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ARTICLE INFORMATION ABSTRACT

Original Research Paper Today, the demand for joining dissimilar metals of aluminium and steel to reduce the vehicle
Received 04 May 2015 weight in the automotive, aerospace and shipbuilding industries has witnessed a rapid growth. In
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the present study, 5083 aluminium alloy was joined to galvanized steel and plain carbon steel
with 4043 and 4047 filler metals by using the welding-brazing hybrid method. The brittle
intermetallic compound (IMCs) layer formed in the interface of steel-weld seam was found to have

Available Online 28 June 2015

E?;’Zﬂ?; Metals a significant influence on the joint strength. The results also indicated that increasing heat input

Welding-Brazing enhanced the thickness of IMCs layer. The thickness of IMCs layers, as measured from

Intermetallic Compound Layer microstructural images, was in a range of 2-6 um. Further, the results obtained from

Heat Input ; : : ; ;
microstructural observation showed that with equal weld heat input, the thickness of IMCs layer
for the joint produced with 4047 filler metal was approximately half of that obtained for the joint
produced with 4043 filler metal. The highest mechanical resistance (of about 170 MPa) was
obtained for aluminum to galvanized steel joint with 4047 filler metal. Moreover, in this joint, the
failures occurred in the welded seam and for aluminum to plain carbon steel joint, it was in the
interface of steel-weld seam. The results obtained by Energy dispersive x-ray spectrometry
analysis of IMCs layer for aluminum to galvanized steel joint showed the presence of the FeAls
intermetallic compound. This was confirmed by x-ray diffraction analysis of the fracture plane.

& st & SBr Byb 3l Y5 4 mateedl] s JLasl 0925 Ao -1

e o 5 50 3 (slos (s 00 1uF NS pgman Y3 BB 550t wlio 1o 3Vgh 5 mteel oS5 cslaestle (sl gty 5, (5ol
- 1 - P . . e & . 1 1 .. . . . .

Sy by Gl om SlS S RS USE 5 el o ool Gnl ) il Brae 0 psrdiie bt 4 (obyd mlie 5 Ladlee (il

b sl ool 8525 @ 318 55l (ol oS 5 g (loojles ()39 SalS G ybo

1- F82A|5, FeAls

Please cite this article using: “awlod aliiu! Jud yls 1 Ao (ol 4 gl ) g
M. Zarooni, R. Eslami-Farsani, An Experimental study of joining aluminum to galvanized and plain carbon steels using the welding-brazing hybrid method, Modares
Mechanical Engineering, Vol. 15, No. 8, pp. 249-259, 2015 (In Persian)


https://dorl.net/dor/20.1001.1.10275940.1394.15.8.44.4
https://mme.modares.ac.ir/article-15-10060-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-11 ]

[ DOR: 20.1001.1.10275940.1394.15.8.44.4 ]

L)L e Mwl Ld) 9 (539 )90 (340

GO pa) — (5 ) Sabbgd (a5 35 g9, &3 0 38IgI 9 ()T 03w LB IVgd &3 EaineglT JUasl 2 )5 axllas

20,5 edalie (638 (o oS

45) Vb & aiagll Jlail jogas ;0 (5351 o Slidos 4z g b
ool SLIT andllas ol o el oo plol (0 o)lal la o] 4 YU 4o
moaisS 5l ookl b g (6 ) e = K5 (5 Sex g, i,k 5l 5083
Lo )5 osles 9Ygh 5 o5ulgllS oYgs 4y 4047 514043 3l ol
2 Pl Sher ol ) 0asS n I8 g9 g 6395 ) JRICPRE:
Cewsty sl Jlail Sl poly> o (58 com wuS 5 Logas) g kLo
locsSas S Gk 5l bl 5y sleosalie Wb )y ol
et jshiteds ol epdle (8 pdy O 136*1'*%9) BTN 126)93
sl labds UL (3 oS Ay plesd S5 oS
b 1Sl gy Gy 5T all M oSl s 55 Gl
NAl ool aseid bjls g al ploul soV¥es Bk o ladiged CuSh
2 pdy el 5 128 (el e Jlail plSoil (oo

228 SabiT-2
Cwolbro b g0 ,S ool oYgd o 5083 iogd] 5LIT (slos,g «ubis ol ,o
a0 Slyn ol oslisad o315 358 (5 e on 2 sl 5 oyieshes 3
SlooasS 5l oslaiul b g (Fws (6,8 perd =S5 6 )SCh9> by alis
S g i e a0 te e 215 L5 4047 4043 531
Bgod ;o U ol ools Jhg> ‘_,’..i.,{Lo)'] Oygo A diged SO (6, Khg> ey
Jlasl a3 5 sl b sl canslin B3 gl (6592 s o
oS 5 mitmed ol ool ool plas 1S o Soleds &j90
Lo 5,9 ol ool 1 Jgaz 10 cons ool slaossS s g o3y (oloows
ol B gopd 3l B g Wod edup g e e 200x100 slul o
WD el gl SN 5 oslians (Galiws 4 (5, lsx

o 0juilgllE o¥ed a4 eyl Jlasl gl s solaul Jlail b
S 420 30 & G Jels alEgs Cuogas b 4 Jlal )b
Tl Sl SV5h Byl s lopls i il o s peiegl] Bk 0 4
30 o So oS ool oVed @ peiedd] Jlas! gl eods bl Jlasl
FOWIPUCTOTN| - AT IS SRPES

L) peisegll lajld] (e ogase iyt WS S
R YN [ ER R g PICE PUETO| ESUUN WV R IO U 6
Sy rashee 05 culis by (Kod jobo 4 otel oy (gunilimgns

‘Q‘ » og)l.c W) od.:JLo ‘@ )L...q Godgd5e 4O QYB_EJ ‘5,.“..: 9 29 C?‘Ia""
oo 8XOI5 slul b 635 10 Sl SO sl (oo S Sty Ao SO

SSs> sl el )l Gillae o)y ol ooliiwl ()l ola lsie 4 caye
Al ad b Jlail oo e aado I gladigad aiod faie o2 4 2 Jgo

L. oY . .
ot M iy azmie 00l B LS &) ez st

Jlasl T3 5 (Sslos L Jsa

11- AI-5Si

12- Optical Microscopy

13- Scanning Electron Microscope (SEM)

