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A Study on the Effect of Cutting Parameters of Micro Metal Cutting
Mechanism Using Finite Element Method

Joon Hwang*, Suk Namgung**

ABSTRACT

The finite element method is applied to analyze the mechanism of metal cutting, especially
micro metal cutting, This paper introduces some effects, such as constitutive deformation
laws of workpiece material, friction of tool-chip contact interfaces, tool rake angle and also
simulate the cutting process, chip formation and geometry, tool-chip contact, reaction force
of tool. Under the usual plane strain assumption, quasi-static analysis were performed with
variation of tool-chip interface friction coefficients and tool rake angles.
0.02mm, respectively. Some cutting parameters

are affected to cutting force, plastic deformation of chip, shear plane angle, chip thickness

In this analysis,
cutting speed, cutting depth set to 8m/sec,
and tool-chip contact length and reaction forces on tool. Several aspects of the metal cutting
process predicted by the finite element analysis provide information about tool shape design
and optimal cutting conditions.

Key Words : Finite Element Method (§38.4%), Mechanism of Micro Metal Cutting (7] 424717,
Chip Formation (3 447]%), Tool Rake Angle(F7AAZ), Cutting Speed (BAH&E),
Shear Plane (A%9)
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Viscoplastic cutting model

Asgel B AewNg FAoRF AR (IR Y F
Bo| gJa Chipol AT L F&s| 47a) €. ©l
o AAEE BE u]4AAT BN FALLAH S
4% 2ARdRA H9sy Fde FEUc

w3, 28N 2 £ Qe vieh go] Aol AW
of weh 3Z2e A4 Yolo HPEE FEol TTA

o

i

210

- E 4

Amate % £ TEs }“"k] Chipez AA=,
3], Chip H-& ZH8lHA A% Distortiong
deodln, AR FEFHE dol LXUFPo] o]FoH
Chipel HA¥ES #HA4g + Yok

T 2. 284 7leg uie} o], E AFYME

Axzglole] W PAEY nlgo] T AATLFo|ETE
o) Aqksle] FoHYgE 2P0 HAFE N
Qov, FAFSATY FAANE A¥BNE Fig.3. 5%
Fig.3.68 %3l wlwstgrh

Fig.3.5& p=0.0, EIastic—Viscoplastic modelQJ
FEHYE (effective plastic strain) & WehRgioh

SEES
e A

v

Fig. 3.5 Total effective plastic strain contours

obtained simulation

ar un ua M

\ \( /
s e e \ .

A A
$714 J2a8tng = 4,007 in e togle o 2.
NumBERs are ealues of fota) efleceive iergin,

Fig.3.6 Total effective strain contours obiained
experimentally



PFAYFEEA A10R AN4E (1993.124)

99 (Shear plane) & uwel 143U Y (Primary
deformation zone)3 379 HAHE wWE 249
Y (Secondry deformation zome) o] FAHH, FT
AdeA Pzt A A5EL ¢ F A

Fig. 3.6 Stevenson@ o o Aoz dof
A fEEdE $T EAFRy Utk HE Fig.3.5%
7Y AAel= Aol7h Yo, AgAL & 479
A7 FA ARG eRL glo], # A7
A A3 24549 (Constitutive deformation law) o]
U AEA71E FMe fEFZEEAFT Uk

3.2 37-ChipZte| OIEFZE0 2§t ChipSH 22

Fig.3.7, 3.890= F744e 7122 Chipd 44
g S43¥3¥ 87 Von MisesAge8 g Z2d EAEY
k. JjETe] Er|E WHES o), REY sFEFAA
0 ANPeE (+) HEE FTANGET FFHI
£ Chipd 24039 §3-84 (Flement) s A& 4
Ag Jepdon, £(-)9 #EE Agd Chipd 13}
HHQGe] F3848 HAE TGS /1BLE 4
28 FR=

O™ ¢ ¢ Us Hie} 3o, FF-Chipitel
og@A e S71e mek 1Y (Age) B 22HYY
9 §E¥Y &3 Von Mises AZFSHo] E/Ee AE
< vepith 5§, FTAAWRY of@AS FEs
0% AFRLEF v 23 FANERY S5

u=0.00
©r=0.05
1=0.10
p=i).15
p=0.20

Total effective plastic strain

Primary Sacondary
Detlarmation Detormanan
0.7 Zone Zone
Q.41 T T Y T T T
-2 -1 0 1 2 a 4 5

