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SECTION L INTRODUCTION

The US Army CECOM Center for Night Vision and Electro-Optics (C2 NVEO) is responsible for
developing cryogenic coolers for all infrared imaging systems for the Army. C2 NVEO also
maintains configuration management control of the forward-looking infrared (FLIR) Common
Module coolers used in thermal imagers in fielded Army weapon systems such as: M60A3 and MI
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 monitors 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 HiD- 1045 cooler for the potential use in the tank and
helicopter FLIRs.

The HD-1045 1/4-Watt Split Stirling Cooler was originally designed and developed by the CECOM

Center for Night Vision and Electro-Optics (C2 NVEO) in the early 1970s as a replacement for the
gas bottle/cryostat used on the Manportable 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-1045 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 +710 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 C2 NX EO conducted on the
RICORICRYO-TEK Coolers. The test procedure used throughout the t, . •,•or•. Qualification
Test Procedure 1/4-Watt 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 rime to
failure (MTTF) is available. The MTrF testing and determination are required prior to the decision
being made on whether the coolers are acceptable for use or not.
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SECTION II. DESCRIPTION

The environmental evaluation was conducted on two RICOR/CRYO-TEK 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, C2 NVEO 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 10-6 std cc/sec helium

Acceptance Test

- Cooldown Less than 7.5 min to 100K

Less than 10 min to 85K

- Cooling Capacity 0.35 Watt 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 +7 1It, +71 IC operation

Low Temperature 24 hour soak at -57'C, -40 0C operation

Mechanical Shock 100 g's peak amplitude for 11 msec

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

2



SECTION III. TEST RESULTS

Both coolers failed audible noise testing at Noise Unlimited and C2 NVEO. 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 environmentai 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 Helsec

Initial Baseline 4.00 75.27 23.00 1.0 x 10-9

Post Mechanical
Vibration 3.88 76.43 22.78 2.5 x 10-9

Post Temperature
Shock 3.93 74,82 23.11 2,6 x 10-10

Higib T,:,-,-:rature 6.00 83.46 23.83

Post High
Temperature 3.77 76.66 22.42 8.0 x 10-9

Low Temperature 2.43 62.12 19.65

Post Low
Temperature 3.67 73 24 22.81 9.0 x 10-9

Post Mechanical

Shock 3.67 71.00 22.80 7.5 x 10-9

3



Table 3. Environmental Test Results S/N 013

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

Initial Baseline 3.87 77.00 21.16 2.8 x 10-9

Post Mechanical
Vibration 3.23 71.46 21.69 2.3 x 10-9

Post Temperature

Shock 3.30 70.20 21.57 6.4 x 10-10

High Temperature 4.43 69.13 23.25

Post High
Temperature 3.65 75.13 21.49 7.0 x 10-9

Low Temperature 2.53 63.43 19.12

Post Low
Temperaturte 3.32 70.13 21.74 7.9 x 10-9

Post Mechanical
Shock 3.22 71.65 21.4 5.4 x 10-9

4



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 V[DC.
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LEAK RATE TEST DATA SVEET

Test Tech H-JLD Project Eng.

Date Time TEST REQUIREMENT

Conduct Leak Rate Test per paragraph 6.1.1
of this plan.

Cooler S/N al:_•5_A-.PR 8 Charged to operating pressure (initial)
Measured leal rate (1.0 x 10-6 scc/sec air.
equivalent at 2.C ambient) •.E M. f• -•

Cooler S/N 801 1
Charged to operating pressure (initial)
Measured leak rate (1.0 x 10-6 scc/sec air-
equivalent at 2.c ambient) .

Cooler S/N
Charged to operating pressure (initial)
MeAsured leoa. rate (1.0 x, 10-6 scc/sec air
equivalent at 2:C ambient)

Test Sheet 2
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PHYSICAL CHARACTERISTICS DATA SH•EE

Dat 19 AP!3
Test Tech WLD ,Pr'oject _.n,

Record the 4ollowlng physical characterilstics per
paragraph 5.0 of this test plan.

Cooler S/N CIS| .

Con4orms to drawing number
SM-D-808551 (initial)
Weight (2.5 pounds Max.) 1.837 lb.

Cooler S/N a011.

Conforms ': .- a-wing numter
SM-D-6eC55 i_ (initial)
Weight (f.5 pounds mat:.) 1,795 1b.

Cooler S/N

Con4orms to drawing number
SM-D-e08551 (initial)
Weight (2.5 pounds mea:.. _lb.

Test Sheet I
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MECHANICAL VIBRATION

NIGHT VISION

DEPARTMENT OF THE ARMY
ARMY NIGHT VISION AND ELECTRO-OPTICS LABORATORY

FORT SELVOIR, VIRGINIA 22080

TEST REPORT
RICOR COOLERS

S/N's 013 AND 8011

22 MAY 1988
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TEST ITEMS

RICOR Coolers, S/N's 013 and 8011

TEST SPECIFICATION

B2-28A50122A, 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 maintained a frosted cold finger.

DAVID LLINGHAM
Te3t Coordinat-or
Support Operations Team
Technical Sulpoit Division
Center for Night Vision and

Electro-I.ptics
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B2-28A050122A
CODE IDENT: 54490
18 JUNE 1982
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MECHANICAL VIBRATION--S/N 8011

MECHANICAL VIBRATION TEST SUMMARY SHEET

Cooler S/N Date of Test . .

Test Tech_ _______ Proj. Eng. - , -

Step Test Requirement Initial

1.0 Mount cooler onto vibration table in the
X ax I s.

2.0 Energi:e coolers and allow cooldown for
10 minutes. -

3. 0 Energize vibration machine and conduct a
resonance search at an input level of Ig
from 5- 500 Hz.

Resonances: I :. - . _ 4. 5. 6. 7.

4.0 Select the four most severe resonances recorded and
perform a resonance dwell for ZQ minutes frequency levels
specified.

ff.0 Energi:e vibration machine in accordance to the L
vibrqation profile.

6.0 Allow coolers to vibrate in this a:'is for
1:= minutes

7.0 Oe-energize vibration machine and coolers ,

8.0 Remove coolers from vibration machine and insvpe,< ,for
"physical damage.

9.0 Mount the coolers in the Y a#-is and repeat
steps 2.: and 4 ,_....... .

10.0 Energiz:e the coolers and allow cooldow6 for
._ -4 Inutes,

11.0 Energize the vibration machine in accordance with Ahe

aooroplate vibration profile.

1:.0 Allow the cooler to vibrate in this a::is for
120 minutes.

:.() De-energj:e vibration machine and remove the cooe9s.
Inspect the coolers for any physical damage. , --

/

14.0 Mount th* coolers in the Z a::&is. instrumented. r*ePeaS
steps 2.7 and 4 in the Z a&is.

15.0 Energi:e the coolers ano a.bJw• o cooldown $orf)
A m minutes,

A-9



steop Test Requirement Initial

16.0 Energize the vibration machine with the appr/ooriate
vibration profile.

17.0 Allow the coolers to vibrate in this axis fo : 10
minutes

18.0 De-energize the vibration machine and remove the

coolers. Inspect the coolers for any physical damage.

19.0 Conduct a performance test per

paragraph 6._ _ _

Leak Test'- I Std cc helium/sec

Comments

AA-10
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MECHANICAL VTBRATION-S/N 013

MECHANICAL VIBRATION TEST SUMMARY SHEET

Cooler S/N (S • Date of Test_____

Test Tech P K c\ .roj. Eng. -\ - -.

Steop Test Requirement Initial

1.0 MOunt cooler onto vibration table in the
X ax Is.

-2.0 Energi:e coolers and allow cooldown for
10: minutes.

3.0 Energize vibration machine and conduct a
resonance search at an input level of Ig
from 5- 500 Hz.

Resonances: I _ . . _- .. - 4. _ 5. _ 6. 7.

4.0 Select the four most severe resonances recorded and
perform a resonance dwell for 20 minutes frequency levels
specified. -

S5.0) Energies vibration machine in accordance to the
vibrqation profile.

6.0 Allow coolers to vibrate in this axis for
120 minutes ,_ _

7. C) Do-energize vibration machine and coolers

8.0 Remove coolers from vibration machine and inspe t for
physical damage....

9.0 Mount the coolers in the Y axis and repeat
steps 2,Z and 4

10.0 Energi:e the coolers and allow cooldown for
i u te a 9oF \(3 4j-

11.0 Energize the vibration machine in accordance with,#he
appropiate vibration profile.

12.0 Allow the cooler to vibrate in this axis For
120 minutes. " -

17.0 Do-energize vibration machine and remove the coo 0 So.
Inspect the coolers for any physical damage.

14.0 Mount the coolers in the Z aIxis, instrumente.,•!_att
steps 2,: and 4 in the Z a,:is.

15.0 Energi:e the coolers and allow to cooldown for
.minutes.

hif



Stop Test Requi rmemot Initial

16.0 Energize the vibration machine with the ap E2o5,rate

vibration profile.

17.0 •Allow the coolers to vibrate in this axcis o i:0

minutes .

18.0 Do-energize the vibration machine and removylhe
coolers. Inspect the coolers for any physical damage._

S19.0 Conduct a performance test per
paragraph 6.(:)

KMk \T Std cc helium/sec

Comments
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40.002.9 .3 71.46 .3S4
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LEAV RATE TEST DATA SHEET

Test Tech 6-(. D16&'e'arr Project Eng.

Date Time, TEST RECUIREMENT

Conduct Leak Rate Test per paragraph 6.1.1
of this plan.

Cooler S/N j.n _
9 JAL Charged to operating pressure (initial)

Measured leak rate (1.0 x 10-6 sec/sec air
equivalent at 2-'C ambient) x 10X 9

Cooler S/N 8011
Charged to operating pressure (initial)
Measured leak rate (1.0 x 10-6 sec/sec ai
equivalent at •c amftient) 2.-X |6'

Cooler S/N
Charged to operating pressure (initial)
Measured leak rate (1.0 x: 10- sce/sec air
equivalent at ':,C ambient)

M EA5UPemuTh5 -AKeC.) FOLý.OWIAJa --me
N^ F..WAA I CAL. V15RATIOCi iG$T.

Test Sheet 2
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TEMPERATURE SHOCK-SIN 8011

TEMPERATURE SHOCK TEST SUMMARY SHEET

Cooler S/N AnII Date, 9 J1Uiu 88

Test Tech. I-4UD Project Eng.

Elapsed
Step Date Time Test requirement Initial
1.0 10 15'b• Install coolers into

test chamber /__

. 0 to:0'•0_ Adjust chamber ambient
to + 71C _

3.0 verify cooler has soaked
for four hours

4.0 Place cooler into test chamber
that has beeo pre-cooled to -54C Jp"
within 5 minutes from 71C

5.0 Verify cooler has soaked for
four (4) hours at -54C

6.0 9:1 Place Cooler into test chamber
that has been pre-heated to 71C
within 5 mins, of removing f, c/4

-54C ambient.

7.0 ?:5 Verify cooler hats oak~ed fOI/
for hour% at *71C W4

a.c' 23.I• Place cooler into test chamber
that ha* been pre-cooled tn -54C
within 5 mins. of removing
+71C ambient.

9. 1 J&c 3:19 Verify cooler has soalbed ftr/~O
"four hours at -54C ....

10.0 3115 Place coolr into test chamber
that he* been pro-heated tO -71CA
within 5 min.. o0 removing'
-54C ambaent.

'76 & Verify Cooler has soa,.d for
four hours at +71C ....

... 0..L,2...." Place cooler into test chamber
that has been pro-cooled to -54C
within 5 min. o4 removing ft om1
*71C ambient.

Test Sheet 5 (1*4 2)
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Temperature Shock Test Summary Sheet (Continued)

Elapsed
Step Date Time Test Requirement Initial

13.,~ h.. LJ..: Verify cooler has -/

soaked for four
hours.

14. II Adjust test chamber
ambient to *23C

15. K•-•) Verify test chamber
Ambient is 23C

/

L•L Visually inspect
cooler for physical .- '' •
damage an d record. {X'

ILL uJuiJe Q Conduct performance
test per Per&. 6.0
of this test plan

24J 2- Std. CC Helium/sec (record)

Commentgs:

Test Sheet 5 (2 of )

A-17



.NtYE3L CRYOGEN,. 'COOLEP :.,41

CRYOGENIC COOLER DATA

SCOOLER: RICOR / CT-45 8011 DATE: 13 JUNE 38 9 "40

.,.nLTAGE: 17.5 ENGR: HLO
AMBIENT: 23 (C) DEWAR COMP: .35

TEST: Eq.FORMANCE TEST FOLLOWING TEMP SHOCK

----------------------------------------------------------------------
T:ME DOWER CURRENT KELVIN LOAD

---------------------------------------------------------------------
0,00 22.26 '.2:, 296.64
1.30 20.47 1.194 214. 3 0.000
7.00 21.55 1-254 155.46 0.000
3.002.62 .325 108.90 0.000
3.30 23.62 1350 96.86 0.000
":3,3 23.43 i.339 76,32 0.000
4.00 23.76 1.363 59.88 0.000
5.00 3.74' 1.366 5s.89 0.000
6.00 23.55 1.343 49.66 0.000
7.00 23.50 1.342 48,18 0.000

23.3S ,324. 47.66 0.000
3.0 -3.41 321 47.49 0.000

2 1 , 23.42 1.335 47,31 0.000
i .!0 23.35 1.341 47.723 0.000

12,00 23.44 1,346 47.18 0.000
13.00 23.37 1.343 4'723 0,000
14.00 -23.1S .306 47.49 0.000
1S.0 2.330 .332 47,j4 0.000
16.00 23.36 1.325 47,14 0.000
17,00 23.33 1.340 47,18 0.000
S18,00 23.25 1.327 4..10 0.000
19,00 23.23 1.322 47,27 0.000
20.00 023.33 ).333 47,31 0,000

--------------------- ------------------------------------------------
30.00 23.21 1 s.32 74.01 .351
40.00 23.11 1,301 74.82 .351

COOLDOWN Pl -.':'EtI-

u 2201 4e '0

", I

S140 \30

/1 0 2 ,

0 1 Z a Z 1 313 3z 40
TIME (Mim j



TEMRATURE S1IOCK-S/N 013

TEMPERATURE SHOCK TEST SUMMARY SHEET

cooler S!N 015 Date: __9 Jue A

Test Tech. L_________ Project En~g.

