) above).

Inspect the mechanical action of each
switch. Look for signs of dirt and cor-
rosion of all exposed elements of the
switch (fig. 46). Examine the ganged
switches to see that their shafts are lubri-
cated properly (fig. 13) and that the elec-
trical contacts are clean. The inspection
1s visual. Do not pry the leaves of the
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switch apart. The rotating members
should make good contact with the sta-
tionary members, and as the former slides
into the latter, a spreading of the sta-
tionary contact levels should be noticed.
Clean the exterior surfaces of switches
with a stiff brush moistened with solvent
(SD).

(8) Inspect terminal blocks for loose connec-
tions, cracks, and breaks.

(9) Check the settings of relays K1 and K2
(par. 59).

(10) Lubricate the equipment as described in
paragraphs 32 and 33.

(11) Clean and tighten connections and
mountings for transformers, motors, po-
tentiometers, and rheostats.

(12) Inspect transformers, motors, potenti-
ometers, and rheostats for overheating.

(13) Check the front panel and case to be cer-
tain that a waterproof bond is main-
tained.

(14) Check the adequacy of moistureproof
and fungiproof treatment (pars. 34 and
35).

(15) If deficiencies noted are not corrected
during inspection, indicate action needed
for correction.

Section Il. LUBRICATION

32. Lubrication

The lubrication of the converter is relatively
simple. The points needing lubrication and the
frequency with which they should be lubricated
under normal operating conditions are shown in
figure 13.

a. Switches. The switch shafts are accessible
from the bottom or the top of the equipment. No
disassembly is necessary for their lubrication.
Clean the shafts and areas adjacent to the switch
shaft bearings. Apply a small amount of oil, lu-
bricating, preservative, special (PL) to the bear-
ings. Wipe off excess. The detent ball bearings
of the rotary switches should be given a light coat-
ing of grease at monthly intervals.

b. Converter Case. The guide rails inside the
case and the contacting surfaces of the fasteners
should be given a light coating of grease at
monthly intervals.

¢. Afe Unit Gears. The contacting gear sur-
faces, as well as the gear shafts, in the gear case

of the afc unit, should be coated with grease at
yearly intervals. See figure 48 and paragraph
585 for the method of disassembling the afc unit
for lubrication.

d. Blower Motor. Lubricate the two ball bear-
ings of the blower motor annually. The blower
motor may be dissassembled for access to the ball
bearings by removing the four screws that hold the
end balls together. Use a few drops of Oil, Lu-
bricating, Aircraft Instrument (Low Volatility)
(MIL-L-6085). The oil may be introduced into
the ball bearing race by using an awl as a dropper.

33. Lubrication Under Unusual Conditions

The effects of extreme cold and heat on lubrica-
tion materials and lubricants are explained in TB
SIG 69. Observe all precautions outlined in TB
SIG 69 and pay strict attention to all lubrication
instructions when operating equipment under con-
ditions of extreme cold or heat.

Section lll. WEATHERPROOFING

34. Weatherproofing

a. General. Signal Corps equipment, when op-
erated under severe climatic conditions such as
those prevailing in tropical, Arctic, and desert re-
gions, requires special treatment and maintenance.
Fungus growth, insects, dust, corrosion, salt spray,
excessive moisture, and extreme temperatures are
harmful to most materials.

b. Tropical Maintenance. A special moisture-
proofing and fungiproofing treatment has been de-
vised which, if properly applied, provides a rea-

22

sonable degree of protection. This treatment is
fully explained in TB SIG 13 and TB SIG 72.

¢. Arctic Maintenance. Special precautions
necessary to prevent equipment failure in areas
subject to extremely low temperatures are fully ex-
plained in TB SIG 66 and TB SIG 219.

d. Desert Maintenance. Special precautions
necessary to prevent equipment failure in areas
subject to extremely high temperatures, low hu-
midity, and excessive sand and dust are fully ex-
plained in TB SIG 75.
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Figure 13. Frequency Shift Converter CV-116/URR, lubrication points.

35. Rustproofing and Painting

@. When the finish on the case has been badly
scarred or damaged, rust and corrosion can be pre-
vented by touching up bared surfaces. Use No. 00
or No. 000 sandpaper to clean the surface down to
the bare metal; obtain a bright smooth finish.

Caution: Do not use steel wool. Minute par-
ticles frequently enter the case and cause harmful
internal shorting or grounding of circuits.

6. When a touchup job is necessary, apply paint
with a small brush. Remove rust from the case by
cleaning corroded metal with solvent (SD). In
severe cases, it may be necessary to use solvent
(SD) to soften the rust and to use sandpaper to
complete the preparation for painting. Paint used
will be authorized and consistent with existing
regulations.
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CHAPTER 5

THEORY

36. Block Diagram
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(fig. 14)

a. General.

(1)

(2)

(3)

The frequency-shift method of commu-
nication is a system of automatic code
transmission and reception that shifts the
carrier frequency up and down between
two distinet frequencies to designate, re-
spectively, the mark and space portions
of the code characters. It provides noise
reduction and other advantages of fre-
quency modulation for telegraph and
teletypewriter signals. The frequency
separation employed between mark and
space signals with this equipment may
be as little as 150 cps and as much as 1,000
cps.

Frequency Shift Converter CV-116/
URR is designed for use with two radio
receivers operating in a dual-diversity
system. In space diversity, the two re-
ceivers are tuned to the same frequency
but the receiving antennas are spaced
several wave lengths apart. In fre-
quency-diversity reception, the two re-
ceivers are tuned to separate frequency-
shift carriers which are simultaneously
carrying the same mark-space characters.
With this type of reception, the fre-
quency separation between carriers is
limited only by the range of the associ-
ated receivers and transmitters. The ad-
vantage of space-diversity operation re-
sults from the fact that a single rf car-
rier generally does not fade simultane-
ously at spots that are more than one
wave length apart. The advantage of
frequency diversity is that fading of car-
riers of different frequencies generally
does not occur at the same time.

The if. output of one receiver is connected
to INPUT A of Frequency Shift Con-

(4)

(5)

verter CV-116/URR and the if. output
of the other receiver is connected to
INPUT B. Each input circuit amplifies
the signal and converts it to a lower if.
The two frequency-shift signals, now
operating at lower if. frequencies, are fed
to the diversity circuits where they are
amplified, limited, and combined. The
resultant frequency shift signal is then
converted into de pulses which ultimately
control a tty unit. In this manner, op-
timum signals are obtained from diver-
sity reception. Figure 14 shows the
path followed by the signals in Frequency
Shift Converter CV-116/URR. A com-
plete schematic diagram is shown in
figure 62.

The tty output circuit of the converter
produces a current on and current off
square wave signal of one polarity. This
is known as the neutral system. as opposed
to the polar system which produces square
wave current pulses of opposite polari-
ties. Figure 15 contrasts the ideal neu-
tral wave form and the practical neutral
wave form as it is achieved in the output
of the converter. In the neutral output
of the converter, a marking current of 60
ma normally is used to operate the selec-
tor magnet of the teletypewriter printer.
Absence of current is used as a space sig-
nal. In the polar system, the positive
pulse would be used to mark, the negative
pulse to space.

The afc circuits correct for the effects of
frequency drifts in the if. signals fed to
the converter inputs. A motor-driven
capacitor in the oscillator tuning circuit
accomplishes this when actuated by an
off-frequency voltage developed across
the discriminator output.



b. Input Circuits. 'The input circuits for each
channel consist of an rf amplifier V1 or V27, an
oscillator V2 or V28, and a mixer stage V3 or V29
which amplify the if. output of the associated re-
ceiver and convert it to a lower if. 'The output of
each input circuit is fed to the diversity limiter
circuits and to the afec first limiting amplifier.

¢. Diversity Limiting Amplifiers. Limiting
stages V16, V17, V18, V19, and V20 are designed
to apply a constant voltage to the input circuit of
the diversity discriminators. Limiter diode V19
provides a clipping action which prevents voltage
peaks from exceeding a predetermined value.
Tube noises, circuit noises, and static appear as
amplitude variations of the signal, therefore, the
full potentialities of frequency modulation in re-
ducing interference can be realized.

d. Diversity Discriminators. The individual
discriminator circuits in conjunction with V21
and V22 (fig. 22) are identical, except for the
operating frequency. Because they are tuned to
different frequencies, one resonates only to chan-
nel A signals, and the other resonates only to chan-
nel B signals. Primarily, each discriminator
functions to change frequency shifts about the
carrier to dc voltages which correspond to the
original mark-space pulses. Theoutput networks
of the two discriminators are in series, therefore,
the voltages add and are fed to the keyer circuit.

e. Keyer Circuit. The keyer circuit consists
of cathode follower V23A, keyer amplifier V24A,
space-keyer V24B and mark-keyer stage V25 and
V26. The keyer section opens or closes the loop
supply and applies dc pulses across the two pins
connected to the tty selector magnet.

f. Afe Limiting Amplifiers. The limiting am-
plifier section, consisting of V4, V5, V6, and V7
in channel A, amplifies part of the signal appear-
ing across the output circuit of the mixer stage
and feeds it to the discriminator diode (V8) as a
constant amplitude alternating voltage. This
voltage, after demodulation at the discriminator,
is used to actuate the afc system which corrects for
any frequency drift of the carrier or local oscil-
lator. The afc limiting amplifier consisting of
V30, V31, V32, and V33 serves the same function
in channel B.

g. Afc Discriminator. Referring to channel A,
discriminator diode V8, by rectification, produces
a de voltage at the grid of each section of V9 for
any signal frequency appearing at the secondary

of the discriminator transformer. The dc volt-
age is directly proportional to any frequency devi-
ation from the correct center if. frequency of 50 ke
up to =1 ke, after which the output voltage drops
oft rapidly. A similar demodulation takes place
in channel B discriminator, which responds to
frequencies centering around 29.3 ke.

h. Sampler and Shift Reference Circuits. Re-
ferring to channel A, sampler V9 samples the volt-
age across the discriminator load and permits only
long, general, frequency drifts to actuate the afc
system. Otherwise the afc system would go into
operation with every frequency shift caused by
normal mark-space keying. The shift reference
stage, tube V10A, permits adjustment for different
discriminator voltage outputs so that the dc am-
plifier circuit can be balanced for various fre-
quency shifts employed by the incoming signal.
When properly adjusted for an incoming signal
of a given frequency shift, only a drift in mark
frequency will cause an unbalanced condition in
thedc amplifiers. Inchannel B,sampler V35 and
shift reference tube V36 A serve similar functions.

i. Dc Amplifier Stages. 'The dc amplifier con-
sists of two dc amplifier circuits and an inverter
stage. Normally, with no error signal from the
discriminator, the dc amplifier is in a balanced
condition and a negative voltage is applied to the
grids of the motor drive tube. Any if. frequency
drift will disturb the de¢ amplifier balance and
cause a voltage to be amplified and fed to the
motor drive circuit.

j. Motor and Afc Motor Drive Circuit. Tubes
V15 and V40 are the motor drive stages for their
respective channel sections. Tube V15, associated
with the motor drive stage of channel A, controls
a small two-phase ac motor mechanically coupled
to turn the tuning capacitor of oscillator V2.
Any error signal due to a frequency drift is am-
plified and used to actuate the motor, which drives
the tuning capacitor to correct the oscillator fre-
quency. As soon as the frequency is corrected,
balance is restored to the dc amplifiers and the
input to the motor drive stage is again zero. In
a similar manner, V40 drives another motor which
is coupled to the tuning capacitor of channel B
oscillator V28 to correct for any frequency drift.

k. Threshold Control Circuit. The threshold
control circuit, consisting of a signal rectifier and
a threshold amplifier, operates a relay. On weak
signals, this action causes one set of relay contacts
to open the afc tuning-capacitor motor circuit and
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Figure 14. Converter unit, block diagram.
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Figure 15. Neutral wave shapes.

the other set of contacts to gronnd the keyer am-
plifier so that a 60 ma mark-hold signal is fed to
the teletypewriter printer.

37. Rf Amplifier
(figs. 16 and 62)

@. The first stage of each channel input circuit
is an rf amplifier, V1 for channel A and V27 for
channel B. The signal voltage from the channel
A receiver is connected to input connector J1, and
the signal voltage from the channel B receiver is
connected to input connector J5. The signals ap-
plied to the input jacks are inductively coupled
to the grids of V1 and V27 by transformers T1
and T3. In channel A, capacitor Cl1 combined
with an adjustable iron core inserted in the sec-
ondary coil of T1 tunes the grid circuit of V1
within the range of 450 to 510 ke. Resistor R1
is the cathode resistor across which the grid-bias

FROM
455 KC IF.

OUTPUT OF T Vi
6AU6

RECEIVER

voltage is developed. Resistor R2 is a voltage
dropping resistor and it is bypassed by capacitor
C4 so that rf voltage is not developed across R2.
The screen grid is connected to a voltage-dropping
resistor R3, which is bypassed by capacitor C5.
Resistor R4 and capacitor C6 form a decoupling
network which prevents interaction between the
various stages.

b. Amplified signals from V1 are inductively
coupled to the control grid of mixer tube V3 by
transformer T2. Fixed capacitor C3 and the pri-
mary winding of T2 form a tuned circuit in the
plate circuit of V1. The circuit can be set to res-
onance at the input frequency by adjusting the
iron slug in the primary winding. Once T1 and
T2 are adjusted to the receiver if. frequency, no
further adjustments are ordinarily required.
Tube V27 serves as the rf amplifier for channel
B. The theory of operation of this stage is the
same as for channel A with the corresponding
component parts serving identical purposes.

38. Oscillator
(figs. 17 and 18)

@. After being amplified by tubes V1 and V27,
the input signals are heterodyned to a lower if. by
beating with local signals generated by oscillators
V2 and V28. In channel A, oscillator V2 pro-
duces a high frequency (hf) voltage which mixes
in tube V3 with the rf signal from V1 for con-
version to a lower frequency. This new if. is 50 ke

RF AMPLIFIER

A
INPUT

NOTE:

UNLESS OTHERWISE SPECIFIED,
ALL GAPACITORS ARE IN UUF, _|_
ALL RESISTORS ARE IN OHMS. —

Figure 16.

1
|
|
(O——*TOPINT
| OF MIXER
g,i- V3

TO B+ 250V
TM 2241-14

Channel A rf amplifier, simplified schematic diagram.
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for channel A and 29.3 kc for channel B. These
two signals are fed to the diversity circuits.

b. Each oscillator uses a dual-triode tube in a
modified multivibrator circuit. A minute positive
voltage applied at the control grid of section B of
oscillator tube V2 will be amplified and appear,
coupled through C15, at the control grid of sec-
tion A. Section A further amplifies the signal
and feedback is achieved through C14, C9, and
S1E to the grid of V2B. Such an arrangement
oscillates because each triode section produces a
phase shift of 180°, the phase necessary to sustain
oscillation. Resistors R9 and R18 are grid re-
sistors for the two sections of tube V2. Resistors
R16 and R17 are the plate load resistors. The
oscillator output is coupled through capacitor C13
to the oscillator grid (pin 2) of the mixer tube,
V3. The plate power supply for oscillator V2 is
decoupled by R19 and C16. The circuit of
oscillator V2 is identical with oscillator V28 in
channel B.

