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Abstract: When a three Coordinate Measurement Machine is used to test the surface shape of an as-
pheric element in grinding and polishing, obtained result often shows astigmatism errors due to an im-
perfect compensation programming. This paper analyzes these measurement data, and points out that
the astigmatism errors comes from the imprecise compensation programming for the radius of three—
dimensional probe in the CMM. Then, It presents an off-line data processing method to compensate
the measurement data and to eliminate the astigmatism. By calculation of the tangent vectors of row
and column at the meshed central point, the normal vector of each point on the surface is obtained. By

calculation of the offsets between the centers of probe and the contact points, the radius of the tree-di-
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mensional probe in the CMM is compensated. The experiment of a standard sphere show that this

method decreases the astigmatism PV (Peak-to-Valley) of the measurement result {from 4. 921 9 pm to

0.065 2 pm, eliminating basically the astigmatism errors and improving the accuracy of the coordinate

measurement. Obtained results verify the effectiveness of the proposed compensation programming for

the radius of tree-dimensional probe in the CMM.

Key words: aspheric element testing; Three Coordinate Measuring Machine(CMM) ; compensation for

radius of probe; astigmatism compensation
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Fig. 1 Tracks of probe and contact points
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Fig. 2 Vector distributions of y-axis and z-axis in

two-dimensional compensation
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Fig. 3 Grid model of data points
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WA SR R R A R F O T A%
TS LTy 1), 8 S 1 AT R P AN T e Y
PP sy s1=1/2[10 —1],s2=1/2[—1;0;1],
SR G BUREAS s AEAT AN AR SR A 4 A4S a5 an 5] 4

iR s 5236 B Matlab i 8 % pR K filter2 3t
SRAT AR HT S WA R XLY A Z D5 T B
R 22 A, AR R 2 s A AT FS 5 ) b B P
i) it o F1 b, B T 1] 1 SCSfe 45 2 i T b 3
A i B n, Forp A K o e XL Y R Z
] LR EAAL ) i, [0 3 a, b IK M R i on 5 LA
PR TE o0 ys 2 J7 0 BRSO as ays
azsb,sbysbosnasnysn.s Ny Nys Noo m M HE on
AR, BARSE LR
a,= filter2(stl, Xo) »b,= filter2(st2,Xy) »
QD)
ay= filter2(Cstl,Y,) ,by= filter2(si2,Y,), (2)
a.= filter2(stl s Zy) s b.= filter2(st2,7Zy), (3)
a=(a,sa,,a.),b=(b,,b,,b.), 4)

Jn‘,.:*(a.‘V *b.—a.* by
n,=—Ca.* b,—a, * b.) (5)

n.=—"Ca, * by—a, * b,)
n=n,*itn,* jtn. -k, (6)
XA ) & n G T A AR b B A5 3 B I AT

(1 B 35 ) 2R s 28 0 o A A o DD T A5 81 3 i
) R A

m=+n, *n+tn e n,"+n e n, (7
n, n, n,
NI:_lsNV:_}5Nz:_’ (8)
m’ 7 m m

X=XyEtr+ N..Y=Y,+tr+ N,,Z=7Z,£r+ N.,
€D
(X0 Yoo Zo) g = MR A 22 3 b B2 0 A5 9 0
SRBRD AR BRIk AR (XLY. 2 O St = 4k
M I A5 B B I S S AR AR 3 Sk A5 3 Bl i T
A — L =S RO
RIGEAMEIE I X, Y 47 AJEBR T 7 2 .
B o |
1+[1— kD EF ]
r2=xz+y2,k=—e2,621/r
A e MRS AL B R S U TR O R e (Y8R
o k=—¢ ., c MM A, c=1/R, . R, AT
R,
H T = AR BRI A 3 B B A A T A% A
BY x, oy A1 = AB AR, BOEE N T35 45t BB K = 4
e A Ay TS A T 0 T 6 e i 22 K L RO Dy
TR e B A AR L R A A e 4 Sy 1% 1 i 2
A AR R AR AR 22l TR AR ER T Y Z 4
b5 B (E 20 226 45 B il JE sk TR 7E Z 5 19

(10

P4



3016 e KME TR

5 24 &

sk 2 RES. B X,Y #1 RES 7 Matlab H%
=Ygk 2 R AT IR E T .

