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In situ detection and evaluation of surface defects for

large-aperture optical elements

WANG Guilin,ZHU Junhui , LI Jiaxiang,L.I Zhibin
(Hunan Aerospace Huanyu Communication Technology Co. , LTD. , Changsha 410205, China)

Abstract . If the technology is not properly controlled in the machining process of precision optical
elements, although the distribution range of defects such as scratch and pitting is small, it has
great influence on the performance of optical system and is very destructive. At present, the
surface defect detectors are mainly used for off-line detection of planar or spherical optical
elements. The optical machine tool was used as the motion platform, the method of scattering
imaging was adopted in dark field, the uniform illumination system with multi-beam was
designed, the recognition algorithms of fine features on surface defects were studied, and in-situ
detection and evaluation of surface defects for large-aperture optical elements were achieved.
Calibration results show that the width deviation of surface defect is 2. 05% and the length
deviation is 2. 39% , which meet the index requirement. On this basis, automated in situdetection is
carried out for @280 mm planar silicon mirror. The statistical data of different defects is given,
and the problems of long non-machining time and locating error caused by multiple clamping in
off-line detectionare solved.
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Fig. 1 Form of scratch in surface defects

Xt o2 0 A L A AT . H Ak L
IR A B B i A R 1 A 3 T /N X
SEIS 119 S P A W R 8 3 43 BT T ik il B
KEICA AL B R S 2 R A 24 58 R A 1
Fil R T8 R RO T R Bl R AT R T I AN E X
3 THVHEE FIE B 0 T 8C 8 R, X sy
TR G S BRI 2 2R 10 114 R PR A 0

M4 ISO 10110-7. 2008 (E), GB/T 1185-
2006 BeRFARMER ICF TR A3 fE L fic A A T 5 P
i ELA5 TR b o R A A 2 S I 3 AR
{EH AT B 65 4 A5 32 2R T 4k 0 2R I e 2 0t
{7 19 2 THIHEE 9 » AN 39 A2 SRR DU ¢ [ BIL IR A 1 i
TR B R R R 25 AR TR R
SR FHAE AL A I J7 32 » U0 T DA fige phe 8 £ A6z 0 ob AR i

(a) 6%

(b) RYRIEI%

(c) IR T 1%

TR 22 UK T 51 A R AL 1% 2 4 ) AL 04 i
o AG N 3ok AR A A P B AT B TR BLA Bl ik

2 THTBE A 1) AT S ] AR AR B DN S HLR R A
JeoF R G0 P RE R W AR K B AR . A
SCUABHE G 22 I TAHLIRAE D32 3 6 5 2R B
5 5 AR W 7 3 BT 2O SR 2] R R 4L F 52
TS T 0 5 A 1 TR0 5 3k » 9 BEOR 1 AR ol 2
R THIE A A 7E LA I -5 P A1

1 ZEMRNREIET

B T S 00 2 T 5 3 AT AR D B A 1] 2
I o HEEEAT GR35 0 1 ) IX 8
B o E AR R 1 5 8 BRI 45 A SR S E — A A
X TE 14 A7 BV TR P B s A O IR R GE
Bl AR — R AL AR Y B R RO Ot R O T R T
14 S S5 e HE R A £L AR A1 3 LA S i AE 5 £E CCD &
i EAREIRE 5N R SE R

B e it

B 2 s R A B AR
Fig. 2 Scattering imaging of surface defects in dark field
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Fig. 3 Structure diagram of on-machine detection system for

surface defects
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Fig. 4 Structure of lens column for Cora light source
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Fig. 8 Segmented image with a surface threshold
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Fig. 11 Scratch detected by on-machine detection system
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