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By KA AR R — F AR K E 345 (Cassegrain telescope) ° 81 R XX £~ RIS IEAR £ Z A7 4
KM IESTLLPT 20 Ak £ 4% (primary mirror, M1) 898 X Z 4 @ 4% » R 5% (secondary mirror, M2) Bl & 4
WA o HIFEKAABRRAER  TTREAAZSTHEMBE » AXINBIREAZERB R LHE
W@ ¥ 3§ A (bipod flexure) ¥1 % 3452 * 45 4% (main plate) &4 > K5 R R HE & 7 L 85 4 AL A
(carbon-fiber-reinforced polymer, CFRP) A% 1 FT 4L ik, 69 M7 22 45 A1k 4 £ 4R 4500 T 54 - R ALK a K
PRiE P MR X BRI ARBEASERG ST 0 Bt TRt 5 A d X AEBE R THER R EZ aE
HREREEEAGRERTTEN—R - KXABH A ZRTE kK CMM (coordinate-measuring machine) $48)
KZERGER B IR EE LA F X A% A (mechanical ground support equipment) 893S ~ £4%
REGOEARR > AR EFHORBEZRZRHRA -

The currently developing spaceborne optical remote sensing payload is a typical Cassegrain telescope with 450 mm
clear aperture. The primary mirror is made of ZERODUR® glass ceramic blank and lightweighted with hexagonal
cell structure at a ratio about 50% for considering both effect of thermal deformation and the mass budget of the
rocket. For this mirror, it is critical to reduce the astigmatism caused from the gravity effect, bonding process and
the deformation from the mounting to the main structure of the telescope (main plate). In this article, the alignment
of primary mirror, MGSE for the alignment and assembly process and the optical performance test for the primary
mirror assembly (PMA) are presented. To get the best optical performance of PMA, the bonding position of the
bipod flexure relative to primary mirror is a critical issue and shall be analyzed by finite element method (FEM)
before alignment and assembly process of PMA. The mechanical shim is the interface between the bipod flexure
and main plate. It is used to adjust the bonding position for the bipod flexure relative to primary mirror and also
compensate the manufacture tolerances of components and differences of local co-planarity errors to prevent the
local stress while bipod flexure is screwed to main plate.

After primary mirror assembly process, an optical performance test refer to “bench test” is used to analyze the
astigmatism caused from the gravity effect and the deformation from the mounting or supporter. In an effort to
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achieve the requirement for the tolerance in PMA, the astigmatism caused from the gravity and deformation by the
mounting force can be controlled within P-V 0.02 4 at 632.8 nm. The consequence of these demonstrations indicates
that the assembly technique for the lightweighted primary mirror meet the critical requirements for PMA of the

telescope.
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phase shifting interferometer) ¥ A LIS ST
PHEZEM > ATEEIZROE <2 nm rms Z EHIFEE
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Sciences Scanning Shack Hartmann Sensor) 17 & I
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Bipod flexure

Primary mirror

Secondary mirror,
support ring

=% Top panel
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Main plate

Truss

Baffle

Reference plane transferred with Main plate

Bl 1ok LA R A SR E Bk A SRR ¢ (a) KBRS EN B RZ RGN (b) EHK AR

M1

=~ REABENBE R ERK

BN —EH TR K22 B A R
R CREIE F/I8 X REMMALESH - HRMZ
BRI (clear aperture) F 450 mm ~ HRER
(effective focal length) & 3600 mm ° YEEE A4
T #% (primary mirror) » ZX#% (secondary mirror) £
BIEZE A (corrector lens) fHEK » BIEHMZH
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L EEERERDEFRE(LCHE - AZEHE
bi#E o F 5 EINER W - HIRESERA
NAEEEIR AL 60 FERERY T Z0EE] 50%
ZURELL - WiE 1(b) FrR - ESRIRE B Y
% » JALARES (acid etching) TEFRIRMIELEIET] -
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Filf il s o JE A - N BT DA il S 2 v 2R s 5 YU T i
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) HE EASE M ENEEE R (main plate hanging
MGSE) » E& s a2 5 (main plate
hanging MGSE supporter) * T2 ZREFHELEE (M1
posture adjustment MGSE) Hi % & 7 # 5 1 [E] &
FEREEL IR 225 B, (bipod flexure fixture and adjusted
MGSE) °
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FERE R At OB Z W)t R - PRI R
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(Kinematic constrain) JEEL [ » Bl & = {5 E b4
FRHMEE S E 2 Bl TR 2 ZERE - MR 2 Eh TR
PEGIRSEE 2 i {18 et ey P o ZERERRIEE - B2
Bl TR B G — e P o B — R iR MR R
(x >y 7)) » A E SRR A B R I F R RE
TAE B (R ReitER): - hEis e H g el
TERLRS) FHEETRE - A8l 3 P »

