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Effects of cutter runout on cutting forces during up-endmilling of Inconel718

Y. M. Lee(Kyungpook Univ), S. H. Yang(Kyungpook Univ), S. 1. Jang(Graduate School,
Kyungpook Univ), S. K. Baek(Graduate School, Kyungpook Univ), S. I. Kim(Graduate

School, Kyungpook Univ)

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 cufter 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 during
up-end milling of Inconel 718 wusing measured
cutting forces. The specific cutting resistance, K:
and K, are defined as the radial and tangential
cutting forces divided by the modified chip section
area. Both of K; and K values become smaller as
the helix angle increases from 30° to 40°. Whereas
they become larger as the helix angle increases
from 40° to 50°. On the other hand, the K, and K
values show 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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instantaneous rotation angle of tool

k-2 =1
[

helix angle

S, = feed per tooth

r = radius of tool

a = radial depth of cut
b
h

F. = radial cutting force component

i

axial depth of cut

undeformed chip thickness

F, = tangential cutting force component
K«
K

I

radial specific cutting resistance

i

tangential specific cutting resistance
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Fig. 1 Cutting model of up end milling
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Fig. 2 Coordinate system for up end milling
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Fig. 3 Spread undeformed chip cross section
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Fig. 5 Undeformed chip section area(mm®) for

up end milling
Table 1. Cutting conditions

Diameter of too] (mm) 8

Radial depth of cut, a (mm) 1

Axial depth of cut, b (mm)—l: 12 ﬁ
)

Cutting velocity, V (m/min 30
Helix angle, B( ° ) 30, 40, 50
Number of tooth, z 4
Feed per tooth, S, (mm) | 0.06
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Table 2. Undeformed chip area(mm®)

Helix angle ( ° ) 30 40 50 |
Max Area (one tooth) |0.091910.0679|0.0478
| Max Area (total)  |0.1378]0.1358/0.1357
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Fig. 6-1 Undeformed chip section area(mm?)
and radial cuttmg force, Fr(N)

,.E ] F
'g 280 =0
4
2 208
3 240 3
H 3
] 200 g
i3 3
= £ 2
3 wg g
@ =
E » :E 120~
8 601 602 603 604 605 606 607 601 602 603 604 605 606 607
S Time(sec) H Tirne{sec)
O ¢}
(a) HA 30 (b) H.A 40
= 0.14 280
o
g 0.13. é'
T o2 0 3
° &
a -
E on 1H200 5
010 \./ 8
=
U 2
009
601 602 603 604 605 6.06 607
Time{sec)
0
(¢) HA 50

Fig. 6-2 Undeformed chip section area(mm?)
and tangential cutting force, Fi(N)

dargnp dabd ZgosteE nHEPdG
g @A dokm A E, oA A
g A Frlgl W% NFo] dAFT FA
< 4dE 5 A

aPeld e wel o] HAHe Frle
71setH Q) EgPende] WEEsle iy
YA o 2t gol vy e 2]
2 Aolg wol: Urh ol Aabel Fejal
Ax FagdRg ssdez Adse o
Mol g atolol BTA EAste
ol 7191% Aoz FHHU

Kiine # Devor”s ol9 & o7t F=2

J8 e

2 ox rfeorlr o

Sl F7EY FA% A= FA9
2YAZ As) wASRE WA wE Popol
Jgtin nag wre



Fig. 72 o34 A
Hoz Adse
AE vHPY i

BH2YYE
30103 [EpIgY

8 ?N)

(a) HA.

5o
2 602 604 606 608 610
k= Time(sec)

(c) HA. 50°
Fig. 7-1 Modified undeformed chip section
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