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Abstract Since the spliced sub-mirror of the primary mirror of the large-aperture telescope is off-axis aspherical, it
increases the difficulty of mirror processing and inspection. In order to further improve the processing efficiency of
the off-axis aspheric sub-mirror and shorten the manufacture cycle, the stressing loading method and the bluetooth-
based contact two-dimensional displacement sensor array detection method and related devices are used to complete
the lapping experiment on an off-axis aspheric segment with a diameter of 380 mm. First, we introduce the principle
of stressed mirror processing. Then, we introduce the test method on stressing lapping and loading experimental
results on the @380 mm glass-ceramic mirror. Second, we introduce the convergence property of the stressed
grinding processing. Finally, three coordinate measuring machine and contact two-dimensional displacement sensor
array are used to cross check eventually surface shape of lapped mirror. The experimental results show that the
stressed grinding method is feasible and high processing efficiency.
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Table 1 Geometrical and material parameters of

prestressed grinding experiments

Parameter Value
Conic constant —1
Off-axis distance /m 3
Diameter /m 0. 380
Maximum detectable radius /m 0.179
Thickness /m 0.015
ROC of reference mirror /m 15. 3856
ROC of vertex /m 15. 0000
ROC of comparative sphere /m 15.4248
Modulus of elasticity /GPa 90. 3
Poisson ratio 0. 243
Density /(kg + m °) 2580

& 1 e R AT R 2 A Sy 4 B 5 AL SRS 1
I KA B 42 s 5 2 B 4 52 LR /Y il S 42 1
SN 2 A A RO 15 20 /Y, 5 U & Y e R
M 2ZEHR 2.7 mm, Wi 15385, 6 mm; B

KL:
max7H ’ N o
IR, Hr L. NP8

I FEHA R oy =Ry —
(14 5 K Al
3.1 ZHEI R iR AR FET

AR A ] F 00 e D By A B 5 T L 2
D A A B BeRT 2 4 A Al 6 R I 7
U Xk AR il A R T G 0 R T g
(L0201 = A i RO AR I < VA & 2 - e

1622001-3



HRiIEX

E 415 F 16 H/2021 £8 B/ ¥R

(TDDSA) KGN 75 1% BAT MR e o d . & F k. 2012
A2 A R P A X o v T AR 22 Bl AR R R
( LVDT, Variable Differential
Transformer) 51 i JE K5 D0 & ¥ 65 1 g B4 9 5o 2
HR BT FEAT TR, 2012 4F, Miller 257 F
— A9 S A SR L B X T g 4l I B TMT
TEEPEAT TR, 2016 4F, Mueller 27 F ] 61
N 3R TR R ASOGT TN T ' S A B T AT TR
W, A SOV — o AL % 5L T W 5 A% Y o A1 4 ik
K Y R AL AR PR R R4 X R Gk 21 H AR
T A B A% i 1 50 R A% A T 4ERE D)) B S
B THRE & S A B S sh EHIAE A R EH
P66 T RRC A SR B A 3R A 25 2 R G S 6 RS AL SRR R
8 5030 % i T =Xk W A A% i O =K A I e R e AT sk
P R B SE A R TR WG Y B Tt i HL AT 7
A6t ) P 2 A6 T AL A AT JE A BIF 4 I S, A DU R ¢
w2 Jis

Linear

Kl 2 TDDSA T ¥ & 4t
Fig. 2 TDDSA surface detection system
3.2 B Am#EERK
XF T FBUNE 3 I AR 0 . 5 R B o AR 5 Ak
3K T AR S TR IS o T RN Y BN DA LG A R
Tk 2 B, X T8 £ 43 ik, TN g 4 gy T R
RH

Acyy = — (eyf —c™) s (15
S en A esy™ 43 ) S AR B Al R 3K T A LE A K
I Lk Zernike 22 31 2 7R 1 85 £ 50 B R4, 45 R AL
1) JUAR 2 Bl 3 B R, ARl 2R3k 2 2% SCk[ 23 ],
T AR SO He B BR T | 400 4 BR i RN 2 2% BR i 2R AT AT 40
X7
AR SCAE TN 3 40 S 17 56 J T TN ) AR ML Y
INENERE bR & TAE  H b g AL 254 an &l 4 s
ZAHAAE @358 mm (R KM 1 4% P HLe 1508 )
T E RS T He e sk i) 32 %y 25 £ AR O £ 22 =
BB 2H K L 5 T Y 4 5 ) Zernike 21X R AL o3 =
5.726 pm.cii =20, 114 pm Al ¢35 =0. 761 pm, %4

