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Vacuum Chamber·Test Report 

I. 0 INTRODUCTION ., 
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• 
This docum.ent presents the results from the Acceptance, Mission 

Simulation, and Design Limit thermal vacuum ('T /V) chamber tests on 
the ALSEP Qual SA Central Station and Pallet 2/RTG and compares these 
results with analytical predictions for the test and the real lunar en
vironments. The three tests, conducted during the T /V Qualification 
Test Program,are· briefly described below; · 

I. Acceptance Test - The Qual SA model was subjected to an 
accelerated lunar day-to-night cycle with the objective of 
verifying the system thermal/electrical perfo.r:mance for 
operation in lunar n1orning, lunar noon, a,nd lunar night 
environments. 

2. Mission Simulation Test -A simulated real lunar day-to-· 
nigh,t cycle was imposed on the n1(')del with the purpose 
of qualifying syste1n performance over a 28 day cycle. 

3. Design Limit Test - The Central Station (C/S) was operated 
with the radiator p·late at the highest temperatures predicted 
for the actual lunar environ •v~nt to verify performa!J.ces of the 
C/S and Palle.t 2/RTG for this c<;ndition, 

Pictures which illustrate the Centra_l Station and Pallet ~/RTG 
deployed in the· BxA :w x 27 ft T /V Chamber are presented in Fig
ures 1.1 to I. 3. 

Ba.sed on Proto A te-st program results and on increased elec
tronics'loads for the Qualificatim; ·an:J Flight C/S configurations, 
several th~rmal design improven1ents, which are outlined below, 
were required and incorporated into the Qual SA and subsequent Flight 
models. 

L Sunshield awnings and side curtain extensions were 
removed to reduce lunar day operating temperatures of 
the radiator plate. 

2. The width of the radiator masks was increas~d from 6 to 7 
inches to reduce radiator lunar noon-to-night temperature 
swing. 
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3. Additional "backup" heater's we're attached to the radiator 
plate to provide contingency power at lunar night to optimize 
temperature swing . 

. To illustrate the effect of the design improvements, predicted 
thermal performances of the Qual SA Acceptance and Proto A Centra] 
Station models in a real lunar environment are compared below. 

C~ Model 

Proto A 
0ual SA 
Specification 

Radiator Average Temperature ( F) 

Lunar Noon Lunar Night' Te:r::peratur~ Swing 

133 
·127· 
12.5 

-22 
3 
0 

155 

124 
1 2 ') 

Thus, the above design rnodifications proi:luced the following thermal 
improvem<;nts in C/S operation: 

1. ..Lunar noon radiator average temperature decreased 6 F. 

z. Lunar night radiator average ten1perature increased 25 F. 

3. Noon-to-night ra"diator temperature swing decreased 31 F. 

Further _cktails on the Qual SA design improvements are pre
sented in Section 7. 4. 

Studies were conducted to determine thermal effects of various 
T/V chamber test parameters and conditions (listed below) on tempera-

. ture predictions related to the operation of the Q~al SA C/S in a real 
lunar environment. Results from these 13fudies are presented in 
Sections 3 and i7. Discrepancies between test and predicted real lunar 
radiator and structure temperatures caused by individual parameters 
are •summarized below for the Acceptance Test configuration. A 
negative value indicates the chamber test measurement was-lower 
thah the predi<;ted value for actual lunar operation. 

The finite size of the lunar surface simulator obviously causes 
most of the differ.ence between T /V chamber test and real lunar per
formances during the lunar day. 
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,.--------------------··--·+R~f{!ioc: on T~z:l;::~i~:~c~~~t 
Test Parameter or Condition N oonj_ N i-~~£ ~~~-~~~o_l1J. -~~ghl--,-~· 

~--------------------------------------+--- ! 

I 

I 

Average temperature of chamber cryowalls 

Thermal emissivity of chamber cryowalls 

Finite size of lunar surface simulato1· 

Average temperature of lunar surface 
simulator 

Temperq_ture gradients over lunar surrface 
simulator 

Thermal emissivity of lunar surface simu
lator ana si~ulation of solar energy 
reflected from lunar surface 

Thermal conduction and radiation between 
.. cjs and lunar surface ...simulator 

Power dissipations of C/S electronic 
component; which are temperature dependent 

Close proximity of R TG to C/S in chamber 

+2 l +2 

+5 lj 0 

-34 0 

I 
0 0 

0 0 

-8 0 

0 +l 

0 1 0 
I 
l 

_Q__ r 0 

Total i 
. . L.~-~~ _1__+ 3 

+5 

+l 

-14 

0 

+Z 

-17 

+Zl 

0 

+6 

+4 

Secrton 7 presents thermal effects of incomplete deployment of 
the side curtains and of C/S misalignn1ent .on the moon .. Incomplete 

• side c1.,1rtain deployment will have negligible influence on radiator 
temperatures at the critical lunar noon and night conditions. Worst 
case Central Station misalignment might cause up to a 7" F increase 
1n radiator plate average temperature at lunar noon. 

. +5 

0 

0 

0 

0 

0 

+6 

0 

+29 

+40 

Sections 4; 5 and 6 contain general descriptions of test methods, 
of test results, and o{ the C/S th-ermal model used for analytical 

. predictions. 

... ; 
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2:0 SUMMARY OF RESULTS AND CONCLUSIONS 

2. 1 Analy:!!cal ?-nd Tes.t Results 

Predicted and test temperatures·,for 1) Acceptance, 2) Mission 
Simulation, and 3) Design Limit Qual SA vacuum chamber test phases 
are presented. Analytical predictions and subsequent post-test 
correlation with cha1nber test results were performed for equi librimn 
conditions at lunar noc;m, lunar night, and the design limit. Overall . . 
test results revealed favorq.ble temperature distributions on all Central 
Station and Pallet 2/R TG components, and excellent temperature 
correlation w~s obtained with the pre-test predicted values as shown 
in following figures. All Qual SA com.ponent temperatures were v.rithin 
operating limits es~ablished prior to testing. 

Temperature predictions\f~r C/S operation in a real lunar environ
ment are presented and cornpared with predictions for chamber test 
conditions. Unless. specified otherwise, test data is from the Data 
Acquisition System '(DAS) engineering instrumentation. 

2. 1. 1 Acceptance Test 
., 

The Qual SA model was subjected to an.acce'lerated lunar day-to-night 
test cycle, one lunation; with the lunar surface simulator· average tempera
ture ranging from 250° Fat noon to -300° Fat night. Included in the 
test program was a lunar niorning.ALSEP System turn-on foliowed by 
thermal stabilization at both the sim~lated lunar noon and night environ
ments. .Testing consisted of two phases. The first extended from 
5-11-68 to 5-20-68 when a chamber failure occurred at the beginning of 
lunar noon, while the second section covered a complete lunation from 
5-29-68 to 6-9-68 . 

2.1.1.1 Central Station Thern>al Performance 

F}gure 2. 1 illustrates a sample Central Station (C/S) radiator 
p~ate temperature cycle and d~picts major events which occurred during 
testing: pre-test ambient integrated system test (IST), lunar morning, 
lunar noon, lunar night, and post-test ambient IST. 
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Figure 2. 1 Qual SA Central Station Radiator 
Plate Temperature Profiles for 
T/ V Acceptance Test 

Qual SA Acceptance Test temperatu:re' distributions over the C/S are 
compared with predicted values in Figures 2.~ through 2. 4. 

Except for the sunshield, discrepancies between predicted and 
~ 

test values ranged from 0° F to 13° F and averaged 3° F and 0° F, 
'> ' ' ..../ 

respectively-1 for the radiator plate in the "noon11 and "night'' environments. 
An abbreviated comparison of test results to predicted temperatures for 
.various C/S components in the chamber and real moon environments 
is presented below . 
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" , Temperatures -OF ' • . 
Lunar Noon L\mar Ni2:ht 

Predicted . · I Predicted 
Chamber Predicte.d Real Chamber Predicted Real 

C/S Component Test Chamber Moon':' I. Test Chamber Moon>:< 
--------··--·--·-

~ Radiator 'Plate, 92 89 127 6 6 3 
average l 
Structure Sides, 165 . 162 164 t -136 -131 -176 
average j 

( 

Structure Bottom 187 182 168 
. _,., 

·-141 -137 -181 
1 

Sunshield Top 31 39 
. I 

31. -· -226 -272 -232 

- I 
Re~;istor Plate 227 228 231 • -36 -44. -60 

' 
>:<These predicted values are adjusted for discrepancies between predicted 
and test figures for the T/V chamber Acceptance Test configuration . 

.. 
. As shown by. this table, radiator plate average temper.ature swings 

were 86, 83, and 124° F, respectively, for the Acceptance Test chamber 
performance, predicted Acceptance Test chamber performance, and predicted 
performanc.e i;n a _re·al lunar environment. 

Tables 7. 1 and 7. 2 in Section 7 give detailed compar~sons of 
analytical model temperature predictions and tes_t data. Temperature 
versus time .plots of various C/S test measurements are presented in 
Section-6. 1 along with Data Acquisition System (DAS) and Housekeeping (HK) 
steady-state data at lunar noon and nigl\t. 

2. 1. 1. 2 Pallet 2/RTG Thermal Performance 

Figures 2. 5 and 2. 6. illustrate temperature his.tories of RTG fins and 
pallet surfaces below the RTG. Temperature distribution over the RTG and 
Pallet 2 surfaces at lunar noon and night are illustrated in Figures 2. 7 and 2. 8 
and are ta\>ulated in Table 6. 3. Pallet temperatures under the RTG ran:ged 
from 320° Fat lunar noon to -30° Fat night. RTG fin temperatures varied 
from 449° Fat noon to 381° Fat night. · · 

l 
J 
l 
! 
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Figure 2. 5 Temperature Distribution over RTG fc;>r 
Qual SA T/V Acceptance Test 

BEN<:!• A('iOSNI[{ 51Slfi'IS Ol\'l';JI'JI< 
f'ACGPAM A~.-SH' llSl J.oe, !loll T~Sl Ol'<l( O~tl\16! ltA·' TlMl 000001 
1!51 l/1.( OUAl 5A l11[ll/'~R~ \'IKtHJM IKC!fHIN(f. HSl 5\JMJ'\Rfn 

Figure 2. 6 Te~perature Distrib~tion over Pallet 2 for 
Qual SA T IV Acceptance Test 

The RTG dissipated approximately 1460 watts with 67.2 watts 
input to the Central Station at lunar noon and 67. 4 watts input at lunar 
night. C/S power inputs represent a 5 to 6 watt increase ·over Proto A 
input power and produced the intended sizeable decrease in day .. to-night 
temperature swing, as discussed in Section 7. 4. 
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Vacuuxn Chamber Test Report 

2. 1. 2 Mission Simulation Test 
.. , 

31 
PA.GI 

• 
The Qual SA model was subjected to an act;uallunar day-to;:.night. 

cycle froiD: 7-14-68 to 8-7:..68 where lunar ·surface temperature versus . 
time was simulated with "step'' temperature changes. Solar heating on 
sunshield and Pallet 2/R TG surfaces was simulated with infrared lamps 
to correspond to lunar surface temperature during the h:mar dp.y phase 
of the test. 

2.1.2.1 Central Station Thermal Performance 

Figure 2. 9 illustrates a sample radiator plate temperature 
swing and depicts major events, which are similar to Acceptance 
Test events. The Design Limit Test, which is discussed in Section 2. L 3, 
is included and is represented by data after 8-7-68. 

8fNOU fiEROSPAd 5.T-Slt~S O!VJSfCI< 

TEST ~7~t~Afl!o~~C£~A 1~No;~g~ ~(~uLM~bt.0~~ g~~~~~6fl,.llll[~fR~JL11\2f8~~ 1 HST 

Figure 2. 9 Qual SA Central Station Radiator Plate 
Temperature Profiles for T/V Mission 
Simulation and Design Limit Tests 

_Since Mission Simulation Test and predicted temperature 
distributions over the C/S at lunar noon and night are essentially 
equivalent to the respective Acceptance Test figures, only the following 
abbreviated comparison of test and predicted results is presented. 

• 
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,._ ____________ T_e_m.......__e_r_a_t,r-u_r_e_s __ :___:X_,--- ------:. . __ ~ ~:=·~ 
Lunar Noon ----r:-:·l....c_"u _____ n_ar -~~- · ..... ! 

Predicted I Predict~d l 
! ' 

Re<i.l Chamber : Predict_ed Real 
C/S. Component Moon':' Te·st Chamber : Moon':' 1-

t--.;._-~-;;;._----+-----+------+------t------'-----~-·~----.. ------l 

Chamber 
Test 

Predicted 
Chamber 

Radiator Plate, 
average 

Structure Sides, 
average 

Structure Bottom 

Sunshield Top 

91 

. 157 

180 

40 

91 123 

1~7 157 

179 161 

42 37 

l 
3 6 0 l 

.I 

-141 -135 -179 

-146 -140 -184 

. -233 -272 -239 

PDM Resisfor Pane 198 199 202 -36 ·, I -51 -60 ____ ____! 

. 
>!<These predicted values are adjusted for discrepancies between predicted and test 
figures for the T/V chamber Mission Simulation Test configuration. 

On 7/20/68 during lunar noon, the 7 and 14 watt PDM.cJump loads_were 
activated simultaneously for about 8. 5 hours, which forced the radiator plate aver
age te ... mperature from 91 oF down to a minimum of 83oF. On 8/2/68 during lunar. 
night, the 10 watt reserve power heater on the radiator pla.te was p.ctivated for ?.-bout 
24 hours with a resultant rise in radiator average temperatur~ from 3 oF to a maxi~ 
mum of 24°F. At the beginning of 8/3/68 the 10 watt heater was-turned-off while the 
5_ watt heater was activated for neatly 14.5 hours. A lboF decrease in radiator 
average temperature was experienced before the heatE:;r was deactivated. Steady:
state conditions were nearly achieved in these three tests. By activating both the 
PDM dump loads and the 10 watt heater, the lunar noon-to-night radiator tempera
ture swing can be reduced from 88oF to 59 oF. A discussion of these tests and com
parisons of test data to predicted values are presented in Section 7. 1. 1. 

Temperature versus time plots of various test measurements are contained 
in Section 6. 2 along with DAS and HK steady-state data at lunar noon and night. 
Tables 7. 3 and 7. 4 in Section 7 compare predicted and test temperatures for in
dividual thermal model nodes. 
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2. 1. 2. 2 Pallet 2/R TG Thermal Performance 

Figures 2.10 and 2.11 show temperature histories of RTG fins 
and surrounding pallet surfaces for both the Mission Simulation and Design 
Limit Tests. Mission Simulation thermal performances of the p~llet and 
R TG during lunar noon and night are essentially equal to Acceptance Test 
results. 

l'I-IOt,Fl"'~ >-c:.,r" 
1t5l 1: llE C,!~, 'il• 

-----·1 

lf "" !!"'f 000001 
1!'1li\MI'ij. VfiC!JUI'. 1[";:.1 

------~--,1 ;,~.,.2-;;;-.~---~--~ 

Fijure. 2. 10 Temperature Distribution over RTG for Qu~l SA 
, T IV Mission Simulation and Design Limit Tests 

-. 

• 

6P•Dl1 GlRCl~h<lt '51::i'[!'l'; O!~ISH'!N 
FfiOC.Kfl~<: ~~.so 101 r.rc :os HST D~-<'f 071! J/6ll n~c 1 if'!f. oooC"ot 

liS" liiL( Q\JPL Sr.i. ,.!'5S](')h 5!1'1V~I<1!C" 4Nl,: D£51{.h l}MII H~~A!'!Ii~ ~>I(UUP'I lt:ST 

Figure 2. ll Temperature Distribution over Pallet 2 for Qual SA 
T IV Mission Simulation and Design Limit Tests 
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Design Limit Test 

At the conclusion of the Mission Simulation Test (8-7 -68), the 
Qual SA model was subjected to a Design Limit T€st until 8-9-68, the 
objective being to ope.rate the C/S with the radiator plate at the highest . 
average· temperature (approximately 140 "F l predicted for real lunar con
ditions. Also, the lunar simulator was held at a 280, F a\·erage temper
ature to duplicat~ the highest anticipated lunar surface temperature \Vhich 
the C/S will.experience. Solar heating of the s,unshield was increased to 
l. 25 "suns" for a "margin of safety.'' The l'40°F level was 'established by 
estimatin'g the increase in radiator te1nperature above normal T /V test 
values due to the following effects: 

Effect 

Operation in a real lunar environment 
(lu.na:r surface temperature at 25 0 o) . ' 

Lunar surface at 280°F instead of 250°F 
(Assumed thermal emissivity= 0. 95) 

.. 
Direct solar heating of insulation masks 
due to C /S misalignment 

Total -. 

Temperature 
Increase (:F) 

35 

9 

6 
50 

OF 

Since Acceptance and Mission Simulation average r,adialor tempera
tures were 92°F and 91 °F, respectively, a value of 140°F was selected for 
the Design Limit Test. Two heaters were sized to contr.ibute about 40"F of 
the temperature increase and were fastened to the ra,diator plate under the 
masks, whPe the remaining temperature increase would be produced by the 
280° F lunar simulator. Figure 2. 12 illustrates maximum radiator plate 
temperatures for this test phase, while the followl.ng table compares test and 
predict-ed values for various C/S components. 



. 
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Temperature - oF 
Chamber Predicted 

C/S Component Test Chamber 

Radiator Plate, average 138 139 

Structure Sides, average 187 185 

Structure Bottom .215 215 

Sunshield Top 67 66 

PDM Resistor Panel 225 229 

The predicted ave:rage radiator tem.perature was not quite achieved 
since the actuaJ thermal emissivity of the lunar simulator was 0. 89 instead 
of the estimated 0. 95. Test data are presented in Section 6; while Section 7 
gives a detailed comparison of predi:cteq and test values .. As shown by . 
Table 6. 3 in Section 6, Pallet 2/R TG te~perature~ ranged from 4 oF to 28 "F 
higher during the Design Limit Test than during the Acceptance and Mission 
Simula.tion Tests. 

., 

2.2 Capability of Analytical Qual SA Central Station Model 

The Qual SA Central Station analytical m.odel is considered capable 
' -. . 

of predicting steady- state tcmper'a~ur es within accuracies listed below: 

CjS Component 

Radiator Plate - average 

• 
Primary Structure 

PDM Resistor Panel 

Sun shield 

Temperature 
Accuracy 

± 10°F 

± IO"F 

These accuracies are applicable. providing that ( 1) 'differenc~s 
between analysis and actual electro,ni~s thermal dissipations are within 
± 5 percent; (2) heat dissipation at the resistor plate is within± 10 percent; 
{ 3) side curtains, insulation masks, and radiator thermal paint are properly 
installed; and (4) no significant deterioration .of radiation properiHes for the 
reflector and other surfaces occurs during lunar operation. 
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2. 3 Discrepancies Between Predicted and Test Results 

.. 
From preceding results, one notes that correlation between predicted 

and t~st temperatures is quite good, except for the sunshield top during lunar 
night. The probable reason for this relatively large discrepancy is that the 
insulation on the b~ttorn surfa·ce of the sunshield was not fastened securely at 
one corner. This corner ''hung down" during testing and allowed the sunshield 
bottom to see relatively hot reflector and internal side curtain sur.fa(,:es. 
Therefore, an increased amount of heat escaped through the sunshield and 
raised its temperature above the anticipated level. This mis.-·orientation of 
the insulation had no noticeable effect during lunar noon since solar heating 
and sunshield surface properties control sunshield temperature. A design 
modificat,ion has' probably correc,ted this problem. 

