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Abstract: The structure and supporting components of the primary mirror system of space gravitational wave
telescope were designed and optimized. The side three-point support was used to restrain the mirror body with
the primary mirror, and the selection and layout of support points were studied. The mirror adopted a semi-
enclosed structure with back drill holes, which can achieve large bending stiffness. The lightweight structure of
the mirror was optimized by finite element calculation combined with multi-objective genetic algorithm. The

lightweight ratio of the mirror structure reached 74% without reducing the surface accuracy. An adjustable bi-axis
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bipod flexure hinge structure composed of two non-barrier series flexibility elements was designed, which can

compensate the surface error of the mirror. The mathematical model of the flexible hinge parallel mechanism

acting on the mirror was established, and the parameters were analyzed based on MATLAB. The parameters were

corrected by finite element method. Finally, the analysis of mirror shape under space thermal load was carried out.

The results show that the error of mirror shape is better than /60, which meets the design requirements.

Key words: gravitational wave telescope;
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Tab.1 Material properties of primary mirror
components
Materials
Properties

Zerodur 4J36

Density p/g-cm™ 2.53 8.13

Poisson ratio x 0.24 0.29
Young’s modulus E/GPa 90.3 141.0
Thermal conductivity/W-(mK)™ 1.46 14.8
CTE a/(107 K ™) 0.07 0.50
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Fig.3 Schematic diagram of the layout of mirror support structure
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Tab.2 Optomechanical design  parameters for
lightweight mirror

Name PARM Value/mm Type
Edge wall thickness ty 3.5-6.5 var.
Core wall thickness tc 2-4 var.
Front thickness tr 5.5-7.5 var.
Core wall spacing wg 55-60 var.
Back thickness tp 2-4 var.
Head radius re 6.5-7.5 var.
Vertex angle(Sp) Yp 50-65 (°) var.

Support height 14-21 var.

Mirror thickness hy 26-34 var.
Shank radius rs S(re, wp) NA
Back hole diameter D, S@ro NA

Boss depth dg 26 const.

Boss section de 10 const.
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Tab.3 Mirror optimization parameter value after

mirror optimization iteration

PARM Optimal value/mm Adoption value/mm
ty 4.113 4.1
te 2.042 2.0
tr 5.513 5.5
wp 57.722 57.7
tp 2.164 22
rc 6.562 6.6
p 57.372 (°) 57.4(°)
he 14.518 14.5
hy 32.574 32.6
RMS 6.050 4 nm 6.060 nm
Mass 1.439 kg 1.423/kg
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Fig.9 Flexible support structure model of mirror assembly

(Ad:Cringe uAdY) '+
Conoiet = | (AdyCige sAd) + (13)
(AdcCrrnge cAdL) "
K. Ad,, Adg, Ad- WEHEA A, B, C B S % bR &R
0 XV oZ0 1Y A ﬁ EZ ?ﬁ% 5 % 5 CHingeiA»CHingeiB»CHingeic j‘:’
TS A4, B, C R IEH
WIAES X Fy = (M, Mo, M2 2o F o) i)
T Neutral surface %3 7] 25 B i it ¢, = (60,0008,
om.6m) M H N
&0 = CitogerFo (14)

I i 5 MBI i, My S Fe 2T LTI
YER 1M S51ER 1.
42.5 FWIIEEMEKSN

S0 (13). (14), RS EEH HA B4l n)
W, X AN B i 28 A EL AT A 250 2% sk SR, 3
TGRS IUE, 6 RS ASAE E py, (ARAA AR
0] 2 5 Cy o U KARL, T8 00 2 B C,, o R/ MEL, B
T 12

, . 211/2
{ Cltoder (X) = max {[(C;lodel) + (CWM) ] } (15)
Ciadel (X) = min {Cimdd}

Xﬂfl liawiﬂtiﬂgi E@Rﬂ‘%%&%%’ %Fﬁé}. B*ﬂ?%%
2, W E IR T AN B, A RE PR R AR -
A
UX) = min@ (16)

Xeb Model

Dhy AR A2 1] 5 Tl 1) 22 E AR, AS AR 4B 158 1)
A2 AR

Cliniel < Cltoier
r(n+l) r(n) (17)
CModel > CModel
SR RS AR R0
2<1;<16
. 4<w; <10
man(li,Whti’GO) 04 < ti < 2 (18)

25° < 6, < 45°
W R 5 g AR 1) R SF Ry=105 mm 14 A, 1 Matlab
THEAS B M S P S5 H 0 1 RO, ARl e 4544
&SRR, WE S BORE X E], I DL I
RMS S5 /IMEAE A H bR eR %, 76 5 7 28087 5 38k 4%
TR H#HATA R 2 28k, DRZAS 5] 42 )R
RAFVE N SEUIEIE(E, I3 4 iR,

& 4 Bipod AR~ SHEE

Tab.4 Dimensional parameters of Bipod components

PARM Value range/mm ANSYS correction/mm
1 4.2-5.6 43
1/l 8.0-9.4 9.0
I 4.0-5.0 4.1
t; 0.9-1.1 1.0
w; 4.6-5.8 5.0
6y 29°-34° 30°
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MR e A S HORE X £ RSB R AR5 7
Bt ™, A5 BHET 5 Bl ansk s pos.

