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In internal combustion engines, due to cyclic loading and wear between the upper surface of
the piston ring and the upper groove of the piston, the fretting fatigue phenomenon could
occur. In this research, the effect of lubrication and the heat treatment on the fretting fatigue
behavior of aluminum-matrix nano-composite have been investigated. The fretting fatigue
test was performed in fully-reversed loading condition and at room temperature. In addition,
the S-N curve and fretting fatigue properties of piston alloys were obtained. The
microstructure and the fracture surface were examined by optical and microscopy and the
field emission scanning electron microscopy. The results showed that the failure behavior
was brittle. In addition, the lubrication and the heat treatment improved the fretting fatigue
lifetime of the piston alloy.

Keywords Fretting Fatigue, Heat Treatment, Oil lubrication, Aluminum-Matrix Nano-
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CITATION LINKS

[1] A fracture mechanics-based approach for the.. [2] Fretting fatigue. Comprehensive
Structural Integrity. [3] Pistons and engine testing. [4] Predicting fretting fatigue in
engineering design. [5] Mechanics of fretting fatigue... [6] The effect of heat-treatment on
aluminum-based piston alloys. [7] Effect of contact pressure on torsional fretting... [8] Study
on the damage evolution of torsional fretting... [9] Study on bending fretting fatigue
damages of... [10] Friction and wear of 7075 aluminum alloy... [11] Effect of fretting on
fatigue behavior of... [12] Modelling the fretting fatigue crack... [13] Fretting fatigue
simulation for aluminum... [14] Fatigue life of 7075-T6 aluminum alloy under... [15]
Prediction of the Fretting Fatigue crack nucleation endurance of... [16] The influence of
higher surface hardness on fretting fatigue life of... [18] Fretting fatigue behaviors and
surface integrity of... [19] Elevated temperature fretting fatigue of... [20] Effect of hole
lubrication on the fretting fatigue life of... [21] Experimental study on fretting-fatigue of
bridge cable wires. [22] Fretting-fatigue induced failure of a connecting rod. [23] Fretting
fatigue failure... [24] Fatigue on engine pistons — A compendium of... [25] An evaluation of
tribological and mechanical properties of... [26] Effects of SiO2 nano-particles on
tribological and mechanical properties of... [27] Investigation of nano-clay addition effect
on... [28] Numerical simulation and experimental study of wear depth and... [29]
Characteristics of friction and lubrication of... [30] Technical report on... [31] Evaluation of
tensile and low-cycle fatigue... [32] Quantitative comparison of three Ni-containing phases...
[33] Investigation of effects of nano-particles, heat treatment process and acid... [34]
Evaluation of high-cycle bending fatigue and... [35] Influence of heat treatment on the
fatigue behavior of... [36] Rotating and bending fatigue behavior of... [37] The effect of heat-
treatment on aluminum-based piston... [38] Investigation of tribological and compressive
behaviors of... [39] Study on the influence of T4 and T6 heat treatment on... [40]
Microstructure evolution of Al-12Si-CuNiMg alloy under high temperature... [41] Double-
stage hardening behavior and fracture characteristics of a heavily alloyed Al-Si piston alloy
during... [42] Characterization of high-cycle bending fatigue behaviors for... [43] Influence
of heat treatment on high cycle fatigue and fracture behaviors of... [44] Characterization of
tensile fracture in heavily alloyed... [45] Development of Innovative Applications in...

Copyright© 2020, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and build upon the material) under the Attribution-

NonCommercial terms.


https://mme.modares.ac.ir/article-15-50668-fa.html

Downloaded from mme.modares.ac.ir at 11:42 IRST on Wednesday September 22nd 2021

olyKen 5 Sy 8l Golo dexe QYA

Sloesille Jool eolss g )Ly guds Sy slp i

[3gd 43S ylai 53 yigr lebl colils @ (liws coz
Oy 35Ty logas (Gl 5,395 waio 43 ojg el
cwolio g ojig ole> ez 4 psrunliw —pgrineslT slajLT
s (Sl 5 (Syss 4 cad Y cwglic wile Lag]
390 )9 4 plSxinl a9 hlE wand 5 gl G5 bluwd!
@ 0d 53 Lo @ asgi b .[6].;.’%5&@ 5h8 olghys ealasiwl
—psinogl LT S (Siws L) o« cwl oY ks

355 3138 sy g d2lllan 3y50 09395 (gt omunshiu
2o el gl lail (uiion slagimgdy b dally o
WT)J L}AJLOJ)LJ.N.S ),ub ‘[7101)1.&@ 9 t..i.u .)94»0..0 b)l.u.}' UT
iz (§SL e 1y YaV0 pauinegll ST Kisyé (S
L_,.bol 3)'9,4)" ‘_,S.! L’.MJLM)LNJS as s3als ULMU LDC)T ..\3))5(_,“:))._!
XV ‘olgﬂ sy C)T)? ogMe .l &.u)s Ui.uw.})Q.C)J)JsA
)55))',\ xbw sl Juds a4 Gwled jlis Gigliél oS sls lis
53 39 Sighyd Gz ol ORI el gl s
)LLJT)A.C —pS (Sexie ‘[810|)Li.o.m ) u.i.u ss)ig.) dsllbo
oy Ky wgliste (glasilSe iz (i (I Glalé!
ol Lol slaesilSo o sls lis (ygejl bt g Wb (uyp
Y g wioluST Giolw (Abrasive Wear) ¢Lilys> Giolw Jold
O il S sl oyl izan dadie Sad 4y
‘L;)ig_s liie aslho 5> 390 uwlead adaw > Giolw Gac g
OY\e. 3519é )'| U,ngbo.\.l,gL.u ),\l)g 3 (e (_;)l.'\f)L.s O] b
L wliwe MT é|93' csmlice p ogde La33S aslho
4ol 5 Sy oslel Jole oS sy gl ol 810 gla yimg s
og‘oﬂ‘[ll]ob&m 9 LJ|)§.W) ! 0394 uu.u)f)‘w 5619.«» O
wldae wexd a5 10T PWBJT)LJT s R &uu)s U.iwo
wgliste ialw oy g calizee slales ;3 coul 483 )I)8 T4
Jiw 9 dwiin J.ALC 93 4 a5 sl ULN-AJ LmuT R PL>-’|
208 5 Yiga (538 Jalse 51 aillgise baima Los 5 ol slaay
diej 5 Gilellhae ol oogde Laal Kudd (Swws
el i8S g0 Sigiyd Siwd yae Hptar 9 5o
ey (55odnd sl (Jae 12, Kae 5 5Soladly (o ol 5
Ay 4l 93 5 a8y Kl s b S Ss Sy
a§ a3syS il Ye0- ﬁ9“"*"“°9ﬁ )LJT ©lp Al g oligS sy
.l 03l UL.M.\ b 9> @JLEJ)_U &.:.u)s Uiu.uo u9A)T a_sLu
4>l ol oy pelel » Jae MBlygy g @S (puizen

1Feo 2l3p0 oA oglad Y oy90

» b wldee 5 (5)Sly; @iyl asllhe
al cujoreligl ;5 St Suws s,
posisagl]

