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Abstract While testing the secondary mirror with convex aspheric of off-axis three—mirror optical system,
compensation method is used to achieve high—precision aspheric testing. Thus design of compensator is a key
technology. Compensation in transmission form can’t be used for small- caliber convex aspheric surface with
great quadratic surface coefficient and non- transmissive back surface. So the convex aspheric surface is
directly taken as a reflection in auto— collimation parallel light compensation test. According to the design
ideas, the initial structure is built by the Zemax firstly, which simplifies the calculation of the initial structure,
and can get the desired compensation system structure. The design and tolerance analysis process of convex
aspheric secondary mirror compensator system is given with the diameter of 80 mm, the quadratic surface
coefficient of —=6.5, and the F number of 5.00375. The system operating wavelength is 632.8 nm. The root mean
square (RMS) of wavefront error is 0.000015A. Analysis results show that the total residual wave aberration of
the system is 0.0104708A, which satisfies the requirement of assembling accuracy.
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Fig.1 Normal characters of aspheric surface
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Table 1 Parameters of aspheric surface

Parameter Value
Ry /mm 800.6
D /mm 80
K -6.5
AR/A (A =632.8 nm) 10.2291
o /() 2.8409
—~ 2 0.25
§ 0 T 020
:*"% g 0.5
5 g o10;
g > 0.05¢
= g
- w0
%P 12’ | | | | | | | 8-0.05¢
0 5 10 15 20 2 30 35 40 0% 5 10 15 20 35 30 35 40
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Fig.2 Aspheric surface’s departure to the best fit sphere Fig.3 Slope of aspheric surface’s departure to the best fit sphere
compensator
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Fig.4 Structure of the secondary mirror with convex aspheric Fig.5 Optical path of the detection system
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Fig.6 Primary design scheme of compensator with auto—collimation (positive reflection)
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Table 2 Initiating structure parameters of the testing system

Surface r/mm d /mm Glass
OBJ Infinity

1 324.1894 19 H-BAK7
2 -1.634x10° 3
3 246.9325 10 H-BAK7
4 183.0443 4.4719
5 237.5137 20 H-BAK7
7 221.4999 100
8 800.6 Mirror
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Fig.7 Initiating optical layout of the compensator system

3.3 MEEHIMARIT

|

L

P 8 H6 I AR SE A I 45 A ]

Fig.8 Initiating optical layout of the testing system
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Fig.9 Final optical layout of the compensator system
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Table 3 Initiating structure parameters of the testing system
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Fig.10 OPD map of the testing system

Surface r /mm d /mm Glass
OBJ Infinity

1 361.1067 16 H-BAK7
2 700.7204 27.8

3 171.1302 13 H-BAK7
4 479.3588 37.2

5 -593.9201 5 H-BAK7
6 423.4108 29.5

7 800.6 Mirror
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Fig.11 Wavefront map of the compensator system
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Table 4 W of the testing system
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Fig.12 Actual optical layout of the compensator system
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Table 5 Tolerance preset parameters of structural parameters

Surface tolerance

Element tolerance

Radius S+A Trreg
Thickness /mm Decenter /mm Tilt /(°) Decenter /mm Tilt /(°) Index
(Fringe) (Fringe)
1 +0.01 +0.01 +0.002 +1 +0.01 +0.002 0.00002
# 6 TR E S RBULAL TR HY PR 2 A R R AH
Table 6 Maximum variation of the wavefront caused by the errors
1 2 3(107) 4 5(107
R1 361.10 *1 7.76
+0.002 4.17
Tl 16 +0.01 5.59
R2 700.72 *1 1.73 +0.01 4.08
D1 27.8 +0.01 24.61
R3 171.13 *1 16.45
+0.002 22.61
T2 13 +0.01 47.79
R4 479.35 x1 6.69 +0.01 6.67
D2 37.2 +0.01 6.36
R5 -593.92 +1 93.30
+0.002 20.54
T3 5 +0.01 7.89
R6 423.41 +1 14.28 +0.01 26.69
D3 29.5 +0.01 3.38

