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In the automotive die-mold finishing process, large mold surfaces such as bonnet, roof panel, side fender and door require highly
skilled finishing work. Die mold manufacturers are confronting extreme shortage of skilled finishing workers. Hence, a robot
finishing technology could be a crucial process for the auto-finishing of the automotive mold manufacturing. To accomplish robot
finishing, the automatic measurement of surface roughness level as well as the precise machining control are required
simultaneously. In the mold finishing process, several types of grinding wheel are used to produce smooth surface. Some of them
have high rigidity for shape correction, others high flexibility for surface finishing. Cutting operation is repeatedly performed to
remove the desired height. Hence, it has been considered as a highly complicate work for achieving full automation within a
comparable time of the manned working. In this regard, the accumulated cutting depth, the generation of non-uniform cutting
profile due to the flexibility of wheel and the change of wheel contact position due to the wheel rotation are introduced in this
study. Upon overcoming those issues a positioning control regime based on the CAD model could be introduced.
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u  deflection factor (cutting width x cutting force /
stiffness)

X, : machined depth Y, : residual

§': feed in depth

2. Effect of wheel compliance

2.1 Machining accuracy
In the lapping process various type of wheel are used according to

the desired surface roughness level. Hard and rough meshed wheels
1. Introduction are used for grinding tool marks and shape correction while soft and
fine meshed wheels for smoothing the contour surface. Those wheels
In the press die-mold industry, the finishing works after having have completely different compliance. Fig.1 depicts the typical
CNC milling are performed manually by the highly skilled workers. relationship between force and displacement of the house-made
In the lapping process, the compliant wheels are used not only to
maintain the original shape of the die-mold but also not to create
undesirable scratch. Hence, many researchers have been relied on the 0
force control methods to carry out the automatic lapping process. 15|
However, the lapping results only with relying on the force control w0l
method are unsatisfactory in terms of the machining accuracy and the
processing time. In the lapping process, due to the flexibility of

lapping wheel, the machining path should be repeated to remove the ol
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specified height. When the adverse effects of compliant wheel are : . . ; y .
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predicted correctly, a positioning control based on the CAD model Input displacement (m)

260
©2022 ASPEN 2022 Organisers. ISBN: 978-981-18-6021-8. All rights reserved.



Proc. of the 9th Intl. Conf. of Asian Society for Precision Engg. and Nanotechnology (ASPEN 2022)
15-18 November 2022, Singapore. Edited by Nai Mui Ling Sharon and A. Senthil Kumar

nSPEN

manipulator.

Fig.1 Compliance with clamping the lapping wheel
Due to the wheel compliance, the lapping paths should be repeated to
achieve the desired height in the lapping process. The machined depth

X":nSf,uS{lf(ﬁj’l Z—#S{l(lf#jn} 1)

and the residuals are obtained by Eq.(1). Fig.2 shows the machining
accuracy according to the different compliance
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Fig. 2 Machined depth and residuals according to compliance

2.2 Lapping surface profile

The lapping wheel has large compliance, hence the transformation
occurs when it approaches work surface until cutting force or position
reaches the specified value. During this period, machining is
accumulated, also in the disengaging process similarly accumulated.
Namely, machined depths are significantly different at the stage of
engaging, proceeding and disengaging. This behavior can be modified
and improved by adopting speed profile considering the strain rate of
the wheel on the basis of Kelvin’s viscoelastic model.

Depth(iz)

Feed distance(mm) Flg

3 Machined surface profile along the feed direction

E,
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El #120 33.56 237.85 497.52
oq'— _9' #180 13.26 76.51 2289
#320 5.64 327 83.48
#400 8.38 46.07 409.16

Fig. 4 Viscoelastic model of wheel deformation

2.3 Wheel deformation due to rotation

When the wheel rotates, wheel expands and shape changes due to
the flexibility. Although the rotation speed is applied, the speed
decreases as load increases. Hence the wheel contact position
changes.
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Fig. 5 compares the wheel shape before and after the rotation.
This deviation can be estimated easily when density and stiffness are
given.

i w— before rotation

m— after rotation

IHeif_hr change
Angle change 7 | —
T
Revolution[RPM] 8200 6100
Height change[mm] 1.22 0.78

Angle change[Deg] 20

Fig. 5 Wheel shape change before and after rotation ( # 120, ¢ 90
mm)

3. Conclusions
In the lapping process, due to the flexibility of lapping wheel,
the machining path should be repeated to remove the specified height.

When the adverse effects of compliant wheel are predicted correctly,

a positioning control based on the CAD model can be associated with

the automatic lapping process. In this study, the effects of the wheel

compliance on the finishing accuracy were investigated.

1) The number of cutting path and the residuals for the specified
height can be exactly predicted if the wheel compliance given.

2) The cutting profile is not uniform in the direction of wheel path
since the transformation behaviors of the wheel are different
when the engaging and the disengaging speeds are same. The
lapping surface profile can be modified and improved by
designing the wheel approaching speed on the basis of Maxwell
model.

3) When the wheel rotates, the wheel expands and the shape changes
from the stationary state due to the centrifugal force. The
expansion and the contact position of the wheel can be predicted
precisely when the density and the compliance are given.
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