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Measurement of large off-axis convex asphere by
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Abstract; In order to overcome the difficulty of testing large off-axis convex asphere, the convex asphere sys-
temic stitching testing method combining with wave aberration testing and subaperture stitching interferometry
(SSI) is proposed. The basic principle and flow chart of this method are analyzed and researched, and the
stitching mathematical model is established. When the primary mirror and second mirror of the three mirror a-
stigmatism (TMA ) system have been fabricated, we align and calibrate the optical system, and test wave aber-
ration of all the fields successively. Then we can obtain the phase map of the whole aperture by the synthetical

optimization stitching algorithm and interpolation, which provides the guarantee of the subsequent fabrication
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and systemic testing. With engineering examples, a large convex mirror with the aperture of 287 mm x 115 mm

is tested by the method, and the value of RMS of the surface error is close to 1/30A (A =632. 8 nm) after two

cycles of fabricating and testing.

Key words: optical testing; large aspheric surface ; three mirror astigmatism ( TMA ) ; wave aberration testing;

subaperture stitching interferometry ( SSI)
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convex asphere by systemic stitching method
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phere by systemic stitching method

A IR G- 72 45 BB B 2 6] 9 25 T2 B SGR o

POGERER DY =R BE 18 T 9 A (TFM) 1
BRAVFRZEN 2 pm +L - 0.4 pm/m JErp L0y
PO BB A5 5 P R 22 8] B BE S, O oE R 5
IROE R —EAE 10 m DL, RS BOM 507 B
ZE] LIAEHIAE 6 pum DL T e~A BT a5 St
BRI il AR 2 22— O LT ROREE R 2ok
TG, R, FHIBOLERER AT ARG Hu i 5 50t
FARGUREE T AU SR RO R S =
S ZR G AR A TR U, HE 1 Al 22 DA B A% B 4
Z IR B IR IE /N Tt RGBT e 2, /L

(2) L AR ZE A

ey ST VRRE S, A IO BRER G 7€
DL RGP I A L7 B RIE B A 22
T B 2 AR R TR R B TR AR SO T3,
WAL SR AE 00 (R o) IR
8 i o L, ARG 0 2O HOR 2 S A
15 =B E BT RO, AR ek Gl B R
FRR BT, BUM TR B A B 25 R K =2 N
FATCI ST AR ASHEAL A BB — =i T
TET S5 , 0 2ok 8] AL R R ol B2 T S S
(5 NPT G 3 L, DA ot 22 2 5 1 e Y
AT TR B S B A Y- T S B B I I



14

E R TR AR R T RSP R 133

BB ], 280 4 KBS =8 S TR SN
IS AT BT 3 2 80, I Al A 5E D62 &
GO BAR 22 o R BT I S B ) THTE
AR SEh, EB AR =880 i 1k 22 Al LA i 45
B VAN T IR AR AT, A 2 oA
YR GRG0 —F ORI OB ) D8 148
TR = RO L7 DXy TRIFE 522 BRIV R U B H
DX (Pl fLAR) T 3R 25

(3) HEWSABHR =1

AR B LR I B O A, (A
H SR R 2 SR A AR 37 AR A ) A T A
HAP IR 2 A, n] DU E 15 2 B %
ARG BARZE , TS BB AR BR A X
(HETLA) MRz

(4) F W R B

B s A = S AR RR i R L3 M A, B
Il M AT AR PRI A R AL e R T A
PARERITCEE (O T RIEDE 7 2R g8 UG B i,
BT 1A HE A A UG B i T i 1 B T AR

R, B IAFEAR N B 7 FLAR AR B 16 X)), 7 LA
PHEREIEE 4 FR, & T A — 2 W E
B X

Central subaperture w,
Other subapertures

Uncovered area

Large asphere

K4 TP EE
Fig.4 Sketch of subaperture stitching

N T AT IR, — e g HE Bk O X
S LA B AP O A7 30 6 2 00 kg % iz A 2R
7 D30 /5 R e LA o i A e, R AR
BRI T fLAROL B R E AR 25 LA 3 Bl 2%
B2z, BIGHIR R BURE AT o o SO0 JEHE
TAUAR AR w, , W LA 5 R T
FLARAANE R 158 Z A s (1)

2 2
wy = w, +p, +ax +by + ¢, () +y|>

2 2
= wy +py + ayx, +byy, +Cz(xz +9’2)

2 2
= Wy F Py T ay Xyt bM_lyM—l +oey (X +yua) (1)

JJ?EEP sy Wiy Wyy ooy Wy %EE%}L@% E@*H{jﬁ
P, a, 0,50 7 2T FALERAAX T LR T
D3 I F y J5 ] AR 2R 88, ¢ R p SR AN B £ R EK

