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Development of Numerical CMM in Pursuit of Accuracy Assessment for
Coordinate Measuring Machines

H. J. Pahk

Key Words : Coordinate Measuring Machine(CMM : 3 2+9] 24 7]), Volumetric Error Map,

Geometric Error, Probe Error(Z gm. 9 z})
Abstract
In this paper, a comprehensive computer model is described which can be used to generate the

volumetric error map combining the machine parametric errors and the measurement probe error,
for most types of CMMs and axis configurations currently in use.
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Fig. 2(a) Typical probing error pattern
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Fig. 4(b) Positional eror along Y axis (A CMM)
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Fig. 4(c) Angular pitch error along X axis (A CMM)
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(1) 14 Bex2=57) (FBI Model)
-l 2.4k WA Al
Tx(Xa, Ya, Za)"+ Lx
=Ty{Tz(Xp, Yp, Zp)"+ Lz}+ Ly

o] 71 4,
Tx, Ty, Tz= A4,

(A1)

Lx:[—X-Sx(X), Sy(X) —aX, 6z(X)]"
Ly=[éx(y), Y+8y(Y), 8z(Y)]"

Lz= [ x(Z) —BZ, oy (Z)—BZ, Z+82(Z) |

AX=06x(X)—&x(Y)+0x(Z)+ YEz(Y)
+Z(Ey(X)~Ey(Y) - )+ Yp(—Ez(X)
+E2(Y)~Ez(Z))+Zp(Ey(X) —Ey(Y)
+Ey(Z))

AY=8y(X) +8y(Y)+oy(Z) + X (—Ez(Y)
—a)+Z(-Ex(X)+Ex(Y) - B) + Xp(Ez(X)
—Ez(Y)+E2(Z) +Zp( - Ex(X)
+Ex(Y)~Ex(Z))

AZ=02(Z) +82(X) —8z(Y)+ XEy(Y)
—YEx(Y) + Xp(—Ey(X)+Ey(Y)
—Ey(Z)) + Yp(Ex(X) —Ex(Y)+Ex(Z))

(A2)

2
3t 3]
Sx (X) =6x(X)—ZoEy(X)
Sy (Y) =8y (X)+XoEz(Y)
0z(Z)=082(2Z)
v (X) =68y (X) + ZoEx (X)
62( ) =8z(X)
YV)=6x(Y)—
Y)=062(Y)
Z)=6x(2)
Z)=6y(Z)
Ez(Yo)
,8 Ey(Xo) Ey(Yo)
B:— Ex (Xo) + Ex(Yo)

(2) 3A4+H o)telq] (FHI Model)
-l Al e xF A A
Tx(Xa. Ya, Za)"+ Lx
=Ty{Tz(Xp, Yp, Zp)"+Lz) +Ly

oJ71 4, Tx, Ty, Tz+ AP,
LxT=[—X—&x(X), dy(X)
LyT-[6x(Y) Y+oy(Y), 62(Y)]7,
Lz"=[ox(Z2) = BZ, oy(2), 8y(Z) —BZ, Z+0Z(Z)]

AX=x(X)+x (V) +& (Z)+Z (-
+ (Ey(Y)~Ey(X)) + YEz(X)
+ Yp(Ez(X) - E2(Y) - E2(Z)) + Zp(- Ey (X)
+Ey(Y)+Ey(Z))
AY=8y(Y) -y (X) +8y(Z)+ XEy(X)
+Z(Ex(X)— B~ Ex(Y)
+X(a—Ez(X))+ Xp(—Ez(X) + Ez(Y)
+Ez(Z)) +Zp(Ex(X) —Ex(Y) —Ex(Z))
AZ =02(Z) —62(X) +82(Y) — YEy(X) + XEy(X)
+ Xp(Ey(X)—Ey(Y)—Ey(Z))
+ Yp(—Ex(X)+Ex(Y)+Ex(Z))

—ZoEx(Y)

& (Y) ZoEy(Y)
0z(Y)

m(Z)

(

ox
Sy
a=
&=
Be= (A3)

(A4)

—-aX, 62(X) ],

(A5)

=0x (X) +ZoEy(X) — YoEz(X)
=8y (Y)+ZoEx(Y)
_52<Z)
=0y (X)— YoEx (X)
YoEx (X)

—ZoEy(Y)

8z(X )

8z(X) —
x(Y)

=0 (Y)
3z(Y)=08z(Y)
x(Z)=06x(Z)
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v (Z)=38v(Z)

a=a+Ez(X)

B=B+Ey(Y)—Ey(X)

Bo= et Ex(X) —Ex(Y) (A6)
(3) Aedely] CMM (CY Model)
- Al 2 zf A4

Tv{Tx(Xa, Ya, Za)"+ Lx}+ Ly

=Tz(Xp, Yp, Zp)"+ Lz (A7)

o] 7] A,
Lx"™=[-X~ox(X), Sy (X)—aX), 8z2(X) ],
Ly™=[6x(Y), —Y—6y(Y), 3z() ],
Lz™=[6x(Z) —BZ, 8y (Z) —BZ, Z+82(2)]*
AX =00 (X)—0x(Y) +x(Z)+Z(~H—Ey(Y)
~FEy(X))+ Y (E2(Y)+Ez(X))
+ Yp(Ez(X)+ Ez(Y) —Ez(Z))
+Zp(—Ev(X) —FEy(Y)+Ey(Z))
AY=08y(Y) —0v(X) +Sw(Z)+Z(Ex(Y)
+Ex(Z)—B)+ X (a—Ez2(X))
+Xp(—Ez(X)—Ez(Y)+Ez(Z))

el

¥

3ad HAY] FA 2 A
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+Zp(Ex(X)+Ex(Y)~Ex(Z))

47 =62(Z)—62(X)—062(Y)+ XEy(X)
+Y(—Ex(X)—Ex(Y)+Xp(Ey(X)
+Ey(Y)—Ey(Z))+ Yp(—Ex(X)
—Ex(Y)+Ex(2))

(A8)
- it 3]
Ox (X) =6x(X) + ZoEy(X) — YoEz(X)
Wy (¥Y)=08y(Y)—ZoEx(Y)
0z(Z) =82(2)
Sy (X) =68y (X) + ZoEx(X)
02(X) =8z(X) — YoEx (X)
Sx(Y)=06x(Y)—~ZoEy(Y)
0z(Y)=38z(Y)
& (Z)=ox(Z)
y(Z)=68y(2)
a=a+Ez(Xo)
Bi=p—Ey(Yo) - Ey(Xo)
B:= B+ Ex (Yo) + Ex (Xo) (A9)