Elapsed
Step late Time Test requirement initial

1.0 ,JUAJ, _L 0 Install coolers into

2.0 . Adjust chamber ambient
to + 71C

1' verify cooler has soaked ,
for four hours

t 5 /
4.0 '5 Place cooler into test chamber

that has been pro-cooled to -54C / _
within 5 minutes from 71C /

.5. 0 Verify cooler has soaked for
four (4) hours at -54C ,

6.0 • Place cooler into teot chamber
that has been pre-heated to 71C
within 5 mins. of removing from,_,,/•
-54C ambient.

7.0 . "J.2 forVerify cooler has soaked for
for hours at +71C i A

9 * c)Place cooler into test chamber
that has been pro-cooled to -54C
within 5 mins, of removing
+71C ambient.

9.0 10 AUILJF. Vorify cooler has soaked 4rl zfour hours at -54C

10.0 *-1 Place cooler into test chamber
that has been pre-heated to +71C A
within 5 min%. of removing
-54C ambient. ii

11.0 .- ' Verify cooler has soaked for
four hours at +71C

12..0 .4 14; Place cooler into test chamber
"that has been pre-cooled to -54C
within 5 mini. of removing fromfl/A
+71C ambient. .... _ /_ __

/

Test Sheet 5 (104 Z)
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Temperature Shock Test Summary Sheet (Continued)

Elapsed
Step Date Time Test Requirement Initial

13. VJ/j . Verify cooler has ___i__
soaked for four /
hours.

14. , -- Adjust test chamber
ambient to ÷23C

15. __'_ Verify test chamber
Ambient is 23C

/
6.O, Visually inspect

cooler for physical 4
damage an d record.

17. I• JOIE .. Conduct performance
test per Fara. 6.0
of this test plan

m4 X 10 Std. CC Helium/sec (record)

Commentgs:

Test Sheet 5 (2 of 2)

I i .in



NVECwL rCRfOGENIC COOLER LAS

CRYOGENIC COOLER DATA

COOLERt RICOR / CT-45 013 CATE: 13 JUNE ~3 Z8:23
VOLTAGE: l7.-S ENGR: HL;D'
AMBIENT: 213 (C) DEWAR COMP: . 335

TEST: PERFORMANCE TEST F2LLOWING TEMP SHOCK

---------------------------------------------------------------------
TIME POWER CURRENT KELVIN LOAD

---------------------------------------------------------------------

0.00 18.71 1.069 294.29 0.~000
1.00 17.81 1.040 203.11 0.000
Z.00 19.34, 1.175 136.63 0.000
2,77 911.23 .2395.79 0.000
3.00 2.,.1.6 1 .2139 87,60 0.0013
-.30 ?1.73 1 .-41 7-7.3-9 0.000
4.00 224.00 1.261 61.10 0.000
5.00 22.0s i.233, 49.49 0.000
6.00 222.23 1.266 44.48 0.000
7.00 21.90 1.2237 43.13 0.000
8.00 261.93 1.225 42.43 0.000
9,00 212.11 1.260 42.04 01000
10.00 21.94 1.250 41.74 0.000

11.00 21.86 1.2'33 41.74 0.000
124.00 21.97 1.248 41.82 0.000
13.00 2.21.28-6 41.74 0.000
14.00 22.108 1.1232 41.60 0.000
15.00 262.04 1.2.53 41.69 0.000
16.00 21.li79 1.2-38 41.78 0.000
17.00 221.05 1.262. 41.87 0,000
18.00 121.89 1.255 41.95 01000
19.00 211.85 1.2.46 42.04 0.000
20.00 21.84 1.257 41,78 0.000

----------------------------------------------------------------------
30.00 21.70 1.276 69.09 .351
40.00 121.57 1.2245 70.2.0 .3s1

300 ~ COOLI)OLN & POVIER 5
800

S240 .- ~

CL Ise 30
1I40

40
20 1 .. .. .i

TIME (Mi)



HIGH TEMPERATURE-S/N 8011

HIGH TEMPERATURE TEST SUMMARY SHEET

Cooler S/N • Date of Test 14"1aJui .--88
Testrr Tech D..) Project Eng. _

Elapsed
Time

Step Date (Hr.-Min) Test Requirement

1,0 LL Oh.'JE O Install the cooler into
the test chamber instru
mented per Para. 6.3

2.0 09" 05 Adjust chamber ambient to
+71C

7. 0 1( Jw- 0 --. Verify cooler has soaked
4or 48 hours at +71C

4.0 Operate the coolers in
accordance with Para. 6.0
and record results.

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

6. 0_____ Visually inspect coolers
for physical damage and
record abnormal inmdings.

7.0 16 JI*J• ,, . Conduct performance test
at 23C per Para. 6.0. andrecord results.

1(0 J-JilJ A.0 X I6'q Std. CC Helium/Sec. (Record)

Commentst hAO'rWI. a& Jkf*AWJt]

Test Sheet 6



NVEOL RPYCGENIC .. ,.OL, . B

CRYOGENIC COOLER DATA

COOLER: RICOR / CT-45 8011 DATE: 16 JUNE 88 10:15

VOLTAGE: 17.5- ENGR: HLD

A.MBIENT: 71 (C) DEWAR COMP: .335

T'EST: PERFORMANCE TEST FOLLOWING 48 HOUR SOAK

-----------------------------------------------------------------
TI.ME POWER CURRENT KELVIN LOAD

------------------------------------------------------------------
.00 18.19 1.040 342.94 0.000

100 21.2S 1.239 256.54 0.000

"2.00 21.51 1.249 195.58 0.000

3.00 22.53 1.298 148.78 0.000

4.00 22.93 1.327 114.49 0.000

4.58 23.49 1.342 99.87 0.000

5.00 23.33 1.324 92.48 0.000

6.00 23.39 1.328 79.50 0.000
6.13 23.33 1.333 78.04 0.000
7.00 23.54 1.358 71.54 0.000

8.00 23.65 1.360 67.76 0.000
9.00 23.54 1.361 65.40 0.000

10.00 23.66 1.345 64.38 0.000

11.00 z3.49 1.326 64.05 0.000

12.00 23.61 1.355 63.80 0.000

13.00 23.51 1.336 63.76 0 .000

14.00 23.49 1.341 63.88 0.000

15.00 23.50 1.341 63,72 0.000

16.00 23.70 1.374 64.01 0.000

17.00 23.60 1.341 64.01 0.000

18.00 23.ss 1.33S 64.01 0.000

19.00 23.72 1.363 64.17 0 000

20.00 23,60 1.329 64.17 0,000
-----------------------------------------------------------------

30.00 Z3.67 1.350 83.00 .0i

40,00 Z3.83 1.366 83.46 .201

340 COOL.. O.N. .PO- 50

- 2G0 40 M•

2- 240 m

e 30
D tx

laO

40

0 5 8 5ý0!5 3 3;5 40
TIME (M','

A-21•



NVEOL CRYOGENIC COOLER LAB

CRYOGENIC COOLER DATA

COOLER: RICOR / CT-45 8011 DATE: 17 JUNE 98 08:56

VOLTAGE: 17.S ENGR: HLO
AMBIENT: 23 ýC) DEWAR COMP: .335

TEST: ROOM AMBIENT PERFORMANCE TEST FOLLOWING HIGH TEMP TEST

----------------------------------------------------------------------
TIME POWER CURRENT KELVIN LOAD

----------------------------------------------------------------------
2.00 21.83 1.247 295.38 0.000

1.00 20.38 1,171 209.28 0.000
21.22 1.248 148.99 0.000

3.00 22.40 1.323 103.91 0.000

3.10 23.10 1.320 99.72 0.000

3.77 23.01 1.315 79,35 0.000

4.00 23.11 1.333 74.20 0.000

5.00 23.39 1.338 58.91 0.000

6.00 Z3.34 1.324 52.77 0.000

7,00 23.22 1.329 49.84 0.000

8.00 23.13 1.320 48.62 0.000

9.00 23.15 1.325 48.18 0.000

10.00 23.09 1.312 47.97 0.000

11.00 22.98 1.311 47.79 0.000

12.00 23.05 1.323 47.53 0.000

13.00 23.10 1.324 47.70 0.000

14.00 23.16 1.321 47.79 0.000

15.00 23.02 1.321 47.97 0.000

16.00 22.91 1.311 48.14 0.000

17,00 23.00 1.311 48.05 0.000

18.00 22.97 1.312 48.05 0.000

19.00 22.98 1.307 47.75 0.000

20.00 221.92 1,311 47.75 0.000

----------------------------------------------------------------------
30.00 22.37 1.284 76.58 .351

40.00 22.42 1.285 78.66 .351

-m--
ie

CL 60

S12000

610

320 .. .5, .-- 4
TIME (Mtn)
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HIGH TEMPERATURE-SIN 013

HIGH TEMPERATURE TEST SUMMARY SHEET

Cooler S/N 0 Date of Test 14-i1 Ju~f 8e_

Testrr Tech- Hi-D Project Eng.

Elapsed
Time

Step Date (Hr.-Mmn) Test Requirement

1.0 IA.J fe 05 0 Install the cooler into
the test chamber instru
merted per Para. 6.3

2. 0 l1: 05 Adjust chamber ambient to
+71C

3I.0 ( tOWE 10J -j Verify cooler has soaded
for 46 hours at +71C

4.0 6 Operate the coolers in
accordance with Fara. 6.0
and record results.

s5.0 %0000_ Lower test chamber to
standard room ambient
(non-operating)

8.0 L00 Visually inspect coolers
for physical damage and
record abnormal findings.

7.0 Conduct per4.'rmance test
at 23C per F'ira. 6.0. and
record results.

In ..jova 7.0 X 10"9 iStd. CC Helium/Sec. (Record)

Commentst

Test Sheot 6

A-25



N ,,E L C R ,C O:E NI OLt C P

CRYOGENIC COOLER DATA

'OOLER: RICOR ' -T-45 013 DATE: 15 JUNE 38 i :23
VOLTAGE: 17.5- ENGR: HLO
AMBIENT: 71 (C) DEWAR COMP: .1

TEST: PERFORMANCE TEST FOLLOWING 49 HOUR SOAK

TIME POWER CURRENT VELVIN LOAO

0.00 13.52 1.116 344.26 0.000
1.00 18.60 1.113 242.84 0.000
2.00 20.11 1.200 173.74 0.000
3.00 21.86 1,263 121.69 0,000
3.602.29 1.331 98.73 0.000
4.00 23.1 1.334 88.08 0.000
4.43 23.62 1.350 78.04 0.000
5.00 23.62 1,343 69.82 0.000
6.00 23.S3 1.335 59.64 0.000
7.00 23.52 1.341 55.35 0.300
8.00 23.45 1.363 54.00 0.000
9.00 23.40 1.325 53238 0.000

10.00 23.30 1.323 53.92 0.000
11.00 23.31 1.336 53.38 0.000
12.00 23.27 1.312 53.34 0.000
13.00 23.37 1.315 53.05 0.000
14,00 23.34 1.338 52.73 0.000
15.00 23.41 1.333 52.64 0.000
16.00 23.30 1.329 52.81 0.000
17,00 23.27 1.337 53.71 0.000
18.00 23.30 1.334 32.10 0.000
I9g00 23.26 1.317 53.50 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 1.332 69.13 .20'

-il

COOL1O34N & PN4ER
340 50

S300:

- 2&8 \40:,.•~ 240\ :

240_ '1: 140 •'

00 "0

TI 20 30 40
TIME (M'rn)

4-26



NVEOL CRYOGENIC C3OLEP LAB

CRYOGENIC COOLER OATA

COOLER: RICOR / CRYOTEK 013 DATE: 16 JUNE 1988 19:34
VOLTAGE: 17.5 ENGR: RNS
AMBIENT: 23 (C) DEWAR COMP: .143

TEST: BASELINE AFTER HIGH TEMP

TIME POWER CURRENT KELVIN LOAD

0.00 19.50 1.i14 300.60 0.000
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 20.68 1.199 93.92 0.000
3.65 21.42 1.ZZ4 78.66 0.000
4.00 21.23 1.227 71.85 0.000
5.00 22.06 1.256 S6.66 0.000
6.00 22.07 1.257 49.01 0.000
7.00 21.90 1.247 50.10 0.000
8.00 22.04 1.268 44.61 0.000
9.00 22.01 1.256 44.13 0.000
10.00 21.95 1.246 43.87 0.000
11.00 22.05 1.259 43.91 0.000
12.00 21.99 1.250 43.83 0.000
13.00 21.94 1.247 43.78 0.000
14.00 22.06 1.257 43.91 0.000
15.00 21.99 1.267 43.91 0.000
16.00 22.04 1.272 43.87 0.000
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 22.02 1,253 44.00 0.000

30.00 21.48 1.220 73.36 .351
40.00 21.49 1.226 75.13 .351

UUWE UUU ileI U In mIm -il Um -lil *UUUl WUUUlalig Jma. Imiama a a ama mai nmmiia11• mu m - am.. a I -Q ai ma a ai m mai a al a a

COOL3ONN & POWER
340 50

C 30e

Sage
- 260 40 M

2400

Sie 30

S140 "
w 1 20

t-se
40

200
Sý 20 30 313 40

TIME (MtnJ
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LOW TEMPERATURE-SIN 8011

LOW TEMPERATURE TEST SUMMARY SHEET

Cooler S/Nj6 1 Date 21-2? Jugsm 86

Test tech WL..... Project Eng. _______

Elapsed
Tim*

stop Date (Hour/Min.) Test Requirement

1. 0J0,36 -Qk- .85Install Cooler
into test
chamber as per
Para. 6.3~.

2*'~ ______Adjust test

chamber to -57C

ZZ Jijcae Verify cooler
has soaled for

is4 h ours at -57C
4. -07 5 Raise the temper

ature to -40 and
allow coolers to
stabil1ize.

5. 0 Operate coolers
in accordance to
para. 6.0 and re
cord results.

6. 0 Raise test
chamber to
standard room
ambient +23C
(non0.oporat ing)

7.*....i~... Visually inspect
coolers for any
physical damage
and record.

