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ABSTRACT

= = =~ The requirements of the dosimeter calibrator are presented, and
specific solutions to the design pfoblqms are given, Alse described
are a number of unsatiéfactbry attempts to meet the requirements,

~ = = This report describes the necessary modifications to the CDV-794X
calibrator, and a method to prepare existing calibrators for use with
this attachment,

~+ = = The specifications for the attachment are tabulated, Test
specifications and procedures are given,

=« = = A gummary of test data obtained from a series of repeated
readings with the dosimeters provided by OCD under the subject contract
shows the accuracy attainable in checking a dosimeter for proper

operation, It 1is recommended that the calibrator be used to compare

uncalibrated dosimeters with standards of known calibration,



4,

5.

6.

TABLE OF CONTENTS

T.tle Page

Abstract

Table of Contents

i,
2,
3.
4,
3

6.

7

8.

9.

Appendix A

Appemdix B - Stamdard [tem Specificaties

Purpese®

Gemeral Descriptiem
Backgreumd fer Design
Calibrater & Desimeter Date
Medificatiens te Calibrater
Attachment Desigm
Specificatione for Atts#chment
Test. Data

Cemclusieoms & Recommendet iens

Attachment A

Attachment B

Attachment C

Attachment D

Apperdix C - Preductiem Cest Amalystis

~ Suggested Medificatiens

Page

i1

1i1

i0
10
13
15

Al

Bl

Dl

25



1. PURPOSE
1,1 = - =« The purpose of this report is te describe the develeop-
ment ef the electrically operated dosimeter calibratien attach-
ment for Calibrater CDV-794X,
1.2 - - - The scope of werk cutlined in contract OCD-05-62-260 in-
tluded the fellowing specific rvequirements from Tracerlab:

2, Purnish a planetary gear drive &nd electric timer
startestop functions tnte-cotvnected and cempatible
with ADV-724X cont rol eystem,

be Madify the Goveromeot fu ntshed -altt-artor for use
wi*h the new atfra hment to accomodate (DV-138, 7DV-730,
CD¥ 36, €D ‘v "D - w¢. and (DU 'ub desimeters,

o Marvmfacture a complete desimefer caltbration attachment,
make 81l necessa y modificstiens to CDV-794X and perform
laboratory teste,

1.3 - This report includes & descriptien of how these requirements
weve met together with ne.sssa v specifications and preducztion cost

dara,

2. GEVERAL DESCRIFTION
Jal © The attachment design ccnsisrs of a «ingle ele:tro mechanical
't whith can be lowered to the base of the TDV-'94X test chamber,
iniluded in the unit are 8 <hucks that accept the dosimeters te hbe
calihrated, &4 timer-programme:, and a meter driven tuvntable,
Power and centrol connecrzions are made vtsi a shott cable and
connector, Figure I shows the unit assemhled, Figure 11 shows an

exploded view,



‘.“‘- -

&l

-

o

=]

<

&

k q

r3 -l

-~ é

- ]

A [}
»

’ <

-

PIG.




Punladead 1 arr

TT

C
-
T




FlG. IIX




3.

b

-2 -

2,2 =~ - - Dosimeters teo be tested are inserted lens down into
the chucks as in Figure III. When the unit is loaded and
chamber doors are closed, the CDV-794X can be operated by
selecting the correct field intensity for the type of dosimeter
being calibrated, The calibrator operation time will be con-
trolled by the attachment programmer and the dosimeters re-
ceive a uniform, accurate exposufe to the calibrator source

of radioactivity,

BACKGROUND FOR DESIGN

The Dosimeter Calibration Attachment design has been based to
some extent on the data in Final Type Report No, 1, Contract No.
DA-36-039-SC~87320, USASRDL, Fort Monmouth, New Jersey, The basic
requirements and final design of the calibrator resulted from
technical discussions with Mr, Robert B, Martin, Project Coordinator -

0CD, Washington, D, C., and Tracerlab personnel,

CALIBRATOR AND DOSIMETER DATA

4,1 - = = Data on the'CDV-794X was obtained from OCD Standard Item
Specification CDV-794, June 1, 1962, and from ac£ual measurements
performed on CDV~794X unit number 3, which was used at Tracerlab
during the project, Data on dosimeters was obtained from

measurements on representative samples of the following types:

Item Type Designation Range
1 : CDV - 138 0-200 mr
2 CDV = 730 0-20 r
3 CDV - 736 0-2r
4 CDV - 740 0-100 r
5 cOV - 742 0-200

6 CDV = 746 0-600 r
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_4.2 -~ = = Ten each of these dosimeters were used in tests, The
"pteliminhry standard” units are the 730, 740, and 742 types,
gwhile‘the 736 and 746 are not so accurate, The 138 is accurate
but,ened mninly for training purposes.‘ These factors have been

'

B considered in the design and tests made on the units,

: 4151’; - - Of major importance in the 794X'data 1; the radiatien
& " 20ne,pattern and intensity in the test chamber, The Standard
) ‘Iteu|Specification describee‘this zone as an anproximntely
":circular section with a 20° divergence. The source intensity
"V‘with slides up is 400 r/bx, + 10% and - 5% at ; point 10.42
;inches or more from the refe*enee tentet of a nominaily 100 curie
Cs=137 source, The vertical center of the zone is epproximntely

6 7/8 inches from the chamber base..

-j'été' = = = The adaptors used in the_chamber have base dimensions net
exceeding 9 '13/16 x 8 1/2 incheeﬁi;xno loceting pins for the
adaptors are mounted 740 1ncﬁé§'gpqve the chamber base in the
back (source side) wall, end-tneir{eenter to center distance is
7.000 inches, Clearanee holeé;fetithese pins sheuld be .281 dia,