Cunyd 8l Galo dose

U')"I LOL.LAAA) ‘OLM olKals Sl (w0 IXLEAIR

ol asle

U')"I LOL.LAAA) ‘OLM olKals Sl (w0 IXLEATR

35T dazo

u'))l &OL.LAAAJ sOtLAMJ oLiJldL) u.i.u&n (wdigo sasials

3T drgimme

oyl cobiows «yliows o&azdls «(55)9JLLO 9 dgo wiige 0aSiidls

035>

?
Uil 3925 5 Dglite (5550 3925 Jubs 4 Lols Glol slaygise 53
o138y €585 OS] Bzt Jld sl 5 psien Sy YL e on
5 )89, 23U (gl ol 53 0I5 392 el ol 3 Sy (s
cparndl] b cojoralSyil Siyd (S i3y Gl wlilee Jlacl
WalS (51380 bl 53 Siiyd (St (5051 sl 48T 118 upys )90
-l ke o 2 eg¥e .l i8S ciygio bumme (5lod )3 5 oigdipugSme
@l 393 b oadeogdi gty pgaines)] JLIT Sisyd (Siws ol g jae
6388 P55 Sso bauwg’ S rhaus 9 Loy unyt sl e30l sy
313 L i cunsl o0 plandl lae JuS g g Sl 98 Se g
whlas 5 (5)ly) Jlasl izen 3wl 0353 355 WL sl )Ly o«
ooinesll il slacajoelSeil Sui)s (Siws jae d9u el Gyl
RCWH W

wee b oelSly, Gibe wllee (Sugd Sis dasflgads
poriesl] 4l wajorelSsils

WALNYNE sl gyl
VB VA tipds fo,l

m_azadi@semnan.ac.ir :Jgiue odiug®

dodde =)
S S g8 (ulitio )3 ulas Gl Sy 4 "Sid" le
wed & Gl poled I 3 zohuw b panz 93 o 45 39
& dnSe U8 ssie slagyd by Galed)l (slags, 8L
cely ke (sl i o5 olEim alyd ol 55 2am3 e
b5 Siipd (S oy aisd Sy 4y delsl j3 5 (5SS
slagiole 38 i 55 b Plesie &) il S
&5 05l ((SuilSe glite (sl 1)L 5 bl - S Shaol
O 609 4 09,395 5ige wlabd ;3 Si)d (St o101y 313
Sy sled 9 gy Sy osl )3 39290 uled )3 Zghuw
el & T BY 5 Blyjls 3925 09,365 gy VL
3942 (sl wlakd )5 (a2 ol SO glgie 4 Sad Cowl
Sy lises wwl a5 )8 dallhe 350 i S

Urte SyilSo udige sole doliole


https://mme.modares.ac.ir/article-15-50668-fa.html

Downloaded from mme.modares.ac.ir at 11:42 IRST on Wednesday September 22nd 2021

or epd Siaiyd Srud 8y 4 Gighe wilbilac g (5, ilgy el aelbe

55 SaS 3 2255308 200y Jla] slapss siile o
S 518 aslllae Lol el 413 )18 unyy 3y30 235,355
L 55 ol el o plaxil a4 9350 gy Sii)s
Sy sl 4l )3 iy cwsd s 219551 S o
SO eyl (@) Vg (D) Y gl S s PHlew] oS
ool L5z g 4ol ol 53 05 ol iy (5390 aallbe

RO PV 0))9]’ &ilﬂ))l.‘l‘.ai‘) PR

3929 5 Syi Ay Sl Coml 4ol 53 Globe bghs 392
&9 oren [PHasbie cwnd ool )3 (Siud 05ilSe
i sl 45 a3 50 L (2) ¥ S 53 0l pasidio (ST
O3 35503 3929 o Juls o5 313 3525 Kyl sl s (2
engay Sy eSS wbe 4 wibee sl ool )
GUIT 9990 yaikaw 55 gtuns 038y ol 9 YU Jods 4 es 390
S wiles) dindon s QAT sl el oS ai8l0
Lo 33,50 gty (595 Sy b adiy 53 (3138 Sy
ol diels SO LSy b e 53 Sy Sos =Sy
Sy ol ASpe BLSl (St sas 4 |y Gigls colie
&) cosima 5> Sy sld Jo (555 0 elad wyga (S,
il § Ks plys loosssy Wlie ol )5 14U sm30
dghd )3 oslitul 3,50 Slge (ly Bl (Sus wyga

@
£595 (2 9wl 4l )3 Glole bghs (U 0 s Oginsy (I (Y S
(24850, s ,3 Q2

Modares Mechanical Engineering

b oY o Ul g sl (g5l el ol oS onipz
ST 2 Siid (St 518y sl 1y 39850 Lnygs (a3l
laimie busi ol s &5 sisls all Vo0 egyises]
6l Gl (M550 ol 48,5 118 1005 350 39290 yee - il
69 bl Siid (Siwd Sy ity g sl pae s
Origed 3963 iyl Gl 4ol g a5 (655 JBe
wliee V-Y0 pgiiadll LT (53, 0 Siiyd (S 351
ol EN24 Y58 iz 31 s sy s 53 o Gy
sl 1y oads @il Jae 51 Jols wlusle Jol> b g 4
oxds st (LT 555 30 (533970 wilallbe (uizen 354l
L6l S 5 lanyuo ¢ Jlie (sl ol 48 ey90 (Sogaineg]T
Jloel b 1) Sudd (Siws )l8) (59, 2 abw G
powinedll ST (535 3aldgsl gy 5 (Hgliie (slaculins
Uiigy 3ly lid aulis \a33)S Gy odd Gyl wlidee VYO
23 Siid (S yae ady el j5Sog Ve (b b s 3alag3T
S Gl )3 gdoe eI slagidd )3 sz (S 4l
455539 VA 390> 43 5 sty e b gxlasil slagids,
soe phalS el oSy 5)Se bl g Gludgy SaiSs Jus
5 odind Aisde VL latld e ;3 Sids S
b wlides V4V0 osiiegll Sy (S ), 117050
rglite (glalid Ly, 45 3,5 asdio gl 330)S aoyys |y o
Ml S8 (S Sy 4y 9 (5550 535 2 Blgie
Siib (S yoe 5 (6 Slg, 5 b alasly 55 IS pob . ask
Glagiagh Jud jlcwl a8 wige ¢3game wisallhe
sl Suip (Sws jee n @ISy, il asTIB)
4 Gy o 03lo )5 dgame Uy 1L a08)S Gy |y (egeslins
G3b ry (sl Sl b ilallhe (egainegT slaLT
2 §)Slgy 3l PO Sen 5 gh2 L (slasdlas 55 ailogse
Uy iy gl wilall )5 39290 G esuSJate op>
Y.yt \awsﬂ iz 3l eaus 4>l (Double Shear Lap Joints)
b oS Jlasl Gilee ambio 5 3505 b gy oal 5355 e |y
wgo S9dse Jate 2l dxbo 93 4 (5550 b SeS
ol ) US55 el digad g Jlail ol 51 (led ool 48)S
oo 53 45 (ladiged a5 39 o] 51 Sl pulit .l oais osls
i (6 ytiiony Siiyd (S yoc Aidgy oad (5, 50xey) )i
Sl (658089, g sladiged 4

ol 51 By sae (595 2 Siiyd (S il 45 Jl>

[20]09‘0)~T ))'.\3‘.'@‘ digad g US,A)T 4.!L| tS.uLo.w QO d.iﬁ:

Volume 21, Issue 8, Agust 2021


https://mme.modares.ac.ir/article-15-50668-fa.html

Downloaded from mme.modares.ac.ir at 11:42 IRST on Wednesday September 22nd 2021

olyKen 5 Sy 8l Golo dexe OV

[27] Jygili 03iaS cugdi wlyd odims JuSiid yolic Joys () Jodo

Loy yaic Loy yaic Loyd yaic
0+A0 Si0; YA MgO +AA Naz0
Vasge Al,03 VAY Ca0 /5y TiO,
["Vas Fez0; D24 K20 {AVARA LOI

ool cadshiyatise gl eaiiS gl WS oles (Y Jdz
S gl ey SSluls

b ol T et e ST gl
s jlaie %

5 Bk e LilSgg
caghy ol o d‘. S s e G ey
e o3s

. »e5)

22y e
(03) (poyiaSly M) (edgilin) e 3
(100gr (yo  yio T

(&iy0 yo

G vy )

Y6 5 £A Yo YEY oY

Y.

