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CPM1142241) 28 Maiciz 1909}' is;- cha,if}'g'ed as
follows: :

Phe title of the mmmal is changed 10 read:
Froguency. Shift Converters . CV—llﬁ/URR and
CYV-116A/URR.

“Change Trequeney Shift Convorter Cv-116/
URR to Freguency Shift Converter CV-116 (*)/
URE in the following places in the mimu&i

Pag{ N, figure 1. Caption

1 ar]e pmawraph la. line 3
Fa ge 4, paragraph 4e,  linel

Page 4, figure 2. ‘Call-out” _

Page /4, figure 2. Caption =

Page 4, pamrfmph 4, line 7

Page 5, paragraph 6e, line 2

, paragraph 8. Line 2
Fage 6’, ficure 3. Block title
Puage 8, figure 4. Caption
FPage 7, paragraph 10, Line 7

Page 5

Page 8, figure 5. Caption
Page-13, figure 8. Caption
Puage 18, figure 9. 'C&ption

Page 14, paragraph 18, Line 12°
'Fczge 17, paragraph 24. Line 2
Page 18 paragraph 30b. - Line 3
Page 23, figure 13. * Caption
Puage 24, paragraph 36a(2).
Poge 2/;, paragraph 36a(3). Linc 3

Page 24, paragraph 36a(3). Line 17

Page 52, peragraph 53:. Line 2

Page 56, figure 41, - Caption
~Page 57, paragraph ' 58¢.  Line 2

Page 58, figure 44, Block titles

Page 59, figure 45. Caption

Page 60, igure 46. “Caption

Page 61, igure 47, Caption

Page 68, figure 49, Caption

Fage 63, paragraph 64, Line 3

Page 70, figure 53. Block title

Fuage 70, fizure 55, Block title

Page 72, figure 58, Block title

Fage 8, paragraph 18,

Note. (Added) Official nomenclature followed by (%)

is used to indicate all models of the item of
equipment inecluded in this technieal manual,

Line 1

TAGH, B48RA—Nov.  400468%—58

.CV-116/URR.. However; the different models o'

_follow ing after R26:

_shooting. data table as, follows:

Thus, Frequency Shift Cornveortér CV«»HS(*‘)
URR represents Fregquetey: Sh;ft Conver’aer.
'(/V—llﬁ/UR sand ClelSA/DRR i

101 Dsfferenc%s in Mod@ss
" (Added)

a. I‘;eqﬂen(y Shift Cﬂnvertt’r CV—HGA[UR-
differs slightly from Frequéerey - Shift *Convert

the equipment are mtnrchang“able
. In Frequency Shift Converter CVWHBA/..
URR, capacitor 96 {0.068 UF) has been added
from tcnnmal 3 of filter Z5 to ground. Meters
M1 and M2, with an internal resistance’ ‘of G900
ohms, are usod With these’ meters two 300-ohm -
resistors, R208 and R209, are" conriceted in series
with existing resistors R26 ‘and R136. "
Page 33, figure 22.

3. (Added) In Frequency Shift Converter” C‘V—l‘!GAf'- :

URR, capacitor C96 (0.068 UT) his been added.':

= from terminal 3 of Blter Z5 to grolmd

Paqe 36, paragraph 41, Add __Sh_e_follow_mg sen- :

-+ ~tence after the last sentence in paragraphidlg,

In Frequency Shift Converter CV-116A/URR, .

capacxtor C96 “has’ been added to the-"'

_circuit to reduce the &gnm—plus—n(nse«to- e
- noise ratio, :

Page 40, figure 30, Add the fo}iﬂwmg note

e RZOS 300 ohms, has been added in series “lth RZG”_.

. on Freguency Shift Converter’ CV«-I 16A/URR

nge 40, paragraph 43d. Line  4: Add the-".
(in “series ‘with “R208 in
I*mquency Shift Converter’ CV—HGA[URR) o

Page 52, paragraph’ 52. Chanﬂ‘e the trouble—l

Freguneney Shift Converier CV—IIG(*) jURR
tube location
Tube socket resistance and vollage measur_e_
ments for Frequency Shift Converter
CY-116/URR, Serial numbers 201 up, and:
¥requency Shift Converter CV-116A7/URE
Frequencey Shift Converier Clelﬁ!ﬁRR
serial numbers 201 and bhigher, and
Fregquency Shift Converter CV-116A/CRE
schematic diagram .




Plge 56, figtive 42, Chsmrre the eaption io read

Tube socket resistance and voliage measurements;.:__
for Freyuercy Shift Converter CV--116/URR, serial =

numbers 201 up, and Frequency - Shift: Converter. ...
“Frequency Shlft Cenverter CV-116/URR, serial

LVwIi%A/%]RR.

581 Replccement of Meters M1 cmd/or M2
in ?requency Skifi Converter CV-116-
AJURR
. (Added) :

If meters M1 and/or M2 in. l’requency Shift

Converter CV-116A/URR are defective, replace

with meters which hfive an interpal reswtsmce of

500 ohms. When this is done rémiove resistor
R208 andjor R209 from the eireuit, . .
JEAG 413:44 (20 Oct. 56}

to read:
Converter units with serial numbers ahove 200
“and Freguency Shift Converter CV-1164/URE.

Page 76, figure.63. . Change the cantion to read:

Pczge ?’,.f, figure 58. Change note 2

numbers 201 and higher, and Frequency Shift
Converter CV-116A/URR, schematic diagram.
Page 76, add the following note o fighre 63.

» 9. Erequency Shift: Converter CV-116A/URR has the

following eireuit Lhavg,e': :

&, Qapacxtor €96 (06,088 UF) addul £10m texmmal 3
T of filter 75 to ground.

20 b Resiston 1208, 300 ohins,

with R26. E

o ;.0 Resigtor, R205, 300 ohms, . cozmwtod in series

S w1th1{i36.___: e b : :

con‘nected i geries’
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CHAPTER 1
INTRODUCTION

1. Scope

a. 'This technical manual contains information
on the installation, operation, and maintenance of
Frequency Shift Converter UV-118/URR (fig.
1). _

6. 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 ond 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 ‘Shipman‘t will be filled out and forwarded
as preseribed in SR 745-45-5 (Army); Navy
Shipping Uuide, Article 1850-4 {(Navy); and
AFR 714 (Air Force).,

Section .

