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Study on Machining Accuracy of Thin Wall Workpiece by End Mill
(Analysis of Deflection of Workpiece and Tool due to Cutting Force
and Machining Accuracy)

Hiroyasu IWABE, Tomoharu SHIMADA and Kazuhiro YOKOYAMA

It is very difficult to machine the side surface of a thin wall workpiece with precision using an
end mill because the deflection of the thin wall workpiece due to the cutting force is larger than that
of a thick wall workpiece. There are a number of unclarified points regarding to the machining
accuracy of a thin wall workpiece, and an error avoidance method has not been established.
Therefore, in this study we analyze deflection of the workpiece and tool using FEM and present basic
data on how to realize precision end milling of a thin wall workpiece. The main results are as
follows. (1) The loads acting at the nodal points of the FEM model workpiece and tool are
calculated based on the cutting mechanism of a helical end mill. (2) The deflections of the
workpiece and tool at the surface generating point on the cutting edge are calculated using the FEM
under forces obtained in ( 1). The machining error of the side surface is obtained from the relative
displacement of the workpiece and tool. (3) Calculated values of machining error almost coincide
with the experimental values; thus, the appropriateness of the meshed elements, assumptions of
cutting force distribution and the calculation method for the nodal load are verified. (4) The
displacement ratios of the workpiece and tool to the calculated values of machining error are shown.
Under experimental conditions, the former ratio exceeds 0.5 in the region of the thin wall workpiece
with height exceeding 15 mm.
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Fig.1 Workpiece shape and elements meshed
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Fig.4 Variation of tool cross section and elements meshed
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Fig.5 Cutting mechanism of helical edge
(down milling)

2:2 hUhTicL3UEBE L HEFEOHE

1BLU2WRLAEZOHAICMNE 5 HEI,
i B UTMEERIC X VRO T 28, WER L UH
EOHEE, B5emRdhtnhHick bRl -
SOTEDTCWS, Bz TTERH G008 &
UYL T BEIRAGE (Kuls, KT, Kl ) D% %
AL, FOMBERL T3, YINTEX Kols DALE
X D UIE| R EERT 248, KT, ORIE & D MIE ORI
AR EERD 5. EEROSEETIYEEFAVRAA Yv=
0.2 mm, TEHE re=65mm, RUNLA 7=45Td
Bz, BEEE LI X 1.6mm &5, LTEOEER I
- T, TnFizhi-nb L ACBHT00T LK
HIEI DTS 5. FOBRK OUBERTA LK

D D fb
c b Ny
o~
- 6, /
nodal
load
= cutting force
distribution
fa
Na
Dy
(a) 2-points loading
fi
Ne —
w De Dp
G3 ;
A
Dy Aﬂ fq
= 7 Ng
62
Py
fe
Ne >

(b) 3-points loading

Fig.6 Cutting force distribution and nodal load model
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Fig.7 Eight cases for deflection analysis
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