¢. The frequency of the oscillator can be con-
trolled by either a crystal or a variable-frequency
tuning circuit. When operated as a variable-fre-
quency oscillator, the frequency may be controlled
automatically by the afc circuit or manually by
the DRIFT INDICATOR control C8, located
on the front panel. The afc system corrects for
carrier signal drifts up to plus or minus 2,000
cycles. For a detailed description of the afc cir-
cuits, see paragraphs 43 to 48. In channel A, the
frequency is controlled either by crystal Y1 (fig.
18) or by the variable-frequency tuning circuit
L1, C7, and C8. Selection is made by means of
switch S1 located on the front panel. Switch
S1 is a 5-position, 5-section switch marked AFC-
XTAL-MARK HOLD on the converter panel.
Two sections, D and E, are used in the oscillator
for switching from one frequency control circuit
to the other (fig. 18). In both XTAL positions,
the crystal is series connected from the plate (pin
1) of V2A to the grid (pin 7) of V2B through
S1E and feedback capacitor C14. Resistors R7
and R8 provide a voltage dividing network for
the feedback circuit when operating with crystal
control. Switch section D grounds the variable
frequency tuning elements to make them inoper-
ative on XTAL control. On MARK HOLD, the
oscillator is crystal controlled and the swites cir-
cuits of S1D and S1E are identical with those used
on XTAL control.
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d. In either AFC position, the variable fre-
quency tuning circuit L1, C7, and C8 (in channel
A) is connected to the oscillator tube in place of
the crystal. The crystal is grounded through
switch section D to make it inoperative on afc
operation. When switch S1 is in the AFC posi-
tion, the frequency is controlled either auto-
matically or manually by the inductance-capaci-
tance combination L1, C7, and C8. Under afc
control conditions, tuning capacitor C8 is motor
driven by a servo system to maintain correct tun-
ing of the oscillator in the presence of drift of the
input signals. The tuning combination L1, CT,
and C8 has a frequency range of 400 to 460 kc.
For channel B, tube V28 together with the crystal
Y2, or the vfo tuning circuit L2, C59, and C60
form a similar oscillator having a frequency range
of 420.7 to 480.7 ke. In all positions, the unused
switch contact points are grounded to prevent
coupling between the oscillator and other stages.

39. Mixer Stage
(fig. 19)

a. The mixer circuit uses a pentagrid converter.
An incoming signal from a receiver having a 450—
510 ke if. is mixed with an oscillator voltage 50 ke
lower to form a new if. signal of 50 ke which is
passed on to band-pass filter Z1. The second con-
trol grid (pin 7) is connected to the untuned sec-
ondary winding of transformer T2. The first con-
trol grid (pin 2) is coupled to the output of the
oscillator V2 through C13. The oscillator output
is applied across resistor R5. Resistor R6 is the
cathode resistor across which the grid-bias voltage
is developed. Capacitor C10 acts as a bypass for
the if. signal. Resistor R11 is the screen grid
dropping resistor and it is bypassed by capacitor
C11 so that rf voltage is not developed across it.
The plate resistor R12 serves to match the plate
load impedance to that of the band-pass filter Z1.
Resistor R10 and capacitor C12 form an rf de-
coupling network. For channel B, tube V29 and
its associated components form a similar mixer
stage which feeds terminals 1 and 2 of band-pass
filter Z6. For example, when used with a receiver
having a 455-ke if., the channel B oscillator is
tuned to 425.7 ke which, when mixed with the in-
coming signal, produces a 29.3-ke if. output.

0. Band-pass filters Z1 and Z6 limit the band-
width to approximately 1,500 cycles. This rejects
certain noise frequencies and interference from
other transmitting stations. They also suppress
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Figure 17. Channel A oscillator, schematic diagram.

the harmonics and sum frequencies produced in
V3 and V29. The output of each filter works into
a resistive load matching network consisting of
resistors R13 and R14 across Z1 and R123 and
R124 across Z6.

¢. A difference exists between the circuitry of
the channel A and channel B mixers. This dif-
ference occurs in the output connections of Z1 and
Z6. The 50-ke signal of channel A suffers little
attenuation in the matching network of Z1, while
the 29.3-ke signal of channel B is attenuated nearly
6 db in the matching dividing network terminating
Z6. Attenuating channels A and B by different
amounts 1s necessary to compensate for gain in-
equality in other stages.

40. Diversity Limiting Amplifiers
(fig. 20 and 21)

a. Radio teletype signals, radiated from the
transmitting antenna, vary in frequency in accord-
ance with the original d¢ marking and spacing
pulses, but are virtually constant in amplitude.
In the radio link between the transmitter output
and the converter input, these signals may en-

counter conditions which produce irregular varia-
tions in signal amplitudes. The limiting ampli-
fiers in the diversity circuit minimize undesirable
amplitude variations in the incoming signals
before they are fed to the discriminators for
detection.

b. The diversity limiting amplifiers, V16, V17,
V18, V19 and V20, form three limiting stages and
two peak-clipping circuits. There are two first
limiting amplifiers, V16 for the output of channel
A and V17 for the output of channel B. The out-
puts of V16 and V17 are coupled to the grid of the
second limiting amplifier, V18. The plate of V16
is coupled to the control grid of V18 through
coupling capacitor C34 and grid limiting resistor
R76. For channel B signals, capacitor C41 and
resistor R82 provide the necessary coupling from
V17. Section B of CHANNEL SELECTOR
switch S5 permits channel A, channel B, or chan-
nel A+B to drive the second limiting amplifier
and, ultimately, the dec loop circuit for operating
a teletypewriter printer. In position A, switch
S5B grounds the plate of V17 to make channel B
inoperative. Channel A is inoperative when S5B
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Figure 18. Switch S1 circuits for selecting wvariable-
frequency or crystal oscillator operation.

1s in position B, the plate of V16 being grounded
through the switch. In position A + B, the plates
of V16 and V17 are ungrounded permitting both
channel A and channel B signals to feed V18.
¢. Through S5, the CHANNEL SELECTOR
switch on the front panel, the operator may elect
to operate the converter through the channel A
receiver, channel B receiver or, in diversity opera-
MIXER
V3
6BA7

tion, both. How this is accomplished is shown
schematically in figure 21. In figure 21, S5 is
shown in the channel A, or fully counterclockwise
position. In this position, section B of S5 grounds
the plate of V17 and thus prevents the input from
the channel B receiver from reaching the converter
diversity section. In this position, section B also
connects the alarm circuit (consisting of S4 and I
1) into the 115V line. Section S5A sets up the
mark-hold circuit for channel A and deactivates
it in channel B. This circuit is described in para-
graph42. Inthe channel B position, S5 performs
functions similar to those performed in the chan-
nel A position. As can be seen in figure 21, when
S5 isin the A + B position, the outputs from V16
and V17 are not grounded and the afc alarm and
mark-hold circuits for both chanels A and B are
activated.

d. Tubes V16 and V17 are sharp cutoft pentodes
with the outputs combined at the control grid of
V18. The input signal to each first limiting am-
plifier is taken from a resistive load matching net-
work consisting of resistors R13 and R14 in chan-
nel A and R123 and R124 in channel B. Resistors
R71 and R77 couple the signal to the grids of V16
and V17. Cathode resistors R72 and R78 provide
the correct bias for their respective tubes and
C37 and C38 act as the bypass capacitors. When
the input signal to V16 becomes large enough,
saturation takes place and no further increase in
output voltage results. This saturation occurs
over a wide range of input voltages. Actually,
the gain of a limiter tube decreases as the input
signal voltage increases and the result in an output
signal of nearly constant amplitude. The gains
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of V16 and V17 are low for strong signals and
high for weak signals. Resistors R73 and R80
are the plate load resistors. The voltage divider
consisting of R74 and R205 fixes the screen grid
voltage applied to V16, and the voltage divider
consisting of R79 and R206 fixes the screen grid
voltage applied to V17. Capacitors C36 and C39
bypass the screen grids of V16 and V17, respec-
tively. The rf decoupling networks are formed
by R75 and C35and R81 and C40.

e. When the peak amplitude of a grid signal
in either of the first limiting amplifier stages is
small, limiting action does not take place. For
this reason, additional limiter stages are required
that will produce enough gain to provide sufficient
signal voltage to saturate the final limiter with
the smallest useful receiver signal.

f. The second limiting amplifier, V18, uses a
sharp cutoff pentode in a grid-limiting type cir-
cuit. The signal input to the grid (pin 1) of V18
is through resistors R76 and R82 which serve to
isolate the outputs of V16 and V17 from each
other. At this point, the two signals are com-
bined across grid resistors R83. This applied
signal voltage is prevented from swinging too far
in the negative direction by the action of limiter
diode V19. This diode acts to prevent the grid
voltage from dropping below —3 volts (g below).
When the grid signal increases in the negative
direction, the plate current of V18 decreases caus-
ing an increase in the plate voltage which continues
until the grid voltage reaches —3 volts. At —3
volts, the plate voltage reaches a value which re-
mains constant with further increase in negative
signal. The screen grid voltage is applied to pin
6 through dropping resistor R85 which is by-
passed by capacitor C42. Resistor-capacitor com-
bination R86 and C43 form the decoupling net-
work for the B+ circuits of V18. Resistor R84
is the plate load resistor.

g. Diode limiter V19 is a dual diode with each
section connected in a separate peak-clipping cir-
cuit. The first section (pins 5 and 2) limits the
signal on the grid of V18 to voltages more positive
than —3 volts. In the same manner, the second
diode section (pins 1 and 7) limits the signal on
the grid of V20 to voltages more positive than —3
volts. Aslong as the input signal to either tube is
more positive than the —3 volts on the plate, the
diode limiter section is effectively an open switch.
When the input to a diode section becomes more
negative than —3 volts, the diode conducts heavily
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and effectively connects the grid of V18 or V80
to the —3 volt supply. Thus, each signal on the
grids of V18 and V20 is limited to a maximum
negative value of 3 volts.

k. The third limiter, V20, utilizes a sharp cut-
off pentode in a combination grid-clipping and
screen-gain limiting circuit. Capacitor C44
couples the signal from V18 to V20, and R87 pre-
vents overloading tube V18 when diode V19 con-
ducts. The input voltage to the control grid is
developed across R88. Bias voltage is developed
by resistor R89 which is bypassed by capacitor
C45. Resistor R90 serves as a screen voltage-
dropping resistor and is bypassed by capacitor
C46. Plate voltage is applied through the pri-
mary windings of the discriminator transform-
ers in Z3 and Z4 connected in series. The high
voltage circuit is decoupled by means of the net-
work composed of capacitor C47 and resistor R91.

41. Diversity Discriminators
(figs. 22 and 23)

a. The diversity discriminator diodes V21 and
V22 convert frequency-shift signals from the di-
versity-limiting amplifiers into corresponding de
marking and spacing signals. Tube V21 con-
verts the frequency-shifted signals received over
channel A, and V22 converts the frequency-
shifted signals received over channel B. These
two dc voltages then are combined in the series
arrangement of the discriminator output circuits.
The dc output voltages at terminals 5 and 6 of the
discriminator networks Z3 and Z4 will vary in
polarity and magnitude in the same manner as the
original mark-space signals.

b. Referring to figure 23, the 74 and 7's sec-
ondary windings of the transformer of Z3 are
tuned to resonate, respectively, at approximately
1,000 cycles above and below 50 kc. The upper
winding, 7’4, is connected in series with the re-
sistance across terminals 5-9 of Z3 and one section
of V21. With the two diode sections connected as
in A, figure 23, the currents of the two circuits
flow in the direction indicated by the arrows. The
polarities of the voltage drops across terminals 5-9
and 9-6 of Z3 are positive at the ends connected to
the cathodes of V21, and negative at the common
point, terminal 9. The two voltage drops, there-
fore, oppose each other, and the resultant voltage
across terminals 5 and 6 of Z3 is the difference
between the two voltages. The resultant polarity
depends upon which of these two voltages is
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greater. If the voltages across the diode load
resistances are equal, the net output voltage will be
zero. At the center frequency of the discrimina-
tor, equal if. signal voltages are applied to the two
diode rectifiers, the rectified output of each is the
same, and the net output voltage is zero.

¢. A frequency-response characteristic curve is
shown in figure 23@®). It indicates general volt-
age levels for tuned windings 74 and 7'p of Z3 for
frequencies centering around 50 ke. The curves
designated as MARK and SPACE represent the
voltages across resistances 5-9 and 6-9, respec-
tively. The voltage drops across these resistances
are connected series-opposing. Therefore, the re-
sultant voltage across output terminals 5 to 6 may
be illustrated as shown under Z3 when terminal
6 is connected to ground and the output is taken
from terminal 5. From this curve it will be noted
that the resultant voltage increases gradually in
a positive direction as the frequency changes from
50 ke to higher frequencies and gradually becomes
more negative as the frequency changes from 50
ke to low frequencies. Throughout the frequency
range involved in frequency-shift keying, there is
a linear relation between the magnitude of the re-

sultant voltage and the frequency change. Ca-
pacitor C48 permits tuning one curve over a range
of =#-150 cycles without changing its linearity.
Capacitor C49 tunes the other curve. These dis-
criminator tuning capacitors are adjustable from
the rear of the chassis (fig. 9). Resistor R202
eliminates residual discriminator curve skirt-re-
sponse to undesirable components of the 29.3-ke
signal. Capacitor C92 resonates the secondary of
discriminator Z3 at 50 ke.

d. A similar demodulation takes place in the
channel B discriminator network Z4, which re-
sponds to frequencies centering around 29.3 ke.
The total output voltage of network Z4 is the re-
sult of the sloping responses of the two individual
secondary tuned circuits, with each providing out-
put of opposite polarity because of the balanced
arrangement of the diode sections of tube V22.
The discriminator tuning capacitors C50 and C51
are adjustable from the rear of the chassis (fig. 9).
Resistor R203 eliminates residual discriminator
curve skirt-response to undesirable components
of the 50-ke signal. Capacitor C93 resonates the
secondary of discriminator Z4 at 29.3 ke.

e. Figure 25 shows theindividual S-shaped dis-
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Figure 23. Discriminator operation.
criminator response curve for Z3. The curve for  voltage is produced in the lower part. The volt-

Z4 has the same shape but the center frequency
is 29.3 ke. Positive and negative peaks on the
S-curve occur at the resonant frequency for each
of the two secondary tuned circuits. It should be
noted from figure 23 that the output of Z3 and Z4
are connected in series, so that the de output sig-
nals from both discriminators are added. For
the purpose of illustration, it is assumed in figure
24 @ that a positive mark signal results from the
higher frequencies centering around 29.3 kc and
50 ke. Depending on the relative locations of the
frequencies, a larger voltage E is produced in the
upper part of each discriminator and a smaller
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ages add to produce a net positive voltage
(+2E—2e) or a net negative voltage (—2E+2e).
Under the conditions assumed for this illustration,
the positive voltage represents a mark and the neg-
ative voltage a space. Switch sections S1C and
S7C, in the output circuits of the two discrimina-
tors, allow for reversing the polarity of the output
signals (fig. 24 ®). The method of reversing the
discriminator connections to always provide a net
positive voltage for a mark and a net negative
voltage for a space is illustrated in figure 24 @.
Reversal of output polarity in channel A is accom-
plished by section C of switch S1 which reverses
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the cathode connections to tube V21. For chan-
nel B, section C of switch 7 is used to reverse the
cathode connections to tube V22.

f. The combined outputs of the diversity dis-
criminators are applied to a low-pass filter, Z5,
which filters out any remaining if. signals. Since
the combined filtered outputs of Z3 (positive dc
pulses) and Z4 (negative dc pulses) appear at the
output of Z5, the signal delivered from Z5 to the
grid of keyer amplifier V24 is polar in nature.
Meter M4 may be placed across the output of the
low-pass filter Z5 to observe the operation of the
discriminator (par. 50¢ and fig. 39). This is ac-
complished by placing the metering-circuit selec-
tor switch, S11, in the A +B position, pushing
PRESS TO TEST switch, and observing the
channel A DISCRIMINATOR meter on the
front panel.

g. HIGH-LOW-SPEED switch S12 (fig. 22)
selects the section of low-pass filter Z5 to be in-
serted between the discriminator section output
and the input to the keyer circuit. The LOW
position is used for keying speeds up to 38 dot
cycles per second. For keying speeds over 38 dot
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Figure 25. Discriminater response curve.
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cycles per second, the HIGH position is required.
The low speed section of Z5 is used normally.

