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Performance Evaluation of Thermal Control Subsystem of
EOS-D Ver.1.0 from In-orbit Telemetry Data
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ABSTRACT

Satrec Initiative successfully developed a high-resolution electro-optical camera
system, EOS-D Ver.1.0. EOS-D Ver.l.0 is the main payload of DubaiSat-2 and
Deimos-2, which are developed based on the SI-300 platform of Satrec Initiative. After
the launch and early operation (LEOP) of DubaiSat-2 and Deimos-2, we performed
refocusing for the telescope of EOS-D Ver.1.0 to compensate for the dimensional
change of its metering structure by moisture out-gassing.

Before and after refocusing, we conducted the performance evaluation of thermal
control system(TCS) for EOS-D Ver.l.0 using the in-orbit telemetry data. The
evaluation showed EOS-D Ver.1l.0 was under well-controlled thermal environment,
which demonstrates TCS was designed and developed to meet all requirements.
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Fig. 1. Design Concept for EOS-D Ver.1.0
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Table 1. Heater and Temperature Sensor Design Result for EOS-D Ver.1.0
. Heater Temperature Sensor
Target | Location
ltem EA | Peak Power [W] | EA | On/Off Temp. [TC]
M1A ) Primary 35
M3A Operation 3 +19.5 / +20.5
Redundancy 3 35
M4A M1 Bezel
MSA Survival 3 15.0 1 -5/ +5
FPA
i Prima 3 1.0
M2 Refocusing | o ation i T 3| +197/+203
M2A Mechanism Base Redundancy 310 1.0
M2 Bezel Survival 1T 25 1 -5/ +5
. | Primary 6 | A 30.0
Metering Tube#1 | Operation L 3 +19.5 / +20.5
Redundancy 6 30.0
) ) Primary 6 75
MTA Metering Tube#2 | Operation 3 +19.5 / +20.5
Redundancy 6 7.5
) ) Primary 6 35
Metering Tube#3 | Operation 3 +19.5 / +20.5
Redundancy 6 35

Table 2. Test Specification (Temp. Range)

Iltem Value
T/C Test:  +5C ~ +35C
Thermal Cycling Test
Non-Op.: -10C ~ +40T
+20C @ Hot
Thermal Balance Test Shroud: +10C @ Normal
+-0C @ Cold

of sl AESRLH, o]F ngew rd HF
of 23 dHolE I5& A4 A s E49F
A1 & (thermal balance test)s WA 33T
Figure 32 4% Ao AXd F2RE =
dE ANEe ¢85 W7bA EOS-D Ver.1.0
9 Fo FEo dd 2% FAE UHEd AL
2, 4% 9 7] 717 AR Fod AR Al
upet ToFE To+110 7oA @83 A E, €5
7] A& (thermal vacuum cycling test) =22 3l
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Fig. 3. Thermal Vacuum Test Result of EOS-D Ver.1.0
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Table 3. Thermal Model Correlation Criteria
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Table 4. TMM Verification Result Zo B3 91T AFS #@ysigoen, 275
Case Allowable Normal Standard = A 245 47 8 A8AY 493 AY
[Unit: C] Deviation Deviation Deviation 717 ZFo| 2H 2AAR Y A= Y= JEH
Criteria <3 <2 <3 E on AHE X359 &% H3FH Agd =Y
g;)Itance 293 150 1.71 AR %, ol Al sid AxE Blashs
Normal Aoz dad vd 248 A3y
Balance 2.39 1.37 1.47 Ab7)e] HR2lo g Flg. 49] Verification #13}
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Fig. 4. DubaiSat-2 Thermal Vacuum Test Result: M2 Refocusing Design Verification
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Table 5. Coupled TMM Verification Result:

DubaiSat-2
Verification Result ()
Case
Test Analysis Difference
Hot Balance +27.37 +26.70 0.67
Cold Balance +23.03 +22.40 0.63

Table 6. Coupled TMM Verification Result:

Deimos-2
Verification Result (C)
Case
Test Analysis Difference
Hot Balance +24.84 +26.31 1.47
Cold Balance +22.00 +23.51 1.51
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Table 7. Mission Orbit Information

DubaiSat-2 Deimos-2
Separation 2013. 11. 21. 2014. 06. 19.
Date/Time UTC 07 : 25:36 | UTC 19 : 26 : 58
Altitude (km) 600 620
Orbit Type Sun-Synchronous | Sun-Synchronous
Local Time LTDN 10: 30 : 00 | LTAN 10: 30 : 00
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Fig. 5. Temperature Flight Telemetry of DS-2 EOS-D before/after Refocusing Operation
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Table 8. Duty Cycle of Operation Heater:
DubaiSat-2 (Winter Solstice)

