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SECTION L. INTRODUCTION

The US Army CECOM Center for Night Vision and Electro-Optics (C2NVEO) is responsible for
developing cryogenic coolers for all infrared imaging systems for the Army. C2NVEQ also
maintains configuration management control of the forward-looking infrared (FLIR) Common
Module coolers used in thermal imagers in ficlded Army weapon systems such as: M60A3 and M1
Tanks, Bradley Fighting Vehicle System, tube-launched, optically tracked, wire-guided (TOW)
Missile System, and Army Attack Helicopters. Currently, there are over 30,000 coolers in fielded
systems and several thousand more are added each year. C2NVEO conducts development programs
and monitars contractor internal research and development efforts to improve cooler performance
such as reliability, audio noise, power consumption, and output vibration. One of these efforts has
been the development of a clearance seal HD-1045 cooler for the potential use in the tank and
helicopter FLIRs.

The HD-1045 1/4-Wart Split Stirling Cooler was originally designed and developed by the CECOM
Center for Night Vision and Electro-Optics (C2NVEO) in the early 1970s as a replacement for the
gas bottle/cryostat used on the Manporntable Common Thermal Night Sights. To date, however, the
HD-1045 cooler has been used in the field in the Integrated Sight Unit (ISU) of the Bradley Fighting
Vehicle (BFV) System.

Performance requirements for the HD-104S5 are governed by the cooler specification,
B2-28A050122A, dated 18 June 1982. The primary specification requirements for this cooler
include the ability to maintain a 0.35-watt heat load at 85K at room temperature, cooldown a 1.8
gram copper mass to 85K within 10 minutes over the temperature range of -40°C to +71°C, and
operate under steady state conditions with a 0.35 watt heat load applied at room temperature with a
power consumption of 30 watts or less.

This report describes the performance and environmental testing that C2NVEO conducted on the
RICOR/CRYO-TEK Coolers. The test procedure used throughout the ¢ . wiusaor, Qualification
Test Procedure 1/4-Wart Split Stirling Cooler,” has been included in Appendix A for reference. The
RICOR/CRYO-TEK coolers have not been subjected to life testing, therefore no mean time to
failure (MTTF) is available. The MTTF testing and determination are required prior to the decision
being made on whether the coolers are acceptable for use or not.




SECTION II. DESCRIPTION

The environmental evaluation was conducted on two RICOR/CRYO-TEX coolers, S/N 8011 and
S/N 013 in accordance with the Qualification Test Procedure in Appendix A. Baseline acceptance
tests and leak rates were conducted before and after each environmental test to determine whether or
not the units had survived the test. In addition to the environmental tests, C2NVEQ conducted
audible noise and vibration output testing on the coolers.

A brief description of each test performed is provided in Table 1.
Table 1. Test Description
TEST REQUIREMENT
Leak Rate Less than 1.0 x 1070 std cc/sec helium
Acceptance Test

— Cooldown Less than 7.5 min to 100K
Less than 10 min to 85K

— Cooling Capacity 0.35 Wartt at 85K
— Input Power Less than 30 watts
Acoustic Noise Sound pressure levels must be less than specified limits

between 125 to 8,000 Hz

Vibration Output No requirement

Temperature Shock Rapid temperature changes from -54°C to +71°C every
4 hours for 24 hours total

High Temperature 48 hour soak at +71°C, +71°C operation

Low Temperature 24 hour soak at -57°C, <40°C operation

Mechanical Shock 100 g's peak amplitude for 11 msec

Imposed Vibration 4-5 g's acceleration over 5 to 500 Hz




SECTION III. TEST RESULTS

Both coolers failed audible noise testing at Noise Unlimited and C2NVEQ. The coolers exceeded
the specification maximum sound pressure levels at 2,000, 4,000, and 8.000 Hz. The vibration
output testing was conducted for information purposes; there is no specification requirement. All
the environmental tests were successfully completed by S/N 8011 and S/N 013. There were no
failures, relevant or otherwise, and all environmental tests were completed without incident. A brief
summary of all acceptance testing is shown in Tables 2 and 3.

Table 2. Environmental Test Results S/N 8011

TEST COOLDOWN TEMP (K) POWER LEAK RATE
80K (min) WITH HEAT LOAD (WATTS) scc He/sec

Initial Baseline 4.00 75.27 23.00 1.0x 109
Post Mechanical

Vibration 3.88 76.43 ‘ 2278 2.5x 109
Post Temperature

Shock 3.93 74.82 23.11 2.6x 10-10
Higo Torsrature 6.00 83.46 2383
Post High

Temperature .77 76.66 24 8.0x 10-9
Low Temperature 2.43 62.12 19.65
Post Low

Temperature 3.67 7324 2281 9.0x 109

Post Mechanical
Shock 3.67 71.00 22.80 75x 1079




Table 3. Environmental Test Results S/N 013

TEST COOLDOWN TEMP (K) POWER LEAK RATE
80K (min) WITH HEAT LOAD (WATTS) scc He/see

Initial Baseline 3.87 77.00 21.16 2.8x 10~9
Post Mechanical

Vibration 3.23 71.46 21.69 2.3x10°9
Post Temperature

Shock 3.30 70.20 21.57 6.4x 10-10
High Temperature 443 69.13 23.25
Post High

Temperature 3.65 75.13 21.49 70x 1079
Low Temperature 2.53 63.43 19.12
Post Low

Temperature 3.32 70.13 2174 79x 1079

Post Mechanical
Shock 3.22 71.65 214 54x109




APPENDIX A
TEST DATA

All environmental test data shown in this appendix appears in chronological order, as the tests were
conducted. The acoustic noise test data (pages A-46 through A-57) and vibration output data (pages
A-58 through A-74) are provided. All cooier testing was conducted using a 1.8 gram copper mass
coldstation and an input voltage of 17.5 VDC.
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Test Tech___ HL.D

¥ _RA T T T

Froject Eng.,

Date Time

5APRBE

——

TEST REQUIREMENT

Conduct Leak Rate Test per paragreph 6.14.1
of this plan,

Cooler S/N

Charged to operating pressure tinitial)
Measured leal rate (1.0 x 10-6 scc/sec awr,
equivalent at 23C ambient) L8 X 4~

Cooler S/N_BCH |

Charged to operating preassure tinitial)
Measured leak rate (1,0 x 10-6 scc/sec air,
equivalent at 22C ambient) Lo X 1=

Cooler S/N
Charged to operating pressure_ == (inmitial)
Measured leal rate (1.0 x 10O-& scc/sec air

equivalent at 2IC ambient)

Test Sheet 2

A4




HY A HARACTERIST ATA GHEET

Date 19 AP
Test Tech WL D ' Project Eng. —

BREQUIREHMENT

Record the following physical characteristics per
paragraph 5.0 of this test 2lan.

Coocler S/N__OL3

Conforms to drawing number
SM-D-8083I51 {initial)
weight (2,35 pounds Max.) L.837 1b.

Coocler S/N_BQOIl

Conforms = . ~awing numbar
SM-D-B083% tinitial)
Weight (2.5 pounds ma:.) L2958 1b.

Ccoler S/N

Conforms to drawing number
SM-D-8083IY . —_—  tinitial)
Weight (2.5 pounds max.) 1b.

Test Sheet |

A-S




MECHANICAL VIBRATION

DEPARTMENT OF THE ARMY
ARMY NIGHT VISION AND ELECTRO-OPTICS LABORATORY
FORT BELVOIR, VIRGINIA 22080

TEST REPORT

RICOR COOLERS
S/N's 013 AND 8011

22 MAY 1968

A-6




TEST ITEMS

RICOR Cnolers, S/N's 013 and 8011

TEST SPECIFICATION
B2-28A150122A, 18 June 1982

TEST DESCRIPTION

Both coolers were fastened to a rigid fixture and
vibrated on three mutually perpendicular axes. The vibra-
tion was sinusoidal and its amplitude and frequency were
controlled per para 4.3.2.3 and figure 3 of the above
cited specification.

Both coolers continued to operate during all tests
and maintuined a frosted cold finger.

Dologltbion o

DAVID J. ALLINGHAM

Test Coovdinator

Support Operations Team

Technical Suppocvt Division

Center for Night Vision and
Electro-Jptics

A.7
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MECHANICAL VIBRATION—S/N 8011

MECHANICAL VIERATION TEST SUMMARY SHEET

Cocler S/N 9()\\ Date of Test = ' .- Qi:
~ ~ : 47

Test Tech JMLJUL (RS TCTIL 0N Proj. Eng.__ . - L YT
Step : Test Requirement Initial
1.0 Mount cooler onto vibration table in the

X anis., 1
2.0 Energize coolers and allow cooldown for /!

10 minutes, —
.0 © Emergize vibration machine and conduct a

rescnance search at an 1nput level of g
from 3- J00 Hz,

Resonances: ! - g 4, S. &, 7.

4,0 Select the four most severe resunances recorded and
perform a resaonance dwell faor 20 minutes frequency levels
specified.

€. Energize vibration machine 1n accardance to the r 4.
vibrgation profile. S
-
6.Q Allow coolers to vibrate 1n this aiis for A
120 minutes
7.0 De-energize vibration machine and cooclers 7&
g.0 Femove coclers ¢rom vibration machine and xnspoqy for
physical damage.
9.0 Mount the coclers I1n the Y ais and repeat
steps 2.7 and 4 .
10.0 Energize the coolers and allow cooldown fok\25§{
ijmtnuto. v
11.0 Enorqs:o the vibration machine in accordance with the
apporopiate vibration profile. %Ll
12,0 Allow the cocler to vibrate i1n this a:mis ¢or ‘$hﬂ
120 minutes. |4
12,0 De-energice vibration machine and remove the cog?gfg.
Ingpect the coolers for any ghysical damage. .
7
1.0 Mount the cooclers 1n the Z a:is, 1nstrunented, repeat
steps 2.7 and 4 in the 2 a:s. -

15.0 Energize the coolers anc a.:3w t0 cooldown for 1
R minutes, '==%L¥———-—““

A9




Step Test Requirement

Inttial
16.0 Energize the vibration machine with the appriopriate
vibration profile. ;??,
17.0 -Allow the coolers to vibrate in this axis for 120
minutes 7 g
18.0 De-energize the vibration machine and remdve.the

coclers. Inspect the coclers for any physical damage.

19,0 Conduct a performance test per o
paragraph 4.0

Leal Test: NV Std cc helium/sec

Comments

A-10




t 1 [] [ ]
1 H 1 [ ]
1 ! 1 ]
i ] 1 ]
1 1 1 “
' 1 ]
1 P DGR BEOOOIEEEEEER | T2
' | R HHOEHEHRGOOEHEORREROHOR I WNDIN I
_au_iw«u«vawavav«wanvnwagavaﬁwﬁﬁaaweeoﬁ.33“
t‘C Ot . . . - - - - . - - . - - . - . - - . - - - - ¥ . .
1O BN OHRERMMOMOORHRNHREREGENG ) "
[ | !
' 1 ] ] - .
) p ' ! POWER “Hatts)
[ 28] 1 H !
il ) : H H faal ® ) © =}
. b ! ' w < - N ~g
[£a} ' 1 1 1 . S S S e S o o ] o
- I L] ] 1] .
] 1 s |} ]
0 1 1 1 [
© 1 1 1 ] 1
1 I M NS~ WENWNP IS~ MOMMENINMOWWoMn ) v k
w .N_37:Q..:..15.13350878978300.l./..34" _ -._u
oz in 3 v ) . . . - - - . . - - - - - - - - - - - - - - P | - -
D [Ls] D> L - (- D N~ (0~ -~ 0P WP WWTE i~~~ 1 Wk . 1
s~ 1N P e AN D N I~ [~ (NN« <2 -t ~F 3 2 <3 v < F 3 ~F 3 > ) -1~ O y 1
.J - LI UF N B A B B I 1 | 4
t~ T iz 1 ) ] |
€ 1 1 1 L4 - fu]
. em - ) 1 ] ] [ ] 1m
U o b ) I 1 [ 4
- D I <«C 1 t 1 1 4
€ Z (D ¥4 ) l 1 ] . . ]
" SRURES ) ' 1 ] ] 14
1 > t ' 1 » L — 1
1 C 114 > ' ' 1 . z ! i
,m <C ] 1 1 u o ~ f 1« - —
r ‘ 2 _d 1 ) 1 3
neooO u £ v 1 ' . ] v 1 £
.1 &) 1] P22 1 MM =Ml 10U - @OWWMGES M FIWw | Dw -, 4 ]
o 14 D Pl ) 2~ 1D DIIRIIINEIE@ ] — o= v~ —— (JINTIMI I L -~ | SO ol 3 ] =
t w .z VL G =TI NI iome L e 8 19 -
. .Jd C [ ¢ K | - - - - - - - - - - - - - - - - - - - - - . - 0 . P | =z (3] .
« W I 2D 1 sm em em e e e e e em e e e e e e e e e e = e e ) e 0 z i 1 (]
" &) w [ER SR t ] o E -
‘e [ S ! ' ] s | =
g 1 ) 1 | ] A - |
i £ €1} 1 ! ' (] - n
1o iz 1 ! ] ' O i1l
s b o ) ] t v ) L] 1
o 3 ) 1 i s O . |
i D) (] 1 ) ] [ ] -
. © ] ) ' “ u 1
- 4 1 1 1
1 . .- 'S 1 ] i ’ H 19
[ v .- 11N LI 1IN DD — <3 — WM~ MMI~ Oy~ — Do | O *\.
(X3 (4] [T Ee BEEF R S A BN o~ 4 2 BERTIN & 0 RN SN N 4~ B ¢~ M MDD rIrdoegryg . — ) O~ “ 1
[§4] V.’ _ .w 1 - - . - - - . - - - - - - - - - - - - - - - - — - . .
: o P @I I MM a MMM Lo cied 8 ¥ 4
in ity [N 83 (RN S IR AN SR R B ECINE SN I S I SX I SN B S BN £ I S R N I SN I SV N AV SN o By oV N L8 JNN OV 20 0 N AU SV NN B AV I o8 ) " ﬁ 7 E
I (= ] ' ] /
t 1 1 1 [l - i
‘- Lt 1 ' ! M 3 vl 4
L Z 1 ! 1 ¥ he ]
I * ] ' ' [ T i
({4 2 _J 1 1 ] ] . \\l.\.\\uu 1
(SR8 2 B w 1 1 ' » e 7 b
[ . T ] 1 1 '] et X _ o i 2 2 ' s L of 2 Y e a
W s : i : ORI TOIRENGTO
T 1 RN | @ mmwﬁwm“mmu..mw.ﬁmaed ’
. e e - 1 03 1 DI DII0DDDEDDMBDDIDEDBDOERROOBRDOO I L
oty b ’ 1 e ) - - . . . . - . . - . . - - . - . . - - . . « ot . - 8 aiq - . -
W 9 iz m 1 4= 1 €D = 1IN N 2 N D[~ MM D - (1D 2 NWDI DN 1 & Ut AL Ay I LYY IAITL
_J <L 14 (9] 1 ] am em e e wm e s e =— e~ (] | 1N 4 ¢
€ b= v ' - ] ] 1 [ ]
LS I 4 4 i ' 1 |
[ g5 i 1 1 | | §
ot t t ) ’




MECHANICAL VIBRATION—S/N 013

MECHANICAL VIBRATION TEST SUMMARY SHEET

Cooler S/N Ol > Date of Test_ 2 Mo, AS
~ ‘ —
Test Tech \—*kv'w& Dﬁ\:f%xwam Proj. Eng.__3 — i5\«c££€Y_“
Step : Test Requirement Initial
. PO

1.0 Mount cococler onto vibration table in the .‘%

X axis, L
2.0 Energize coolers and allow cooldown for

10 minutes. fl/

3.0 Energize vibration machine and conduct a
resonance search at an input level of (g
from S- JI00 Hz,

Rescnances: ! poi T 4, S 6. 7.

