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Effects of Cutter Runout on End Milling Forces I
- Up End Milling -

Young-Moon Lee, Seung-Han Yang*, Tea-Seong Song**, O-Jin Kwon' and Seung-Ki Back ™

ABSTRACT

In end milling process, the undeformed chip section area and cutting forces vary periodically with phase
change of the tool. However the real undeformed chip section area deviates from the geometrically ideal one
owing to cutter runout and tool shape error. In this study, a method of estimating the real undeformed chip section
area which reflects cutter runout and tool shape error was presented in up end milling process using measured
cutting forces. The average specific cutting resistance, K, is defined as the main cutting force component divided
by the modified chip section area. K. value becomes smaller as the helix angle increases from 30° to 40°. But it
becomes larger as the helix angle increases from 40° to 50°. On one hand, the K. value shows a tendency to
decrease with increase of the modified chip section area and this tendency becomes distinct with smaller helix
angle.
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Fig. 1 Cutting model of up end milling
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Fig. 2 Coordinate system for up end milling and

cutting force components
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Fig. 3 Spread undeformed chip cross section
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Table 1 Cutting conditions
EOAso- Radial depth of cut, a (mm) 1.5
b = =1sttooth = < +2nd tooth -
0254 “= = 3rdtooth ==« «4th tooth Axial depth of cut, b (mm) 12
20 2 total area Cutting velocity, V (m/min) 90
é ' M Tool diameter, d(mm) 8
O A
80151 N Helix angle, B( ° ) 30, 40, 50
£0.10- N Number of tooth, z 4
go 051 A Feed per tooth, S; (mm) 0.06
%o.oo A z .J' \ 2\
S 000000 000419 0.00838 0.01257 0.01676 8o B ake) o] e e 93 nf
Time, t(sec) wEAGRRe W 30°0 F97 A 2,
40°, 50° o2 Fop AW F 19 e dahz
: 0
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_ st 2Pl B ukst o] Y27 409 7
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£ 000000 000419 0.00838 0.01257 0.01676
Time, t (sec) 5
Table 2 Undeformed chip area(mm®) as helix angle
(b) Helix angle 40° Helix angle ( °) 30 40 50
Max Area (one tooth) | 0.1448 | 0.0996 | 0.0701
“£0.30- Max Area (total) | 0.1921 | 0.1992 | 0.1917
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Fig. 5 Undeformed chip section area (mmz) for up
end milling

W87} (Data translation, DT3831-G)Z HE. o] PCol
A AZEY 715E 25 e AZEeiHA

(Global Lab)S Al-&3}e] B3}
BAAAA FATAY FHRIAESE

=
L

3581



YT - Y- S - BeA -

7] AFRREEIA A19A AL

mpm (A4S 90m/min)o| .o, Hay AR
AZF F34 2048HzE ESHA. whepr] BE
q A AE 2 04883mse, ofd dEEH+«= T
9] A2 1049°0|Y FF 1837F 5=
olEl9] F= uiE 35700t

=

4. 3 n|HYF CEXo 2

4.1 37 #ol2e| FEgE dimE o|AHel
O|HHEE chHXol #Hst
Fig. 6(a), () 2 (o) FT P HazAd
s AAEE o)A vHPF AN (Fig. 5)F
TFFHAZEY SHE A JEF FH4F

e KRE 4 F719 Adg # AAgE H4A F

< 4 JEE 500Hz low pass filter2 o3}l &
7 JeErd ZHolt},

p—— 020
260] ‘ Force Area | E
340+ 019§
Z s
' 3201 0.18 £
£ 300 S
s 8
2 280 017 &
= o
€ 0] 2
3 260 0.16 §
£ 240 2

0.15
= 520 E
K
200 , . . —h0.14 8
2000 2004 2008 2012 2016 2
=2

Time(sec)
(a) Helix angle 30°
350 I Force == =Area ] e
Lo.zoé
b
=9
g 3009 L0.18 &
8 2
= [%]
£ 250+ 0.16 3
E 200 0.149
3 2004

£ g
2 0125
1501 5
0.105

2000 2004 2008 2012 2016
Time (sec)

(b) Helix angle 40°

-— - 020 E

3604 ’ Force Area ] [ £

[

= YE

Z 3204 <

- o

3 g
2

S 280 §

2 o

£ 2401 £

E S

S 3

. 200 £

(] =

= o

160 2

1=

=)

2000 2004 2008 2012 2016
Time(sec)

(c) Helix angle 50°

Fig. 6‘ Undeformed chip section area (mmz) and
filtered cutting force by S500Hz low pass
filter
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Table 3 Modified undeformed chip section area
(mmz) depending on helix angle ( ° )

Helix angle 30 40 50
Max. 02062 | 0.2186 | 0.2208
Min. 0.1227 | 0.0929 | 0.1031
Avg. 0.1600 | 0.1587 | 0.15%4
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