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WARNINAG
HICH VOLTAGE

High voltage is used in the operation of
this equipment. Severe shock may result
if personnel fail to observe safety pre-
cautions. Learn the areas containing high
voltage in each piece of equipment. Be
careful not to contact high voltage connec-
tions when installing or working on this
equipment. When servicing, ground points
of high potential before touching them.
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SECTION I

GENERAL INFORMATION

1-1. INTRODUCTION. This technical manual is in effect upon receipt.

Extracts from this publication may be made to facilitate the prepara-

tion of other Department of Defense Publications. This manual covers

only the AN/PDR-27T, NSN 6665-01-120-5978 manufactured under contract

F41608-81-D-0065. It does not cover any of the earlier AN/PDR-27 sets
other than the T series.

1-2, GENERAL DESCRIPTION. Radiac Set AN/PDR-27T is a portable,
battery operated radiation detector and indicator (Figure 1-1) capable
of detecting and measuring up to 500 milliroentgens of gamma radiation
and can detect the presence of beta radiation. Radiacmeter IM-238/
PDR-27T is the main unit of the radiac set. The radiacmeter is equip-
ped with carrying handle and detachable shoulder harness. Radiac
Detector DT-613/PDR-27T, attached to the radiacmeter by a detachable
coiled cable, is a two-compartment probe which is stowed in the mounting
clip on the radiacmeter case, The radiacmeter housing encloses an
electronic chassis, an indicating meter and dry-cell batteries. Case
CY-7779A/PDR-27T is a lightweight carrying case which houses the
Radiacmeter IM-PDR-27T, Headset H-43 B/U, Harness P/N B1031, spare
tubes, Check Source TS101 and Arctic Battery Kit BK101.

1-3. DESCRIPTION OF UNITS. Radiac Set AN/PDR-27T consists of the
units listed in Table 1-1.

a. Case CY-7779A/PDR-27T. The carrying case houses all the
other units of the radiac set (Figure 1-1). It is splashproof and is
equipped with a carrying handle. The case is rectangular shaped and
can readily be decontaminated. Compartments to carry a spare set of
batteries as well as all the other components are provided in the case.

b. Radiacmeter IM-238A/PDR-27T. The radiacmeter includes a
housing made of two aluminum castings with a gasketed seam. The top
casting or panel supports all of the electronic circuitry and includes
a separate sealed battery compartment. The bottom casting acts as a
cover which encloses the electronic circuitry and the battery compart-
ment,

Mounted on the panel is an indicating meter, a range switch, a
push-button switch, headset jack and connector for external arctic
battery pack. Mounted to the underside of the panel (Figure 6-3) is
the printed circuit board containing the electronic circuitry,

The indicating meter is placed behind a sealed plastic window
for waterproofing. It has 5 movable scales which are mechanically
coupled to the range switch so that the scale corresponding to the
switch position is presented,.

The push-button switch controls the meter lamp.
W0 \\\\\
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CASE.RADIAC SET .
CY-7779A/PDR-27T

ARCTIC BATTERY
KIT BK-101 :

PROBE o
DT-613A / PDR-27T/ (22

HEADSET
438/ U

RADIATION
TEST SAMPLE
TS-101

TUBES

FIGURE 1-1. RADIAC SET AN/PDR-27T, RELATIONSHIP OF UNITS




¢. Radiac Detector DT-613A/PDR-27T. The radiac detector is a
probe consisting of a type JAN-5979 Geiger Mueller tube and a type
JAN-5980 Geiger Mueller tube, each enclosed in its own cylindrical
metal housing (Figure 1-1). The two housings are clamped together
1 e into one unit. A movable metal shield normally covers the mica :
i; window of the larger tube. When the shield is over the window, beta &
' radiation is excluded from the tube. The shield can be swung aside
when beta-plus gamma radiation readings are desired.

Bt aandr 6. SR

CAUTION

Since the #5979 GM tube mica window is only 0.0005
inches thick, it is extremely fragile. Do not touch
the window under any circumstances, as damage to the
4 tube will result. Do not rely upon the guard ring to n
* protect the mica window. The guard ring openings are
large enough so that sharp objects may pierce the window.

‘f lectrical connections for both GM tubes are made at the ends of
the housing where the shielded cables pass through waterproof packing

glands to the tube electrodes. The probe cable is flexible and kink-
proof,

d. Headset H-43B/U. The headset provides the operator with aural “
indications of radiation intensity when plugged into the jack on the o
panel (Figure 4-2), The headset is designed to fit inside a battle helmet. :

Rel

e. Carrying Strap P/N A6957. The shoulder harness, an adjustable :
strap made of non-absorbent plastic, is used for carrying the radiac- :
meter during operation. Clip fasteners on each end of the strap snap
into holes in small projections on the radiacmeter panel (Figure 4-1),

f. Radioactive Test Sample TS101. The Radioactive Test Sample -
is provided to qualitatively test the overall functioning of the Radiac-
(’ meter. It consists of an aluminum rod, enclosing at one end, a Cs-137
Source of less than 10 microcuries. HWhen not in use, the test sample is
stored in the carrying case along with the spare GM tubes.

A B ST

g. Arctic Battery Kit. The arctic battery kit consists of a
metal battery holder, a cable and a connector to connect external
batteries to the radiacmeter. This is carried in a vinyl pouch and
stored in the carrying case.

T YT

h. Spare Pérts. The field spares, consisting of one each of the
GM tubes are carried in the spare parts compartment (Figure 1-1) of the
carrying case.

1-3
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1-4. REFERENCE DATA. The reference data for the radiac set is listed F
in Table 1-1. ' |

1-5. EQUIPMENT ACCESSORIES AND DOCUMENTS SUPPLIED. Table 1-2 lists
the dimensions and weights of all the components of Radiac Set AN/PDR-27T.