14- Energy Dispersive x-Ray Spectrometry (EDS)
15- X-Ray Diffraction (XRD)

16- KzAlFs, KAIF4

8 o )leus 15 09> 1394 LT o3 Sl Swade

[3-1] sl 555, S0 ol b Y glabos 4o cglamio | ulis

Sl (5 ) Kig> o)l 6, 5bgz (Jolis Jlail aiy1p (paiz
2 . .- . . w1 ES LN A
slp e zey il g (o Wgm (Sl Al 6 g  SBLase]
@ lbanls ol 09>y pl bl ool 48,5 IS4 oY g8 4 nuiveg)] JLasl
S50 Dlalad sl 5 IS8 (109 9,8 4 pasie (rizres 5 Vb sanze Jolo
05 9 & SBSex by Sl eslitul (nlply Wed e Sgase (JLaS]
ol Dsllae mlio sl S Jate 9Y g3 & Loiions |, puogl 45 aiy 50
54]

eSS 99 2SIl g (S Lo 5L (owsB 6,092 (oS 5 b,
. : 3, 2.
39 o & scdbanin 5 43808 (@ (B9 Ol e = ()
3z 1,8 cpl jo el oo Jaws o¥gd @ W?ﬂ Jlasl o Clis Slagss
5 Ogdse oilingy ez 318 Lawgi Vb g 0adh gd peiegll e o JLail
UCTOIN | [PURCOVOW IR [ BV B VRTINS g PRV TR SR e
[6] o 6)150':-"" ‘Jyﬁé O Lo g L;)lS..i:j_?

rsasll 3 sl ool (sloil 358 s 5518 s S 5 Y 0
o€ 30 9 6B o Y Cwlbro el jlaie 4 0ed o S Sl
by b ol Oless 5 sles a8 wb YU plSouinl b Jlas! sl! J>
oS 55 JAS el -a¥ph Spte Jab asl op
P Nl )b i Sy pop B 5 )9 e g een
[Y8] ail jse Gyl U 5 &yl Gz 05 U5

@ peosll (65 e =5 Jlast o [B] il e 5 JoSiigmn )l
g w0,S colaiul Gyl o> lgiedr anciiy asbe pais w0Vl
g sl pll 1) oyl b o e sgasme sl slagslwand uiomen
O e JYL Sl colaa Lo culy asbe )l colaiu] a5 waegd
g oo Jlas! pllouinl iulidl g (o3 o oS 5 aY Cuwlis als

by ) S =S5 )bz hsy sk 31 [9] uilylSen 5 Sl
f SCUUSN | IO PUCTUNN | U VML SUCUONN | PSSt LI PR CEL GRS PN oo
W05 Jato 03lglls 358 4y 1) maiogll 59, = poriesd] g o = mirmkins
&lp (JSblKe 136 L ol S alSouinl iSTos a5 soges (5,155
ol sty 04T 00isS 3 L onds azsLs (gla Ll

S35 ) b 5 2o 3T polie 23U [10] 2il)iSem 5 5
. = T . M 1 6 F .
oS byl RS pwyp Ve a4 priweed] (e — K S S
Iy 6 G S 5 Ay 0l Cilel ool adlol o i polie a5 wio S
S ol obol ol SGG alluiul b Jlas! ases jo g ouS sguome
"ol G o eSS Y ) culs Cedly el (09581 S
oS 355, T ol 5 odle ams LidlS |, 512 ail G b oyl
NGO 1 PRt OR | [PROUWN UV KV-PIDRY T PR W P L ES W

Ly S5 o, @b ) ‘)8r°f.-’~:-'°9ﬂ SWTL] oS 5 ST

10 . 9 . .

Jae ™ gu)S oVsd A (609295  puiegdlm (55, 0S8 5l colal
Y 5l el S ‘Q.:J 3! <Y S Jal bsle 5, 50 L:o(j 2,5

1- Morphology

2- Bimetal Joining

3- Tungsten Inert Gas (TIG)

4- Intermetallic Compound Layer
5- Al-12Si

6- Metal Inert Gas(MIG)

7- FesAls

8- 5A02-H34

9- Zn-15Al

10- Q235B

250


https://dorl.net/dor/20.1001.1.10275940.1394.15.8.44.4
https://mme.modares.ac.ir/article-15-10060-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-11 ]

[ DOR: 20.1001.1.10275940.1394.15.8.44.4 ]

L)L e Mwl Ld) 9 (539 )90 (340

GO pa) - (5 ) Sabbgd a5 35 yB9) & 0 wlgIE 9 (i )S 03w LB IVgS &3 eaineglT JUasl 2 %5 Axllos

(S35 o) 4047 34043 o0sS  Sl3ls o o Seole 8Ysd w0jlgdlS Vg3 D083 ol ST sl oS 5 1 Jgu

5083 roieql 055 oY g8 oy ool oYed 4043 ouiss y 5l8 4047 oosss 5y 3l
0/25 ool 99/2 Ry ab ool 0/8 ool 0/8 ool
3195 o juie 00073 - 011345 03 013
029 oo 0/015 pnws 0/1 ko 4l5-5 ol 11-13 s
03 ;% 038 ;% 0766 ;% 05 5% 015 ;%
0/136 4,5 00017 ,aus 0/008 ,a.s 0/5 s e 0/1 e
0033 Js.s 0002 s 555 0/004 s 555 011 s, 02 s,
ab puiuegl] 0/059 IS 0/03 Jss b puiaos]| b puiaos]|
5 o3l 3 5 o3I N @y etnsl IS ) =5 g slo il 2 g
6°(§jﬁrn ‘fn’)')’ ® b= “”&(::’r:/;"“’ (V) 5Ly Jlasil g9 Higes
247/5 120 2167 11 1
37313 140 2/125 12 B0A3 03555 5 5 o555 Y5 4 i 2
420 150 2/5 14 T T 3
461/3 155 2/52 15 4
455/9 155 2/55 15 4047 00isS g 055195 9V g3 0 paicagl] 5
447/1 155 216 15 6
474 160 27 16 4043 005y 5 (0,5 o0l 3Ygd 4y o] 7
494/5 170 275 16 8

oo 25 o) Sgz s g 50al 150 (L2 Jolis o atge 5, Sigz
s op S dlewg & Ghox )by 5955 el jlam Al ke
ol gasiine JSB e jebiles aas oo (LA ) (5 STj oY i
@9 4 6V Gy nr) 9 29 T Gy R B b i
1 GBS gax aiload oll caslio ,alls b b Jlasl 5 ab pdy &0
29 oildgy (hox 8L 5 Jlal np el U ol el (pune diy Sy

i osalive Slalad polaw (59, (S 5 g
2Vsh 5 03lgllS Y58 @) peteesll JLail 4 bgsype o0 ablie 3 IS
Jlasl g0 ;2 0 g ge 00y a5 jabjlen amo o Glid 1) 0,S eole
- ez Jlas) ool o0l 0ailingy hex 35 L Laid 5 suii sd Sl oYgd
JUail g oas o8 ol wod alais JJo 4 quivagll 318 a5 S o (sl
965 038 oVsh @ meagll Jlasl o el ol slml (o Sigr
Vgt Gyl o @l od by eiegll ik jo a8l g3 gzeen

