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Today, the wire arc additive manufacturing process is based on gas metal arc welding as one
of the electric arc fusion processes, widely used in the industry due to its high efficiency.
The correct selection of input parameters directly affects the welding quality, and by
controlling those parameters, the amount of welding material can be reduced, its properties
can be improved, and then the efficiency of the process can be increased. In this research,
the production of a composite sample with a combined electrode by gas metal arc welding
(GMAW) was investigated. At first, the welding speed, voltage, and wire speed were selected
by studying and checking the effective parameters of the process in the wire and arc additive
manufacturing (WAAM) by gas metal arc welding. Then, in order to evaluate the effects of

[ Downloaded from mme.modares.ac.ir on 2024-12-21 ]

[ DOR: 20.1001.1.10275940.1402.23.10.30.0 ]

[ DOI: 10.22034/mme.23.10.177 ]

Address: Faculty of Mechanical effective welding parameters, three three-level factors were designed by the Taguchi

g“gi“eer;“g' Semnan  University,  method in Minitab software with an L9 array-related experiment. After performing the
emnan, Ilran . . N .
appearance review process, tensile and microhardness tests were performed. The tensile

How to cite this article test results showed that the highest tensile strength is 294.327 MPa in the sample with a
IEZLENISN VBN EE RS welding speed of 86 mm/min, voltage of 32 V, and wire feeding speed of 6 m/min. The

WANEIE LB VEREBEBE mjcrohardness test results showed that the highest value of microhardness was 463.1
Mechanical Properties and| i X . .
T T e | Vickers for the sample produced with a welding speed of 86 mm/min, voltage of 27 V, and
LRV BRGIRVWECLIGE  wire feeding speed of 5 m/min.

Manufacturing Based on Gas Metal Arc|
Welding. Proceedings of 3rd Iranian|
National Conference on Advanced|
Machining and  Machine  Tools|
(CAMMT). 2023;23(10):177-181.

salar.farzad@semnan.ac.ir

Keywords WAAM, GMAW, Combined Electrode, Microhardness, Mechanical properties

i I s logpiilo 9 () 0nile (o (dlidiS rogw cilio degazo dolisfsg i pupto Lillo utipo (ale dolinle
JAI-IVY axio e glaid PP ay55 JEF o

& . . I s . . ‘\
N el (g, b Sy 39,5801 ity S0 9 SuilSo olgs Gy [l N
La8loesj 8y (S,3SU) g8 (5, S92 1 (itno e 9 w98 (i3]

"2
oS> i eslasdio
Ghszman (slaanld I (N0 olyie 4 (535 638 (usd ) Sbez aly 30 (e85 s 333391 35T AT o35l - L‘"°f“‘“ﬂi
o ol 3,55 o ) ealisl Sy90 i 55 63558 yob w Vb b Sy @ & el (S SUl ugd ‘ 3029
T ¥ ‘.‘.. & . 7 . LSAM 392‘“
Ly Ghez dlse plixe glsi oo ayially o] JyuS L g 358 o p3l (g cudsS 5 lasiiiue (53935 slosiel )y \Slogis gala
Gz gy b Sy 39 58U b ijssels digad 45T gl ol j3.andid 390 |, o ols>s 3l ptals (e e

33158 yi5e (slaytelly ayy 9 asdlas 1 exlastol b daiyl 53 .88 J18 (o 390 Ba8loes 8L (S yiSUl o8
ol N ws T . . . . . o fen . cobiow oKl ‘&ulﬁa sasidls
e ey g 35Uy gz e Bdloo JBTL SOl ugd (65 Sibex Ghgy 4 a9 wed ) el s ’ o L;
Sl A & . . & . P s oo
02X 23 62U Ulsy 4 b dw jeiS L dw ige (o bez layitelly Wil (b)) ez rpe b GGl g e 5 Sl ssiasts Y
5 OMS cad (pall uyn 3l bl 51 ey S bk baiye wliolel L9 4l b Ciise 153!
b diged ;5 JBawllKo YAF/MYY S oSl o pidion 45 1y (lid GRS e 2ulit .o plal iy ySae
0953] @l Adle diBy p e & e 43S ey g edg VY Uy alids p yiehe AF () dgx sy o &“ﬁ ija T:j
ol (@liews L
)"*“L:'L’*‘“ As G)m? AL L’ W -\"J94 digad 4 bS—.’)‘ ‘L;-’*’W"S)S“-‘ )'-‘*Ei‘Q O P as sl ULM-’ L;—*-’M’S)S*“ salar.farzad@semnan.ac.ir
RO o.)gg)’)g,gs 'FF‘\”/\)U.E.A A8y 4o B P ETREXFUNIW g:;Js Yvy )LaJs A8 4

SilSe olss «(Hung)Sno oSy 39,81 cadlona SI5L (oSl g (651092 cpaas 9 g Sl bl Lmoflgals

