I3 1990 0,5 Olalad Sl Iyl (Kund jos JU )]

o LS i Vol Lo e

Ol Coioo g pls ol Sille unign 0450851 5,53 sponiily Oy Caniaor g el olStih W KilSln it 05515 ol
h_chamani@iust.ac.ir mayat@iustac.ir

G 2318

Sl Eonien g e olR2S1S W SilKe utinn 0152013 (03] ki S comatils
fmohammadi64(@gmail.com

Al callie Gl 5l e BIVT 2l 2 e U ghes sdi i @

5 SOl s Slugi slag) S,k cod gy oo S5 4 0l 5 alsr i cendiyyn plio MalSgps 3 &5 alasjlu 5 55395 s9ige (Sl Slabad I (gl
Sl ()l (Sas jas byl e gl By) oy il ol Slabad 4555 (] 3 S Lele o it (Se =yl (Saus 55 5 ()l
Sl S a8 e JE (SO (S ladd 2 cod plejen jkar g ED Led ()l dbﬁ'ﬁ e wllad By ol 55 (53b Cuenl |l
23,5 o dabad S Woleg g gyl o 3oy slaanl syl 4 e SUilSe

Sl S 5 A S 5 o s T3 e S 3 S0 B e ) L o W
3 ol oy 2ol g ol 0 o3l 43 20 i jae Jbjyl cilie (slady ki | 45 20 | Shus jec dulxe 3 sl 4B S )5 dagi 350 b l3gal
LBl ralt i b g (ilS Sy 2 1515 00 L IS ol & 515 51,8 (590 i ()18l S g0 Solaad ploS Ly sl 0 sl S0 L L]
Sl 8,5 a5 3 sl oGl domiio BB (e 45205 (e slady )l 38l 0 ST 03le 3 (Sl (gl 2 (SNigdCus Sy (ol pf IS0
oo i 3l ok 033 dllas 55 48208 (S 34520 S A it S olin b o S0l IS (G 2 (S g
sl 0 03l S S35 s5g0 S dpans (SSle (51l (Sl sos ()] sty sl 005 L) pae

ol (Swd blps cog L [V] 00,5 e ol )18 el slals

° _ 7208 (S o5y doxhao
)1 ‘_‘..zl.: M‘ .JL‘?_«‘._;J C-&L J"’!ﬁ;u" LRVC Y] ‘JJgtJ Lg)ll.!f)'.: sUSs.JK.a
[Y] (\ JSJ:) JJ; u::)a- 9 (L)-'QL..ST) dl:,_:.-u l..d\-l):‘l:; ¢u.§.“u....:'» .
Aodlo -

Sl Swd jes o Ol slp ool slaghy, 9S

) lyuis cog ) (Kand N TMF) SolSe 5yl (Saws o)le
@ gl ple l cuwlie 3, S CBal 5 cul oad &l (SSlSe

g Sele 555 A8 0 oy (SOl JE5)S g bod lojen

L 398 31 9 39500 cityd Sl B I IS GBS ) o
V- Thermomechanical fatigue

28 eulls L;hlg.:.:l_laﬂ lrodly g quyiiod (3 61350 Ll
Dby (S pwdine Jlao > 0 ] os

DR W b fpgurscans 8)lod [oiin Jl [y5ige iliiog dagh — ale dalila




2 s p 5 Sl (S Gl (S jee L))

UidyS g Lod oy 0 BB g Lod ()8 dald (Ji5)S 75l
S8l o o sla i OJJB—I Cosds gl olgly8 L;Lbuiiloj] 4