A 1atch on the chamber base secures the adaptors in plaee, and the
stop foxr thie latch should be 0 688 + .015 - +000 up from the base,
centrally located 8 1/2 1nches back from the two pin 1ocating
'holes. Besides these dimensions, the complete assembly must clear

the bottom door opening, and a mirrot mounted on the chamber wall,

Tf;g-4;57_§>f - The Test chamber Dose rates could be reduced by selecting

‘-‘;,nppropriate push buttons on the control panel, - These were marked

&SAFE 4 40 100 400, 1 4 10 40 100 and 400 r/hr, The

:ff:specification limits varlances of the intenaity at the reference

RN ..~..\
1

point of +. 101 and - 5% -ef thnt selected, except the 4 mr/hr, rate,
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= = = All desimeters supplied were appreximately ,537 inches in

diameter, and the length was appreximately 4 1/2 inches,

MODIFICATIONS TO CALIBRATOR

S.1

5.2

« « = The first attempts te previde a suitable attachmemt were
based en applicatien of the general shape of the existing

adapters designed fer USASRDL calibrater AN/UDM-2 (XE-2), This
unit was intended te have all cempenents meunted en a chassis
with approximately the dimensiens given fer one of these existing
units, The mirrer weuld net allew clearance durimg insertien inmte
the test chamber, and a cerner of the desimeter adapter chassis
was removed, Eventually it was realized that this design was tee
expensive and the chassis as such was eliminated, rather tham

attempt to modify the interior ef the chamber,

- = - Contrel for, the syséem was'initially attempted by using
power for the desimeter adaptor derived frem the centrel pamel,
especially from the SLIDES UP and SLIDES DOWN lights, It was
planned te select slides down by shorting eut the mementary cen~
tacts on the selector switches, Of ceurse, this merély set the
slide 1ifting mechanism into an up and down motien, It was sub-
sequently determined that the complete action ef the SAFE switch
had te be duplicated, at least electrically, by the desimeter
adapter centrel circuit, This included the eperatien on the zere
and slide solenoids, since etherwise these seleneids might remain
energized, and, if they were net rated fer cemtinueus duty, they
might become destroyed, This ceuld best be accemplished by
lecating anether relay inside the calibrater, and previdimg centrel

fer this relay in the desimeter attachment,
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= = = Access for wiring te the desimeter attachment ceuld be
made threugh an existimg hele im the chamber wall, threugh which
the leads fer the test chamber lamp were passed, It weuld be-
ceme necessary te enlarge this hele te allew reem for a few mere
wires., A cennecter fer the attachment was meunted en twe
standeffs which were inserted under the base of the test chamber

lamp,

- = = In summary, the medificatiens te the CDV-794X will consist
of the fellowing steps:

a, Provide suitable re-wiring ef the centrel panel te
enable inclusion of the mew relay cable, and cemnecter,

b, Enlarge the hele in the chamber wall te allew
clearance fer more wires,

c. Meunt the new relay, standeffs with cennector, and cable
in the 794X at initial assembly er as a field modificatien,
and wire these in accerding te an instructien sheet,
fhele instructiens and additienal details are included

in appendix A ef this repert,

ATTACHMENT DES IGN

~ = = The requirements for a suitable desimeter calibrater are as
follows:
a, A stable sourcé of lenizing radiatien whese energy and
intensity are within the intended range of all desimeters,
b, A set of supperts er chucks fer a number of dosimeters,
co A means of allewing the radiatien te enter all desimeters
identically, and |
d. A means of centrelling the time expesure of all desimeters

te the radiatien,



6.2

6.3

6.4

-6 =

= = = The calibrater CDV-794 prevides the means for satisfyiag
the requirements ef 6,1 a and partially satisfyimg 6,1 d, The
seurce and slide assembly in the CDV-794X il used te supply a
range of dincregt field intensities ever a wide eneugh zene te
expese 2 number of dosimeters, The circuit ef the 794X, with

relatively miner medificatiem, is centrelled fer cerrect time

expesure,

- « « The modification te previde the means for cemtrelling the
exposure has been described briefly in paragraph 5.2, An added
relay in the calibrater CDV-794X is used te electrically duplicate

the eperation of the SAFE selecter butten, This relay in its un-

energized state has no effect on the normal eperatiem of the CDV~794X, -

When the relay is energized, the circuits act te bring the slides '

"dewm, inhibit any slides up, and release all seleneids,

- - - A timing device in the calibrater nt:achnc?t centrels the
relay. The attachment has been designed te oper;te for a fixed
(preset) time, neminally eme heur, As the seurce decays, the

timer can be rebndjusted te previde lenger time expesures te the
weaker source, At the énd of one half-life of theASQurce, in this
case abeut 30 years, the time would be twe ﬁourn. This devicé is a
time-delay relay, opefatég by a seleneid clutch and a ;ynchronouc .
timing moter, A cnn~o§eratéd switch cleses a circuit te the relay
in the'}94x at the eand of the preset time 1ite¥val. Reset of the
timer in.automitically perfermed by a spring whem pewer te the
clutch seleneid is remeved, Reset time takes 1/2 secend and timing
repeat accuracy is within 2%, Mechanical life expectamcy is well im

excess of ene milliem eperatiens, and switch life expectancy is
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nearly ene millien eperations, A dial em the tep of the unit is
used te set the time interval, This dial is calibrated in five
minute divisiens and cam be set ever a range of 12 minutes te 2
heurs, The timer is a Cramer Centrels Cerperatiem type 471 direct

clutch delay relay, with a modified circuit,

« = = In erder te previde uniform expesure te & number eof
desimeters, it is desirable teo retate the desimeters in the

radiatien zene, During ene rotation, each dosimeter will fellew

" the same path as all the others, and the net dese accumulated will

be identical for all, In additien, it is desirable te rotate each
desimeter in such a way that all sides are expesed to the radiatienm,

te average out variations in wall thickness and unifermity of the

' 41bnchnm6era. This is accomplished by mounting the dosimeters

vertically in several chucks on a turntable with a gear en each

* chuck that meshes with one fixed internal teoth ring gear, The

turntable is retated by an electric meter, and the gears cause each

chuck te turn abeut its ewn axis. Meter speed must be fast eneugh

so thit, at start and step the time taken fer the desimeter nearest

¢

“the source 18 ‘less than one tenth of one percent ef the total time

for the run, Feor a sene hour expesure, a retatien speed of 8 rpm

" would serve, 'Many meters can be used, and the actual choice was

based en econony and terque output, The metor must alse suppert the
Qerﬁical weight ef the turntable plus the ferce used te push desimeters
inte the chutk, ‘A Merkle-Kerf WF4209u-025 Medel WF meter at 35 rpm
was aelec;ed fer this applicatien, It has a 4,3 imch - peunds startimg
terque rating and will easily suppert the turntable, A fan prevides

seme ceoling,
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6,6 =- - - The chucks were designed te accemmedate the OCD desimeter
units, A cylinder, with a diamend-shaped lemgitudinal hele, is
moeunted cencemtrically en a spur gear, One V of the diamend supperts
the bedy ef the desimeter, The ether V is larger, and is previded
with spring leaded steel balls, The balls bear against the desimeter
se that it is held against the smaller V, in such a way that the
standard-shaped desimeter is cencentric with the cylinder bedy,
Dosimeters with ether diameters will, of ceurse, be off-set semewhat,