3 AAEERBNEL SRR

Fig. 3 Significance and relation of different

defocus coefficients

b = PO B P N 2 4% 1ED T LAAS B B 20 in 8w
T » Zoask ST AT LAAS 310 5 U 2K 1% f 25 2 8 1H TE
()45 T JE 43 2 1Y Zernike 22 101 20 2 £04 Aii #h £, 40
5. M 5 0] DL B, S5 20 28 1 T M 25 22
WHEEMIES (PVOE N 1,572 pm, )7 ¥R (RMS)
H4 0.3 pm, XF T FUN I3 B B 0 2 b 2 >k vt A8
Z BRI T AR R 22 N R By sz, (kw5
PRI N RE AT RE A — 2 R EE A BN 5L {H R
23 ARG 1 I B 5% 2 RN 3 R A M R 22 T R
£S5 o) | M EOE R 2 SR SRlILES IR TSR Rl o

B4 TS 0 AL
Fig. 4 Prestressed loading mechanism

3.3 WM AWELE RS

UL 7 240 5 1) B 1 S AR AN 3R 1 i L R 7 4
BEER 37 HE A A 6 TR . 200t 2 0 i -G T 4 B
J& B AT B G TN 7 A8 B e St Ze il 7 Ca) BT
7~ o DN 5 2R 45 ML AE 57 AR G I 8 B T 44X
BN BT I HE AR FE AL N B A RS
T HE AT R O R, W UL B &, N JT IR
5.17 ho Ay 2 A SRR CRE I R R 22 W B F
B CRBE SRR Z R 21 5L LA R P B TR
PEHC 9 T, M 5. 17 h FF b ki S = UkiE B B0 B
PN CHEHE £f1 BE 43 51 4 0° . 120° 1 240°) 2R AF 25 %L
2R 634 BAWEH 16 3., ME 7)1 LA
B, BRI R 2 6 h 5. B IF A AR 5
X ; 33 6 h A WFEE R ARAS (], 4 @358 mm

1622001-4



E 415 F 16 H/2021 £8 B/ ¥R

25t | | 1
30f L g
35/ — g

A 6 8 0 12 14 16
Item ordinal

5 £ Z2Wwin#E g L )E B AR 5 Bie e

2 741 Zernike £ I 2 R KU A il £

Fig. 5 Zernike polynomial coefficient distribution curves

Zernike polynomial
coefficient /um

of difference between mirror deformation and
theoretical surface shape after multiple loading

correction

Y0 [ P 5 T TR 5 B8 P B R i A T A D
M Z) 45 pm WS EGT 5 pem, 230 Oy BF 1 P sE I
S, T LURE I A R 5 SOk [8 T b /Y TN g 35 4l
W S il £k BE AT B, SR M7 Ch) FroR o A

a

(E) 7 ~PV

ERY —~RMS

5 35

£ 30

g 25

=2 20

215

<5}

g 10

: 5\

N O . e . )
0 2 4 6 8 10 12 14 16 18

Lapping time /h

Bl 7(b) v LLFE B, 7 8 ) 5 Bl 52 56 v X — B
©330 mm 1Y & AT AT T & 40 h 19 R
FRUHILRY g 20 4l T, % TR 5B BT T G S
ek i 18 A w29 17 pm YL S E T 4 pm.
25 AT TN T B B N TR A LT T
' BTN 7 T v TR

[ 6 B TS SE e 3

Fig. 6 Process scene of stressing lapping

G

0 - RMS
18 - PV

RMS & PV/um

0 10 20 30 40 50 60

polishing time/hour

7 By st £, Ca) B g F S SE 88 5 (b) SCHk[8 ]

Fig. 7 Convergence curves of stressing processing. (a) Stressing lapping experiment; (b) Ref. [8]

