8 1 Vol.8, No. 1
2000 2 OPTICS AND PRECISION ENGINEERING Feb. , 2000
1004-924X( 2000) 01-0091-05
5EE,ZFT T,2XE
(EMEAFN eI BEE xR #E K 410073)
(TDFM)
CCD ,
0. lum
RS R M ER s BRI CCD; —A b B 2N %
:0436. 1 A
1 3] B :
(two-degree—of freedom measurement T DF M)
[1]
Lawrence ,
Livermore (LLNL)
R R 200mm 0. 1pm,
, 20+ 0. 0025 )
: 2 TDFM R
> 2.1 TDFM
(TDFMs)
1
( .
X 2
) il Y.z He—
- Ne ) ;

:1999- 07- 12; :1999- 12- 21



92

8
G1 G G2 , ; 4 G2
G1, G2 ,G ; CCD
GG P
reference grating moving grating
G G
callimator lens beam splitter P Az
laser :] O X - (]
b4
fens 4x < > = -
grating G2
cyepiece
CCD camera
Fig-1 Optical la out of the two—degree—of freedom measurement s stem
( )G1 Gs N , Gm (N-1 (
( ) G, D D
Gs N Gm e 1) Io
’ s G1
L Ly £
, , I(r/R,0) = 2t 4005[2TW(r/R— Roos(e— P+
¢ I_Ocos[ 2N - 1)r/R] +
G1 P 4
; Gr' %COS[ZTI( IN- DR - N (0= @) +
) G’ ) Gi G Igocos[2ﬂ'(r/R— N ﬁcas(e— D)1 (D
(1) ,
’ ’ r/R, 1
) G’ ) G 6 M (r/R.9 a3
’ ’ . 4 ,
CCD 5 ,
Gi G 5
6Lm , 100 200; G2 , )34
24[,([1], 99 [4]
2.2
2 5 2
2 2
() ) ;
( D),
( € B,
3 , Gs, Gm;



93

Sipsas |
4 G G|
Gi" G2 3 N 1
ceD i ‘

1Upit = 12pm

Fig. 2 Concentric—eirde grating

F— Gm

= X
Os
Gs [
I

Fig-3 Gs and Gm overlapping N/ (N - 1)= 10/9
CCD

2. (10 circles}

Maire Fringes

Y(0) = 2mn + W.(0),
m=0,% 1, 2,3 (m )

(3)

) CCD

— 4
' om 21 (4

Fig.4 Moire fringe images

n- 1
210, . 2T\ 2, &
(Y W) sin(2M)) 3 (5
( € D), : N ,R N
Fourier L1, Fourier .0

n—- 1 . .

Z[(%,@sin%m ’ -2
Wa(0) = tan o1 (2)

z I(%,e)cos 277-&
=0 2.3



Fourier (4 (95
G
, CCD :
, (0. 4s) Yy z
5 3 /m\lj_’é.‘éo%
HP 5
’ ’ ’ ’ ) 5 Z
0. 1um

s T 1T 1
b8 T T AT

| |
T I s’ S -

| i 1 1
0.4 p——— R _"':-"""E' """"

P R
ol P A
0.0 [t ]

e A
0 25 50 75 100 425 150 mm o 0z 04 08 00

laser interferom eter TDFM linearit calibration
Fig.5 Error measurement comparison and linearit calibration
200mm
4 4% 7 0. lum
(T DFM) :

CCD

[1] BRE. HEMNRREZAASZFLG@mE EZ[]]. F BHARITA, 1997,8(1): 29-33.
[2] NiJ, Huang P S,WuS M. A Multi-degree—offreedom measuring s stem for CMM geometric errors| J|. Journal of
Engineering for Industr ,1992,114(8): 362-369.
[3] #Rz. ZRME R[]]. BFNE, 1982,4(1),35-42.
[4] FBAF RN AMER FL oG HIL] J]. R T8k, 1992, 3(4) : 193200.
[ 5] Park Yoon—Chang, Kim Seung-Woo. Optical measurement of spindle radial motion b M oiré technique of
concentric—ircle gratings[]]-lnt J M ach Tools Manufact, 1994, 34(7): 1019-1030.



A two-degree-of freedom measuring system
based on concentric—circle gratings

ZHU Jian—hong, LI Ning, LI Sheng-i

(Department of Mechatronical Engineering and Instrument,

National University of Defence Technology, Changsha 410073, China)

Abstract: A method is presented for ultra-precision two-degree-offreedom measurement (T DFM )
based on image processing of interferential fringes in real time, which are generated b three
concentric—circle gratings and captured b CCD (Charge coupled Device) camera. The basic measuring
principles are described in this paper including the generation of Moiré fringes of concentric—ircle
gratings, three—grating—s stem, imaging optics, and the method of image processing. T he actual
measuring s stem is anal zed and calibrated through experiments and the measurement results are
compared with laser interferometer s stem. Test shows that this s stem can be adopted to on-ine
measurement and compensation of ultra-precision process. It has a long measuring range of 200mm
and can measure two dimensional error components at the same time with an accurac of better than

0. 1ym.

Key words: concentric—ircle grating; Moiré fringe; image processing; CCD; two-degree-of+freedom
measurement(TDFM)
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