but the rotatien of each dosimeter will previde seme correctien fer this,

6.7 - - - Desimeters are meunted with the lens end dewn, This insures
that the ien chamber will be clear of the chuck bedy and, therefere,
noet shielded frem the radiatien-gsource., It was felt, with great
cenfidence, that mest desimeter designers weuld use & substantial
part of the lens end fer the optical and scale-reading devices, se
that the ien chamber weuld always be at er near the eppesite eor
charging end, A recess in the bettem of the chuck was previded te

receive the great variety of pecket clips en desimeters,

6,8 - - - With the design chesen, a maximum ef 8 desimeters can be
loaded inte the attachment, Since a desimeter is appreximately
1/2 inch in diameter, and may be as much as 5/8" it was necessary
te provide 1/8" adjustment by the atee} balls, This requires a
9/32 inch ball (minimum), The cylinder wall behind the ball,
therefere, requires 1/8 inch free travel, and vreem for the excess
selid height ef the spring, er anether 1/64 miaimum, A 1/32 imch
thick sleeve helds the sprimgs im place and the tetal cylinder

diameter must be 1 7/16 imches for cemplete range capacity, A spur

gear whose teeth clear this diameter weuld be appreximately 1 3/4" P,D,
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The largest diameter assembly that cam be lewered easily inte the
test chamber is abeut 8 1/2 imches, With a ring gear of 3/4 inch
width (1/4 inch face) fer adequate flatmess, the turntable

diameter can be 7 inches, In erder te clear each ether the spur
gears sheuld be on at least 2 inch centers, so that the gear center
circle is 5 inches diameter appreximately, This represents a
circumference of abeut 16 inches, and, when divided by the gear te

gear distance, results in a maximum of 8 gears,

= = =~ QOther designs were considered in an effert te increase the
number of dosimeters, but all appeared te require more bearimgs eor
cencentric shafts, or both, Furthermere, the everall height of the
unit had to be kept to a minimum in oerder to (a) clear the deers,
and (b) be less than the 6 7/8 inch distance eof the;source center
line abeve the chamber base, .The design height dees net exceed

6 1/4 inches,

- - The.elect;icnl cennectiens feor this system are made to the
existing CDV~794X centrels, The moéor is energized from the Dewn
Limit Switch, so that whenever.the seurce is anything but 'clesed
off", the moter will turn, The timer is energized frem the Up
Limit Switch, so that timing starts vhen the seurce is fully "epen",
The timer clutch 1s wired acress the test chamber light se that it
1s energized whemrever pewer te the calibrater is turned em, and can

be reset by turning pewer eff mementarily,

- = = If there were a pewer failure er interruptien during a
calibratien run, the meter weuld ,of ceurse, step turning, and the
timer weuld be reset, This weuld result ia errers for twe reasens:
(a) the desimeters weuld ne lenger ebtain equal expesure te the

radiatien, and (b) the timer would start the heur run ever again
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when pewer came on, Fer this reasem, a relay was included in

the attachmeat te '"sense" a pewer interruption and step the
attachment frem centinmuing the run, This relay is reset by a
pushbutten en the attachment, and its ceanditien ("in" er "eut") is
shewn by a small indicater lamp, Whenever the eperater sees the
calibrater "SLIDES UP" lamp en and the attachment indicater lamp
1it? he knews that the run was cancelled by & pewer interruptiem
and has te be_dene ever. The releyrused is a Petter and Brumfield

KASAY SPDT 115 VAC 60 cycle relay,

7. SPECIFICATIONS FOR ATTACHMENT

7.1 = = = The Stardlrd Item Specificatien CDV~794 is attnched as

Appendix B,

8. TIEST DATA:
8,1 = - ~ Tests were. mnde with the dosimeters and CDV=-794X unit
.number 3 as supplied under the terms of the subject centract,
Some tests were: conducted before the celibrator sttachment was

censt;ucted;~most~vere mnde with the attachment,

8.2"-.= - A meck-up jig wes fabricated and used te test some of the
_basic ideas. iIt was bbserved that when doeimetera type CDV-794XA
-were xotated in the field witheut retating each dolimeter the
readings hnd a spread ef plue'er minus 13%, When the dolileterl:
were rotated in the field plametary fashienm, using the ettachnent

the spread was plus or ninus 9%,

8.3 =~ - = Each type of dosimeter supplied was '"calibrated" repeatedly

in the attachment, for 1 hour,except fer the CDV-138, Uait #3 CDV-794X
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did net seem te have the 100 mr/hr selecter and slides circuits

werking, er built in, Manual timing fer 15 minutes at 400 mr/hr

and fer 6 minutes at 1 R/hr was used,

8.4 - - -

CDV-746 type desimeters appeared te give the mest repreducible

data en the first runs, and se were used te check repreducibility

(net true

b,

Ce

€,

f.

8.

time) of the pregrammer, These tests included:

Several runs with desimeters in the same chuck each time,
Several runs with desimeters in differemt chucks each
time,

Several runs with a dosimeter in different chucks each
time,

The turntable was lewered 1/4 inch and eme chuck was

cut so that it was 21/32" shorter, and mere of the
dosimeter was exposed.

The desimeters were charged, then allewed te sit te
check feor drift,

The dosimeters were charged, then inserted in and re-
meved frem the chucks several times to check fer
"jarring'.

The time was recerded fer each of the rums,

8.5 Test Results

8,5.1 Results of different type tests:

Deviatien
R(ind) | Desimeter - Average
R(app) | Type Intensity Median Reading | % P.B.| Max, | Minm,
123% 138 1R fer 6 min 123 mr 123 mr +2,0% 4,9% =3,3%
150% 138 400mr fer 15 min 148 mr 151 mr #2,1%2 | +5.0% | -3.2%
55% 730 10R 10.4 R 10,9 R £6,2% | +26.5%| -14.6%
67% 740 100R 60 R 67 R $12% +36% -22,4%
125% 736 iR 1,25 R 1,25 R £9,3% | £20,0%] -5.5%




- 12 -

8.5.2 Results vith ene desimeter in different chucks,

using CDV-746 fer 4 rums in each chuck,

Ser, Sequence Mean Max, Dev, Min, Dev,
753 DAHG 286 +5% -2%
555 EBGD 258 +0,8% -2%
595 GDFE 280 +3,5% -3,5%
717 CDEF 277 +1% -4%
692 AHFB 277 +2,9% ~5,4%

Notes: a, Out ef 16 runs with ser, 717, it read 30% high

twice, no explanatien found,

b, Data indicates that A chuck preduces readings that
are abeut 2%high, H abeut 27 lew, Others are :1%.

