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Optimal design of ¥620 mm ground mirror assembly
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Abstract: In order to obtain the optimal design of the @620 mm ground mirror assembly, the parametric
model of mirror and its support system was established and the thickness of mirror, the support position
and design parameters of flexible support structure were optimized based on the parametric model. Firstly,
the kinematic restraint design principle of the 620 mm ground primary mirror support system was stated.
Then, flexibility matrix and thermal equivalent force of flexible support was deduced from the theoretical
perspective, a parametric model of mirror assembly was established to facilitate the optimization iteration,
and the parametric model was compared with solid element detailed FEM model in multiple static

loadcases in term of the RMS and the first six eigenvalues of the support system. The calculation error
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was less than 10% of the results to verify the validity of the parameters of the model. Finally, based on
the theory of radial basis function approximation model, the multi —objective optimization of the
parametric model was possessed in Isight environment. After obtaining the Pareto front of multi-objective
optimization, the two objectives of optimal design system was weighed. The proposed optimum design
method has better applicability in engineering and can provide reference for the optimization design of the
same type of mirror assembly.

Key words: ground mirror assembly; kinematic support; flexure hinge; flexibility matrix;

radial basis function; multi-objective optimization design
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Fig.3 Mirror assembly structure




1 www.irla.cn 46

o 2.1
) x oy 5 ,
x oy z o 3 L a, t,
z ,X Yy r, b
o X Yy
Z o
ZERODUR,
4J32,
, 4
b Z 5
x.y Fig.5 Beam and circular notch flexible unit
() F
b o ! F2 d
2
= | oo i—dz=F J > 14
Jo 2EA(z) e Lo 2EA(D) (14)
X M, y
Fy
! ; !
M~Fz)? 2 j dz
U= J M=F2)” g,y -
o2 ST L02ELGR)
1 [
dz 2 Zdz
2M.F, J A J 15
1o 2EL(z) ¢ 1o 2EL(2) (15)
y M, x
F,
1 1 1
_ [ MAFD) 4 _f J dz F J Zdz
= | M) da— y
4 Un J() 2EI(2) =M1 2EI),(Z)+ R 2EIy(Z)+
Fig.4 Deformation of flexible support structure caused by S ! 2d
Z
rise of temperature F, JO 2EL,(2) (16)
Z Mz
) 1 1‘42 5 1 dZ
= M e | 17
; i U J() 2GL(z) - = L0 2GI(2) a7
o U=Ua+UbX+Uby+Ut (18)
, Matlab
[8]

D118001-~4



1 www.irla.cn

46
s | (G 000 ey 0 r 1 00000
Sy 0 ¢r 0 ¢ O 0 F, 0O 1 0000
&z |0 0 c,. 0 0 0 |F p |00 1000
- ' ~ a9 0 —p
8, |0 ¢y 0 co O 0 |IM, O =p.p 100
. 0 p, 010
8, lc,, 0 0 0 c,, 0O | M pe P
o o -p, p. 0 0 01
1 1o 0 0 0 0 e, M
‘ X.\y.Z
1, 1 0 0
1 R=10 cosf -sinf
Tab.1 Flexibility coefficient of beam and circular 0 sinf cosf
notch flexible cosf 0 sinf
Beam R= 0 1 0
Flexibility notch Circular notch flexible —sin® 0 cosd
flexible ) )
cosf —sinf 0
4P , (T ,
Coor - 1277 (1-co0s0)*inf —
! EdD Tl Py do R.=|sinf cosf O
. 0 0o 1
61 = .
Cem — 12r (1—cosf)sinf
Eab E bx J 0 a—sinf 40 Cbeam N Ccircle N Ccircle
4P . (2 2 3(b)
Co_m 3 3 (1—cosh)’*inf ’
Eab Eb J‘. a-sing)y® 9
Coom —E6l; _ 3 I‘% (1-cos0)sinf do CLinkl=P(O5098r+2a+l+m)®cbcam(b’bsn)+
av Ebr 1o —sing)?
" (a=sin®) P(0,0,6r+2a+1+m)® Cune(r .t ,b)+
Cor L [ sing P(0,0,6r+a+1+m)® Cuun(b , b ,a)+
a Eb lo a—sinf
121 z P(0,0,4r+a+l+m)X Cewe(r,t,b)+
Co-m, - 3 I sinf
Eab Eb? o (a—sinf)® P(0,0,4r+a+m)® Coean(b , b, 1)+
o b{g{; 12 [ T Gind P(0,0,2r+a+m)X) Cawo(r,t,b)+
¢ By o a-sind P(0,0,2r4+m)® Cenlb , b, @)+
or T ; -~
Co_m - 3 _ 3 (1—-cosf)sinf L )
: Eab P R et P(0,0,m)@Conaer,1,b)+Coean(b b, 1) (20)
. X 90°
6 B :
Co-r, 5 _& (1—=cosf)sinf 46 o
Ea’b Eb Io a—sinf CUnkz=RT(x=900)® Crina (2D
7 3 : 3
Cy_p o) 5 sinf
Eah 8Gr l (a=sin6)(b/6r—a+sing) °* Coon=Cuum
E ss=tlr;a=s/2+1, Cumdz:kT(Z:lZOo)@ Ciinan (22)
C, _
o Crina=R"(2=240°)®) Crinr
p=(p«,py,p2) C, 3
P , A® C:ATCA N C=P® C N CLink:Zl =RT(Z: 6)@ CLink2
r=[% )R C=RCR'= R
“lo R’ ’ B B Clinex=R"(2=120°+0) ) Criyen (23)
ET@ cvy CLink?.".:kT(Z=2400+ )X Crinier

D1EB8O61 45



www.irla.cn

2.2 7G . XG  T50,3
, ) Sigfit
noy RMS
g=aAT, ,Q o » 2
AT ) , RMS
o 3 o
=)
(Ix:E(Sx_ 80) ) ’ ’ 5
1 1 _
U=t | eontode=d | (emeE(e-epad , , ;
1 j 2 2
5 (&, —e.&te, ) EA(x)dx=
e -‘
1o T -
L ] B'BEA(x)dx)u,—u. ( J Bs,EA(x)dx)+ W - =
1 2
5 J &, EA(x)dx (24)
U.
dU. gy, - J BT&,EA (x)dx (25)
du, )
K= | BBEAGx ;| Bl
dx

F= jBTaEA(x)dx=(: )M J :A(x)dx (26)

e !

2.3

6(a) , 6

Fig.6 3 D solid and parameter shell FEM of primary mirror
’ ) ’ 7. assembly
XG T50 3 , 2
Sigfit 3
RMS , _
. 10% . 3
6(b) , ,
, Matlab (19)~(26) 5%

D1E8O61 -6



www.irla.cn

46
2 RMS
Tab.2 Statics surface deformation cloud chart and RMS plot
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