Since PDM resistor ·panel thermal dissipation fluctuated rapidly and 
continuously during testing, it was difficult to ·establish "mean'' reserve 
power values for correlating predicted and test temperatures. Eyen with 
this problem, correlation generally was ·good. · 

2. 4 Real Lunar Environment Analysis Results 

Lunar noon ar:lalysis results predict a 35 oF higher average radiator 
plate temperature for a real lunar surface environment th~n for the Qual SA 
Acceptance Test condition. This discrepancy is due primarily to higher 
radiation heat trans_fer between the radiator an~ lunar surface and to J.:>wer 
radiation from the radiator to space for actual moon opex:ption. The corre
sponqing disc.repancy for the Mission $imulation model is· 32 oF, which is 
less than for T /V Acceptance due to higher ··cryowall temper~tures which . 
occurred during Mission Simulation testing .. For lunar night, the thermal 
model predicts a 3 oF lower average radiator plate tell)perature for the real 
luna!' environment.than f9r test conditions. This small difference is caused 
by lower primary structure temperatures and by the -459 oF temperature of 
real space, which replaces the chamber cryowall wall test temperatures for 
real moon operation. 
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3. 0 LUNAR ENVIRONMEN.J' SIMULATION 

. As st~tted earlier., the predicted Qual SA Acceptance C/S rapiafor 
·plate' average temperature in the ~eal lunar environment is 35 · F higher 
at lunar noon and 3 oF lower at lunar night than in the chamber test en vi
rot1merit. These temperature differences arc. due to s·everal aspects of 
lunar environment simulation which are discussed in following sections. 

3. 1 Lunar Surface Simulator 

Physical dimensions, shape, and performance of the lunar surface 
simulator directly affect result~ fron1 thermal -vacumn tPsts ( st•e 
Reference l ). 

3. l. I Configuration 

Because cif the 1in1itcd size of the lunar surface sinltdator,. the 
. . ' 

Central Station's "view'' of the 1no_on is less than for a rPa1 1unar environ-
ment. Radiation configuration factors frmn various C/S surfal·es -to the 
real and sin1ulated moons were con1putccl (sec Reference 2), al1cl the re
sults for "Side 1 II are shown in Figure 3. J. Side 1 refers to the C/S ., 
enclosure bound.ed by the side curtains, sunshield awning, specular re
flector, and rectangular portion of the radiator _plate: An ''indirect" 
configuration factor refers to a fact or fron1 a surface to the image of 
another surface in the specular reflector. As expccied, configuration ... 
factors involving the lu.nar simulator are equal fo or less than faCtors 
involving the real moon . 

. Sn1all confjguration factors for the T/V chan1bcr environn1ent cause 
the cjs' radiator to stabilize at lower lunar day temperatures during T I v 
testing than during actual lunar o~ration, as shown by results of an analyt
ical study presented in Figure 3. 2. Chamber environmental parameters 
used in this study approximated actual Acceptance Test conditions, and 
the figure is intended only to illustrate differences between T /V chamber 
test and real moon radiat9r temperatures. The radiator plate'·was selected 
for the study because it is the one surface upon which all C/S electronic 
component temperatures depend. Results show that 1neasured lunar night 
temperatures in the vacuum cha1nber should be essentially. equal to real 
lunar values for a -300 °F uniform cryowall temperature. However, at 
lunar noon measured temperatures were predicted to be abouL34 :,F· low at 
an electronics thermal dissipation level of 38 watts. 

-. 
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Notes: 

I. 

2. 

3. 

Results are for the Acceptance Test model 

"" ' , 
All real moon night_ values have qeen atljusted 

0 ' ,_ 0 
by 1 F to account for colder structure ( 1 F was 
added to analysis; results) on the moon than in 
the T IV chamber 

.. ' ' 

All results are analytical 

Moon 

Lunar Noon :.---- ---
-.- :---'-_ T/V Chamber. 

·--- --------- -------' 
Real Moon & 

T/V Chamber 

Lunar Night 
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Noon_ Nii,iht 

una:r; Temperature- 0 f 250 
Space Temperature- °F -460 
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• 

Night 

-30() 
-460 
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Electronics Thermal Dissipation - Watts 

Figure 3. 2 Central Station Radiator Temperature versus Electronics 
Thermal Dissipation 
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Thus, a 34oF differepce in radiator temperature .can be .attributed 
to the limited size of the lunar surface simulator, and measured radiator 
average temperatures in the chamber can be corrected to arrive at pre
dicted lunar s:urface operation temperatures. 

3. I. 2'_ Temperature 

Radiative energy interchange occurs between most C/S surfaces 
and the lunar surface simulator, and simulator temperature directly affects 
the temperature of each of tl}es'e surfaces. Results from a study (shown 
in Figure 3. 3) indicate that at lunar noon a change of 3 ''F over the entire 
lunar surface simulator produces nearly a 1 oF change on the C/S radiator. 
Consequently, it is important to accurately establish lunar simulator 
temp~rat'ures when correlating test and predicted results. 

Performance of the 14 1 X 14' lunar surface simulator at lunar noon 
during_the Qual SA Acceptance Test, as developed from Reference 5,. 'is 
shown in Figure 3. 4. Instead of the desired uniform temperature distribu

,tion,· temperature of the simulator varied from 234 OF to 279 °F. Similarly, 
Figures 3. 5 and 3. 6 show temperature distribution o_ver the lunar simulator 
for the Mission Simulation and Design Limit Tests. To accurately evaluate 
radiation heat transfer from the simulator to the Central Station, config
uration factorf3, from all c;s surfaces to each isothermal area on the lunar 
surface simulator should· be calculated. However, the required amount of 
engineering effort and computer time would. be prohibitive . 

. . 
In order to reduce correlation work to a reasonable level, a single 

weighted ~verage simulator temperature was used. For example, a 250 OF 
average was computed from data in both Figures 3. 4 and 3. 5. ·Bowever, 
such a simplification can lead to inaccuracies in analytical predictions. 
As illustrated in Figure 3. 7 for the Acceptance Test, the radiator 1s view 
·of the lunar surface simulator (via the specular reflector) is restricted by 
the side curtains. Thus, certain areas of the simulator not "seen'' by the 
radiator contribute to weighted averages. 

A simple analysis was performed to estimate the magnitude of error 
introduced by the use of average simulator temperatures. Results showed 
little effect on C/S components by uneven temperature distribution over the 
lunar. simulator. Specific analysis techniques and results are outlined in 
Reference 13 and in Section 7. 3. 2. 
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3. 1. 3 Lunar Radiant Energy 

When evaluating radiation heat transfer between the C/S and lunar 
surface, lunar albedo, which is that. fraction of incident solar radiation 
reflected at the lunar surface, must be considered since it ·causes an ad-.. 
ditional heat load in the C/S as shown in Figure "3. S(A). The magnitude 
of this albedo may vary from extremely small values up to approximately 
10 percent of the incident solar energy. 

As the lunar surface tem.pe:rature represents a thermal equilibrium 
condition for a body in space, the total radiant ener~y leaving the surface 
is equal to the incident solar radiation; that is, the sum of emitted andre
flected energy w,ill always be constant for a particular sun angle regardles_s 
of the amount of'albedo, as illustrated in Figures 3 .. 8(B) and (C). At lunar· 
noon, incident dtdiation is equal to the "Solar Constant" of 130 "Yatts/£t2• 
Because radiant ·energy leaving the lunar surface is gener,ally diffuse, the 
exact value of albedo is not critical in computing Central Station thermal 
performance on the moon. 

Consequently, lunar radiant ener·gy may be simulated in the vacuum 
chambe"r (in the absence of solar heating) by forcing the lunar surface 

. .. 
. . 

· simulator to emit radiation at a rate equal to the incident solar radi'ation 
etfcouU:tered in the actual lunar environment. If soiar absorptivity and 
thermal emi~sivity of a Central Station surface receiving radiation from 
the lunar silnulator are different, smne ·erro~ exists. However, .such . 
error is not considered significant in view ·of the prohibitive ~dditional 
time and cost required for an exact treatment of lunar emitted and re
flected radiation. 

• 

As no solar heating of the lunar surface simulator is provided 
during testing, two methods are available to force simulator emitted rad
iation to equal incident solar radiation which occurs in the actual lunar 
environment; 

1. Provide a lunar simulator with an emissivity equal to 
1. 0 and at the real moon temperature. 

2. For an emissivity less than 1. 0, raise simulator 
temperature sufficiently so that the simulator radiates 
at a rate equal to the real moon emitted plus reflected 
energy. 
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(B) Idealized Lunar Surface 

E' = 0. 89 (measured) 

(C) Assumed Lunar Surface . 

a =·solar ab~orptivity 

E' = thermal emissivity 

qemitted = 114 WI Ft
2 

(T = 250F) 

qemitted = 130 WI Ft2 (T = 274F) · 

(D) Lunar Surface Simulator 

Figure 3. 8 Lunar Surface. Radiant Energy at Lunar Noon 
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Figure 3.12 Cryowall Equilibrium Tempe.ratures ( °F} (Instrumented 
Panels Only); Qual SA T/V Acceptance Test 
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• Temp. Range, 

C1'yQw~U. Test of Instrumented Numerical Weighted 
Section Condition Panels ("F) ·Average ("F) Average ( cF). 

Curtain Lun~r Noon -302 to -8 -191 '.,.202 

Curtain J-,unar Night -302 to -124 -250 -258 

Arch Lunar Noon -301 to +13 -263 -263 
Arch Lunar Night -302 to -126 -287 -289 

Door Lunar Noon -302 to -46 -200 -210 
Door Lunar Night -302 to -121 -235 -239 ::..: ·-"--

Above "averages" may be in error since no' method exists to estimate 
temperatures of noriinstrumenfed ·panels (due to the series/p~rallel plumb
ing} and can lead to error in C/S tempe~ature predictions. However, since 
the arch has the most influence on radiator temperature and since the two 
"averages" !or this section were essentially eqJal: minimal ~rror is 
anticipated. Similarly, cryowall performances during the -:Mission Simu
lation and Design Limit Tests are shown· in Figures 3. 13 and 3. 14 and are 
similar to the Acceptance Test performance. -, 

If the temperature of_each cryowall panel were known and if the con
. figuration factor between each panel and C/S surface were evaluated, the 
exact radiative energy interchange between the C/S and cryowa11 could be 
computed. However, as for the lunar surface simulator, this approach 

I 

I 
I 

J 

. would b'e prohibitive in time and cost. Thus, the simplification of aver.age 
cryowall temperature is used in corr-elating predi~ted and test temperatures. 
For Qual SA correlation work, "weighted averages" were used. 

As sho~ by F.igures 3. 9 and 3. 10, radiator plate temperatures 
" measured during vacuum chamber testing are approximately 2°F higher 

for both lunar noon and lunar night than if the cryowall sections had been 
' . . . 

at the 11 real" space temperature of -.460 oF. 

·Post-test thermal emissivity measurements were obta'ined over the 
cryowall surfaces which ,revealed an average of 0. 91. According to results 
from the thermal study presented in Section 7. 3. 3, this causes an· additional 
sop in~rease in radiator temperature at lunar rioon over what would 'be 
expected with the real space emissivity of I. 0. 
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Figure 3. 13 Cryowall Equilibrium Temperatures ( °F) (Instrumented 
Panels Only); Qual SA T/V Mission Simulation Test. 
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The bottom of the Central Station was supported I. 7 5 inches above the 
lunar simulator by insulation blocks during testing' whereas it will rest on 
the actual lunar surface. AEl a result, prfmary structure temperatures 
were considerably higher during lunar night in the vacuum chamber which 
in turn causes the :radiator plate average temperature to be roughly 1 oF 
higher than for real moon operation •. This support arrangement has little 
effect on structure or radiator temperatures during lunar noon. 

3. 4 Combined Effects of Lunar Environment Simulation 

Individual effects discussed above are summarized below to petermine 
the overall effect of the Acceptance Test lunar environment simulation on 
CjS radiator temperature. Negative 6 T indicates that chamber test mea
surements were lower -than predicted values for real lunar operation. · 

Effect 

Lunar Surface Simulator 
Configuration 

Lunar Surface Simulator 
Temperature 

Lunar Radiant Energy 

Chamber Cryowall Temperature 

Chamber Cryowall Emissivity 

Central Station Support 

TOTAL 

.. 

, 

Lunar Noon 

-34 0 

0 0 

-8 0 

+2 +2 

+5 0 

0 +1 

-35 +3 

:Thus, to obtain actual lunar operating conditions, add 35 oF to the measured 
·radiator temperatures at lunar noon and .subtract 3 oF at lunar night~ Since· 
measured average radiator temperatures were 92 °F and 6 oF, the cor
rected values for lunar surface operation become 127 °}f and 3 "F. These 
values apply for the Acceptance Test electronics thermal dissipation of 
37.6 watts at both lunar no~n and lunar night. 
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In preceding paragraPhs: simulation of the lunar environment 
. was studied in detail with the purpose of comparing cJ;lamber test data· 

with actu~llunar surface operation predictions. All studies were 
, based on the Qual SA C/S thermal analysis model, which has the capa

bility of determining variation ·of radiator plate temperature with 
critical parameters (such as electroJ?-ics thermal dissipation and 
cryowall temperature). The model is comp~ised of numerous "nodes," 
11 resistors," and heat inputs which simulate C/S components and 
heat transfer between them. 

Brief d·escriptions of C/S no9-a1 division, of resistors connecting 
the node.s, and-of various heat inputs are prese:I?-ted in following sec
tions aloD:g with some analysis techniques. 

4. 1 Central Station, Thermal-ModeLs 

Figures 4. 1 to 4. 3 illustrate deployed ~ssembly and primary 
components of the C/S, while References 6 and 7 provide details on
physical characteristics and functio;ps of each component. Thermal 
·models for temperature predictions at operating conditions inAhe vacuum 
chamber ancl on the real lunar surface ·are described below. 

-4. 1. 1 -Thermal Model for Vacuum Chamber Cond!tions 

The thermaJ mpdel consists of a network of isothermal nodes 
connect~d-by heat transfer resistanc.e paths which is processed by a 
computer program. Various heat loads are input to selected nodes. 

• 4. 1. 1. 1 Nodal Designation 

C/S cQmponents are divided i:o.to isothermal nodes as identified 
in Figures 4. 4 to 4. 9. ·. The T /V chamber cryowall was divided into nodes 
as specified in ~igure 4. 16 to simulate the t~st temperature distribution 
since the desired uniform temperature over this surface was not obtained 
during testing. For the Design Limit Test, two additional nodes (170 
and 171) were required to represent radiator plate heaters. Node 170 was 
placed between nodes 102. and_ 1 ~4; while node 171 was .located ·between 
nodes 108 and 115. 
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Figure 4. 2 Primary Components of Central Station 
.Thermal Control System 
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Figure 4. 8 · Thermal Bag Assembly Nodal Designation 
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Figure 4. 9 PrimaryStructure Assembly Nodal Designation 
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1\igure 4. 10 Division ~f T/V Chamber Cryowalls into Space Nodes 
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• 4. l. 1. 2 Resistance Paths 

Conduction and radiation resistors connect all nodes to form 
a network analogous to an electrical circuit, where voltage and current 
are replaced by temperature and heat transfer rate, respectively. A 
large portion of the thermal model consists of a ''radiosity" node/ 
resistance network which simulates radiation heat transfer in each of 
two enclosures formed by the radiator plate, infiuiation mask, side 
curtains, sunshield overhang, specular reflector, lunar surface, and 
.space. The radiosity network and general techniques used to evaluate 
resistance paths are presented in References 6 and 7 along with sample 
calculations. Table 4. 1 summarizes all r.esistor values .for .Acceptance 
and Mission Simulation Test conditionl;). Resistors for the Design 
Limit Test are the· sam~ except two very small conduction resistances 
attach node 170 to 114 .and node 171 to 115. 

4. l. 1. 3 Thermal Analyzer Computer Pnogram 

Data on nodes and resistors are input to .the "Thermal Analy
zer" computer program (described in Reference 8) alon-g with informa -· 
tion on solar, electronic, and PDM resistor panel heating. The pro
grain,. which employs a finite difference technique, performs sucees
sive energy balances on each node to establish node temperatures until 
a "steady-state" condition is achieved, in which case the net heat flow 
at e·ach node is zero. 

4. l. 2 Thermal Model for Real Lunar Environment 

The thermal model for the actual lunar environment is basically 
equivalent to the previous model with the follo~ng .exceptions: 

• 
l. A single node, rather than multiple nodes, represents 

real space at a uniform -460° F.. 

2. A lunar ~ubsurface ·model, described. in section 4. 6, 
replaces the test lunar surface simulator model. 

3. Actual moon and space tetp.peratures are used •. 



ALSEP Qual SA Thermal 
Vacuum Chamber Test Report 

PAGE 

t . 

DATE 29 January 1969 

... 
I 

:TABLE 4.1 • 

QUAL SA .CENTRAL 'STATION THERMAL MODEL 
RESISTORS FOR T /V CHAMBER TEST COND'JTIO~S 

AND FOR OPERA.TION IN THE REAL LUNAR EI'fVIRONMENT 

Thermal Type Resistor Value (I) 

Analyzer Connected Heat Chamber Real 

Resistor No. · Nodes Description Transfer Test Moon 

1 1-2 Radiosity Network- Radiation .02167 . 02167 
.. 

2 1-3 Involves Each of .13148 . 13148 

3 1-4 the .Two Enclosures . 13148 . 13148 

4 1-5 Consisting of a Bart: • 00630 · • oo63o 

5 1-6 Radiator Plate, In- • 05058 ·. 05058 

6. 
' 

1-99 sulation Mask, Re:. ~ 00092 • 04998 

7 1-100 ' £lector, Side Curtains, • 45025 . 40505 

8 1-101 Sun shield, Moon, 7.-69500 7.69500 

9 2-3 and Space • 18732 . 18732 

10 2-4. . 18732 . 18732 

11 2-5 • 01026 . 01026 
' 2-6 • 05285 • 05285 12 ·• 

13 2-99 . 04453 . 07995 

14 2-100 . 7.4 706 . 71040 

15 . 2-102 
... . • 14122 • 14122 

16 3-4 • Ill 00 .:11100 
' 17 3-5 .01000 . 01000 

18 3-6 .. . 04100 . 04100 . 
19 

. 
3-99 • 20110 . 30800 

20 3-100 .~9826. . 29200 

21 3-103 • 12000 • 12000 

22 4-5 • 00978 • 00978 

23 4-6 • 04090 • 04090 

24 4-99 • 20110 • 30800 

25 4-100 • 39826 • 29200' 
26 4-104 • 12000 • 12000 

27 5-6 • 00300 • 00300 . 
28 5-99 • 03912 • 04310 

29 5-100 • 00402 0 

Note:. (I) Conduction resistors are normal resistances with the units of 
hr- oF /Btu, while radiation resistors are reciprocals of resistance 
(conductance} with the units of ft2. 



Thermal 
Analyzer 

Resistor No. 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44. 

45 
46 
47 
48 
49. 

" 50 
51 
52 
53 
54 
55 
56 
57 
58 

- 59 
60 
61 
62 
63 
64 

ALSEP Qual SA Thermal 
Vacuum Chamber Test Report 

TABLE 4.;1 (Cont.) 
. 

Type 
Connected Heat 

Nodes· Description Transfer 

5-105 ~adiosity Network Radiation 
6-99. (Cont. ) 
6-100 
6-106 
7-8 
7-9. 
7-10 
7-11 
7-12 
7-13 -
7·-99 ' 
7-100 

. 

7-107 
8-9 l 

l 
l 

8-10 
8-11 

·' 
8--:12 
8-13 
8-99 ;.• . 
8-100 
8-108 . 