¢, Sequence indicates the chuck designatiens inte
which each dosimeter was placed, Fer example
#753 was in chuck D, then chuck A, then H, then G,
while #555 was in chuck E, etc,

8.5.3 No observable difference was found when the turntable
was lowered 1/4 inch, When the desimeter chuck was
cut back by 23/32 inch, the readings seemed te be 1%
lower,

8.5.4 Tests made for drift and jarring shewed ne effect, Onme
hour drift runs showed ne readable change in the fiber
position en the scale, Repeated insertiens of a number
of dosimeters in the chucks showed ne neticeable change,

8,5.5 The time measured by the electric cleck was 62,5
minutes +3% =2%, This result was ebtained frem 38 runs,

8,6 = - - The average reading for 120 ebservatiens en asserted type

CDV-746 desimeters in assorted pesitiens was 281,6, with a P,E,

of 0,48%, The maximum deviatiens were +35% and -10%, each of

which eccurred ence but en different rumns, There was alse one

deviatien of +25%, and feur deviatiens ef +12 te +14%, All

other readings were within +10%,
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CONCLUSIONS AND RECOMMENDATIONS

9.1

" 9,2

9.3

= « = The urgent need fer the cembinatien CDV=794 and Desimeter
Calibratien Attachment appears te manifest itself in the test data,
Frem the data fer any ene dosimeter it is evident that the cembima-
tien is quite accurate and well within the limits fer the desimeter,
The dosimeters can be made te repeat te algost 4% with this

system, Different desimeter types can be checked very easii& un#
slfely with either autematic er manual timing., The design center
appears te be placed such that variationg in height aﬁd pesition ;f

desimeters ‘causes negligible differences in readiﬁgs.

- = = It sheuld be noted that this éombiﬁation dees net gonatifute

a cnlibratof for desimeters but rather a cemparater, A primary

gtnndard should be used te establish'the cerrect readiq; that
should be sbserved, and other desimeters cempared with that
standard, It weuld, ef céufae, be pessible to:prepire tnbiel
shewing what range ef rendin&s can be tolerated fer each_type.of '
desimeter in existence, but the range would be quite wide, ff

such tables were preéared fgr each calibfator and nttncﬁment cem-
binatien the range would be substantial, A set of calibrated
dosimeters,:so marked, weuld previde a very satisfactofy "primary"
standard, and then'gosimeters weuld be calibrated te a relatively

narrow range of readings, pessibly within the £4%.

= = -~ Some pessible improvements in the design of the calibrater
have been made evident during thg course of the last few tests,
For example, a single lighted push butten switch ceuld take the
place of the present separate pushbuttem switch aand lamp en the
attachment, Alse, a small bar meunted uader the rimg gear ceuld

serve as a handle te facilitate lewering ef the attachmeat imte
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the calibrater. Finmally, it has been suggested by Mr, Rebert
B. Martin of OCD that the relay amd wirinmg fer the 794
medificatien be prepared in "kit'" ferm, fer easy imclusiem im

existing calibraters, This latter change is included in

appendix A ef this repert,
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APPENDIX A

Suggested Medificatiens te CD V 794 te Previde feor
Desimeter Calibratien Attachment,

1. Mechanical Changes te CD V-794

l.1 Change hole size in chamber wall fer test chamber lamp wirimg
te 1/4" diameter, me burrs en edges.
1,2 Maintain present (CD-V-794) dimensiens fer immer test chamber

and for test chamber lamp secket and meunting heles,

2, Blectrical Changes te CD V-794

2,1 Add wire frem K-1 ceil (centacts end) te pin MM ef commecter,

2,2 Add wire in cable te cennect beth cennecters, pims MM,

3. Kit for Medificatien

3.1 Equipment Included:
a, Desimeter Adapter Assembly
b, Relay and Bracket Assembly
c. Receptacle, Standeffs, and Cable Assenbly
3.2 Installatien ef Equipment
- 3.2,1 Remove the screws used te meumt the lamp secket te
the chamber wall, Pass the cable supplied with the
kit threugh the hele in the chamber wall,
3.2,2 Cemmect the twe shert leads frem pims 1 and 2 te the
.secket of the test chamber lamp., Meumt the secket and
standeffs, and the relay assembly en the test chamber
wall, using the erigimal screws,
3,2,3 Cemnect the cable leads te the relay as imdicated im the
wiring diagram, Reute the cable te fellew the test
chamber leads, and wire the cable te the up and dewn

limit switches and te pim MM en the cemnecter,
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3.2.4 Remeve the wire frem the NC cemtact of the up limit
switch (S-9) and frem pin X en the conneétor, and
replace with the new cable wires,

3.2,5 This cempletes the medificatien, and makes it pessible
te use the Desimeter Calibrater, When the calibrater

is net plugged in, the CDV-794 will eperate in its

ncrmal fashien,
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APPENDIX B
DEPARTMENT OF DEFENSE
OFFICE OF CIVIL DEFENSE

STANDARD ITEM SPECIFICATION

1 March 1963 . Item Ne, CD V

Nemenclature " Desimeter Calibrater Attachment for the CD V-794

1,

242

Scepe

1,1
1.2

1.3

14
. .n‘accuracy of these dosimeterﬁ.

Thio is a specification fer a dosimeter colibroter attachment which
1s te be used in cenjunctien with the CD V- 794 calibtltor. '

This attachment, when in use, 1s positioned within the test chnmber

. of the CD V- 794o . . o :

The attachment shall be capoble of colibrotinz Civil Defenoe Dosimeter
types CD.-V- 138 cp V-730 CD V 736 _Cp V 740 CD V-742 ‘and CD V- 746.

The primnry purpese of the artochment ie to check the celibrotion

Generel Performance Requirements,

- 2.1

243

3.

2o4

The calibroton ottochment nay be used by semi-profeoeionol peroonoel
and, therefere,. sheuld incorperate maximum simplicity, ruggedness,

and reliebility within the follewing deteiled requirements.~ '

AThe attachment shall consist of eight chucke errenged in a circle.
: 'The chucks shall be driven by a planetary gear’ system such that all

portiona of the dosimeter ienizatien chamber shall be expesed. to o

the rodiooctive source: during the cycie - See Attochment B

The test chamber dese tates sholl be edjuatable by use of the )
apprepriate push butten en the centrel panel ef the CD V-794, .The -

. accuracy requirements ef the CD V-794 shall opply in all cases to

this dosimeter ottachment.

