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Abstract; In order to realize the athermal assembling of rectangular special mirror with large dimension of
1 200 mm x485 mm, and reduce the effect of hot stress on primary mirror's surface figure precision, the
effect of epoxy thickness on the surface figure accuracy of the mirror and the stress of epoxy under static and

dynamic conditions are researched. First of all, several already existing athermal adhesive thickness equations

7% H #3:2016-06-08 ; f&3T H #§:2016-08-12
BEE&WME : BR S ARBG &R (863 +1R1) BB H (No. 2012AA121502)
Supported by National High-tech R&D Program of China( No.2012AA121502)



6 ]

BRI, KA R BRI f i 705

obtained based on Hooke’s law are introduced. The athermal adhesive thickness equations of the primary mir-

ror which has blind holes with taper in the back is developed, and the curve of athermal adhesive thickness is

obtained. Then six modes of mirror with different adhesive thickness are made. The result of analysis shows

that the mirror's RMS are 0. 0178 (optical value) and 0. 0173 A ( gravity in detecting’s directions) under 5 °C

uniform temperature rise when the epoxy thickness is 0. 07 mm. Finally, vibration tests of mirror components

and drawing test of epoxy are conducted. Analysis and experiment results indicate that its first order frequency

is 216. 4 Hz and the error between them is 1. 71% . The maximum stress of epoxy under dynamic conditions is

smaller than the shear strength which is 30. 2 MPa, obtained through drawing test of Epoxy, and the safety

margin is 2. 46. All indicators meet the design requirements.

Key words: space mirror;epoxy adhesive ;athermalization ;finite element analysis ;static and dynamic analysis
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N TN TR 22, RS AT BROCER i A4
FATTHAM RPN 2 /0 =2 M B TT R SN I
JEELSEI R I R R L O T BRE B A
B TR 5 BE 7 R B IE R, O HU A TR i
JZJEBE X SO BE T (9 520, M ] Hypermesh ##
A7 6 TSR BT 1A BROCE L, 73 531 O i J2= )5
0.05.0.06.0.07.,0.08.0.09 #10.10 mm [t =2
22 BT I S B 2 PR

4.2 AEFE TN NESEHEESN

1 T R A RS2 R AN ], P
Ji ZR B i 22 57, AR LR AL A 1 00 T SOt R
PR BB 27 e RN ) FI AR S, DT e 24 5 B0
TR TG B2 1 A2 Ao AR ST B 1 1 BE 245 28 4k
+5 CHF(ZHWE 20 C) , ARIBR P RZE ALY
NI UA R & T R TR RS RS . SR 3.1 3211
6 FiiE A F-F) A MSC Patran/Nastran 347 33 #7



6 ]

BRI, KA R BRI f i 709

FEAGF R 2% S I BB e 07 Y e B L, )]
/N Ak R R A B 96 2B UL B K
BHER, UNE S s . ANIELS T RIE Y, e/ MARL
M2 R JEAE 0. 07 ~0. 08 mm Z [&], T35 E 17
AR JCHOR SRR T R IE AP . [ 6 SAIR)Z
J0.07 mm Bf SUHBEAE +5 C LOL T R T =
Al

0.94}

<

=9

&

R I

5 0.90

5

=

K 0.86f

i

o2l . . . . . .. .
005 006 007 008 009 0.

JJZ 5 /mm

BlS  AN[R] SR B A TR AL e RN 740 26
Fig.5 Fitting curve of the maximum stresses in differ-

ent mirror mode

1.55+000
1.46+000
1.36+000

1.26+000
1154000
1044000
0.00-001
9.39-001
7.00-001
5.26-001
5.22-001

4.15-001
3.13-001
2.09-001
1.05-001
5.07-004

Bl6  RJZIE0.07 mm 1) S GEHANY ) 2

Fig. 6  Stress nephogram of mirror with 0.07 mm adhe-

T e——

sive

X4 MSC Patran FiI Sigfit 4, nf DL
FIAFRERIAE +5 C LU FBEE Mg . B 704
S B RMS 75 A [m) 168 J2 )2 B2 1 728 4k it 46
Bl 8 M 25 0.07 mm B () i S B 1 T BT, A
TRILAE B RN RO B T E 1% 25 1 I =
JEEEH 0. 075 mm, 5 FA7HISHES AL R ILF—
B, XU S T T RS Y AR B SR E TR E
AOIE AR M. ol TR )2 R B AR R, 7E L AR
0.07 mmEM )2 E L 0. 075 mm JEAY I )2 B2

5345 RS2 0. 07 mm fY 5 5355 RMS {1
FHELE RN 0. 0178, i /£ 62K R G R EoR
BT LB 0. 07 mm 1E R IR 2 F AR o

+ 6 AU AT RS ]
I3 b1 RMS 1%
0.032
~<
=
w2
S 0.028
=4
AR
R
5 0.024 Y0.075
0.020 X007
r00178] |
0.016

0.05 006 007 008 009 0.1
JB )2 )5 B /mm

K7 AFRJZE B RO B8 RMS BHEL4 il 2k
Fig.7 Fitting curve of primary mirror's RMS with dif-

ferent adhesive thicknesses

1.07+001
9.33+000
7.98+000
6.63+000
5.28+000
3.92+000
2.57+000
1.22+000
—1.29-001
—1.48+000
—2.83+000
—4.18+000
—5.53+000
—6.88+000

—8.24+000
—9.59+000

=

I8 S 0.07 mm () S BEAE SRR T AT [A]
Fig.8 Cloud chart of primary mirror’s surface figure

with 0. 07 mm adhesive

4.3 EEHEESH

23 [AARBLI AL 38 RS T IR S5 R 2
A, 0 T TSR I PR 25 AF T DR UEAH ALY 1 15
T ERAL R A R R ) RS R AE
3 2 N BRI 2 R B 1) ISR B 4 A 3 A )
NG T, MR 2 ATLUE I, 7E XY i
TS TETE FAE T A/50, ik B 5 kR SR T Z
M EE 13 R RMS {H R 0. 03554, 81t T #8148
b (H S TA R LR DGR Jrml (%2 Y
[ Sy ) AT AR, v LIASKE Z 1) B AR
FIF 9 TEE RMS {845 o 0k ) % 4% g 4mt T, Ui
A R B 0T I R A 5 A N



710 o E A

9%

R2 RHEBREENGTHINER

Tab.2 Analysis results of mirror under gravity

X il Y i Z 1
RMS 0.006 2\ 0.017 31 0.0355A
PV 0.026 81 0.084 31 0.164 31
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Tab.4 Peak and maximum stress of epoxy

in the primary mirror assembly
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Tab.5 Mechanical condition of random vibration test
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200 ~ 300 AW 8.2
300 ~ 800 0.04
800 ~2 000 -6.0 dB/oct

10 Sy BN B HRSAEE B . B 1L
Y i BEHLIAB AT Y 0.2 g FIMH 2L, — PR
216. 4 Hz; 547 BR G 70 Hr 25 2L 19 A0 X 3 22
L. 71% X5k 1A FROC o Bir i e 1 ; 1] 12
o SR Y 1] BEATLIR Sl (4 105 5 e 1 T 2K o i
FETRAG R0 2. 01, 3l BT 205K 5 B e 647 1
0.2 g 4, —Briii % 216. 4 Hz, KM St 5 2
il L Bh SR B BOR

K10 FOMSEARNAR B

Fig. 10 Scenes of mirror components’ vibration test
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Acceleration profile
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