Ald oo lis

G e - K5 o ) Kig> slo Jlasl jalls 2 s
o b (0 o9 gelans (]

251

ghw S Jyax b g oad oSome (ouS gl (1)) ae) o o ladiged o
A yied gy slass ]
Ak S laloand S5 L) S Jlone Sy 3 gl o
Sl i oo g 99 T SIS wl i) (e mes S m S sls !
0508 2 (z]) (S 4l 35 Soe 4y 5 (] i oo iy 5 095 =S 5
S LS Se 5 6y eSS Bk il b lal sl )
L 05,1 55 ceslinl 550 Lble I8 .85 15 cwyn 050 s,
S axked o b o5 2SI Jsbo 5 (025 (sblss o aiBs p ) 9 ol
5 005 walie KBz by gy b Dbl a0 305 2005 4
w395 25 eSS ST iz 5l g yiedee 38 b (S 0 2SI

10 deloes (1) dolee gollae 39> (689,9 &)y oyl o les]

0="" 1)

Sty Vool e Sgz 5dg U ws0,5 &)l (liee Q o] 50 a5
ol 016 013 g8 (203l atly o g (2030 77 g (55152
S5l (5l e oS Y pleerd S5 0d (A Cuz
ot jslaiedy (28 S plosl LSOl 95 (655 bl (el (slalaks
s pll 5 Sl g nl bl cceSs Slio o bl ad
GRS 505l sladiges da Jlasl elSoiiul (olys (c)p Sz izt
5 b 4y S e o slasys sl GRAS (ose5] sl ollas

s plool (258 cla e

L g @b -3
b Jail s le ey -1-3

6 ol U 03555 S8 g peimosl] s o0 Slomy] Jlasl ol 2 IS

1- Keller

2- Etching

3- AWS C3.2M.C3.2
4- Macrostructure

8 o laubs 15 095 1394 HULT (Hurde Slo wiie


https://dorl.net/dor/20.1001.1.10275940.1394.15.8.44.4
https://mme.modares.ac.ir/article-15-10060-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-11 ]

[ DOR: 20.1001.1.10275940.1394.15.8.44.4 ]

L)L e Mwl Ld) 9 (53990 4o

GO pa) - (5 ) Sabbgd a5 35 yB9) & 0 wIgIE 9 (i S 03w Sl IVgd &3 earineglT JUasl 2 %5 Axllos

Sl 00l 00ld ey wl)ls.o.ao 5 Sl alowy 4 0ads ol oS8 pl.».‘i
2]

2 Al e & e G5 esle V58 sl &y sbwl pue
ol s u,S eole Vg 4 eyl Jlasl gl (Jlas! ) Coond
3 gly W (RIS g 05SllE SV Jlail gk g bl 4 5 )9e
At 0030 0515 Vg8 4 paiagl] sla Jlasl (5l 50V 98 lans

Jlail sl 3, -2-3
Ohez b -oVgh St fad anl )0 (655 58y e pglas 4 IS
Syl 40 g 4043 0uisS b oglgllE o¥ss 4 puiedd | slaJLlas! g1y
ol sl patie &5 jsbiles s e LA iSglite (5895 o
ol 00l (658 (S Y Cwls Gl a e 6995 Ol
Syl LielS Ll Sg,5ae 2760 0ogamme ST 40 a6 S ojlusl cwls
el 1y Sl jgam loj ¢ gue a Cudy azio Sl esliiul 5 (63955
Orzred ol Sl 0 Cwls b 3 e S Y s o a5 ob
L pbes slapisnl wasee plad 58 G oS5 aY (op cSIeSy
PRl oom Eshie . Cul 039 (Sile (e I -0V5E S i Juad axio
Ll o S sled b ogdico el o jide b amio b los sl
3685 lie Cglay Cle 4 cdmD 4 g 00g Dglaie S i Juad calizce
S i Jad slatel 5o wnglite slaiwlbed b 63 (i oS 5 Y (o]

5 si0yS 0ole o¥d =l 4 uiagd] Jlasl (slodiges ¢ bg oo ,e adatia 3 S
o5lglS 5Y g8 -
S5y SRS ek 4y a5 gl po eal Jo SN (ygriliges Y
o o St b 31 555 65 ek i ealle SV e
00,5 rshan oYl slaciond 4 wlie JB ountS o e 5l 5 oVe
3 ogsllls 3¥s8 4y Loy o (59, oy 3ged Sl ) conlio SO L oo
Culbus [2olS 4 e Vg8 g oy pudies wled 50,5 o &,
by olie 318 (Sais a5y Joo [11] 0500 (558 o S 5 Y

461/31/mm (g8, &)l =0 3420 Wmm 34,5 &)l > =z 3733 /MM g8 ,5 &) > —

8 o leubs 15 095 1394 HULT (Hurde Sl wiie

252


https://dorl.net/dor/20.1001.1.10275940.1394.15.8.44.4
https://mme.modares.ac.ir/article-15-10060-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-11]

[ DOR: 20.1001.1.10275940.1394.15.8.44.4 ]