3. Purpose and Use

a. The frequency shift converter unit (fig. 1)
converts frequency-shifted signals into direct cur-
rent (dec) 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
transiating frequency-shift radioteletype signals
to nentral de pulses only, at speeds as high as 100
. dot cycles per second. Becausse the teletypewriter
- output connection of the converter does not match
" .: the input connection to a standard teletypewriter
printer, an intermediate control unit is required

Section |. GEMERAL

DESCRIPTION AND DATA

0. DA Form 468, Unsatisfactory Equipment
Report, will be filled ouwt and forwarded to the
Office of the Chief Signal Officer as prescribed in
SR T00-45-5,

e. DD Form 535, Unsatisfactory Report, will
be filled out and forwarded as preseribed in SR

TO0-45-5 and TO 00-351--54.

d. DA Form 11-238, Operator First Hehelon
Maintenance Check List for Signal Corps Equip-
ment (Radie Communication, Direction Finding,
Carrier, Badar}, will be prepared in acecordance
with instructions on the back of the form {(fig. 11),

g. DA Form 11-239, Second and Third Fche-
lon Maintenanve {heck List for Bignal Corps
Equipment (K-adm, sommunication, Direction
Finding, Carrier, Radar), will be prepared in ac-
cordance with instructions on the back of the form
{fig. 12),

J. Use other forms and records as authorized,

between the
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 de mark-space pulses. Each input
operates from ‘the if. eutput of & radm

converter and the telstypewriter

cyeles { kc} {)ne of the feamres {)f e
channel is the antomatic frequency

frequency.
e. The converter has self-containei




The de output in the diversity cir-
a signal for neutral loop operation,
also has facilities to permit revers-
o polarities of the outpat mark and spacs
s, and for establishing mark output gignals

L adinstment purposes,

4. System Applicotion

¢, Frequency Shift Converter CV-116/URE is
s link in o complete radioteletype communications
system. A typleal system cousists of & telstype-
writer, & control unit, a freguency shift keyer, a

y Bhift Converter CV-116 in Radio
: of AN/FRE-38.

adio transmitier and antenna in the transmitting
section, and two radio receivers and antenna, a
Freguency Shift Converter CV-1 18/URKE, and a
teletypewriter printer in the recelving section.
The converter can be used with one radio receiver,
or with two radio receivers operating in either a
space-diversity or frequency-diversily system.

b, Figure 2 shows the converter unitina typical
radio receiving set, Badio Receiving Set AN/
BRE-38. Two Radic Receivers B-350/URR are
used for diversity reception and the three units
ave housed together in Electrical Bquipment Cabi-
net (1¥-1119/17. The block disgram in figure 3
shows the signal path through the veceiving end
of a typical radio teletypeswriter communications
system. Freguency-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.
smplifier output of each receiver is fad to ifs re-
spective converter section. Both input sections,
in turn, feed the diversity seetion where frequency-
shifted signals ave converted into de 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 sither channel A or channel B, or the combined
outputs of channels & and B for conversion o de
pulses in the diversity circuits.

8. Technicg! Choracierisiics

(lonverter if. center frequencies:

Channel A freguentfe—————- 50 ke
{thannel B frequendy. . mmeee 28.3 ke
Input Freguenty e 450 to B0 ke
Required minimum input volt-
- U ————— 160 pv.
Input freguency-shift range.... 156 to 1,000 cycles.
Input impedance e 30 ohms {approx.}.
Wumber of input chanpels. e 2.
Mumber of tubes 45, :
OUEPUL e e e s e cin Mark 0.080 nmpere:
Space 0.0 ampers.
Power source required v oeon 115 volts, 50-60 cycles,
single phasge ag.
Power consumption. oo onaa- 200 watts, <0
T BIER e e o 59 1.

b.
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ng Data
chiaged for shipment, the compo-
& sricy Shift {onverter {V-116/URE
soed in-a molsture-vaporproot contalner
he size, weight, and volume of the

114 inches.

27 inches.
2244 inches.

i 413 cu fL.
pj}szixnate gross weight . 110 pounds.

“he following Jist indicates the contents of

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

Contants : Motss

1 Freguency shift souverter unib. o With tubes, pilot
lamp, erystals and
fuses.

2 Cords CG-408A/T oo ooo.-
1 Blsetrical Power Csable Assemn-

bly CH-2491/T.

1 Bunning eparss. . _..........| Ses par. a.
2 Techoieal mapual 11-8241 ...

| Required |
ionuraber

Vehume Unii
fonn B) wratght (10)

guenoy shift converter BT - v C e e

3 CGAODATT oo e

ﬁﬁing spares {gpare tubes, fuses, orystals, and pilod lamp)_

E.
|
f
:
i
i,u

|

Cote. This List is for general information only. See appropriate supply publisations for informadion periaining to

sition of spare paris.

- Descripiion
7. The frequency-shift converter unit (fig. 1)

olf-contained unit 19 inches long, 894 inches
gh, and 17-inches wide, weighing approgimately
89 vounds. It has a gray aluminum-alloy panal,

o assembly, & black dust cover, and 1t ig de= L A .
s base assernbly by looseming the knob fastener at

g ad for rack mounting.

The base assembly is fitted with ﬁie—dr&%&é’r‘;_
pe double-extension drawer slides which sup-"

ort, the chassis-panel dust cover assernbly wheh
i% completely extended from its assoviated rack.
iz is to facilitate inspection; adjustment, and
enance. Two handles extend forward from

dos of the front panel-for use in withdraw-

ing the assembly. SRS
+ Input, output, and power “gontectlons are
1ade by means of connectors located at the rear
f the chassis {fig. 9). The converter can be com-
pletely extended for maintenance and adjustment
{irposes without removing the connecting cables.
4 All operating controls and meters are located
the front panel. When the dust cover is re-
moved, the adjustment controls, used in preparing
e unit for operation, and the test switches can
. reached. The dust cover is held in place by

four fasteners. Fuses and discriminator frans-

Ffoviner adjustment screws sre lueated at the resr
-of the unit.
- ¢, Do not atternpt Lo remove the converter with-

out first disconnecting all cables at the rear of the
chassis. The converter can be removed from its

sach end of the front panel, sliding the chassis-
panel dust cover sssembly completely out; and
Hifting upwards,

9. Running Spares

The group of running spares supplied with each
Frequency Shift Converter CV-18/URR s
packed in & corrugated fherboard bos taped to the
side of the internal flanged corrugated packaging
tubing. Spares are provided for all normally ex-
pendable items such as tubes, pilot laraps, fuses,
and crystals. Following is a Iist of running
EPATeS;

1 panel indicator lamp
1% fuses, S-amperes

1 erystal, 405 ke

1 erystal, 425.7 ke

4 tubes, 5726

1 tube, AQSW
4 tubes, 8ATS
1 tube, 8BAT

4 tubes, 5814
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10, Additionai Equipment Required

Because the converter is part of a communica-
tions system, the other components of the system
are requived for operation. A typical receiving
system would include the following equipment:

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

2241~ 3

1 Freguency Shift Converter ¢

1 Teletypewriter TG-T -B (receiving

1 control anit or adapter connector (requ el
to mateh the output connector of the con-
verter to the input connector of the tele-
typewriter).

Additional erystals for erystal opervation on &
variety of receiver if. frequencies.




CHAPTER 2
INSTALLATION

Placement of Equipment

vis equipinent is designed to be rack mounted
Wzth'-twb"x"’eceivers In a standard relay rack in-
| ion, it is suggested that one receiver be
_ mounted above and the other below the converter
" to facilitate gxtension 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.

New Equipment

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

@. (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 eareful 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 eguipment may be rendered useless.

b. Step-By-Step Instrictions for Unerating and
Unpacking Shipments (fig. 5).

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

(2) Remove the nails with-a nail puller as
shown in figure 5@. Reniove 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@).

132, : ;
Uncrating, Unpacking, and Checkmg_ :'_:hdles"in the side flanges of the base assembly.

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

{5) Remove the moisture-vaporproof bar-
vier frem the inner carton.

{8) Open the inner carton as shown in fig-
ure &), 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 Ineurred during shipment.

¢. Checking. Check the contents against the
master packing slips.