B T ST < [ e R R B R G B HEAE
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B ZeBAA=E vy B2 W) RIEREY S

M1 posture adjusted MGSE

Bipod flexure fixture and adjuste®

Main Plate hanging MGSE Supporter
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3. XIRMAKERF

FERHSCIREE fe - & 2 ARSI N 82
A E R B SR S B
RN HLEAZE S E 8 B AL E - RS EE
2 8752 B 1A AR BN (astigmatism) £z/)N
TR A2 E BN E R A A St T R S TR B2 T AR A
Rtz FOERR S Mg - dEERERE
FRITZ 3171 (finite element method, FEM) 17 %#
A R EHIE TR EIBIP 2
£ IR G ECH FERERE A B AR - Al Ho BB
CEER T HEAABNEME - BRI
REEER -

WIFERTTR NS SR EMNE AL
B O] A R 2 B T A A ]
SHmAE A N R B - EHEER
R B AR 5 A - H AR S A

Main Plate hanging MGSE

2. EBCAEG R AGRMTER -
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constrain

Kinematic

Tilt & hight adjustment

Decenter adjustment

Rotation adjustment

4. R IFEIEZ B T RAR RS AR AR T

FERGR E LA FT (solid shim) /S 8 mm 2
HUPEHIER 0.01 mm ZEF G o SR IR
BT AEE 2 SR 159 mm » EEEFHEE {8
TP Z TRAZANE 6 AT - AH4ERT - T eRbd e g S48
TETE 2 IE R ASTM &I B SCHOOT I FRH
PRI R EERDARRYE © R SRS RS HI DUk
FiFGERREEREUR - FIR REE| SRt <7

M1 supported plate with soft pad
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ErLE TG EE B E (X, Y B Z Bl
fmt% &) AR CER I 2 BE il iE SR A
HEREZER  BEFEEFE=RITEK LB -
FEE P T AR IR A
BNEE L fEESEN mEEa E X HEERE L DL
MENGE B2 SR EMTERE - T2 &% =
0 8l z SEENEFRTT 1)) ~ AR BEER O («
=0,y =0) EEEERE K ERREHRE
O T 4 S 5K 1110 N S | AN SHIN A P TR
T8 X B Y A2 o —FRfERE TS —
VIR - ¥ x ~ y TTAfm ORISR —#IE A -

T8 R Ryl 0 2 R A = RT IR Z Ml
FTEEME T SR ANE S RS - MR Rk
ERL R AP B - AT o R = BE © (1) &
TR E E B EAEST 2 8= eEifER
ZEH > WL (2) BEIMEZBHIERTE
BN x vy AR RS - WP LGRE ; (3) LEH
—AIZ HE Y2 E E el AR - 17 DIFHEE -
FFH E SRR B B2 = (RS 2R B i B A
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Main plate set-up

v

Specify the Co-ordination

A

Put the centering stud

¥

MGSE set-up

'

M1 set-up

v

M1 posture measured by

CMM <
(Centering hole * fringe)
|
\ 4 v
M1 x-decenter, M1 z-decenter
y-decenter adjustment adjustment

(reference to main plate)

(reference to main plate)

M1 posture measured by
CMM
(Centering hole - fringe)

h 4
A

No

-decenter < 0.02 m
y-decenter < 0.02 mm
-decenter < 0.02 mm

5. 25 MR AALE o

e L Z (B RGR - AT RS R RR R
BIUBE  EMREBSERSHEEER
0.01 mm [ ~ SEl{tER: A R/ NL 0.01 &
EHEAEFIRE B L B AR L O m RS

SEHHAHES Y LA R R 2 AR o FIADEEIREEZ
EEEAEERIDLE R EHREEGE - T
B e A o B B R AR R BL X T BT AR ey o AR SR
Mo M=XTEREHR - HEHE 2 EREE
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¥
M1 posture measured by
CMM <
(optical surface)

v

Post-processing
Analysis decenter in x,y
and z direction

M1 posture adjustment

Tolerance acceptable?

