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Prediction of Cutting Forces and Estimation of Size Effects in End Milling
Operations by Determining Instantaneous Cutting Force Constants
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Article history: This paper presents a simple procedure to obtain the instantaneous cutting force
Received 25 July 2013 constants needed to predict milling forces. Cutting force data measured in a series
Revised I October 2013 of slot milling tests were used to determine the cutting force constants at different

Accepted 16 October 2013 feed rates. The values of the cutting force constants were determined directly at

the tool rotation angle that maximized the uncut chip thickness. Then, the
instantaneous cutting force constant was obtained as a function of the
instantaneous uncut chip thickness. This approach can greatly enhance the
accuracy of the mechanistic cutting force model for end milling. In addition, the
influences of several cutting parameters on the cutting forces, such as the tool
helix angle and axial depth of cut, were discussed.
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Fig. 1 Schematic illustration of helical slot milling operation

1004



Journal of the Korean Society of Manufacturing Technology Engineers 22:6 (2013) 1003~1009

workpiece Az
dg
(a
6\* \ cutting
S ] edge
tool =0
. “ ’

Fig. 2 Details of helical end milling operation

0. §,D
g, 4tanf

F(0)= [ (1—cos26) — K sin20] df ®)

Fig, 29 UERE 213 A= o] 5ja4)E Aaker] el
£ N7 oRe FTM] BasH, ASd Bof MEY 7
o ZAs] W2 FF AAN BARo] 3R ERHOE
27 53, A= dol 2YZo] 4,9 $3 Be7] AaAAE
Fig. 20 A4 104 11 53] 8410] Basteh. oo sgahe
29% ok 83t 2ol ANE £ Utk

o

E970] WAl BAZ o wk AL A B AN
7

SJatel thest e A e AR 72

l

o
[
o
(1)(_:
}«
o,

2 T M

6.61=10.6] 0= 6<a (10)

0,0.]=00-a,0] a<0<¢ (11)

[05,06[]:[9_a7¢] d)ﬁ 6<¢+a (12)

2 QTE $2UY AL Yo A WEd Az
180%0It}. =i de] EH 79| EAfe] wjzol AA @ 4}
Qo] ZA7e AR AR S, Aahdo] 27) o4 3
7o) 9ol A Y7k ZTYolN Byl o A4
< SHsk] Uehfiok FTh shAIRE & Aol A= 3 Af o] dapd
£ /e dE U OE SIG] wEe ofd tig v
Al oYstiet
2.2 =7+ E4H AT 2%

A LY FAAM T30 whet Wgtehs = A Al

Table 1 Experimental conditions for cutting force constants

Cutter Carbide end-mill
Cutter diameter 19.06 mm
Helix angle 300

Radial depth of cut 19.06 mm(slotting)

Axial depth of cut 7.62 mm

Spindle rotation speed 500 rpm

Feed per tooth 12.7~50.8 um/tooth

Workpiece Titanium alloy
)
Axial depth d.Feed
rection
of cut (dg)

< y
X
Fig. 3 Details of helical end milling tool
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