This specificetion alse includes the'neceeeefy modificotiohe.éhich
must be made te the CD V-794 te make it’ cempatible with the doei-etet
ottnchment. Details ‘of this modification are at’ Attochment A, '

Detailed Perfermance Requirements

3.1

3.2

Relay

3.1,1 An additienal relay in the (D V-794 shall be used te electrically
duplicate the eperatien ef the safe selecter butten, This relay,
in its unenergized state shall have me effect em the nermal eperatien
of the CD V-794, When energized, this relay shall brimg any slides
dewn, inhibit any slides which are up and release all seleneids,

3.1.2 Relay sheuld be as in Attachment A,

Timing Device

A timing device in the desimeter attachmemt shall centrel the relay,
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3.3

3.4

3.5

3.6

Timing

The attachment shall be designed te eperate em a fixed preset time of
ene heur, Previsien shall be made te vary this preset time up to

twe heurs te accemmedate the natural decay of the radisactive

seurce (half life appreximately 30 years,)

The timing sequemce shall be previded by a time-delay relay, eperated
by a seleneid clutch and a symchronous timimg meter, The timer shall
be the Cramer Cemtrels Cerp, type 471 direct clutch delay relzy, with
medified circuit, er equal,

All timers shall be tested fer preper circuit eperatienm at the

minimum setting ef appreximately 12 minutes, Sample tests shall be
made in accerdance with MILQlO5C sampling plan level II, 15 AQL te
determine repeatability ef within 2% at 1 heur and 2 heur dial setcimgs,

Turntable and Planetary Gear

The planetary gear fer the desimeter chucks shall be previded by a

- ring gear and eight chuck gears meunted en a turntable, The turatables

shall be retated by an electric meter, The retatien speed and terque
ef the metor shall be compatible with the requirements of the attach-
ment, A fam will be included fer ceeling. The electric meter shall
be the Merkle-Kerf WF42001 - 025 Medel WF at 35 rpm er equal,

" Meters shall be sample inspected fer dimemsiems in accerdamce with

MILQL05C sampling plen level II; 4.0 AQL. All meters shall be tested
at 115 UAC 60 cps fer idle power cemsumptiem eof 17 watts, idle speed
of 35 rpm, and minimum starting terque of 4,3 1lb, in,

‘The Desimeter Chuck

The desimeter chuck shall be designed se that the desimeter cam be held
vertically (25°), The desimeter chuck shall previde fer easy imsertiem
and extxactien of the desimeter by hand, The desimeter shall met be
displaced from its "at rest' vertical pesitiem by the plametary metiem
of the system during eperatien, A recess in the bettem ef the chuck
shall be previded te accemmedate all :1lips feund im OCD desimeters,

All types of desimeters made te OCD specificatiems CD V-138; CD V-730;
CD V-736; CD V-740; CD V-742 and CD V-746, shall be accemmedated in &
single chuck without adjustmemt, The chuck shall be designed se that
the desimeters will be meunted with the lens emnd dewn, i,e, at the

base of the chuck,

Accuracy

The accuracy ef the measurement depemds om the accuracy ef the imtemsity
and zene of the calibrater field and em the fabricatienm details eof each
desimeter, se that accuracy specificatiens fer the attachmemt are limited
te repreducibility ef readings em a stamdard desimeter, Repreducibility
of measurements shall be within 15%, Fer tests 6 calibrated desimeters
of the same CD V type shall be imserted imte the chucks and expesed te
the rated dese rate for that type for three cycles of the attachmeat
eperatien, Repeatability ef measurement of the mean of the 6 readings
for each cycle shall be within 5%,
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4, Physical Characteristics

4,1 Meuntimg Previsiea

The desimeter attachment shall be meunted in the test chamber by a
latch amd two lecatisg pins, The lecatimg pins shall be meunted

+ 740 imches abeve the chamber base in the back (seurce side) wall,
center te cemter distamce is 7,000 imnches, The latch shall be
attached te the chamber base and the latch step shall be 0,688 +
.015 - ,000 up frem the base, cemtrally lecated 8-1/2 imches back
frem the twe pin lecating heles,

4,2 Size

The base dimensiens ef the attachmemt shall net exceed 9-13/16 x
8-1/2 inches. The height ef the attachment shall met exceed 6-1/4
inches, In additien, when assembled the cemplete attachment shall -
clear the bettem deer epening and a mirrer meunted en the chamber
wall in erder that the attachment may be meumted im the test chamber,

4,3 Weight

. The weight ef the attachment shall be a minimum, cempatible with
the requivement of this specificatiem, It shall met weigh mere,
than 13 1bs,

4.4 Material and Censtructien
4e4,1 Material

The gears shall be brass, Other parts shall be alleyed
aluminum, All aluminum parts shall be anedized,

4,4,2 Form Facter
The form facter is shewn in Attachment B, The general cem-
structien and ferm facter must be specificelly approved by

the contracting officer,

5. Envirenmental Requirements

5.1 Tempeorature
5.1.1 Operatien

The attachmemt, when meunted in the Calibrater, shall eperate
over the tenperature range of O®F te plus 125® F, Fer tests,
the calibrater shall be placed in an emvirenment chamber at
O®F fer the celd test and inte an atmesphere of plus 125€p
for the high-temperature teat, Operatiem and safety, in
accerdance with specificatiem CD V-794 paras. 2,3.3, 2.4.1,
2.4,2, 4,1,1, 4,2,4, 4.,4,3, 4,5.2, 4,7,3, amnd the require~
ment of this specificatiem, par, 3.6, shall be tested after
a peried of twe heurs,
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5.2

3.3

5.4

5.5

e 20 -

5.,1,2 Sterage

The attachment shall be capable eof eperating withim the’
requirements of this specificatiem, fellewing sterage fer
24 heurs at minue 30°F and sterage fer 72 heurs at plus
160°F (at the cemclusiem eof this test amd after reaching
reem température the attachmeat shall meet the require~
ment of the specificatiem, par, 3,6).

Sheck amd Vibratiea

'The desimeter attachmeat shall withstamd witheut damage the sheck

and vibratien tests of MIL stapdar& 167, Fellewing these tests
the attachment shall be capable of calibrating desimeters withim

.the requirements eof par, 3,6 ef the specificatienm,

Trepicalizatien

It is net required thut‘the'instrument be meisture eor fupgﬁl preef,
Hewever, if trepicalizatiem is applied, it shall be dene im
accatd;nce with the requirements of MILeT 1525 end MILnV-17BB.

Atmesphere Cotrosxon

Metal parts shall be able te withstand the 20-heur salt spray

. test cenducted in accerdamce with Federal Standard 151, Ne °

evidence of cerresien shall be apparent at the co!clusion of this '

j‘est. L

Atnosphere Pressure

' The attachment shall withstand, witheut damage, frinaportatioi at.

the pressure equivalemt ‘of 50,000 feet abeve the sea level for a
peried of 20 heurs, At the conclusion of this test the attachment
shall meet the-requirements eof par, 3 6.

