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WARNING 

HIGH VOLTAGE 
is used in the operation 

of this equipment 

DEATH ON CONTACT 

may result if operating 

personnel fail to observe safety precautions 

Be careful not to contact high voltage connections 
or the power line voltage When testing 

or servicing this equipment 
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CHAPTER 1 

INTRODUCTION 

Section I. GENERAL 

1. Scope 

a. This technical manual contains instructions 
covering the installation, operation, maintenance 

(both organizational and field), alinement, and 
repair of Radiosonde Recorder AN/TMQ-5 and 

Radiosonde Recorder AN/TMQ-5A (fig. 1). 
b. Official nomenclature followed by (*) indi- 

cates all models of the equipment item covered in 
this manual. Therefore, Radiosonde AN/AMT-— 
2(*) represents Radiosondes AN/AMT-2 and 

AN/AMT-2A; Radiosonde AN/AMT-4(*) rep- 

resents Radiosondes AN/AMT-4 and AN/AMT- 

4A; Rawin Set AN/GMD-1(*) represents Rawin 

Sets AN/GMD-1 and AN/GMD-1A; Radiosonde 

Recorder AN/TMQ-5(*) represents Radiosonde 

Recorders AN/TMQ-5 and AN/TMQ-5A. 

ce. Any comments on this manual will be for- 

warded directly to the Commanding Officer, Signal 

Corps Publications Agency, Fort Monmouth, New 

Jersey, ATTN: Standards Division. 

2. Forms and Records 

The following forms will be used for reporting 

unsatisfactory conditions of Army material and 

equipment, and in performing preventive main- 

tenance: 
a. DD Form 6, Report of Damaged or Improper 

Shipment, will be filled out and forwarded as pre- 
scribed in SR 745-45-5 (Army), Navy Shipping 
Guide Article 1850-4 (Navy); and AFR 71-4 

(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. 

c. DD Form 535, Unsatisfactory Report, will be 
filled out and forwarded as prescribed in SR 700- 

45-5 and AF TD 00-35 D-54. 

d. DA Form 11-244, Operator First Echelon 
Maintenance Check List for Signal Corps Equip- 
ment (Radiosonde Receptor, Rawin) will be pre- 
pared in accordance with instructions on the back 

of the form (fig. 28). 
e. DA Form 11-245, Second and Third Echelon 

Maintenance Check List for Signal Corps Equip- 

ment (Radiosonde Receptor, Rawin), will be pre- 

pared in accordance with instructions on the back 

of the form (fig. 29). 
f. Use other forms and records as authorized. 

Section Il. DESCRIPTION AND DATA 

3. Purpose and Use 

a. General. Radiosonde Recorder AN/TMQ- 

5(*) is an electronic meteorological instrument, 

which records on Graph Paper ML-432/TMQ-5 

the weather information that is transmitted by a 

balloon-borne radiosonde. Application of the re- 

corder in a radiosonde system is discussed in 

detail in paragraph 4. Radiosonde Recorder 

AN/TMQ-5A (fig. 2) is similar to Radiosonde 

Recorder AN/TMQ-5 (fig. 3) except for the dif- 

ferences described in paragraph 11. Units with 

serial numbers below 26 are Radiosonde Recorder 

AN/TMQ-5. Units with serial numbers 26 and 

above are Radiosonde Recorder AN/TMQ-5A. 

The discussion of system application (par. 4) ap- 

plies to Radiosonde Recorders AN/TMQ-5 and 

AN/TMQ-5A. 
b. Purpose. Radiosonde Recorder AN/TMQ- 

5(*) records, in printed form, weather informa- 
tion that is transmitted from a_balloon-borne 

radiosonde. 
c. Use. Asignal is transmitted from a balloon- 

borne radiosonde, such as Radiosonde AN/AMT-— 

4A (fig. 5). The transmitter of the radiosonde is 

modulated at an audio-frequency (af) rate, which 

3 
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Figure 2. Radiosonde Recorder AN/TMQ-SA, front view operating components. 

is determined by the meteorological factors of the 
atmosphere. The radiated signals are picked up 
by a radiosonde receiver, which amplifies and con- 
verts them to af signals of the proper wave shape. 

These af signals are then fed to Radiosonde Re- 
corder AN/TMQ-5(*), which converts them to 

direct-current (dc) voltages; the value of the de 

4 

voltage at any instant is proportional to the af 
that creates it. This de voltage excites a servo 

system that positions a pen in the recorder, and 
causes a graph to be drawn on calibrated paper. 
The record is then evaluated in terms of meteoro- 

logical data, including temperature, pressure, and 
humidity. Radiosonde Recorder AN/TMQ-5A 
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Figure 8. Radiosonde Recorder AN/TMQ-5, rear view operating components. 

is Adjusted to move at either of two speeds, 1% inch 
per minute, or 1 inch per minute. The higher 
chart speed is used when weather conditions cause 
the radiosonde balloon to rise relatively fast. 

4. System Applications 

a. Radiosonde Systems. Radiosonde Recorder 
AN/TMQ-5A may be used in any of the three 

radiosonde systems (fig. 4). They are de- 
scribed in the following: 

(1) For operation on 403 megacycles (mc), 

use either of two radiosonde systems. 

One system consists of balloon-borne 

Radiosonde AN/AMT-2(*), Radiosonde 

Receiver R-228/FMQ-2, and Radio- 

sonde Recorder AN/TMQ-5(*). The 

other system consists of balloon-borne 
Radiosonde AN/AMT-2(*), Radio Set 

SCR-658, and Radiosonde Recorder AN/ 

TMQ-5(*). For more detailed informa- 

tion on these radiosondes, refer to TM 

11-2430 and TM 11-2433. For further 

5 



information on the receivers, refer to TM 
11-2434 and TM 11-1158A. 

(2) For operation in the 1,660- to 1,700-me 

band, the radiosonde system consists of 
balloon-borne Radiosonde AN/AMT-— 

4(*), Rawin Set AN/GMD-1(*), and 

Radiosonde Recorder AN/TMQ-5(*). 
For further information on these radio- 

sondes, refer to TM 11-2432 and TM 
11-2432A. For more information on 

the receiving set, refer to TM 11-271. 

403- MC 

RADIOSONDE RADIOSONDE 
RADIOSONDE RECEIVER RECORDER 

R-228/FMQ-2 AN/TMQ-5 (%) 
AN/AMT-2(%) 

RADIOSONDE 
RECORDER 
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RADIO SET 
SCR-658 

1660-1700 -MG 

RADIOSONDE RADIOSONDE RAWIN SET RECORDER 
AN/AMT-— 4 (3€) AN/GMD -1(3€) 

AN/TMQ-5 (%) 

TM 2436-2 

Figure 4. Radiosonde systems, simplified block diagram. 

6, System Operation. All radiosonde systems 
operate on the same principles. The operation of 
the radiosonde system that comprises Radiosonde 
AN/AMT-4(*), Rawin Set AN/GMD-1(*), and 
Radiosonde Recorder AN/TMQ-5(*) is discussed 
below. 

(1) Radiosonde AN/AMT-4(*).  Radio- 
sonde AN/AMT-4(*) (fig. 5) is a bal- 
loon-borne meteorological instrument 
that automatically transmits informa- 
tion to a ground meteorological station; 
this information relates to the pressure, 
temperature, and humidity of the upper 
air strata. The radiosonde transmits an 
amplitude-modulated (am.) signal at a 
carried frequency of 1,680 (nominal) 
me. <A radiosonde modulator unit, con- 
taining the pressure-sensitive element 
(aneroid), temperature element, humid- 
ity element, and a commutator, is a 
switching arrangement for a sequence of 
signals that are transmitted by the ra- 

diosonde. These signals are translated 

(2) 

(3) 

into temperature, humidity, and _pres- 
sure readings. Also, the signal that is 
radiated by the ascending radiosonde is 
suitable for automatic tracking of the 
radiosonde by radio direction-finding 
equipment on the ground. The rise and 
horizontal drift of the balloon furnish 
the necessary data to determine wind 

direction and velocity in the upper 
atmosphere. 

Rawin Set AN/GMD-1(*). The rawin 
set (fig. 6) automatically tracks the radio- 
sonde during its flight, and receives, am- 
plifies, and demodulates the radiosonde 
signals, thus converting them back to 
their original af. 

Radiosonde Recorder AN/TMQ-5(*). 
The af signal output of the rawin set is 
applied to the signal converter section 

of the converter amplifier jn the re- 

corder (fig. 7). In this section, the af 

signals are amplified and shaped to a 

precise amplitude and form; then they 

are rectified and filtered to provide a de 

voltage, which is proportional to their 

ifrequency (nominally from 10 to 200 

cycles per second (cps)). A second de 

voltage is supplied by the motor-driven 

contact of a slide-wire potentiometer. 

The two de voltages are applied to a de- 

tection circuit, which converts any dif- 

‘ference between them to a 60-cps error 

voltage. This error voltage is then am- 

plified to a level that is sufficient to drive 

the balancing (or servo) motor and op- 

erate the pen-lifting circuit; if the error 

voltage is present, the pen is lifted while 

the motor positions it for the next re- 

cording. The motor stops when the de 

voltage at the moving contact of the 

slide-wire potentiometer is equal to that 

delivered by the rectified signal; the pen 

is then lowered again to the moving 

paper and a trace is made. The entire 

operation takes place so that the pen 

always marks the chart at a point which 

corresponds to the meteorological in- 

formation that is received from the 

radiosonde. 
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Figure 5. Radiosonde AN/AMT-4A. 
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Figure 7. Radiosonde Recorder AN/TMQ-5, simplified block diagram. 

5. Technical Characteristics REF. ADJUST frequency | 
were he Cees 2 2 a ete ee 163 to 242 cycles per sec- 

The general characteristics and performance ioe 

data of Radiosonde Recorder AN/TMQ-5(*) are Chart: 
listed below. ~ Lengthstae: Pes ato et 120 ft. 

a Tg Fe | rice as tae Wee ae ere 10114, in. overall. 

Power requirements__-----~- 105 to 125 volts, 50 to 65 Vertical axia... Y-in. intervals. 

cycles per second, sin- Horizontal axis_________ 100 equal divisions. 
gle-phase, 225 to 275 Sona eae ee ee \% in. per minute for Ra- 
watts. diosonde Recorder AN/ 

Test signal: TMQ-5; % or 1 in. per 

Sana AV Cnr 8 10 to 220 cycles per sec- minute (operator may 

ond, 10 volts peak-to- choose) for Radiosonde 
peak (minimum). Recorder AN/TMQ-5A. 

Input signal : Speed of response______-___- 2% seconds maximum, in- 
Negative-going pulse or cluding pen-lifting op- 

BOTW GOO Us stereo 10 to 220 cycles per sec- eration. 

ond, 10 to 100 volts Welshi nicer oh Genk sc 240 lb. 

peak-to-peak, 1,000 to Dimensions 26 ae LA ae 33% in. high, 22% in. 
2,500 usec wide. wide, and 17% in. deep. 

Power supply : Nrmbertof tubes e-= eS eee 21, 

Ll ES eae Self-contained, full-wave, Ambient temperature range__ —40° to +125° F. 
regulated, +300 volts. 

VS hak: gee ag See ere oes Self-contained, full-wave, Note. Units that start with serial No. 26 will operate 

regulated, —175 volts. 

Signal data converter output. Nominally 30 mv dec for 

full-scale deflection of 

pen. 

at either of two different chart speeds, 1% and 1 inch per 

minute, and operate in automatic or manual time-print 

synchronization with Control Recorder C—577(*)/ 

GMD-1. 



6. Packaging Data 

Radiosonde Recorder AN/TMQ-5A and Radiosonde Recorder AN/TMQ-5A are shipped in two 
boxes as follows: 

Note. Items may be packaged in a different manner from that shown below, depending on the supply channel. 

F a Unit 

No. | dn) | dn) | dm)” | (euctey | weight TAS 

1 46% 33% 30% Zhe: 490 | Electrical Equipment Cabinet CY-1390/TMQ-5 or Electrical 

Equipment Cabinet CY-1390A/TMQ-5. 

The following components are mounted in the cabinets 
mentioned above: 

Control Panel C-834/TMQ-5. 

Signal Data Converter CV-146/TMQ-5, less vibrator 
inverter G301. 

Frequency-Time Recorder RD-88/TMQ-5 or Frequency- 
Time Recorder RD-88A/TMQ-5, less chart and ink. 

Power Supply PP-968/TMQ-5, less following tubes: 
V401 5R4WGY 
V402 6Y6GY 

V408 5RAWGY 
V409 6AS7G 

Electrical Equipment Cabinet Subassembly MX-1482/ 
TMQ-5. 

2 24 30% 21% 8 138 | Accessories Case CY—930/TMQ-5. 

The following items are included in the accessories case: 

Running spares (par. 10). 

Accessories (par. 9f). 

Items remqved from recorder for shipment (par. 9f). 

7. Table of Components 

The following table lists the nomenclature, dimensions, weight, and quantity of the components 
of Radiosonde Recorder AN/TMQ-5(*). 

Nomenclature 

ControlsPaneli@—834/TsM Q— see een ene 

Signal Data Converter CV-146/TMQ-5___________________- 
Power supply; BP—968/ DM Q— 5 ee eee 
Frequency-Time Recorder RD-88/TMQ-5 or Frequency-Time 

Recorder: Ri D—S88 Aj 0M Qs ene ee ee 

Electrical Equipment Cabinet Subassembly M X-1482/TMQ-5_ 

Electrical Equipment Cabinet CY-1390/TMQ-5 or Electrical 

Equipment Cabinet CY-1390A/TMQ-5_______._________- 

Accessories Case CY—930/TMQ-5________________-_--____- 

Electrical Special Purpose Cable Assembly CX—2340/U________ 

Electrical Special Purpose Cable Assembly CX—2339/U______- 

Electrical Special Purpose Cable Assembly CX—2338/U______- 

Electrical Special Purpose Cable Assembly CX-2337/TMQ-5__ 

Power CablevAssembly1C:X—1492/ (ig sean ee 

Graph} Papers —432/ 0 M G5 ae eee ee 

i 

Required 
No. 

pt 

NOR re oR Re Re Re —_ 

1 

10 

Volume 
(cu. ft.) 

Weight 
(Ib.) 



8. Nomenclature Assignments 

A list of the nomenclature assignments for 
the components of the Radiosonde Recorder 
AN/TMQ-5(*) is given below. A common name 

is indicated after each item. 

Nomenclature Common name 

Control Panel C-834/TMQ-5___| Control panel. 
Signal Data Converter CV—146/ | Converter amplifier. 

TMQ-5. 
Power Supply PP-968/TMQ-5 

Frequency-Time Recorder RD- 

Power supply. 

Frequency-time re- 

88/TMQ-5 or Frequency- corder. 
Time Recorder RD-88A/ 

TMQ-5. 
Hiectrical Equipment Cabinet | Fan panel. 

Subassembly M X-1482/ 

TMQ-5. 
Electrical Equipment Cabinet | Cabinet. 

CY-1390/TMQ-5 or Electri- 

cal Equipment Cabinet CY- 

1390A/TMQ-5. 
Accessories Case CY-930/ 

TMQ-5. 
Electrical Special Purpose Cable 

Assembly CX—2340/U. 

Electrical Special Purpose Cable 

Assembly CX—2339/U. 

Electrical Special Purpose Cable 

Assembly CX—2338/U. 

Electrical Special Purpose Cable 

Assembly C X—2337/TMQ-5. 
Power Cable Assembly CX-— 

1492/U. 
Graph Paper ML—432/TMQ-5__| Chart. 

Accessories case. 

Signal adapter cable. 

Power-supply test cable. 

Test cable. + 1 

Signal and power cable. 

Power adapter cable. 

t i 

9. Description of Radiosonde Recorder AN/ 

TMQ-5(*) 

The control panel, converter amplifier, fre- 
quency-time recorder, power supply, and fan panel 
are mounted in the cabinet (figs. 2 and 3). All 
chassis and panels are plug-in type and are easily 
removed from the cabinet (fig. 8) for preventive 

maintenance or servicing. Test cables operate any 
or all of the components when they are removed 

from the cabinet for test or repair purposes. A 

description of each of the individual components 

is given in a through f below. 

a. Control Panel C-834/TMQ-65 (fig. 9). The 

control panel is in the upper front of the cabinet 

(fig.2). The upper section of this panel is hinged 

and may be opened without interrupting operation 

to gain access to the converter-amplifier chassis. 

The speaker, meters, and majority of operating 

controls are mounted on the hinged section of the 
control panel. Four screwdriver adjustments are 

on the bottom unhinged section of the panel; they 

are SENSITIVITY, REC. ZERO, REC. TEST 
ADJ., and PEN LIFTER. 

b. Signal Data Converter CV-146/TMQ-4 (fig. 
10). The converter-amplifier chassis is mounted 
vertically in the upper rear of the cabinet, directly 
behind the control panel (fig. 3). It contains the 
converter, detector, and servo voltage-amplifier 

circuits. Test points facilitate servicing; they are 
accessible from the front after the control panel 
has been swung open (fig. 59). The noise suppres- 
sion switch is mounted on the left-hand inner sur- 
face of the converter chassis and is accessible in the 
same way as the test points. AJ] tubes in the con- 
verter circuit are replaced from the rear of the 

cabinet. 

c. Frequency-Time Recorder RD-88(*)/ 
TMQ-65 (fig. 11). 

(1) The frequency-time recorder is in the 

middle of the cabinet (figs. 2 and 3). It 
contains the printing mechanism, bal- 

ancing motor, chart motor, and slide-wire 

potentiometer. A knob on the left side 

of the panel is used to advance the chart 
manually to a desired position. The pen 

OPERATE-LOCK control knob is on 
the right-hand side of the panel. When 
this control is in the LOCK position, it 
will hold the pen above the chart. The 

desk (fig. 2) is attached to the front of 
the frequency-time recorder, so that the 

operator may make notations on the 
chart during operation. When the desk 
is not in use, it may be placed flush with 
the cabinet or removed. The recorder 

chassis is mounted on a slide-track as- 
sembly, and a short length of cable 

allows the unit to be drawn part way out 

of the cabinet without disturbing opera- 

tion. 

(2) In addition to the controls described 
above, Frequency-Time Recorder RD- 

88A/TMQ-5 (figs. 11 and 20) has two 

other controls. The CHART SPEED 
switch, on top of the chassis, behind the 
front panel, permits the selection of 

either of two chart speeds, 14 or 1 inch 

per minute. The RAWIN TIME 
PRINT switch, on the right-hand side of 

the front panel, is a three-position toggle 

11 



12 

TM 2436 - 64 

Figure 8. Electrical Equipment Cabinet CY-1390(*)/TMQ-5, components removed. 

switch. When it is in the OFF position, 

the time-print mechanism of Control Re- 
corder C-577(*)/GMD-1, in Rawin Set 

AN/GMD-1(*), is inoperative from 
Radiosonde Recorder AN/TMQ-5<A. 

With the switch in the AUTO. position, 
a received reference signal from the 

radiosonde that causes the recorder pen 

to reach or exceed a position of 90 on the 

chart, closes a microswitch in the re- 

corder. This microswitch causes the 
time-print mechanism of the control re- 
corder to record the present time. When 
the RAWIN TIME PRINT switch is 

depressed momentarily to the MAN. 
position, the time-print mechanism is 

operated directly. 

d. Power Supply PP-968/TMQ-5 (fig. 12). 



POWER CINE 
VOL TAGE 

> 

POWER LINE 
FREQUENCY 

b 

Figure 9. Control Panel C-834/TMQ-—65, front view. 

Figure 10. Signal Data Converter CV-146/TMQ-—4, top view. 

TM 2436 ~65 
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TM2436 -104 

Figure 11. Frequency-Time Recorder RD-88A/TMQ-5, front view. 

The power supply chassis is mounted vertically at 
the bottom rear of the cabinet (fig.3). It contains 

one positive regulated supply, one negative regu- 

lated supply, the servo power amplifiers, and the 
pen-lifter circuit, AJ] tubes are replaced from the 
rear of the cabinet. To gain access to the bottom 

of the power supply chassis, remove the fan panel 
on the lower front section of the cabinet. 
le. Electrical Equipment Cabinet Subassembly 

MX—-1482/TMQ-65 (fig. 13). The fan panel is on 
the bottom front of the cabinet. It contains the 
fan and its associated FAN ON-OFF switch. 
When the vent on the top of the cabinet is open, 
the fan circulates air throughout the equipment. 

f. Accessories Case CY-930/TMQ-5 (fig. 14). 
The accessories case is made of plywood and alu- 
minum. It contains two drawers and two com- 
partments, in which the accessories and running 

TM 2436 - 68 

Figure 12. Power Supply PP-968/TMQ-5, top view. 
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TM 2436 +69 

Figure 13. Electrical Equipment Cabinet Subassembly MX-1482/TMQ-5, front view. 

spares are stored. The recorder is mounted on top (7) Power Cable Assembly CX-1492/U, 
of the accessories case during operation. All parts W609. 

shipped in the accessories case are listed below. (3) Running spares. The running spares 

(1) Parts removed from recorder for ship- (par. 10) are shipped in the accessories 

ment. 

(a) Vibrator inverter G301. 
(6) Chart N601. 
(c) Tube type 5R4AWGY, V401. 
(d) Tube type 6Y6GY, V402. 
(e) Tube type 5RAWGY, V408. 
(f) Tube type 6AS7, V409. 
(g) Recorder pen, 0551. 

(2) Accessories. 
(a) Two-inch screwdriver, H531, mounted 

in the frequency-time recorder chassis. 
(6) Double-end wrench H605 (34 inch at 

one end, % inch at the other end) (two 
supplied). 

(c) Tube puller TL-201, H604. 

(d) Electrical Special Purpose Cable As- 
sembly CX-2339/U, W606. 

(e) Electrical Special Purpose Cable As- 
sembly CX-2338/U, W604 (five sup- 
plied). 

(f) Temperature - Humidity Evaluator 

ML-420A/AMT-4, N602 (two sup- 
plied). 

(g) Chart weight, O 518. 

(A) Electrical Special Purpose Cable As- 
sembly CX-2337/TMQ-5, W601. 

(¢) Electrical Special Purpose Cable As- 
sembly CX-2340/U, W608. 

t y 

case. 

10. Running Spares 

A group of running spares is supplied with each 
Radiosonde Recorder AN/TMQ-5(*) as follows: 

12 chart rolls. 

1 drive cable. 

5 fuses, .125 ampere, type 3AG, slow-blow. 

5 fuses, .3 ampere, type 3AG, slow-blow. 

1 neon lamp (GE No. NE-51). 

1 pilot lamp (Mazda No. 44). 

1 pen. 

1 tube type 5R4WGY. 

1 tube type 6005/6AQ5W. 

1 tube type 6AS7G. 

1 tube type 6AU6. 

1 tube type 6Y6G. 

1 tube type 12ATT. 

2 tubes type 12AU7. 

2 tubes type 12AX7. 

1 tube type 12AY7. 

1 tube type 5651. 

2 tubes of ink. 

1 slide-wire contact and hardware. 

1 vibrator inverter G301. 

11. Differences in Models 

a. The two models of the recorder are identical 
in size, shape and general appearance. The later 

model, however, has been modified to improve op- 
erational features. The differences between the 
two models discussed in this manual are given in 
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the table below. 

T™ 2436-6 

Figure 14. Accessories Case CY-930/TMQ-—5, with some accessories. 

Recorders with serial numbers 5; those with serial numbers 26 and above are 
25 and below are Radiosonde Recorder AN/TMQ-- Radiosonde Recorder AN/TMQ-5A. 

Item Radiosonde Recorder AN/TMQ-5 Radiosonde Recorder AN/TMQ-5A 

Frequency-time 

recorder. 

Cabinet: 22 

Frequency-Time Recorder RD- 

88/TMQ-—5 has a single chart 

speed of % inch per minute. 

Electrical Equipment Cabinet 

CY-1390/TMQ-5 mounts the 

panels, chassis, and interchas- 

sis wiring (fig. 83). 

Frequency-Time Recorder RD-88A/TMQ-5 has selective chart 

speeds of % and 1 inch per minute. A CHART SPEED switch 

with two positions, }4 and 1 INS/MIN. is located on this model. 
(fig. 20). 

The RAWIN TIME PRINT switch is on the front panel of the 

Frequency-Time Recorder RD-88A/TMQ-5 (fig. 17). This 

switch is used to control the operation of a cam-operated micro- 

switch, added to this model. This microswitch (shown as the 

automatic time-print switch $504 (fig. 22)) controls the operation 

of the time-print circuit of Control Recorder C-—577(*)/GMD-1 
a part of Rawin Set AN/GMD-1(*). 

Electrical Equipment Cabinet CY—-1390A/TMQ-5 mounts the 

panels, chassis, and interchassis wiring. There are connections 

between pins 11 and 12 of J105 and pins G and H of J101, respec- 

tively (fig. 84). This wiring connects the cam-operated micro- 

switch, in the Frequency-Time Recorder RD-88A/TMQ-5, to 

the time-print circuit, in the Control Recorder C—577(*)/GMD-1. 

16 



b. Frequency-Time Recorder RD-88/TMQ-5 

may be used with Electrical Equipment Cabinet 
CY-1390/TMQ-5 or CY-1390A/TMQ-5. In 

either case, the time-print circuit is inoperative 
and only one chart speed, 14 inch per minute, is 

available. 
c. Frequency-Time Recorder RD-88A/TMQ-5 

may also be used with either model of the cabinet. 
However, when Frequency-Time Recorder RD- 

331892 O—55 2 

88A/TMQ-5 is used with Electrical Equipment 

Cabinet CY-1390/TMQ-5, the time-print circuit 

is inoperative, although the dual chart speed fea- 

ture is still available. 
d. The capacitance value of capacitor C422, in 

the power supply of recorders with serial numbers 
above 40, is .05 microfarad (uf) ; in the lower num- 

bered sets, the value is .01 pf. 
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CHAPTER 2 

OPERATION 
$$ eee a Eee 

Section I. SERVICE UPON RECEIPT OF EQUIPMENT 

Note. When the cabinet, control panel, converter ampli- 

fier, frequency-time recorder, power supply, and fan panel 

are referred to as an integral unit, they will be called 

the recorder, for convenience and simplicity. 

12. Siting. 

Position the recorder as close as possible to 
the meteorological receiver with which it is used. 
Keep the signal and power cable lengths to a mini- 
mum. To facilitate maintenance, provide a mini- 
mum access space of approximately 3 feet on the 
front, and 1 foot on the sides and rear of the re- 
corder. Locate the recorder where it will be sub- 
jected to as little vibration as possible; avoid loca- 
tions near electrical machinery, high-tension lines, 
and other electrical noise-producing equipment. A 
reasonably quiet location is desirable to permit the 
monitoring loudspeaker to be heard. If the equip- 
ment is used out-of-doors, keep it well protected. 
The equipment should be mounted on the acces- 
sories case or in Shop Van M-109 (par. 21). 

13. Uncrating, Unpacking, and Checking 

New Equipment 
Note. For used or reconditioned equipment, refer to 

paragraph 20. 

a. General. When new equipment is received, 
select a location which is convenient to the perma- 

nent or semipermanent equipment installation, 
and where the equipment may be unpacked with- 
out exposure to the weather. The complete equip- 
ment is shipped in two boxes (par. 6). Be sure 
that both packing boxes are received and the 
equipment is undamaged. 

Caution: Be careful when uncrating, unpack- 
ing, and handling the equipment; it is easily dam- 
aged. If it becomes damaged or exposed, a com- 
plete overhaul may be required, or the equipment 
may be rendered useless. 

b. Uncrating and Unpacking Recorder (fig. 15). 
(1) Place the packing box that contains the 
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recorder as near the operating position as 
convenient. 

(2) Cut and fold back the steel straps. 
(3) Remove the nails with a nail puller. Re- 

move the top and both sides of the wooden 
packing box. Do not attempt to pry off 
the sides and top; the equipment may be- 
come damaged. 

(4) Remove the foam rubber and excelsior. 

(5) Cut and fold back the steel straps around 
the V2S board carton. 

(6) Open the top of the carton, and remove 
the sides by cutting along the edges; be 
careful not to cut too deeply. 

(7) Remove the heat-sealed moisture-vapor- 

proof barrier by cutting it carefully at 
the seams. Pull the barrier away from 
the sides. 

(8) Open the inner carton and remove the 
sides. 

(9) Remove the silica gel bags and corrugated 
packing. 

(10) Remove the recorder, and carry it to its 
location by the two handles on each side. 

c. Unerating Accessories Case (fig. 16). The 
accessories case should be uncrated as follows: 

(1) Cut and fold back the steel straps on the 
nailed wooden shipping box. 

(2) Usea nail puller to remove the nails. Re- 
move the top and one side of the box. Do 
not attempt to pry off the side and top; 
the accessories case may become damaged. 
Lift out and cut the moisture-vaporproof 
barrier along the heat-sealed seam; re- 
move the barrier. 

(4) Remove the V2S board carton. Remove 

the inner carton, and lift out the acces- 
sories case. 

(5) Check the contents of the accessories case 
against the packing list to be sure that 
all parts are present. 

(3 SS 
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Packaging Radio Recorder AN/TMQ-5(*). 
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14. Equipment Installation 

a. After the equipment has been unpacked and 
a location selected, use the following procedure to 
install Radiosonde Recorder AN/TMQ-5(*). 

(1) Place the accessories case in the location 
selected for the installation. 

(2) Lift the recorder to the top rear of the 
accessories case, and slide the recorder 

forward so that the shock mounts will fit 
under the bracket on top of the acces- 

sories case (fig. 14). 
(3) Remove the wooden bar that secures the 

window latches of the frequency-time 

recorder. 
(4) Loosen the two desk latches that secure 

the desk to the fan panel. 

(5) Open the frequency-time recorder drawer 

by turning the two panel latch knobs 

marked LOCKED (fig. 17) in a direc- 

tion opposite to that of the arrows marked 

on the knobs. 
(6) Remove the wooden bar from under the 

chart roller. 

(7) Cut the lacing that holds the solenoid 
linkage and balancing motor gears on the 
underside of the frequency-time recorder. 

(8) Remove the rear panel by unfastening the 
12 Camloc fasteners. 

(9) Remove the block of wood from under 
the power transformer (fig. 18) in the 
bottom of the cabinet. 

INDICATOR 

i 

SET SCREW 

b. Install the following items found in the ac- 

cessories case : 
(1) Place tubes V402 type 6Y6G, V409 type 

6AS7G, V401 and V408 type 5RAWGY, 
in the power supply (fig. 18). 

(2) Place vibrator inverter G301 in the con- 
verter-amplifier chassis (fig. 18). Con- 
nect cable W301 to the top of the vibrator 
inverter. Replace the rear panel of the 

cabinet. 