S. C'Conduct Perior
mance test at
+27C and record

9 4"9X210l' Std. CC Helium/Sec. (record)

Comments:

Test Sheet7
A-28



CRYOGENIC COOLER DATA

COOLER: R::OR / CRYOTEK 2011 DATE, 22 JUNE 1988 09:48
VMOLTGE: !7,5 ENGR: HLD
AM971ENT: -40 (C) GE.4AR COMP: .7J35

- PERFORMANCE TEST FOLLOWING 24 HOUR 50AK

7:EPOWER CURRENT KELVIN LOAD

0.00 17.47 .398 232.97 .0
1.30 17.63 1.033 149.92 0.000
2.00 18.83 1.121i 96.67 0.000

2019.50 1.114 91.90 0.000
.43 19.81 1.132'L 78.621 0.000

3.00 19.78 1.145 62.12 0.000
4.00 210.00 !.136 46.44 0.000
5.00 19.78 1,119 41.13 0.000
6.00 19.73 1.129 39.47 0.000
7.00 19.61 1.119 38.67 0.000
8.00 19.S8 1.121 38.37 0A000
9.00 19.70 1.121l 38.Z2 0.000
10.00 19.69 1.130 38.19 0.000
11.00 19.60 1.120 38.14 0.000
12.00 19.76 1.130 38.14 -0.000
13.00 19.75 1.129 38.14 oleo0
,4.00 19.69 1.1Z5 38.14 0.000
15.00 19,78 1.12ý5 38.14 0.000
16.00 9,.74 1.118 38.14 0.000
17.00 19,67 1.135 38.14 a.000
19,00 19,76 1.128 38.180.0
19.00 19.71 1,!33 36.18 0.000
10.00e 19,76 1.126s 38.190.0

I00 I'7 1.1 21j 61 53 .348
40.: 9.65 1,' .Z.350

COOLDOWN lk CAWER

4 -

72100

S120 -

1,3 at 40:
TIMlE Mr



N'vE:L ;RfEN ... E -13

CRYOGENIC COOLER DATA

COOLER: RICOR / CRYOTEK 8011 DATE: 22 JUNE 1988 13:39
VOLTAGE: 17.5 ENGR: RNS
AMBIENT: 23 (C) DEWAR COMP: .335

TEST: POST LOW TEMP BASELINE

-------- %--------------------------------------------------------------
TIME POWER CURRENT KELVIN LOAD

0.00 14.74 .842 296.99 0.000
1.00 19.36 1.136 z05.80 0.000
2.00 zo.si 1.199 142.99 0.000
3.00 21.68 1.258 97.59 0.000
3.10 22.42 1.2O1 93.77 0.000
3.67 22.4S 1.283 77.3S 0.000
4.00 22.45 1.288 70.SS 3.o00
5.00 22.58 1.297 57.28 0.00,
6.00 22.41 1.294 51.se 0.800
7.00 22.32 1.279 49.36 0.004
8.00 22.39 l.28i 48.27 0.000
9.0 22.35 1.274 47.92 0.000

10.30 22.39 1.273 47.79 0.006
11.00 22.3S 1.283 47.79 .044
t2.00 22.45 1.298 47.84 0.00
13.00 22.46 1.283 47.92 0.000
14.00 22.45 1.273 47.97 0.10e

15.00 22.41 1.290 48.05 0.080
16.00 22.91 1.201 48.10 0.000
17,00 22.6 1.289 48.14 0.000

18.00 22.S8 1.295 40.18 0.800
19.00 22.S3 1.291 4 8.3 0.000
20.06 22.49 1.266 48.e 0,300

30.00 212.62 1,99 13.44 .35a

40.00 -22.81 1.298 :32 .350

COOLDOWN PONER

-. I .. . . . .... 5

r
2460

Ile ~ -L - - - -- - -* - - -

~2--~3* rIME (Mint

St 6% 30



LOW TEMPERATURE-S/N 013

LOW TEMPERATURE TEST SUMMARY SHEET

Cooler S/N 01|'-'N Date 1-7-j a sJ JJ

Test tech .L- .. Project Eng.

Elapsed
Time

Step Date (Hour/Min.) Test Requirement

1.0 oa): 3o Install cooler
into test
chamber as per
Par&. 6.3.

2.0 10: 12 0(-S7 Adjust test

chamber to -57C

7. | Woe in Verify Cooler
has soaked foe
a hours at -57C
fA

4.0 Raise the temper
ature to -40 and
allow coolers to

.stabilize.

5.0 Operate Coolers
in accordance to
paro. 6.0 and re
cord results.

6. 0 Raise test
chamber to
standard room
ambient *23C
(non-operat i ng)

7. 0 ( Visually Inspect
coolers for any
physical damage
and record.

8. JL.* •00 Conduct P*rker
maflce test at
*#C and record

.9 X. Sd. CC Haliu,/sec. (record)

Comments, . . . . _ _ _.. ........ .

Test Sheet A-31



N'4EOL CRYCGENiC ,CLER LAB

CRYOGENIC COOLER DATP

COOLER: RICOR / CRYOrEK 013 DATE: 18 JUNE 1989 12:22
VOLTAGE: 17.5 ENGR: RNS
AMBIENT: -40 (C) DEWAR COMP: .143

TEST: COLD TEMP BASELINE

---------------------------------------------------------------------
TIME POWER CURRENT KELVIN LOAD

0.00 18,77 1.073 233.00 0.000
1.00 .5 .945 151.49 0.000
i2.00 17.02 993 97.00 0.000
2.10 18.01 1.029 92.70 0.000
2.53 18.63 1.065 76.58 0.000
3.00 18.22 1.072 62.41 0.000
4.00 18.88 1.084 57.03 0.000
9.00 18.6 1.06S SS.72 0.000
6.00 16.75 1.072 55.43 0.000
7.00 18.99 1.106 47.97 0.000
8.00 19.41 1.108 40.82 0.000
9.00 19.23 1.084 41.26 0.000

10.00 19.28 1.083 41.13 0.000
11.00 19.21 1.094 46.88 0.000
12.00 19.30 1.:01 44.92 0.000
13.00 19.18 1.090 43.09 0.000
14.00 19.28 1.108 43.48 0.000
15.00 19.29 11099 41.08 0.000
16,00 19.37 1,116 40.95 0.000
17.00 19.43 1.116 39.S4 0.000
18.00 j9.45 1.110 39.13 0.000
19.00 19,50 1.107 39.01 0.000
20.00 9.51 1.d 39.01 0.000

30.00 19.17 1.090 61.79 .351
40.00 19.12 1.097 63.43 .351

"COOLOHN & POWER
300 50

S240

200
tee

y 160 30
140 

I

n Ia11

..

40

So 13 183 115 as 38 35 41a1
TIME "Mlnl
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N:; I-' -- J, ." 14 " ý41 CýLEH `E

CRYOGENIC COOLER DATA

COOLER: RICOR CT-45 013 DATE: 20 JUNE 88 07:33

VOLTAGE: !7.5 ENGR: HLD
-- MBIENT: 23 (C) DEWAR COMP: .143

TEST: ROOM AMBIENT PERFORMANCE TEST FOLLOWING COLO TEMP TEST

7TiME POWER CURRENT KELVIN LOAD

0.00 11.77 .673 295.62 0.000
1.00 17.40 1.019 200.78 0.000
.200 18.80 1.112 135.16 0,000

-277 20.85 1.191 97.41 0.000
3.00 20.46 1,216 89.03 0.000
3.32 21.59 1.234 77.46 0.000
4.00 21.59 1.230 62.33 0.000
5.00 21.75 1.244 50.71 0.000
6.00 21,72 1.247 47.01 0.000

7.00 21.73 1.241 45.48 0.000
8.00 21.68 1.233 44.04 0,000
9.00 21,67 1.249 43.74 0.000

10.00 21.72 1.248 43.96 0.000
11.00 21.72 1.240 44.18 0.000
12.00 21.72 1.241 43.74 0.000
13.00 21.74 J.252 43.78 0.000
14.00 21.74 1.242 44.44 0.000
15.00 21.73 1.234 44.31 0.000
16.00 71.74 1.245 44.26 0.000
17.00 21.81 1.242 44.44 0.000
18.00 21.77 1.238 44.31 0.000
19.00 21.78 1.246 44.09 0.000
20.00 21.83 246 44.44 0.000

30.00 21.73 1.250 70.01 .351
40.00 21.74 1,238 70.13 ,351

I a.WI..... I waNIIa•IaI. a IaIaaI- I..I. u In~auaaInaaIumrIIII waIaII aaIIaIaaIaaI

COOLDOWNN PONER
300 50
2 180
, 160
a46 -- 413
S220
200120

160 -¾

40

TIME (Min)
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MECHANICAL SHOCK-SIN 8011

MECHANICAL SHOCV TEST SUMMARY SHEE-

Cooler S/N • LL.Date 8C bULV c•b

Test Tec) __-_C_) Project Engineer

Step Requirement nti al

1.0 Verify Shock Machine is calibrated i.

2.0 Install instrumented cooler with rower leads
only onto the shoc• tatle. (X ac-is) _ _

o Energize cooler and operate with no thermal load or
instrumentation on the coldfinger.

4.0 Apply two shacds in the positive X a::is

-50 Apply two shocks in the minus X ai::IS

6.0 Change the cooler into ther Y a:ýis __"

"7°0 Apply two shocks in the positive Y a::is _

G8.: Apply two shocks in the minus V a-is _ _

9.0 Change cooler into the Z a:pis

St0.0 Apply two shocks in the positive Z a: is

11.0 Apply two shocks in the minus Z a:.iS

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

S1",0 Conduct performance test per para 6.0

X x Std. cc helium/Sec

Srommen t s

Test Sheet 8
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MECHANICAL VIBRATION
ORIENTATION

--
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RICORICRYO.TEK
SIN 8011

+X AXIS -XAXIS

A-36



RICOR/CRYO-TEK
S/N 8011

+Y AXIS -Y AXIS

A-37



RICOR/CRYO.TEK
S/N 8011

-Z AXIS Z AXIS

A-38



N'jEOL CPYO'EN-, ::.yE• _.E

CRYOGENIC COOLER DATA

COOLER; RIGOR / CT-45 8011 DATE: 21 JULY 8 I!:19
vCLTAGE: 17.5 ENGR: HLO
AMBIENT: 23 (C) C-EWAR CCMP: 335

7---T:T: PERFORMANCE TEST FOLLOWING MECHANICrAL 5HCCK

T:iE P'C"ER CURRENT YELVIN LDAO

0.00 :11.19 1.Zl 293216 ). 0.0
i.00 19.68 1.148 207.59 0.000

2.00 210.66 1.217 147.61 0.0003.00. 21,95 1299 100.09

-S3.10 22.51.299 95.37 0.Zo
,.,07 318 75.07 3.000

4.00 22.81 .307 70.69 0.000

5.00 23.10 1.317 56.55 0.000
.500 23.00 1.30s 60.57 0.000

7.00 22.89 18306 48.08 0.000
8.00 22.70 1.300 46.99 0.000
9.00 22.85 1,310 46.51 0.000
i0.00 22.81 1.301 46.25 0.000
1-.00 22.83 1.304 46.17 0.000

:2,.00 4281 30S 46.17 0.000
13.00 122.79 304 46.21 0.000

14.00 2276 1.302 46.2S 0.000

15.00 22.85 1.303 46.25 0.000
16.00 22.78 304 46.30 0.000

17.00 22.64 1.298 46.17 0.000
18.00 22.80 1.300 46.34 0.000
19,00 2.- 83 1,301 46.34 0.000
20.00 22.84 309 46.34 0.000

30.00.81 1.296 71.00 .351
40.002.90 1.308 71.00 .351

COOLDOHN & PO:,.ER
S38 r50
- I

> ,* 040 '

-, 22.

12 o~ -,SI. 14 - K.,

t• I Go3 vw80- ____,___

413 ------------4. 400 ',

TIME kMirn
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MECHANICAL SHOCK-S/N 013

MECHANICAL SHOCQ' TEST SUMMARY SHEET

Cooler S/N 013 Date S0 JuL.- 88

Test Tech P-.L. D Project Engineer

Step Requirement Initial

1.0 Verify Shock: Machine is calibrated

m2.0 Install instrumented cooler with power leads
only onto the shock: table. (X axis)

Energize cooler and operate with no thermal load or
instrumentation on the coldfinger.

4.0 Apply two shacks in the positive X axis

5. Apply two shocks in the minus X axis

6.0 Change the cooler into ther Y a'is

7.: Apply two shocks in the positive Y ax,,is

8.0 Apply two shock.s in the minus Y axis _ _

"9.0 Change cooler into the Z a':is t___

I0.0 Apply two shocks in the positive Z a:'is ._ _

-I.0 Apply two shocks in the minus Z a::is ___

1:. 0 De-energi:e cooler and inspect for
physical damage. Record results.

I Q Conduct performance test per para 6.0. V'

4.Ai~) Std. cc hehium/sec

.Comments

... Test Sheet 19



MECHANICAL VIBRATION

ORIENTATION
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RICOR/CRYO-TEK
S/N 013

+X AXIS -XAXIS

A-42



RICOR/CRYO-TEK
S/N 013

+Y AXIS YV AXIS
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RICORJCRYO-TEK
S/N 013

+ZAXIS -Z AXS
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NVEOL CRYOGENIC COOLER L.A8

CRYOGENIC COOLER CATA

COOLER: RICOR / CT-4S 013 CATE: ZI JUL 389 09:75
VOLTAGE: 17.5 ENGR: HLO
AMBIENT: 23 (C) CEWAR COMP: .143

TEST: PERFORMANCE TEST FOLLOWING MECHANICAL SHOCK

TIME POWER CURRENT KELVIN LOAO

0,.00 14.29 .e17 ..300
1.00 17.76 '.052 196.S3 0.000
2.00 19.08 1.132 134.74 0.000
L277 21.04 ,202 96.41 0.080

3.00 20.68 L.2S 88.51 0.00
3.22 21.60 1.234 80.07 0.000
4.00 21.62 1.250 62.51 0.000
5.00 21.78 1.-45 50.77 0.000
-. 00 21.65 1.235 47.72 0.000
7.00 21.64 1.250 45.54 0.000
8.00 21.60 1,235 45.76 0.000
S.00 21.52 1.220 45.02 0.000
10.00 21.54 1.234 44,10 0.000
11.00 21.s2 1.237 44.93 0.000
12.00 21.50 1.227 44.27 0.000
13.00 2 .52 1,231 44.84 0.000
t4.00 21.58 1.217 44,54 0.000
(5.00 21.S9 1.224 45.41 0.000
16.00 21.64 1.229 44,45 0.000
'7.00 21.C7 1.24l 44.54 0.000
18.00 21.62 .234 44.19 0,000
19.00 11. 44.08 0.000

20.00 21.55 1.232 43.97 0.000

30.00 21,51 1.230 71,38 .35240.00I •I 1B 1,
40.00 21.48 . 71.65 .352

COOLDOWN & PONER
S*00 i

Sj2•0 .

