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A Study about Character of Tool Wear and Chip on The Face Milling Cutter to
Minimize Resultant Cutting Force

Jung-Hyun Kim* and Hee-Sool Kim**

I |

| Abstract |

A new optimal tool design model which can be minimized the resultant cutting forces under the constrains of variables
was developed. The resultant cutting forces are used as the objective function and tool angles are used as the variables.
Cutting experiments of too} wear and chip length using the new and conventional tools were carried out.

Tool life of optimized cutter are more increased than those of conventional cutter by 2.29 times and 2.52 times at light
and at heavy cutting conditions respectively. Chip length of optimized cutter are more increased than those of conventional
cutter. It is considered that the decrease of the resultant cutting forces is the cause that an effective rake and shear angles by
the shape of optimal cutter.

Key Words : Optimal design(| 2144 #}), Resultant cutting forces(3}2), Tool wear(-ZT-7}'4), Objective function(= 2 gh4r), Chip
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Fig. 1 Flow chart of optimization

Subject to constraints :

glix)=-12-x1<0
g2(x)= x1-15<0
23(x)=-12-x2<0 2.D

gdx)= x2-15<90
g5(x)=-12-x3<0
gb(x) = x3-45<0

A2.1)0lA x= MAMEEA x1,x2,x3% 247 A
& AAlzteh e A 3 goleztg ekl a Qe
H23A 7 24 she A §e e Jehle 223
olth. gl(x)~gb(x)e 712} A S e A 22 E)
1, g1(0)~g2(x), g3(x)~gd(x) £ Zt7} ¥ Az o
2uaE Axbzlo] -12° oA 157 Alolel Aoz A
S s Aol gh(x)~gb(x)e lel=zte] 0 ° A
45° Atole] Ao g M7 A} 3 21 ovdch

Fig. 1 & SQP2ue &g ol &3 A AHf 55
E& vehdch
3. AEEA U WY
3.1 34 ¥
B d3d Ahgd FERvAE HE £ U DM o]
T Fig. 2 9 2o glo|& ol FTFHAE T2, 2

ol ARg 1At Y NEE A/D‘*‘%ﬂ% 3
3l 0.0005% HA 0.2 WEYste voletE H2d 7



o

fu:l

[:M
"y

Lab.master
(A/D Convert)

Micro -
Computer

Fig. 2 Schematic diagram for experimental set-up

Felol AAAzIch
Table 1 & 449
Table 2 & QIAM E9]

9} 2%, Table 3

[+]

=2

2R AL 2
243
Q

L

($7)24 A %&(i)xé

3.2 X538 37 AIFH
3] abg o7 ?‘sqxﬂ )\}.9.5,] 1
3 gito] H3tsin], AAY 5o &
e F7t HEE FEEA 7
1*—}:&01] lef, 744 T ¥ H &
g 7t 9 elolt Zbo] M EEE
o, gt 245t H5g Ad(anvil) © Al (wedge)7t
AA Az ook gt
2 dpdae Ay v
g fole Zto] FolZl B
A AY B39 INE 2 <, A, 3
A 73S dF 2d 452 A4 37 AEH
Ze A HE 94 e ol &3}k Ao FAE
AL AEQ Fols Zo] A wWetx INE
%ﬂ% T de 2Z71E 4A Ao J A2
3 H?‘fl 23tk JME

?:3
. r
@
S
4
rr
s

o
2

O:
Nlm o i od M

T
2

r rEE K o

o oX ¥
ok
ook
oo et

o L

o, 3

~

>

4:

U )

>
-~
oo >
%

o.‘,‘.. mlm
lm

ylsk Az} &

(<1 ’

74

Table 1 Specification of experimental set-up and cutting
condition

Milling machine WMV-1100(1100 X 280( mm2))

Workpiece S45C(150 x 100 X 50(mm3))

Tool-dynamometer KISLER Type 9257A

Conversion rate : 30KHz
: 12bit
Input range © £10[V]

A/D conveter Resolution

KISTLER Type SO08E
Charge amplifier ype

DPM-2300
Milling type Up-Milling
Spindle rotational speed 180,370 rpm
Feed per tooth 0.043 mm
Depth of cut 0.5 ~3 mm
Width of workpiece 46 mm
Number of insert 8