L)L e Mwl Ld) 9 (53990 4o

GO pa) - (5 ) Sabbgd a5 35 yB9) & 0 wlgIE 9 (i )S 03w LB IVgS &3 eaineglT JUasl 2 %5 Axllos

sl Jlail jo a8l jo ol 4047 00isS p L ojulgllS oYV98 4 puiveas]]
4047 o3l 0l eSSy (69959 Dyl 50 0lgdlE oY g8 @ r"'«“‘*"ﬁﬂ
G e oS 5 Y Culo L Jlail ol 6 5YL i polde oS
Slaes! jgax 4 col T ssuay opl Cde ol s3ges Sl 1) 6 5L
L eaies T b ol las! oS 5 bles (S e Juad 3blis ;8 pansbns
GBIy aeieddl o ool 39i g3l b (6551 izren 5 ools talS
[9] ab oo ol (58 o Y ol Ce o DIl 0 A v

Ol o Jlasl o ,0is jlisle ol (LSS (69955 @)l Jdo @
(Jols gz 1 LSlen ) daJlall el slp oyl e b Sl
—WQT SiSG g 31 ol o oy W?JT 3l € el Jole slacg Jais
Sl Loy jais 1l slaaily §y0 0 0al 20595 i

97 B ~ ool S yiie Juad

b o5lglS o¥sh 4y ptagll JLs
4047 5315 suS

460 1/mm sga> (539,9 &yl b oY g8 4 puiogd] Jlasl caliee (g 5l (6595 w9y Sun (5 Sl polas O JSi

253

b o5l g5 0¥8 ) icagll JLus]
4043 5315 oS,

S 8B wntdy jleslaiul (g ) Sgz L s (539381 cgmen (2la b,
8 Bk 1ol 535 65 5 59535 Sl S5 W ) calaa
Sl 3985 3l Calan ases o 5 Olde jeax o) 5 So sles olo
[13.7] oo o 2alS 1) o35 s Y Caslins ¢ gz 38 0 yal
Y58 &y ringll slo Jlasl alisee (g3 0 (6588 sy S sl
4043 45 4047 o315 clvoasS p (slp g (co)S ool oVgd g ojslgdlS
Y Cubrs ol oo sols Hlis O JSE jo (S (689,59 &yl 0
Sl e S —V S e b s 4B S KA 3l o S 5
@ ol 4047 o315 00isS 5 L opilgllS Vg8 @ euiegll sla JLas]
L coyS ool oVgd au nuiegll § 4043 318 00isS s b o3lgllS oYgd

b o5 ool o¥g & icengll JLsi
4043 55 oS

8 o )louis A5 009 1394 ul.;T (ORI Sl [E S


https://dorl.net/dor/20.1001.1.10275940.1394.15.8.44.4
https://mme.modares.ac.ir/article-15-10060-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-11 ]

[ DOR: 20.1001.1.10275940.1394.15.8.44.4 ]

L)L oMl bd) 9 (F9 1d 340

GO pa) - (5 ) Sabbgd a5 35 yB9) & 0 wIgIE 9 (i S 03w Sl IVgd &3 earineglT JUasl 2 %5 Axllos

4
v 3 4
- T
e )
. e e
. oAb ‘_ >
v ’ & ':'C"?
= - - -
T B . .
.:Y,s-.
: . M
- L= * y -
- * -
: A NETA
I . y
e 5,
~ ¥ B
L3
y -

- ‘{:ﬁ}i)' 2

SEM MAG. 2.00 kx
SEM HV- 1500 kv
Date(midily) 1101813 Vac: HiVac

25 ool 358 @y ptadll Jlasl (sl 5 -6 S @ 4z izren
o) s 53l e oS 5 Y A amo e i 404306505 suiiS ,, L
b oot S8 nlple ol 48,55 O )90 (SIS g oud SAT Ceon
SIS (K Jlasl s @l3ls 5 (5508 00T g5 4 (538 G Y (i
[11]

oy Sy b &S (Gl o Y s i ol -6 S il
aS Jb o el sl ambs owlil Cou;y lils cnl suls asine
2 S P Ry @l 3l S Ghge (olid o, S (s, GRS
G5 (S 5 S 0sd 00 003 (638 S Y —oVeE S e fuad
S e Y g V58 e bl oy B 5 Sl slo
BBl e 5, i Sl Jele Sl

58 ol ateie ;=0 90 -6 Gla IS 0 a5 jebylen oduay oyl
ool 0Yg8 4 puinagll Jlas! yioren 4047 oossS 5 b ooy sl! Jlas!
Aol il ole wilgs e 45 0t oyo 4043 5305 00isS 5, b S
) el yy7en (glotigd a6Lal jolic 5l solitul sl o L] oyl
aw slojlh il s (Seelungeys Ll ols psd Giyb 5l e
Coles pals 4 oo « obge slajle s> a4 ol wby cepn b U
4 2l ool slal qomanliw pate Ol 0 [9] ogb e 538 o Y

» ey -
2. 2 -l y 3
e ..: 3

WD: 2284 mm

ol i VEGAR TESCAN
Det BSE Detector 20 ym [ SEMHV 1500k
o /|

SEM MAG: 2 00 kx WO: 23 65 mm
Det BSE Detector
Dateimidid: 111813 Vac: HVac

.‘wg S :'. .
- A Voo
- » ‘v-‘
’ (| Ao
(”‘ 5 \'b. -('
o SOSRE Jrr y Y
. w Mo {s
yo. & e ] r
. \, tle it

4 ‘e
- L £
- - A& = .
& !
AR e )
PEATI A Y
3o he O
Yy | St o ht”

Lt AT SR I

M S
SEM MAG: 2.00 ke WD: 2298 mm VEGAN TESCAN
SEM HV: 15.00 kY Det BSE Detector 20 uym '
Date(midy): 1111813 Vac HVac F-‘lrn

20 a5 sas e plid J14] ks —painegd] Sbge pl,SLs @ axxlye
JSa5 65Vl S 56 olire VL ki b s30T sl
L o5ilglls o¥gd & meteagll glaJlasl )5 (rizmed ggdge (nl 05 s
sanlie 4043 00isS 5 4 Cas pumhws YL polio L 4047 soiss
4047 o318 00isS p b ooty ol sla Jlasl jo hg 308 jbislu, o
- oo 0l oo 55, 4043 5315 00sS b oo ol sla Jlas! 4 cos
owiog)] sl Jlasl se> 38 Lsley, wul Lasin D JSb 5l aS b
4 4043 3l 0aisS 1 b gu)S ool oYgé 4 PUCTOIN[IPAPSON N LRSI
Ol Loy (o 63559 Syl Gliee 5 38 00iS 3 g Oy Sl
o5 Al iy 15 —rimagl] S it Jab 4ol 3 g sl sl
“Jlal je et slaysl Sl 5 Job S (oo a8 5,0 4 g
ol oS 4047 6318 00isS s b onis olse! slo
5 4 b Gga (S ploj o9 08 o 4 5yl 5 e 3blie
Sl 1y 9y 39S oS S pglai B Sl ouits (asiio
N5b 5 05Ig)5 V5 4 ivasl] (s S ped ~ B (5 s sla L
a2 oo Hlis 0 =6 5 @l -6 sla Ko awslio om0 olis o)S sole
o JLal (sl 5588 ot oS 5 Y 35 S & grinngl] Ll 3 oS
51 s 4047 sosS 5 b ooy Jol> Jlasl jo aY cpl as Jb> o el