' 
9-10 
9 :- J.1 

.. 
9-12 . 
9-13 
9-99 
9-100 
9-109 
lO-ll 
10-12 
10-13 
10-99 
10-100 
10-110 
11-12 

DATE 29 January 1969. 

• 
.Resistor Value (I) 
Chamber Real 

Test Moon. 
. 

• 09200 • 09200 
• 15192 .19800 
• 17027 • 12400 
. 50500 • 50500 
. 02042 . 02042 
. 13151 . . 13151 
• 14514 . 14514 
. 07387 • 07387 
• 00511 . 00511 
. 049 51 .. 049 51 

' 003 06 . 03193 
. 3 63 31 ·- 33 659 

7.69500 7.69500 
. 17864 • 17864 
• 209 52 .. 26952 
. 04597 • 04597 
. 00778 • 00778 . 
. 04 7 09 . 04709 
. 01251 .02101 
• 60752 . 59840 -• 12877 • 12877 
. 11600 . 11600 
. 03200 • 03200 
.01000 • 01000 
. 04100 t04IOO . 
. 23717 . 29 I 00 
• 33203 . 2784.0 
• 12000 • 12000 
• 03900 • 03900 
. 00700 • 00700 
. 05500 • 05500 
• 152q1 • 18532 
• 18320 • 15049 
• 12400 • 12400 
• 00100 • 00100 



Thermal 
Analyzer 

Resistor No. 

65 
66 
67 
68 
69 

,. 

70 
71 
72 

' 73 
. 
I 

74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 -
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
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TABLE 4. 1 (Cont.) 

Type 
Connected Heat 

Nodes De scription Transfer 

11-13 Radiosity Network Radiatioz: 

11-99 (Cont. ) 
11-100. 
11-111 
12-13 
12-99 ,. 

12-100 
12-112 
13-99 
13-100 
13-113 ~ 

; 

130-116 Ele-ctronic Compo- Conduc-

130-123 nents to Radiator tion 
131-117 Baseplate 
131-122 
132-118 , 
132-121 .' 

133-119 
133-120 
134-120 
134-126 

' 
135-121 
135-12? . . 
139-124 
139-129 
136-124 
138-129 
137-128 lr 

116-117 Radiator Node Con-
117-118 nections 
118-119 
120-121 
121-122 
122-123 
124-125 lr 

PAGI 72 

. 
Resistor Value ( 1) 
Chamb'er Real 

Test Moon 
., 

. 00.800 . 00800 

. 00439 . 01800 

.07959 . 06700 

. 03200 . 03200 

. 00200 . 00200 

. 0387 5 .04100 

. 00330 0 . 

. 07300 .07300 

. 11923 . 16000 

. 13147 .08800 

.45000 .45000 
1. 380 1. 380 
1. 380 1.380 
7.200 7.200 
7.200 7.200 
4.530 4.530. 
6.800 6.800 
2.660 2.660 
2. 6.60 2. 660. 
1.630 

I,.~ 

'1. 630 
4.880 4. 880. 

' (32. 150 32. 150 
'8.037 8.037 
5.000 5.000 
5.000 5.000 
1. 670 1. 670 

. 180 .180 

. 180 . 180 

. 760 .760 

.727 .727 
1. 052 1.052 
1.549 1. 549 
1. 070 1. 070 
1. 119 1.119 
I. 703 I. 703 



Thermal 
Analyzer Connected 

Resistor No. Nodes 

100 125-126 
101 127-128 
102 128-129 
103 116-123 
104 117-122 
105 ll8-121 
106 119-120 . 
107 124-129 
108 125-128 
109 126-127 
110 123-124 
Ill 122-124 

' 112 121-125 
113 120-126 
114 114-101 
115 101-107 
116 f.' 107-115 
ll7. 140-125 -
118 140-128 

- .. 119 141-124 
120 141-129 
'122 116-114 
123 117-114 
124 118-114 
125 119-114 
126 120-101 

# 

127 121-101 
128 122-101 
129 123-101 
130 124-107 
131 125-107 
132 126..:.107 
1-33 127-115 
134, 128-115 
135 129-115 

ALSEP Qual SA Thermal 
Vacuum Chamber Test Report 

TABLE 4. 1 (Cont.) 

Type 
Heat 

Description Transfer 

Radiator Node Con- Conduc-
nections (Cont. ) tion 

,. 

' 

• 

I 
' I 
' 
I 

l 
I 
i 
~ 

Electronic Corn-
ponents to Raq_i-
ator Baseplate 

•• ' 

Radiator Node l Connections 

~ 
Radiator Nodes to 
Radiosity Network 

Nodes 

1 

-

Radiator Node 
Connections 

t 
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DATE 29 January l9t 

Resistor Value (1) 
Chamber Real 

Test Moon 

1. 617 . .1, 617 
1. 151 1. 151 
I. 025 1. 025 

. 838 • 838 
1.283 1. 283 

. 806 . 806 

. 598 .598 

. 588 . 588 

. 659 . 659 

. 598 . 598 

. 677 ' . 677 ' 

1. 037 I. 037 
. 651 .. 651 
. 484 . 484 
. 500 ·. 500 
. 396 ,, • 396 

' 

. 500 . 500 
5.000 5.000 
~. ooo. 5· .. 000 
5.000· 5.000 
5.000 5.000 

• I 00 . 100 
·. 100 • 100 
. 100 . 100 
. 100 . 100 
• 100 .100 
. 100 .100 
. 100 . 100 
. 100 • 100 
. 100 • 100 
. 100 0 100 
• 100 .100 
. 100 .100 
.100 • 100 
. 100 • 100 



• 
Thermal 

·. A~alyzer Connected 
Resistor No. Nodes .. 

136 102-114 
137 108-115 
138 145:127 
139 145-129 
140 143-116 
141 143-ll9 
142 143-116. 
143 143-117 
144 14~-118 

145 143-119 
1.46 144-119 . 
'1-~:7, 1'44-120 
148 144-126 
149 {44-127 
150 145-127 
151, 145-128 
152 146-129 
153 146-124 
154 146-123 
155 146-li6 

- 156 116-14~ 
157 117-148 
158 118-148 
159 119-148 
160 120-148 
161 121-~48 
162 122-148 
163 . 123-148 
164 124-148 
165 125-148 
166 i26-148 
167 127-.148 
168 128-148• 
1'69 129-148 

-

ALSEP Qual SA Thermal 
Vacuum Chamber Test Report 

TABLE 4. 'I ( G::ont. ) 

Type 
Heat 

Resistor 
Chamber 

Description Transfer Test 

Radiator to Insula- Conduc- 2.405 
tion Masks tion 2.663 
Radiator Support 

1 
1558. 17 

' 
Posts ,. 1558.'17 

~ 
1940.52 
1940.52 

Primary Struc- Radia- 202x1o-7 
ture to Radiator ' tion l33xio-7 
Baseplate ' 208xi0-7 

283x1o.- 7 

l34xlo- 7 

9x1o-6 
9x1o-6 

134x1o-7 
207x1o-7 
187x1o-7 

J 250x1o-7 

91xlo-7 

91x1o- 7 

136x·l0-7 

Radiator Base- ~ 07900 
·plate to Thermal .05175 
Bag . 08200 

.10950 

.07425 
• 0557 5 
• 03500 
.053SO 
• 0 8250 
.06175 
.07425 
.10950 
.10025 
• 08050 

PAGI 74 

DATE 29 Januar 

Value (1) 
- Real 

Moon 

2.405 
2.663 

1558.17 
1558.17 
1940.52 
1940.52 
202x1o-7 

133xio-7 1-

208xl0 -7 
283xio-7 

U4x1o-7 
•. 

9x1(}- 6 

9x1o-6 
134x1o-7 

207x10 -7 

187x1o-7 

250x10;_ 7 

91x1o-7 
.9lx10-7 

136x1o-7 
.07900 
.05175 
• 0 8200 
.10950 
.07425 
.05575 
.03500 
• 05350 
.08250 
.06175 
.07425 
.10950 
• 10025 
• 08050 
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Thermal -
Analyzer Cortnected 

Resistor No. Nodes 

':'170 148-1:!9 
>!<>:'170 '148-149 

171 143-149 
172 144-149 
173 145-149 
174 146-149 
175 147-149 
176 143-144 
11'7 144-145 
178 ~ 145-146 '. 
179 146-143 
180 147-143, 

: 
181 147-144 
182 147-145 
183 147-146 
184 145.,.160 .., 

- 185 145-161 

186 160-_161 

187 145-161 

193 135-143 

194 134-143 

19·5 131-143 
196 13,2.:143 
197. 13·0-143 
198 104-152 
199 150-152 
200 109-152 
201 103-153 
202 151-153 

*Lunar Noon Only 
* ~<Lunar Night Only 

TABLE 4. 1 (Cont.) 

Type 
Heat 

Description·. Transfer 

Thermal Bag Node Conduc-
Connection tion 

. ' 

Primary Structure Radia-
to Thermal Bag tion 

l . l 
Structure Node Conduc-
Connections tion 

. 

-
, 

Structure to . 
Res. Panel Ins. J 

Structure to 
Res, Panel_ • 
Res. Panel to Radiatior: 

Insulation 

l Structure to 
Res. Panel 
Cabling from Conduc-
Elec,tronic tion 

Components to 
Structure 
• 

l 
Side Curtain 
Insulation 

1 
. 

r 

I'AGI 75 OF 181 

DATE 29 January 1969 

Resistor Value (I) 

Chamber Real 
Test Moon· 

10.54 10. 54 
51. 70 51,70 

.01750, . 01750 

.015l0 .01520 

. 01380 . 013 80 

. 01660 . 01660 

. 10850 . 10 850 
' 15.891• 15. 891 

16. 700' 16.700 
21. 040. 21.040 
13.990 13.990 

1. 486 1. 486 
2. 461 2.461 
1. 9.58 L 958 
l. 992 1. 992 

31.400 31.400 

4:004 4.004 

-
.01959 • 01959 

. 08663 • 08663 

617.0 617.0 

1493.0 493.0 

117.0 117.0 
569.0 569.0 
36.5 36.5 

. 7750 .7750 
• 4215 • 4215 
. 7750 .7750 
•. 7750 • 7750 
. 4276 • 4276 



·. . ALSEP Qual SA Thermal 

• 
Thermal 

· Vacuum Chamber Test Report , . 

TAB,LE 4. 1 (Cont.) 

. Type . Resistor 

Analyzer Connected Heat Chamber 

Resistor No • Nodes 

. 
203 111-153 
204 110-153 
205 152-99 
206 152-100 
207 153-99 
208 153-100 
209 105-1~6 

210 112-156 
211 155-156 

212 154-155 

213' 156-100 

214 154-106 
215 154-150 
216 154-113 
217 154-1-51 
218 106-150 
219 106-U3 

. 220 106;..151 
221 150-113 
222 150--151 
223 113-151 
224. 155-105 

225 155-112 
>1,230 133-143. 

•:,,:,2 30 133-143 
>1<231 140-162 

>!<>:<231 140-}62 
;;'232 143.:.162 

·:~>!<232 143-162 
.. 

*Lgnar Noon Only 
•:<>:<Lunar Night Only 

Description 

Side Curtain Insu-
lation (Cont. ) 
Side Curtains to · 
Moon & Space 

~ 
Sunshield Node 
Connections 
$unshield Top to 
Insula lion 
Sunshield Bottom 
to Insulation ' ; 

Sunshield Top to 
Space 
Enclosure Behind 
Reflectors 

., 

-

Sunshield Bottom 
Node 
Connections 
Electronics Cabling 
to Structure 
Electronics Cabli~f! 
to Environment 
Structure Cabling 
to 'Environment 

. 

Transfer 'rest 

Conduc- 2.9100 
tion . 7470 
Radiatior .75063 

1 
1.32122 

. 82306 
I. 45474 

Conduc- .. 15'10 
lion . 1510 

1 
.0770 

.. 9524 

' 

Radi.atior NA 

. 0376 

.0268 

.0376 

.0268 
- ~ • 0031 

.0058 

. 0031 

.0031 

.0020 

.0031 
Conduc- 5.424 
tion 

1 
5.424 

310.0 
537.0 

Cond.& ·783.0 
Rad. 5767.0 

t 2'].0 
67.0 

PAGI 7 OP 181 

DATI 29 January 1969 

Value (1) 
Real 
Moon 

2.9100 
. 7470 

I. 03261 
1. 03924 
I. 13526 
I. 14254 

. 1510 

. 1510 

. 0770 

. 9524 

3. 74850 

. 0376 

.. 0268 
J 

. 0376 

.0268 

.0031 

.0058 

.0031 

.0031 

. 0020 

. 0031 
5.424 

5.424 
310.0 
:537. 0 
783.0 

5767.0 
27.0 

.· 67.0 



"" f 

Thermal 
Analyzer 

Resistor No. 

297 
298 
299 
304 
305 
310 
311 
311 . 
~18 

319 
319 
320 
320 
326 
327 
328 
330 
331 
332 

... 3:3 3 . 

334 
3'35 
336 

'350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 

• 

·· A.LSEP Qual SA Th~rmal 
Vacuum Chamber Test Report 

TABLE 4. 1 (Cont.) 
. 

Type ·Resistor 

Connected Heat Chamber 

Nodes De:>cription Transfer Test 

' 

145-99 Primary Structure Radiation .. 08707 
145-100 to Moon & Space .08946 
146-163 . 01798 
143-99 . 43455 
143-100 . 32847 
144-99 . 2648 6 
144 ... 9,8 . 30002 
144-100 NA' .. 
146-99 . 26995 
146-97 . 32811 

·146-100 .NA 

. 147-99 . 36500 
-

147-61 Conduction NA 

161-99 Radiation .12051 
161-100 + I . 14002 
147-99 Conduction 33. 3 ·~ 

156-97 Sunshield Top Radiation . 22490 
156-98 to Space ! . 22490 
156-100 ~- ' 3. 29870 
143-156 Primary Structure Conduc- -3000. 
1;1-4'-156 to Sunshield · tion 3000. 
145-156 ! 3000. 
146-156 3000. 

61-71 Real Moon Sub- NA· 
71-70 s;nface. Model 
71-60 
70-69 
70-59 
69-68 
69-58 
68-67 
68-57 . 
67-66 
67-56 

. 

66-65 , 

PAGI 
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OATE 29 January 1969 

Value (1) 
Real 
Moon 

• 08310 
.0831Q 
.00402 
. 47062 
. 31398 
.28206 
NA 
. 28226 
. 3120 3 
NA 
. 30.797 
NA . 
• lEWOO 
.13374 
• 13383 
NA 

! . • 
3000. 
3000. 
3000. 
3000. 
.894 
1~788 

12.500 
2~012 . 

12.500 
2.459 

10.000 
2.905 
8.330 
3. 576 
7.140 
4.917 



Thermal 
Analyzer 

Ref]istor No. 

362 
363 . 
364 

·365 
366 
367 .. 
368 
369 
370 
371 

"" I 

Connec~ed 

Nodes 
.. 

66-55 
65-64 
65-54 
64-63 
64-53 
63-62 
63-52 
62-50 
62-51 
61-99 

ALSEP Qual SA Th~rmal 
Vacuum Chamber Test Report 

• > 

TABLE 4. 1 (Cont.) 
• 

" 

Type 
Heat 

Description Transfer 

' 
Real Moon Sub- Conduc-
surface Model tion 
(Cont.) 

• 

•. 

DATE29 January 19.69 

Resistor Value (I) 

Chamber Real 
Test Moon 

NA 5. 550 
7. 375 
3. 840 

11. 622 
2. 500 

27.715 
1. 560 

. 447 
.> 

.. 500 
so. 000 ' 

., 
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4. The bottom of the C/S rests on the lunar surface. During T /V 
I 

chamber tes.ting, how~ver, the botto;n:was supportef:l 1. 7 ~inches 
above the lunar surface simulator by several blocks: 

':fable·4. 1 summ.ari~es resistance values for the real moon analysis.· 

4. 2 Pallet 2/R TG Thermal Models 

Thermal Models for the Pallet 2/RTG are described in ATM 821, 
(Reference 12). 

4. 3 Analysis Methods 

Analysis methods used to construct the C/S thermal models are not pre
sented here as they are outlined in detail in Rderences 6 and 7. 

4. 4 Heat Inputs 'to C/S Ther~al Model 

Four sources. of heat input to the C/S exist: 

I. The.nnal dissipation from electronic components. 

2. Thermal dissipation'at the PDM resistor panel. 

3. Solar radiation. 

4. Heaters on the radiator plate under insulation masks. 

Values for all these hea! sources at lunar-noon and lunar night are listed 
i:n Tables 4. 2 to 4. 4 fo·r the Acceptance, Mission Si:r:lUlation, and Design 
Limit Tests. Solar radiation at the sunshield is simulated. by infrared 
heaters suspended above the sunshields in the vacuum chamber. Solar 
heating of the lunar surface simulator is simulated by infrared heaters 
attached to the underside of the simulator. The importance of solar heat
ing is discussed in detail in Section 3. I. 3. The fourth heating source was 
used only in the Design Limit Test to force the radiator temperature to 
a predetern:lined level. 

4. 5 Radiation Properties of Central Station Surfaces 

Radiation properties listed in Table 4. 5 were used to evaluate radi
ation resistors. These values were often difficult to establish accurately 
and may vary over the operational life of the C/S. However, good 
analytiFal predictions have been obtained with the listed properties. 

• 
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TABLE 4. 2 ~ 

' 

:PAGI 

THERMAL DISSIPATION AND SOLAR RADIATION AT CENTRAL 
STATION FOR QUAL SA T/V ACCEPTANCE TEST 
. . 

Thermal The.tmal 
Analyzer Computer Dis sipati<?n ~Watts 

Node Description Input Table· ' Noon Night· 

130 P. C. U . 1 21. 3 21.9 .. 
131 P. D. U. · 2 1. 73 1. 73 

.. 
132 Analog Multi- 3 1. 41 1. 41 

plex Conv. 
' . 
• 133 Passive Seismo- 4 4.40 4.40 

meter 

' 134 Command Decoder 5 '1. 20 l. 20 

135 Data Processor 6 I . 50 . 50 

136 Command Re.cei ver 7 • 70 .70 

137 Transmitter A 8' 0 0 

138 Transmitter B 8 I 6.40 5.80 
i 

. .1 139 Timer - 0 0 ... . .. 
- 140 .Diplexer Filter 0 0 -

~ '· I 
141 Diplexer Switch - 0 0 I - Dust Detector - ~ ..... , ... . o··· .. o··· > l 
- Electronics Total - I 37. 64 37.64 ! 

' 
156 Solar Radiation 9 108. 00 0 

Absorbed by Sun-
shield 

161 P.D.M. Resistors 10 20. 50 9. 50 
-

80 

. '!< . 
The .dust detector actually has a thermal dissipation of 0. 2 watts which has 
been added to the P. D. U. dissipation in the thermal modeL 

• 
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Aero apace 
Systems DlvWon DATE 29 January 1 '::f· 

TABLE: 4. 3 

THERMAL DISSIPATION AND SOLAR RADIATION AT CENTRAl 
STATION FOR QUAL SA T /V MISSION SIM_U LA TION TEST 

·---
Th6_rmal Therq:tal I 
Analyzer Dissipation~ Watts I 

Node Description Table Noon - --Night··- -~ 

: 

130 P. C. U. 1 21. 90 21. 80 . l ,. i 
131 P. D. U. 2 1. 73 I. 13 

cl32' Analog Multipl~x Conv. 3 1. 41 1. 41 

I 

133 Passive Seisn10n1eter 4 4. 40 4. 40 

134 Con1n1and Decoder 5 I. 20 1. 20 

135 Data Processor 6 . 50 .50 

136 Con1n1and Receiver 7 .70 . 70 .·.· 

137 'Transnritter A 8 0 0 

• 138 T ransn1i tter B 8'· . 5. 94 5. 67. 