No

Gluing ISM to M1

;

M1 posture measured by
CMM
(optical surface)

MGSE released

v

M1 posture measured by
CMM
(optical surface)

Hi - FREECER TR B ”gﬁj\TﬁIﬁﬁ’éfﬁﬁi‘ﬁ*ﬁ
REFGBEEEERE x 0 py Bz A2 mEE - It
%ﬁﬁ%‘éﬂﬂﬁ‘éﬁij\ﬁ“ﬁz{ﬁftw ' R ESZ BB

FealatE - HeptBRm s ihiRHE - FEEfR0E

FZ2YEER - MR B LhRekia HDEE
GHIFIESAS F4Ea TR ROARiY g JD NGk <S=R =Bl SE et )
ZEFAREESH RS ERSE A EZEENA -
7(a) BLA=ZOtEREHERZEREIE -



Height of insert from the reference|Height of main plate around insert Thickness | Hieight of ISM
Z  |PA PXPZ[PA PYPZ| Z  |PA PXPZ|PA PYPZ| Div. | ofShim | solidshim | Height
Bl |56.22598 |90.12696 |90.00253 20.00368 | 0.801 | 63.827
B2 |56.22139 |90.04447 |89.99370 -0.00827 | 0.806 | 63.827
B3 |56.26004 |90.25082 |89.87039 36.22966 190.05408 (89.95634 0.03038 0.767 63.827 94.9590
g B4 [56.24802 [90.12065 [89.84586 0.01836 | 0.779 | 63.827
BS |56.19738 |89.96282 |89.93676 -0.00023 | 0.804 | 63.801
B6 |56.20050 |89.83090 |89.92178 0.00290 | 0.801 | 63.801
B7 |56.23547 |90.25841 |89.96312 |~ C-19761 [90.04645 189.94909 Iy 3786 | 0.766 | 63.801 | 24847
BS |56.21324 |90.05351 |89.95718 0.01563 | 0.788 | 63.801
B9 |56.46676 |90.00042 |90.02579 0.01717 | 0.556 | 63.823
B10 |56.46777 |89.98288 |89.95791 0.01819 | 0.555 | 63.823
B11 |56.48374 |89.99660 |89.97507 | C-+4938 |89-98367 189.93307 02016 | 0.539 | 63.823 | o531
sy |_B12_[56.47503 [89.99854 [89.96930 0.02545 | 0.548 | 63.823
B13 |56.49069 |89.95727 [90.04630 0.02619 | 0.530 | 63.821
B14 |56.47900 |89.96954 |90.07103 0.01450 | 0.542 | 63.821
B15 |56.48852 | 89.99740 |90.04382 | 546430 (89-97632 90.01769 Iy 07000 | 0.533 | 63.801 | 2 +-96%0
B16 |56.47394 |90.00920 |89.93516 0.00944 | 0.547 | 63.821
B17 |56.30483 |89.96681 |89.95796 20.00976 | 0.605 | 63.798
B18 |56.41584 |90.12731 |89.96247 0.01125 | 0.582 | 63.798
B19 |56.30447 |90.05100 |89.87795 |- 0- 10439 |90.03100\89.97154 170 0612 | 0.604 | 63.798 | - 2877
ISM 1T B20 |56.41650 |89.96462 |89.88679 0.01191 0.582 63.798
B21 |56.47287 |89.93923 |89.94933 -0.00363 | 0.522 | 63.795
B22 |56.49323 |89.93670 |89.99389 0.01673 | 0.502 | 63.795
B23 |56.46572 |90.18672 |89.85019 | 047630 (90.03295 |89.98415 1 o1 5oe 1 0.520 | 63.795 | 24991
B24 |56.48489 |89.89105 |89.89775 0.00839 | 0.510 | 63.795

6. TEMMER LFEMES N @R BEMLR

(2) R SRR T B SR T

R AR SR R R E g A T
B EIRBIE  EE =T BRI TEE R A
A G T B ) WARIER S R B EE
WERE z ARG E - Sl e SR AL S im e -
S ERES A B A RE E 88 2 /KR 2 AT
Ot AmEE - RIBREEZER - EBEHETZ
P ELETRRERE - HERFEHMTEK - [FIEE
F AR AR 2 FIFE (0.02 mm) @ Fy{fi &2
YRS R 22 0395 o R SRR R
URBEFRR BT EEEIARBE - B8R HEAS
ELRERR ST 8% - RETIRAREISEAEST - [ESHIR
PRA S FLALE S+ 6 A8 DU TR F 43 B B B %
B HERE TSR SRS R T - A0
H ERBREARIGEFR - DMEETERB AR
i+ TR SRR R [ B A A AR - 20 7(b)
FR

