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ABSTRACT
A Study on the Spaceborne On-board Blackbody System

with Fail-safe Function on Heat Pipe

by Kim, Hye—In
Advisor : Prof. Oh, Hyun-Ung, Ph. D.
Depar tment of Aerospace Engineering

Graduate School of Chosun University

The infrared (IR) Sensor has been applied to the observation satellite
for military purpose, surveillance, and environmental sciences. IR Sensor
has non-uniformity caused by the time elapses and repetitive on/off
operation in-orbit in a wide range of reference temperature and it causes
degradation of the IR image quality. In order to acquire a high quality IR
image, the non-uniformity characteristic of the IR sensor should be
calibrated using blackbody system to provide radiance temperature at
various temperature ranges. For example, Olschewski et al. [1-2] proposed
blackbody system mounted on Gimballed Limb Observer for Radiance Imaging
of the Atmosphere (GLORIA). This blackbody system is composed multiple
number of blackbody to provide various temperature. Each blackbody is
controlled by thermoelectric cooling element, thereby increasing the
volume and the weight of the overall system. To overcome the drawbacks of
the conventional systems, Oh et al. [3-4] proposed a blackbody system,
which can provide the reference temperature ranging from low to high
temperature using a single blackbody and can calibrate the non-uniformity
characteristics of the IR sensor. In this blackbody system, however, a

temperature sensor for estimating the surface temperature of the blackbody
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is embedded inside of the blackbody, thereby it increases the thickness of
blackbody, and difficult to insert the sensor. A heat pipe for
transporting the residual heat to the outside after heat up the blackbody
is mounted perpendicular to the blackbody to minimize temperature gradient
on blackbody surface. However, thermal conductance value of the heat pipe
could be seriously declined due to the deflection of the heat pipe under
serious launch vibration and on-orbit thermal environments. This leads to
the performance degradation of the blackbody system due to the loss of
heat rejection performance from the blackbody to the radiator.

In this study, we proposed an on-board blackbody system to provide
representative surface temperature for radiometric non-uniformity
calibration of spaceborne IR sensor at various temperatures. The thermal
design for blackbody includes a heater to heat-up the blackbody and a
radiator with heat-pipe to reject residual heat of the blackbody after
calibration. The main advantage of the proposed blackbody is the
application of dual heat pipes for implementing a fail-safe function when
one heat pipe is failed in on-orbit. In addition, the thermal interface
design for heat pipes installation does not affect the temperature
uniformity of the blackbody, which is important factor to precisely
estimate representative surface temperature. The effectiveness of the
proposed design was investigated by on-orbit thermal analysis. The
representative surface temperature of blackbody was also estimated based
on the analysis results. In addition, blackbody heat-up test was performed
under ambient condition to investigate the surface temperature uniformity
of the blackbody.

Key Word : Spaceborne IR Detector, Blackbody, Non-uniformity

Characteristic, Non-uniformity Correction
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Fig. 1 Spectrum of Electromagnetic Radiation [1]
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(a) (b)

Fig. 3 Comparison of the NUC Results ((a) Before Correction, (b) Result of NUC)
[21]
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Fig. 4 OLI On—board Calibration System [12]
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Fig. 5 Operation Concept for IR Detector Calibration ((a) Calibration Mode (b)
Imaging Mode) [13-15]
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Temperature
¥ Sensor (2EA, P)

Blackbody
Heater

Temperature
Sensor (2EA, R)

(c)
Fig. 11 Configuration of Proposed On—board Blackbody System ((a) Overall View,
(b) Detail View of Heat Pipe, (c) Detail View of Heater)
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Table 1 Power and On/0ff Set-point of Heaters
On/Off
Item Power (W) Set-point (°C) Remark
Blackbody Heater 40.383 - -
17 / 23 At Calibration Range
Radiator Heater 30
-18 / -12 At Non-calibration Range
— 22 —
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Fig. 12 Thermal Mathematical Model of Blackbody
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Table 2 Thermo—physical

Properties used for Thermal Analysis

Conductivity Density Specific Heat
Items Material 3
(W/m/K) (kg/m’) (J/kg/K)

