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Abstract: To meet the high-resolution imaging requirements of space-based optical payloads and address the
challenge of ensuring reliable bonding between detectors and structural frames under extreme environmental
conditions, this paper proposes a collaborative optimization scheme for the bonding of detector assemblies.
Firstly, in accordance with the space environmental adaptability requirements of optical payloads, a systemat-
ic comparison of the core performance characteristics of commonly used adhesives was conducted. Epoxy
resin was adopted as the primary bonding agent to ensure rigid and dependable attachment between the ima-
ging unit and the support frame, while silicone rubber was employed to provide stress-buffering capability,
forming a composite adhesion architecture. Subsequently, a multiphysics coupled simulation model was de-

veloped to investigate the influences of static mechanical loads and PCB soldering thermal conduction
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(200°C) on the stress, strain, and displacement of the photosensitive surface of the device while achieving

quantitative control of adhesive. Finally, the reliability and stability of the scheme were verified through en-

vironmental testing. The results demonstrate that the closed-loop design effectively resolves the challenge of

high-precision assembly. Pre- and post-test inspection using a coordinate measuring machine confirmed a co-

planarity precision of 0.019 mm, a linearity precision of 0.0021 mm, and an overlap precision better than

0.005 mm. These performance levels satisfy the splicing accuracy requirements for detector components in

space optical applications, providing a standardized technical foundation for the precision bonding of this

type of detector component and holding significant engineering application value.

Key words: space optical payload; detector assembly; epoxy bonding; simulation analysis; splicing accuracy
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Fig. 1 Splicing schematic diagram
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Fig. 2 Bonding schematic diagram
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Fig. 3 Detector assembly parameter diagram
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Hbrfs B0 R A 55 RAb 2E, 75345 2 R AE H bR
AT G BE T, d5 J5 AR A 2 X (9) 18- BIXS L B2 S5 1%
128 bR BRI X 1V G R, o8 B A RRAE H AR E B
B RS WERRE, 13- M K
T Lyax = Luin

MTF (f) =-x
f 4 Imax+1min

)

SR EURAR B AR B I = T, AR S L0 A
BRS04 3k 1 £ R A 8 — SR DX ], SE e 4
IR, M HTZRARE PR B MTF Al
(B 155 B ARG TN 658 Sk 75 S 5 = A Al 430 fp s v
SENL, SENAFAE B ARBIO EARAE, PN SE BRI 2%
ZH A DU A 1) e R R A AR R 11
TR DAV B 25 50 kg SE e, X 4L AR T
R VR, S BEEINAR VY FA LT /N 0.02 mm,
5 E/NT 0.025 mm FEAREER; T R L, S8R
AR PRI 2E A 0 e o 1 — S B 5 50
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Fig. 11 Coplanarity accuracy measurement process

BRSNS AL 00 Lk R I, e A 4%
OGS ER i g R, A 5 — A
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X AR BRI A Ah o RN R 2L 0 I e R 5 |
AEE Y il 3 R Sk R I SR O TV Y
J5 I HEA T LR, LA X il 1 (4 A% 1 R AE HE
F5 TR g 2 A ) LR I 22, e AR B Dt 2 (L
S0 UL PR S 28 IR, S T ol A 0 88 4 1 1
2R BERS AT 35 0.0021 mm, 6 2 /N T 0.003 mm 1§
PREESR, I S 2 A D BEE FRs 8 B I

SERL RPN B R L | R A
R 55 V3% 5, AR HE A 10 bR IR 5 1E 7K
- Al B BRI (R 25, 45 RIS 2 Y
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Fig. 12 “Pin” shape splicing
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RIS LELPE ™ 5 vk 2 D F A TRk 30
(5256 % Fh8E T S8 (MR SF0N VC-D 20), H
PHIHE o8 40l R e br . IR ek
HAPLRAR R GERIAZ O A, ILAS AR E 1 5 PR
W ELRE P E LA E S B R . BRI
TG BRI AR AR L B R, WS
Bl+0.2 °C Ay ks B, BERSHE AL 0F TARIRE AR

