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diameter mirror; (b) invar bonded joint
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#1 MHEZSH

Table 1 Material parameters

. Elastic modulus Poisson’s  Density
Part Material . )
E /GPa ratioy  p /(g/cm’)
Mirror ~ Zerodur 91.00 0.24 2.53
Adhesive
EC-2216 0.18 0.43 1.50
layer
Prop up 4J32 141.00 0.25 8.10

A8 A ML R B AT i ) 2 ey iR 3h R0l 28 A
T8 TR R RS 422 0 T, T S P I A, A e 1 A
TR AT ) K5 B 48 RS 12 B LA R A% b B T L P A R
M E AL E, EC-2216 B/A BRI 09 B PE e S50
F 2R,

#2 EC-2216 B/AMARFER NS H
Table 2 Parameters of EC-2216 B/A epoxy adhesive”

Parameter Value or content
Color Gray/white
Curing time 7 d@24 °C
Shear strength 13 MPa @24 °C
Adaptive temperature zone —55-150C
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Fig. 2 Free shrinkage model of adhesive layer

B2 M i %R 5, AR I e AT 7
B=AS/S (1)

JBE J22 I — A R S AL W 4 31 o) — RS IRE N
AL = RN o MAEAN R T RIAE R L BEE F
P4 T B B2 2 7 HE WA T o

TE 2 B W R e AR 2 5 | RS DY A S S A5 1) T
AR i 3 TR,

5 B2 59 45 55 RN 2 1R A W EE 3 33 K, LK R 4 5

0622003-2



o 5| 51

E 455 £ 6 H1/2025 £ 3 B/RFFIR

P13 M2 A A

Fig. 3 Deformation diagram of bonded joint
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Fig. 6 Finite element model of bonded mirror assembly.

(a) Finite element model of mirror assembly; (b) mesh

details of adhesive layers
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Fig. 7 TIterative curve of adhesive layer topology optimization

K8 BZIMEAL G (a) sHEMIEAL S5 2R 5 (b) B E A R T
F 2

Fig.8 Topology optimization results of adhesive layer.

(a) Topology optimization result; (b) finite element

model of adhesive layer
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Fig. 9 Trends in mirror surface RMS and fundamental frequency. (a) Effect of adhesive area on surface RMS; (b) effect of adhesive area

on assembly fandenmental frequency
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Fig. 10 Adhesive layer shrinkage stress contours. (a) Before optimization; (b) after optimization
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Fig. 11 History of adhesive layer stress development before

optimization
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Fig. 12 History of adhesive layer stress development after

optimization
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Fig. 13 Simulated contours of mirror deformation after adhesive

curing. (a) Before optimization; (b) after optimization
g P P
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Table 3 PV and RMS values of surface shape

Surface parameter PV /A RMS /A
Before optimization 0.175 0.021
After optimization 0.172 0.018
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Fig. 15 Test scheme for in-situ dynamic surface shape monitoring during mirror bonding and curing. (a) Optical test path; (b) physical

photo of test platform
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Fig. 16 Initial mirror surface accuracy. (a) Surface shape test values; (b) mirror surface interference fringes
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Fig. 17 Comparison of tested and simulated surface accuracy changes. (a) PV before structural optimization; (b) RMS before structural

optimization; (¢) PV after structural optimization; (d) RMS after structural optimization
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Fig. 18

Interferometry surface shape test results for cured mirror surface. (a) Before optimization; (b) after optimization
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Table 4 Test results of mirror surface shape

Monitor status PV of FEA calculation /A

RMS of FEA calculation /A

PV of test /A RMS of test /A

Before bonding 0.175

After bonding 0.172

0.021
0.018

0.175 0.021

0.178 0.018
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Abstract

Objective Adhesive bonding has become one of the most popular methods and a unique method sometimes for connecting
optical components to their support structure in optical systems. For high-precision optical systems, the shrinkage stress
caused by adhesive curing has a non-negligible influence on the mirror figure accuracy. At present, there is a lack of
methods for monitoring the figure precision during the bonding, which makes the bonding process hard to control in time.
The bonding process is planned to be optimized, and the dynamic monitoring problem of the bonded mirror figure should
be solved to reduce the relative figure change rate before and after mirror bonding. We investigate thin glass mirror
specimens with a diameter of @100 mm and a thickness of 10 mm to optimize the stress-relieving structure. Finally, a
foundation can be laid for promoting stable opto-mechanical integration quality and widening the engineering application of

light-thin mirrors.

Methods

constitutive theory of adhesive materials, the viscoelastic mechanical model of the adhesive layer is introduced, and the

Firstly, the principle of curing shrinkage stress of adhesive layers is analyzed. Secondly, based on the

relationship between the shrinkage stress of the adhesive layer and the curing time is analyzed. Then, the equivalent

. 0622003-9
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temperature loading method is adopted to simulate the influence of the adhesive shrinkage stress on the mirror figure, based

on which the optimal design of the curing stress unloading structure is carried out by topology optimization. Finally, by
employing the proposed adhesive bonding technique, a dynamic monitoring test platform for the curing figure of the

adhesive layer is built, with the bonding process and optical tests carried out.

Results and Discussions Based on the viscoelastic theory, the mechanical model of the adhesive layer is built, and the
performance parameters of the adhesive layer are determined according to the theoretical calculation and finite element
simulation, with the 0.2 mm thickness of the adhesive layer and minimum adhesive area of 300 mm® The equivalent
temperature loading method is adopted to simulate the effect of the adhesive curing shrinkage on the mirror figure, and it is
verified that the results of the curing shrinkage stress of the adhesive layer before optimization are consistent with those of
theoretical analysis. The results show that the shrinkage stress of the adhesive layer is 0.016 MPa and the mirror figure
accuracy RMS 1s 0.0182 after the optimized bonding structure, which indicates that the designed adhesive structure meets
the application requirements. According to the whole history curves of the PV and RMS values of the mirror figure during
the curing process, it is found that the curing time is recommended as 15000 s, and the final figure accuracy RMS is
0.0212/0.0182 for the non-optimized/optimized structure respectively. The test results show that the structure of the

optimized adhesive joint is better than that before optimization, and the simulation results are verified by experiments.

Conclusions In studying the influence of optomechanical hetero-bonding processes on the mirror figure, the mechanical
model of the adhesive layer is built by analyzing the principle of curing shrinkage stress of the adhesive layer combined with
the viscoelastic theory, with the curing stability time of the adhesive layer recommended as 15000 s. By adopting the
combination of viscoelastic finite element modeling method and the equivalent temperature loading method, the influence
of adhesive curing shrinkage stress on the figure is simulated, and then a reasonable stress-relieving bonding structure is
optimized. By conducting the optimal design of structural topology, the adhesive layer bonding area is optimized from 490
to 300 mm”®, a reduction of 39%, and the corresponding RMS of the optimized mirror surface is stabilized around 0.0182.
The mirror bonding equipment for monitoring the mirror figure dynamically is designed to ensure the bonding quality. The
dynamic monitoring bonding process of the adhesive layer curing figure is established at room temperature. The curing time
and surface deformation are tested during the curing process focusing on the mirror figure stability. As a result, we verify

the effectiveness of the structural optimization, the bonding process, and the finite element model.

Key words hetero-bonding; curing shrinkage stress; finite element analysis; dynamic monitoring; surface accuracy
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