4,0 Select the four most severe resonances recorded and
perform a resonance dwell for 20 minutes fregquency levels
spec: fied. ———

) Energize vibration machine in accordance toc the
vibrgation profile,.

6.0 Allow coolers to vibrate in this axis for
120 minutes

7.0 De-energize vibration machine and coclers 7§4//

8.0 Ramove coolers from vibration machine and insp%zs'for
physical damage.

o
A

A
9.0 Mount the coolers in the Y axis and repeat o
steps 2,2 and 4
10,0 Energize the cooclers and allow cocldown for

toominutes
1.0 éz;rqizi the vibration machine in accordance with ihe
appropiate vibration profile. ?
2.0 Allow the cooler to vibrate in this a:is for ﬁ q

120 minutes. |

¥ s
~N

13.0 De-energize vibration machine and remove the cqugfs.
Inspect the coolers for any physical damage. Ve
14,0 Mount the coolers in the Z axis, instrumontchJuuquL

steps 2,7 and 4 in the Z adis.

1%.0 Energize the coclers and allow to cocldown for
:;'3, minutes.




Step Test Requirement

Inttial

16.0 Energize the vibration machine with the appriopriate
vibration profile. b
17.0 -Allow the coolers to vibrate 1n this axis;é;%,izo
minutes . {
18.0 De-erergize the vibration machine and remquffhc
coolers. lnspect the coolers for any physical damage. _
19,0 Conduct & performance test per //%;

aragraph 6.0 .

p grap s

RNy \Cfﬁ .
Leak Test: = X Std cc helium/sec
Comments

A-13
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Test Tech_{a3. PocgeTr Project Eng.

Date Time

QJdwas ____

AY_RA T T T

TEST REQUIREMENT

Conduct Leak Rate Test per paragraph 6.1.1¢
of this plan,

Cooler S/N_QI123

Charged to ocperating pressure {initial)
Maasured leal rate (1.0 x 10-& scc/sec air

equivalent at 23C ambient) 2.3 X 10~9
Cooler S/N_8OI}

Charged to cperating pressure (initial)
Measured leak rate (1.0 x 10-4& scc/sec ai
equivalent at 23C ambient) 29X 10°

Cocler S/N_____

Charged to operating pressure (inmitial)
Measured leak rate (1.0 x 10-& scc/sec air
esquivalent at I23C ambient)

MEASUREMENTS TAKEW FoLLouwing Twe
MECHANICAL WVIBRATION TEST,

Test Sheet 2

A-15




TEMPERATURE SHOCK—S/N 8011

TEMFERATURE SHOCK TEST SUMMARY SHEET

Cooler S/N__ 8O Date:__ O Juwe 88
Test Tech. H&P Project Eng.
Elapsed
Step Date Time Test requirement Initial
1.0 Si:lﬂbL 1050 1nstall coolers into /
test chamber /QCZ’
“.0 1070  Adjust chamber ambient /W !
to + 71C
3.0 A verify cocler has soahkec /§a<ifj
4or $our hours /
4.0 hi 1S Flace cooler into test chamber
that has been pre-cooled to -34C
within 8 minutes ¢érom 71C
3.0 3 Verifty cooler has soaled for Aé?‘
four (&) hours at -34C K/X
45,0 _ifzii:i_ Place cooler into test chamber

that has been pre-heated to 71C
within & mins, of removing ¢
-34C ambient,

Verifty cooler has soaked for
$or haurs at +71C ;

Flace cooler into test chamber
that hae been pre-cooled tn ~34C

within S mins. of removing § /
*+71C smbient. :

Veriéy cooler hss scated for 2‘16:
tour hours at -S4aC 347f :

N
i o

ny P
L (e
\’ L

9.0 10 Juwe

ti‘

A

10.0 Flace cooler into test chamber
that heés been pre-heated to «71C
within S mins. of removing
-%4C amdient. Y A

1.0 2 IE Veri¢y ccoler has soated for /{§
dour Nours at «71C f;

ic.0 ,f Flace cooler into test chamber

that has been pre-cooled to -34C
within S mine., Of removing Grom//(:s
+71C ambaient. /

Test Sheet & (13¢ 2J)
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Step Date

13. 10 Jone

14,

13,

ié.

17, 13 Jove

Commentgs:

Temperature Shock Test Summary Sheet (Continued)

Elapsed
Time Test Requirement Initial
. e
il;ﬁz__ Verify cooler has __%in;_
scaked for four

hours.

H ; [5 Adjust test chamber
ambient to +23C

1300 Verify test chamber /é(-

Ambient is 23C K>
. /
13 NY  Visually inspect /)

cooler for physical "?/<ifs
damage an d record. _ﬁ;_____

08:30 conduct performance /
test per Para, 4.0 ‘£57
of this test plan

'Z.QX ]Q"a Std. CC Helium/sec (record)

Test Sheet S (2 of )

A-17




QO

ey NUEDL CRYGGENIC JOOLER Lap

CRYOGENIC COOLER DATA

COCLER: RICQOR / CT-45 8911 CATE: '3 JUNE 38 29:40
AMBIENT: 23 {C) DEWAR COMP: 135

£57: PEQFQRMANCE TEST FOLLOWING TEMP SHOCK

- - ‘,_,___.__-._.._____._...,__.__._-,_________,_._____._--____._.._____-,_____-____,,____,--_

TIME POWER SURRENT KELVIN LOAD
2.20 22.2 [ 296.64 2.700
.32 20.47 1,194 214,83 0.000
.20 21.55 1,254 155,46 0.200
3.29 e .B2 I 108.39 2.009
; 3.30 23.62 1,350 96.86 0.000
2 3.33 23.43 1,339 76.32 0.000
4,00 23.758 1.363 59.88 0.000
, 5.0 13,74 1.366 52.89 0.000
. 5.00 23.55 1.343 49,66 2.000
ob 7.20 23.50 1,342 48,18 0.020
R 2,20 23.3¢ 1,324 47,66 0.000
P 9.20 23410 1,32 47.49 2.000
: 3.0 23.42 1,335 47.3) 2.200
i1.00 23.38 1,341 7.2 0.600
12.00 23.44 1,345 47.18 2.000
13,00 23.37 1,343 47,23 8.000
14,09 23.15 (308 47,48 0.000
- 15, 3¢ 23.30 P332 47.i4 0.200
‘ 16.00 23.38 1.325 47,14 2.200
17.00 23,33 1,349 47.18 0.000
18,00 23.2 1.327 47,42 0.000
19,00 23.23 1.322 47.2 2.000
20.00 23.33 1,333 47.31 0.000
20,20 23.21 1,326 74,91 351
12.99 23,11 1,30 74.82 . 351
- ' COOLDOWH % P LER
. 300 ‘ 59
~ 233 ]
< 250 J
> 219
“zoat) 1 A
¢ 1ol Lo 2
188 b 130 -
2 jaal \ 1 £
gl@b e 1 =
L 123 h- 1.0
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]
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TEMRATURE SHOCK—S/N 013
TEMFERATURE SMOCK TEST SUMMARY SHEET

Cocler S/N ol=1 pate: __9 JUUE 88
Test Tech. _HL®D Project Eng.

Step bate‘
1,0 9 June

Test requirement Initial
Install coolers into A?ffij
test chamber __jéj/
Ad just chamber ambient 9<;é{fk£;7
to « 74C

| (

Time
AR50
106:50
3.0 ‘ li: IE verify cocler has snaked )/{ <
1515 ”

2.0

for four hours

/
FPlace cooler into test chamber
that has been pre-cooled to -%4C . :5
within % minutes from 71C 7/ /7.

.0 3!5 Verify cooler has scaked for éﬂ
_ four (4) hours at -S4C ¢L/Ef

6.0 _lsz;ifil Flace cooler into test chamber

that has been pre-heated to 71C
within & mins., of removing from 452

-%4C ambient. A2
7.0 Za ’5 Verify cooler has soaked for
for hours at +71C 4«

Flace cocler into test chamber
that has been pre-cocled to -S54C

within 5 mins, of removing o ¢é?
+71C amtient, A%Zf‘{:

Virify cooler has soal.ad ‘°?4¢inéf7
four hours at =-%4C y

9.0 10 JUNE

10,0 53-| Flace cooler into test chamber

35
that has been pre-heated to +71C
within 8§ mins. of removing
~34C ambient, ‘
11.0 Z. !i Veriéy cooler has scaked 4orza(jb

four hours at +71C v

/
/
/
Flace cooler into test chamber

that hac been pre-cocoled to -%4C

within & mins. of removing $rom
+71C ambient, rZ%/fb
/

Test Sheet & (jof 2)
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Temperature Shock Test Summary Sheet (Continued)

Elapsed
Step Date Time Test Requirement Initial

13, lﬁﬁéQLUE ll;[fi_ Verify cooler has

sPaked for four
hours.

Adjust test chamber //7(5
ambient tp +23C /

N

G,

-3 12:00  verity test chamber
Ambient is 23IC
16 130D Visually inspect

cooler for physical
damage an d record,

17, |3 JUUE _QI_LE Conduct performance
test per Fara. 6.0
of this test plan

0.4 X lQ"o Std, CC Helium/sec (record)

REE

Commantgs:

Test Sheet T (2 of )

A0




NVECL ZRYQGENIT COOLER LAB

CRYOGENIC CCOLER DATA

COOLER: RICOR / CT-45 Q13 CATE: 13 JUNE 38 28:23
VOLTAGE: 17.8 ENGR: HLD
AMBIENT: 23 (& DEWAR COMP: 322

TEST: PERFIRMANCE TEST FILLOWING TEMP SHOCK

e = v e s T e - 0 = T - P "= o B A - - o T ek A . W R L e R TP W T S e e h s - > . . e -t n -

TIME POWER CURRENT KELVIN LOAD
0.00 18,71 1.069 294.29 2.200
1.00 17.81 1.040 203. 11 2.929
2.00 13,22 1,175 136.53 2.200
2,77 2.0 1,213 95.7 8.200
3.09 2.2 1.22 87.60 2.200
3.30 21.73 1,242 7.3 0.000
4.00 22.00 1.261 61.10 2.000
5,00 22.05 1,233 49,49 2.000
6.20 2.2 1.286 44.48 0.200
7.00 21.90 1,237 43,13 ¢.000
8.00 21.83 1,22 2.43 0.000
3,00 22.11 1.260 42.04 0.002

19.00 21.94 1.250 41.74 2.000
11.00 21.88 1,233 41.74 2.000
12.00 21.97 1,248 41.82 2.000
13.00 22.12 1,266 41,74 0.900
14,00 22.08 1,232 41.68 2.200
15.00 22.04 1.253 41.69 0.000
16.00 21.79 1,236 41,78 0.000
17.00 22.05 1,282 41.87 2,000
18.00 21.89 1,255 41,95 0.000
19,00 21.85 1.246 42.04 2.000
20.00 21.84 1.257 41,78 2.200
30.00 21.70 1,276 £9.09 351
40.20 21.57 1,22 70.2 351

IR RS S IR I R I AR A I NN E RN I IR R R I A E I S IR AT EIATIITEIRLAIAETILTRRIIIIRNINI

COOLDOWM & POWER
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Q. . {20
5 =1 ) Nd .ha
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| bB r N /_,-‘ q

“\_‘_‘ o -
sat
]
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HIGH TEMPERATURE—S/N 8011

HIGH TEMFERATURE TEST SUMMARY SHEET

Cooler 6/N _80I1 Date o¢ Test_|4-|LJONE BS
Testrr Tech_ HL.D Froject Eng.

Elapsed
Time

Step Date (Hr,=Min) Test Requiremant

1.0 liJQ})E 08 50 Install the cooler into

the test chamber instru
nented per FPara. 6.3

2.0 £ZELJ;E5__ Ad just chamber ambient to
. +71C

3.0 I Juse ©09.07 Verify cooler has soaked

for 48 hours at +71C
4.0 Operate the coolers in
accordance with Fara. 6.0
and record results.

Lower test chamber to
standard room ambient
(non—-operating)

for physical damsgQe and

e

v
6,0 v” Visually inspect coolers
record abnormal findings.

7.0 e June

Conduct pearformance test
at 23C per Fara. 6.0. and
record results.

le June R0 X 10°?  std. CC Helium/Sec. (Record)

e Commentst _MOToR, WSk REMOVED

Test Sheet &
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NUEZL SRYCGEMNIC ZJGLER LAB

CRYOGENIC COOLER DATA

COOLER: RICOR 7 (CT-45 8@1! DATE: 16 JUNE 88 10:15
YOLTAGE: 17.5- ENGR: HLD
AMBIENT: 71 (C) DEWAR COMP: .335

TEST: PERFORMANCE TEST FOLLOWING 48 HQUR SOAK

e o e ;> = = = s = =t " e = Gkl S MR e

TIME POUER CURRENT KELVIN LOAD
2.90 18.18 1.040 342,394 0.00@
1,20 21.25 1,233 256.54 2.009
2.00 21.51 }1.248 195.58 ¢.000
3.00 22.53 1,298 148.78 0.000
4,909 22.83 1.327 114,49 0.000
4.58 23.49 1,342 99.87 9.009
5.00 23.33 1.324 92.48 0.000
£.00 23.39 1.328 79.59 2.000
§.13 23.33 1.333 78.94 0.000
7.00 23.54 1,358 71.54 0.000
8.00 23.65 1.36@ 67.786 0.000
3.90 23.54 1.381 £5.40 0.200
19.00 23.66 1,345 64,38 9.000
11.00 23.49 1.326 64.05 0.000
12.00 23.81 1,385 §3.80. 9.000
13.00 23.581 1,336 63.76 ¢.000
14,00 23.49 1,341 63.88 0.000
15.00 23.50 1.341 63,72 2.00¢
16.00 23.70 1.374 64.0! 3.000
17.90 23.60 1.341 64.01 0.009
18,00 23.5% 1,335 64,01 9.000
19.20 23.72 1,363 B4.17 9 000
20.00 23.69 1.329 64.17 9.009
30.90 23.67 1.359 83.00 201
43.09 23.83 1.366 93.46 A

II-"...-I.-Iﬂ..-.I--I-..'-I.--U.‘.I...‘I.I‘l.n‘..'...‘.‘...I--l‘HﬁII‘uI"ﬁUﬂ..I
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NVESL CRYQGENIC CCOQLER LAB

CRYQGENIC COOLER DATA

CQOLER: RICOR / CT-45 801! DATE: 17 JUNE 88 08:58
VOLTAGE: 17.5 ENGR: HLD
AMBIENT: 23 Q) DEWAR COMP: 335

TEST: 2C0M AMBIENT PERFORMANCE TEST FOLLOWING HIGH TEMP TEST

...--.-—......._—-____-...-.-..._--_—-——----_-———-......._...-—..__-_---..-._-.-._-....-._—_-.‘._..--..-._-_-_

TIME POWER CURRENT MELVIN LOAD
2.29 21.83 1.247 295.38 0.000
1.20 20.38 17 209.¢ 2.000
2.20 21.22 1,248 148,39 0.000
3.00 22.49 1.32 193,91 2.000
3.10 23,10 1.32 939.72 0.000
3.77 23.01 1.315 78.35 0.000
4.20 23.11 1,333 74.20 0.000
5.00 23.39 1,338 58.91 2.000
6.09 23.34 1.324 52.77 0.000
7.00 23.2 1.329 43,84 0.000
8.00 23.13 1,320 48,62 2.000
9.00 23.15 1.32 48,18 0.000
10.09 23.08 1,312 47.97 2.000
11,00 22.98 1.3 47.79 0.000
12,20 23.08 1.3 47.53 2.000
13.00 23.10 1,324 47.70 0.000
14,00 23.186 1.321 47,79 @.000
15,00 23.02 1,321 47.97 2.000
16.00 22.91 1,311 48.14 0.020
17.20 23.00 1.311 48.05 0.000
18,20 22.97 1,312 48,05 0.000
13.90 22.98 1.307 47.75 2.000
20.00 22.92 1,311 47.75 0.000
39.00 22.37 1.284 76.58 . 351
40.00 c2.42 1,288 76.68 L3510

I."-l---.Iﬂ‘.--l.---.-.....--------..-I3===--.I-=-.-I‘I--'...ﬂ‘..-.-.’---"‘asa
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HIGH TEMPERATURE—S/N 013

HIGH TEMFERATURE TEST SUMMARY SHEET

Cooler S/N _Q_‘a__ Date of Test l4~~liLJouf 88
. Testrr Tech_HLD Froject Eng.

