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A Study on the Flexible Cutting Force Model in the Ball End Milling Process

Jong-Geun Choi*, Youn-Ku Kang’, Jae-Jong Lee"™

r Abstract }

This research suggests a cutting force model for the ball end milling processes. This model includes the effect of tool
run out and tool deflection. In the proposed model, the flutes of ball end mills are considered as series of infinitesimal
elements and each cutting edge is assumed to be straight for the analysis of the oblique cutting process, in which the
small cutting edge element has been analyzed as an orthogonal cutting process in the plane including the cutting velocity
and the chip-flow vector. Therefore, the cutting forces can be calculated through the model using the orthogonal cutting
data obtained from the orthogonal cutting test. In order to enhance the performance of the model, the flutes of ball end
mill are defined to keep geometric consistency at the peak of the ball part and the junction with the end mill part. The
divided infinitesimal cutting edges are regulated to be even lengths. Some experiments show the validity of the developed
model in the various cutting conditions.

Key Words : Ball end milling(¥ Q1= 7}), Tool deflection(Z7- A 2)), Tool run out(F-F & o), Force model(A 4] R d),
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Table 1 Orthogonal cutting test conditions

Item Conditions
Cutting
velocity(mmin) 0.5, 1.0, 3.0, 12.9, 24.4, 46.0
Feed(mm/rev) 0.01, 0.03, 0.06, 0.075, 0.105, 0.15
Rake angle(") 0, 4, 8, 12, 16, 20, 24, 28, 32, 36

Table 2 Coefficients for the 2D model

a b c d e
F 20 4430 0.720 0.0004 -0.0361
F 10 6162 0.707 0.0173 -0.734

AL AYAS AT
Fi=(a, +b, - £+ v™ - %)+ doc (1

F,=(a+b,-F - v"a*) - doc 2

A71A Fie AAEE B fojn F,& ML=
ggpof g ol 1T fi= T F& YA 1§
AY ojdFold pi= AMEE, a2 T+ AN, doce
HY FHololH a, b, ¢, d, ex= AY Aotk

z2do ALEHE A8 AeLE 7] QA FH0
90.0mm¢l UFARE A4} 7-g3te] 2349 HE ZAFst
At d71M 2% SKD 61%& A loH, A4 37
B dey 3+ AE7% 2 147 (High speed steel)
TTE AHFEIAT 7H3 27 Table 13} Zron, o5 9
gato] FaxpHoZ A3 H4AJLE Table 29 2

3. & Aoy

3.1 & =g gy ¥y

% ded Jdo 2% 348 A4 At 2l
#-g517] 918 Fig. 104 Hojz= 3713 HEAE AHST
ot a— b— c 4 HFARE o2 KInfinitesimal cutting
edge)] A& AoAetr] ) AHg3E, x—y—z Bl
HA L= v]2EAEY HAE B3] s AT 1L
g1 X-v-Z Ad HxA= 249 T o]
S8 ARg-etet

E =g g ARshs 349 dads vd 29
o A4H AR 7T 4+ A sto] 2249 HolES



HEZ - 48T - OINE

arv,b,y
C 4 -Y
X (a) 1Y-Z coordinate

Top view

v,by

X

Ball part

Bod ailf part
(b) ab-c and x-y-z coordinates

Fig. 1 Coordinate systems for the ball end milling model
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Ball part
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Fig. 2 Division of the ball end mill
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Fig. 3 Feature of the flute at the ball part
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Fig. 4 Angular position of an infinitesimal cutting edge
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Fig. 5 Cutting model for infinitesimal cutting edge
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Fig. 7 Cutting engagement in the flexible model
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Fig. 10 Cutting forces in V— V, plane

% 9k

dF,=dF, + cosy

dF,= dF, 27N
dF.,=dF, - siny

dF,=dF, - cos{—dF, - sin¢

dF,=dF, (28)
dF,=dF, sin{+dF.- cos¢

dFx= dF, - sinf+dF,- cosf

dFy=—dF, - cosf+dF,- sinf 29)
dFZ: sz

279 j3 54 7 R4 AH 2 A=do] 48
qaRe 27k nladige] HEoi nABAES 3
Ashel The A (0)3 o] 78 4 Yr
Fx= 2ﬁdFX
Fy=33%F,

Fp= 334,
4, 71348 W oFE

AAE ek mde) GES Azel] 5 A4 B

A= 7oA WASHE BAES 450 olg AB
o4 Zteh Hmaelch

(30)



BH=3E71AI8 8 =32 F Vol.12 No.2 2003. 4.

A% vl Table 33+ 2o, FAFE A Ho]AE §
3t 2 2,000719] do|g & 5t HaAE 23}
Y A AY mof o ALH F7Y 4 AU
Table 49} Zt}.

Fig. 112 Al&do]A 3)|4(Simulation analysis)& %3t

Table 3 Specifications of the experimental equipments

Equipment Description and specification
Machiring certer | mwfo Ze?:‘};,yvigglols &
Lathe : mhm&b nﬁ;l(;ll;ery works co.
Tool dymamometer | E:i:lr : 92578
Charge amplifier | ﬁﬁg 50198

Table 4 Specification of the ball end mill

Over
, . No. Helix | Normal
Diameter | Material hang
of flutes lengfl angle |rake angle
olomm ghseeed o | 30 14°
steel
Initial data input
Ballendmil:  R,a,,a,,L,ElLp,N,
Cutting condition . d,, f, + fu

FeN=Y T dF U, Jk)
Frify= Z‘ z 4F (1, ),%)

Calculate
& fo Vs d, df; dE

i=it1]
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feedback

Fig. 11 Flow chart of the simulation model for the ball
end mill cutting process
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Fig. 12 Comparison of the predicted and measured cutting
force (da=2.0mm, fp=2.0mm, feed=0.1mm/rev)
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Fig. 13 Comparison of the predicted and measured cutting
force (da=5.0mm, fp=2.0mm, feed=0.1mm/rev)
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Fig. 14 Comparison of the predicted and measured cutting
force (da=8.0mm, fp=2.0mm, feed=0.1mm/rev)
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