13. Instailation
(fig- 6) _

@. The converter unit is designed for rack mount- ; '
ing. It is secured to the rack by screws through

= Before mstallmg 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).

¢. To instail 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. 61

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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b Tigert the plug at one end of Cord OG-

04 /U into the INPUT A jack located at the
conr of the converter and the plug at the other
ond of the cord into the coaxial if. output connec-
tor on the receiver, designated as recelver A.

"¢ T1 a second recelver is used for diversity oper-

REGEIVER B

«—(ORD GG-40%A

CONVERTER
: UNIT
ELECTRICAL POWER (_B @ G
CABLE ASSEMBLY
CX-2491/U \

4+—C0ORD GG-409A8/U

TO T TY commmemmemenanzmmmszs
THROUGH
CONTROL BOX

REGEIVER A
G

TMZ241-7

'Y

Figure 7.

Dual-diversity operafion, cording didgrom,

ation, insert the plug at one end of a second Cord

T (G-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-
siscior on the second receiver, designated as re-
eiver B.

d. 'The output connection (through a control.
box) te the tby 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
i 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 ome end of Flectrical
Poswer Cable Assembly OX-2491/1 into the three-
prong PWR., IN jackatthevear of the converter.
Tnsert 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

4. Follow the instructions given in paragraph
12 for unerating, unpacking, and checking the
equipioent.

h. Check the nsed 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. 1f lubrication is required, refer to the
lubrication instructions in paragraphs 32 and B3,

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




CHAPTER 3
OPERATION

Section I CONTROLS AND INSTRUMENTS

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 fune-
"The actual operation of the

tion of every control.

17. Controls and Instruments
{fig. &) ‘
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

Channel A AFC.XTAL-MARK HOLD switeh.

Channel & DRIFT INDICATOR. ..

Channel B AFC SHIFT ADJUBSTMENT .. ___
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 posifion, puts automatic frequency control into operation.

Selects channel or channels to be fed to diversity circuits.

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

Determines the minbmum level sbove which the channel A automatic
frequency control cireuit and keyer will operate.

Belects method of frequency control for channel A osecillator and energizes
the mark-hold cireuit for test purposes.  Using the right or left setting
determines polarity of cutput mark-space signals.

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

Adjusts balance of channel B afe 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 automaticslly
applied to channel B oscillator circuit to compensate for gignal drift
when operating MARK HGLD-XTAL-AFC switch in AFC position
and AFC switch in ON position. Cluteh permits manual control
and correction of channel B oscillator frequency “hen operating
MARK HOLD-XTAL-AFC switch in AFC position.

Indicates the input level of the signal at the respective canverter input
terminals. R

Indicates channel B discriminator output. : o

Normally indicates ehannel A discriminator output - May be used
during alignment and finat testing (ch. 5, Sec: IEand TV) for meter-
ing various voliages throughout the converter SR

Indicates by spinner disk whenever motor 1% operatmg 1o control oseil-
lator frequency.

Belects correet filter eireuit in dlscrlmmator sectmn output for different
keying speeds,

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

L.OW: For keying speeds up to 38 dot cycles per second.
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18. Presetting

The adjustment and operating instructions out-
lined in this and the following section apply to the
equipmoent when it is used with radio receivers that
have an if. output matching the present converter
mput 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
1f. than that for which the convertér has been pre-
set canuot be used with the CV-116/1/RR until
other crystals have been substituted for those in-
stalled in the converter and its if, input stages have

W Th

REAR

Section il. PRESETTING AND INITIAL ADJUSTMENT

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

for Channel A, #=F,~50 ke

for Channel B, F=F,—293 ke
where #=Crystal frequency in ke and #;=Re-
ceiver if. frequency in ke. A complete rf aline-
ment procedure is given in paragraph 61.
19. Initial Adjustment

a. Generel.  1n teletypewriter-printer loop cir-

cuits a marking current of 60 milliamperes {ma)
15 normally used. Potentiometer adjustment
R109 (fig. 10) is provided to maintain this cur-
rent flow for external loop resistance variations

O)ﬁ {3 &MS#E

ADJ

KEYER CIRCU

METER SWITCH S

\ rrermimiig

TIY LOOGP CURRENT

i RIOQ
ADJUSTMENT mo4

'- CHANNEL A 799 CHANNEL B
R57 h DO AMPLIFIER  yrven olRoUIT—s DC  AMPLIFIER J'Rig?
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o o ——— e S——

)
KEYER CIRCWIT
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&
R94

Ji
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]

[ ©

~4
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Figure 10, Converter wnil fop view, s}m-wmg}_'.}éqq
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eltering

between 125 and 500 chms, Omee get for a glven
oop circuit, frequent adjustment of the cutpub
eiveuit should not be necessary. However, this
initial czd]ustmeni is required whenever a differ-
‘ont printer is used, whenever changes are m ade in
the external loop eircuit to compensate for tube
or component aging, or whenever differsnt ac
power conditions exist. '

b, Loop Current Adjustment. After checking

70. Preliminary Storting Procedure

Porform the preliminary startihg procedure
given below before using the starting procedure
described in paragraph 21.
a. Be sure that a 115 volt, 50-60 cycle, power
_'_Smu‘ce iw available and that the POWER switch
s in the OFF position.

. Be sure that the AFC switeh is in the OFF
osition.

e Turn both AFC STIIFT ADJUSTMENT
‘eontrols to 0,
w . Turn both AFC THRE
--'co:nt;ols to OFF.
e. Rotate the CH
“to A

.. f. Rotate both AFC-XTAL-MARK HOLD
‘switches to MARN HOLD position.
g, Turn both DRIFT INDICATOR controls

SHOLD LEVEL

HANNEL SELECTOR switeh

A, Set BPEED switch at the TOW position.
21. Starting Precedure

Note, If, during the starting procedure, an abnoermal
esilt is ohtained see figure 49, troubleshooting charl.

See paragraph 20 before using this starting pro-

ng will be of apprommateb equf}l plu“
alues when the receiver is correctly

to see that all reguired connections ha
as deseribed in paragraph 14, thre
POWER switch to the ON position:
lamyp should light, Det the meter switeh bli 4
10) to position R109. Depress the PRESS TO .
TEST switch and czdgust potentiometer R109 for - -
a 60 microampere reading on the channel A DIS. -
CRIMINATOR meter. This reading mulfiphed
by 1,000 is 60 ma, the required loop current.

Section 1ll. OPERATION UNDER USUAL CONDITIONS

SIGNAL INPUT level, should be at & mazimum
for the station being tuned in.

d. Rotate the channel A AFC-XTAL-MABK
HOLD switch fo the left-hand X'TAL position.
Turn the teletypewriter printer on and check the
copy. If the printing bas no meaning, rotate
AFC-XTAL-MAREK HOLD switch to the right-
hand XTAL position.  The telefypewriter should
now print correct copy.

ANote, Many teletyvpewriter stations fransmit coded
messages, in which ease, correct operation can be deter-
mined by proper carriage retorn and line feed.

. Rotate the CHARNNEL SELECTOR switeh
to B

f. Tune receiver I3 to the same telehpm\'ritm'
sigmal using the bto to set the signal by ear. Then
turn the bio ofl.

