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Influence of adjustment error on wavefront
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Abstract: Optical tests for the off-axis aspherics in optical processing and optical assembling were re-
searched and the effect of adjustment errors on the wavefront aberration was analyzed. By taking an
off-axis aspherics with the radiu of 10 000 mm, quadratic surface coefficient of —1,diameter of 500 mm
and the lateral displacement of 425 mm for an example, the physical model and mathematical model to
describe the relationship between the adjustment parameters and the wavefront aberration were esta-
bished. The adjustment parameters included the pitch and high-low errors, beat and off-axis distance
errors,and the rotating parameters around the secondary optical axis. The matlab software was used
to simulate the influence of the wavefront aberration on the adjustment errors. Then, the experiments
were performed to examine the simulation results. It shows that the the simulation results are well

concident with the experiment ones, which proves the theory model in correct. The obtained results
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are also suitable for the test and alignment of other off-axis aspherics.
Key words: off-axis aspherics; optical testing; wavefront aberration; adjustment error
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Fig. 1 Parameters of off-axis paraboloid
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Fig. 2 Testing of off-axis paraboloid
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Fig. 3 Coordinate transformation in ZOX for misad-

justment of pitch and high-low errors

A LARIR A -
z=cx’/2 . 4)
TEARBR R Z/O'X ", B AR 2R v 1 il 2R
AR R N
d=cx’?/2. (5
g 1S U R R 2 5 A DI RS A
AR VAT NI e 2 i R LY 7 A
b —E B LA 5 & AT DLTE 5 B 4 T AR ) 3R OR
H

4

x cos§ 0 sinf] [x Ax
y|= 0 1 0 Vv Ii+]o0
2 —sind 0 cos @l L2 Az

(6)

TEMLHE 07 FE b . 0 0 45 %8 W 6 e 5 i i

Az Nz 9 R AN e 4 2, 5 A Ak AR AR
XY Z' 8\ bR R XYZ W45 7R N .

z cosd 0 —sin xr— Ax
yi=| 0o 1 0 y )
2 sinf 0 cos0 z— Az

RCRE B0 AT DAE S b AR A5 O R A AR
[i) — A bR 22 T B Pl DA 5 R Hy AT TSR
I RE R 22 T A OR Y D8 I AR
2.2.2 hmELHBMERE

20 Tl 0 0y B Ak T AR A G I N H
i X 5 0] B2 I B A AR 2R O ZOY i 4 Fie
7 o BT B A A i 432 5 i e R 22 N T
A7 BT LA AR R ol BB B SE RO B e S 0 8
TR Z,Y Sl 5t 47 S 7% 15 20087 9 AL Bs R
Z'O"Y" Hpl 1O A5 (Az . Ay) LB 3R AR

¥

4
S a7
|
|

/
oll F P

— —_— -
e 0 Z
l O (a0

——

P4 422 B e R 22 2R RN 1) ZOY T Y A AR 5 H6t
Fig. 4 Coordinate transformation in ZOY for misad-

justment of beat and off-axis errors



1766 b=

e TR

F14 5 1T 2 5 7 AR 7 A I I 7 LA R [ ) £
Ao K6 LR ) 8 7 B B e B A AR R ZOY HT R
H XA L 7 A I8 T R AR T AR E O 43
L5 B R 2 A ) A T IR

T B R R R 2 7 A Y R R A 2
K WA B Y ol 17 5 e B e B — A A AR AR L A
PR A 28 300 A8 AR 28 R AT - A MU 5% o B e 07

TN
x 1 0 0 [ 0
y|=10 cos @ sin 0 "I+ Ay (8)
2 0 —sinf® cosd] L Az

[ 4, A A LA il T AR AR R XY 73 A
W2 XYZ B A bR 5 007 7 -

’

x 1 0 0 x
[y/ = cos @ —sinf||y—Ay €D
2’ 0 sind cos 0] Lz— Az

2.2.3 LT Rihaeibik £

2 b 4y B A T AR A RS I o I
Z J5 ) (R BT AE (1 A6 05 22 O YOX, A &L 5 Ca) i
7 o A7 AR BR AT A4 14 B A7 A 58 1 Ot Bl i 5% 1R 22 1)

mirror

(D YOX 1 NG+ e 0 f

(a) Rotating @ around secondary optical axis in YOX

xxh 4!