Comgonents

6.1

6.2

6.3

Cheice -

New compenents shall be used, Onrly these cempenemts cemmercially
available frem at least twe demestic mamufacturers amd meeting
standard cemmercial er military teleramces shall be used unless
etherwise neted in these specificatiens,

Selectien

All cempenents shall meet the npplic&ble specificatiens and there
shall be ne selectien,

Operatien

Each cempenent shall be eperated emly withim its specified
eperational limits,
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© 6.5

6.6
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Markings

Electrical cempements, relays, capaciters, etc, shall be marked by
standard cemmercial practices,

Timer

See par, 3,3

Meter

| See par. 3.4

. . .,-.6.7.

2 Wire and c:ble Runs

elax e

"ELThe relly ahlll be Potter and Brumfield KASAX Single Pole,
':yDouble Throw or. equul,_.. HER s

<ALl Components sh&ll be acresaible and replacenble without the
.use of speciul tools..¢=

Wifink'and cabling shall be neat sturdy and as shert as practicable,
" except. ‘that sufficient slack shall be previded (1) te prevemt umdue
stress en cable: forns, wires and cemnectiens; (2) te facilitate

'field repair ef breken er cit. wires; and (3) te emable parts te be
'f:remcved and replaced duriug nervicing witheut dilconnecting ether parts,

N

4?'w1res ghnll ‘net be bent aharply nround cermers or .edges that cut
L et Abrade the 1n:u1at1.n. Where wires rum threugh heles in metal,
u:;rhe 1nsu1.tion shall be protected with suitable gremmets er “ushings.

"Termnnations

_Wite termimatiems shall be seldered except that timmed, stramded

T wires may termimate im selderless connectorl if appreved by the

7.4

1.5

,iccntrcccing offlcer.

Greundimg

Greund cemmectiens te shields and ether mechanical parts shall be

only made for the purpese of elimimating high-petential peints and

net fer the purpese of cempletimg electrical circuits, Greumd cem-
rectiens te the circuit shall be made mechanically secure by seldering.

Celer Cede

As far as practicable, the wirimg shall be celer ceded,
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8, Attachment Idemtificatiem

8.1 Marking

Each imstrument furmished im accerdance with this specificatiea shall
bear the fellewing data "Desimeter Attachmemt fer OCD Item Ne, CD V-794"
with a serial number, Serial mumbers shall be supplied by the
contracting efficer, Im additiem, the cemtracter's name, city, amd
state shall appear, The mame plate shall be appreved by the

centracting efficer,

9. Tests
9.1 Cenfermamce
Cenfermance with these specificatiens shall be determined accerding
te the practices of the Natiemal Bureau of Stamdards, Unmless
etherwise stated, tests shall be perfermed at normal reem temperatures,
and pressure, Unless etherwise indicated, tests may be perfermed

in any sequence,

9.2 Damage Resulting frem Tasts

Attachments damaged incident te test te determine their ceamfermanmce
with the requirements ef the specificatien will met be accepted by
the purchaser; except that when a sample has satisfacterily passed
the test, the mamufacturer may cerrect all damage that eccurred
during the test and resubmit the instrument,

9,3 Pre-Preductien Medels

9.3.1 The successful centracter whe is awarded a centract shall
furnish three prepreductien attachments which will be tested
foxr cenfermance with these specificatiens, Test Data previmg
cempliance shall accempany the instrument,

9,3.2 The prepreductien medels shall be subjected te any eor all
tests and measurementsz deemed necessary te preve eperatienal
and censtructien design cenfermance, The cemtracter may be
required te perferm these tests in his plamt under the super-
visien ef the gevermament centract efficer, er they may be
perfermed by the gevernment at the pleasure of the geveramenmt,

9.3.3 The prepreductien medels shall be retaimed by the gevermmenmt
ir.specter during the preductien peried amd will be returmed
te the manufacturer,

9.4 Preductiem Testimg

The required test precedure and test schedule is centaimed im Attach-
ment C,

9,5 Test Cests

The manufacturer shall be respensible for the cest of tests cemducted
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on the prepreductien medels te preve their cempliamce with this
specificatien, The cest of cratimg and shipping the prepreductioen
medels will be berne by the cemtracter if gevermmeant testing is
required,

9,6 Changes

The manufacturer shall ebtain frem the cemtractimg efficer writteam
autherizatien te intreduce inte the preductien units aay change
from the appreved prepreductien medel,

9,7 Cenflicts

In the event there are cenflicts between the dimensiems and materials
specified and the general perfermance requirements of this specifi-
catien, the centracter shall reselve the cenflicts and the perfermance
characteristics shall gevera, The written specificatiem shall take
precedence ever the Attachments, ' :

10, Imstructien Manual

10,1 M anuals

Twe instructien manuals cenferming te- Attachment D shall be supplied
with each desimeter attachment, The centent, fermat and materials
fer these manuals shall be submitted te the centracting efficer

fer appreval befere final printing, ’

11, Packing and Marking

11.1 Each desimeter attachment shall be' bexed individually, The individual
centainer shall be censtructed ef deuble-faced cerrugated fibre
beard, with a bursting strength ef net less than 175 peunds, cemfermimg
te Federal Specificatiens PPP-B-636B, The manuals and medificatiem
kit fer the CD V-794 shall be packed in the individual bex with each
instrument, : '

11,2 Ten imdividually bexed instruments shall be over packaged in a
shipping centainer desigued for that purpese, The shipping cemtainer
will be for demestic use and shall be a.standard cemmercial cemtainmer

_of double-faced cerrugated fiberbeard with a bursting stremgth of net
less than 275 peunds cenfermimng te Federal Specificatiem PPP-B-636B,

11,3 Bach desimeter attachment bex and each shipping ceatainer shall be
marked with the fellewing imfermatiem: 'Desimeter Attachmemt fer
OCD Item Ne, CD V-794" and the mame of the ceatracter, Im additien,
each shippiag centainer shall be marked with the cemtract mumber,
the shipping weight, and the number of desimeter attachments inm the
centainer,

12, Preductien Drawimgs amd Specificatiens

12,1 The centracter shall prepare amd furmish, fer the appreval ef the
centracting efficer, mamufacturers layeut and schematic drawings
and specificatiems fer all cempenents and materials,



12,2 Drawings and specificatiens shall be im accerdamce with stamdard
commercial practices, They shall iaclude reprcduceable tramsparencies
and five cemplete sets of primts, Fimal drawings and specificatieas
shall be delivered within twe menths frem the time of the initial
shipment of preductiem desimeter attachments, or withim feur menths
after the time of petice of arrival, whichever is seenmer,
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ATTACHMENT A