1-6. EQUIPMENT AND PUBLICATIONS REQUIRED BUT NOT SUPPLIED. None.
1-7. FIELD CHANGES AND FACTORY CHANGES. None.
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T.0. 1TH4-7-3-201
REFERENCE DATA

ITEM

DESCRIPTION

Nameplate Data

Radiac Set

Radiacmeter

Probe

Case

Miscellaneous Components

Dimensions and Weights
Operating Temperature
Operating Altitude

Power Requirements

Accuracy

Range Indication

Energy Range

Battery Check

Meter Light

AN/PDR-27T RADIAC SET

SUPPLY: 3 vDC

Consists of accessories and the following:
1 RADIACMETER IM-238A/PDR-27T

U.S. AIR FORCE

RADIACMETER IM-238A/PDR-27T

SUPPLY: 3 VDC
A unit of Radiac Set AN/PDR-27T
U.S. AIR FORCE

PROBE, Radiac DT-613A/PDR-27T
A unit of Radiac Set AN/PDR-27T
Uu.S. AIR FORCE

CASE, Radiac Set CY-7779A
A unit of Radiac Set AN/PDR-27T
U.S. AIR FORCE

HEADSET, Electrical, H-43B/U
ARCTIC BATTERY KIT P/N BK-101
CARRYING STRAP, P/N 81031

See Table 1-2,
-400 to +609 C
Any altitude up to 50,000 ft.

2 each internal BA-30 1-% volt "D"
Cell Batteries

+ 20% from 10% full scale on each
range throughout entire operating tem-
perature range.

Meter type indication provided on four
ranges: 0-0.5, 0-5, 0-50, 0-500 mR/hr.

Measures gamma radiation from 80 kev to
2 mev. Detects beta radiation on 0-0.5
and 0-5 mR/hr ranges.

Meter indication of battery condition
provided.

Momentary switched meter light provided.

1-5
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SECTION II

SPECIAL TOOLS ~ND TEST EGUIPMENT

2-1. SPECIAL TOOLS. There are no special tools required to operate,
maintain or disassemble the AN/PDR-27T Radiac Set. A "pencil” solder-
ing iron will be useful as will be solder wick for component removal,
Care should be taken when soldering to apply minimum heat and to avoid
burning nearby leads and components. A heat sink (such as long nose
pliers, alligator clips. etc.) is required when soldering semiconductors
Disturb lead dressing as little as possible. Take care to keep foreign
particles (dust, smoke, metal filings, solder, etc.) out of the radiac-
meter during repair.

WARNING

Avoid breathing fumes generated by
scldering for prolonged periods.

Use adequate ventilation. High pro-
tection is required. Use extreme
precaution to avoid being burned.

2-2, SPECIAL TEST EQUIPMENT. Although any normally equipped repair
and calibration depot would have sufficient electronic instrumentation,
particular models or styles would facilitate electronic troubleshooting
and repair. Table 2-1 lists a grouping of some of the preferred test
equipment. Only one of each category is needed; i.e., one scope with
two probes, one counter, one electrostatic voltmeter or one high impe-
dance precision voltmeter, and one low voltage voltmeter. The stock

listed item shown in the respective block is the AF equivalent test
equipment,

2-3. RADIOACTIVE TEST SAMPLE. A low level radioactive test source
(TS101) provided with the AN/PDR-27T series radiac sets or some other
source of radiation may be used for checking operability on all ranges.
Known sources of gamma radiation such as that derived from the AR/UDM-1
or 1 A calibrators are required for equipment calibration.

2-1
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SECTION III
INITIAL ISSUE AND RESHIPMENT

3-1, UNPACKING. When unpacking the Radiac Set, shown in its case
in Figure 3-1, perform the following steps:

NOTE
If the Radiac Set is shipped in
a corrugated carton, complete
only Steps 4 thru 7.
STEP 1. Cut the two metal bands from the wooden shipping crate.

STEP 2. Pull out the nails securing the top cover and remove the
cover,

STEP 3. Lift out the inner package.

STEP 4. Remove the outer corrugated carton.

STEP 5. Remove the foil bag and inner corrugated carton.
STEP 6. Remove the Radiac Set.

STEP 7. Open the carrying case and remove corrugated filler and
wadding.

3-2. OPERATIONAL CHECK, Perform an operational check as outlined
in Section IV,

3-3.  PREPARATION FOR STORAGE OR SHIPMENT,

a, If instrument is placed in long-term storage or is being

" shipped, ensure the following:

'STEP 1. The Radiacmeter is turned off and all batteries are removed

including arctic kit batteries if applicable.

STEP 2. Carrying harness, arctic battery pack headset and cord
are properly stored in case.

STEP 3. Radiacmeter is properly stored in case,

STEP 4. Carrying case is closed and secured.

3-1
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FIGURE 3-1. RADIAC SET IN CASE
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b. If instrument is placed in short-term storage (without
batteries installed); batteries will be placed in plastic bag and
will be taped to the outside of the carrying case or stored inside
the carrying case. Batteries may be stored under refrigeration
and are not required to be placed in plastic bags while being stored
in this manner,

NOTE

Batteries maintained under refrigeration
must be allowed a warm-up period as
specified in T.0. 00-25-213 before use
in any instrument,

RS PR SR
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SECTION IV
OPERATION

4-1, GENERAL. This section contains information on operator-
) ' related components on the AN/PDR-27T, Preparation for Use,
%!::: Operational Check and Beta/Gamma Monitoring Procedures.

4-2, CONTROLS AND INDICATORS. Figure 4-1 shows the operating
controls, A single six position selector switch turns the unit
on, provides for battery (BATT) check and selects the 500 mR/hr,
50 mR/hrs 5 mR/hr or .5 mR/hr ranges.

. EYE FOR
. , ~ / CARRYING STRAP
- PROBE
ASSEMBLY -
t ’ DT-613/PDR-277 —

4 - \
> pmny > X
E PROBE
METER "~ CONNECTOR “
ILLUMINATIO_I\L_ —— METER AND
SWITCH AND METER WINDOW
SEAL BOOT

HEADSET CONNECTOR—

1) N

YT HANDLE,
KNURLED
—— RANGE SWITCH 3
EXTERNAL 5 AND KNOB
GATTERY |
‘ BATTERY 3
& = COVER
CAP - : L CAPTIVE
SCREWS ,
- CAPTIVE |
L SCREWS —i-@ 2| o
o '
e ' \O/ #

FIGURE 4-1. RADIACMETER IM-2388/PDR-277, TOP PANEL CONTROLS '4 i
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4-3. PREPARATION FOR USE.

STEP 1.
STEP 2.
STEP 3.

STEP 4,

STEP 5.

Open carrying case,
Remove Radiacmeter from case.