42. Keyer Circuit
(fig. 26-29)

a. The keyer circuit amplifies the dc pulses from
the discriminator output. It opens or closes the
loop supply which applies neutral de pulses to jack
TT J4 for operation 6f the teletypewriter printer.
Each stage has a potentiometer which is adjusted
initially to provide the correct operating bias for
the succeeding stage. The keying circuit has pro-
vision for holding a mark signal on the teletype-
writer loop circuit if the incoming carrier fades or
is shut off for any reason. Either AFC-XTAL-
MARK HOLD switch, S1 or S7, also may be used
to put a mark signal on the teletypewriter loop
circuit.

b. Resistor R95, potentiometer R94, and V23A
(section one of a dual-triode tube) with grid re-
sistor R92 form a cathode follower circuit. This
stage serves as a buffer between Z5 and the keyer
amplifier stage to prevent loading of the low-pass
filter circuit. No voltage inversion or gain results
from the use of the cathode follower. Dec output
voltage is fed to the keyer amplifier, V24A,
through grid limiting resistor R96. With the grid
of V23A grounded through the meter switch S11
and the PRESS TO TEST switch S10 (fig. 39),
R94 is adjusted for approximately —8 volt bias
at the grid (pin 2) of keyer amplifier V24A. Cor-
rect bias will be indicated on the channel A DIS-
CRIMINATOR meter by a zero reading. Dc
signals from the cathode follower are amplified
by keyer amplifier V24A. Resistor R97 serves as
the plate load resistor for V24A. A voltage divid-
ing network is formed by resistors R97, R98, and
R100 and potentiometer R99. When the input to
the cathode follower circuit is grounded (as out-
lined above), potentiometer R99 is adjusted for a
bias of 0 volts on the grid (pin 7) of the space
keyer V24B. Resistor R101 serves as a grid-limit-
ing resistor for tube V24B and resistor R102 is the
plate load resistor. A voltage divider network is
formed by resistors R102, R103, and R105 and
potentiometer R104. The slide arm of potenti-
ometer R104 is connected to the grids of the mark-
keyer tubes and is initially adjusted to —35 volts.

¢. Mark-keyer tubes V25 and V26 are parallel-
connected beam-power amplifier tubes. The con-
trol grids and the screen grids are isolated by re-
sistors R107 and R108, respectively. With a bias
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Figure 26. Keyer circuit, simplified diagram.

of —35 volts on the grids, the two mark-keyer =~ R101, makes the grid of space keyer V24B become
tubes are cut off. When the grids of V25 and V26  more negative. Therefore, V24B conducts less
are driven positive by a mark signal, the tubescon-  current and the change in its plate voltage toward
duct. Theelectron path (fig. 27) isfrom the nega- a more positive condition is reflected through
tive side of the loop power supply, through the TT ~ R103 and R104 at the grid of mark-keyer V25 and

jack to the cathodes of V25 and V26, thence to the MARK KEYER MARK KEYER
plates and back to the positive side of the loop V25 Gxggw
supply. Effectively, this action keys the loop 6AQSW .

5

- °s+ ¥

power supply which operates the tty selector mag-
net. Potentiometer R109 adjusts the screen volt-
ages to produce a mark output current to J4 of

approximately +60 ma for a given printer load. \4

When metering this current on M4, resistor R106 2 +

serves as a meter shunt (par. .50). . ‘ Lc?op
d. Figure 28 shows polarity relationships for POWER

the keyer circuit. Dc mark-space pulses from the * SU%PLY
R
3

discriminator are fed through network Z5 to the
cathode follower, V23A. A positive mark signal
appearing at the grid of V23A will cause the tube
to draw current through R96, thus causing the __E —-
grid of keyer amplifier V24 A to become more posi- —
tive with respect to its cathode. In drawing more

current, the plate of V24A becomes more negative ) TM2241 - 24
and this change, reflected through R98, R99, and Figure 27. Simplified loop current circuit.
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through R103, R104, and R107 at the grid of
mark-keyer V26. A space (negative) signal ap-
plied at the grid of V23A causes an opposite re-
action to occur. The title space keyer has been
applied to V24B not because it keys the teletype-
writer printer loop circuit with a space character,
but because the tube itself conducts (and is thus
keyed) when a negative signal is present at the
contact grid of V23A. The function of V24A
and B is to cause V25 and V26 to conduct or not
conduct depending upon the mark or space output
from the discriminator circuit. V25 and V26, in
turn, influence the current flow in the teletype-
writer loop circuit. A +2-volt input from the
discriminators will drive V25 and V26 tubes to
full conduction.

e. If, for any reason, the rf carrier in both chan-
nels fails, relays K1 and K2 (fig. 29) ground the
plate of keyer amplifier V24A. This places the
grid (pin 7) of V24B at a negative potential and
the voltage at the slider arm of potentiometer
R104 at a positive potential. Tubes V25 and V26,
therefore, will conduct and produce the same effect
that exists when a mark signal is transmitted
through the keyer circuit. This condition is main-
tained as long as the carrier is shut off, but is re-
moved automatically as soon as the carrier is again
received. Both relays must be closed when
CHANNEL SELECTOR switch S5 is in the
A +B position if the carrier-control mark-hold
circuit is to operate. When both relays are ener-
gized, the plate of tube V24A is connected to con-
tacts 4-5 on K2, through switches S8 and S3 to
contacts 4-5 on K1, and then to ground. For
single-receiver operation, only the relay associated
with the particular channel circuit being used is
connected by S5A for the carrier-control mark-
hold feature.

43. Afc Limiter Amplifier
(fig. 30)

@. During operation, the 50- and 29.3-kc inter-
mediate frequencies may drift. If no corrective
means were provided for such conditions, the tele-
typewriter dc output signals would be biased or
distorted. To minimize the biasing effect, part of
the signal from the input circuits is fed to separate
afc circuits. If the intermediate frequency
changes for any reason, the afc circuit brings it
back to its proper value by mechanically tuning
the oscillator. To connect either afc circuit, AFC
switch S2 must be in the ON position, the AFC-

XTAL-MARK HOLD switch S1 (or S7 in chan-
nel B) must be turned to an AFC position, and
the AFC SHIFT ADJUSTMENT must be set
for the proper mark (par. 45). The first section
of each afc circuit consists of a four-tube limiting
amplifier to remove undesirable amplitude varia-
tions from the frequency shift signals and also to
apply a constant voltage to the input of the afc
discriminator diode V8.

b. Band-pass filter Z1 of channel A is ter-
minated with the resistive load formed by re-
sistors R13 and R14. The signal from Z1 is fed
to the grid (pin 1) of the first limiting amplifier
V4, through grid current limiting resistor R15.
Tube V4 is a sharp cutoff pentode. Low level
positive and negative peaks, between plate satura-
tion and cutoff of the tube, are amplified. High-
level signals, however, cause V4 to be driven to
cutoff and plate saturation on negative and posi-
tive peaks, respectively. At the point of plate
saturation, grid current flows through R15 and
develops a negative bias which effectively reduces
positive peak input signals. On high negative
peaks, the tube is cut off. Therefore, any unde-
sired voltage peaks impressed on the carrier are
clipped. Cathode bias resistor R20 is bypassed
by capacitorC17. Thescreen grid voltage is taken
from the junction of the divider network consist-
ing of R204 and R22. This screen grid voltage
controls the stage gain. Capacitor C19 is the
screen bypass capacitor. Resistor R23 isthe plate
load resistor and resistor-capacitor combination
R21 and C18 forms a decoupling network. The
output from the plate of tube V4 is coupled to tube
V5 through coupling capacitor C21 and resistor
R24. The output from the plate also is applied,
through coupling capacitor C20, to the cathode of
signal rectifier V11.

¢. The low-level signals, too small to cause plate
saturation or cutoff in V4, are amplified by V5, a
sharp cutoff pentode. The higher level signals
have the undesired negative peaks clipped by the
operation of one section of V6, a dual-diode tube.
A negative voltage is applied to the plates of V6.
Peaks more negative than — 3 volts from the out-
put of V4 cause the cathode (pin 1) of V6 to be-
come more negative than the plate. This condi-
tion causes current to flow heavily, effectively
creating a short circuit and removing the negative
peaks. The positive peaks, after amplification in
V5, become negative peaks at the plate of V5 be-
cause of the 180° phase reversal between the control
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Figure 30. Afc limiter amplifier, simplified schematic diagram.

grid and plate. This strong negative peak is ap-
plied to the other cathode (pin 5) of tube V6.
Peaks more negative than —3 volts make the
cathode more negative than the plate, causing cur-
rent to flow through the tube and remove the
negative peaks. Accordingly, weak or strong
input signals are approximately at the same level
when they are applied to the grid (pin 1) of V7
for further amplification. The output from V7 is
applied to the primary winding of the 50 ke dis-
-criminator transformer in Z2.

d. Meter M1, connected across pins 2 and 7 of
V6, serves as a SIGNAL INPUT indicator for
channel A. The meter will read on inputs as low
as 100 microvolts. Resistor R26 is shunted across
M1 to prevent damage to the meter in the presence
of strong signals.

e. Tubes V30, V31, V32, and V33 form a similar
limiting amplifier for channel B afc signals.
Channel B differs slightly from channel A at the
output of band-pass filter Z6. The output of
band-pass filter Z1, in channel A, is delivered to a
simple resistive matching network. In channel
B, a matching-dividing network is used to attenu-
ate the output of Z6. The additional attenuation
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in channel B is used to compensate for a difference
in gain between the 50 kc channel A if., and the
29.3 ke channel B if. This difference in gain
occurs in other stages. The matching-dividing
network in the output of Z6 consists of the simple
L attenuator formed by resistors R123 and R124.
These resistors are shown in the complete con-
verter schematic, figure 62. The output from V33
is applied to the primary winding of the 29.3 ke
discriminator transformer in Z7.

44. Afc Discriminator
(fig. 31)

a. The afc discriminator circuit produces a dc
voltage change at the grids of V9 for any drift in
the intermediate frequency. This dc error signal,
after amplification, controls a motor-driven ca-
pacitor, C8, which brings the if. to its proper value
by tuning the oscillator until the error is zero.
Any if. drift is undesirable since it results in a
distorted signal at the diversity discriminators.

b. The operation of the afc discriminators is
similar to that of the diversity discriminators.
Refer to paragraph 41a through ¢. In channel A,
one secondary winding of the transformer of Z2
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Figure 31. Afc discriminator, simplified schematic diagram.

is tuned to approximately 1,000 cycles above 50 ke
and the other winding to approximately 1,000
cycles below 50 ke. Neither secondary tuned
circuit is resonant at the center frequency of 50 ke,
but both are off resonance by approximately the
same amount. At 50 ke, the signal voltage de-
veloped across each secondary tuned circuit will be
relatively small and have the same magnitude.
Therefore, equal and opposite signal voltages are
coupled to the two diodes of V8 at 50 ke, the recti-
fied output voltages are the same across each re-
sistive load but of opposite polarity, and the net
output voltage is zero. When the if. signal is
above 50 kc, the secondary tuned circuit between
terminals 4 and 9 develops a greater voltage be-
cause the intermediate frequency is closer to the
resonant frequency of this tuned circuit. The
secondary voltage developed across the tuned cir-
cuit between terminals 9 and 3 is now less than at
50 ke because the if. is further removed from its
resonant frequency. With less signal voltage ap-
plied to diode pins 1 and 7 and more to diode pins
2 and 5 for an if. drift above 50 ke, the pins 2 and 5
diode provides greater rectified output voltage
than the other diode and a net output voltage of
positive polarity is obtained. The positive volt-
age increases linearly for an increasing shift away

from 50 ke, up to approximately 1,000 cycles.
Similarly, the output voltage is negative when the
if. is below the center frequency of 50 ke. A
typical S-shaped discriminator response curve is
shown in figure 25. For channel B, the operation
of the afc discriminator is identical except that
the center intermediate frequency is 29.3 ke. Ca-
pacitors C94 and C95 are connected across the
discriminator load resistors of V8 and V34, re-
spectively. The capacitors serve to bypass the
high frequency components of the detected signal
information. .

¢. Switch sections S1B and S7B, in the output
circuits of the two afc discriminators, allow for
reversing the polarity of the dc output signals.
This provides a means for always having a net
positive voltage for a mark and a net negative
voltage for a space. Reversal of output polarity
in the channel A afc circuit is accomplished by
section B of switch S1 which reverses the cathode
connections to tube V8. For channel B, section B
of switch S7 is used to reverse the cathode con-
nections to the diode discriminator, V34.

d. Meter M3 (fig. 62) is connected across output.
terminals 7 and 8 of transformer diseriminator Z7
to allow for observing the operation of the dis-
criminator. An identical meter M4 is connected
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across the output of discriminator transformer Z2
through contacts of PRESS TO TEST switch
S10. Meter M4 is also used for other electrical
measurements in the converter circuit and is con-
nected to the various circuits by switch Si11
(par. 50).

45. Sampler and Shift Reference Stages
(fig. 32)

a. Each sampler stage uses a dual triode, V9 in
channel A and V385 in channel B. The two grids
(pins 2 and 7) of each sampler tube are tied to-
gether and connect to the outputs of their respec-
tive discriminator networks, Z2 for channel A and
Z7 for channel B. Load resistors R37 and R147
are also connected to the outputs of Z2 and Z7,
respectively. Referring to channel A, positive and
negative pulses, representing mark-space signals,
are applied to the grids of V9 which is biased by
cathode resistor R38. On mark signals, the grids
of V9 become positive and conduction takes place.
This charges capacitor C30 with a voltage which

frequency shift. The charge on C30 remains
nearly constant as long as the mark frequency in-
put to Z2 does not change. A change in fre-
quency shift is compensated by the AFC SHIFT
ADJUSTMENT control (¢ below). However,
a change in if. frequency will result in a change
in the positive voltage representing a mark pulse.
This changes the charge on C30 which, in turn,
changes the bias on the shift reference tube, V10A.
When a space (negative) signal is received, V9 is
driven to cutoff. Under this condition, V9 acts as
an infinite impedance to the charge on C30 and
capacitor C30 maintains its charge since there is
no other path for discharge. This action holds
the grid of V10A at a positive potential.

b. Any if. frequency drift fed to the afc dis-
criminator will cause the mark (positive) voltage
applied to V9 to become more or less positive, de-
pending on the direction of the drift. A drift
toward a higher frequency increases the positive
voltage at the grid of V9, which then conducts
more current and causes C30 to charge to a higher

depends on the discriminator output for a given voltage. Tube V9 conducts less fox drifts in fre-
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Figure 32. Sampler and shift reference stage, schematic diagram.
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quency below the correct if. mark value. Capaci-
tor C30, in this case, discharges to a lower voltage.
Rapid frequency changes caused by normal mark-
space keying do not affect the charge on C30 be-
cause of the large time constant involved in dis-
charge. The charge on C30 is applied as signal
voltage to the shift reference tube, V10. Thus,
the sampler stage permits only long, general fre-
quency drifts to appear as signal changes to the
grid of the shift reference tube.