Table 2 Tool and insert geometries

Conventional M115SP04R/L-10(Korea Tungsten)
cutter(1) Lead angle 1 15°
Radial Rake angle : 0°
Axial Rake angle :7°
Cutter diameter  : 106(mm)
Insert diameter  © 100(mm)
Optimal Special manufacture
cutter(2) Lead angle 1 45°
Radial Rake angle : -9°
Axial Rake angle : 15°
Cutter diameter @ 128(mm)
Insert diameter  : 100(mm)
Optimal Special manufacture
cutter(3) Lead angle 1 45°
Radial Rake angle : -4°
Axial Rake angle : 15°
Cutter diameter  © 128(mm)
Insert diameter  : 100(mm)
Insert SPKNI1203EDTR(P25)Korea Tungsten)
(1) Cutter Thickness : 3.18(mm)
Clearance DL
Insert SEANI1203AFTN(P25)Korea Tungsten)
(2).(3) Cutter Thickness : 3.18(mm)
Clearance 1 20°

Table 3 Cutting conditions

Con.(Light cut Con.(H t
Cutting conditions on ((lig) cut) on (( E?\;y out)
Spindle speed(rpm) 180 370
Feed rate(mm/insert) 0.0424 0.0429
Depth of cut(mm) 1.0 25
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Photo. 1 Configuration of the conventional and new proposed
cutter
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Fig. 3 The criteria of flank wear(ISO, CIRP)

E9 & 333k 45 x 130 x 80(mm,)E o] 7z}
BENAA 243 F(E) AAZAAN nEAES A
AEE Ay 14 A4 2E 15 pass)g} 3}
o2 PatslE A 2HNME 28 102,54
AolM e 18329 AjZte] 229t} 208 30}
T %D]%(Tool microscope) 2.2 V. & Z3slsle
p/b 0.6mmE 24 w 7z AL AA st A
z7 3 T@ ZHAAN AAAE & Fsto, 4
7 AehA F79 J/E nRLolE ZF s |
Sk
60

N

P2 ol
N

Agta, 53 vhde g B Asd T3
3] %3} ¥ SEM(scanning electron micrographs)
g #adstach

oomg Bl B oy BT oux R o5

ke H‘I ol = ‘< o

=

3.3 "4t parameter &3

A2 ParameterE 7817] Aste] AAY 7 9 HF
& FTE 44 7hEA BAge A€ £7A%e Point
micrometer2 I 9 FAE W 235 1 FFgL
2 Tt olHAGE o] St 339 Hatolge A
o] thdsked A ParameterE 73kgit.



ARE - A&
4. 2 Y p& £ 07 T . T
E o6} }/g) ]
4.1 3MY g2 0.5 - / h
Table 4= 72} dazZX HAs 2759 g4y 5 04r / .
- rpm: 370
Hefa] T4 -3 2R 24 A S 2} urako] E 03 1 / feed: 127(mm /min) 7
At dAke 9 ghE(Resultant cutting forCC)%% HERY Q] : 0.2 4 depth: 2.5(mm) J
o AHS TRE AN T e & W Az 3 Olret SIS e
© zto] Zlae Agto HLA AL 7 = 0.0 L ' :
ﬂo] el ’}"}O o ; ‘*E}*:t’ A j 0 50 100 150 200 250 300

Fe U7V B2 E dAstgich Y-ursko| $pak)e] A NUMBER OF PASS
Akl 7r AL x_g/\l- A Z A
ol WAshl gassla, ZAAelME 4 9'9:4N’_?E Fig. 4 The relation between flank wear land and number of
2 2HAME 132.69N0] 7haslgich. Z-otaH E el pass(heavy cutting)

