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A Study on the Volumetric Error Equation of Coordinate
Measuring Machines and their Application
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Abstract

For general geometry of Coordinate Measuring Machine (CMM), volumetric error equation

including 21 systematic error components was showed using vector expression. Different types of
CMM listed on an international standard (BS 6808) were classified accordinag to their geometry,
and the general volumetric error equation was used for the CMMs. Application of volumetric

error equation was also introduced, sych as position error compensation, error equation of

CNC-machine and parametric error analysis, etc.
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Moving bridge CMM, (A)

Cantilever CMM, (A)
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Moving Horizontal arm CMM, (B)

Gantry CMM, (A)
Fig. 3 Fixed table type CMMs from the list of BS 6808 part-2

Fig. 23 o] ol4$%3 247ol s ol
ggold AE AseAd ol A%
£ Aolzz 2 AFelAe chil44z $ech o
B A (@9 olAEEE olgFelA EHAAA
47o HHALEY BoE ARl Roh,

AP=Y+Z+Kyz, BP=X+Z+Kxz
CP=X+Y+Kxy (4)

o714, W¥ Kyz, Kxz, Kxyv= CMMe 5ol
galals 7)5ekE Algolw, dHE X, Y, Ze
CMM =237} $A)5t= 23 gko|c},

2.t Hojg1™ CMM

A AHEstE CMME o2& BS 6808l =4]
A A F9 sirtoln], olF slidHlA Fig. 32 =
T HolEnA Helo|r}, o]FL thi] Za M9 o
FA X, Y, Z%o] A2 kol whe} A A (X
Y—Z, Type A) 9 dAA% & (Z—Y—X, Type
B)oz F¥Hcd, Fig 4= Type A, Bol| ulg}

L-shaped bridge CMM, (B)

Fig. 39] CMMs¢ FzA<ql 8garnet $EAJA
o2 ZA% Reldh 9714 A@)e] CMMS 7)3
#4 44 Kt Type A Bol web chest 2
WA 4 gl
Type A Type B
Kyz=[ABo+BC,+CPls2, [ACo+ CBo+ BP)y
Kxz=[BCo+CAo+ APlx:, [BAo+ACo+ CPlxz
Kxy=[CAo+ABo+BPlxs, [CBo+ BAo+ APl
' 5)
A (5 AR (xy, x2, y2) € WElo] YEAHEE
A5, 23g 2o A4E BEFRE A
A3 71EF AZ AN obwl LS WA
£ BHolE Yehitl olZA ABox 7IFEZ4
34 AdlA dAR o539 AlgE BoAA<
Aeleld,
Moving bridge type CMM-2- tj §49] sloj&
7z CMM(Type A)ol=, 7} A3 JHE A=
2 4 9ol 2 Agwsist sk Fig 59 22

ok o

(o]



1548 ol

x3y
Type A, clockwise
e AN ¥
t
I
P
2 |
|
Y |
[¢] |
X leo
N Be
W R— -
N
~N

\‘( =
!
b
N
! \\ B, >
R @\————
N

"
Type B, anti-clockwise Xm0y
5,7
| =
Bo L
:
|
Y |
0 | P
X 1
N |
N o
Y &
U N

=3
o
R

(c) Z-directi.on dependent linkage

Fig. 4 Two types of linkage systems of fixed table CMMs

moving bridge type CMM$] #asjaslolsd A4
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=(0, CPy, ABo+CPz)
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(a) Moving bridg type CMM
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(b) Linkage of moving brigee type CMM

Fig. 5 Linkage system of moving bridge type CMM and its geometric constants

(a) Column coordinate CMM

(b) Fixed horizontal CMM

(c) Fixed bridge CMM

Fig. 6 Moving table type CMMs from the list of BS 6808 Part-2
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Fig. 9 Linkage system of fixed bridge CMM
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Fig. 10 Block diagram of CMM probe position error compensation using the volumetric error equation
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