ERERIEE R X (<15 °C ~ +50 °C) N, %R
B & T3 TR SR, /i s s B
AT SR, R A 0 ) AR T X R 25 D
SO A RIS AT AR, KT R ST B B R AR
Bl PRIT AT 2 5 M 2 A2l 422 45 ) e M 1) G B [
2, 55| AR AR Y, S8R #8 2 [al 4
T A%, (LT B2 | B4 B A A O B T H8 A 1 1
THAVFE ], 2 DA B i R . A
PRI SS AHFR A BA RIirm s et S m
K, RIS BRIRSh T00F BT E T, DT
RGN Ty 2E RS, S HAE PN B AR A O
PRBE

AT B G b W I iR 2 3k R e ) T e N
T, E FEA OV R WIS, AR 13 R .
P D8 BRI B A1 1F 5 L e T eps i
1, Bl AR 22 TR &, $ R 2 Jeikf T
GRS, 7R L 3emt I, $ IR EE 3 J124ik
Y5 S SE R X il Y FA K Z il =5 el R R
Peoho P FEuE 14 PR,
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Fig. 13 Pre-test preparationt
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Tab.2 Low-Level characteristic sweep test conditions

BB (Hz) 5~500
PRsh % (0—P) 0.5¢
pJIE=wak] X. Y. ZJ
ESLTPIES 4 Oct/min




3 x ¥

B AR, A5 A DG SRR SR AL R R B S BE

*3 BENREhAE R

Tab.3 Random vibration test conditions

i3 (Hz) 20 ~ 100 100 ~ 600 600 ~ 2000
PIESEY +3dB/Oct 0.04g*/Hz —6dB/Oct
SRR 6.23g rms
BT ] X, Yl Zith
B[R] 2min / flilig

K 14

44 BHERBEEN

I AE RS, BRI S R e = B =
A bR IR SO BT IR S IR PR B o, 1 A
WL RES MUK S AR AR, I 2 B B i
AE NS HINE T 00, 7R IEA b, S8 1k

R
Fig. 14 Test Site

RV AR ERRAE SO AE BE/NT 0.019 mm, K E N
0.0021 mm, ifj /& 5 AR F 2ok, HARE R Ik 3
FiR e iR 2s R0, iR 45 5 S5 41k
AR T 25 B R p s F e e 5T s bk, fig
BEHMAR " I PE AR 48 41 A4 7E 26 D7 PR B K

b RS B B & I T AR, A5 s i () B e, AP A A AR RN B SRR e
F4 BUREN
Tab.4 Data verification by re-measurement
S /mm LRI /mm PHERSE /mm
39.2549 39.2609 Xy Yy X2 Yo X5l Y J51H)
A1
39.2609 39.2589 0.0019 -43.0149 0 0
39.2499 39.2509 Xy Yy X2 Y
A2
39.2429 39.2499 —26.9462 -85.1684 —-26.9459 -42.1519 0.0039 0.0024
39.2619 39.2559 X3 Yy, X3 Y3
43
39.2599 39.2599 —26.9483 -0.8560 —-26.9504 42.1616
IR 2 0.019 0.0021 0.0011 0.0026
5 # &% G 5 AL T ELAT BT, NG HER 2 RS i

B 23 [ Y2 28T o 0 R LR R, D i
PPN -5 2 A MRS B nT AR A E R S PRI T fY)
JS7 PO XEAE, A SCHR - B uE— MR g L 2 5
REHETT98 o 1 e o UK HERI e 2, Rl AR S
JE R AR | AR O B ) 2 B R R A 2R 5 25

5 =H

SRR 4.7ul, RERR I s 20, 7ul () fE AT i 2=
B DB sg = Abrill s SO Ar e FEE, 250
YSUE, 207 SIS i I BRI R LA v
KD, HALERSRE 0.019 mm ., B2 0.0021 mm,
FEHERERE 0.005 mm, 2R RRR 2 Pk 1L BET TR
bro BT SREST T ARIEAL I ARMESE, S [F 2R
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