15. Filling Pen 

The following procedure should be used to fill 
the pen. (During shipment, the pen is in the ac- 
cessories case. ) 

a. Open the frequency-time recorder drawer and 
remove screwdriver H531 (figs. 19 and 20) from 

the right-hand side of the chassis. 
6. Open the recorder window to loosen the small 

setscrew in front of the pen carriage (fig. 17). 
c. Carefully raise the pen from the pen carriage 

and unscrew the pen cap. Slide the pen heater 
from the pen barrel ; be careful not to break the pen 

heater connecting wires. 
d. While holding the pen in the left hand at ap- 

proximately a 45° angle, insert the spout of the ink 
tube into the pen barrel until the spout touches 
the bottom. Squeeze the tube until the barrel is 

three-fourths full of ink. This method will force 
out air bubbles in the ink chamber. 

e. Replace the pen heater and pen cap. 
the vent hole in the cap is not clogged. 

Be sure 

PANEL 
RAWIN TIME LATCH 
PRINT SWITCH KNOB 

PEN 
HEATER 

Pola ily) 
10 20 30 40 50 60 
onsen —" 

MANUAL CHART 
ADVANCE KNOB 

FRONT CHART 
GUIDE ROD 

Figure 17. 

CHART 
ROLLER 

PEN CARRIAGE WINDOW LATCH 

TM2436-105 

Frequency-Time Recorder RD-88A/TMQ-5, front view. 
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Figure 18. Recorder, rear view. J , 

7. Replace the pen in the pen carriage; be sure 
the pen is seated firmly, and the barrel is in a verti- 
cal position. 

g. Tighten the setscrew and dress the pen heater 
leads away from the carriage shaft and indicator 
scale. Close the recorder window. 

16. Pen Heater 

a. To prevent the ink from freezing, a heating 
wire element is wound around the pen barrel. 
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This heater is turned on and off, as required, by a 
thermostat. Because the pen must cover too great 
a distance for flexible feed wires to be practical, a 
trolley system (pen-heater contact bar, fig. 19) is 
installed to supply electrical power to the heater 

element. Such a feature is unnecessary in warm 
weather. To allow the greatest freedom of move- 
ment to the pen motion throughout its excursion, 
the trolley system is lowered into position to make 
contact only when weather conditions demand. 



The thermostat is located at the right-hand end of 

the pen-heater contact bar. 

b. If the temperature drops to 40° F. or below, 
lower the contact bar to make contact with the 
moving contactors mounted on the pen carriage. 
The adjusting screws (fig. 19), on top of the bar 
are factory-adjusted, and should not be changed 
unless necessary. Loosen the two lock screws 
(fig. 19) on each end of the bar, and allow the bar 
to drop as far as the adjusting screws permit. 
Check the sliding contacts of the pen heater by 
sliding the pen carriage from one end of the scale 
to the other, first in the wp position of the pen 
and then in the down position. While sliding 
the pen carriage, be sure that the sliding contacts 
make a good electrical contact throughout the 
excursion. Tighten the lock screws. 

17. Chart Installation 

a. Step 1. 
(1) Release the panel latch knobs (fig. 17). 

Pull the frequency-time recorder chassis 

forward. 
(2) Release the two window latches, and 

open the recorder window. 

SLIDE WIRE 
WITH COVER 
REMOVED 

LOCK 
SCREWS 

ADJUSTING 
SCREWS 

PEN- HEATER 
CONTACT BAR 

(3) 

(4) 

(5) 

(6) 

Pull the front chart guide rod forward 
(away from the chart roller). 
Push back the spring-loaded intermedi- 
ate chart guide rod (fig. 21). The right 
and left ends are accessible behind the 
lower portion of the front panel. 
Loosen the right-hand knurled screw 
that holds the tear-off scale (fig. 2) to 
the writing desk. 
Remove the writing desk by withdraw- 
ing the two spring-loaded knurled rods 
at the ends of the hinge axis. 

b. Step 2 

(1) 

(2) 

(3) 

Unwind about 2 feet of the new chart 
roll. 
With the printed side up, place the core 
of the chart roll over the right rear chart 
roll bearing O 571 (fig. 21). This bear- 
ing is spring-loaded and must be com- 

pressed to the right to follow the direc- 
tions given in (3) below. 
Place the left end of the chart roll over 
the left rear chart roll bearing O 570. 
Be sure to engage the guide pin on the 
bearing with the core slot. 

i 

SCREW DRIVER 
H531 

BALANCING 
MOTOR 

LOCK SCREWS 
(BESIDE WIRES) 

ADJUSTING 
SCREWS 

TM2436 -72 

Figure 19. Frequency-Time Recorder RD-88/TMQ-5, top view. 

23 



24 

CHART 
SPEED 
SWITCH 
$502 

SCREW 
DRIVER 
H531 

LOCK RS. 
ar ie SCREWS 

ADJUSTING ADJUSTING 
SCREWS SCREWS 

PEN-HEATER 
CONTACT BAR TM 2436-106 

Figure 20. Frequency-Time Recorder RD-88A/TMQ-5, top view. 

(4) Feed the chart under the rear and inter- positioning the tear-off scale. Then 

mediate chart guide rods. a ' tighten the right-hand knurled screw 
(5) Feed the chart over the chart roller and that holds the tear-off scale to the desk. 

under the front chart guide rod (fig. 17). (4) Place the chart weight (O 518, fig. 14) 

Engage the punched guide holes on the 
left side of the chart paper with the teeth 

on the roller. 

on the chart. 

Note. As the chart advances, the chart 

Release the 

. Step 3. 

weight will move toward the floor. 

clamping pressure of the chart weight and slide 

it up toward the desk. If the weight tends to 

slip on the paper, use a small paper shim to 

increase the thickness between the clamping 

bars. Do not use pliers on the knurled nuts. 

18. Chart Alinement 

If, as the chart advances, it creeps to the right 
or left (as shown by increasing misalinement be- 
tween the punched holes and the roller teeth on 
the left-hand end of the roller), make the follow- 

ing adjustments: 

a. Loosen the nut on the threaded stud that 
supports the left-hand chart roll bearing O 570 

(figs. 21 and 22). 

(6) Check to see that the paper is against the 
chart guide collar located on the inter- 

mediate guide rod; then push this guide 
rod and the front guide rod into their 

respective operating positions. 
(7) Replace the writing desk. 

(1) Close the recorder window, and secure 

the window latches. 
(2) Slide the recorder back into position, and 

lock the panel latch knobs. 
(3) Slide the chart paper under the tear-off 

scale, and aline the scale graduations 

with the chart graduations by laterally 



CHART 
GUIDE 
COLLAR 

CHART 

SOLENOID 
LINKAGE 

CHART ROLL 
BEARING 
0570 

GUIDE 
PIN 

ROLLER 
BALANCING 

MOTOR 
GEARS 

INTERMEDIATE 
CHART GUIDE 
ROD 
(OPEN POSITION) 

REAR CHART 
GUIDE ROD 

CHART ROLL 
BEARING 
0 57) 

T™ 2436-73 

i | 

Figure 21. Frequency-Time Recorder RD-88/TMQ-5, bottom view showing main chart drive items. 

b. Reposition this stud in a direction opposite 

to that of the chart misalinement; estimate the 

amount of shift required for a trial. 

c. Tighten the nuts again; be sure that the stud 

does not turn and disturb the new alinemient. 

d. Aline the chart on the roller again, and re- 
position the guide collar on the intermediate guide 
rod, so that it just contacts the left edge of the 

chart. 
e. Make another trial run of the chart, and re- 

peat the preceding adjustments until the chart 

advances properly. 

f. These adjustments may be necessary each 

time a new chart is installed. 

19. System Connections 
(fig. 23) 

Radiosonde Recorder AN/TMQ-5(*) is used 
with any of the equipments listed below. Jnstal- 

lation instructions for each equipment also are 

given. 

a. Radiosonde Receiver R-228/FMQ-2 (fig. 23, 
@). Connect signal and power cable W601 to 

J101 of the recorder. Connect the alternating- 

current (ac) power cable branch of cable W601 

to 105- to 125-volt, 50- to 65-cycle power source. 

Connect the signal cable branch of cable W601 to 

signal adapter cable W608. Connect the black 

lead of signal adapter cable W608 to terminal G, 

and connect the white lead to the other terminal 

of terminal board TB101. Terminal board TB101 

is located in the rear of Radiosonde Receiver 

R-228/FMQ-2. All cables mentioned above are 

located in Accessories Case CY-930/TMQ-5. 

b. Rawin Set AN/GMD-1(*) (fig. 23 ®). 

(1) Location of cables. Cable W921 or 

Special Purpose Cable Assembly CX- 
1217/U and the meteorological cable 

adapter, which consists of the switch box 

and a 5-foot length of coaxial cable, are 

located in the accessories case of the 

rawin set. Signal and power cable W601 

is located in Accessories Case CY—930/ 

TMQ-5. 
(2) Connections for Radiosonde Recorder 

AN/TMQ-5. Connect one end of Spe- 
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Figure 22. Frequency-Time Recorder RD-88A/TMQ-5, bottom view showing main chart drive items. 

cial Purpose Cable Assembly C X-1217/U 
to socket J101 of the recorder, and con- 

nect the other end to J802 of Control Re- 
corder C-577(*)/GMD-1 of the rawin 
set. In this installation, the primary 
power for the recorder is supplied 

through the rawin set. If the switch box 
that operates the time-print mechanism 

of the control recorder is required in this 

installation, proceed as follows. 
(a) Connect signal and power cable W601 

to J101 of the radiosonde recorder. 

(6) Connect the power cable branch of 

cable W601 to the ac power source (105 
to 125 volts, 50 to 65 eps). 

(c) Connect the signal cable branch of 

cable W601 to the 5-foot length of co- 
axial cable from the switch box. 

(d) Connect one end of Special Purpose 
Cable Assembly CX-1217/U into the 
switch box, and the other end into J802 
of the control recorder. 

3) Connections for Radiosonde Recorder 

AN/TMQ-5A. Connect Special Purpose 
Cable Assembly CX-1217/U between 
J101 of the radiosonde recorder and J802 
of the control recorder. In this installa- 
tion, the primary power circuit, signal 
circuit, and time-print circuit are com- 

pleted through the special purpose cable. 

The operation of the time-print circuit is 

controlled either automatically or manu- 

ally from the front panel of Frequency- 

Time Recorder RD-88A/TMQ-5. 

c. Radio Set SCR-658 (fig. 23, ©). Connect 
signal and power cable W601 to J101 of the re- 
corder. Connect the power cable lead of cable 
W601 to 105- to 125-volt, 50- to 65-cycle power 
source. Connect the signal cable lead of cable 
W601 to Cord CD-1312, and connect the other end 

of Cord CD-1312 to the jack at the base of Sup- 
port MT-478, which is part of Radio Set SCR-658. 
Signal and power cable W601 is located in Acces- 
sories Case CY-930/TMQ. Cord CD-1312 is lo- 

cated on Reel RL-39 in Chest CH-289, which is 

part of Radio Set SCR-658. 
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Figure 23. System connections. 
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20. Service Upon Receipt of Used or Recondi- 

tioned Equipment 

a. Follow the instructions given in paragraph 
13 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 any changes in 
wiring have been made, note the change in this 
manual, preferably on the schematic diagram; in- 
clude the serial number of the set in the notation. 

ce. Check the operating controls for ease of 
rotation. 

d. Perform the installation procedures given in 
paragraphs 14 through 19. 

21. Mounting Recorder in Shop Van M—109 
Note. Before beginning the mounting procedures below, 

be sure to read the instructions thoroughly. 

a. Mounting Radiosonde Recorder Support 
MT-1355/TMQ-5. 

(1) Position the support between the second 

and third uprights on the forward right- 
hand side of the van. These uprights are 

in the wall between the first and second 
windows; their center lines coincide with 

the vertical rows of bolt heads that are 
visible behind the two upright members 

of the support shown in position in fig- 
ure 24, 

(2) Lift the support a few inches from the 
floor and rest the upper rear cross mem- 

ber (angle iron) of the support on the 

angle iron that is permanently attached 

to the wall of the van. Slide the support 
horizontally until it is symmetrically 
positioned with respect to the vertical 

rows of bolt heads. On the lower rear 
cross member of the support, locate and 
center punch the centers for two %g¢-inch 

holes to be drilled through the cross mem- 

ber and on through the outer wall. These 
hole centers will lie on the center lines of 
the rows of bolt heads. 

(3) Locate and center punch the centers for 
four symmetrically spaced 114 ¢-inch holes 

in the upper cross member to match exist- 
ing holes in the angle iron on the wall. 
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(4) 

(6) 

(7) 

(8) 

Lower the support to a convenient posi- 
tion and drill the six holes whose centers 
have just been spotted. Use an 114,-inch 
drill bit for the four holes on the upper 
cross member, and a %g¢-inch drill bit for 

the two holes in the lower cross member. 
(Pilot holes of 3%4g-inch diameter will be 

found helpful.) 
Place the support in position again and 
bolt it to the angle iron on the wall. Four 
5g-inch diameter bolts are supplied for 

this purpose. 
Use the two holes in the lower cross mem- 

ber as guides and drill holes completely 
through the wall to the outer surface. 
Use the %,-inch drill bit for these holes. 

Bolt the lower cross member of the sup- 
port to the van with the two 314-inch x 
¥4-inch bolts supplied. Place the large 
square washer next to the bolt head and 

insert the bolt from the outside of the van. 
Place the lockwasher on the bolt and on 
the inside of the van. 

Tighten all nuts securely. Coat the ex- 
ternal bolt heads and washers with any 
available material that will prevent rust. 

ri Mounting Radiosonde Recorder on Support. 

(1) 

(4) 

(5) 

Remove the clamp strips from the hori- 
zontal arms (fig. 24) and lay the strips 

aside. Mount the arms on the upright 

members but do not tighten the nuts 

completely. 

Remove the lower clamp strips from the 

support shelf and lay them aside. 

Place the recorder (rear side to wall) on 

the shelf. Slide it back until it is against 

the angle stops on the shelf. 

Slide the lower clamp strips through the 

bottom shock mounts and aline the bolt 

holes with those in the shelf. Insert the 

bolts and tighten the nuts securely. 

Slide the upper clamp strips through the 

side sections of the upper shock mounts 

and aline the bolt holes with those in the 

horizontal arms. Bolt the strips securely 

to the arms and tighten the nuts that hold 

the arms to the upright members. 



UPPER CLAMP STRIP (2) 

ANGLE IRON 
~ BOLTED TO WALL 
(PART OF VAN) 

LOWER CROSS 
MEMBER _ 

q 
a & 

abet 

5/8" BOLT (4) 

E UPRIGHT 
MEMBERS 

| UPRIGHT 

Figure 24. Radiosonde Recorder Support MT-1355/TMQ-5 mounted in Shop Van M-109. 

Section Il. CONTROLS AND INSTRUMENTS 

22. General 

Haphazard operation or improper setting of the 
controls may cause damage to the electronic equip- 

ment and record inaccurate data. Therefore, it is 
important to know the function of every control. 
The actual operation of the equipment is discussed 
in paragraphs 24 through 38 of this chapter. 

23. Controls and Their Uses 
The following table lists the controls and meters 

of the recorder and the function of each item. The 

majority of the controls and meters are mounted 

on the control panel (fig. 25). 
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Control Function 

POWER LINE VOLTAGE meter M202 (0-150 

volts ac). 

POWER LINE FREQUENCY meter M201 (vi- 

brating-reed type). 
SIGNAL SELECTOR (8202)22= 2 === seas = aera 

SPBAKER? VOL. (R214) 32a ee eee 

POWER) LINEEG@20 ands 202) eee 

POWER ON-POWER OFF-STAND BY (8201)-.- 

ENDER S. C.-OULP USS 3 Cai(5203) ane 

REC] TEST (8204) 225 a2 5 52 ee ee 

BRERA DJ US T( R202) Bee ee eae 

Speaker: (LS20)/) [3 ee eee ee 

Power indicatorsampy(le20)) see ee 

FAN: ON-OEREF (S))ioo22 Gee tae eee ae ee ee nee 

Manualichsrtad vance Kn0 De = ee eee 

CHART SPEED INS/MIN. 36-1 (S502)_---_____- 
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Indicates ac line voltage. 

Indicates ac line frequency between limits of 48 to 52 and 58 to 

62 cps. 

In SIG. position, switch connects af signal from radiosonde receiving 

system to input circuit of signal converter. 

In S. C. position, a short circuit prevents any signal from entering 

signal converter amplifier. 

In 60 C. P. S. position, switch selects 60-cps voltage from T401 to 

be used as a signal for calibration and tests. In this position, pen 

marks chart at 30 (60 cps), if line frequency is 60 eps. 

In 120 C. P. 8S. position, switch selects 120-cps ripple voltage that 

is present at input to filter circuit of positive power supply; this 

signal is used for calibration and tests. In this position, pen 

marks chart at 60 (120 cps) if line frequency is 60 eps. 

Control is a potentiometer that adjusts audio level of monitoring 
speaker. Adjustment of this control has no effect on recorded 

signal. On some earlier units, control has switch that disconnects 
speaker, when control shaft is in its extreme counterclockwise 

position. 

Controls are circuit breakers, one in each side of power line, and 

are preset to open at 4 amperes. : 

Switch is in series with circuit breakers K201 and K202. When 

they are on, S201 throws power on and off entire recorder system. 

In STAND BY position, power is applied to all circuits, except 

chart-drive motor and pen-lifting solenoid. 

Switch used for localization of trouble. 

INTER S&S. C. position shorts any incoming signal at input to 
univibrator. } 

OUTPUT S. C. position shorts any de output voltage that may 

exist across R203. 

Switch is momentary type, used to check operation of the frequency- 

time recorder. It disconnects signal from signal converter and 

substitutes test voltage. : 
Vernier potentiometer that may be rotated through 10 revolutions. 

It is uged to adjust the pen position for exact recording of the 

low reference signal during the ground check. 
Permits audible monitoring of audio signal. 

Lights when power switch is in ON or STAND BY position. 

Switch, mounted on the fan panel, controls operation of fan. 

This unmarked control, mounted at the left side of chart roller, 

advances chart manually. 

Chart speed control switch that allows manual selection of chart 

speed, shown by panel marking. It is not included in first issue 

of recorder (R D-88/TMQ-5). 

In OFF position, switch causes printed time record from Control 

Recorder C-577(*)/GMD-1 to occur at regular predetermined 

rate, as selected by position of controls on control recorder. 

In MAN. position (momentary), an additional time print is re- 

corded by control recorder. 

In AUTO. position, an additional time print is recorded by con- 

trol recorder each time upward excursion of pen reaches 90 on the 

scale. These additional time prints of control recorder are dis- 

tinguished by an asterisk, which is also printed when time print 

only circuit is energized. 

Note. To avoid improper actuation of control recorder time-print circuit, adjust 

radiosonde recorder reference control for recording reference signals in vicinity of 95 

' Chart divisions. | 
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Noise suppression switch ($301)------------------ 

OPERATE-LOCK knob 

Screwdriver-adjusted potentiometer used to control gain of servo 

amplifier. 

Screwdriver-adjusted potentiometer used to aline recorder pen on 

zero when SIGNAL SELECTOR switch is in S. C. position. 

Screwdriver-adjusted potentiometer used to select amount of volt- 

age that is necessary to make pen indicate 95 on scale, when 

REC. TEST switch is depressed. 
Screwdriver-adjusted potentiometer used to control amount of 

voltage that is fed by power amplifier tubes to pen-lifter circuit. 

Switch is accessible behind control panel, mounted on left-hand end 

of converter-amplifier chassis. When switch is in OUT position, 

noise suppression circuit is disabled. 

In LOCK position, this control clamps pen carriage rod, and pre- 

vents pen from touching paper or vibrating. 

POWER INDICATOR LAMP 

POWER LINE 
FREQUENCY POWER LINE 

VOLTAGE 

Ye O20 CRS. 

SIGNAL SELECTOR 

SENSITIVITY REC. ZERO 

O 

Figure 25. 

Section Ill. 

24. Preparatory Procedure for Radiosonde 

System Operation 

a. Procedure for Radiosonde Receiver R-228/ 

FMQ-2. 
) (1) Make the necessary connections between 

units (par. 19). 
(2) Inspect and prepare Radiosonde AN/ 

SPEAKER VOL. 

INTER S.C. ZA ov 

© © 9» YQ KD 
OUTPUT SC. REC. TEST 

REC. TEST ADu., PEN LIFTER 

O 

TM 2436-12 

Control Panel C--834/TMQ-5, front view. 

OPERATION UNDER USUAL CONDITIONS 

AMT-2(*), following the procedure 

given in TM 11-2483. 

(3) Inspect and prepare Radiosonde Receiver 

R-228/FMQ-2, following the procedure 

given in TM 11-2434, 

(4) Follow the presetting, preliminary start- 

ing, and starting procedures for the re- 

corder (pars. 25 through 27). 
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b. Procedure for Rawin Set AN/GMD-1(*). 

(1) Make the necessary connections between 

units (par. 19). 
(2) Inspect and prepare Rawin Set AN/ 

GMD-1(*), following the procedure 

given in TM 11-271. 
Inspect and prepare Radiosonde AN/ 
AMT-4(*), following the procedure 

given in TM 11-2432 or TM 11-2482A. 
(4) Follow the presetting, preliminary start- 

ing, and starting procedures for the re- 

corder (pars. 25 through 27). 

c. Procedure for Radio Set SCR-658. 

(1) Make the necessary connections between 

units (par. 19). 
(2) Inspect and prepare Radiosonde AN/ 

AMT-2(*), following the procedure 

given in TM 11-2433. 

(3) Inspect and prepare Radio Set SCR-658, 

following the procedure given in TM 11- 
1158A. 

(4) Follow the presetting, preliminary start- 
ing, and starting procedures for the re- 

corder (pars. 25 through 27). 

(3 
— 

25. Presetting Procedures for Radiosonde Re- 

corder AN/TMQ-5(*) 

Before using the preliminary starting and start- 
ing procedures described in paragraphs 26 and 27, 

perform the following presetting procedures. 
a. Open the vent on top of the cabinet by turn- 

ing the knurled knob counterclockwise until it 1s 

loose. Spring action will open the cover. 

b. Unfasten the two desk latches, and place the 

desk in the inclined position by pulling the bottom 

edge of the desk forward. 

c. Check the chart feed mechanism for smooth 

movement and drift-free feed by turning the man- 

ual chart advance knob clockwise. Instructions to 

correct any drift are given in paragraph 18. Be 

sure there is enough chart paper left for a com- 

plete recording. 

d. Throw the power switch to POWER OFF. 

e. Rotate the SIGNAL SELECTOR switch to 

the S. C. position. 

7. Rotate the REF. ADJUST to the middle of 

its range, that is, 5 revolutions from either end. 

g. Throw the FAN ON-OFF switch to OFF. 

h. Rotate the SPEAKER VOL. clockwise 

through three-fourths of its range. 
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7. If the frequency-time recorder is type RD- 
88A/TMQ-5, throw the chart speed switch to the 

desired position. 
j. If the frequency-time recorder is type RD- 

88A/TMQ-5, throw the RAWIN TIME PRINT 

switch to the AUTO. or OFF position, as desired. 

26. Preliminary Starting for Radiosonde Re- 

corder AN/TMQ-—5(*) 
a. Throw the two POWER LINE circuit 

breakers ON. 
b. Throw the power switch to STAND BY. 
c. Read the POWER LINE FREQUENCY 

and POWER LINE VOLTAGE meters. If the 
frequency is not stable at a value between 50 and 
65 eps, and the voltage is not between 105 and 125 
volts, the performance of the equipment will be 
affected. If the voltage is normal, but the fre- 
quency is not, determine the line frequency from 

the POWER LINE FREQUENCY meter. 
When the frequency is some value other than 60 
cps, the frequency of the test voltage that is avail- 

able through the SIGNAL SELECTOR switch 
also will be different. The 60 C. P. S. position 
of the switch will deliver a frequency that is equal 

to the power line frequency, and the 120 C. P. S. 
position will deliver a frequency that is equal to 
twice the power line frequency. The chart read- 

ings for these frequencies will vary accordingly. 
d. Throw the FAN ON-OFF switch to ON. 

Allow approximately 15 minutes for the recorder 
fo warm up. 

27. Starting Procedure for Radiosonde Re- 

corder AN/TMQ-5(*) 

Note. The values given in a through e below are for 

normal operation under normal power line conditions. 

If an abnormal result is obtained, refer to paragraph 55. 

a. After the warm-up period, throw the power 
switch to POWER ON. The pen should record 
at zero on the chart (the SIGNAL SELECTOR © 

switch still in S. C. position). If the pen does 
not record at zero, rotate the REC. ZERO con- 

trol until the pen does record at zero. 
b. Hold the REC. TEST switch in its down 

position; the pen should go to 95 and mark the 
chart. Release the switch, and the pen should re- 
turn to zero and again mark the chart. 

c. Rotate the SIGNAL SELECTOR switch to 
60 C. PS. The pen will go to 30 on the chart, or 
will be adjustable to 30 by rotating the REF. 

ADJUST. (This reading is one-half the line 



frequency.) A 60-cps signal is heard in the 

speaker. 
d. Rotate the SIGNAL SELECTOR switch to 

120 C. P. S. The pen will go to 60 on the chart, 
or will be adjustable to 60 by rotating the REF. 
ADJUST knob; a 120-cps signal is heard in the 
speaker. 

e. Rotate the SIGNAL SELECTOR switch to 
SIG. The recorder now is ready to receive and re- 

cord signals. 

Note. If calibration (par. 103) has not been accom- 

plished within the past month, perform that calibration be- 

fore proceeding with the ground check. 

28. Ground Check 

a. Procedure. Adjust the radiosonde to pro- 
duce a low-reference signal. Adjust the REF. 
ADJUST until the low-reference frequency trace 
is exactly on the 95 line. Allow the recorder to 
print this trace for 30 seconds. Adjust the radio- 
sonde, using the instructions in its technical man- 
ual, to produce 15-second traces for temperature, 

high reference, and humidity, in that order. Re- 
peat this sequence until the recorder prints at least 
two successive identical traces for low reference, 

temperature, high reference, and humidity. 

Under extreme weather conditions, it is impos- 
sible to secure successive identical traces for 
humidity; traces that show only a slight change 
may be used. 

b. Evaluation of Ground Check. 

(1) Advance the chart manually to positiop 
the traces on the desk surface and draw 
straight lines (fig. 26) through the final 
temperature, humidity, and reference 

traces, respectively, to make them con- 
tinuous plots. Draw a horizontal line 

across the chart at the top of the last 
humidity trace; this base line will show 
initial (ground) values of temperature 
and relative humidity. 

(2) At the upper end of the last temperature 
trace, read the chart record to tenths of a 

chart division. This reading corresponds 
to the dry-bulb temperature, and the 
reading and temperature are entered on 
the chart along the base line (fig. 26). 

Use these data for the lock-in (par. 356) 
of the temperature-humidity evaluator. 

(3) At the intersection of the base line and 
the line that connects the humidity traces, 
read the humidity record to tenths of a 
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chart division. This reading corresponds 
to the measured percentage of humidity 
at ground level, and the reading and per- 

centage of humidity are entered next to 
the base line (fig. 26). Use these data 
for the temperature-humidity evaluator 

lock-in (par. 350). 

29. Final Preflight Procedure 

a. Preparation. Prepare the radiosonde for 
launching according to the instructions in its tech- 
nical manual. Lower the contact point of the ra- 
diosonde to the commutator. Record on the chart 
the barometric pressure and the segment number 
of the commutator on which the contact point is 

resting. 
b. Procedure at Time of Launching Radiosonde. 

When a fast-rising balloon is used with Radio- 
sonde Recorder AN/TMQ-5A, throw the chart 
speed switch to the 1 position (1in. per min.). To 
identify the starting point of the flight record, a 
short zero trace may be made by throwing the 
SIGNAL SELECTOR switch to S. C. for about 
5 seconds. Throw the switch back to SIG. and re- 
lease the radiosonde. Record the time on the chart. 

Note. For further details, refer to the applicable litera- 

ture on Radiosondes AN/AMT-2(*) and AN/AMT-4(*). 

30. Operating Instructions During Recording 

a. As the low-reference signals are received, 
they indicate a more or less gradual drift, either 
upward or downward. Generally, the upward 
drift will not exceed 98 on the chart, in which case 
no readjustment will be made on the REF. AD- 

JUST knob. This instruction also applies in case 
of a downward drift. If an upward drift should 
exceed 98 on the chart, the high-reference signal 
trace would be off the chart limit and would not 
print. This extreme condition is avoided by mak- 
ing an adjustment back to 95 whenever the drift 
indicates that it is going beyond 98. When the 
necessity for a readjustment has been established, 
be ready when the next low-reference signal is re- 
ceived. Make the adjustment quickly so that a 
suitable trace can be recorded before the low-ref- 
erence signal terminates. If necessary, wait for 
the next low-reference signal to complete the 

adjustment. 

b. Once the radiosonde is in flight, any drift 
will be considered:as a drift for all signals and pro- 

portionate to the frequency being recorded. Cor- 

rections for this proportionate drifting will be ap- 
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plied after the flight record is complete. Do not 
readjust the REF. ADJUST knob except under 
the condition stated in a above. 

c. Because of the reflecting effect of nearby ob- 
jects, a rapid drift may occur immediately after 
release of the radiosonde. The first low-reference 
signal in flight, therefore, may be expected to re- 
cord off the 95 line. This rapid drift (or shift) 
is accounted for later in the application of cor- 
rections, the same as the more gradual drifts of 

the higher altitude traces. 
d. The operator must determine whether the 

frequency variation of the low-reference signal 
occurs as a drift or a shift. Shifts occurring be- 
tween low-reference signals may be spotted in the 
temperature and humidity traces. A sudden 
change in the audio note from the loudspeaker 
(not caused by a change-over in data recording) 
is indicative of a shift and informs the operator 
of the time of occurrence. Drifts are created by 
gradual changes within the radiosonde and show 
up as such on all traces. A shift either in the tem- 
perature or humidity trace, that does not show up 
in the other traces, indicates significant meteoro- 
logical information. It is important that the op- 

erator give the equipment continuous attention 
during a recording. ; ; 

e. If Radiosonde Recorder AN/TMQ-5A is 

used, and it is desired to have the contro! recorder 
print the time when the pen makes excursions to 
90 or above, place the RAWIN TIME PRINT 
switch in the AUTO. position. If additional 
time readings are desired at intermediate"points, 
place the RAWIN TIME PRINT switch in the 
MAN. position for each additional time print 

that is desired. 

31. Descent Record 
If a descent record is needed for confirmation 

or correction of various points on the ascent 
record, continue the recordings and observations. 
Instructions given in paragraph 30 involving 
REF. ADJUST will apply during the descent. 