Contact positien fre= tool wdge

Fig. 3.7 Comparison of effective plastic strain of
chip with different tool-chip interfacial
contact friction coefficient

211

p=0.00
w=0.05
u=0.10
pa0.05
r=0.20

Primary
) Defarmanon
Zoowa

Secondary
Deformation
Zona

Yon Mises equivalent siress (GPa)

Q T T - Y T T

-2 a1 [\} 1 2 a 4 5
Contact pesition from lool edge
Fig. 3.8 Comparison of von Mises equivalent
stress of chip with different tool-chip
interfacial contact friction coefficient

o3

| 2R& 37/Chips] FRel WS BT 3

2qad 3718 dude, ot FTEANRE BE 3
A9 ChipfEe oAl 719ge 44 #3¢ 4
N

%% Ernst-Merchant®, Lee-Shafferh52] A4
|BME Agdte] A4FHIALE ZHYEA 2,
2 FAAna e Eao] AgEe] oe AGHE ¥

ZAA3} Chipel mhol 95t Chipel FA7} F718}
= 22¥gYe Aug vjdeR FHH0 APFEe
121 9leg Ho{Fzm 9o

o, FP-FEERY nEASY Fvhs Fd9Y
g BYE A A4 (AAAGYR]) F71ek 22
wEdy FE oAl

o

o

3.3 OiEIset Haoluxigel oA

Aa7hEe £889E AFAQY A 7A4uE Chip
Ao B8F A7}t 75% fY, FT-Chip7te]
vl A7t 20%Heleln), 1 wte) =g S A4
duz 2 Addg Fdske 349 LFFUA
ey o Ayel uls S8 FHoh ©

99 ZREE PH BGY & e 0 o] BA
Aol £85E d¥Ee ouAs Chip A4S A8
1,27 AANYY £2sE AWz F7-chipte
adquAYg e &  rk

Fig.3.9¢1 ¥7-chipzte] wul@dAee] me vl
Uz, & deidde 248 st 8¢ dqua

B0l



% E£-g97 A

4.6
4.4

-

o

E
42

b

S 1

o

2

> 4.0

-

A

-

e 3.84

-

8

= 3.6

2

'}

]

RN

o

2

@ 34
a.0 T T
0.9 0.1 0.2 0.3

Friction coafficient { 4 )

Fig. 3.9 Variation of Specific cutting energy
versus friction coefficient

Histel #Ag =A6ltt F7-Chiptd] vlEA+F
Ztel wet BlEAqURE AR Tk S
Hola gleHl, ol& mhEAd FE ¢ HEuid
#9 F7ke FTAAEE WE Chipd zAd2d #F
& dAgo=n Chipd FEote ¢5$d 2 Ad$
2o 37 @A 3EE RS 24¥ES 8n
aebAl 1,22 HMEY g4 FR3 FeelA] (A
vl 5718 &2¢E ¢ & Aok

3.4 OHEISY B0l
BANEE TTANEE B2E ChipBe) $%/712

70
co 4 0 u=000
—_— pa0.0s
- ——— 010
x
T 50 — =S
=
s ——— 1a0.20
5 40
2
3
o
= .
[ 30 4
L)
v
e
] J
£ 20
e
-]
1
160
o T T » >
a.00 0.02 0.04 a 08 0.08 ¢.10

Olatance trom taal edge (mm}

Fig. 3. 10 Distribution of normal reaction force on
tool surface

212

14
—_—u— =00
12 ——— us0.08
~
lz: —a—  u=0.10
Ao 1 ] ——  p=0.1%
E —u =020
-
= 8
&
2
a
H [
=
-
-
=
F; 4
-
&
-
2
oY 1 T 4 1
0.00 0.g2 0.04 0.086 0 08 Q.10

Dislance trom toaol edge (mm)

i

o

.3.11 Distribution of tangential reaction force
on tool surface

BEL 3799 2 FFRENY HEH 9 Fpow
2 ENelA Hsle HARATY sheld, 1319
498 dA7E B AR, R, Faex, F
Tol Zg3e SETo] FAUTER sz ok

€ d7dMe FTE FHEY 2odld shie W
A2 Rdgstn YA AF AGEE dolo}
=& T BAIE Ul sidsigh ER, o
ojotEEgl FE79) naAAeE B4 A4niEe 3¢
p=0.1~0.15% g=i4d ded, £ sfHddMe 374
HANZ a=0, p=0.0~0.202 ¥Fsd F7I
Chip7td] HEATE AEgch