¢. Each shift reference stage is essentially a
cathode follower circuit utilizing one section of a
dual triode, V10A in channel A and V36A in chan-
nel B. Referring to channel A, resistors R40 and
R42 together with potentiometer R41 form the
load resistance network. The slide arm of the
AFC SHIFT ADJUSTMENT, R41, connects to
the grid of the first dec amplifier, V10B, through
grid limiting resistor R43. Potentiometer R41 is
adjusted to apply a 0-volt potential to the grid of
V10B when the mark frequency is correct. This
balances the afc motor circuit and holds the oscil-
lator on frequency during afc operation. A de-
viation in the charge on C30 resulting from a
drift in mark frequency changes the signal to tube
V10A and the voltage at the slide arm of po-
tentiometer R41 will no longer be zero. An un-
balanced condition then exists in the de amplifier
stages which actuate the oscillator-capacitor drive-
motor Bl. The direction of rotation is deter-
mined by the direction of frequency drift from
the 50 ke center if. frequency. The motor rotates
or tunes capacitor C8 until the oscillator brings
the mark frequency back to its correct value. To
maintain de amplifier balance under normal op-
erating conditions, adjustments for changes in
frequency shift within the range of 150 to 1,000
cycles are made by means of the AFC SHIFT
ADJUSTMENT control (R41).

46. Dc Amplifier Stages
(fig. 33)

a. In the dc amplifier stages, an error signal
appearing at the slide arm of AFC SHIFT AD-
JUSTMENT potentiometer R41 is amplified and
fed to the two grids of the motor drive tube as a
push-pull output. Three dual triodes are used
in the dc amplifier stages, V10B, V12, and V14
in channel A, and V36B, V38, and V39 in chan-
nel B. Each stage is a direct-coupled amplifier
with resistive connections between stages. No
blocking capacitors or coupling transformers are

used. Except for reference symbols, the channel
A and channel B dc amplifier stages are identical.

b. In channel A, the grid of first dc amplifier
tube V10B is connected to potentiometer R41
through current-limiting resistor R43. Any error
signal impressed on the grid of V10B is amplified.
The cathode is grounded through resistor R44.
Resistor R45 serves as the plate-load resistor. A
voltage-dividing network is formed by R46 and
R48and potentiometer R47. Theslidearm of po-
tentiometer R47 is connected to the control grid
(pin 2) of inverter tube V12 through current-
limiting resistor R51.

¢. The dual-triode inverter tube, V12, forms a
differential amplifier having a single input termi-
nal and two output terminals. An input error
signal to V12A (from the first dc amplifier) is
applied to grid 2; grid 7 of tube V12B remains
fixed at ground potential. The signal is coupled
to V12B by cathode resistor R53. The output
voltage between the plates (pins 1 and 6) is the
same as if the input voltage were applied in con-
ventional push-pull. The push-pull nature of the
inverter stage, acting as a differential amplifier, is
shown by the curves of figure 34. By symmetry,
the output voltage is zero at zero input voltage.
Resistors R52 and R54 are the plate-load resistors,
and R53 is the cathode resistor common to both
triode sections. The two separate output voltages
are fed from the plates through resistive networks
to second dc amplifier V14. Resistors R58 and
R59 and potentiometer R57 form a voltage di-
vider across the output of V12A. Resistor R60
connects to the grid of V14B. Resistors R55 and
R56 and potentiometer R57 form a similar voltage
divider across the output of V12B. Resistor 61
connects to the grid of tube V14A.

®. The second dc amplifier, V14, provides ad-
ditional amplification for each of the two outputs
of inverter tube V12. Both cathodes are grounded
to form two simple triodeamplifiers. Tube V14A
amplifies the signal from V12B, and V14B am-
plifies the signal from V12A. Plate-load resistor
R64 forms a voltage divider with resistors R63
and R62. Plate-load resistor R65, for the A sec-
tion of tube V14, forms a voltage divider with re-
sistors R66 and R68. Amplified out-of-phase sig-
nals from the inverter are supplied to the motor
drive circuit through grid current-limiting re-
sistors R67 and R69.

e. To summarize the operation of motor drive
circuit, a positive error voltage appearing at the
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Figure 33. Dc amplifier stages, schematic diagram.

grid of cathode follower V10A is reflected through
resistors R40, R41, and R43 and drives the grid
of tube V10B more positive. In conducting more
heavily, the plate voltage of tube V10B becomes

lower. This lower voltage is applied to the con-
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Figure 34. Inverter characteristic curves.
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trol grid of tube V12A and is sufficient to cut off
this section-of the tube. The increased voltage
at the plate (pin 1) is applied to the grid of tube
V14B and causes it to conduct. Since the cath-
odes of tubes V12A and V12B are common, cut-
ting off V12A makes the grounded grid of V12B
become more positive with respect to its cathode
and causes V12B to conduct. The resulting low-
ered voltage at the plate (pin 6) is applied through
the voltage divider to the control grid (pin 2) of
the tube V14A, cutting it off. With tube V14B
conducting and tube V14A cut off, negative and
positive signals are applied to tubes V15B and
V15A. Motor Bl (par. 47) then operates to de-
crease the capacitance of C8; this reestablishes a
correct converter if. of 50 ke. With no error sig-
nal present, the overall balance of the dc amplifier
stages is obtained by means of channel A dc am-
plifier adjustments R47 and R57. Both potenti-
ometers are accessible from the top of the chassis
and may be adjusted with a screwdriver. Refer

to figure 10 and paragraph 63b(2).

47. Motor and Motor Drive Circuit
(fig. 35)

a. The channel A afc circuit terminates in the
motor drive stage which uses duzal-triode tube V15
to control the direction and amount of rotation of
motor B1l. Motor Bl is coupled to oscillator
tuning capacitor C8 through a gear train of ap-



proximately 4,500-to-1 ratio. Any rotation of B1
is observable on a spénner disk marked AFC IN-
DICATOR on the front panel. A friction-clutch
arrangement permits manual tuning of capacitor
C8 by means of the DRIFT INDICATOR knob
on the front panel. The friction clutch, gear
train, motor B1, and tuning capacitor C8 are
mounted in one replaceable inclosure, afc unit Z9.
Also included in Z9 is cam operated switch S4
which closes the power circuit to warning bell I
1 when either extreme of the tuning capacitor
range is reached. For channel B, afc motor-ca-
pacitor assembly Z10 is identical and is inter-
changeable with Z9. Tube V40, in the motor
drive circuit, controls afc unit Z10.

b. Commonly called drag-cup motors, B1 and
B2 are ac followup devices using the principle of
the induction-disk watt-hour meter. An exploded
pictorial diagram of a drag-cup motor is shown
in figure 36. The rotor is very light, consisting of
a nonmagnetic cup on a shaft. The cup rotates
within a conventional distributed-pole two-phase
stator and a fixed round lamination stack which
is used to complete the magnetic circuit. The field
windings set up eddy currents in the drag cup
which react with the air gap flux to produce motor

AFC MOTOR DRIVE

torque. One phase (winding CD) is excited con-
tinuously from the ac line through two parallel
starting capacitors, C32 and C33, and the nor-
mally closed contacts of relay K1. Capacitors
(C382 and C33 are used to obtain a 90° phase shift
for producing a two-phase rotating field from the
single-phase ac line. The other phase (winding
AB) is fed as a load in the cathode circuits of afc
motor drive tube V15. With no error signal from
the afc discriminator, the de amplifiers are bal-
anced and a cutoff bias of approximately —25
volts is applied to each grid of the motor drive
tube. Any error signal caused by a drift in the
if. will drive one grid of the motor drive tube more
positive and the other more negative causing one
triode section to draw current and the other to be-
comecompletely deenergized. Thecurrentisrecti-
fied in passing through the triode section and is
fed as 60 cps pulsating dc to phase winding AB of
the drag-cup motor. When the mark signal
drifts toward a frequency lower than the 50-ke
center frequency, the motor turns as a result of
this half-wave rectified ac. The direction of ro-
tation depends on which triode section is con-
ducting. Each triode section acts as a switch for
changing the phase winding AB of B1 from one-
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Figure 35. Motor end efc motor drive circuit, simplificd schematic diagram.
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half of center-tapped transformer T5 to the other.
Reversal of the two-phase motor is accomplished
by electronically reversing the phase of the current
in winding AB.

¢. When the mark frequency drifts away from
the 50-kc center frequency in the direction of a
higher frequency, the grid of V15A becomes more
positive and the grid of V15B (fig. 35) more nega-
tive. This causes V15A to conduct, and the cur-
rent passes through the top half of the secondary
winding of T5, through R70 and phase winding
A B of B1, and back to the cathode through switch
S1A. Because of the phasing between the two
windings of B1, the motor turns in such a direction
as to cause an unmeshing of the plates of C8 result-
ing in a decrease in capacitance. The decrease in
capacitance continues until the oscillator brings
the if. back to 50 ke and the de amplifiers again
are balanced. When the mark signal drifts below
50 ke, the grid of V15B becomes more positive and
tube V15A is cut off. Tube V15B conducts and
current passes through the lower half of the sec-

PINION

STATOR

HOUSING

Figure 36.
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ondary winding of T5. The phasing in phase
winding AB is changed by 180° and the motor
turns in the opposite direction, meshing the ca-
pacitor plates. This causes the oscillator fre-
quency to decrease which, in turn, raises the mark
signal frequency back toits original value. When
the afc discriminator output is reversed by switch
section S1B, section S1A of the same switch re-
verses phase winding AB and the operation of
motor Bl is reversed. The current through motor
winding AB may be measured by the metering
circuit which connects across series resistor R70
when metering switch S11 is in position R57
(fig. 39).

d. Motor winding CD is excited continuously
from the ac line through a set of normally closed
contacts on relay K1. The K1 relay contacts open

on weak or failing signals, thus disabling motor
B1. This prevents B1 from detuning the oscilla-
tor on noise in its attempt to reduce the error
signal to zero.

SPRING CLAMP

DRAG-CUP HUB

ROTOR (DRAG CUP)

TM2241-56

Ezxpleded view eof meter Bl.



48. Threshold Control Circuit
(fig. 87)

@. The threshold control circuit holds a mark
signal on the TY loop circuit and disables the afc
motor if the incoming carrier fails. Each circuit
consists of a signal rectifier tube and a threshold
amplifier tube. Except for reference symbols, the
threshold control circuits are the same for chan-
nel A and channel B.

b. In channel A, part of theif. signal at the plate
of first afc limiting amplifier V4 is fed through
coupling capacitor C20 to signal rectifier tube
V11. Tube V11 is a twin diode with the cathode
of diode A tied to the plate of diode B. Theinput
signal from V4 is applied at this junction point.
A —3 volt potential is applied to the plate (pin 7)
of V11A through AFC THRESHOLD LEVEL
potentiometer R50. Input signals to V11 more
negative than —3 volts cause diode A to conduct.
Current is rectified in passing through V11A and

continues through R50 to the —3 volt line. Tube
V11B, with its resistor-capacitor (C31-R49) re-
turn to ground, restores the circuit to equilibrium
when tube V11A is not conducting.

¢. The dc signal output from the signal rectifier
is amplified by threshold amplifier tube V13. The
level of the signal impressed on the grid of V13
is adjusted by AFC THRESHOLD LEVEL con-
trol R50. When V11 conducts on strong signals,
the current through R50 drives the grid of tube
V13 negative. This causes V13 to cut off and cur-
rent decreases through relay K1 which is con-
nected in the plate circuit. With the relay de-
energized, movable contacts 2 and 3 close for afc
motor circuit operation and contacts 4 and 5 open,
ungrounding the mark-hold line. This condition
is maintained as long as the carrier remains
strong, and is removed automatically as soon as
the carrier drops in strength.

d. Motor B1 is connected to the 115-volt power
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Figure 37.

Thresheld control circuit, schematic diagram.
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line through contact points 2 and 3 on relay K1
and afc switch S2A. Thus, the motor is dis-
abled when switch S2A is in the OFF position
or when relay K1 is energized due to a failing
signal. With relay K1 energized (when the sig-
nal fails), normally open contact points 4 and 5
ground the markhold line through switch S3 and
CHANNEL SELECTOR switch S5A.

49. Power Supply

The power supply circuit (fig. 38) supplies fila-
ment voltages and three high-voltage (hv) dec
potentials for the operation of the converter.

a. Power Input Circuit. The 115-volt, 50- to
60-cycle primary power supply is connected by a
cable assembly to receptacle J8 on the converter.
The power leads then are connected through 3-
ampere fuses F1 and F2 to filter Z8, through the
contacts of toggle switch S9, to winding 1-2 of
power transformer T5. Neon lamp I 2, in series
with dropping resistor R181, is connected across
primary winding 1-2 of T5 to indicate when the
power circuit is energized.

b. Full-Wave Rectifiers for Positive 0.33- and
250-Volt Supplies. Rectifier tubes V42, V43, and
V44 with filament windings 3-4-5 and hv wind-
ings 12-13-14 of transformer T5, provide a +250-
volt dc supply. This supply is filtered by series
choke coils I.3 and 14 and capacitors C88, C89A,
and C89B. Resistor R191 serves as a peak cur-
rent-limiting resistor. Bleeder resistors R194 and
R195 are connected across the output terminals of
the +250-volt supply to stabilize the voltage and
to discharge the filter capacitors when the con-
verter is turned off. A voltage divider consisting
of resistors R192 and R193 provides a potential
at their junction of +0.33 volt required to meas-
ure B+ in the metering circuit.

c. Full-Wave Rectifier for Negative 280-, 35-, 8-,
3-, and 0.37-Volt Supplies. Rectifier V41, fila-
ment windings 3-4--5, and hv windings 6-7-8 of
transformer T5, are connected in an inverted full-
wave rectifier circuit to provide five negative sup-
plies: a —280 volt supply for the keyer and dc
amplifier circuits, a negative 35-, 8-, and 0.37-volt
supply for the metering circuits, and a —3 volt
supply for tube biasing. The output of tube V41
1s filtered by resistors R182 and R183 and capaci-
tors C87TA and C87B. Resistors R184 through
R190 serve both as a voltage-dividing network to
tap off the various negative potentials required
by the converter and as a bleeder network.
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d. Full-Wave Rectifier for Positive 130-Volt
De Loop Supply. Rectifier V45, filament wind-
ings 3-4-5, and hv windings 9-10-11 of trans-
former T5, are connected in a full-wave rectifier
circuit to provide approximately +100 volts sup-
ply for the TY loop supply, depending on the
printer load. Filtering is accomplished by series
choke coil L5 and capacitors C90A and C90B.
Resistor R196 acts as a bleeder resistor for stabi-
lizing the output voltage.

