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Al2519-T87 is a material mainly used in defense products. It is applied in
armored vehicles as a bulletproof material in Korea. A12519-T87 was generally
developed as a plate material, and Johnson—Cook flow stress determination was
conducted to carry out studies on welding and bulletproofing for joining.
However, Johnson—Cook constitutive equation has difficulty expressing speed.
An alternative is needed to address this issue. In particular, the cutting force used
in manufacturing the product has a great influence on the cutting force due to
speed and temperature. Therefore, in this paper, we aim to determine the flow
stress of the S-K constitutive equation which can be applied in cutting simulation.
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Table 1 Design of Experiments for Determination of Temperature
Softening Coefficient

Dynamometer —

StdOrder | RunOrder | PtType | Blocks | friction | mesh | temp
4 1 2 1 05 | 002 1
11 2 2 1 03 | 0002 | 15 -
8 3 2 1 05 | 0011 | 15
4 2 1 0.1 | 0011 | 05
3 5 2 1 0.1 0.02 1 Fig. 3 Two-dimensional cutting experiment device
10 6 2 1 03 | 002 | 05
6 7 2 1 05 | 0011 | 05
15 8 0 1 03 | 0011 1
9 9 2 1 03 | 0002 | 05
2 10 2 1 05 | 0002 | 1
13 11 0 1 03 | 0011 1
7 12 2 1 0.1 | 0011 | 15
14 13 0 1 03 | 0011 1
12 14 2 1 03 0.02 1.5 Fig. 4 Two dimensional cutting test specimens
1 15 2 1 0.1 | 0002 | 1
Table 2 Cutting condition
2petoith. 18 FsEA ARl o 28 W aE st Depth of Cut, Feedrate, Cutting Speed,
o AAY S S5t Fig 32 AJH Bl AA S |7t 7 DOC (mm) fl (mm/rev) Ve (m/min)
Aslojgli T3S WreRiick Alge siziska FeAAzlo] & 1 02 20
2ejo] Qle F 7t AAdA o= o|Fsto] AlHol| Fsto] HAY
& S743h Fig. 4= 2209 AR ARRE AJHS UEda 2% .
Q). AL F30] FAen AFPROE A7 0 25 mn= o R T e e e 8
AFstgitt. 2ejar AAF Al @A AdRtollA Aldsty] 9fsto] 5140
ta3 Pejz AAsielnt. A S A% dad w7 g
1 mm, A74e @ 50 mmE AFEHA Table 2= HA2AS £
UFERAT QIh A EE 200 m/min, ©]4$4EE 0.2 mnrev, S o]
HAYFE | mmolA HAAFE sttt T2 SF&EE 0
TjA3 A4S 7)20% AT Fig 5= Table 29] HAZA ©1 169.14N T romomaltt
oA ZHAalo] o]2ojA | TLEEAE A3 HAlES UeyL 0000 0.005 0010 0015 0.020
Time (S
9T Fig. 59 () FER0E g70] S 713 Bol F= ) by cutine e
Hargoz XESHero] dajgloltt. Sd AHAEE Hva Yol
169.14Ne.2 Z7Asi{tt. Fig. 59| (b)& HIRHo2 3+ 4 . =" . "
oM sFoR B Ao Y3 g WAl X5 4 B AL R
A AR SUstA FEE Uo] 64.14NS YRR ol R L R et i L
2 s} ARE A 717 Ao AFRa e T
§ 40 < - - --
4. SHPBAIE S 0|88t FAHEHA A4 2H
64.14N = oot~
4.1 71343t 3 &5 Zsl A 2 000 o%s | oow oo
Time (s)
7He73ere 9 £E7eRY] Agte A AsiME 8H- b) Fy cutting force
HWYPE Awrt o3It £%710.005 579 A&77H THeAIY

2|
< = Fig.5 Fx and Fy cutting forces to cutting conditions
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Fig. 6 Change of plastic stress-plastic strain according to the
speed change obtained by experiment

Table 3 Parameter in the S-K constitutive equation

Parameter

value

A (MPa)

523.092

B (MPa)

878.723

C

0.373

0.0122

2.712E-5
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Fig. 7 Variation of plastic stress-plastic strain according to velocity
change estimated using coefficient value

New friction mesh temp
D Hi 0.50 0.020 1.50
Cur [0.50] [0.020] [1.3919]
0.98407 o 0.10 0.0020 050
F_x
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y = 1698.0159
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Fig. 8 Optimization of Temperature Softening Factor Using
Box-Behnken Method
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Table 4 Simulation result according to condition change

RunOrder | friction | mesh temp Fx (N) Fy (N)
1 0.1 0.002 1 215.872 11.714
2 0.5 0.011 0.5 348911 140.078
3 0.1 0.011 1.5 160.354 11.709
4 0.3 0.011 1 242.469 61.47
5 0.3 0.02 1.5 178.072 47.612
6 0.1 0.011 0.5 273.043 17.705
7 0.3 0.011 1 242.469 61.47
8 0.3 0.002 1.5 204.041 49.477
9 0.3 0.011 1 242.469 61.47
10 0.5 0.011 1.5 211.81 88.887
11 0.5 0.02 1 178.883 14.479
12 0.3 0.002 0.5 325.662 78.108
13 0.3 0.02 0.5 309.123 78.719
14 0.1 0.02 1 180.584 14.606
15 0.5 0.002 1 277.849 109.721

1.50

180 —
tosd ——————

temp

0.75 - 240

0.50

1_007/ 230 —

0.1

Fig. 9 Relationship between Friction Coefficient and Temperature
Softening Coefficient (mesh size
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Fig. 10 Relation between Mesh Size and Temperature Softening
Coefficient (Friction coefficient : 0.5)

Thermal softening term
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Fig. 11 Change of thermal softening term with temperature change
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Fig. 12 Comparison of Cutting Test and Cutting Simulation
Results by Cutting Conditions

Table 5 Cutting conditions for cutting tests and cutting simulations

case Depth of Cut, Feedrate, Cutting Speed,
DOC (mm) fl mm/rev) Ve (m/min)
1 3 0.2 400
2 3 0.4 400
3 3 0.6 400
4 3 0.2 300
5 3 0.4 300
6 3 0.6 300
7 3 0.2 200
8 3 0.4 200
9 3 0.6 200
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