CL 160 30
14,1

L- -,.. -

a 515 20 .3. 3- 40

TIME (Min)

"A-45



ACOUSTIC NOISE
Noise Unlimited Data

Test Report No. 4773.01 No. of Pages 9

R 4 p ort cof T sr t w

RICOR 1/4 Watt Split
P/N K516 CT--45

S/N 013
for

Cryo-Tek Corp.
Woodbr) 4ge, Virginia

SNOISE UNLIMITED, INC.

104 S. DrIdp St., SOwN 111e, N.J. 0676

29 February 1988

Performed Chock~ed Approved

J.8. Mancrief G. PloAdoo R.D. McAdoo

A.46
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L. 0 Pups of Tetq-

The purpose of this test was to record sound pressure levels

emitted by the RICOR 1/4 Watt Split.

2.0 Manufacturer

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

3.0 anuLacturer'' T_0 %_r- Model No.

RICOR 1/4 Watt Split
P/N K516 CT-45
S/N 013

4.0 Orawvno. Specification qL Exhibit

Night Vision Eloctro Optics Specification 82-28AO50122A
HD1045 Cooler
18 June 1982
Pars. 7.2.2

5.0 Number of Items Tested

One (1)

6.0 Security Classification I

Unclassified

7.0 mtT Iz• Q.Completed

17 February 1988

§.& Thal Condu.tedL I

Noise Unlimited, Inc.
Somerville, NJ 08876

Mr. B.T. Walters, Cryo-Tek Corp. Representative
Mr. 4. Kling, Cenveo Representative

NOSEliY AINIM lIll k•t0,47
mRVIUJ, 1 Pw 3
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Tout Itom Susp~nsion

Figuro I

NOISE 9IM1TED, INC. Report No. A773. 01
SMEfRVILLE, NE ERE Palo

4.449



COMPANY ',TG 4 ENGINEFRINC DrATA, JoB No. ___-7_"_

TEST ITEM 5?$'a, SPECTRUM LEVoLS REF. No.

TESTED BY 5-1 7--5 DATE 2 /-

Even Tim PoS. O!A evels Ocve eL.__ vY • l. s IddB or
No. I No. A •d P• k Imp. I3 63 1.2 Sn0 , k 2k -4k 1 k K Ref, or

-- 37 1,z- t_3o_1/

IN * Z -7 4-0q I'l 1.4 147_

"/- 2.
, -+ ' ' - - I' __ _ __ _ __ _

SI I / • _ _i_,Z-7_ 1 Z.Z v- ___ ig-Z 6- 13- X I

S~ I ______" I•

m , .. ),;0, 0

*-- A; 0 dB SPIL 2 x 10-5 NIM2 -2 x 10-4 DynelCm2 •

B: 0 dB Acc. * 1 x L06q, lq 120 dB
NUI Form 112

Original Data Sheet

Figure 2

NOS LNOlN1TE, INC. Resot NO. T71 01
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Position Dao-cription

1 Cold Finger End X

2 Side A Z

3 Pover End X

4 Side. B Z

5 Opposite Cold Finger Side Y

6 Cold Finger Side Y

The microphone vas positioned at a distance of 1 meter frou the
side of the test item. The microphone was positioned vith a 0

angle of incidence.

Measuremont Positions

Table I

NOISE LM.INIT•., IW. N&,4)7 01

A.$515



Octave Band Center Frequencies

position 1 250 _ 50O 2K 4K 8K O/A dBC

Ambient 4 37 27 24 30 20 10 <10 51

4 - - - - - - - 54

_1 ... . 53

2 ... .- 53

3 ... . 51

6 - - - - - - 54

5 32 30 38 43/45. 50/54. 42/44. 39/42* 55

Ambient 5 32 27 22 18 26 13 <10 48

5.. 18 16 24 29/31 36/40 28/30 25/28 41

Spec.
Maximum,** 49.5 48.5 43.5 35.5 29.5 29.5 26.5

*Meter on slov/noise wms cycling.

#*Equivilant sound pressure levels for a distance of 5 meters using

the folloving formula:

SPLI a SPL2 - 20LOG DI/D2
Where:
SPL2 a Sound pressure level at distance D2

***Speclfication Paragraph 7.2.2

Neasurement Data (dB re: .0002 Microbar)

Table 2

-- IS UI.INITD, IIC. RAOrt *64T7.Ol

A-$2



LIST OF APPARATUS

Nodel Cal. Du@
item INanufaeturer to-. S/N W Date jj. Accuracy uait

3. Microphone Bruvl/Kjacr 4131 191646 Before/After Test +tidl ZOWZ-l~kW1

11. Pistonphone Bruel/Kjaer 4220 284623 04-28-87 04-28-88 +.2ds 250Hz

16. Prec.Sd.Lyl.Mtr. Bruu1/Kjaer 2204 313737 11-11-87 11-11-88 *-ldl 2Hz-70k14z

20. Oct.Fltr.Set Bruel/Kjair 1613 325994 11-11-87 11-11-as t.5dl 22H2-45k~z

NOISE WL1MHUE, Imc, kpat VA.4773. 01
SKIIt~L1E, NEW JEWV Ppw
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"ACOUSTIC NOISE

C2 NVEO 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 C2 NVEO 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.

A-S4



MECHANICAL VIBRATION

ORIENTATION
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SIN 8011

4 
-

k''1

LLL

KZ

ti0

- - --- * - -i
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SIN 013

U..

N.~~I- -

U"U
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VIBRATION OUTPUT

Self-Induced Vibration Test of RICOR/CRYO-TEK 1/4-Watt Split Cooler

Thme 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 aluminum block/collar was clamped around the
compressor to facilitate accelerometer mounting. The cold.finger was suspended below the
compressor and covered wi;h foam insulation. The cooler was suspended by a bungy cord
arrangement that allowed free rotation about the C.G. and free translation. The natural frequency of
the suspension system was determined to be less than 5 Hz.

An accelerometer was mornted to the cooler system in one of the positions (X, Y, Z). The linear
accelerations along the X, Y, Z axis were determined by measuring the spectrum of the resulting
signals with an HP-3561A, dynamic signal analyzer. 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=2.14xa
Fy = 2.14 x a

Fz =2.14 x a

The torque generated by the comptessor was obtained by coherenly s-umming the accelerometer
outputs of two accelerometers. The. torque requited to generate the measured a.celer'don was
determidned by multiplying this measurement by the inertia of the cooler siyrnm about the
appropriate axis and by dividing by the distance between the accelerometers. The moments of
inertia were deternined by the bifilar torsional pendulum mexthod.

Ilxx = 0.856 in-Oz-Sc 2

1)y = 0.1663

Izz = 0.1936

Power spectral data for the fmoce and torque measurements are shown in the following graphs.

This vibration test was perfmnied to determine the vibration output of the coolers. "rebM i* "
accept or reject lequirement for this test.

A-S8



ACCELEROMETER MOUNTING

Fz

TORQUE ABOUT Z AXIS

TORQUE ABOUT Y AXIS
TORQUE
ABOUT
X AXIS

000

0
00

PISTON HEAD
MOUNTING

A-S9



y

z

x

ACCELEROMETER MOUNTING BLOCK/COLLAR

21/4

1,

ACCELEROMETER MOUNTING
21,2 BLOCK/COLLAR: 174gr/0.384 LB

TOTAL WEIGHT OF COOLErl
AND MOUNTING BLOCK: 2.14 LB

A-60



VIBRATION OUTPUJT-S/N 8011
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VIBRATION OUTPUT-SIN 013
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APPENDIX B
TEST PROCEDURES

32-28AO50122A
CODE IDENT: 54490
18 June 1982

'NI

DEVELOPMENT SPECIFICATION FOR

"COOLER, CRYOGENIC, SPLIT STIRLING

"H..-1045 (V) /UA

APROVAL:

PROJECT ENGINELA CONIFIGURATION MWAGER
4IGHT VISION & ELECTRO-OPTICS LAB
DATE: 18 June 1982

OFbFICIAL RELEASE: NV&EOL MRR NO: 28A122-004
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32-2SA050 122A

CODE ItzD : 54490
18 June 1982

FCR

COOLERt, CRYM IC, SPLIT STkL2NG ý0-1045 (V)/UA

1. SCPE

1.1 General. This specification esubLishes the generai performance design,
development, and test requirements for the several models of the Coolers,
Cryogenic, Spit Stirlirn, tM-1O45(V)AJA, hereafter referred to as the ccjier.

1.2 Models. Specific coverage of each mode.l of the 5-1045(VM/UA are cont3-ned
in speci- cation sheets •%ich are usd to suplement this general scification.

2. UPPLIC.MLE D0UAMITSs

2.1 Government documwnts. The folilowinq documents, of the issus in effect on
date of invitation for bids or requ.st for p o al, form a part of the specifi-
cation to the xt•nt scified herein. In the event of conflict bet•een tý.*
docunents referenced herein and the contents of this specification, the contents
of this specification stall be considered a superseding requirement.

5 P•IE IF ICATIONS

R! f6 Preservation - Packgirn, %tlxos of
OD--D-I.OC Drawings, Enineering and Associated List

MIL-1-8500 Intarchanreability and Ppaceabil•ty of
Cuamonent Parts for Aircraft and xissiles

4,L-.Q-9858 QuaLity Program lquiriments
MIL-P-11268 Parts,, Mterials, and Processes Use in

Electronic £quipnent
M'IL-M-13231 Marklng of Electronic t•tms
MIL-C-55585 Electronic Sui~ment and Parts,

Packaging of
MIL-S-83490 Specifications, Typ~es anid %ims

Other Goverrient Activity
CC= rWr 54490 UAXCM, Night Vision r El*ctro-Optics

Laboratory
94-D-aO8551 Insta.Llation/tntarface Cyqenic Coolinq

System 0.25 Watt Cwmn lidule Cooler

14flhtarj
DOD-S-T1O-0 "inerirn Drawings Practices

B-2



B2-28A050 1:2A
Co =TW: 54490
18 June 1982

MIL-eS'-130 :dentification Markinz of U.S. Military
Property

MIL-STD-454 Standard General Requirements for Electronic
Equipment

mm/.-STV-461 Electromagnetic tission and Sasceptibility
,equiraments for the Control of Electrunagnetic

Interference
MIL-6"M-490 Specification Practices
MIL-STD-726 Packnging Flquirement codes
Mm--V781B Reliability Tests: Upnential Distribution
MIL-SMT-810 Evironmental Test M•thods
M"L-ST-818 Enviromental Twst Methods
MIL-STD-882 Systm Safety Program for SystAos and Associated

Subsyst~ms and •u•ipent, Rquire.nts for

OTHM PUB LICATIONS

M.L-HMK-472 Maintainability Prediction

2.2 Non-Goverment docu.ment. It following docnuents, of the issue in effect
on datea of invitation for bids or request for propsal, fot a part of this
specification t the ect.t specified herein. In the evnt of conflict betwn
the douments referenced herein and the contents of this specification, the
contents of this specification shall be considered a superseding requirsent.

SPEC ICATIONS

ANSI Y32.16 Pference Dsignations for Electrical and
Electronic Parts " Equipuent

ANSI S1.11 Specificatlon for Octave, Haf Octave, and bhird
Otave Band Filter Sets

(American National Standards Institute, Inc.,
1430 Broaduay, Now York, Now YorK 10018)

Technical society and technical assciation specifications and standards are
generally available for reference frza libraries. They are aLso distributed
amucq techrnical groups and •uing Federal agercns.

3. REKUJRGM4

3.1 Item definition. 1le cooler shall consist of a ccmpressor assembly, an

xpaeriassemiy, and a connectig transfer line for cooling an infrared
dectr and shal interface with the Dur of te infrared Dtector/Dower
packaqe DT-591Ai. ModeA variations are for length and bend configuration of

rhe transfer line.

B.3



52-28AO50122ACCOE Z 6•NT: 54490

I1 June 1982

3.2 Characteristics.

3.2.1 Performance. Lnless otherwise specified herein, the coler sha!, Ieet
tý* speci7fi" erfocmance requirements at an ambiant temperature Lf +23 C, -50

and a 12-inch line sapara tin. bat sinking shall be sufficLent •o litrF
crankcase temperature to 20 C abvae ambient.

3.2.1.1 Cooling ca*ith- 1e cwler shall provide the minimum refrigeration
cap:city at 85 K as ston in figure I ver the temperature range of -40° to
+71 C.

3.2.1.1.1 Specific Model Cwlinq Cap acit. The specific nudel cociiing cacecicy
at the ambient temperature shall be as specified in the applicablLe specification
sheets.

3.2.1.2 Cooldoam time. The cooldown time to 7teach a cold spt mperature of
100 K with a 1.8 grams minimum copper mass load shall be 7.5 minutas or !e*m.
Cooldown to 85 sUall be 10 minutes or less for any tumperature over the range
of -40PC to +71 C.

3.2.1.3 inp pw. The total inpuat pa to tuhe cooler shall be as shown in
Figure 2. J' input voltage shall be 17.5 Vdc +0.5 Vdc with a mamum voltage
ripple of 10 percent at frequences of 10 Hz or greater. Starting current shall
not exceed 7 amperes for 50 milliseconds (m3) duration.

3.2.1.4 0perating ide. the c•ol.er skall perform as specified in any ga.-
met.rical or ienation.

3.2.1.5 Audible noise. The cooler shall not nceed the nmise values tab-
ulated below, when measured at a distance of 5 meters:

fxiruum Sound

Canter Pressure Lavel

Fv eq nncy Octave Snd (MB)
(Hz) (Hz) (Raef•ence 0.30O2 microbar)

125 87 to 175 49.5
250 175 to 350 48.5
500 350 to 700 43.5

4,000 700 to 1400 35.5
2,OO 1400 to 2800 29.5
4,000 2800 to 5600 29.5
8,000 5600 to 11200 26.5

3.2.1.6 Leak rae. l4Te leak rate of helim frmi the ccioler shall not be
greater than .x 10 standard (std. cc/Se cub) c centimeters per second

(cc/sac) ahr equivalent at an iaent tmperature of +23 0 C, +5 C.
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3.2.2 ?hysicai characteristics.

3.2.2.1 Size. 1he size and configuration of the cooxler shalli be n accordance
with that -pecified on drawrn 94-0-808551 as modified by the applicabile
specification sheot fr the individual itm.