J B R T /0 B 22 0 1) 5 W Ok kG 1T R BF S 0ot
JE . WFES PR 0 T RS 2 5. 17 h Z Rl
W40 # (B FR R T fl 2 28 ~ 40 pm) B K},
5.17~10.00 h ffi [ W28 % (hrFRI~FIE A 20~
28 pm) WFEE BB, IS ] W14 £ G B R i [
K 10~ 14 pm) WF 5 BB 28 25 00 WIF B ok A v 0 4
T £ 1 T2 2800, D& IO B8 B 1 9 il 2242
16 ZRDFEE A 16 h 2 )5 .8 T 55 1 b ol 725 15
o 77 T il R AR S F AR @180 mm AR
/NTHA 380 mm A& T H 41 -G WF B, o] DL B
R AR 1 Bl AR L B 7 SR KRR T A
SR [] PR R /N B T L 0 ke 1 RN 4R LR
R, NI T BB BEOGE R 29 1. 63 h Kt
Ao B AEBITE bk B 6 A 5 A kAT 3 ML RS B
DL, 6 80 Y 3R DRLRS B2 P39 455 R, =0. 377 pm,

45 3 T 1L 3 A B S 0 mT AR B B A ) B T 3R T
RURE B J ¥ 29 Pk 3% i L RS 2 0 48 B 3 fn R 8
B

Pl 8 5T ) ¢ ThT R B2 0 4 B 37

Fig. 8 Mirror surface roughness measurement site

1622001-5



HRiIEX

E 415 F 16 H/2021 £8 B/ ¥R

L &4 SN NP A0k Rl

4.1 RAEEKLNHZEEIT

FE TR ) BIF B B4 A 26 G I ot AR v, R g A
B S HE T RO 5 mm A2 BRAR IR T X 4
SCHE S RE T I A T Y 2 25 B S U7 0 =R S
T AR o A b A SRR KB WSS RS
% T T PR L 11T AY 9 5 Whiffletree 4544 3%
LR O R S MG R T B S . H
v 22 B TN ) WF IS 5 1 S B B . & A R
TCO TR AL S S B T BRI 9 SN TR
23 05 H A B R M ) 0 A2 B B 25 H TS )
BRGNS % e 2 (A B9 PV {E 0 0. 049 pm, RMS {
70,011 pem, P T I0 15 25

Height /um

200 0.025

150 0.020

100 0.015

e 50 0.010

g 0 8.005

>

50 ~0.005
-100 -0.010
-150 -0.015
-0.020

-200
-200 -100 0 100 200
2 /mm

B9 9 i Whilfletree THEW U T E AR5 S5 5k
THI B8 22 [R] 14 AR 4 22 JE
Fig. 9 Relative deformation between meniscus and reference

spherical mirror with 9 points Whiffletree support

4.2 =M ENEMKX TDDSA MEFEM
32 XIIE

28 3o TR 7 T B N AE A 22 S5 5 4 1T DA T
I T PNAR R AR R Ok, IR K T T 04 R
BUF 43 5948 10 59 = A8 4R 0 4 WL CCMMD A1 2%
fi =2 2 A B A R A B ) %o L g O B B (B T
9 £ Whiffletree 4514 3 #4) #F 47 0 4 , 42 fih X — 4
P A% 1% 2% B %) 19 Fe R D B 11 2 @358 mm
o, I 45 DL Zernike 2001 20 &R B3R R (FH X T 1
BERAD A5 Rk 2 MK 11 fros, 7 358 mm
AR N, = A bRl HLAY 6 vl 28 SR 2 B ie IR
BRI A2 PV E AT RMS B4 518 3. 815 pm Al
0.716 pm, fE ®358 mm HA2 N, X = 40 &%
1% AR W 51 = Y o (R URBE R 0°.120° 1 240° 5 6
B 45 54 25 B AE BR 1 1973 PV E A RMS A 45
B4 3.451 pm 1 0. 570 pm, A WZ -+ LA /D
IF G B ARBIE B, A SCOKF 0380 mm B A AR BR 1 T4

(T2 Jr T s 24 A7F S WSO ] ) AR 3 B T o T
2 5 P i AR 2K 0 5% 25 AE @358 mm XA
AINF 4 pm BT . fR T L AR S 56 B TN T BT
IR g 4 6T Jim 22 TUNE I 6 r /i B i )

10 N 1 6 B5 5 9 CMM i JE A6 il
Fig. 10 Measuring of surface shape after stressing
lapping using CMM
#2 CMM b= TDDSA #6145 51
Table 2 Detection results of CMM and contact type TDDSA
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