7. Slowly retune veceiver 13 while observing the
channe! B DISCRIMINATOR meter M3, Tuve
until the miscellaneous deflections on meter M3
center around zero,

h. Rotate the channel B AFC-XNTAL-MARK
HOLD switch to the left-hand XTAI position.
(heck the copy on the teletypewriter printer. 1f
the printing has no meaning, rotate the A¥O-
KTAL-MAREK HOLD switch to the right-band
KT AL position.

i, 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

¢. (Feneral. 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 ecrystal controlled oscillator, the

15




afo.
b Crystal-Controlled Osvillutor O peration. To
place the converter in operation with erystal con-
trol, follow the steps outlined in paragraph 21
If etther receiver A4 or B indicates a drift in fre-
quency, retune the receiver carefully to obtain an
average zero oufput on the DISCRIMINATOR
meter,
o. Manuolly Tuned Vie Operagion. To op-
erate the converter with manual control of the
oseillator frequency, perform the steps outlined
in paragraph 21 and proceed as. follows:

(1} With both DRIFT INDICATOR con-

16

(2)

()

(5)

(M)

d. dfe Operation.
operation with automatic frequency control, per-

‘variable frequency oscillator (vfo), and vfo with

trols set to zero, set the CHANNEL SE-
LECTOR switch {o position A and ro-
tate the chanpel & AFC-XTAL-MARK
HOLD switch fo the right or left A¥O
position corresponding to the XTAL po-
sition requived for correct copy (par.
214).

Carefully tune the cheannel A DRIFT
INDICATOR control until the DIB-
CRIMINATOR meter needle fluctuates
about zero on miscellaneous keying sig-
nals,

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

Botate the (HANNEL SELECTOR
switch to position B and the channel B
AFC-XTAL-MARK HOLD switch to
the right or left AFC-X'TAL position as
determined during the operation per-
formed under paragraph 214

Carefully tune the channel B DRIFT
INDICATOR control until the channel
B DISCRIMINATOR meter needle
fluctuntes about zero on misesilanecus
keying signals,

Adjust the channel B DRIFT INDI.
CATOR control to correct for small fre-
guency drifts that may oceur in receiver
B during operation,

Rotate the CHANNEL SELECTOR
switch to position A+ B for diversity op-
eration of the converter,

To place the converter in

form the steps outlined in paragraph 21. Move
the AFC toggle switch to the ON position and

proeesd
(1)
{2}

(3)

(6)

a5 follows:

Rotate the CHANNEL SELECTOR
gwiteh to position A,

Hotate the channel A AFC-XTAL.
MARK HOLD switch to the right or
left AR 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.

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 te 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 fransmitting station shuts down or
when the signal level drops below that
set by the AFC THRESHOLD LEVEL.
With the same teletypewriter signal
tuned 1n on receiver B, rotate the
CHANNEL SELECTOR switch to po-
sition B,

Rotate the channel B AFC-XTAL-
MARK HOLD switch to the right or left
AF(C position corresponding to the
XTAL position required for correct copy
{par. 214), and immediately turn the
channel B AFC SHIFT ADJUST-
MENT until the AFC INDICATOR
stops spinning. The telefypewriter
should start printing.

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).

GRG 2022171
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(1) Rotate the CHANNEL SELECTOR
© gwitch to the A+ B position. The tele-
typewriter should now print correct copy
indicating that the converter is rendy for
dual diversity cperation.

. General

The operation of Frequency Shift Converter
Wo116/TTRE may be difficult in regions where
extreme cold, heat, hwnidity and moistare, or
anid conditions prevail. In the following para-
raphs, instructions are given on procedures for
inimizing the effects of these unusual operating
nditions,

25, Operation in Arctic Climates

Subrers temperatures and climatic conditions
ceinted with cold weather affect the efficient
operation of the squipment. Instructions and pre-
santions for operation under such adverse condi-
ns follow,

. Handle the equipment carefully.

6. Weep the equipment warm and dry.

c. When equipment thai has been exposed to
cold tempersture is brought into a warn room, it

I sweat unbil it reaches room temperatare, This
condition alsc may occur when the equipmeni
warms up after a cold night. When the equipment
teaches room temperature, dry it thoroughly.

23. Stopping Procedure

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

OFF position.

Section 1V. OPERATION UNDER UNUSUAL CONDITIONS

26, Opergtion in Tropical Climates

When operated in tropical climates, radio equip-
ment may be installed in tents, huts, or, when nec-
essary, in undergronnd 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
asually very %}0{)1‘, and the high relative humidity
causes condensation of moisture on the squipment
whenever the temperature of the eguipment be-
coies Jower than the surrounding air. To mini-
mize this condition, provide adequate ventilation.

27. Operotion in Desert Climaotes

@, Conditions similar to those encountered in
tropieal areas often prevail in desert areas. Use
the same me 5 to insure proper operation of
the equipment,

& Never tie cords to either the inside or the
outside of tents. Diesert arveas are sublect to sud-
den wind sgualls which may jerk the connections
ivese or break the lines,

e, HKeep the equipment as free from dust as pos-
sible,  DMake frequent preventive maintenance
checks {pars. 28 through 81).

P
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CHAPTER 4
'ORGANIZATIONAL MAINTENANCE

nt to keep it in good working order so
akdowns and needless interruptions in
e will be kept to 5 minimum. Preventive
ance differs from troubleshooting and re-
in that its ohject is to prevent certain troubles
from ocenrring,

29. General Preventive Maintenance Tech-
nigues
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 is provided.

¢. 1f available, dry compresséd 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 mechanteal damage
from the air blast may result.

; '_'.Notrf. The initial airblast should be directed away

-;_f;_‘pm the equipment to prevent possibie damage from any
foreign matter which may have heen in the air line,

: Ci - For further information on preventive maln-

ance technigues, refer to TB SIG 178.

e of Preventive Mainienance Forms
.11 and 12)

information in this paragraph is pre-
- a-puide to the individual making an

Sﬁﬁﬁ@ﬁ . PREVENTIVE MAINTENANCE SERVICES

inspection of equipment in accordance with in-
stractions on DA Forms 11-238 and 11-239.  The
decision as to which items on the forms are appli-
cable to this eguipment is a technical decision to
be made in the ense 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. Iustruetions for the use
of each form appear on the reverse side of the
form.

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

31. Performing Preventive Maintenance

a. Performing  Eaxterior
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 satistactory
condition of the converter unit (par. 7).

{2) Check suitshility of location and installa-
tion for normal operation (pars. 11 and
13},

(3) Bemove 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.

(58} Inspect all controls for binding, serap-
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

Preventive Main-
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e, mounding, and . expoded-
grriaces for rust, corrosion, and

ving, deterioration kinks, and strain
(g, 7).
(10) Tnspect cabling for tears, mildew, or
fraying (fg. 7).
1y Inspect for looseness of accessible items:
switches, knobs, jacks, connectors, trans-
formners, relays, motors, blower, capaci-
tors, and pilot leht assembli

{12} Clean the meter and mdicator windows

and jewel assembly.
{18} Tuospect meters for damaged glass and
oages,
Performing  Interior Preventive MHainze-
e,
Caution: Disconnect all power before perforn-
s the following opsrations, Upon completion,
sonnect the power and check for satisfactory
eration.

