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Abstract: In order to meet the requirements of low background, low power consumption of low temperature
optical system and high environmental adaptability of infrared detector refrigeration components, the design idea
of the Dewar main body (window, window cap and enclosure) maintaining low temperature and flexible adiabatic
connection with the cooling surface of the cryocooler expander is proposed. Aiming at the characteristics of the
engineering application of the Dewar flexible shell for cryogenic optics, this paper takes a Dewar component of a
long-wavelength 12.5 um 2 000 element infrared detector for cryogenic optics as an example. This paper proposes

a bellows as a flexible shell for adiabatic connection. The design of thermal insulation, mechanics and associated
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heat leakage of Dewar flexible bellows is highlighted. The thermal characteristics of bellows under different

thermal load conditions are verified, and the minimum temperature gradient is 37.22 K, the adiabatic thermal

resistance is 1142 K/W, and the error is 37%. In order to comprehensively evaluate the performance of the

flexible shell structure, the thermal vacuum and qualification-level mechanical tests are carried out for a long-

wavelength 12.5 um 2 000 element detector flexible shell Dewar component for cryogenic optics. The test results

show that when the low temperature window works at 200 K, the detector works at 60 K, the heat leakage of the

Dewar is 544 mW. Compared with the normal temperature condition, the power consumption of the cryocooler is

reduced by 53% when working in low temperature condition,, and the 4 g random mechanical test is passed,

which verifies the low temperature optics. It is reasonable and feasible to use the Dewar flexible bellows shell

model, which provides an important reference for the subsequent structural engineering application of the Dewar

flexible shell for cryogenic optics.
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Fig.1 Schematic diagram of Dewar structure and irradiance
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Fig.2 Detector irradiance from stray light from the window cap at 300 K

and 200 K

TR RIS | B AL LR e
JE, SO T 2B AE AL TUET MR AL 7 2 8] 24
Fedit . % R P SUE H RAF R Bk AR AR
PORAR AR, R A B 256 T2 I AT 1, B AR
WPLLUE M RSN AH . WEUE NV BIEEH,
FZ B D WERE T LA A o B AR AR, I R A
3 BRI, PEARTR 2, HE IR PCR B R P g
BEA LA AR AR 1T 1100 A 52 =2 18], DDA Bl 1Y
I 7 7 21T R R L2 R HE R R

2 REXRFAMRFERYLERITRRE
MERH

2.1 RYERRZIT

o S BUARBLLL S 38 ARl e 2 R A BRI T
VEIRLEE, WnI&l 1 Fi7R, ZEAL FOH e B2 55 0F 5
A, VB SRR B R, LISEIM U E A 200 K
IR T AR, 70 B RN HLS AL BB A, v PLI K
PLEUPK A 5 FE PUAE 58 vk 22 TR AR 22 3 181 7, AR 45

20220180-3



ISk A2

% 12 47

www.irla.cn % 51 %

IRl A B 0K i ¥ ALK T8O I 5 i A AL B i
A IR BE SR AR T 218 K, [7) I 25 AR IR DG 27 A BL g

o T T T RO B RY, WSO RO B BRI 1
i

£ 1 &it#ER

Tab.1 Design requirements

Items

Design requirements (Dewar heat
load 1 W@55 K@195 K)

Temperature difference between vessel and window cap

Thermal resistance of bellows (77 K)

Random vibration condition

=18K
800 K/'W

20-100 +3 dB/oct
100-600 0.01946 g*/Hz
600-2 000 -9 dB/oct
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Tab.2 Design parameters of bellows

Items Design parameters Items Design parameters
Wall thickness/mm 0.1 Inside Vacuum
Material/L 316 Outside Atmosphere
Wave pitch/mm 0.85 Stroke/mm 4
‘Wave number 26 Shaft a30
Leak rate (He)/Torr-s™' <1E-10 Setting direction Vertical
Size 0.D.46x1.D.33 Shape \%
046 PALTEE A RORE B R, Sk SCPLRR B R . vk
033 e SR8 PHAT AR TR T A Sy B X A 17 (53] o 9 B 2
153, L WPEH A UK B, ARG I 5 WSS
' - B, A, bSO R, R AR P8 BE JE A AR,
Ti 2R R TR OO . P S0 B T G E
et R, AT LA A58 (1) HEE, 58 %56 K3 2 000x12 J6
E FETC PR SR ORI 7, FAABLA 1831 KIW(77 K).
o L
: R= 5055 (1)
S