Fig.3.10, Fig.3.11& F74EE 71L& C
o FEnE g94AY 2+ 2R Al dEe

yslon, F7FA M AWy EHES Fig 3. 104,
AMutgke] BEaEg Fig 3.1l 22 A& %

o

o] 713 uie} o] maZ47|T AT gEY
Wy BAYEEEAE 3FY o, 99 a7
A 4R AR o) TRHOE AL ol Chipd
AHgo] AYHAA - FT-ChipZre] H2QF (Tool/
Chip contact length)g ®&=Z <&y A&}
(Unloading) 7} =842 L4 wpa} dojzl A
2 AESH, o)z 34F H Chipy /e84 (Mesh)
9 ANE ¥ A4 AU, HYFR EE IFFE
2 A4 2Agozd 1 WAE JAET £ Yok
TR Rl HuhEE FF4dde] oid
gAY gojdl F2oAM S4gdH, o= Chipe

2 =



FFHYTEIA AL0R A4z (1993.124)

Curling #4022 Qg F7-Chip7te] HZFdg oj=2
AV/TTY #5868 Fhe oIFA 7% 9A 24
Fe e dojg ¢ ALE IuFt. 55, T
Chip7te] FEYGAAY nldAee F74= 379 F
Ay 2 JHAg S I, ol E 74 WA=
Normal stressZ Shear stress®] Z7k¢} o} &8 2+
ANAY Cratervl®E FAA7]= gQlo= gudr)

3.5 s7EAMA M2 SHEX

A7 doid FPAANLL dAglels) ¥ R
Aol FalRge shielnz  FEAAe] Chipi
A71F 2 SEHEEN mAE 9= nFSYch

Fig.3.12. Fig.3.130%& 37A4HAAL a=10", ¢
=0.09m¢ $H-HYE ETLE EASAY =09
Fig.3.4, Fig.3.59 #vlmal ¥9, RE¥y& 2 Von
Mises 3§20 22 #48198E ¢ + A F,
FTANZY F7h= 127099 EE duee) A4
& A4A719, Chip £ oyt F&E diF9 4
Ao dgs Fo2 7gHdSe Had 719
g 5 g Ao #Aggdh

FTAEAND (o) HEll w2t FTHAG(0") & T4
o2 1,22p88e] S EHEET Von Mises 4358
W3S Fig.3.14, Fig.3.1591 Z42d EAjs19

L] VALLE
- 1) OTE-M
-1, -
=L mEn
5, HE-N
[LN. 2
- R 3
-i cen e
gX.
=6 reEeat
=1 ZTEM
Rt al]
B ALIm-im

Fig. 3. 12‘Total effective plastic strain contours
obtained simulation
(a=10"

TTAEAL 0°F 71EeE (+H) Y HAL F7 (3
6°, 1079 wat FEHIPETS Von Misesg§ol
7248E ¢ dd ols AAdS 7= ChipfF
A] Chipe] #Hgsh= Ad3A9 F4g 2HPslo 12
9 27 HPAel LAWHe] 4s7) g AL
bisedl=

BRES
o= SER
R
A taE e
B2
L. vk
1. 2aEwdg
-
1 HEN
1 i
-1, 1K

Fig.3.13 Von Mises eguivalent stress contours
obtained simulation
(=10

—_—g— g ="

£
~
=
"
o
2
w
3 1o
Y
.
x 064 /
=
]
S 0.6
3
- Primary Secondaty
s %41 D i ]
Lad Zoow Zorm
0.2+
a.0 T -r T T T T
-2 -1 a 1 2 3 4 5

Contact position trem teol edge

Fig. 3. 14 Comparison of effective plastic strain
of chip at various tool rake angles



% =

Sacondary

Von Mises equivalent stress (GPa)

Conlact pasiton from teo] adge

Fig.3.15 Comparison of Von Mises equivalent
stress of chip at various tool rake
angles

3.6 ST FHAUXIle A

olg] 3.3%d|A BE nl} o), MM LQHE
1,27 AXQwgohizl ¥ F¥-ChipZte] oAzt
O 722 EAjuizleln, Fig. 3. 1600 T TARAAIZ
9 sl W HRAURY BAE =A% F
TAAZE] F7l0] whel AA Zar)Rd sld 4o
Zashs %S Uehfis), ol ChipAAduz] %
FTT-Chipzt vhRAYRS) Z4d BEHYSE ¢ F
et =3 Fig.3.12, Fig. 3.13& B8 Agzxy =4

SN

T

]

