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Research and test on mechanical properties of adhesive for

infrared optical materials

Zhang Nan'?, Wang Yue', Zhang Zhifei', Li Qinglin', Chang Junlei'

(1. Beijing Institute of Space Mechanics & Electricity, Beijing 100094, China;
2. Beijing Key Laboratory of Advanced Optical Remote Sensing Technology, Beijing 100094, China)

Abstract: Adhesive bonding is a commonly used support method, which is often used for the connection of
infrared lenses and frames. Therefore, it is of great value to research the mechanical properties of adhesive in
various environments to improve the environmental adaptability of infrared optical remote sensors. Germanium
and titanium alloy, silicon and invar were selected as two groups of research objects, epoxy adhesive was used for
bonding, and its mechanical properties were studied by tensile and shear tests. Firstly, the test method and process
of mechanical properties were introduced. Then, on the basis of simulation analysis, the tensile and shear
strengths of the two groups of test objects were tested in three different environments, and the test data were less
discrete and more reliable. At last, the test data were summarized, and it was found that the tensile strength of
epoxy adhesive was 1.4 times the shear strength, which could meet the requirements of bonding and fixing
between different materials, and had good environmental adaptability. The test data obtained can be used as the
basis for the design of infrared optical remote sensing, which has high application value.
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Tab.1 Mechanical properties of infrared materials

Material plg-em™ E/GPa CLTE/C!
Si 2.32 190.0 2.5E-6
Ge 5.35 102.7 6.0E-6

ZnSe 5.42 67.2 7.6E-6

SCHR R LA BE (Ge) 5Bk < (TC4) BRAE |
dn i (S1) 5 B (Invar) BEHEAE o 1 4L R4 X R #E 47
WE9E. e B IR AR B S BHE A TR B/, 1D
JEe 2 IR, Ht 5 A A0,

(ac - aa)ao/ \/E

v h

3
ah—a',,+1—_v [(2— i)ah_ Z(ac+a/0)

h =

(M

A h IR BE s LR 42 5 5 o, R 355 58 ) B
K R EG o BHE I TR K 2R a0 SR IR 1 AR
KRB v IIIIARA . £35S FE I N 42, il
TV DL R i T2 A ) TR, B e
EJEE A 0.1 mm,
1.2 KHURITEEIT

T A B ZL MR | B R A
B SR N £ RHE A5 R Ge 1A Si ik
4, SME R SF R 25 mmx 15 mmx15 mm; 43 & i85 5
A TCA iR 5B AN Invar IR B

E B IR 2k v, TS 6 R R g HOR 21 AR
PRI TE ], FHER SRS = e o il LA Sk
— Ui IR B A, 5 —im 5 e m I A . R
A 0 I R SR AL G i i 4 S DR b K- T A AR
SJe £ 10 RS 38 B el 15 10, e LA Sk At
B WL Ao 10 O Rl G, LARA DRI AL (i Y hir
NIRLIELTI)Z . TR, &8 sl
TR sa g, anlE 1 s, R LD SRR i
TEPIA 42 8 7 B g e b ], O A HOZEHAb i3 0.1 mm
JE I P AEUHE, RIS, 43 04T Ge 111 TC4
R H  Si i F A Invar 1256 Hk i 57 A

BTN, 4w g PO LB i g e, i 2
JIE 7, B EL AR R A 5 A T L Ak g e )
FAb, AR 20 MR 5 L U R e B % 422 i 1 FRAH [+,
IFEILE B ALV 0.1 mm JE A IR EURCEE, i I 1405
3 AT Ge A TC4 i 5 e | Si il 4 A1 Invar i
B He i 5 U1 R

202102952



i E ok A2

www.irla.cn % 51 %

Infrared optical material test piece

Tester connector Square test block

1 Hfikee = 4Eiy

Fig.1 3D model of tensile test

Infrared optical material test piece

L-type test block
Tester connector

B2 A = e
Fig.2 3D model of shear test

TEIRJE 20 °C HIBE 30%~40% BRI F #E471E
J o B A% A (82) mm, A 3 3ok s A S A R ) A 4
il BLARRUST o e B0 T2 D) 3 ok 45 T2 9 RO 15 2 PR
FE£0.02 mm LA o 48 I 50 B A 2T AR R 1 i 42
T 42 i 1oy PRV A s D 0 3, R 3 R A L
VI BS

iS22z T RS 8 0 4 R 4 i | S 9 0 A T i 2o
HEAT AR B, 4b By 1 AT 2 B GB/T 21526 i iR 71 156
WIS HAT o SCrP R B THRURE 2 R Ra0.012,
4 J8 IR 10 RLBE B N Ra0.4, FEAVHLRE B AR 31 1
BT BN E o
1.3 REEHREN

(1) ZEH IR BE T (RT), ST 57 A0 A1 57 U156 A
TR LR (202) °C, M EIK 30%~50%, M S K
FEFIR T 20 B, DAARAS A b v 2 o] I et T 2
HEAY SR B

Q) PG R 5 H IR A B T (TCRT), 47 H7
BTN . P IR 50 7E L A IR I 1 & N AT,
HEFR IR S —115~30 °C, J& 1t F 1x107* Pa, A5 i
R/NTF 30 °C/h, 15BN AR 0.5 h, AEFR 10 ¥, Wl
TR HR o X Rl R Y R

(3) FEARIEIREL T (L), PE47 B A0 87 V1R 56
BRI I B R —130 °C, ik B3 5 R 10 min Z J5 T
RTINS . 2T Hh i B Tl AR IOR AR T T

PE, T 2B VR R — A IR PR BE N R AT, BRI A A
I AR KT R 790 1 5 ), AR A AR IR T 1) B
TR ARG & B 2% 1 2 IR BRI B3R, R B T AR 4
DU 28 3 3G I T B, i e ™ o PR 3 1 g )
IIETY G
14 KWHERRRE

B 4 i R B GB/T 3354—2014 Fi1 GIB
1709—93 TERUALEE il B W Al ik U7 Bl g L b it 473
5500, RN 1 mm/min, B3 2054 RBHAAF S 4 8 i
5 e 8] 58 42 S I 77 P A5 1k 3, 0 SRR g I -
RSP, IR 2 A 3 R, B IR A 5 R
T NHEAT, AR RS TR A 5 R 2 RE A AR e A
AT .

BN | e B A S T A ot b
PEAT R IR B TR IR T (A i 85 D13, e
&l 4 PR,

(a) FfEs:

(a) Tensile test
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(c) Low temperature test case
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Fig.3 Adhesive strength test
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of test piece
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processing
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Fig.4 Test process
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Fig.5 Stress distribution at room temperature
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Fig.6 Stress distribution at low temperature
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Fig.7 Test results at room temperature
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Fig.8 Test results at room temperature after heat cycle
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