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A study on Die Wear Model considering Thermal Softening( [ )
-Application of Suggested Wear Model

Jong Hun Kang, In Woo Park, Jin Soo Jae and Seong Soo Kang

Abstract
In bulk metal forming processes prediction of tool life is very important for saving production cost
and achieving good material properties. Generally the service life of tools in metal forming process is
limited to a large extent by wear, fracture and plastic deformation of tools. In case of hot and warm
forging processes, tool life depends on wear over 70%. In this study finite element analyses are con-
ducted to warm and hot forging by adopting suggested wear model. By comparision of simulation and
real profile of die, suggested model is verified.
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Table 1 Forging condition of hot and warm forging

Forging Method
Hot Forging Warm Forging
Data
Product Hub Inner Race Pole
Material SM45C SM10C
Worki
orxing 1200C 780C
Temperature
Cycle Time (sec) 4 4
Stage 2 2
Bairute 625 White
Lubricant Water-based HML-NGFA aurute . '
Lubricant

Table 2 Input data of hot and warm forging analyses

Forging Method

Data

Hot Forging Warm Forging

Incompressible
Condition

Lagrangian Multiplier Lagrangian Multiplier

Friction Treatment

Coulomb friction scheme | Coulomb friction scheme

¢ 1073 10
k[ Wmm C ] 0.0319 0.0263
pc [ Weec/mm*C ] 0.005228 0.005152
h[ WmmiC ] 396.83E-16 396.83E-16
oe [ Wmm?c* ] 0.295E-5 0.295E-5
Friction Coefficient 0.3 0.25
Ram Speed 100 mm/sec 100 mm/sec
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Table 3 Constitutive equations considering phase transformation

Phase Constitutive Equation

g = %Ln PV P

@ phase (1/ oEy 5.ms}

14,4230
i L R; 308.171) _(%,% .\ 45'?84)’

P = {éexp

6= %Ln (P+VP+1)

7 phase ( " (uw + 4.0

L 157.47)_(% . 18‘2)“

= ‘SBXD

G = Jst(b_%)o.ms A(T

109.6
@*y Phase| () — 114363.7 ~ 455.7 T + 0.605 T % — 0.00027 T °

Oy stress at 725°C, strain rate 0.1/s

P

(

(a) 1st stage (b) 2nd stage
Fig. 1 Wear distribution from analysis of Hub die
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(a) 1st stage

(b) 2nd stage

Fig. 2 Wear distribution from analysis of rotor pole die
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Fig. 3 Hardness distribution from surface for hub die
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Table 4 Wear coefficients from test

o Length(mm) Weight(g) s (X iAOlfr?]mz) (XII(O%)
Initial Final Initial Final Initial Final
A 14.30 1400 | 43707 | 43641 | 2.08%4 | 28375 137
B 14.28 14.1 43763 | 43726 | 2.9634 | 1.5525 0.74
C 1429 14.2 43636 | 43618 | 25052 | 7.626 0.27
b 14.26 1415 | 43530 | 43501 | 3.9951 9.66 0.62
E 14.28 1420 | 43646 | 43632 | 29634 | 6.879 0.27
F 1429 14.20 4409 | 44104 | 25052 | 7.2475 0.86
Table 5 Input data for wear analyses for hot and warm forging
Variables Hot Forging Warm Forging
Steady State 7500 550

Temperature

Dies Conditions

Q&T 25hr Nitriding

Q&T 10br Nirtiding

Wear Coefficient
for White Layer

0.74x107¢

0.74x107°

Wear Coefficient
for Diffusion Layer

1.37x10°¢

1.37x107¢

HM)

H=—0.00296 _exp[1.0928 x
(Mx0.001)"™] + 74.09

H=—0.0131] exp[0.8191 x
(Mx0.001)>™] + 72.62
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o o] WMol YHE o] 2EA AT WA o
AR % Al mpE gt 2w F o] ol E vt
W3 glet ol WAZeAfe] nfdA¢E 0.74x10°8
A alafol gtar, mpEe] 2~4 et FYPW F7 W)
7o kol 2A9 FEFEA Hu, wep stEASFE
1.37x10%°8 A g-3tofof g},

T 599 vbdo] AP 7)ol LA AH et

3 e FYL BAZY JEE FA4T UAL, Fole



EAE 2o FRE R ¢ A4 (D)

Fig. 8 The Worn rotor pole die
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Fig. 9 Comparision between calculated wear profile and real wear amount
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