THRESERETHEEBE I A 3M
EPX(tm) Adhesive EC 2216 #5#&[E - EC 2216 F—

A~ B MENRG ZAGHIE - R HER B RHE A $t
f& - HAHEREHAE G AR EEZREE
B o Rh RGP BR i B 1 S B A [ SR A ARG 1
b e B RS REA S A AL LR TR
HE R ERZE R R 1k (A0E 8(a) AT
) R ZEREENE R B ERE I B
HETTHERB PR IERY e CRIE B AE i SRS e A
EEE N EERE - A 8(b) AR © EC 2216 A=
i N 7 R - S R 2850 4 [ L R A F s st
FR LR i R E s B PR R AZ B L 4 < e T )
HESREIP 2% - B 9 BlE 10 2Rl R
BB BB SR FEORE BB LATRZ
Zernike coefficient .2 {51 (astigmatism) B = BE{5R 7=
(trefoil) A E{LIF T2 HhiRiE - BEdElFDl 30 736
B —REHRERL -

EC 2216 #EfEBRE 7 REALZ RN ER] &K
ERGAEEE - LI & S DU RTEGHIES (wavefront
sensor) HE{T L8 L HE BRI RET KR EE
W IR IR ER R AE BT RS - FRIBERTZ
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7.
AR Z R T0# R AT E AR R

-

WA 2= E I B fE . Zernike coefficient Z[1[E] 11
Firs » ZE RS SR 2R EC2216 AR LT
ZEEER - HAERISH BC 2216 RRE{LEFEH
AR RIBRIIGHE S R E S E R B R BIE - ERTR

8. A A F B 4&EH#r A iso-static mount Bk R e

MA=ZOTERET ERZEEH - DI RERZ
TR MR RMHEE S - ISR R
REHEE I SO i AR R B B PRt Z
TRSREEHL - A3 1 B3R 2 fUR -

M~ EEARBEN

FHHEE S HI L B e SRR IOL
ERAM A 2 R i op A S AR SR E )
B BIVYE R R E IR A - TSR
WA LEGEREH(E - Flpad EF s /S 8 Bl
B E R e - IREHR IR SE RS
RSB EIEI TS - BERFT SRR
BB ERNHR AR RS B LR - R
A MARFEDEE TR A2 +1G B -1G /e (]
AIRREE AT S RS AT V8T - I EEERIEAE A

Monitoring EC2216 curing for M1A

—— Astigmatism at 0°
~—— Astigmatism at 45°
~—— 5th Astigmatism at 0°
- 5th Astigmatism at 45°
Tth Astigmatism at 0°
7th Astigmatism at 45°

Curing time (hours)

9. EC2216 B4t i M 82 £ 45 & 7 4 1L #t & Zernike coefficient 422k 5~ A ¥ R rF M B4 B -
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Monitoring EC2216 curing for M1A

0050
<
= 0040
2 0030 -
50 = Trefoil at 0
< 0.020 Trefoil at 90°
£ 0010 Tetrafol at 0°
R e i sy s o e o
2 _0010 7th Trefoil at 0°

' OO OO OO OO oL oo —7thTrefoi|a[90°

Curing time (hours)

Atk A Zernike coefficient 2 = 312 3% »- A $H EF F B2 18 -

1. M EBZ AL EARLRTE

RLAMZRAZRETERERFAEZAZLER -

HIER B KFRER B E" - AW
HERTTHARE IR A2 E MR " Bench test
ROLE TRt il e — R - BUS(E N FIZEREZ
FEET{E 2 (wavefront error map) HFR/ R EE 5 7%
Z Zernike coefficient * il73%i Zernike coefficient 7
FERE - AT RRHT A Z Y iR 22 BN S A
FPLAHE - ERRE RN B - EHRR
M tEh e - DU 30 BEH—XR - Wi
Z2/D—F - EEISZ Zernike coefficient 2 A
Bk BERCEPRE - ERSZEIBP 2GS
i $R PRI B E  B72T DLAT e  FARER I
I mENE RS LS =TT ER M 2 20
BEE (MGSE) L - I mENa R BEZEE R 2
] 35 1 T T B T [T 6+ s e o ] SRR ) T ) (B0 22 1
P[] SR A= B0 R [ $RRE ~ DUBR I 2 =] e Ry 20T
1] [ 2 B T ot FE 0 RS R R e BB -
B S R B N B iR LA SR — B P R
TEEsEG b - EFICRAHEEEN S HEgh s B
JHE B E SO TR S e & el E - &
HIZEHELNE 12 Fs -

