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Cutting Force Analysis in End Milling Process for High-Speed Machining of
Difficult-to-Cut Materials
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Abstract gold 7|4 F4L /U F AWAT F
Due to rapid growth of die and mould industries, it 2 2A7A9 Aol s 1% Ea 9 ol
is urgently required to maximize the productivity and %o 7b53A sk ol E duieA &7t
the efficiency of machining. In recent years, owing to 2o AR Qlojd iR AA i AU
the development of new kinds of material, die and AaA 7k AE oEA APl = Ake ©
mould materials are much harder and it is more difficult ol #Ro® 3o A Az @EFF F 31
to cut. 4 AU FAolgte HddA e ATt
In this study, the workpiece SKD11 (HRC45) is cut AL glon AAR FFAGH EFuiw
with TiAIN coated tungsten-carbide cutting tools. To = atzo] A9 F&3 A4 100,000 rpm 0}
find the general characteristics of difficult-to-cut Hak oo e % Atk
materials, orthogonal turning test is performed. A AxAe] Aute] wel 3 AEUE I
Orthogonal cutting theory can be expanded to oblique AE s, dAsE D glow oS Hag of 7t
cutting model. o oy ege ZTEn A& P ¥ W
The oblique cutting process in the small cutting 57 98 n&UbEe FeAde 9 F48 A
edge element has been analyzed as orthogonal cutting ojty, 1y 1% @&t ek H2 AAY
process in the plane containing the cutting velocity Zo| o}z Wgs] wa X ¢rormg olo] o
vector and chip-flow vector. Hence, with the orthogonal s A7t Fas AAols FAVAY &R
cutting data obtained from orthogonal turning test, the 7} n&sE Ty ol Agela dabgpel Akl

cutting forces can be analyzed through oblique cutting wE A
model. The simulation results have shown a fairy good 2 AarzAel MAL 7h5eA s n&E7E
agreement with the test results. 5
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Orthogonal Cutting Force
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Fig. 1 Orthogonal cutting forces
(depth of cut : 0.15, rake angle : 0)
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Table 1 Compositions of tool and workpiece

Tool WC (3 £ m TiAIN coated )
(%) C St Mn Cr Mo A\ Ni
SKDI1 1.51 059 | 059 | 122 1.03 034 | 047
TInput
anlinegr Fyr)ctjpn
e . - -
Real-value Initial Population

Individuals a0 ~ a4, b0 ~ b9

" Evaluation T
Object Function !
minimize (square sum of Error Function)
‘ Modified Object Function
obj. + bound correction

Selection, Crossover & Mutation

A 4 S
New Population
| 2

New Population is optimized?

# of tteration > Maximum # of Reration
abject function error < specified error

Fig. 2 Flow chart of Genetic Algorithm
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Fig. 3 Edge force extrapolation from cutting forces



Table 2 Orthogonal cutting data of SKD11(HRC45)

Shear Stress 1144.20 Mpa

Friction 47.60V>3310%11 .28 @ +0.6381

Angle
ot
Chip Ratio | ¢,=49.8260V°7°*%6+4.66 @ +10.00
=19.12Vo3 340,16 2 +1.12

Edge Force K=14.99 N/mm
Coefficients K=60.56 N/mm
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t cos(B,—a,)+tanz, sin f, tani

“ sing, ¢
K - * sin(B,-a,) (3.3)
©  sing, cosi c
K r  cos(f,—a,)tani—tan7,sin B,
“ " sing, ¢
K. K, K, 9224 8s yehdo.
P, = K,edS+K,ch(t)db
df = K,edS+Krch(t)db 34
dF, =K, dS+K, h (t)db
dF, dF,,dF, = |22 7 gee) axee
Uelhdle Rz & 28 3 xyzHEAZ W
e
—sinksing —cos@ —cosksing
[T]: —sinkcosQ sin@ —COsSKCOSQ
COS K 0 —sink
{ar},, =[T){arF},,
. (3.5)
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SKD11
B Specimen

Fig. 5 Experimental setup for orthogonal cutting
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Fig. 6 Experimental setup for ball end milling process

Table 3 Cutting conditions for ball end milling

Spindle Speed (RPM)
3000 5000
Feedrate | 40 Exp#1 Exp#4
(mm/min) | 80 Exp#3 Exp#2
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Fig. 7 Cutting forces in experiment #1
(8=3000RPM, f=~40mm/min)

Expenment 2
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Fig. 8 Cutting forces in experiment #2
(5=5000RPM, f=80mm/min)
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