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Modeling of Mapping Relationship Between Machining Error and

Geometric Error of Machine Tool

LI Shihao, ZHANG Jun, TANG Yuyang, YIN Jia, ZHAO Wanhua

(State Key Laboratory for Manufacturing Systems Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: At present, the modeling method of geometric error and the accuracy of parts does not
consider tool’ s position deviation and gesture deviation in machining. In order to establish a
mapping relationship between geometric error and part error that conforms with machining
process and realize the prediction of the part machining error a three-axis machine tool is used as
the research object. Firstly, the model of tool position error and tool axis vector error of machine
tool are established by using the theory of multi-body system dynamics. Then, the geometric
error data of machine tool are identified by using laser tracker and 21 errors of machine tool are
obtained, and 18 errors related to position are fitted to build an error space of machine tool.
Finally, the typical part features such as part width, flatness, and hole axis position error are
selected combined with the moving path of the cutter in machining, and the model between the
machine tool geometric error and the part features is established. The accuracy of the model is

verified by experiments. The experimental results show that part width error is related to the
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geometric error of the tool tip, and the differences between measured value and calculated value of

part width at 11 points are within 5 pum; the zigzag milling flatness error analysis needs to

discretize the tool path firstly, then discretize the tool circle and calculate the point error of the

tool circle, finally select the points that belong to the machining face and calculate the flatness

error by using the least square method with those points, and the difference between the

measured value and calculated value of flatness error is within 2 ym; the position error of hole

axis analysis needs to consider the tool tip error and the tool axis error at different positions

during the drilling process, then establish the hole equation with those two, and finally obtain the

error of the center of circle in corresponding plane by substituting the height value of the

measurement plane into the equation. The difference between measured value and calculated value

of the position error of hole axis is within 5 pm.

Keywords: geometric error; machining error; multi-body system
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Fig. 1 Topological diagram of general multi-body system
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Fig. 2 Six errors when moving x
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Fig. 3 Geometric error modeling process of three-axis

machine tool
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Fig. 5 Topological diagram of three-axis machine tool
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Table 1 Low-order body array of three-axis machine tool
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Fig. 6 Six errors of X-axis
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Fig. 7 Direction of angel error and perpendicularity error

(b) EEHEIRE

W 158 22 THUAR N 78 85 5 B (5 W) 45 3] 3 > fh A 4o
BEI%E Ty ATy, JTos ATy; (Toy ATy, - WLAN E 50 5 5 T H
6 Z W5 AHFE Tse 2 FE W X ] BB KGR
e 2 HARME N R

1 —e. €, O.tx
roaT— | & 1 —e. o,
&y €ar 1 O
0 0 0 1
(13)
1 €y €y  On S,
Ty AT, = s 1 €y Oy T
€y €y 1 Ouy
0 0 0 1
14>




o LI N % 55 %
1 —e. €, O0.T=zS.
1 —e. 0,25,
T, AT;, =
—e, € e 1 0. T2
0 0 0 1
(15)
1 0 0 [
0 1 0 [
T; = (16)
0 0 1 L
K9 MRS SR Z K
0 0 0 1

K20 (13) ~ A6 R A (1) (A1), R R LU
B v B 2 DR B — I, T LA B T AR s
Eiw2E Er 5T EEWETT R Ey.

TR ERE Er
Az, =0, +0., T0. Tz, tze,+2S.—»S, —

veo, — U, (e, Te, Te.) +i. (e, te, te,)
Y, =08 T80, 10, —2S,. —2e. —ze,, T (et
e Te) 1l (e,, e, te) ‘
Az, =08, 16, +0.tye. — L (e, te, Te.)+
Ly (e, teTe)

17
J1ih % M 22 Ev h
Axy = e, te, te. 1
AYy =—€n —€n —Ew [ (18
Azy = 0 J

1.2 JU{MiR E#H#EIKEN

1.2.1 HZ&K4#HIUMEEZHRAEF ACRAMOL
R R ASCRR ) 22 Y 1 T vk AT L N A AR AN
K 8 FIiEl 9 Frw .

I

. )
‘ WOBLERERAYL 1
o eyl

7 7'1
B8 FKL i 2 R i AR

Fig. 8 Multiple measurement process of single base
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Fig. 9 Schematic diagram of machine tool moving route
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Fig. 10 Measurement route of machine tool
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Fig. 13 Zigzag milling and discretization of route
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