P 3 Pt R 7R TR IR
Fig.3 Schematic diagram of bellows size
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Fig.4 Mechanics FEM model of test Dewar

3 REZHI MR R AT
Tab.3 Materials and properties of each part of the model

Name Material Density/kg-m Elastic modulus/GPa Specific heat capacity/J-kg "K'
Cylindrical shell 304 L 8050 200 409
Bellows 316 L 8050 200 409
Enclosure Kavar 8360 142 352
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Tab.4 Result of modal analysis

Mode Frequency/Hz
1 450.5
2 469.13
3 562.14
4 13814
5 1398.8
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Fig.5 The figure of thermal network model
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Tab.5 Thermal loads of Dewar

Cryocooler working condition =~ Temperature of detector/K  Solid heat leakage/mW Radiant heat leakage/mW Thermal loads of Dewar/mW

Normal temperature condition

(pulse tube @23 °C) 60 673 1000 1673
High temperature conditions 60 456 306 762
(pulse 263 K, window cap 228 K) 55 471 305 776
60 375 169 544

Low temperature conditions
(pulse 228 K, window cap 193 K) 55 387 170 557
50 404 171 575
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Fig.6 Schematic diagram of heat leakage measurement of bellows
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Tab.6 Determination of thermal resistance of bellows

oW T1/K T2/K ATK Thermal resistance/K-W™' Theoretical thermal resistance/K-W™' Deviation
0 74.45 153.5 79.05
0.101 71.6 193 115.4 1142.574 1831 37%
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Fig.7 Schematic diagram of low temperature test of integrated detector
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Tab.7 Low temperature test data of integrated detector dewarcoller assembly

Detector .
. Temperature = Dewar Temperature Temperature Cooler power Insulation
Cryocooler working power Total Temperature of .
condition of leakage consumption load/mW  window can/K of Hotend of Cold end consumption/  effect
© detector/K  heat/mw  ° /ElV\IJ) ° P bellows/K  bellows/K Wac of bellows/K
Normal temperature
condition 60 1673 0 1673 296 296 296 99
(Pulse tube
@296 K)
60 762 0 762 229.84 267.71 230.49 52.08 37.22
High temperature
conditions 60 762 600 1362 225.5 265.81 226.7 69.06 39.11
(pulse 263 K, 55 776 600 1376 22321 263.94 224.35 89.1 39.59
window cap 228 K)
55 776 0 776 221.88 263.4 222.47 61.6 40.93
60 544 0 544 214.56 253.16 215.52 46.84 37.64
60 544 600 1144 194.08 241.87 195.7 60.77 46.17
Low temperature
conditions 55 557 600 1157 193.27 243.52 194.61 72.74 4891
(pulse 228 K, 55 557 0 557 192.83 24231 194.25 56.52 48.06
window cap 193 K)
50 575 0 575 192.43 241.04 194.41 65.72 46.63
50 575 600 1175 192.1 241.48 193.2 94.94 48.28
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Tab.8 Comparison of data before and after mechanical test

Temperature of

Before mechanical test

After mechanical test

Refrigerator working condition

detector/K Cooler power Insulation effect of Cooler power Insulation effect of
consumption/Wac bellows/K consumption/Wac bellows/K

60 52.08 37.22 52.11 37.33

High temperature conditions (pulse 263 K, 60 69.06 39.11 69.61 3942
window cap 228 K) 55 89.1 39.59 88.92 39.83

55 61.6 40.93 61.48 41.09

60 46.84 37.64 47.07 37.87

60 60.77 46.17 60.59 46.49

Low temperature conditions (pulse 228 K, 55 72.74 48.91 72.66 49.15
window cap 193 K) 55 56.52 48.06 56.80 48.01

50 65.72 46.63 65.59 47.10

50 94.94 48.28 94.66 48.57
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