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The Study of Precision measurement by the 3-Point Method
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ABSTRACT

Roundness measurement method using three displacement sensors makes in-process roundness measurement
possible on the NC machine because it eliminates the vibration signal and eccentricity signal from measured
roundness signal from the workpiece. But if measured signals contain noises, high precision measurement of the

roundness isn't possible. In this study, a high precision in-process roundness measurement system

is developed,

which applies a Kalman filter to the roundness measurement method using three displacement sensors and can be

used to measure vibration of the spindle.
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Fig. 1 Block diagram of the measurement system
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Fig. 2 Principle of eddy current sensor
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Fig. 4 Arramgement of three displacement sensors
n6) = ry+ (A, cos 6+ B,sin §) (n
+ nZZ(A,,cosn6+ B,sin n6)
WYAN ABCE £ 2% S, Sy, Scet
o233 go] ¥88 4 Aok

Sa(0)=Ra— A6 —3(6) @



Sp(8)= Rg— H 0~ ¢y~ 3( ) cos(#) (3)
4+ x() sin(¢)

Sc(@) = Re— g+ 1) —~ (@ cos(2) 4
—x(8) sin (1)

7] A,
RA,RB,RC N ‘-5'01‘17““9’}’ %’}1\:1 0 }‘}‘019‘] 71‘?‘]
#(0, 90 : AFd xyMHE
A&7 A, B, CY &S Labd 2EHH F4E9Y
$(® )&= U3 Brh
S(8) =S8+ aSx(8) + bSL6)
= RA+GRB+bRC— 7’0(1
+ a+ b))+ x(@{asin$— bsinr)
—~ W1 +acos ¢+ becos ) (5)
- ;l[(Ak(l+acosk¢+ beos ko)
+ B,(asin k¢ — bsin kr))cos kG +
(B, (1 + acos k¢ + beos kr) +
A (asinkd— bsin kr))sin k6]
152 MsEd R, Ry R AlA ABCH
I ZAYAE AR AdE veldn,
AAFE9 FEFWAe ) «(4),WHE A4
= A TR0 EAde ATHAEL xyFHEL
Bitad YA Aoz, ¢, o5 MM AE VIE
22 A4 BC7 siAlE Z4xg JEpdth 349 R
A FAHEY S(OHEHH AFAHAE x(6), (D
7t AARE 248 ogn #Zol.
asing— bsinr= 0 (6)
1+acos¢+ bcosr=0

A6)S NFse ¢, ra, bE HARSNE AF L
Halgle] AAHN #A4E2E S(OHE gt 29
&5 Atk

S(0)= RA+ [ZRB+ bRc"’ 70(1+ a+t b) (7)

- $[(Awt BiBcos ks
+ (Byay— A8y sinkd]

>

K
g

o

fu koo
-4 by

o

o714,
_ sint h=— sin¢g
sin(¢+ 1) sin(¢+ 1) 8

a,=1+acoskd+ bcos kr,
Bp=— asinkP+ bsinkr

S(H} FE) AFE Fy, G2 3,

9
Fo=—A,— Bfi ,Gp=A8:— By ®

ol HEAHEY EUHHEG A FHd A
o33 g
A= (= arFi+ B G/ (a5 + 8D (10)
By= (= BuFy— a,Gp/( i+ B3)
22 YN E AYEE oy Ax P}

-609-

AR =e(8) pax — & O) min| (1)

A71A, e AWDHEFHE

e 8)=rE—(Ay+Aicos8+ B;sind) (12)

olt], A, B;& A6l o) 00]H2Z A= 3
Mol WA FAEYE o4 AU A
A EAQstE FHIAE ¢S WAL ALES
Aol 7bedg ¢ 7 Uth A24HEFRE FE9 3
AAEE $3% 5 gled, Fig 494 yE9 AR
AR A3 Fa, xF9 AFAHAEL a4 T
o}
WO =Ra— () —S6) (13

_ S(8) — R+ rHG— ¢) + y(§) cos(¢)
23 #gide

AFEL 384 Yy gdundEd o8
HPHoIR A e APoly] MEo] DEF 2 HUA
Fo) 334 AYEER SnFd Jd& AA=HGH
T AARE AR adz EAsHA H7] W&
! In-Process ALEEAo] 7-5A8t7] H3A
A5 #A4E B8 Hds FSe AHEE
ZHE AA%k 384 AY=EEH ¢y
Yoty Argaior ook AMES 48 H
ste) FAFAME FEAY 4J T A8E /KA
A 12F 10000 53T A O FFAHE W
ARE Fig. 50) Vel Atz RE 339
ALxE 2310 Zojglo] 2t X EHAl(Standard
Deviation)ol] ol&] AR 5ol @ Hold oA AR
9 ZojFe JAFAMT A E FEEHT AD
A oy % 3 9 NARFH &5 AYF
So= 7)UstE Aoz o3 EAFIE A &
o} Fig. 62 SAREE FRFdgez EA A
22 pColjA AWAY nFH500HZ7HA oA 7}
ZATE ¢ F Uk ol8HY WAZEL ofH
o o)F W RZoz NFE: o]EF L AT
B Ao Zurdy 748 9o Zah2E
g5 SHANARCE 2AY5Rn pig 78 12
gy TZA2E ol §dtd AT Z2UdHS B
Zrjolo] 1R g veRR Aol

ol
s}

a4y o R
“;‘i‘ir.i.m
ok rr X

-

Fig. 5 Acquired signals from non-rotary sample



Fig. 6 Frequency spectrum of the measurement

Fig. 7 Block diagram of Kalman filter
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measurement
Fig. 991 F #E9 103 &5 54 ZAAE

Table 1°] Jeliich Ad43 5 103 H#aa
743 7 7E BE19) 21.4872 pm, BE29] 2.604 um
of st A= FAHRE =AHoz A,
Fig. 113} Fig. 120] Yeld R AP BFo 4384
o] 7lalstA oz o] 4 U v PE w MEo)
IRe Ao ALg Gk

Table 1 Results of roundness measurement
[ unit @ pm]

Repetitious roundness measurement
Applied Kalman Not applied
filter Kalman filter
Sample | Sample | Sample | Sample
1 2 1 2
21.3665 | 2.8231 | 21.7317 | 3.7947
21.8074 | 2.3330 | 21.6046 | 4.0488
21.5484 ] 2.6401 | 21.7346 ) 4.1992
21.2232 | 2.7685 | 21.4921 | 2.8442
21.3264 ) 2.2502 | 21.6125| 2.8591
21.6437 | 2.6501 | 21.9119| 3.3913
20.8827 | 2.2086 | 22.1313 | 2.5215
21.5161 | 2.6040 | 21.6854 | 2.4999
21.7701 | 2.6940 | 21.7799 | 3.4714
21.4872 | 2.6921 | 22.7210| 2.7912
21.4572 | 2.5666 | 21.8396 | 3.2421

No.

R [ [Ot [ {wiDo|—

©

10
Average
Max. - .

Min

0.9247 | 0.6145 | 1.2199 | 1.6993
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(a) Applied filter (b) Not applied filter
Fig. 11 Roundness of the sample 1

(a) Applied filter (b) Not applied filter
Fig. 12 Roundness of the sample 2
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14 Output signals of the threg displacement
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Fig. 16 Frequency spectrum of the vibration (Sample 1)
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Fig. 17 Frequency spectrum of the vibration (Sample 2)
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