50. Metering Circuits
(fig. 39)

The frequency-shift converter is provided with
microammeters M1, M2, M3, and M4 for checking
the operation of the various circuits. Meters M1
and M2, connected permanently across pins 2 and
7 of limiter diodes V6 and V32, indicate the input
levels of signals at the two converter input termi-
nals. Meter M3 is connected permanently across
terminals 7 and 8 of discriminator transformer
Z7. This meter measures the channel B discrim-
inator output voltage. Meter M4 is connected to
terminals 2 and 5 on PRESS TO TEST switch
S10. Normally, M4 measures the channel A dis-
criminator output voltage. When switch S10 is
depressed, meter M4 is connected to switch S11 for
metering various voltages throughout the con-
verter during alinement and adjustments. Switch
S11 has 12 positions, 3 of which are unused (fig.
39).

a. R109 Position. In position 1, meter M4 is
connected in series with multiplier R199 across
meter shunt R106. The meter indicates the loop
current through mark-keyer tubes V25 and V26.

b. B9} Position. In position 10, meter M4 in-
dicates the voltage at the grid of keyer amplifier
tube V24A. In series with multiplier R200, meter
M4 connects to the slide arm of potentiometer R94
and to the —8 volt tap in the power supply. With
R94 properly adjusted for —8 volts at the grid of
V24A, meter M4 reads 0, indicating a balance
against the —8 volts at the power supply. Sec-
tion A of S11 grounds the input to the keyer am-
plifier, grid 7 of V23A.

c. B99 Position. In position 11, meter M4
measures the voltage at the grid of space-keyer
tube V24B. The meter, in series with multiplier
R198, connects from the slide arm of potentiom-
eter R99 to ground. Section A of S11 grounds
the input to the keyer amplifier, grid 7 of VZ3A.

d. R10, Position. In position 12, meter M4
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Figure 89. Metering circuit, schematic diagram.

measures the voltage at the grids of mark-keyer
tubes V25 and V26. The meter, in series with
multiplier R201, connects to the slide arm of po-
tentiometer R104 and to the —35 volt tap in the
power supply. With R104 properly adjusted for
— 35 volts at the grids of V25 and V26, meter M4
reads 0, indicating a balance against the — 35 volts
atthe power supply.

e. B— Position. In position 9, meter M4 is
connected in series with multiplier R199 to meas-
ure the voltage across B— power-supply resistor
R185. When the B— power supply is at —280
volts, a —0.37 volt drop is produced across R185
by the current flowing through it. This causes a
—94 deflection on M4 which, when multiplied by
3, indicates a voltage of approximately — 280,

f. B+ Position. In position 8, meter M4 is
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connected in series with multiplier R199 to meas-
ure the voltage across B+ power-supply resistor
R193. A B+ power-supply output of 250 volts
will cause M4 to deflect to + 84 or approximately
250 volts.

g. A+ B Position. In position 6, meter M4 is
connected across the output of Z5 through multi-
plier R198. It indicates the combined output
voltage of both diversity discriminators.

h. R167 Position. In position 5, meter M4 is
connected across R180 and through multiplier
R197. The meter indicates the current through
one-phase winding of afc motor B2.

i. R57 Position. In position 4, meter M4 is
connected across R70 and through multiplier
R197. The meter indicates the current through
one-phase winding of afc motor Bl.




CHAPTER 6
FIELD MAINTENANCE

Note. This chapter contains information for field maintenance.

The amount of repair that can be performed by

units having field maintenance responsibility is limited only by the tools and equipment available and by the skill of

the repairman.

Section

51. Troubleshooting Procedures

a. General. The first step in servicing a defec-
tive piece of electronic equipment is to localize the
fault. Localization means tracing the fault to
the major circuit responsible for the abnormal
operation of the set. The second step is to isolate
the fault. Isolation means tracing the fault to
the defective part responsible for the abnormal
condition. Some faults, such as burned-out resist-
ors or capacitors and shorted transformers, often
can be located by sight, smell, and hearing. The
majority of faults, however, must be isolated by
checking voltages and resistances.

b. Voltage and Resistance Measurements, Dif-
ferences in Sets. The tube socket resistance and
voltage measurement chart (fig. 42) applies to all
converter units except those with serial numbers
from 1 to 200. For these, the following resistances
and voltages apply:

Voltages and Resistance Measurements, Differences in Sets

Tube and pin No. Voltage and/or resistance

V4, pin2___ ___________________ 3.4V.

V4, pinb__ . ___ . 120K and 30V.
V4,pin6________________________ 85K and 170V,
V4, pin7__ 3.4V.
Vié,pin2_______________________ 3V.

V16,pin 5 __ ____ . ______________ 115K and 30V.
V16, pin 6. ______________________ 85K and 165V.
V16, pin 7_______________________ 3V.
ViZ,pin2_______________________ 3V.

Vi7,pinb5__ . 115K and 30V.
ViZ,pin6___ . ___________________ 85K and 165V.
V17, pin 7_______ ______________. 3V.

V30, pin2_______________________ 3.4V.

V30, pinb5_______________________ 120K and 30V.
V30,pin6.__ ____________________ 85K and 170V.
V30, pin7______________ _________ 3.4V.

I. TROUBLESHOOTING AT FIELD MAINTENANCE LEVEL

c. Tests. The tests listed below aid in isolat-
ing the source of trouble. To be effective, the pro-
cedure should be followed in the order given.
Remember that servicing should cause no further
damage to the equipment. First, trouble should
be localized to a single stage or circuit. Then the
trouble may be isolated within that stage or cir-
cuit by appropriate voltage, resistance, and con-
tinuity measurements. The service procedure is
summarized as follows:

(1) Visualinspection. Thepurposeof visual
inspection is to locate any visible trouble
such as loose, broken, or charred parts.
Through this inspection alone, the re-
pairman frequently may discover the
trouble or determine the stage in which
the trouble exists. This inspection is
valuable in avoiding additional damage
to the equipment which might occur
through improper servicing methods and
in forestalling future failures.

(2) Power supply resistance measurements.
These measurements (par. 55) prevent
further damage to the equipment from
possible short circuits. Since this test
gives an indication of the condition of
the filter circuits, its function is more
than preventive.

(8) Troubleshooting chart (tig. 40). The
trouble symptoms listed in this chart will
aid greatly in localizing trouble.

(4) Operational test. The operational test
(par. 57) is important because it fre-
quently indicates the general location of
trouble. In many instances, the infor-
mation gained will determine the exact
nature of the fault. In order to utilize
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this information fully, all symptoms must
be interpreted in relation to one another.

(5)

Intermittents.

In all these tests, the pos-

sibility of intermittents should not be

overlooked.

If present, this type of

trouble often may be made to appear by
tapping or jarring the set. It is possible
that the trouble is not in the converter
itself but in the installation (cabling
to receivers, power cables, or teletype-
writer connection), or the trouble may be

caused by external conditions.

In this

event, test the installation, if possible.

52. Troubleshooting Data
Take advantage of the material supplied in this

manual. It will help in the rapid location of

faults. Consult the following troubleshooting

data.

Fig. Par Description

40 | Troubleshooting chart.

41 | . Frequency Shift Converter CV-
116/URR, tube location.

42 | . Tube socket resistance and volt-
age measurements, converter
units serial numbers 201 up.

43 |- Resistor and capacitor board
voltages and resistances.

51 | ___ Circuit for measuring relay cur-
rent.

52 | .. Adjusting relay K1 or K2.

62 |_ .. Frequency Shift Converter CV-
116/URR, serial numbers
1-200, schematic diagram.

63 | .. Frequency Shift Converter CV-
116/URR, serial numbers 201
and higher, schematic diagram.

64 |__ o ____. Cabling diagram, Frequency Shift
Converter, CV-116/URR.

JERR I 7: S Dc resistances of transformers
and coils.

e BB L Checking B+ circuits for shorts.

e BT . Operational test procedures.

| B9 Relay adjustments.

----| 61 through 63___| Alinement procedures.

53. Test Equipment Required for Field Main-

tenance

The test equipment recommended for trouble-
shooting Frequency Shift Converter CV-116/

URR i1s listed below.

The technical manuals as-

sociated with the test equipment also are listed.

52

Test equipment

Technical Manual

Multimeter TS-352/U ..
Electronic Multimeter TS-505/U
Electron Tube Test Set TV-7/U
RF Signal Generator Set AN/URM-25___
Frequency Meter Set SCR-211-( )

TM 11-5527
TM 11-5511
TM 11-5083
TM 11-5551
TM 11-300

54. Dc Resistances of Transformers and Coils

The dc resistances of the transformer windings
and the coils in the converter are listed below :
Caution: Do not attempt to make resistance
measurements with the power on.

Transformer or coil Terminals Ohms
T . -2 ___ 0.25%
34 _ . 4.9 aprx
T2 . _. 1-2_ .. 0.25%
34 __ 4.9 aprx
T3 o ___. 1-2 . 0.25%
3—4_ . 4.9 aprx
T4 . ___. 1-2_ L ___. 0.25%
3-4_ . 4.9 aprx
TS . 1-2_ ... 0.7
34 o ___ 0.1%
4-5_ 0.1%
6-7__ L ___ 150
-8 o ____ 150
9-10_ ... 13
10-11______________ 13
12-13__ .. 28
13-14______________ 28
Z1_ o ___. 1-2_ 5.2
3—4_ . 5.3
Z2__ . __._ -2 . 4.7
3—4_ . 4.5
dor4-9____________ 2.2
56 ____ . _.__ 202K
-8 o ___. 2,000
Z3. . -2 ___. 4.7
34 . 4.5
dor4-9____________ 2.2
56 _______ 202K
-8 2,000
Z4_ __ ________. 1-4_ 17
34 . ___ 16
3or4-9_____.______ 8
56 ___ . ___ 202K
-8 .. 2,000
Z5 o _____ 1-3_ o ___ 15K
1-2 . infinite
2-3 o _.__ infinite
4-6________________ 10K
4-5_ _______________ infinite
5—6__ infinite
Z6__ . ____. -2 17.7
3-4_ . 17.5




DOES NOT LIGHT

LIGHTS OK

PILOT LAMP (I 2)
LAMP HOLDER
POWER SWITCH (S9)
LINE FILTER (Z8)
FUSES (FI,F2)
CONNECTORS (JB,P6)
AC POWER

FAN
MOTOR
DOES NOT TURN

 TURNS 0K

I TUBES l

FAN MOTOR (B3)
CAPACITOR (GO0

PUSH TO TEST GIRCUIT
METER CIRCUIT
METER (M4)
R192 - R193
B+ FILTER CIRCUIT
RECTIFIER TUBES

DOES

DO NOT LIGHT
W LIGHT oK [POWER TRANSFORMER (T5)

METER SWITCH IN B+ POSITION
PRESS TO TEST SWITCH ENGAGED

|
METER SWITCH IN A+B POSITION
PRESS TO TEST SWITCH ENGAGED

L 2

CHANNEL
SELECTOR SWITCH
A POSITION

lM4 DOES NOT FOLLOW KEYING

M4 DOES NOT FOLLOW KEYING

(V42,V43,AND V44) | NOT READ OK W READ OK
POWER
METER SWITCH IN B— POSITION
TRANSFORMER PRESS TO TEST SWITCH ENGAGED
(15) DOES NOT READ
READ OK
PUSH TO TEST CIRCUIT
METER CIRCUIT RIB4-RIS5
8- FILTER CIRCUIT
RECTIFIER (V41)
POWER TRANSFORMER (T5)
.
INPUT A v INPUT B
y v
P DOES NOT READ
DOES NOT READ SIGNAL INPUT METER M I sisna weur meTer w2 |
| — ]
50.0KC BAND-PASS FILTER (ZI) 293 KC BAND-PASS FILTER (26) | -
MIXER (V3) MIXER (V29)
OSCILLATOR (V2) AND CIRCUIT OSCILLATOR (v28) AND CIRcuIT | #
RF AMPLIFIER (V1) AND CIRCUIT RF AMPLIFIER (V27) AND CIRCUIT
SIGNAL CONNECTORS (JI,P8) SIGNAL CONNECTORS (J5,PI0)
SIGNAL SUPPLY SIGNAL SUPPLY
METER (M) METER (M2)
LIMITER DIODE (V6) READS OK READS OK LIMITER DIODE (V32)
IST LIMITER (V4) \ 8 IST LIMITER (V30)
DOES NOT FOLLOW KEYING DOES NOT FOLLOW KEYING
J' FOLLOWS KEYING OK FOLLOWS KEYING OK
METER (M4) l t ‘ { ¥ E METER (M3)
DISCRIMINATOR DIODE (VB) = DISCRIMINATOR DIODE (V34)
DISCRIMINATOR TRANSFORMER (22) AFG DRIFT kS AFC DRIFT AFC DISCRIMINATOR TRANSFORMER (Z7)
30 LIMITER (V7) INDIGATOR INDIGATOR HRESHOLD INDICATOR INDICATOR THRESHOLD 3D LIMITER (V33)
20 LIMITER (V5) . 2D LIMITER (V31)
SWITCHING CIRCUIT (SIB) fer—— Fom— SWITCHING CIRCUIT S78
] DOES NOT CORRECT FREQUENCY DOES NOT GORRECT FREQUENCY
I P— )
NO CONTROL
AFC MOTOR UNIT (Z9) NO CONTROL. AFC MOTOR UNIT (Z10) i
AFC TUBES (VIS, VI4, AFC AFC TUBES (V40, V39, AFG
vi2, VIO, V9) THRESHOLD SIGNAL RECTIFIER (Vi) Vv38,V36,V35) THRESHOLD SIGNAL RECTIFIER (V37)
AFG SHIFT 'ADJUSTMENT (R41) 0K R AFC SHIFT ADJUSTMENT (RI51) oK RIS
CONNEGCTOR (PI,02,P2,J3) THRESHOLD AMPLIFIER (V13) CONNECTOR (U7, P4,J6,P3) THRESHgéeAcm&lz_I)FIER(VZBB)
LAY ¢{ ITCHI! A Al
3 SWITCHING (SIA AND S5) < WEAK SIGNAL INPUT < SWITCHING (S7A AND S5) 4 WEAK SIGNAL INPUT

y

GHANNEL =
SELECTOR SWITCH
B POSITION

1
METER SWITCH IN A+B POSITION

PRESS TO

TEST SWITCH ENGAGED

1ST LIMITER (V16)
CHANNEL SELECTOR
SWITCH (S5)

CHANNEL A ONLY

FOLLOWS KEYING OK

DISCRIMINATOR DIODES
DISCRIMINATOR TRANSFORMERS (Z3 AND Z4)

DIVERSITY LIMITERS (VI8,
Vi9, AND V20)
(V2l AND V22)

DUAL LOW-PASS FILTER
SWITCHING GIRCUITS
(SIC, S7C, SI0, AND SIi)

(25)

v

CHANNEL A AND/OR CHANNEL B

FOLLOWS KEYING OK

¥

NOQ KEYING

TELETYPEWRITER MONITOR
POSITION

METER SWITGH IN RI09 POSITION

PRESS TO TEST SWITCH ENGAGED

NO GURRENT

KEYER AMPLIFIER

SPACE KEYER}WZM
CATHODE FOLLOWER (V23A)

DG LOOP SUPPLY
MARK KEYER (V25 AND Vv26)
OUTPUT CONNECTIONS (J4)

Figure }0.

v
TELETYPEWRITER
OUTPUT OK

Troubleshooting chart.