'3?f' Elapsed

SRR Time

A Step Date (Hr,=Min) Test Requiresment
| 1.0 Mﬁf 08 .50 Install the cooler into

the test chamber instru
mented per Fara. 6.3

2.0 89: 095 ~ Adjust chamber ambient to
+71C
I.0 1o JUnE _LQ__Z_L_ Verify cooler has soaled

for 48 hours at +74C

4,0 Y Operate the coolers in
accordance with Fara. 6.0
angd record results,

.0 b’/ Lower test chamber to
standard room ambient
(non-operating)

6.0 v Visually inspect coolers

for physical damage and
record abnormal findings.

7.0 Conduct perfyrmance test
at 23IC per Fara, 6.0, and
record results,

1 JUNE :Z.Q A |Q"9 Std. CC Melium/Sec. (Record)

Comments:

Test Sheet &6
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NVEIL TRYCZENIT CTTOLER LAB

CRYCGENIC COOLER DATA

COOLER: RICOR / £7-45 013 DATE: !5 SUNE 38 '!':23
VOLTAGE: 17.5- ENGR: HLD
AMBIENT: 71 () QEWAR COMP: 143

TEST: PERFORMANCE TEST FOLLOWING 48 HOUR SOAK

- s . tn e T = i e e . S S A R e e T D e S A e et e e 43 e R e 4 e e At ek e e T T N Ve . Y B 4 S A - = .

TIME POWER CURRENT MELVIN LCAD
2.00 13,62 1,118 344.2 0.200
1.920 18,60 1o113 247.34 2.000
2.20 2. 1,200 173.74 0.000
3.00 21.88 1263 121.69 0.000
3.69 23.2 1,331 38.73 0.000
4,00 23.15 1,334 88.08 2.000
4,43 23.82 1.350 78.04 2.200
5.00 23.64 1,343 69.82 0.020
5.00 23,53 1.335 59.64 0.000
7.00 23.82 1.34! 55.38 0.200
8.00 23.45 1.363 54.00 2.2002
9.00 23.40 1.32 53.3 0.200
19.00 23.30 1.32 §3.92 0.000
11.00 23.31 1.3386 53.38 2.000
12.00 23.27 1.312 53.34 0.000
13.00 23.37 1.318 83.05 0.000
14,00 23.34 1.338 52.73 2.000
15.00 23.41 1.333 52.64 0.200
16.00 23.30 1.328 2.81 ¢.000
17.00 23.27 1.33 53.71 0.000
18.00 =3.30 1,334 52.10 0.000
19.00 23.26 1.317 §3.50 0.000
20.00 23.34 1.337 53.14 0.000
30.00 23.40 1.337 68,52 201
40.00 23.25 1.33¢ §3.13 201

IS S S s e E SIS I S R I I N I E I A R E A T I I S S A I AN E NSRRI IS NI IIRNS AT SRISIIIRI=IIIBTI
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NVEQL CRYQGENIC CICLER LAB

CRYOBENIC COOLER 0ATA

COOLER: RICOR / CRYQTEK @13 DATE: 1B JUNE 1988 13:34
VOLTAGE: 17.5 ENGR: RNS
AMBIENT: 23 (C) DEWAR COMP: 143

TEST: BASELINE AFTER HIGH TEMP

- - P - P - 0 = " W Y A A - > - " S et S - " . — - Ak o —n - - - - v

TINE POWER CURRENT KELVIN LOAD
2.00 19.50 1114 300.60 2.000
1.00 17.61 1.044 209.14 0.000
2.00 18.95 1.124 142.13 0.000
3.00 20.30 1.189 97.44 0.000
3,10 20.98 1,199 93,92 0.000
3.65 21.42 1.224 78.66 0.000
4.00 21.23 1,227 71.85 0.000
5.00 22.06 1.255 56 . 65 0.000
6.0 22.97 1.257 49.01 0.200
7.00 21.99 1,247 50.19 2.000
8.00 22.04 1.268 44.61 0.000
3.00 22.01 1.256 44.13 0.200
19.00 21.95 1.246 43.87 0.000
11.00 22.05 1.259 43,91 0.200
12.00 21.99 1.250 43.83 0.000
13.00 21.94 1,247 43.78 2.000
14.00 22.08 1.257 43.91 0.000
15.00 21.99 1,267 43.91 2.000
15.00 22.04 1,272 43.97 2.000
17.00 22.04 1.264 43.78 0.000
18.00 22.00 1.260 43.87 0.000
19.00 22.02 1.259 44.00 0.000
20.00 22.92 1,253 44,00 2.000
30.00 21.48 1.220 73.36 .35/
49.00 21.49 1,228 75.13 .351
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LOW TEMPERATURE--S/N 8011

LOW TEMFERATURE TEST SUMMARY SHEET

Cooler 8/N_ 8O Date_21-22 )JQUE 88

Test tech LU=I? Froject Eng.
Elapsed
Time
Step Date (Hour/Min,) Test Requirement
1.0 2\ JUNE 06:05 Install cooler
into test

chamber as per
Fara. 6.3,

-0 0k 550-51C Adjust test

chamber to =-57C

.0 22 Juve 2 %9 Verify cooler

has soaled for
24 @ nours at -=7C

4.0 {21: 5§2 Raise the temper

ature to -40 and
allow coolers to
stabilice.

.0 | et Operate coolers
in accordance to
para. 6,0 and re
cord results,

&, 0 [Pl Raise test
chamber to
standard rooem
ambient «2IC
(non-operating)

7.0

\

Visually inspect
coolers for any
physical damage
and record,

8.0 / Conduct Ferfor
mance test at

+23C and record

2 X \Q-9 Std., CC MHelium/Sec. (record)

Commente:

Test Sheet 7
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CRYQGENIC COOLER DATA

ZOOLER: RIZOR 7 CRYQTEX 3011 DATE: 22 JUNE 1988 29:48
JOLTAGE: 17,5 ENGR: HLD
AMBICNT: -4Q () CEWAR CCMP: 335
TSIT7: PERFORMANCE TEST FOLLOWING 24 HQUR 30AK
TIME POWER CURRENT KELVIN L0AD
2.20 17.47 .338 232.97 2.200
1.20 17.63 1,333 149,92 3.000
2.20 18,83 P12 96.87 0.200
2,19 19.5@ t.114 91.99 2.000
2.43 19,81 1,132 78.82 0.200
3.00 19,78 1.148 2.12 0.200
4.9 20.00 1,136 46.44 2.000
5.0 19.78 1,119 41,13 0.000
6.20 19,73 1,129 39.47 2.000
7.00 19.61 1,119 38.87 @.000
8.00 19.58 1,121 38.37 Q.000
3.00 19,79 12 38.22 0.000
10.00 19.89 1.130 3g.'8 @.909
11.00 19.6Q 112 3g. 14 9.000
12.900 19.78 1,130 3g. 14 9.000
13.00 19,75 1,129 38,14 2.020
'4,00 19.69 112 Jg.14 J.9000
15,90 13.79 1,128 3g.4 0.200
16.00 19,74 1o Jjg.14 9.3009
17,99 19.87 1.139% 358.14 d.209
19,00 19,78 1,128 3g8.18 ?.300
19,20 19,71 1,133 Jg.18 0.002
29.30 19,76 LN jg.19 0.3
32.90 13,79 b 3t ! a3 348
43.90 9.6% I §2.12 399
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MVESL SRYZ3IENIZ TIILZR L°3

CRYQGENIC COOLER DATA

COOLER: RICOR / CRYQTEK s@t! OATE: 22 JUNE 1588 13:39
VOLTAGE: 17.8 ENGR: RNS
AMBIENT: 23 (C) OEWAR COMP: 335

TEST: POST LOW TEMP BASELINE

TIME POWER CURRENT KELVIN LOAD
2.0 14,74 842 296.99 2.209
1.00 " 19,38 1.138 205.8Q 0.300
2.09 20.51 1,199 142.99 0.000
3.00 21.68 1.268 97.59 8.000
3.10 22.42 1.28¢ 3.7 2.006
3.87 22.485 1.283 77.38 2.002
4.00 22.45 1.288 79.55 2.009
5.00 22.58 1,287 57.28 2.000
6.0 22.41 1.284 51.58 38.800
7.00 22.32 1,278 43,36 2.009
8.00 22.39 1,289 48,27 0.200
9.9 22.35 1.274 47.92 .02
19.30 22.39 1,273 47.79 2.320
11.00 22.3% 1.283 47.79 .08
12.00 22.48 1.269 47.84 Q.30
13,08 22.40 1,283 47.92 2.0a0
14.29 22.45 1.273 47.97 2.0¢¢
19.29 2.4 1.299 48.0§ Q.32
16.09 22.81 1,281 4.1 Q.20
17.09 22.56 1.289 49.14 Q.00
18.99 22.58 1,295 49.!8 3.309
19,09 22.93 1.29 48,3 2.0
20.00 22.49 1,266 48.18 Q.30
30.09 22.62 1,299 T3, 24 L399
49.09 22.81 1.298 T3.2 .35
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LOW TEMPERATURE—S/N 013

LOW TEMFERATURE TEST SUMMARY SHEET

Cooler S8/N__OQI3

Test tech_ HLD

Step

1.0

S.0

6.0

7.0

8.0

Conmenisi

Date

1T lune

18 June

79 ¥ 1077

Date_|7-]8 JUNE 88

Project Eng.

Elapsed
Time
(Hour/Min,)

Stg. CC Meliua/Sec.

Test Requirement

Install cooler
into test
chamber as per
Fara. 6,.3.

Adjust test
chamber to -%7C

Verity cooler
has soaked for
4B hours at -57C
A

Raise the temper
ature to -40 and
allew coolers to

.stabilize.

Operate coolers

in accordance to
para. 6.0 and re
cord results.

Raise test
chamber to
standard room
ambient +23C
(non=operating)

Visually inspect
coolers fcr any
physical damage
and record.

Conduct Ferécgr

mafice test at
+23C andg record

(record)

Test Sheet
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NVESL CRYZGENIZ CIOLER LAB

CRYOGENIC CCOLER CATe

COOLER: RICOR / CRYQTEK 913 DATE: 18 JUNE 1988 12:27
VOLTAGE: 17.8 ENGR: RNS
AMBIENT: -40 (C, CEWAR COMR: 143
TEST: COLD TEMP 8ASELINE
TIME POWER CURRENT KELVIN LAOAD
2.0¢Q 18,77 1.973 233,00 @.200
1.00 15.65 . 945 1S51.49 2.000
2.00 17.02 .993 37.00 2.000
2.19 18.01 1.829 92.70 2.000
2.53 18,63 1.065 76.58 2.000
3.00 18.22 1,972 62.41 2.000
4.00 18.38 1,084 §7.03 2.000
5,00 18,56 1.06% 55.72 2.009
6.29 16,75 1.0872 55.43 Q.000
7.00 18.99 1.106 47.%97 2.000
8.20 19,41 1.108 49.82 2.000
9.20 19,23 1.084 41,28 2.900
13,00 19.28 1.083 41,13 2.000
11.00 19,21 1.094 46,88 2.000
12.09 19,30 1.1 44,92 2.000
13.20 19.18 1,030 43.09 2.00Q
14,20 19.28 1.108 43,48 ?.000
15.00 13.2 1.099 41,08 3.000
16,00 19.37 1.116 40.85 2.000
17,09 19,43 1.118 38.54 2.009
18.00 19,48 1,110 39.13 ¢.000
19,00 19,50 1,107 39,91 0.006¢
20.00 19,51 1,110 39.01 2.000
39.00 19.17 1,090 61.79 351
40.00 19,12 1,097 63.43 351
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CRYOGENIC COOLER DATA

COOLER: RICOR / CT-45 Q13 DATE: 20 JUNE 88 07:33
VOLTAGE: !7.5 ENGR: HLD
AMBIENT: 23 (C) CEWAR COMP: 143

TEST: ROOM AMBIENT PERFCORMANCE TEST FOLLOWING COLD TEMP TEST

- - - - — > b o AL M G T U T T TS W G e e AD ) W e b e e e = T A o U P A8 M dm A -

TIME POWER CURRENT KELVIN L0AD
9.00 11.77 .673 295.82 0,000
.00 17.40 1.819 200.78 0.000
2.00 18.80 T.112 135.18 0.209
.77 20.85 1.191 87.41 0.000
3.00 20.45 1,218 89.03 0.000
3.32 21.59 1,234 77.48 0.020
4.00 21.58 1,230 62.33 2.000
5.00 21.75 1,244 50.71 0.00@
5.00 21.72 1,247 47. 0 2.900
7.00 21.73 1.241 45,48 0.000
8.00 21,68 1.233 44.04 0.000
9.00 21,87 1,249 43,74 0.000
12.00 21.72 1.248 43,98 9.000
11.00 21.72 1,240 44,18 0.000
12.00 21,72 1.241 43.74 Q.000
13.00 21,74 1,252 43,78 ¢.000
14,00 21.74 1,242 44.44 2.000
15.00 21,73 1,234 44,31 Q.000
16.00 21,74 1.245 44,26 2.000
17.00 21.81 1,242 44.44 0.000
18.00 21,77 1,238 44,31 0.000
19,20 21.78 1,248 44,09 0.000
20.00 21.83 1.246 44,44 2.000
30.00 21.73 1,259 70.01 351
49.900 21.74 1,238 70,13 391
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MECHANICAL SHOCK—S/N 8011

MECHANICAL SHOCH TEST SUMMARY SHEE™

Cooler S/N__ B¢ 11 Date 2C JuL v 88

Test Tecn___HLD Froject Engineer

Step Requirement initial

1.0 Verify Shock Machire 1s calibrated [ .

.0 Install 1nstrumented cocler with pgower leads
only onto the shochk table., (X aui1s) |l

7.0 Energize cooler and operate with no thermal load or
instrumentation on the coldfinger, el

4,0 Apply two shacls in the positive X anis L

g.0 Apply two shocks 1n the minus X arig v

&, Change the cooler i1nto ther Y auis Vol

7.0 Apply two shocks 1n the positive Y anis v

8.7 Apply two shocks 1n the minus Y auiis v

9,0 Change cooler 1nto the Z aris v

10,0 Apply two shocls in the positive Z a1 el

11,0 Apply two shoclts in the minus Z aiis v

12.0 De-energize cooler and inspect for _
physical damage. Record results. v

17.0 Conduct performance test per para 6.0 v//

1.8 x \O_q Std. cc helium/sec

Comments

Test Sheet 8

A-34




MECHANICAL VIBRATION

ORIENTATION
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. RICOR/CRYO-TEK
e S/N 8011
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RICOR/CRYO-TEK
S/N 8011
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RICOR/CRYO-TEK
S/N 8011

+Z AXIS
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NVEGL TPRYOGENIZ JT0LZE =4S