Loosen battery cover screws, remove battery cover and
insert batteries (BA-30, 1% volt "D" Cell). Observe
polarity markings on the top of the front panel under
the battery cover (See Figure 4-2). Replace cover and
tighten screws. (For use of Arctic Battery Kit, see
Paragraph 4-5),

The Radiacmeter may be carried using the shoulder harness.

If used, adjust the take-up buckle for the most comfortable
sling length, - :

Connect the Headset to the Headset Jack on the Radiacmeter
panel,

4-4. OPERATIONAL CHECK.

a. When the Radiac Set is certified by a calibration facility

(PMEL), t
Form 140

he check source reading is recorded and placed on the AFTO

in the carrying case and on the AFTO Form 108 label affixed

to the instrument. If one or the other of forms are missing or
illegible, the remaining form may be used for the operational check.

If both these forms are missing, the instrument will be returned to
the calibration facility.

b. Operational checks must be performed at interﬁa1s established

in Table 5-1 and prior to use.
mine the functional operation of the Radiac Set.
within the ranges specified in Steps 6 thru 9, the

turned in

The purpose of the check is to deter-
If readings are not
instrument will be

to the PME Laboratory for further maintenance. Battery con-
dition may cause a slight difference in meter readings and will be

checked for serviceability prior to performing any other-maintenance
on the set.

NOTE

The test sample provided with
the various Radiac Sets may
vary slightly in radiation
intensity. Always use the
same test sample as utilized
in the initial check.
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STEP 1.

STEP 2.

STEP 3.

<: STEP 4,

Remove the Radiacmeter from carrying case.
CAUTION

If the power switch is found to have
been left on from the previous opera-
tional check, the batteries may be
deteriorating and corrosicn developing.
The battery compartment will be visu-
ally inspected immediately.

Turn the range switch to BATT position to check condition
of batteries. The meter should read within the area

marked "BATTERY". If not, replace with fresh batteries
and repeat this step.

Turn the range switch to 500 position, the meter
reading should be zero.

Install earphones to insure complete audio circuit is
functioning properly.

WARNING

Steps 5 thru 10 involve handling of the radioactive
test sample containing Cesium-137 radioactive

source mounted at one end of an aluminum rod (see
Figure 4-3). Hold test sample by the knurled end
of the aluminum rod and store with the radioactive

end in the styrofoam holder located in the instru-
ment case.

- R B sy
ACTIVE END GRREIIREK
— KEERRKRLRILKKKS

FIGURE 4-3, TEST SAMPLE

STEP 5. Remove radiocactive test sample from the carrying case.

NOTE

A check source alignment dot is
located on the large cylinder of
the probe assembly to show align-
ment of the test sample for 500, 50
and 5 position operational checks,
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CHECK SOURCE
ALIGNMENT DOT

STEP 6. Place the active end of the test 3

sample perpendicular against the , b

=, smaller cylinder of the Probe Assy. ' :

ii , as shown in Figure 4-4, The meter "
should read between 10 and 30 mR/hr,

STEP 7. Turn the range switch to the 50 ,TEST
position. Hold the test sample as N [ SAMPLE
shown in Figure 4-4., The meter \»‘ 8:
should read between 10 and 20
mR/hr. [ !

: STEP 8. Turn the range switch to the 5 : -
position. Hold the test sample as i
shown in Figure 4-4, above. The

. meter should read between 1 and 2

( mR/hr ) FIGURE 4-4, POSITION 500,

50 and 5 CHECKS.

STEP 9. Turn the range switch to the .5
position, Place the test sample — RETAINER

parallel with the small cylinder / NUT
on the side directly opposite the
larger cylinder with the active

end even with the top of the
retainer nut, as shown in Figure
4-5. The meter should read between
.25 and .4, | |

LA et B e Tl eer - mmie

N\
g -

FIGURE 4-5, POSITION .5
CHECK.

STEP ‘10. Replace the test sample in the carrying case.
STEP 11. Turn the range switch to OFF position.

STEP 12. Annotate the above readings on AFTO Form 140 for the

4 19\ . I )
I . Rad1qc Set. x

e

4-5
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CAUTION

To avoid probe damage when placing
instrument in carrying case, ensure
probe assembly is securely clipped
to instrument and that the small
cylinder on probe is positioned to
the right or left of clip as shown
in Figure 4-6,

-
o

CLIP —pm SMALL
_ f‘ CYLINDER

:ﬁ

FIGURE 4-6. PROBE POSITION IN STORAGE.

4-5. OPERATION WITH ARCTIC BATTERY KIT. The Arctic Battery Kit is

required to be installed when the instrument is operated in temperatures
below 210 F,

STEP 1. Remove Arctic Battery Kit from pouch (See Figure 4-7).

STEP 2. Ensure batteries are removed from instrument before instal-
ling Arctic Battery Pack.
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STEP 3. Mate and lock Arctic Battery Plug to the socket marked
XB on the Radiacmeter panel,.

STEP 4, Install batteries in Arctic Kit Cradle., Observe indi-
cated polarity.

STEP 5. Place battery cradle back into pouch and place pouch
into pocket or suitahle warm place for cold weather:
operation,

BATTERY PLUG

FIGURE 4-7. ARCTIC BATTERY KIT.

ARCTIC KIT CRADLE
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4-6. RADIATION DETECTION AND MEASUREMENT,

a. Measuring Gamma Radiation,

STEP 1. Begin monitoring with the range switch on the
500 position. Tuarn the range switch to a lower (more sensitive)
range whenever the meter reading is less than 10% ¢f scale. Turn

to a higher (less sensitive) range if the meter needle approaches
the high end of the scale,

NOTE

If the Radiac Set is used in a
dimly 1it area, press the meter
illumination switch to illuminate
the meter face.

STEP 2, Listen for clicks in the headset and observe the
neter reading while approaching the radioactive object or area.
The meter reading and frequency of clicks in the headset are pro-
portional to the radiation intensity.

STEP 3. To locate a radioactive object or the center of a
radioactive area, move the radiacmeter in the direction that pro-
duces an increase in the meter reading or in the frequency of ciicks
in the headset. Continue moving in this direction until the point
of maximum radiation intensity is found.

STEP 4. If an object or area to be investigated is relatively
inaccessible, remove the probe from its clip mounting, set the range

switch on the .5 or 5 pesition and pass the probe slowly back and
forth over the area.