4 MEXBRELER

4.1 ZWHE

R T WERE 0 R IR R AR SR 7
R B T i 52 A A Ak Y S U S 06l % flE A
S EI ML121510 = A% A5 i 2t A3 % ' 2% bk o Bk
T FEAR EAT A X 042 D=132 mm, /&
R=542 mm Y BRI AL AR 77 0 245 1 00 o (fif
FH B M 5 OGP AR A — ) L I G
P M 22 BT I B A7 A R Matlab fF b it =
YN, 5 A AR iR 22 25 R AT AL o)
Bz Ry 2 A A 0 A A5

e, 26 B OESDI 4 | A4 77 B Intel-
liPhase TMZ100 #'% + ¥ 430X 12 Bk 0 AE A 2 47
Frag , B 125, 4mm A &0 H 42, ZBR PST (pis-
ton) s TLT (tilt) F1 PWR (power) R HH KR E G
{1 A I 25 SR T ] 5 Ca) CRZ T L R s 7 RO BT
RER Y T W 45 (B (PV) g 0. 1740, ¥ 5 R (.
rms(Root-Mean-Square) 24 0. 013 pm, 5(b)
CF P DL ) /L RO S 28 BRAR UG 19 18 TR & 1R Ot
S HZRER IR B PV E N 0. 017X, rms {H 4
0.005 pm, FaRZE SR UL AR LT AR B
(A=0.632 8 um)

SR SHOR BT AR r=1 mm; 4
BN 10 mm/s; TR AN 10 £1/s5 R AE[H
B4 1 mm/ R EEIFE SR 1 mm,

(a) K FAR L

(a)Results with astigmatism

(b) R HL A R
(b)Results without astigmatism
Bl 5 T gs R

Fig. 5 Measurement results of interferometer

4.2 LWHERILE

TERA R B SE 90 S 80T o — AUy = A b
I BSOS MR B A D2 L BE o 0 P 45 A 0
T IR = YR AR S A B = AR R R
2 B D AL A R T REAT B 19 4k
MR

W W9 2 B 5 43 51 A Matlab 5% 22 43 BT B2 7
T2 = e 2 A b B2 0 sk 22 an P 6 CRZ AT DL
BT O Bros . R P a g R aT DU, =
Y KM 1 B 25 20 A SIS ) A B BAT A SRR
Dl o ] AN 1R 5 22 0 A R BT I A AR
HT T o oK TR R AR AT PR HICHY o TR I A
H S BR A FBBOR TR T I Sk A D 18 AN HE AR 1

N — 25 23 M A2 808 TR R AR O /D K
R 5 R xyz At XSCHE 3 A ZYGO T 3 ALUEK

%0, X107

—80 —60 —40 =20 0 20 40 60 80
Ximm

(a) = 4E

(a) Three-dimensional compensation



5% 12 4 T HE T L A5 < Ol AR BRI = A b I i A FR B 3017

X 10-3
80 8
60+
6
40!
20 § j#

E 0 ( 12
=20t . 0
—40+t )
—60+

390 ~60 —40 20 0 20 40 60 80
X/imm

mm

(b) 4 4
(b) Two-dimensional compensation (o) 4 xR 21
K6 3kER (¢) Two-dimensional compensation with astigmatism

Fig. 6 Residual plots

F MetroPro #4743 #7 - B 95 %0 B A AL H A% 5Bk
PST (piston), TLT (tilt) fll PWR (power) 5 AN
FHOCIR 225+ 43 0l L3 = 4l A T 2 b £ 2 B

-1.080 40

Save Data

mm

mm

(d) 4 b 25 R 1R i
(d) Two-dimensional compensation without astigmatism
Bl 7 S gi R LA

Fig. 7 Contrast diagrams of experiment

() = HE xR LB

(a) Three-dimensional compensation with astigmatism

G5 2% AST RG89 PV .rms 25250, 45 1 an &
7 CR & L9 ) RO IR

WX AT DL & B, = A R R R PV
=0.1031(0. 065 pm) ,rms=0. 016 pm, 4 kP
48 PV ="7. 778X (4. 922 pum),rms=0. 968
pm, SR ZE R H B = AR BRI AP 4
MR P L R R B ' 2 T I b 5] TR RGR
22, A SCHE I = 25 D 3k 2 12 422 AR P ] DX
A 28RS 0 B5CHE S2E AT T D0 o A 0 R L BT SE O R
KOs P AR ROR 22 . T EL = AR S A R T
T 5 A e AL PR T DO AR SO A

mm

RO T AR B AR R 22 (A =0. 632

8 pm),
(b) = 4 #Mz PR 5 L

(b) Three-dimensional compensation without astigmatism



3018 b=

I TR

5 24 &

Xt AR BR AT A AR I A A A B A AR R
722 FLSL TR Sk 2 A2 A2 B A HER 7 A2 Y TR 22
AR SC e A AR BR = AR AR I R R R T
TSR P PR CRR 25 A Y R AR T = Ak

SE

(1] Za&9. = A4r4 A0 A0k 3k 5k @ #F 2 [D]. 5
M= IR R F 20138,
WANG ] M. Study on aspheric surface measure-
ment using coordinate contour measuring machine
[D]. Suzhou: Soochow University, 2013. (in Chi-
nese)