M4 DOES NOT FOLLOW KEYING‘l

IST LIMITER (VI7)
CHANNEL SELECTOR

SWITCH (S5)

CHANNEL 8 ONLY
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Transformer or coil Terminals Ohms

7. 1-2 . 17
34 . 16
dor4-9____________ 8
56 ___ 202K
T8 2,000

Z8. - .- 1-4_ L .. 0.5%
2-3 . 0.5%

K1 _______ -6 ____ 10K

K2 _____ 1-6_________._______| 10K

Bl A-B_______________ 1,500
C-D__ ... 1,500

B oo A-B___ .. 1,500
C-D_ . 1,500

B3 ____ Green-red_ _________ 330
White-blue_ ________ 410

| ) 34 L .. 2

L2 . 34 __ 2

L3 e 61

L4 e __ 61

LS e ___ 154

*Resistance negligible, 0.50hm orless. These values will give an indication
of 0 ohms when measured by Multimeter TS-352/U.

55. Checking B+ Circuits for Shorts

a. Trouble within the converter often may be de-
tected by checking the resistance of the hv circuits
to ground before applying power to the equip-
ment, thus preventing damage to the power sup-
ply. Check for the following resistance readings
before attempting to operate the unit, leave the
power cable disconnected while taking the meas-
urements.

(1) From B+ to ground, the resistance
should be 16K regardless of the position
of the front panel switches. Measure
between the red lead terminal of C89B
and chassis ground (fig. 46).

(2) In the negative power supply, the re-
sistance should be 18K regardless of the
positions of the front panel switches.
Measure between the white lead ter-
minal of C87B and chassis ground (fig.
46).

(3) From pin D on J4 to pin 5 on V25 (loop
power supply), the resistance should be
18K regardless of the positions of the
front panel switches.

(4) From B— (white lead of C87B) to pin 1
of V41 (winding 6-7 of T5), the re-
sistance should be 150 ohms.

(5) From B— (white lead of C87B) to pin
6 of V41 (winding 7-8 of T5), the re-
sistance should be 150 ohms.

(6) From ground to pin 1 of V42 (winding
18-14 of T5), the resistance should be
28 ohms.

(7) From ground to pin 6 of V42 (winding
12-13 of T5), the resistance should be
28 ohms.

b. If the measured resistances differ materially
from the values listed, first check the filter capaci-
tors associated with the particular supply. Then
look in the associated circuits for leaky or shorted
capacitors, or for resistors that have changed
values.

56. Troubleshooting Chart

The chart (fig. 40) is supplied as an aid in
locating trouble in the converter. This chart lists
the visual symptoms which the repairman observes
while making a few simple tests. 7'he chart also
indicates how to localize trouble quickly to the
input, diversity, afc, or power-supply sections of
the converter. Once the trouble has been localized
to a stage or circuit, a tube-check, and voltage and
resistance measurements of this stage or circuit
ordinarily should be sufficient to isolate the defec-
tive part. Normal voltage and resistance meas-
urements are given in figures 42 and 43.

57. Operational Test Procedures

a. General. With the converter divorced from
the teletypewriter system, troubleshooting can be
performed with a minimum of equipment and
parts. In addition to the equipment shown in
figure 44, Frequency Meter Set SCR-211 is
required.

b. Components and Connections Required. Con-
nect RF Signal Generator Set AN/URM-25 to
INPUT A or INPUT B as shown in figure 44@
or 8. Connect a 500-ohm, 2-watt resistor to J4
as shown in figure 44(©. This resistor replaces
the output loop so that the converter may be oper-
ated under simulated operating conditions. The
signal generator should be set to the frequency
normally fed to input jacks J1 and J5 by the radio
receivers used with the converter in actual opera-
tion. Resistance and voltage measurements re-
quire an electronic multimeter such as Electronic
Multimeter TS-505/U.
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¢. Power-Supply Check. The satisfactory oper- this stage will cause reduced output to

ation of the converter depends upon the proper the mixer and low readings on M1.

voltages being applied to the various tube ele- Note. At each step, it is assumed that all
ments. These voltages may be checked regularly previous steps were completed satisfactorily.
by Observing the rectified Output Voltages of the Isolate and clear any trouble located before

proceeding with any succeeding steps.

(3) Rotate channel A AFC-XTAL-MARK
: : HOLD switch S1 to the XTAL position

supply, turn the metering switch knob )

successively to the positions indicated, and CHANNEL SELECTOR switch S5

depressing the PRESS TO TEST to position A. Connect the electronic
switch, and see that the readings are multimeter from pin 2 of tube V2 to

within the limits shown in the chart ground and observe the reading on the
below multimeter ( —7 volts dc). If the multi-

meter fails to give an indication, test tube
V2 and check the associated circuit ele-
Metering switch | Moter M4 Actusl reading r.ner.lts.. Meter Ml also should give an

indication. If it does not, tube V4, V5,
or V6, meter M1, or the associated circuit

power supply.
(1) To check the output voltages of the power

B—_ ________ 93+5 | 3XE or 2804+ 14 volts R 3
B4+ 83+4 | 3XE or 250+ 12 volts elements is probably defective.
(4) Rotate channel A AFC-XTAL-MARK
HOLD switch S1 to the AFC position.
(2) If these readings are not obtained, meas- With the electronic multimeter still con-
ure to see that the converter input voltage nected as described in (3) above, the mul-
is 115 volts ac =10 percent. If it is, see timeter still should indicate —7 volts de.
figure 40 and check the circuit elements If the multimeter fails to give an indi-
listed under “B+” and “B —”, “Does Not cation, check coil L1 and sections D and
Read O. K.” E of switch S1.
d. Input Circuits. The locations of screw- (5) Transfer the signal generator from IN-

PUT A to INPUT B. Repeat the steps
outlined in (1) through (4) above for
the channel B input circuits.

driver controls T1 and T2 involved in the pro-
cedures which follow are shown in figure 45.

(1) Connect the signal generator to INPUT (6) Connect the electronic multimeter from
A connector J1 of the converter, and set pin 1 of V4 to ground to check the over-
the signal generator frequency to a value all operation of the rf section. Tune the
corresponding to that of the if. input signal generator from approximately 10
from the radio receivers. Set the input ke below to 10 ke above the INPUT A
at 5,000 microvolts. This voltage re- frequency. The multimeter should in-
quirement is based on the use of a signal dicate a definite peak voltage at the IN-
generator of low output impedance. Do PUT A frequency. If the multimeter
not connect an input to INPUT B con- fails to indicate a peak reading, check

nector J5 while making tests on chan- tube V3 and its associated -circuit
nel A elements.

e. Afc Limiting Amplifiers. After checking
the rf input circuits according to the procedure
above, check the afc limiting amplifiers in accord-
ance with the following:

(2) Connect the electronic multimeter from
pin 7 of tube V3 to ground, and adjust the
tuning slugs in transformers T1 and T2

for maximum indication on the multi- (1) Connect the signal generator to INPUT
meter (set up toindicate ac voltage). If A and adjust its frequency to the if. of
the multimeter reading fails to indicate a the receiver normally used in conjunction
maximum peak of approximately 1.5 with this converter. Connect the elec-
volts ac, test the tube and check the asso- tronic multimeter from pin 5 or V7 to
ciated circuit elements. Misalinement of ground.
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(2)

(3)

f. Afe Discriminator Chircuits.

Vary the output level of the signal gen-
erator from 50 to 100,000 microvolts.
The multimeter should indicate a rela-
tively constant reading of approximately
50 volts ac over the entire range of input
level. Check tubes V4, V5, V6, and V7
and their associated circuit elements if
abnormal readings are indicated on the
multimeter.

Transfer the signal generator from IN-
PUT A to INPUT B. Repeat the steps
outlined in (1) and (2) above for the
channel B afc limiting amplifiers.

The locations

of the connection points involved in the following
procedures are shown in figures 9 and 42.

(1)

(2)

(4)

Connect the signal generator to INPUT
A. Set the signal generator to the op-
erating frequency and adjust its output
to 10,000 microvolts. Connect the elec-
tronic multimeter across the + and —
terminals of meter M4. Throw the AFC
switch to the OFF position.

The multimeter should read zero, indi-
cating correct discriminator tuning. If
a zero reading is not obtained, change
the input signal frequency slightiy.
Disconnect the signal generator from the
INPUT A jack. The object now is to
decrease the frequency of the signal gen-
erator by 1 ke to simulate a spacing sig-
nal. To do this accurately, tune Fre-
quency Meter SCR-211 to the operating
frequency as described in TM 11-300.
Couple the signal generator to the fre-
quency meter. Zero-beat the frequency
meter to the signal generator. Reduce
the frequency of the frequency meter by
1 ke and zero beat the signal generator to
the frequency meter. Uncouple the fre-
quency meter and again connect the signal
generator to the INPUT A jack. The
multimeter now should indicate a nega-
tive 30=5 volts de.

Now increase the frequency of the fre-
quency meter by 2 ke (1 ke above the
operating frequency) and zero-beat the
signal generator to the frequency meter
as described in (3) above. Uncouple the
frequency meter from the signal gener-
ator and connect the latter to the INPUT
A jack. The multimeter now should in-

(5)

Qicate a positive 30=%5 volts de. If the
conventional discriminator response de-
scribed herein and in (3) above is not
obtained, check V8, Z2, S1B, and the as-
sociated circuit wiring.

Transfer the output of the signal gen-
erator from INPUT A to INPUT B.
Repeat the steps outlined in (1) through
(4) above for the channel B afc dis-
criminator circuit.

g. De Amplifier Stages and Motor Drive Cir-

cuit.

The locations of the controls involved in

the following procedures are shown in figures 8

and 9.
(1)

(2)

(3)

(4)

(6)

Throw the afc switch to the OFF
position.

Connect the signal generator to INPUT
A. Set the signal generator to obtain a
zero reading on M4 and adjust its out-
put to 5,000 microvolts.

Throw the afc switch to the ON posi-
tion and adjust the channel A AFC
SHIFT ADJUSTMENT control to stop
the channel A AFC INDICATOR. At
this point, meter M4 should indicate ap-
proximately +15 microamperes. If this
reading is not obtained, see (5) below.
Gradually decrease the frequency of the
applied signal by several hundred cycles.
The channel A AFC INDICATOR
should spin in one direction. Gradually
Increase the frequency of the applied sig-
nal by several hundred cycles. The chan-
nel A AFC INDICATOR now should
spin in the opposite direction.

If the procedure above fails to give the
indicated results, check the settings of
potentiometers R47 and R57 as described
in paragraph 63. If the operation is still
not normal after adjusting R47 and R57,
check tubes V9, V10, V12, V14, and V15,
afc unit Z9, and associated circuit ele-
ments,

Transfer the output from the signal gen-
erator to INPUT B. Repeat the steps
outlined in (1) through (5) above, for
the corresponding circuits in channel B.

h. Diversity Limiting Amplifiers.

(1)

Connect the signal generator to INPUT
A and adjust its output to the operating
frequency. Connect the electronic mul-
timeter from pin 5 of V20 to ground.
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(2)

(3)

Rotate the CHANNEL SELECTOR
switch to position A .

Vary the output level of the signal gener-
ator from 50 to 100,000 microvolts. The
multimeter should indicate a relatively
constant reading of approximately 50
volts ac over the entire range of input
levels. If abnormal readings are indi-
cated on the multimeter, check tubes V16,
V18, V19, and V20, and their associated
circuit elements.

Rotate the CHANNEL SELECTOR
switch to the A + B position. Repeat pro-
cedure in (2 )above. Check section B of
switch S5 if normal readings are not ob-
tained on the multimeter.

|
E

REAR

(4) Rotate the CHANNEL SELECTOR

switch to position B. Repeat procedure
in (2) above. With the procedure in
(1) through (3) above completed satis-
factorily, the most likely cause for ab-
normal multimeter readings in this proce-
dure will be tube V17, section B of switch
S5, or their associated circuit elements.

i. Diversity Discriminators.
(1) The following procedure requires one

signal generator. Connect the output to
the INPUT A and INPUT B jacks. Ad-
just the signal generator to the if. output
of the receivers which normally are used,
and set the output level at 10,000 micro-
volts. Connect the electronic multimeter

H
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=47y 345V AC o5y 3.5V AC I & VALUES DEPENDENT ON CONTROL SETTINGS L2y 3.5y AC
106K R 23K T 34K 220K A
80V 12. © 185 K WHEN 500 OHM RESISTOR 1S ACROSS TERMINALS A & D OF J4 85v
50K (TTY OUTPUT). ToK
Figure 42. Tube socket resistance and voltage measurements for converter units, serial numbders 201 up. TM2241-37
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Figure 43. Resistor and capacitor board voltages and resistors. 333667 O - 55 (Face p. 56) No. 2




(2)

(3)

to indicate dc voltage between terminal
3 of low-pass filter Z5 and ground. Ro-
tate the CHANNEL SELECTOR switch
to the A + B position.

The multimeter should read zero, indi-
cating correct discriminator tuning. If
a zero reading is not obtained, change the
input frequency slightly.

Decrease the frequency of the applied
signal to both INPUT A and INPUT B
by 1 ke to simulate a spacing signal. Fol-
low the procedure given in % (3) above.
Make sure the multimeter indicates a
negative 305 voltsdc. Increasethe ap-
plied frequency 1 ke for a marking signal
by following the procedurein f (4) above.
The multimeter should indicate approxi-
mately 30 =5 volts dc in the positive direc-
tion. If the conventional discriminator
response just described is not obtained,
check tubes V21, V22, discriminator net-
works Z3 and Z4, switches S1C and S7C,
low-pass filter Z5, and the associated
circuit elements.

j. Keyer and Output Circuits.

(1)

Connect the signal generator to INPUT
A. Set the signal generator to the oper-
ating frequency and adjust its output to
5,000 microvolts. (The signal generator

(2)

(3)

is at the operating frequency when the
DISCRIMINATOR meter M4 indicates
zero.) Connect the electronic multi-
meter across the 500-ohm resistor in the
tty output circuit (b above). Rotate
the CHANNEL SELECTOR switch to
position A.

Decrease the frequency of the applied
signal by approximately 1 ke to simulate
a spacing signal. The multimeter should
indicate zero. Gradually increase the
applied frequency approximately 2 ke
(1 ke above the operating frequency) for
a marking signal. As the signal gener-
ator is tuned through the operating fre-
quency, the reading on the electronic
multimeter should change instanta-
neously from 0 to 30=5 volts dc. The
point at which this change occurs is indi-
cated on DISCRIMINATOR meter M4
by the meter needle passing through zero.
If the procedure above fails to give the
indicated results, check the settings of
potentiometers R94, R99, and R109 as
described in paragraph 63. If the oper-
ation still is not normal after adjusting
the keyer potentiometers, check tubes V23,
V24, V25, and V26, and associated circuit
elements.

Section Il. REPAIRS

58. Replacement of Parts

a. General.

Most of the parts in Frequency

Shift Converter CV-116/URR are readily accessi-
ble and are easily replaced if found to be faulty.
Careless replacement of parts often causes new
faults to develop. Whenever the unit is serviced,
observe the following precautions:

(1)
(2)

(3)

(4)

Be careful when cover plates are removed.
Dangerous voltages are exposed.

Before a part is unsoldered, note the posi-
tion of the leads. If the part (such as a
transformer or switch) has a number of
connections, tag each lead.

When removing screws from parts, try
to keep the screws in individual groups
corresponding to the components which
they fasten to the chassis. Thiswill speed
the reassembly process.

Be careful not to damage other leads by
pulling or pushing them out of the way.