STEP 5. When the radiation from an object or area is extremely
weak, bring the detector probe within 1 to 5 inches of the object to
obtain the largest possible indicaticn on the meter or headset because
radiation intensity decreases with distance.

b. Detecting Beta Radiation.

STEP 1. To observe combined Beta and Gamma:radiation, turn
the range switch to the .5 or 5 position.

STEP 2. Remove the probe from clip mounting and swing open
the Beta shield on the large cylinder of the probe assembly.

STEP 3. Bring the detector probe within 1 to 5 inches of the
object. Point the exposed end of the probe at the object and move it
slowly back and forth.




TEP 4. When a reading is cbtained, cicse the Beta shield
on the large cylinder of the probe assembly and remonitor area or
object. 1If reading is absent or less than original reading, Beta
radiation has been confirmed,
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SECTION V
INSPECTION AND OPERATIONAL CHECK REQUIREMENTS
5-1. INSPECTION AND OPERATIONAL CHECK FREQUENCIES., Instruments

stored with or without batteries instaiied will be inspected and
operationally checked in accordance with Table 5-1.
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SECTION VI

MAINTENANCE INSTRUCTIONS

6-1. INTRODUCTTON. Scheduled maintenance is that maintenance
required to be performed on the equipment at regular scheduled
intervals whether or not the equipment is in use. The purpcse of
scheduled or preventive maintenance is to keep the equipment in
good working order and to ensure proper performance when the equip-
ment is needed. Repairs to the Radiacmeter will be annotated on
the AFTO Form 140 accompanying the unit.

6-2. SCHEDULFD MAINTENANCE ACTION INDEX. The maintenance checks
and procedures of Table 6-1 shall be performed at the intervals
sndicated unless the intervals are wodified by the Otficer-in-
Charge. '

TABLE 6-1. SCHEDULED MAINTENANCE ACTION INDEY

screws are seated firmly.

Monthly (M) Operational checks Follow procadures
& in Table 5-1.
Bi-Weekly

INTERVAL MAINTENANCE ACTION REFERENCE l
Monthly (M) Check that the radiacmeter cover | See Table 5-1 for
screws and calibration access additional actions.

NOTE: No special equipment or special tocls are required to perform
scheduled maintenance.

6-3. THEORY OF OPERATION. Uith reference to the Functional Block
Diagram, Figure €-1, the primary power scurce consisting of two series
connected BA-30 (1% volts) batteries, provides fifty hours of contin-
uous instrument operation. A transistorized power sunply converts

the three volts from the batteries into a regulated +710 volt GM tube
anode voltage and a +4.5 volt output for:the computer-indicating
circuitry operation., Beta particles {on the 0.5 and the 5.0 mR/hr
ranges) and gamma rays on all ranges cause the Geiger tubes to produce
voltage pulses which are then fed through a differentiating amplifier
to a pulse generator followed by a meter drive circuit, The pulse
generator provides pulses to the headphone for aural menitoring and
suppiies a DBC current, proportional to the average nulse repetition
frequency to the indicating meter.

i
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Power for all functional blocks is obtained through the low
voltage power supply. The regulated power supply circuit assures
‘that all operating voitages are maintained constant throughout the
useful 1ife of the batteries (battery life 15 5C hours, under rormal

operating conditions). sty
-—‘—h""‘/‘
RADIATION
b
1\; RADATION | IDIFFERENTIATING PULSE ‘
(é;mggcRS -3 - I HEADPHONE
e aEs) AMPLIFIER GENERATOR ;
T [ i i

HIGH VOLTAGE . METER _4 METER |

POWER DRIVE ‘ i

SUPPLY v ! DISPLAY !

LOW VOLTAGE
BATTERIES ﬂ POWER
SUPPLY

FIGURE 6-1. FUNCTIONAL BLOCK DIAGRAM
6-4.  FUNCTIONAL SECTIONS.

a. Power Supply. Refer to Figure 6-2, Power Supply Schematic.
Transistors Q3, Q4 and Transformer T1 operate as a free running
saturating oscillator that induces, by virtue of the transformer
turns ratio sub%tent1a11y larger AC vo]tage across the secondary wind-
ings 10-11 and 7-8-9, " The AC volitage is converted to DC as follows:

(1) Winding 10-11 voltage quadrupler consisting of CR4 to
CR7 and C13 to C16 for a +710 volt output.

FEMRSRA

£6-2
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(2) Winding 7-8-9 full wave rectifier ccnsisting of
CR9, CR10 and C19 for a +4.5 volt output.

(3) Winding 7-8-9 full wave rectifier consisting of
CR8, CR11 and C18 for a -4.5 volt output.

Voltage regulation is accomplished by sensing any change in the +4.5
volt output by the divider string of R31, R32, R33 and CR13, and
applying this change to an input gate of the operaticnal amplifier
Ul. Any change with respect to the 2.4 volt micro-current zener
reference diode, CR12, resuits in an output current to the base of
control FET Q2. The output of Q2 drives the regulator transistor
Q1, which supplies the power for the osciilator. In general, for
the same output voltage, the collector impedance of 0l must be
decreased as the battery voltage decreases. All other outputs

are stabilized to the regulated +5 volt supply through the control-
led oscillator transformer T1. R32 is the output voltage adjust
and CR13 corrects the operational amplifier output for zener refer-
ence variations over the full cperating temperature range.

b. Radiation Detectors (Refer to Figure 6-3). The 710 volt
power supply output supplies power to the two Geiger tubes, V1 and
V2 through the range switch S1. The contacts of the range switch
are connected to supply voltage to V1 only in the 0.5 mR/hr and 5.0
mR/hr ranges while V2 is energized at all times {on all four ranges).

When radiation causes either of the Geiger tubes to discharge, a
negative voltage pulse is generated across R2 or R11 and coupled to
the pulse counting circuit (computer) through C6 or C7.

| .