{1} Do not work on tubes immediately after
shutdown. Bevere burng may result from
contact with hot envelopes.  Inspect
glass envelopes for cracks and acoumula-
tion of dizt {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 slde fo side as this may break
the pins or spread the contacts of the
socket, Inspect tube sockels 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-
fions. Carefully Inspect mountings to
discover loose mounting screws, studs, or
brackets. Txamine leads for poor insu-
intion, cracks, and evidences of dvy 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-
cughly inspect the case of each large fixed
capacitor for leaks, bulges, and discolor-
ation. Clean the case of fixed capuacitors,
the insulating bushings, and all connec-
tions that are dirty or corroded. Capaci-
tor cases and bushings usnally can be
cleaned with a dry cloth, however, if the

iy

i7solv
The relay is considersd ne
tevior 1s free from dirt or dust, the con:
tacts are not burned, pitied, or corroded,
the contacts are lined up and spaced cor-
vectly, the moving parts travel freely and
function properly, the connections to the
relay are tight, the wire insulation is not
frayed or forn, the velay assembly is
securaly mounted, and the field coil shows
no signs of overheating. Examine the
contacts of the relay (par. B8) with the
ald of a flashlight, Tighten ail loose
connections and mounting serews, but do
not apply enough force fo damage the
serews or bresk the parts they hold
Brush the exterior with s soft brush. If
it is very dirty, clean it with o brush
dipped in solvens (8D, 11 loose con-
rections are found, they should be cor-
rected. 1f dirty or corroded, remove,
elean, and replace them carefully.
Insgpect variable capaciior OB {fig. 48)
for dirt, moisture, misalinement of plates,
and loose mountings.
Inspect all resistors (Hgs. 43 and 46) for
blistering, discoloration. and other si
of overheating. Inspect the couting of
the cement-coated resistors for signs of
cracks and chipping. Inspeci 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
resister body. Resistors that have be-
come discoloved indicate that they have
been overheated and that thers may be
circuit trouble which requires analysis
and correction,

Note. When fungiproofed resistors  arg
heated, a harmiess Drown sialn nay appear.
Inspect terminals of large fimed 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-
vosion 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
is visual. Do not pry the leaves of the
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switch apart., The rotating members

into the latter, a spreading of the gta-
tionary contact levels should be. noticed.
Clean the exterior surfaces of switches
with n stiff brush moistened With soivaﬂt
(SD).
Tnspect terminal blocks for h)ese
tions, eracks, and breaks,
(9 C heck the settings of relays Kl an& ’KZ
(par. 59).
(190} Lubricate the equipment as descubed ghil
paragraphs 32 and 33. :

L
0
o

Section 1.

32. Lubrication _

The lubrication of the converter i relatively
simple. The points needing lubrication and the
frequeney with which they should be Iubricsted
under normal operaing Londltloz}% <’LI‘B S?ﬂown in
!mure 13 :

. Switches. The switeh snha:tt% dE’e @ e%szb

i; om the bottom or the top of the eqmpmem “No
disassembly is necessary for their Jubrication.
(Mean the shafts and areas adjacent £o the switch
shaft bearings. Apply a small s a,meun’t of:oil Tu-
bricating, preservative, special (PL) to the beaz—
ings. Wipe off excess. The detent bail_beamn%
of the rotary switches should be gwen ({h hi‘, coat-
ing of grease at monthly intervals. "

b, Clonwerter Case. The guide rails: msuie the
agse and the contacting surfaces of the fasteners
should be given a light coating O‘f 0’19&5& at
menthly intervals. '

o Afe Uniié Gears. The (*ontdetum‘ Ge&r sur-
i"aces, as well as the gear shafts, in fhe ge'u' ase

should make good contact with the 3.3’%;3,_:-_
tionary members, and as the formerslides

{11} Clean and tighten connections and
mountings for transformers, motors, po-
tentiometers, and rheocstats,

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

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

(14) Check the adequacy of moistureproot
and fungiproof treatment (pars. 34 and
85).

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

LUBRICATION

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

d. Bloawer Hotor. Lubricate the two ball bear-
ings of the blower motor annnally. The blower
motor may ve dissassembled for access to the ball
bearings by removing the four serews that hold the
end balls together. Use n few drops of Oil, Lu-
bricating, Alreraft Tnstrument (Low Volatility)
(MIL~L-6083). The o1l may be introduced into
the ball bearing race by using an awl as a dropper.

33, Lubricotion Under Unusual Conditions

The effects of exireme cold and heat on lubrica-
tion materials and lubricsnts ave explained in TB
=BIG 89, Observe all precautions outiined in TB
216G 69 and pay strict attention to all Inbrieation
instructions when operating equipment under con-
ditions of extreme cold or heat.

se';gign'j'i;ag._..- WEATHERPROOFING

34. Weatherproofing

a. General.  Signal Corps 9qu1pment when op-
erated under severe climatic conditivns such as
those prevailing in tropical, Aretic, and desert re-
gions, requires special treatment and niaintenance.
Fungus growth, insects, dust, corrosion, salt spray,
excessive moisture, and extreme tﬂmperatures are
harmful to most materials. _

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

32

sonable degree of protection. This treatment is
fully explained in TB 5IG 13 and TB SIG 72.

o. Aretic  Mainiencnce. Special precautions
necessary to prevent squipment failure in areas
subject to extremely Jow temperatures arve fully ex-
plained in T S5IG 66 and TB 51 219,

d. Desert Maintenance, Special precautions
necessary to prevent equipment fatlure in areas
subject fo extremely high temperatures, low hu-
midity, and excessive sand and dust are fully ex-
plained in TB S1G 75,
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Figure 13, Freguency Shift Converter (V-1168/URE, Lubrication points,

35. Rustproofing ond Painting

a. 'When the finish on the case has been badly

~searred 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 bure metal; obtain a bright smooth finish.
Caufion: Do not use steel wool. Minute par-
cleg frequently enter the case and cause harmiul
internal shorting or grounding of circuits.

4. When a touchup job is necessary, apply paint
with a small brush. Remove rust from the case by
cleaning corroded metal with solvent (85D). In
severe cases, it may be necessary o 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.




. CHAPTER 5
THEORY

1d other admmages oi fre-
miodulation for telegraph and

ter sighals. The frequency

) .-mp?owd between mark and

pace: signals with this equipment may
easdittieds 150 eps and as much as 1,000

fquenicy . Shift Converter CV-116/
s designed for use with two radio

celvers are: uned to the stIme frequez}{,y
eivilig’ antennas are spaced
e leno'ths apart. In fre-