3.2.2.2 Weight. Tt weight of the cooler shall be less than 2.5 pounds.

3.2.3 Reliability. The cooler ih&II have a specified mean time between failure
(MTSn of 1,000 hours, so

3.2.4 Maintainability. The cooler shall be designed t be maintainable by the
Direct./Generai Supprjrt (OS/GS) maintenarie level when disassociated from its
next higher assiambly. The maintenance tasks shall consist of purging and
recharging the cooler with heliLm arn repairing/replacing the input pwer cable
and connector. The mean time t repair (tMT') for the C/eS tasks shall not
exceed 0.5 hour. Puttirn cure time is not considered within the M TT defini-
tioin.

3.2.5 Environnent.al conditions. The cooler performance shall not be degraded
when subjected t the e*rviroruenw specified in table 1.

3.2.6 TransEirtability. Wten properly packaged, the cooler can be shipped by

cuuion carrier.

3.3 oesiMn aNd construction.

3.3.1 Materialst processes, and prts.. Unless otherwise spcified, ail parts,
materials, and processes used in costruction shall be in accordance with .A4L-
P.411268.

3.3.1.2 Protective coatings and surface treamunts. Unless otherwise spcifed,
finishes of machines, case-fored, and welded surfaces shall be the minimum
required for propr opration, gw. appearance, and econruy of manufacture. The
method of pcotaction shall in no way prevent compliance with other requirements
of this spcification. Protective coatings shall not be app.Lied to areas %hich
will lom that coating during normal operation, testing, or maintenance. The
cooler shall be finished in accordance with the applicabe secification sheet.
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Table 1. Enviromw~ntal Conditiors.

Envi ronawnt Levels __-___-___

High Temperature opration +71 0 C 501.1 Procedure I
Storage ÷71°C

tw T'uperaturs Operation -409C 502.1 Procacure I
Storaqe -57"C

Tomperature Shock -540 C to +711C 503.1 Procedure I

Solar Fedation '1,/0 container 505.1 Procedure I

Fus 28 Days W/O container 508.2 Procedure I

Sal f&q W/simulated Cmr 509.1 Procedure I

Duwt (fine sand) '•/simulatae Cer 510.1 Prcedure I

Leakage (immersion) W/O container 512.1 Procedure I

Vibration a. Vibration test Profile 514.2 Procedures I &
figure 3. VIIl

b. Cycle time of 120 min-
utes pr mis

C. D*WAA tmie of 1/6 cycling

at each resnance

Shw k a. Figure 516.2-1 516.2 Procdurs WV
b. g00 9 at 0 Ins

Temperature - Wcont.ainer 513.2 Procedure I
anid£ty-A~ltitude
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3.3.2 Electromaqnetic radiation. The cooler, ,Ahen pope1ry connect• d for

operation shui cuoply with the following requirements of 'AIL-STD-461.

Oeviation
RE 1 Raiated emission/magnetic filed, 30 dB

30 ft to 30 ktz
RE 02 as Rdiated missions'ie:ctric field, 30 dB

14 kfz to I GIz
RE 02..i P e diated anission/elect.ric field, 30 dB

14 kfi to 1.0 G~z
*RS 03 Radiated sumceptibility/electric field,

14 kHz to 10 G1z
CE 01 Conducted missions/dc pwr leads, 30 dH

30 Hz to 50 k1z
CE 04 Conducted fmissions/a: p r ioads, 30 da

50 kft to 50 M4z

"."11 fieid strengths specified in MIL-STD-461 shall bI ft.difigd as foilovs:

0.014 4HZ to 2 MSz 10 volts per meter
2 1 •to 7 SM 50 vois prme tr
76 MHz to 10,000 M1z 10 volts per meter

3.3.3 Namielates aid prouct rarkirq. The coler prts, cunpmnents, su.b-
aSSOflbieS, and assuI3bies theref, Shuall be marked for identifticatc.n per
MIL-STD-130, pd in accodane with MIL-M.-13231, and as speclified in the
applicable specification shoets. Reference designation markirqs shall be
Pe:maMent and In accordance with Mfi Y32.16. 'I prevent working fluid
=tn="ZiOn, internaI parts need nut be marked.

3.3.4 Workmanship. brkaship shall be in accordance with MIL-TO-454,Sequireaent 9.

3.3.5 Interstameabilty. 1lrts shall be functionally and dimensionaily inter-
chanrqgele witri ut seective assbly. The control of intercharqeabiiity shall
be In accordance with MIL--8500. Within the limits imposed by performace,
Maximum uSe of PartS, tools, ard test equipmen cumion to other US A=y systems
is essentiai. C4messors and rpander3 shail be intracchaneable from one
cooivr to arethe.

3.3.6 Safety. the cwlec aull be de•igned and fabricated to gevent injury to
taI operator or maintemce personni. Safety features shall be incorCprated so
that any ccjnonent failure will nut result in conditions hardc.ous to parsonnel,
in accordance with MIL-9M-454, Aquirmnt 1. Potentially hazardous areas
shall be identified in W=Cdame with ••IL-S•O-82.

3.4 DOCt .ntatigun The cooler shall be docunented by developient and product
specificastions prepared in ardarce with MIL-6-83490 and MIL-STD.490, and by
drwirgs prepared in &acdane with DD-0-1000 and tOD-STD-00. Variations of
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cooler mcdel.s shall be documented with suppemental specification sheets using

a.,s seci.ica.ion number wnth an assigned slash number (i.e. B2-2WAO5122A/).

3.5 Loqistics.

3.5.1 1aintenance. The maintenance concept allows for a cunbined U/Gs
maintenance ievel for helium purginngrechargin and repair/replacement oQf te
i.nput p cable and C Onectr. No other tasks are to be performed below dept
level. Ospot w.vel aimnance shall be either Gwerrment or contractor
pertrmed.

3.5.1.1 Tool and test equipmnmrentirements. The cooler design shail be such
trhat the feed for soreci •-O.s &nd test eqUpment for aii:rment, ad'jusment and,
maintenance is kpt to a minimum. No sipecial tWs or test euipment shall be
required for operator/organizational %ainenance. Direct/general support main-
tanance shall be acc.m lished using sandard tools and test equipment and a
helium puri erachargirn device.

3.5.2 S . The cooler shall impse no unique requirements on the supply
system. T7t4cooler is intended to be replaced as a unit at OS/GS maintenance
ievel with a minimum of maintenance psrts (purge Xrt cover ard inpu.t •.ar
canLe) I.ntroduced into the supply support systen.

3.6 Precedence. the characteristics of the cooler shall have piority as
follows:

a. erformance.
b. Paiablity, maintainability.
c. Sin, eight, cnfiguration.
d. T ansprtability.
e. Safety (should be given consideration equal to each of UW

charactri.stics aOwue).

4. •UALXM SSLIACE £ OVMSN6

4.1. General. The Inspections in this section stall be corducted by the
contractor to verify the performance and design characteristics specified in
section 3 and th preparation for delivery requirement. in section 5 are met.
Quality assurance requirment.s ate divided int our groupe, initl surce
quait~icatio,, second source qualification, acceance inspection, and periodic
ptoductio Inspectios. There are five categories of quality assurance inspec-
tionst exlinations, aralyses, deonstrations, environmental tests, and perfor-
mance tests. SupplmentaL specification sheets augent h quatity assurance
requirements herein for scific cooler modelso

4.1.1 Responsibility for tests. Unless otherwise specified In the contract•,
the C n~actor shal be responsibl* for the, pscformarce of all tests Specified
herein. Except as otherwise specified, the contractor mAy use his own facli-
ties. The cntractor sall maintain a quaiity assurance proigm In accordance
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with tý& requirements of 4:L-Q-9858. Inspection records of -.he examnLationrs ard
tests shall be kept cunplete and available to tto G0errment as srecfied in -he
contract, arn sa.i include a ccupl•.te description of each test -er.-od and Lden-
tification of the instruzne.tation used. The contractor is respx-nsible for
onruin t•at campnonts and materia-Ls used, are tested in accordance with th
requiremnits of t.his specification and the referenced doman•ts. The ,wernent
reserves the right to perfom any of the tests set forth in this specification
where such tests are deoed necessary to ensure t.at suppLites and services con-
form to te pewribed requirements.

4.1.2 Seial test.s and examination.

4.1.2.1 Qualification, initial source. The initia]. q.Aiification tests of
table U1 shall toe prfot ed to pr t item desiqn and ta initial source
supiier. ftjiize t meet any of t1W insections, ol tabe 1 shai.. Cconstitute
failure of qua.ififcat~ion.

4.1.2.2 Qualification, second source. The second source qualification tests of
table U1 shaL"h be performed to pre the capabi.ity of a second source suppiier
to manufacture a s•cific cooler without requaiification of the itam design.
Failure to moet any of the second source inspections of table UI shall cunstl-
tute faiiure of qua.ification.

4.1.2.3 Acceptance ians ions. Sich cc.ier w.bmit:ed for acceptance shaii be
subjected -to tu acceptarce inspctions of table IU foliowinq the run-in of
4.1.2.5. Flilure r meet any oa the acceptance uis•t•c•ona of table U1 shail te
caus fuor roejection of that cooler.

4.1.2.4 Periodic ipe�2nions. Ckwiers shal• be szmnpiei on a Tton•.•h ,u asy s for
the perii(4ic inspocticai of table 11 as folloisa;

Monthyltsin 4umb4r tof samie 'units
1-9 0

10-991
100-299 3
5t00-99"5OO-999 "7

1000 or more 10

Failure to mot any of the periodic inspetcions of table It shall constitute
f.ai1wre of that monrh.y lot.

4.1.2.5 Run- . An 8 houx cntinuu• run-Ln shall be pstfo mad pior to
acceptance test.
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ML' I. Quality Conformance Inspectio.

Requirament Raquirement Inspec:tion Oualification Acceptance Periodi•c

Paagragh Criterion Initial 2rnd nspection Lnsuec-
source source tCon

Per foa•aCe:
coolirq 3.2.1.1 4.2.1.1 x X X
Capacity

Ooodown tme 3.2.1.2 4.2.1.2 x X X

Input p r 3.2.1.3 4.2.1.3 X x X
0perating mcde 3.2.1.4 4.2.1.4 x X x

Audible noise 3.2.1.5 4.2.1.5 x x K

Laak rate 3.2.1.6 4.2.41.6 x x X

Physical Caracter i stics:
Sim 3.2.2.1 4.2.2.1 X X x

weight 3.2.2.2 4.2.2.2 X x K

qeilabiity 3.2.3 4.2.3 X x

anta inabity 3.2.4 4.2.4 x

Ev IrormetaX 3.2. 4.2.5
High Tmperature x K

Lo w Tomp ra ure x x

-,m•praturCe Shlk x X K

solar ad iatin x

$,ait •rq x x
oust (lint san) c x

Laakaqe (L=orsion) x x K
vibcat:io x x

shock K K
TMP.Huiad-Ai titi4 x K

ta rns1p¢rubli tY 3°2.6 4.2.6
36314n , .anstu&tio:

fttrils, 3.3.1 4.3.1 K

W~ocesm* n
parts
Elctrr~agatic 3.3.2 4.3.2KK
radiationi
--aueplates and 3.3.3 4.3.3 K K K
pr~csst markn

Wbrkmanahip 3.3,4 4.3.4 K x x

Lntserhangt, 3.3.5 4.3.5 K x

abil ity
Shfety 3.3.6 4.3.6 X

DUCUR49%ttion 3.4 4.4 x

Lag iics 3.5 4.5 x
Pr"eata•n•, foe 5. 4.6 K x
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4.1.3 Test cconditions. Uhless otherwiseo spcified, the cooler shall be
,perarEd at an mmien. temperature of +23 C, 4-5Q+C usirn a 12-inch lirne separa-

t.on. Adequate heat sinking or coiuwctive ohoaVl•ln be ýXuvida = ensure

that the crankcase temperature doss nut exceed 20 C aboe ambienut zsperat•re.

4.2 '1lualiy conformanc. 1ispection.

4.2.1 Performance tsts.

4.2.1.1 Ccoinq caTacih•he cooing capacity shall be measured by attachirng

=o the 'coier a test Dwar which is ewauable and contains tmprature sensors
and heating eleents reqired w a~iy heat load. Ihe cooler shall a±a have a
cupr ass of 1.3 grasz minimun attached directly tri the etpander. Hat load

shail be apled after achievinr 4co'wa ard capaity shall be meauzed Mt
.ess than thirty minutes later. Failure to meet the requirements of 3.2.1.1

shAll onstitute failure of this t.sts.

4.2.1.2 Cooldc.w •m. Cooldow time shall be measured using týha test war

and %!Wrmia TW deRribd in 4.2.1.1. Failzor to mest the requirements oif

3.2.1.2 shall1 w~istitute failure of this test.

4.2.1.3 :nE!t r. tnput pwaer shail be neasured during t coc• ca •acity

tast of 4.2.1.1. Failure w meet the requirements of 3.2.1.3 shall cnstitute

*Mlluc* (it tkus. test.

4.2.1.4 OOMIE m 1dq. The cooler shall be qxtat.ed in the hurizontl mrd
v'articau ai toc a fano.s ut five tnutas per axis wtth the test Osar and

t i mas % described in .2.. Failure of the ctoler t maintain t.b

tadzxr toeoratue at or below 85 X shall constituta failure of r-us test.

2.1, udli noise. The cee s All be wt up in an area ýJetre th,

bwbqrou~r m'ze ).wal Is tmt greetor than 10 48 b'eiow the soun level to be
measred. The at•er *aull be oerated ad sound pressure mosuremennts recorde

with the cwolet urlena for miimame sund lAvel output. %easuriments shail be

made uing an octve bo andalyzr with characteristics -bich ctmpiy with 461

*. 11. failu" e to mett the equir•el• of 3.2.1.5 Shall constitute faiiure of

this tast.

4.2.1.6 Leak rats. The cAee stall be charged with hallum to its nurcal
opeatirq preuure, allowed t ot for at least oms hur, are placd into a test

C,: ber. Using a mm spctrc.ouEr, th lek" ratse stai be measured. Ni'ure

to mot the reqirumt of 3.2.1.6 shall constitute failure of this test.