The high-reference trace of the descent record 

often is needed to establish the actual contact 

number that corresponds to the highest altitude 

attained. 

32. Chart Drift 

To avoid inaccuracies caused by possible drift 

of the chart paper, check the zero line at the end 

of the descent record. With the SIGNAL SE- 

LECTOR switch on S. C., the trace still should 
lie exactly on the chart zero line. For accurate 
chart alinement and feed, refer to paragraph 18. 

33. Record Evaluation 

a. General. During the record evaluation de- 
scribed in this paragraph, have the correction 
data available that were obtained in the linearity 
test prescribed in paragraph 103. The final or- 
dinate values for the temperature and humidity 
traces are affected by corrections for both linearity 
and low-reference drift. The levels at which 

evaluations are made (significant levels) are 
specified by the using service. Ground check ob- 

servations (par. 28) are entered on the chart (fig. 
26). The data include the station pressure, tem- 
perature, relative humidity, and pressure contact 
(commutator setting) at release, time of release, 
and any other information specified by the using 
service. Enter the actual pressure contact setting 

next to the release trace. 

b. Data at Significant Levels. At the release 

trace and at each significant level, the pressure 

contact number (to the nearest tenth) is entered on 
the left side of the temperature record (fig. 26). 
(The top of the temperature trace, or bottom of 

the humidity trace, is considered the beginning of 
the pressure contact. The full contact will extend 
to the top of the next temperature trace.) 

c. Preparation of Data. 

(1) At each high- and low-reference trace on 

the chart, enter the contact number to the 
right of the reference trace. However, 
above the 105th contact, number only the 
high references. 

(2) Connect each low-reference trace on the 
chart with a straight line (termed a drift 
line), drawn from the upper end of one 
low-reference trace to the lower end of 
the next trace. Normally this will be a 
straight line that coincides with the 95th 
abscissa line. This indicates a constant 
reference frequency of 190 cps. Ifa drift 

should occur in this reference frequency, 
recordings will be affected along the 

abscissa line, by an amount that is propor- 
tionate to the position of the recording 
between 0 and 95. Consider such drifts 
when evaluating the flight record. 

(3) Tocorrect for a drift in the low-reference 
frequency, the following example is typi- 
cal. Assume that the low-reference trace 
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has shifted downward to 93.7, and the 

temperature trace for the same altitude 

level is 38.6. The decrease at the ref- 

erence level is 95—93.7=1.38. The de- 

crease at 38.6 is ox 1.3=.54; this value 

must be added to 38.6 to get the true tem- 
perature trace reading. (When a definite 
shift in the temperature and/or humidity 

traces occurs, without a corresponding 
shift in the low-reference trace, the 

recorded data above the level are 

questionable.) 

34. Pressure Evaluation 

Each radiosonde modulator is supplied with a 
pressure calibration chart, the serial number of 
which corresponds to the serial number of the 
radiosonde modulator. The calibration chart of 
one radiosonde modulator cannot be used to 

evaluate the flight of another. 
a. The low-reference, high-reference, tempera- 

ture, or humidity trace that occurs at any point of 

the chart corresponding to a particular contact on 
the commutator identifies the pressure at that 

point. 
b. Observe the contact indication on the chart 

for the level desired. On the calibration chart, 

read vertically along the graph line that repre- 
sents the contact to the calibration curve. Read 
the pressure from the horizontal line, at the inter- 
section of the contact line and the calibration 

curve. 
c. Check the release contact setting on the chart 

by counting back from the first complete reference 
after release: The fractional value of the contact 
at release can be estimated by comparing it with 
the length of the following contact. 

(1) If the difference between the actual set- 

ting and the indicated setting is .5 con- 
tact or less, the pressure contact for sig- 

nificant levels should be corrected by the 
amount of the contact discrepancy. 
Example: The record shows that the 

radiosonde was released with the contact 
point set at contact 8.4, but the calibra- 
tion chart indicates that the setting 
should have been 8.2. The difference is 

.2 contact. Because the actual setting is 
higher than the correct setting (as ob- 

tained from the calibration chart), 2 

should be subtracted from the contact 
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value at the surface, and at all significant 
levels. If the actual setting is low, add 
the difference to the contact values at the 
surface and at all significant levels. 

(2) If the difference between the actual set- 

ting and the indicated setting is greater 
than .5 contact, the correction method 
described in (1) above may be applied. 
However, because of the difference in the 

physical dimensions of the intermediate 
conducting segments, using this method 
may cause slight pressure errors. 

Note. Contact discrepancies greater-than .5 

contact are caused by careless ground pro- 

cedures. 

35. Temperature-Humidity Evaluator ML— 

420A/AMT—-4 
(fig. 27) 

This instrument is a circular slide rule that con- 
sists of three concentric plastic disks mounted 
together at their common center, so that each one 
is free to rotate. Also provided on the same cen- 

ter bearing is a transparent cursor arm, with a 
hairline engraved radially along its center. This 
hairline radially alines the graduations of one 
disk with those of another. The largest disk (base 
plate) contains two temperature scales (each 
scale to be used with different temperature ele- 
ments) that are graduated in degrees centigrade. 
The middle disk is graduated in units that repre- 
sent frequency 1 in recorder divisions. The smallest 
disk has engraved on it a family of black curves 

that represent the percent of relative humidity, 
and another family of red curves that represent 
dew-point temperatures. The cursor also is grad- 

uated in degrees centigrade. Use the evaluator to 

evaluate the flight record, by translating the re- 

corder frequencies into actual temperature and 

humidity readings. Use the ground true tempera- 

ture and the ground true humidity data (base line 

data) as the reference data, when evaluating the 

chart traces. The base line data must be accurate. 

a. Temperature Setting for Ground Check Data 

Lock-in. 

(1) Set the hairline of the cursor at the 

ground check true temperature on the 

temperature plate (largest disk). 
(2) Rotate the frequency (recorder divisions) 

plate (middle disk), until the frequency 

that corresponds to the ground check tem- 
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Figure 27. Temperature-Humidity Evaluator ML-420A/AMT-4. 
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perature trace (read on the chart) inter- 
sects the hairline of the cursor. 

(3) Lock the two plates by turning the center 
(inside) knurled knob. 

b. Humidity Setting for Ground Check Data 
Lock-in. 

(1) Set the hairline of the cursor at the fre- 
quency reading on the frequency plate, 
that corresponds to the ground check 

humidity trace on the chart. 

(2) Rotate the humidity (center) plate until 

the ground check true relative humidity 

intersects the hairline at the true temper- 

ature on the cursor. 
(3) Lock the plates at the settings ((1) and 

(2) above), by turning the collar-type 

(outside) knurled knob. 

Note. Replace the humidity element in the 

radiosonde if the appropriate arrow on the 

humidity plate does not fall between the arrows 

on the frequency plate (if surrounding condi- 

tions for both relative humidity and tempera- 

ture were at least as high as 40 percent and 0° 

C., respectively). 

36. Temperature Record Evaluation 

a. Perform the procedure for locking in the 
ground check temperature data (par. 35a). 

b. Move the cursor until its hairline is over the 
corrected temperature frequency that is determined 
for the temperature trace at the desired significant 

level (par. 330). 
c. Determine the value of the temperature on 

the temperature plate, as indicated by the cursor 
hairline. This is the actual temperature at the 

significant level on the chart. 
Example: At the time of release, the ground 

check temperature was 19.3° C. and the tempera- 

ture trace, as read on the recorder chart, was 66.1. 

At the desired significant level, the temperature 
trace is 42.3. To obtain the correct temperature, 
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lock the ground check temperature at the ground 
temperature trace (par. 35). Rotate the cursor 
until the hairline is at 42.3 recorder divisions. The 
actual temperature is then read as —14.6° C. 

Caution: Loosen the knurled knobs enough to 
permit the disks to be rotated easily. If the knobs 
are backed off too far, the disks may become un- 
centered. Check to see that —40 on the cursor is 
always on the innermost circle. 

37. Humidity Data Evaluation 
a. General. The humidity traces on the chart 

will, in general, show greater variations than the 
temperature traces. They usually are evaluated 

at a point where the significant levels intercept 
the tops of the traces, or where the levels inter- 

cept a straight line that connects the top ends of 

the humidity traces above and below the signifi- 
cant level. Therefore, draw a straight line that 
connects the top of each humidity trace to the top 
of the succeeding humidity trace. Connect all 
consecutive humidity traces for the entire flight. 

Note. For exceptions to the following procedure, re- 

fer to WBAN Manual of Radiosonde Observations, with 

applicable amendments and addenda. 

b. Data Record. 
(1) Read the humidity frequency in tenths 

of a recorder division of the recorder 
chart. 

(2) Read the corrected humidity frequency 

at the intersection of the humidity curve 
and the significant level. The procedure 
for correcting the humidity trace is given 
in paragraph 33¢(3). Be sure to select 
the humidity trace, rather than the tem- 
perature trace, when finding the propor- 
tional drift of the humidity trace. 

ce. Humidity Evaluation With Temperature- 

Humidity Evaluator ML-420A/AMT-4. 

(1) Lock-in the humidity setting for ground 

check humidity data (par. 350). 

(2) Move the cursor until the hairline lines 

up with the corrected humidity trace 

(par. 33c(3)) that is determined at the 

specific significant level under evaluation. 

38 

(3) Locate the point on the graduated cur- 
sor that identifies the value of the tem- 
perature at this same significant level. 

(4) Read the value of the relative humidity 
for this level from that curve, in the 
family of black curves, that intersects the 

hairline of the cursor at this temperature. 
If no curve intersects the hairline, the 
humidity value can be determined by in- 
terpolation between humidity curves. 

Note. Interpolation between humidity lines 

is made along the hairline of the cursor. 

Example: At a given level, the humid- 
ity frequency is 69.5 recorder divisions. 
The temperature at the same level is —7° 
C. The humidity frequency at ground 
is 80.2 recorder divisions, corresponding 
to a ground humidity of 71 percent, and 
ground temperature of 19.3° C. Give the 
indicated relative humidity. 

Solution: Rotate the cursor until its 
hairline is alined with the 80.2 recorder 
division mark. Move the center disk 
until the correct humidity curve, corre- 
sponding to the true relative humidity of 

. ‘71 percent, intersects the hairline gradu- 
ations of the ground temperature (19.3° 
C.). Lock the two plates by turning the 
outside knurled knob. Move the cursor 
until the hairline is at 69.5 recorder divi- 
sions. Read along the cursor hairline to 

- '—7.0° C.; the relative humidity is 72.5 
percent. 

38. Stopping Procedure 

After the record has been completed, operate 
the recorder with the SIGNAL SELECTOR 
switch in the S. C. position to obtain a zero check. 
Stop the recorder by throwing the power switch 
to the POWER OFF position. Advance the 
chart, with the manual advance knob, until the 
zero trace is approximately halfway past the lower 
edge of the tear-off scale; leave enough of the zero 
trace to indicate correct calibration. Carefully 
rip the chart against the lower edge of the tear- 
off scale. 



Section IV. OPERATION UNDER UNUSUAL CONDITIONS 

39. General 

The operation of Radiosonde Recorder AN/ 
TMQ-5(*) may be difficult in regions where ex- 
treme cold, heat, humidity and moisture, sand 
conditions, etc., prevail. Instructions for mini- 
mizing the effect of unusual operating conditions 
are given in the following paragraphs. 

40. Operation in Arctic Climates 

Subzero temperatures and climatic conditions 
associated with cold weather affect the efficient 
operation of the equipment. Instructions and 
precautions for operation under such adverse 

conditions follow: 
a. Handle the equipment carefully. 
b. Keep the equipment warm and dry. Check 

to see that the pen heater is operating properly. 
Leave the power switch at STAND BY when the 
set is not used, unless this overtaxes the ac power 

source. 
c. Locate the equipment inside a heated in- 

closure, where there is no danger of a cold draft 
striking the glass tubes. A sudden draft of cold 
air may shatter the glass envelope of a heated tube. 
If the inclosure is so constructed that this precau- 
tion is impossible, place a blanket or some barrier 
between the source of the draft and the equip- 
ment. 

d. When equipment that has been exposed to 
the cold is brought into a warm room, it will sweat 
until it reaches room temperature. Open the vent 
on top of the recorder and start the fan. The 
circulating air will dry the equipment. 

41. Operation in Tropical Climates 
a. For operation in tropical climates, the equip- 

ment may be installed in tents, huts, or, when nec- 
essary, in underground dugouts. In the tropics, 
when equipment is installed below ground, or 
when it is set up in swampy areas, moisture condi- 
tions are acute. Ventilation is usually very poor, 
and the high relative humidity causes condensa- 
tion of moisture on the equipment whenever its 

temperature becomes lower than that of the sur- 
rounding air. To minimize this condition, keep 
the fan in operation, and the vent open. 

b. During periods of inactivity, the lowered vis- 

cosity of the ink (caused by high temperature) al- 
lows it to seep by the ball point and form a drop. 

If this drop becomes large enough to reach the 
chart, capillary (blotting) action starts. In suf- 
ficient time, this will drain the ink supply and 
necessitate a cleaning operation. This condition 
can be avoided by placing a piece of metal foil di- 
rectly under the pen point. This foil should be 
from 1 to 2 inches square; it is usually available in 
protective coverings such as cigarette, gum, and 

candy wrappings. 

42. Operation in Desert Climates 

a. Conditions similar to those encountered in 
tropical climates often prevail in desert areas. Use 

the same protective measures to insure proper op- 
eration of the equipment. 

b. The main problem that arises with equipment 
operation in desert areas is the large amount of 
sand, dust, or dirt that enters the moving parts of 

the recorder, such as motors and linkage. The 
ideal preventive precaution is to house the equip- 
ment in a dustproof shelter. Since, however, such 

a building is seldom available and would require 
air conditioning, the next best precaution is to 
make the building in which the equipment is lo- 
cated as dustproof as possible with available ma- 
terials. Hang wet sacking over the windows and 
doors, cover the inside walls with heavy paper, 
and secure the side walls of tents with sand to pre- 

vent their flapping in the wind. 
c. Never tie power cords, signal cords, or other 

wiring connections to either the inside or the out- 
side of tents. Desert areas are subject to sudden 
wind squalls, which may jerk the connections loose 

or break the lines. 
d. Keep the equipment as free as possible from 

dust. Make frequent preventive maintenance 

checks. 
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CHAPTER 3 

ORGANIZATIONAL MAINTENANCE 

Section |. ORGANIZATIONAL TOOLS AND EQUIPMENT 

43. Tools and Materials Supplied With Ra- 

diosonde Recorder AN/TMQ—5(*) 

Included with the operating cables and other 
equipment are the following tools and materials 
that are supplied for test and maintenance. They 
are packed in the accessories case furnished with 
each Radiosonde Recorder AN/TMQ-5(*); one 

of each is illustrated in figure 14. 
a. One each 2-inch screwdriver. 
b. Two each double open-ended wrenches (34 

inch one end, % inch other end). 

ce. One each Tube Puller TL-201. 
d. Six each test cables (cables W604 and 1 cable 

W606). 

Section Il. PREVENTIVE 

45. Definition of Preventive Maintenance 

Preventive maintenance is work performed on 
equipment (usually when the equipment is not in 
use) to keep it in good working order so that 

breakdowns and needless interruptions in service 
can be kept to a minimum. Preventive mainte- 
nance differs from troubleshooting and repair in 
that its object is to prevent certain troubles from 
occurring. 

46. General Preventive Maintenance Tech- 
niques 

a. Use No. 0000 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 Sol- 
vent, Dry Cleaning (SD) ; then wipe the 

parts dry with a cloth. 
2) Clean electrical contacts with a cloth 

moistened with carbon tetrachloride; then 

wipe them dry with a cloth. 

Caution: Repeated contact of carbon 
tetrachloride with the skin, or prolonged 
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44. Special Tools and Cables 

a. The two double open-ended wrenches are used 
to adjust or to remove and replace the friction- 

clutch assembly and adjustable chart-roll mount- 
ing. The wrenches are also used to remove and 

replace the large driven gear of the frequency- 

time recorder. 

b. The six test cables are used to operate any or 
all of the components when those components are 

removed from the cabinet (par. 79a). The 28- 

conductor cable is used to operate the power sup- 

ply chassis; the five 14-conductor cables are used 
for the remaining components. 

MAINTENANCE SERVICES 

breathing of the fumes is dangerous. 
Make sure adequate ventilation is pro- 
vided. 

oc. If available, use dry compressed air at a line 
pressure not exceeding 60 pounds per square inch 
(psi) to remove the dust from inaccessible places; 
be careful, because mechanical damage from the 
air blast may result. 

d. Even in temperate climates, tropical condi- 
tions sometimes exist, especially in the summer 
months. See paragraph 41 for preventive mainte- 
nance information under such conditions, 

e. For further information on preventive main- 

tenance techniques, refer to TB SIG 178. 

47. Use of Preventive Maintenance Forms 

(figs. 28 and 29) 

a. The decision as to which items on DA Forms 

11-244 and 11-245 are applicable to this equipment 
is a tactical decision to be made in the case of 

first echelon maintenance by the communication 
officer/chief or his designated representative, and 
in the case of second and third echelon mainte- 

nance, by the individual making the inspection. 



Instructions for the use of each form appear on the 

reverse side of the form. 
b. Circled items in figures 28 and 29 are par- 

tially or totally applicable to Radiosonde Record- 

er AN/TMQ-5(*). References in the item block 

refer to paragraphs in text which contain addi- 

tional maintenance information. 

48. Performing Preventive Maintenance 

Perform the following preventive maintenance 
operations at the intervals indicated, unless these 
intervals are reduced by the local commander. 

Caution: Screws, bolts, and nuts should be 

tightened carefully. Fittings tightened beyond 
the pressure for which they are designed will be 

weakened or broken. 

a. Performing Exterior Preventive Mainte- 

nance. 
(1) Check for completeness and satisfactory 

condition of the recorder. 
(2) Inspect the frequency-time recorder for 

clean, well-defined printing and proper 

chart speed. 
(3) Check the loaded line voltage and fre- 

quency readings for the proper operating 
values and stability. The proper pro- 
cedure to be followed and the proper 
values to be indicated by the meters are 

listed in paragraph 26c. 
(4) Check for normal operation. Perform 

the presetting, preliminary, and starting 
procedures (pars. 25, 26, and 27). 

(5) Check to see that “aie fen is sufficient chart 
paper for a complete flight record. 

(6) Clean and tighten connectors of the signal 
and power cable, signal adapter cable, and 
power adapter cable. Tighten all mount- 
ing screws in the front of the cabinet and 
all Camloc fasteners on the rear of 
the cabinet. Clean the exterior of the 

cabinet. 
(7) Inspect the cabinet for rust, corrosion, 

and moisture. 
(8) Inspect all external cabling and shock 

mounts for cuts, breaks, fraying, deterio- 
ration, kinks, and strain. 

(9) Clean the meter windows. 

(10) Inspect the meters for damaged glass 
and cases. Check the zero adjustment on 

the voltmeter. 
b. Performing Interior Maintenance Opera- 

tions. Disconnect all power before performing 

the following operations. After completing the 
operations, reconnect the power and check the set 
for satisfactory operation. 

(1) Remove the desk and then remove the 
mounting screws of the control panel 
and the fan panel. Pull out these units 
by their handles and perform the follow- 
ing operations: 

(a) Clean the exterior and interior of 

each panel and all parts. 
(6) Tighten switches and knobs that have 

become loose. 
(c) Inspect controls for binding, scraping, 

excessive looseness, and positive action. 

(d) Clean the SIGNAL SELECTOR 
switch contacts and pins in plugs P201 
and P202 on the control panel (fig. 

56), and plug P1 on the fan panel 
(fig. 65) with a cloth or stiff brush 
moistened with carbon tetrachloride. 

(e) Clean the porcelain covered resistors 
that are mounted near the lower edge 

of the control panel. 
(f) Inspect the fan motor for indications 

of overheating. 
(2) Unlatch and pull out the frequency- 

time recorder. Open the recorder win- 
dow and perform the following op- 

erations: 
(a) Remove the chart. 

(b) Remove dust and dirt from the top of 

the drawer, the lamps, the reflector, 

and the pen-heater contact bar. 

(c) Remove the cover of the slide and 
trolley wires. Carefully clean these 
wires and their contacts with a cloth 

or brush moistened with carbon tetra- 
chloride. Continued wear of the con- 
tacts against the slide and trolley wires 

produces a groove in the contacts. If 
this groove has progressed halfway 
through either contact, replace both 

contacts (par. 82c¢ (3)). 

(d) Check the ink supply in the pen (par. 
15), the seating of the pen in the pen 
carriage, and the tension of the drive 
cable. This tension should be between 

1 and 1.25 pounds (par. 92c). 

(e) Clean the chart roller, pen, and pen 

carriage very carefully. Be sure there 
is no lint left around the pen point 

(par. 1060). 
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OPERATOR FIRST ECHELON MAINTENANCE CHECK LIST FOR SIGNAL CORPS EQUIPMENT 
RADIOSONDE RECEPTOR, RAWIN 

INSTRUCTIONS; See other side 

EQUIPMENT NOMENCLATURE EQUIPMENT SERIAL NO. 

LEGEND FOR MARKING CONDITIONS: ¥ Satisfactory; X Adjustment, repair or replacement required; © Defect corrected. 
NOTE: Strike ont items not applicable. 

DAILY 

ITEM 

COMPLETENESS AND GENERAL CONDITION OF EQUIPMENT (antenna assembly, receiver, frequency meter, 

recorder, amplifier, voltage regulator). 

PAR. 48a(1) 

INSPECT FOR CLEAN IMPRESSION OF PRINTING$ FOCUS OF RECORDER OPTICAL SYSTEM PROPER ACTION OF RIBBON 
REVERSE ASSEMBLY$ CORRECT PAPER ENGAGEMENT OF FRICTION FINGER ASSEMBLIES; PROPER RECORDER PAPER FEED. 

PAR. 48a (2) 

CHECK ANTENNA SWITCH FOR PROPER ANTENNA CONNECTION; INPUT VOLTAGE AND FREQUENCY READINGS FOR PROPER 

VALUES. 

PAR. 26¢ 

CHECK FOR NORMAL OPERATION. 

WEEKLY 

ITEM 

CLEAN AND TIGHTEN EXTERIOR COMPONENT, RACK MOUNTS, SHOCK CLEAN BRASS NAME PLATES AL AND METER Wi W 
MOUNTS, ANTENNA MOUNTS, COAXIAL TRANSMISSION LINES, CABLE Canis AE Tae PSOE Wn 85, GIB A 
CONNECTIONS. PAR. 48q(6) PAR. 48a (9) 

INSPECT CASES, MOUNTINGS, ANTENNAS, EXPOSED METAL SURFACES INSPECT FOR TYPEWRITER RIBBON WEAR; CORRECT POLARITY MOUNT= 
FOR RUST, CORROSION AND MOISTURE. F PHOTOTUBE; GOOD GROUND CONNECTIONS. PAR. 48a (7) ING O} OTOTUBE; ou Ss 

INSPECT WIRE, CABLE, CORD, AND SHOCK MOUNTS FOR CUTS, INSPECT METERS FOR CRACKED GLASSES, LOOSE TERMINALS, ZERO 
BREAKS, FRAYING, DETERIORATION, KINKS AND STRAIN. Milena ae 

PAR. 48a (10) PAR. 48a (8) 

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

DA 1 Mines 11-244 REPLACES DA AGO FORM 419, 1 DEC 50, WHICH IS OBSOLETE. 

TM 2436-100 

Figure 28. DA Form 11-244. 



SECOND AND THIRD ECHELON MAINTENANCE CHECK LiST FOR SIGNAL CORPS EQUIPMENT 
RADIOSONDE RECEPTORS, RAWIN 

INSTRUCTIONS: See other side 

EQUIPMENT NOMENCLATURE EQUIPMENT SERIAL NUMBER 

LEGEND FOR MARKING CONDITIONS: Y Satisfactory; Adjustment, repair or replacement required; (x) Defect corrected. 

NOTE: Bers out items not applicable. 

COMPLETENESS AND GENERAL CONDITION OF EQUIPMENT (Antenna 
assembly, receiver, frequency meter, recorder, amplifier, 

voltage regulator) 

PAR. 48a (1) 

INSPECT FOR CLEAN IMPRESSION OF PRINTING; FOCUS OF RECORDER 
OPTICAL SYSTEM; PROPER ACTION OF RIBBON REVERSE ASSEMBLY; 
CORRECT PAPER ENGAGEMENT OF FRICTION FINGER ASSEMBLIES; 
PROPER RECORDER PAPER FEED. 

PAR. 48a (2) 

CHECK ANTENNA SWITCH FOR-PROPER ANTENNA CONNECTION; INPUT 
VOLTAGE AND FREQUENCY READINGS FOR PROPER VALUE. 

PAR. 26¢€ 

INSPECT FIXED CAPACITORS FOR DIELECTRIC LEAKAGE, BULGES, 
DISCOLORATION, DIRT, LOOSE CONTACTS~ 

PAR. 48 b(3)(d) 

INSPECT VARIABLE CAPACITORS FOR DIRT, MOISTURE, MISALIGNMENT 
OF PLATES, LOOSE MOUNTINGS. 

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

CONTACTS AND CORROSION. : 
PAR. 48b(3) (j) 

CHECK FOR NORMAL OPERATION. 

PARS. 25, 26 & 27 

CLEAN AND TIGHTEN SWITCHES, TERMINAL STRIPS, RHEOSTATS AND 
POTENTIOWETERS, MULTIPLE CONNECTORS, INTERIORS OF CHASSIS 
AND CABINETS NOT READILY ACCESSIBLE. 

PAR. 48 b(1) (a) TO le) 

CLEAN AND TIGHTEN EXTERIOR COMPONENT, RACK MOUNTS, SHOCK 
MOUNTS, ANTENNA MOUNTS, COAXIAL TRANSMISSION LINES, CABLE 
CONNECTIONS. PAR. 48.0 (6) 

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

PAR. 48a(7) 

INSPECT WIRE, CABLES, CORD, AND SHOCK MOUNTS FOR CUTS, 
BREAKS, FRAYING, DETERIORATION, KINKS AND STRAIN. 

PAR. 48a(8) 

INSPECT TERMINAL STRIPS FOR LOOSE CONNECTIONS, CRACKS AND 
BREAKS + 

PAR. 48b(3)(i) 

INSPECT POWER AND AUDIO TRANSFORMERS, FILTER CHOKES FOR 
OVERHEATING, DIRT, DUST, MOISTURE, LEAKAGE. 

PAR. 48b (3) (e) 

GLEAN AND TIGHTEN CONNECTIONS AND MOUNTINGS - TRANSFORMERS, 
CHOKES, POTENTIOWETERS, RHEOSTATS, DRIVE MOTORS, VOLTAGE 
REGULATORS. PAR. 48b(3) 

CLEAN BRASS NAME PLATES, DIAL AND METER WINDOWS, JEWEL 

ASSEMBLIES. 

PAR» 48b 

INSPECT DRIVE MOTOR FOR OVERHEATING, BRUSH WEAR, BRUSH SPRING 
TENSION, ARCING OR PITTING OF COMMUTATOR. 

PAR. 48b (2) (f) 

INSPECT FOR TYPEWRITER RIBBON WEAR; CORRECT POLARITY MOUNT~ 
ING OF PHOTO-TUBE; GOOD GROUND CONNECTIONS. 

INSPECT METERS FOR CRACKED GLASSES, LOOSE TERMINALS, ZERO 
ADJUSTMENTS. 

PAR. 48a (10) 

INSPECT SEATING OF READILY ACCESSIBLE "PLUCK-OU}" ITeus - | 
TUBES, LAMPS, FUSES. 

PAR. 48b(3) 

INSPECT CONTROLS FOR BINDING, SCRAPING, EXCESSIVE LOOSE- 
NESS, WORN OR CHIPPED GEARS, MISALIGNMENT, POSITIVE ACTION. 

PAR.48b(1) 

INSPECT FOR LOOSENESS OF ACCESSIBLE ITEMS .- SWITCHES, KNOBS, 
JACKS, ELECTRICAL CONNECTIONS, PILOT LIGHT ASSEMBLIES, 

Mlle MADE Be PARS. 48b (1) (b) TO (e) 

ELECTRON TUBES - INSPECT FOR LOOSE ENVELOPES, CAP CONNECTORS, 

CRACKED SOCKETS, INSUFFICIENT SOCKET. SPRING TENSION; CLEAN 

DUST AND DIRT CAREFULLY; CHECK DOUBTFUL TUBES BY SUBSTITU- 

TION. 
PAR. 48b(3)(c) 

LUBRICATE EQUIPMENT IN ACCORDANCE WITH APPLICABLE DEPART— 
WENT OF THE ARMY LUBRICATION ORDER. 

PAR. 49 

BEFORE SHIPPING OR STORING = REMOVE BATTERIES, PACK SILICA 
GEL BAGS. 

PAR. 107 

INSPECT FOR RECORDER DISK WARPAGE; ANTENNA CONTINUITY. 

INSPECT FOR LEAKING WATERPROOF GASKETS, WORN OR LOOSE PARTS. 

INSPECT WEATHERPROOF ING, DUSTPROOFING, TROPICALIZATION. 

PAR. 48D (4) 

WOISTURE AND FUNGI PROOF. 

PAR. 48b(4) 

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

DA " Lesa 1 1-245 (Formerly DA AGO) REPLACES DA AGO FORM 419. 1 DEC 50, WHICH IS OBSOLETE 

TM 2436-101 

Figure 29. DA Form 11-245. 



44 

(7) Inspect the balancing motor and chart 
motor for any indications of overheat- 

ing. Tighten their mounting screws. 
(g) Inspect and tighten the chart motor 

and balancing motor gear trains. In- 
spect the chart clutch. Rotate the 
manual chart advance knob and in- 
spect for binding of the chart roller. 
Clean and lubricate the chart mecha- 
nism as directed in paragraph 49. 

(h) Inspect and tighten solenoid linkage 
and chart-roll bearings. 

(7) When using Frequency-Time Recorder 
RD-88A/TMQ-5, manually rotate the 
balancing gears until the pen moves 
above 90 divisions on the scale. Check 
the action of cam-operated microswitch 
S504 for overtravel when actuated. 
The overtravel should not exceed one- 
thirty-second of an inch. 

(j) Install the chart (par. 17); close and 
latch the frequency-time recorder. 

(3) Remove the rear panel of the cabinet and 
perform the following operations: 

(a) Clean the tops of the converter ampli- 
fier and power-supply chassis. 

(6) Inspect vibrator inverter G301 to be 
sure it is seated properly and that its 
clamp is in place. Check tightness of 
cable W301 at the top of the vibrator 
inverter (fig. 57). 

(c) Inspect the electron tubes on both 
chassis for loose envelopes, cracked 
sockets, and insufficient socket spring 
tension. Be sure tube shields are in 
place. Check doubtful tubes by substi- 
tution. 