SIETRTA 2
A4 S ——— ~:‘\“J

=

()
wldgib (sly Sl wSys bwgi ssd Q) o5luil (&l (W JSb
o dugd wldgil (w9 o oslaiwl eaiSeugds

L dolsl 53 g Siloads syw 33T (lgn b eygloe 45 onds aisle
in UgA)T 3lailiwl (sladiged (o 5 piilo .&.UT)B ﬁL;U'
wie b bdiged (i)l wldae ! gl cwl osds Jol>
5las g 80 (5l Ken oS 50le dz s Brr (slos 43 ccl )
3 ki dz s Voo glos )3 el & wae 4y g Ol 43 (5,5
sl 9 sl dalsl j3 ol )S3 @ 03 s 8 by el
L o9l eaiSeasdi whd Jold egainegll ST laxs!
@l Jolds ogrinasll ST 5 wlilas g3 o555 olgice
olsie 4 Gl wlbles oy Gl caiSasds

390 (50 03y ‘ob sUL‘.lA.C L\ uJ)sAALngL’

1Feo 2l3p0 oA oglad Y oy90

piile paizan Ll 48T )18 asllhae 3,50 gise (g
il Kispy Sws [l oS (gagame wilsllas
2 Sy wlellbe 4505 joim cowl 45 w90 (oguises]
sl )3 9 33 3929 (egaices)T 4l (slaa 5550553 1113 s,
G yac 5 (5,Slg 5l Gupy ad e)ldl &5 jebplen
NOM XV I E S RCTRVET \"9*"*"9” g jselSyils Siiyé
S S J8) o9, ,(S5lg) 035390 I Gmedy ol 5
£95 95 (sly «ldgil b oad gl Gyt poiedll SLIT
09 —ejorelSail 5 e wlilee b —cnjerelSail diged

ol 0dds i 5l wldac

G (g 9 dge ¥
psnslins - pssinagll SLIT caslllae (ol 53 03 ounyy il eslo
03ail 3l el (leasd oSy aBlse (s)law (slagyde>
yaic 559 oy WiV Jolis 5LIT ol sls lid (g yegislyS
PaIE (39 M0yp3 Ve ipue paie (g 3oy WV gl
);ai.: u.!js 0yd ’/O&A 5&.&)’)/4.\5 U—")S .\/0)) ’//\’\ sfu)'.u.A
C)?!‘ 3 el 6399 4_|L' osle C)'B:‘" Q ‘owsﬂ)mw 9 L)'“’T
@l ogaiaegll SWIT dsy elSaiul jlhie 4 (hagh
ol oad 039381 LT 4y cole (Kin gl saiiSieagds
lasws odlo HLidy y S5y wldae 13U dwalio s G
gz aidS L3 Gl wldee caxd 3ylailiol gladiges |
SaS 185 (g Sz g, 5l s 3ylailiv] (sladiges adgi
Clde (ad 039381 51 i (S aiB, f\li’ub)b RO V- PrENR S
GH9 2oy G olise U plaleS ity by SeS L LB @
5lade ol a5 ol oads 03938] Lilde b (wygili caisSeugds wl)d
(25261210 55 33zg0 2ol A dzgi b osds d8LSl wily34il
393l sl 0391 (gituny ogiesll SLIT (sl diagy 20y
ggi 3l Loy gl iz (g ol 53 ek eslawl
5l 9wl 03gs ((Clay Montmorillonite K(10) cudghs yeiige
@l lead coSy cwl audS agd QU gl wSyb
oael ) Jod= 53 g o2l 53 034 ealiiuwl Luygil esiiSeagds
03,91 ¥ gz 3 walshyaiige () 9 olsd (uicnan cwl
oo 96 @bl olul () ¥ S ‘OT),\ ogde .l oddd
33 G e3listuwl 3550 (wygil w3 s e plid |y eddds (g lau,5>
53 @393l @bl ds bgsye yglal .l o 03,9 () ¥ K
£ by)o ).39[.;&.! ol 08l OJ)QT ¥ J&;jﬁ)) (:AWQJT Ao
olis |y 9l @whd 3925 195 4 piaST 9 pgumaliw yaic

LAY (0
Sloss s3sisl e & T 31 g 5 SIS 5 ioleSn
sl slailginl sladigad (Saz CIB s g5y Sl I pay

Urte SyilSo udige sole doliole


https://mme.modares.ac.ir/article-15-50668-fa.html

Downloaded from mme.modares.ac.ir at 11:42 IRST on Wednesday September 22nd 2021

76 o
7 °
% 18.37 $°
Ra 06/ Ra o g
”%omm
o 28.81

o epd Siaiyd Srud 8y 4 Gighe wilbilac g (5, ilgy el aelbe

3.96 t0.02

@)

)
(@) il gy Jlael ogans (L) 1g03T ot wlatin (O JKi
o3 (slod (3) 9 3yl bl diged 4bS (Z) ¢l 33 (5315553 o920
ool
0985

oxds 03ls (iled (3) O JS 13 Sadid Jgjle s xSH5 ogo
ol

Wb slecajselisil » Sui Suws i aellbe gy
5ol ol 53 esliiul Sy9e il slaay (essines]]
0 o b cato )y osliiul 350 gt s,
CSile (s> 5 liesd oSy cwl osd iz g s
03)97 Y Jgaz 55 (MF-116 (Saz) oads oslaiuwl 9 &u)
RCI] )

ol 53 eads esliil Gaz pgten S Jliblegy) prizes
S8 Hla8e uizen el oad oaly Glis & ISy (Glegh
Gl slagsail pulul  ae3T digad g (ol 4 o (oled
i3, 55 53 (s Ve byl sy iy 53 35730 (59580 9

128,291 ol

Modares Mechanical Engineering

SiKal AlKal

$00am

MgKal 2

SiKal AlKal

CuKal Mg Kal 2 OKal

&N uuL».a.A 3 digad a.la.w)b o3 ygds s_:|)39.al.: g9 wldl (F I
FlogySro

22 6l 6B0Ess 09 Saxiyd (S el gl ol 53
L g JwllEe Ve g 100 MAe Mo wiglaste (s b ¥ 43 o3lo
ST e Siis (S lid, U ol 41,8 ol IS5 W J8la
20 Gad pazie 5 )l dnlio ghy (puw d3d Jol>
b Sy Siwd gaoil «Sighyd (Siwd joe ()l
9 V0 M (S b ¥ 43 slge 51 plaS 5a (595 50 5y, Jlesl
Slasi el didpls wyseo JLHSE LY coley 5 JSwbEe Y-
Sl 5858 SaiSys 039450 Juds a b (! 53 yieS s
Sy (6,lsy 3 Guapy sl el 035s G3ail (sleosls
e 53 (egrinesll by slacy;seliyil Siuip (S
W0 5 53 gy ol ¥ legaze «Siid (S 3051 (51,2
b ol oad 039331 (italw slasy g a5l diged (g9, 4l
5 SAE-OW20 gg5 g ADDINOL ECONOMIC 020 yég, (5l
A3l pledl eilo

SFT-600 (5ily93 - (séed (s (59051 otws I allio ¢yl 53
o2 pgSme WolS (6,135 b akiis 93 g3 51l Sy
i 9eil bbb sloul jshie 4y el sx3S eslatul
Ol o bawgi o caul oad aiblo g 2hb Ggjle (S
23 45 johilen S0 Bime |y diged 4y b g9 Jlec]
il slosy Josle gl 53 el camlice LB (&) & S
bl gy 39290 (layid SaS 4y b Jlosl dlio (555 39230
S50 Sl digad gl (55, 1y U

Jlee! Ao (59, il slasy (65518 092 () O JSb 5
oslasiwl yylailicl diged aids (z) O JSb > uizeed g gy
5 03851 oBiws (raizeads ol b o0jgl gy ol 53 0ads

Volume 21, Issue 8, Agust 2021


https://mme.modares.ac.ir/article-15-50668-fa.html

Downloaded from mme.modares.ac.ir at 11:42 IRST on Wednesday September 22nd 2021

Gy sshie 4 ed)S elwil MIRA3-TESCAN  olKiws
292 b ladigad hw Bees oylod U (35 o5l 51 g ylis Ly
waduia (sly G ol W8S 8 (5,5 tadgy e Lol
Sl 0 Jols (liands oSy LIS gl Jolxa 51 jls ()0
Sl ydlae 1/ «S5isldg ) aum sl dslae | bt O
oxd 43S SaS Sy sl yidhie YO 5 Sl

