HNRSHBEFZHE
51, 011201(2014) Laser & Optoelectronics Progress ©2014¢ v [ 3 5%) e a4t

v R 2 R PR I B 5
Y5% ot ERS K % BAR BRI

Hh B B o B AR DG 2 R B LRSS W BT 5 T B A DI o B R S R &, AR KR 130033

FEE T Rk AR I R R 0 P ZR AR 2, DRI kg Bl Rk AR — RO R P e — o S TS
TR 1T G A i A A 1 A R T R SR e AN A M R AR v o VA B A O R NI R 25 L 1 S NS Y A
JE A3 AT T 5 0 gl S0 A G TUORS 8 1) 2 PR 2, R4 T A ol R A I R v U NI 15 2 1 vk L B R Y e
Jrao M T A BT, 7E R B L 0w b R FH R T U AES G R B IR T S 0 D T =X, 4 i)k i TR 1 4T sk
AT AT MR TR 6 2% T R0 AT T SR AR S 235 R 3 B 3 o B 2 R AR v R B 0 ikl R AR A T Y
S IRPEDE T 0.2 o, 52 BRI A5 19 AH X 15 22 43 514 0.67x107°(20) F1 0.60x107°(20) , SEHL T i kG R il %2 42 0
SEEEAR IR A A 1 o o R 2 5 BRBE M FEAL T Y

FESES 0439 XEEARIRED A doi: 10.3788/LOP51.011201

Research on High-Precision Measurement of Radius of Curvature

Peng Shijun Miao Erlong Shi Zhenguang Chen Hua Sui Yongxin Yang Huaijiang

State Key Laboratory of Applied Optics, Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, Changchun, Jilin 130033, China

Abstract There are many factors that affect the measurement accuracy of the radius of curvature (ROC). So,
high- precision measurement of the ROC has been one of the problems in optical measurement. In order to
realize high— precision ROC measurement, a method to reduce the measurement error by environment
compensation and improving alignment accuracy is presented. Firstly, the main factors that affect the
measurement accuracy of the ROC are analyzed theoretically. And then a method for reducing the measurement
errors in the measurement process and the corresponding compensation is proposed. Based on the theoretical
analysis, typical convex and concave optical parts are measured respectively by interference method which is
composed by a Fizeau interferometer and a high—precision displacement measurement interferometer in high—
precision laboratory. Experimental results show that the measurement reproducibility is less than 0.2 pm and
the relative errors of the measurement are 0.67x10™° (20) and 0.60x10° (20) respectively through environment
compensation and improving alignment accuracy. The high—-precision ROC measurement is realized.

Key words measurement; radius of curvature; axis alignment error; environment compensation; Fizeau
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Fig.1 Schematic diagram of radius of curvature measurement
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Table 1 Change of different environment factors required to change the refracti ve index of air

Parameter Standard value Change for An=1x10"
Pressure /Pa 1.013x10° 37.3
Temperature /C 20.0 -0.1
Humidity /% 50 -10
Concentration of CO, /10 300 670
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Table 2 Parameters of temperature, humidity, pressure and CO, concentration sensor

Parameter Measuring range Resolution Accuracy
Temperature /C 0~100 0.001 0.01
Humidity /% 0~100 0.1 +1.7
Pressure /Pa (0.5~1.1)x10° 10 10
Concentration of CO, /10 0~10000 1 +1
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Fig.3 Three axes of radius of curvature measurement

011201-4



51, 011201(2014) HMYSEMNYEBEIZFHE www.opticsjournal.net

M(3) 2T LU, 232 2 %l A TRl 22 ) 9 e £ B0 B FEAHTRI gy f R IR 25 S8R, 23 Rl 1 B
AR o PRI S Al ) o) o 13 22 0 — 2B B AR, AT LUz gl il A0 R b i 22047 gt & 0 f=0. Jr ikt
eI AR A7 B A i 3 R R CRERe 7B ) TR I AR TR, i A S 5 6 Ak T 8 ZR B0 HE 1A 2R B0 N8 1k, K
TS T AR 5 02 2l il 22 18] 9 ey S B 63 T 0, I =, I (3) KT 5 2

SR, =R(1-cosa). 4

IR 22 WA PR AR 5% R 22 . X LG (3) 20 (4) 5, & Bl i e i - i I ik, ol DLGS B/ N 25 19 H 1 .

3 SEER I

P T S 56 2 P Y T R A5 ) TORE B R B L BT AR R s S AT R M i BN R AR M A, X
Fofr A5 Ak foe 2 5 BONAS 1) i R 248 B A AR B AE o O T IR TE SR — 2598, BRATTIEAT T a0 N 3058 . oF 2 E B
2% 2477 M (RMS)E A 3.0 nm, {1 2R 242 24 2 137.69 mum (9750 T8 & T T4 & b, B e s 7 4% v fa i 1)
Xof Y 1R 25 SRS DB/ L SR T N A% B DN A %) I R R (X DML A7 52 B b 3% T 0 (B 5 O 1.013%10° Pa,
IR0 S5 2 AR A LS, 0 o R 0 ) i Rl AR R AT 10 R (AR 1 IR I — v, T L A )
) P42 344 82.0 mm, 10 YN A 45 L W 5 0 m o R AT LU S0 5 0 45 il 362 48 22 1) A AR 4 ) 25
PEOCHR  RAMEE 7 0929, XTS5 1T LG BB HZ Al 5 N R = 4.678x10°P+137.6563, & /&
Ui B3R A 1k 133 Pa, il %2284k 0.04678 mm . Xt R 38205 48 A 4 AT S 25 Bl e 5 28 1 19 1) 7 B Oy
2.56x107" /Pa, 5 FLIB /3 M {4 2.7x 107 PadE 5 — 2, Uk W T 52 iF &M% 14 AT 58 Pk R ah 224k

137.6914

= 137.6912

137.6910

137.6908

137.6906

137.6904

Measured curvature radius /mm

30 735 740 745 750
Pressure (133 Pa)
[ 4 S AR SR UER R
Fig.4 Relationship between the measured curvature radius and pressure

TR K (5] — 1 D PR A 005 5 1 A% AR e % ~F 7% B9 17 D0 T 14 iy 3~ A2 0, s i il aed 7 o ) 3R
355 B 8 B RO ) R AT S I 2, 0 10 A PRy — 20, JF X i AR AR TR A I B 10 Wk O 17 36 A< Ik ]
Y S B X 2 I 1R 22 2070 T 8.0 nm (RMS) , it 2 42 2 —294.270693 mam 14 [M1EK 11 11 H 5 48 0
137.691941 mam f) ™ BR 15 AT 4 I [a] 003, 003X SR A P 5 AT 6 T e, B ek 19 T A2 P P AR 22 P 3R o

137.6940 137.69215
() (b)
E { (] § 137.69210 |
3 TReas ; & 137.69205 |
5 : 2
: 1976600 ¢ ; ¥ . § 187.69200
g ) % 137.69195
g 137.6925 < 137.69190 |
3
3 @ 137.69185
§ 137.6920
= . = 137.69180 |
1376016 . . . BreolHL .
0 2 4 6 8 10 0 2 4 6 8 10
Time interval /day Time interval /day

P 5 S0 2 5 AN [ BT 17 5 0045 1 52 4% Ca) ARINBERG -4 5 (o) e e ¥ %
Fig.5b Measured curvature radius at different time for real-time compensation. (a) Without rotating and translation; (b)

with rotating and translation
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