VEGAN TESCAN SEM MAG: 300 x WD: 23.47 mm
20 ym {  SEMHV 1500 &V Det BSE Detector 100 pm
RAZI n Date{mvdhy) 1111813 Vac HiVac

SEMMAG 200k« WD. 23.75mm VEGAIL TESC
SEMHV 1500 kv Det BSE Detector 20 pm
Date(midd). 111813 Vac HVac PI-ZIl

VEGALTESCY

F“A.ZII

1 b ool S it b = A0A3 oS, L oIS SV o sl Ll 5 g 316 =¥ oS it b = il g g A0 oS S sl 6 S
oY98 4 pwimagl Jlasl jo [bgr 8 —oVed S jtine Juad =5 4043 00iiS L ojlgllS oVgd 4y quinegll Jlasl jo Lbga 38 -z A043 005 5 b o 3lgll5 oY gd 4 puinogd] JLas]
4043 0aiiS b )8 ool 0Vg8 a pingdl Jlasl o hg 8 —0Vgd S i Juab - 4047 oS o b oulgllE

8 o )leus 15 09> 1394 LT o3 Sl Swade

254


https://dorl.net/dor/20.1001.1.10275940.1394.15.8.44.4
https://mme.modares.ac.ir/article-15-10060-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-11 ]

[ DOR: 20.1001.1.10275940.1394.15.8.44.4 ]

L)L e Mwl Ld) 9 (539 )90 (340

GO pa) - (5 ) Sabbgd a5 35 yB9) & 0 wlgIE 9 (i )S 03w LB IVgS &3 eaineglT JUasl 2 %5 Axllos

5 (0) bl jo (wSul 950 31 Gl (il 5T @l ()
i = 0] —patadll Qb o151 (rizen 5 B IS 5 &3l5 (6)
a0 Sooy 5B 4043 sos L asl Jlas! sladiges sslen a5 ol ylis
o035 56 9 (1) obgs 56 4047 susS L oo ol sla Jlasl yo sYgd
wilion (1) s 36 57 sl =8l Sligus, Jols 29> 518
Sraigal & o Sl § (nl )2 b paie (23313 Jgaz Gillas
el pare ol Gl .ol Segie Sals 4043 oSy b assly, L]
Do Sl § (B Sl

a6 sz 518 -¥sd S e Jad SG5 eogd 8 a4l o
5 Conl PV el polie lls (1) pbiaw 56 @ cons o5 (2)
@l load JSAS i 5 i)l Sale Jolne lasls (ion
“des 1,510 gy 5 (7) alai jo (W50l 5 (6551 Gl (ol 5 IUT
[2] a2o g0 i 1) g5d0 (nl qomalins =2l = patogll S

>80 15 (2) pbaw 5B 8 IS8 (rizeen [4] 5 Sen 5 S
robas Sl oslitul b emils —o¥sd S e Jad Susp hels
ek paie jea Gl wsgel DLl (5)5ee (S5 Sl gSg S
o2l bl iles U ogd o ey (g ls —oVgh S e Jab sblie 5o
b SRl bl cnl 0 6558 ln

oSl 555 650 ol el SIUT s 4 axzlie b gsoge
Jlasl & b ye 45) 6 UKt @8l (2) 5 (1) slacusdon yo 055 00 LI
b ye a5 (6) §(5) blis 4 i (ol 4043 0S5 L ooy sl sl
o] il doys e ol A0AT 0uisS )y L oads sloml sl sl 4,
o p5hs llas il 568 ool slaeil clile az el iy
585 e sl JeSas 4 blod mrmkons = 0] = riogl] b
JUsl (2) 5 (1) baw slosle 4 o1 515 (1) obso 36 4°(2) s
U906 09 0 el aSST (ol s jaie jpa alnly b

(V) b au 5+ (V) b as 56 +petasll5 1

)olwﬂ -ool obgs slajls 5 00,5 358 Ll puiedd] o Ce
Te M P S Cae a5 oad LSS g L8 moYsE S i fab
) e =00l —aiedll Qe 5L Sl p gl G T S 0
Qe o ol

@baw slols ol 5 55 sz Gl llpd ks yaie 3955 L
o o)1 o it LSt LT a5 3(2) b 56 6 2(1) obaw 36 . ol
“50 o3l 4 s (b (slo pl5L0 5 (Sealinage s (slo ools 3illae)
el ST S )y [191] 05800 ealp el oS S
orizpen 9 B S5 0 &l (2) 5 (1) bl o Sl 55 560 Gl
Jlasl o a8 ol s (7 JS) i = 0T = oiagll (b o1 5o
S 5 s 0y 4y A043 515 00iiS L ol 5V sh 4y puies)]
wile (1) bams 36 oS 5 s s, aY 55 (1) Lbss 36 Il
b yaie ol ood 3Rl Gk 5l B ogd e el ponidiw yaie jpao
58 onl B (1) Qbgs 5B S5 plate Jlsle jo petiedl] ol
(1) Sbgo 5B 4 s YL S (lyls (1) U] PO LIV PR A |
e S5 Y Sl e 5 6 S8 51 a5 jsboles [15] il
0 o A0AT (5518 0uisS b o5lgllS 0¥gh &y etegll il o (318
O RTS R R N POW P JPROP S ROV - JONE Y
o (25 slagipm) Jlsenl mhaw shls gz 318 Gl 1 g jlgen gl
sl

Sl e & el jaie 3955 Gl Codl (aie a4 sbles
O oS S Y Cwld g adh ell 58 e 4 ad; S g B o
Y ol Calies 4y Cand B0AT 00 5 b aiil, Ll cladiges 4o (o33
Calies zals oib S 4043 cosS 5 b oo ools Jlasl sladiges jo
b oad ools il glaaigas o Jlasl oSl [iulsl Esly (ol s Y
[16] 555 o 4047 oS,

