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Design and verification of four auxiliary support points by

heat lock for large aperture off-axis mirror

Wang Chunyu, Fu Ruimin, Wang Cong, Niu Jinchuan, Zhang Chao, Zhao Yinglong,
Zhang Shengjie, Huang Yang, Cui Chengguang

(Beijing Institute of Space Mechanics & Electricity, Beijing 100094, China)

Abstract: Aiming at the requirements of high surface accuracy, high reliability and high stability of large
aperture off-axis mirror assembly, a new type of composite support scheme for off-axis mirror was designed,
which was supported by central cylinder and four points that could lock or unlock freely. The heat locking parts
were locked during mechanical test and launching, released during ground test and on orbit. It could effectively
improve the fundamental frequency and the ability to resist vibration, while ensuring the surface quality. In the
end, the design was verified in the development of 706 mmx560 mm off-axis mirror assembly of a space remote
sensor. The results show that the dynamic performance of the mirror assembly is very excellent when the four
auxiliary support points is locking, that can meet the requirements of adhesive stress <3 MPa when the
fundamental frequency is greater than 120 Hz and the static load is greater than 30 g, and the RMS of the surface
of the mirror is better than 1/40 (1=632.8 nm) when the four auxiliary support points locked or unlocked. The
support design is reasonable and effective.
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Fig.1 Schematic diagram of primary mirror
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Tab.1 Simulation data sheet of gum spot stress in three directions supported by the center

VA

7.42-002f
2.28-002]
Max 143-001 @Nd 260974

X
. 6.56-002
5.71-002
4.85-002
‘ 3.99-002
1 g gravity load % q 3.14-002) m
@ @ 142002
default_Fringe:
Min 1.42-002 @Nd 257868
Stress of glue spot 0.143 MPa

4.29 MPa
30 g static load

Y
1.04-001
002
e ‘ 02 ¢ 9.002 . . . 9.29-002
a % 7.74-002 g 3 8.22-002 |

Q m . 1.43-002
efault_Fringe:

Stress of glue spot 0.172 MPa

9.84-002

6.69-002/1 e
i?iggﬁ -00%¢ 07-002

g0y 353002 5.00-002
2.48-002 3.92-002

e 2.85-002

default_Fringe:
Max 1.90-001 @Nd 220368
Min 2.85-002 @Nd 218680

Stress of glue spot 0.19 MPa
5.7 MPa

Max 1.72-001 @Nd 191399
Min 1.43-002 @Nd 179969

5.16 MPa

does not meet the requirement of less than 3 MPa
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Fig.2 Schematic diagram of primary mirror assembly
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Fig.3 Schematic diagram of center barrel assembly position
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Tab.2 Table of parameters of the center support structure

Distribution diameter of
Parameter

center barrel mounting hole tube/mm

Thickness of center Thickness of mounting flange Thickness of the glue Glue spot Area of the gum
of center cylinder/mm

spots/mm size/mm spot/mm?

Data D138 5

7 0.1 D32 8591
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Fig.4 Surface shape analysis of the primary mirror under gravity
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2.2 WBEHBZERIT
TR B SCHE AT RS 5 B LU T
(1) B e IR PR —E B T, ARt &
B2 A M 5

The outer cylinder is connected

with the primary mirror

JE ff BT fE;

(3) AFHE | RIS E R, A 7= w8

(4) BUE | IR BUE ST HE T AR E VR Sh 456
77 3 A FH © B ) B

HARFAB B S I REBEK, Bt 7 AT 8
FEVES I A P 2 1, Bl R B EANEL 6 F o

FAJIAT A P ik 2 B v 0 4 JE AL, AT Ry A
i R ESAR /N 43 SR A ), 22 2 I IR AT 5 A1 5 ] DR
THIRIBREC &, PO Z (AL T 00 2 AR A . it g 27l
R SRS IATAIAT, FARRAT I Bk, BIRAT 5 40
AHE R, T e B A 2540, Sl e ABUE
P55 1k AR, BRRAT ISR, A0S RAKAT I S, S
IhiE ., A SERU P IE 7(a) B .