Blackbody,

) Al-6063 200 2,768 879.2
Radiator
Baffle, S/C Al-6061 170 2,768 879.2
Heater Heater 0.12 1,410 1,090
Isolator 1 G10 0.288 1,850 1,400
Isolator 2 Titanium 17 4,430 1,590
— 25 —
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Table 3 Optical Properties used for Thermal Analysis

ﬁcal o e o e e
Items Op Absorptivity | Emissivity ale
Property (@) ®
Blackbody Acktar Black
) ) 0.98 0.98 1
(Front Side) Coating
Radiator (Rear Side),
Blackbody Flange, MLI 0.05 0.05 1
Heater, Baffle, S/C
Radiator (Front Side) OSR (EOL) 0.24 0.80 0.30
Solar Panel White Paint
) 0.70 0.90 0.78
(Rear Side) (EOL)

BOL: Beginning-of-Life
EOL: End-of-Life
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Table 4 Thermo Coupling Condition for Thermal Analysis

Component
Value Remark
From To
Heat Pipe Normal
2.294 W/K
Ope.
BB Flange Radiator Flange
One Heat Pipe
1.147 W/K i
Failure
Blackbody Isolator 48 W/m2/K Thermal Washer
Isolator Baffle 48 W/m2/K Thermal Washer
Blackbody Heater Blackbody 2,000 W/m2/K Coupling
Radiator Heater Radiator 2,000 W/m2/K Coupling
Temperature )
Blackbody 2,000 W/m2/K Coupling
Sensor

Collection @ chosun
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Table 5 Orbit Parameter of Blackbody used for Thermal Analysis

Items Hot Case Cold Case
Orbit Type Sun Synchronous Orbit
Altitude (km) 561
Orbital Inclination Angle (deg) 97.64
LTAN 14:04
Orbital Period (mins) 95.88 (Eclipse:33.30) | 98.88 (Eclipse:34.27)
Right Ascension of Ascending 301 121
Node (RAAN, deg)
Solar Constant (W/m?) 1,420 1,287
Albedo Coefficient 0.35 0.3
Earth IR Flux (W/m?) 249 227

Collection @ chosun

_28_



Eclipse Period: —_-_J;f::'; __
1,997.99sec —/ 4

< — {
[ y
J.. S _J * E’ Sun Vector

Eclipse Period: /
- 205621sec ——f

Sun Vector

(b)
Fig. 13 On-orbit Profile used for Thermal Analysis ((a) Worst Hot Case, (b)
Worst Cold Case)
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40 & — Worst Hot Case (Normal Ope.) [

| Heating ——— Worst Cold Case (Normal Ope.) ||
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Fig. 14 Temperature Profile on Blackbody Surface and Radiator
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— Worst Hot Case (One HP Failure)
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Fig. 15 Temperature Profile on Blackbody Surface and Radiator in Heat Pipe

Failure Case
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Fig. 16 Temperature Distribution on Blackbody Surface in Heating Range ((a)
Worst Hot Case (b) Worst Cold Case)
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Fig. 17 Temperature Distribution on Blackbody Surface in Cooling Range ((a)
Worst Hot Case (b) Worst Cold Case)
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Fig. 18 Temperature Distribution on Blackbody Surface in One Heat Pipe Failure

Case ((a) Heating Range (b) Cooling Range)
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Fig. 19 Estimation Accuracy of Blackbody in Cooling Range
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Fig. 20 Block Diagram of Test Set-up
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Table 6 Test Cases of Blackbody Heat-up Test
Test Cases | Environment Temp. (°C) Remark
Hot Case 20 OlE &HSAIZ2H, HH2E T =F
Cold Case 0 HO2E U, EH=2E ot2AI2E 8
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Fig. 21 Temperature Profile of Heat-up Test at Hot Case
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AT = 40.03°C « AT = 19.78°C
AT = 0.79°C ’;“ AT = 0.46°C SR

Fig. 23 Temperature Contour Maps on the BB Surface Measured by IR Camera at Hot
Case ((a) AT =40° C, (b) AT = 20° C)
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Fig. 23 Temperature Contour Maps on the BB Surface Measured by IR Camera at Cold

Case ((a) AT =40° C, (b) AT =30° C, (c) AT = 20° C, (d) AT = 10° C,
(e) AT =0° C)
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