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Development and Design Verification of
Thermal Control Subsystem for EOS-C Ver.3.0 Flight Model

Jin-Soo Chang*, Seung-Uk Yang* and Ee-Eul Kim**
ABSTRACT

The Flight Model (FM) of a high-resolution electro-optical camera (EOS-C Ver.3.0),
the mission payload of an Earth observation satellite, was successfully developed by
Satrec Initiative. We designed it to give improved thermal representatives compared
with the Structural-Thermal Model (STM) by optimizing the thermal characteristics
based on the STM thermal vacuum test results. We developed the FM and verified
the workmanship by performing the acceptance level thermal vacuum test. We also
conducted the verification of its Thermal Mathematical Model (TMM) by the thermal
balance test. As the result, it was confirmed that TMM faithfully represents the
thermal characteristics of the EOS-C Ver.3.0 FM.
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Fig. 1. Thermal Design Principle of EOS-C
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Table 1. AD590 Specification (Error)

Error AD590L AD590M
Calibration Error @ +25 C 1.0 C +05 C
Absolute Error 5 o

/w.o. Calibration Adjustment w30 C wre
Absolute Error of Nonlinearity +04 C +03 C
Absolute Error of Repeatability +0.1 C +0.1 C
Max. Error (Superposition) +45 C +26 C
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Table 2. STM Test Data: T/C vs AD590

Table 4. Case Study for e+ Optimization

Part T/C AD590 Difference Case Base Plate M2 Ring Others
312 C 207 C Case-1 0.03 0.03 0.03
305 T 104 C Case—2 0.05 0.04 0.04
Base Plate 519 C . . se-3 .08 . .03
i R K =
Avg: 325 C 194 C
471 C 152 C A ZANA AT T goz AAH EA
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Table 3. STM Test Result: Test vs Analysis

Hot Balance (C) | Cold Balance (T)

Description : :

Test Analysis Test Analysis
Base Plate 31.75 34.52 5.19 592
M2 Ring 33.83 34.68 6.23 6.21
M2 Housing 32.95 34.48 5.31 5.98
M2 Cover 32.70 34.50 5.04 6.00
M2 Spider 33.40 34.51 5.33 6.02
Entrance Baffle | 30.16 30.99 0.87 1.33
EOS I/F Ring 30.09 30.58 0.79 0.93
TV Chamber 29.72 30.00 0.35 0.00

HE A3, MLIY e*Z Case-49} o] AA
7%, Table 59} #o] 0178 tiHl AT A A
#Ho] AolE FY F Ao, I 25 Ao
HAAE 18ste] HA e 7Eo = ok AA
Alg ZAzte] digt 17 HA 1 CTE Table 63
2ol WA F AATHS].

Table 5. Test vs Analysis /w Optimized e*

o Hot Balance (C) | Cold Balance (T)
Description

Test Analysis Test Analysis
Base Plate 31.75 34.04 519 5.32
M2 Ring 33.83 34.32 6.23 5.74
M2 Housing 32.95 34.16 5.31 5.55
M2 Cover 32.70 34.18 5.04 5.57
M2 Spider 33.40 34.19 5.33 5.58
Entrance Baffle | 30.16 30.91 0.87 1.23
EOS I/F Ring 30.09 30.58 0.79 0.93
TV Chamber 29.72 30.00 0.35 0.00

Table 6. Verification Result after ex Optimization

ltem Case Thermal Balance Test (TC)
Hot Cold All
Before 2.82 1.41 2.82
Allowable 1= e 229 141 229
Deviation
Criteria <3
Y Before 1.31 0.77 1.04
ean After 1.08 0.58 083
Deviation
Criteria <2
S Before 1.51 0.87 1.23
tandard 1 o 1.4 0.71 1.01
Deviation
Criteria < 3
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. EOS-C Ver.3.0 FM Configuration
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Table 7. Correction Coefficient for Calibration

Primary Chain Secondary Chain
Temp_Sensor

Ci c2 (o] c2
M1B_Temp#1 -0.631 1.126 1.078 1.052
M1B_Temp#2 -1.775 1.116 0.036 1.043
M1B_Temp#3 0.347 1.112 1.650 1.058
M2R_Temp#1 0.341 1.053 0.425 1.067
M2R_Temp#2 -0.384 1.082 0.903 1.030
M2R_Temp#3 0.671 1.077 1.367 1.059
M2H_Temp#1 -0.079 1.119 1.151 1.073
M2H_Temp#2 -0.407 1.108 0.456 1.083
M2H_Temp#3 0.103 1.098 0.695 1.087

Table 8. Summary of Calibration Effect

Primary (C) Secondary (T)

Temp_Sensor
Before After Before After
M1B_Temp#1 1.654 0.094 1.982 0.090
M1B_Temp#2 0.482 0.095 0.820 0.101
M1B_Temp#3 2.324 0.076 2.642 0.071
M2R_Temp#1 1.316 0.055 1.606 0.085
M2R_Temp#2 1.120 0.046 1.436 0.063
M2R_Temp#3 2.014 0.044 2.346 0.085
M2H_Temp#1 2.104 0.078 2.408 0.108
M2H_Temp#2 1.640 0.068 1.960 0.081
M2H_Temp#3 1.930 0.054 2.234 0.089
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Table 9. FM Thermal Vacuum Test Specification

ltem Value
No. of Cycle 2 Cycles
Soak Duration > 2 hrs
Temperature Range
] EOS: +/-0 ~ +40 T
Non-Operation Test — -
EMS: -20 7 +50 T
) EOS: +10 © +30 C
Thermal Cycling Test — .
EMS: -10 ~ +40 T
Thermal Balance Test | +/-0 T
Temp. Transition Rate < 2C/min
Stabilization Condition
Thermal Cycling Test < 1TC/hr at Each Soak
Thermal Balance Test | < 0.5°C/5hrs at Each Test
Pressure Condition < 1.0x10°Torr

