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Development Status of the Flexible Thermal Link Coupling
Between Cryocooler and Long Linear Infrared Detector

DENG Wei, SUN Hongsheng, ZHU Yingfeng, XU Dongmei, LI Ran, HUANG Yibin
(Kunming Institute of Physics, Kunming 650223, China)

Abstract: With the demand of from space technology for a large field of view and higher resolution, the
scale of line infrared detectors is increasing. Single point coupling mode fails to meet the temperature
uniformity requirement of long linear infrared detector chips. This study compares and analyzes various
types of flexible thermal links, based on the design and the testing outcomes from many domestic and
international research institutes. The characteristics and applicability of the various flexible thermal link

designs, in terms of thermal and mechanical properties, are summarized.
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Fig.1 Stress unloading structure (up) and focal plane structure (down) of GF-5 satellite linear infrared detector components
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Fig.2 Dewar structure of linear infrared detector designed by Shanghai Institute of Technical Physics
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Fig.3 Chain-shaped flexible thermal link: flexible thermal link of oxygen-free copper (left and middle picture), flexible thermal link of
carbon fiber bundle (right)

Flexible Thermal Link

K4 BRI RER

Fig.4 Assembly structure of chainlike flexible thermal link

F 1 RAEA L S 2 R T H Table 1 Space items using copper thermal link

Project name Launch time
Lockheed Martin/NOAA's GOES-R 2016.11
NASA's OSIRIS REx 2016.9
Numerous Department of Defense Satellites 2016-2018
NOAA's GOES-S/T/U 2017-2018
NASA JPL's GRACE-FO 2018
Orbital ATK's Cignhus OA-9 Spacecraft 2018.5
NASA's GEDI Sensor(on board the ISS) 2018.11
Eumetsat's METEOSAT 2020
NASA JPL's Deep Space Atomic Clock(DSAC) 2019.3
ESA's Solar Orbiter 2019.2
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Table 2  Space items using carbon fiber bundle thermal link

Project name Launch time
NASA's ORION Spacecraft 2015.11
JAXA's ASTRO-H(Hitomi) 2016.2
NASA JPL's GRACE-FO 2018.5
USAF's GPS Il 2018.11
Numerous Department of Defense Satellite Programs 2016-2018
ESA&NASA's Spectral Imaging of the Coronal Environment(SPICE) instrument(on Solar Orbiter) 2020.2
Boeing's CST-100 Commercial Crew Vehicle 2019.7
DLR's EnMAP 2020
Ball Aerospace's GEMS UV-VIS Spectrometer(GEO-KOMP SAT-2B Satellite) 2019
NASA's IXPE Mission 2021
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Fig.5 Structure sketch(left) and physical map(right) of carbon fiber bundle thermal link
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Fig.6 Foil thermal straps: copper foil thermal straps(left), aluminum foil thermal straps(middle), graphite foil thermal straps(right)
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Table 3 Comparison of partial parameters of copper, aluminum and graphite materials

Thermal Conductivity under 80 K/(W/m-K) Density/(g/cm®)  Thermal conductivity/Density

OFHC Cu 558
1100 Al 283
GraFlex 300

8.9 62.7
2.7 104.8
1.8 166.7
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Table 4 Thermal conductivities of aluminum with different
purities and copper

Thermal conductivity(W/m-K)

Aluminum grade Copper
TIK 1100 1050 4N 5N OFHC
50 369 425 948 1087 1173
60 338 389 645 695 816
70 308 354 484 507 646
80 283 326 390 401 558
Purity % 99 99.50  99.990 99.999 99.99
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Fig.12 Comparison of thermal conductivity between
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aluminum and copper
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Table 5 Feasibility study of assembling processes according to the foils and fittings materials

Processes available

Aluminum foils and

Copper foils and copper

Copper foils and

for foil assembly aluminum fittings fittings aluminum fittings
Good .
TIG/MIG . ) Good Not feasible
but not critical on foils
Very good
Press-welding Not feasible no thermal resistance Not feasible
between foils
Feasible Good Feasible

Diffusion welding

with force applied during

no deformation and good

with force applied during

process performance process
Laser welding Feasible Feasible Not feasible
but spot welding only but spot welding only
Very good Very good
EB welding no thermal resistance no thermal resistance Not feasible
between foils between foils
Good Good Good
Brazing with additional thermal with additional thermal with additional thermal
resistance resistance resistance
Good Good Good
Swaging with additional contact with additional contact with additional contact

resistance between foils

resistance between foils

resistance between foils
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Fig.13 Compound graphite flexible thermal link (left) and integrated graphite flexible thermal link (right)
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Fig.15 Flexible thermal link structure of carbon fiber paper (left) and sandwich structure of thermal link (right)
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Fig.16 Flexible thermal link structure of linear pulse tube cooler dewar assembly
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Fig.17 Thermal performance test platform of thermal link(left) and stiffness test platform of thermal link(right)
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