!

e g gl -V

odlo jlislwsyy —\-V

4 by pglial oaims i V IS Gl bugyy o b dai) 5o
o3 osliul Gogsinesll by slocajsrlSeil (slaylisluy,
LIS dboeajorelSeil ol GIS ssb 4 bl (g ool 5
5B ol 53 eads ousSTy eliguy odee a5l ogrivegl] dive;
wylite JSb 93 @ (agamatw B ool el pgnaliw
L 4z b Al )S IS egaines)] diej )3 Soli 5 (las L
ALl 5 (Si) eommnlins S p3zman IS USS (slajlé Y JSs
390 egredl] Al slacoiseliyl slaylislog,
39290 (38 O slo3ld dhal) 5 uizen 31y 3929 coslail
ssbilan sl 53 540 eouinesll b Gue 3 S8 wliSs ||
L oS 35 syl olgise el oads onygl 3132 clallas 53 a5
Sl ol Ll (5398 298wy e 1> S5 (slaleS)i
Adlie JSiie o] paniudd 5 il e Ha3 ) dlie (53 o

olyKen 5 Sy Bl Golo demo  OYY

CSiws g9ei] 53 oslaiwl 330 gty Siyy wlakde (¥ Jsiz

00 Si5,9

53850 30y3 o7Ae B /Yo | pgruliw 2oys YA B Y/F
Siud 30y3 N YIS Tz [ eojuie 3oyd opeV U epeY
Oidge oy oW yiSTus | 3,568 sioys /¥ yiSlus
L SRV St K

(%) (leosd oSS

JSlEe AQewe 15 1FQeee oY) Jgio

i TR el - - <. » - - _ o

.y - . L - o

T B T . . g - :, : - 2

L 2 - . » » :. ° ollim s e any
> = .

e . By § o, i 5 %89 -

st ST b R B .
e '. = .' -

.’. : e - B8, » = Lieia L Ry
., » e g ~ -~ © L
':‘ e i -'..'.. - e
Ny CORE S e 3. aw. ol

Eaeed St et g o e s,

. 2 - ° 5 -.:“. o “... .. .
i e, B M e *
gy “ ..~ o T S o S 1

T @ . . - -
- DI ™ .- 2. e®e 1
. s, 2 B,00 o o e . 0% -
NSl CSNOR A S e an el -
100:1 206 o

(Cast Iron MF116) B jaz ¢ysiu S jlisbo 5, (8 JS&

sl )5i50 gty Sy dwsia plen Jold 54 Glole abuw
w8y )18 9,0 Jlael dlro (595 2 9 o sty ol 51 elkd oS
629 Py e SeS sl leiy up ealed 3wl
O ladigad cusld phaw dellhe Guw § cuwl i8S wygo
b (FESEM) plase JuuS gy gl sSang)Sae S

(<)

(alh

[©))

@

Voo 2eiSi b Gihe wlides b (@) ol Ve leiSii b il wlides g (Gll) igsiuny psinedll slaca;anelSail laylis b, (Y JS&
2 Voo leiSin b e wldes b (3) 9 puln Yoo 2leSii b Gyl wlides g3 (2) exle

VP alap0 oA gglad ¥ o593

Uosde Syilse uwdige ele dolinle


https://mme.modares.ac.ir/article-15-50668-fa.html

Downloaded from mme.modares.ac.ir at 11:42 IRST on Wednesday September 22nd 2021

vt o S oEe) Den - SS B S

YIYo laosls uSilea ~Sllar (90 -gili Ly

o —E ey oS yd (S

Yy Loesls 5 ils - Siles b5 L

- Lo ok, b S b Sous

YIve Laosls 5 Kiles —Callos (590 -5l

! a — gy, LS 8 s

AA) Laosts ;Silea - Sllas b -gili Ls
YN
YA
ATEIA)

Y I . | |

avy wepd K58 S 58y 49 Gyl eilbilac g (5, Silgy wi il asihe

Y ove ¥ T o o 5 g Y VI
(log 2Nj jee 28

(lh
V¥ o — B OIS B S
YIYO Wresks efila—ollac (ppa-gili s
a ROLRC IR ARSI
Y osls Sl —Sililae Lo gils b
Lo ok, b b S
g VIO C bt il s
i ] —e Bt b Sus B (Ses
5 YIY ooty ofila - Slles Ll L
“4
J
ERAT
3
i v
Y/
Y . L . | L I L .

AR v/ £ fo o vid F 710 Y Yio
(log 2Np) yee o250

(<)

ioogmines)l il cajsralSeil ey K) oo~ imie (A S

b wldee b () 5 Gl wldes g ()

S (Siwd 1903} Jol> zulis (& Jgi=

baba
T
Jie wds b dlslas wlidee Lol ggi
. B 0es;
chl>
o o
R2= «YAAS = —.¥V\\x + WIAYY ) laoals ‘olﬁ
wllee (5,80t
ow N
R2= «AVAY = —¥sx 4+ P EeY  wldee b  eosls plos
GLRES
GEE . |
R2= wASFD gy = —oYPAFX + F1AQ) ©Bues; b baosls gles
o w

R2= wQAF  y = — FFVAx + FRFIY oldae b (65B0eq, b mosls plad
usH o9y oSike

Re= «AF3 y = L FeFIx 4 MYE
wldee (5 )50eg,  nosls

v oSile
R2= CAOFY = —ovsssx + VFVYY ol b
GBuegy  eals
O3 0sSilse
R= -3AQY = —oYEFOX + VK Seopég, b
Y uL«.Lcu: GP0Es) Lavesls

R= 3390y = — FOAx + EFVN wllee b (5)0¢s, b
Levosls

(V) dsloe g dzgi b aittus (S Sl glgi 5 (Siws
dge (S (olss (S slapgeil jI Jol> b 53, g
o odly plid T Jodz 53 Mlae ol &S dgdise zlixiwl
Jolo 2l 4 4293 b oyl wlidas 130 duglie glycwl
S cuol ssalie BB T Jgaz 55 Sy Swd osa5l 5
PR VIR ST STV | IRNUI VIS CONC AN L CL WV Ve

Modares Mechanical Engineering

CajeralSeil )l b yglal oyl ar (@) 9 (&l ¥ IS 5
L Ghlh wlblee gan 5 b edle 93 Gly cossines) 4l
() 5 (@) ¥ S prrizren cansl 0xd 0397 il Voo (laiS),
g At (632l Voo alaiSysn SSioled (oo sl @
Sl 313 elallhe b wlie & amsie olis byl
on S 5 pomaliw wlisw 1558 9 JSb il wlilee
Aoy )3 b (Sob whigw lade 5l ably s 318
3 o 15 liae (aimed ol 4Ly (20lS eguises]
cul aly GEalS il wliles b2l g

b glecajolsl glaylislopny sse ol Gap sl
SaS g il Voo alaiS)in b GBLATT MalS (2153 55 (sogaiaes]T
Jsaz 55 Jeol> ol g wilais,S 13 delllas 390 Image] )38l
el o o3l Lt €

OV/AL el 5> wldec ccwl saal £ Jgaz 33 a5 jghilen
o 53 el 03 pgmanlins 316 55151 aKilie 3 GERLS 8oy
O cwl abls (a8l sy ¥/ 39290 pgumaliw slade a5
b 30,3 WA (sl e )3 egmadiw (505 wylie
o3y Gldigy o b whiles diged 4y o |y (5 e
22 poruliw 1 10)3 9 b (i8] s Bllasllas 53
el 48)S )15 10l 390 ()l wlilee sl Sl

iy (K yac -¥-¥

O (oo A JSd 53 (Sigyd (S joe sy b by 5
S pae w5 dials (135 @) Jolds) ety see
09 5 b bl (sl cogituny (sloeajsrelieil gl (Sass
RCI] W) 03)97 L RET)

pldl o2 slagsesl olad ulid sxmaplas (Al A JSis
G2 09831 51 e ol ol (uSilie (pricean cul o
ol 51 Jols slie ol s og¥e Ll oual (L) A JS& 48
el o 03,51 0 Jgaz 55 lagyges]

gdle a5l 188 @) 8I b 3lse olss dlome jokaie @

BHledy olyice
o4 = o's(*N;)' M
Log(o,) = Log(o'f) + bLog(YNy) )