S b il edle 1 o wiwgy cunl SlKe slagSUl )
g Bl hwg Ll (0 LS pl 335 0 oy ool yuio
& il puiito )3l )y gl > [V] Bad gl Tl
L_; u:.jl)&.e..h g [A] n_i;l.i.? ..39*3‘_‘.0 Joy}o oole ‘_g)ts-lujg_) Slasuio
ol yito Sy gt 4 &l goyi> Jolas lad (8,5 Jlai 5>
Gl (oo (S (iSeny b 3 ja (a5 lp By S
i n_f): .L:}) 9 u.i)cbb::- st.u: S t_i._glg.a LSLbl.):’B) ..Lﬂna)f
uslie 355 dlga (glyy by g Limd oo )8 drgi 390 ) (Silely
[V ]

5 Wz oyl Gl s Jud 5l 30 s9590 )5 Ol
Sl (65085l 5 £ gled cov a3 (o) Lylpd 40 395 Wshiis
Jole it SO (G)lp (S Nl 15 e dx
Solle gyl (Siwd jee oLl 1Y 5 conl lidad oyl )5 cunss
b laad oyl jee objyl gy sl J10)63 5 (63b Cuenl jl o]
L cladad (gl Jos 30,8 bl (clyls g ail gols IS0l 45 b

A8l (ol i (5y970 Az ISl g ody dwin

ros 2yl sly Sl 359, o B canl 008 (ns i ()
ol Jolye 23,5 &)l I35 y9590 )5 Clalad (SilSle (5> (S

Bgd e 4o Oj90 4 L)

Loyl cos ashad )3 glad o 55— S wig (9] Cowds @
ol & Jlesl glags Sl

icalin (glaay Jlas 5l ooliiwl b a3 208" | Soid yos duwlxs @
.d&)%xwuw1wfamha'
2SSl &2y Sid Bl oype

J}P‘S-.rh)by‘-;jl °Jh1h&ﬁﬂ&‘>ﬂaﬂg‘pﬁ)’*
SV Gl 28,5 Ja  (dly .l oad ol H1 8 dag

ol @ gl ) Slke Gyl (Saus jee bl slagSl
V]S i )50

7S sbyy
CunS S LSL“U:JBJ

odle )L'b-h.u )'.g_) uol..o‘ » Lglhgg.”

] 1"
ﬂ Metal ‘H
Oxide heay

2] -

Lk

w
+ Formation of voids

= Voids acl as preferred point
for crack initiation

+ Intergranular crack growth

= Slip of dislocations

= Crack formation due to
intrusions and extrusions thickness

+ Crack growth by localized + Fresh metal surface oxidizes
deformation and slip in the rapidly
plastic zone ahead the + New oxide layer growth and
crack tip ruptures again
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+ Formation of oxide layer,
which ruptures at critical
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Most of mechanical components of automobile engine and structures applied in powerhouses, petrochemi-
cal and aviation industries are subjected to different kinds of cyclic loadings, such as low cycle fatigue (LCF)
stresses at high temperatures. Thermo-mechanical fatigue is the dominant cause of fracture in these compo-
nents. Therefore, investigation of different thermo-mechanical fatigue life assessment methods of these com-
ponents is very necessary. When a component is subjected to high temperature thermal cycles and mechani-
cal strain cycles simultaneously, the thermo-mechanical fatigue process leads to micromechanical damage and
final fracture of the component.

In this study a precise procedure for the Thermo-mechanical fatigue life assessment of hot diesel engine
components is investigated. In high cycle fatigue assessment, the effect of mean stress is considered using
Haigh diagram. Different LCF life assessment methods have been used to investigate LCF life and their
results are compared to each other. Almost all of the engine components are subjected to proportional or
non-proportional multiaxial loadings. The non-proportional loading leads to an additional cyclic hardening
in the material. Critical plane LCF theories are appropriate for consideration of the additional cyclic harden-
ing effect on the fatigue life reduction of the component. Effect of high cycle fatigue on low cycle fatigue life
reduction is also studied. Finally, the discussed thermo-mechanical fatigue life assessment process is used to
estimate thermo-mechanical fatigue life of a diesel engine piston.

Keywords: Thermo-mechanical fatigue, Diesel engine hot components, Critical plane approach,
Low cycle fatigue
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