4.2.2 P hysi e amir.&ýo

* 4.2.2.1 Sie The Coojer shall be examined for conformance wo the dimension~al
cntro•s of cited drawlrng. failure to meet the requiremn'ts of 3.2.2.1 shail

constitute falultte of this eiMMation.
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4.2.2.2 ~ S Cooler shall be weihed on a scle uqI an -31cu'ry 3C

'!aiJ.re of tbat exaninatictn.

4.2.3 Re~ii-lty. Crjoler rell~ability Shaii be demornstratad in ic-,-rdance --~t
T ~est Plan -v At teSt Cyc~le paragraph 5.2.3.1 and fiqure 4. Fa i.-

ur meet r-w requr~ment of 3.2.3 shali cunstitute fai~lure of t!hAt dmr~stra-

4.2.4 4mrai nab~it. Mai~ntainabiiity shall bit verified by analyss in
accordance ,wtft miicary garibok 472, imethcid 2, procedure 11.

4.2.5 Envirc.inmental tostE. the Ccwler shall be sibjete w~ the envrr~mes
specfied Ln tatuo I at the levels sp~ified In accoirdance witrh tý* spcfa
prcdr :if MCIL-SM-810. NFlurz wmeet tto acceptanct Lrpctonx~
(performance) of table It follciwing the inrividwai test shall4 cunsti.tita fallure

4.2.5 Trrprai * ihen ;mclaged as specified m sction 5, the ctoe
shaij. ta amu7-, tcY et-ermin if this requiaement of 3.2.6 is sat-,ified.

c~alj -neat ttv requiracet cof 3.2.6 shaiý i-m-.suto !ailure cf ta

4. 3 :esi=r and coflstvi'Xit.Caf in-c-tittns,

4.32.1 "terlais, prucocsmse and 2!rm. 'ecooler shaki be egmne o

:t~ns-zt',at* fa~.jure (if that aauimaUtit1.

4. 3.2 ~ro.ett!-etiC radiation. The cooler sMhil. be szbeictd W~ tý- ta~r-3 ojf

zhat evtr~mental. UMs.

4. 3. 3 4amTplatas& arod cuct ifarkiMg. '.he ccouer shall be exaCedLS tL veri~fy
nmepiates ana product ifarKing. railure r-c rieet thm e to reiments of 3.3.3 shall
ctx.stitute fAilure ri thet am~inaticn.

4.3.4 Workmanship. The ccfluL~c shall be ec=neS 5jr wr~cians-hip- F-11Ure Uj
nieet t-he requirwmnts of 3.3.4 shaIŽ. ct.,nstituts !aiiure of ulat exmatcn

4.3.5 Interchangeability. The C~cwle shall be mwiun.d for intarchangeabLi.lty.
Failur~e~ tofeet thaw mpqiramtrs Qf 3.3.5 shall Ounstituto failure- of that

4.3.6 Safety. The ctou.ler shall be araAlYzed for S~fetY. Failure c.. 4eet tha
re~reet rf 3.3.6 sW1 ou. nstitute fai~ire of UhAt. an"YSIS.
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4.4 uýmwntat.on. 1he cooier technicaA. data Sckage shaii be examLned.
Failure to meet tI requiremnts of 3.4 shall constitute failure of t!2at exam-
ina•i.on.

4.5 Logistics. 'Me cooler shall be anaLy=d for icqistics. Failure of the
cooler to moet týw requirwauwts of 3.5 shall constitute failure of that
anauysis.

4.6 p ion of packagiýn. Pckaing shall be Lnrected in accordance with
•-MIL-P-16 tr detemine cumpLiance with th.* cequiramenrs of section 5.

5. Preparation for deilvkry.

S. I Preservation. Pce5.avation shLVi be as ssciled i. M=l.-S6-725, coded as

5.. Q Level A. !ji-1-1-000-S-X-ED-•OO--.
-evvi 9.

5.2 cPacki and aTrkirq. POur•q arn markirn sbaii. be in ac•ordance with

6. 4

6.1 Intendd•.use. Tie cooler is intanded tfojr oe in infrared systems.
Lt3ia4ýat1on •wy require additional heat sinr or forced.-air cooiirq for ze
cunpZesa• dependuLg qn to "sma/cwoier Lnterface.

6.2 -rderirq data. Prouzment docuane.ts shouid specify t.he ftoi..owinn:
a. '1it4e, nunber axd date of this sacif.cation.
b. Title, nw.er and data of a appucabie specificatizn sheet.
c. ýalification of either initial c• second sutce are required (4.1.2).

(1) TI fro* for submision of qalification test reports.
(2) Time frame &r aqoval of qa ication test reprirs.

d. Pruductiwn deiivery scheule.
(1) Defined in~ tems of cnmtliy lots.
(2) Actions rteiative peridic inspection failures (see 4.1.2.4).

asLevel A or lwevl preservation and psciqgiM.
f. MIt-STD-,818 may be ussed in lieu of the current revision of MIL-STD-810

for the shuck and vibration wwirconmental tests of 3.2.5.
g. ,quir eant for ccnitractor-generated, Government-apprwed acceptance

test Procedure.
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1.0 SCOPEi

This document establishes the procedure to be followed
for Qualification Testing of the item described in Paragraph 4.0
below.

2.0 APFLICABLE DOCUMENTS:

The iollowinng documents of revision shown form a part
cf this Test Procedure to the extent specified herein. In the
event of any conflict between this document and the documents

s;eci-fied he-ein, this document shall take precedence.

S2-28A050122A. Developement Specification for Cooler,

Cryogenic, Split Stirling, HD-I045 (V)/UA dated I6 June 1962.

MIL-STD-810E, Environmental Test Methods.

MIL-STD-461, Electromagnetic Emission and
Susceptibility Requirements.

MIL-STD-4566'. Calibration Methods.

ANSI Sl.11-1971, Speciication for Octave. Half Octave.
and Third Octave Band Filter Sets.

.UALITY ASSURANCE PROVISIONS:

•.j Test Facilities

Facilities providing testing shall be certified capable
to meet the test requirements o; MIL-STO-e6CE. In addition to

CRYQ-TE•''s internal testing, FICOR Ltd. Israel and Night Vision

and Electro-Optics Center, Atlantic Research will be used for the

EMI testing and Noise Unlimited will be used to provide the
Acoustic noise testing as neccessary.

'.. Test Surveillance

CNVEO will provide test swrveillMnce/euditing to certify

acCuacY of data collected Including ver14ication of test
eqý.iipment, Instrumentation. tczlxng and test 4ixtoring shall be

ve-i4iod capable of meeting M:L-STD-4t662, Calibration standrds5

wt,-e applicable. Night Vis•ic and Electro-optics Center will be

the qi-lifing agency. CRYO-TE, will witness all testing and
coordinate the effort.
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4.0 TEST ITEMt

The test items shall be (5) iive coolers, Cryogenic, 1/4
watt Miniature Split Stirling Model No. CT 45 (RICOR 516) herein

known as the coolers or Units Under Test (UUT). Each cooler
consists o4 a compresser, ex:pander, and a 12 inch connecting tube

whiCh will interface with a DT-591/UA Detector/Dewar,

Tt-,ree coolers will be subjected to the Reliability tests

to determine the reliability o4 the product, and two will be

svb'ected to the environmental conditions as prescribed in

MIL-STD-810P. One o4 the envircnmental samples will ne tested *z-

Eml and a0dIO security.

FHYSICAL CHARACTERISTICS:

5. I Si ze

The cocler shall cor4orm tc the dimensions and

cz•41u,•ati~ o; ocrawIng S1-D-8B8551

J. - ~Weight

The weight o4 the cooler will te 2.5 lbs. or less when

weig-edj on a scale haviing an a~uavo4 > lbs.

6.0 PEF~ORMANCE TESTS:

6.1 Tests and Feo-ormance C-iteeia

&. 1.1 Leaný rate

The cooler leai rate s-all not e ceed 1.0 1-6

sta'ndard cubic centimeters per se:!od #ir *q.,ivqlarmt at an

amt-ient temperature 04 *2-. degrees centigrade t d degrees C.

Leal tests will be pe-;c,-med an all coolers

s..tmitted 4or testing using a heliu. ! detector.

6.1.2 Cool Down Time

The cool down time t= reach a te-pevature o4 Pc',l

v.t" a 1.6 grams minimvm copper mass load shall be 7.1 minutes o-

iess. Coloýlwn to 6!: shall be 1(' frInutes o- les.s 4or an,,

ter~eratue over the temperature rAnge o4 -4C. degrees C to +71
aegrees C.
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6.7.6 Heat sinking of the coolers shall be sufficient to
limit the housing temperature to 20 degrees C above ambient.

6.3.7 Temperatures to be monitored shall be measured

using T type thermocouples or by electronic thermometers mounted
at the following locations:

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

chamber ambient

6.4 Test requ|irement

The test shall consist of instrumenting the coolers as
in paragraph 6._ above to msasure the cooldown time, re4riger-
ation capacity, and input power of the coolers. The following
per4ormance data shall be measmred anrd recorded on the Fer-or-
maice Test Data sheet at start-LIp and at each required time
interval during test.

1. Elapsed time from start-up. Min-Sec.
- Test chamber ambient temo. degrees C

Cooler Housing Temperature degrees C
4. Applied Heat Load. Watts
5. Cold4inger temp. degrees
6. Applied Voltage. VDC
7. Input Current. Aips.
e. Test Dewar Vacuum (Torr)
9. Coldi4nger Attitude, horizonta]/vertical

Feriormance testing shall begin sobseQuent to the

coole-s having reached statili:ation temperature. The coolers
shall be coosidered to have reached stabill:ation when the
coldfinger temperature is within * - degrees of the test chamter
amoerent or has soal-ed at the reqjired ambient temperature for

four hourS in a non-operating mode.

6.5 Performance Test Procedure

Insure that the coolers are instrumented in accordance
with para. 8.3 o4 this test plan.

Step Is: Establish test set-up as outlilned

Steop ;: ter the coole-s have stabilized at the
reutired ambient temperatulre. energize the cooleri' by applying

17.5 +'.5 VDC to the Input terminals of the coolers. The starting

current shall be monitored with an oscilloscope. Verify tMat the

iPL't Current does not e@ceed 7.0 amps for a period of 50
milliseconds (ms). With no heat load applied to the cold4inger.
allow the cooler to cool down.
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NOTE

The input voltage shall be monitored for ripple by
applying a simulated nominal resistive load across the power
sýICMv CUt•:ýLt terminals and measuring the voltage ricole with an
csc:ilos:o;e. AC component of voltage shall be less than 1.7
v=its peaý tc peaý at 4reQLtencies greater than I1C Hz. Record
;iiings c- tie Input Power Test, Data Sheet.

Steo -. Allow ccclduon witl -o aoplien •eat la tz t-e
c=lt:inger. Recor-d data cn the Pefor-mance Test Dta Sheet
i-ne3iately a4ter start--to and when the coldfinger ter:e-at'•e
reach'es 85 . This procedure will be -epeated ior eazh amtie-t
tempoerature specified. This shall conclude the coollown test.

Step 4. Allow the cooler to operate for :' mirlutes wVit

no aomliez heat lcad. Aiter 2' minutes has elapset. reccra all
a=Dliatle data on the Fer4ormance Test Data Sheet.

Stec E. Afte- 2! min.ttes =; ceration. acoly the
rec..irrec heat load which correlates to the ambient tempeeature of
t-e test being performed. Allow t-e colIer to operate for another

Step 6. Record data on týe re-orma-ce Test Data Theet
at the time the heat load is aaoliet and at IV minutes intervais
,. n d at the end a+ the required time zeriod. T7is shalI cn ci de
t-e oclin.g Capacity T est.

3tep -. de-ene-gize the :-z:lees.

DEMONSTR•R ON TESTS

7. 1 Operating Mode

, .'. 1 Test ourooe

The operating test s~all be perfor"ed to veriiy
t-e ability of the coolers to periorm as specified in the S2

Soecs. when operated in the hori:z-tal and vertical a::iis as
:eSinea in this test procedure.

7. 1.2 Arccetm'ce Critt'ia

The coldfinger tempeeatie shall not rise atove
E:, whe- the coldfinger is in the -zrizontal oa vertical

attitudes respectively.
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6.1.3 c~ool inQ ceoacp & tY

The coolers shall provide the minimum net refrigeration

capacity at ,5K as shown in 4igure I over the temperature range
from -40 C to +71 C.

6.1.4 Inaut Fowe-

The Fower consLimed by each cooler shall be in acco-dence

to the chart Shown in figure 2

6.2 Test Furpose

Fer-ormance testing shall be performed to verify coc.e-

pe,;ormance before, dw, ring, and after e::posore to the vaeio-s
environmental conditions as reiired by this test plan. The

ce-formance test data talen after e. posore to an environme-tal
test may be used as the per4orrrance test data to be talen beoc-e
the re. t environmental test provided that the environmental test
is run wi thin 48 hou-rs.

6.7 Test Instrumentation

6.7.1. Those parts c4 the test ilxtures and test ez,-pient

týat are in contact w:t, the cocle-s shall be visoally .,soected
prior to arC dLving use to iis-ire that they a-e -ree of o'l,

g-ease, soil. or other conta-ination. All test instrvme-tation
used slall be calibrateo within tme re@ ,tre-ets of M I-SYO-

6.--,: The thermal mass 'ltod s"all be as de 4 ined i. t~q

Deý,elc~e-ent S-e:i41cotion . T.e fTs5 shall i-:ls11e
* ;iltCon diode (tempereature ISesor) and #M inte--) heaIter S-6li
I-,e o total mass o4 1.8 grams of cooper over the temea-er.-,re
renge oi 700,~ to 81:4

6-.7, Each Coldstation will be im-eeseO in an ice bath
and a liquid nitrogen bath to establish the calibration ci,-ve.

6.7.4 The electric voltage for operating t"1e coolers will
be set at 17.5VDC +.S VDC with a m# Imom voltage ripcli, o 10 I,%
at 4reouencles of 10 Hz or greater. Startng cu--eft s6a*.l nOt
e ceec I amperes 4or 5w" milISecoCs Ilms) C.-aton-.

6. 7. 2 F-'ior to the start L4 per4orlanCe testing t~e de-al"
asse-t:y s'hall be evacuatec to a vacum le~el of 1.r0 1 1(,-4 Torr
ce Uetter,
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7.1._- ýest Procedurne:

Step 1. Instruiment coolers in accorda~nce wit')
::racjra~vh 6.7 oi this test plan.

Step Z. Establish the test set-um as cev.,osi.y
Z:.t. ved.