Uf;iu&)w)ﬂ); Ny g diwly idd Jsleo oo blgy ol 33 a5
Bl Copd il cuSyS b g 0 e A0

2 poabiw B lul ke 5 sy ol Jlaie (F Jsaz
whles b -eojoralSsilis b whiles gai-cujsrelSaili JLislujy,

o>
i wliles b —cujoralipili il wlides geu -cujgalSyili 5l
SUCE] VS 4+ Sl
o3k KVES) b 033k Loyd b
oj|J3| bjl_\il
g Sae) - SRogySae)  yiegySo) 5 o9 )Ss0) ‘}
(&0 (& (& (&0 <

OFY/S9A  YY/EYY FAFAALAIE IPALYEY  14/F10 FEFR.0/51)

Volume 21, Issue 8, Agust 2021


https://mme.modares.ac.ir/article-15-50668-fa.html

Downloaded from mme.modares.ac.ir at 11:42 IRST on Wednesday September 22nd 2021

2033 VAQ LY L yulys Siyitiie (S e (4 yiiins (615 51480 (4
wldee b -ea;9008650 (sl 398 palie oy ogVe .l 0393
VYN0 Cudyi 4 JSwllBe VA g We (a5 ohw 43 Gyl
Ol 201 g gy e (ylid |y Ay 3u0yd 00/87 g oy
0 (5,13l Jlael 51 5 1) poried) SLIT Siiys (St joe
Gl O ULAMJ GSY W as k,iw.o ‘oLisu.z.u' Ul9" 3590 33
pled Jol> (slmosls 4y d=>gi b cadilbioe 5 poe - (A5 (Fovie
Olsi ke oS w8 dad olgie T sz 3 39250 Logyses]
ORIl el g ol oads yi5)5 lsged i o3l (s, Sy,
ogMe .l oai usA)T g5 ol 52 ‘_,54./.0 ‘owl olgd o3l
u.i.\.wo ‘o[ia;buﬂ w);a)lm),\im;p Sy Juds yol (ol sOT)g
Siiyd (St 305l )3 (ee - Hevie lase 51 (0ye)
Ol9ie 33 S8 e) oy cosd Hily> wlides (ladiges
s

b 8 3 e wlias il g laeajorelSil il L,
4.hJ|) UJ' 2 ol w)f)l)s as)lho dy90 ¢(palldz=o hmy .)'5A
sols (sladigad y3 aS (Il 43 wisly L [38] 4 San g g3l3T
L e @lyd gadd 0338 s 1 Sl Cops cely3gil

JElia Y

- . 4 b & 0

ol Sldes pan -5

sl Sldae L -
WS, b WSy o
(<
ISl A
Yeres
Yoo

ol clles L5 ol Slhles g0 -5
By, L .)Lﬁ\j) O
()
SocajslSel K Sus o ,Sly, ¢3938! ,30 (3 b
e () 5 JSwbiBe We (al) (205 b )3 (oiuny 04 Cogdl
JSulBe

1Feo 2l3p0 oA oglad Y oy90

olyKen 5 Sy 8l Golo dexe  OYF

Siid (Sid 3051 51 ot bl Kb (S oly> (8 Jos

o'y @ldas bylyd Ll (mos|
b 03ls g4
Sl e s50ts; &
B A IR A JAVARIAVN wldae o Bt pgn  eeals \el.a:i

PSR YOWRAYVAY wldee b
- YYVAY \OAVAYY

680y gsts  eals plad
wldes gon 6ot b leesls plas

ey TPEYIEYEY eldas b Boiss b laels plas

SR YeYR,001 oldee gn 6 B0s, ngs bosls ¢uSilee
LYsss VSRSV wldee b B 0Esy o9s Besls u&ilie
LYSVD YOFERSS oldes g 6Boésy b osls uKileo
PO VYO YA oldee b Boss b osls 1uKile

iy 4o dosls U&Lw g ooals ﬁw sslie (glys, By
b pizen cwl adly (a8l sops Vet g oy 1A
Slp o Jols U.i.w.o ‘olSa.'f.d oy palie duglie
3Gl wldas ga 5 b cassinesll 4l slacyj5elSeil
Sl 3550 et JIS3lg, olyendy (Sii) (Siwd (905!
9 oy \Yov,.q u.u).) a >osls u.\iJLJ.A 9 >osls ‘OLAJ )_!AL&A
eleoiwl coyps Gl eels il wldee caoyy 1429,V
5L (595 Gl wlidee 13U oS Gl 0ol oad (S
wlellhe Lol cowl s plouil ey sidy Lastitus Siiyd SKws
S yae 3 Gy wlies cade ;i L3361 555k (gl
33 ol oogde sy L |y egeinegd] glaslIT e
02l93 9 3tk » e wldee 13U Gy b B i3
2 ogde il (giuey posmlin —earines) SWIT (Sl
(Sl wldes elxil JUds 4 cpsauadinw slade Gialisl a0l
eSSl wdby 9 3930 ey (yly> wlias a5 sl lis
Sox2 b 39,60 HBL w2z e 4 3sde G G g
wols> psinesll ST (Sws (elss 5 Suilse (ols>

il 39 5 of Sy Siws
245 jehilen (Sip (S yoe (5[l 51 L alay 5
RIS elSoviwl coys jlaie el sad esls lis T Jgax
s b wlles pod —eajorelSeili ssy 0y Jlesl jlamy
g 2oy ¥V Caiyi ds sl (xSl g Loosls eled ylie
Sly polie ol puizen ol atils El8 Loys oYV
YAYA g 3oy YOV yly Giylye wldee b —eajguolSeils
(,.iuo/" 2 e )J)&Jlg) )JJLJ A JSA:')).B Gl 039s M) oyd
(@l & JSCis 55 cannl 0 o3l L ¢ (23 pxbaas 9353 (K
23 oesinesl] b slacajenelSeil Sibp (Suus jee
oxd (5, ppeg, bulyd 53 (JISwbiBe WWe) (15 b oy yieS
() A S 5 dalsl 5o il oddds dunlio (58 0e95 (g g
o) Sytde (il gl guytden gly onden Mlse o
OariaS )3 a8 sl lid pult cul sad o3ly Glas (JSwbiKe
s o Gl wlles locajorelSail sy (il zhw

Urte SyilSo udige sole doliole


https://mme.modares.ac.ir/article-15-50668-fa.html

Downloaded from mme.modares.ac.ir at 11:42 IRST on Wednesday September 22nd 2021

ovd epd Siaiyd Srud 8y 4 Gighe wilbilac g (5, ilgy el aelbe

ol s (555095 3 (S8 09) 0yt dged S gl ]
S a.hw iy e g.,«_\Lc) L ocwl oad edls
Ve S g (@) Ve IS s il wldas (g —eujanelSeil
Ve S g () Ve U )3 iz 5l Ber laiS)is sl ()
L ‘OT)? ogde cwol oais o3ls Hlid plys Yeoo U.JLA,S))J L (9)
ledigad cunsds pdaw odimy ¢lid W S (g8 iy caley
JSd 55 45 pebgles . ublise il whiles b —enjorelSil
ZoalS-auds 5 (Cleavage) guonlS (=93 3929 Jod> 4 gty
35 Wk cwss sy cwnss xbhw 4> (Quasi-cleavage)
cusis gy @ [BLA0BlGlelhe 5y Lcwwl o3y (Brittle)
)LJ el oad gylal eitun |°9""'“‘°9ﬂ )LxJT sly Gelie
sloddyg JSi b 31, Sellinn S wilxiuo slaial )3 i3S zugals
bohs Jolis wiilgise o s,y ol 3gd 0 Sl e
Aol Sy5 Ay peo b ey oo (River Pattern) gldilssg,
S e Sy S, Juds 4 ugalSand ST 3525
> (Dimple) LJ.;A.D )L\T 3929 (oD ol ‘o)J CnS 933
slooyis silgige il Jld Cowd 4 @S cwsl pdaw
S Hl8) 3929 0aldS Al ildly JSO Gege b A
M g1 S @ argi L BIALBL e (ol (e 53 oSS
039381 b condd (suyp jaralSsili 93y (gly 390 oo

] v [
-, T

-2 E Al ~
< . <A .