Al Medificatiems te the Calibrater CD V-794 te make it cempatible with the
Desimeter Attschment,

Al.,1 The cemplete electrical actiem of the safe switch em the calibrater
CD V-794 must be duplicated which imcludes the eperatien of the
zere and slide seleneids, This is accemplished by lecatinsg
anether relay inside the calibrater amd previding cemtrel fer this
relay in the desimeter attachment,

Al,2 Access for the wiring ef the desimeter attachment is made by
. enlarging the hele nermally used fer the test chamber lamp leads,

Al,3 The medificatiens te the CD V-794 te accemmedate the Desimeter
attachment are:

Al,3,1 ﬁewirins of the centrel panel te enable the inclusiem
of the additienal relay cable amd cennecter,

Al,3,2 Enlarging ef the hele in the chamber wall te allew
T ."clearance for mere wires,

Al,3.3 Meunting ef the new relay, standeffs with cenmector
. and cable.in the CD V=794,

* #1,4 _The additienal relay shall be type Allied Cenmtrel Cerp, PO i9A er
s ‘equal. The cennecter shall be type Cinch Jenes S-306AB er equal,

Al,5 'Components and parts necessary to make this medificatiem will be
‘supplied im kit’ ferms,

Al,.6 The'reﬁiring schematic is shewn at A-2 and A-3,
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ATTACHMENT C

Preductien Samplimg, Inspectien and Testing fer

Desimeter Attachment fer CD V-794%

Cl Preductien Sampling

c2

All Imspections, Safety Tests and Operatienal Tests are te be perfermed
on each desimeter attachment, All defects must be cerrected prier te

acceptance,

Inspectiens

2.1 Inspectiens will be made fer general workmanship and quality using
the fellewing list ef defects,

€2.1,1
€2.1.2
€2.1,3
C2.1.4
c2.1.5
€2.1.6
C2.1.7
2.1.8
c2.1.9
€2.1.10
€2,1.11
c2.1,12

€2,1,13

Scratches er dented metalwork
Impreperly aligned chuck (3,5)
Impreperly aligned gesrs (3.4)
Incerrect seldering and wiring (Par, 7)
Incerrect Timer (3;3)

Incerrect. Electric Metor (3,5)
Incerrect relay (6,7)

Incerrect connectex (6,.8)

Impreper finish te metal parts (4.4,1)
Incerrect marking of compoenents (6,4)
Inc;rrect marking ef attachment (8,1)
Other visually apparent defects

Incerrect size, weight and dimensions (4,1, 4,2, 4,3)

C2.2 Tnspectiens will be made for details ef packaging, packing, and marking
the attachment base and shipping centainer, using the list of defects

below,
¢2.2,1

C2.2,2

Damaged container

Incerrect marking (11.1)
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C2,2,3 Twe manuals net present
C2,2.,4 CD V=794 medificatien kit net present (Attachment A)
C2,2,5 Defective sealing
C2,2,6 Use of impreper or defective materials
C2.2.7 Quantity ef unit package met as specified (11,1 amd 11,2)
C3 Tests
The centracter will be required to furnish all equipment and persenmel
necessary te perferm the tests fer the pre-preductien and preductien
moedels specified herein,

C3.1 Operational

Each instrument shall meet the fellewing requirements;. These are
100% preductien run inspectiens, .

€3.1,1 Accuracy (3.6)

€3.,1.,2 Repeatability (3.6)

C3.1,3 Preset time variatien (3,.3)
C3.2 Ipitial Preductiocn .

C3.2,1 Three units gelected at randem by the inspecter frem the
initial run shall be desigrated te pass the Enviremmental
Tests of Pax, 5 in additien te 'the tests indicated under
Par, 3,1 above,

C3,2,2 The contracting efficer shall withheld autherization fer
delivery pending receipt of test data previmg cenformance
with the abeve, The instrument serial numbers, date the
tests were performed, name of the cempany and individuals
responsible for the t.ests shall be furnished,

€3,2,3 One of the preduction units tested shall beceme the preperty
of OCD and shall be retained as referemce., One ef the -
preductien units test shall be retained by the gevernmeat
inspecter during the preductien peried und will be returnmed
to the manufacturer,

Cl.2.4 Certificatien

The manufacturers will be required te certify cempliamce
with 3,3, 3.4, 6.7, and 6.8,
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C4 PFallures

Dispesitien of rejected lets and defective sample units shall be in
accerdance with MIL-STD-105A, When resubmitted fer acceptamce, such
lets will be suitably tagged er identified by equivaleat meanms te
indic&re the cause of failure and means empleyed te cerrect the fault,
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ATTACHMENT D
INSTRUCTION AND MAINTENANCE MANUALS FOR
CALIBRATOR
D.1 SCOPE

An imstructien and maintenance manual fer the desimeter attachment
shall be previded. It shall be written as far as practicable te enable an
inexperienced, nentechnical eperater te umderstand in general terms the
attachment's use and theery of eperatien and te enable the eperater, by
follewing the instructiens, te put the instrument im preper eperating
cenditien, eperate it, amrd prevent failure or accidents, Im additiem,
it shall include all necessary infermatien te enable a reasemably cem-
petent technician te lecate and repair electrical and mechanical mal-
functiens ef the instrument, .

D.2 CONTENTS OF THE MANUAL

DZ.1 Table of Centents, The table of centents preceding the text
" of thé manual shall list all sectiens; subsectiens, illustratiens,
phetegraphs, drawings. and tables, The page number for each shall
be shewn, : ‘

D2.2 1liwstrations, All illustratiens, phetegraphs, drawings, sketches,
and tables shall be lecated in apprepriate sequemtial erder in the
text, '

D2,3 Text of Manual, The text ef the manual shall include the sectiems
listed belew,

D2,3.1 Safety., This sectiom shall detail all precedures required
: fer the safe eperatien ef the equipment, Safeguards amd

cautiens shall he cited te warm ef pessible health hazard,
and preventative attitudes amnd precedures shall be eut-
lined, Wipe tests and centaminatien checks shall be given
as well as preccdures to be fellewed in the event of cen-~
taminatien, Apprepriate reference material shall be cited
for this impertant section ef the manual,

DZ,3.2 The General Descriptien, This sectien shall include all
basic imfermatien required te give a general understanding
of the attachment and its use, Photegraphs amnd detailed
drawings ef the cemplete attachment shall be included te
illustrate the relative size and lecatiem ef the several
cempenents and hew they fit tegether functienmally, A
simplified electrical contrel circuit bleck diagram shall
be furnished and its several functiens explained,

D2,3,3 The Theery of Operatien, This sectien shall ceatain a
detailed descriptien and discussiem ef the theery of epera-
tien eof the attachment, Elementary theery need met be
cevered in detail, Hewever, all elements which are net
generally understeed, unusual er new arrangements and
special mechanical arrangements net widely empleyed, shall
be clearly explained, using sketches, phetegraphs, and
drawings te supplement the text,
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D2,3,4 Shippimg and Tramspertimg, This sectiem shall discuss
in detail the step by step precedures required te pre-
pare the attachment fer tramsperting and shipping,
Apprepriate regulatiemns shall be explained and referemced,
A check list of precedures fer cemplete preparatiem fer
shipping shall be included.