(b ZO'X W MZE Y SliEs o fa
(b) Rotating 6, around Y axis in Z0’X’

%19 %
rif l }-ru
Yirofl
|
|
o'
— z
[e] _B: F —— L
7
I
|
|
|
1

(o) ZO"Y"Hi W %2 X" HiE%: 0. £
(¢) Rotating §, around X” axis in Z’0"Y”
5 LETOCHITERE i As bR AR
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secondary optical axis
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Fig. 6  Wavefront aberration distribution in misad-

justment of pitch and high-low errors

3.2 RESEMEREFESW

218 il 4 ) B A R R ) R b SR A B T A
FEAR 0=0. 1° ¥ i #2215 22 BF » I FH] matlab {jj B #%
JFF AT W5 22 43 Bt o BT LAAS 30 0 AH R 1 A A il o
BN Ay=—17.506 mm Fl Az=0. 014
mm, % { I 2E #) RMS=0. 2650 (1=633 nm) , H
7 A T TR A 58 2 A3 A WL 7 R

R1HMILANT B S B E R W areh



1768 b=

%19 %

Amm

] (O e, oo B 0N
200 250 300 350400 450 500 550 600 650
Yimm

7 425 i R 25 SR I I A I8 T IR A 1R 22 43 A
Fig. 7 Wavefront aberration distribution in misad-

justment of beat and off-axis distance errors
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Fig. 8 Wavefront aberration distribution in misadjust

ment of rotation around secondary optical axis

Fof A B DR 22 I AR AT R 22 1B A B R BN B
FIEG 22 SCH S 1 X RIS 3 X iR 22 0 mT 7 A &
UM 22 AP e —E R a g . B U By
B B N 28 32 B A A P R R R AT 4 T A S
P B9 A Bk T 2 98 v S B A B 2 A A R
SRG X 7 A B AR HICR 22 FE AT VR R L DT A5 ) B AR
(OACRIDEISENTTRNITRER VAR SN U N 2o
W27 6 B R Y HAT Z A B .

TEICF IO 2 IR I TR 4R 22 5 A6 i 22
e 5 | 62 14 9B W A O TR 4 E — A A o (ELJE iy (0
i 22 5 1S 114 9 T Wy A2 HL A T 2502 HE e A o0k 1
T B 5 25 A% B 2 (8] 43 3 S AR A % 22 T EL % 25 {H
R PRt 5 0 T Y i S A N 4 2R A X
AT AR By M8 1A 4G I 245 2R v g3 0 O R R
%

D T By AR K {7 Ak SR Y OE 6 1 AE
IOE A 22 A2 5 i T R 0 3 s A 4 9 o
FR e R v X A R R 2 X Y i 2 R B R e AT T
WUESER . &9 B ko B Al A R AT O 425
P 9 A A DR W L 4 0 0 45 T
KM ah 2R . 9w Ca) o BRAEAE B A A I 45 21 . (b)
AE Ca) [T 41 10 B T A ) 6 8 9 R Aty L 7 4
T P A 1) A bR AR G il 390 P B e A I E AT AR L Y
KRG DR SRR SN Al A U N i v
FT T A7 A i 3 R A R 2 L R S R P T
MBI R AR R 22 » 1% 52 3 4 2R 5 BRE 20 BT BT 45
FI R Z5E A — B0 T R 1 e R DLy 1
o Mt B IE L



5 8 1 AR U S5 ¢ A 0 G O e o 5 22 T SR AL )5 ) 1769

(a) 75 B AEL o7 )

(a)In ideal position

(b)) i 182 1 5 %l £ < 8 b
(b) In misadjustment of beat and off-axis distance
19 g b A 2R T T IR Ao 45 SR

Fig. 9 Wavefront aberration test results of off-axis

paraboloid

Sk

(1] B E . F 40 . B9 %0 = Y bty 17 7T 28 2 8000 dk A 55 5 1
MBEZELT]. R AR 2 55 H K .2008.5(3) :307-311.
ZHOU Y, LI X N. Algorithm for the measurement of
the parameters of off-axis conic surface[ J]. Astronomi-
cal Research & Technology » 2008,5(3):307-311. (in
Chinese)

(2] #wee. 3. B A5 L5 Bl ke 0 A I 4608 K

P42 g 4l R BRI g 7 ik e[, R 5 $0K 2004, 30
(5):532-534.
YANG X F, HAN CH Y. Study on testing methods
of large-aperture rectangle off-axis aspherical sur-
face with computer aided alignment [[J]. Optical
Technique, 2004,30(5) :532-534. (in Chinese)

[3] YANG H S,LEEA Y W,KIMB E D,etal.. Align-
ment methods for Cassegrain and RC telescope with
wide-field of view[]J]. SPIE, 2004,5528:334-341.