Casting defect ‘(N
Vg

y =
Quasi-Cleavage
-~ (W3
X /

>

SEM MAG: 2.00 kx Det- 58 SEM MAG: 2.00 kx
WO: 10.53 men ws: 10,00 WO: 10.53 men
View fieid: 104 pm  Date¢midly): 07/1320

Casting defect \N
v Yy
.

. v -
g asi-Cleavage

View fleid: 104 pm  Oate¢myddy): 07/13720

Jds 45 leayjssalSyil Gl 45 cuglio Lol cal yidas osle
2 68 ol £33 gl 48l 390 Indiged jidoy (Hde
el oS W3l GLES ol s osde el o saalive Ladiged
i lS cely pgaucliw (5599850 3sS Juds 4 Hily> wlidae
Loy LialS b Skl coys Lials .3g8 00 Slhol cayé
BoyLis 5 S e 3950 (il HLi8) dgns el
wllee glacajoelSsil 5 baeajsmliapl Gl s,
ellac gladiges 45 1313 pLis 5 3355 dulie |y sabiy>
ceoglio ccmlio jliblugy; g yidon G Jds 40l Gl
cuoglio dzl )3 g BB e lid osle Glnlaz cuwd (g ey
ol Hlge siiwd Iy whdgil 4 cowd | (gridan Giale 4
wolss Slsise Gibe wldee ha! cmse glis esd

g s |y e jaelSeil ol

WA ¢ 51:.«: PNES N O
9y X8Il Qg8 ;e gl cenSis JIUT L alaly 5
s 9031 | Jolo sl gl 4 bgiye (plie JuuS
edl> 95 Gl oesines)] Al slacajsrelSyl K
—e09505930 (gl calyS 6 B negs 9 g 0nd (5,09,
W de US43 G5yl wldoe b —co;9008530 5 wldee g
QgAjT Gy sslai eled ccwl )53 @ \ajl’ ol oddd duolie
JLiwLaLio V0 Jalso g eSS Liad adaw 53 &.u)s (_,.fa.,..o
JolS e ey an () Ve U g (&) Ve S ys L ailioe

7

094 03951 3 2l O leiSi () e lilas g3y —o5relSel sl a1 lase JS gy (539,81 98wy Sae yagliasi (Ve S
(0) 035 (5,39, u3a3l 5 by B0 (2led)31 (3) «6H\SSls) g 93! 9 s Be lelSy3s (&) o ()Sly wgajl 5 il O (LeiS)3s (&) ()l
o3 (5)3lgy 99031 g il Yoor (lai31 (9) 5 2 lg) 32 393 5 ol Your (alais

Modares Mechanical Engineering

Volume 21, Issue 8, Agust 2021


https://mme.modares.ac.ir/article-15-50668-fa.html

Downloaded from mme.modares.ac.ir at 11:42 IRST on Wednesday September 22nd 2021

olyKen 5 Sy GBI Golo dexe  OYF

SEM MAG: 50 x Det: 38
WD: 11.38 men B 1000 WD: 11,87 men 81 1000
View field: 415 ym _ Date¢midyy): 0713729

View field: 4.15 mm  Date(midy): 07725720

7,

[ ~
SEM MAG: 2.00 kx Det: 38
WO: 11,51 men 85 1000
View fieid= 104 pm  Dabegmicsy): 07725720

<

SEM MAG: 50 x Det: 58
WO: 11,38 men oE 10,00
View flold: 4.15 mem  Date¢mily): 07/1320

KX
==

; ‘\ ¥
[ Cleavage W)
il

MIRA3 TESCA)

7~

()

03 09531 8 il O leiSin (ll) b lda b —enjorelSail sl adaw 5l plawe JauS (dug)y 958 QsSug Sae gl (WY JS&
(0) coxid (5,835, u3ajl 9 s B0 (iS5 (3) «(6H\SSlgy 92 093! 9 3l Bov (laiSyhs (2) 03 ()l a5l 8 sl O (aledSy3s (&) 55,
oxd (5,519, 99031 9wl Yeoor (2leiSi3 (9) 9 65y g 33l 9 sl Yoor (a5

bl 0y "} 'J
azﬁ\\ . 'g//.ﬁ -

Z9lS wlxdus 5> oad sl (sleSyig e (WY S

oldd Bl wllae b —eojerelal dgel cwsd abw |

ol oad oals

039 e £93 31 (183 bl aslllae ol 53 &5 (il Sl
Ol 394 (0 Sl diged oy AT Hlade (g yiidon cc!
123505 oo 5T b Sonj 3l e (i oSy sdac
(O Sl ey Guoled sl isd a5 Ll el ogde
in.«; ST iyl Gwled adaw 53 1y (o jlade oy yidoy
N poe LIS 1Y 89 e sl sl ol 55 s Susyd
9 S sl pae ad eSS @ e S 4 Ky
bl 53 (S Sy 3929 JLds 4 Sy Ay ey Glali8
S ey 1 Gl loesilse 51 554k Sasyd 6180

1Feo 2l3p0 oA oglad Y oy90

(S e pilidl g S Sid osail 4 gy
=198 Gl o 3 ogMe Lol oadh yidin pugalS wilxiw ol
oIl g 3lued ppizman cuol aily (EalS sS4
St yas s 4y cosaliio B 39250 glaoyis g aiSyigSie
0 s Am30e Ol Slge ool sl sad yiaS (Sius
W a6l 28] ok 5 0y S wdls
o a5 230 gl 1) g Ve S dunilio (> wliles
osls Ui U3 edls alie 6,80 55 Loy wlilae Jla!
sl 0ads ST 3T cunSld Uyl (cwsl LS, g cwl
ot gty paaines)T SLIT sl s o 24 wolalllae
9 oS —aud 2151 @uaalS i 3929 2l & sl 0ads
Al ) Joens Plsh ccansSit gha b1 By 53 puizes
63515 357 Mol Sy ;lid;y S a3 0 (i yol oyl g ol 03)S
WL el oadt Jaladie 03 el g Sl 52195 251599
e o9 (sladiged ;3 eorunliw -esiinesll slajlIT (sl
63 o sl b g porunli U b ugalS wliis 5l s
posiaeg)l ST S lislun, (iloding L 13 g0 5l
el 38 oo il 5 pormain 5B o1l ialS 5 gty
pomtbiw (318 (ol 1 ogde M350 (St yoe S9u40
JSb 5> IS e Jee o3 Sy iy il 5> GBlas aiile
Glowsd ZasalS (yixs 53 00 slaxal (gl S g S 1 ity WY

Urte SyilSo udige sole doliole


https://mme.modares.ac.ir/article-15-50668-fa.html

Downloaded from mme.modares.ac.ir at 11:42 IRST on Wednesday September 22nd 2021

orY epd Siaiyd Srud 8y 4 Gighe wilbilac g (5, ilgy el aelbe

ilizs glagseil 3 K ol 4ol wlaxin (Y Joiz

ol 4ol colno Moy ceolius ¢y yidas
hw colus JS 4 o ol 4ol o s
Ued
) Geoks &

ldas bilhd -pis; by

09
\And Y0 wldae g4 )
680t
W/FE /Y ollee s ©)Bueas b
39
/A N wldee b o ’
680t
Y447 </FY ollee b (58029, b

bzl e 03 4S5, (3g38) o s plid ¥ gz il
SrtaGle Y Ay obsl el (Sii Siud osajl
Zhw and 30y3 VeNe 5 ol 4ol cwlis goyti
Gl wldas g —0jelSeil (sladigel ;5 cowl 4l
wldee b —cojorolSeili diged (gly yolie ol cwl osd
Ya7eY g yiashee /Y8 b il comiion <oy plea b G