(d) Inspect fixed capacitors for bulges, dis- 

coloration, dirt, and loose contacts. 
(e) Inspect power and audio transformers 

and filter chokes for overheating, dirt, 
loose contacts, moisture, and leakage. 

(f) Remove all dust and dirt from the bot- 
toms of the converter amplifier and 
power-supply chassis. Do not move 
any wires or adjustments. 

(g) Inspect and clean fuses and fuse clips. 
(h) Tighten the mounting nuts of the ad- 

justment potentiometers. 

(4 

(5 

(7) Inspect terminal strips for loose con- 
nections, cracks, and breaks. 

(7) Inspect resistors, bushings, and insula- 
tors for cracks, chipping, blistering, 
moisture, discoloration, loose contacts, 
and corrosion. 

) Inspect the recorder for tropicalization, 
moistureproofing, and fungiproofing. 

) Replace the rear panel, control panel, fan 
panel, and desk. Tighten the mounting 
screws, reconnect the power, and check 

the recorder for normal operation. 

(6) If the pen should become fouled by a 
partially or totally dried up ink supply, 
clean the barrel and pen thoroughly. The 
best cleaning agent is isopropyl alcohol; 
the next best is normal propyl alcohol. 
Carbon tetrachloride may be used in the 
absence of a better cleaning agent, but it 
is very slow in its action. Proceed as in- 
dicated below. 

(a) Remove the pilot light assembly from 
its mounting and lay it to one side; to 
release it, loosen (do not remove) the 
three mounting screws that support it. 

(2) Unscrew and remove the cap from the 
ink barrel. 

(ec) Carefully lift the pen-heating unit and 
lay it to one side; be careful not to 
break the lead wires. 

(d) Loosen the set screw found in the front 
, of the pen-supporting member. 

(e) Remove the pen and ink barrel from 
the carriage assembly. Discard excess 
ink. 

(f) Unscrew the ball point from the ink 
barrel. 

(g) Immerse the parts (cap, barrel and 
point) in the cleaning agent and clean 
them thoroughly. Clear the vent hole 
in the cap with a small wire or broom 
splint. 

Reassemble the parts by reversing the 
above procedure. 

(A 
— 

Note. Isopropyl alcohol, in addition to 

being a good cleaning agent for this type of 

ink, also has the ability to neutralize the 

coloring matter; therefore, it serves as an 

excellent ink eradicator, when needed. 



Section Ill. LUBRICATION AND WEATHERPROOFING 

49. Lubrication 

All moving parts of the recorder are lubricated 
by the manufacturer and do not require further 
lubrication except for the two-speed chart drive 
mechanism of Frequency-Time Recorder RD- 
88A/TMQ-5. Apply monthly 1 drop of light 
low-temperature machine oil to the oil hole in the 
hub on each of the two ratchet wheels, O 729 and 

O 730 (figs. 51 and 52). 
Caution: Do not use any lubricant on the re- 

corder mechanism except as stated above; lubri- 
cants collect dust that impairs the operation of the 

recorder. 
a. General. Signal Corps equipment, when 

operated under severe climatic conditions such as 
prevail in tropical, arctic, and desert regions, re- 
quires special treatment and maintenance. Fun- 

gus growth, insects, dust, corrosion, salt spray, 

excessive moisture, and extreme temperatures are 

harmful to most materials. 
b. Tropical Maintenance. <A special moisture- 

proofing treatment which provides a reasonable 
degree of protection has been applied to the re- 
corder. This treatment is fully explained in TB 
SIG 13 and TB SIG 72. 2 ee 

c. Arctic Maintenance. Special precautions 
necessary to prevent poor performance or total 

operational failure of equipment in extremely low 
temperatures are fully explained 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 
humidity, and excessive sand and dust are fully 

explained in TB SIG 75. 

50. Rustproofing and Painting 

a. When the finish on the case has been badly 
scarred or damaged, rust and corrosion can be 
prevented by touching up bare 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. 

b. When a touch-up 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 sand- 
paper to complete the preparation for painting. 
Paint used should be authorized and consistent 

with existing regulations. 

Section IV. TROUBLESHOOTING AT ORGANIZATIONAL MAINTENANCE LEVEL 

51. Extent of Instructions i 

a. Troubleshooting at an organizational level is 
limited to the localizing of defective parts that 
are readily replaceable at an organizational level 
(tube, fuses, etc.), or to the sectionalizing of de- 
fective units that must be replaced as a unit 
(receiver-transmitter, power supply, control unit, 
etc.). The procedures outlined are designed to 
determine first the defective unit and then the 
nature of the fault within the unit. If the fault 
can be determined through organizational pro- 
cedures, corrective measures or the need for repair 
at a field maintenance level is indicated. If the 
fault cannot be determined through organiza- 
tional procedures, reference is made to the neces- 

sary field maintenance instructions. 
b. The techniques that are utilized for organi- 

zational troubleshooting include visual inspection, 
operational tests, tube tests, and simple continuity 
checks. The material is presented in the order 

that a repairman would normally employ when 

servicing a defective radio set. When the pro- 
cedures indicated are not sufficient to determine 

the source of trouble, troubleshooting at a field 

maintenance level (ch. 5)-will be required. 

52. Visual Inspection 
a. Failure of this equipment to operate properly 

is usually caused by one or more of the following 

faults: 
(1) Improper or improperly connected power 

source. 
(2) Worn, broken, or disconnected cords or 

plugs. 
(3) Burned-out fuses or tripped circuit 

breakers. 
(4) Relay contacts burned because of over- 

loads. 
(5) Wires broken because of excessive vibra- 

tion. 
(6) Defective tubes or vibrator inverter. 
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b. When the cause of failure is not immediately 

apparent, check as many of the above items as is 
practicable before starting a detailed examination 
of the component parts of the system. If possible, 
obtain information from the operator of the 
equipment regarding performance at the time 
trouble occurred. 

c. Visually inspect the recorder for obvious 

abnormalities. 

53. System Sectionalization of Trouble to a 

Component 

System sectionalization consists of determining 
whether the trouble is in the converter amplifier, 
frequency-time recorder, or power supply. 

a. Operate the recorder and observe its per- 
formance. See the equipment performance check 
list (par. 55) for normal operating indications. 

b. If the entire equipment is dead, the trouble 
is probably in the power source or circuit breakers. 
If circuit breakers continue to trip after they have 
been reset a few times, look elsewhere to deter- 

mine the basic source of the trouble. 
c. The overall operation can be checked by the 

short circuit and the two test voltages at 60 and 

120 cycles obtained through SIGNAL SELEC- 
TOR switch $202. See the equipment perform- 

ance check list (par. 55) for normal operating 

indications. 

d. The operation of the servo voltage and servo 

power amplifiers and the frequency-time recorder 

can be checked by operating REC. TEST S204. 

The frequency-time recorder should indicate 95 on 

the scale if both are operating correctly. 

e. Trouble in the converter amplifier can pos- 

sibly be isolated to ohe of two sections by using 

INTER S.C.-OUTPUT S.C. switch S203 and 

SIGNAL SELECTOR switch $202. For normal 
indications, refer to the equipment performance 

check list (par. 55). 

f. If de voltage is not obtainable from either 

the positive or the negative power supply, the 

trouble is probably a burned-out fuse, F401, F402, 
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F403, or F404. Do not continue to burn out fuses 
before looking elsewhere to determine the source 
of the trouble. 

g. By the use of procedures similar to the simple 
checks given above, the trouble can be isolated to 
a particular component or part of a component. 

54. Troubleshooting by Using Equipment 

Performance Check List 

a. General. The equipment performance check 
list (par. 55) will help the operator to locate 
trouble in the equipment; the list gives the item 
to be checked, the conditions under which the item 

is checked, the normal indications of correct op- 
eration, and the corrective measures the operator 

can take. To use this list, follow the items in 

numerical sequence. 
b. Action or Condition. For some items, the 

information given in this action or condition 
column consists of various switch and control set- 
tings under which the item is to be checked. For 
other items, it represents an action that must be 
taken to check the normal indications given in the 
normal indications column. 

c. Normal Indications. The normal indications 
listed include the visible and audible signs that the 

operator should observe when the items are 
checked. If the indications are not normal, the 
operator should apply the recommended correc- 
tive measures. 

d. Corrective Measures. The corrective meas- 
ures listed are those the operator can make with- 
out turning in the equipment for repairs. A ref- 
erence in the table to a paragraph in chapter 5 
indicates that the trouble cannot be corrected dur- 
ing operation and that troubleshooting by an ex- 
perienced repairman is necessary. If the set is 

completely inoperative, or if the recommended 

corrective measures do not yield results, trouble- 
shooting is necessary. However, if the tactical 
situation requires that the set be kept in operation 
and the set is not completely inoperative, the op- 
erator must maintain the set in operation as long 
as it is possible to do so. 



55. Equipment Performance Check List 

PREPARATORY 

| 

START 

EQUIPMENT PERFORMANCE 

Item Item Action or condition Normal] indications Corrective measures 

Signal and power cable-- 

K201 

Voltmeter M202 and fre- 

quency meter M201. 

SIGNAL SELECTOR 

REF. ADJUST R202___- 
con- 

Pen OPERATE-LOCK 

Power switch 8201______ 

Signal cable connected to 

radiosonde receiver. 

Power cable connected 

to ac source. 

Set to ON. 

Indicate line voltage and 

frequency. 

Rotate to 8. C. 

Rotate to middle of range. 

Rotate to middle of range. 

Turn to OPERATE. 

Set at STAND BY_-_-__-_- 

Turn fan switch to ON___ 

I i 

Switch from STAND BY 

to POWER ON. 

105 to 125 volts; 50 to 65 

cps. 

Power jewel lights; meters 

indicate. 

Fan motor starts_--.---- 

Recorder pen goes to zero-_ 

Chart motor starts and 

drives chart. 

Consult manual on power 

equipment in use. 

Check circuit breakers, 

power unit, cabling. 

Check connector on fan 

panel; tighten mounting 

screws. 

Adjust REC. ZERO. 
Check SENSITIVITY 

setting; check fuses 

F401 through F404. 

If ineffective, refer to item 

No. 15. 

Check plug P501 for good 

contact; check chart 

clutch. Tighten mount- 

ing screws of frequency- 

time recorder frame. 

No. 

1 

2 Circuit breakers 

and K202. 

3 

4 

switch S202. 

5 
6 | SPEAKER VOL. 

trol R214. 

iG 
knob. 

8 | Power switch 8201 

9 

10 

11 REC. TEST switch 8204_ 

\ 

Depress until check is 

finished; then release. 

Recorder pen moves to 95 

and marks chart. Pen 

returns to zero when 

switch is released. 

If pen does not move, 

check fuses F401 and 

F402, setting of SENSI- 

TIVITY control, tubes 

in servo voltage ampli- 

fier (V308, V309, and 

V310), and tubes in 

servo power amplifier 

(V405 and V406). 

Check for burned-out 

filament in series circuit 

by checking neon indi- 

cator lamps E301 

through E306, and E306 

and E401. 
If indicator glows, replace 

associated tube. Check 

vibrator inverter G301. 

If pen comes to rest 

above or below 95, 

check setting of REC. 

TEST ADJ. R211. 
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13 

14 

15 

Item 

SENSITIVITY control_- 

Recorder pen---=~=22-=— 

Pen-lifter circuit_______- 

INTER 8S. C.-OUTPUT 

S. C. switch S203. 

Action or condition 

Turn control to clockwise 

limit. 

Pen not moving--------_- 

When pen is moving in 

horizontal plane. 

Depress INTER S&S. C.- 

OUTPUT S. C. switch 

to OUTPUT S. C. 

Normal indications 

Penis unstables-2552 22 

Ink marks on chart__-_-_-_- 

Pen lifts from chart_____-_ 

Pen goes to zero________- 

Corrective measures 

If pen remains unstable, 

check the following: 

Tubes V308, V309, 

and V310 in servo 

voltage amplifier. 

Tubes V405 and V406 
in servo power am- 

plifier. 

Vibrator 

G301. 
Mechanical balancing 

system movement. 

inverter 

If pen does not ride 

against chart, check po- 

sition of intermediate 

chart guide rod, OPER- 
ATE-LOCK control, re- 

lay K401, and solenoid 

linkage. Readjust PEN 

LIFTER control and 

check V407. If pen 

does ride against chart, 
check movement of 

chart; refill pen. 

Remove relay K401. If 

pen does not lift, trouble 

is probably mechanical; 

check solenoid and link- 

age. If pen does lift 

with relay removed, 

check tube V407 and 

series filament circuit as 
in item No. 11. Check 
relay K401 and setting 

of pen-lifter potenti- 

ometer R215. 

If pen does not go to zero 

after item No. 8 but 

returns to zero when 

INTERS. C.-OUTPUT 
8. C. switch is depressed, 

trouble is probably in 

converter amplifier. If 
pen remains at same 
position (other than 

zero) attained after item 

No. 8, trouble is prob- 

ably in frequency-time 

recorder or servo sys- 

tem, and troubleshoot- 

ing is necessary. Refer 

to paragraph 75. 



EQUIPMENT PERFORMANCE 

Item 

16 | SIGNAL SELECTOR 
switch $202. 

TieSpeAker—— 25-55] 

18 | CHART SPEED INS/ 
MIN. switch S502. 

19 | RAWIN TIME PRINT 
switch $503. 

STOP 

20 | Power switch S201_-___ 

331892 O—55——-4 

Action or condition 

Press INTER S. C.-OUT- 

PUT S. C. switch to 

INTER S. C.; hold 

until pen stops. 

Rotate to 60 C. P. S____- 

Rotate to 120 C. P. S___- 

Rotate to SIG. If radio- 

sonde and radiosonde 

receiver are not operat- 

ing, leave switch at 

120 C. P. S. 

SPEAKER VOL. con- 

trol to three-fourths of 

its range. ‘ 

Setvat yes. ea sk a 

Depress to MAN_______- 

Set at POWER OFF. 

Normal indications 

Pen goes to zero___-_----- 

Pen goes to 30 and 60- 

cycle note is heard in 

speaker. (Speaker fre- 

quency is always twice 

chart frequency.) 

Pen goes to 60 and 120- 
cycle note is heard in 

speaker. 

Recorder prints graphic 

marks when radiosonde 

and radiosonde receiver 

are operating. 

Signals or 120-cycle note 
should be heard, de- 

pending on _ position 

of SIGNAL SELEC- 
TOR. 

Chart advances 4 inch 

per minute. 

Chart advances 1 inch 

per minute. 

Time print circuit open 

for all pen positions on 

scale. 

Time print circuit closed 

only when pen is at 90 

or above on scale. 

Time print circuit closed 

for all pen positions on 

scale. 

Meters return to zero; 

dial lights go out____-__- 

Corrective measures 

If trouble above is traced 

to converter-amplifier, 

and pen returns to 

zero in this test, check 

tubes V301 through 

V304. If depressing 
INTER S. C.-OUTPUT 

8S. C. switch has no 
effect, check tubes V305 

through V307. : 

If pen does not move and 

60-cycle note is not 

heard in speaker, check 

switch S202 and tubes 

V301 through V304. 

If pen does not move, but 

60-cycle note is heard 

in speaker, check tubes 

V305 through V307. In 

either case, check fila- 

ment series circuit as 

described in item No. 11. 

Check vibrator inverter. 

Check same as above, but 

120-cycle note should be 

heard in speaker. 

Check signal cable and 

switch $202. Check 
operation of radiosonde 

receiver. 

Check tube V304, switch 

$205, and setting of 
volume control R214. 

Check for rotation of 

chart drive motor pin- 

ion and action of pawls 

in gear mechanism. 

Same as above. 

Check associated circuit 

and 8503. 

Check actuation of auto- 

matic time print switch 

8504 by cam on slide- 

wire shaft. 

Same as above. 

Check switch $201. 
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CHAPTER 4 

THEORY 

56. General 

Radiosonde Recorder AN/TMQ-5(*) measures 
and records radiosonde data (atmospheric pres- 

’ sure, temperature, and relative humidity) as re- 
ceived by a radiosonde receiving system such as 
Rawin Set AN/GMD-1(*). The latter equipment 
is a receiving-type direction finder which receives 
the signals transmitted by a balloon-borne radio- 
sonde (Radiosonde AN/AMT-4(*)). The re- 
ceived intelligence from the radiosonde receiving 
equipment is fed to the recorder in the form of 
audio frequency pulses that range nominally from 
10 to 200 eps. A preflight calibration establishes 
the relationship between audio frequency and both 
temperature and relative humidity. The received 
data are converted into actual temperature and 

relative humidity values by Temperature-Humid- 
ity Evaluator ML420A/AMT-4. Pressure in- 

formation is obtained by reference to the individ- 
ual pressure-calibration chart furnished with each 
radiosonde system. 

57. Block Diagram 

A simplified diagram of this recorder (fig. 7) is 
discussed in paragraph 46 (3), describing its func- 
tion with respect to the complete radiosonde sys- 
tem. A more detailed block diagram (fig. 30) is 
discussed below. 

a. General, Radiosonde Recorder AN/TMQ- 

5(*) consists of six major components: Control 

Panel C-834/TMQ-5, Signal Data Converter CV— 
146/TMQ-5, Frequency-Time Recorder RD- 
88(*)/TMQ-5, Power Supply PP-968/TMQ-5, 
Equipment Cabinet Subassembly MX-1482/ 
TMQ-5, and Electrical Equipment Cabinet CY- 
1390(*)/TMQ-5. Functional circuits, however, 
are not always completely contained in a particu- 
lar chassis but are distributed throughout two or 
more major components in some instances. For 

ease of presentation, the circuits discussed in the 
order of their signal functions and the components 
are often referred to by functional common names. 
Paragraph 8 lists the components by nomenclature 
and common name. 
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b. Converter-Amplifier Chassis. The convert- 
er-amplifier chassis (figs. 10, 58, and 59) contains 

Signal Data Converter CV-146/TMQ-5; this in- 
cludes the signal conversion circuits (all circuits 

between the input and the detector), the detector, 
and a major portion of the servo amplifier system. 
Input signals that will properly excite the con- 
verter and deliver reliable output data must fall 
within the limits of the following specifications: 
they must have an amplitude in the range of 10 to 
100 volts, peak-to-peak; their recurrence fre- 

quency must be below 250 cps; their shape should 
be classified as sine, square, sawtooth with posi- 

tive-going slope, or negative video pulses. (Sine 
waves of higher amplitude than 100 volts peak- 

to-peak may be used.) The af signals are con- 
verted to a predetermined shape and amplitude, 

and then are rectified and filtered. The resultant 
de signal to the detector is directly proportional to 
the recurrence frequency of the input signal and 
thus it is suitable for application to the remainder 

of the recorder circuits (wave shape and ampli- 
tude are not factors). This linear result is ex- 

plained in detail in paragraph 66. Provision is 
made for aural monitoring of the signal by means 
of a speaker located on Control Panel C-834/ 

TMQ-5. 
c. Detector. The detector, located in the con- 

verter-amplifier chassis, receives two de voltages. 

One is from output tube V307, and one is from 
the contact arm on _ slide-wire potentiometer 

R501B in the measuring circuit. When the dif- 
ference exists between these two voltages, an ac 

error voltage is developed, the frequency of which 

is equal to that of the power line (nominally 60 

cps). This error voltage is applied to the servo 

amplifier circuits to operate the recording portion 

of the equipment. The phase of the error voltage 

referred to the power line phase is dependent on 

the polarity of the unbalance between the two de 

voltages. 

d. Measuring Circuit. The measuring circuit 

contained in Control Panel C-834/TMQ-5 com- 
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Figure 30. Radiosonde Recorder AN/TMQ-5(*), detailed block diagram. 

prises an arrangement of resistors and potentiom- 

eters used to develop and control the voltage across 

the slide-wire potentiometer which is mounted on 
the Frequency-Time Recorder RD-88(*) /TMQ-5 

chassis. A test voltage is also developed in the 
measuring circuit and is used to check the opera- 
tion of the recorder. 

e. Servo Amplifier. The servo amplifier system 
consists of five voltage amplifiers and a line volt- 
age compensating tube in the converter-amplifier 
chassis, together with two power amplifier tubes 
located in Power Supply PP-968/TMQ-5. The 
60-cycle error voltage from the detector is ampli- 
fied in these stages, and is then used to drive the 
balancing motor in the frequency-time recorder 
chassis and to actuate the pen-lifting circuit in the 
power supply chassis. The pen-lifter circuit op- 
erates a solenoid which is mechanically coupled 
to the pen carriage of the recorder. When power 
is applied to the solenoid, the pen is lowered onto 
thechart. It is raised from the chart whenever an 

error voltage exists, so that the chart is not marked 
while the pen is being moved to the proper posi- 

tion. 
f. Balancing Motor B501. Balancing Motor 

B501 is a two-phase motor which is mechanically 

coupled to the moving arm of the slide-wire po- 

tentiometer and to the recording pen. One wind- 
ing of the motor is connected to a 60-cycle excita- 

tion voltage, and the other winding (the control 
winding) is connected to the output of the servo 
amplifier circuit. When the balancing motor is 

actuated by the error voltage generated in the de- 

tector circuit, it drives the slide-wire potentiometer 
contact arm. The slide-wire contact arm voltage 

changes as the balancing motor continues to re- 
volve. When this voltage becomes equal to the 
signal voltage applied to the detector, the error 
voltage is cancelled by the balanced-bridge condi- 
tion, and the balancing motor stops. While the 
balancing motor rotates, the pen lifter mechanism 
holds the pen above the chart and, at the same 
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time, the pen moves across the chart; the pen 
makes no mark because it is in a lifted position. 
The sequence of operation is such that the pen al- 
ways marks the chart at a point that corresponds 

to the meterological information being received. 
g. Frequency-Time Recorder. The frequency- 

time recorder is an electromechanical device which 
in effect makes a continuous printed record of the 

pulse recurrence frequency of the signals received 
from the radiosonde receiver. The chart motor 
continually advances the chart under the recorder 
pen at the rate of one-half of an inch per minute 
(14 or 1 inch per minute in recorders serially num- 

bered above 25), so that the received data are 

spaced along the chart from the beginning to the 

end of each radiosonde flight. 
h. Power Supply. Power Supply PP-968/ 

TMQ-5 contains the circuits that supply the volt- 

ages used to operate the recorder and its associated 
circuits. It comprises one common power trans- 
former which furnishes an unregulated voltage 
for the balancing motor circuit, a positive supply 
voltage, and a negative supply voltage together 

with regulator circuits to maintain these de volt- 
ages at a steady potential. It also contains the 
servo power amplifier tubes, the pen-lifter circuit 
and tubes, and the solenoid relay. 

i. Functional Operation. In considering the 
functioning of the recorder throughout the fol- 
lowing detailed circuit theory, bear in mind that 
basically the signal converter comprises the wave 

shaping and pulse forming circuits up to the de- 

dector. The servo amplifier system comprises the 

voltage amplifiers, power amplifiers, and pen- 

lifting and operating circuits, which are neces- 

sarily associated with the balancing motor circuit 
in the frequency-time recorder. The control 

panel functions to supply controls for the measur- 

ing circuits and adjustments for proper opera- 

tion, and the power supply furnishes the neces- 

sary operating potentials. Essentially the re- 

ceived radiosonde signals, regardless of their wave 

shape and amplitude at the recorder input, are 

converted into a de voltage which is proportional 

to the low recurrence frequency of the input sig- 

nal at any instant. This de voltage is then ap- 

plied to an electromechanical recorder which 

translates it and marks off the frequency varia- 

tions corresponding to temperature and relative 

humidity readings as transmitted by the radio- 

sonde. The chart can be read directly by a skilled 
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operator or used at a later date for further evalu- 
ation of each radiosonde flight. 

58. Cathode Follower 

(figs. 31 and 32) 

Cathode follower V301A is one-half of a minia- 
ture twin-triode tube. It functions as a buffer or 
isolating stage which offers a sufficiently high in- 
put impedance to prevent loading of the output 
circuit of the radiosonde receiver (which supplies 
signals to the recorder). It also presents a low 

output impedance to the noise-suppression circuit. 
The input signal can be in the form of ¢ine waves, 
exponential waves, sawtooth waves, or pulses, de- 
pending on the type of equipment with which the 
recorder is used. For ease of discussion and pre- 
sentation, all wave forms shown on the simplified 
diagrams in this chapter are taken with SIGNAL 
SELECTOR switch $202 in the 120 C. P. S. posi- 
tion. The input test signal in this instance is the 
120-cycle ripple voltage taken from the negative 

power supply ahead of the filter; the shape of the 
wave is between a sawtooth and sine. The 60-cps 
test voltage is a sine wave taken directly from the 
power transformer in the power supply. 

a. The cathode-follower circuit receives its 
ihput signal through SIGNAL SELECTOR 
switch S202, which is mounted on the control 
panel. This switch has four positions, and its 
rotor contact is connected to the input (grid) of 

the cathode-follower. One position, S. C. (short 
circuit), is used to ground the input, and effects a 
zero indication on the recorder. Two test-voltage 

positions, 60 C. P. S. and 120 C. P. S., supply 
either a 60- or 120-cps signal to the input circuit, 
which makes the recorder indicate a reference level 
of 30 or 60, respectively, if REF. ADJUST poten- 
tiometer R202 (fig. 25) is correctly set. The fourth 
position, SIG., applies the radiosonde receiver 

output signal to the cathode-follower input. 
6. The input signal voltage is applied across 

resistor R301 and through de blocking capacitor 
C301 to the grid of V301A. The plate is con- 
nected directly to the low-impedance 300-volt posi- 
tive supply. Voltage-dividing resistors R304 and 
R305 reduce the positive potential to a nominal 
140 volts for use as a bias potential for the grid 
through R302. Cathode resistor R303, 180,000 

ohms, returns to the negative 175-volt supply, so 

that across the plate-cathode resistance and R303 

(in series) there is a total potential of 475 volts. 

Cathode current in R303 keeps the cathode above 
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Figure 31. Cathode follower and noise-suppression diode, simplified schematic diagram. 

the 140-volt potential of the grid, so that the tube 
actually has a negative bias. The advantage of 
this arrangement of circuity and values is two- 
fold: it permits the injection of large signal volt- 
ages without overloading, and it presents a high 
impedance to its signal source but is a low-imped- 

ance signal source for its load. 
(1) The higher signal voltage is permitted 

because the cathode will follow very 
closely any signal voltage applied to the 
grid, and thus will avoid any appreciable 
change in grid-cathode potential. This 
action is probably best explained by an 
example: (to simplify the figures, only 

approximate values are used). 
(a) Assume the no-signal values of circuit 

conditions to be: 
Plate-cathode potential __ +151 volts. 

Grid-cathode potential_-___- —8 volts. 
IR drop across R303__----- 324 volts. 
Plate (or cathode) current 

1.8 milliampere. 
Transconductance___-_--- 2,500 umho. 

(6) This value of transconductance means 
a change in I, of 2.5 microampere (pa) 
for each millivolt change of grid- 

cathode potential. A positive grid sig- 
nal swing of 50 volts would then create 
a positive cathode signal swing of 49.9 
volts; the other tenth of a volt being a 
grid-cathode change, permitting the 

increase in I,. 

(2) The grid input circuit of a cathode- 

follower stage is high impedance because 
the grid-ground capacity, which is very 
small, is the only one undergoing any ap- 

preciable change of charge; the plate 
voltage remains constant, which elimi- 

nates the relatively high current required 
to charge the grid-plate capacity under 
ordinary amplification conditions. On 
the other hand, the output impedance is 
low because the plate, not having any 

external impedance to limit its current, 

will supply any reasonable current de- 

mands. (Output Z=1/Gn, nearly.) 
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| Figure 32. Bias circuit, simplified schematic diagram. 

59. Noise Suppression Diode 
(fig. 31) 

Noise suppression diode V301B is one-half of a 
miniature twin-triode tube that has had the plate 

and grid pins connected together to form an anode 

connection. The purpose of the diode is to reduce 
the noise level in the signal when it becomes so 
high that it might cause false triggering of the 

univibrator and thus give false recordings. It 
may be switched in or out by means of switch S301. 

When this switch is in the OUT position, the 

anode and cathode are shorted together and the 

signal is bypassed around the diode; the tube then 
performs no service. The explanation that follows 
(switch at the IN position) applies to actual noise 

suppression. 

a. A smaii space current is present in the tube 
under no-signal conditions, because the anode is 

connected to +300 volts through R307, R306, and 
R304; and the cathode is connected to —175 volts 
through R303. Cathode resistor R303 is shared 
with V301A and is the coupling means between 

the two tubes. The portion of the current in R303 

that is delivered to V301B is about 30 pa or Wo 

of the total current in the resistor. 

b. The signal at J304 is practically identical 

in amplitude and shape with that at J303 (par. 

58). This is the signal that appears on the cathode 

of the diode. When the signal raises the cathode 

potential above that of the anode, the tube will not 

conduct. When the signal lowers the cathode po- 

tential below that of the anode, the diode is able to 

conduct freely and can discharge any accumulated 

charge in C802, the hot terminal of which is con- 

nected to the anode through switch $301. 
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c. Under no-signal conditions the two cathodes 
of V301 will be at about 150 volts potential above 
ground (par. 58). Capacitor C302 will charge 
through resistors R307, R306, and R304; the volt- 
age across C302 will rise exponentially toward that 
value determined by the setting of R304. When 
this positive-going voltage becomes greater than 
that on the cathode, the diode becomes conductive 

and allows current to be supplied to the anode 
from R303. This introduces a voltage-divider 
string that is resistive, and the voltage will rise no 
higher; the string consists of R303, the diode, 
R307, R306, and the upper part of R304. The 

upper limit of voltage on the capacitor (or anode) 
is about 155 volts. This is the condition of circuit 
potentials before a signal is applied. 

d, Assume that a strong signal wave, similar to 
that shown at J304, is now applied. The initial 
swing is negative-going, and C302 is permitted to 
discharge through R303 and the diode. At the fre- 
quencies involved, the voltage decline on C3802 can 
follow the signal voltage wave quite closely. After 
the completion of the downward swing of the sig- 
nal voltage, the cathode signal potential starts ris- 
ing again. Immediately, diode conductivity has 
been cut off because the relatively long time con- 
stant of C302, R307, R306, and R304 does not per- 
mit the voltage to rise as fast on the capacitor 

(and anode) as the signal voltage rises on the cath- 

ode; the anode thus remains negative with respect 
to its cathode during this period. This results in 
an exponential rise of voltage on the capacitor as 
shown at J307; this voltage rises independently of 
the signal until such time in the next cycle when 

the signal voltage on the cathode again drops to a 

point where it is less than that on the anode. Then 
the diode is conductive again and a new cycle is 
started. 

e. Because the positive-going part of the output 

signal from the diode is unaffected by the actual 
signal, it is free of any noise voltage. As will be 
seen later, it is this portion of the signal wave that 
triggers the univibrator; therefore, the noise that 
gets through the diode on the negative-going por- 
tion of the wave is of no consequence (within rea- 
sonable limits). 

f. Jack J306 is a convenience terminal to check 
the voltage applied to the noise-suppression cir- 
cuit. This voltage is adjusted by R304 and mainly 

determines the signal amplitude. Potentiometer 
R306 is the main control of the time constant of 
the resistance-capacitance (RC) circuit, and is ad- 



justed for linearity of the rising part of the signal 
wave. (Only asmall part of the exponential curve 
is used, and this appears to be linear on the test 
scope.) Because there is some interaction between 
these controls, the adjustment of one will affect 
the adjustment of the other ; adjustments are alter- 
nated until the optimum position is found (par. 