(5)
(6)

(M)

Do not allow drops of solder to fall into
the set; they may cause short circuits.

A carelessly soldered connection may
create a new fault. It is very important
to solder the joints well. A poorly
soldered joint can be one of the most diffi-
cult faults to find. For specific instruc-
tions on replacing the UG-88/U con-
nectors, see figure 50.

When a new part is installed, it should
be placed exactly as the original. A part
which has the same electrical value, but
different physical size, may cause trouble
in hf circuits. Give particular attention
to proper grounding when replacing a
part. Use the same ground as in the
original wiring.

b. Disassembly of Afe Unit Z9. Afc unit Z9
is an assembly located on the underside of the con-
verter chassis (fig. 47). The essential components
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Figure 44. Setup for troubleshooting equipment when divorced from system.

mounted inside Z9 are shown in figrre 48. These
components consist of variable capacitor C8, a
gear train for mechanically linking the capacitor
to motor B1l, and limit switch S4. Switch S4
completes the circuit for a warning bell when C8
has been driven near minimum or maximum ca-
pacity. A friction clutch connects C8 to front
panel DRIFT INDICATOR knob E14. The
front panel AFC INDICATOR is a spinner disk
geared to the motor shaft, and it indicates motor
rotation when the afc circuit is correcting. The
motor leads terminate in connector J3, and the ca-
pacitor leads terminate in coaxial connector J2.
Both of these receptacles are located on the rear
of Z9. |
(1) To remove Z9 from the converter, rest it
on a fairly level surface in an inverted
position.
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(@) Disconnect P1 from J2 by rotating the
locking ring 90° and withdrawing the
plug.

() Disconnect P2 from J3 by undoing the
locking sleeve and withdrawing the
plug.

(¢) Remove DRIFT INDICATOR knob
E14 by removing the screw that holds
it to the shaft extending from Z9
through the front panel.

() Remove the four 74-inch No. 8-32
screws that hold Z9 to the front panel.

(e) Lift Z9 clear of the converter for fur-
ther disassembly.

(2) To disassemble Z9 for access to S4, B1,
and C8, remove the 1/ -inch No. 6-32 screw
located next to J2 and J3 on the rear of
Z9. Carefully remove the dust cover by



pulling it squarely off. Avoid striking screws that hold the capacitor mount-
any of the components within. ing plate to the gear case casting.
Caution: Do not remove the two 23- (¢) Lift the capacitor and its associated

inch hexagonal studs that hold the mount- mounting brac_ket clear Of. the gear case
ing bracket for J2 and J3 or the screws i B O RS

that hold the studs will be released in withdraw the capacitor and capacitor
the gear case. This will necessitate fur- mountmg Praes agsembly. The as-
ther disassembly of the unit for their sembly will seem to bind because of the
recovery. friction effect of coupling O 11.
. (4) To remove B1, remove the three screws
(3) To remove capacitor C8, remove the two .
14-inch No. 6-32 flat-head screws that on the panel end of Z9 which are recessed
hold the mounting bracket for J2 and J3 most deeply. These three' l-lth No.
to the hexagonal studs. Wire slack will 6-82 screws can be further identified by
allow the bracket to be laid back so that their alinement with the mounting bosses
C8 may be lifted clear. of the motor. Lift the motor free of the
(@) Unsolder the yellow leads that con- gear case.
nect the stator and rotor of C8 to J2. (5) To remove S4, remove the two 7%4-inch
(6) Remove the four 14-inch No. 440 No. 440 screws that hold the microswitch
Va4 22 73/ Wia 74 voe 7T V34 yss 75 - np4
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Figure 45. Frequency Shift Converter CV-116/URR, top view.
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Figure 47. Frequency Shift Converter CV-116/URR,

and roller bracket to the gear case. Re-
move the microswitch and roller bracket
by unsoldering the blue and violet leads.
To disassemble gear case of Z9 for access
to gear train, remove the five shallow set
%e¢-inch No. 6-32 screws from the panel
end of Z9. Note that the remaining
three screws hold the motor in place and
are recessed more deeply in clearance
holes. The motor need not be removed
when entering the gear case. Hold the
plane of the gear case cover horizontally,
and remove the cover vertically upward
so that the gears will remain in their
proper relative position. The cover is
kept in alinement by two pins which offer
substantial friction as the cover is re-
moved. If it is necessary to pry off the
cover, be careful to pry evenly to avoid
bending the key pins and gear shafts.

P2

Pt

Z9

TM2241-42

bottom view, shewing afc units in place.

(7)

(8)

The gear train can be reached when the
cover of the gear case is removed.
To remove the clutch assembly, loosen
the two Allen-head screws on the switch
activating cam (located on the rear of the
gear case), and withdraw the clutch and
gear assembly.
To remove the spinner assembly, gently
pry off the clear plastic cap protecting
the indicating spinner. Thespinner and
its driving gear now may be disassembled
by removing the No. 2-56 nut on the top
of the spinner.

Note. Disassembly of afc unit Z10 and its
component parts, moter B2, switch 86, and

capacitor C60 is similar to disassembly of afc
unit Z9.

c. Removal of Alarm Bell. To remove alarm
bell I 1, pull back the sleeving over the two black
leads and then unsolder the connections. Remove

61




El4

62

Figure }8.

Exploded view of afc unit Z9.
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Figure 49. Frequency Shift Converter CV-116/URR, rear of front panel.

the two screws that hold the bell support bracket
to the chassis and pull the assembly away. Re-
move the alarm bell from the bracket.

' d. Replacement of Fan Motor. To remove fan
motor B3, unsolder the four motor leads from the
tie points located on the bottom of the chassis.
Remove the fan guard. Unscrew the motor sup-
port bracket. Lift the assembly away from the
unit at the top. Unscrew the motor from the
support bracket.

59. Relay Adjustments

a. General. Relays K1 and K2 are single-coil
relays. The adjustment requirements are both
mechanical and electrical. The mechkanical re-
quirement consists of the proper armature travel.
The electrical requirements are the specified cur-
rents through the winding which should cause the
relay to operate or to release from the operated
position. When checking the requirements, the
armature must be operated electrically to insure
accuracy of the setting.

b. Cleaning. 'The greatest source of relay fail-
ures is the presence of particles of dirt or lint be-
tween contacts or around the hinge pin. When
cleaning the relays, proceed as follows:

(1)

(2)

(3)

Remove the relay from the bracket by re-
moving the two retaining screws. Posi-
tion the relay on either side of the bracket
so that its working parts are exposed for
cleaning. Be careful not to damage the
relay leads or other wiring.

Carbon tetrachloride may be used to re-
move grease or oil from contacts. De-
posit small drops of the carbon tetrachlo-
ride on the contacts with a toothpick.
Do not rub. Be careful not to spill any
liquid on the spoolheads and insulators.
Cut several strips of paper about one-
half inch wide to be used in burnishing
the contacts. Do not burnish the con-
tacts until they have dried thoroughly.
To burnish the normally open contacts,
place the paper strip between the con-
tacts, and press the contactstogether with
a matchstick to give a slight pressure
against the paper strip. At the same
time, pull the strip of paper between the
contacts. The desired result usually is
obtained by pulling a clean strip of paper
between the contacts two or three times.
In the case of the normally closed con-

63




NUT CABLE

JACKET

= _.’/mmm
s
=] -

SLEEVE
ASSEMBLY

B pog

SLEEVE
NuT ASSEMBLY

CUT END OF CABLE EVEN

REMOVE VINYL JACKET /2"
DO NOT NICK BRAID.

PUSH BRAID BACK, AND
REMOVE /8" OF INSULATION
AND CONDUCTOR.

TAPER DIELECTRIC

SLIDE SLEEVE ASSEMBLY OVER
DIELECTRIC AND BRAID.

FIT INNER SHOULDER OF
SLEEVE SQUARELY AGAINST
END OF JACKET.

“MALE

CONTACT

MALE GONTACT

FINAL ASSEMBLY SHOWN
IN  SECTION

WITH SLEEVE IN PLAGE
COMB OUT BRAID, FOLD
BACK SMOOTH AS SHOWN,
AND TRIM 3/32)

BARE CENTER CONDUCTOR
/B DO NOT NICK
CONDUCTOR.

TIN CENTER CONDUCTOR OF
CABLE. SLIP MALE CONTACT
IN PLACE AND SOLDER.
BE SURE CABLE DIELECTRIC
IS NOT HEATED EXCESSIVELY
AND SO SWOLLEN AS TO
PREVENT DIELECTRIC
ENTERING BODY,

PUSH INTO BODY AS FAR
AS IT WILL GO.

SLIDE NUT INTO BODY AND
SCREW INTO PLACE WITH
WRENCH  UNTIL MODERATELY

TIGHT. HOLD CABLE AND
SHELL RIGIDLY AND ROTATE
NUT. ASSEMBLY IS NOW
COMPLETE.

Figure 50. Replacement of connectors.
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Figure 51.

(4)

(5)

(6)

DC MILLIAMETER

TM 2241-44

Circuit for measuring relay current.

tacts, the tension of the spring leaves
usually furnishes enough pressure against
the paper burnisher.

Clean the opening between the armature
adjusting screw and the pole face in a
similar manner by drawing a strip of
paper between the two surfaces.
Deposit several drops of carbon tetra-
chloride on the hinge pin to clean out any
foreign material or grease.

Replace the relay on its mounting
bracket.

c. Adjustment of Relay. The armature travel
must be adjusted whenever relay K1 or relay K2
fails to meet the following electrical requirements:
operate, 4.5 to 5 ma; release, 3.2 to 3.8 ma. Al-
ways make the relay meet these current require-
ments after every cleaning. To check the opera-
tion of relay K1 or relay K2, proceed as follows:

(1)

(2)

Remove the relay from the relay bracket
by removing the two retaining screws.
Position the relay on either side of the
bracket so that its working parts are ex-
posed for adjustment. Be careful not to
damage the relay leads or other wiring.
Unsolder one of the leads to the relay
winding. Connect Multimeter TS-352/U
(using the 10-ma range) in series with

(3)

(4)

(5)

this unsoldered lead and the winding
(fig. 51).

Connect either a receiver or a signal gen-
erator to the INPUT A or INPUT B
jack. Tune the signal source until DIS-
CRIMINATOR meter M4 indicates zero.
Note the frequency of the signal source.
Decrease this frequency by 1 kec. A
steady space signal now is being applied
to the converter. Adjust the afc
THRESHOLD LEVEL control to ob-
tain the operate current of 4.5 to 5 ma.
At the same time, observe the operation
of the relay contact points. The printer
can be used as an indication of operation
for one set of contacts and the afc circuit
as an indication of the other set. By
means of the same control, reduce the
current to the release value; the relay
should release. When the relay closes
(operates), the printer should shift from
space to mark operation and the afc
should be disabled. When the relay
opens (releases), the printer shifts back
to space operation and the afc is reestab-
lished.

The make-and-break operation of the
contacts also can be checked with Multi-
meter TS-352/U. To check the opera-
tion of the mark-hold contacts, connect
the meter between ground and pin 4 of the
relay. The voltage at this point when
the contacts are open is approximately
130 volts dc. To check the afc contacts,
connect the méter between pins 2 and 3
of the relay. The voltage should be 115
volts ac when the contacts are open.

If the relay fails to meet the current re-
quirements, adjust it as shown in figure
52. Usea small screwdriver. To change
the pull-in operating point, loosen the
two contact assembly screws as indicated
in A, figure 52 and slide the entire assem-
bly to adjust the gap between armature
and pole face. Decrease the gap if the
current required for pull-in is too high.
Increase the gap if the contacts pull in at
a very low current. Be sure the screws
are tightened after making the proper ad-
justment. To make the relay release at
a lower value of current, turn the arma-
ture adjusting screw in (fig. 52@®).
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Turning the screw out increases the cur-
rent necessary to cause the relay points
to open.

(6) After adjustment, replace the relay on its
mounting bracket.

60. Refinishing

Instructions for refinishing badly marred pan-
els on exterior cabinets are given in TM 9-2851.
Also refer to paragraph 35.

Section Ill. ALINEMENT PROCEDURES

61. Rf Alinement

a. Alinement of Channel A Input Circuit. The
converter is equipped with the crystals necessary
for operation with a receiver having an if. fre-
quency of 455 ke. A 405-ke crystal is used in
channel A to produce a converter frequency of 50
ke. A 425.7-ke crystal is used in channel B to pro-
duce an if. in this channel of 29.3 ke. To use the
converter with receivers having an if. other than
455 ke, it is necessary to realine the input circuits
of the converter. In channel A, use a crystal
(Y1) whose frequency is 50,000 ke below the re-
ceiver if. output frequency. The converter may
be alined either with a receiver tuned to a strong
rf carrier or a signal generator delivering a 2,000-
microvolt signal equal to the if. of the receiver in-
tended to be used. To aline channel A, short out
INPUT B with a small piece of wire and proceed
as follows:

(1) Throw the POWER switch on. Set the
CHANNEL SELECTOR switch to po-
sition A. Throw the AFC switch to the
OFF position. Place the channel A
AFC-XTAL-MARK HOLD switch
either in the left- or the right-hand
XTAL position. No other switches
affect the adjustments which follow.
Loosen the tuning slug locknuts on the
top of transformers T1 and T2 (fig. 45).
Adjust T1 and T2 to obtain a maximum
deflection of channel A SIGNAL IN-
PUT meter M1. Ifmeter M1 goesto full-
scale reading, decrease the output of re-
ceiver A and continue to tune T1 and T2
for maximum indication. Tighten the
locknuts slightly after they are set prop-
erly; be careful to maintain the peak
meter reading.

(2) Set the channel A AFC-XTAL-MARK
HOLD switch to AFC and the DRIFT
INDICATOR to zero leaving the other
switches as previously set. Loosen the
tuning slug locknut on the top of coil L1
(fig. 45). The oscillator adjustment now

may be made. The oscillator will tune
either 50 ke above or 50 kc below the in-
put signal as indicated on the SIGNAL
INPUT and DISCRIMINATOR meters.
Proper tuning is 50 k¢ below the input
signal. To obtain the correct tuning, the
simplest procedure is to turn the slug of
L1 all the way down (in a clockwise di-
rection) and then tune to the first maxi-
mum indication on the channel A SIG-
NAL INPUT meter by raising the slug
until channel A DISCRIMINATOR
meter M4 indicates zero. After adjust-
ment, lock the slug in place by holding
the slug in position and tightening its
lower locking nut against the shoulder
of the can.

b. Alinement of Channel B Input Circuit.
The method of adjustment for channel B is identi-
cal with that used for channel A, except for the if.
frequency settings. Use a crystal (Y2) whose
frequency is 29.3 kc below the input frequency.
Short out INPUT A. Plug in a signal generator
delivering a 2,000-microvolt signal at the if.
frequency of the receiver being used to feed
channel B.

(1) Set the channel B AFC-XTAL-MARK
HOLD switch to XTAL. Loosen the
tuning slug locknuts on top of trans-
formers T8 and T4 (fig. 45). Adjust T3
and T4 to obtain a maximum deflection
of channel B SIGNAL INPUT meter
M2. If meter M2 goes to full-scale read-
ing, decrease the output of receiver B
and continue to tune T8 and T4 for a
maximum indication. After adjust-
ments, lock the slugs in place.