CRYCSENIC COOLER JATA

COGLER: RICOR /7 CT-45 8011 DATE: 2! JULY &8 11:13
VCLTAGE: 7.5 ENGR: HLD
AMBIENT: 23 (C) CEWAR COMP: I3
TE3IT7: PERFORMANCE TEST FCLLOWING MECHANICAL SHOCK
TIME PCWER CURRENT ELJIN L3AD
3. 2% 21.19 Lo 293.18 2.229
1,29 13.88 1,148 237.53 2.229
2.9 22.68 1.217 147.51 2.209
3.00.. 21.95 i.299 12¢.@9 2.220
3.19 22.85 1.289 95.87 2.300
Z.87 23,97 1.318 78.07 2.209
4,20 22,81 1.307 70.69 2.220
5.00 23,19 1.317 58.55 0.200
5.00 23.00 1.308 50.57 2.000
7.00 22.89 1.308 48.28 2.200
8.20 22.70 1,300 46.99 2.0200
3.00 22.85 1.310 46.51 2.000
19.20 22,81 .39 46.25 2.200
11,90 22.83 1.304 46.17 9.200
12.00 22.81 1.395 46.17 3.000
13.00 22.79 1.204 46.21 2.200
14,20 22.78 1.302 48,2 3.000
15.020 22.85 1.303 46.2 0.000
16,20 22.78 1,304 46.30 2.200
17,900 22.64 1.298 46.17 2.000
18,20 22.80 1,320 46.34 2.000
19,00 22.83 1,301 46.34 2.000
20.00 22.84 1,309 46.54 2.000
30.00 22.8! 1,296 71.00 351
490.00 22.80 1,308 71.00 391
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MECHANICAL SHOCK—S/N 013

MECHANICAL SHOCH TEST SUMMARY SHEET

Cocler S/N__Q13 Date 20 Ju.r 88
Test Tech__ HL D Froject Engineer
Step Requirement Initial
1,0 Verify Shock Machine is calibrated y‘/./(”/
2.0 Install instrumented cocler with power leads
only onto the shock table. (X axis) v
2.0 Energize cocler and coperate with no trermal load or
instrumentation on the coldfinger. |l
4.0 Apply two shacks in the positive X aiis v
.0 Apply two shocks in the minus X anis v
5.0 Change the cooler into ther Y auis v
7.0 Apply two shocks in the positive Y anis /
8.0 Apply two shocks in the minus Y aiis \/
.0 Change cooler into the 2 auis v
10,0 Apply two shocks in the positive Z ari1s N’/f
11,0 Apply two shocks 1n the minus Z atls v
T vaicel damage. Record resuite. v
1.0 Conduct performance test per para 4.0 ______\_//____

ORLIR'¢ \O“c‘ Std. cc helium/sec

Comments

Test Sheet 8
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RICOR/CRYO-TEK
S/N 013
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NVEOL CRYGCGENIC COQOLER LAB

CRYOGENIC COOLER CATA

COOLER: RICOR 7 CT-45 013 CATE: 2V juLv 32 23::%
JOLTAGE: 17.5 ENGR: MLD
AMBIENT: 23 (C) CEWAR COMP: .143

TEST: PERFORMANCE TEST FOLLOWING MECHANICAL SHOCK

- - - e . e AR . e - o e e e e e e e = T =k - e . e

TIME POWER CURRENT MELYVIN L2AD
Q.00 14,2 g7 277,30 2.20Q
1.20 17.76 1,052 196,583 3.900
2.92@ 19.98 1.132 134.78 d.202
2.77 21,934 1.202 96.41 9.200
3.00 0.68 1,22 88.51 J.200
3.22 21.69@ 1.234 8¢.97 2.000
4.00 21.682 1,259 2.51 0.300
5.20 21.78 1.245 59.77 Q.9200
.00 21.65 1,235 47.72 0.000
7.00 21.64 1.25¢ 45.54 @.200
8.00 21.60 1,23% 45.78 Q.22
3.20 21.52 .22 45.92 0.000
16.00 21.94 1.234 44,10 d.¢00
11.00 21.582 1,237 44,93 ¢.000
2.20 21.50 1,227 44 .27 @.9000
13.00 21.92 1.2 44 .84’ 9.000
14,00 21.58 Lot 344,54 2.000
19.09 21.59 1.224 45. 4 - 9.200
16.00 21.64 1,229 44,45 2.200
17.9¢ 21,87 1,24 44 .64 3.909
18.09 al.82 1,234 44,19 3.90
19,28 o1.84 1,224 44 .08 2.00d
79.09 21.8%8 1,232 43.97 0.300
30.0¢6 o s 1.230 71.38 382
40.00 o1.48 1,224 71.85 382
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ACOUSTIC NOCISE

Noise Unlimited Data

Test Report No. 4773.01 No. of Peges 9

Repoxrt of Temt on

RICOR 1/4 Watt Split
P/H K316 CT-4
S/N 9213
for
Cryo-Tek Corp.
¥oodbri idge, Virginis

NOISE UNLIMITED, INC.
104 5. Dridge St., Somerville, N.J. 08876

29 February 1588

Performed Checked Approved

J.B. Moncrief G. NcAdoo R.D. HNcAdoe

;;;»f/// LN o | ) Holon,
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1.0 Purpose of Test
The purpose of this test vas to record scund pressure levels
emitted by the RICOR 1/4 Wett Split.

2.0 Manufacturer

Cryo-Tek Corp.
3589 Forest Dale
Woodbridge, Virginia 22193

3.0 Hanufacturer’‘’s Type or Model Neo.

RICOR 1/4 watt Split
P/N K316 CT-45
S/R 013

4.0 Draving, Specification or Exhibit

Night Vision Electro Optice Specification B2-28A0350122A
HD1045S Cooler

18 June 1982

Pars. 7.2.2

2.0 HNumber of Items Tested

One (1)
6.0 Security Classification of Itewms
Unclassified

7.0 Pete Tespt Cowplested
17 February 1988

8.0 Tast Conducted By

Noise Unlimited, Inc.
Somerville, NJ 08876

9.0 Test Witnesses

Nr. B.T. Walters, Cryo-Tek Corp. Representative

Mr. H. Kling, Cenveo Representative

0.0 Qiwposition of Items Tested

MOISE UNLINITED, INC. Report Mo, 4773, 01
SORERVILLE, MO JERSEY Page 3
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Teat Item Suspension

Figure 1}

NOIGE UNLIMITED, INC. Report No. 477301
SOMERVILLE, NEW JERSEY Page §
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COMPANY CRYOTSE ENGINEERING DATA JoB No. 47773
RicoR $ (=13 —_—
/‘“f@
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Figure 2
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Position Description Axis

1 Cold Finger End X
2 Side A rA
i 3 Pover End X
- 4 Side B A
s Opposite Cold Finger Side Y
6 Cold Finger Side Y

The microphone wvas positioned at & distance of 1 meter from the
side of the test item. The microphcne vas positioned with a O°
angle of incidence.

Neasurement Positions

Table )

NOISE UMLINITED, I, Report Mo, AT73.04
SOEMNILLE, M JEREY Page 7




Octave Band Center Frequenciee

Position 125 230 300 1K 2K 4K 8K Q/A g¢BC
Ambient 4 37 27 24 30 20 10 <10 S1 R
4 - - - - - - - -1

1 - - - - - - - 33 -
2 - - - - - - - 53
3 - - - - - - - 32
6 - - - - - - - S4
s 32 30 38  43/4s. SO0/s4e 42/440 39/424 55
Ambient 5 32 27 22 18 26 13 <10 48
See 18 16 24 29/3; 36/40 28/309 23/2g 4i
Spec.

Maximumeee 49.3 48.3 43.95 35.53 29.3 29.5 26.35
sMeter on slov/noise vas cycling.

eeEquivilant sound pressure levels for a distsnce of 3 meters using
the folloving formula:

SPL1 = SPL2 - 20LOG Dl/p2
Where:
SPL2 = Sound pressure level at distance D2

eseSpecification Peragraph 7,.2.2

Neessurement Data (dB re: .0002 HMicrobar)

Table 2

MOISE UL IRITED, INC Report No. 4T73.04
SOENVILE, N JERSEY Page &




Ites
3. Ricrophone
il. Pistonphone

16. Prec.Sd.Lvl.Ntr,

20. Oct.Fltr.Set

NOISE UMLIMITED, INC,
SOERVILLE, MEW JENSEY

danufactyrer
Bruel/Kjaer
Bruel/Kjaer

Bruel/Kjaer

Bruel/Kjaer

LIsT

Nodel
Ho.

413t
4220
2204

1613

OF RAPPRRATUS

-

$IN

191648
284823
313737

325994

A-33

Cal.
Date

Due
Date Rccuracy Range

Before/After Tast  ¢1dD  20Mz-10kWz

04-28-87

11-11-87

11-14-87

04-28-88 +.2d3 2%0M2
11-11-88 +1d8 2H1-70kH2

11-11-88 +.5d8 22NH2-45kH2

Report No. 4773.01
Page 9




ACOUSTIC NOISE

C2NVEO DATA

Two RICOR 1/4-Watt Split Rotary Coolers, S/N 8011 and S/N 013, were tested to determine their
audible noise levels. The coolers were suspended with rubber bands in the C2NVEO firing range
(semi-anechoic room). The ambient octave band sound pressure levels were then recorded with the
required DC power supply operating. The cooler was then allowed to cool down. The overall
sound pressure level data was then recorded. All measurements were taken at a distance of 1 meter
from the cooler. The specification maximum sound pressure levels were then converted to 1-meter
levels. As can be seen from the data, both coolers exceeded the maximum levels in +Y and +Z axes
at the 2,000, 4,000, and 8,000 center frequencies.
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MECHANICAL VIBRATION

ORIENTATION
- +X
+Y
T ot —t—— e ¥4
-Y
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VIBRATION OUTPUT
Self-Induced Vibration Test of RICOR/CRYO-TEK 1/4-Watt Split Cooler

Three RICOR 1/4-Watt Split Rotary CRYO-Coolers were tested to determine the vibration
characteristics. The coolers were freely suspended so that the linear and angular restraints would
not affect the measurements. The accelerometers were mounted in pairs to facilitate the angular
vibration components. From the acceleration measurements, the forces ~nd torques generated by the
cooler were determined.

Measurements of the three RICOR coolers show that the primary disturbances generated by the
cooler are 1) Forces at the compressor in the direction of the Y and Z axis at the fundamental
frequency, 2) A torque about the compressor axis (X AXIS) at the first harmonic, and 3) A force
along the coldfinger AXIS at the first, second or third harmonic.

A schematic of the test set up is shown. An alumirum block/collar was clamped around the
compressor to facilitate accelerometer mounting. The coldfinger was suspended below the
compressor and covered with foam insulation. The cooler was suspended by a bungy cord
arrangement that allowed fres rotation about the C.G. and free translation. The natural frequency of
the suspension system was determined 1o be less than § Hz.

An accelerometer was mounted to the cooler system in one of the posidons (X, Y, Z). The linear
acceleratons along the X, Y, Z axis were determined by measuring the spectrum of the resulting
signals with an HP-3561A, dynamic signal analyzar. The force generated by the compressor or
coldfinger about the C.G. was determined by multiplying the weight of the cooler system by the
measured acceleration. The weight of the cooler and accelerometer mounting block is 2.14 pounds.
Thus, if "a" is acceleration, the force is:

Fx=214xa
Fy=214xa
Fz=2l4xa

The torque generated by the compressor was obtaired by coherently summing the accelerometer
outputs of two accelerometers. The torque required to generate the measured oacelertdgon was
determined by multiplying this measurement by the inertia of the cooler syswem about the
appropniate axis ard by dividing by the distance between the accelerometers. The moments of
inertia were determined by the bifilar torsional perdulum method.

1xx = 0.856 in-Oz-secd
Iyy = 0.1663
[zz =0.1938

Power spectral dat for the force and torque measurements are shown in the following graphs.

This vibration test was performed to determine the vibration output of tae coolers. There ix ~
accept ot reject vequirement for this test.
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ACCELEROMETER MOUNTING

e
N
yt_\h

TORQUE ABOUT Z AXIS

Fy

TORQUE ABOUT Y AXIS

TORQUE
ABOUT

‘ r_ﬁxms
623 \\ i
A

PISTON HEAD
#MOUNTING
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ACCELEROMETER MOUNTING BLOCK/COLLAR

,

"i |—1/16

ACCELEROMETER MOUNTING
BLOCK/COLLAR: 174¢r/0.384 LB

TOTAL WEIGHT OF COOLER
AND MOUNTING BLOCK: 2.14LB
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VIBRATION OUTPUT—S/N 013
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APPENDIX B
TEST PROCEDURES

82-28A0501224

CODE IDENT: 54490
18 June 1982

DEVELOPMENT SPECIFICATION FOR
COOLER, CRYQOGENIC, SPLIT STIRLING

HD=-1045 (V) /UA

APPROVAL: .
PROJECT ENGINEER CONFIGURATION MANAGER

NIGHT VISION & ELECTRO-OPTICS LAB
DATE: 18 June 1982

OFFICIAL RELEASE: NVSEOCL ERR NO: 28A122-004
B-1




32-28A050122A
CODE IDENT: 34490
18 June 1982

CEVELOPMENT SPECTIFICATION
FOR
COOLER, CRYOGENIC, SPLIT STIRLING HD~1045 (V) /UA

1. SCOgE

l.1 General. This specification estabiishes the general parformance design,
development, and test requirements for the several models of the Coolers,
Cryogenic, Split Stirling, HD=1Q45(V)/UA, hereafter refarread w as the cwoier,

1.2 Models. Specific coverage of each model of the HD~1045 (V) /UA are cuntained
in specification sheets which are used t supplement this general specification.

2. APPLICABLE DOCUMENTS .

2.1 Government documents, The following ducuments, of the issua in effect on

date of irwitation for bids or request fur proposal, form a part of the specifi-
cation ™ the extsnt speclfied herein. In the event of cunflict between the
ducuments referenced herein ard the cuntents of this specification, the contents
of this spacification shall be cunsidered a superseding requirement,

SPECIFICATIONS

Milita

RIE?—‘EfG Preservation - Packaging, Methuds of

DOD-0=-1030 Crawirgs, Brgineering and Associated List

MIL-I-8500 Intsrchangeability and Replaceability of
Cumponent Parts for Aircraft and Missiles

MIL-Q-9858 Qualicy Prugram Requirements

MIL-P-11268 Pares, "atarials, and Processes Used in
Electzonic Equimment

MIL-M-13231 Marking of Electronic Iltams

MIL-E-5558% Electronic fquiment and Parts,
Packaging of

MIL-5-813490 Specificaticns, Types and Rums

Qther Suverrment Activity

CODE IDENT 54490 USAERADCOM, Night Vision & Electro=Optics
Laburatory

M-D-808551 Installation/Interface Oryogenic Cooling
Systans 0.25 Watt Cummon Mudule Cuoler

STANDARDS
Militacy .
DOD-5TD=-100 ihgineering Drawings Practices

B-2




82-28A050122A
COUE IDENT: 54490
18 June 1982

MIL-STD-130 dentificacion Marking of U.S. Military
Property

MIL-STD=454 Standard General Requirements fur Electronic
Equipment

MIL-STD=461 Electremagnetic Bnission and Susceptibiliry
Requiraments for the Control of Electrumagnezic
Interference

MIL-STD-4 90 Specification Practices

MIL-STD=726 Paciaging Requirement Qudes

MIL-STD-781B Reliability Tests: Exponential Distribution

MIL-5TD-810 Mviromental Test Mathods

MIL-STD-8108 Bwiromental Test Matheds

MIL-STD-882 Systen Safaty Program for Systems and Assoclated

Subsystens and Equipment, Requirenents for
OTHER PUBLICATIONS

MIL-HDBK-472 Maintainability Prediction

2.2 NonGovermment documents., The following decunents, of the issue in effect
on dats of invitation for bids or request for omsal, fomm a pare of this
specification o the extent specified herein. In the event of conflict between
che documents referenced herein and the contents of this specificacion, the
contancs of this specification shall be considered a superseding requicement,

SFECIF ICATIONS
ANST Y32.16 Raference Designations for Electrical and
Blectronic Parts axd Equipgnent
ANST Sl.1l Specificacion for Cctave, Half Qotave, and Third

Octave Bard Filter Sets

(Mmerican National Standards Institute, Inc.,
1430 Broadway, New York, New York 10018)

Technical suiciety and tachnical assciation specifications and standacds are
generally available for reference frum lijraries. They are also distributed
anong technical groups and using Federal agenciss.