R 5 ERHRARIERRTS
Tab.5 Modal of the primary mirror system

Mode

Type
1 2 3 4 5

Frequency/Hz 415.1 431.9 786.7 934.9 1106.7

H1 2P 32 S B AR B9 1~5 B A 2500 4 B I
A, RSB R A R SASRIE

5 BYFTERFREBHN

G R Ge AR 2 e I A E )RR W AR
TR AETE = BN 10 frs, £ S8 028 i
KAEH 0.609 52 pm, BEf R AR KAA R 0.369 73 pm,
) 32 540 B B Bipod Z2 P S £ 411 JR 38 AR B 1) 22
5B ER TR ARG RN Y, 7R VR bR
ARAZ 1 58 ) RO 4 O T T 5 R 1

Max: 0.369 73
R R Min: 0.355 79

Support position P,  Support position P,/P;

Mirror surface
deformation

Type: Total deformation
Unit: pm
0.609 52 Max

0.338 620
0.270 900
1 0.203 170
0.135 450
0.067 725
0 Min

P 10 25 [RIEA A AN BT 5 D DAL AT = ]
Fig.10 Deformation nephogram of optomechanical structure caused by

space thermal load and gravity release

ER B R GALSN R BRI, B SE PRI
RN AR 2 S e AR Ak, AR G4 WA (345 A 2 T
78 o o AN [ 28T A5 1T B 5 T A8 T a2 A Ak 2
FERWMAROL RS 5 1 B R m AL . WA 11 BR, 205

b A BE R G AR 2 (R R AT 176.15 K A% A4 Al )
T EE R B AT=1.0 K 4518 T 45 10 6 Jh 7 1) 14 2 1
AR T RIS R R R S R TR
SPBE O A AN B4 DA R A B b 0 LR R R
TR, ™ R I S0 JR I AR 2 T Bipod ZE M
THEERLIRM .

Surface error map due to space thermal load (a)
20
RMS=8.83 nm
PV=31.40 nm 15
g 10
E
N 5
=
g 0
o
n
-5
-10
Surface error map due to 1K T-gradient (b)
RMS=0.07 nm
PV=0.27 nm 0.10
=
£
.2
s
N
=
s
o
n

P11 AR T B e A

Fig.11 Surface error under different thermal loads

6 N 11 P R AT R G AR A AR T T
TE B WAL B 15 3 Ty 7228 14 A7 BROT T30

R 6 AHERGTHREHEERY

Tab.6 Mirror shape under thermal load conditions

Space thermal load T-gradient
Parameter
Initial Finally Axial 1.0 K
Ax/nm 6.56 2.05 <0.01
Ay/nm 0.21 0.06 <lE+4
Az/pm 0.85 0.35 0.002
AO,/nrad 0.09 <0.01 <0.01
Af,/nrad <0.01 <0.01 <0.01
A@./nrad <0.01 <0.01 <0.01
PV/nm 55.40 31.40 0.27
RMS/nm 15.46 8.83 0.07

20190469-8



s Gk A2

www.irla.cn

% 49 A

12 6 AL, FE 25 AR VR R L5 i 2 32
5 BE 2 G g % il A5 B5 1T RMS L FH B W1 Y 15.46 nm
T REE 8.83 nm, T 460, T 58 &R G0 HAT il )
YL B R I, HOE B RMS (2R fE %24 0.07 nm/K,
B 3 S5 R g il ) LA B IR SR s
YLPFBE TS AT LA B 4 I HRUE X ]

6 & it

SCHP AR E] 51 7 P B B Y 210 mm H AR 32 S
BERGNWIFX R, HEAT T L RGBT i as it
58 RSPGER AT T M 3 5 S R S5 A R
2 IR ST RO B BGHAT Tk . St BBl
FHR T 1R FL B PATAR 2, A ORI 45 4 M A i
PR 250 T S2 B 1 Bk p A . mT R XU
L Bipod 2 M BCHE 22 48 O S A 4 A L i 2 TR Y
(e Bk o T A 1% 22 BEAT THBIE o ESr T SR PR ECEE/E ]
TR BT R, I i BUE T 45 S IR
Wi T RVESS B RS S B0 . 0 B RO B R S
AT T RS, — BRSO 415.1 Hzo 207 1 23 1)
AT 2R ME T B RO BEIRE , 45 R, R B S
LR RENS A AR GRS TE 51 76 1) e T BRI 2y, 22
VRS HY HAT R4 B BE (G N RE ) o R A B R
HE R T 2/60, B BT EOR . SCHNA AT N H
s 6] SR B R G A A BT S T iR IS
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