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ABSTRACT

Satrec Initiative successfully developed and verified a high-resolution electro-optical
camera system, EOS-D Ver.1.0. We designed this system to give improved spatial and
radiometric resolution compared with EOS-C series systems. The thermal control
subsystem (TCS) of the EOS-D Ver.l.0 uses heaters to meet the opto-mechanical
requirements during in-orbit operation and uses different thermal coatings and
multi-layer insulation (MLI) blankets to minimize the heater power consumption. Also,
we designed and verified a refocusing mechanism to compensate the misalignment
caused by moisture desorption from the metering structure.

We verified the design margin and workmanship by conducting the qualification
level thermal vacuum test. We also performed the verification of thermal math model
(TMM) by comparing with thermal balance test results. As a result, we concluded that
it faithfully represents the thermal characteristics of the EOS-D Ver.1.0.
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Table 1. Temp. Gradient Requirement

ltem Axial Direction Gradient
Axial <10 T

Metering Tube
Radial <10 T
Bezel In-plane <2T

Table 2. Temp. Difference Requirement

Primary Secondary Difference

M1 Bezel M3 Bezel <2°T
M2 Refocusing M2 Bezel <10C
Mechanism Base
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Table 3. Heater and Temperature Sensor Design Results

. Heater Temperature Sensor
Target | Location
Item EA | Peak Power | EA | On/Off Temp.
M1A . Primary 3.5W .
M3A Operation 3 +19.0 / +21.0TC
Redundancy 3.5W
M4A M1 Bezel
M5A Survival 3 15.0W 1 -5 | +5C
FPA
M2 Ref i Prima 3 1.0W
CIOCUSING 1 506 ration Y T 3 | +197 / +203C
M2A Mechanism Base Redundancy 310 1.0W
M2 Bezel Survival 1T 2.5W 1 -5/ +5T
) . Primary 6 | A 30.0W 3
Metering Tube#1 | Operation L 3 +19.5 / +20.5C
Redundancy 6 30.0W
) . Primary 6 7.5W i
MTA Metering Tube#2 | Operation 3 +19.5 / +20.5TC
Redundancy 6 7.5W
) . Primary 6 3.5W 3
Metering Tube#3 | Operation 3 +19.5 / +20.5C
Redundancy 6 3.5W
1B O A ugow Ao exo wE 2y 2P
} o A% stz FTREY FE0) 93 WY
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Fig. 2. Heater Implementation on EOS-D
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Table 4. Refocusing Temp. Requirement

ltem Target Temp. Remarks
M2 Refocusing +20 £ 03 Nominal
Mechanism Base 15 + 03 Max. Refocused
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Fig. 5. EOS-D Ver.1.0 Thermal Math Model
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Fig. 6. M2 Refocusing Capability Check

Table 5. Analysis Case Definition

Case On-0Orbit Sgtellite Spacg Thermal
Operation Environment
Case-01 Normal
Case—02 Housekeeping Worst Hot
Case—03 Worst Cold
Case-04 Normal
Case—05 Imaging Worst Hot
Case-06 Worst Cold
Case-07 Hot Anomaly Normal
Case-08 (Nadir/Earth Worst Hot
Case-09 Pointing Only) Worst Cold
Case-10 Cold Anomaly Normal
Case-11 (Max. Sun Worst Hot
Case-12 Tracking Only) Worst Cold
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Table 6. Temp. Gradient on Metering Structure

Thermal Gradient [TC]

ltem
Spatial Temporal

M1 Bezel 0.4 0.5
M2 Bezel 0.1 0.7
M2 Re. Mech. Base 0.1 0.6
M3 Upper Bezel 0.1 0.3
M3 Lower Bezel 0.1 0.3
Metering Tube 55 6.0
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Table 7. Thermal Vacuum Test Specification

Item Value
No. of Cycle 4
Soak Duration > 2hrs
Temperature Range
T/C Testt  +5C ~ +357C
Thermal Cycling Test
Non-Op.: -10C ~ +40T
+20C @ Hot
Thermal Balance Test Shroud:  +10C @ Normal
+-0C @ Cold
Temp. Transition Rate < 2T/min
Stabilization Condition
Thermal Cycling Test < 1TC/hr at Each Soak
Thermal Balance Test < 0.5C/5hrs at Each Test
Pressure Condition < 1.0x10°Torr
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Case Allowable Normal Standard
Deviation Deviation Deviation
Criteria < 3T < 2T < 3T
Hot 293C 1.50C 171
Balance
Normal o . 5
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Balance
cold 274C 1.47°C 161T
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Table 10. Coupled TMM Verification Result

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