[2] &2 A PRELFERTLHNES N EHEK
CML bt s [ B Tl th ot L 2011,
LI SH Y. New Technology for Manufacturing
and Measurement of Large and Middle-Scale As-
pheric Surfaces [ M]. Beijing: Changsha: National
Defend Industry Press ,2011. (in Chinese)

(3] M, E238%&, % R& 4. A HihE CMM & %
PR MR T L) ] A A K, 2011(10):68-70,
78.
LIN X J, WANG Z Q. SAN CH W. Method of
probe radius compensation for free surface measure-
ment by CMM []J]. Aeronautical Manufacturing
Techonglogy»2011(10) :68-70,78. (in Chinese)

(4] A%, &7, = A bril & HUI Sk 42 % & 4o 5
S R HE BR D7 R LT T & F AR, 1993 (4) - 251-
255.
QUAN R, WENG L. The influence of probe radius
on the test data in three-coordinate measuring ma-
chine and its eliminating method [J]. Acta Metro-
logica Sinica ,1993(4) :251-255. (in Chinese)

[5] LIANG SR, LIN A C. Probe-radius compensation

for 3D data points in reverse engineering [ J]. Com-

i D i (S Sk 2 AR AN ) Matlab SRR, 12245
TR SIS REAR R L PV (H /N T 98, 7%, Howp
PAAT R0/ I 25 2R vh I BB AR R 22 . i TR
Ao 18] i TE 125 58 4 TR 4R — B A5 7 SR ik o Ok & 5 52
PR BUAT A7 AE /N iR 22 o (HL5 = A s 0 24 J3E A
L IR 25 W] DL 220 L 0% = AR AR A AR T L
A A A v AR BR AT Y = A bR N R

puters in Industry, 2002, 48(3):241-251.

[6] MAYERJ R R, MIR Y A, TROCHU F, et al..
Touch probe radius compensation for coordinate
measurement using kriging interpolation [J]. Pro-
ceedings of the Institution of Mechanical Engineers
Part B Jowrnal of Engineering Manufacture,
1997, 211(1):11-18.

[7] LINYC, SUN W 1. Probe radius compensated by
the multi-cross product method in freeform surface
measurement with touch trigger probe CMM []].
The International Jowrnal of Advanced Manufac-
turing Technology, 2003, 21(10):902 -909.

[8] 3RRe)® . 3pix, B3k &, AR BRI AL W B A2 5 0 6 ith

LG FEPIRL ] P EALK A, 2008, 19(10);
1201-1204.
GUO Y B,GUO J,WANG ZH ZH. Study on meas-
uring path and high-precision curve fitting algorithm
for axisymmetric aspheric optics [J]. China Me-
chanical Engineering» 2008, 19 (10): 1201 1204,
(in Chinese)

(9]  Ean . = Apm I A LI Sk 2 428 b 22 R Je v
(1], & R 5 ALK, 2010(6):109-112,115.
WANG H M. Compensation technology and appli-
cation for probe radius of coordinate measuring ma-
chine [J]. Technology and Test,2010(6):109-112,
115. (in Chinese)

[10] 5t 24, 4550, F 206, . 6% A R A bR il 1

R ERENE ST by HE T,
2007, 15(8):1229-1234.

JIAL D,ZHENG Z W,LI SH Y, et al.. Separa-



%12 4

T HE T L A5 < Ol AR BRI = A b I i A FR B

3019

[11]

tion and optimization of posture errors in optical
aspheric coordinate measurement [J]. Opt. Preci-
sion Eng. ,2007, 15(8):1229-1234. (in Chinese)
U B L VR Y Se. = A BRI B Sk 2 AR R 2 1 R
Tkl ek S THE AR, 2006(1):
50-52.

XIE CH Y,CHEN SH K. A new method of the
CMM probe radius compensation [ J]. Modular

Machine Tool & Automatic Manufacturing Tech-

1EE @It

— -
-—

" §

=y

FRE(1993—) . 5 VLI BB B+
WFoE A, 2 NS AR BRI T 5 40 7
TH MY 5T , E-mail : luocij@qq. com

[12]

S &

nique,2006(1) :50 -52. (in Chinese)

KA, BT, F RS, —F AT Matlab 09 34E Bk H
e Te Y S8 H R[], & shE K, 2014
(4):331-335.

YOU Y,WANG QF, ZI ZH H. A test technique
of surface shape aspheric optics parameters based
on matlab [J]. Infrared Technology, 2014 (4);

331-335. (in Chinese)

I

SERERA (1963 —), B, Wb dk i A, 18
+ B, R G A S

5T 7, E-mail: fanxm@ whut. edu. cn





