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Study on Improvement Methods of CMM (Coordinate Measuring Machine) in Workshop Environment

— Evaluation of Temperature Correction Using Low-expansion Gauge Block —

Tohru OHNISHI, Shotoku TAKASE and Kiyoshi TAKAMASU

In recent years, the CMM (Coordinate Measuring Machine) quickly has been spreading in the manufacturing industry.

With this phenomenon, the environmental condition and installation site of CMMs has been changed from the

temperature control room to the workshop environment and the production line without air conditioning. However, even

in severe environment the demand to high accuracy measurements by CMM has been enhancing still more. Therefore, the

methods to evaluate and realize the high accuracy measurements by CMM in workshop environment have been

investigated. In this paper, we clarify the factor of scale error and propose the effect and correction method of

temperature measurement errors using scale error of CGB (Low-expansion Ceramics Gauge Block) and MGB (Metal

Gauge Block).
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Fig.1 Arrangement of metal gauge blocks (MBG), low expansion ceramic

gauge blocks (CBG) and thermometers on the CMM
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Fig.2 Temperature dependence of coefficient of thermal expansion on CBG

Ft GREFSEE © £03°C) 1%, X#hAr—/v (BWEERK : o=
10.4X10°/C) DM, Y 8R4 —L D%, Z #hA A —L 0
ERlzZERENERY b, U—ZBERFHN 1 HAESh
TWb. T—ZREFE, Y #ICEE L7 MBG O RIZER
DT Em, KB CMM B OREERT & iR oIE
F GRERE : £0.07C) #&E L. £D L %D CBG, MBG
BIONEEFOREORGREZR 11277
by CMM fHgn v — 7 iiE

ty CMMFHED X A7 —/LiRE
ty CMMAIEDY R4 — iR
tyz CMM fH@gmd 2 24— VIR FE

i ENIRE
X #li2 CBG & MBG @ 600mm, Y #hiZ CBG & MBG @
800mm &% E L7 L&D, TNENORZELUTOLIIZE
£75.

Ecy X EhFHICEE L7z CBG O B E
Ecy Y HhHMICEE L7 CBG © B
Eyvy XA MICERE L7 MBG O HRERR 2
Eyvy Y HHATANCERE L7 MBG @ HBSREZE

CBG OEMARRE OB KL E 2 17T Y. Zo—»
5 CBG OBEERARHIT 20°CI2BWT, ac=0X10°/CTH %

pm/m

scale error

Fig. 3

; [ ]
6 * ECX
g 4 m ECX-corr
=2
|~
5 0 i o | ] /"'-( -
= [ ]
b5} ) }/
3 —
g -4
6 o
3
-8
-10 -8 -6 -4 -2 0 2 4 6 8 10
temperature deviation rom 20C ~ °C
(a) scale error of CBG on X axis
8
6 .
=~ A
g 4 by ¢
= o
=) //
= n
5 0 r e "
£ "n "l e
e
< e *® —
g 4 * ECY
-6 u ECY-corr|—
-8 L L [ [ [
-10 -8 -6 4 -2 0 2 4 6 8 10
temperature deviation from20°C ~ C
(b) scale error of CBG on Y axis
8
6 * EMX -
A ha A EMX-s-corr
T —— ® EMX-corr | |
2 L ha Al A \\TA\ >
0 s w ~‘T
oo " — | "a | m
-2 — T
.
-4
-6
-8
-10 -8 -6 4 -2 0 2 4 6 8 10
temperature deviation from 20°C ~ °C
(c) scale error of MBG on X axis
8 0
6 * e
g 4 = 2
= ) A ;
%A 0 4 Aa T
§ 0 . . [T :
) M
= « EMY
@ 6 A EMY-s-corr | |
) s EMY-corr
-8 I I I I I
-10 -8 -6 -4 -2 0 2 4 6 8 10
temperature deviation from 20°C ~ °C
(d) scale error of MBG on Y axis
Scale error before and after correction of thermometers of scale and

work




2, 20C 5 DREN 10CH D &, ac=0.08X10°/CRREIZ
BRoTND I ENHERTE S, £ 2T, CBG OEEEGRE D
EERTFIEIC DN TIE, 2 @) (BRI O R T %
WIETAEEZ BTS2 LICL o THELE G 8).

