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Abstract

The high-velocity impact forging process with eccentric loading condition is analyzed using the
explicit time integration finite element method. In order to consider the strain hardening, strain
rate hardening and thermal softening effects, which are frequently observed in high-velocity
deformation phenomena, the Johnson-Cook constitutive model is applied to model the workpiece.
It is assumed that the material response of the dies is elastic in the study. As a result of the
eccentric loading simulation, it is found that the increase of the eccentric ratio and the allowable
tilting angle cause the decrease of the maximum forging load and the blow efficiency, and it is
also found that the forging load and the blow efficiency generated in the high-velocity impact
forging process with three-dimensional geometry can be obtained efficiently.
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Initial mesh for eccentric loading simulation
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Table 1 Material constants for eccentric loading simulation

Specimen
(4340 steel)

Material model

Material constants

Elastic- Viscoplastic
temperature
dependent
material model

Die
(Tool steel)

Elastic
material model

Shear modulus
G=81.6 GPa

Poisson’s ratio
v=0.3

Density
0=17.83 g/cm’

Strain hardening properties
A=792.0 MPa
B=510.0 MPa

={.26

Strain rate hardening properties
C=0.014

E=10"% usec™’

Temperature softening properties
m=1,03
Tren=1520"C
Troom10°C
x=0.9
Co=477.0 J/kgC

Young's modulus
E=211.4 GPa
Poisson’s ratio

=0,3

Density (Upper die)
p=7.83(x10) g/cm?

Density (Lower die)
p=7.83(x200) g/cm?
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Fig. 4 Comparison of final deformed configurations in eccentric loading simulation (in the case of no constraint
condition in allowable tilting angle)

phite) -F8x7-& Pgsle] elzla(coefficient of 2k 3] He|x]o] qlojzl 2 F wl &3 A2 Fig 49}
friction) u=0.22 A=A shaich @ ek, "o el gl A 2-¢ode HEyY

AA FAellA] eblww ol HAlel Aol o3t T A4S g 5 o HARS) e S A
ol slgofd o] Aok Wong 54 7lGof  H FEo] oyl e HEE o] Fax
77t (allowable tilting angle, ATA)-S 4 A o] A AR 4 ek o] w ofF FEHE AR
o] ztxof mubdlul AR FHo| ki FES FHoll vldhe] Awhd] A 7] widol] ElAC oshed

[¢]
R

of Rtz slpobrbudal Hebr g malddsial vl
ek dzkAl Al g (0%, 259, 50%. 75%)  47kA] Alatel g A Al Al glshe] 4lal
& 71l 400 0.9, 1.8, vlrSaz) & 23 ks Fig 5ol =4)sklel, Fig 54 4w
stol 167421 Alabzzlel estel e A& gdsbal  alAlvlgo] ARl whet Aale AHF Folrt ol
o, A Aldlo] wa WG W FFYSE o+
Al AaE AblEnd A S-S AR s deh S, dlalulgo] vHlel el e} ago] 7
s F@ b Aol 6 m/se] 7] £Eg wlelA] agkchis ARG A abek 42 9o,
A e sk ool el A E g sdsla st “refvt Fig. 5ell4] gl4leb o] ot mlvjy wig
sl el wllzAl Ak sdgch o] W) 27 s #elshr] ofgic Alale) wiiA WS
gl Alzb 35 kJo] sles AR Gye] wmi AAle Absin] gsted Gl aAMEE YR
10w 5 7k41 7 Abgstolom, A el i 8 Fig 6ol =A)sbadet. d4lel e sl A &
FoaEe A A AgelelAlet whabvbAE vb AWM L2 g Ao A s el
20 7F Bl =5 s S el et 20000 TR dlso] wlske Al RSloE sl Al - Al o)
AHg-sFal e, sl A HE WS Wl A AT 5 ok
Al A g4z AISI 4340 45 AR&stglon o A w8 Aleodds AREA §E&Y A4S
b xkzE ek 27l fxe 950CE AR A FAbel wE ebAH M £ Felv A el
ek AISI 4340 7] AmdA4e Aapdl®@e]  fFelzle] wlshi zt7t Fig 77 Fig 8 2elx
deldlel g Abgalgdon], Adbel A5 Aga  Fig 9o mAlskadch el En 4w golya o
T 352 Table 1ol A 2] shoirh i f-gelvzl wh 2ms AeskAlyE #HAlu] g
of dxtglel 2 AFE wolgrt o] & 77t rhE
4. x84 ot & D 5AE Halewd s4lel o &l §liz A9t EHA
Hop el A o b 2 Jebsbel o)
A wdel TledAdE Al A& A, AlMez salvlgol Aol we} epAy, sy

o8l BbAS FAT F AN FHol Amozyd  Helix melm HEA 0] £ Pashs 4§



1594 % 9 @ -

E.=0% E.=25%

Fig. 5

Er: 50%

Comparison of final deformed configurations of the workpiece in eccentric loading simulation (in the case

of no constraint condition in allowable tilting angle)
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Comparison of distributions of final equivalent plastic strain of the workpiece in eccentric loading

Fig. 6
simulation (in the case of no constraint condition in allowable tilting angle)
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