RTZH A S0 P RER 4y e . X . BIK AT
TE B —A™ [ 2 454, S5 R0 H R h i KT L TH
A I SERFE B A . AEBTERES, I
JE XA PVIKAT S BT R [, i TH A
W NG ERER R, WS Z MRS 2.
BORASHT, AT Z IR, KA 5 77 AT it 28
Bl BIE , PR 23T i — AN AR A, X AT
Bl Sl o s A AR I I FA PR BT R s
e AATET AR, 0 30 3 B A BB, A AR AR AR R X = 5
AISZIR, AL 7(b) B o FAHAT 7 000 0 om A e S B
FEL BELE A7 000 A 3 o K o A [ e A Al [ B 5 A
AR, TUE AT B . nT H C A ) B S ) 2
A AR R AT,

AH = LxaXxAT
AT =T -21°C (4)

K AH J& LA 8] B SE 0 1H 5 o 2 58 4RI #Uik &
B, hy 23.3E-6; T /2 HKAT 14 3908 3 B

Thermal
Clearance -
Expansion
Outer tube [ [Thermal
rod

The thermal expansion
rod is connected with
the back plate

The thermal expansion rod
expands, and the primary mirror
is connected with the back plate

Pl 6 BT AR R R A

Fig.6 Schematic diagram of working principle of hot lock
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Fig.7 Schematic diagram of hot lock assembly
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Fig.8 Temperture map of primary mirror
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Fig.9 Diagram of primary mirror component
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Tab.3 Modal analysis table for primary mirror assembly (including hot lock)

Modal  First order mode Second order mode

Third mode

Fourth mode Fifth mode Six mode

Data

227.7Hz

269.6 Hz 273.3 Hz

e

332.1 Hz

475.8 Hz 478.1 Hz
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Tab.4 Simulation data table of three directions of adhesive spot stress (including thermal lock)

X Y
g fa ‘ﬁ 5.10-002 ) % 5.03-002 3.39-002
S 4.47-002 _ 4.43-002 2.84-002
3.85-002 N 384002 2.30-002
[ 3.22-002 et o, A 324002 1.75-002
gd-004 742.59-002 3 R0 ﬁ %»gi-ggi 1.20-002
. 2 g L 04- 6.57-003
1 g gravity load »“\‘*q 2:49-00. 1.97-002 6- 1.44-002 dcfault - Fringe :
t‘ ‘j ;ﬁ"ggé 8.44-003 Max 8.85-002 @Nd 218827
14- 2:46-003 Min 6.57-003 @Nd 2
default_Fringe : 8:78-004 default_Fringe : in 6.57-003 @Nd 257360
Max 9.49-002 @Nd 191392 Max 9.22-002 @Nd 19143
Min 87.8-004 @Nd 248765 Min 2.46-003 @Nd 253734
Stress of glue spot 0.094 MPa Stress of glue spot 0.092 MPa Stress of glue spot 0.088 5 MPa
2.847 MPa 2.766 MPa 2.655 MPa

30 g static load
It meets the design requirements of less than 3 MPa, and the stress state of the adhesive layer is effectively improved
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T /100 BIFESR, T 10 B, Tab.5 Weight data table of primary mirror assembly
Material Weight/kg
Primary mirror SiC 16.7 (Lightweight: 74%)
Central cylinder 4J32 1.81
4 hot lock assembly ~ 4J32, Al alloy 1.28
Support backplane SiC/C 18.51
Total weight 38.3
10 23T 1 °C EBAIFTTIE AL 3.1 EREN
Fig.10 Surface shape change of the primary mirror component with ﬁ‘ Xﬁﬂé%ﬁ? A {LI‘ 1) T /;%E*E 1:/]? gjk K )EH ZYGO
uniform temperature rise of 1 °C :Fﬁ'ﬁ(x‘—fﬂé!fﬁéﬂ ﬁ:z: IE] IKJ/I\«E& ) T JE L'TT T *.L( J, =]

e W 32 BE A 1 AE AV R A 400 R R B 0 R R 2 i
A5 P AR E , RMS 2246/ T 0.0032, HL240H &2 RMS
W E B8 R I, B AR B 38.3 kg, PET /40 WK . TR EE WL 6.

* 6 FEAMEPEER

Tab.6 Surface data table of primary mirror assembly

3 SCIRISIE

Experimental stage

After assembly After locking and unlocking the hot lock for many times After vibration test

Data
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Tab.7 Table of mechanical test data of primary mirror assembly
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