98 , 2.0

99.8 99.9 100

rv--“s-” 09 ey

[14] sl 5 Sl 430600 slos ;o pundiws = ool = g LU 4w ol SLo 7 Sl

5- FeSiz
6- FeLAls

255

1- FesAls, FeAls
2- Alz3Fe17Si

3- AlgSizFez

4- FeAls

8 o leis 15 ©)9> 1394 LT o3 Sl Swadie


https://dorl.net/dor/20.1001.1.10275940.1394.15.8.44.4
https://mme.modares.ac.ir/article-15-10060-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-11 ]

[ DOR: 20.1001.1.10275940.1394.15.8.44.4 ]

L)L e Mwl Ld) 9 (539 )90 (340

GO pa) — (5 ) Sabbgd (a5 35 g9, &3 0 38IgI 9 ()T 03w LB IVgd &3 EaineglT JUasl 2 )5 axllas

(oodl 2o y0) B S o oy ymeiien bolis 4y Loy o oSl 53,0 (651 by o 5 0UT s 3 Jgus

0 0 351
0 0 12/97

0 6/97 6/40

23/06 0 0/36
0 0 10/62
0 0 13/67
0 0 10/62
0 0 4168
0 173 18/20

26/55 69195 (1)
16/48 7055  (2)

0 862 (3

0 7658  (4)

2190 67147 (5
1395 72138

470 84/67
25/70 69162
1019 6988 (9

ol S oil aoy0 23106 slylo a5 (6 S jo (4) caxdge) (g,
S (e S 5> (S ~ eIl (U0 6,51 4 axzl e (izen
- b oS JBT s a1y S(LU9) ol e b (25 = o]
sl Jlail jo a5 ams o Lis 3-6 5, -6 slo IS anslis [14] sas
slaJlasl a4 s 4043 sus,, L s2yS ool oVed A euieyll
S 58 b spiae AT aiiS b o5l SYgh 4t
Chle Glime Wl (gt Su (g3 G S S Y gelz o w8 S
Ll sl Sl 550 6553 Gl il LT @l illae (o] yate
b ool slaps! d9i gdly ,o .l 10/19 4 470 55 4 (9) 4 (7)
b ol ool el (u,S ool 0¥ g8 a4 puiagd] Jlasl [0 )90 slacdlos
Jlasl g9l 5o it Sigw owled S5, b ils o oS S
bl gl oSl 5 650 Gol (il 5L lS (w2 05 ol
58 s mrmlons =52 = euieagll (b o1,SLs crizren 5 (9) 5 (7)

ls (s 1, (2) b 538 e S 5

fw.-'-.:-nsﬂ -

(YY) 2bed 5l8 +pa e 38

b omizmen gt JoSis ol pedes (1) obgs 5B 4 cons &5 (2)
ol gools mals |y (T ady ey (638 o S 5 5 LSl 4 09
10 (1) cedge o B3 o Giolidl 1 ead sbl Jlail Sl &)ge
sl 03 023 BIBL (6318 (S 5 5 mbons paie liae B S
SelS & e el wo s 10062 4 (5) cumdse o pate cnl il
35300 s 55l (1) (2599 56 (6518 ot e 5 sl

» &8l (7) caxdge jo 0] sl sl 4170 PN BRSO J 00
Ot S 5 4y ol lacilus b ol Glagsl 4 smo e lis 6 S
4 byye a5 (4) 5 (3) Glocaadse o ool oil aoys iloages S5 (g3l6
ol yao ij90 (S e Jad Gblie l g aies (g2 58 g

ool Ghoz I —teagll St Jab 4y bgyye oS (3) s
f SCOUSN | IR FUPRPU R S PRSIV RPUSTEONIIN | BV 697 sl
il JIUT 1 sasl css 4y oS 5 5 (8 SL8) ks = o e
oo 0l [ 2(1D) bgs 38 jphm e ol 5 Sl 55 551 B
5 5L Sl 55 @5l bl (il SIUT s (] epdle Lamo

10

10 20 0 40 &0 70 a0 80
f“""""‘l""‘.. " \5|)5 oy

[14] ol § il ax o 4506&,& I M"NM'W?” baw ol SLo 8 J%

3- AlsW

8 o yleus 15 09> 1394 LT o3 Sl Swade

1- Fe (AlSi)3
2- Mg:Si

256


https://dorl.net/dor/20.1001.1.10275940.1394.15.8.44.4
https://mme.modares.ac.ir/article-15-10060-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-11 ]

[ DOR: 20.1001.1.10275940.1394.15.8.44.4 ]

L)L e Mwl Ld) 9 (539 )90 (340

GO pa) - (5 ) Sabbgd a5 35 yB9) & 0 wlgIE 9 (i )S 03w LB IVgS &3 eaineglT JUasl 2 %5 Axllos

5 Wl (Bb 5B Ll o gldl 398 ©jgo 4 Sed sl SU be;
Jols oo 38 o slasls ol lp 1) kulid cpaie cpl islos
. . 2 - .
[2] 555 pol b« oro5e ©j50 4 b = 0] (slajls

4 peeedl] Jlasl sl 1y oSl g5 3 5T mls o -9 s
sbgs 38 Gl azmine aS jeb s A so sl 20, eole oYes
. . . T _ i . 3 - -
St (2) 5 (1) obss slajle 5l T G ST (6551 oS iraglT = 0]

bl Sl olgs-4

5l aS yeboled e o lis |, Jladl slodiges conSs shaie 10 S
0 5lodl5 o¥g8 a4 piog] Jlail iges sl 32 a4 ] auive S oyl
JJ:.:..QM}l)jo&y@by)awwd‘4o47owﬁb
oogx 8 Al jo CuSls dadiged ;500 gl ol 009 e 8 —0Y g8
S g S om0 Y o) e = oVgh S i Juad Joxe
CnSls 4y yomio o8l dnlsl 5l s g ol ol &fw(JLAJ‘ Al oy
o092 00,5 10 S 5 (69 pien yuaane «dll S diged 10 Ll o0l digad

