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Fig. 2 Setup for experiments



Table 1 Cutting conditions for wear experiment

(Endmill diameter : 10mm)

ER1ZEE DIRBRE XSREEXHERWEYS -

Table 2 Undeformed chip thickness (t,,: X;) and arc length of

Cutting engagement (L: X;) for cutting force experiments

Cutting speed 302 m/min
(Spindle speed) (9600 min~"
Feed per tooth 0.1 mm/tooth
Cutting direction Down cut
Free length of endmill 30 mm
Tool runout = 4um
Radial depth of cut 0.5 mm
Axial depth of cut 10 mm

. Die steel
Workpiece SKD-61 (HRC53)
Coolant Dry air
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ARECRIERT 12 K0 FE T IS EE AR TR N TEIRFE
OEFEFROBEEIT ). U EICOWTLEREMICET
DETHVIELIT).
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Standard tm and L for
Endmill | range of standard cutting Standard
o t,, and L (1/2)| conditions cutting conditions
ot, 6L tmo Lo Re Ay f,  spindle
mm um mm um mm speed
mm__mm__mm/tooth 1/min
6 7 0.262 |17.4 1.35 0.3 3.14 0.04 15000
8 11 0.349 | 30.5 1. 80 0.4 4.19 0.07 12000
10 15 0.436 | 43.6 2.26 0.5 5.24 0.1 9600

Table3 Coded variables for cutting

force experiments

No. X, X

1 -1 -1
2 -1 1
3 1 -1
4 1 1
5 -J/2 0
6 J2 0
7 0 —y2
8 0 V2
9 0 0
10 0 0

Fig. 3 Equiradial design in the

coded variables X; and X,
LCFig 3 1oRd 10 HOBIES LTS, ZeBHE URIES
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t,. & L ERGO)~OGICE-TERILLELDERAVD
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HIZRODHZENTES.

Xi=(t,— tao)o t, %)
X,=(L—Ly/sL (6)
L=R:-A_, Q)
t,,=f, °sin(A,,) 8)
A, ,=cos” '{ (R—R,) /R} )
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Table 4 Coefficients of response surface by new endmill (F, ,)

Coefficient Coefficient Coefficient
values values values
Term ¢6 F ratio 68 Fratio | ¢ 10 F ratio
Intercept 83.84 - 163.0 - 269.1 -
X 23.6 2713 43.26 37699 65.84 22492
X 18.01 1579 33.93 23192 53.66 14941
X,? —1.505 14 —2.634 95 —3.763 40
XX 5.821 83 8. 40 711 15.45 619
R? 0.9979 0. 9999 0. 9999
Ra2 0.9963 0.9998 0. 9998

X1 (tm)

Fig.4 Contour plots of Fxy based on response surface( ¢ 10endmill)
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Fig.5 Sections of response surfaces (Fxy)
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Cutting length m
Fig9 Change of cutting forces and rake angle

Fig.10 Change of shape of cutting edge
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30 e-e Table 5 Coefficients of response surface by worn endmill(F, ,)
250 f---- b--h--b & : ‘ :
=z, Coefficient Coefficient Coefficient
200f-®-8--8-8__---------—- values values values
LE 150 k- - @Target=200N ~— -~~~ ~-—~-~—----~ Term | (0) :new F ratio (1) Fratio (2)  Fratio
100 |- - & Target=250N - -------~-—-~-~+ ntercept 269.1 - 381.6 - 462. 3 -
50 - - @®Target=300N . _ _ _ _ __ ____ _ _ X1 65.84 22492 67.57 5271 73.1 4962
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Fig. 8 Measured Fxy for constant cutting force R,? 0. 9998 0.9991 0.9993
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Table 6 Coefficients of response surface by X,X5,Xs (F,,)

Coefficient
Term values F ratio
Intercept 271.5 -
X 65.2 3242
X, 54.67 2279
X3 122.9 1661
X, —6.50 25
X5? —13.9 92
Xi1X3 13.96 186
Xi1X3 3.632 17
XoX5 14.58 270
R 0. 9994
R,? 0. 9992
Fxy
700
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N 400 I '
300 2 ™ AT
200 X2 (L 0
100"~ . Xitm)
e o i _
7 0 T2
(a) New endmill - s_tage(O) Q= —=14°
Fxy
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N 400 o A—
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200 3 Xa (L
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. Pl 2 B aril _
7 0 T
(b) Worn endmill - stage(1) : & = —40°
Fuoy
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500
N 400
300
200
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(c) Worn endmill - stage(2) : & = —865°

Fig11 Response surfaces of cutting force F, , with increasing wear
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Fig.12 Calculated Fxy on the stage (2) along the contour lines of new endmill
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