Aolbse Joys

i)
r
1
1
1
I
I
L

BEM MAD 999 «
WO 1.9 -

@)

MG 6 St 32
WO 1147 - - e

View Batt 41) pon  Oategwrdry) 57TV

@

Modares Mechanical Engineering

View Bl 415 jow Doy} K111 308

loesly a5 sm30 & (il yal ol .l (slogS il Sy
o 3ol Kiid (Siws S 58 loSyi 3yly Gialu 5l Jol>
WS 5o (16039 (e Sy aldy ey (Alj8 ey § 3950
Wl e dae gy oSl eSug Sae gl
0395] e > wllas 91 9 9 b oadeagii gladiges
wwglite glaglaSn b «s)Bpts) w9 Sl (i
e WSS 5y 3 gued cwl ssd odls gl
U.iuw& C)%“ﬂ g oA U.'S)lp uLJA.c (_ngw,g)‘s,}AngBU
15 9 10 slo S ol oads o391 (5,50xeg, b ol pen Kiiyé
(303 s s ) skt ol s rnn b 3
3145 sobulan blipe ssBBh liles 5 i b ssbeugs
el pasie Sy cusi ghw 4l @ byye gladSs
s 5l Siind s ol Juds @ dladigal 4 5l sl
Cwolbus o ytdan dmage] 8ley SWS L cwl sad S
ool 00 (655051851 caum b oyl colue g Kiiyd ol sl

el oa 63551 Y Jga 53 ‘(_g)ifoﬂ.\ﬂjl Jools i a5

165y 9 se3l (sl b wilides o —aiorelSeil digad sl ahw 4 I plase Jawd dugy 9l igSiog Se gl (W S
Ay Yoo 2S5 (2) 9 0l 000 2leS)i (@) oly 00 (S (ah

Vo Tk 813 s Dyl 1NN

(<l

01 (58l 098iT sl Gl wlilas G941 - oaralSHl digal sl abw 4 I Glase Joud (iagy G9! Q5Sang e suglai (VF JSi
A Vees ledSii (2) 9 mle B0 LS5 (©) il O LS5 (D)

Volume 21, Issue 8, Agust 2021


https://mme.modares.ac.ir/article-15-50668-fa.html

Downloaded from mme.modares.ac.ir at 11:42 IRST on Wednesday September 22nd 2021

olyKen 5 Sy 8l Golo dexe  OYA

@

()

(ally

() 5585155 932 09a3T sl hibe wliee b —cajopalSsil digad sl abaw 4 5l glase JaS (siag) ISl 55wy Sao glad (10 JS&

5 Gle ORI JSHed (EalS el 55 ggail Job 53 (5,ISlg,
ogriaog)l 4l cojsrelSeil Sugsd (Siwd Lolsd il
9 il wldes lojen Jlacl Jil p a5 (5 9b @ .l osdds
(JSwllSe W) Syide (i b Goytden le 9 o

el oad Jols Kyl (K yae Ay (duoys WYF/FA
gy PHerSdl ey e SaS 4 S Zhaw (w0
0393 353 £93 31 Sl Gliol cunls a5 sls (lis gl Juwd
CEx Y s i) usalS —aud >lsi 397y g
Jlosl copizman ol ot flate o caSd @ (ol
el Siis (S 09651 a2 (65155l b g il wliles
ol 3 ogMe ol oad Ladiged 43 (3y5 i 8, il
S (Siwd pae Gl b sls olas ladiged 4 oy

ol

VP alap0 oA gglad ¥ o593

S Vorr et (2) 5 1l O (oS3 (@) el O (eiS)i

(lh
() 0 (5,18515, a5 sl hylh> wliles b —co500l55l digald cunSs grhans 4 51 e a8 (g 9 Sl sy Sao pglias (VW S
s Veor RS (@) 9 1l B0 RS () il B+ (laiSyi

Siges -F

e p Ghbe wldes g )SSlgy 039388 S gy ol 5
oAb ugd gty pouwnli —egainogl] SLIT Siuiyd (St
sy Sy 515583 oy sl M uny oy h3gil b
0903] 3 eslastl il 3 glgie 4 o ) oslatwl 3y30
nge Sl ahw g bl ey 5 S S
ol 03 03)91 05 2 @ Jol> il 5wyl

A deeajorelssil ol s o« sy plia (g lisbugay Gy
Goginosl] dinej )3 &5 st pgrake B Jold whigwy
1l Lol wlilae Jlacl 5| asmy cppizen ailords ouiST,,
ol -1bse Gl (31 oo sl 5 Gegruadiw S wliguw,
208 gy Aol 53 g GBS Syed GialS cely Wlgie
s olsd g see dgup el il wllee gl -
Ol 3 og¥e il oad soguinegll by cojerelSeil Sy

Urte SyilSo udige sole doliole


https://mme.modares.ac.ir/article-15-50668-fa.html

Downloaded from mme.modares.ac.ir at 11:42 IRST on Wednesday September 22nd 2021

ava wepd K58 S 58y 49 Gyl eilbilac g (5, Silgy wi il asihe

International Journal of Mechanical Sciences.
2014;85:30-7.

14- Muthu ]. Fatigue life of 7075-T6 aluminium alloy
under fretting condition. Theoretical and Applied
Fracture Mechanics. 2014;74:200-8.

15- Ferre R, Fouvry S, Berthel B, Amargier R, Ruiz-
Sabariego JA. Prediction of the Fretting Fatigue crack
nucleation endurance of a Ti-6V-4Al/Ti-6V-4Al
interface: Influence of plasticity and tensile/shear
fatigue properties. Procedia Engineering. 2013;
66:803-12.

16- Sarhan AA, Zalnezhad E, Hamdi M. The influence of
higher surface hardness on fretting fatigue life of hard
anodized aerospace AL7075-T6 alloy. Materials
Science and Engineering: A. 2013; 560:377-87. 17-
Shinde SR, Hoeppner DW. Fretting fatigue behavior in
7075-T6 aluminum alloy. Wear. 2006;261(3-4):426-
34.

18- Du D, Liu D, Zhang X, Tang ]. Fretting fatigue
behaviors and surface integrity of Ag-TiN soft solid
lubricating films on titanium alloy. Applied Surface
Science. 2019;488:269-76.

19- Gean MC, Farris TN. Elevated temperature fretting
fatigue of Ti-17 with surface treatments. Tribology
international. 2009;42(9):1340-5.

20- Chakherlou TN, Mirzajanzadeh M, Vogwell ]. Effect
of hole lubrication on the fretting fatigue life of double
shear lap joints: An experimental and numerical study.
Engineering Failure Analysis. 2009;16(7):2388-99.

21 Guo T, Liu Z, Correia ], de Jesus AM. Experimental
study on fretting-fatigue of bridge cable wires.
International Journal of Fatigue. 2020;131:105321.

22 Hojjati-Talemi R, Zahedi A, De Baets P. Fretting
fatigue failure mechanism of automotive shock
absorber valve. International Journal of Fatigue. 2015
;73:58-65.

23- Hojjati-Talemi R, Zahedi A, De Baets P. Fretting
fatigue failure mechanism of automotive shock
absorber valve. International Journal of Fatigue. 2015
;73:58-65.

24-Silva FS. Fatigue on engine pistons-A compendium
of case studies. Engineering failure analysis. 2006
;13(3):480-92.

25- Kamali F, Azadi M. An evaluation of tribological and
mechanical properties of Al-Si-Cu alloy with nano-clay
particles reinforcement. Proceedings of the Institution
of Mechanical Engineers, Part C: Journal of Mechanical
Engineering Science. 2019 Oct;233(19-20):7062-76.
26- Azadi M, Zolfaghari M, Rezanezhad S, Azadi M.
Effects of SiO 2 nano-particles on tribological and
mechanical properties of aluminum matrix composites
by different dispersion methods. Applied Physics A.
2018;124(5):1-3.