139 Tin1er 
_, 0 b 

. 
> 

140 Diplexer Filter - 0 0 

141 Diplexer Switch - 0 0 

- Dust Detector - ··- ··-a··· o··· 

- Electronics Total - 37. 78 37.41 

156 Solar Radiation 9 108.00 0 

. Absorbed by Sunshield 

161 P. D. M. Resistors 10 13. 20 9.00 

:!..: . 
The dust detector actually has a thern1a1 dissipation of 0. 2 watts which has been 
added to the P.-D. U. dissipation in the thern1al model. 
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DATE 29 January 196 

TABLE'4. 4' 

T;B"ERMAL DISSIPATION AND SOLAR RADIATION AT CENTR1>L 
STATION FOR QUAL SA T /V DESIGN LIMIT TEST · 

--.... ~· ·-- .------ ·--··-· + •••• - • -···. ~ • -~·····- -~-- +.• _,. ~- . 

Node Description Table Thermal Dissipation- Watts 

130 P. C. U. I 1 18. 50 i 

131· ·P.D.U. 2 ' ·1. 73 
l 

I ,. 
l 

132 Analog Multiplex Conv. I 3 l 1. 40 
l 

133 Passive Seismometer i 4 4.40 . . i r 
134 Command Decoder ' ' 

5 1. 20 
I l 

135 Data Processor i 6 . 50 
I 

136 Command Receiver 7 .70 : 

' ' 
1~7' Tra,nsmitter A 8 0 

: 

138 Transmitter B 8 7. 40 

139 Timer· - 0 
., 

140 Diplexer Filter .J - l 0 

141 Diplexer Switch - i 0 
I ... ' . 

• I 0 -. Dust Detector -
i ; 

- Electronic$ Total - I 35.83 j 

I j 
156 Solar Radiation 9 135.00 I Absorbed by Sunshield l I 
161 .P.D.M. Resistors 10 15.80 I 

• I 170 Radiator Heater 11 12.00 ! 
i 

171 • Radiator Heater ! 11 12. 00 l 
- l 
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TABLE 4. 5 

RADIATION PROPERTIES OF QUAL SA 
CENTRAL STATION SURFACES 

--
Surface <><. ,;, (;. ;;":< 

PAGE 83 

. 
Surface Finish 

~---

120-126 Radiator Top Surface . 20. 

116-129 Radiator Bottom Surface NA 

102& 108 Radiator Insulation . 15 

106& 113 Specular Reflector NA 

152&153 
,. 

Side Curtain Exterior . 15' 

103, i04, 
109-111, Side Curtain Interior NA 
150, 151 

. : . 
' 

-
156 Sunshield Top .20 

154 Sunshield Bottom Insulation NA 

143-146 Primary Structure Ex 7 - terior, Except Bottom 
Skin 

143-147 Primary Structure In:.. 
terior _q.nd Bottom Skin 

1'48 Insulation Bag Interior 

149 Insulation Bag Exterior 

161 Resistor Plate Exterior 

>:<Solar ·Absorptivity 
;~>:'Thermal Emissivity 

NA Not Applicable 
p = reflectivity 

. 

.. 20 

NA 

NA 

NA 

.20 

.90 j Sl3-G White Paint 

. 05 I Aluminized ,. 

.50 SiO over Aluminized Mylar 

l .,05 . Specular p = .90 
' i Diffuse r : .. • OS 
I 

.50 SiO over AluJ1?-inized Mylar 

. 
. 10 Alun1inized Mylar 

.90 SI3-0 White Paint 

.50 Alurninized Mylar 
J 

• 90 Sl3-G White Paint 1 
I 
I 

• - I 
.05 Aluminized I 

1. 00 

.50 
if 

. 90 293 White Paint 
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4. 6 Simulated "Real" Moon 
• 

For analysis predictions of C/S pe:rfox:mance in an actual lunar 
environment, the lunar surface was simulated by a 500 ft. x 500 ft. 
"node" with an emissivity of 1. 0 and at uniform temperatures of ··. 
250° F for noon· and -3DO oF for night. In addition, the following modi
fication was employed. When the C/S is d~ployed, the section of lunar 
surface directly under the primary structure will not be at tile tempera
ture of the remaining lunar surface since it exchanges heat with the 
structure bottom while being blocked-off from solar J:!.eating and from 
heat exchange with space. This lunar section is therefore strongly 
influenced by subsurface strata as well as by the surrounding lunar 
surfac·e.' 

Consequently, -the .n16on in. the vicinity of the C/S was -divided 
horizontally and vertically into a series of nodes (see Figure 4. 11) 
to provide for this effect. "Infinite" nodes, which are unaffected b'y 
the C/S and which are at fixed ten1peratures,· qre connect~d, to "active" 
nodes which are located directly under the C/S. Active n_odes are 
allowed to achieve equilibrium temperatures along with C/S nodes 
in the.thermal model. Construction of this "subsurface" n1odel is 
described in Reference 9. 

4. 7 Relocation of PDM Resistor Panel .. 
For the Prototype "A" model, exc'ess RTG power was dumped 

.into resistors located ~m the fro:U't section of the primary structure and 
on the handle. This caused relatively high temperatures on the structure 
and resistors which in·turn affected radiator plate temperatures. 

Consequently, for the Qual SA model, a PDM resistor panel was 
designed tJ dissipate excess pow~r at reduced resistor tempe!'atures as 
well as to isolate resulting heat from other CjS components. To 
avoid conflict with cables entering the C/S, the panel was fastened to 
the back section of the structure. Fast~ners were a series of thin rods 
which supported the panel and which minimized heat conduction to the 
structure. Aluminized mylar was placed between the hot panel and 
structure to virtually eliminate radiation to the structure. A co~ting 
of high emissivity white paint (Z-93) on the panel allows maximum· . 
radiation heat transfer from this component-to space and to the lunar 
surface. 
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Figure 4. 11 Lunar Subsurface c'omputer Model for Real Moon Analysis 
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Tests were performed to ev(l.luate thermal dis sipatiou of the PC U 
and of the PDM resistor panel for a Qual SA C/S electronics system 
with a 55 watt PCU 'regulator and with 6s watts of input p,pwer froni the 
RTG. Results are plotted vers1:1s "reserve power" in Figure 4 .. 12, 
where reserve power is defined as the difference between-RTG input 
power to the C/S and PCU input power. Reserve power was determined 
from DAS and HK measurements and thus provided the basis for 
evaluating PCU and PDM thermal dissipations. 

4. 9 R TG Simulation 

Since the RTG is located relatively close to the C/S ·(about 5 ft 
separate the centerlines of the two pallets) during vacuum chamber 
testing, its heating effect on the C/S was:considered in the analysis. 
The RTG was simulated. by an 18 inch square vertical plane situated 
opposite the primary structur-e left side and at temperatures of 480 oF 
at noon and 440 oF at night. RTG effects on G/S component temperatures 
are discussed in Section. 7. 3. 1. 

For the real lunar environment, the RTG is ~pcated at a suf
ficient distance (10 It or more) from the C/S to have virtually no effect 
on cjs temperatures. 

4. 10. Evaluation of Conduction Resistances Between Electronics and 
Radiator Plate 

A layer of thermal grease is· inserted between the radiato~ plate 
and electronic components to insure good heat conduction to the radiator. • 
Since the resulting thickness of grease is impossible to measure, it is 
difficult to estimate conduction resistances between the electronics and 
the plate using the standard (L/KA) technique (L = grease thickness, 
K ::: thermal conductivity, and A = area). Consequently, resistors were 
calculated with tes( data and the following eq1,1ation: 

R = _9._ 
.t.T 

R = resistance 

q = thermal dissipation of electronic component 
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Notes: 

• 
1. Curves apply for System with 6.8 W_atts RT,G Input 

Power and With 55 Watt PCU Regulator 

2. Curves are Constructed from Power Dissipation 
Test Data on G. E. PCU (refer to ATM 253) 
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Reserve Power - Watts 

Figure 4. 12 PCU and PDM Resistor Panel Thermal 
Dissipation vs Reserve Power 
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.6-'T =...,difference between temperature measurements taken on 
• .an. electronic compon~nt base and on the radiator plate 

adjacent to the <;omponent. 

Sinoe. a small amount of heat passes through the thermal bag, cables, and 
radiator support posts, values of q may "Qe somewhat in error. However, 
resulting" resistances are of the correct order- of-magnitude and provide 
good analysis results. · 

4. 11 Correction for "Non-Black" Properties of Lunar Surface Simulator 

The radiosity resistance netwqrk in the com.puter thermal model is. 
based on an emissivity of 1. 0 for the l~nar surface si.r:nulator. Since the 
simulator has an actual cn~issivity less than 1. 0, test temperatures were 
corrected for "non-black'' properties when used :fo~ correlahon purposes 
in the computer model. An "effective" temperature-was derived from 
test measurements with -the following equation. 

T . YET 
effective -· rncasurccl 

Refer to Section 7. 3. 3 for the effect of lunar surface emissivity on C/S 
... perfC?rmance. 

4. 12 Correlation Approximations and Assumptions 

1. Thermal Conductiyity of In·sulation Masks and Side Curt,ains. 
· Since no thermal conductivity test data is available on insulation mask and 

side curtain materials, reasonable values were esti.mated for correlation 
work. 'A. thermal conductivity of lQ-2 Btu/ft hr °F for all mask and cur
tain components p'rovided optimum correl .. tion results and is the value 
used in the Qual SA analysis model. 

2. Radiation from Primary Structure Front to Moon and Space. 
Due to connectors, brackets, and cables at the front of the primary structure, 
radiation resistors are difficult to evaluate. Also, the larg~ overhang of 
of the upper flange causes more radiation to be directed at the lunar surface 
than to space. Consequently, it was ?-ssumed that the structure front 
radiates about 1. 5 times more heat to the moon than to space, and good 
correlation results were obtained. 
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3. Lunar Surface E:t:l)issivity .. Since the lunar surface simulator 
had a measured average emissivity of 0. 89 and had no r~flected solar 
energy (albedo), lunar temperatures for the a:rialysi:s thermal model 
were adjust~d as -explained in S~ction 4. 11 when correlating predicted 
and test results. 

4. Cable Heat Leak. An assumed three inch length for cables 
extending from the C/S electronics to the connectors on the structure 
front gave maximum possible heat leaks along cables. Because these 
sections ·of cable were composed of Manganin, heat leaks were low and 
relatively unaffected by this as sum.ption. 

Reference 7 contains detailed discussions on .all the above approxi
mations and assumptions. 

,,\. 

. ' 

• 
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5. 0 TEST METHODS 

5. 1 Acceptance Test Procedure 

An ALSEP Depl.qyed System Thermal Vacuum Acceptance Test 
was performed in the Bendix 20' x 27' Lunar Environment Simulation 

. Chamber. During this test, ALSEP exercised a lunar start-up sequence 
under a simulated lunar morning environment. A SNAP 27 generator 
was utilized to supply power for this phase a:Q,d 'for lunar noon and lunar 
night phases which followed. When verification of system turn-·on 
had been received, power output from the generator was monitored 
for stabilization. 

After a lunar noon environment had bee,n established, a chamber 
failure occurred'which resulted in coolant fluj_d. bei;ng sprayed into the 
chamber and a subsequent loss of vacuum. The test was halted while 
chamber and A.LSEP equipment repairs were made. 

The test.was then resumed> and a simulated lunar noon environ-. 
ment was established. When all sys.tems had reached thermal eq ui.l
ibrium, an Integrated Systems Test (IST) was performed. Following 
this f'e st, a simulated lunar nig]lt environment was established, and 

· again al~ systems were allowed to reach thermal equilibrium. A 
second Integrated Systems Test was then performed. Upon .completi<;>:J:l 
of this IST,. ALSEP*Was shut down, and the cliamber was retUrned 

- to roo:r.p. ambient conditions. 

Lunar environment in the Bendix 20 1 x 27' Lunar Environment 
Simulation Chamber was simulated by chamber pressure,· cold shroud 
temperature, lunar surface tempera,ture and solar radiation. 

A pressure or 5 X 1 o-6 Torr or less was maintained for the dura
tion of this test by the chamber pumping system. The cold sink of 
Elpace was simulated with a shroud cooled by liquid nitrogen and _having 
a thermal emissivity in excess of 0. 90. The lunar surface was simu
lated by' a structure fabricated from aluminum and also having a thermal 
emissivity over 0. 89. Low lunar surface temperature extremes were 
achieved by pumping LN2 through the surface, and high temperatures 

· wer-e achieved with an ar·ray of infrared lamps. Radiant solar energy was 
·also simulated with an array ofinfrared la·mps, and the level of energy 
absorbed. by the sunshield and Pallet 2/RTG was monitored and controlled 
by a radiometer calibrated to read absorbed energy. 



• 

• 
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5. 2 Mission Simulation Test Procedure 

PAGE 

While the Mission Simulation Test procedure was similar to 
that for the Acceptance Test, three major differen\~es in procedure 
existed. 

91 

1. For Mission Simulation, the Centra.! Station and Pallet 
2/RTG were subjected to an actuall:unar day-to-night cycle 
where the lunar surface temperature versus time profile 
was simulated with a total of nine step temperature 
changes from lunar morning to lunar night over a 28 day 
period. Solar heating of'the C/S sunshi~ld and Pallet 2/RTG 
was simulated. with infrared lamps. Solar heat input corres-

. p6nded.to actual lunar surface temperatures obtained during 
the various phases of the lunar day cycle. 

2. During Mission simulation lunar noon, the 7 and 14 watt 
PDM dumps were activated simultaneously for about 8. 5 
hours. 

3. During Mission Simulation lunar night, the 10 watt ra.diator 
. J 

plate heater was turned-O!J. for 24 hours and then turned-off. 
-while the 5 watt radiator heater was activated for 14. 5 hours . 

• 
5. 3 Design Limit Test Procedure 

At the conclusion of Mission Simulation lunar nig.ht, the lunar 
surface simulator average temperature was increased to 280° F, and 
two 12 watt heaters fastened to the radiator plate under the masks 
we.re activated. The C/S ~as then ailow.ed to reach equilibrium~ At 
this point a chamber window imploded, and the*test was terminated. 

5. 4 Measurement Locations 

5. 4. 1 Central Station 

The Central Station is instrumented with 3_1 thermocouples 
for DAS measurements and 35 thermistors for HK measurements. 
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Figure 5. J. shows the locations of 4 of the thermocouples and 5 of the 
thermistors on the sunshield and the dust detector. Figu.r:e 5. 2 shows 
.the h>cations of 13 of the thermocouples and 5 ot the thermistors on 
the radiator plate. and suppqrt posts. Figure 5. 3 shows locations of the .. 
remaining 14 thermocouples _and 4 of the thermistors on the primary 
structure, connectors and PDM resis.tor panel. Two of the thermistors 
are located on the inside and on the outside of the ·multilayer insulation 
bag~ The remaining 19 thermistors are located within t~e elec~roni'c 
components. 

5. 4. 2 Pallet 2/RTG 

Figures 5. 4 and 5. 5 specify locations of 21 DAS thermocouples 
on the Pallet 2 upper and bottom s.urfaces and on two RTG fins. 

5. 4. 3 Simulated Lunar Env1ronment 

The lunar _surface simulator was instrumented; w'ith 37 thermo
couples as shown in Figure 5. 6, while Figure 5. 7 depicts the dis-:'f:ribu
tion of 40 thermocouples over the chamber cqrowall. 

·~ 

-. 
. . 

• 

J 
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A Thermistor 

... 
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Thermal Plate 

Mask 

Primary Structure 

0 

cs 3 

cs 18 

Dust Detector 

HK 83 (Cell HI) 
HK 30 (Cell HZ) 
HK 56 (Cell H3) 

Figure 5. 1 Central Station Thermocouple and 
Thermistor Locations - Sunshield 
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Figure 5. 2 Central Station Thermocouple and Thermistor Locations - Radiator Plate· 
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Figure 5. 3 Central Station Thermocouple and Thermistor 
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Figure 5. 4 Pallet 2 Thermocouple Locations 
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Figure 5. 6 14' x 14' Lunar Surface Simulator Thermocouple Locations 
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6. 0 TEST MEASUREMENTS 

Twb types of data, Data Acquisition System (DAS} and Housekeeping 
· (HK}, were collected for the Acceptance, Mission Simulation, and Design 

Limit Tests. Data is ~resented in the three general forms listed below: 

I. Plots of DAS-measured temperature and power versus 
time his.tories. 

.. 
2. Tables of DAS steady-state measurements during lunar 

noon and lunar night. 

3: Tables of HK steady-state measurements during lunar 
noon and lunar night. 

Figures 6. 1 through 6. 44 show DAS temperattire 1neasurements versus 
time for the SUJ'!Shield, radiator plate, radiator support, primary str~cture, 
PDM resistor paqe1, Pallet 2 surfaces, RTG fins, lunar surface simulator; 
and T /V chamb.er cryowalls. In addition, reserve power, solar input, and 
EFCS power are includedo 

6. 1 ·:Acceptance Test Measurement.s 
:; 

Figures 6. 1 through 6. 21 show DAS temperature and power measure:
ments versus time f~r the Acceptance Test. Significant test ·events ate 

_labeledon each figure. Also, DAS and HK data at lunar !10on and pight 
equilib~ium conditions are presented in Tables 6. 1 to 6. 4 .. The listing below 
summarizes information contained in each figure and table applying to the 
Acceptance Test. Tables 6. 3 and 6. 4 also have data relating to the Mission 
Simulation and Design Limit Tests. 

Type 
Measurement 

DAS 

DAS 

DAS 

, 
Data 

Central Station Temperature 
Histories 

Cel!tral Station Power 
Histories 

Pallet 2/RTG Power History 

Figure(s} Table 

6. 1-6.9 

6.10-6.12 

6. 13 



"" Type 
Measurement 

DAS 

DA-S 

DAS 

HK 

DAS 

DAS & HK 
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Data 

Pallet 2/RTG Temperature 
Histories 

T /y Chamber Environment 
Histories 

C/S Steady-State at Noon 
and Night 

. C/S Steady State at Noon 
and Night 

Pa~le_t 2/RTG Steady-State 
at Noon and Night 

Reserve Power at Noon 
and Night 

• 
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Figure(s} Table 

6.14-6.19 

6. 20&6. 21 

6. 1 

6.2 

6.3 

6.4 
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Figure 6. 4 Radiator Temperatures 
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Figure 6. 12 C/ S Solar Input and Sun shield Temperatures 
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Figure 6. 14 RTG Fin Temperatures 
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Figure 6.. 15 RTG Fin Temperatures 
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Figure 6. 16 Pallet 2 Temperatures Under RTG 
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Figure 6. 17 Pallet 2 Top Surface Temperatures 
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Figure 6. ~8 Pallet 2 Bottom Surface Temperatures 
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Figure 6. 19 Pallet .2 Bottom Surface Temperatures 
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Figure 6. 20 Luna·r Simulator Temperatures 
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Figure 6. 21 Cryowall Temperatures 
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·, 

DAS 
Channel 

069 
070 
071 
086 
072. 
073 
074 
075 
076 . 
077 
078 
079 
080 
081 
082 
083 
084 
"085 
08.7 
088 
089 
090 
091 
.092 
093 
094 
095 
096 
097 
098 
099 ' 

DATE 29 January 

TABLE 6. 1 

DAS TEMPERATURE MEASUREMENTS ON CIS FOR QUAL SA T IV 
ACCEPTANCE TEST AT LUNAR NOON AND LUNAR NIGHT 

Temp. 
Thermocouple Lunar 
Identification Description Noon* 

CSOl ~unshield Top 27 
CS02 .. Sunshield Top 31 
CS03 Sunshield Top 34 
CS18 Dust Detector 

.. 
57 . CS04 Radiator over PCU 104 

CS05 Radiator over XMT RA .92 
CS06 ' Radiator over XMTRB 93 
CS07. Radiator over ASE :·87 
CS08 Radiator near Timer 

; 

93 
CS09 Radiator near PDU 98 
CS10 Radiator over PSE 89 
CSll Radiator over Command Receiver 97 
CS12 Radiator over Data Processor 86 
CS13 Radiator over Command Decoder ' 82 

JCSI4 Radiator near Support 179 
CS15 Structure near Support 87 
CS16 Structure IRa~iator across Support -92 

-
CS17 Structure behind Handle 169 
CS19 Ribbon Cable ~onriector 149 
CS20 Ribbon Cable Connector 154 . 
CS21 Structure Front . 165 
CS22 Structure Right Side 150 
CS23 ·Structure Back 183 
CS24 Structure Left Side 163 
CS25 Structure Bottom 187 
CS26 Power Cable Connector 159 
CS27 PDM Resistor Panel over R6 231 

· CS28 PDM Resistor R6 235 
CS29 PDM Resistor Panel over R3 227 
CS30 PDM Resistor Panel over R7 22'4 
CS31 PDM Resistor Panel over Rl 227 

-oF 
" 

Lunar 
Night** 

-225 
-225 
-227 
-213 

19 
5 
5 
0 

' 6 
12 

3 
ll· 

1 
:,; -2 
-123 

0 
120 

-150 
-159 
-156 
-151 
-151 
-113 
-129 
-141 
-142 

-33 
-30 
-36 
-37 
-37. 

