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Prediction of Cutting Forces for the Chip Breaker Insert in Milling
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Abstract

In this paper, the effects of chip breaker configuration on cutting forces for various cutting
conditions are investigated and a method for predicting cutting forces effectively for chip breaker
insert in milling is described. Based on the shear plane model and the relevant equations already
existing for the relation among the parameters, the method makes use of the analytic geometric
approach considering the configuration of cutting tool by a 3-dimensional coordinate transforma-
tion matrix. The groove type chip breaker insert is modeled to be a double rake insert, represent-
ed by the first radial rake angle, the second radial rake angle and the length of land, and the
program analyzing the cutting forces is developed. The program capability is verified by
comparing the results with the experimental ones for a single cutter ; and in case of primary
cutting forces, the results of simulations and experiments agree very well showing 2% ~16.7%
difference within the feed rate range investigated.
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Table 1 Chemical composition and mechanical properties of workpiece
Components . C Si Mn
(%) 0.16~0.25 0.15~0.35 0.30~0.60
Tensile strength 41~44 kg/mm? (401.8~431.2 MN/mm?)
Elongation 28~29 (%)
Yield strength 25~26 kg/mm’® (245.0~254.8 MN/mm?)
Table 2 Cutting conditions for experiments
Test No. BODY INSERT | V(rpm) d(mm) | f(mm/min)
1 32
2 SECN 320 2 48
(non C/B)
3 64
AE4100
4 32
5 SEKR-M10 320 2 48
6 64
V . cutting speed
d : depth of cut
f . feed rate
A E, SEKR1203AFTR-M10(°]3} SEKR-M10) A/D converter :Lab-master

= A3l A BaolA Yol A v|AE
dFge A Hskch Ao AEHE dAMEE
SEKR-M103 = F73jrtelA Azted 3w
o]# g¢l+ SECNI203AFTN (o]3 SECN (non C/
B)) a4 Eo|t}, SEKR-M102] A543 Ae  Fig.
50 el el A 2 whAE Az 140, A
e Ze] 0.17mm < F3¥ A BaolAE 7lA
oz Aabdol dalwa 76° 7]golA 15709 =
2 Fo] wARH moko R Ao gl

3.1 AgE=R9 T4

A3 AgAA e o5 2o

Milling machine : HITACHI numerical control
milling machine (VA-40)

Dynamometer :KIESTLER AST 1207(% &
£, strain gauge type)

Amplifier :KYOWA DPM-310B (strain
gauge type)
Oscilloscope : T912(TEKTRONIX)

Datacorder
freq. 2.5 kHz)
micro-computer : IBM-PC 386
Aol A4 HAAE SM20Co=, 2 sheta
4% 9 284 4de Table 13 2o},

:KYOWA RTP-501AL (max.

32 HE=A

alzlg 3 v oA A =Ee SEKR-Mio# A
saol# ¢l SECN(non C/B) 5 M Eo] o3
fly cutting 343 &4 49L& sz A2 A4

[ woRPIEE L
RORKPIECE
STRAIN GAUGE
TOOL ETER TYPE AMPLIFIER
(KIESTLER AST 1207 (KYOWA_DPM-310B,

STRAIN GAUGE TYPE)

NUMERICAL CONTROL MILLING MACHINE
{HITACHI VA-40)

BAND WIDTH 2, SkHz)}

0SCILLOSCOPE
(TEXTRONIX T912)

A/D CONVERTER DATACORDER
(LAB-MASTER) (KYOWA RTP-§01AL
MAX, FREQ. 2, SiHz)

Fig. 6 Milling force data acquisition set up

micro-COMPUTER
(1BM PC)
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Hg v&3ldch A43d CUTTER BODY & Ao A Agect, dA FT EHA
KORLOY A}l AE4100(# & 100mm)o]w] oj= & 245 AA"He 2edaddelx e A=
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o
m
rlo

—3°E s}Alc}, el 229~ e (low pass filter, band width
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(datacorder) & %3 AAdActst bl otz

33 AEdd 2/dx % W37 (A/D converter) & AA ZHFH
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Table 3 Comparision of force components for SEKR-M1¢ and SECN

(non C/B)
Cutting feed rate (mm/min) Max.
force INSERT decrease
32 48 64 (%)
SECN (non C/B) 12.5 16.3 19.8
FX 17.7
SEKR-M10 12.3 14.6 16.3
SECN (non C/B) 6.8 7.3 8.3
FY -5.7
SEKR-M10 6.0 7.5 8.8
SECN (non C/B) 3.5 3.8 5.0
FZ 28.0
SEKR-M10 3.6 3.6 3.6
30 1 1 ] ] 30 ' ll ' +
g IO O S I T
oo -ﬂ o 10 e
[Py NG NG 2 4 g P W,
Y RN U R SN S T S S N S S
S I N S B oL 11
00 01 02 03 04 05 00 01 02 03 04 05 00 01 02 03 04 05
Time(sec) Time(sec) Time(sec)
30 ; ; ; 30 ; ; ; ;
O R MU — 20 --op oo S S
oo P i e e e e
oY) PR [ R SN ) R ' ® ST
< : ' ' ' ‘ ' ' = " ' : ,
e —10 [----k--- SR EETE PR -10 . ' 1 ; (AR ] S . R it EEE
PO N I T B P N T T ol 1 1
0.0 01 02 03 0.4 05 00 01 02 03 04 0.5 00 0.1 02 03 04 05
Time(sec) Time(sec) Time(sec)

(b) SEKR-M10(V =320 rpm, d=2 mm, f=64 mm/min)
Fig. 9 Measured cutting forces



A E A vaeA AMEY AAY odF

AR, S4B~ 29 2 (oscilloscope) & 535}
< el (on-line) AejolA AAHE XY + ¢
A S

34 AgAD U o|Exe Hl

Fig. 7¢ A4 % 320rpm, A3l 2mm, ©
4% 32mm/ming] FAz7A dlo|HIrie] A
A% SECN (non C/B)# SEKR-M10e] "4t# s}

FX-MAX

(vV=320rpm,d=2mm)

22,

20. || T2 SECN(non C/B)

18, kL% SEKR-MIO

16. -

14,

12,

0. s . N . : :

30. 35. 40. 45 50. 55. 60. 65.
Feed(mm/min)
FY-MAX

(V=320rpm,d=2mm)

10,

9. o

8. I

7. -

6. o

5. o

4. r

3. o

2' 3 1 el d L .

30, 35. 40. 45. 50. 55. 60. 65.
Feed(mm/min)

FZ-MAX
(V=320rpm,d=2mm)

O = N W H AN oo
T T
J)\

" 30. 35. 40. 45. 50. 55. 60. 65
Feed(mm/min)

Fig. 10 Comparision of cutting forces for SECN(non
C/B) and SEKR-M10
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Fig. 13 Simulated and measured cutting forces for SEKR-M10 insert(V =320 rpm, d=2 mm, =64 mm/min)
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