3. REQUIREMENTS

3.1 TItem definition. The cooler shall cunsist of a cunpressuc assembly, an
expander assembly, and a connecting transfer lLine for couling an infrared
devretor ard shall incerface with the Dewar of the infrared Detector/Dewat
package DT-S91/UA. Mudel vaziations are for length and berd cunfiguration of

rhe ctransfer line.




82-2%A0%0122A
CCDE IZENT: 954490
18 June 1982

3.2 Characteristics,

3.2.1 Pperformance. Unless otherwise specified herein, the covier shalj meet
4y ] sp.cxfla ptr!oman:e requiraments at an ambiant tamperature 4 f +23°C, #5392
and a 12-inch line separatign. Heat sinking shall be sufficient tw iumit the
crankcase temperature to 20°C alxwe ambient.

3.2.1.1 Cooling capscity. The cuoler shall provide the minimum refrigeration
capscicy at 85 K as shown in figure 1| wer the temperature rarge of -40°2 o
+71°C. '

3.2.1.1.1 Specific Model Cwoling Capacity. The spacific mdel cwiing capacicy
at the ambient tenperature shail be as specified in the appiicable specification
sheets.

3.2.1.2 Cooldown time. The coolduwn time to ~each a cold spot temperature of
1N R with a 1.3 grams minimun copper mass load shall be 7.5 minucas or jess.
Coolduwn to 85 g shall be 10 minutes or less for any tanperature ver the rarge
of -40°C to +71°C. '

3.2.1.3 In%t power. The total input uwar to the couler shall be as shown in
Figure 2. INput voltage shail be 17.5 Vde #0.5 Vdc with a maximun voitage

ripple of 10 percent at frequencies of 10 Hz or greatsr. Starting current shall
ot exceed 7 amperes for SO millisecurds (ms) duration.

3.2.1.4 Operating mude. The couler shail perfurm as specified in any j&~
mecrical oriéntacion. -

3.2.1.5 Audibie noise. The ceoler shall ot exceed the noise values tab-
ulated below, when measured at a distance of 5 necers:

Max imun Sound

Center Pressure Level
Frequency tave Bard (d8)

(H2) (R2) (Reference Q.2002 micrebar)

12% 87 o 17% 49.5%
20 178 e 3190 48.5
S00 3% o 700 43.9
1,000 700 to 140 38.5
2,000 1400 to 2800 29.5
8,00 5600 tou 11200 26,5

3.2.1.6 Leak cace, _Gm Leak rate of helium frem the cocler shall not De
greater than 1.0 x 107~ standard (std. cc/sac) cwbic ccntimougs per secund

(cc/sac) air equivalent at an ambient temperature of +23°C, +5°C.

B4




32-28A050122A
CE IDENT: 344%0
18 June 1982

3.2.2 °Physical characteristics.

1.2.2.1 Size. The sizs and configuration of the cuoler shall be in accurdance
with zhat specified on drawing M-D-808551 as modified by the applicable
specification sheet for the individual item,

3.2.2,2 Weight, The weight of the cooler shall be less than 2.5 punds.

3.2.3 Reliability. The cooler shall have a specified mean time betwaen faiiure
{(MTBF) of 1,000 hours, eoa '

3.2.4 Maintainability. The cwoler shall be designed t be maintainable by the
Direct/Generai Suppuct (DS/GS) maintenance level when disassociated frum its
next higher assembly. The maintenance tasks shall cunsist of purging and
recharying the cooler with helium arnds repairing/replacing the input power cable
and connector. The mean time t repmizr (MTTR) for the 0S5/GS tasks shall mot
excead 0.5 wur. Potting cure time is not cunsidered within the MTTR defini-

tion.

3.2.5 Environmental conditions. The covier parformance shall not be degraded
when subjectad tw the erwirorments specified in table 1.

3.2.6 Transportability. When propecly packaged, the couler can be shipped by
cumon Carrier.

3.3 Design _alnd construction.

3.3.1 Materials, processes, and parts., Uniess otherwise specified, all parts,
materials, and processas usad in construction shall be in accurdance with MIL-

3.3.1.2 Prutective coatings and surface treatnents. (hless otherwiss specifed,
finishes of machines, case-furged, ard welded surfaces shall be the minimum
required for groper operation, gqood appeacance, and ecourumy of manufacture. The
nethed of protaction shall in no way prevent cumpliance with other requicements
of this specification. Frotective coatings shall nut be appiied to areas which
will lose that cvaring during normal operation, testing, or maintenance. The
couler shall be finished in accucdance with the applicable specificatiun sheet,

B-§




32-28A050122A
CODE IZENT: 34490

13 June 1382
Table I. Envirummental Conditions,
Environment Laveis VIL-STD=-319
High Tenperature Operation +71°¢C ©Ol.1 Prucedure I
Sturage +719C
low Temperature Operation -go°c 502.1 Precedure I
Storage -57°C
Tanperature Sheck -34%¢ o +71%C 03.1 Procedure I
Swiar Radiation W/Q container . S05.1 Procedure I
Fugus 28 Days W/ O cuntainer 508.2 Procedure I
Salt fog W/ simulated Dewar 509.1 Procedure I
Dust (fins sand) W/simulated Dawar 510.1 Prucedure 1
leakage (immersion) W/Q cuntainer S12.1 Prucadure I
Vibration a. Vibration test profile $14.2 Prucedures [ &
figure 3, 1’4999
- b. Cyclie time of 120 min=
Uytes fer axis
Ce. Dwull time of 1/6 cyclimg
at each resynance
Sheck a. Plgqure 516.2-1 516.2 Prucedurse IV
b. 1009 at 10 ms
Tanperature - Wcontainer 513.2 Procedure [

Haid fvy-al titude
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3.3.2 Electromagnetic radiation. The cwoler, when operly counnected for
operation shail cumply with the following requiraments of MIL-STD-461.

Deviation

RE 01 Radiated emission/magnetic field, 30 48
0 2 o 30 k2

RE 02 BB Radiatsed emiscions/electric field, 0 dB
14 kBz to | GR2

RE Q2.1 \8 Radiated emissions/electric field, X d8
14 xBz to 10 GRz

*RS 03 Radiatad susceptibility/electric fieid,
14 kEz to 10 GRz

CE ol Corductad enissions/dc power lexls, 0 d8
30 H2 to SO kRz )

CEX Corducead enissions/& ppwer leads, 30 ds

0 kiz to S0 MRz

vMe field strergths specified in MIL-STD-46]l shall be ixdified as follows:

0.014 MRz to 2 MHz 10 vouits per meter
2 MRz wo 75 vz 0 voits per metsr
76 MHz to 10,000 MHz 10 volcs per meterl

3.3.3 Nameplates and product marking. The cooler parts, cungonents, sub-
assemblies, and assemblies thereof, shall be matked for identificaticn per
MIL-STD=130, and in accurdance with MIL-M-132]1, and as specified in tw
applicable specification sheets. Reference designation markings shall be
permanent and in accourdance with ANSI Y32.16. ™ mrevent working fluid
contaminacion, intermal parts need mut Le marked.

3.3.4 Workmanship., Worimanship shall be in accurdance with MIL-STO-434,
Requirenent 9.

3.3.5 Inurf_%ngubuig. Parts shall be functionally and dimensiovnally inter~
chargeable Ut selective assambly. The control of interchangeabilicty shall
be in accordance with MIL-I-8500. Within the limits imposed by pecfomarce,
naximun use of pects, tools, and test equipnent cumon to other US Armmy systems
is essential., Cumpressocs ard expanders shall be {ntsrchangeable frum one
coulor @ anuther,

3.3.6 Safety. The cooler shall be designed and fabricated to prevent injury to
the operator or maintenance personnel. Safecy features shall be incorpurated o
that any cuaponent failwe will not vesult in conditions hazardous tw personned,
in accordance with MIL-STD-4%54, Requirement 1. Futentially hizacdous aceas
shall be identified in accordance with MIL-STD-882.

3.4 Documentaticn. The cooler shall be ducumented by develupment and preduct

specifications prepared in accucdance with MIL-5-83490 and MIL-STD-490, and by
drawirgs prepared in accurdance with DOD=D=1000 ard DOD-STO=-100. Variations of
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cooler modeis shall be documented with supplemencal specification sheets using
thls specification nunber with an assigned siash number (i.a. 82-28A0%0122A0/1).

3.5 Logistics.,

3.5.1 Maintenance. The maintsnance concept allows for a cunbined 08/GS
maintenance ievel for helium purging/recharging ard repair/replacement of the
INput ower cable and cunnector, No other tasks are to be perfomed below deput
levei. Dapot level maintenance shall be either Gwerment or Cuntractor
erfooed.,

3.5.1.1 Tl and test equipment requirements, The couler design shail be such
that the nead Lor Speclal tools ard tast equipnent for aligment, adjusment and
naintenance is kept to a minunum, XNo special twols or tast equipment shall be
required for cperator/organizational haincenance. Direct/general support maine
tenance shall be accumplished using standard wols and twast equipment and a
heliun purging/recharging device.

3.5.2 Surply. The cwler shall impose no wnique requirements on the supply
systen, cooler is interded tu be repiaced as a unit at DS/GS maintenarce
ievel with a minimum of maintenance parts (purge It cwer and input wer
canle) intraduced inte the supply suppourt system,

3.5 Precedence. The characteristics of the cooler shall have @iority as
follows:

a. Performance,

b. Reliability, maintainabilicy.

c. Size, weight, confliguration.

d. Transportabiiity.

e. Safety (should be given cunsideratiun equal t each of tUw
characteclistics abwe) .

4. UALITY ASSURANCE FROVISIONS

4.1 General. The inspectiuns in this sectiun shall be curducted by the
contractor to verify the perfumance and design characteristics specified in
section 1 and the meparation for delivery requirements in section 5 are met.
Qual {ty assurance requirenents are divided ints four groups; initial svurce
qualification, second suurce qualification, acceptance inspection, and pericdic
praduction inspections. There are five catsgories of quality assurance inspec-
tions; examinations, analyses, demonstrations, envirormental tests, and perfor-
mance tests. Supplemental specification sheets augment the quality assurance
requirenents harein fur specific cooler mdels.

4.1.1 Raspunsibility for tests. Unless otherwise specifiad in che contract,
the CUNTIactor shall be responsible fur the pecformance of all tests specified

hetein. Except as uthetwise specified, the cuntractor may usa his own facii i~
ties. The cuntracto? shall maintain a quality assurance pxegram in accurdance
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with the requirements of MIL-Q-9858. Inspection recurds of che examinacicns ard
tests shall be kept cumplets ard available to the Gwwermment as specified in the
contract, and shail include a cunpiets description of each test mecwd ard 1den~
tification of the instrumentation usad. The cuntractor is responsible for
ensuring chat cunponents and materials used, are tasted in accourdance with the
requirements of this specification and the referenced documents., The Swwerment
reserves the right © perfom any of the tests set furth in this specification
where such tasts are deened necassary to ensure chat suppiies and services come
fom w© the escribed requirements,

4.1.2 Special tests and examinatiwun.

4.1.2.1 Qualification, initial suurce. The initial quaiification tescs of
table II shall De pearfommed o Prwe the item design ard the initial source
suppllier. Fallure © meet any of the® inspactions of table II shali cunstitute
fariure of quaiificacion.

4.1.2.2 Qualification, second source. The secord source qualificaciun ceses of
table [I shaii De perfomed tu Prwe the capability of a secord suurce supoLier
w manufaceure a sgecific covler without requalification of cthe itam design.
Fallure to meet ay of the securd suurce inspections of table II shall cunsti-
sute faliwre of quaiificaction,

4.1.2.3 Acceptance inspectiuns. Each cwoier submitzed fur acceptance shail be
subjectad to the acceptance inspectiuns of table [I folivwing the run~in of
4.1.2.5. Milure wm meet any of the acceptance inspectiony of table II shail be
cause for rejection of that couler.

1.1.2.4 Pericudic inspectiong. Coolers shail de sempiad on a nenthly basis fur
the periudic inspectiuns of table 1T as follows:

Munthly lot size Number of sample units
1~9

10-99

100-299

Y0439

S00-999

1000 ur moce L

O N s O

Failure to meet any of the pericdic inspsctions of cable II  shali constitute
faiiure of that menthiy lot.

4.1.2.5 Run~in. An 8 hour continuous tun-in shall be pecfurmed iot w
acceptance tast.
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TABLE II. Quality Conformance Inspectiun.

Requirenent Requirement Inspection Qualification Acceprance Periodic
Paragragh Cricerion Inicial 2md  Inspection  Inspec-
SOUrce WUrce tion
perfomance:
Cuoling J.2.1.1 4.2.1.1 X X X
capscity
Cuoidewn time J.2.1.2 4.2.1.2 X X X
Input power J.2.1.3 4.2.1.3 X X X
Jperating mede J.2.1.4 4.2.1.4 X X X
Audible moise J.2.1.5 4.2.1.5 X X X
laak rata 1.2.1.6 4.20.6 X X X
Physicai Characteristics:
Sizm J.2.2.1 4.2.2.1 X X X
Weight 302,202 4.2.2.2 X % X
Aeliabilivy 324 4.2.1 X X
Maintainsbil ity .2.4 4.2.4 X
v irormental 3.2.5 - 4.2.8
High Temperature X X
low Temperatucre X X
Tasperature Swek X X X
Sclar Rediation X
fugus X
Sale fug 4 X
CDust (fine sand) X X
Laakage ({mmaersion) X X X
Vibeatiun X X X
shack X X
Tenp-Hunid-Altitule X X
Oesign & Cunstrution:
Matarialy, 1.1 4.3.1 X
processss and
pares
Tlectruaggratic 3.3.2 4.3.2 X X
cadiation
Nameplates and 3.3 3.3.3 X X X
pradunt marking
W kmanship 3.3.4 4.3.4 X X X
L‘\tlmhlrtjt" 3. 3. S ' 34 5 X X
abilivy A
SAfaty LL6 4.3.6 X
Decunaiitation .4 4.4 X
logiscics 1.5 4.9 X
Prepacaciun for Se 4.6 X b3
dalivesy '
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4.1.3 Test condiriuvns., Unless otherwise specified, the cucler shall be

vperatad at 4an amoient temperature of +23°¢, _ts"c using a 12-imch Line separa
- =ion. Adequats heat Sinking or cowvective cw}.'mg shali bs xwided w ensure

rhat the crankcase tenperature doas not exceed 207C abwe anbient tauperature,

4.2 Qualicy confurmance inspection,

4.2.1 Perfumance tests,

4.2.1.1 Cwling capacity. The cwuling capacity shall be measured by attaching
w the cwoler a4 —ast Dewar which is evacuable and cuntains temperature sensors
and heating eianents required ™ appiy heat luvad. The cwuier shall alsy have a
cooper mass of 1.3 grams minimum attached directly t the expander. Heat louad
shail be applled after achieving cwoldown ard capacity shall be measured not
iess than thirty minuctes lacer. Failure tu meet tha requirements of 3.2.1.1
shall cunstitute failure of this tasus,

4.2.1.2 Cooldewn vime. Cooldewn time shall be measured using the tast lewar
and thermal mass described in 4.2.1.1. FMilwre t meet the requiraments of
3.2.1.2 shall cunstituta failure of this tasc.