. TRI0
€980 R36 ce TO PULSE
v2 AN — G Y7 . 14 # COUNTING
[ | CIRCUIT
|:J5 J3 . TPU (COMPUTER)
I
5979 I )'\5 Cf c7
Vi | | CL il
APYARN K< \'f o AN
- = __ 1 E;Rll
X X —~—:§
X 32A f <.R2
gy 1 i g H. V.
Sl +710 VY
6-5

FIGURE 6-3. RADIATION DETECTORS
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c. Computer Circuit. (Refer to Figure 6-4). The pulse from
the Geiger tube is coupled to the input of transistor Q5. The
amplifier Q5 is normally biased "on". A negative going pulse turns
Q5 off for the duration of the input pulse. CR1 is a protection Gmm&w
diode that protects the base of Q5 from being damaged by large
negative input pulses. The positive pulse formed on the collector :
of Q5 turns the amplifier inverter transistor Q6 "on" for the 3
duration of the input pulse. The negative pulse on the collector :
of Q6 is differentiated by the network of C12 and R15 and this
differentiiled pulse is impressed on the base of the switch tran-
sistor Q7.  Diode CR3 is used as a clamp to clamp the positive part
of the differentiated pulse to 0.5 volts to protect the base of Q7
from being damaged.

LT e Tz

Transistors Q8 and Q10 form a monostable multivibrator. The normal

state of the monostable multivibrator corresponds to full conduction , .
“saturation) of Q10 by its base being connected to the positive 4.5 .
.0lts OC supply through one of the following resistor networks,

depending on the setting of range switch S1. The following shows

the associated timing capacitor used with each range.

RANGE RESISTOR NETWORK TIMING CAPACITOR ;
0.5 mR/hr R3, R4 W
5.0 mR/hr RS, R6 ca
50 mR/hr R7, RE c3
500 mR/hr R9, R10' c2

Transistor Q8 is normally "OFF" since its base is returned to ground
through R26 and saturated transistor Q10. Transistor Q2 is an ampli-
_-~€er whose collector is connected to the meter M1 through R23 and oF
adjustable resistor R22. With QS being "OFF" in the normal state,

there is no current to flow through the meter M1. 1In this state,

the meter will indicate zero.

Khen a negative going pulse from the differentiation network arrives
at the base of 07, refer to Figure 6-5, transistor switch Q7 turns on
(saturates) and pulls one end of the tuning capacitor C2,.C3, C4 or
C5, depending on the setting of the range switch S1 to ground. This
causes a negative pulse at the base of Q10, turning Q10 "OFF". As
the collector of Q10 goes to +4.5 volts, Q8 is turned on by the
resistor R26. Q8 saturates and holds the timing capacitor at ground

while 07 turns off at the end of the negative input pulse. The action ??%%& i
of Q7 and (8 turning "ON" causes current to flow through R20 and R21. W

The voltage developed by the current in R20 biases the transistor (9
"ON" and current flows through Q9, R23, R22 and the meter M}, After
a time determined by the value of the timing capacitor and resistor
network, the timing capacitor completes its discharge and begins to
charge toward the +4.5 volt UC supply through the resistor network.

h-5
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This causes a positive voltage at the base of Q10, turning Q10 '
"ON" {saturated). This causes the current to the base of Q2 to '
stop, turning Q8 "OFF", turning OFF 09, which stops the current f
flow through the Meter M1. The monostable multivibrator has now

l{-‘ returned to its "Normal" state. Thusly, each received pulse from ;
it the GM tubes has caused a fixed current to flow through the meter %
for a fixed time determined by the timing capacitor and resistor k

network. As long as this fixed conduction time interval is small 5

compared to the average interval between received pulses, the =
average current which flows thrcugh the meter will be directly :
proportional to the average repetition rate of the received pulses
and the meter's indication will be linear. Capacitor (1 smooths out
the current pulses to the meter so that rapid fluctuations are sup-

. pressed. Diode CR15 protects the meter against damage from over

- voltage. The pulses at the ccilector of Qi0 are fed to the head-
phone jack J1 via R25 for aural monitoring.

e v

+4.5v

LRl AR

R20

+4.5V
? R23 r22 /7§::§\
RI ~¢f\/\/—<»\/\A+ -;4 |
j._.’ CRIS\—/ [
—1 i
RIS SI-B C2-C5 .
L * i
v [ »
L
‘ TIMING . :
ci2 08 CAPACITOR "
INPUT 1 & CALIBRATION R3-R9
Fgon 9 POT SELECTED
el N Q7 BY Si-B
R4-RIO
- = < e
+4.5V R26

FIGURE 6-5. MONOSTABLE MULTIVIBRAIOR
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6-5. TROUBLESHOOTING, GENERAL. Troubleshosoting of the radiac-
meter will be easier if an orderly procedure is used. Procedures
jin this section are intended to help localize trouble in defec-
tive components quickly.

a. Symptom Recogniticn. This is the first step in the
troubleshooting procedure and is based on a complete knowledge
and understanding of eqguipment operating characteristics. All
equipment troubles are 1ot the direct result of component failure.
Therefore, trouble in ¢ 1 equipment is not always easy ito recognize
since all conditions ot less than peak performance are nct always
apparent, This type of equipment trouble is usually discovered
while accomplishing preventive maintenance procedures. It is
important that the "not so apparent" troubles, as well as the
apparent troubles, be recognized. See Table 6-2 for Maintenance
Turn-on Procedures.

( b. Symptom Elaboration. After an equipment trouble has
been "recognized", all available aids designed into the equipuent
should be used to further elaborate on the original trouble symp-
tom. Use of front panel controls and other built-in indicating
or testing aids should provide better identification of the ori-
ginal trouble symptom. Also checking or otherwise manipulating
the operating controls may eliminate the trouble.

Gﬁ@
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TABLE 6-2. MAINTENANCE TURN-ON PROCEDURE

STEP

OBSERVE

REFERENCE

Preliminary Procedure

a.

b.

C.

Examine instrument case
for mechanical damage.

Turn range switch to its
various positions.

Examine meter,

Remove battery cover.

Set range switch in BAT
position.

Set range switch in "500"
position.

Set range switch in "50"
position.

Set range switch in "5"
position.

Set range switch in "0.5"
position.

Set range switch in "50"
position and expose to check
source (7S101)

Set range in "E" position
and expose to check source.

Proper switch indexing.

If meter needle is bent.

If meter mechanical zero
is not properly set.

Cieanliness of battery
contacts.
Proper installation of
batteries.

Meter should indicate
within the area marked
BATTERY,

Meter should indicate
zZero.

Meter should indicate
zero,

Meter could indicate
s1ight background.

Meter should indicate
slight upscale indica-
tions due to background
radiation.

Meter should read upscaie,

Meter should read upscale,

Paragraph 4-2,
6-7a.2.

Paragraph 6-7a.3.
Paragrapgh 6-7a.4
Paragraph 4-db.