Ushus o3iuaigs #


http://dx.doi.org/10.22034/mme.23.10.177
https://dorl.net/dor/20.1001.1.10275940.1402.23.10.30.0
https://mme.modares.ac.ir/article-15-72808-en.html

OL\‘SA.B: 9 Lﬁ_).)‘j)é )Sle YA

[ Downloaded from mme.modares.ac.ir on 2024-12-21 ]

[ DOR: 20.1001.1.10275940.1402.23.10.30.0 ]

[ DOI: 10.22034/mme.23.10.177 ]

02 93 ol ezaled )3 w30 RS |y anly 318 g3 g 3585 a5
Sy o ) caild wglate Jo8 hl8 slayelly jhs

S el 1y 38 Jlal ASlgS e
e JS-pgrinesll glaslT (p3g9ad LI b Giamgdy ol 5
0ol95 i A (GjepelS diged Wgi 5 Dlde azdg> 4
553 39 Sl i guelS (ladigad 53 (g S 9 Sl
5 098 Al el 3T b porineg)l-JSui- uo- ol
aslay Bl 8L (Sl g (5,092 (sl oo

ol 00l

o sy, 9 dlgo ¥
loyiolly @Ylie ey 3 dsdliae 1 oslital b Jol alye s
S92 2 e e 9 e GRSl el (g 3 Fise
2 dslllae e 3 il B8lone 5L (Sl ug
-l sloag Sl lesl (sogoed 5 (5, Sbs> (slayially (53, 52
e wygo al ST (s a5 eosisedll-JSui- (e
Js42 53 30 ol |y GalKanlesl wiiead plesz V U8
o o3ly (L Layyitolyly 5o wolyuusi by oadh ‘olgﬂ Lg‘.zbuilgLajT\
s bawg’ alols (gladisa slagiales] plil 51 ey el
Syl kil 58S S5 i g Sae 5 (SuilSe (olss
Gigad ¥ JSi i osliiwl (LS cund (glpASTM E8/ESM
g 98 il cilo aulyd 3 (S cwd ey od syl
B Bdlne B L oSl g (5,52 Ghe e

el samlin

2> hogdy aBaleil whiseas plossz (1 JS8

VEY s ol oyladd ¥F 09

doddo -
wlebd 4Jgi g slaghs) I G52 bl eale w8
Cilizee gl 495 il col sl (usl clodas js
33wl 03y Cdz 35wl opé g (gilwg g3 Ladlgn wiile
o3lo Y (5, Y (5,138 0gu Goyb 51 a2kl Ygemo aisl)3 ol
Glol caje [asie aizle gimutuw e poluly g ki
95020 3 Ml 50 T Cgwy £ 45 el ol Gaaljél
S 4y Siy slizl 5T (gl e 5 g8 il il
W3 w9 g (i3Sl el Sos ie 59 (e o3liiul
£ Lol [l Sos slagbs; b dulio 5 of yiaS dylopw
sl el 2013 ool casgie oayisees (5318 0smy omb
wiile (3l (slogbs; jl 0lsioe wasgaze ol 35 Byby
gz Bl L (SoySUl ugd (5, Sds> slaghs,
Sl Doguy 53 b Loty (6,892 § (35S 39 515U b (oung
sy 1y by ol ol oo (65518 [T,8 oslissl YU
U plSnial b slaslT (s Semmiblo aism sizys 0w Ly s o
oloj il J5las @ laaial, ol Lol Gas ams LialS |
oLl cuiilol 45 oys wcal Slge 5l osliiul 3 s4ss
CoudsS g 3Slae @y baypo Jiluwo p aile (55U ol 908
O ﬁ.”.MJ MLQ.A &.: Or?' ‘JL> 073' Lc ol (_g)l.’ibhu
g3 el (gl deliy (pldgl g dwdis cedd (d)le cadgl slgo
L dolo @ly sl 5 Bl mhw b gl [Mssle wws 4
gl 3 s sl Sl Ghls 5 AdLe (5S> K,
o> 3 g hin e [ewl Sy il Sl
6lp Cu sl b e SLIT o enlail 5LIT ol 51 (5,9
05 3185 1y pwsd (ulab & ()i oz 53 g8 5ol
ljgelS digad 153 sl poninesll 5 slad b JSC5 3LIT
Glsle GiSTy cd)S 15 aslil 3y90 IS alisls claslyl
gl digad 03,5 dwiis (s 5 (5 ielly aallbe [MoySKen 5
RYTCRUS|L V- TESUNIECIVP NP IWPC I [ ROL LIV
G VITL 03 S35 (slea¥sd (59 2 1 Bdlore 557 (S0 5l
2 odalcwsds 4Y sz jlisle 45 13)S samlie oyl a3
09 hezan 5 393 o3 laz I (g le coads (3 lwdingy ol
a5 a ooy (auwdid Hlislw 5l sselewsds gladsy o 558
i sleoslw el gly Sisivo sloamls sl pols agllhe
aisd a5 Wy Lliad (Y] oo g gy g0 dlgd sude Y
SBlie 398 Gialidl e pliyz Sl Gaali8l el Sy o
Iy Bdloe I8 L (SusIl (g (5,52 &5 (Shg 390

by Sl Slopadle 9 (55 Spadle o GuibiiS (ruaga cWlie degazue dolishis uyte Silse (uiign seale wliale


http://dx.doi.org/10.22034/mme.23.10.177
https://dorl.net/dor/20.1001.1.10275940.1402.23.10.30.0
https://mme.modares.ac.ir/article-15-72808-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21 ]