3.2.1.3 Input coear.  Input power shall e measured during zhe Couwiilg capacity
rast of $.2.1.1. Failure to meet the requirsmencs of 3,2.1.3 shall cunstitute
fallure of thua teat.

£.2.1.4 Jparating mde. The cooler shall be cperated in the horizntal and
varticas axes fof a minimim of five minucas per axis with the cast Dewar and
charnal nass described in d.2.1.1. Failure of che cueler tw malntain U

sxparder tesparature at of below 8% R shall constituta failure of this cest.

£.2.1.5 Audible noise. ‘e covler shall be sat up in an area vhere Uw
backgroud 1ise Leved 18 et qreatst than 10 4B below the oud level o De
neasured. The cocler shall be opecaned ad sund pressurs Teasurements recurded
W1th the ccoler erientsd for maxims seund level output. Messurements shail e

nade uing s octave hand analymer with charactaristics which cunply with R8I
51.11. Faiiure to meet the requirements of 3,2.1.5 shail constituce failure of

this tast.

4.2.1.8 Laak rate. The couler shall be charged with helium ty its nomal
cperating prassure, allowed @ set for at least ome huur, ard placed intn a test
chamber, Using a mass spectrometar, the leak rate shaul be measured. Miiure
t> meet the requitenent of 3.2.1.6 shall constituts failure of this test,

4.2.2 Physical examiratiyuns,

4.2.2.1 Size. The couler shall be examined fur cunfurmance to the dimensiounal
cuntruis of cited Srawings, Pailure to meet the requirements of 1,2.2.1 shail
sunsceitute fallure of this exaination,
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§.2.2.2 weight. The covier shall be weighed on a2 scale havirg an accuracy of
+«0,25 ound. filwwe w meet the requirement of 3.2.2,2 shall cunstitute
Taiiure of zhat examination.

4.2.3 Reiiabillity. Cuoler reiiability shail bSe damonstrated in acTurdance wih
MITL-STD-78.8, Test Plan IV A, test cycle paragragh 5.2.3.1 ard figure 4, Faii-
ure o Teet the requirement of 3,2.3 shall counstitute failure of that demonscra-
Tian.

4.2.4 “aincainability. Maintainabiiity shall be verified by araiysis in
accordance with Millcary Harndbook 472, methoed 2, prucadure II.

4.2.5 Environmental tests. The cwler shail be subjectad %W the emvirurments
specified In table [ at the leveis specified in accurdance with the speciiied
xocadure vf MIL-STD-810. Fallure tormeet the acceptance inspections
(perfornance) of table II fullowing the irdividual cest shall cunstituta failure
of that zasct.

4.2.6 Transporzability. ‘When macikaged as specified 1n section 5, the cuwuiar
shall He anaiyzad to determine Lf the requirement of 1.2.6 is satisfied.
faliure ™ mneet U cequiranent of 3,2.6 shaii cunstizute faliure of That
ana,ysis.

§.] Zesign and conatuctiun inspectiuns,

4.3.. Materials, processes and parts. The cuoier shaii be exanined {ut
sumpliance with 1. 3.1, FMilure w meet he requirament of 1.3.1 shaul
sunstitute fallure of vhat examination.

4.3.2 fiectrumagneric radisticn., The cwoier shaii be sublected tu the tests of
3.3.2. Tali e to meet the requitenents uf 13.31.2 shail cunstitute faliure of
ThAT eV irumental tast.

4.3.3 Nameplates and pruduct markings. The cuoler shall be examined w verify
samepiates and pecdUct Marking. Faillufe to meet the requiranents of J.3.3 shail
constitute failure of that examinaticn,

4.3.4 Wourkmanship. The cwoier shail be exained S wriqnanship., Mllxe W
neet the requirerents of 3.).4 shail cunstitute faiiure of chat examination.

4.3.5 Interchangeability. The cwuier thail be exanined for interchamgeabiilty.

Fallure t meet the requirezents of 3.3.5 shail cunstitute failure of that
ex XM LnATiun.

4.3.5 Safety. The couvler shali be anaiyzed fuc safecy. filiure = meet L
requirenencs of 3.31.6 shall cunstitues faliure uf cthat anaiysis.
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4.4 Jocumentaticn. The cwoier technical data package shall be examined.
Failure o meet the raquirements of 3,4 shall constitute failure of thar exam-
inatiun,

4.5 Logistics. The couler shail be analyzad for lugistics. Failure of che
cocler to meet the raquirements of 3.5 shail cunstituts failure of thac
anajysis.

4.6 Inspection of packaging. PMackaging shall be inspected in accurdance with
MIL-P-115 tw detemine cumpliarce with zhw raquirements of section S5,

S. Preparation for dalivery,

g.‘. Presarvation, Presssvatiocn shalb be as specified in MIL-STD-725, coded as
Liluwe:

30 ‘.al. L‘V‘l Ao m‘l‘lws‘x‘ﬁ%m.

3.1.2 Level 8, 1J-l-1-90-Q0-NS=-X-ED-F-00~8.

5.2 Packing and marking. Packing and marking shaii be in accurdance with

6. NOTES

5.1 Intended use. The cwuier is intanded fur use 1n infrared systems,
Instajl.ation may require additiunal heat sinking ot forced-alr cwiirmg fur the
cunpreas,r depending upun the systam/cuwwier lnterface.

6.2 Srdering data. Prucurement decuments shouid specify e fuliowing:
a. Tiue, nunber and date of this spec)ficatioun,
b, Title, number &d date of an appiicable specificatiun sheet,
¢, ualificatiun of either initial or secund suurce are required (4.1.2),
(1) Tioe frame for submission of Quaiification test repuits.
{2) Time frame for aprwval of quiilfication test remcts.
d. Pruduction delivery schedule.
(1} Defined in tarms of monthly lots.
(2] Actions relative w pericdic inspectiun failures (see 4.1.2.4).
e¢ lovel A or level B preservation and msciaging.
{. MIL-STD-81CB may be usad in Lieu of the current revision of MIL-STO-810
for the shuck and vibration ewirurmencal tests of 3,2.5.
§. Requirement fur cuntractur-qgenerated, Gwerment-apprwved acceptance
test mwocedure.
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1.0 SCOFE1

This document establishes the procedure to be followed
for Qualification Testing of the {tem described in Faragraph 4.0
below.

2.0 AFFLICAELE DOCUMENTS:

The followinng documents of revision shown form a part
cf this Test Frocedure to the extent specified herein. In the
event of any conflict between this document and the documents
srecified herein, this cdocument shall take precedence,

B2-2B8A0S0122A, Developement Specification for Cooler,
Cryogenic, Split Stirling, HD-1045 (V)/UA dated 18 June 1982.

MIL-STD-810kK, Environmental Test Methods.

MIL-STD-441, Electromagnetic Emission and
Susceptibility Regquirements.

MIL~STD-45S4462, Calibration Methods.

ANSI S1.11-1971, Specification for Octave. Half Qctave,
andg Third Octave Band Filter Sets,

RPRN CUALITY ASSURANCE FRQOVISIONS:
X.1 Test Facilities

Facilities providing testing shall be certified capadle
to mpet the test requirements of MIL-STD-BIC0E., In adgdition to
CARYD-TEN's 1nternal testing, RICOR Ltd., lerael and Night Vision
and Electro-Optics Center, Atlantic Research will be used for the
EM! testing and Noise Unlimited will be used to provide the
Acoustic noi1se testing as neccessary,

J.2 Test Surveillance

CNVED will provide test surveilllance/auditing to cerfify
accuracy of data collected 1ncluding verification of test
equmipment, instrumentation, tccling and test fixturing shall be
verified capsble of meeting MIL-S5TD-A%46462, Calibration standerdcs
where appliceble. Night Visic~ anc Electro-cptics Center wall bDe
the qualifting agency., CRYO-TE:r will witness all testing and
cocordinate the eféort.,
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4.0 TEST ITEM1

The test items shall be (%) five coolers, Cryogermic, (/48
watt Miniature Split Stirling Model No. CT 4% (RICOR §t&) herein
known as the coolers or Units Unger Test (UUT)., Each cooler
consists 0f a compresser, e:xpander, and a 12 inch connecting tukte
which will 1nterface with a DT-S91/UA Detector/Dewar,

Three coclers will be subjected to the Reliability tests
to determine the reliability of the product, and two will be
svblected to the environmental conditions as prescribec 1n
MIL-STD-B10F, QOne of the envircnmental samples will be tested +c-
EMI and audilo security.

.0 FHYSICAL CHARACTERISTICS:

€.1 Si1:ze

The cocler shall corform tc the dimensicns and
cs~figuration of drawing SM-D-808ST

.2 Weight

The weight of the cocler will te 2.% Jbs., or lese when
weigmed on & scale having an azcuraty cf = 0. 0T lbs,

6.0 FERFQORMANCE TESTS:
&.! Tests and Ferformance C-iteria
&.1.1 Leai Fate
The cocler lea) rate s~all mnot e ceed 1.0 - 1U=4
stamdard culiC centimeters per se:z27d air equivgalant at an
amsient tempe-ature of *17 degrees centigrade + & degrees C.

Leal tests will be perfcormed 0N oll coolers
supmitted for testing using & heliu =&l detector.

6.1.2 Coogl Down Time

The cool down time t- reach a temparature oé 100N
with & |.B gramse minimum copper rass loed shall be 7.5 minutes o-
lece. Cozlaown to BEl shall be 1C minutes o less +or any
tercerature over the temperature range of -4t degrees C to +7!
gegrees C.

C4




6.3, 6 Heat sinking of the coolers shall be sufficient to
limit the housing temperature to 20 degrees C above ambient,

3.7 Temperatures to be monitored shall be measured
using T type thermocouples or by electronic thermometers mounted
at the following locations:

1. Cooler housing (coocler temp)
2. Centrally located within the test chamber
( chamber ambient )

&. 4 Test reguirement

The test shall consist of instrumenting the coolers as
10 paragraph 6.3 above to mrasure the cocldown time, refriger-
ation caepacity. and i1nput power of the coolers. The following
perforrance data shall be measured ard recorded on the Ferfor-~
ma~ce Test Data sheet at start-up amd at each required time
irterval during test,

Elapsed time from start-up, Min-Sec.
Test chamber ambient temp. deqgrees C
Coaler Haousing Temperature degrees C
Applied Heat Load, Watts

Coldéinger temp. degrees }

Applied Voltage, VDC

Input Currenmnt, Amps,

Test Dewar Vacuum (Torr)

Coldgfinger Attitude., horizontal/vertical

- . -

-

OO0 i)

.

Ferfaormance testing shall begin subsequent to the
coole~s having reached statilizetion temperature., The coclers
shall be coreidered to have reached stabilisation when the
caldfinger temperature 18 within * T degrees ©Ff the test charter
amtient or has socal-ed at the required amblent temperature fcor
four hours 1n & non-operating mode.,

6.5 Fertormance Test Frocedure

Insure that the coolers are 1nstrumented i1n accordance
with para, 6,3 of this test plan,

Step J: Establish test set-up as outlined

Step It After the cocle~s have stabilized at the
req.i1red ambient tamperature. energize the coolery by applying
17.% +.%5 VDC to the tnput terminals of the coclers. The starting
current shall be monitored with an oscillioscope. Verify that the
1nput current does not e ceed 7.0 amps for a period o¢ SO
milliseconds (ms), With no heat load spplied to the coldtinger,
allow the cocler to cool down.




NCTE

The i1nput voltage shall be monitored for ripocle by
apclying a simulated nominal resistive load across the power
sucoly cutput terminals and measuring the voltage ripple with an
cscilloszaoce, AC comporent of voltage shall be less tham (.7
valts peas t< peat at frequencies greater tham (O Wz, Kecord
f1~d1ngs o~ the Input Fower Test~ Data Sheet.

Steo T. Allow cecldown with ~9 applied reat load to +-e
ccldfinger. Recard data ©n the Ferfcrmance Test Data Sheet
1mmed:ately after start-up and when the coldfinger terce-at.-e
reaches B85 . Thi:s procedure will be repeated for eac™ ambiert
~ercerature specified. This shall comclude the cooldown test.

Step 4. Allow the cooler to operate fcr 20 mirutes wit™
DTy

~2 apnliez reat lcad. Rfter Z7 minmutes has elapse”, reccrg all
acolizcacle cata on the Fertormance Test Data Shee:.

Sten . After T mirstes o+ coeratior, apply trhe

recalred heat load which correlates to the ambient temperatureg of
t-e test being perfcrmed. Allow t-~e caocler to aperate fcor ancther
-3 mnytes.

Step &, Record data on tmg Feréigrmarce Test Data Sheet
at tre time tre heat load 1s anplied anmd at ! minutes 1" tervals
and at the end o+ tre regulred time cericd. This ghall canclude
t~e2 Jocling Capacity Test,

Step 7. Te-erergize the zociers.

AR DEMONGTRATION TESTS

7.1 Operating ™ode

7,01 Test gurpose

The nperating test s all be gerfcrmed Lo veriéy
e ability ¢f the coolers to perscrm as spgecified 1n trhe B2
Soecs., when operated 1n the horicss~tal and vertical a:ii1s as
Zeéined 1n this test procedure,

7.1.2 Aggw N ri1teria
The coldfinger temperature shall nct rigse above

€3¢ whe~ tre coldfinger 1s 10 the "grizontal or vert:ical
attitudes respectively.
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6.1.3 n apac

The cooclers shall provide the minimum net refrigerat;cn
capacity at B8IK as shown 1n $i3gure | over the temperature range
from =40 C to +71 C.

&,1.4 Inout Fower

The Fower consumed by each cooler shall be 1n accorcdarce
to the chart shown i1n figure 2

6.2 Test Furpose

Ferformance testing shall be performed to verify cocle-
cerformance before, during, and after e:posure to the various
environmental conditions as reguired by this test plan., Tre
cerfaormance test data talen after erposure to an environme-tal
test may be used as the perforrarce test data to be taien besore
tme re. t environmental test provided that the environmental test
18 run within 48 hours,

&. 7 Test [nstrumentation

LT Those parts c+ tre test fixtures and test ezuipgment
trat are 1n ¢oONtact witr the coclers shall be visually i1rspected
pricr to a~d during use to 1nsare that they are free cf o},
gresse, soi1l. Or other contamination, All test i1nstrumentation
veed snall be calibrated withinm the reguire~eats of MIL-5T5~
-34%ns.

&, 7.2 The the~mal mass appligd gsMal. be #35 defined 1 tn
Develcpe~ent Specification BI-28ATT1224, The magg shall 1meivde
@ s1l:1con diode (temperature sensyr) ang an 1ntegral heater swai
~ave a totel mess pfF 1.8 grams of cobpper over the temperature
range ot TO( wvo B,

~

e

3
+

6.5, 3 Each coldstation will be 1mme sed 1n an 1cCe bBathn
and a liguid nitrogen bath to establish the calibration curve.

&.%.4 The electric vollage ¢or operating the codlers wili
be set at 17.%vDC +.8 VDL witnh 3 ma 1mum veltage ripple af 10 %
at $reauencires of 10 HZ or greater. Startirg curront ghall not
e ceed T amperes $or SO mililiseconds i(ms) c.ration,

£. 7.2 Frior to the start o peréorrma~ce testi~3 t e dewer

agse~tly shall be evacuated to @ vacuue jevel 0f 1.0 » 10-4 Tore
cr better.
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7.1.3 Tegt Frocedure:

Step 1. Instrument coolers 1n accordance with
caragraph 6.7 of this test plan,

-

Step Z. Establish the test set-u2 as creviously

>

Steo 7. Mount the ccoiers 1n the test Z-arter
sme c3ld ‘1rmger and the CcomMpressar 1N the X axis. See figure

(R %

Sten 4, Erersize t=e ccoliers bv agecivyi~g 7.2 = ¢
. to the 1rgut terminals cf tme c3clers,

Sten €. Repeat the test as cutlined 1n paragraon

Steo 4. De-energize the coclers.

e the cz=2lers and place tre
~ 17 =nhe Y oals, See figure .