27-Azadi M, Bahmanabadi H, Torkian ], Rasouli R.
Investigation of nano-clay addition effect on
microstructure, hardness and machining process in
vehicle engine piston aluminum-silicon alloy, 4th
National Congress on Mechanical Engineering and
Chemical Engineering, Kharazmi University, Karaj,
Iran, February 2019 (in Persian).

28- Suresh R, Kumar MP, Basavarajappa S, Kiran TS,
Yeole M, Katare N. Numerical Simulation &

Modares Mechanical Engineering

s Siliuaibsy ©5lassise wSid I oBaiasi a8 5 Sas
ilede 13,35 3,55 sl osle sl

03035 s WS Jgeol (solad wole) b pol> dllio :BYST 4gali
5 039 gl (haghy Jol> lie Gale whyixe 5 cul
ol T oage 5 o 2ol cove

5 weldl b milie (3)led G55 e ol> dllio :gilie Bylas
3l s sloglojlu

(¥ 1 g) odiungh) cunyy I 3l seme 1o BLiugs pgu
(Y cpgum 03kunigh) (s303T demxe ((AY+ 1093 odkuagh) o)l dle

(1Y :p5lez odiungd) (s30T aigume
s pledl (yliew oKdls Yo culos b g ol (e gabie

ol

&l

1- Mangardich D, Abrari F, Fawaz Z. A fracture
mechanics based approach for the fretting fatigue of
aircraft engine fan dovetail attachments. International
Journal of Fatigue. 2019;129:105213.

2- Farris TN, Murthy H, Matlik JF. 4.11-Fretting Fatigue.
InComprehensive Structural Integrity 2007 (pp. 281-
326). Elsevier Ltd.

3- Pistons and engine testing, Editor: MAHLE GmbH,
Springer, 2016.

4 Sunde SL, Berto F, Haugen B. Predicting fretting
fatigue in engineering design. International Journal of
Fatigue. 2018;117:314-26.

5- Hills DA, Nowell D. Mechanics of fretting fatigue—
Oxford's  contribution. Tribology International.
2014;76:1-5.

6- The effect of heat-treatment on aluminum-based
piston alloys.

7- Peng ], Wang B, Jin X, Xu Z, Liu ], Cai Z, Luo Z, Zhu M.
Effect of contact pressure on torsional fretting fatigue
damage evolution of a 7075 aluminum alloy. Tribology
International. 2019;137:1-0.

8- Peng], Jin X, Xu Z, Zhang ], Cai Z, Luo Z, Zhu M. Study
on the damage evolution of torsional fretting fatigue in
a 7075 aluminum alloy. Wear. 2018;402:160-8.

9 Peng JF, Liu JH, Cai ZB, Shen MX, Song C, Zhu MH.
Study on bending fretting fatigue damages of 7075
aluminum alloy. Tribology International. 2013;59:38-
46.

10- Cai ZB, Zhu MH, Lin XZ. Friction and wear of 7075
aluminum alloy induced by torsional fretting.
Transactions of Nonferrous Metals Society of China.
2010;20(3):371-6.

11- Sangral S, Achyuth K, Patel M, Jayaprakash M. Effect
of fretting on fatigue behavior of Al alloys considering
environmental effect. Materials Today: Proceedings.
2019;15:119-25.

12- De Pannemaecker A, Fouvry S, Buffiere ]JY, Brochu
M. Modelling the fretting fatigue crack growth: From
short crack correction strategies to microstructural
approaches. International Journal of Fatigue. 2018;
117:75-89.

13- Kim K, Yoon M]. Fretting fatigue simulation for
aluminium alloy using cohesive zone law approach.

Volume 21, Issue 8, Agust 2021


https://mme.modares.ac.ir/article-15-50668-fa.html

Downloaded from mme.modares.ac.ir at 11:42 IRST on Wednesday September 22nd 2021

olyKen 5 Sy 8l Golo dexe  OF-

Comparison with Aluminum-Silicon Alloys.
International Journal of Metalcasting. 2020:1-7.

43- Rezanezhad S, Azadi M, Azadi M. Influence of heat
treatment on high-cycle fatigue and fracture behaviors
of piston aluminum alloy under fully-reversed cyclic
bending. Metals and Materials International. 2019:1-1.
44- Zhang GH, Zhang JX, Li BC, Wei CA. Characterization
of tensile fracture in heavily alloyed Al-Si piston alloy.
Progress in natural science: Materials International.
2011;21(5):380-5.

45-Grosselle F. Development of innovative applications
in non-ferrous metals.

1Feo 2l3p0 oA oglad Y oy90

Experimental study of wear depth and Contact
pressure distribution Of Aluminum MMC Pin on Disc
Tribometer. Materials Today: Proceedings. 2017;
4(10):11218-28.

29- Takiguchi M, Ando H, Takimoto T, Uratsuka A.
Characteristics of friction and lubrication of two-ring
piston. JSAE review. 1996;17(1):11-6.

30-Technical report on piston ring, Irankhodro
Powertrain Company, Iran, 2009.

31- Azadi M, Bahmanabadi H, Gruen F, Winter G.
Evaluation of tensile and low-cycle fatigue properties
at elevated temperatures in piston aluminum-silicon
alloys with and without nano-clay-particles and heat
treatment. Materials Science and Engineering: A. 2020
;788:139497.

32- Li Y, Yang Y, Wu Y, Wang L, Liu X. Quantitative
comparison of three Ni-containing phases to the
elevated-temperature properties of Al-Si piston alloys.
Materials Science and Engineering: A. 2010
;527(26):7132-7.

33- Aroo H, Parast MS, Azadi M, Azadi M. Investigation
of effects of nano-particles, heat treatment process and
acid amount on corrosion rate in piston aluminum
alloy using regression analysis. In11th International
Conference on Internal Combustion Engines and Oil,
Tehran, Iran (in Persian) 2020.

34- Khameneh M], Azadi M. Evaluation of high-cycle
bending fatigue and fracture behaviors in EN-GJS700-2
ductile cast iron of crankshafts. Engineering Failure
Analysis. 2018;85:189-200.

35- May A, Belouchrani MA, Taharboucht S, Boudras A.
Influence of heat treatment on the fatigue behaviour of
two aluminium alloys 2024 and 2024 plated. Procedia
Engineering. 2010;2(1):1795-804.

36- Haskel T, Verran GO, Barbieri R. Rotating and
bending fatigue behavior of A356 aluminum alloy:
effects of strontium addition and T6 heat treatment.
International Journal of Fatigue. 2018;114:1-0.

37- Zeren M. The effect of heat-treatment on
aluminum-based piston alloys. Materials & design.
2007;28(9):2511-7.

38- Azadi M, Rezanezhad S, Zolfaghari M, Azadi M.
Investigation of tribological and compressive
behaviors of Al/SiO 2 nanocomposites after T6 heat
treatment. Sadhana. 2020;45(1):1-3.

39- Singh G, Sharma N. Study on the influence of T4 and
T6 heat treatment on the wear behavior of coarse and
fine WC particulate reinforced LM28 Aluminium cast
composites. Composites Part C: Open Access. 2021
;4:100106.

40- Liu ], Zhang Q, Zuo Z, Xiong Y, Ren F, Volinsky AA.
Microstructure evolution of Al-12Si-CuNiMg alloy
under high temperature low cycle fatigue. Materials
Science and Engineering: A. 2013;574:186-90.
41-Zhang G, Zhang J, Li B, Cai W. Double-stage
hardening behavior and fracture characteristics of a
heavily alloyed Al-Si piston alloy during low-cycle
fatigue loading. Materials Science and Engineering: A.
2013;561:26-33.

42- Zolfaghari M, Azadi M, Azadi M. Characterization of
High-Cycle Bending Fatigue Behaviors for Piston
Aluminum Matrix Si0O 2 Nano-composites in

Urte SyilSo udige sole doliole


https://mme.modares.ac.ir/article-15-50668-fa.html