*Lunar Noon measurements at 21:10 on 612168 (Elapsed time = 336 hours on plots) 

**Lunar Night measurements at 21:10 on 6/7168 (Elapsed time = 432 hours on plots) 

... 
' 
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DATE 29 January 

TABLE 6. 2 

HK TEMPERATURE MEASUREMENTS ON C/S FOR QUAL SA T/V 
ACCEPTANCE TEST AT LUNAR.'NOON AND LUNAR NIGHT 

Temp. -OF 

Lunar Lunar 
HK # Description Noon* .. Night** 

16 Command Receiver - Local Osc. Crystal A --- ---
17 Command Receiver - Local Os~. <;rystal B 90 12 
18 Transmitt.er A - Crystal ' --- . ---
19 Trans rnitte r A - Heat Sink; --- I ---' 
31 Transmitter B - Crystal 96 10 
32 Transtnitter B - Heat Sink . 95 8 
33 Analog Multiplex Converter - J3ase 88 2 

. . ' 

34 Analog Multiplex Conve_rter - Internal 101 15 
46 Digital Data Processor - Base 88 2 
47 Digital Data Processor - Internal 97 5 
48 Con1mand Decader - Base 84 0 

·' 
49 Command Decoder - Internal J 

!37 0 
61 C01nmand Demodulator - vco 93 4 
62 PDU -,Base -. 98 - 11 
63 . PDU - Internal 122 32 . . 
64 PCU Power Oscillator # 1 113 26 
76 Pc·u Power Oscillator #2 104 19 
77 PCU Regulator·# 1 154 75 
78 PCU Regulator .#2 110 25 

4 Radiator- Plate 100 12 
• 28 Radiator Plate 87 .. 2 

43 Radiator Plate • 89 2 
58 Radiator Plate 88 0 
71 Radiatpr Plate 95 7 
15 Primary Structure - Bottom --- -130 

'59 Primary Structure - Left Side 160 -152 
87 Primary Strl}cture - Right Side 174 -128 
88 PDM. Ref?i~tor Panel --- -30 
60 Thermal Bag - Inside 94 0 
72 Thermal Bag - Outside 162 -110 
27 Sunshield - Top 30 -214 
42 .Sunshield - Bottpm ' . 28 -216 

*Lunar-Noon measurements at 21:30 on 6/2/68 

'1 

**Lup.{lr N~ght me.asure:rpents at. 01:00 on· 6/7/68 

,. . 
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TABLE 6. 3 

DAS TEMPERATURE MEASUREMENTS ON PALLET 2/RTG FOR QUAL 
SA T/V ACCEPTANCE, MISSION SIMULATION, AND 

DESIGN LIMIT TE$TS 

. Mission 
Thermo. Acceptance Simulation Design 

!dent. Description Noon Night Noon Night. Limit · 

IPU 1 RTG -Fin 6 435 391 440 391 452 
' 2 .RTG Fin 6 449 404 447 397 '458 

3 RTG Fin 6 438 391 - 445 393 456 
-4 RTG Fin 1 417 381 433 393 442 
5 RTG Fin l 444 404 439 398. 448 
6 RTG Fin 1 435 ,)1 437 391 446 

PAL 1 .. ~Pallet 2 Top .'320 156 ·315 153 335 
2 Pallet 2 Top 302 154 295 149 312 
3 Pall<;-t 2 Top 314 152 309 150 329 
4· Pallet 2 ''TClp . 303 143 301 142 321 
5 Pallet 2 Tc;>P 300 . 168 300 :166 316 
6 Pallet 2 Top 217 33 223 33 244 
7 Pallet 2 Top 185 -28 191 -29 213 
8 Pallet 2 Top 195 -4 198 -5 219 
9 Pallet 2 Bottom 290 126 • 28.8 122 307 

10 Pallet 2 Bottom 295 113 292 110 313 
11 Pallet 2 Bottom 293 111 292 109 314 
12 Pallet 2 Bottom 291 128 . 291 126 310 
13 Pallet 2 Bottom 225 27 232 26 253 .. 

14 Pallet 2 Bottom 197 -30 203 -32 225 
15 Pallet 2 Bottom 206 -6 209 -8 231 

Measurements are for same times as CIS measurements. 
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DATE 29 January 1969 

TABLE 6. 4 

DAS AND HK RESERVE POWER MEASUREMENTS FOR QUAL 
SAT /V ACCEPTANCE, MISSION SIMULATION, AND 

DESIGN LIMIT TESTS 

.. ' 
Reserve Power Measurements 

r 
HK DAS 

VoHs Amps Watts 
Test Noon Night Noon Night Noon Nig~t 

. 
Acceptance 16 16 2.30 1. 60 .39. 0 27.0 

' 

Missio~ Simulation 16 16 1. 91 1. 56 35.0 23.0 
(No PDM Dumps or Heaters) · 

;;\. 

Mission Simulation J 16 -- .63 ---- ---- ----
(7 & 14 w. PDM Dumps) 

Mission Sim~lation -- 16 ---- . 81 ---- 14.0 
'(10 w. Heater On) " 

Mission Simulation -- 16 ---- 1. 13 --- _ .. 18.0 
(5 w. Heater On) 

Design Limit 16 -- . 8 1 ---- 13.0 ----
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6. 2 Mission Simulation Test Measurements, 

DATE 2 9 J a.nuary 1969 

• 

Figures 6. 22 th~ough 6. 44 show DAS temperature and po~er mea
surements ve'rsus time for-the T /V Mission Simulation Tes.t, except for 
Figure 6. 32 wh.ich contains HK reserve power data. Significant test events 
are labeled on each figure. Note that Design Limit Test dat<~ are also pre
sented in these figures. 

Mission Simulation DAS and HK measLirements are presented in 
Table.~ ·6. 3 to 6. 7 for the following lunar noon and nigl}t conchtions: (a) 
equilibrium, (b) 7 and 14 watt PDM dumps activated sin~ultaneously duriug 
lunar noon, and (c) 5 and lO.v~'att radiator plate heaters activated separate~y 
durin·g lunar night. The table below summarizes information contained in 
each figure and table perta~ning to the Mission Simulation Test. 

Type
Measurement 

DAS 

DAS 

HK 

DAS 

DAS 

DAS 

DAS 

DAS 

Data 

Central Station Temperature 
Histories 

Central Station Reserve Power 
History . 

l,'' 

Central Station Reserve Power 
History 

Central Statio'n :Power Histories 

Pallet 2/RTG Power Histories 

Pallet 2/RTG Temperature 
Histories 

T IV Chamber Environment 
Histories 

C/S Steady-State at Noon and 
Night 

Figu~e(s) Table 

6. 31 

6. 32 

6.33&6.34 

• '6. 35&6. 36 

6.37-6.42 

6. 43&6. 44 

6.5 



• 

Type 
Measurement' 

DAS 

HK 

DAS 

DAS & HK. 

• 

ALSEP Qu~l~A Thermal 
'Vacuum Chatp.berTe'st Re~oft 

Data 

C /S for Activated PDM Dumps 
and Radiator Heaters 

C/S Steady-State at Noon and 
Night 

Pallet 2 /RTG Steady -State at 
Noon and Night 

Reserve Power at Noon·and 
Night 

'AGI 114 OF 

Figure(s) Table 

6. 7 

6 4 



BENOD; JI(P\t!5f'1Kf •5T5!£1~S 0/~JSJOH 
f'fi.OCiM.!! RI.Sfl' Tt~T H!l. 55 HSt OATf 07/llt6B lU\0 'I'JI'!( 00'0001 

1Bl l)TL( QUik SA t!J$SJ0N SlJ'!ULAlJOH fiHD OISHiN l.lfi)J lH(AI'IRt. YJ1CUi.Jtl J(57 

--: -=:::-::-:--: ~C::"":C~-:-::::-:~""": ;=::=:..=M::: ---------.-,---:-::-:-:,-: -~-:' ,.-lf~-:.-:!:~~;:;~~v:----· --"1 

'0111! ;.~v~[ 

tiUIC• '"h!JI\f: 
1.1~1' 
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·Figure 6. 23 Radiator Temperatures 
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Figure 6. 24 Radiator Temperatures 
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Figure 6. 25 Radiator Temperatures 
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Figure 6. 27 Primary Structure Temperatures 
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Figure 6. 28 
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Figure 6. 29 PDM Resistor Panel Temperatures 

6[1110/X ll(R05PI1([ STSIOIS O!V!S!ON 
f>f\OGRAM JI~SEP lEST HC. SS TEST DI:Uf 07113166 l[AO TIM( 000001 

lEST flhE tlUHt SA 11/SSJCN S!I'IULR1l01¥ AHO OES!Ch LlHlT fi1(RMFK VACUUI'I HSI 

-··------;;-;.-;u;;~,;-;~-;;u; .. -, --, 
• If C~U UllMI' ~BUT!Ifl M 

STAAT (;!>.>(<( 

{It~~~· '~1-'-"'! 
d~il 

Figure 6. 30 Structure and PDM Panel Temperatures 
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Figure 6. 32 Reserve Power 
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Figure 6. 33 Voltage Supply and Reserve Power 
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Figu:z:e 6. 35 Pallet 2 Solar Input and· Temperatures 
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Figure 6. 37 _ RTG Fin Temperatures 
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Figure 6. 40 

Figur~ 6. 41 
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Figure 6. 42 
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Pallet 2 Top Surface Te~peratures 

Pallet 2 Bottom Surface Temperatures 

Pallet 2. ,Bottom Surface Temperatures 
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Figure 6. 43 Lunar Simulator Temperatures 

• 
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Figure 6. 44 C:ryowall Temperatures 

ATM-824 
122 of 181 

J 



~ 

... 
I 

DAS 
Channel 

069 
070 
071 
086 
072 

.073 
074. 
075 
076 
077 
078 
079 
080 
081 
082 
083 
084 
o1f5 
087 

' 
088 
08.9 
090 
091 
092 
093 
094 
095 
096 
097 
098 
099 

Vacuum Chambet Test Report .PAGE 
123 
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TABLE 6. 5 . . ' 
DAS TEMPERATURE MEASUREMENTS ON C/S FOR QUAL SA T/V 
MISSION SJMULATION TEST AT LUNAR NOON AND:LUNAR NIGHT . . 

T~mp. -OF 

Thermocouple Lunar Lunar 
Identification Description Noon>!< Night>!"~ 

CSOl Sunshield Top 37 ·-233 
CS02 Sunshield Top 41 .. -232 
CS03 Sunshie1d Top 40 -234 
CS18 Dust Detector 61 -224 
CS04. Radiator over PCD 104 17 
CS05 Radiator over XMTRA 90 2 
CS06 Radiator ovei· XMTRB 91 ·2 
CS07 Radiator over·ASE 85 -3 

· CS08 Radiator near Timer 92 3 
CS09 Radiator near PDU ' 97 .9 ; 

CSlO Radiator near PSE 87 - 0 
CSll Radiator over Corn1nand Receiver 96 9 
CS12 Radiator over Data Processor 85 -2 
CS13 Radiator over Comn1and Decoder 

.. 
80 -5 

·csl4 Radiator nl'?. r Su_pport _85 -3 
CS15 Structure nedr Support 164 -12 3 
CS16 Stru.cture /Radiator across Suppqrt -78 115_. 
CS17 Structure behind Handle - 162 ..:154 
CS19' Ribbon .Cable Connector 140 -167 
CS20 Ribbon Cable Connector 150 -160 
CS21 Structure Front 159 -155 
CS22 Structure Right Side 144 -156 
CS~3 St:!f-1cture. Back 168 -118 
CS24 Structure Left Side 158 -134 .. 
CS25 Structure Bottom. 180 -146 
CS26 Power Cable ConneCtor 1'53 -146 
CS27 PDM Resistor Panel over R6 .. 200 -34 
CS28 PDM Resistor R6 203 . ._ 31 

CS29 PDM Resistor I?anel over R3 --- ----
CS30 PDM Resistor Panel over R 7 195 -38 . . 
CS31 PDM Resistor Panel over Rl 198 -36 

. 

*Lunar Noon measurements at 06:00 on 7 I 19/68 (Elapsed time = 146 hours on plots) 

**Lunar Night measurements at 00;00 on 8/7/68 (Elapsed time = 600 hours on plots} 
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,.,. , TABLE 6. 6 

• 
DAS TEMPERATURE MEASUREMENTS ON cjs FOR QUAL SA 

T/V M~SSION SIMULATiON T~ST WITH ACTIVATED . 
.. PDM DUMPS AND RADIATOR PLATE HEATERS 

~ 

' Ten1perature 

DAS. · Thermo. 21 w. PDM 10 w. 
Channel I dent. Description Dump':' Heater>:<>:< 

069 
070 
071 
086 
072 
073 
07.4 
075 
076 
077 
078 
079 
QSO 
081 
082 
.083 
.084 

085. 

087 
088 
089 
090 
091 
092 
093 
094 
095 
096 
097 
098 
099 

CS01 Sunshield Top 39 -233' 
CS02 Sunshield Top 42 -232 
CS03 Sunshield Top 41 -234 
CS18 Dust Dete<.::tor 52 -224 
CS04 Radiator over PCU 94 " 35 
csos Radiator over XMTRA 83 23 

· CS06 . Radiator over XMTRB 83 23 
CS07 Radiator over ASE 78 19 
CS08 Radiator near Timer - 84 24 
CS09 Radiator near PDU 89 30 
CSIO Radiator near PSE 80 23 
CSll Radiator over Comn1and Rcvr. 87 28 
CS12 Radiator over Data Processor 77 19 . 
CS13 Radiator over Command Dcdr. 73 - 17 
CS14 Radiator near Support 78 19 
CS15 Stp1c~urc. near Support 175 -155 
CS16 Structure/Radiator_ au·os ~ -95 167 

·, Support 
·.· 

CSI7 Structure behind Handle lt:3 -166 
CS19 Ribpon Cable Connector 140 -174 
CS20 Ribbon Cable Connector 150 -170 
CS21 Structure Front • 159 -166 
CS22 Structure Right Side 146 -172 
CS23 Structure Rear 180 -150 
CS24 Structure Left Side 159 -144 
CS25 Structure Bottom 183 -161 
CS26 Power Cable Connector 154 -154 
CS27 PDM Resistor Panel over R6 222 -115 
CS28 PDM Resistor R6 224 -112 
CS29 PDM Resistor Panel over R3 --- ----
CS30 PDM Resistor Panel over R7 226 -116 
CS31 PDM Resistor Panel over R1 228 -116 

*7 and 14 W. PDM dumps activated -data at 12:00 on 7/20/68 

•:<>!<10 Watt radiator plate heater on- data at.OO:OO on 8/3/68 

**>!<5 Watt radiator plate heater on - data at 15:00 on 8/3/68 

. ' 

- "F 
5· w. 

' Heater>:<>!<>:< 
' ' 

-233 
-232 .·· 

-234 
-224 

I. 

29 
16 
16 
10 
16 

• 

22 
14 
22 

~ 

12 
8 

11 
-136' 

- 140 

-159 
-17 0 
-164 
-159 
-162 
-131 • 
-138 
-152 
-149 

-60 
-58 

----. 
-64 
-63 
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TABLE 6. 7 

· HK TEMPERATURE MEASUREMENt'S ON C/S FOR QUAL SA 
. · T /V MISSIO~ SIMULATION TEST 

Temperature - °F 
Luna·r .Lunar 21 w. PDM 10 w. 5 w. 

HK# Noon ( 1) Night (2) Dump {3) Heater (4) Heater (5} 

.. . 
32 93 3 86 26 18 

48 <. 81 -4 75 16 •7 

77 159 ' 72 134 85 83 
' 

78 110 21 99 39 33 

4 98 9 89 28 22 

' 
28 84 .:3 77 19 11 

15' 191' -141 .... 19' ·. -155 -146 
-

59 148 -158 ' 152 -171 -163 
' . . 

27 40 -230 40 -230 -230 

• 
Notes: 

(1) Lunar Noon measurements at 06:00 on 7/19/68 
(2} Lunar Night measurements at 00:00 on 8/7/68 
(3) 7 and 14 Watt PDM dumps activated- data q.t 12:00 on 7/20/68 
(4) 10 watt radiator plate heater on-data at 00:00 on 8/3/6S 
{5) 5 watt radiator plate heater on- data at 15:00 on 8/3/68 

HK numbers correspond to same C/S components as .for Ac~eptance Test •. 

. ·,· 
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• 
6. 3 - Design Limit Test Measurements 

Temperature and power 'measurements versus time for the Design 
Limit Test are contained on the Mission 5imulahon plots. DAS and HK 
data are listed in Tables 6. 8 _and 6. ~ fo• the tesf condition of.maximum 
radiator temperatures. The following table summarizes information 
presented in each figure and table applying to the Design Limit Test. 

