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Study on Improvement of Machining Accuracy in Machining with CNC Lathe
Having a Milling Spindle
— Analysis of Workpiece Behavior in Milling and Avoidance of the Resonance —

Kazuo KASAHARA *', Ryoji YOSHIDA *2, Setsuko HARA **

ABSTRACT : This study deals with an analysis of workpiece behavior and optimization of machining
conditions with regards to milling of a shaft having a small flexural rigidity using ball end mills. In this
paper, in order to apply a previously developed cutting model to milling of shafts. geometric quantities
such as contact region between the cutting edge and the workpiece surface, and distribution of undeformed
chip thickness along the cutting edge. are analyzed. Cutting forces are calculated using the cutting model
and an energy method. Then, the workpiece deflection is analyzed on the basis of calculated results of
cutting forces. It is found that the cutting forces and workpiece deflection show an increase at the location
where the tool axis reaches about half of the center line of the shaft. Analysis of the resonance frequency
of the workpiece is performed. and the relationship between the rotational speed of the spindle and

displacement of the workpiece is clarified.
Keywords : milling, ball end mill, cutting force. workpiece behavior, resonance frequency

(Received September 7, 2012)

AEMBAERORMMAE L, ZH6E VDR - [k
TEDHME VS RN KERTEIIR>TNE P,

AT EEBEE 2, R—m Rl
TzETTREZ & HITFT, TEMORDA - fEhEb)
i HONZ IR SR RO 2174, TIEWICAE
U % BB So AR Lo hlEreAs B I8 A O -
[ A & LI LEHRE FEOMEELR2D L O
Tdhd.

AHETREDE AT 7L LT Ui LTl E
OF B, G Az 5 UIEIE X 0450 & W T2 U)E LS
BOBMPERERD, 2 OFERICIES R LUK+
T Ok RN —fiRiE &8 A L CEEHER O Tl &R
F, T Lo TROBENZ{F74: 5 GIHEROZ A2 S
T 5, WNTZOURHERO FRlEE, TiEHMLEZD

1. FANE

I, #EOAPERLI—Y TR D2 A Y
R 2 F5IR L 7= 48 S ICNCRERR O BRI A3t dx,  AEREME A
LB AR—R, BRAGEEREAR LR 6ZOR AR
BHICIEE>TER, L LERTHITEIMEOE il7e
27 74 AT AT TRICEW T, BIHESIC &
% TAEM O FEEZE T A3 AL O RG EEAR TR0t B i
EOELELIZHL, FEMTEECE > TRUTTY IR
B VAFHEL ULk R L b b5, EK
29 LB A L8, BBRICESWTUIAIGRME%
BELEZY, BhbkDEFIHT 542 E LToling s
NTERP, 2o T OB LB Y BEH,

¥l U RT AT A R R (kasahara@st seikei.ac jp) KER A2 ST OARER T L D2V, T
TR LS fr A= AFHgELEE DIz Bl Y OB IZ W TG 5, e —4
¥ VAT AT A R FE IR A A LTS Sz TR o2 b (IR 3%

— 09



R HE Vol.49 No.2(2012.12)

Normal to the
machined surface

Cutting edge of
spherical portion

Normal to the
rake face

(a) (b)
Fig.2 Geometrical configuration of a ball end mill
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Fig.1 Scheme of slot milling of a shaft with a ball end 1
mill, coordinate system used for definition of tool

location on the workpiece, and workpiece and D,.:_”‘f';
product shape.
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Table 1 Cutting conditions

Depth of cut d. mm 5
Feed fmm/tooth 0.05
Rotational speed N rpm 320
Tool H.S.S.
Number of tooth 2

. S48C
Material cut (ainealed)
Cutting fluid Fatty oil
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Fig.4 Variation of undeformed chip thickness with tool
location on the workpiece, Cutting conditions are
the same as in Iig.3 and Table 1
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Fig.5 Variation of area of cutting cross-section with
tool location on the workpiece. Cutting
conditions are the same as in Fig.4
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Fig.7 FEM model used in analysis of workpiece
behavior in milling

Table 2 Conditions used in FEM analysis

Type of elements Tetra
Number of elements
Center 11000
Workpiece 33000
Young's modulus GPa 206
Poisson's ratio 03
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Fig.9 Analysis results of workpiece deflection of ¥
axis direction obtained by using cutting force
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