are tuned to sepdz ate ﬁ equency-
TIers Ly nch are bunuitdneouslv

anc trat-nsznitters. The ad-
iversity operation re-
that a single rf car-

verter CV-116/URR and the if. output
of the other receiver is connected to
INPUT B, Each input civeuit amyplifiss
the signal and converts it to a Iower if.
The two fregnency-shift signals, now
operating at lower if. frequencies, are fod
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 ity unit. In this manner, Op-
timor signals ave obtained from diver-
sity reception. Figure 14 shows the
wath followed by the signals in Freguency
Shift Converter CV-116/TURR. A com-
pl@te schematic diagram is shown in
figure 62,
The tty output civeuit of the converter
produces a current on and eurrent off
square wave signal of one polarity. This
is known as the neutral system as opposed
to the polar system which produces Sllare
wave curvent 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. Tu the neutral outpit
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.
Fhe afe cirenits correct for the effects of
frequency drifts in the if. signals fed to
the converter inputs. A motor-driven
apacitor in the oscillator tuning circuit
accomplishes this when actuated by an
off-frequency voltage developed across
the discriminator output.
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b, Input Céreuits. The nput cireuits for each
channel cousist of an rf amplifier V1 or V27, an
oscillator V2 or V28, and a mizer stage V3 or V20
Swhich amplify the if. output of the associated ve-
“eeiver and convert it to a lower if.  The output of
each tuput cirenit is fed to the diversity lmiter
“gireuits and to the afe first Himiting amplifier.
e, Diversity  Limiting  Amplifiers. Limiting
Cstages V16, V1T, VI8, V10, and V20 are designed
to apply a mzast;mt aolhwe to the input circuit of
Cthe diversity diseriminators. Limiter diode Vi8
- 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 i re-
ducing interfevence can be vealized.
d. Diversity Diseviminators. The
discriminator circuits in conjunction with Vi
and V22 (fig. 22) are identical, except for the
~operating frequency. Because they ave tuned o
different freguencies, one resonates only to chan-
nel A signals, and the other resonates only to chan-
‘nel B osignals. Primarily, each diseriminator
funciions to change freguency shifts about the
carrier to de veltages which correspond to the
Coriginal mark-space pulses. The output networks
of the two diseriminators are in series, therefore,
the voliages add and are fed to the keyer cireuit.
. Heyer (Yrewit. The keyer circuit consists
Df athode follower V234, keyer amplifier V244,
Cspace-keyer V241 and mark-keyer stage Vb and
V96, The keyer section opens or closes the loop
sapply and applies de pulses across the two ping
connected to the ity selector magunet.
. 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-
Ang across the output civeuit of the mixer stage
nd feeds 1t to the diseriminator diode {VE) as a
onstant amplitude alternating voltage, This
ioltage, after demodulation at the discriminator,
s used to actuate the afe system which corrects for
iy frequency drift of the earzier or Tocal oscil-
afor. The afe limiting amplifier consisting . of
, V31, V32, and V33 serves the same futiction
hannel B. o
. Afe Diseriminator. Referring to chanmel A,
scriminator diode V8, by rectification, produces
¢ voltage at the grid of each section of V9 for
iy signal frequency appearing at the secondary

mndividual

of the discriminator fransformer. The dc
age i divectly proportional to any frequenc ;
ation from the correct center if. frequency of 50
up to #:1 ke, after which the output voltage drops ~
off rapidly. A similar demodulation takes place
in channel B diseriminator, which responds to
frequencies centering around 298 ke
Sampler and Shift Beference {drcuits. Re-

ferring to channel A, sampler V9 samples the volt-
age neross the diser iminator load and permits only
long, general, ixequmn Arifts to actuate the afo
Otherwise the afe gystemn would go into
operation with every frequency shift caused by
normal mark-space keying., The shift reference
stage, tube ¥V 10A, permits adjustiment for different
discriminator *\oitag:e outputs so that the de am-
plifier cirenil can be balanced for varions fre-
guency shifts emploved by the incoming signal
When properiy adjusted for an incoming signal
of a given frequency shift, only a drift in mark
frequency will canse sn unbalanced condition in
the de amplifiers.  Inchanuel B, sampler ¥
shift reference tube V36A serve similar fun

i De Amplifier Stoges.  The de nmplilier con-
sists of two de amplifier civcunits and an inverter
stage. Normally, with no error signal from the
diseriminator, the de 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 mmplifier balance and
cause a voltage to be amplified and fed to the
motor drive cireult.

. Motor and dfe Motor Drive Cireuit. "Tubes

v 1> and V40 are the motor drive stages for their
respective channel sections.  Tube Vi, 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 Vi
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 corvected,
balance is restored to the do amplifiers and the
input to the motor drive stage is again zero. In
a similar manner, V40 drives another motor which
is eoupled to the tuning capacitor of channel B
oscillator V28 fo corvect for any frequency drift,

B, Threshold Control Cireutt. The threshoid
control eivenit, 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 afe tuning-capacitor motor circuit and

25
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Figure 14, Converter unit, dlock diagram.
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Figure 15, Neutral wave shupes.

he other set of contacts to ground the keyer am-
jlifier so that a 60 ma mark-hold signal is fed to
L teletypewriter printer.

7. Rf Amplifier
{figs. 16 and 62)

. The first stage of each chanuel input cireuit
an rf amplifier, V1 for channel A and V27 for
“channel B. The signal voltage from the channel
receiver is connected to input connector J1, and
the signal voltage from the channel B recelver 1s
connected to input connector Ji.  The signals ap-
plied to the input jacks ave inductively coupled
to the grids of V1 and V27 by transformers T1
and T8. In channel A, capacitor (1 combined
ith 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 IR

QUTPUT OF T!
RECEIVER r —————

voltage is developed. Resistor R2 is a voltag
dropping resistor and it is bypassed by capacitor
(4 so that rf voltage is not developed across R2,
The screen grid is connected to a voltage-dropping
resistor B3, which is bypassed by capacitor C5.
Resistor R4 and capacitor C6 form 2 decoupling
network which prevents interaction between the
varions stages.

5. Amplified signals from V1 are inductively
coupled to the control grid of mixer tube V3 by
transformer T2, Fixed capacitor (U3 and the pri-
mary winding of T2 form a tuned circuit in the
plate circuit of V1. The circnit 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 reguired.
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 correspending
component parts serving identical purposes.

38. Oscillator
{figs. 17 and 18)

a. 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
V9 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. Thisnew if, is 50 ke

RF AMPLIFIER

A |
INPUT §
j

UNLESS OTHERWISE SPEGIFIED,
ALL CAPAGITORS ARE IN UUF,
ALL RESISTORS ARE IN OHMS,

s Figuwre 16,

Channel A rf empiifier,

C3 TO PIN 7
OF MIXER
V3

simplified schematic diegram.




the plate load resistors, The
ccoupled through capacitor 18
“{pin 2) of the mixer tube,
‘supply for oscillator V2 i
. 16, The circuit of
ieal with oscillator V28 in

S When operated as a variable-fre-
ot the frequency may be controlled
by the: afe circuit or manually by
\TDIC}LT{)R control C8, located
The afe system corrects for
tfs up to p"lus or Iminus @ OG{)

d. In either AFC position, the variable fre-
quency tuning eiveuit L1, 7, and (8 {in channel
A) s connected to the oscillator tube in place of
the crysial. The erystal is grounded through
switeh section I to make it inoperative on afe
eperation.  When switch 31 is in the AFC posi-
tlon, the frequency is controlled either suto-
matically or manually by the inductance-capnci-
tance combination L1, €7, and (8. Tnder afe
control conditions, tuning capacitor (8 is motor
driven by a servo system fo maintain correct tun-
ing of the oscillator in the presence of drift of the
input signals. The tuning combination T.1, {7,
and 8 has a frequency range of 400 to 480 ke
For channel B, tube V28 together with the crvstal
Y2, or the vfﬂ tuning civeuit 12, €89, and 80
form & 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 Stuoge
(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. Capsacitor 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
Joad impedance to that of the band-pass filter Z1.
Resistor 10 and capacitor C12 form an rf de-
coupling network., For channel B, tube V29 and
its assoclated components form a similar mizer
stage which feeds terminals 1 and 2 of band- -puss
filter 28,  For example, when used with a receiver
having & 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 1f, output,