90). 

60. Cathode Follower 
(fig. 33) 

Cathode follower V302A is one-half of a minia- 
ture, hi-mp, twin-triode tube. Its purpose is to 
prevent loading of the noise-suppression diode. 
Its operation is explained with S301 assumed to be 
at the IN position. 

a. The signal from the plate of V301B is fed di- 
rectly to the grid of cathode follower V302A. The 
plate of V302A is connected directly to regulated 
+300 volts. The output signal is developed across 
cathode resistor R308. This resistor is returned to 
the —175-volt regulated supply, which is the same 
as that of the input circuit (par. 58). Although 
the cathode of V302A is connected to —175 volts 
and the grid connected to a positive voltage source, 

the current through cathode resistor R308 pro- 

duces a positive cathode potential, with réspect to 
ground, that is greater than the grid potential, so 

that the tube is biased negatively. The output sig- 

nal from the cathode of V302A is fed to the clip- 
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per amplifier through coupling capacitor C303. 
b. When the input signal goes in a negative di- 

rection, the plate current decreases and causes the 
voltage across cathode resistor R308 to decrease. 
As the signal swings in a positive direction, the 

plate current increases and causes the voltage to 
increase across R308, which results in a wave shape 
across R308 that is similar to that of the input 
signal of V302A. The amplitude of the output 
wave form is slightly smaller than the input, be- 
cause the cathode follower introduces its usual 
slight loss. Jack J308 is provided for test pur- 
poses; it indicates both the output of V302A and 

the input to V302B. 

61. Clipper Amplifier 
(fig. 33) 

Clipper amplifier V302B is one-half of a minia- 
ture, hi-mp, twin-triode tube. Its purpose is to 
distort the sawtooth wave form received from the 
preceding stage in such a way that its output is 

approximately a square wave. 
a. The output signal of cathode follower V302A. 

is applied through coupling capacitor C303 across 

grid resistor R310. The signal is then applied to 
the grid of V302B, through grid-current limiting 
resistor R309, which clips the positive portion of 
the signal across R310. The clipped output signal 
is developed across plate-load resistor R311, which 

is connected to the regulated +300 volt supply. 
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Figure 33. Cathode follower and clipper amplifier, simplified schematic diagram. 
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b. Coupling capacitor C303 isolates the grid of 
V302B from the dc component of the cathode volt- 
age of the preceding stage. The wave form across 
resistor R310 is shown at J308 (fig. 33). The tube 
has no externally applied bias; high plate current 
is prevented by the large value of plate load re- 
sistor R311. Similarly, high grid current on posi- 
tive signal swings is prevented by the high value 
of resistor R309; this resistor limits the positive 
grid-cathode voltage to less than 1 volt, and the 
remainder of the signal voltage is taken up across 

the resistor. On a negative signal swing, plate 
current cutoff is reached at about —5 volts; any 
signal voltage in excess of this value can, therefore, 
have no effect on the output voltage from the stage. 

c. To operate properly, the tube must have a rel- 
atively large signal voltage applied from the pre- 
ceding stage; this is normally the case. As a re- 
sult, the potential at the plate alternately rises to 
300 volts during plate current cutoff, and drops to 
a few volts throughout the positive grid swing; 
the wave is approximately square. It may be 

checked at J309. 
d. The pulsating signal current in R309 must 

also flow through R310. It is no longer a pulsat- 
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Figure 34. 

56 

VOLTAGE 
DISCRIMINATOR 

ing current at this point, however, because 0303 
and R310 form a filter circuit that smoothes out 
the ripples, and the voltage drop across R310 
forms a self-rectified bias that exists only during 
signal reception. Under no-signal conditions, a 
slight bias is present because the high value of 
R309 does not allow the space charge on the grid 
to leak off easily. The small value of C344 allows 
it to be effective as a bypass on the very-high- 
frequency components of the voltage wave without 
affecting the low-frequency components. 

62. Voltage Discriminator 
(fig. 34) 

a. The voltage discriminator is a miniature 
twin-triode tube, V303A and V303B. The clipped 
and partially shaped output signal of V202B 
triggers the voltage discriminator between two 
stable states. Its purpose is to produce an output 
signal that is a square wave of constant amplitude 
and the frequency of which is the same as that of 
the original input signal. Potentiometers R314 
and R317 set the de operating levels of the cathode 
and grid (par. 88). Resistor R312 is a grid- 
current limiting resistor. The output of this 
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Voltage discriminator, simplified schematic diagram. 



stage is taken from resistor R318, which is the 
plate load resistor of V303B. Test jacks J310, 
J311, and J312 permit checking the cathode, grid, 
and plate wave forms, respectively. 

b. Because the grid of V303B is connected to a 
positive voltage through a voltage-divider ar- 
rangement which comprises R315, R316, and R317 
between +300 volts to ground, this tube conducts 
under no-signal conditions. The cathode current 
flowing through common cathode resistors R813 
and R814 produces a positive voltage at the cath- 
ode of V303A that is greater than the positive 
voltage applied to its grid through R311 and R312. 
This effectively biases V303A at cutoff so that nor- 
mally, with no signal applied, tube V303A is a cut- 
off and V303B is conducting. When a positive- 
going input signal is applied to the grid of V303A, 
it makes the grid positive with respect to the cath- 
ode when the input signal reaches a value of ap- 
proximately 150 volts, and permits conduction of 
V303A. As V808A starts to conduct, its plate 
voltage decreases and thus creates a negative 
swing which is applied, through capacitor C304, 
to the grid of V303B. This negative-going volt- 
age, in turn, decreases the plate and cathode cur- 
rent of V303B. Because both cathodes are con- 
nected together, the decreased cathode voltage re- 
duces the effective bias on V303A and aids the 
positive-going grid voltage of V303A, so that a 
regenerative action takes place, and quickly leaves 
V308A conducting maximum current and V303B 
at cutoff. Further increase of the grid-signal 
voltage of V303A past the triggering point has no 
effect on the output voltage of V303B. The two 
tubes remain in this steady state condition until 
the signal voltage at the grid of V303A drops be- 
low 120 volts. At this time, regenerative action 
again takes place, because the negative-going sig- 
nal voltage produces a positive-going voltage 

across plate resistor R315, which is applied to the 

grid of V303B through C304. This positive- 

going voltage increases the drop across cathode re- 

sistors R313 and R314, and effectively returns the 

bias on V303A cathode to the cutoff condition that 

originally existed with no signal applied; this re- 

turns V303A to a nonconducting condition and 

causes V303B to conduct freely. The two tubes 

again remain in a steady state until the signal 

voltage applied to the grid of V308A is raised to 

approximately 150 volts, at which time the circuit 

is triggered and the action is repeated. Thus with 

one tube held at plate current cutoff while the other 
tube is conducting heavily, this stage creates a rec- 
tangular wave form of fixed amplitude at the re- 
currence frequency of the input signal, regardless 
of input wave form and amplitude. The output of 

this stage is the signal voltage developed at the 
plate of V303B. 

c. Capacitor C304 is used to apply immediately 
the voltage developed across R315 in the plate cir- 

cuit of V303A directly to the grid of V303B 
rather than through resistor R316. If this capaci- 
tor were not present, the steep voltage rise and fall 

developed across R315 by operation of V303A 

would be delayed in application at the grid of 
V303B, and the corners of the square wave would 

be rounded instead of spiked. The positive spike 
is a desirable feature when this wave form is later 

applied to the univibrator. 

63. Positive Pulse-Selector Stretcher 
(fig. 35) 

a. The positive pulse-selector stretcher is one- 
half of a miniature twin-triode tube, V304A. Its 
purpose is to eliminate the negative portion of the 

applied input signal and to develop a positive out- 
put pulse, at each of two output points, for each 

input pulse. One output is used as a trigger for 

univibrator V305, and the other to drive audio 
output tube V304B. The stretching is done on the 
time base to increase the audio component in the 
pulse applied to the audio tube. 

b. The rectangular output wave from the plate 
of V303B is applied to an RC circuit consisting of 
resistor R319 and capacitor C305. The RC time 

constant of this circuit is very small compared to 
the width of the input wave and, as a result, this 
wave is differentiated. The differentiated wave is 
applied to the grid of V304A, which is set at the 
cutoff point by a fixed negative bias voltage ap- 
plied between the grid and cathode. Negative 
pulses on the grid have no effect, because the tube 
is already biased to cutoff. However, a positive 
grid pulse produces a plate current pulse. This 
plate current pulse flows through resistor R322 

(the cathode resistor of univibrator tube V305) 

to charge capacitor C306. Consequently a sharp 
positive pulse, produced by the capacitor-charg- 
ing current, appears across R322 and is used to 

trigger univibrator V305. 

c. The wave form across cathode resistor R321 

of V304A is shown at J313 (fig. 35). (The second 

spike is caused by the recovery of the univibrator. ) 
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Figure 35. Positive pulse selector stretcher, simplified schematic diagram. 

The stretched pulse results from the exponential 
decay of voltage caused by the discharge of capac- 

itor C306 through resistors R321 and R322. The 
stretched pulse is applied to the grid of audio out- 
put tube V304B. A momentary contact, INTER 

S. C. position of S203 on the control panel, is con- 
nected across resistor R322 to short the univibra- 
tor trigger pulse for testing purposes. This 
switch can be used to help isolate trouble in the 
signal converter circuits and to determine whether 

the recorder circuits are functioning properly. 
(Recording at zero is obtained when the switch is 

depressed.) Tube V304A actually functions as a 
cathode follower to provide a signal for trigger- 
ing the univibrator at a low-impedance point. 

64. Audio Output 
(fig. 36) 

a. The audio output circuit uses one-half of a 
miniature twin-triode tube, V304B. It is used 
to aurally monitor the signals as they are received 
from the radiosonde receiver. A volume control 
is mounted on the control panel to operate a speak- 

er at the desired level. Switch S205 was included 
in early models but is discontinued in later models. 

6. The grid of V304B is directly connected 
through current-limiting resistor R320 to the cath- 
ode of V304A and is supplied with a fixed negative 
bias of 12.6 volts. When the positive stretched 
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pulse appears at the cathode of V304A, it is ap- 
plied to the grid of tube V304B through grid-cur- 
rent limiting resistor R320. Because of the large 
signal amplitude swing, the tube draws a slight 
amount of grid current on the signal peaks. This 
grid current through R320 effectively clips the 
spiked portion of the signal and produces a more 
pleasing sound to the ear. The signal is ampli- 
fied and fed through audio output transformer 
T301 to the speaker mounted on the control panel. 
A simplified diagram is shown in figure 36. The 
cathode of V304B is returned to circuit ground 
through unbypassed potentiometer R214. Po- 
tentiometer R214 has no shunt capacitor; it there- 
fore controls the amount of negative feedback, the 
amount of tube gain, and it controls the speaker 
volume. 

65. Univibrator 
(fig. 37) 

a. The univibrator uses both sections of a minia- 
ture twin-triode tube, V305 (fig. 34). The univi- 
brator is essentially a one-shot multivibrator trig- 
gered by the output of the preceding pulse selector 
circuit. Its purpose is to generate a positive-going 
rectangular pulse of constant time width to op- 
erate voltage switch V306. 

b. Tube V305A has its grid connected to the 
+300-volt supply through resistor R328 so that 
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Figure 36. Audio output, simplified schematic diagram. 

it is normally in a conducting condition when no 
signal is applied. Biasing is accomplished by the 
flow of grid current through R328, which is suffi- 
cient to produce a voltage drop acruss R328 
almost equal to the voltage supply. Normally, 
with no signal applied, the grid rests at a poten- 
tial of +4 or +5 volts. Because V305 is a high- 
gain triode, it requires only a small voltage for 
cutoff (aprx —5 volts at 300 plate volts). With 
a positive voltage on the grid, the tube conducts 
sufficiently to produce a plate current flow of 
about 4 milliamperes (ma), which produces a 
cathode potential of about 4 volts. Operation is 
such that the grid voltage is slightly higher than 
the developed cathode voltage, so that the tube 
normally operates with a small positive bias. 
The grid of V305B is directly connected to the 
plate of V305A through R324 and is biased far 
beyond cutoff by a voltage divider arrangement 
which consist of resistors R324, R325, and R326, 

between the +50-volt plate of V305A and —175 
volts. This bias is adjustable because R326 is 
connected as a variable resistor. Resistor R322 
is the cathode resistor for V305A, and R329 is the 
cathode resistor for V305A. Input trigger volt- 
age is applied to the cathode of V305A and the 

output signal is taken from the grid of V305B 
and applied to voltage switch tube V306. Test 
jacks J315 and J316 are provided to check the 

grid wave forms of V305A and V305B, respec- 
tively, and J318 indicates the cathode wave form 
of V305B. 

c. When a positive pulse from the cathode of 
pulse selector tube V304A is impressed on the 
cathode of V305A through C306, it effectively 
reduces the nearly zero bias to a high negative 
value and causes a reduction of plate current 
which, in turn, produces a positive plate voltage 
swing because of the reduced voltage drop across 
R323. This plate voltage swing is coupled to the 

grid of V305B through C308 and plate current 

flows; this causes an increased voltage drop across 

R327. Capacitor C308 permits the instantaneous 

signal swings to bypass R324 so that this steep 

rise is not attenuated at the grid of V305B by 
R324. This negative plate voltage swing is, in 

turn, coupled to the grid of V305A by capacitor 

C309. This action is regenerative and rapidly in- 

creases the negative swing on V305A so that the 

tube is immediately driven into cutoff. This new 

state of conduction exists until capacitor C309 is 

discharged sufficiently through resistor R328 to 

the point where the grid of V305A is brought 

above cutoff. Regenerative action then occurs in 

the reverse direction, and thus rapidly restores the 

circuit to its original stable state with V305A con- 

ducting and V305B at cutoff. 
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d. The grid of V305B is directly connected 
through resistor R330 to the grid of V306, the volt- 

, age switch tube; thus the positive rectangular 

pulse created at this point (J316) is used to oper- 

ate V306. 

66. Voltage Switch and Output Gate 
(fig. 38) 

a. Voltage switch V306 is a miniature, hi-myz, 
twin-triode tube. Both sections are connected in 
parallel, but they are shown as a single tube in the 
simplified diagram of figure 38 for ease of presen- 
tation. The output gate circuit utilizes both 
sections of miniature twin-triode tube V307 con- 
nected as twin diodes. The rectangular pulse out- 
put from the univibrator is utilized to develop an 
output pulse (one that is identical for each in- 
put pulse) by voltage switch tube V306 for appli- 
cation to the output gate circuit. The output gate 
functions to produce a 0- to about 30-millivolt out- 
put voltage that is proportional to the recurrence 
frequency of the input signal applied to the 
recorder, 
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Univibrator, simplified schématic diagram. 

b. Voltage switch tube V306 is normally held 
well beyond cutoff by the high grid bias applied 
to V305B through grid-current limiting resistor 
R330 (fig. 37). When a positive-going pulse is 
déveloped by the univibrator, the grid of V306 is 
driven rapidly from cutoff to zero or slightly posi- 
tive, and the plate current of V306 rises steeply toa 
steady value. This value of plate current and its 
time of duration are essentially the same for each 
pulse. Plate-load resistor R331 is a precision wire- 
wound type and, therefore, because the plate cur- 
rent is essentially the same for each pulse, the 
voltage drop produced across resistor R331 is also 

essentially the same throughout each pulse. 
c. Under static conditions of V306, capacitor 

C310 is charged to 300 volts. When a positive 
pulse is applied to the grid of V306, the resulting 
plate-cathode conductivity serves as a closed cir- 
cuit to permit a discharging current to occur. The 
low resistance of the tube drops the plate poten- 
tial steeply to about 25 volts. The discharge path 
on the negative side of capacitor C310 may be 
traced through V307A and R332. The time con- 



stant of this circuit is relatively low, so the dis- 
charge is completed long before the end of the 
controlling pulse; thus small variations in pulse 
duration cannot appreciably affect the extent of 
discharge. When the controlling pulse is over, 
V306 is again cut off and capacitor C310 recharges 
through R331, V307B, and the low-impedance 
filter and load network between the cathode of 
V307B and ground. To assure an equal amount of 
energy per pulse being stored in filter capacitors 

C311, C313, and C314, the constancy of values of 

R331 and C310 becomes important. Resistor R331 
and capacitor C310 have been carefully designed 
to avoid the variations of resistance and capaci- 

tance that normally occur as a result of changes in 
temperature and/or humidity; other resistors and 
capacitors may not be substituted for these two 
particular items. The charging time for C310 is 
normally between one-fifth and one-tenth of the 
period of the highest pulse recurrence frequency 
that will be encountered, so there is always sufli- 
cient time for the capacitor to recover its full 
charge between pulses. 

d. Because of the high value of capacity in the 
parallel combination of C311, C313, and C314 (75 
pf total), only a few microvolts of charge are built 
up on each pulse. Choke L301 and its 5-yf shunt 
capacitor C312 resonate at approximately 10 cps; 
this increases the series filtering effect at the low 
end of the af signal frequency scale. At the high 
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end, further filtering is accomplished at the input 
to the detector circuit (par. 68d). Discharge cur- 
rent through load resistors R203 and R207 will be 
proportional to the voltage built up across the 

75 pf. 
e. The voltage across the 75 uf is directly pro- 

portional to the charge (in coulombs) stored there; 
this charge, in turn, is directly proportional to the 
rate it receives pulses, because each pulse delivers 
a uniform charge. The discharge current at any 
instant is almost equal to the voltage across the 
capacity divided by 385 (the resistance of R208) ; 
this value would not be exact because of the slight 
effect of the calibrating voltage and current in- 
volved in R207. These facts all indicate an output 
voltage that, for all practical purposes, is a linear 
function of the audio frequency of the initial input 
signal to the converter, and may be so calibrated on 
a suitable indicator. 

f. The output voltage (that potential which ex- 
ists mainly across R207, because R203 is compara- 
tively very small) will range from near 0 to about 
30 millivolts. It is subjected to further filtering 

and then applied to the vibrating reed of inverter 
G301 (par. 68). 

67. Measuring Circuit 
(fig. 39) 

The measuring circuit provides a dc voltage of 
approximately 30 millivolts across slide-wire 
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Figure 38. Voltage switch and output gate, simplified schematic diagram. 
TM2436-21 
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potentiometer R501B. This is used as a compari- 
son voltage for the de signal voltage developed 
across load resistor R203. Slide-wire potentiom- 
eter R501B and trolley-wire resistor R501A are 
mounted on a common shaft in the frequency- 

time recorder chassis. The common shaft is 
mechanically coupled to balancing motor B501, 
recorder pen, and indicator pointer. The remain- 
ing parts of the measuring circuit are mounted on 
the control panel. Zero adjust and recorder test 
circuits are also included in the measuring circuit. 

a. Current from the regulated +3800 volts is 
fed to the arm of REF. ADJUST potentiometer, 
R202, through R201. The current flowing 
through R201 is divided into two main circuits 
(paths A and B, fig. 39). (A slight current which 
flows through path C is considered later.) Path 
A is through resistor R206 to ground. Path B is 
through resistor R205 and then divides into three 
parallel resistive paths to ground. One branch is 
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through a series circuit which consists of resistors 
R210, R212, and REC. TEST ADJ. potentiometer 
R211; another branch is through R209; and the 
third is through slide-wire potentiometer R501B. 

b. In figure 40, path B is replaced with poten- 
tiometer B, which represents the slide-wire circuit. 
The zero adjust circuit is eliminated. The resist- 
ance from the wiper arm of potentiometer R202, 
through either leg to circuit ground, depends on 
the position of the arm (fig. 40). Because the 
sum of the currents in path A and path B is prac- 
tically constant regardless of the setting of R202, 
then the current in path B is proportional to the 
resistance in path A, and is adjusted by R202. 
Because the voltage across the slide-wire can be 
changed by adjusting potentiometer R202, the 
position of the balance point may be changed with 
a corresponding change of the recorder pen posi- 
tion. It is by this means that the reference 
(calibration) signals are alined with the correct 
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Figure 39. Measuring circuit, simplified schematic diagram. 
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Figure 40. Reference adjust circuit, simplified schematic 
diagram. 

frequency indication on the chart. The voltage 
from the slide-wire circuit is fed to the center tap 
of the primary of transformer T302 (fig. 39) 
through trolley-wire resistor R501A, where it is 
compared with the de voltage developed by the 
input signal. 

c. The recorder test circuit consists of two re- 
sistors, R210 and R212, in series with REC. TEST 
ADJ. potentiometer R211. This series circuit is 
in parallel with the slide-wire, and the resistance 
values are such that the wiper arm of R211 will de- 
liver to REC. TEST switch S204, from 91 to 97 
percent (approximately) of the voltage applied to 
the slide-wire. This voltage, when applied 
through the momentary contacts of REC. TEST 
switch S204 to the vibrator inverter, is adjusted by 
R211 to make the recorder pen indicate 95 on the 

chart. 
d. The zero adjust circuit (path C, fig. 39) is 

similar to the reference voltage circuit previously 
explained in } above. A voltage, determined by 
the position of the wiper arm of REC. ZERO po- 
tentiometer R208, is obtained across R207. The 
voltage across R207 is applied through load re- 
sistor R203 to detector circuit G301 and is used to 
balance out the slight voltage from the slide-wire 
circuit when the recorder pen is at zero and the 

slide-wire wiper arm contact is about one-half of 
one percent of full scale position from the ground 
end of the slide-wire resistance. 

68. Detector and Balancing Circuit 
(fig. 41) 

The detector circuit is so named because it de- 
tects any difference (or error) between the milli- 
volts of potential that exist at two separate points: 

the potential created by the incoming signal and 
fed to the vibrating reed of G301, and the potential 
delivered by the wiper arm of the slide-wire po- 
tentiometer to the center tap of the primary of 
transformer T302. The balancing circuit is so 
named because it sets in motion the action neces- 
sary to balance these potentials again, once a dif- 
ference has occurred, and thus cancel the error. 
The detector circuit converts the de error voltage 
into ac; this ac voltage is then amplified until it 
has sufficient power to move the balancing motor. 
The resulting motion is imparted by mechanical 
coupling to the wiper arm, and the new position of 
the arm is a new point of dc balance. At this point, 
there is no longer any driving power and the motor 
stops until the signal strength changes to a new 
value. This balance point is adjusted by the cali- 
bration controls to give a chart trace that may be 
translated into meteorological data. 

a. The 0-30 millivolts of de signal developed 
across R203 and R207 are applied through the 
normally closed contacts of REC. TEST switch 
S204, on the control panel, through the damping 
filter (which consists of R333, R334, R335 and 
three-section capacitor C315 (fig. 77)) to the vi- 
brating reed of inverter G301. This voltage is 
alternately applied to the two ends of the T302 
primary 60 times a second as the reed vibrates in 
synchronism with the ac applied to its operating 
coil. It may be assumed that the signal voltage at 
this instant is slightly greater (more positive) 
than the potential on the wiper arm of the slide- 
wire. The vibrating reed of G301 alternately 
switches this higher potential between the two 
ends of the transformer primary. Current will 
occur during each contact and the resulting alter- 
nating magnetic field in the transformer core will 
induce an alternating secondary voltage; the fre- 
quency is still equal to the line frequency (nom- 

inally 60 cps). 
b. The vibrating reed is polarized in its motion ; 

that is, it always hits contact No. 2 for a given 
polarity of voltage across its coil, and it hits con- 
tact No. 4 for the other polarity. The polarity of 
the hot side of the secondary of T302 depends on 
two things: which of the two contacts (No. 2 or 4) 
the reed has just hit, and whether the signal volt- 
age on the reed is plus or minus with respect to the 
wiper arm. Therefore, the phase of the secondary 
voltage, referred to the power line voltage, de- 

pends solely on the polarity of unbalance of the 

two dc voltages. It is this phase sensitiveness to 
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Figure 41. Detector and balancing circuit, simplified schematic diagram. 

the direction of unbalance that makes the motor 
turn in the right direction to recreate a dc balance. 

ce. The balancing motor is a low-power two- 
phase squirrel-cage induction type, with one field 
winding continuously powered by the ac power 

line; this is a fixed phase and cannot be changed ex- 
cept by a change in wiring. The other field wind- 
ing is called the control winding. Phase-shifting 
capacitor C317, plus some phase shifting that oc- 
curs in the amplifier, creates a phase difference of 

approximately 90° between the output of the servo 
power amplifier and the fixed phase of the line 
power. This phase difference is either a lag or a 
lead, depending on the polarity of unbalance at the 
detector input. The direction of motor rotation 
depends on the lead or lag relationship between 
the two field windings; the motor leads must be 
connected properly so that the motor will turn in 
the right direction to cancel an error voltage. 

d. The damping filter comprises a three section 
RC filter network of R333, R334, R335, and C315 
(fig. 77) in series with the de signal applied to 
the vibrator. Resistor R336 is used to damp the 
primary of T302 and reduce voltage transients. 
The damping filter performs two functions: First, 
it acts as a filter for the higher pulse recurrence 
frequencies so that essentially only the de portion 
of the voltage developed in the output gate circuit 
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is applied to the detector circuit. Secondly, it acts 
as a damping circuit to prevent overshooting of 
the recorder balance point (hunting). This is an 
important feature included in the design of the 
equipment and when this equipment is repaired, 
and if these parts are replaced, the proper values 
of circuit components must be used to avoid loss of 
the damping action. Damping action is explained 
as follows: Assume that an unbalance exists be- 
tween the de voltage applied to the detector circuit 
from the output gate and the de voltage developed 
by the slide-wire, and that the output gate voltage 

is greater than the slide-wire voltage. This causes 

an ac error voltage to appear at the detector, which 
acts to drive the slide-wire in a direction to balance 
out this voltage. As the slide-wire voltage rises to- 
ward the balanced condition, it produces a charg- 
ing current in capacitor C315 (developed by the 
movement of the slide-wire arm, and dependent on 
its speed) which is in a direction opposite to that 
of the current produced by the original de error 
voltage. As the de slide-wire voltage changes to 
equal the de applied voltage at balance, the orig- 
inal current developed in C315 and the error volt- 
age developed in the detector reduce to zero. The 
opposing capacitor-charging current is developed 
as long as the slide-wire is moving; as the balance 
point is approached, the opposing capacitor cur- 



rent exceeds the current that produces the error 
voltage. As this opposing current is developed in 
the detector, it produces an effective ac balancing 
voltage in opposition to the original ac error volt- 
age; thus a reverse torque is applied to the balanc- 
ing motor for braking action. 

e. During any condition of unbalance, two op- 
posing currents flow through the detector: one is 
determined by the amount and direction of un- 
balance, and the other by the speed and direction 

of balancing response. Two opposing voltages are 
developed in the detector circuit : one tends to drive 
the slide-wire arm in one direction, and the other 

tends to drive it in the opposite direction. This 
produces an effective braking action, and prevents 
overshooting the balance point. 

69. Voltage Amplifiers 
(figs. 42, 43, and 44) 

Five stages of voltage amplification are used to 
increase the small ac error voltage from the detec- 
tor to an amplitude sufficient to excite the power 
amplifiers, which in turn drive the balancing 

motor. The first four stages are very stable, be- 
cause all operating voltages, including the fila- 
ments, are obtained from regulated power sup- 
plies. The gain of the remainder of the servo sys- 
tem varies inversely as the line voltage. Line- 
compensating feedback is incorporated in the 
amplifier to compensate for line-voltage varia- 
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tions. This stabilizes the overall gain of the servo 
system. As shown in figures 42, 43, and 44, all 
cathode resistors are left unbypassed. This pro- 
duces a degenerative circuit action and is done to 
further stabilize the gain of the amplifier. 

a. When an unbalance occurs in the detector, 

ac error voltage is developed in the secondary of 
transformer T302 and is applied to the grid of 
V308A, one-half of a twin-triode tube (fig. 42). 
This signal is amplified and appears across plate- 

load resistor R338. Self-bias is provided by cath- 
ode resistor R337, which is unbypassed to obtain 

negative feedback. 
b. The signal from the plate of first amplifier 

tube V308A is fed through coupling capacitor 
C319 and appears across grid resistor R339 of the 
second amplifier. This signal is fed to the grid of 
V308B (fig. 42). The signal is amplified and ap- 
pears across plate-load resistor R341. Self-bias 
is provided by cathode resistor R340, which is un- 
bypassed to obtain negative feedback. The plate 
voltage of V308A and V308B is supplied through 
a decoupling circuit consisting of resistor R359 
and capacitor C333. Capacitor C321 provides a 
feedback path, so that the output voltage at the 
plate of V309A (fig. 43) is fed back to the cathode 
of V308B. This feedback circuit is degenerative 
and reduces the possibility of oscillations caused 
by stray positive feedback. 

ce. The third voltage amplifier (fig. 43) is one- 
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Figure 42. First and second. voltage amplifiers, simplified schematic diagram. 
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Figure 43. Third and fourth voltage amplifiers, simplified schematic diagram. 

half (V309A) of a hi-mp twin-triode tube; it re- 
ceives the signal from the plate of V308B through 
coupling capacitor C320. The signal is developed 
across grid resistor R342 and fed to the grid. The 
signal is amplified and appears across plate-load 
resistor R344, Self-bias is provided by cathode 
resistor R343, which is unbypassed for negative 
feedback purposes, 

d. The signal from the plate of third amplifier 
V309A is fed through coupling capacitor C322, 
and appears across SENSITIVITY potentiom- 
eter R213. The SENSITIVITY control is a 
screwdriver-adjusted potentiometer mounted on 
the control panel. The wiper arm of this control 
is connected, through current-limiting resistor 
R345, to the grid of fourth amplifier V309B. This 
control is adjusted according to instructions given 
in paragraph 93. This adjustment permits suf- 
ficient sensitivity for rapid servo action without 
jitter of the pen while tracing. The fourth volt- 
age amplifier uses one-half of a hi-» twin-triode 
tube (fig. 43). The signal is amplified and appears 
across plate-load resistor R347. Bias is obtained 
by the plate currents of amplifier tube V309B and 
line-compensating tube V310A (fig. 44) flowing 
through cathode resistor R346. The cathode re- 
sistor is unbypassed for degenerative purposes, as 
in the other stages. Capacitors C335 and C336 
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(fig. 48) are bypass capacitors which provide a 
low-impedance path to ground for any voltages 
that are induced into the cabling between the con- 
trol panel in the signal data unit. 

e. The signal from the plate of fourth ampli- 
fier tube V309B is fed through coupling capacitor 
C323 (fig. 44) and appears across grid resistor 
R350 of a fifth amplifier tube V310B. The signal 
is fed to the grid of V310B through grid-current 
limiting resistor R360. The tube is one-half of a 
hi-» twin-triode. The signal is amplified and 
appears across plate-load resistor R352. Self-bias 
and some degeneration are provided by cathode re- 
sistor R351. 

f. Line-compensating feedback tube V310A, 
which is one-half of a twin-triode tube, is con- 
nected as a diode. It may be considered a vari- 
able resistor, the resistance of which depends on 
its filament voltage and controls feedback between 
the fourth and fifth voltage amplifiers. As the 
filament voltage increases, the plate resistance of 
V310A decreases and vice versa. When the line 
voltage is steady, this circuit provides essentially 
a fixed value of negative feedback from the plate 
of V310B to the cathode of V309B. When the 
plate signal of V310B goes in a positive direction, 
more current flows, through the feedback circuit 
(capacitor C324, resistor R349, and tube V310A) 
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Figure 44. Line-compensating feedback and fifth voltage amplifier, simplified schematic diagram. 

and causes a larger degenerative effect across cath- 
ode resistor R346. This, in effect, reduces the gain 
of that stage. If the line voltage increases, the 
overall gain of the servo voltage amplifiers and 
the filament voltage of V310 increases. Increas- 
ing the filament voltage of V310 decreases its plate 
resistance and increases the negative feedback 
which further reduces the gain of V309B. The re- 
duced gain of V309B, therefore, compensates for 
the overall gain of the remainder of the servo sys- 
tem. Conversely a decreased line voltage produces 
less gain but less negative feedback, which acts to 
keep the overall gain up to its normal level. Re- 
sistor R348 is the plate load resistor for V310A. 
Capacitor C327 is provided to bypass any extra- 
neous high frequency (hf) voltages picked up by 
the cabling between the output of the fifth volt- 
age amplifier and the power-amplifier circuits in 
the power supply chassis. 