CS+pn 5. Feceat the previzus test fgar amiient

- T
7.2, Tegs porplse;

The «.210 Security nes~ s™al.

- 1. te peréiz-=ey cn tTe
ccoler o gdeterric e the sound fress.re le.els e~itted f-0m the
czz.er aver .ariovs frpouency fandwiztte. Tre gu2lid.irg agenc.
~ag tme optiso= to choose the cocler %t (~fergs ALZiT Fecurmity
Testim5: should the option not be e-er~ctised CRYD-TE: will rave
the Cchgoice.

7.%2.2 Ag ne ryier.a:

The cooler shall ro* e ceed the rTise .esvels
sas.iated below, when measured at a 2:gtence D¢ I meters:

Tenter Qcewave Ffrogcgure Level

Crerguency BPang =2 TRy 0T uB
zs T g 7S &9 <

g 17 t2 TTH 49, %

S TE e T a7.%

HERENN RALUUNN Xo S-S TR LN TE.S

pegERT IR 1,400 v 2,800 =%.<

a, O 2.8 to ¥,600 9.8

8. vl T A e 11, 2 -5.%

c$




7.2.3 Tes*® Fe~_1~erent:

The Audio Security test will te peréco--
e

ez .-
a~ a-@2--cic Chamber where tre paciground rcise ieve! wlil Te
lim1*e2 =2 at least 10 22 selow tre szung press.er-e leveis %z t-e
~eag.”"el.
RO S Tggh Ta%a:

Tess Z:<x ge~all 2e zZooszi-ez 1mT 3T TITYL.e
ma-= 3-al,I=" Am1ZIR T2FPIZLLSI wiTT ANIID CILIY, Tozm czzlies zmszll oze
e~er3ize2 -y acolvi~g 17.9 2 € volts D0, LS TT2 itCot tercticals
~s e=@ =zoie-, Lgi~g & -3~z "elg ITo%ive Bs-z Aralszer, e zzz.er
s~al. nme surveved -2 ceter-."e %tr-e lzacaenidn ¢ tme ares ¢
~—a 1w mmlgE ge-eraticst., Trme T3 1vuT g0 2Uess.re WAL .8S
mgag_.re= 2% S treters s~a.., m2% e-zeez t-e (a..es T+ %-e ac:cve
cazie.
ha At *»—uQN:P:“_ \,"::"-" ~ =z i

LT Tegt S.-zzsas

The ™eoc-a=:zal .it=atic~ C.<z.t Test z-all e
ce-sIecez tI o ggter,ine tte 1T #niI” T.tcSht of tTE Cozies eten
MIZeLn2eRT an L@*LIUS sren.2mllee,

ToTWz HDoTEonAmTe Dol has,al
O om e > N N emeymp - - . w m e g [ty oy . - -
g 8 1% "T esI@mt o e.;er% Uez.iveve~t -3
=-.% “es"
cLTLT “agr Eps ccpmgen

The ¢coon.e” w™a2., hte .g#%w.la..., 8.8Ze"T8 B,.I%
c-a% tvg fu~cere~tal dreuiercy of ume Irzies 15 T.IT TigTes wtan
tmp ~at.7a. fr@3.e"Cy OF The t.EDersICT Se8lRT.

RS Test Frocec. el

Step !. Estab.is™ Test sel-ic,

Step 2. Tur~ 3 £30,

Step -. E~erjice tme ccoier & aptlei-g 1T.C
«+ € .xits D.C., to the cower 1-cut ter—ina.s c¥ e cozler. Feco-d
start t.m@ ON the Mgchan:ical vidratic~ vitrat:c- Yest Sreer.

Step 4. Al 0w B3%t™ Csoier arl dan Tt cre-ate
S L minrotes,

stec €. le-e-erg.:ze ¢fan, Feczorz time zn [ate
S~pe”.

Step &, Measure (I at é-esvent. Te- éi1gure
Z. 'Y a 18}

Sten 7. De-erergi:e cotier a~C permit CTolier
tC assum@ arlient temperature.

Steo B. Receat steps -. 4. a~2 I.




Stec @, Measure GI/H: at frequency per figure

S (2 a.:1s) and record data.
Step 10 repeat steps 7. 7. 4, and <,
Steo 1l. Measure GI/Hz at frequency per figure
€ X a-18' and record gdata.
Ster (I De-ene-gize ccoler.
=13 zZz-zZ..Z2es tnhe Mechanical \Vibratic~ Test.
g. ENLIRZIAMENTAL TESTS

(431

—
<

L tactrowannar iz Sadiariom:
-

8.1.. 2g% F_rn=mzo:

Tre Elect-cmazreniz Racdiatizn Test s=all re
eréo-rald Zm e . 22,6 - ZenerTine tte Zavigt.ch lewels of
“aZi1ated @TiISSZII27T S.TISZTISiLLTS 3% 3zeclfied f-eq.BrCies en:
c.@.2 sTTe~zTTs.

... Sczac4%a~za Teitaer 3

Te2 czzle” whe™ zZ-ogerly cQrrezhtel fgr
TZec3TILST. 3TALL IITIL e WNITRh O AmE sl lCZalTT raglatel emygsice s-o

. - v e
S.SIAs%IElLLT,. TesLimemonts ¢ M _-TT =440
- - -
RE . Faz2. E~issi0~ Mag-etic flell Tl
- - [ N ]
—m e - o N . -
kg -l BB fanx, E~1gsi10~fEleziriz die. 2 Al ede!
e
LRI o T ST 1o el
- - . = - e . -
REIZ.Y 2B Faz2, Emigg:0n Elansrit s 2 ol
Lde oo 10 Gnz,
-
L 1 20008 Fagrated Emis312~ Busceotitiiined
- -
Slecsric $1e.g 18 Vv»2 :: PRI Sefel
- o - -
el Corcucted Emyge:org 20 Fower S ad+]

Leags TN HZ tg T Lh:

- ~ . A i
CEC4 Corcducted Emlgs.z~e A0 Eower R =

Leags SO bhr tg S Mez

8 The 4:eld gtrengthe specitiec :n ™I_-ETD-4g) gra., te
~ccified as fcllows:?

CLT18 MRz otD T MR:

i)
- by x sQ %8 Se” ~eter

e A
Mh: tc T M=z S vC.its: Ce- ~exer
e Mwz ez :t.ﬁ%? Mk A v2.%8 Cer Teter

{z=20=% & perigermance @St p@er Jaragrac™ 4.0, vé tris

:-9“0
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8.2 mpe~atur hoct

8.2.1 Test Purpose
The Temperature Shock Test shall be conducted
to determine the effect of sudden changes in temnperature of the
surrounding atmosphere on the coolers.

g.2.2 fcceptance Criteria

The coolers shall satisfy the requirements of
paragraph 4.1 of this test plan.

8.2.,72 Test Requirement-

The Temperature Shochk Test shall be performed
in accordance with MIL-STD-8!10FK, Method %0Z.1, Frocedure i, with
the exception of temperature extremes will be limited to +71
degrees C + 5 degrees C and -Z4 degrees C + S degrees C.

8.2.4 Test Frocedure
Step 1. Install the cooclers into the tem-
perature chamber and raise the test chamber temperature to 71
degrees [ + 5 degrees C. Allow the coolers to soal at this
temgcerature for four (4) hours minimum or until the coolers
stabilize.

Step 2. ARfter four (4) hours mirimum e.posure
to the high ambient soal, move the system i1nto a test chamber
with ar ambient temperature of -%4 degrees C + © degrees C within
S minutes,

Step 7. Allow the coolers to soal at this
temperature for four {(4) hours minimum or until the cnolers
setabilice.

Step 4, After four (4) hours minimum e .posure
to the low ambient socal, return the coolers to the test chamber
set at 7! deyrees ([ +% degrees C within & minutes.

Step S, Allow the units to soal at thas
temperature -for four (4) hours minimum or until the umit
stabilizes.

Step &. Repeat steps 2 thru S
Step 7. Repeat steps 2 and I,

Step 8. Raite the test chamtor temperature to
CT degrees C + € degress C and allow the toolers to stabilize at
standard r~oom ambient conditions,

Step 9. Visually 1nspect for any evigdence of
mechanical damage or deterioration. Record any abnormal ¢indings
on the Temperature Shoc! Test Summary Sheet

Step 10, Conduct & perfarmance tect per

AL . C p
peragranh [ ) { l L A ,{’




This concludes the Temperature 5Shcsh Test.
8.% THERMAL EXFOSURE

8.3.1 High Temperature

B8.X.1.1 Test purpose
The High Temperature Test shall be performed
to determire the resistance of the coolers to elevated
temperatures thaet may be encountered during service life.

8.3.{.2 Gcceptance C~1ter1a
The coolers shall satisfy the requirements of
paragraph &.1 (at +I7 dejrees C + T degrees C and + 71 degrees C
+ S degrees () of this test plean,

8.3.1.7 YTest Reguiremen~t
The high Temperature test shall be performed
1M accordance with MIL-STD-8I1CE, method SCL1.1, procedure 1.

w -.1.6 Tect Frocedure

Step !, Install the cocler., i1nstrumertec for
operaticn, pe- paragrazh &.7. 1nto a temperature chamher capable
of achieving + 7! degrees C minimum ( temperature rate shall not
e: ceed 10 degreesd C/min,)

Step, 2. Raise the chamte- armbient terperature
to - 7! degrees C =+ 1.4 degrees C.

Step 7. Allow the cociers tc soal et +7}
degreesC + 1.4 deg-ees L for & period of forty eight (48) hours,

Step 4, Ensure that the coole- has staviliced
at + 71 degrees C. Operate the cocler 1m accorgance with
paragraph &.0 of this test plan and record the reusalts,

Step ¥. Lower the test chanber ambient to
allow the coolers (non-operating! to return to standgerd room
te~cerature.

Sten &, Visually inspect the coolers $o- any
evidece of mecranicel damage or cetericration, Record any
atnorms] fingings on the High Temperature Teet Summary Sneet,

Step 7. Conduct the performance test at I3
cegrees C + £ degrees (. per paragraph 6.0 0of this test plan.
Record the results of paragraph ¢.1.1 on the High Temperature
Test Summary Sheet.

This concludes the High Temperature Test.
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6.3.2.1 Test Purpose
The low temperature test shall be perécrmed to
determine the resistance of the coolers to low temperatures that
may pbe encountered during service life,

g.3.2.2 Acceptance Criteria
The coolers shall satisfy the reguirements of
paragraph 6.1 (at -40 degrees C and 2T degrees C + 1.4 degrees ()
of this test plan.

8.3.2.2 Test Regquirement
The Low Tempe-ature Test shall be performed in
accordance with MIL-STD-B10E, Method S02.!, Procedure 1.

8.2.2.4 Test Frocedure
Step 1. Ilrmetall the cowlers instrumented for
cperation per Faragraph 6.7, 1nto a Temperature Chamber capatle
of achieving -57 geqgrees C minimum,

€tep 2. Lower the temperature in the tect
cramber to -S57 degrees C + 1.4 degrees C (temperature rate shall
nct e ceed 0 degrees C’s7i0 min. Scal ¢0or twenty four hours,

Step T. After the completion of the twenty
four hours snal at =-%S7C +« 1,4 deg-ees C. visually inspect the
the coolers for any evidence cf rachanical cdamage or
deterioration. Record any abnormal ¢fi1ndings cn the Low
Temserature Test Summary Sheet.

Step 4. Raise temperature to -4 and ellow
coQlers to stabilize.

Step &§. Conduct performance test at -40C + 1.4
degrees C per paragraph 6.0 of this test plan. Record the results
of paragraph 6.1.1 on the Low Temperature Test Summary Sheet,

Step &. Raise the temperature 1n the test
chamber to allow the cooler to return to room ambient conditions
and stabilize.

Step 7, Cond.zt peréormance test at <17
degrees C + & degrees C per perag-aph 6.0 of tis plan. Record the
resvits of paragraph 6.1.,1 on the Low Temperature Summary Sreet,

Step 8. Vasually 1mapect the cooler for any
visible mecharmical damage or daterscration. kecord any abnormal
findings on tne Low Temperature Summary Sheet.

This completes the Low Temperatu~e Test,
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8.4 MECHANICAL SHQCY

8.4.1 Test Fur-cse:

The Mecmanical Sheccst Test shall be perézor-~s

tl

t2 determine 1¥ tre cfoclers are censtructed tc withsta-cd t-e
e cectez Z,amic shzc!t stiresses and that performarce cesrazant.i-o-s
will "ot e crcZoced by the service shocl envirgnmemt eocectes .~
RanZling, TraETsIIftation,. and servize wse. The coclers g-aLL -e
Zoerates Z.Tl1Tg sTCoIr test,
8.4,z occsses--e Triterias
“me Jocler shall satiséy <he reglii-era-tz of
paragragh 6.1 (at Z7 C + S Zegreecs T) of trnic test gLz,
2,4,7 Tegt Eegirerent:
The Mecrman:ical Shoct Test shall be neréorrez
at at 77 zegrees T + I cegrees C :n acccocrgarce with MiL- €72 217 5&
Mgt cd Z16.20 Craocedure 1V, Hign Intemsity Test., The cccolere grall
ccerate coNtinucus.y Curing the shoch partion of the test,

g.4.4 Tez3h Feomerure:

Step !. Irstall a dummy lzad onto t-e skhoct -est f10+_re
“z simelate the & '2ected m.ss that will be erzaumtered w-e~ *nm
actval Lrit 1s 1nrstalled o~to the test fiuturs.

frots-e argd e dummy lzaz to
est Maghire.

Calib - ate the Sroc! Test Macmine T ass.-g

e gpecified wa.eftorm, Twd Co-gect.NivE S-0-.
aczolicaricrs to the dummy (10ad snhall fall wit=:i~ t~e@ soc=cified
tcierance ervelope arior to 1nstallation Uf the coolers, THe
calitraticr shall caorform tc figure S1e-1 13 fzr- {0 mg
dirmaticr.

Step 4, After the She-=. Test Machine hacs he #il *
$§z2- gerformance to the wavefcrm, the coclers shall te 1retalled
tme test finture 10 th2 place cf the 2orm, lzacz

Step S, Emergize the ccalery and allzw codldcwmn without
“~e wrerral mass or thermal load for ten (1) ~rir~ tes,

Sten &6, Apoly Two (J) shocks 1n cdirectior cf tnree
peroindicular 2118 f0r a total cof twelve (12) sheoc!
Z..588. A 15 1centification 1s smown 10 figure 9.

Step 7. De-cnergize coolers,

Step B, The coolerc shall be visually 1mspected for any
evicence of mechanical damage or dete-:2ratio~, Any abnor=al
findings shalil be recorded on the Mechanical Shoct Test Summary
Sreet.
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Step 9. Upon completicn of the Mecmar1zal Sreci Tess smg
cerformance test described i1n paragraph &.0 cf¥ %h1is tes+t plan
shall be conducted at 7 degrees C + S degrees C. Feccre t-e
results of 6.1.1 on the Mechanical Shoc! Test Summary, Smee*.