(2) Set the channel B AFC-XTAL-MARK
HOLD switch to AFC, and the DRIFT
INDICATOR to zero. Loosen the tun-
ing slug locknut on top of L2 (fig. 45).
Turn the slug of L2 all the way down.
Tune to the first maximum indication on
the channel B SIGNAL INPUT meter
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by raising the slug until the channel B
DISCRIMINATOR meter indicates
zero. Lock the slug in place.

62. Discriminator Alinement

a. Alinement of Channel A Discriminators.
Turn on the signal generator and allow it to reach
a stable operating temperature (approximately
15 minutes). All discriminator tuning adjust-
ments are located at the rear of the chassis (fig.
9). Set the channel A AFC-XTAL-MARK
HOLD switch to XTAL and the CHANNEL SE-
LECTOR to A. Proceed as follows:

(1) Set tuning capacitors C28 and C29 to
half capacity (slots vertical).

(2) Connect the signal generator to INPUT
A. Tune the generator for a reading of
zero on channel A DISCRIMINATOR
meter M4.

(3) Turn metering switch S11 (fig. 10) to
the A+ B position. In this position, M4
(channel A DISCRIMINATOR meter)
indicates the combined output of dis-
criminator circuits Z3 and Z4 when the
PRESS TO TEST switch is pressed.

(4) While depressing the PRESS TO TEST
switch, adjust capacitors C48 and C49
to obtain a zero reading on meter M4.
If this is impossible, retune the signal
generator slightly so that A+ B indi-
cates zero and then release the PRESS
TO TEST switch. Retune C28 and C29
for a zero reading on the DISCRIMI-
NATOR meter. The object of this pro-
cedure is to tune both the channel A afc
discriminator and the channel A diver-
sity discriminator to zero output for an
identical input frequency to INPUT A.

b. Alinement of Channel B Discriminators.
All discriminator tuning adjustments are located
at the rear of the chassis (fig. 9). Set the channel
B AFC-XTAL-MARK HOLD switch to XTAL
and the CHANNEL SELECTOR to B. Pro-
ceed as follows:

(1) Set tuning capacitors C81 and C82 to half
capacity (slots vertical).

(2) Connect the signal generator to INPUT
B. Tune the generator for a reading of
zero on channel B DISCRIMINATOR
meter M3.

(3) Turn metering switch S11 (fig. 10) to
the A+ B position. In this position, M4
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(channel A DISCRIMINATOR meter)
indicates the combined output of dis-
criminator circuits Z3 and Z4 when the
PRESS TO TEST switch is pressed.

(4) While holding down the PRESS TO
TEST switch, adjust capacitors C50 and
C51 to obtain a zero reading on meter
M4. 1If thisisimpossible, retune the sig-
nal generator slightly so that A+ B in-
dicates zero and then release the PRESS
TO TEST switch. Retune C81 and C82
for a zero reading on the channel B DIS-
CRIMINATOR meter. The object of
this tuning procedure is to get channel B
DISCRIMINATOR and A+ B meter to
indicate zero for an identical input fre-
quency to channel B.

63. Keyer and Afc Adjustments
(fig. 10)

a. Keyer Adjustments. Rotate the CHAN-
NEL SELECTOR switch to position A and the
channel A AFC THRESHOLD LEVEL control
to OFF. This prevents a mark-lock condition
which would unbalance the keyer circuits. Make
the following settings in sequence:

(1) Set meter switch S11 to the R94 posi-
tion. Push the PRESS TO TEST
switch and adjust potentiometer R94 for
zero on meter M4. (This puts approxi-
mately —8 volts on grid pin 2 of tube
V24A.)

(2) Set switch S11 tothe R99 position. Push
the PRESS TO TEST switch and ad-
just potentiometer R99 for a zero read-
ing on meter M4. (This results in a zero
bias on grid pin 7 of the tube V24B.)

(&) Set switch S11 to the R104 position.
Push the PRESS TO TEST switch and
adjust potentiometer R104 for zero on
meter M4. (This puts approximately
—35 volts on the control grids of tubes
V25 and V26.)

(4) With a printer connected to the tty
output, set switch S11 to position R109.
Push the PRESS TO TEST switch and
adjust potentiometer R109 to 60 micro-
amperes as read on DISCRIMINATOR
meter M4. This reading multiplied by
1,000 is 60 milliamperes, the proper loop
current.



(5) If a printer is not available, connect a
resistive load (125 to 500 ohms) across
pins D and A of J4 and adjust potentiom-
eter R109 to 60 microamperes. This
reading multiplied by 1,000 is 60 milli-
amperes.

b. Channel A Afc Adjustments. Rotate the
CHANNEL SELECTOR switch to position A,
the channel A AFC-XTAL-MARK HOLD
switch to the AFC position, and set the AFC
THRESHOLD LEVEL control to OFF. Tune
in a strong signal on channel A or connect a signal
generator set to deliver the receiver if. at 2,000
microvolts at INPUT A. Throw the AFC switch
to the ON position. Adjust the motor circuit in
the following manner: -

(1) Set switch S11 to the R57 position.

(2) Push the PRESS TO TEST switch and
adjust potentiometers R57 and R47 for a
minimum current through meter M4 and
also for motor balance as indicated by a
stopping of the channel A AFC IN-
DICATOR. This is accomplished by

first stopping the motor with R47, re-
ducing the current indicated on M4 with
R57, rebalancing the motor with R47,
and again reducing the current until the
motor balances at a current of approxi-
mately 1 microampere through M4.

¢. Channel B Afec Adjustments. Rotate the
channel SELECTOR switch to a position B,
the channel B AFC-XTAL-MARK HOLD
switch to the AFC position, and set the AFC
THRESHOLD LEVEL control to the OFF po-
sition. Tune in a strong signal on channel B and
throw the AFC switch to the ON position. Ad-
just the motor circuit in the following manner:

(1) Set switch S11 to the R167 position.

(2) Push the PRESS TO TEST switch and
adjust potentiometers R167 and R157
for a minimum current through meter
M4 and also for a motor balance as in-
dicated by a stopping of the channel B
AFC INDICATOR. These adjustments
are identical with those described in
6(2) above.

Section IV. FINAL TESTING

64. General

This section is intended as a guide to be used in
determining the quality of Frequency Shift Con-
verter CV-116/URR repaired at higher echelon
levels. The minimum test requirements outlined
in the following paragraphs may be performed
by maintenance personnel with adequate test
equipment and the necessary skills. Repaired
equipment meeting these requirements will fur-
nish uniformly satisfactory results during opera-
tion. The tests given in paragraphs 65 through
70 should be performed in the order given. Be-
fore performing any of the tests that follow, check
the B+ and B— voltages (par. 57¢).

65. Test Equipment

The following equipments, or equal, are re-
quired to perform the tests in this section:

Test equipment Technical manual
Multimeter TS-352/U__________________ TM 11-5527
Electronic Multimeter TS-505/U________ TM 11-5511
RF Signal Generator Set AN/URM-25___{ TM 11-5551
Frequency Meter Set SCR-211-( ). _____ TM 11-300
Frequency Meter FR-67/U_____________ TM 11-2698
Teletypewriter TG-7-B________________ TM 11-352

66. Rf Circuit Tests

a. Connect the test equipment as shown in figure
53.

b. Adjust the signal generator to the frequency
normally fed to INPUT A from the receiver and
set it for a 10,000-microvolt output. The voltage
at the grid (pin 7) of V3 should be approximately
1.3 volts ac.

¢. Adjust the rf signal generator to 5 ke above
and 5 kc below the normal INPUT A frequency.
Observe the voltage at pin 7 of V3 for each setting.
The reading should be approximately 0.9 volt ac.

d. Repeat the test described in ¢ above for fre-
quencies 10 kc above and below the frequency
normally fed to INPUT A. The meter B read-
ings at pin 7 of V3 should be approximately 0.45
volt ac. The response should be close to that
shown by the curve in figure 54.

e. Repeat the tests described in @ through 4
above on channel B. Connect electronic multi-
meter B to the grid (pin 7) of V29 and the rf sig-
nal generator to INPUT B. Again, observe that
the response of the rf amplifier is close to that
shown in figure 54.
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CONNECTED TO GRID
PIN 7 OF MIXER

FTUBE v3

Cv-ll6/URR

INPUT INPUT
B A
(o]

SIGNAL ELECTRONIC ELECTRONIC
MULTIMETER MULTIMETER
GENERATOR
A B
TM 2241-46

Figure 53. Setup for channel A rf circuit tests.

67. Limiting Amplifier Tests

«. Connect the test equipment as shown in figure
55.

b. Adjust the signal generator to the frequency
normally fed to INPUT A from the receiver.

¢. Adjust the output level of the signal gener-
ator to give an indication of 50 microvolts on
electronic multimeter A. The voltage at the plate
(pin 5) of V7 should be approximately 50 volts ac.

d. Change the signal level at INPUT A to 100
microvolts. The voltage at the plate of V7 should
again be approximately 50 volts ac.

e. Adjust the signal level at INPUT A to 500,
1,000, 2,000, 5,000, 10,000, and 100,000 microvolts.
Observe the readings on meter A at each successive
change in input level. The plate voltage reading
at each input level should remain relatively con-
stant at approximately 50+5 volts ac as shown
in figure 56.

f.- Repeat the tests described in & through e
above on channel B. In channel B, tube V33 is
the third afc limiting amplifier.
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Figure 54. Channel A rf amplifier response curve,
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9. Rotate the CHANNEL SELECTOR switch
to the B position and short out INPUT A. Con-
nect electronic multimeter B to the plate (pin 5)
of the third diversity-limiting amplifier V20. Ad-
just the output level of the rf signal generator to
give an indication of 50 microvolts at INPUT B.
Electronic multimeter B should indicate approxi-
mately 50 volts ac.

“h. Repeat the tests outlined in d and e above
for the setup described in g above. The curve in

figure 56 also applies to the diversity-limiting
amplifier section.

- CONNECTED TO PLATE OF
CV-116/URR THIRD LIMITING AMPLIFIER
INPUT INPUT TUBE (PIN 5 OF V7)

SHORT B A /

ouT O

SIGNAL ELECTRONIC ELECTRONIC
MULTIMETER
GENERATOR ULTIMETE MULTIMETER
TM224i-48

Figure 55. Setup for channel A limiting amplifier tests.

68. Discriminator Tests

a. Throw the AFC switch to OFF and connect
the signal generator to INPUT A. Set the signal
generator to the operating frequency and adjust
its output to 10,000 microvolts.

b. The channel A DISCRIMINATOR meter
M4 should read zero, indicating correct discrimi-
nator tuning. If a zero reading is not obtained,
change the input signal frequency slightly.

¢. Decrease the frequency of the applied signal
by 425 cycles and check to see that meter M4 gives
an indication of —50. Continue to decrease the
frequency of the applied signal to a point 1 ke
lower than the operating frequency. Meter M4
now should indicate slightly off scale to the left.
Increase the applied frequency 425 cycles above
the operating frequency and check to see that meter
M4 indicates +50. A further increase to 1 ke
above the operating frequency should drive M4
slightly off scale to the right.

d. Shift the signal generator from INPUT A
to INPUT B. Repeat procedure described in &
and ¢ above for the channel B discriminator.

e. Rotate the CHANNEL SELECTOR switch
to position B and set metering switch S11 to posi-
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Figure 56. Respense curve at eutput ef third limiting amplifier.

tion A +B. Repeat the steps described in & and ¢
above, while depressing PRESS TO TEST switch
S10 and observing meter M4.

69. Band-Pass Filter Tests

a. Apply an input of 10,000 microvolts at the
frequency normally fed to INPUT A from the
receiver.

b. Connect an electronic multimeter across
band-pass filter Z1.

c. Rotate channel A AFC-XTAL-MARK
HOLD switch S1 to the XTAL position.

d. Slowly tune the signal generator to give a
peak reading on the multimeter. This peak,
which occurs at the center if. frequency, should be
approximately 5 volts ac.

e. Tune the signal generator 800 cycles above
and below the center frequency and observe the
multimeter readings at each setting. The re-
sponse of the band-pass filter should be close to
that shown in figure 57.

70. Threshold Control Tests

a. Connect the rf signal generator and one elec-
tronic multimeter to INPUT A as shown in figure
58@. Connect another multimeter across afe
THRESHOLD LEVEL potentiometer R50 as
shown in B, figure 58@®).

b. Adjust the signal generator to the frequency
normally fed to INPUT A from the receiver.
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n
o

OUTPUT OF BAND-PASS FILTER IN VOLTS

+800
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IF. FREQUENCY

-800
CYCLES

TM2241-50

Figure 57. Band-pass filter respense curve.

c. Slowly vary the output level of the signal
generator from O to 3,000 microvolts. Observe
the dc voltage readings on multimeter B. The
readings should increase in the negative direction
from 0 volts to approximately —40 volts (at an
Input signal of 2,000 microvolts) and then remain
relatively constant at —40=+5 volts for any
further increase in input voltage from the signal
generator.
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Note. On converter units, with serial numbers from 1
to 200, the negative increase goes to approximately —30
volts with an input signal of 2,500 microvolts. For any
further increase in input voltage, the readings remain
relatively constant at —30+%5 volts. The curves in figure
58© illustrate the dc voltage across the threshold
potentiometer with changing signal input to the con-
verter.

71. Overall Transmission Tests

The final test of the frequency-shift converter is
an operational test. Connect the INPUT A and

INPUT B jacks to the output of two receivers
(par. 14). Connect the output of the converter,
to a teletypewriter such as Teletypewriter TG-7—
B. Satisfactory performance is achieved when
25 lines of test copy are received on the teletype-
writer.
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CHAPTER 7

SHIPMENT AND LIMITED STORAGE AND DEMOLITION
TO PREVENT ENEMY USE

72. Repacking for Shipment or Limited Stor-
age

a. The exact procedure in repacking for ship-
ment or limited storage depends upon the material
available and the conditions under which the
equipment is to be shipped or stored. Refer to
paragraph 12 and follow the instructions in re-
verse order.

b. Whenever practicable, place a dehydrating
agent such as silica gel inside the chests or packing
boxes. Protect the chests (or boxes) with a water-
proof paper barrier. Seal the seams of the pa-
per barrier with waterproof sealing compound or
tape. Pack the protected chests in a padded
wooden case, providing at least 3 inches of excel-
sior padding or some similar material between the
paper barrier and the packing case.

73. Demolition to Prevent Enemy Use

The demolition procedures outlined in para-
graph 74 will be used to prevent the enemy from
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using or salvaging this equipment. Demolition of
the equipment will be accomplished only upon or-
der of the commander.

74. Methods of Destruction

a. Smash. Smash the crystals, controls, tubes,
coils, motors, switches, capacitors, and transform-
ers; use sledges, axes, handaxes, pickaxes, ham-
mers, crowbars, or heavy tools.

b. Cut. Cut cables and wiring ; use axes, hand-
axes, or machetes.

¢. Burn. Burn cables, resistors, capacitors,
coils, wiring, and instruction books; use gasoline,
kerosene, oil, flamethrowers, or incendiary gre-
nades.

d. Bend. Bend panels, cabinet; and chassis.

e. Faplosives. 1f explosives are necessary, use
firearms, grenades, or TNT.

f.Disposal. Bury or scatter the destroyed parts
in slit trenches, fox holes, or other holes, or throw
them into streams.

g. Other. Destroy everything.
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Figure 62. Frequency Shift Converter CV-116/URR, serial numbers 1-200, schematic diagram.
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