70. Power Amplifiers 
(fig. 45) 

a. Two power amplifier tubes, V405 and V406, 
are mounted on the power supply chassis. The 
tubes are connected in parallel, but are shown,as 
a single tube in figure 45, for simplicity of pres- 
entation. Tubes V405 and V406 supply excita- 
tion to the contro] winding of two-phase balancing 

motor B501 (par. 68c). The power amplifiers also 
supply a signal for operation of the pen-lifter cir- 

cuit (par. 71). 
b. Plate voltage is obtained from the positive, 

unregulated, 500-volt supply, through voltage 
dropping and plate decoupling resistors R417 and 
R418, and the parallel-tuned circuit which con- 
sists of capacitor C409 connected across the con- 
trol winding of the balancing motor. Capacitor 

C408, together with resistors R417 and R418, 

forms an RC filter which presents a low-imped- 
ance path to circuit ground for any hf voltage in- 
duced by the line winding of B501 and reduces 
120-cycle ripple remaining in the 500-volt power 

supply circuit. Screen-grid voltage is obtained 
from the positive regulated 300-volt supply 
through dropping resistor R414. The screen-grid 
is bypassed-to circuit ground by capacitor C407. 
Cathode bias is produced by the voltage drop 

across cathode resistor R416, which is unbypassed 

for degenerative purposes. 
ce. The ac error signal is applied from the plate 

of V310B, through coupling capacitor C422, 

across grid resistor R440, to the control grids of 
V405 and V406 through grid-current limiting re- 
sistor R415. The output power is delivered to 
the parallel-tuned circuit consisting of the control 
winding of balancing motor B501 and C409. 
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When a signal is applied to the grid of V405 and 
V406, a voltage drop of sufficient amplitude and 
proper phase to drive motor B501 is developed 
across the tuned circuit of the motor winding. A 

portion of this plate signal voltage is also applied, 
through capacitor C410, to pen-lifter potentiom- 
eter R215 to operate the pen-lifter circuit. Jacks 

J407 and J409 are provided for checking grid and 
plate voltages, respectively. 

71. Pen-Lifter Circuit 
(fig. 46) 

a. The pen-lifter circuit uses both sections of 
miniature twin-triode tube V407. Tube V407A 
is connected as a diode and is used as a rectifier 
tube, and V407B is an amplifier control tube (fig. 
46). The operation is such that when a signal is 
received from the power amplifiers, the pen rises 
from the chart as it travels to its new position. 
The solenoid, however, does not lift the pen; it 

merely releases a spring that performs the lifting. 

An energized solenoid compresses the spring and 

allows the pen to lower. 

6. The amplified ac error signal from the plates 

of V405 and V406 is fed through coupling capac- 

itor C410 to pen-lifter potentiometer R215. A 
portion of this ac error voltage, determined by the 

position of the PEN LIFTER potentiometer arm, 
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Power amplifier, simplified schematic diagram. 

is rectified by V407A and de voltage is developed 

across resistors R419 and R420. The voltage de- 
veloped across resistor R420 and filtered by ca- 
pacitor C413 is applied to the grid of control tube 
V407B. The entire rectifier circuit is returned to 
a —380-volt bias supply which is obtained from 
the junction of bleeder resistors R436 and R437, 
across the negative regulated 175-volt supply. 
The —30-volt bias holds pen-lifter control tube 
V407B at cutoff during no-signal conditions. 
Potentiometer R215 is used to adjust pen-lifter 
operation for various noise levels. It is set low 

enough so that the internal noise of the amplifier 
circuit does not overcome the fixed bias of V407B, 

but is set sufficiently high to obtain reliable opera- 
tion for input signals (par. 92). 

ce. Pen-lifter solenoid L501, when not energized, 
is actuated by a spring to hold the recorder pen 
off the chart. When energized, through the nor- 
mally closed contacts of K401, it keeps the re- 
corder pen against the chart. When a signal is 
received, the de voltage developed across resistor 
R420 overcomes the —30-volt bias. Tube V407B 

then conducts and operates relay K401 which, in 

turn, removes the 115 volts ac from pen-lifting 

solenoid L501. This permits the spring to pull 

the recorder pen to its wp position, so that the re- 

corder chart is not marked while the balancing 
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motor is moving the slide-wire to its balance point. 
When 8201 on the control panel is in the STAND 
BY position, 115 volts ac are again removed from 
the pen solenoid, and the pen rests in its wp posi- 
tion until the switch is returned to POWER ON 
position. 

72. Power Supply 
(figs. 47 and 48) 

The power supply consists of one positive regu- 
lated supply, one negative regulated supply, and 

one unregulated supply, obtained from a single 
power, transformer. The power supply furnishes 
filament voltages for all the tubes and all de oper- 
ating voltages for the circuits in the radiosonde 
recorder. 

a. Power transformer T401 is designed to oper- 
ate from 105 to 125 volts at 50 to 65 eps, and it de- 

livers the following voltages from its secondaries 
(fig. 81) : 

(1) A voltage of 435 ‘volts on each side of 
the center tap (terminals 3, 5, and 7) to 
supply the plate voltage to positive sup- 

(2) 

(3) 

(4) 

TM 2436-29 

Pen-lifter circuit, simplified schematic diagram. 

ply rectifier tube V401. Also 115 volts 
center tapped (terminals 4, 5, and 6) of 

that same secondary) are used to supply 
excitation to the vibrator inverter coil 
through capacitor C317. Terminal 6 
also supplies a 57-volt test signal for 

S202 on the control panel. 
A voltage of 320 volts on each side of the 
center tap (terminals 8, 9, and 10) to 

supply the plate voltage to negative sup- 

ply rectifier tube V408. 
Two 5-volt windings (terminals 11 and 
12; 13 and 14) for the filaments of posi- 

tive supply V401 and negative supply 

V408 rectifier tubes, respectively. Ter- 
minal 13 also has the unfiltered ripple 
voltage of the 175-volt negative supply; 
it is taken directly to the 120 C. P. S. 
terminal of S202 on the control panel. 
A 6.3-volt winding with one side of the 
filament connected to circuit ground 
(terminals 15, 16, and 17) to supply 
voltage to the pen heater; to the fila- 
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ments of V308, V310, V405, V406, V409, 

and V410; and to the panel lamps. 

(5) A 6.3-volt winding with a center tap 
(terminals 18, 19, and 20) to supply fila- 
ment voltage for V301, V302, and V403. 
The center tap is connected to a +80-volt 

tap on the 300-volt supply. 
(6) A 6.3-volt winding with a center tap 

connected to the +300-volt supply (ter- 
minals 21, 22, and 23) to supply the fila- 
ment voltage of V402. 

b. The positive regulated power supply (fig. 
47) furnishes a constant +300 volts regardless of 

normal variations in the input voltage or load 
conditions. 

(1) Rectifier tube V401 functions as a con- 
ventional full-wave rectifier. This circuit 
is shown as a block in figure 47; for com- 
ponents, refer to figure 81. Fuses F401] 

and F402 are connected in series with the 
plate leads of rectifier V401 for overload 
protection. Capacitors C401 and C402, 
with choke coil L401, comprise a one-sec- 

R404 

tion Pi filter for the unregulated supply. 
Bleeder resistor R401 discharges the filter 
capacitors when the equipment is turned 
off. The center tap of the plate winding 
is returned to circuit ground. The filtered 
but unregulated 500 volts is connected to 
the plate of series regulator tube V402. 
The screen-grid voltage is obtained from 
the unregulated supply through screen- 
grid voltage dropping resistor R404. Re- 
sistor R407 is a grid-current limiting re- 
sistor. The 300-volt regulated output is 
taken from the cathode of this tube. A 
voltage divider, which adjusts the output 
voltage and consists of resistors R411 and 
R413 with potentiometer R412, is placed 

across +300 volts and circuit ground. 
The voltage of potentiometer R412 is ap- 
plied to the control grid of positive con- 
trol amplifier V403. The screen-grid 
voltage for this tube is obtained from a 
voltage divider which comprises resistors 
R408 and R409 and positive voltage refer- 
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Figure 47. Positive regulated power supply, simplified schematic diagram. 
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ence tube V404 connected across the 
+300-volt output. The plate of V403 is 
directly connected to the grid of V402 
through resistor R407, and determines the 
grid bias on this series regulator tube. 
Positive voltage reference tube V404 is a 
cold cathode-type gas voltage regulator 

tube, normally operating at 87 volts. This 
tube is connected to the cathode of V403 
to provide a constant reference voltage 
for comparison with the grid voltage of 
control amplifier tube V403. 
Series regulator tube V402 may be con- 
sidered a variable resistor, the resistance 

of which is controlled by its grid voltage. 
A more positive grid voltage decreases 
its resistance and a less positive voltage 

increases its resistance. Control ampli- 
fier tube V403 controls the amount of 
voltage supplied to the grid of V402. 
The cathode of V403 is connected to a 
constant reference voltage, which is sup- 
plied from positive voltage reference 
tube V404. Because the cathode voltage 
is held constant, only the grid voltage 
affects operation of this circuit. The grid 

voltage is supplied from a bleeder net- 
work across the regulated +300 output 
determined by the position of the wiper 
arm of potentiometer R412. When an 
increase of voltage occurs at the cathode 
of V402 as a result of an increase in line 
voltage or a decrease in load current, the 

voltage across the bleeder increases. A 
portion of this voltage, determined by 

the setting of R412, is amplified by V403 
and applied as a negative swinging grid 
voltage to V402. This decrease in grid 
voltage causes an increase in the effective 
plate to cathode resistance and increases 

the voltage drop across V402. This in- 
crease in voltage drop, almost equal to 
the original rise, returns the grid of V403 

almost to its original bias. The action of 
the regulator is very rapid and for all 
practical purposes may be considered in- 
stantaneous. Capacitors C404 and C405 
with resistor R410 form a series circuit 
across the output of the regulated +300 
volt supply for any rapid changing volt- 
age or for ripple voltage. The capaci- 
tors have a low reactance to ripple fre- 

quencies and practically the entire voltage 
change appears across resistor R410. 
This voltage change either adds to or sub- 
tracts from the grid voltage supplied by 
potentiometer R412, so that this circuit 

reduces the 120-cycle ripple voltage as 

well as the changes due to line voltage or 
load conditions. Capacitor C406 is the 

output filter capacitor. 
c. The negative regulated power supply (fig. 

48) furnishes a constant —175 volts regardless of 
variations in the input voltage or load conditions. 

(1) Rectifier tube V408 functions as a con- 
ventional full-wave rectifier. This cir- 
cuit is shown as a block in figure 48; for 
components, refer to figure 81. Fuses 
F403 and F404 are connected in series 
with the plate leads of rectifier V408 for 
overload protection. Capacitors C415 
and C416, with choke coil L402, comprise 
a pi one-section filter for the unregulated 
supply. Resistor R421 is a bleeder re- 

sistor which discharges the filter capaci- 
tors when the equipment is turned off. 
The negative series regulator tube is a 
twin-triode type. It obtains its plate 
voltage from the unregulated supply, 

through parasitic suppressors R424 and 
R425 in one plate circuit, and parasitic 
suppressors R426 and R427 in the other 
plate circuit. The cathode is returned to 
circuit ground. The —175 volts is ob- 
tained from the center tap of the plate 
winding. Resistors R428 and R429 are 
grid-current limiting resistors. A volt- 
age divider which consists of resistors 
R433 and R435 with potentiometer R434 - 
is placed between the regulated — 175-volt 
output and circuit ground. The voltage 
of potentiometer R434 is applied to the 
control grid of negative control amplifier 
V410. The screen-grid voltage for this 
tube is obtained from a voltage divider 
which comprises resistors R430 and R431 
and the negative voltage reference tube 
V411 to ground, connected across the 
regulated —175-volt supply. The plate 
of V410 is directly connected to the grids 
of V409 through grid-current limiting 

resistors R428 and R429, and controls 

the operation of this series regulator 

tube. Negative voltage reference tube 
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Figure 48. Negative regulated power supply, simplified schematic diagram. 

V411 is a cold cathode-type gas voltage 
regulator tube, which normally operates 
at 87 volts and is connected to the cathode 
of V410 to provide a constant reference 
voltage for comparison with the grid 
voltage of negative control amplifier 
V410. 
Series regulator tube V409 may be con- 
sidered as a variable series resistor, the 
resistance of which is controlled by its 
grid bias voltage. A less negative grid 

voltage decreases its resistance and a more 

negative voltage increases its resistance. 
Control amplifier tube V410 controls the 
amount of voltage supplied to the grid of 
V409. The cathode of V410 is connected 
to a constant reference voltage, which is 
supplied from negative voltage reference 
tube V411. Because the cathode voltage 
is held constant, only the grid voltage af- 
fects operation of this circuit. The grid 

voltage is supplied from a bleeder net- 
work across the regulated —175-volt out- 
put determined by the position of the arm 
of potentiometer R434. When the line 
voltage increases or the load current de- 
creases, the voltage across the bleeder in- 
creases. A portion of this voltage change, 
determined by the setting of R434, is am- 
plified by V410 and applied as a negative 
swinging grid voltage to V409. This de- 
crease of grid voltage causes an increase 
in the effective plate to cathode resistance 
and increases the voltage drop across 
V409. This increase in voltage drop, 
which is almost equal to the original volt- 
age rise, returns the grid to V410 to al- 
most its original bias value. The action 
of the regulator is so rapid that for all 
practical purposes it may be considered to 
be instantaneous. Capacitor C418 pro- 
vides a low reactance path to the grid of 



V410 for any rapid changing voltage or 
ripple voltage. This voltage change 
either adds to or subtracts from the grid 
voltage supplied by potentiometer R434, 
so that this circuit tends to minimize 
ripple voltage in addition to rapid 
changes in line voltage or load conditions. 
Capacitor C420 is the output filter capac- 
itor; it bypasses any hf voltage compo- 

nent. 
d. A +500-volt unregulated voltage supply is 

obtained by taking the unfiltered and unregulated 
voltage from the filament of positive supply recti- 
fier V401. This voltage is applied through resis- 
tors R417 and R418 to the control winding of bal- 
ancing motor B501. Sufficient filtering is accom- 
plished through capacitor C408 and the inherent 
inductance of the motor winding. 

e. A filament burn-out indicator is provided for 
pen-lifter control tube V407 by neon indicator 
lamp E401. This lamp is connected across the fila- 
ment so that it is normally short-circuited and does 
not indicate until the tube filament opens. <A simi- 
lar indication is provided for tubes V305, V304, 
V309, V308, V306, and V307 in the signal converter 
circuits by neon indicator lamps E301 through 

E306. 

73. Frequency-Time Recorder 

The purpose of the frequency-time recorder is to 
make a continuous record of the frequencies re- 
ceived from the radiosonde receiver in terms of a 
calibrated output voltage as indicated on a graph 
recorder. This is done by causing an inking pen 
to mark the moving recorder graph chart between 

positions fixed by preflight calibration adjust- 
ments and determined by the balancing motor ro- 
tation and the pen-lifting solenoid operation in 
accordance with the received radiosonde signal. 
The functions of the recorder are as follows: 

a. Operation of Chart. 
(1) The chart consists of a paper roll 120 feet 

long by 10's inches wide. The vertical 
axis of the chart is graduated in 44-inch 

intervals, and the horizontal axis into 

100 equal divisions which represent the 
pulse frequency of the radiosonde signal 
(normally one division equals 2 cps). 
The number of feet remaining on the roll 
is indicated by the number printed one- 
half of an inch to the right of the zero 

line. 

(2) 

(3) 

(4) 

The chart is secured between two shaft- 

mounted chart roll bearings (fig. 50). 

The bearing on the right side is spring- 
loaded to facilitate the replacement of the 
chart, and the one on the left side has a 

threaded shaft to permit adjustment of 
the chart so it can be alined with the 

chart roller. It is damped by a spring 
brass washer to prevent the chart from 

unwinding easily. 
The chart roller is driven by chart motor 
B502 through a reduction gear and a 
clutch assembly. The perforated edges of 
the chart coincide with the extrusions of 
the chart roller, and the chart is advanced 

at a constant selective speed. 
The clutch assembly consists of a black 
fiber washer, two spring retainers, and 

three springs mounted between the re- 
tainers. The retainer tabs fit into a slot 
on the roller shaft. The clutch assembly 
is held against a motor-driven gear which 
uses the roller shaft as its axis, but is not 

connected to the shaft. As the motor- 
driven gear is rotated, the pressure ex- 
erted by the three springs pressing the 
fiber washer against the flat surface of 
the gear causes the clutch assembly and 

the chart roller to rotate. 
The chart can be advanced manually at 

any time by turning the manual chart 

advance knob in a clockwise direction. 
This knob is connected to the chart-roller 
shaft by a set of beveled gears with a 
ratio of 2 to 1 (figs. 50 and 53). 

Three chart-guide rods are used in the 

frequency-time recorder, but only two are 

movable. The movable intermediate 

guide rod on the underside of the fre- 

quency-time recorder (fig. 50) has a lever 

mounted on the left side of the rod. 

When the rod is in its open position (to 

the rear), the lever holds the pen-lifting 

linkage and does not permit the pen-lift- 

ing solenoid to lower the recorder pen. 

The front chart guide rod can be pulled 

out approximately 1 inch to insert the 

chart. The rear chart guide rod is lo- 

cated approximately halfway between the 

supply roll and the intermediate chart 

guide rod. 
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b. Operation of Recorder Pen. 
(1) The recorder pen (fig. 53) is a ball-point 

(2) 

pen which rides on its carriage above the 
chart roller. The carriage is moved along 
the pen-carriage shaft by the pen-car- 
riage cable which is connected to a pen- 

carriage cable drive pulley through two 
sets of guide pulleys, one at each end of 
the frequency-time recorder casting. The 
pulley is attached to the split-gear as- 
sembly, which is driven by balancing 
motor B501 through a reduction gear as- 

sembly. The split-gear assembly consists 
of two identical gears (sometimes called 

scissor gears) that are spring-loaded. 
The double set of gears is used to prevent 
any backlash between the balancing motor 
and recorder pen. 
The plunger of pen-lifting solenoid L501 
is connected to the pen-carriage shaft 
through the mechanical parts illustrated 

in figure 55. When the solenoid is de- 
energized, pressure exerted by spring O 
576 pushes the double-ended bolt against 
the pen-lifter bracket which rotates the 
pen-carriage shaft slightly, and thereby 
lifts the pen from the chart. When the 
solenoid is energized, the double-ended 
bolt is pulled towards the solenoid. The 
pen-pressure nuts then push against the 
pen-pressure spring which in turn pushes 
the pen-lifter bracket. The pen-lifter 
bracket in turn rotates the pen-carriage 

shaft and pushes the pen against the 
chart roller. The pressure with which 

the pen is held against the chart is ad- 

justed by a pen-pressure set nut and held 
in place by its associated lock nut. 
The pen heater is thermostatically con- 
trolled and mounted around the pen bar- 

rel (ink chamber). The heater is oper- 
ated from 6.3-volt ac, which is supplied 
through thermostatic switch S501 and a 
set of contact bars that run parallel and 
above the carriage shaft. The voltage is 
applied from the contact bars to a set of 
sliding contacts which are connected to 
pen heater HR501. The thermostatic 
switch operates the heater at tempera- 
tures below approximately 0° C. (32° F.). 
Panel lamps I 501 through I 504 are 
lighted by the same 6.3-volt source and 
provide illumination for the recorder 
scale and chart. 

74. Control Panel 

a. The control panel (fig. 78), in addition to 
the measuring circuit, contains control circuits for 
the application and checking of primary power to 
the power supply chassis, and the speaker used for 
monitoring the input signal. 

6. Overload circuit breakers K201 and K202, 
of the magnetic type and rated at 4 amperes, are 

provided in series with each of the primary 110- 
volt ac leads. Application of power is controlled 
by S201, a four pole double throw switch. In 
POWER OFF position no voltage is applied, and 
in STAND BY position voltage is applied to all 
circuits except the chart drive motor and the pen 
lifter solenoid; in POWER ON position, voltage 
is applied to all circuits. 

c. Neon indicator lamp I 201 indicates when 
$201 is in either STAND BY or POWER ON po- 
sition, Meter M201 likewise indicates the power 
line frequency in either position of S201. Itisa 

synchronous-reed type panel-mounted frequency 

meter indicating from 48 to 62 cycles. Meter 

M202 is an iron vane type panel mounted ac volt- 

meter with a range of 0 to 150 volts to indicate 

line voltage. 



CHAPTER 5 

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 test equipment available, and by the skill 

of the repairman. 

ee 

Section I. TROUBLESHOOTING AT FIELD MAINTENANCE LEVEL 

Warning: When servicing the equipment, be extremely careful; high voltage is present. Keep one 

hand in your pocket when measuring socket voltages. After voltage is turned off, short-circuit the part 

to circuit ground before touching any part of the equipment with your hands. 

75. Troubleshooting Procedures 

The first step in servicing electronic equipment 
is sectionalization, which means tracing the fault 
to the major component or circuit responsible for 
the abnormal operation of the equipment. The 
second step is localization, which means tracing 
the fault to the defective part responsible for the 
abnormal condition. Some faults, such as burned- 

out resistors and short-circuited transformers, 

can often be located by sight, smell, or hearing. 
The majority of faults, however, must be localized 

by checking voltage and resistance. 
a. System Sectionalization. System sectional- 

ization is discussed in paragraph 53. 
b. Component Sectionalization and Localiza- 

tion. The tests listed below aid in isolating the 
source of trouble. First, trouble should be local- 
ized to a single stage or circuit. Then the trouble 
may be isolated within that stage or circuit by 
appropriate voltage, resistance, and continuity 

measurements. The service procedure is sum- 
marized as follows: 

(1) Visual Inspection. The purpose of visu- 
al inspection (par. 52) is to locate any 
visible trouble. Through this inspection 
alone, the repairman may frequently dis- 
cover the trouble or determine the stage 
in which the trouble exists. 

(2) Operational tests. The operational tests 
(par. 52 through 55) are important be- 
cause they frequently indicate the general 
location of trouble. In many instances, 
the information gained will indicate the 
exact nature of the fault. For this in- 
formation to be fully used, all symptoms 

must be interpreted in relation to one 

another. 
(3) Troubleshooting chart. The trouble 

symptoms listed in this chart (par. 80) 

will aid greatly in localizing trouble. 
(4) Intermittents. In all these tests, the 

possibility of intermittents should not be 
overlooked. If present, this type of 
trouble often may be made to appear by 
tapping or jarring the set. Look for loose 
connections; it is possible that the trouble 
is not in the equipment itself, but in the 
installation, such as cord connections, etc. 

c. Wave Forms. Checking wave forms is of 

great value in locating troubles. By the use of an 

oscilloscope, wave forms at various test points in 

the equipment may be obtained. By comparing 

the observed wave form with the actual reference 

wave form shown in figure 71, faults can be local- 

ized rapidly. 
(1) All wave forms are obtained by connect- 

ing the oscilloscope between a specified 
point and chassis. In some cases, it is 
necessary to unbalance the detector to 

create a signal in the servo amplifier. 

(2) To-unbalance the detector, place the 

SIGNAL SELECTOR switch to the 60 
C. P. S. position and adjust the REF. 
ADJUST control until the pen indicates 
30. Throw power switch $201 to the 
POWER OFF position. Disconnect the 
black and white wires of balancing motor 
B501 from terminals 3 and 4 of terminal 
board E501. Throw power switch S201 
to the POWER ON position. Manually 
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rotate the slide and trolley wire arm until 
the pen travels a distance corresponding 
to the percentage of unbalance desired. 
(The number of chart divisions that the 

pen travels from 30 is equal to the per- 

centage of unbalance in the detector.) 
Therefore, to obtain a 2-percent unbal- 
ance, rotate the slide and trolley wire arm 
so that the pen will indicate 28 or 32. 

When the test is completed, throw power 
switch $201 to POWER OFF position 
and replace the motor wires; be sure that 
the black wire is replaced on terminal 3 
and that the white wire is replaced on 
terminal 4 of terminal board E501 (fig. 
79). 

d. Voltage Measurements. Voltage measure- 
ments are an almost indispensable aid to the re- 
pairman, because most troubles either result from, 
or produce, abnormal voltages. Voltage measure- 
ments are always made between two points in a 
circuit, and the circuit need not be interrupted. 
Complete information on normal operating volt- 
ages 1s given in this section. 

(1) Unless otherwise specified, voltages are 
measured between the indicated point and 

ground. 
(2) Always begin the measurements by set- 

ting the voltmeter on'the highest range so 
that the voltmeter will not be overloaded. 
Then, if necessary, set the voltmeter on a 
lower range. 

— SU) — 

ber that a reading can be obtained when 
the cathode resistor is actually open; the 
resistance of the meter may act as a cath- 

ode resistor. Thus the cathode voltage 
may be approximately normal only as 
long as the voltmeter is connected be- 
tween the cathode and ground. An ab- 
normally high plate voltage may indicate 
an open cathode resistor. 

e. De Resistance of Transformers and Coils. 
After a trouble has been localized to a stage or 
circuit, a check of the transformer and coil de re- 

sistances in that stage will often help to isolate 
the trouble (par. 83). 

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

technical manual. It will help in the rapid loca- 
tion of faults. Consult the following trouble- 
shooting data. 
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When checking cathode voltage, remem- 

a. Converter Amplifier. 

Fig. No. Description 

57 | Signal Data Converter CV-146/TMQ-5, top 
view. 

58 | Signal Data Converter CV—146/TMQ-5, socket 
shield removed, bottom view. 

59 | Signal Data Converter CV—146/TMQ-5, bot- 
tom view. 

60 | Signal Data Converter CV-146/TMQ-5, ter- 

minal boards. 

71 | Signal Data Converter CV-146/TMQ-5, typical 
wave forms. 

72 | Signal Data Converter CV-146/TMQ-5, volt- 

age and resistance diagram. 

74 | Signal Data Converter CV—146/TMQ-5, wir- 
ing diagram. 

77 | Signal Data Converter CV—146/TMQ-5, sche- 

matic diagram. 

b. Control Panel. 

Fig. No. Description 

9 | Control Panel C-834/TMQ-5, front view. 

56 | Control Panel C-—834/TMQ-5, rear view. 
76 | Control Panel C-834/TMQ-5, wiring diagram. 

78 | Control Panel C-834/TMQ- 5, schematic dia- 

gram. 

c. Frequency-Time Recorder. 

Fig. No. Description 

19 | Frequency-Time Recorder RD-88/TMQ-5, top 
view. 

20 | Frequency-Time Recorder RD-88A/TMQ-5, 
top view. 

21 | Frequency-Time 

bottom view 

items. 

22 | Frequency-Time Recorder RD-88A/TMQ-5, 

bottom view, showing main chart drive 

items. 

50 | Frequency-Time Recorder RD-88/TMQ-5, 
bottom view, showing chart drive details. 

52 | Frequency-Time Recorder RD-88A/TMQ-5, 

bottom view, showing chart drive details. 

53 | Frequency-Time Recorder RD-88/TMQ-5, 

front view. 

54 | Frequency-Time Recorder RD-88A/TMQ-5, 
front view of operating controls and panel. 

79 | Frequency-Time Recorder RD-88/TMQ-5, 

schematic diagram. 

80 | Frequency-Time Recorder RD-88A/TMQ-5, 

schematic diagram. 

Recorder RD-88/TMQ-5, 

showing main chart drive , 



d. Power Supply. 

Fig. No. Description 

61 | Power Supply PP-968/TMQ-5, top view. 

62 | Power Supply PP-968/TMQ-5, bottom view. 
63 | Power Supply pp—968/T MQ-5, terminal boards. 

73 | Power Supply PP-968/TMQ-5, voltage and 
resistance diagram. 

75 | Power Supply PP-968/TMQ-5, wiring diagram, 

81 | Power Supply PP-968/TMQ-—5, schematic dia- 

gram. 

e. Fan Panel. 

Fig. No. Description 

64 | Electrical Equipment Cabinet Subassembly 
MX-1482/TMQ-5, front view. 

65 | Electrical Equipment Cabinet Subassembly 
MX-—1482/TMQ-5, rear view. 

82 | Electrical Equipment Cabinet Subassembly 

MX-1482/TMQ-5, schematic diagram. 

f. Cabinet. 

Fig. No. Description 

66 | Electrical Equipment Cabinet CY-1390(*)/ 

TMQ-5, front view. 
67 | Electrical Equipment Cabinet CY-1390(*)/ 

TMQ-5, rear view. 
83 | Electrical Equipment Cabinet CY—1390/TMQ- 

5, schematic diagram. 