(4] #we % . 3REEHE . $5 5 L. Zemax FF LB 4 = 4T

ARG AN BRI P T % 5 T
#2,2004,12(3):270-274.
YANG X F, ZHANG X H, HAN CH Y. Applica-
tion of Zemax software in alignment of three-mirror
off-axis aspherical optical system[J]. Opt. Preci-
sion Eng . 2004.,2(3):270-274. (in Chinese)

4 % ®

RSO AT T A A N e R o 1R 2 X g
I 22 B4R I L il A 0 TR A 0 A 91 ST T
RGN A A 9 R 2 A T A Y A B T R
BOARY, i matlab {5 R I3 A 1 45 B o
AFAE 1 V8 8 15 2 XA 45 R i 2 e . SIS TR
I S ST 14 0y B TR R i B BIL A L4 2R IE A L 0%
M5 21 A9 AR B 45 18 Xk 7 i 4 490 5 4 o I ARG A
FREARSE BN T MRS 15 Y
T 51 AZTT R ANGE T 0 A s il 4l e A
% 22 R NI IR AR 1Y) R W T EL A 5dE T T
T AR 2R T A PR AR 22 0T

(5] #Z¥. AFEg@medst mhierplM]L RN,
SRR A L 2004,
PAN J H. The Design, Manufacture and Test of
the Aspherical Optical Surfaces [ M]. Suzhou:
Suzhou University Press,2004. (in Chinese)

(6] Bk ®, 4 %o, Hrts 550 5 A1 J7 AR 90 A I
I R L] a2 AR - 2005,27(5) : 51-55.
DAI B F, YU J CH. Relationship between Strehl
ratio and root mean square for assessing optical sur-
facelJ]. Optical Instruments, 2005, 27 (5):51-55.
(in Chinese)

[7] RA&R . HR—W, Z304k. SRR R 25 40 25 16 Bk i
AR m [T ], k5 4 % T 42,2007, 15(9): 1328~
1335.
WU D L, DATY F, WANG G L. Influence of opti-
cal surface error on encircled energy[J]. Opt. Pre-
cision Eng. , 2007,15(9) :1328-1335 . (in Chinese)

(8] F#m% . Rkt Ao, WAZHEAUAEBIEKR
MfEdEskm A iR 22 1], k% 4% 142,2010,18
(7):1460-1467.
LIJ F, SONG S M, CHEN Y, et al.. Zonal error
removal with multi-mode combine manufacture tech-
nique for large aspheric[J]. Opt. Precision Eng. ,
2010.18(7):1460-1467. (in Chinese)



1770 b= o I %19 %

EER N

FERIE1980—), 5, MK FE A, 2005
ETRAM KRR L5407, 2010
TP ERER K E O FE BN S
Y B 5 I AR AR A AL, EENE R
AR AR Bk TE 2 8 A A TH AR 1 #F
%% . E-mail;1j{220@ sohu. com

R (1963 —) , L, H ARG M5
LA e e o= [ o VN By N W 2 |
T S n 15 K T 4 AR Dy T4 B AR

E-mail : smsong(@ ciomp. ac. cn

(KRB %5 )

@ THATE
CCD M BB XEFNE REIZIT

FREARR, A M

(RbAZ AR TRZR. AL F2 5 066004

N T SE BRI IR A e G 0 R N A A% GEIOIE = A 05 DN i B AR D B Y SR AL 4R Y — PR T R U
TR 9 POE = MM 107k . TR 3 4 CCD 23 Bt i) R0 AE R S BLAL A% (4, 3 4>
CCD HARM S B OCHNE 53 00 A 47K T AL Ge D7 1k A . 8 TP T80 S S 45 408 Dyl 40048000 8 R A7
R AR 2V T R CT  7E CCD B RR - RGEH S T3 — 4> CCD. il i 75 2 I 3 [ 15 2 4
J& . EEL ARG IR A O B A R BB O AR G A/ TR RN e ' BT b 90 1 s ELAR S D/ B D R T
AN 2 FLAEL PR G X SRR B2 14 R W) o DT S BRSS9 R (2 B I . e i e o S 06 9 UE 7 ik 9 T
Frtk.