Ny

s=5 >

1701 CWo, W,

Ny

VR R
STITR N N ) B () T S = P R VR
I 2 B 5 AR BN, B R R (2)

2

2 2
% Wo(x”l Yy ~ [IX/JI (leil ’yjlil) +p/'1x/'151 + @ X, + b/ly/lil + G (leil + Vi ) :| } +

2 2
{ I: W/fz (xfzfz ’yfziz) + Pjy% iy + Ay X i + bfzyfziz + G, ( Xjpi + y/ziz) :I -

LW (X5 ¥ )+ Dy, + %
HrhHESXEAWM, —Ff e AR50
HMEF LR E S X, SO N, 55 —Fh o H
EFRENEZXE, & XN N, IifEEX
SN R RAE BSUE SUN

XF 25 PR R 43 3R e S 02 HBUE S & R/
H(3)

3 Yisia + cj3<xf3i2 +y123i2>:|}2 = min ’ (2)
s _
op;
a;
¢ , (3)
95 _
ab, 0
s _,

ac;



134 o DA

9%

Lfl<isM -1, 58520 (3) SERE SR i & FfL
TEAIRTBEMEFFL A 1 S A PR R, AT 3R A% K
F AR M AEER 5 I DERE LS W TETEAR B

(5) & DR mE B A

1 FAEBR I M 4% Lo 45 08 A48 0 T 5 A 2
W EAREE K, i DL 20 3R (4) PR 3RS iR Bk T
T B I A o 4 B o B AR ER T O AR AR R
PR B RS W R A R R s B R
T XA TR B , AT AT AR AR K 1 42 R Bk
TAT 4 F AR T2

MR T (5 ) T A5 14 4 101 42 1 T B30 T DA %o
R A Bl BR R A AT HE— 25 T, AT
IEA G2 ZR G N T R A B A T AR
FOR R

4 K I

LEA TR, X — B Al = SOt R G AT

(2) 0° MREAFINL 34
(a) Phase map of 0° field

(b) Phase map of —1° field

T RGP, 206 R Ao 20,04k
BKTAT U85 AN S ZE MG [ JE , 142 0 287 mm x
115 mm, T gl 2488 1 360. 787 mm, — YR
W ECH —4.647, B3 -102.531 mm, F
BN =BT A5 B B F A MG D &, T
JEARZ ) RMS (H 0 T 1750, H LA 5 % 22

QUSRS SRR ITPENCE I R DR EGL E ()
FRTAZILHIAA

G, TEROCERER (S T SEal I, 4 I
MG, W15 B EE R 00y, - 1°0
YR 1o A o A WL S o 0 B8 258
B BRMIE R T, il it P LR PR AL T
HCHEAE A M 2K AR B R BR B 4 AR T
TEA3 AR A 6 Frw , 76 e a1 X ™ 2R 1w vk
PP R G DFE IR AN T )5 , 45 2 Ho w1 4
ANE 7 s, IR ] TR R IEL, 21 R
TR 2210 RMS {4 0. 0350, H TiZG¥ 25
TEAL T SRR R [ B, YR 1T AN A

(c) 1° BEAHINL o34
(c) Phase map of 1° field

K5 SR A
Fig.5 Phase map of 3 different field

K6  RGEDHEMNARBRER B 70 A
Fig. 6 Surface map of secondary mirror by systemic

stitching testing method

B 7 PR RGP AN T 5 K B B o A
Fig.7 Surface map of secondary mirror after two cycles

of fabricating and testing



14

EFEM R OB AN ARBR R S PHER R AR

135

FRBPGELCAT TR,
5 4 ®

AR SCAE T B3 A7 FLER A5 A5 RGN o AR BR 1T 45
AR R SRR b, B2 TR AR B A A ER T
RGEPHEAR B, X207 5 ) BE Gl g AT
OIMTRIETE N T A B DR, IR &

S 3k

AR S, o i = Sl B AR GE T AR BR K
BT T RGEPHHEENEAIN L 20nE e &
GBI MR T FLAS PHED B BORES B7E— &
SE SO I AR 1 o S R T TR A, PR T
fLAREH D B AE Rz R 5, HAE M ARBR IR B
AR AR I 1o A R S B T A R G
FII, 3548 7 IS(a], FRAR T AR

(1]

BURGE J H,BENJAMIN S,CAYWOOD D. Fabrication and testing of 1.4-m convex off-axis aspheric optical surfaces[ J].
SPIE ,2009,7426 :692-697.