4. Band-pass filters Z1 and Z6 Hmit the band-
width to approximately 1,500 cyeles. This rejects
certain noise frequencies and interference from
other transmitting stations, They also suppress




A E'C posi
her auto
Ce-capaci
nder

rrech fun-
115 of the
v LA, 07,
0 460 ke
he crystal
and 60
WY range
18 unnsed
 prevent
ar stages,

onverter,
g a 430
1ge B ke
which i=
ond con-
mned sec-
first con-
it of the
T oubpuat
26 is the
s voltage
pass for
en grid
apacitor
Cross it.
he plate
iter Z1.
1 i de-
2% and
romiser
nd-pass
receiver
lator is
the in-

e band-
reiects
& from
1ppress

inble freo
in channel
n place of
I through:
ve on afe

afe
18 motor

22K

NS B 250V
cis Ri9

TO GRID {PIN 2)
OF MIXER (V3)

Q5 LL_ZIJ.TOR
5814

MOTES!:
L UNLESS OTHERWISE SPECIFIED
ALL CAPACITORS ARE IN UUF,

ALL RESISTORS ARE N QOHMS.

DRIFT
INDICATOR

Figure 17,

he harmonies and sum freguencies produced in
 and V29, The output of each filter works into
esistive load matching network consisting of
esistors R13 and R14 across Z1 and R123 and
1124 across Z6.

A difference exists between the circuitry of
he channel A and channel B mixers This dif-
srence oceurs in the output connectmnq of Z1 and
£6. The 50-ke signal of channel A suffers little
tenuation in the matching network of Z1, while
he 29.8-ke signal of channel B is attenuated nearly
db in the matehing dividing network terminating
6. Attenuating channels A and B by different
nounts is necessary to compensate for gain in-
equality in other stages.

0. Diversity Limiting Amplifiers

{fig. 20 and 21)

a. Radio teletype signals, radiated from the
ansmitting antenna, vary in frequency in accord-
atice with the original de marking and spacing
ses, but are virtually constant in amplitude.

1 the. coriverter- input, these signals may en-

Channel A oseillator,

the radio link between the transmitter output

2, SWITCH Si 1S NOT COMPLETELY
SHOWN AND 15 I8 [AFC]POSITION.

— — —~ MECHANICAL. COUPLING TO BJ

PART OF AFC UNIT Z9

TM2241-1%

schepwtiic dicgram.

counter conditions which produce irregular varia-
tions in signal amplitudes. The limiting ampli-
fiers in the diversity civcuit minimize undesirable
amplitude variations in the ineoming signals
befors 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 civenits. There ave two first
limiting amplifiers, V16 for the output of channel
A and V17 for the oatput of channel B. The out-
puts of V16 and V17 are coupled to the grid of the
second limiting amplifier, V18, The plate of V18
is coupled to the control grid of V18 through
coupling capacitor (34 and grid limiting resistor
R76. For channel B signals, capacitor (41 and
resistor R82 provide the necessary coupling from
V17, Section B of CHANNEL SELECTOR
switch S5 permits channel A, channel B, or chas
nel A+B to duve the second hmlting '

a teietypevx 1'1t91 pnzz‘tm ln position: A,
858 grounds the plate of V17 to make cha

inoperative., Channel A is ;nopera i
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COMPLETELY SHOWhH

TMZ2241-85

_ [ circwits for selecting  variable.
R OF crystal oscillator operation,

plate of V16 being grounded
In position A+ B, the plates
e ungrounded permitting both
B signals to feed V18,

'HANNEL SELECTOR
anel; the operator may elect
converter. through the channel A
3 receiver or, in diversity opera-

tion, both. How this is accomplished is shown
schematically in figure 21, In figure 21, 85 is
shown in the channel A, or fully counterclock wise
position.  In this position, section Boof 85 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
connoets the alarm cireuit { consisting of S4 and I
1} into the 115V line. Section SBA sets up the
mark-hold cireuit for channel & and deactivaies
it in channel B, This circuit is deseribed in para-
graph 42, Inthe channel B position, 85 performs
functions similar to those performed in the chan-
nel A position.  As can be seen in figure 21, when
Shisinthe A + B pusition, the oautputs from V18
and V17 are not grounded and the afe alarm and
mark-hold eircuits for both chanels A and B are
activated,
d. Tubes V16 and V17 are sharp cuteff pentodes
with the cutputs combined at the control grid of
VI8, 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 channe! B. Resistors
R71 and R77 couple the sigual to the grids of Vig
and V17, Cathode resistors R72 and R7S provide
the correct bias for their respective tubes and
37 and 38 act as the bypass capacitors, When
the input signal to V16 becomes large enongh,
saturation takes place and no further inerease in
output voltage results, This saturation oeccurs
over a wide range of input voitages. 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

stage, schematic diagram.
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, VI8, uses a
o m Mzuhmr Eype 1r-
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: This applied
s prevented from swinging too far
direction by the action of limiter
diode acts to prevent the grid
in dropping below —3 volis (g below)
thée grid signal increases in the negative
the plate current of V18 decreases caus-
merease in the plate voltage which continues
thegrid voltage reaches —3 wolts. At —3
ts, thé plate voltage reaches a value which re-
1dkant Wﬁ'h ‘fﬂ}ﬂl?l{ ancw 1se in negative
ge is applied fo pin
hrough dropping zfesistﬂr BB which is by-
assed by capacitor (42, Resistor-capacitor com-
' n R86 and (43 form the decoupling net-
the B+ circuits of V18, .E)eafax.»«i,or Hs4
oad Tesistor
> limiter V19 is a dual diode with each
_ {mnef*ted ma svpdr,;te, pmk (impmrr aly-
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mtmn Is ef?e(’tu eh an {)pen qw]teh
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and effectively connects the grid of V18 or T2
to the —3 volt supply. Thus, each signal on the
grids of V18 and V20 is limited fo a maximum
Ni‘ﬁ&flfﬂ value of § volta.