84 | Electrical Equipment Cabinet 
TMQ-5, schematic diagram. 

CY-1390A/ 

77. Test Equipment Required for Trouble- 

shooting 

The test equipment required for troubleshoot- 
ing Radiosonde Recorder AN/TMQ-5(*) is listed 
below. The technical manuals associated with 
the test equipment are also listed. 

Test equipment Technical manual 

Multimeter TS-352/U_.........__.-- TM 11-5527 

Frequency Standard TS-65C/FMQ-1__| TM 11-2602B 

78. General Precautions 

Whenever the equipment is serviced, observe 
the following precautions very carefully. 

a. Be careful when panels are opened; danger- 
ous voltages are exposed. 

b. Careless replacement of parts causes new 
faults. 
Note the following points: 

(1) Before a part is unsoldered, note the 
position of the leads. If the part, such 
as a transformer, has a number of con- 
nections, tag each of the leads. 

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

(3) Do not allow drops of solder to fall into 
the equipment, since they may cause short 
circuits. 

(4) A carelessly soldered connection may 
create a new fault. It is very important 
to make well-soldered joints, since a 
poorly soldered joint is one of the faults 
most difficult to find. 

(5) When a part is replaced, it must be 

placed exactly as the original was placed. 
Give particular attention to proper 
grounding when replacing a part. Use 
the same ground or circuit-ground wire 

as in the original wiring. Failure to 
observe these precautions may result in 
decreased gain or possibly in oscillation 
of the circuit. 

79. Test Cables 
a. All chassis and panels are of the plug-in type 

and may be removed from the cabinet for testing. 

Test cable W604 and power-supply test cable 
W606 permit the operation of the components 
when they are removed from the cabinet. Test 

cables should be used only between those recep- 
tacles shown connected by arrows in figure 49. 
If test cables are connected in any other way, the 

equipment may become damaged. 

b. Power-supply test cable W606 is connected 

between P401 mounted on the power-supply 

chassis (fig. 61) and J105 located at the rear of the 

recorder (fig. 66). The power-supply test cable 

is used for this connection only as indicated by 

arrow No. 1 in figure 49. Test cable W604 is con- 

nected between the components as indicated by 

arrows Nos. 2 through 6. Five of these cables are 

needed to maintain the components in operation 

when all are removed from the cabinet at the same 

time. The following table of test connections will 

help in locating the various cable terminations: 
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Test cable W604 connections 

“ee Connected between 
No. 

25 4P50liand?) 104 Seeeee eee eS ee eases 

Suipee02 and JOS ieee. tee eee ee eae ee 

4) P30ltand Jl0222 e- ee ae eee ae 

Sul P2010 and | J301. 2232 se se eee eee 

Gripe202sand  Jd02 See eee se ee ee eee £ 

P501: 

J104: 

P302: 

J103: 

P301: 

J102: 

P201: 

J301: 

P202: 

J302: 

Location 

Rear of frequency-time recorder. 

Mounted in cabinet (fig. 66). 

Top of converter-amplifier (fig. 57). 

Mounted in cabinet (fig. 66). 

Top of converter-amplifier (fig. 57). 

Mounted in cabinet (fig. 66). 

Rear of control panel (fig. 56). 

Bottom of converter amplifier (fig. 59). 

Rear of control panel (fig. 56). 

Bottom of converter amplifier (fig. 59). 

CONTROL PANEL 

CONVERTER 
AMPLIFIER 

SIGNAL AND 
LINE INPUTS 

FREQUENCY-TIME 
RECORDER 

POWER SUPPLY 

TM 2436-32 

Figure 49. Radiosonde Recorder AN/TMQ-5(*), 
block installation diagram. 
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80. Troubleshooting Chart 

The following chart is supplied as an aid in 
locating trouble in the radiosonde recorder. The 
chart lists the symptoms that the repairman ob- 
serves, either aurally or visually, while making a 
few simple tests. Once the trouble has been 
localized to a stage or circuit, a tube check and 
voltage and resistance measurements of this stage 
or circuit should be sufficient to isolate the de- 
fective part. Normal voltage and _ resistance 
measurements are shown in figures 72 and 73. 
Wave forms obtained at various test points 
throughout the equipment are shown in figure 71. 
Location of parts of major components of the 
recorder are shown in figures 50 through 67 and 
the wiring diagrams of the converter amplifier, 
power supply, and control panel are shown in fig- 
ures 74 through 76. Figures 77 through 82 are 
the schematic diagrams of the converter ampli- 

fier, control panel, frequency-time recorder (both 

models), power supply, and fan panel. Figures 

83 and 84 are the schematic diagrams of the cabi- 

nets. The resistor and capacitor color codes are 

shown in figures 69 and 70 respectively. 



Symptom 

1. Power line voltage and power line 

frequency meters indicating cor- 

rectly. Equipment inoperative. 

2. Voltages measured between pins 4 
and 6 of V401 and chassis are 

zero or subnormal (figs. 73 and 

81). 

3. Voltage measured between J403 

and chassis is abnormal (figs. 

62, 73, and 81). 
4. Voltage measured between J404 

and chassis is abnormal (figs. 

62, 73, and 81). 
5. Pen does not move when REC. 

TEST 8204 or INTER S&S. C.- 
OUTPUT S. C. S203 switches 

are depressed. 

6. 60-cycle error signal does not ap- 
pear at J320 when REC. TEST 

and INTER 8. C.-OUTPUT 
8. C. switches are alternately 

depressed. 

7. 60-cycle error signal does not ap- 

pear at J407 when REC. TEST 

and INTER S. C.-OUTPUT 
8S. C. switches are alternately 
depressed. 

8. 60-cycle error signal does not ap- 

pear at J408 when REC. TEST 
and INTER S. C.-OUTPUT 
S. C. switches are alternately 
depressed. 

9. Pen will not rise from chart as 
it travels from one position to 

another. 

10. The pen rises from the chart 

when a jumper is placed be- 

tween J409 and ground. 

11. The pen does not rise when per- 

forming procedure given in 

step 10 above. 

Faulty 

Probable trouble 

Regulated positive power supply not 

operating (figs. 62, 75, and 81). 

Open fuse F401 or F402. 

socket connection or 

jumper in V404. 

Defective transformer T401. 

Check tube V401 and capacitors C401 

and C402. 

open 

Defective tube V402, V403 or V404. 

Defect exists in servo system. 

Broken drive cable. 

Defective or loose gears. 

Defective line winding of balancing 

motor. 

No voltage from measuring circuit. 

Defective vibrator inverter circuit. 

Defective first or second servo voltage 

amplifier stage. 

Defect exists between third voltage 
amplifier and grid circuit of power 

amplifier of servo system. 

Defective power-amplifier stage. 

Open controlled winding of balancing 

motor. 

Defective pen-lifter circuit. 
Binding of mechanical linkage. 

PEN LIFTER control set too low. 

Insufficient signal from power ampli- 

fiers. 

Defective tube V407. 
Defective capacitor C410, C411, or 

C413. 
Pen-lifter solenoid is energized. 

Defective tube V407. 

Correction 

Troubleshoot power supply. 

Replace defective fuse. It it blows 

again, check filter capacitors C401 

and C402. 

Replace V404 or clean contacts. 

Replace transformer T401. 

Replace defective part. 

Replace defective tube. If voltage is 

close, but not exactly 300 volts,.ad- 

just potentiometer R412 (par. 87). 

Troubleshoot servo system. 

Replace cable. 

Tighten set screws; if necessary, replace 

gear. 
Replace balancing motor B501. 

Check resistors of measuring circuit. 

Check voltage across vibrator inverter 

coil. If correct, replace vibrator 

inverter G301. 
Test V308 and then, if necessary, make 

voltage and resistance measurements 

of both stages (fig. 72). 

Use oscilloscope to determine the pres- 

ence of the 60-cycle error signal across 

grid and plate circuits of successive 

voltage-amplifier stages to localize 

the defective stage. Since the 60- 

cycle error signal appears only when 

the pen is supposed to be moving, 

INTER S. C.-OUTPUT S. C. and 
REC. TEST switches must be alter 
nately depressed for every test. Test 

tube in defective stage and then, if 

necessary, make voltage and resist- 

ance measurements of the defective 

stage (fig. 72). 

Check tubes V405 and V406. Make 
voltage and resistance measurements 

(fig. 73). 
Replace balancing motor B501. 

Troubleshoot pen-lifter circuit. 

Repair or replace defective part. 

Adjust PEN LIFTER control R215 

(par. 93c). 

Adjust PEN LIFTER control poten- 
tiometer R215 (par. 926). 

Replace V407. 

Replace defective capacitor. 

Check relay K401 for open coil or 

shorted contacts. Check capacitor 

C412 for a short. 
Replace V407. 
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Symptom Probable trouble 

12. Pen will not make contact with | Intermediate chart guide rod in open 

chart. position. 
PEN LIFTER potentiometer set too 

high. 

13. 

14, 

Voltage measured between pins 

4 and 6 of V408 and chassis 

are abnormal. 

Voltage measured between J412 

. and J413 is less than 260 volts. 

The positive meter lead is 

placed in J412. 

Contacts of relay K401 not making. 

Defect in regulated negative power 

supply. 

Open fuse F403 or F404. 

Faulty socket connection or open 

jumper in V411. 

Check tube V408 and capacitors C415 

and C416. 

15. Voltage measured between J413 | Defective tube V409, V410, or V411. 

and chassis is not —175 volts. 

16. No speaker output, and the pen | Defective stage between V301 and 

does not move when SIGNAL V304. 
SELECTOR switch $202 is ro- 

tated to 60 C. P. 8. and then 
to 120 C. P. S. 

17. Correct speaker output is ob- | Defective stage between V305 and 

tained, but the pen does not V307. 

move when SIGNAL SELEC- 

TOR switch $202 is rotated to 

the 60 C. P. S. position and 
then to the 120 C. P. 8S. posi- 

tion. 

18. Pen jitters or oscillates. Input filter faulty (includes R833 
through R336 and C315). 

SENSIVITITY control set too high. 

Split gear bias not set properly. 

19. Poor linearity. Faulty V305, V306, or V307. 

R326 improperly adjusted. 

Worn or defective slide-wire assembly. 

Correction 

Return the bar to its closed or forward 

position. 

Adjust PEN LIFTER R215 (par. 920) 

Replace relay. 
Troubleshoot regulated negative power 

supply. 

Replace defective fuse. If it blows 

again, check filter capacitors C415 

and C416. 

Replace V411 or clean contacts. 

Replace defective part. 

Replace defective tube. If voltage is 
near —175 volts, adjust potentiom- 

eter R434 (par. 87). 

Using an oscilloscope, compare the wave 

forms obtained from J303 through 

J313 with those of figure 71. Check 

the tube of the defective stage and 

then, if necessary, make voltage and 

resistance measurements (fig. 72) to 

determine the defective part. 

Using an oscilloscope, compare the wave 

forms obtained from J313 through 

J318 with those of figure 71. Check 

the tube of the defiective stage and 

then, if necessary, make voltage and 

resistance measurements (fig. 72) to 

determine the defective part. 

Replace defective part or parts. 

Adjust SENSITIVITY control. 

Adjust split gear bias as described in 

paragraph 84b. 

Replace faulty tubes. 

Adjust R362 (par. 89). 

Replace contacts or defective part of 
slide-wire assembly. 

81. Chart Feed Difficulties 

a. If the chart does not feed out straight during 
operation of the recorder the cause is probably 
misalinement of the chart supply roll. The left 
edge of the chart should be against the guide col- 
lar mounted on the intermediate guide rod, and 

the perforations on the edge of the chart should 
coincide with the extruded teeth around the left 
end of the chart roller. Ifthe two positions do not 
aline, loosen the two locknuts on the left side of 
the chart supply roll shaft, one on each side of the 
recorder casting (figs. 50 or 52). Shift the chart 
roll so that the chart will just rub against the guide 
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collar and the perforations on the chart fit over 
the roller teeth. Tighten the locknuts. The fric- 
tion brake on the chart roll shaft should be only 

tight enough to prevent the chart from drooping 

below the bottom of the recorder. Excessive brake 

action may cause the chart to creep sidewise as it 

advances. 

6. On Recorder RD-88A/TMQ-5, if the chart 
feeds out intermittently, this indicates there is too 
much drag on the supply roll, causing the friction 
clutch to slip at times, or that there is not enough 

clutch pressure. Check with the manual chart ad- 
vance knob (fig. 53) for ease of operation. If 
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Figure 50. Frequency-Time Recorder RD-88/TMQ-5, bottom view showing chart drive details. 

there are no signs of mechanical binding, increase 
the clutch friction by tightening the set nut and 
locknut located on the right side of the chart roller 
shaft (figs. 50 or 52) until the proper chart ad- 
vance rate is obtained. Another possible source of 
trouble is a loose pinion gear on the motor shaft, 
which may be easily tightened by the setscrew in 
the gear hub. 

ce. If the lubricating instructions given in para- 
graph 49 have not been followed, wear or binding 
may occur between the ratchet wheel hubs and 
shaft (figs. 51 and 52). Apply oil only as needed 
to correct the trouble, then lubricate as directed in 
paragraph 49. 

82. Recorder Pen Difficulties 

a. If the pen does not lift one-sixteenth of an 
inch from the chart as it moves across the scale, 

check the position of the double-ended bolt con- 
necting the solenoid plunger link to the pen-lifter 
bracket. To obtain the proper distance, throw the 
power switch to POWER OFF. Loosen the lock- 

331892 O—55——6 

nut (fig. 55) and turn the double-ended bolt until 
the pen is one-sixteenth of an inch from the chart. 
Tighten the locknut. If the pen carriage shaft 
rotates sufficiently but the pen does not rise, tighten 
the two screws in the pen clamp mounted on top 
of the pen carriage; be sure to allow free movement 
of the carriage. 

6. If the pen does not mark the chart, check the 
condition of the pen for an adequate ink supply. 
If these are satisfactory, but the pen still makes 
either no mark or a very Jight one, check the pres- 
sure of the pen point against the paper. This pres- 
sure should be 2 ounces; it is varied by adjustment 

of the tension of the pen pressure spring (fig. 55). 
c. Erratic operation of the pen may be caused 

by any one or a combination of the following con- 
ditions: 

(1) A loose connection between the drive 
cable and the pen carriage. Check visu- 
ally and/or check the alinement of the 

pen against the position of the arm of the 
slide and trolley wire (par. 91). 
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Figure 53. Frequency-Time Recorder RD-88/TMQ-5, front view. 
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(2) Slackness in the drive cable. If this con- 

dition exists, increase the tension by turn- 

ing the setscrew on the drive cable guide 

pulley located on the right side of the re- 

corder. Turn the setscrew until the 

spring is completely compressed, and then 

back it off 1 full turn. 
(3) A worn condition of the travelling trol- 

ley contacts. If either one of these is 

worn half through, replace both of them. 

Pressure on the new contacts should be 

adjusted to between 1.75 and 2.5 ounces. 

To adjust the pressure, bend the contact 

spring as required for a coarse adjust- 

ment. To. make the fine adjustment, 

loosen the two screws that hold the con- 

tact arm and slide the arm toward or 

away from the contacts, as indicated. 

While performing these adjustments, turn 

the small back-up screw on the side of 

the contact arm out of the way; after 

the adjustment is completed, turn the 

screw in as far as it will go and tighten 

the locknut. Check to see that there is 

a minimum of 14¢-inch clearance between 

any part of either contact spring and the 

slide. Also be sure that there is adequate 

clearance between the heads of the screws 

that hold the contact assembly to the con- 

tact arm and the bottom part of the slide- 

wire housing. Rotate the contact arm 

throughout its entire excursion in mak- 

ing this clearance check. 

Section Il. 

84. Replacement of Parts 

a. Most of the parts in Radiosonde Recorder 
AN/TMQ-5(*) are readily accessible and may be 
replaced if faulty. In all cases, mark or tag the 
wires connected to the faulty part before making 

the replacement. When replacing a part that is 
connected to circuit ground, be sure the replace- 
ment part is connected to the same circuit ground 

as was the original part. 
b. To replace the pinion, idler, or split gears, 

remove the nut below the pinion gear and pull the 
pinion gear from the motor shaft (fig. 50). Ifthe 
pinion gear is faulty, set the bias of the split gear 

83. Dc Resistances of Coils, Transformers, 

and Motors 

The measured resistance values of the coils, 

transformers, and motors are listed below. Some 

of these will appear as a short circuit on the aver- 

age voltohmmeter. 

Transformer Motor or Terminals Ohms +5% 
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REPAIRS 

and replace the pinion gear with a new one. To 

set the bias, expand the springs of the split gear 

by displacing the two halves of the gear by three 

teeth. Hold the split gear while the pinion gear 

is replaced. If the idler gear is faulty, remove the 

pinion gear and the idler gear. Replace the idler 

gear with a new one, set the bias of the split gear, 

and replace the pinion gear. If the split gear is 

faulty, remove the three gears. Install the new 

split gear. (Be sure to locate the groove pins and 

to stake the screwheads.) Install the idler gear, 

set the bias of the split gear, and replace the pinion 

gear. 
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Figure 60. Signal Data Converter CV-146/TMQ-5, terminal boards. 

85. Fuse Replacement 

To replace either the positive or the negative 
regulated power-supply fuses, remove the four 

screws that secure the fan panel. Pull the fan 
panel straight out (fig. 64). Four fuses are lo- 
cated on a terminal board on the right-hand side 
of the power-supply chassis (fig. 62). Remove 
the defective fuse from the clips and replace it 
with one of the same value. Fuses F401 and F402, 

in the positive supply-power line, are 14-ampere, 

type 3AG, slow-blow fuses; and F403 and F404 in 

the negative supply-power line are .3-ampere, type 
3AG, slow-blow fuses (fig. 81). Replace the fan 
panel; be careful to insure proper connection of 

the receptacles. 

Caution: Be careful to replace the defective 
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fuse with one having the current rating given in 
figure 81. One having a larger current rating 
could damage the equipment. 

86. Tube Replacement 

a. To remove the miniature-type tubes found in 
Radiosonde Recorder AN/TMQ-5(*), a special 
tube puller (H604), packed in the accessories case 
(fig. 14), is used. Be very careful when replacing 
miniature tubes so that the tube pins do not bend. 

b. To remove rectifier tubes V401 and V408 and 

series regulator tubes V402 and V409 mounted on 
the power supply chassis, release the safety clamp 
around the base of the tube before pulling the 
tube from its socket. Be sure that the safety clamp 
is tightened after the new tube has been placed in 
the socket. 
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Section Ill. ALINEMENT AND ADJUSTMENT 

87. Adjustment of Regulated Power Supplies 

a. Positive Regulated Power Supply (figs. 61 
and 62). This unit is adjusted to give a constant 
output potential of 300 volts under normal loads. 
The adjusting potentiometer is R412. Connect 
the positive lead of a 20,000-ohms-per-volt meter 
to J404 and the negative lead to the chassis; ad- 
just R412 for the correct reading. 

b. Negative Regulated Power Supply (figs. 61 
and 62). This unit is adjusted to give a constant 
output potential of 175 volts under normal condi- 
tions. The adjusting potentiometer is R434. Con- 
nect the negative lead of 20,000-ohms-per-volt 
meter to J413 and the positive lead to the chassis; 
adjust R434 for the correct reading. 

88. Alinement Procedure for Voltage Dis- 
criminator 

Note. This circuit is in the converter amplifier ; refer to 

figures 58 and 59. 

a. Rotate SIGNAL SELECTOR switch S202 
to the S. C. position. 

b. Rotate potentiometer R314 to its clockwise 
limit, and potentiometers R317 and R826 to their 
counterclockwise limits. 

c. Place a jumper wire between J308 and J314; 

this biases the clipper-amplifier tube heavily and 
thereby raises the voltage on the grid (pin 2) of 
V303A to assure plate conduction. Check the 
voltage at J309; it should be between 230 and 280 

volts de. 
d. Connect the voltmeter (200- to 300-volt scale) 

between J310 (positive) and chassis. Adjust R314 

until the meter reads 120 volts. Remove the meter 

and jumper. 

e. Connect a jumper between J304 and J308; 

this applies a small positive bias on the clipper- 

amplifier tube and thereby drives V303A to plate 

current cutoff. Check the voltage between J309 

and ground. This voltage should be between 20 

and 50 volts. 
f. Connect the voltmeter between J310 and 

ground, Adjust R317 until the meter indicates 
160 volts. Remove the jumper. 

89. Alinement Procedure for Univibrator 
(figs. 58 and 59) 

Set univibrator potentiometer R326 to the mid- 
dle of the range in which stable operation of the 
univibrator is obtained, as follows: 

a. Rotate SIGNAL SELECTOR switch $202 
to the 120C. P.S. position. 
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6. Advance R326 slowly until the recorder pen 
rests at 60 on the chart. If the pen comes to rest 
at some other position, bring it to 60 by adjusting 
REF. ADJUST. This will establish one extreme 
of the range. 

c. Continue to advance R326 until the pen be- 
comes unstable or until the mechanical limits of 
the potentiometer are reached. This will estab- 
lish the other extreme. 

d. The final setting of R326 will be halfway be- 
tween the two extremes of the range. 

90. Alinement Procedure for Noise-Suppres- 

sion Diode 

Since the types of noise on the received radio- 
sonde signals vary with atmospheric conditions 
and radiosonde systems, the noise-suppression di- 
ode should be alined only when the radiosonde sig- 

nals are being received. An oscilloscope will be 
required to aline the noise-suppression diode 
properly. 

a. Observe the signal at J303 (fig. 59). If the 
signal is not noisy, set noise-suppression switch 
S301 (fig. 59) to the OUT position. If the signal 
is noisy, set noise-suppression switch S301 to the 
IN position. 

6. Rotate potentiometers R304 and R306 to 
their maximum clockwise position. 

c. Connect the oscilloscope between J307 and 
ground. 

d. If noise appears at J307 (fig. 72), adjust po- 
tentiometers R304 and R306 as follows: 

(1) If noise appears at the bottom of the 
wave form (1, fig. 68), try counterclock- 

wise rotation of R306 and clockwise ro- 
tation of R304. 

(2) If noise appears at the top of the wave 

form (2, fig. 68), try clockwise rotation 
of R306 and counterclockwise rotation of 
R304. 

TM 2436-48 

Figure 68. Signal wave form, showing noise 
superimposed. 
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(3) If noise appears at the top and bottom 
of the wave form (3, fig. 68), try counter- 
clockwise rotation of R304 and R306. 

Note. Do not turn either potentiometer, 

especially R306, too far counterclockwise be- 

cause high-frequency signals may be lost. 

Changes should be made in small increments, 

and the effect of each change should be checked 

earefully. Counterclockwise rotation of R304 

and R306 tends to increase the response time 

of the circuit to sudden drops in signal ampli- 

tude. 

91. Alinement of Recorder Pen and Slide-Wire 

a. Turn on the equipment and allow it to warm 
up for 15 minutes. 

6. Turn the SENSITIVITY control (fig. 25) 
to its counterclockwise limit. 

c. Remove the slide-wire cover; to do this, pull 
out the control panel (fig. 19). Grasp the cover 

rim with the left hand; with the right hand, hold 
out the retainer spring that is found on the 
cover’s rim. Turn the cover counterclockwise 
and lift it at the same time. 

d. Loosen the two screws that secure the drive 
cable to the pen carriage. 

e. Rotate the contact (wiper arm) of the slide- 
wire to its counterclockwise limit, as viewed from 
above (fig. 19). 

f. Manually position the pen carriage until the 
pen alines with a point between 14- and 14-chart 
division above the chart zero line. 

g. Tighten the left-hand screw that secures the 
drive cable to the pen carriage. 

h. Manually rotate the wiper arm to its clock- 
wise limit. 

t. Advance the SENSITIVITY control until 
the servo system positions the pen and comes to 
rest; then turn sensitivity back to zero. The pen 
should aline on the chart immediately to the left 
of the teeth on the right-hand end of the chart 
roller. If the pen goes too far and contacts these 
teeth, damage to the pen will result. If this ex- 
tent of travel is encountered, readjust the pen 
slightly farther to the left by repeating the in- 
structions given in e, f, and g, above. 

j. If the pen positions properly on the right- 
hand end, tighten the right-hand screw that se- 
cures the drive cable to the pen carriage. The 
carriage now is alined properly on the drive cable. 

k. Turn the SIGNAL SELECTOR switch to 
the 120 C.P.S. position (fig. 25). 
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1. Make the sensitivity adjustment given in 
paragraph 93; disregard any deviation in balance 

positions of the pen from those given. 
m. Turn the SIGNAL SELECTOR switch to 

its S.C. position. 
nm. Turn the REC. ZERO control (fig. 25) to 

its midpoint; the screwdriver slot will be vertical. 
o. Loosen the two mounting screws of the slide- 

wire plastic molding. One of these screws also 
secures a cable clamp. Close by this clamp is an- 
other clamp that must be loosened. 

p. Carefully rotate the loosened slide-wire as- 
sembly until the pen records at the chart zero line 

(+.1 division). 
gq. Retighten the three screws that support the 

slide-wire assembly. 
r. Adjust the REC. ZERO control to bring the 

pen exactly on the chart zero line. 
s. Replace the slide-wire cover. 

92. Adjustments of Recorder Pen 

After the pen has been alined with the drive 
cable and the slide-wire (par. 91), proceed as 

follows: 
a. Recorder Test Adjustment. Depress REC. 

TEST switch S204 (fig. 25). The pen should re- 
cord at 95. If it does not, adjust REC. TEST 
ADJ. potentiometer R211 (fig. 25), while holding 
the REC. TEST switch depressed, until the pen 
does record at 95. Let the recorder trace a 14 inch 

of line to insure proper setting of the control. 
b. Pen-Lifter Adjustment. Turn PEN 

LIFTER potentiometer R215 (fig. 25) to its coun- 

terclockwise limit. Then slowly advance it again, 
while alternating the position of the SIGNAL 
SELECTOR switch between 60 C.P.S. and 120 
C.P.S. Advancing this potentiometer will shorten 
the “tail” on the recorded signal ; this “tail” should 
be between one and two chart divisions in length. 
Adjust the potentiometer to get that result. 

c. Drive Cable Tension Adjustment. The ten- 
sion on the drive cable should be between 1 and 1.25 
pounds. This amount of tension is obtained by in- 
creasing the tension to maximum (figs. 50 and 52), 
as shown by the closing of the space between turns 
on the spring, and then backing off 1 full turn of 
the adjusting screw. Tighten the locknut on this 

screw. 

93. Sensitivity Adjustment 

a. With the SIGNAL SELECTOR set at 60 

C.P.S., turn SENSITIVITY control R213 (fig. 
25) clockwise until the pen carriage jitters back 

and forth. 
b. Slowly turn the control counterclockwise 

until the jitter of the pen just disappears. Look 
through the window and observe the pinion gear 

on the balancing motor shaft; it will still have a 
noticeable small jitter. This point is the best com- 
promise between the level of sensitivity that causes 
pen jitter and the level that makes the pen too slug- 

gish in its response to error voltages. 
c. Try the servo response on the three fixed- 

signal positions of the SIGNAL SELECTOR 
switch (namely, S.C., 60 C.P.S., and 120 C.P.S.). 
If the pen movement is jerky, the sensitivity may 
be backed off a little more. 

94. Adjustment of Automatic Time-Print 

Switch 

When Radiosonde Recorder AN/TMQ-5A is 

used with Rawin Set AN/GMD-1(*), the action 
of automatic time-print switch S504 (fig. 22) 

should be checked as instructed below. 

Note. This switch is not included in the early models. 

a. With the rawin set operating, turn the re- 
corder power switch to the POWER OFF position. 

b. Throw RAWIN TIME PRINT switch $503 
(fig. 21) to the AUTO. position. 

c. Release the knurled panel latches on either 
side of the front panel of Recorder RD-88A/ 

TMQ-5 and partially withdraw the unit. 
d. Manually rotate the balancing motor split- 

gear assembly in the direction that causes the pen 
carriage to move upscale through 90 on the chart. 

e. Reverse the direction of rotation until the 

pen is at 85 or less. 

f. Repeat the procedure given in d above. 

Rawin Set AN/GMD-1(*) should time-print 

each time the pen is moving upscale through the 

range of 89 to 91. If the printing occurs at any 

other time, the apparatus needs the following 

alinement : 

(1) Manually turn the split-gear assembly to 

position the pen at 90 on the chart. (The 

indicator scale may be used if it is alined 

with the chart accurately.) 

(2) Loosen the locking screw that secures the 

bracket on which automatic time-print 

microswitch $504 (fig. 52) is mounted. 
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(3) Move the bracket to a position that just 
causes the microswitch to close. (When 

the switch closes, an audible click can be 
heard.) 

(4) Retighten the locking screw. 
g. Replace the recorder in the cabinet. 
h. Recheck the action of the time-print mecha- 

nism after power has been applied to the recorder. 

Section IV. FINAL TESTING 

95. General 

This section is intended as a guide to be used in 
determining the quality of a repaired Radiosonde 
Recorder AN/TMQ-5(*). The minimum test 

requirements outlined in paragraphs 96 through 
104 may be performed by maintenance personnel 

with adequate test equipment and the necessary 

skills. Repaired equipment meeting these require- 
ments will furnish uniformly satisfactory opera- 

tion. The tests given below must be made in the 
order shown, since the accuracy and effectiveness 

of the tests of any specific section of the equip- 
ment are based on the fact that all previous sec- 
tions have been checked and found to be func- 
tioning properly. 

96. Standard Test Conditions 

Test equipment ordinarily consists of Frequency 

Standard TS-65C/FMQ-1, as a signal source, and 
any available well-functioning test scope capable 
of accepting, without overloading, input voltages 
of 40 volts (root mean square) or higher. If the 

test scope has no vertical calibrator, then it must 

be calibrated by a reasonably accurate voltmeter 
and an adjustable source of 60-cps voltage. This 
calibration should be continuous between zero and 
115 volts peak-to-peak, or 40 volts rms. (For sine- 
wave shapes, the peak-to-peak value equals 2.83 
times the voltmeter value; conversely, the volt- 
meter value equals .353 times the peak-to-peak 
value.) Except where otherwise specified, per- 
form the tests under the following standard test 
conditions : 

a. Before taking any measurements, allow the 
equipment to warm up for at least 30 minutes with 
the power switch at STAND BY. 