Stem :. MOu~nt the c-ole-s in t~te test =:a-e- wit
t-e coC:I 4ir;ee and thie -compressor in the X amis. See iiqýe 5.

2s.ý. to the Ir;put termin.als c; tý,e cmclers.

Stem 'f. Receat tie test as ClUtlined in caagraon
6.f stem S.

Steo 6. De-energize tle czclr-s.

Stez 7. Rctate thle c=:,,e-% and place tle

:::'.-e-a-:! te zz:ozessor in tne v ýAis. See 4iqttre 5.

Stem S. Peceat thne Devo.L~ test 4.or amtjent

Twie A.._dio Sc~.ý-ty tes-: s-e2 =e Ce-z--ej cn t-e
::ce- *.z aete-'rv-e thli scunvd -mress.-e le-els @e"t.t7ed 4-cm t"ne

,as t-e octico' tc c"Cose the coclev t= ~~z ~ e~t
'rest~f-;: vh&dthe ztion n~ot Oe e-,e--:sed ... 'ae

The cooler shall not a-c*OC. tlw% -CiSe legve.:S
t-3:t. atet! btolw. whom~ mes.srod at a -.. stance =4 !!5tes

cohte' Qe tae F.-ess,.ve b-evel

179! tc5 to *t 49.5j
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The A~iio Sec:.ritv test wil te e-e
a-. a-e:-cic Cham'ber, where thne tc~qrck-td rizise level wik' te
li-itet to at least 10 ýt =eo t~e sc.( press,-e levels t: te
-e-_s_-~

es-t :4ta

e- -; z : _t z --D v - i--:_,-

- -r,.*5 -ee -3 . - -- , -.-c a-- - es-- ~

-e~ls. -= -t se ce-s s :. r-=te -zee s:-' a:.es¶ . .=. .- e

-r z4 .- -:= e * -- * e

t .41 4 --oie t - -

Sto I. E.*is- ýs s t-

Stop'4 -- p:..an

,:t .C.t tl poer -. *C - c4 1e c : ~ ..

Stece~- :e 4an ze:: =e::ee-a:

~ £ e Setec t ::e~- e 'z a

S. '-a is

Stea e,. A'eoas. steps ~ .ec e-~;v
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Steo 9. meas.itre G:!H: at +ea.ien:'y me'- 41gý.te
(Z a2~;.5) arnd record data.

Step 10 repeat steps 7. 7. 4, and t.
Stec 11. M~easure G,/H: at +r-eoLtenzy per 41g.tr-e

;x a-isý and record data,

Ste. !N.-:\ De-ne-iz ccole

8.1. est ~

TeElectc -n 'et':i galai, -est s-al *:e
:e-*-ee :" ::,:e- tz cete--:ne t-e lee:cr' *:

- a : e : ,P e e- i s :-e ' s e i i = 4 - z e z

,;e- -:::z-:e-ee

*-ez,. e-e-ts = 4:

Hi s c a 7

#C4 Ccp~tec E- iss :-'C Svc~- t: '

4:: 1e e.d

M.:to Z 1h: -t z e te

mh: t. "ý3 ,I- vccs ze



6.2 TemQe'-tur. Shock

e.2.1 Test -Purose
The Temperature Shock Test shall be conducted

to determine the effect of sudden changes in temnperature of the
surroUnding atmosphere on the coolers.

8.2.2' Acceptance Criteria
The coolers shall satisfy the requirements of

paragraph 6.1 of this test plan.

8.2.7 Test Require-ent-
The Temperature Shock Test shall be performed

in accordance with MIL-STD-e81), Method 507.1, Pro:edure 1, with
the exception o4 temperature extremes will be limited to +71
degrees C + S degrees C and -54 degrees C + 5 degrees C.

8.2.4 Test Frocedure
Step 1. Install the coolers into the tem-

perature chamber and raise the test chamber temperature to 71
degrees C + 5dWegrees C. Allow the coolers to soak at this
temreratuLre 4or four (4) hoýrs minimo.m or until the coolers
stabilize.

Step 2. After 4our (4) hours minimum e-posore
to the high ambient soal , move the system into a test chamber
with an ambient temperature of -54 degrees C t 5 degrees C within
5 minutes.

Step 7. Allow the coolers to soaý at this
temperature 4or four (4) hours minimum or until the coolers
stabilize.

Step 4. A4ter- four (4) hours minimum e posure
to the low ambient soa , return the coolers to the test chamber
set at 71 degrees C +_5 degrees C within 5 minutes.

Step 5. Allow the units to soal at this
t&,mperature-4or four (4) hours mInIMLMm or until the unit
stabi l i zes.

Step 6. Repeat steps 2 thru 5

Stop 7. Repeat steps 2 and 3.

Step 8. F•.ije the test chamter temoerature tO
27 deg-ees C + a degresn C and allow the coolers to Stabilize at
.tandard 7oom ambient conditions.

Step 9. Visually inspect for any evidence of
mechanical damage or deterioration. Record any abnormal *lndings
on the Temoeratore Shoci Test Skimmary Sheet

Step I('. Conduct a per4ormonce test per
pipragrepC 6.C.
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"This concludes the TemperatUre Sho-k Test.

6.3 THERMAL EXPOSURE

8.-. 1 High Temperature

""8.3. 1. 1 Test Purpose
The High Temperature Test shall be performed

to determine the 'esistance of the coolers to elevated
tenm-ratures that may be encountered during service lhie.

- 8.Z.1.2 4cceotarlce Criteria

rne coolers shall satisfy the requirements of

pa-ag-aph 6.1 (at +Z7 degrees C + 5 degrees C and + 71 degrees C
5_ degrees C) of this test plan.

8. 3..: Test Reguirel-e,.t
The high Temperatutre test shall be per'ormed

in accordance with MIL-STD-810E, method 501.1, procedure 1.

7..1.4 Test Poze!,.,-e

Step 1. Install the cooler. instrume-teo 4or
o-e-aticn. per parag-aph 6.-. into a temperatere cheaper capable
o4 ac•neving - 71 degrees C minimum ( temperature rate shall nor,

e:ceed 1C, degreesd C/min.)

Step :. Rpise the chamte- ambient temre-atLre
to - 71 degrees C - 1.4 degrees C.

Step 7. A]llo, the coie-s tc so,? ot -71
degleesC * 1.4 de;-ees C for a pe-rod of forty eighit (40) hO.trS.

Step 4. EnSure that the coole- has stetilize:
-t * 71 degrees C. Operate the cocler in accoroance with
paragraph 6.0 of this test plan and record the re-.,1ts.

Stop 5. Lower the test chanber ambient to

allow the coolers (non-operating) to retwn to stanldrd room

te.--e-at ure.

Ste: 6. Visually ins.ect the coole-rs 4c any
e.mde-ce, as mechtrIcal dcmmage or cete-'oetion. Record any
atnorm;) 41noings on the High TemperatLre Test Summary Sileet.

Step 7. Conduct the performance test at 2
deg-res C + t degrees C per paragraph 6.0 o4 thiS test plA,.
Record the results of paragraph 6.1.1 on the High TemperatUre
Test Summary Sheet.

This concludes the High Tempereat•re Test.
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6E.3.:" Low Temgermture

S.3.2. 1 Test Puwrose
The low temperature test shall be performed to

determine the resistance of the coolers to low temperatures that
may be encountered during service life.

e.3.2.2 Acceptance Criteria
The coolers shall satisfy the requirements of

paragraph 6. 1 (at -40 degrees C and -7 degrees C * 1.4 degrees C)
of this test plan.

e.3.2.71 Test Requirement
The Low Tempe-ature Test shall be performed in

accordance with MIL-STD-810E, Method 502.1, Procedure 1.

Z.Z.2.4 Test Procedure
Step 1. Install the coulers instrumented for

cneeatlon per Paragraph 6.7, into a Temperature Chamber capatle
of achieving -57 degrees C minimum.

Stec :. Lower the temperature in the test

cýambe- to -47 degrees C +_ 1.4 degrees C (temperature rate shall
nct e: ceed 10 der-ees C/l0 min. Soat +or twenty four hours.

Step 7. After the completion of the twenty

four hours sOaI at -57C * 1.4 degrees C. visually inspect the
the coole-s ;or any evidence of rechanical darnage or
dete-ior,,tion. Fecord any abnormal 4indings cn the Low
Temperoture Test Summary Sheet.

Step 4. Raise temperature to -4C0 and allow

coolees to stabilize.

Step 5. 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 6. Raise the temperature in the test

chamber to allow the cooler to return to room ambient conditions
and stabilize.

Step 7. Cord..ct perfo-mence test at *•

degrees C :t 5 degrees C per pa,-ag-aph 6.. Of tis plan. Record the

resvIts 1f paragrph 6.1.1 on the Low Tempe-atore Summary Sheet.

Step 8. Visually anapect the cooler for any

visiblp mpchanical damage or dotericration. F-@cord any abnormal

4fnding% on tne Low Temperature Summary Sheet.

This completes the Low Ttmoeratu-q T-st,
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8.4 !`ECHANIC:Aý SHQCI'.

8.4. 1 Test %--_ýoýse:

The Mechanical ShC=ý Test shall be
tz dete-ine 14 thýe ý:ccie-s are constru~cted tc withsta-t t~e
e vecte: &i: S-=CL stresses and that re-4oriran-.:e e t:-

.~:.-t e :--=_-ed b,. the service SmcC envir,:1ent e.:::=e:t=

5-Z.test.

e 1 a

>e ~zce~s-al 1 sat: s4 , h -i e~~=-
6a . 1 at ::C : S e-rees o+~ tni= test

The !Mec-anical Sc Test shall be ::er',r-e=
at at .7 - ýeo-ees C 5 C e-rees C .n accrdarce with i-

~et:~ i~.~r~ed~1Vl. Highý inte-sitv Test. The cc:zle-s sý-all
azeeate COntnLLOIUSV C-irrng the sro:p psrtion c4 the test.

e.4.4 -~t:c~ e:

Stem 1. stall a I :at onto t-e shocý test i2e
t= iU t the C e-oed:: m~ss t~at w, ll be enz:: ,te-ez A-e- the
act--all Lit is :~nstalleJ =-t:) the test :~e

Etec 2. Attac- tHe test a-z tI a: te dl.' :ý to
tl'e :vn;element ); t. e Shoc.1 -est N'*Ih:.I).!e.

Ete: 7. Cal ,b'ate th-e ShccL Test mac~ine tcýs_-

a:_*!i1catic-s to t~lL dummy load snal 11 all vwit-i- t~e se:e
tc.'er-ance er'velope orior to installation ji th--e c:ioe-s. T~e
C81 Itaticn sh)al 1 co:,ýorm tc; 41ure f 16-l 11:(:1 t=- I," ms

Ste;) 4. A4ter the Sh,7 Test Machine mas teen c?1itbated
4-c-f--emance to the wave~cr-m, the coolers small te inttalled
- t"O tElst * ::tLure in th.2 PI ace ci the ~ ~~

Stec 5. Enrge-ize the c=::le--' and allzv. co::i,-cvwn witlout
-e t-e--4?1l mass or thermal ;ce :' ter) (1>:) -. r, tes.

Stec 6. 40oly Two (:) shoc~s in rexrect'.on c; tnr-ee
;.t'..a, Per Jincicul ar ,- i sgr a tctEý1 c4 twelve I: IZ hocl

:z.'.ses. A- is identiiication is sýcown In 4iiure~ 5.

Step 7. Dp-cnergi:L* coolers,

Stec e. The coolers shll)I be visý_tallv 1!'soected 4or any
eviden-c~e c4 mechanical damage or dete-inratio-. Any ai~ncr-al
4indings shal;l be recorded on the mechanical ShOCb Test S-.mmary
Shneet.
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SteP 9. Upon comoletion oý t!he re:',-j-i:j S'-:= : :-e
r~erformar'ce test described in para~graph 6.0 c:' t"-Ixs test ol-
shall be conducted at 2-7 degrees C * 5 degr-ees C. 'ezr t-e
reSUltS C4 6.1.1 an the Mechanical Shocý Test S,-irnma- 1 Sieelt.

This concludes the Mecýhani.ca Shccý -est.

8.5 -e:: -: -at r

8.5. 1 Test
The rtc~* i1Y~-~~nT~~~ e

:ýe- o-mne:, cl ete-T. r-.e i e c~ Iers ae c ors t',ct et to
wi týsta-Z t.'le e;:oe--ted Cv"ýai c '.rt*-'st- esses t-a -ay ne
encc--rtered duiring seevice li'e. --ese c--:e-s -jill be c~eratecl
*--ri-i this test.

The coc,'es sna. sati s¼ tI-e ~c:en-
6 .1 (at Z-- C _Sdegeees C) zi t'his test plan.

8.5.: est re Uie-e-t:
The Mec-ýp,:al VY.br-et::n, Test Vhall be

ce-4'z-ed at ::- decrees C * !f :ec-ees C i-1 E-ccrterce wi-
3T Bli:81C. methcd '124.: I: e I .~1 an-, corforn to

th-e i bration prof ile in fi gue '2.cle time ci 12P .n,-tes ýýe
s , it~ .1 d~e 1 1 t z me o 4 1/ 6 c. i -' a' e.Ach- -es,:narne. Tle

ac:eler:'meterý shal 1 be aif, :,ed to t-e cooler -:.itn; ii "tutre.

..4 7--s' P-ace=-,e:
SteD 1 . MQLun-t 11",e c::-'.e-s 7: to thne v 1 rat . =

~i re wi t*' the ccoId 4 1r-ge.- an t-e ca-3eessz-- i tle Xa: ~is.
See i;-e f.

Step 2. Enerc: :e the c:ooer &.z ~1cw oi~.
I -inutes ~i t~ no t hermaI 1.rss :- t -er,' =6. a:'- lI

acl:ýIic 4)1 e a~t~ on the Mechan i: =,.Vt-Et i on Tes t E r Seet.
Step 7. Ener;ize the Y-tz :.A-C

re-:ord all resonant frequ.encies e-cL,.-'te-eO.

Step 4. Select t-e oý..ir (4) most seve-e
-escna-'ts recorded in step 7 nc ce-iorm~ a resona~nt owelli o, Z1:
mirý,-.tes at the frequency levels szeciiieal.

Step !. Energize t-e v~~ ~in)
~::d.cewith the appropriate vioration Frci.,Ie.

Step 6. Allow the coolers to vibrate in thits

Step 7. De-emeegi~e the Vitr-,%tion machine and
the coolers.