D2,3,5 Installatier, This sectien shall centain all explamatieas
and diagrams necessary te enable the eperator te put the
instrument in preper operating cemditien,

D2,3.6 Operation, This sectien shall eutline the eperating
procedure and shall be wri*ten particularly fer the eperater,
It shall include a step-by-step descriptien te enable the
operater to eperate the equipment, Reference te cemtrels
and adjustments shall be made by the centrel designatien,
or illustratien reference symbols previded, Illustratienms
shall be in logical sequence,

D2,3.,7 Data,

D2.3.7.1 The manual shall include a chart er table shewing
adjustments required for source decay. This shall
list apprepriate timer settings versus number eof
elapsed yesar? from a calibratien date, It shall be
the same for all desimeter attachments,

D2.,3.7.2 The manual shall include a set of tables shewing
typical readings fer the varieus type desimeters
versue seurce intensity selected by the CDV-794X
push buttens, These tables shall clearly indicate
te the operater which centrol should be selected
for each particular desimeter type,

D2,3.7.3 The manual shall describe the method of comparing
desimeters with a "standard" of the same type and
the basis on which calibration shall be made,

D2,3.8 OQperater's Maintenance, This sectien shall include infermatien
on such maintenance precedures as can be perfermed by the
operater,

D2,3.9 Preventive Maintenance, This sectien shall include all
maintenance precedures and adjustments which shall be per-
formed periodically by a technician fer the purpose eof
preventing failure er impairment ef the equipment, Precedures
shall be included fer periedic adjustment of the timer te
compensate fer decaying seurce,
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Cerrective Maintenance, A cemplete mechanical functienal
diagram eof the equipment shall be included, This sectien
shall iaclude all infermatien necessary te permit a
technician te lecate treubles, and te make repairs er
necessary adjustments te the equipment, This sectien shall
be illustrated amply and shall iaclude data en all adjustments,
alignments, calibratien, and test metheds required feor -
maximum perfermance, A drawing ef the physical layeut ef
the internal cemstructien with apprepriate marking shall

be included, A cemplete sehematic circuit diagram ef the
electrical circuit shall bes furnished., Each cempenent shall
be identified by name and part number,

Parts List, This sectien shall include tables, listing by
part number er schematic symbel designatiens, all mechanical
parts and electrical cemponents censidered subject teo
replacement er maintenance during the nermal life of the
equipment, Cemplete infermatien cencerning tolerances, and
other essential characteristics shall be given, Ia additien,
compenent manufacturer's part numbers, cemplete infermatien
regarding manufacturer's name and address for all items, and
apprsprlate drawing numbers and detailed references shall be
listed for unique or modified items, Recemmendations shall
be made of each item considered necessary fer plant mair-
tenance fer the instrument over a five year peried,

D3 FORMAT AND MATERIALS

D3.1

D3.2

Size, The manuals furnished with the instrument shall be appreximately
5-1/2 inches by 8-1/2 inches,

Cover,
D3, 2,1

D3.2.2

D3.2.3

D3.2.4

The cover shall be printed in black en a field of yellow,

The cever shall be msrked with the fellewing informatien:
"Instruction and Maintenance Manual;, Desimeter Attachment
for OCD Item Ne. CD V-794, Medel Ne, (to be furnished)"
the contracter's name, city, and state,

A plcture of the complete instrument shall appear on
the cever,

The cover shall be made of material heavier than the
inside pages,



PRODUCTION COST ANALYSIS

LABOR

OVERHEAD

10 Units

Enginreering 122,55
Manufacturing 15,27

Subtetal $137.82
Engineering @ 150% 183,83
Manufacturing @ 200% 30,54

Subtetal 214,37
Material 222,27
Teeling '+ 25,00

Subtetal ’ 599,46
General & Administrative @ 16% 95,91

Total Est, Mfg, COSL . ¢ oo sos eos o . 695,37

LABOR

QVERHEAD

LABOR

OVERHEAD

100 Units
Ergilvreering 12.26
Marufacturing 9,46
Subtetsl 21,72
Engineerimg @ 150% 18,39
Manufacturing @ 200% 18,92
Subtetal 37.31
Material 197,61
Teeling ) 25,00
Subtetal 281,64
Cenerael & Administrative @ 16% 45,06
“eral Est, MEg, COSt . o . o o « vo o o 326,70
1000 Unmits
Engiwneering 1,05
Marufacturing 197
: Subtetal 9,02
Engineerimng @ 150% 1.58
Manufacturing @ 200% 15,94
Subtetal 17.52
Material '197.61
Teeling 25,00
Subtetal 249.15
. Gemersl & Admimistrative @ 16% 39,86

Total Bet, Mfg, Co®t ., 4 o &4 ¢ ¢« o o oo o 289,01



Ce2~

Material Cest fer ether Cempements

1, Turutable Assembly
Bearing (8 per assembly)

2, Desimeter Chuck
Gear
Washer
Retaining Rinmg
Steel Balls
Springs
Screws

3. Chassis
Stamd-eff (shert)
Rimg Gear
Screw
Stamd-off (lemg)
Meteor

4o Cellar
S~rewe

3,

]

B

Screws & Washer

5

FLECTRICAL COMPONENIS

Relay

Switeh
Indicater Light
Timer

Cemnecter

Wire & Lugs

SUMMARY

Material
Mechine Shep
Assemhly
Fimg] Twet

Ne Emgin=eving and Draft.img imcluded, i.,e,, the abeve is straight mamufacturing

Number of Assemblies

10 100
2,25 1.80
36,00 36,00
+60 .60
.12 o1z
.96 .96
+96 »96
.12 .12
45 .45
18,00 15.00
.03 .03
o435 45
44,33 140,66
.03 .03
.07 .07
4,80 3.36
1.43 1.08
40 <40
34,20 30,60
.90 .75
.27 .27

222,27 197,61

2,07 1,00
1,00 1.00
2,63 1,32

cont. fer gssembly, All drawimgs final and all develepment finished,
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Director,
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