KT AFEHTEER

Table 7 Analysis result of the tolerance

Data items

Values

Nominal RMS wavefront
Estimated hange

Estimated RMS wavefront

Monte Carlo analysis

0.000015117 A
0.0103829 A
0.0104708 A

90%
80%
50%
20%
10%

:0.00969970 A
:0.00730520 A
:0.00450235 A
:0.00267239 A
:0.00150777 A
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Table 8 Compensation dosage of the tolerance

Max Min

Amount of compensation 30.5 mm 29.0 mm
B Ib 22 A0 R AR IR 2R 0 5% ) X 2 R 48 I i B 2 7 AR — E IS I 0 2 DA R . R R G E X AR
R TEE I ERERM MR 2ZE, BEM RS RE, TG AR 78200, 55 3% i i P
RZEMMB AL IRZC L Z 8, W2 H 0 TSI AR R YN T AR bR 5% 2
(RMS)/INT A /100 1, 2 58 5% 5 09 5% B8 U 15 2% (RMS) 8 (b i g
5=10.01038297 +0.001> ~0.0104 A , (12)

FRGLHR IR 22 (RMS)H
8.=0.0104 A +0.000015117 A =0.0104 A . (13)

R T RG0S T A S S T 2 TR R BE SR O A /50, 76 T 5 S e R R 245, 6L = A25 0 LI,
MR 1 R 2 ik ARG R

Xof R 7 45 O AR 1 B R 22 WP AR IR 25 A RN EE IR 25 Ad G5BT R 115 22 T8 R BR
2% 0 TR T AR R AR 2Z 19 AR FI K A IR 22 AK AOUERRIE . — Wil 1 79 26 18 2 IR 1T 58 4 i
RFNK FTaf s, AR BEF2 M A5 S0 B, AK K 35 %2 7= A2 ) G BR 25 110 D 25 DT B AR A 5 i, & 500 ek 22 R 4K
(P SEY I

AK-D

)4): ” 14
102441 ()

A DA, £, P FE. R 7)~9) 15

AK Ay _ AR
T ) =35 (15)
o il iR 22T R I 22 DL KA BB AR

Table 9 Table of tolerance showing the structure function for the null corrector of a mirror

di/mm d,/mm d;/mm dy/mm ds/mm  r /mm r» /mm r; /mm rs /mm rs /mm re/mm n /107
Tolerance 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.02 0.02 0.02 1
1Y% 0.0016  0.0003 0.0037 0.0035 0.0007 0.0011 0.0003 0.0074 0.0012 0.0013 0.0017 0.0019

Power 0.0026  0.0064 0.3511 0.3327 0.0527 -0.1031 0.005 -0.5769 0.0818 -0.1288 0.1297 0.0272
RMS 0.0004  0.0001  0.0008 0.0008 0.0002 0.0004 0.0001 0.0017 0.0003 0.0003 0.0004 0.0005

M AK =0.0025, Ay =0.01 mm i}, AR =0.3 mm, AK Fll AR 25k AH A5 #E{E 1Y 0.038% F110.034% , i /£ A
TUH A BT o I B e £ T AL o I sk 2

AK-D -3
W ins e = ————= =2.463 X 107" . 16
RMS - permit 1024 ‘f:,} ( )

HRAE 9 P o iy i 22 5 |k i 18 22 £ Bl R ) ek 22 "

W s pormie = | 2, W5 =2.267 %107, (17)
Hop woh i — TR 2 5 R Bk 2, e (16), (17)20, AT RIAS H 4% AN 15 25 78 0 Tk 4 SR 4 i 45 24, b
L NIRRT UL NOE 5% NE = e N

5 45 1

T LM 28 35 T R TSI OB 25 £ R B 2 3R A A 4 R S TR B L R B A B 25 R
£ BRI AR 25 . P Zeman BCPE bR 7 (50 440 S Y o0 0 0 4 ok L A A
B =R SRR OSSR 30, 4% S AR M P AR 25, R AR AR . MRS R G U4 SR A i 4 2%
B /N T 0.000015 A L3 A2 T 126 K5 T3 U A 98 P 18 30K L U X B B AT 1 25 40T I 2% 1 R
TR, Gt T 45T 125 25 B R GE 45 4 PR AU AR 95 L 45 TS B3 19 4 B8, T UE T AS U117 28 9 77 A7 k70 o o 1
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