Stoo e. Remove the coolers 4 -om the vibration
machine and visually inspect them for any evidence of mechanical
damage or deterioration. Record anv abnor-mal 4inCings on the
Mechanical Vibration Test Summary Sheet.
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Step 9. Instrument the coolers per paragraph 6.: of
this test plan and mount the coolers in the Y axis. See figure 5.
Receat steps 2.3 and 4 in the Y a::is.

Step 10. Energize the coolers and allcw cocldcwn

f :or, I, Ites with no thermal mass or thermal load.

Stec 11. Energi:e the vibration machine in
az:=rtarze with the appropriate vinraticn profile.

Stem 2. Allow the cocle-s to vibrate :r th:s a: is
Z=- *I-) Miutes.

Step !7. De- emergize the Vibration macsine and
-e-cve the ccclers. irscect the coolers fcr any physical damage

and reccrC the resIts on the MechanIcal Vibration Test Sommary
S-eet.

Steo 14. I.struiment the coolers per para graph L.:
'• tIs test Pla" and mount the coolers in the Z a:is. See 4igQ,•e

t. re=eat steps _.7 and 4 in the Z a:xs.

Step 15. Energize the cz=lers and allow cooldown
4or '", mi n..tes with no thermal mass or thermal load.

Stec I. Energize the vibratior macnine with the
ac;r: iate vinration pro4ile.

Step 17. allow the c:olers to '..rate in this a: is

Ste- :9. De-energ2:e t.e ,'r• mac'ine ad
S-e- :ve t-e _--lers. Inspect the coole-s 4c. av p;'vsical CmgAqe
ara eec;rd the res,,Its on the MechanIZ:! VI-aticn Test S.,maev
S-eet.

Step 19, Conduct a performance test per paragrazh
5.0 c4 ttis test plan.

The following tests were omitted for reaso-s assigmed.

:4 t'ese tests ware stringently rec.ired tv the Army. CFvO-TEV
, I gladly submit to your requeSt.

SOLAR PADIATIONI The cimnonent parts are bLteied in

,,-a system and are not subjected tc Cirect Solar radoation.
FUNGUSt Materials uset it t-e fanrlcaticn are not

-- 4ected ty nmr do they promote fur'us growth.

SALT FOG: The materials are selected so as not to
-e susceptible to the e0ects of Salt Fog.

DUSTS The unit is sealeC sO as r't to allow
I.i.usicn o4 dust and sand Into the wor•irag area.

LEAIAGE: (IMMERSION) The units are sealed and do
lave A positive internal pressure therefore preventing any
contafmination by wat'-i , 1 -1e.
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Temperature- Humidity- Altitude: The unit is 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 Plan will be submitted along with
this proce:ire.
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PHYSICAL -CHAR ACTERIST ICS_ DATA SHEET

Date
Test Tech Project Eno.

PEQU I RE.MENT

Record the 4ollowrng phytical cha.ractorlstics peu
paragraph 5.0 o+ this test plan.

Cooler S/N

Conforms to drawing number
SM-D-80655 I _ _ (ini ti al
Weight (:.5 pounds Max.) lb.

Cooler S/N

Conforms to drawing nu[mber
SM-D-S:E8551 __ i_(ir itial
Weight (2.5 pounds me::.) lb.

Cooler S/N

Con4orms to drawing number
SM-D-8IS551 (___n_ (initial)
Weight (Z.5 pounds ma .) lb.

Test Sheet 1
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INPUT POWER TEST DATA SHEET

Cooler S/N Date

Test Tech Froject eng.

Step TEST REQUIREMENT INITIAL

1.0 Instrument cooler per paragraph 6.3 of this plan.

-.0 Establish test set-up

•.c YVerify power supply meets the voltage ripple requirements of
paragraph 6.1.4 oi this plan.

4.'0 Energize cooler and record the 4 ollowing data:

"o Input voltage VDC
"o Starting current -Amps
"o Duration of starting current Ms

•.( Reeord data when the cold tip reaches 80K

"" Input voltage VDC
"o CuLrrent Amps
"o power Watts

6.0 Apply sufficient heat load to maintain a cold tip
temperture of BSC4. Allow cooler to operate +or
an additional 30 mrin.

7.(__ At the end of 70 mins. record the 4ollwing data:

o Input voltage VDC
o Current Amps
o Power Watts
o Cold tip temp. Degrees if.
o Applied heat load Watts

8.0 De-energize cooler

Comments:

Test Sheet Z
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LEWL "ATE TEST DATA SHEET

Test Tech Project Eng.

Date Time TEST REOUIREMENT

Conduct Leak Rate Test per paragraph 6.1.1
oV this plan.

Cooler S/N
Charged to operating pressure ______ (initial)
Measured leaf rate (1.0 x 10-6 scc/sec air

equivalent at 23C ambient)

Cooler S/N
Charged to operating pressure ______ (initial)
Measured leaf rate (1.0 x 10-6 scc/sec air
equivalent at WC: ambient)

Cooler S/N
Charged to operating pressure (initial)
Measured leaf rate (1.0 n, 10-6 scc/sec air
equivalent at -7C ambient)

Test Shuet 2
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ELgCTRO-MAGNETIC RALDIATION .-.CST

SU1MMARY SHEET

Cooler S/N_______ Date _____

Test Tec) __________roject En~gineer _-

-es - itle P-ass Pail

R E C. ý:Atiated Enissicn/macnetic Field
- , : to 7:: v,

RE:: 'E'Radiated Emission/Magmetic Fieldi
14 th: t I.C Gh: (&'rcadbar')_____ ____

REC:. I NE4 Ratiated Emiss cn/magq'etxc Pi.elc
:4 ý tz to 110 Gh- CNarrowtard)

RSý:,7 Radiated s,.sceptitilitv. Electric
F,.elld. 14 ý h:: to I,: Gr-,: (QM1#i ____ _____

C C,:! C'ornd~ted Ernission-s/dc Power* Leads
71 - '4 to !-, kih______ _____

C S 1:14 k-ZdUCted E~isors/Ar cF:wei Leiit

cc-o~ct a Periovmance Test :)er C it"115 tezst

Test S~eet 4
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TEMPERATURE SHOC;' TEST SUMMARY SHEET

Cooler S/N Date:

Test Tech. Project Eng.

Elapsed
Step Date Time Test requirement Initial

__._ _ Install coolers into
test chamber

AdJuSt chamber ambient
to ÷ 71C

verify cooler has soa&ed
for four hours

4.() Flace c~oler into test chamber

that hau been pre-cooled to -54_
within - mnites from 71C

t. ri Verify col er h•s soaled for
fou," (4) hojrS at -54C

6.0 C'lace coole- into test chamber
that has been pre-heated to 71C
within 5 mins. of removing from
-#4 . ambiemt.

7.0 Verify cooler I-s soated for
for ho•,tS _t -71C_

G>___ Fllace coo)er into test chamte-
that has been pee-cooloo to -54C
within S mins. of removing 4ron
+71C ambi eot.

9. ' Vorlfy Coo•or has soaied for

four hours at -54C

C,.0 CFlace cooler into test chamboe
that has been pre-heoted to -71C
within 5 mins. of remcving from
-54. ambient.

II.' Verlfy cocler hes soaled for
4oiju hOurS at *71C

1:.r, 'Flce cooler into test chemt.er
that has been pre-cooled to -54C
"within 5 mms. o4 removing from
*71C ambient.

Test Sheet 5 (lo4 :)
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Temperature Shock Test Summcry Sheet (Continued)

Elapsed
Step Date Time Test Requirement Initial

IZ. Verify cooler has
sea4-ed for four
hours.

14. Adjust test chamber
ambient to .:z•c

_____ Verify test chamber

Ambient is =7C

_ _ Visually insoect
cooler for physical

dag* an d record.

1_. _ _ Conduct performance
test pep Fara. 6.0

04 this test plar,

5td. CC Heluiw/sec (record)

Com-,et gs :

Test Sheet 5 (- C4  )
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HIGH TEMPERATURE TEST SUMMARY SHEET

Cooler S/N Date of Test

Testrr Tech Project Eng.

Elapsed
Ti me

Step Date (Hr.-Min) Test Requirement

1. 0 Install the cooler into
the test chamber "nstru
mented per Para. 6.'

Z.0 Adjust chamber ambient to
+71C

_____Veri'y cooler has soaedior 46 hours at +71C

4. Ci Operate the coole-s in
accordance with Fare. 6.0
and record resUlts.

C' __Lower test chamber to
stonderd room amivent
(non-operati ng)

6.C_ Vlss.lly Inspect coolers
for physical ddmage and
record 4unormal 4noaings.

7,( Condu.ct periormance test
at 27C per Fara. 6.0. %And
record resultg.

__________Std. CC Hellum/Sec. (Record)

Cotment si

Test Sheet 6
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-OW TEP¶FERATU.RE TEST SUMMARY SHEET

Cooler S/N Vat.

Test tech Project Eng.

Elapsed
Ti ma

Step Date (Hour/Min.) Test Requirement

1.0 Install cooler
into test
chamber as per
Para. 6.3.

2.0 Adjust test
chamber to -57C

-7.0 Verify cooler
has soaked for
48 hours at -57C

4.0 'Raise the temper
ature to -40 and
allow coolers to

stabilize.

Co.r OPerate coolers
in accordance to
para. 6.0 and re

cord results.

-- _ _6.0 Raise test

chamber to
standard room
ambient *2TC
(non-eperating)

7. C Visually inspect
cooltrs for any
physical damage
and record.

8.d. _Conduct Perfor
mance test at
+27.C and record

_Std. CC Helium/Sec. (record)

-Coments:

Test Sheet 7
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LOW TEMPERATURE TEST SUMMARY SHEET

Loolvr S/N Date

Test tech ProJect Eng.

Elapsed

Time
Step Date (Hour/Min.) Test Requirement

I *, __Install cooler
into test

chamber as per
a-ara. 6. Z.

2.0 _Adjust test
chamber to -57C

x.O )Verify cooler
has soaked for

48 hours at -:7C

4.0 Raise the temper

ature to -4() and

allow coolers to
stabi li :e.

5.C_ Operate coolers
in accordance to
para. 6.0 and re
cord results.

6.0 Raise test
chamber to
standard room
ambient +21C
(non-operati ng)

7. 0 Visually inspect

coolers for any
physical damage
and record.

8.0 Conduct Perfor
mance test at
+--..C ana record

Std. CC Helium/Sec. (record)

Comments__

Test Sheet 7
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MECHANICAL SHOCF TESTr VEU m mPv SkEFET

Cooler S /N Date _____

Test Trech Fro~ect Engin'eer~ ____

1. Vrify Shc=ý M~achire is calitr-ted___

onl1y onto the shi~:ý tale (x a::s) ____

4. ~ ~ V t -. os mac ýsi 1 .1 th.1e =s,,t v e X at:- is ___

Ar~ly two shocý s i n tý,e minuts X ______

6 harge thie c==er int- tner Y e::,s ____

7.: APPIY two shoC~s !.I the positive Y a:,is __

S.. Apply two shcc~s the m.~ ___

9.C Chernge c::oler ir-to the Z1 a.___

4AplII two shcc: s i r t'--e ::s i tve Z a ____s

ii.:y ~w scc s inr tne mi nuts Z a: is _

::. De-ener-gize cooler and insmect ;or
physical damage. Record resuilts.____

Ccrnd~.ct performance test pee para 6.y _____

_______________Std. c= tehLIM/sec

Comnmen t s__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ ___ _ _

Test Sheet 8
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MECHANICAL VIBRATION TEST SUMMARY SHEET

Cooler S/N Date of Test

Test Tech F'roj. Eng.

Steo Test Requirement Initial

1.0 MOUnt c-oler onto vibration table in the
X a': is.

Energize coolers ani allow cocltown for
IC, rinutes.

. C Energize vibration machine and conduct a
resonance search at an input level of Ig
from 5- 50C) HZ.

Resonances:1 _._ . __. 4. 5. 6. 7.

4.(', Select the four m:st severe resonances recorded and
pe-form a resonance dwell for 20 minutes frequency levels
specf ied.

5.E:, Energize vibration mach:ne in accordance to the
vitrqation profile.

6.0 Allow coolers to vibrate in this a:is for
1iz minutes

7.0 De-energlze vibration machine and cclers

8.0 Remove coolers from vibration machine and inspect for
rhysi cal damage.

9.C0 Mount the coolers in the Y axis and repeat
steps 2.7 and 4

10.0 Energize the coolers and allow cooldown for
I0 minutes

11.0 Energize the vibration machine in accordance with the
ancrociate vibration Profile.

12.0 Allow the cooler to vibrate in this a-is ;or
120 minutes.

De-eneraj:e vibration machine and remove the coolers.
Inspect the coolers for any physical damage.

14. Mount the coolers in the Z a::is. instrumented, repeat
steps 2.`. and 4 in the Z a::is.

1I.0 Energize the coolers and allow to cooldown for
10 minutes.
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Step Test Reau: rement Iritial

16.0 Energize the vibration machine with the a:Prooriee
vibration pro+ile.

A17.0 llow the coolers to vibrate in this a::is ýor 121
' I n Ut es

18.0 De-energize the vibration machine and remove t~e
c:cle-s. I-.s~ect the coclers 4or any omysical Cam ___e.

19.0 Ccndu, ct a performance test 2er
-a'agr-Aoh 6.C)_______

LeaL T erst: Std cc "el iu'm/sec

C-2--
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0.4 - ACCEPTABLE RANGE

0.35

0.30 UNACCEPTABLE GE

0 .2 .. ................. .............................. ...

0.1

0.0-40 -20 0 2023 40 60 71

AMBIENT TEMPERATURE ((CENTIGRADE)

Figure 1. Cooling Capacity

35 WATTS . ......

30 WATTS

-40 55C 71C

TEMPERATURE

Figure 2. Input Power
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1.0

DISPLACEMENT
INCHES-
DOUBLE
AMPLITUDE

X 10-2
5g

3.8 ............... , ............... ................ . . .. . . .. . .

X 10-4

5 9 46.6 52 500

FREQUENCY (Hz)

Figure 3. Vibration Test Profile

+71 +71

+65 CHECK HEAT LOAD CAPACITYONCE PER 24 HOUR PERIOD

+25
+23

0 *, _ _COOLER ON
................ COOLER OFF

-25

-40 ........

1 2 3 4 5 6

Figure 4. Reliability Test Cycle
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