Specific culling energy [ GHIm

g T T T — T
] 2 4 8 8 10 12

Taol rake angle (degree)

Fig. 3. 16 Variation of Spec1f1c cutting energy
versus tool rake angles

214

ﬂl’-‘i’.’l" ChipFAY Z4gel 1 F8
> 4 Ak

nr‘*

4 2 B

2 dME FF9 Chipzhe] vfEEAe] 2249
o £E47) e vXs JFE FHIALUS 043l
A, aAsiuA St 53], AL7|TF) 4FL v
= FR02F 2R W EY (Strain hardening,
strain rate sensitivity), F7-ChipZte] ©l2HEZ% F
TFANL 58 FA0Z HAA Mechanism olsf z7}
gt T, ot JE LY F 2dY 9
4, 489 59 A5 AdAE QY AT
7l&d 9xg + slodE 71tﬂ?l‘3}

2 978 5 Qoid FdE8EL id zZn
1) vl4247]179 §848 44 ;JPW‘: A9 A
4299 470l Wasm oo he A iz
# Constitutive Deformation Law®] #HAL &4
519em, Elastic-Viscoplastic Rdlo] A4 24l7|
74 Chip 44717 € §5-d¥& ¥ 2 4t
k:kig=g
Z&o] 23PgPe| d2} AW (Shear Plane) &
o2 FREY §Ee| o3| Chipe] AYHH,
® Chip&
ok
79 AAEE we E2& Chipd #5& F
Chip Sliding Contact Zge2 Fdaaiyon,
3599 ol@Are) 3714 o2 F7-Chip7te) =}
ZREFYY F7e 1,24 YY) AHE ¢ 3
g 714 obgd FEEH (Interfacial
Stress), &#, Chip 57, FFChipd2Ze)s
F7M9IM, IFAARE Craterm|Z%7 9 27
g ¢ 8ol 2 + gt
FTTRALY Fe Aa9e) HFTA, Chip T4
Za: 843 ) ChipA4A Ads=e Z4s
ol ¥ A AYEPH 2 BuxE 747
ZaAA 2A5ELS FTIE FLAAYE I
g + o

4
A4
FTRNAEE del §ESE Haw 4

4)

AN

1. Geoffrey Boothroyd. °Fundamentals of Metal



=AY EEEZ A10A A4E

Machining and Machine Tools”,
Hill, 1975.

. Klamecki, B. E, “Incipient Chip Formation
in Metal Cutting-A Three Dimension Finite-
Ph. D Thesis, Univ. of

McGraw-

Element Analysis™,

Minois at Urbana Champaign, 1973.
. Stevenson, M. G., Wright, P. K., and
Chow, J. G., ‘Futher Developments in

Applying the Finite Element Method to the
Calculation of Temperature Distributions in
Machining and Comparisons with

Experiment”, ASME J. of Eng. for Ind.,

Vol. 105, pp.149~154, 1983.
. Strepkowski, J. S. and J. T. Carroll T,

“A Finite Element Model of Orthogonal
Metal Cutting™ J. of Eng. for Ind., Vol
107, pp. 346~354, 1985.

. Hibbitt, Karlsson & Srensen, ABAQUS
Thoery Manual, Hibbitt, Karlsson & Srensen

Inc., 1987.

. Erik Oberg, Framklin D. J., Holbrook L.
Horton, “Machinery’s Handbook”, Industrial
Press Inc., 1975.

215

7. N.

9.

10.

11

12,

13.

(1993.129)

Ikawa el al., “Ulira Precision Metel
Cutting-The Past, the Present and the
Annals of CIRP

0. C., *“The Finite Element
Method in Engineering Science, McGraw-Hill,
New York, 1971.

K. J. Bathe, “Finite Element Procedures in
Engineering Analysis”, Prentice-Hall, 1982.
A. Francavilla and Q. C. Zienkiewic¢z, ‘A

Futuure”,
Zienkiewicz,

Note on Numerical Computation of Elastic
Contact Problems,” Int, J. Num. Meth,
Eng., 9, pp.913~924, 1975

Iwata, K., K, Osakada and Y. Terasaka,
“Process Modeling of Orthogonal Cutting by
the Rigid-Plastic Finite Element Method”,
ASME J. of Engr, and Technology, Vol
106, pp.132--138, 1984.

B F 9T A, upESAe] niBA7| T wHA
= g% Bg A9, pp.166~171, IFHIYF
&3 FA%eds 253, 1993

2, AW, FEZ, 1986.