Test Temperature: EOS / EMS

+40 / +50 T

+30/+40 T

Open the Door

Close the Door

Pump-Up Pump-Down

1" Gycle 2" Cycle

Ambient

\* >é
FT#01

EOS-C Ver.3.0 FM T/V Test Temperature Profile

Thermal Balance:
Shroud Temperature: +0°C

Ambient
Pressure

FT#01 ~ FT#06 Function Test

3 Turn-Off

Y Tum-On

Notice: - After required minimum soak duration (2hrs), i

start the F Test

- Temperature Control will be performed based on...
A. During Thermal Cycling Test: Test Article  B. During Thermal Balance Test: T/V Chamber Shroud

Fig. 5. FM Thermal Vacuum Test Profile
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Fig. 7. Preceding Thermal Analysis Result for FM T/V Test
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Fig. 8. EOS-C Ver.3.0 FM T/V Test Setup

cae 94 Fig 83
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EOS & EMS: +55 C | | T/V Chamber: +90°C
i Test Setup and FT#01 i "
™ under Ambient I 2 ; _ ==
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I8 = ; L a0
000 N T
ﬁ_—
- N | | 75
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[ ‘ (3500
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1000 H 5063
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o] Ak e { 1343
Orange: TC#21 / EMS Ref. _ 1T Gycle | /vl WAV
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— i under Ambient [**
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Fig. 9. EOS-C Ver.3.0 FM T/V Test Result: Temperature Profile during T/V Test
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Table 10. Thermal Model Correlation Criteria

Table 12. Analysis Model Verification Result

Maximum Allowable Deviation

T MAD ~—

1Ty,

est

T Jﬂ) =3 OC

Maximum Mean Deviation

f\ﬂfD

L*l

ZAT

Maximum Standard Deviation

Case Allowable Mean Standard
Deviation | Deviation | Deviation

STM 277 C 1.01 C 120 C
FM 187 T 042 C 052 C
Improvement 325 % 58.4 % 56.7 %

9x9] AF}E Table 116], 183 FAZ =7

o= |3 AT o 2 ZE A7E Table 120] Hel3tATh Table
i*lN 1 12& E%, STM EHH] _:OJ_;F‘E]*‘E 7HHE]] 7]5]*25‘ iﬁ
S EF P4E AsoE TEAY JdeS
Table 11. Summary of Test vs Analysis Result  &2& < Aot 3] 7]& STM iy 28] o4
Result (T) o2 FES SHLNE AFG A Ao &
= BEECILIE Test Analysis | Difference T I‘Z—X }(allowable deviation, TMAD)E H]/\—E]'O:]
#01 | Base Plate #1 6.888 5.320 1,568 P AXH(mean deviation, 7, FE+ AX}
#02 | Base Plate #2 7.203 5.330 1.873 (standard deviation, 7'p) gkAlEl o]+ MLI
#03 | Base Plate #3 6.893 5.320 1573 o] ¢*2 STM Z#EZ nlgo 2 EOS-C Ver.3.09]
#04 | M2 Ring #1 6.718 5.880 0.838 @@?ﬂ' %kii 3475&:]-6]-0# FMoﬂ X—‘}%?}Eﬂ U?HVE:
405 | M2 Ring #2 6.821 5.880 0.838 o] TH17].
#06 | M2 Ring #3 6.711 5.880 0.831
#07 | M2 Housing #1 6378 | 5560 0818 42 2 MM 2F 20t HE
#08 | M2 Housing #2 6.287 5550 0.737 com AA uH Ae] FAL o5 AF
#09 | M2 Housing #3 6.281 5560 0.721 Zaiﬂr@r AD590 =47-e Hlm AEsdc) ex
#11 | M2 Cover 5.229 5.567 -0.338 AN Ao AmA A|H AWM o]8d A
#12 | Entrance Baffle-1 1.133 1.230 -0.097 E'_%]iﬂ- 1;1—1:;] A_] }\19] E;q m%?l +18 ~ 422 C
#13 | Entrance Baffle-2 -0.102 0.822 -0.924 }\].o]g] }\]64 ﬁ.q— = oﬂ7-7] /\]?ﬁ, = z:jo] 7121_
#14 | Main Housing 4920 4415 0.505 o] Al A olax A= Hlo &S
#15 | SPM #1 6573 5.249 1324 o AY dAs ] gstel A5 A= AAst
#16 | SPM #2 6541 | 5.19 1.345 govl, A& A= Table 137 2ot
#17 | FPA (Detecton 6636 | 5221 1415 %;abﬁ ;;% :;?—9’0 4 ]Lti ;] Ei_:; ;);Z]Offy_ 1;] 015
#18 | EOS I/F Ring 1.476 0.931 0.545 ’
#31 | IF Ring Fixture—1 | 1879 | 0924 0.955 HAdl 2 CIHEF Atolg Hold BA el wisl v
#32 | IF Ring Fixture-2 | 1626 | 0854 0.772 T FEEASE AAT 5 ATk
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