Step 2

Paragraph 4-4b,
Step 2

Paragraph 4-4b,
Step 7 :

Paragraph 4-4b,
Step &
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‘ c. Listing Probable Faulty Function. The next step in logical
troubleshooting is to fcrmulate a number of "lagical choices” as to
the cause and likely location (functional section) of the trouble,

The logical choices are mental decisions which are based on knowledge
of the equipment operaticn, a full identification of the trouble symp-
tom, and information contained in this manual. The overall functicnal
description and its associated block diagram should be referred to
when selecting possible faulty functicnal sections. See Figure €-1
and Table 6-3.

d. Use of Test Points. Troubleshooting of the AN/PDR-27T, NSN
£665-01-120~5978, has been greatiy simplified by display of many test
points. The faulty circuit can be rapidly determined by comparing the
observed waveform against the normal pattern shown in Figure 7-3,

6-6. TROUBLESHOOTING INZEX.

TABLE 6-3. TROUBLESHOOTING INDEX, RABIACMETER IM-238/PDR-27.

FUHCTIONAL AREA |[TROUBLESHOOTING TROUBLESHOOTING JFUNCTIONAL JALIGNMENT

PARAGRAPH TABLE NESCRIPTICN

PARAGRAPH

Overall 6-3, 6-7a 6-4 6-4
Power Supply 6-4a, 6-7b 6-5 6-4a Table 6-5
Radiation 6-4b 6-4 6-4b Para.6-10b
Detectors
Computer 6-4c, 6-7b 6-6 6~-4c Para.6-10c
Circuit

6-7. TROUBLESHOOTING PROCEDURES,

a. Preliminary Check - General. Before proceeding with any
electrical tests, the following mechanical inspection procedure should
be followed:

(1) The instrument housing should be examined for any
mechanical damage,

(2) The range switch should be turned toc its various
positions to see that the switch knob and meter scales index properiy.

d
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(3) The meter should be examined. Observe the reter needle
to see that it is not bent. Observe whether the needle is mechanically
zeroed. (Meter zeroing may be accomplished by removing the radiacmeter
from its housing and turning the meter zero adjusting screw located on
the rear of Mi. (See Figure 6-6). A clearance hole is provided in
the printed circuit board for this purpose. :

(4) The battery cover should be removed, and the battery
contacts inspected for cleanliness. Check to insure that the bhatteries
have been properly installed and that the battery conditicn (BATT on
selector switch) indicates satisfactorily.

(5) The instrument housing should now be ocpened by ioosening
the six captive screws holding the housing and cover together, Visuzlly
examine the internai assembly.

(6)' Turn the range switch $1 and observe the aperation of
the switch to see that it appears to be working satisfactorilv.

WARNING

With batteries installed, advancing the
range switch, even to BATT, puts the
radiacmeter in operation. High voitage
(710 volts), is present at many places
on the printed wiring board and also

at V1 and V2 anode., E[xercise extreme
caution when working or the exposed
chassis or probes.

Any troubles found in the above steps should be ceocrrected before preo-
ceeding any further, The instrument should be prepared for operation
and the procedure followed as indicated in Tabie 6-2. peferences
should be made to Figure 4-1 and Fiqure 4-2.

b. Power Supply and Computer Circuit.

(1) Preliminary Check. After determining from Steps 7 and
8 of Table 6-4 that the power supply is operating improperiy, proceed
as follows: Visually inspect all connections and printed wiring for
breaks.

(2) Use of Troubleshooting Chérts. Follow the procecures ‘
as indicated in Tables 6-5 and 6-6. References should be made to
Figures 6-1 through 6-5 and Paragraphs 6-4a through c.

A11'v01tagé measurements made with selector switch in BATT position.
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~ FIGURE 6-6. RADIACMETER IM-238A/PDR-27T, RIGHT SIDE
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6-8. REPAIR.

General. Radiacimeter AN/PDR-27T has been designed for ease of
maintenance. No tools other than the usual service tocis are required. _
A pencil type soldering iron will be useful, particularly the type that .
can accommodate an in-line desoldering tip when removing integrated ’
circuits. Care should be taken when soldering to appiy minimum heat
to avoid burning nearby leads and components. A heat sink {such as
long nose pliers, alligator clips, etc.) is required when soldering ;
semi-conductors. Disturb lead dressing as liitle as possible. Take !
care to keep foreign particles (dust, smoke, metal filings, solder,
etc.) out of the radiacmeter during repair. Ee sure to remove the
batteries to preclude any possibility of energizing the set during
repair. Refer to WARNING at paragraph 6-7a(5).

6-9. REPAIR PROCEDURES.
CAUTION

Always remove batteries
before servicing.

=
—

a. Tube Replacement. Both tubes are housed in the probe. !
is a type 5979 Geiger-Mueller tube and is the lcw range (0.5 and
mR/hr) detector. V2 is a type 59280 Geiger-Mueller tube and is th
high range (50 and 500 mR/hr) detector. Refer to Figure &-7.

o

cAUTION

The cathode end of V1 has a
thin and delicate mica win-
dow. Do not ailow any sharp
pointed object to touch the
mica window.

(1) To replace Y1, unscrew hoth the window cover assembly
2A2MP31 and the rear (cable end) knurled nut 2A3MP45,

(2) Using fingers or long-nose pliers, pull off anode
contact 2A3MP49 and push out tube.

(3) PRemove "O" ring seal 2A2MP33 and install on new tube.
Assemble in reverse order,

(4) To replace V2, unscrew the small knurled nut 2AZMPS0
and pull tube and mounting board out of probe.

(5} Replace Y2 and reinsert board assembly ZA3A1 in grobe,

making sure that board is positioned toward large probs while re-
assembling.

6-15
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b. Printed Circuit Board Removal and Peplacement. Gee Fizure

6-8.

(1) With switch in OFF position, unscrew six captive screws
on top panel and remove panel from housing,

(2) Remove connector from PC3.

(3) Remove two 6/32 screws, two #6 nuts and hardware holding
P. €. board 1AT1 to radiacmeter.

(4) Reconnect new hcard assembly and reassemble in reverse
order, carefully aligning shafts of calibration controls.
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c. MHeter Replacement. See Figure &-8

(1) Unscrew and remove the calibraticn port cover from the

top panel.

(2) Remove the P. C. board as outlined in paragraph 6-G,b.