Sb 0 Sl amio gy, ) Sl n Gln U @l 9 S
OLS ()5 ool 358 5 o3ulgll OV 4 el JLail (sl w0 g8
(1) s 56 jpim sl aseio WI-9 S5 5l a5 jsblen aps
835 Sty a5l @l )y anags s JuSas WS oS
0 i e e = 08 = riagl | (U ds (slapl Sho 5 S0 55
Erye S imed 4zl ool Sl WSl g5 il 5Ll lagi g,
Ot S 5 3 5 kel dale Jslore ol S50 (glajls el 0T [17]
P VPP R RV ST AU WEPUETON| XN B EPWRPIE
U1 bl Glgie @ uizren mls cpl ol ool Ladeld (Sl asao
ol Cewas [15] (il ) San g Silos bawgs oS grlaws w0l 950 (3l
]
OO S Sy g () Shg )8 (Joli e Ll ph o5 05l 4 g b
g ool s 1) obaw gleel SLo Jole Loyl i wiled o clde YL
Jio Slyie a 09 JSas ey il azst 5l e ol cnlply
ol yaie U 05000 ol (o3l o oS5 1 JSas oYL Cae
Ol ey wcenl sguze (38 G oS B e ad S (e oS

%00

x

B ooeagll 518 aalr Jolone
A (1) o3 i b gl o2l (o518 s (oS5

® cBomeSy
el —gutiagll - pal

b () ool i L
M‘l"‘“ ,‘.‘ k;"hl Ak, M I A ."‘Y".l";.%._ <xtt 4 '1r-1.r“-v i e e e
400 =
0 v AP P P TP PO I P SO RN P PR U T I I L sos et B Ta¥ 3ul

30 40 50
' 2

60 | 70 gh

g (deg)

6400 —

&
¢ o

600 —

(VEIV) (go3 S b gl — ol (5308 o 5 5
O (o3 S b gl - 2T (6318 1 o5 5
(V1) (go3) S b 0]~k (6318 e o5 5
O (o3 Zo b 0T ks (318 0 5 5

T .

400 —

1600 — o J, . v o i

30 40 50

60 70 80

20 (deg)
S ooles 3¥g8 4 wuiagll Jlasl =0 o 5ulgllE 0V g8 uivagl T Jlasl =il (S o (0¥ Byl 10 WSOl g5 bl U] ol 9 JSCi

2- FeSi, FeSi;
3- AlFes

257

1- AlosFesSios

8 o leus 15 ©)9> 1394 LT o3 Sl Swadie


https://dorl.net/dor/20.1001.1.10275940.1394.15.8.44.4
https://mme.modares.ac.ir/article-15-10060-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-11 ]

[ DOR: 20.1001.1.10275940.1394.15.8.44.4 ]

L)L e Mwl Ld) 9 (539 )90 (340

GO pa) - (5 ) Sabbgd a5 35 yB9) & 0 wIgIE 9 (i S 03w Sl IVgd &3 earineglT JUasl 2 %5 Axllos

b coplgls 553 4 paionsll Jlasil 5 3 oo Y Cealieds ol -1
O95wn 3 4 9,500 B 51 4047 4 4043 5 558 suiS s
sl el

OS5y Sl 0 el Vb & el Jlail sl -2
oo dloul sl Jlasl 4 cuns 4047 0aisS 5 b oads sl sla JLas!
ol las v 5l 6Vl (Sle plSouial 4043 ouisS L
5 4047 sosS  lils b oo ol la las! plSowwl o YL
oy JSablEe 120 5 170 olie woos 5 44043

g ccmmlinl Jlail )b cde 4y 0,5 ool 0¥ gd 4 owimag)l Jlas! o -3
Jlasl pliovinl Y58 mhw 69, Gibn 397y pas (e
el oy (JBbKe 80 sg05) ¢l

s ;0 4043 coisS Lo bl slaJlasl slp canSs jono -4

5O ol é) | S5 nglsu.uda‘)f&mdfw?}ﬁ'oYﬁ J).,..mo
518 s A0AT 00isS 5y L oo byl el Jlail glys yomno o) &5 I

SIS &5 gz il S e Juad Sus3 (>

Wher b -oVgh S tie Juab bl )0 mraslew jaie jpa> <D
ol u.&lf (5>|9.» U"‘ 9O Hga> 6‘)‘3 ‘) u,db] LgL(b rb-" J.:Lm

amivo ;o 1, (1) Gbgs jB jpax Sl 5y il LT mbs -6
oo =021 (318 (S 5B (] ogdle aged DL eSS
55 ool (53t S 5 0 i (0 gl 368 51 3L 5)
A dlul

(2) Gb aw 36 jpa> Sol 555 655 J3ln mmcinl T @l -7
Blo lid (638 oS 5 Y gelm o &l yhg> L8 adlaie o 1

&1 -6

[1] H.Dong, L. Yang, C. Dong, S. Kou, Improving arc joining of Al to steel and
Al to stainless steel, Materials Science and Engineering A, No. 534, pp.
424-435,2012.

[2] J. L. Song, S.B. Lin, C. L. Yang, G. C. Ma, H. Liu, Spreading behavior and
microstructure characteristics of dissimilar metals TIG welding-brazing
of aluminum alloy to stainless steel, Materials Science and Engineering A,
No. 509, pp. 31-40, 2009.

[3] H. Dong, L. Yang, C. Dong, S. Kou, Arc joining of aluminum alloy to
stainless steel with flux-cored Zn-based filler metal, Materials Science
and Engineering A, No. 527, pp. 7151- 7154, 2010.

[4] H. Zhang, J. Liu, Microstructure characteristics and mechanical property
of aluminum alloy/stainless steel lap joints fabricated by MIG welding-
brazing process, Materials Science and Engineering A, No. 528, pp. 6179-
6185, 2011.

[5] C. Dharmendra, L. Rao, J. Wilden, S. Reich, Study on laser welding-brazing
of zinc coated steel to aluminum alloy with azinc based filler, Materials
Science and Engineering A, No. 528, pp. 1497-1503, 2011.

[6] S. B. Lin, J. L. Song, CL. Yang, C. L. Fan, DW. Zhang, Brazability of
dissimilar metals tungsten inert gas buttwelding-brazingbetween
aluminum alloy and stainless steel with Al-Cu filler metal, Materials and
Design, No. 31, pp. 2637-2642, 2010.