Beijing: Science Press,1994. (in Chinese)

SPIE 2007,

[2] MALACARA D. Optical Shop Testing[ M]. New York:J. Wiley & Sons,1992.
[3] ZHANG X J. Manufacturing of a three mirror anastigmat telescope[ J]. SPIE,2003,4829 .884-885.
[4] CHANG J,WANG Y T,ZHANG T CH,et al.. All reflective zoom systems for infrared optics[J]. SPIE,2006,6342.
63421Q-1-63421Q-9.
[5] HUXFORDR B. Wide FOV head mounted display using hybrid optics[ J]. SPIE,2004,5249 .230-237.
[6] BURGE J H,KOT L B,MARTIN H M. Design and analysis for interferometric measurements of the GMT primary mirror
segments| J |. SPIE,2006,6273:361-367.
[7] ROBICHAUD J,SCHWARTZ J,LANDRY D,et al.. Recent advances in reaction bonded silicon carbide optics and optical
systems[ J]. SPIE,2005,5868(2) :1-7.
(8] #&B. EFER@EG R Ao Thotete [ M]. LT B AL, 1994,
PAN J H. Design, Fabrication and Testing of Optical Aspheres| M ].
[9] GUO PJ,YU J CH. Design and certification of a null corrector to test hyperboloid convex mirror[ J]. SPIE,2006,6150;
259-263.
[10] 7R mok B2 gt A i S SR A I A [T ] Sk 5 4 2 £42,2010,18(12) :2557-2563.
ZHANG F. Fabrication and testing of precise off-axis convex aspheric mirror[ J]. Opt. Precision Eng. ,2010,18(12):
2557-2563.
[11] ZHANG X J,ZHANG ZH Y,LI ZH L. Manufacturing and testing of 1-m class SiC aspherical mirror[ J].
6721 672109-1-672109-5.
[12] BURGE J H,ANDERSON D S. Full-aperture interferometric test of convexsecondary mirrorsusing holographic test plates
[J]. SPIE,1994,2199.181-190.
[13] QI'Y J,WANG P,XIE J H. A novel method of measuring convex aspheric lens using hologram optical elements[J].
SPIE ,2005 ,6024 :60241F-1-60241F-7.
[14] MURPHY P,FLEIG J,FORBES G. Subaperture stitching interferometry for testing mild aspheres[ J]. SPIE,2006 ;6293 .
62930J-1-62930]-10.
[15] WANG X K,ZHENG L G,ZHANG B ZH et al.. Test of an off-axis asphere by subaperture stitching interferometry[ J].
SPIE ,2009,7283 :72832]-1- 72832]-6.
[16]

ZHAO CH Y,BURGE J H. Stitching of off-axis sub-aperture null measurements of an aspheric surface[ J]. SPIE,2008,
7063 .7063-1-7.



136 o DA 9%

v o EFI(1980—) , 55 TLHFHIH WA ARS8 5, Tl S0, E B MO ks i AN I AR T
2 AT . E-mail ; jimwxk@ sohu. com

r

(¥ B A% )EREF

(HPEYE2EY J 3 F), Ad FFAS; F1) 2. ISSN 2095-1531/CN 22-1400/04 ; [& Py 4NN TE R 47, BE & AR
2 P 12-140, [H4h BM6782.,

* 1422 Scopus e * P EDRE SRR T
* P ERME O
* FEE R A [ B e ) *  HEDEEEE S ST
[ * R ERNGE S 5 SCR R
* RECREE) * IR
*  PEE(EARESD * SRR A SO
* i ERH TS

ETRE WA 5B RO T i OGS HOEH AR 5 DB IR
ARG T KA GG DRI SR LA BT o VR BRSO SR A
(SRR L RTYEH S i B S0

RWEE AARMERE LRBIR BB 3G OTFERT ) M, B S e I E I HoR
R A BBTER, RENS S W1 FiT SE R K1 A B BT 50 T 41 5 08 24 Bij = Rk 008 ) BIF 57 88 s 0 i 94 1) At
(18 R 5 DL ZR G PFd E N AN BOR DTS BUR A SR B MR e i S i £ 8 3

FAE AL P ERB

FIEAL P E R B KGR B LS Yy T 5E B

PRI B OGS W SR LA P I 2 R e g

St R - P D7) i

A WAL ; hitp ;: // chineseoptics. net. cn

M 42f b ik « chineseoptics@ ciomp. ac. cn; zggxen@ 126. com

B & HL 15 :0431-86176852 ; 0431-84627061 f& H.:0431-84627061

2t B TS ML < A A T ZR T T R B 3888 5+ (130033)