Type 
Measurement 

DAS & HK 

DAS 

HK 

DAS 

DAS &. HK 

Data Figures 

Same type· as for Mission Simula- 6. 22-6.44 
tion Test 

cjs $teady-State at Max. Rad. Temp. 6. 8 

_C/S Steady-State at Max. Rad~ Temp 6. 9 

Pallet 2/ RTG Steady-State at Max. 
Rad. ·Temp. 6. 3 

.Reserve Power at Noon and Night·-· 6. 4 

• 



,. 
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j . OATE 29 

TABLE 6. 8 .. 
' 

DAS TEMPERATl_:rRE MEASUREMENTS ON C/S FbR QUAL SA T/V-
DESIGN LIMIT TEST AT MAXIMUM RADIATOR. TEMPERATURE 

Thermocouple 

• 

Channel Identification Description " Temp. oF,;' -

0.69 CSOl Sunshi.eld Top 65 
070 . CS02 Sunshiel? Top 70 
071 CS03 Sunshield Top 67 
086 CSIS Dust Detector S2 
072 CS04 Radiator over PCU 146 
073 csos Radiator over XMTRA 143 
074 CS06 Rac}jator over XMTRB 145 
075 CS07 Radiator over AS.E 135 
076 CS08 Radiator near Timer . 137 
077 CS09. Radiator ricar PDU 143 

' 

078 CSJO Radiator near PSE 137 
079 CSJI Radiator over Command Receiver 139 
080 CS12 Radiator over Data Proc.essor 131 
081 CS13 Radiator over Con1mand Decoder 126 
082 CS14 Radiator. near Support 137 
083 CS15 Structure near Support. 195 
084 CS16 Structure/Eadiator across Support. -55 
085 CS17 Structure bchi1Hl Handle '··· 193 . . 
087 CS19 Ribbon Cable Connector 163 . 
OS8 CS20 Rib~on Cable Connector ' 178 
089 CS21 Structure Front ISS .. 
090 CS22 Str.ut:ture Right Side 172 
091 CS23 Structure Rear 200 
-092. CS24 Structure Left Side 1S7 
093 CS25 Structure Bottom 215 
09.4 CS26 Power Cable Connector 183 
095 CS27 PDM Resistor Panel over R6 223 
096 CSZ8 PDM Resistor R6 225 . -
097 CS29 PDM Resistor Panel over R3 227 
098 CS30 PDM Resistor Panel over R7 224 
099 CS31 PDM Resistor Panel over Rl 226 . 

~:'Measurements at 17:40 on S/8/GS 

• 
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TABLE 6. 9 

HK TEMPERATURE MEASUHEMENTS ON C/S F6R QUAL SA T/V 
DESIGN LIMIT TEST AT MAXIMUM RADIATOR TEMPERATURE 

HK# Description Temp. - '-'F';;, 

32 Trans1nitter B Heat Sink 14(, 

48 ,. Command Decoder - Base iZK 

77 PCU Regulator !II 1 SJ o 

78 ' PCU RC;gulator i: 2 150 
• 

4 Radiator Plate J--1(, 

' 
' 

28 Radiator :Plate 131 

15 Pri1nary Structure. - Bottom 230 

59 Primary Structure - Left Side . ' 180 

27 Sunshield - Top 70 
1,·• 

- ' 
o::Measurements at 17:30 on 8/8/(;8 
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7. 0 DISCUSSION 

ALSEP Qual SA Thermal 
Vacuum Chamber Test Report 

7. 1 Analytical and Test Results 

PAGE 129 

DATE 

.,. 
I 

Table 7. 1 compares predicted and test temperatures for the Acceptance 
Test, while Table 7. 2 com pares temperature predictions for the T /V 
chamber and actual lunar environments. Temp.eratures are presented as 
a function of thermal model node number. Similarly, Tables 7. 3 and 7. 4· 
present Mission Simulation results, and Table 7. 5 compares predicted and 
T /V test temperatures for the Design Limit Test. In ap cases, except 
for the sunshielc;l, 'correlation was excellent as differences between test 
and predicted figures were general1y less than l oo F._ Correlation of 
average radiator plate temperature was± 3 F. The relatively large dis
crepancy between predicted and test temperatures for the sunshield at 
lunar night was r:liscussed in Section 2. 3. 

Results in Tables. 7. 1 7. 5 are bas.ed on the following values of reserve 
power, PDM resistor panel durnps, and. electronic:s thermal dissipa,tion. 

I 'r~::¥~:~:.:+E1!~;~~T~ee;~:·~im,J I 
f 

Heat Source 

j R_yserve Power 

-

Electronics Thermal 
Dissipation 

Thermal Dissipation 
from Radiator 
Heaters 

F>ct] Load Dumps on 
PDM Panel 

Reserve Power Dump on 
PDM Panel 

Total Thermal Dissipation 
on Radiator 

Total Thermal Dissipation 
at PDM Panel 

l I \ I 
!36.8 26.5 i 30.5 25.0 13.0 
' l 

l 
I 

37. 8 I 37.4 i j3 7. 6' 37.6 35. 8 

j 

J .. 

0 0 0 0 24.0 

0 0 0 0 14.0 

I 

20.5 J - 9.5 13.2 9.0 1.8 

I 
l 37. 6 37.6 37.8 37.4 59.8 

I l 
l 

20.5 l 9.5 13. 2 9. 0 I 15.8 
~-···---···· 
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Node No. 
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98 

99 

100 

101 

102 
' 

103 -
104 

105 

106 • 
l 07 

108 

109 

110 , 

111 
• 

112 

113 
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TABLE 7.1 

' COMPARISON OF CENTRAL STATION PREDICTED 
AND T /V TEST TEMPERATURES FOR QUAL SA 

ACCEPTANCE CONFIGURATION 

PAGE 

DATE 

·, 
Temperatures~ "F 

Lunar Noon Lunar Night 
Node Description Pred. Test( l) Pred. Test(l) 

Space (Cryowall Curt,ain) -202 -202 -258 -258 

Space { Cryowall Door) -210 -210 -239 ~239 

Lunar Surface Simulator 241(2) 250 -300 -300 
' 

r 

Space ( Cryowall Arcn) -263 -263 -289 - -289 
I 

Radiator Plate for Radiosity .• 

Network 87 6 •. ,•, . 
Radiator Insulation Mask 72 -9 

Side Curtain Internal Surface 82 -256 

Side Curtain Internal Surface 82 -262 
:_<\ 

Sunshi_y1d Overhang, Bottom 
Surface 40 -272 

Specular Reflector 
r 

93 .. ..:183 . 

Radiator Plate for Radiosity * 

. N~twork •84 . 2 

Radiator Insulation Mask 68 -14 . 
Side Curtain Internal purface 84 -262 

j 83 -256 

79 -255 

Sunshield Overhang, Bottom -
Surface 40 -272 

Specular Reflector 92 -171 
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TABLE 7. 1 (CONT) 

Thermal • Temperature~ - PF 
Analyzer Lunar Noon . Lunar Night 

Node No. Node Description Fred. Test(1) Pre d. Test( 1) 

114 Radiator Under Insulation .. . 
Mask 94 11 . 

115 Radiator Under Insulation 
Mask 87 5 

ll6. Radiator Plate 96 13 

117 .. 94 98 ll . 12 

118 93 89 ll 3 

119 I . 94 11 

120 
I. 89 . 82 6 -2 ,., 

. 
121 . 88 86 6 .. 1 

122 88 97 6 ll 

123 I 91 104 9 19 
I 

124 .i' 86 '93 4 6 
i 
I 
I 

125 I 85 86 3 1 
! 

·J26 
. ' ' '86 . 82 .3 -2 .. . 

. 
127 . ,87 87' 4 0 

' i 128 . 87 92 6 5 . ! 

129 ' 39 9 3. 5 6 

• 
130 P.c.u. 144 154(3) 62 75( 3) 

131 P. D. U. 114 122( 3) 24 32(3) 

132 Analog Multiplex Converter 105 101 ( 3) 22 15(3) 

-
133 Passive Seismometer Ill 28 

134 Command Decoder 93 93(3) 7 4(3) . 
135 Data Processor 98 97{3) 6 5(3) 
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DATE 29 Jan 1969 

TABLE 7. 1 (CONT) 

• 
Thermal . Temperatures- °F 
Analyzer - Lunar Noon Lun,ar Night . 
Node No. Node Description Pred. Test( 1) ·, Pred. Test( 1) 

136 . Command Receiver 90 90( 3) 12 J 2( 3) 

137 Transmitter A 87 6 

138 Transmitter B 93 95( 3) 10 'l 0( 3) 

139 Timer 88 4 

. 1 'tO Diplexer Filter 87 4 
' . 

141 Diplexer Switch 88 4 

143 Primary Structu~e Front 161 165 -141 - 151 

144 Primary Structure Right Side 145 15 0 • -146 -151 I 

145 Primary Structure Rear : ' 183 ' 183 - l 06 -113 
-146 Primary Structure Left Side 157 ' 163 -121 -129 

147 Prin1ary Structure Bottom 182 187 -134 -141 ., 
148 Thermal Bag Internal Surface 94 >4 I > -
149 Thermal Bag External Surface 155 -93 .. 
150 Sid.e Curtain Internaj Surface 84 -263 

. 15 l S:ide Curtain Internal Surface 83 -257 .. · 

152 · Side Curtain External Surface 84 -263 

153 Side Curtain External.Surface 83 -257 

154. ' Sunshield Insulation 45 • -271 

155 Sunshield Bottom Surface 40 -272 • 
156 Sunshield Top Su:r:.face 39 31 -272 -226 

160 PDM Resistor Panel 209 -91 
Insulation 



..,. , 
'· 

. Thermal 
Analyzer 
Node No. 

161 

l62 

163 

• 
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TABLE 7. l (CONT) 

PAGE 133 

DATE 29 Jan 1969 

Ten1pe_ratures,- 'F 

- Lunar Noon Lunar Night 
Node Description Pred. Test( 1) Pred. Test(.,l) 

PDM Resistor Panel 228 227 -44 -36 

Environment for Cable 
Heat Leak 221 -300' 

RTG 480 450 440 400 

Notes: ( 1) Test values are from Data Acquisition Sy stern.( DAS) n1easurc
ments unless otherwise .noted. 

(2) This valu·e is corrected for "non-black" properties of test 
lunar surface with the method in Section 4 .. 11. 

(3) "Hot'' or internal electronics Housekeeping 0-J.K) data. 

• 

- .. 
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Thermal 
Analyzer 
Node No. 

50 

51 

52 

. 53 

54 

55 

56 

57 

58 

. 59 ... 

60 
' 

61 

62 

63 

64 

65 

66 

67 

68 

69 

. 
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TABLE 7. 2 

COMP.fiRISON OF PREDICTED TEMPERATURES 
FOR QUAL SA CENTRAL STATION IN T/V 

ACCEPTANCE TEST AND REAL 
LUNAR ENVIRONMENTS 

DATE. 

Temperatures- oF 
Lunar Noon Lunar· Night 

Node Description Charnber Moon Chamber Moon 

Real Moon Subsurface Model NA -25 NA -25 

r 
I . 

-22 -28 

-4 -46 
i 

22 -72 I 
I 

54 t -104 : 
-

84 - 134" 

114 -164 ., 
144 -194 

i - 174 -224 I 
i 
! 204' -'254. 
' . . i 234 -284 
i 

f 
I 164 -178 

l -23 -27 . 
J • - l -49 
I 27 -77 . 

60 -109" 
.. 

90 -138 

j 
116 -162 

138 I· -180 

• 155 
.. f 

-191 ' 

' 



Thermal 
Analyzer 
Node No. 

70 

71 

97 ,. 

98 

99 
' 100 
I 

101 

J 02 

] 03 

l 04 

J 
105 

. 

.. 106 
' 

107 

lOH 

109 

1 l 0 

111 

ll2 

113 

114 

ALSEP ~Qual SA Thermal 

Vacuum Chamber Test Repprt 

TABLE 7 .. 2 (CONT) 

PAGE 

DATE 

"' , 

135 Of 

.. ' 

29 Jan 1969 

Temperatures - '"F 

Lunar Noon Lunar Night 

Node Description Cha~ber Moon Chamber Mo.on 

Real Moon Subsurface Model NA 164 NA -194 

Real Moon Subsurface Model NA 167 NA -188 

Space ( Cr·yowall Curtain) -202 NA - 251:) NA 

Space (Cryowall Door) -210 NA -239 NA 
" 

Lunar Surface 241 250 -300 -300 

Spact;; or Cryowall Arch -263 -459 -289 -459 

. Radiator Plate for Radiosity 
Network 88 122 6 2 

' 

n.adiator Insulation Ma'sk 72 106 -9 -12 

Side CurLain Jnicrnal Surface 82 133 -256 -272 

Side Curtain JnLcrnaj Surface 82 133 - 2()2 -279 
' 

Sun.shield 0\T r hang, BoUorn 

I Stufac c ·1 0 -11 i '2.72 -278 

I 
I l 

Spec u] Cil'. Fe fl eel or () .·~ 137 ! ~~ l s 3··· i ' I' ~ J 

l I RacLiator Plate for Hadiosity, I ' 

I Nctwo1·1<: H.'J l J C) l ') - l 
i I. ~ I • I 

Radiator Insulation ]Vlask 
. 

l Cb qq l --14 
I 

-l 7 ' / l 
Side Curtain Internal Surface I (I.) ~t l ., ') I 

--2C2 -279 -' .~} 

I 

I k-r) 132 -256 -271 

79 129 ! -25S -271 

SunslJicld 0\.,.crhang, Bot torn 
Surface 40 41 ?~') 

- /..- ( L., -27 8 

Specular Reflector 92 l 3 s - J 7l -176 

Radiator Under Insulation l:_ JZB l 1 8 
Mask 

-~----L. 



Thermal 
Analyzer 
Node No. 

115 

116 

117 

118 
' 119 

120 

1 21 . 
122 

123 

124 

125 .J 

126 

-. 127 

128 

129 

130 

131 

132 

133 

134 

135 

136 
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TABLE 7. 2 (CONT) 

136 
PAGE OF 

DATE 29 

Ternperatures - o :F 
Lunar Noon Lunar Night 

Node Description Chamber Moon Charnber Moon •: 

··:t· 

Radiator Under Insulation .. •• 
Mask 87 122 :) l 

·····~ Radiator Plate 96 13.1 13 1 0 
··~ ,. 

94 128 l l 8 •• 

93 121-l l l I 8 
I t, 

' 94 128 11 7 . 
I 89 123 6 3 .·~ 

88 •. 123; () 3 a , 

' 88 123 6 3 c 

91 125 f.) s . ; 

86 120 4 0 
: 

:·' ·.J 

85 120 3 n s 
t~G 120 3 0 

·····~ i '. 
- I 87 121 4 1 i 

l 87 122 6 3 
' 

1 89 . 12 3 ') J 
. ' '" 

P.C.U. 144 17 8 62 59 

P.D.U. 114 147 24 17 

Analog Muitiplex Converter 105 139 22 19 

Passive Seismometer 111 146 28 25 -
Command Decoder 93 127 7 3 

Data Processor 98 132 6 3 

Command Receiver 90 124 12 8 
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TABLE 7. 2 ('CO,NT) 

PAGE· l31 

DATE 29 

Temperatures - oF Ther:q1al 
Analyzer 
Node No. 

Lunar Noon Lunar Night 
Node., Description Chamber Moon Chamber 

137 

138 

139 

140 

141 

143 

144 

145 
. ' 

1'46 

147 

14.p 

149 

150 

151 

152 

153 

154 

155 

156 

160 

161 

162 

163 

Transmitter A 

Transmitter B 

Timer 

Dip1exer Filter 

Dipl~xer, Switch 

Primary Structure Front 

Primary Structure Hight Sid.e 

Prima·ry Structure Eear 

' Primary Structure Left Side 

Primary Structure Bottom 

Thermal Bag Internal Surface 

87 

93 

88 

87 

88 

161 

145 

183 

157 

i82 

94 

Thermal Bag-'External S_urface 155 

Side Curtain Internal Surface 
·* 

Side Curtain Internal Surface 

Side Curtain External Surface 

Side Curtain External Surface 

Sunshield Insulation 

Stmshield Bottom Surface 

Sunshield Top Surface 

84 

83 

84 

83 

45 

40 

39 

PDM Resistor Panel Insulation 209 

PDM Resistor Panel 

Env~ronment for Cable Heat 
Leak 

RTG 

228 

221 

480 

NA - Not Applicable 

] 22 

128 

122 

1 21 

122 

164 

14B 

179 

152 

163 

126 

153 

134 

133 

135 

134 

52 

40 

39 

209-

232 

227 

480 

1 0 

4 

4 

4 

-141 

-106 

-121 

-134 

4 

-93 

-263 

-257 

-263 

-257 

-271 

-272 

-272 

-91 

-33 

-300 

440 

3 

7 

-1B3 

-146 

- 115 

-277 

-27 8 

-27 8 

-133 

-68 
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TABLE 7. 3 

PAGE 138 OF 

DATE 29 

COMPARISON. OF CENTRAL STATION PH.EDICTED AND 

Thermal 
Analyzer 
Node No. 

97 

98 

99 

100 

101 

102 

103 

104 

I 05 

106 

l 07 

lOS 

109 

110 

Ill 

·112 

113 

114 

. -T /V TEST TEMPERATURES FOR QUAL SA 
MISSION SIMULATI,PN CONFIGURATION 

Ten1peratures - oF 

Node. Descripfiori 

Space ( Cryowall Curtain) 

Space (Cryowall Door) 

Lunar Surface Sinwlator 

Space ( Cryowal:t Arch) 

Hadiator Plate for Racliosity 
Netvv;ork 

Hadiator Insu.Jation Mask 

Side Curtain Internal Surface 

Side' Curtain Internal Surface 

Sunshield Ovcrbang, Bottorn 
Surface -. 
Specqlar Hcfledor 

Radiator Plate for Eadiosity 
Network 

Eadiator Insulation Mask 

Side Curtain Inter,nal Surface 

Side Curtain Internal Surface 

Side Curtain Internal Surface 

Sunshicld Overhang, Bottom 
Sur face 

. SJ?ccular Reflector · 

·H.adiator tinder Insulation 
Mask 

Lunar 
Pred. 

-255 

-297 

241( 2) 

-219 

90 

75 

84 

8.4 

95 

87 

71 

86 

85 

81 

43 

94 

9(, 

Noon Lunar Night 
Testtl) Pred. Test( l) 

-255 -255 -289 

-297 -295 

2 ~)u: -300 -300 

• -219 -283 -283 

5 

-9 

-254 

-260 

-272 

-182 

2 

-14 

-260 

-254 

-253 

-272 

-171 

l l 



• 
'• 

Thermal 
Analyzer 
Node No.· 

115 

116 

117 

118 

119 

120 

121 

122 -

123 

124 

125 

126 

127 
-

128 

129 

130 

131 
j 

132 

133 

134 

135 . 
136 
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TABLE 7. 3 (CONT) 
I 

PAGI 

DATE 29 Jan 1969 

. !Temperatures ~ oF . Lunar Noon Lunar Night 

Node Description Pred. Test( 1) Pred. Test(l) 

Radiator Under Insulation 
Mask 90 4 

Radiator Plate 99 13 

96 97 1 l 9 

9.6 87 ll 0 
~ . 

96 ll 

91 80 6 -5 

91 85 . 6 -2 

' ; 
91 96 6 9 -

l 
93 104 9 17 

88 92 3 3 
! 

.., 
i 88 85 3 J -2 

-! 88 80 3 -5 
. * 

- 89 85 4 -3 

i 
i 89 90 6. 2 
' 

.. 
' 

• ·91 92 4 3 

P.C.U. 148 160( 3) 62 77(3) 

P. D. U. 116 • 21 

Analog Multiplex Converter 107 22 . 
Passive Seismometer 114 28 .. 
Command Decoder 95 7 

Data Processor 100 6 . 
Command Receiver 92 ll 



"" I 

. 
Thermal 

·Analyzer 
Node No . 