6. Adjust the operating controls to permit opti- 
mum operation of the equipment. 

c. With the signal and power cable assembly 
(Special Purpose Cable Assembly W601), inter- 
connect J101 on the recorder, Frequency Standard 
TS-65C/FMQ-1, and a convenient 60-eps power 
outlet. When making the connections to the fre- 
quency standard, the black lead goes to the ground 
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(lower) terminal and the white one to the hot 
terminal. 

d. Room temperature and humidity conditions 
must be normal and reasonably constant. 

e. Line voltage and frequency must be normal 
and constant (115 volts, approximately, and 60 
cps). 

f. A calibrated scope will be used for peak-to- 
peak voltage measurements, when available. A 
vacuum tube voltmeter may be substituted; make 
due allowance (as mentioned above) for the dif- 

ference in reading values. In either case, the in- 
put signal voltage is the potential to be measured. 

97. Chart Feed Test 

The time required to draw a pen trace over a 
given number of horizontal line spaces (1% in. per 
line) is measured by a watch. 

a. If the set under test is Radiosonde Recorder 
AN/TMQ-5, then five line spaces should be tra- 
versed by the trace in 5 minutes. _ 

6b. If the set is a Radiosonde Recorder AN/ 

TMQ-5A, with the CHART SPEED switch in 
the 1/2 INS/MIN position, the trace length should 

be five line spaces in 5 minutes. At 1 INS/MIN 
position, the trace length should be 10 line spaces 
in 5 minutes. 

98. Speaker Output Test 

Adjust the frequency standard to deliver a sig- 
nal of 190 eps at 10 volts peak-to-peak. Listen and 
note the quality of the signal from the speaker. 

The signal should not sound raspy or distorted. 

99. Pen Performance Test 

a. Set the power switch on the control panel at 
STANDBY. The distance between the pen point 
and the chart should be 4¢ inch. 

b. Throw the power switch to POWER ON. 
The pressure of the pen against the chart should be 
2 ounces. (In the absence of any measuring de- 

vice, this pressure will have to be estimated.) 
c. Rotate the SIGNAL SELECTOR switch on — 

the control panel to S. C. Adjust REC. ZERO 
on the control panel, if necessary, to position the 



pen point exactly on zero. Switch SIGNAL SE- 
LECTOR back to SIG. Adjust the frequency 
standard to deliver a signal of 190 eps at 20 volts 
peak-to-peak. If necessary, adjust REF. AD- 
JUST on the control panel to position the pen ex- 
actly on 95. Next, alternate the SIGNAL SE- 
LECTOR switch between SIG. and S. C. and note 
the time required, as closely as possible, for the 
“pen to travel between 0 and 95, first in one direc- 
tion and then in the other; the time of travel in 
either direction should not exceed 214 seconds, in- 

cluding the pen lifting and lowering operations. 

100. Pen-Lifter Test 

a. This test is designed primarily to determine 

the time relationship between pen lifting and pen 
travel, as shown by the undesirable horizontal 

“tails” caused by lateral pen motion occurring 

before the point has cleared the chart. 
b. Raise the input signal voltage to 50 volts 

peak-to-peak; then switch to several frequencies 
of input signal, successively ; allow each frequency 
to be traced for about 30 seconds. The “tails” of 
the recordings should not exceed two recorder 

divisions. 

101. Hysteresis Test 

The recording of an input signal to the radio- 
sonde recorder at any frequency between 10 and 
190 cps, when approached from a higher frequency 
(from the right), should not deviate.from the 

recording of the same signal, when approached 
from a lower frequency (from the left), by more 
than .1 of one chart division. ‘This deviation is 
called hysteresis; to check its extent on recordings, 

proceed as follows: 
a. Adjust the frequency standard to deliver 

20-ceps signal of a potential somewhat greater than 

10 volts peak-to-peak (actual value unimportant). 

b. Adjust the sensitivity of the recorder as in- 

structed in paragraph 93. 
c. Depress the INTER 8S. C.-OUTLET S. C. 

switch until the pen goes to zero, then release the 
switch. This causes the pen to approach the de- 
sired setting (in this case, 10 on the chart) from 
a lower value. Allow a 30-second recording. 

d. Depress the REC. TEST switch until the 
pen goes to 95 and then release it. 
the pen to approach the desired setting from a 
higher value. Again allow a 30-second recording. 

e. Note the horizontal distance between the two 
traces just made. This distance is the amount of 

This causes 
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hysteresis at 20 cps and should not exceed .1 of 

one chart division. 
f. Repeat the check at 60, 100, 140, and 180 eps. 

Different values of hysteresis may be found at dif- 
ferent frequencies. Excessive hysteresis is elim- 
inated as explained in paragraph 1030. 

102. Signal Sensitivity Test 
The radiosonde recorder should properly record 

input signals over its designed frequency range, 

provided the signal amplitude lies between 10 and 
100 volts peak-to-peak. (These are the practical 

limits to be expected from the usual signal sources. 

They may be exceeded by certain wave forms for 
test purposes.) To check the signal sensitivity of 

the recorder, proceed as follows: 
a. Throw the noise suppression switch on the 

control panel to IN. 
b. Adjust the frequency standard to deliver 

10 eps; reduce the output voltage to zero, with the 

attenuator on its panel. The recording should 
now be along the zero line. 

ce, By advancing the attenuator on the fre- 
quency standard panel, bring up the signal voltage 

slowly until the recorder pen makes a steady 
straight line. Note the peak-to-peak input volt- 

age required for this result; it should not exceed 
10 volts. 

d. Increase the signal voltage to 100 volts peak- 

to-peak. The pen should continue to record 

steadily on the same straight line as initially 

started in ¢ above. 
e. Select 190 cps as the next test frequency and 

repeat the test just performed with 10 cps. The 

results should be the same as those previously 

required, 

7. Throw the noise suppression switch to OUT. 

g. Repeat the procedure given in }, c, and d 

above; the same results should be obtained. 

h. Repeat the procedure given in e above; the 

same results should be obtained. 

103. Linearity Calibration Test 

The radiosonde recordings should be nearly lin- 

ear with the frequency of the input signal voltage 

to the converter, in the relationship: Recorder 

reading=14 frequency. To check the amount of 

deviation from linearity, and hence the amount by 

which recorder readings must be corrected, pro- 

ceed as follows: 

a. Rotate the SIGNAL SELECTOR switch to 
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S. C.; the recorder should record along the zero 

line. 
b. The effect of hysteresis, if any exists, should 

now be eliminated. Unlock the control panel and 
draw the recorder forward sufficiently to reach 

the split gear assembly on the bottom side. Apply 
finger pressure to the rim of the split gears and 
force the pen slightly to the right; then remove 

the force slowly, so that the pen carriage will not 

jump back into its former position, Let the pen 
record its present position for 10 or 15 seconds. 
Next, force the pen a little to the left, release 

slowly, and again allow a short recording. If 

there is any difference between the two recordings, 

this difference should be centered on the chart 
zero line by adjusting the REC. ZERO control. 

ce. Rotate the SIGNAL SELECTOR switch to 
SIG. 

d. Set the frequency standard to deliver a 50- 

volt peak-to-peak signal at 190 eps. The record- 
ing should be at 95; adjust the REF. ADJUST, if 
necessary. 

e. Change the input frequency to 180 eps and al- 
low a 50-second recording. Repeat, in succession, 

this procedure for all the frequencies available 

from the frequency standard, in descending order. 
Then repeat them in ascending order. 

f. Remove these recordings to a flat surface. 

With a sharp pencil and straight edge draw a 

straight line between the ends of the two record- 

ings obtained for 180 cps. Use the center of the 

width of the pen traces for terminating points. 

Determine the center (in length) of this pencil 

line and determine its horizontal position on the 

chart; this will be the average of the two 180-cps 

recordings. The deviation in linearity is the dif- 

ference between this value and 90; the deviation is 

plus if this value is greater than 90, and minus if 

it is less than 90. 
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g. Repeat this determination of deviation for 
each pair of recordings made; that is, a value of 
deviation for each frequency available from the 
frequency standard. 

h. No deviation should exceed a fourth of a 
chart division. 

i. These values of deviation would be applied 
for correcting any future flight recordings. For 
example, if a recorder flight reading is 60 and the 
deviation from linearity at 120 eps is —.1 chart 
division, then a correction of +.1 should be ap- 
plied to the reading for a corrected final reading 
of 60.1. 

j. If a recording lies within a range where cor- 
rections are required (determined by the calibra- 

tion procedure above) but does not fall at any of 
the chart positions for which deviation figures 
were obtained, then the amount of correction that 

should be applied must be interpolated from the 
deviations obtained for chart positions on each 

side of the reading to be corrected. For this pur- 
pose, it is recommended that the linearity devia- 
tions obtained be plotted in terms of corrections 
versus chart readings. Connect the plotted points 

by straight lines. Date and retain this curve for 
future use. 

104. Automatic Time-Print Test 

This test applies only to Frequency-Time Re- 
corder RD-88A/TMQ-5; it is performed without 

any power applied to the set. 

a. Unlock the two panel fasteners on the re- 

corder panel and draw the recorder forward far 

enough to allow access to the split gear assembly 
on the bottom side. 

6. Manually turn the split gear assembly to 
cause the pen to move to the right. Listen care- 
fully as the indicator point passes 90 on the scale; 
there should be an audible click as the microswitch 
throws. 



CHAPTER 6 

SHIPMENT AND LIMITED STORAGE AND DEMOLITION TO PREVENT ENEMY USE 

Section |. SHIPMENT AND LIMITED STORAGE 

105. General 

The circumstances invdlved in shipment and 
storage vary; therefore, a definite procedure that 

applies in all situations cannot be given. The fol- 
lowing instructions are intended as a guide for 
preparing the radiosonde recorder for shipment 

and storage. 

106. Repacking for Shipment or Limited Stor- 
age 

a. The procedure in repacking for shipment or 
limited storage depends on the material available 
and the conditions under which the equipment is 

to be shipped or stored. Reverse the instructions 
given in paragraph 13. 

b. To prevent possible fouling of the pen by 

dried ink, remove and discard any ink remaining 

in the barrel, prior to packaging for any purpose. 

Perform the cleaning and reassembly procedure 

given in paragraph 486(6). 

c. Whenever practicable, place a dehydrating 

agent such as silica gel inside the packing. Pro- 

tect the equipment with a waterproof paper bar- 

rier. Seal the seams of the paper barrier with a 

waterproof sealing compound or tape. Pack the 

protected equipment in a padded wooden case; 

provide at least 3 inches of excelsior padding or 

similar material between the paper barrier and the 

outer packing case. 

Section Il. DEMOLITION OF MATERIEL TO PREVENT ENEMY USE 

107. General 

The demolition procedures outlined in para- 

graph 108 will be used to prevent the enemy from 

using or salvaging this equipment. Demolition 

of the equipment will be accomplished only upon 

order of the commander. 

108. Methods of Destruction 

a. Smash. Smash the controls, tubes, coils, 

switches, capacitors, transformers, loudspeaker, 

and printing mechanism; use sledges, axes, hand- 

axes, pickaxes, hammers, crowbars, or heavy tools. 

b. Cut. Cut cords and wiring; use axes, hand- 

axes, or machetes. 
ce. Burn. Burn cords, resistors, capacitors, 

coils, wiring, and technical manuals; use gasoline, 

kerosene, oil, flame throwers, or incendiary gre- 

nades. When time is very limited, incendiary 

grenades are most effective. 

d. Bend. Bend panels, cabinets, and chassis. 
e. Hxplode. If explosives are necessary, use 

firearms, grenades, or TNT. 
f. Dispose. Bury or scatter the destroyed parts 

in slit trenches, fox holes, or other holes, or throw 

them into streams. 
g. Destroy. Destroy everything. 
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RESISTOR COLOR CODE MARKING 

(MIL-STD RESISTORS) 

AXIAL-LEAD RESISTORS RADIAL-LEAD RESISTORS 
(INSULATED) (UNINSULATED) 

(END) (BODY) 
TOLERANCE 

TOLERANCE SECOND 
SIGNIFICANT 

MULTIPLIER RIGURE 

SECOND SIGNIFICANT FIGURE MULTIPLIER 
(OOT OR BAND) FIRST 

FIRST SIGNIFICANT FIGURE SIGNIFICANT 

FIGURE 

RC-COMPOSITION RZ-COMPOSITION 

(END) (BODY) 
TOLERANCE 

SECOND 
SIGNIFICANT 

MULTIPLIER FIGURE 

SECOND SIGNIFICANT MULTIPLIER 
FIGURE (DOT OR BAND) FIRST 

SIGNIFICANT 
FIRST SIGNIFICANT FIGURE FIGURE 
(DOUBLE WIDTH SIGNIFIES 
FIXED WIRE-—WOUND 
RESISTORS) 

RU-WIRE- WOUND RZ-COMPOSITION 

RESISTOR COLOR CODE 

BAND A OR BODY* BAND B OR END* BAND D OR END* 

FIRST SECOND RESISTANCE 

COLOR SIGNIFICANT SIGNIFICANT MULTIPLIER COLOR TOLERANCE 

FIGURE (PERCENT) 

a Cc 

BAND C OR DOT OR BAND* 

a 
re = |i 
Tew [ [owen [oe [oe ee |r 
Cs A 

eREM RA ioe fe a 
a 
— 

10,000 

PURPLE > PURPLE > 
(VIOLET) (VIOLET) 

GOLD 

SILVER 

* FOR WIRE-WOUND-TYPE RESISTORS, BAND A SHALL BE DOUBLE-WIDTH. 

WHEN BODY COLOR !S THE SAME AS THE DOT (OR BAND) OR END COLOR, 

THE COLORS ARE DIFFERENTIATED BY SHADE, GLOSS, OR OTHER MEANS. 

EXAMPLES (BAND MARKING): EXAMPLES (BODY MARKING): 
10 OHMS +20 PERCENT: BROWN BAND A; BLACK BAND B, 10 OHMS £20 PERCENT: BROWN BODY; BLACK END, BLACK DOT 
BLACK BAND C; NO BAND D. OR BAND, BODY COLOR ON TOLERANCE END. 
4.7 OHMS +5 PERCENT: YELLOW BAND A; PURPLE BAND 8; 3,000 OHMS +10 PERCENT: ORANGE BODY, BLACK END, REO DOT 
GOLD BAND C, GOLD BAND D. OR BAND, SILVER END. 

STO-RI 

Figure 69. Resistor color codes. 
100 



D avrastl e Mid 
: ADIGA 

) Sey 
> war; 

ee eo or Ve ey teas 

nS “eron 332) 

euse for zt
 h VEE 

[3 sha i radian ae 



CONVERTER 
AMPLIFIER 

VOLTAGE 

J302 , P202 

R202 
2K 

REF. ADJUST 

100 

REC. ZERO 
v 

$204 

R213 
| MEG 

SENSITIVITY 

PEN LIFTER 

250K NOTES: 

Figure 78. 

. UNLESS OTHERWISE SHOWN 
RESISTORS ARE IN OHMS, 
CAPACITORS ARE IN UUF 

2.$205 NOT INCLUDED IN 
SER. NO. 187 AND 226 
THROUGH 454 

Control Panel C-834/TMQ-—5, schematic diagram. 
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Figure 77. 
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T 500 
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R351 
2700 
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NOTE: 

UNLESS OTHERWISE SHOWN: 
RESISTORS ARE IN OHMS, 
CAPACITORS ARE IN UUF 

Signal Data Converter OV-146/TMQ-5, schematic diagram. 

OUTPUT GATE 
V307 
\2AT7 

J328 

=130| 1 c3i2 
— 49.3H 7 5 UF 

2 C314 

25UF 

C3i3 
25 UF 

3.5 4 

35 410 6 il 

CONTROL PANEL 

| 201 OSH 2 | 1312 6 

J301 OSH 2 | 13 l2 6 

aul 

io 6 Il 

3 Pus S Aes 

a Te SS 4S 

3 2 2808 

9 l2 2 ernis at 

CABINET 

pee Ae se | 
‘TM 2436-55 

2 14 

2 14 

‘ 

| 

331892 O - 55 (Face p. 101) No. 7 



« 

Be ee en ee 
tt ek ee ee ee 

bere tn 

manera’ <n neal 

2 pe tee re nena Zee pp enh ay 
ee 

ee ey iwe 

: 
. } 

ow | tt 
\% Sed 

; Bay 



SPEAKER POWER LINE CIRCUIT BREAKERS 
POWER LINE 

FREQUENCY METER POWER LINE 

SPEAKER 
VOLUME 
$205 (SEE NOTE) 
R2i4 

REFERENCE RECORDER SHORT CIRCUIT 
ADJUSTMENT TEST S204 SWITCH S203 

RESISTOR PLATE 
MOUNTED ON 
DOTTED LINE 

LAMP 

SELECTOR 
§ SWITCH 
om $202 

aig! HINGED 

° 
SECTIONS 

CY 

c 

3 VIE - 

NOTE: 
$205 NOT INCLUDED 
ON SER. NO. 187 AND 
226 THROUGH 454 

T™M 2436-54 

Figure 76. Control Panel C-834/TMQ-5, wiring diagram. ssbees O95 RG NO ens 
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POWER AMPL 

TOP 

POWER AMPL NEGATIVE NEGATIVE POSITIVE POSITIVE POSITIVE 
V406 V405 SERIES RECTIFIER RECTIFIER SERIES CONTROL 

6005/6A05w 6005/6AQ5W REGULATOR Vv408 v40l REGULATOR AMPL 
v409 SR4WGY 5SR4 WGY vV402 V403 
6AS7G 6Y6G 6 AUS 

320V AC NG 435V NC 

6.3V AC 

—I75V *4 
29K 

NC 

320V_AG 

SOOV 1 

5OOV XI 300V *4 

NOTES: 

LINE VOLTAGE IISVAC 60 CYCLES I 
2. SELECTOR SWITCH TO S.C. 
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Figure 73. Power Supply PP-968/TMQ-5, voltage and resistance diagram. 
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ae 
140 IV te 

-+| es 800 USEC 
800 USEC 

'800 USEC 

240V 

2 
ag |e 800 USEC 

DETECTOR BALANCED 

J408 J32! Toe 
UNBALANCE IN DETECTOR 

PIN 6 OF V308 

10 % UNBALANCE IN DETECTOR 
J408 IN DETECTOR 2% UNBALANCE IN DETECTOR 2% UNPALANCE IN DETECTOR 

DETECTOR BALANCED 
J407 

DETECTOR BALANCED 
2 % UNBALANCE IN DETECTOR 2 % UNBALANCE 

NOTES: POWER INPUT: II5 VOLTS,SO CYCLES. SIGNAL SELECTOR: 60C.P.S. 

Figure 71. Signal Data Converter CV-146/TMQ-5, typical wave forms. 
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3 
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<)) RELAY 

K40I 

Cc4i4 
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POWER POWER 
AM AMPL 4 

ein V405 V406 J410 
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POSITIVE 
CONTROL 
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v403 2200 S RECTIFIER CONTROL TUBE 
6AU6 

V407 V407 

f 6 (1/2) 12AU7 (l/QI2AU7 

) (6) ! & \Pu4o09 B 
2 A 8 R419 

POSITIVE . = 

VOLTAGE Sit. 33K 2 
REFERENCE 

Ay 

TUBE 3 l4|5 
v404 ~ 
5651 C413 

NEGATIVE 
R420 ' 

SUPPLY 
R416 1UF 2.2 ((_-\ e401 

RECTIFIER 
250 MEG ( 20) NE 2 

v408 
, 

5R4WGY R439 

680K 

R424 R425 416 
22 22 R436 

8200 TUF 

R426 R427 
22 22 

NEGATIVE ia 
SERIES 

REGULATOR 
4UF 

v409 
6ASTG ©) 

J417 

= 
R433 

= 63V AC 
> 22 TED +300V R421 

mare * 
C46 7 Ss NEGATIVE 

Bier 

4UF 3] [4 CONTROL NEGATIVE VOLTAGE +8 
at NOTES: apt ae REFERENCE TUBE 

* LUNLESS OTHERWISE SHOWN: VEY, Medlin) v4il 
RESISTORS ARE IN OHMS 5651 
CAPACITORS ARE IN UUF 

2 5 |e 2.422 HAS A VALUE OF .SUF. 
— IN SER. NOS. 41 THROUGH 454 

PORE i | 2 
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REGULATED —I75V R438 

560 

Figure 81. Power Supply PP-968/TMQ-5, schematic diagram. TM 2436-58 
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CAPACITOR COLOR CODE MARKING 

(MIL-STD CAPACITORS) 

TYPE INDICATOR * MIL BUTTON-MICA FIRST SIGNIFICANT FIGURE 
! 

FIRST SIGNIFICANT FIGURE stout lepeear eres 
SECOND SIGNIFICANT FIGURE 

INDICATOR 

(READING DIRECTION) 

{eee | 

SECOND SIGNIFICANT FIGUR= 

DECIMAL MULTIPLIER 

CHARACTERISTIC CAPACITANCE TOLERANCE 

BUTTON-MICA (CB) 

DECIMAL MULTIPLIER * * FIRST SIGNIFICANT FIGURE SECOND SIGNIFICANT FIGURE 

TOLERANCE DECIMAL MULTIPLIER 

CHARACTERISTIC CHARACTERISTIC CAPACITANCE TOLERANCE 

* BLACK DOT: MICA DIELECTRIC MIL IDENTIFIER 

SILVER DOT: PAPER DIELECTRIC (BLACK DOT) 

**INDICATES NUMBER OF ZEROS ON PAPER TYPE. 
INNER-ELECTRODE 

MICA (CM) AND PAPER (CN) TERMINAL | 
~ 

SECOND SIGNIFICANT FIGURE 
FIRST SIGNIFICANT FIGURE DECIMAL MULTIPLIER CHARACTERISTIC FIRST SIGNIFICANT FIGURE 

Ree PERATURE CAPACITANCE TOLERANCE SECOND SIGNIFICANT FIGURE 
COEFFICIENT 
INNER-|$ ——ec— 

DECIMAL MULTIPLIER 

ELECTRODE TERMINAL 

SECOND SIGNIFICANT FIGURE MIL IDENTIFIER 
FIRST SIGNIFICANT FIGURE DECIMAL MULTIPLIER = tn dae SPOT) 

See ent Be eo ke eR ARUE |. SPOTS MAY BE USED ON TUBULAR CAPACITORS; 
jj CHARACTERISTIC SPOT IS LARGER AND MIL IDENTIFIER 

INNER-ELECTRODE 4 IS ON SIDE DIAMETRICALLY OPPOSITE COLOR SPOTS. 
TERMINAL —~ J] _MIL IDENTIFIER OF DISK TYPE IS ON REVERSE SIDE; 

CHARACTERISTIC SPOT IS LARGER OR SPACE BETWEEN 
CHARACTERISTIC AND TOLERANGE SPOTS |S THREE 

NOTE: TIMES SPACE BETWEEN ADJACENT SPOTS. 
SPOTS MAY BE USED INSTEAD OF BANDS, TEMPERATURE 3. TOLERANCE: YELLOW, +100%,—-20% . 
COEFFICIENT MARKING IS LARGER. 

CAPACITANCE TOLERANCE 

CERAMIC-TEMPERATURE COMPENSATING (CC) CERAMIC-GENERAL PURPOSE (CK) 

CAPACITOR COLOR CODE 

MULTIPLIER CHARACTERISTIC’ TOLERANCE 2 TEMPERATURE 

COEFFICIENT 

IOUUFJOR LESS 

SIG 
COLOR 

n 7) 

BLACK 

BROWN 

[eranee [3 
YELLOW 

PURPLE 7 

(VIOLET) 

1 LETTERS ARE IN TYPE DESIGNATIONS GIVEN IN MIL-C SPECIFICATIONS. 

2. IN PERCENT, EXCEPT IN UUF FOR CC-TYPE CAPACITORS OF 10 UUF OR LESS. STD-Cl 

3, INTFNDFN FOR USE IN CIRCUITS NOT REQUIRING COMPENSATION. 

Figure 70. Capacitor color codes. 
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Figure 79. Frequency-Time Recorder RD-88/TMQ-5, schematic diagram. 
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Figure 80. Frequency-Time Recorder RD-88A/TMQ-5, schematic diagram. 
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NOTE: 
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Figure 82. Electrical Equipment Cabinet Subassembly MX-1482/TMQ-5, schematic diagram. 
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Figure 83. Electrical Equipment Cabinet CY-1390/TMQ-5, schematic diagram. 
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vii 2 a ee ae 91 

Pmeneian pen-liting= —.2262-- -2----=-- 73b 

PRNIIOS oe a. 3 2 -- +2 - 5 ~~~ 10 

Speaker: 
BAITING S ee ae I i SSS 98 

Mee CGOMELOl 2 25 ae ee 23 

IRE = 2. 2-3 oom sen ~- 44 

Standard test conditions___-__----------- * 96 

Starring procedure__-.._-_.----------=- 26, 27 
mianmioreprocedure.—_ --_ -_.----------- 38 
prracemmiiied.—. 2.2... --2--=- 106 

Support MT-1335/TMQ-5- ------------ 21 

System: 
Cojo UAE ee Se eee 4 

MneOiit ates ao) se 19 

Beamonaizeation=—=-52.-.2------=+- 53 

Table of components_____.___---------- 7 
Technical characteristics ____------------ 5 

Temperature-Humidity Evaluator ML- 
Brammer 2 et ee 35 

Test: 
og Toe oa aaa eee 97 

Re er 101 

iinearivy, of recorder___.----------- 103 

Pen: 
SP ee a 100 

BerOnmaAnce. .+ 2.2). 22 ne 99 

Sensitivity of record_......--------- 102 
BemmemOUCDUY.<-. -2-=5-2--~-=- 98 

Wye oi. 44 
MeOH es et oo LS 79 

emmmemnmmente 2 aS ho 77 
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46, 

61, 

29, 

Paragraph 

Theory: 

Awdioroutput. 6 SoU ee eee eee eae. 64 

Balanempicirculte. ss aee= oe ee 68 

Cathode follower: 

WOOT A Sse eek ee 2a 58 

Vi SOBA ee are ee de tel 60 

Clippenamplifiers see sae eco 61 

DetectoricirGuibeceseee ee eee ae 68 

CGatevoutput sss eee Ain orga 66 

Line-compensating feedback _ _ _ ___ ~~ 69f 

Measuring circuit______----- sige et 67 

Noise-suppression diode____--_------ 59 

Output cates se 2 ee ee eee 66 

Pen-liftericireuits=.2 aoe) see eee So 71 

Positive pulse-selector stretcher ____-_ 63 

Power: 

Ampbifienys oi tes me Nat ore ag 70 

OLD 8) a) ig ne eo IAT ant 5 i rath epee es 72 

Recorderen. 2 esos 52 ae ee ee ee 73 

Univibrator se aeee eet eS 22 ae 65 

Voltage: 

ATO DIGITS Seen ee een ee 69 

DISCMINIMAtOr axe eee oe eee = 62 

SWILOl ee ee a aN oo Sate am! o 66 

hermostat saree See ote ase ite 16a, 73b(3) 

Time prints aes Pe ee OO ete eee 30¢e 

Adjustments seo seek be See 94 

TOOlS 2 etetoe Bee oe ie ee a Ue eo 43, 4 

Transformers, de resistarce___-_-------- 83 

Tropical: 

IMBINLEMATI CE: eta a ten etree Seca 49 

OUMGEADION See nC 23 ee ee er eee ae 4] 

Troubleshooting: 

CHarties teats OS ee ete 55, 80 

Dataceseeee eet nee eee 76 

Precantionse ss ee ee ae 78 

Rrocedtressoe. 2s os fet NEE Ah oe 53,°75 

Test equipment required____-_------ 77 

Lube repliacemeny ws. = ee agit 86 

Univibratorstheory-o co eet eee 65 

Adjustment__-__----- beter ih Nome ea 89 

Unpacking aes ee 2 Pee earn rete nae 13 

Unsatisfactory report forms _-_--=--_.-.-- 2 

Used:equipments 5s) 25.- eee ee 20 

Wee GLrecorders 42a aoe k sa eee SN 3c 

Van, Shop, M-109_-_-_-_----- Sr a) SE ies 2 21 

Vistalinspectionse= 22o eso oe. _ 52,726 

Voltage: 

Amplifiers! =o sae ae aS same gta ee | 69 

IDISGHUNINS LOR ts ee ees gee See 62 

AVIMG MEN Gt ae a ea 88 - 

MEASUTEMENUEN ene ee te ee 75d 

SUP LDGH eee Wee EE Roa £6 66 

Wavertornigen es ee eee ee eee ee 75c 

Weatherproofing =. cess ame oe 49 
Winter maintenance_ — — -- ay Jae 49 

ETO: AGCIMSHIEN Uae eae mee ag et eee 92a 

Zero adjust Mrenweircuib.s- 24. See 67d 

22, 74 
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Major General, United States Army, 

The Adjutant General. 
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OFFICIAL: Chief of Staff, United States Air Force. 
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Colonel, United States Air Force, 
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DiIsTRIBUTION: 

Active Army: 

Tec Sve, DA (1) POE (2) Units organized under following 
Tec Sve Bd (1) 

CONARC (5) 

CONARC Bad (Incl ea Test See) (1) 

Army AA Comd (2) 

OS Maj Comd (5) 

OS Base Comd (5) 

Log Comd (5) 

MDW (1) 

Armies (5) 

Corps (2) 

Tng Div (2) 

Ft & Cp (2) 

Gen & Br Sve Sch (5) 

SigC Sch (25) 
USMA (5) 

Gen Depots (2) 

SigC Sec, Gen Depots (10) 

SigC Depots (20) 

OS Sup Agencies (2) 

SigC Fld Maint Shops (8) 

SigC Lab (5) 
Mil Dist (1) 

Units organized under following 
OH Ss 

6-576, Hq & Hq Btry, FA Obsr 
Bn (2) 

11-127, Sig Rep Co (2) 

11-128A, Sig Depot Co (2) 

11-500A (AA-AE), Sig Admin 
Teams (2) 

11-587A, Sig Base Maint Co (2) 

11-592A, Hq & Hq Co, Sig Base 
Depot (2) 

11-597A, Sig Base Depot Co (2) 

44-12A, Hq & Hq Btry AAA 

Gp (2) 

TOE’s—Continued 

44-16A, Hq & Hq Btry AAA Bn, 

90mm Gun (2) 

44-36A, Hq & Hq Btry, AAA Bn 

Lt, 75mm, Mbl (2) 

44-101A, Hq & Hq Btry, AAA 
Brig (2) 

44-112, Hq & Hq Btry, AAA Gp, 
Static-ConUS (2) 

44-116, Hq & Hq Btry, AAA 

Gun Bn, 120mm Gun (2) 

44-201, Hq & Hq Btry AAA 
Brig Static-ConUS (2) 

44-316, Hq & Hq Btry, AAA Bn, 

90mm Gun, ConUS (2) 

44-416, Hq & Hq Btry, AAA 

Gun Bn, 120mm Statice (2) 
NG: Same as Active Army except allowance is one copy for each unit. 
USAR: None. 
Unless otherwise noted, distribution applies to ConUS and overseas. 
For explanation of abbreviations used, see SR 320-50-1. 
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