Iltem [Unit: %] Flight Telemetry Analysis
Metering Structure

M1B_OPH ~ 376 ~ 316

MT-1_OPH ~ 58.8 ~ 540

MT-2_OPH ~ 516 ~ 435

MT-3_OPH ~ 505 ~ 54.6
Refocusing Mechanism

M2RB_OPH ~ 267 ~ 136
DS-2 EOS-D Total ~ 54.6 ~ 49.7
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E|24, &A1Y Fig. 204 & & Slxo] &7
A =25, & A8 AA dA 2 ¢
B 437 W3l gt U=t g 3| EHE
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w, o]l# g ztoldA TE Fio| wlE] AUt
A ¥ Ao AGET. 12y Table 89
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(power margin)E AFEstA ek 70% o3 Ye
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A s FAT = Uk
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. 4+& Ay, vd dole e s Axrp 7+t
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A & den, vy dHolHE Hgo=z
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Za3hs skt

o fo o

215

I I I I
—M1BTemp. AVG —(TCIB_1)M18B/T/OH_1 —(TCIB_1)M1B/T/OH_2 —(TCIB_1)M1B/T/OH_3

/
\

No. of Orbit / Time (min)
7 |.+8 |49
0 %5 193 2895 386 4825 579 6755 2 868.5 965

3

+5 +6

Fig. 7. Temp. Profile: M1 Bezel
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Table 9. Spatial and Temporal Difference Check Result of DS-2 EOS-D by Flight Telemetry

Temp. Range (C) Temperature Difference (C)
Metering Structure E— Flight Spatial Difference Temporal Difference
ent Telemetry Requireme Flight Require Flight
(Avg.) nt Telemetry | ment Telemetry
M1 Bezel (M1B) +18 ~ 422 | +19.3 ~ +21.0 <2 <10 <2 <15
M2 Refocusing @ Normal +18 ~ +22 +19.6 ~ +20.4 — -
Mechanism Base <1 — <1
(M2RB) @ Refocusing +14 ~ +16 +14.8 ~ +152 <06 <06
AT w
M2 Bezel +10 ~ +20 +12.1 ~ +13.7 M2RB: < 10 <30 <2 <16
AT /w
M3 Bezel +18 ~ +22 +19.6 ~ +19.9 MiB: < 2 <08 <2 <03
M4 Mounting Cone +18 ~ +22 +19.8 ~ +204 <2 <02 <2 < 06
M5 Bezel +18 ~ +22 +19.7 ~ +20.3 <2 <02 <2 <06
MT-1 +17.4 ~ +224 <10 <39 <10 < 36
Metering Tube MT-2 +15 ~ +25 +19.0 ~ +21.0 <10 <09 <10 <241
MT-3 +19.3 ~ +20.7 <10 <07 <10 <12

A Zt9] spatial difference, & ™ =73 AlH A
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Table 10. Spatial and Temporal Difference Check Result of DM-2 EOS-D by Flight Telemetry

Temp. Range (TC) Thermal Difference (C)
Metering Structure —— Flight Spatial Difference Temporal Difference
ent ;I'Aelen;etry Requireme Flight Require Flight
VO. nt Telemetry | ment Telemetry
M1 Bezel (M1B) +18 ~ +22 | +19.3 ~ +21.1 <2 < 1.0 <2 <14
M2 Refocusing @ Normal +18 ~ +22 - — -
Mechanism Base <1 <1
(M2RB) @ Refocusing | +14 ~ +16 | +14.6 ~ +15.4 < 0.6 <07
~ ~ AT /w
M2 Bezel +10 7 +20 | +11.4 ~ +13.8 M2RB: < 10 <32 <2 <18
- ~ AT /w
M3 Bezel +18 7 +22 | +19.6 T~ +19.9 MiB: < 2 <038 <2 <03
M4 Mounting Cone +18 ¥ +22 | +19.7 ~ +20.3 <2 <02 <2 < 0.6
M5 Bezel +18 T +22 | +19.7 ~ +20.3 <2 <02 <2 < 0.6
MT-1 +16.9 ~ +22.5 <10 < 4.6 <10 < 37
Metering Tube MT-2 +15 7 +25 | +18.9 ~ +21.0 <10 < 1.0 <10 <19
MT-3 +19.2 ~ +20.7 <10 < 0.6 <10 <14
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