E.=adt,+adk (t,—20)—a.t, (8)

s

32 BEFOMHIE

2 BIZESNWT, BIZHEE X T 20T 5 DRFEN-8CTH
LA CHREE T 11 MEEICE T D BERESE Ecx & Ecy 0D
XBERY A7 —VIREFHOEMA 7 — VIR EREEE L R
T—=NF 7y NREOFMAITY, BEREE Ecx & Eoy I
RLUT, XBIORY A7 — WBEHOMIEZIT> 7 (Ecxcon
Ecveon). FT2, XBILOY A7 — MBEFHORMIEEITo 72K
FEC (Ecxscoms Ectscon), BESREFE Eyy 16, U—Z7RES
DEMGD — 7 IBEREEEL V-7 7% v FEEOF %
1TV, BESBRE Ewy & Ewy XL T, D—ZIREHOMES
1T 272 (Evixcorrs Evycon) TERZR 3 ITRT. TNHDOKN DS,
20CH 0 DIRZEIZ L > CTHBBRENE(LL TN D Z ERg0
272. CBG @ BERAZE Ecxy & Ecy 38 Z U MBG D B RERAZE Eyy
L Eyy i3, A —ViREH V- REHEZ 2EOX@), (5),
(6) BLW (7) IZESWTHIET D2 &Ik, BRERE
AR T4um/m 90 2um/m L TA~NEA SE L 2 LR TER
R1ICHEDTEDITRDT= X, Y A — /MRS OSAG A 4
—VBEREGAE L R r— LA 7y FMEREB IO —2 IR
EHOSMY — 7 RERBEREL Y — I/ 47y NAEER
kR

33 BREWERRORI

AR — VR EAR BRI L T E1T S . Sfirr
—IRELREGGRZEIL, A —/VRERIOEREEL A — L
OBIEREOME, S 51T, CBG DR RRKR DAL S
ATWD. A7 —VIREFHOEERRE L A — L OBWER
BOBAEICONTIE, SEEL Gt 2 TH Ay —/LiR
EFHOEMA 7 — VIREREEEEIC L DWEAITR Y 2 &n
TX 250, CBG OBFHERE O RN 1, 8L CRHMEiC
TRV EEMA T — R EREGRZEIC L DI EE 52
%. L L, CBG OEMEREOTHED &1, 0.02X10%/C T
10°COEREZAITH LT 0.02um/m BRETH 5. \IT, A7 —
NA Ty NEZEICEALTONETY. Ar—AF7Ey b
R, A7 —IVREFHOAF Ty NREL RS —LOER
BMELGATHNS. L, Thoaol L TR T 2<
THAT— VREFHO A r— 47y FREICL DM ES
TRHOZENTES.

CMM B OIBEFHIEA L Tor&1T5. B 412 Y BTk
B L7~ MBG ® CMM gD T — 7 iBE 1, & T DERHIEE L
72 CMM 1@ DIREF L IR OBERH (RERE : £0.07°C)
DT —7RE t,yD 1 BEOE{LZRT. F£iz, B5IZ CMM
MHROU—JEE, & T —27RE 6,y OB ZRT. 205
DS, CMM {BO T — 7 BEERIE 1, DIEREZIT/NES
<, 10°COREEMICH LT 0.01CRRETHD. ZNICHL
T, A7ty MEEIZ0.170CTHH I LR TE 5. £,
HEGRAZE Eyy 20D, UV— 27 REFHOFMEITo 72V —2 47
v hEEL CMMAMNBOY — 278 L, LU — 78 1,y D8
BRI SR D=, CMM M JED U — 78 EHO A 7~ hiazE
LDZEIF0.026C LY, K< —FK L. 62, HEN»G
K, V—TRE t, L EEOU— TR 1, £1%, 0.03°CLL

Table 1  Result of magnification error and offset error of thermometers on
X scale, Y scale and work

X scale Y scale Work
dk 0.046 0.058 dk,, -0.011
dty (C) -0.236 0.160 dt,y (C) 0.196

Table 2 Result of scale error and standard deviation before and after
correction of thermometers of scale and work; unit is pm/m

before correction after correction
Standard Standard
scale error L. scale error L.
deviation deviation
Ecx -6.4 3.04 0.7 0.43
Ecy 5.6 4.04 1.9 1.31
Eyx -3.4 1.84 2.4 1.48
Eyy 7.4 3.25 1.8 1.41
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Fig. 4 Variation of work temperatures of MBG on Y axis 4, and #,yin a day
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Fig.5 Correlation diagram of work temperatures of MBG on Y axis #, and
twy
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