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The constitutive equation shows the difference in the predicted result value related
to cutting according to the coefficient value and type. Therefore, in this study, the
cutting force and chip shape obtained from the cutting test for each cutting
condition were applied as standards. And the simulation results applying the
constitutive equation were compared. The constitutive equations used in this study
are the Power-Law, Johnson-Cook, and S-K constitutive equations. Since the
Power-Law constitutive equation is basically applied to the cutting simulation, it
was used as the internal material property, and the Johnson-Cook constitutive
equation and the S-K constitutive equation determined the coefficient value and
performed simulation as a user property. As a result, it was confirmed that the
tangential force and chip shape prediction in the cutting force and chip shape
prediction of AAI7075 material were valid through simulation using the S-K

constitutive equation.
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(a) Experimental equipment

(b) Specimen
Fig. 1 Specimen and test equipment for two-dimensional cutting
experiments

Table 1 Cutting conditions for comparison of cutting forces
Case Cutting speed (m/min) Feed (mm/rev)
1 0.1

200 0.2

0.3
0.1

300 0.2

0.3
0.1

400 0.2
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Fig. 2 Change of plastic stress-plastic strain according to the
speed change obtained by SHPB experiment
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Table 2 Johnson-Cook constitutive equation parameters of Al7075

Parameter value
A(Mpa) 375.748
B(Mpa) 869.6339

n 0.4011
C 0.0246
m 0.87208

463

Table 3 S-K constitutive equation parameters of Al7075

Parameter value

A (Mpa) 482.749

B (Mpa) 330.79
C 12.83203
D 0.00814
E 4.36414E-8
m 1.21111
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Fig.4 Fx and Fy cutting forces by cutting conditions

Table 4 Two-dimensional cutting force by cutting conditions

Case Cutting .speed Feed Cutting experimental

(m/min) (mm/rev) Fx(N) Fy(N)

1 0.1 296.145 221.511

2 200 0.2 493.007 319.553

3 0.3 703.739 401.052

4 0.1 358.171 287.203

5 300 0.2 496.281 329.140

6 0.3 611.145 351.155

7 0.1 309.644 260.637

8 400 0.2 424.687 299.172

9 0.3 503.916 309.312
MlsaA See olEsta ot

4. THUEN S HEF HAH v

41 3 == = X4¢||-E_|={

=2 = = “ é
7] glato] AE)
200 m/min, °|&

g 4

i
2 mm/rev 2740)| A AT 0 2 3] =5t
Qom FEH(tangential force) Fx& LFER]
Qon viEH (radial force)g Fy2 YERURILE 12]a FEEo
BAE Fx_ave, B9 HH7HS Fy ave® YT A4t

U2 BIOR ekl ol g HAL Algeo|HolN ofzl AA

"
wist ulaely] Sstol AAES Bagem ARt

Table 4+
Bele LRl

ft

= AAAISoA Ae HAzR

T 2T eu

=
ANEEE

8 B 75
200 m/minSE 314
0.1 mm/rev, 0.2 mm/rev, 0.3 mm/reve.2 HolslH 3
£ 296.145N, 358.171 N, 309.644 N2 ®ig}sltt.
HALEEE 300 m/minl.E 1At o]4S WalehH J
22 358.171 N, 496.281 N, 611.145 N2 WH5}5}%]

£ 400 m/min.E 1A} o|£S wWilelH Hot
309.644 N, 424.687N, 503.916 No.2 w3}t Al

33
TR T )
R )
oM op

1M N
wt o 4P Mo

L,

i)

At

=
o T
Ak

1 A ruZ‘.

jus)

=

I o

f

1

464

700 -

600 | -
Z 500 - - - -
5 ]
£ 400 o - -
L | - -
-
E 300 - - - o~ -
= 4 -
5
O 200
100 |
[(= JFx(N)
e  Fy(N)
o : : : : : : : il
o 1 2 3 4 5 6 7 8 9

Case

Fig.5 Fx and Fy cutting forces by cutting conditions

A5taL o]fo] Wl mie HF FEHo| AAH R F/5I9)
o Bt HiEE2 AASES 200 mmin® 2 st oldS
0.1 mm/rev, 0.2 mm/rev, 0.3 mm/reve. 2 W35 o FH2H
2 221511 N, 319.553 N, 401.052 Ne.& ®3}sigic}. 183
AAEEE 300 m/minQE 175kl o]4-S HIlshH P FE
2.2 287.203 N, 329.140 N, 351.155 No.& #3}s}{r). HAars:
T2 400 m/minS.2 T AT 0]&S Halshd FF FHEFL
260.637N, 299.172 N, 309.312 No.& #3}stgic}. H njEel
2 FEY HtE dakg 371E0] Y2 ZE ERIsIgi. viE
e AALEE 200 m/minolA 0] F7HAIFIH AAEo] Z7t
&t AAE 300 m/min, 400 m/minojl A= BAEo] YA 27}
319it}h 0|44 EE (.1 mmirevOE ATt AALEEE 200

