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(A Study on the Prediction of Fatigue Life in the Axi-symmetric Extrusion Die)

ABSTRACT

In this paper, the fatigue behaviour of typical axisymmetric forward extrusion die is investigated and extrusion process is
analyzed by the rigid-plastic finite element method and elasto-plastic finite element method. To approach the crack problem
involving crack initiation and propagation in extrusion die, LEFM(Linear Elastic Fracture Mechanics) is introduced and singular
element which models stress/strain singularity in the crack tip vincity has been used to obtain an accurate stress intensity
factor values and other results. From the displacement around the crack tip the stress intensity factor and the effective stress
intensity factor at the beginning of the die inlet radius has been calculated. Applying proper fatigue crack propagation criterion
such as Paris/Erdogan fatigue law to this data the angle and direction of fatigue crack growth has been simulated and these
are compared with some experimental results. Using the computed crack growth rate, fatigue life of the extrusion die has been

evaluated.

Key words : LEFM(4] & v} 1] 91 &}), Singular Element(% ©] & 2), Crack Tip(+¢ ¢ d%h), Stress Intensity Factor(-g-2} 3puj Al ),
Fatigue Life(3] :2-%]), Fatigue Crack Growth(if) &L3¢] 4] 4F)

1. A= 52 #5160l glolA) ol WA asHow g

4 ok, dEzstslel] gk A A ¢ i sreliy
Wik SEEE AL WA AV e sl ! Fhoth sskael W AR < He

M gulsl dekekin AlEe] WRAN I 4
AGsE AL g g el el 81 Tk 4o
Wit gel QoM srdsel ng e Ty ge] of
SEASEAE I AASy Qonll] Qe sy o
He) wo sl ol /1918 A wa thguke) He

YA o) AslA] WAl fAislolop @ Ababo)

wabadol] thgl @y A<tol Reiss2]o] oalA] Hx
s AT 1tz o) 1ol A e AR S yale
A Ee oyt Sobgel w7k, waar
e R s R R AR T |
Alatd et 91, gt w2 gl uo) uld sl A,
TAA A 7D A48 A B o] Me Geiger et al.9]
STIST R AR atykol kA gluh

wolrel A PR SRS RiadelMslel ofra @

SEOIA WS el QRYE S

o

v},

Wi gt e el F8e) sao) o
A AT, 31 5, SRR S AlFe: g9l
vt eknel oja Al G A Fe i ek

Gof o slatele] Aoy wbayell: wlzsbi pe

=

Agaban, glelel deldlelel digt rREe e

o ’
ARSLSTEE S 128

Galvh vhizel b At Alsil AR b a1
ol /] ol GRbARl whauh wlizsbao] v oks)
chorgleln el A B s 8] sha A%
o g Qv <IE Agitel w@Hw s NAR, 4 A

olu], A9l £A: o] WA ghghut

o N oF
AviAlos QR el 4oy Hygon o] wy W - St
= ~ AL8-5] At W Ry

S Ruptures) ylguaho s ayali: isiae] sepo]  APEE Al SMIOCHA

vhebliglel. &) s =

Fol vk, A9} ghs

A A o)up. o) goll A, Ruptureoll U@k 91 bi: A

o ladh dlalA, A g oluul Adupels

»

o
Tood
28 ok

-235-



Wzl 128 sjAsgnh el w@as s 39
a7k PAA @7) Weel FETY AN AdE e
Ade] A gelmodal force)® o1¥9) Yol W Wy
A% sistel At HEH: T ddoll mapping
vl

Table 1

Stress-strain relationships for SM10C

i Yo 226o N/mm ‘i

P
T
|
\ I
k
Fig.1 Schematic diagram of workpiece and axisymmetric
extrusion die
22 U1y 42299 424 FdesdH
gadd slAe (1de) AAE siAsRt 2R #

&o] olM1ie] A iy STDIlo]ar, MY STD61E A}
g-ah g}, A el WA R = Table 20} vhbii it

Table 2 Mechanical properties for die material
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Fig.2 Stress distribution for interesting “1” region

(a) axial stress (b) shear stress
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Fig. 3 Flowchart for the fatigue crack propagation and life
prediction during the forming process
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Fig. 4 The most interesting stages of forming to calculate

stress intensity factor
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Fig. 5 Mesh system for the fracture analysis by the FEM
(a) total mesh system(left side added)

(b) mesh system for the crack vicinity
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Fig.6 Stress distribution in crack tip vicinity and other places

for 0.1mm crack

(a) visualization of places for stress distribution calculation

(b) stress distribution in radial direction
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Fig.7 Stress intensity factor for different crack length

(a) stress intsity factor for O.Imm crack

(b) stress intsity factor for 0.6mm crack

(c) stress intsity factor for 1.lmm crack

(d) stress intsity factor for 2.0mm crack
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Fig.8 Effective stress intensity factor for increasing crack

length
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Fig.9 Computed fatigue life in the extrusion die
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Fig.10 Visualization of simulated fatigue carck propagation

in the extrusion die
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