[711. Fan, C. Thomy, F. Vollertsen, Effect of thermal cycle on the formation of
intermetallic compounds in laser welding of aluminium-steel overlap
joints, Phys. Procedia, No. 12, pp. 134-141, 2011.

[8] R. Borrisutthekul, T. Yachi, Y. Miyashita, Y. Mutoh, Suppression of
intermetallic reaction layer formation by controlling heat flow in
dissimilar joining of steel and aluminum alloy, Materials Science and
Engineering A, No. 467, pp. 108-113, 2007.

[9] H. Dong, W. Hu, Y. Duan, X. Wang, C. Dong, Dissimilar metal joining of
aluminum alloy to galvanized steel with Al-Si, Al-Cu,Al-Si-Cu and Zn-Al
filler wires, Journal of Materials Processing Technology, No. 212, pp. 458-
464,2012.

[20] Y. Su, X. Hua, Y. Wu, Influence of alloy elements on microstructure and
mechanical property of aluminium-steel lap joint made by gas metal arc
welding, J. Mater. Process. Technol, No. 14, pp. 750-755, 2014.

[11] H. G. Dong, W. J. Hu, X. C. Zhang, Detachment of interfacial layers during
arc-brazing of aluminium alloy to carbon steel with filler wire, Trans.
Nonferrous Met. Soc. China, No. 23, pp. 1583-1588, 2013.

[12] S. Chen, L. Li, Y. Chen, J. Dai, J. Huang, Improving interfacial reaction

8 o leubs 15 095 1394 HULT (Hurde Sl wiie

A043 605 1y L oS ooles 3Y58 4y el = Gl St abolia 10 S
05195 Y58 4 pinosl = 7 4043 00iS Lo lglS 0Yd 4y gl - o
4047 o0ssS L
ez 00,5 10 O S diged (gl p s (ol ST Jb 0 ccl a8ls aslol
sl JLasl gl a8 ols oles a8 slyge;] s ol a8, iy
-6 120 0> el oy YL A043 o0iS L ojuslg5 oVed
JSbEs 170 sgum 4047 ooss b o slomy) Jlasl gl 5 JISusly
L oo obm! laJlas! 1o pomabow jaie YL polie g caal Cosns
Calies B043 00 4 b oads bl sl Jlas! 4 s 4047 00sS
Pl 4z )0 oS wols rals (iog,See 3 4 6 ) 1) (316 o Y
&y pees)] JLal (gl o0 slomyl alSoil oy 5V pizean (2l ol
ol el Cassay JISLbKe 80 sga> 4043 00ssS b (o)S el oYed
2 webie 68 ped pas g coslial Jlail 25k 51 (26 Gl el
ool 8Ygb s 1 (59) Liday 97y poe &5 Gl Gad g oYsE )b
&S S Gleie nlply g e Jlal plovinl als )8 58 2o S
O aY Cwls pogdle SYgd 4 gl () e - (5,92 wl
sl plSiad 1o e Jolo 5 Y53 Bl 5 nlin (5 {5 e 5310
575 & Sl Gisr 69955 D> rgas Gl 50 Slise el ey
e (S A Culhs alS ed aS (5 sk 35 S slaige
220 F ) el b 10 canlie (5, g 098 B,b o canlio 8
S99 «awl 0ol 5155 [9] o, Ked g Kils Lawgs a5 alSoiwl o 5V
G opl )0 eas Jeols plSovinl 4 Cand a5 el 00gs JSub K 136
00l 5l oolitul a5 sges ylo Glgi oo el il (JSWLKe 170)

ool 05505 3ol | (6 5V plSoil JLail g5 sl 4o 4047

SN RO § (S 5 4omii=D

2Ys8 4 5083 wredll LI (6,5 -5 (5, h92 (ko (nl o
plosl 4047 4 4043 o35 ouiS g0 b o, oole oVgd g opilgllS
W85 gy 050 o] (Sl olss g laJlasl Lisluy, 5 <85
il 5 g0 & polo aslllas | ol @l 0o 5 e

258


https://dorl.net/dor/20.1001.1.10275940.1394.15.8.44.4
https://mme.modares.ac.ir/article-15-10060-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-11 ]

[ DOR: 20.1001.1.10275940.1394.15.8.44.4 ]

L)L e Mwl Ld) 9 (539 )90 (S 340

GO pa) — (5 ) Sabbgd (a5 35 Y9, & 0 3BIGIL 9 ()T 03w LB IVgS &3 eaineglT JUail 2 %5 axllas

[16] M. Pourjafari Kasmaee, M. Honarpisheh, Investigation of annealing
treatment on the mechanical and metallurgical properties of explosive-

welded Al/St/Al multilayer, Modares Mechanical Engineering, Vol. 15, No.

1, pp. 397-402, 2015. (In Persian)

[17] S. Nourouzi, M. Shakeri, M. Habibnia, Friction stir welding of dissimilar
metal Al 5050 Aluminum alloy to AISI304 stainless steel, Modares
Mechanical Engineering, Vol. 12, No. 6, pp. 95-103, 2012. (In Persian)

[18] J. L. Qin, Y. H. Su, S. J. Wang, Microstructures and properties of welded
joint of aluminum alloy to galvanized steel by Nd:YAG laser + MIG arc
hybrid brazing-fusion welding, Trans. Nonferrous Met. Soc. China, No. 24,
pp. 989-995, 2014.

259

nonhomogeneity during laser welding-brazing aluminum to titanium,
Materials and Design, No. 32, pp. 4408-4416, 2011.

[13] H. T. Zhang, J. C. Feng, P. He, H. Hackl, Interfacial microstructure and
mechanical properties of aluminium-zinc-coated steel joints made by a
modifiedmetal inert gas welding-brazing process, Materials
Characterization, No. 58, pp. 588-592, 2007.

[14] ASM Handbook, Alloy Phase Diagrams, Vol 3, 8 Edition, 1998.

[15] J. L. Song, S. B. Lin, C. L. Yang, C.L. Fan, Effects of Si additions on
intermetallic compound layer of aluminum-steel TIG welding-brazing
joint, Journal of Alloys and Compounds, No. 488, pp. 217-222, 2009.

8 o )leis 15 ©)9> 1394 LT o3 Sl Swade


https://dorl.net/dor/20.1001.1.10275940.1394.15.8.44.4
https://mme.modares.ac.ir/article-15-10060-en.html
http://www.tcpdf.org