(3) Loosen 4-40 screw holding clamp on meter fiag shaft and

remove clamp from meter,

{(4) Remove two round stand-offs and hardware from front of

meter bracket.

(5) Remove two 6-32 screws and hardware

bracket,

from rear of meter

(6) Unsolder meter wires, note color cocde and polarity.

(7) Pivot meter bracket to the
four 6-32 meter mounting screws. Remove four 6-

side permitting
G

access to the

32 screws and hardware,

{(8) Remove and install new meter in reverse order,

(9) Place meter clamp over flag shaft and turn range switch

to 50 mR/hr position.

(10) Using iong nose pliers, rcotate flag shaft to center white

10-50 scale. Tighten 4-40 clamp screw.

(11) Check all ranges for scale alignment and readjust clamp

position i1f necessary.

d. Meter I1lumination Switch Replacement,

See Figure 6-8 and 6-9.

(1) Remove meter mounting bracket as outlined in paragraph

6-9¢c (1) through (5).

(2) Remove three 8-32 screws helding handle from rear of panei

and tilt the handle.

(3) Place common bladed screwdriver down hole in handle and in

between terminals of switch to prevent rotation as the boot hex nut, 1H1
is unscrewed from the top panel handle mount (3/8 spintite).

w
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METER LAMP N 4l ,
CONTACT PLATE MP18 - R N o s

CIRCUIT
ASSEMBLY
Al

FIGURE 6-9. RADIACMETER IM-238/PDR-27T, LEFT SIDE
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(4) Pull switch out of handle mount, cut or unsolder the
two wires, install new shrink tubing over the wires, resolder to new
switch terminals (no polarity), slip tubing over terminals and using
heat of soldering iron, shrink to terminal.

(5) Push switch into mounting hole using screwdriver between
the terminals and screw on boot 1H1.

{6) Reassemble meter mounting bracket as outlined in para-
graph 6-9,c (8) through (11).

e. Range Switch Replacement. See Figures 6-8 and 6-5.

(1) Remove P. C. Board Assembly 1A1 as outlined in paragraph
6"9, b.

(2) Unsolder the switch wafer from the P. C. B8oard and solder
new switch wafer.

(3) Loosen 4-40 clamp linkage screw on rear of switch shaft.
Remove clamp from shaft.

(4) Loosen two 4-40 set screws in knob using a 0.050 allen
wrench. Remove knob.

1.0

(5) Remove nut and hardware from switch shaft using %
spintite.

(6) Mount and fasten new switch shaft. Fasten knob., Set
screw in rear of knob must run into flat surface on switch shaft.

(7) Place meter mechanism clamp over switch shaft and turn
switch to 50 mR/hr position,

(8) Rotate meter flag until white 10-50 scale is centered.
Tighten 4-40 clamp screw on switch shaft.

(9) Check all ranges for scale alignment and readjust
clamp position if necessary.

f. Meter Lamp Replacement. - See Figures 6-8 and 6-9.

(1) Remove radiacmeter from housing.
(2) Loosen lamp contact screws.

(3) Using fingers or pliers, pivot lamp 1L1 contact plate
IMP18 toward front of unit. Replace lamp.

6-27
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ADJUSTMENT AND CALIBRATION.

WARNING

Calibration of the Radiacmeter may
be undertaken only at an authorized
radiac repair facility by gualified
technicians since the radicactive

sources required for complete cali-
bration can be personnel hazardous.

a. General. Radiacmater AN/PDR-27T is calibrated at time of

manufacture. Recalibration is usually not reguired unless certain

critical components are replaced or there is evidence that the four
ranges do not track each other properly {See Table 8-7 for list of

critical components).

b. Equipment Required For Calibration. The special test

03

equipment outlined in Table 2-] is adequate for complete equipmen:
calibration or troubleshooting.

(1) A stand and equipment to adequately position and hold

the radiacmeter and probe in a fixed relation to the radiation source

used.

(2) A small screwdriver.

C. Pre-alignment. If electronic repair or replacement has heen

performed on the radiacmeter, basic adjustments or alignment must be
certified before attempting scurce calibration. Proceed as follows:

{1} Withdraw radiacmeter from its housing, Remove cali-

bration cover.

(2) Check batteries, replace if necessary and turn range

switch to 500 mR/hr,

(3) Adjust R32 for 710 + 5 volts at TP-2.
(4) Check Tow voltage for 4.4 - 4.2 volts at TP-1.

(5) Connect a pulse generator, high Sﬁdé, to TP-7 through a

0.01 mfd, (100 volt minimum) capacitor. Set generator for 1024 = 5 pps,
negative going, 1 volt amplitude.

TP-9,

(6) Connect an oscilloscope probe (either 1:1 or 10:1) to

[

©o -




(7) Adjust 1R9 to provide a puisé width of 35 + 1 micro-

second at TP-1.

(8)

d. Source Calibration.

Adjust R22 for a 430 mR/hr meter reading.

For routine calibration or calibration
after a detector tube replacement only a source calibration n2ed be

performed. The radiacmeter does not have to be removed from its housing.
A11 range potentiometers are accessible after remeving the calibration

port cover.

CAUTION

The energy response of the radiacmeter
(flat within 20% from 80 keV to 2 MeV)
is such that a dip in response occurs
at 662 keV, the characteristic radia-
tion from Cs-137. Whenever Cs-137

is used as a calibrating source, it

is necessary to allow for this dip in
response in order to obtain the opti-
mum overall energy response accuracy
from the radiacmeter. For this reason,
the Cs-137 field intensities tabulated
in this manual are set up higher by a
factor of 1.2 times the corresponding
Co-60 fields. Other field intensities
may be used, provided that the Cs-137
field is always made 1.2 times the
value that the radiacmeter will be
adjusted to indicate.

(EXAMPLES: If a 360 mR/hr Cs-137 field
is set up in place of a 300 mR/hr Co-60
field, and the 500 control is adjusted
to make the meter read 300 wR/hr, a cor-
rect calibration will be obtained.
Another way of making a correct cali-
bration would be to divide the Cs-137
field intensity by 1.2 to caiculate the
value that the radiacmeter will be

" adjusted to indicate. In other words,

set up a 300 mR/hr Cs-137 field and
adjust the 500 adjustment to make the
meter read 250 mR/hr. 1In general, it
js preferred to calibrate near the
upper end of the scale, (such as 60 to
80% of full scale).