After fine alignment | Release ISM MGSE| Gluing EC2216 Release MGSE Div.
X de-center ~0.0040 N.A 0.0501 0.0491 0.0010
Y de-center 0.0002 N.A ~0.0212 0.0162 0.0374
Z (mm) 147.9913 147.9933 0.0020 147.9632
Tilt X (Degree) ~0.0019 ~0.0015 0.0004 ~0.0026
Tilt Y (Degree) 0.0003 0.0019 0.0016 0.0031
Rogg’;ezl;gle 179.9962 179.9972 179.9972 179.9968 0.0032
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P
)
e
=
it
e
ol
g
S
(e

T iso-static mount % fE B R &R -

Distance from ISM to M1 Apex. Div.
Target value Alignment level | After release MGSE | Offset coordiation | refer to target
ISM No.1 | ISM No.1 10.765681 10.756986 10.757441 10.758313 —0.007368
ISM No.2 | ISM No.2 10.765681 10.755024 10.760854 10.760675 —0.005006
ISM No.3 | ISM No.3 10.765681 10.757972 10.763812 10.763205 —0.002476

R TS —IRERETTH - BT EETE
B2 2 HIRFFE A Null lens 3% CGH ZKAE IEASHHFEBK
[ S a2 W RTA REE T &M - HHER A
null lens B03%5% CGH 1T &EMIIF Z RS RHIIEEE
WREE - H CGH < BUEEERE S - HiR null lens 48
RERFEEIE  BENRIERR AR E
THIER A R B =0 BT ECET 28 (wavefront sensor) 1T
= - P RTEGH R B m B RE L ELE A 2R
TofF - (BB 22 M AT A R TR B R
R 7= AWel 12 R ATEGHI28 s HASO 128
R-Flex #&HC F/4.2 2B HEHEAM » H22METE R
128*128 » (i — i R T b B m]5E 1K
* 1K PAE o AEAR AR B 2 SRR 5 2 R
b~ RHEERTR LB E = R - RIE R IR 2
RIEH) - BN EURR AT ES E R T 2=
Wz 3% 1 -

= R I BT RO 28 iR B 30 B E AR 2
Zernike coefficient FH¥f A e B8/ & H AR = (]
13 EilfE 14 FR) » A DL S i AME 2 THE R
RN - BB EE R RAERE - 1

astigmatism Z AHAZRI Ry 180 & - trefoil HYEHAFR
Bl 120 & (200 14 F7R) » 1M coma ZEAEREL
Ry 360 & AREBRIL—H7E  RILURHBIASE Fr R 8%
R R G 7= T DL PR oK 5 R E BRI S
A HREPERIE S G EUE IR R 60 FE
B e anpt—2K » EmEE S o IR R R E
. FERZRETLUEE - TR RGBT ANR 3
Ffi7R e

ES E

AT HEFIH =XOCEIR (CMM) #HBhEI A
—EHERR IR E NN EFICRITH
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Bench test for primary mirror after iso-static mount bonding
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Bench test for primary mirror after iso-static mount bonding
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MEEAK 50 um HIMIFE - (AR ET SHOLEtE
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Item Aberrationgayity Aberrationconstant Aberration;otated Aberrationy, g
Magnitude of Pri Astigmatism 0.0188 0.0135 0.0399 0.0157
Phase of Pri Astigmatism —1.2392 —18.9544 66.7979 28.3719
Magnitude of Pri Coma 0.0077 0.0061 0.0091 0.0091
Phase of Pri Coma 52.6339 37.5018 —19.0168 —19.0168
Pri Spherical
Magnitude of Pri Trefoil 0.0079 0.0519 0.0853 0.044
Phase of Pri Trefoil —39.3537 21.0795 —56.5437 —45.2141
Magnitude of Sec Astigmatism 0.0149 0.0065 0.0231 0.0298
Phase of Sec Astigmatism 2.4883 78.5587 53.7866 46.8467
Magnitude of Sec Coma 0.0025 0.0064 0.0055 0.0158
Phase of Sec Coma 19.8314 —162.6444 135.6541 175.0159
Sec Spherical
Magnitude of Pri Tetrafoil 0.0031 0.0037 0.0117 0.0171
Phase of Pri Tetrafoil 16.0501 25.8218 36.4571 32.406
Magnitude of Sec Trefoil 0.0023 0.0059 0.0154 0.0178
Phase of Sec Trefoil 33.9108 —42.3125 10.1218 19.3635
Magnitude of Third Astigmatism 0.006 0.0113 0.0093 0.0075
Phase of Third Astigmatism —83.7696 —3.7045 —24.5739 —37.4965
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