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Design and precision measurement of adhesive layer bonding of mirror
assembly in space reentry optical system

Zhao Yue,Guo Huinan

(Xi'an Institute of Optics and Precision Mechanics, Chinese Academy of Sciences, Xi'an 710119, China)

Abstract: To satisfy the application of the retractable optical system in the space environment, this article takes the Schlieren optical
system in a space combustion optical experiment equipment as an example. The traditional mirror bonding process is susceptible to
temperature change and the image quality of the optical system is affected. To address this problem, a method of adhesive layer bonding
design and quantitative analysis of the mirror assembly is proposed, and the precision measurement of its space attitude is studied. Epoxy
resin adhesive is used as the main adhesive of the mirror assembly, and the theoretical calculation equation of the adhesive layer is
improved and optimized under the constraint condition of non-thermal. Through multi-objective simulation analysis and data fitting, the
appropriate thickness of adhesive layer is selected. The coaxial assembly of mirror and frame is realized by using center deviation
measuring instrument and tool measuring method. On this basis, a coordinate system based on theodolite measurement is established by
using the coordinate transformation method, and the corresponding relationship between the pitch and azimuth deviation of the plane
mirror assembly and the measured values of the theodolite is derived. The final environmental test results show that this method can be
used to realize the work of Schlieren optical system in the space complex environment. The accuracy of the plane mirror adhesion is
0. 023\, the angle between the plane mirror assembly and the optical axis of the optical system is better than 10", and the imaging of the
optical device is clear when the temperature range is =5°C ~+45°C. This method has also been applied to other research projects.
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Fig. 1 Schlieren system imaging
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Fig.2  Reflector position
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Fig.3  Diagram of mirror assembly installation
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Fig.4 Flow chart of mirror assembly measurement
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Table 1 Performance parameters of materials

M PR/ MPa THAALL  BUEBK R %E/1076C

JGS1 7 300 0.17 0.6

7075 1 040 0.332 13
3M2216B/A-Gray 342 0. 43 102

IR SEUART i PR e oo 8 o g 22 S ) 0 T T 4
SR, (LR A T 14 2 P A S B S S Bl 42 v A AR BRI |
2 )2 3 5 2 A B R DT 3 S G 7 e BE A 5 i A SR 1Y
i R F R 2 T2 A OB i S e Rl £ N VAN
AR AR SO I A I 3M2216B/ A-Gray , i
B R R B 254 0. 102+0. 025 mm, N T #fk b
TR ) T, 26 B 3 )25 5 B O o S A Rt 422 i i v Y
FEBE BORSH22 [ BE ) GBI R )2 R AR A 13
Bk (1) FiR,

= Rg(am - ag) 0

v Q, +a,
ab_am+1_1jab_ 2

Kl o HIAIAH s, MR IK R B o, N RSB
MR E G o, HEHERIE M R EGR, RO R T 5 1
A, () ATAL RHEER ] 3M2216B/ A-Gray H 4,
WY S5 HE R 422 (0 J J2 BB PR FEE 4 0. 077 mm,

T LR TR A T A A SR AT T LB TR N
B EIARE e R ARSI AT R, IR )2 B AR




8 1

B R A s TR A0 R G BRI 2 R T SR I 221

AR TR BB R AR = 9 A
ARZS N PSR , -5 S 5 B8 B e #2 = (9 R
Ffi, LS B TR 22 SRR AT Ry S R
SRR B LA RS BtE ] iR A2 1, LA b
TR AR A B~ DO A I J22 V2 E AR Y TR A
D-a +AT+D-o,-AT D-a, -AT+D-a, - AT
: 2 + 2 (2)
ool D A A R B R St TR A
B PEAERIRER I ) RN R

_ a, a, ta,

WA SCHR B4 52 S8 B2 4L PF SR FH S B MG 2, i 32 29 o 2
Bk A RS S EAE, HRJE R R ROH, W (3) 28
£ .

Ly o, — o,
st
M=) PR
= R(a,-a,) (s)

v t, 3
oo, +r— 2—5 @, ‘?( ata,)

R (5) FHEH T8 S A A Y T B AR RS 422 1 52 PR
RHEIS 3BT 5 AR 85 5 B HE N " i 8 57 28 22 %8 5
FRAgGH — B TE B

R(a,-a,)

t,= +AT, (6)
v t, 3
a,-a, +1_U{ (2—5) o, (e te) }
AT t, +t, P, +P, 7
= +
! 2 2

Horb o, AU B L, AR B, P,
Ry SRR TR AT T B, P, R B 2 T A ST T
2.3 KHEXEBmERiET

J S IS Ao T 5 B4 5 355 R TR, 7 T[] o) e
JB5E Fsz S 4 T TR B RORN A R /RS B T AL T
BT,

Qi = Wa f./] (8)

5 ph S e P 2 R O R 58 4 AR 25 T8O RS B2
DL R R R R L2 REOUE N 4.

S5 ) K20 160 ¢, 3M2216B/A Gray fE 1)
51 )R 22.06 MPa, 2 T 6 {7 2 5 55 411 e 18 7K <7
15 A B g s B p 2 (8 ) SRR 5 e/ e T AR
435 mm®, T RPEE S GRS EE R A i i E 2 S A
12 mmx12 mm FIEME B, A — 0 A IR B
FENEIE W e B B A2 T f =X (9) 153, 2970 10 mm,
Qo
ks

D=2 (9)

2.4 REPEHZETEESN

G e s e g b 25 R GE IR ALIE B9 I T OKG %5  14
— SRR IRET o o€ B, 1 5 PR BE A 1 T AR SR8 0 Ak
Faslalh, BAT BRI A XA T A R
JER AR B B PO 5 B R AR PRI G R Y AR )
TR 2E R RS2 308 B A 1] i 22 B i O~ e A ™
ARV ) A TR T R A AN R A | WACTI 5 )
SYBERGHE IR BT BURTIE . O 1 O S ST BORG 40 0 45 2R
ST RE ARG 2 S PR, B 08 S S S 28 4 B4 A PR OT R A
BB ASAARAT , 2 BEALHE RN BT BUAE R i
KRR 2 SR B 2 S Anlal 5 R

gL

BLHE

K5 SRR B

Fig.5 Diagram of mirror bonding
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(b) Finite element model of adhesive layer
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Fig.7 Thermal strain simulation
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Fig. 8 Thermal strain fitting
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Fig. 9  Stress simulation
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Fig. 10  Diagram of tooling measurement
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Table 2 Result of mirror assembly adjustment
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Table 3 Random vibration test condition
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Fig. 16  Thermal cycle curve
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