.. 
137 

138 

139 

140 

141 

143·-

144 

145 

146 

1:!7 

148 

149 

150 
'·' 

151 

' 152 

153 

154 

155 

156 

160 

161 

162 

163 

ALSEP Qual SA Thermal 
Vacuum Chamber Test R."eport 

140 

OATE 29 Jan 1969 

TABLE 7. 3 (CONT) 
• 

Ten1peratures· ~ ~F ' 
Lunar Noon l..~unar Night 

Node Description Pred. Test( l) Pred,. Test( 1) 

Transmitter A 

Transmitter B 

Timer 

Dip1exer Filter 

Diplexer E?witch 

90 

95 

90 

H9 

90 

Primary Structure Front 160 

Prim.ary Structure Right Side· 14?> 
-

Prir:nary Structure l\ear 172 

Pri1nary Structure -Left Side 154 

Prirnary Structure Bottorn 179 

Therrnal Bag Internal Surface 96 

Therrnal Bag External Surface 153 

Side Curtain Internal Surfac c H6 

Side Cu,rtain I:r_1ternal Surface 

Side Curtain External Surface 

Side Curtain External Surface 

Sunsliield Jnsulatio~ 

Sunshield Bottmn Surface 

Sun!Shicld Top Surface 

85 

86 

85 

48 

43 

42 

PDM Resistor Panel Insulation 1 87 

PDM Resistor Panel 

Environment for Cable·Heat 
Leak 

RTG 

199 

221 

480 

9 3(3) 

.6 

10 

4 

4 

4 

159 -14() 

144 ' - l 53 

lCE -1.16 

l5H -126 

lHO -140 

40 

198 

450 

4 

-97 

~ 261 

-261 

-255 

c:27l 

-272 

-272 

-104 

-51 

-300 

440 

8(3) 

. 
J r· c-

- :):J 

-15L 

- 1 J 8 
: ' 

-134 

-146 

.. 

- '233 

-36 

400 

Notes: ( l) Test values are from DAS measurements unless otherwise noted. 
(2) Corrected for. ''non-black" properties of test lunar surface. 
(3) 11Hot" or internal electronics Housekeepi:O:g (HK) data. 
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57 

58 
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63 

64 

65 

66 

(,7 

68 

69 
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(TABI,E7.4 • 

PAGE 

DATE 

C0\1PARISO~ OF PREDICTED TL\lPr: /1Ti.: :.LS' Cil\ Qt'AL SA 
CE::';TRAL S'f.i\]' 

l I 6 

1 :) 

141 ... 

29 Jan 1969 

-49 

.. ll{! 

-162 

-180 



Thermal 
Analyzer 
Node No. 

70 

71 

97 

98 

99 

100 

1 Ol 

102 

103 

104 

105 

106 

107 ' ' 

108 

109 

110 

111 

112 

113 

Al.SEP Qual SA Thermal 
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TABLE 7. 4 (CONT) 
,.,. 
' 

PAGI 142 OF 

DATE 

• 
c, 

TeD).peratures :-- OF 
Luna'r Noon Lunar Night 

N-ode Description Chamber Moon Cha1nber Moon 

" 
Real Mo.on Subsurfac~ Mode] NA· 162 I\' A -195 

Real Moon Subsurface l'v1odc1 I\' A 164 !\A - 189 

Space (Cryowall'Curtain) -255 I\ A -289 NA 

Space ( Cryo\vall Door) -297 NA -29 :) NA 

Lunar Si1nulator or Real 

Moon 2-tl 250 -300 :_300 

Space or Cryowall Arch -219 l_45l) -283 -4:59 

Radiator J:.llate fob Hadiosity 

Network 
' 90 122 5 2 

Radiator Insulation Mask 75 l 0() -9 ,..12 

Side Curtain Internal Surface 84 133 -254 ~272 

Side Curtain Internal Surfac~ 84 l 33 -260 -280 

Sunshield Overl1ang, Bottom 

Surfa~:e .43 40 ·. :-272 -278 
'. -~ . .. . 

Specular Reflector a-
/J 137 - 182· :-189 

' 
Radiator Plate for Hadiosity 

Network . 87 ] l 8 2 -2 
> 

Radiator Insulation Mask 71 99 -·14 -17 

Side Curtain Internal Surface 86 ] 33 -260 -279 

Side Curtain Internal Surface 85 132 -254 -271 

Side Curtain Internal Surface 81 129 -253 -271 

Sunshield Overhang, Bottom 

Surface 43 40 -272 -278 . 
Specular Reflector 94 135 -171 -176 

-

• 



Tbcnnal 
Analyzer 
Node No. 

1 l-~ 

115 

l 17 

l 1 H 

l J 9 

120 

1.22 

123 

124 

!25 

126 

127 

lZB 

129 

130 

1 31 

132 

1 33 

134 

l 35 

J\ iCC Ti 

'} 1 

P. C.\.. 

P. D. U. '! l (, 

Lonvcrl.er l 07 

Pa ;,; s h· c S e i s n 1 o 111 e t c r i i"' 

Cornrnand Dcc:oder 9 

Data Processor 100 

L l 

22 

2h 

l ?7 7 

! 3 1 6 

. l 

l 

I' ,I 

') 

.s 
') ,j 
[..''1 

3 
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Analyzer 
Node No. 

136 

137 

138 

139 

140 

141 

143 

144 

145 

146 

.,147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

160 

161 

162 

163 

ALSEP Qual SA Thermal 
Vacuum. Chamber Test Report 

TABLE 7. 4 (G:ONT) 

PAGE 144 OF 

DATE 29 Jan 1969 

Ternperatures - °F 
Lunar Noon Luna1· Night. 

Nude Description Chamber Moon Chan1.ber :t\1oon 

Cornmand Receiver 

Transmitter A 

Transrnittcr B 

Tirner 

Diple:x;er Filter 

Diph'xc r Switch 

Pdn1ary Structur.c Front 

Primary Sirud.urc H.ighi Side 

Primary Structure Hear 

Primary Structure .Left Side 

Prin1ary Structure Bottorn 
J 

92 

90 

95 

90 

89 

90 

160 

143 

J 72 

154 

179 

Thern.a1 Bag InternaLSurfacc 9(J 

Side Curtain lntennl Surface 06 

Side Curtain Internal Surface i:l5 

Side Curtain External Surface 8(J 

Side Curtain External Surface 85 

'Sunshicld Insulation 48 

Sunshield Boiton1. Surface 43 

Sunshield Top Surface 42 

PDM Resistor Panel Insulatio1 187 

PD:t\if Res is tor Panel 199 

Environment for Cable Heat 
Leak 221 

RTG 480 

124 

121 

'127 

122 

121 

122 

168 

lSCJ 

12() 

)50 

I .3 3 

133 

l 35 

134 

52 

40 

39 

1 87 

203 

227 

480 

l 1 

6 

10 

4 

4 

4 

~l4C 

-1S3 

-116 

.:126 

- 140 

4 

.. -97 

-25S 

-255 

-271 

-272 

-272 

-104 

-51 

-300 

440 

2 

0 

0 

-179 

-149 

-179 

-179 ' 

0 

_ llfJ .

1 
-280 

.-~73 II' 

-280 

-273 

-277 l 

-27 8 

-27 p, 

-137 

-75 

-340 

440 

NA - Not Applicable 

I. 
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TABLE 7. 5 

PAGE 145 

DATE 29 

. CQMPARISON OF CEI\TRAL STATION PREDICTED AND T /V 
TEST TEMPERATURES FOR QUAL SA 

DESIGN I,.IMIT CONFIGURATION 

Thermal 
Analyzer Ternpcratures ~ oF 

Node No. Node pesc'ription Pred. Test( l) 
' 

97 Space ( Cryowall Curtain) -271 -271 

98 Space (Cryo\\·;dl Door) -291 -291 

99 Lunar Surface Sin1ulator :271 (2) 280 
I 

100 Space ( Ciyu\\ all Arc L l -27 0 -270 

101 Hadiator Plate for Hacliosiiy Network 1 3-1 

102 ' : Hadiator ,Jnsu}aiion l\lasl~ l l 3 

103 Side Curtain Internal ,'-;urface 1 lJ c, 

104 Side Curtain Internal Surface 106 

105 Sun shield Overhang, Be.,{ ton·i Surface () 7 

l 06 Specular I\ eflector 120 ... 
107 - Hadiator Plate for IZadiosity Network 132 

108 Hadiator lnsu'lation Mask 1 12 

109 Side Curtain Internal Surface 108 

110 Side Curtain Internal Surface 107 

ill Side Curtai.n Internal Surface 103 

112 Sunshield Overhang, Botton-:t Surface 67 
• 

113 Specular Reflector 119 
,. 

114 Radiatbr Under Insulation Mask 145 

115 Radiator Under Insulation Mask 142 

116 Radiator Plate 147 

OF 



. Thermal 
A_nalyzer 
Node No. 

117 

118 

119 

120 
.. 

121 

122 

123 

-124 

125 

126 

127 

128 

129 
·. ... 

130 

131 
. 

132 . 

133 

134 

135 

136 

137 

138 

139 

140 

ALSEP Qual .SA Thermal 
Vacuum Chamber Test Report 

; . 

TABLE f. 5 (CONT) • 

PAGE 146 

DATE 29 

Ternperatures ·~ OF 

Node Description Pred. Test( I). 
~ . 

Rad;atvrl Plate 145 143 

145 1 37 

I 145 
I I I 1 3() 126 ' I 
I 13.5 ] 31 

I 1 35 139 

I l3H 146 

I . , . 
' 13-l 137 . 

-
; l Cl' J"t 1 31 

1 34 126 

' I 140 135. 
I 
I 141 145 
I 
I 142 l 37. 

' .• . .. . 
P.C.U. -186 189( 3) 

·. 
' 

P.D.U . 162 

Analog Multiplex Converter 154 
. 

Passive Scisrnorncter 161 • 
Con11nand Decoder 141 

Data Processor 145 

Command Receiver 13·8 

Transmitter A 141 

Transmitter B 147 145( 3) 

Timer 138 

Diplexer Filter 137 

OF 



ALSEP Qual SA Thermal 
Vacuum Chamber Test Report PAGE 147 OF 

DATE . 29 Jan 1969 

Thermal
Analyzer· 
Node No. 

141 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

l55 

156 .. 

160 

161 

162 

163 

TABLE 7. 5 (CONT) 

Node Description 

Diplexer Switch 

Primary Structure Front 

Primary Structure Right Side 

Primary Structure Hear 

Prim.ary Structure.Le1t Side 

'Pri!Y'ary Structure Botton1 

Thermal Bag Internal Surface 

Thermal Bag External Surface 

Side Curtain Internal Surface 

Side Curtain Internal Surface 

S:i.,de Curtain External Surface 
J 

Side Curtain External Surface 

Sunshi eld Insulation .. 
Sunshield Bottom Surface 

Sw1shield Top Surface 

PDM Resistor Panel Insulation 

})DM l\esistor Panel 

Envirom11cnt fo~ Cable Ileat Leak 

RTG. 

170 Ead1ator Plate Heater 

171 Radiator Plate Heater 

Ten1.peratures. ~ oF 
Pred. Test( l) 

138 

186 

168' 

199 

179 
' 

208 
I 

143. 

l86 

107 

l 06 

l 07 

.1 07 

72 . 

66 

66 

216 

228 

221 

480 

149 

146 

188 

172 

zoo 
187 

215 

67 

225 

460 

Notes: { l) Tc;:st values are frorri DAS measurements unless otherwise noted. 
(~) ~orrected for "non-black" properties of test lunar surface. 
(3) ''Hot" or internal electronics Housekeeping (HK) data. 



A;c. de 

heaters we rv 
of the Mi·c; ion Simul:.tti 

dicated that the radi:11 
dunlps or'heal.c•!':O c•·,. 
and ten1pcratur 
Te t anrl prcdidc d 

ures ap,rcc 
duction s i11 
by act 

Vacunn1 

; :; , , 1; r ;~ r, ~ 

are t'l.Jr·nc·d~-on ln,:_;lL.i ~-/ _;Jt , tL.tr l1L)(Jl1 a tJu:: 10 \Va .. tt hcat~r a.cii_vatl~d 

at night, a 29°F ina:drnum reduction in icnlJ)(:·rature ::~wing is indicated which 
is a significant i.rnpr()vernc:nt. in C/S thcrnl,d perfonna.ncc . 

. 7. 2 Evaluation of Reserve }.lower 

Reserve pov,rcr Waio an in1portant te:st n;easurcrncnt since PCU and 
PDM power dissipations W<"re noi recorded, As shm.vn f;>y reserve power 
histories on Figures 6. J 0, 6 . .31, and 6. 32 in Section (), this paran1der ex
hibited large and rapid fluciualion:c: throughout..,Qual SA testing. This, of 
course, nl.ade it difficult to cstablisb a ''rnean" value for correlation wo:r:..k. 
Fortunately, n1ost resrrve power readings fe11 wHhin the LJnt~c (2.0 to 'Fi 
wat:t:s)where PCU tberrnal dissipation v~nics onl~· sl.i.ghtly, a:,; shown by Fig-

• ure 4. 12. ·Consequently, it was not d.i'fficult to establish PCU dis:-::ipati.on 
wit~j.n reasonable accu~·acy. F{owever, -.F)IJM th6rr1;al dissipat~on is quite 
sensitive to the leve·l of reserve power. Figure 4. "12 ,,bows thai a one watt 
change in reserve pmver can produce up to a OJJe \vatt variation in F'Dl\,1 
dissipation, which in turn ca1J sc s about a l 0°F change in PDM panel tcnlp·
erat:ure at lunar night. Therefore, the diffic.ulty in eEtablishing accurate 
reserve ~ower values could be the prirnary reason fo.r the r~latively large 
15°F discrepancy bdwe('l1 PU.I\1 panel test and predicted lunar night t.cn1p
erat:ures for the Mission Simulation Test. Otherwise, temperature correl
ation for the panel was within ± g°F. 

Fro1n Qual SA data, reserve power was plotted versus P.Dl\r1 resistor 
panel te1nperature for· various PDM dump levels in Figure 7. l at lunar noon 
and·night. Since PD.M panel temperature do.cs not respond to instantaneous 
variations in power and therefore does 1~0~ fluctuate rapidly, it was .felt that 
these curves might provide a better rnethod for estimating reserve power 
than by reducing power data .. 



TABLE 7" 6' 

TEST RESULTS FOR ACTIVA.TSD PDM DUMPS AND RADIATGR 
HEATERS WITI_i . OMPARISON TO PREDICTED VALUES ,., .... \ 

- ' . 
Electronics ·Average Radiator Reduction in 

Thermal Steady-State Test Radiator 

Condition Te ~ t'ha=+ 

L~l:'.lC\T !<OO'" j· 

Rc s c1·ve c r, Di::: :::ipation, Temperature, °F Temperature 

No Dmnps or 
Heaters Activ;~tE·d 

7 and 14 Watt PDM 
Dumps Activated 

No Dumps or 
Heaters Activated 

10 Watt Radiator 
Heater Activated 

5 Watt Radiator 
He~ter Activated 

Lunar ?<oo 

Lunar 

Lunar Nigh 

Lunar 

~-------~~·--------· 

"vVatt:::: 

() ,,::, 
lj., j 

1 J o·:o 

.. 
' 25. 0 L 

. 
t 14. 5 

l 

,, 
.i 8. 0 l 

,;.tt s Test Predicted Swing, 

37.8 91 91 0 

2., 8 83 81 '8 

I 

37.4 3 6 0 ,. 
I 
I 
I 'A 8 24 24':' 21 

6. 6 1 6' 1 6':' 13 

>:~.Adjusted for discrr-:pancy behvcen test a.nd rir .. "<i b~·d ·,·.,dues corresponding to condition of no 
activated heaters, 
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Figure 7. J Qual·SA Reserve Power vs PDM Resistor Panel 
Temperature for Various PDM Dump Levels 
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T,wo PDM dumps· (7 and 14 watts) are-located on the resistor panel 
which can be adivateel and which oause a shift in the reserve power versus 
temperature characteristics: However, the only time these dumps were 
activated during Qual SA testing w~s simulta~eously for one 8 hour period 
of Mission Simulation lunar noon. Therefore, a single dat?- J-Oint exists for 

·an activated 21 :watt total dump condition. Curves on Figur'e 7. 1 for dump 
levels other than zero w·ere estimated, as designated by the dashed lines, 
and should be used only for rough indications of reserve power levels. 

7. 3 Effect of Various Parameters on Central Station Thermal Performance 

Several aspects or parameters involved in lunar environment simu
.lation and their effect on C/S thermal perfonnance were discussed in Sec
tion 3. Additional parameters pertaining to' C/S deployme;;t o~ the moon, 

· T/V chamber conditions; and C/S component temperatures also affect C/S 
thermal perfo~mance. ·Thermal effects of these parai·neters are discussed 
in following subsections, with e~phasis·b~:ing placed on effests on radiato":r 
performance. 

7. 3. 1 Effect of R TG 

. The following table compares C/S.,structure and average radiator 
plate terp.perature predictions with and without R TG effects for Acc~ptarrce 
Test condHions. 

Tetnperatures - _c~F 
Noon Night 

C/S Componerit No RTG RTG b.T No RTG R.TG b.T .. 

-. 
Structure Front 159 161 2 -167 -144 23 

Structure Right Side 143 145 • • 
2 -·171 -149 22· 

• Structure Rear 181 183 2 -136 -112 24 

Structure· Left Side 141 157 1'6 -17 2 -123 49 

Structure Sides, 
average 156 162 6 -160 -131 29 

Structure Bottom 178 182 4 -165 -137 28 . 
Radiator, Average 89 89. 0 6 6 0 . 
PDM Resistor Panel 228 228 0 -59 -44 15 
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Above results show that the RTG had,a significant effect on the structure 
left side atjunar noon and on all structure surfa~es at lunar night. However, 
its effect on radiator temperatures was neg"ligible. Similar conclusions were 
reached for the Mission Simulation and Design I;:imft Tests: Furthermore, 
the R TG will be located about twice as far from the C/S on the moon as in 
the T/V Ch~mber .and will ha~e virtually no effect on any C/S component ··. 
temperatures for this condition. 

7. 3. 2 Effect of Lunar Noon Temp~_::atu:_c __ PL~tr~!?~!2:.~.m 0~~:! 1::'~1_1~!' .. :-:/u_rf.~ce 
Simulator 

A listing below compares C/S cornponent lunar noon temperature 
predictions for a uniform temperature lunar surface with a non-uniform 
temperature surface which simulates lunar noon Acceptan~:e Test conditions.' 

Uniform Non-Uniform 
C/S Component Temperature Teinpe r a tu r e 6.T 

Structure Front 161 q6r o· - -
Structure Right Side 146 146 0 

St:ructure Rear 186 i's6 .. 0 

-
Structure Left Side 156 158 2 

- -· 
Structure Sides, average 162 - 163 1 . 

183 
..· 

186 3 Structure Bottom 

Radi{ttor Plate, average 90 90 0 

• 
PDM Resistor Panel 135 135 • 0 

• 
As seen by the above results, consideration of non-uniform lunar 

simulator. temperature had no effect on radiator temperatvre and little effect 
on structure temperatures. Similar· results were obtained for th'e Mission. 
Simulation and Design Limit Tests. No such study was necessary for lunar 
night since the desired -300°F uniform temperature over the lunar simt:tlator 
was always achieved. 
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To obtain the .above analysis resu~ts, the lunar simulator was divided 
into tWo sets of areas to simulate the Acceptance Test ternperature distri- · 

I • 

bution. One set, shown in Figure 7. 2, was used to obtain radiation resistances 
from the lunar simulator to the structure front, structure rear, and PDM 
resistor paneL Resistances to the structure sides were evaluated with the 
area set illustrated in Figure 7. 3. Note that all sections··with equal temp
er;:;tures are assigned the same Thermal ~alyzer node number. 