This concludes the Mecranical Shorct Tege,

8,5 Mezzha~ica) Vibration:

8.S.1 Tegt Eur=ormeca:

The Mecrarmizal Vibration Teet z-zll e
se~fo-me < deterrire 14 the coolers are corstructe” to
wltrhsta~gd ¢he enpezted cvhamic viDraticoral st-esses “hat may -—a
enccurtered during se-vice life, Trege coziers will be cceraten

duri~g this test.

g§.5.C Acceptarze Criteria:
The coslers snall satisfy tRe requi-ements =+
zaragzrac™ 4.1 fat TT C = £ degrees C) of tr1s test plan,

8.%5.7 Tect rejui-erent:

The Mecharizal Vihret:zon Test srall te
ceréormed at ZT7 degrees C + T z2ecrea2s T 1n accordarce with
MIL-STD 812F, Methcd S124.2 crczezures | ¢ VIll, and corform to
“he .ibration profile 1n figure 7, T,cle time cf 127 minmctes ger
2:13 witn a adwell time of 1/6 = 2li1~3 a4 eac™ rescnarce. The
accelercrmeter shall be affired Lo t-e caoler -aunting fiuture.

g.c.4 Test Frocecure:
Steo 1. Mourt t-e czalers =-tc <he vibrat:zn

m3zT1re with the ccld firger ang %@ Cco“oressa” 1~ tte X aris,
See figure g,

Step 2. Energ:ce tre c20ler and alleow caooldzenm
2SS with no thermal mass 2~ “~er=a! lzaz, "ezzra all
ata on the Mechanical Vitratiaon Tegt Z.-rar, Sree-.

Step T. Energ:icte the Vitratia
Tt a recsgrarce search at amn 1~puvt level
2 a.l resonant frequencies e~courtered,

o Ut

- IS

Mm%
applicanle o

Step 4. Select t~e four (4) mocst gevere
~ggonanrts recorded 1n step T ang ce-farm a regorant awell for 0
rirLtes at the frequency levels scecified.

Mag=ime 1n

Step €. Energiie t-e Vibranizo
vle,

azzzrda~ce with the appropriate Vitraticn Fros

Step &. Allow the coclers “o vibrate 1n this
a.i1s for |20 minutes,

Step 7. De-energire the Vibrati:gn machine and
the cooclers.

Step 8. Remove the coolers €rom the vibration
machine and visually i1nspect them ¢0or any evidence of mechanical
damage or deterioration. Record anv abnormal fingcings on the
Mechanical Vibration Test Summary Sheet.
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Step 9. Instrument the cooclers per paragraph 6.2 of
this test plan and mount the coolers 1n the Y axi1s, See figure S,
Receat steps 2.3 and 4 1n the Y ans,

Step 10, Energize the coalers ard allecw cocldcwn
for 0 mi~motes with no thermal mass or thermal load.

Stec ll. Energize the vibration machine 1n
aczorfarce wlth the appropriate vibraticn profile.

lfl

ten 12, Allow tRe coolers tc vibrate :r tris a 15
£z (20 mimutes.

Step (7. Ce- energize the Vibration machire and
remz2ve the ccclers. Irscect the coolers fcr any physical damage
and reczgorcd the results on the Mechan:cal Vibration Test Summary
S-eet,

Steo (4, Irnstrument the coolers per para graoh .~
* t-is test plan and mount the ccclers :n the I a:1s. See figure

- -

€. Rereat stecs 2.7 and 4 1n the 2 a‘:1s.

Step LI, Energize the cozlers and allow cocldown
minutes with no thermal mass or trermal load.,

RN

‘ar

&, Erergite the vibhratior maching wit™ the
n profile.

Step 17. aliow the csolers %2 wi9rate 1n this a: 1S

Step (8. De-energize %8 wibrazidn mac™ine a=d
cociers. Inspect the cocler~s ¢cr ary prysizal damage
the rescits on the Mechanmical Vitratizn Tegse €. wmary

Steo 19, Conduct a performance test ger paragrash
.0 c¥ thi1gs test plan,

o The ¢ollowing tests were omitted for reasc~s assigred,
¢ these tests were strinQently recuired by the Army, CRYQ-TEV
wCu.d gladly submit to your regquest.

e
.

SOLAR RADIATION: Tre comporent parts are buri1ed in
t=8 gystem and are not subjected tc Cirect sglar ragiation,

FUNGUS: Materials uses 1n t»e fabricaticr are not
aéfected by nor do they promote fungus growth,

SALT FOG: The mater:els are selected so as not to
te susceztible to the effects of Salt Fog.

DUST: The unit 1s sealed s as rot to allow
1nfusicn of gdust and sand 1nto the worting area.

LEAN AGE: (IMMERSION) The units are sealed and do
rave a positive 1nternal pressure therediore preventing any
contamination by water et ~Qe,
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Temperature- Humidity- Altitude: The unit ig a positive
pressured vessel and is not affected by the Altitude.The

materials used in the construction of the coolers do not lend
them to be affected by Temperature and Humidity.

11.0 A Reliability Test Flan will be submitted along with
this procedure.
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EHYSICAL CHARACTERISTICS DATA SHEET

Pate

Test Tech

Project Eng.

EQUIREMENT

Fecord the following physical characteristics
paragraph £.0 of this test plan,

Cooler S/N

Conforms to drawing number
SM-D-80BES
Weight (2.5 pounds Max.)

Cogler S/N

Conforme to drawing number
SM-D-80BSS
Weight (Z.% pounds ma:.)

Cooler S/N

Conforms to drawing number
SM-D-BOBESL
Weight (2.5 pounds ma: .)

Test Sheet |
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INFUT FOWER TEST DATA SHEET

Cooler S/N PDate
Test Tech Froject eng.
Step TEST REQUIREMENT INITIAL
1.0 Instrument cocler per paragraph 6.3 of this plan.
2.0 Establish test set-up
.0 Verify power supply meets the voltage ripple requirements of
paragraph é.1.4 of this plan,
4.0 Enérgize cooler and record the following data:
o Imput voltage vDC
o Starting current Amps
o Duration of starting current Mg
S.0 FRecord deta when the cold tip reaches 80N
o Input voltage vDC
o Current Amp s
0 power Wattse
6.0 Apply sufficient heat load to maintain a cold tip
temperture of BOV. Allow cocler to operate for
an additiomal 70 min,
70()

At the end of 70O mins. record the follwing datas

o Input voltage VDC

o Current Ampse

o Fower Watts

o Cold tip temp, Degrees i
0 Applied heat load Watts

8.0 De-energize cooler

Comments:

Test Sheet T
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Test Tech

Date

AV _RA ST TA SHEET

Froject Eng.

Time

|

TEST REQUIREMENT

Conduct Leal Rate Test per paragraph 6.1.,1
o+ this plan.

Cooler S/N____

Charged to operating pressure (ini1tial)
Measured leal rate (1.0 % 10-46 scc/sec arr
equivalent at ZIC ambient)

Cooler S/N___

Charged to operating pressure (initial)
Measured leat rate (1.0 » 10-& scc/sec air
equivalent at ZIC ambient)

Cooler S/N___

Charged to operating pressure fimitiei)d
Megasured leal rate (1.0 » 10~-4 scc/sec air
equivalent at ZTC ambient)

Test Sheet 2
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ELECTRO-MAGNETIC RADIATION TEST
SUMMARY SHEET

Cocler S/N Cate
Test TechH Frciect Englneer
Test Moumod Title Fass Fail
. RE <1 Fad:ated Emiscion/Magnetic Field
ToHz o to T kb

RELZ EE Radiated Emission/Magnetic Field
14 tmz to 1,0 Ghz (Brcadbard)

REZZ. L NE FRagi1oted Emissicn/Magretic Freld
16 thz to 10 Ghn (Narrowband)

REDT7 Radiated susceptibility, Electric
F:iel2d. 14 rhzx to 17 Grz (Mocdifirec?

ceEL Conduczed Emissiarns/dc Fower Leods
THoHz oto S0 Khz

~

cE04 Canducted Emissiors/Al Fower Leszs
bRz to ZTO Mhe

Corduct a Ferformance Tegt per paragraph .0 gf this test
cian a~d reccorg the results,

Commerts

Tecst Sheet 4
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TEMFERATURE SHOCH TEST SUMMARY SHEET

Cocler S/N Date:
Test Tech. Froject Eng.
Elapsed
Step Date Time Test requirement Initial
1.0 - — Irmstall coclers into

test chamber

Z.0 Rdijust cnamber ambient
to + 71C
7.0 verify cocler has scaled

for $our hours

4,0 —— Flace cocler 1nto test chamher
that ha¢ been pre-cooled to -S4
within E minutes from 71C ,
Veri14y codler has soaled for
four (&) houars at =-%4C

&.Q Flace cozle~ 1nto test chamber
that has heen pre~-heated to 71C
within & mins., of removing from

-~

-9 ambienrnt,

Veri1éy cooler ras spaled for
for hours at +71C

8. Flace cooler 1nto test chamter
that hag been pre-cooled to -%54C
within % mins, of removing ¢éron
+71C ambhient,

Q.0 Veri1éy cocler has soal ed ¢or
$our hours at -%tal

100 Flace cooler 1nto test chambher
that has been pre~hested to +7iC
within & mins, cf remcving frcm
-%4C ambirent.,

1.0 Veri1éy cocler hase speled $or
four hours at +71C

12.0 Flece cocier 1nto tast chamber
that has been pre-cocled to -%4C
within & mins. of removing from
+71C ambirent,

Test Sheet £ (loé¢ )
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Temperature Shock Test Summery Sheet (Continued)

Elapsed

Step Date Time Test Fequirement Initial

13, Veri1fy cooler has
sOaled for four
hours.

14, e Adjust test chamber
ambient to +JIC

1S, — Veri14y test chamber
Ambient is Z2C

1&. Visually inspect
cooler for physical
damage an d record.

17, Conduct performance

test per Fara. 6.0
of this test plarm

Stg. CC Helium/sec (record)

Corrmentgs:

Test Sheet T (I of 0
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Coocler E/N

HIGH TEMFERATURE TEST SUMMARY SHEET

Testrr Tech

Step

1.0

~ C‘

-

T

4]

TG

Commentst

Date

Elapsed
Time
(Hr, -Mi1n)

Std.

Date of Test

Froject Eng.

Test Requirement

Ingtall the cooler 1nto
the test chamber i1nmstru
mented per Fara., 6.3

Adjust chamber ambient to
+71C

Veri14y cooler has soal gd
for 48 hours at +71C

Operate the coclers 1n
accordance with Fara. &.0Q
and record results.

Lower test chamber to
dtanderd rooam ambirent
(nQn-operating)

Viswelly 1napect coolers
for physical damage angd
record abnormal ¢1ncings.

Conduct performance test

at 23IC per Fara. 4.0, and
record results.,

CC wWelium/Sec. (Record)

Test Sheet 6
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Cooler B/N

Test tech

W TeRMFERATURE TEST BUNMMARY gHEET

Step

1.0

8.0

Comments;

Date

Date

Froject Eng.

Elapsed
Time
(Hour/Min.)

Std., CC Helium/Sec.

Test Requirement

Install cooler
into test
chamber as per
Fara. 6.3,

Adjust test
chamber to -%7C

Verify cooler
has soaked for
48 hours at -57C

Raise the temper
ature to -40 and
allow coolers to
stabilize,

Operate coolers
in accordance to
para. 6,0 and re
cord results,

Rajse test
chamber to
standard room
ambient +2TC
(non-cperating)

Visually inspect
coolers for any
physical damage
and record.

Conduct Ferfor

mance test at
+27C and record

(record)

- -—

Test Sheet 7
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LOW TEMFERATURE TEST SUMMARY SHEET

Looler &/N

Test tech

Step Date

Date

Froject Eng,

Elapsed
Time
(Hour/Min.)

Std. CC Helium/Sec,

Comments

Test Kegquirement

Install cooler
intc test
chamber as per
Tara. 6.%,

Adjust test
chamber to -%7C

Verifty cocler
has soaled for
48 hours at -S7C

Raise the temper
ature to ~-40 and
allow coolers to
stabilize.

Operate coclers

in accordance to
para. 6.0 and re
cord results,

Raise test
chamber to
standard room
ambient +27T
(non-operating)

Visually inspect
coclers for any
physical damage
and record.

Conduct Feréor

mance test at
+27C amd record

(record)

Test Sheet 7
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MECHANICAL SHOCH TEST SUMMARY ShefT

Y

Caocler S/N Date
.)
, Test Vech Frosezt Engineer
" : Step Feguirement imitial
.o . 1.0 Veri1¢y Sheoch Machine 13 calibrated -
[ --Q\:
: g 2.0 Irstall 1netrumented cooler witn power leads
cnly orto the shazy tanle, (X aris)
i 7.0 Emrergize cooler and coerate with no thermal load or

1natrumentation an t-e colcfinger.,

R 4,0 Apoly twd shacts 1n the positive X anls
SN Apply two shocls 1n the minus X 811§ —
°e )
.0 Charnge the czzler 1nto ther Y anis
= 7.0 Apply two shocks :in the positive Y ar1s _
;s B 8,70 Apply two sheoclts 1n the minus Y aals
- ————
N Q. Chrarmge czoler 1rts tme 2 a:s

-

o Apply two shocis 1n the oositive £ & is
11,9 Apply Lwo smecrs 1n the minug 7 &'

L0 Le-energize cocler and 1nsaect for
L physical damage. Record results.

L0 Conduct perfaormance test per para &.0

Std. ¢z relium/sec

Test Sheet 8
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MECHANICAL VIBRATION TEST SUMMARY SHEET

Cocler S/N Date of Test
Test Tech Froy. Eng.
Step Test Requirement Imitial
1.0 Mcount czoler onto vibration table 1n the
X anis.
.0 Energize ccolers and allow ceoclcown for

10 minutes.

T.Q Ermergize vibration machine and cocnduct a
rescnance search at an :nput level of g
from S5- S00 Hzx.

Fesaonanceas: ! =, T 4, S. &. 7

4,0 Select the four m2s:t severe resonances recorded ard
pe-form a resonance dwell for 20 minutes frequency levels
spec:fied.

.0

Energize vibration mack:ne 1r accordance to the
vibrgation profile,

&, 0 ARliow coolers to vikrate 1n thig a1 for
120 mimutes

7.0 De-enerqgize vibration machine and ccolers

8.0 Femove ccolers fraom vibration machine ard i1nspect for
physical damage.

.0 Mount the coolers 1n the Y atis and repeat
steps 2.7 and 4

10,0 Energice the coolers and allow cooldown far
10 minutes

14,0 Energize the vibratiom machime in accordance with the
angroriate vibration profile.

12,0 Allow the cooler to vibrate in this a1s8 for
120 minutes.

17,0 De-energize vibration machimne and remove the coolers.
Inspect the coolers for any physical damage.

14,0 Mount the coolers in the Z aris. instrumented., repeat

steps 2.7 and 4 1n the Z auls.

120 Energize the coolers and allow to cooldown for
{0 minutes,

C-28
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Step Test Reaguirement Imitial

16.0 Energize the vibration machine with the anprapriate
vibration profile.

17,0 Allow the coolers to vibrate 1mn this a‘:s for 120
minutes

18.72 De-emergice the vibration machine and remove t=eg
czelers. Inspect the coclers for any ohysical camage,

19,0 Cocnduct a perfocrmanmce t“est cer
caragraph &,0

-

Lealt Tect: Std cc melium/sec

Zzmme~ts
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0.4 ,. ACCEPTABLE RANGE

0.35 | - o ~
0.30 "
0.2 |,
0.1 {_
0.0 1 :
-40 -20 0 20 23 40 60 71
AMBIENT TEMPERATURE (CENTIGRADE)
. Figure 1. Cooling Capacity
§
35 WATTS _ — - -
30 WATTS _ - - _..___/7

-40 55C 71C
TEMPERATURE

Figure 2. Input Power




5 9 46.6 52 500
FREQUENCY (Hz)

Figure 3. Vibration Test Profile

«71 +71
+65 CHECK HEAT LOAD CAPACITY
ONCE PER 24 HOUR PERIOD
+25
+23
0| — ___  COOLERON
N e COOLER OFF
-25
=40 | eeeeees
1 2 3 4 5 6

Figure 4, Reliability Test Cycle
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