XM A5 F7Zo] Ay TrRY) i 2
7Vt AEe Jeidch 39k gEe #4823t
A R AN 7 A e o 20No} 7 E O T
A3, SN £ AN oF 50N o] sy = 06F .
o Z-H & )7 Xkl Skl £491 wapol g %°r ]
A3 379 PAo] i T4 ol fi 20 7 3 04r pm: 180
- ® 03}k feed: 81(m/min) _|
Abzke]l WZFE B(-)2 A& H Y] 7)0l8ts Roz Aladc). S 02 depth: 1(mm) -
= 02| i
X 01+ Q - Conventional tool
g : ® - Optimal tool
Table 4 Tool angles and cutting force = 0.0 I 1 L 1 I
0 50 100 150 200 250 300
Tool Angles | - X-dir. Y-dir. Z-dir. | Resul. NUMBER OF PASS
RAL |mean®) | meanN) | mean(N) | mean(N) Fig. 5 The relation between flank wear land and number of
Conven. tool (i)} 0,7, 15 98.99 -25745 114.09 | 302.45 pass(light cutﬁng)
Opti.tool  (i)|-9,15,45 | 11542 | 20655 | 14193 | 28031
Conven. tool(iii)| 0,7,15 | 125.66 | -689.25 | 21659 | 712.92 .
Opti. tool  (iif)| 4, 15.45 | 197.52 | -526.56 | 34781 | 662.42 Table S Flank wear land on inserts
(Conventional tool, heavy cutting) mm]
o L2134 s5si6]|7] 8 |ma
4.2 3701 20 10.150[0.160]0.135]0.160{ 0.170] 0.175]0.175| 0.165 0.161
o !

Table 5, Table 6, Table 7, Table 8 ztz} A z70) 40 10340{0.330[0.320/0.330/0.300 0.300[0.260{ 0.370] 0.319
A AR s A3 372 FHEES 203 S 60 0445 [0.450]0.430] 0.465] 0.380] 0.415[0.480] 0.485] 0.444
o fH rlE g Jehloh t2o e AXES 4 80 [0.565]0.570|0.565|0.565! 0.495| 0.565{0.650{ 0.650| 0.578
& ez, A2de 53442 Jehen, o2z 100 |0.650 |0.660|0.635(0.615(0.595{0.63010.725| 0.715| 0.653
ol HebEF3E Jehlde) oAl 208 E9E e
U o fd spdafe] oz 23d JNEE Aaeq)

Aol af JAME Alolo] Zubak @ wbzdubate] 2ol of A4 Fo Hla 2528 F7HE¢ AL ¢ 4 gloh

oA 71QE Reo.z Atz

Fig. 4= 3 27 oA Table 59} Table 62] HAGS
Zt2de B39 F, A2ole R nfdeg #Huy
B(Curve fitting)3te] Yehi ATt 6714 V, 7} 0.6mmol
=28 o 714 B34E 29 Ay 277} 873), A
3t 377t 2203124 Aq2o] AwE HHs 2re 4

76

Fig. 5= 7244 2794 Table 7% Table 82 HFg <
7t2oE %Y §, A2 offHe] nlE3g Auy)
B(Curve fitting)dled JeRRSIT) 714 V, 7} 0.6mmoj
=2€ o 74A B35 2 Ay 27} 1119, F
A3t F77F 25432 A 2o] AdE HAHg 3P 4
ol A4 FTol vlg) 2.298 F7Hg AL L 4 gl



a7 AR #9W M2% 2000. 4.

Table 6 Fiank wear land on inserts
(Optimal tool, heavy cutting)

mm
[mm]

1

2

3

4

5

6

7

8

mean

0065

0.050

0.065

0.070

0.080

0.065

0.070

0.065

0.066

40

0125

0.100

0.105

0135

0125

0.120

60

0.165

0.155

0115

0180

0155

0155

0.135

0.140

0175

0215

80

0.165

0.180

0.175

0235

0175

0.180

0225

0.265

100

0.205

0.215

0,185

0310

0225

0205

(0.285

0305

120

0.260

0.305

0.245

0.350

0265

0.245

|0.335

0345

0294

140

0.305]0.375

0.330

0395]0.295(0275/0 395 | 0 385

0344

160

10,345

0.465

0.425

0.430

0335103050440

0.435

0,403

180

0429

0.530

0.460)

0.490

0.380

0 35()10.530
|

0.485

200

0.480

0.665

05151

03535

0430

0405

10 585

U338

) \7
Uw]‘)

220

0.335

0745

|0635

l063s

049

0.585

0625]0.615

0.680

Table 7 Flank wear land on inserts
(Conventional tool, light cutting)

(mum]