6-29




A Co-60 field of 300, 30, 3 or 0.3 mR/hr or a Cs-127 field of 2€0,
36, 3.6 or 0.36 mR/hr is an example. The accuracy of the field
should be + 2%.

(NOTE THAT OTHER FIELD INTENSITIES MAY BE USED).

(1) Check battery condition, replace batteries if necessary.

(2) Place the radiacmeter on the radiation range test stand

in such a manner that the meter can be read. Position the probe assembly

either horizontally or vertically such that the plane of both detectors
is perpendicular to the source and not shielded by the radiacmeter it-

self. Distances must be measured to the plane of the cetectors in cal-
culating the intensity of radiation.

(3) Set up each of the four fields listed below with the
range switch on the corresponding range position.

RANGE DESIRED Co-60 Cs-137 CALIBRATION
SHITCH METER FIELD FIELD FOTEMTICMETER
READING INTENSITY INTENSITY
50G mR/hr{ 300 mR/hr 300 mR/hr 360 mR/hr RS
50 mR/hr| 30 mR/hr 30 mR/hr 36 mR/hr 1R7
5 mR/hr 3 mR/hr 3 mR/hr 3.6 mR/hr 1R5
0.5 mR/hr| 0.3 mR/hr 0.3 mR/nhr 0.36 mR/hr 1R3

(4) Set the meter to the correct reading by adjusting the
proper calibration control for the range in question as labeled on the
top panel. '

(5) After an adjustment of a calibration control, allow
about one minute to detarmine the average meter reading.

(6) Replace the calibration port cover and turn instrument
off.

FY
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SECTION VII
DIAGRAMS

7-1. INTRODUCTION., This section contains diagrams and schematics
covering the complete unit as follows:

a. Overall Schematic, Fiqure 7-1. The schematic shows all
the electrical circuits of the radiacmeter, Those parts within the
dotted line are on the printed circuit toard 1A},

b. Chassis and Switch Wiring. Table 7-1. The wiring of the
radiacmeter is relatively simple and is Tisted in its entirety in
Table 7-1.

c. Parts Location. Figure /-2 shows the srinted wiring board
assembly 1Al, parts location for all components within the dotted
lines of Figure 7-1 and test.point locations.

d. Test Point Waveforms. Figure 7-3 shows a graphic presenta-
tion of the actual voltages and waveshapes taken at the test paints
on TA1, This information should greatly facilitate troubleshooting
of the radiacmeter when used in conjunction with the Tables of Section
VI.

TABLE 7-1.  WIRING RUM LIST

WIRE CCLOR TYPE FROM T
Black E-22/MIL-W-16878 M1 Gnd Lug
Black E-22/MIL-K-16878 Gad.Lug  J2-9
Grey £-22/MIL-W-16878 J1 J2-3
Orange E-22/MIL-%-16873 S2-1 "J2-2
Red E-22/MIL-W-16878 M1+ J2-1
Yellow E-22/MIL-W-16878 §2-2 L1
Green - E-22/MIL-W-16878 < J4 Batt + Lug
Brown EE-22/MIL-W-16878 J3-1 Jz2-7
White . EE-22/MIL-W-16878 J3-2 22-5
Black E-22/MIL-W-16878 J3-3 Gnd.Lug

-
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TP-1 +4.6VDC (R32)

TP-2 «710vts5vDC ADJUST(R22)

TP -3 4+ 1.5VDC APPROX VARES WITH R3?

TP-4
r——zms-—-.-
+3V ™77 - ==
OV === ==~ -

TP-9

+ ,_,\J---l - -

ov =-

TP-5 4+23vDpceC

TP-6 +2.4vpc

TP-10&7TP-11

+ 710V ™™

- .2rns.-h|

+ 670V~

TP-7

+HY T==--
ov=====-=-- e

- hy“=——-—- it dE

TP-8 ipTu: + 4V

S mr/hr - 1.6ms gpwox

5 mr/hr - 16 0uS approx
50 mr/hr 400uS approx
500mr/hr - 35uSapprox — & = = <l o
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FIGURE 7-3, TEST POINT WAVEFDRMS
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SECTION VIII

PARTS LIST

8-1. INTRODUCTION. This parts 1ist (Table 8-1) is applicable
for Radiac Set, AN/PDR-27T, NSN 6665-01-120-53978 only., Refarence
designations have been assigned to identify all maintenance parts
of the equipment. The first digit in the reference designation
is one (1) for all parts in the radiacmeter less the coil cord
and probe assembly whose associated parts are designated by two
(2). Those parts which are part of the printed circuit board
assembly are designated 1A1. Following the initial sub-assembly
designation, a letter or letters describing the type of part

(BT for Battery, C for Capacitor, V for Tube, etc.}. The last
number indicates which of a group of similar parts is being
designated, Example; 1AC3 is Capacitor C3 located on the printed
circuit board. The name and description of the part provides a
more complete description of the part including the supplier and
part number where applicable. The fiqure and item numbers indi-
cate the fiqure number where the part is shown and the call ocut
used to designate the part on that figure.

8-2., LIST OF MANUFACTURERS. Table 8-2 lists the manufacturers of
all parts. The first column includes the abbreviations used in
Table 8-1 to indicate the manufacturer. The second and third columns
show the full name and address of each manufacturer,

8-1
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TABLE 8-2, LIST OF MANUFACTHRERS

ABBREVIATION NAME AND FSC ADDRESS
97539 Automatic & Precision 44 Honeck Street
tnglewood, NJ 07631
08806 General Electric Mela Park
Miniature Lamp Div. Cleveland, Ohio 44112
81073 Grayhill, Inc. 561 Hillgrove Avenue
LaGrange, IL 60525
83330 H. H. Smith, Inc. 812 Snaiker Avenue
New York, NY 11207
96696 Nuclear Research Corp. 125 Titus Avenue
: Warrington, PA 18976
56289 Sprague Electronics torth Admas, MA
01121 Allen Bradiey Co. Milwaukee, WI
91836 Kings Electronic Co.,Inc. Tuckahoe, NY
07263 Fairchild Semi-Conductors Mt. View, CA
05486 TRW Electronic Comp. West Lynn, MA
01295 Texas Instruments Dallas, TX
04222 AUX Ceramics, Inc, Myrtlzs Beach, SC
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