m/min, 300 m/min, 400 m/minS.2 WSIA|F|H FHF FEHLS
296.145N, 358.171 N, 309.644 No.2 H3}slic), o
0.2 mm/revO.2 145t AALET S HIAT|H Hot
493.007 N, 496.281 N, 424.987 No.& H3}s19ict. o
0.3 mm/reve.2 1ASt HAETE HIIA7|H i
703.739N, 611.145N, 503.916 N2 ¥}t o
mnvrev, 0.2 mm/reve 2 145t HAELEE HIIA]F)
FEHO] syt AQloy o]4E 0.3 mmirevOE 175
SEE WY FRe0l Yobt

o» N % 4>4 o»
1
ol

b r-lm
Ho
lo r]o i

_LL;

o 1‘-111

o
— T

lﬂ 2
o
el

4.2 LA Halol WE AlBaol HAR
A4 AL A 7H] TS AGstol A B
gotm Ag 7HsT PARHAS s,

Fig. 62 case 0231 AAM:E 200 m/min, 0|4 0.2 mm/rev &
7oA S-K H7AAlS 283t Aat Algd ol ol E53 4
A YeRYQIth 82 S FxE Yehglon HiEE S Fy=
VeI 22| 9] HighS Fx_ave, HIEH 2] B4,
< Fy_aveZ UEUQIh HAMIY dlojefet HlwiA S #5to
atelg Hersto] eIt

Table 5= Johnson-Cook /JW74AS 2835t AlgH 0]
Az g FEE P uiEE g Uehda ok Ak



Journal of the Korean Society of Manufacturing Technology Engineers 31:6 (2022) 460~469

Table 5 Simulation cutting force by applying Johnson-Cook
constitutive equation by changing cutting conditions

Cutting speed Feed J-C constitutive equation
Case .

(m/min) (mm/rev) Fx (N) Fy (N)
1 0.1 380.385 181.986
2 200 0.2 739.582 338.414
3 0.3 1075.02 481.994
4 0.1 381.062 182.231
5 300 0.2 744.954 341.624
6 0.3 1079.230 481.754
7 0.1 379.869 181.178
8 400 0.2 741.610 338.939
9 0.3 1080.300 482.962
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Table 6 Cutting force of cutting simulation by S-K constitutive
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Table 7 Cutting force of cutting simulation by Power-Law constitutive

equation equation
Case Cutting §peed Feed S-K constitutive equation Case Cutting §peed Feed P-L constitutive equation

(m/min) (mm/rev) | Fx (N) Fy (N) (m/min) (mm/rev) | Fx(N) Fy (N)
1 0.1 281.736 130.579 1 0.1 276.335 88.329
2 200 0.2 514.795 184.842 2 200 0.2 519.201 136.312
3 0.3 737.182 202.718 3 0.3 741.255 180.231
4 0.1 272.611 120.289 4 0.1 277.4 87.571
5 300 0.2 511.096 164.682 5 300 0.2 520.637 135.494
6 0.3 749.772 178.769 6 0.3 744.042 181.955
7 0.1 269.481 113.839 7 0.1 278.979 88.754
8 400 0.2 513.977 155.171 8 400 0.2 520.309 137.989
9 0.3 711.080 165.766 9 0.3 745.138 182.184
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Fig. 6 Fx and Fy simulation cutting forces by cutting conditions
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Table 8 Simulation cutting force and cutting experiment cutting
force eror by constitutive equations as material properties

J-C constitutive | S-K constitutive | P-L constitutive
case equation equation equation
Fx(N) | Fy(N) | Fx(N) | FyN) | Fx(N) | Fy(N)
1 84.24 -39.53 -14.41 -90.93 -19.81 | -133.18
2 | 246.58 | 18.86 21.79 | -134.71 | 26.19 | -183.24
3 | 37128 | 80.94 3344 | -198.33 | 37.52 | -220.82
4 22.89 | -104.97 | -85.56 | -16691 | -80.77 | -199.63
5 248.67 12.48 14.82 | -164.46 | 24.36 -193.65
6 | 468.09 | 130.60 | 138.63 | -172.39 | 132.90 | -169.20
7 70.23 | -79.46 | -40.16 | -146.80 | -30.67 | -171.88
8 | 31692 | 39.77 89.29 | -144.00 | 95.62 | -161.18
9 | 57638 | 173.65 | 207.16 | -143.55 | 241.22 | -127.13
2 ] - = - = =
"g 500 :: = = = -
'é 400 1 - s - -
o 300 —_ - = =
200 [ = Jcutting experimental(Fx)
] & JC_simulation(Fx)
100 - SK_simulation(F x)
o] v Power—lawTslmulatlon(Fx)

[} 2 4 6 8 10

Case
Fig. 8 Comparison of Fx force obtained from cutting experimentals
and simulations
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Fig. 9 Comparison of Fy force obtained from cutting experimentals
and simulations
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