6

8

mean

[
=1

019

0.095

0.17010.095

0115

0.135]0.105

0.095

0.125

0.325

0.160

0.310]0.205

0.165

0215

10.160

0.205

0218

0.445

0.225

0.485

0.345

0235

0275

0.225

0.315

0.319

EXERES

0.595

0.285

0.665

0.485

0.300

0.380

0.285

0.425

0.428

0.680

0415

0.800{0.645

0415

0.545

0.345

0.560

0.551

120

0.735

0.565

0.850]0.715

0.570

0610

0.495

0.625

0.646

Table 8 Flank wear land on inserts
(Optimal tool, light cutting)

{mm]

2

3

4

S

mean

20

0.035

0.050

0.035

0.040

0.055

0.035

0030

0.045

0.040

40

0050

0.075

0.060

0.065

0.095

0.080

0.050

0.055

0.066

60

0.075

0.135

0.080

0.105

0.135

0.105

0.105

0.085

0.103

80

0.110

0.180

0.145

0.140

0.160

0.163

0.165

0.105

0.146

0.170

0.220

0.205

0.185

0215

0.200

0.195

0.135

0.191

120

0275

0.285

0.270

0.225

0.300

0250

0.260

0.195

0.208

140

0315

0.345

0325

0.285

0.335

0.310

0.325

0.245

0311

0.400

0.395

0.400

0.355

0.405

0415

0.370

0.300

0.380

180

0430

0.440

0.445

0435

0425

0425

0.400

0.380

0.423

200

0.485

0.450

0.485

0.480

0485

0435

0.435

0.400

0.462

220

0.505

0.545

0.535

0.525

0.520

0.450

0.480

0.450

0.501

240

0.575

0.565

0.605

0.610

0.585

0510

0.535

0.495

0.560

260

0.6450

0615

0.655

0.655

0.630

0.565

10,600

0.545

0614
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(a) conventional tool(rpm: 370, feed: 127mm/min,
depth: 2.5mm, no. of pass: 60)

(b) optimal tool(rpm: 370, feed:127mm/min,
depth: 2.5mm, no. of pass: 60)

Photo. 2 Flank wear land observed under scanning electron
microscopy at heavy cutting condition
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(a) conventional tool(rpm: 180, feed: 61 mm/min,
depth: 1mm, no. of pass: 60)

(b) optimal tool(rpm: 180, feed;61mm/min,
depth: 1mm, no. of pass: 60)

Photo. 3 Flank wear land observed under scanning electron
microscopy at light cutting condition

4.3 F4} parameter

Table 9v= 7§¢d -%Wi} *'?4 Ha EA S °‘°}E7l
dsto] A9l 2olg 238 Aoz Azt 7Y 3
o Adzds "}‘E}“'HJ_, 7}i°ﬂt 23359 ﬁgﬁﬁk—g
bt 319 4ol g 334 Aio] &M H gl A
Ao g4 o g3ke] & &AMz effective rake
angle) ¥ & & M@ (effective shearing angle)e] Z71&
A 4tste Table 100 Yehiioh.

Table 9 The length of chips [mm]

1 2 3 4 5 7 8 9 { 10 |mean

A [1.385]1.525]1.445|1.495| 1.420{1.460( 1.410{1.500( 1.4101 1.530|1.458

OA|1.500{1.905|1.730] 1.655{ 1.805{1.975{1.785{1.565;1.595| 1.825[1.734

C 13.095]2.980]3.015)3.030; 3.000) 2.990]2.965]3.050| 3.010| 3.000|3.014

0OC |3.875|3.925/3.840(3.875| 3.763) 3.900| 3.866) 3.925| 3.765| 3.855|3.859

A: Conventional tool(light cutting), OA: Optimal tool(light cutting)
C: Conventional tool(heavy cutting), OC: Optimal tool(heavy cutting)
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Table 10 The magnitude of angles in cutting section

, 7.’ a” TR bo”
Conven. tool (i) | 07 | 456 | 49 | 372 | 319 | 474
Optitool (1) | 0.6 | 553 | 159 | 345 | 347 | 545
Conven. tool(ii)] 0.8 340 58 413 | 242 46.7
Opti. tool  (11); 06 497 127 345 | 320 486

e : Cutting ratio, 7c: Chip flow angle, ae : effective rake angle,
# n : Nonmal shearing angle, 7s : Shear flow angle,
# e : effective shearing angle

AWDIAY 220 AR 3R FE A4S #
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