The third limiter, V20, utilizes a sharp cut-
f)ﬁ' pentode in a combination grid-clipping and
screen-gain  lumiting  clveuit. Capacitor (44
couples the signal from V18 to V20, and R8T pre-
vents overlonding tube V18 when diode V18 con-
ducts.  The input voltage to the control grid is
developed across R88. Bias volt age 18 developed
by resistor B8Y which is bypassed by capacitor
(45, Resistor BO0O serves us a screen voltage-
ropping resistor and is bypassed by capacitor
C46. Dlate voltage is applied through the pri-
mary windings of the diseriminator trsnsform-
ers in Z3 and %4 connected in series. The high
voltage cireait 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 V491 and
V22 convert frequency-shift signals from the dQi-
versiby-limiting amplifiers into corresponding de
warking and spacing signals. Tube V21 con-
verts the freguency-shifted signals received over
channel A, and V22 converts the frequency-
shifted signals received over channel B, These
two de voltages then ave combined in the series
arrangement of the diseriminator output circuits.
The de output veltages at terminals 5 and 6 of the
discriminator networks Z3 and Z4 will vary in
polavity and magnitude in the same manner as the
origmal mark-space signals,

&. Beferring to figure 23, the 74 and Ty sec-
ondary windings of the transformer of Z3 are
tuned to resonate, respectively, at approximately
LO0O cyeles above and below 50 ke, The upper
winding, 74, 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 cirenits
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, theve-
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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ww. 1f the voltages across the dicde load
ances are equal, the net output voltage will be

At the center frequency of the discrimimna-
, equal if, signal voltages are applied to the {wo
m(ie IBQtlfi{,]’S? the rectified (}{R-})i,' i of each is the

A frequency-response charpeferistic curve is
n in figure 23@). 1t indicates general volt-
G'e lovels for tuned wingdings 7, and 7p of 23 for
requencies cenfering around 86 koo The enrves
gnated as MARK and 5PACE represent the
tages across resistances 50 and 6-9, respec-
rely.  The voltage drops across these resistances
cconnected serles-opposing.  Therefore, the re-
ant voltage across output terminals 5 {0 6 may
illustrated as shown under Z3 when terminal
s connected to ground and the output is taken
om termninal 5. From this curve it will be noted
hat the resultant voltage increases gradually in
ositive direction as the frequency changes from
ke to bigher freguencies and gradually becomes
ore negative as the frequency changes from 50
to low frequencies. Throughout the frequency
we involved in frequency-shift keying, there s
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Figure 23, Discriminator operafion.

voltage is produced in the lower part, The volt-
ages add to produce a net positive voltage
{+2E —Ze} 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. Switeh sections S1C and
ST in the output eireuits 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 @.

teversal of output polarity in channel A is accom-
plished by seotion C of switch 81 which reverses

CHAN 8

P A

IRGH

CHAN 4
&

CHAN B




y___h_:bm”

—
FREGQUENCY

F2 24120

“he volt-

voltage
E+2e).
stration,
the neg-
31C and
Timing-
> output
sing the
de a net
1egrative
e 24 .
 ACCoM-
"EVErses

#
H
H
i
I
~
N
I
]
i

1S
_ T

c

JER W .
(U N

.

e

7

PR

o]

m

o

RESISTOR [MARK VOLTAGE [ SPACE VOLTAGE
A - - £
l +E -8 L ~E 4+ 8
7 +E | + ]
o - o
- € L F boo-E 48
B + £ +e)
TOTALABGDI #2828 YOLTS ~EEA282 VYOLTS

L. POSITIVE MARK SIGNALS (SWITGHES Z1 AND S7Y I LEFT-HAND POSITIONDS:

g T A
516 B ] \M N
2. BKL i S0

prammnen RESISTOR IMARK YOLTAGE | SPACE VOLTAGE

FiS +g +E]
~E e b ote -8
s |-e —e

G a7 w5
&1 - E 4 T +E B

D 3 -8

TOTALABCDI —-2E+28 VYOLYS +2E ~2€ YOLTS

BaNEGATiVEﬁ MARK SIGMALS (SWITCHES 81 AND S7 IN RIGHT-HANMD POSITIONS)

TMEZAt-21

Figure 24, Dseriminaior theory diggram.




ppearial the
75 to the

yrat of the
on of the
This is ac-

the
the

: ler 75 to be in-
nafor section output
nit.  Fhe LOW

. E
CG00-GYGLE
FREGUENDY ™.
BHIFT e ™

ER: FREQUENGY

“gyeles per second, the HIGI position is required.

The low speed section of Z5 iz used normally,

A2, Keyer Circult

{fig. 26-28)

@ The keyer circuit amplifies the de pulses from
the diseriminator ontput. Tt opens or closes the
loop supply which applies neutral de pulses to jack
TT &4 for operation of the teletypewriter printer.
Iach stage has » polentiometer which 1s adjusted
initialiy 1o provide the correct operating hias for
the su

qding stage.  The keying cirenit has pro-
vision for holding a mark signal on the teletype-
writer loop eircuit 1f the incoming earrier fades or
is shut off for any reason, Rither AVC-XTATL-
MARK HOLD switch, 51 or 857, also may be used
to pul u mark signal on the teletypewriter loop
cireuit. _

b, Besistor R85, pofentiometer R94, and V234
{section one of a dual-triode tube} with grid ve-
sistor 92 form a cathode follower circuit. This
stage serves as n buffer between Z5 and the keyer
amplifier stage Lo prevent loading of the low-pass
filter circuit. No voltage Inversion or gain results
from the use of the cathode follower, Do output
voltage is fed to the keyer amplifier, V244,
through grid Hmiting resistor R96. With the grid
of VZ3A grounded through the meter switch 511
and the PRIESS TO TEST switeh 510 (fig. 39),
R#4 s adjusted for approximately —8 volt bias
at the grid (pin 2) of keyer amplifier V24A, Cor-
rect bias will be indicated on the chanuel A DIS-
CRIMINATOR meter by & zero veading. Do
signals from the cathode foliower are amplified
by kever wmplhifier V244, Resistor RI7 serves as
the plate load resigtor for V24A. A voltage divid-
ing natwork is formed by resistors RET) RO8, and
R100 and potentiometer R99. When the input to
the cathode follower cireuit is grounded (as out-
fined above), potentiometer R99 is adjusted for a
bias of ¢ volts on the grid (pin 7) of the space
keyer V2413, Resistor R101 serves as a grid-limit-
ing resistor for tube V24B and resistor R102 is the
plate load resistor. A wvoltage 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 B10T and R108, respectively. 'With a bias
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Figure 26, Keyer cireudl, glmplifficd diogrom

£ 35 volts on the grids, the two mark-keyer

abhes ave cut off. When the grids of V25 and V28
are driven positive by a mark signal, the tubes con-

duct. The electron path {fig. 27} is from the nega-
tive side of the loop power supply, through the TT
jack to the cathodes of V25 and V26, theuce to the

‘plates and back to the positive side of the loop

supply. Bffectively, this action keys the loop
ower supply which operates the tiy selector mag-
st, Potentiometer R108 adjusts the screen volt-
ages to produce a mark output current to J4 of

approximately +60 ma for a given printer Ioad.

hen metering this current on 34, vesistor R106

“serves as o meter shunt (par. 50}.

d. Figure 28 shows polarity relationships for

& keyer cireuit. Do mark-space pulses from the
Hserimimator ave fed through network Z5 to the
sathods follower, V23A. A positive mark signal
appearing at the grid of V23A will cause the tube
o draw carrent throngh R96, thus causing the
grid of keyer amplifier V244 to become more posi-
#{ve with respect to its cathode. In drawing more

wrrent, the plate'of V244 becomes more negative
and this change, veflécted through R98, RYY, and

1101, makes the grid of space keyer V241 becoma
more negative. Lherefore, V241 conducts less
cwrrent and the change in its plate voltage toward
a more positive condition is reflected through
R108 and R104 at the grid of mark-keyer V2J and
MARHK KEYER MARK KEYER
Yus W26
BAQSW
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POWER |
SUPPLY &

Flgure 27, Himplifled losp ouries
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