7, 3. 3 ~£feet of Thermal Emissivity of Vacm~_ll? <:;:haxl':~~~E--~~l!f~c::.~s 

Studies were conducted to deJerrnine ~he effect of lunar surface sirn
'Ulator and cryowall thermal emissivity on radiator plate temperature. To 
help explain how the emissivity of these surfaces can affect the radiator, 
refer t0 the Slr11p,lified three-node "radiosity' I netWOrk bC<lOW' (See referenCe 7 
for detailed description): 

Surface 
Resistance 

l - E: 1 

Al E. 1 
J l 

Surface 
Hesi c;tance 

1 - E 2 

Az t. z .A 1 F l - 2 A 2 Fz - 1 
~-~<Jl-Z Jz Ez 

T .,!VVVV\ 
El 

T 

~\,-·--·---·-- . ---~--- ,/\/V\1\t\JI~,----., T E 
2 Space T . "'""t---:r--

ql J 1 

l 

Hc.si :;tanl:es J 2 qz 

l - (:;' 
3 

.. 

Surface 
Resistance 
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xx:x. Node Identification. 
{xxx} Node Temper.ature 

84 
( 5 ) 

99 
( 2 50) 

Lunar Surface Simulator 

Central 
Station 

86 85 
( 2 6 0) ( 2'5 5) 

Sca~e: 1" :::: 2 1 

Figure 7. 2 Nodal Division of Qual SA Lunar SJ.+rface Simulator 
at Noon for Structure Front and Rear Panels -
Acceptance and ,Mission Simulation Tests 
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.. 
xxx Node Identification 

(xxx) Node Temperature 

81 
(242) 

80 
(240) 

Side Panel 
Central Station 
Side Pane] 

82 
(245) 

83 

( 248) 

87 
(26 5) 

99 
(250) 

., 83(248) 

8?(245) 

81(242) 

99 . 
(250) 

99 
(2 50) 

83 
(248) 

99 
(2.b0) 

84 
- .. 

(252) 

Lunar Surface Simulator Scale: 1" = 2·1 

Figure 7. 3 Nodal Divfsion of Qual SA Lunar Surface Simulator at 
Noon for Structure Side Panels - Acceptance and 
Mission Simulation Tests 
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,!Jodes 1, 2. and 3 represent the C/S, lunar simulator, and cryowall.· 
As shown, a radiation path between two nodes can be represented 1DY two 
11 surface 11 resistors and a -ffspace" resistor. While the network asl'lumes 

· ea.ch ne;de is. at 11black-body11 potential, a surface resistor accounts foi
non-black properties of a node •. The space resistor allows for that portion 
of radiant energy exchanged 11directly' 1 between _two nodes. A dummy or 
11radiosity 11 node, at potential J, connects the surface and space resistors. 
Nomenclature is as follows: 

q = heat transfer rate 

E = black-body emissive power of surface () T
4 

= surface temperature of node 

= ' 1effective" or 11 radiosity" node t_eniperatur·e 

= Stef~n~Boltzmann Constant 

J = total diffuse radiation leaving surface (diffuse radiosity) 

A = radiator surface area 

E = surface thermal emissivity 

F. = fol"m factor from surface m to surface n. ·m.:.n - · 

The diffuse' radiosity, J, includes both emitted and reflected ·radiation. 
To calculate steady-state temperatures, one may assume that J, as well 
as E, is .rep_resented by () T4. 

., 

• • 
For the T/V chamber test environment, surface resistances of the 

lunar simulator and c:ryowall are very small in comparison to c/S surface 
resistance because of the relatively large areas of these component~. 
Also, their thermal emis sivities are quite high. However, .during. lunar 
noon a tremendous amount of heat flows from the lunar simulator to the 
cryowall. Thus, for surface emissivities less tb,an 1. 0, TE and TJfQr 
each of these two nodes can become significantly different in order te. 
provide the potential for the he~t transfer to occur. (This is analogous· 
to voltage potential. ) 
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,.. TE and TE are held constant during 
t 2 3 • 

lunar noon testing. Conse:... 

qutmtly, since T 3 ·and T J are the· "effective" environmental temperatures 
2 3 

with which the cjs exchanges heat, 
directly by emissivitiy of the lunar 

radiator temperature is influenced 
simulator and cryowall surfaces. 

Figures 7. 4 and 7. 5 show the effect of lunar simulato:: and cryowall 
emissivity on C/S radiator plate temperature. A change of 0. 1 in lunar 
surface emissivity produces about a 6°F change in radiator tem.perature 
for nominal C/S thermal dissipation. Similarly, a 0. 1 change in c ryowa.ll 
emissivity creates a 5 to H°F change in radiator temperature. As illus'
trated by the figures, an increase in lunar simulator emissivity causes an 
increasein radiator tem'pe·rature, while the reverse occurs {or an iNcrease 
in cryowall emissivity .. 

At lunar night, relatively little heat flows across. the lunar simulator 
and cryowal.l surfaces. Consequently, there is little difference between TE 
and TJ over the range of emissivities measured on. these suriace:s,, and 
emissivity has negligible effect on radiator temperature. 

7. 3. 4 Effect of C/S Primary St_:~c:.!,tl_re Temp_erature 

Th~ effect of C/S prim~ry structure temperature on .radiator lemp,
erature is illustrated in Figure 7. 6, whicK shows that a I °F change i'n 
radiator ~en1perature occurs for changes in average structure temperature 
61 1·5°P at lmi.ar noon a~d 20°F at lunar night. Thus, the ~adiator is rel~
tiv~ly uninfluen~e·d by fluctuations in structure temperature. 

7. 3. 5 Effect of Side Curtain Incomplete Deployment 

-* 

. Side curtains of the ys ar~ folded back approximately 2,"1 while i:{l 
the stowed configuration. Upon deployment, springs mounted on the fold • 
lines unfold the curtains, but not necessarily to a planar configuration. 
The design is such that at the top of the curtain ·complete unfolding tl80°) 
is achieved, while at the bottom only partial unfolding ( 120° to 1600) is 
achieved. ·· 

Partial unfolding allows direct solar heating of the masks at all sun 
angles less than 90° (assuming no misalignment). A series of t.hermal 
analyses accounting for this incomplete unfolding were performed using the 
simplified C/S computer model (radiosity netWork) described in Section 7. 3. 6. 
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For, these analyses the following conservative q.s sumption was-ma~e: 
. ' ' . . 0 . . ' . 

each curtain unfolds completely at the top (180 ) but only 90° at the bottom.· 
. . ' ~ 

Analysis results show that maximum sola1; heating occurs ai: fairly 
low sun angles {30° to 40°) and as· such· does not raisf£ the radiator tempera
ture beyond the maximum expected at lunar noon where no direct solar .. 
heating occurs. Therefore, even with the ass'umed position of the deployed 
curtain s.tated above, the thermal effects are not criticaL · 

With the assumed configuration, the masks are exposed to direct 
solar radiation through triang~lar shaped openings 25-7 /16" high by 2" 
wide at the base. To avoid an analysis of comple~ ·solar energy reflection 
within the C/S enclosure, the solar absorptanc~ (a) and infrared emittance 
(E) of the masks were both assumed equal to 1. 0. The increased form 
factors from 4e 11bowed'' side curtains to the lunar surface arid space we~e 
neglected due ~o pre_dicted negligible influence on the an.alysis~. Also,. ~his 
was probably conservative since the curtains "s-ee" mo:I:e space than lunar 
surface. 

Solar radiation incident upon the masks is a function of sun angle 
and c;/s geometric configuration. Fig'ute 7 .. 7 shows two rnode'ls used 'to 
evaluate the solar radiation absorbed by the masks. ~~odel I is u~ed for 
all s.un angles which cause triangular-shaped illun1inated areas 011 the 

J . . 

masks, while Model II is used for all sun angles which produce trapezoidal-
shaped illuminated areas. I::q-.ations devel.oped for c_ak_tdat~ng .radiation 
absorbed by each mask are p'resented in the figure. 

Equations in Figure 7 •7 were evaluated for a series of sun angles, 
and the results are presented in Figure 7 .8. M;pt.irrmrn solar radiation 
absorbed by each mask was obtained by setting the derivative (clq/dt) of the· 
Model II equation equal to zero and then solving the remaining expression 
for e. The res.ultant sun angle was approximately 37. 5 degrees, which 
corresponded to 59 .. 2 Btu/hr absorbed solar energy. 

Various values from Figure 7.8 were used as input data for the 
Qual SA C/S computer model to determine the variation of radiator plate 
temperature with sun angle. Results are presented in Figure 7.9 and com
pared with lunar surface temperature and radiator temperature for no 
solar heating. 
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Note that the radiator temperatu.re never exceeds 'the value ·at a· 90? 
sun angie or lunar "noon". Since no solar energy impinges.·on the. masks 
when Q = 90°, the failure of the side curtains to c-ompletely unfold in the 
deployed configuration is not considered critical. 

7. 3. 6 Effect of Central Station Misalignment 

If the Central Station is perfectly aligned on the lunar surface, no 

• 

solar radia,tion impinges on the radiator plate or insulation masks. A study 
was conduc,ted (Reference 10) to evaluate the maximum increase in radiator 
temperature due to misalignme.nt of the C/S on the moon and consequent direct. 
impingement of solar energy on the masks. Variable parameters were size, 
radiation properties, and effective thermal conductivity of the radiator masks; 
Lunar noon was established as· -the time of maximum heating of the radiator 
resulting from misalignment, and alr following analY.sis results are based on 
this condition. With the current C/S. design, a maximum possible 'increase 
of 7°F in radiator tempe.rature over a perfect alignment condition is predicted. 

The following study was based 01~ a simplified version of the Qual SA 
thermal model, which had the primary function of determining variation 
radiator plate average temperature.,with cr'iticcd parameters (suc.h as ins 
tion mask size) with minimum expenditure of computer time. The mode 
sists mainly of a "radiosity" node/resistance network which simulated r 
tion heat transfer in eac.h of the two enclosur.es formed by the ra.diator 
insulation ·m.ask, side curtains, s~nshield ·overhang, sp~cular ·refle~tor, 
surface, and space. Electronic thermal. dissipation and splar heating.a 
as estimates of cable and thermal bag heat leaks were treated as inputs to the 
model. This model is capabl!= -of good approximali"ons o.f radiator plate average 
temperature and is quite accurate for predicting variation of radiator tempera-
ture with critical parameters. • · • 

Solar heating resulting from C/S misalignment was determined with 
the Gebhart absorption factor technique (see Reference 11) because of the 
interreflection of solar energy within the two enclosures. 

7. 3. 6. 1 Analysis Criteria and Parameters 

A number of criteria and parameters, discussed below, formed the 
basis for the analysis, which covered mask sizes from 6 to 8 inches. 
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1. Solar Impingement - The maximLtrn predicted landing 
site displacement from the equator and misleveling of 
the C/S are 7° a~d 5°, reqpecti·vely, which p~oduces 
a combined 12° off-nonnal sun angle and a resulting 
5. 4 inch depth of solar impingement on each mask (see 
Figure 7. 10). For conse rvatisrn, solar impingement 
was assumed over a 6 inch depth on all 1nasks, which 
is eqLliva,lent to an off-n.orrnal sun angle of about 13.3° 
at 1una·r noon. 

2. Radiation Properties of MaskSurfaces .:_Four rnask 
surface materials were analyzed: ( l) aluminized mylar 
(a-/£:~ .12/.10), (2) silicon monoxide (a-/C = .15/.50, 
curren't mask design), (3) white paint (o-/f = • 20/. 90), 
and (4)' black paint (o:/E. = . 95/. 95). I~ems (l): to (3) 
were investigated in order to select the best rnask SLlr

face n1aterial, while the black n1ask was assurned to 
give approxi1nate res.ults for a dust-covered surface. 

3.· Three values of K, the effective thermal conductivity 
perpendicular to mask insulation layers, were 'con-

...; sidered: 

a . Perfect insulatioJ:-, K = 0. 

b. K = 10- 3 Btu/ft.- hr"- °F 

c. K = 10-4 Btu/ft 

7. 3. 6. 2 Analysis Results 

Analysis results ·ar.e presented in Table 7. 7 and in Figure 7. 11 in 
terms of radiator temperature for ''side 1' 1 and "side 2". With the specular 
reflector apex dividing the radiator in .half, side 1 is the rectangular half 

. while 'side 2 represents the portion with one corner removed. The basic 
analysis was done on side 1, but two "points If were computed for side 2. 
These points are poted and extrapolated with dashed lines in Figure 7. 11. 
Several conclusions may be drawn from the results; 

.. 
I 
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TABLE 7. 7 

DATI 

·, 

EFFECT OF MASK SOLAR HEATING ON. CENTRAL STATION 
SIDE 1 RADIATOR. TEMPERATURE 

T . rad Tmask 
oF OF 

a /E 6" s·" 6" ·s ,, . Mask Conductivi 
s 

Btu-ft/hr-ftZ_op ·Mask Surface Type (Mask) Mask ·Mask Mask Mask 

Aluminized Mylar . 12/. 1 ' 114 146.5 329 284 0 . 

114.5 : 14 7. 5 32 7· ·283 10-4 

·117 149 310 273 lQ-3 

SiO Over Aluminized . 15 I. 5 114 14 7 .. 5 152 136 0. 
J 

Mylar 
10-4 114.5 146.5 152 136 .. 

115 14p.5 150 137 10-3 

White Paint . 2/.9 . 114. 5 147 128 118 0 

114. 5 . 147 128 117 ·1o-4 

• 10- 3 115 146.5 128 119 

Black Paint .. 95/.95 122.5 151: 5 293 228 0 

123 152 293 228 lo-4 · 

125 150 291 .227 10-3 

a ::; solar absorp~ivity s 

E ::; thermal emissivity 

l' 
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• 1. The serected mask ·surface finish (SiO over aluminized 
mylar) is optimum with white paint and aluminized mylar 

. nearly 'as good. A low o:j E ratio is desirable, with solar 
. absorptivity being the controlli'ng s~rfac~ property. 

2. Mask-thermal conductivity was relatively unimportant in 
this study compare'd to radiation properties of the mask 
surface. For example, a 6 inch mask coated with SiO 
has a 5°F temperature rise with K = 0 versus a 6°F 
rise forK = 10- 3 Bt~l/ft-hr-°F. · 

3.. The misalignment effect is. slightly worse on side 2 than 
on sid~ 1 because side 2 has a smaller "view" to sp~ce . 

. 4. For the selected mask design, the increa.ses in radiator 
·temperature on sides 1 and 2 at lunar noon due to C/S 
'misalignment are 5°F and 9°F, respectively, which gives· 
an average increase of 7°F. 

7. 4 Design lmpro=vements for Qual SA Model 

After completion of the Proto A test program, se\reral electrical and 
thermal performance changes were established for the Qual SA configuration. 
~hese changes are. presented b~1ow in a comparison of Proto A performance 
with the .predicted perf~rrnan'ce of the Qual SA model. 

Performance· Change 

R TG Input Power 

Experiment Loads at Lunar Night 

PCU Regulator Range 

Electronics Thermal Dissipation 
during Lunar Day 

Electronics Thermal Dissipation 
during Lunar Night 

Power /Thermal 
Proto A 

56 (minivJ.Um) 

43 

40 

32 

31 

Change-Watts 
·Qual SA. 

63-74 

51 

55 

41 (maximum) 

32 (minimum) 

.. 
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As the above table shows, performance changes consisted of increases 

in C/S powe:t;" and thermal dissipation. Ba$ed o.n Proto A .test re.sults and on 
increas~d electronics loads for futqr~ C/s'designs, several thermal de.sign 
improvements, which are discussed below, were required and incorporated. 
into the Qual SA and subsequent Flight 0/S models. 

7. 4. 1 Removal of Slinshield Awnings and Side Curtain' Extensions 

All sunshield awnings and side curtain extensions were removed, 
which reduces the lunar noon operating temperature of the radiator piate by 
28°F (as shown by Fl.gure 7. 12). As a consequence of this.action, j:h~ radia
tor masks had to be redesigned to adjust for ( l) the increased ."view 11 of 
space by the radiator which decreases both the radl.ator temperature during 
lunar night and the temperature swing by 14°F and (2) the cutouts on the 
masks (for sunshield spa,cers) which expose the radiator to direct impinge
ment o~ solar radiation.·; The problem in Item 2 is obvious and was corrected 
by use of an automatically deploying folded mask. The problem in Item 1 was 
that radiator' night temperat~res would be too :o;mall. As illustrated in Figure 
7. 12, a simple increase in mask size ·from 6 to 7 inches improved both temp
erature· swing and lunar night temperature with little penalty on lunar day· 
temperature. A rather,,detailed sttfdy, which is discussed in Reference 3 
and below, was performed to size ·the masks. 

7. 4. 2 Increase in Radiator Mask Size 

Qual SA masks were .sized with resultq of a parametric stu.ay which 
' showed radiator thermal performance on the moon as a function of mask size 

and C/S power di9sipation. Analysis r'esult.s were based on the simplified 
thermal model described in Section 7. 3. 6 with no misalignment effects and 
are presented in both Figures 7. 12 and 7. 13. Qual SA Ac.ceptance Tes\ elec-. 
tronics thermal dissipation at lunar noon and night was 37.6 watts. Figure 
7. 13 shows that the radiator temperature rises l3°F at lunar noon and 18°F. 
at lunar night due to the increase in mask width from 6 inches to 7 inches. 
A net decrease of 5°F in temperature swing is thus realized. 

7. 4. 3 Addition of Backup Heaters 

Additional "backup" heaters of 5 and 10 watts were attached to the 
Qual SA radiator plate to provide contingency power at lunar night to opti
mize temperature swing. Section 7. 1. 1 presents the effect of these heaters 
on lunar night radiator temperature during the Mission Simulation Test. 
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7. 4. 4 Net Improvement by Design and Performance Changes 

An overall improvement in C/S predicted real moon opE;ration of 
the Qual SA model over the Proto A model was realized due to thermal 
design and electrical performance changes. Individual effects of the changes 
are summarized below in terms of radiator plate temperature. A plus sign 
indicates a temperature increase in the Qual SA model over the Proto A 
model. . · 

Design/Performance Change 

Removal of Sunshield and 
Side Curtain Extensions 

Increased Mas-k Width from 
6 inches to 7 inches 

Incre-ased C/S Electronics 
Thermal Dissipation 

Net Change 
J 

Temperature Change ~ °F 
Noon Night Swing 

+13 

+9 

-6 

-14 

+18 

+21 

+25 

-14 

-5 

-12 

:-31 

Thus, the predicted performance in a real lunar environment of 
the Qual SA model excels Proto A by 31 °F in temperature ··swing. T/V 
charq.ber test results supported the predictions, as shown by th,~ com
parison below: 

Model 

Proto A ' 

' Qual SA 
(Accei?tance) 

Radiator 
Noon 

104 

92 

Temp. ~ °F Temp. 
Night Swing- °F 

-15 119 

6 86 

The above table shows the following improvements in T IV chamber 
performance of the .Qual SA radiator over the Proto A radiator: 
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1. A 12°F decrease in lunar noon temperature. 

2. A 21PF lncrease in lunar night temperature. 

3. A 33°F decrease in temperatu·re swing. 

7. 5 Radiator Plate Thermal Balances 

Heat flow at the radiator. plate is depicted in Figures 7" 14,'· 7. 16, and 
7. 18 for the T /V chamber Acceptance, Mission Simulation, and Design 
Limit Test environments at lunar noon and night. Figures 7. 15 and 7.17 
show the predictedreal m{)on thermal perfonnance of the radiator for 
Acceptance and MissiQn Simulation electrical loads. 

Since the thermal balances are for steady-state conditions; the net 
heat flow at the radiator must always be zero. For example, the net heat 
flow at lunar noon for the T /V Acceptance Test is as follows: . '· 

Net Heat Flow = l Heat in - l Heat Out . 

= 37.640 + 1.675 + .449 + .572 + .062 
J 

4. 718- 33.717- 1. 948 !'::: a· 

.. 
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Figure 7. 15 Thermal Balance on Radiator Plate of Qual SA 
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