[ DOR: 20.1001.1.10275940.1402.23.10.30.0]

[ DOI: 10.22034/mme.23.10.177 ]

ya o (4553 39 38 (tnang Sia g (S0 (0l (uzys

Pl Jolds S (olgs Gy sobiie 4 oad sulys
o 4 it .eé)S el GUT glos 55 Job 3Ll g (S
Olid ¥ Jgaz 55 adiged jI S ym (sl GidS o951 1 el

el oad oals

g ol 5> LS a3l 51 Jol il (Y Jgiz

) VWY )

oYY YRE/KA v

M \aadiag o

Yy YRE/ Vs Y

v Ya¥/YYY a

2w (g S =YY

ST CPRE SEE SMESLCIRSVIS JIE SV C SN PP
Ocr oy b (5w Sae (43051 4 plzeil HVS-1000M Juo
Bl 53 a1 (5 yioislue 0 alols 3 5 40 loj e S
b plail gl b 1 eglise

2 s 283l 8L (sl Clite abili € 51 dised yo sl
o3ls lid W Jgum 53 it (5uSSlie 2ulit . o3liiuw] diged
Gisad 4 boiye (S Vb @l 4 4258 b el ond
wdg YV 3ldg cadids o yoshie AT ()92 ey 53 A digas
~50 50529 BV jlado 4y dids 5 e 0 o dpds ey g
b

g Soe Silee 2l (Y Jgaz

Y£a,0 YAY/A Yo 24 YYY/O \

Yav,f Yvy FIAY Yao/s Fe¥/A ¥

oA FYv.s Ya¥F, v AalVid Yo f A

VAS/5 5 12 ¥YE/F ¥av,y Y

AN OFAYE FWO/A vay Frap a

MME, Proceedings of 3rd Iranian National Conference on Advanced Machining and Machine Tools

Fe-0.8mm

Al-0.1mm Co-0.7mm

|

<
S (S5 398Ul (Al o g g8 (i8] el (Y JS0
o 3y sladigal (g0l

Lol 53 ol b oad plonil (slagalesl (1 Jsz

DS s -V
o oK )l ‘LQ<U9A.: 9 » U“““‘S U9"°)T ‘0L>.)‘ )9b.~c 4
99295LS 10 udyls L SANTAM STM 150 Ls).ig.uuo‘s S
oalaiul oddd (5)&539? LSL‘°439°~3 A Uo|9’> WM LSI)?

Volume 23, Issue 10, October 2023


http://dx.doi.org/10.22034/mme.23.10.177
https://dorl.net/dor/20.1001.1.10275940.1402.23.10.30.0
https://mme.modares.ac.ir/article-15-72808-en.html

0‘)&4\3: 9 be.)‘j)é )Sle A.

[ Downloaded from mme.modares.ac.ir on 2024-12-21 ]

[ DOR: 20.1001.1.10275940.1402.23.10.30.0]

[ DOI: 10.22034/mme.23.10.177 ]

slogl el Galssl sede oad slogl sladils ol als
9 5y b palitue laily 5 (ugSae dhaily (she2 ey by osd
o998 Job 2bb yeS Ghgz Slig az 5o 31y (92 paw ey
sl Gialidl 5 LS il b g sedoe yiaS 3985 lise 3
088 6olnb sz ladils je 4l )y SRl 5 leeyss
oS 1 Lesuive SEM wlamlive b 51 sl ologi 55 e
2 2B i e 5 e Blo YalS ;05 >y
yolic xhaw a5 sls ylas Juloxd g dujas .39 e camlie Loyl
gliste LT dus y 53 (515003 (o 9 Ry blie )3 (53T
L5 0390 iomaly i (05 (52155 5 ALNi-C praus e
23 GuldIRe waldl g e3gy o L wlhigw slaes (Jl> ol
ol o045 oamlice digad diumd U prdaw 1 o] eibigusy @39
13 T 51 i lisusy 45 315 LES (ppizeen SEM wlinlice

s S (s b slesls (s5elsdy90

% GxainBoundary
F i 4. J AN A S Zl'lum‘

St37 4yl 318 (59, y» Fe-Al-Ni-Cu 449,u Ohe> )l SEM ).'9La.' (¢ S

Sz -F
Ol 53 odel s 4y pslio g oud plail Lo talejl 4y azgs b
A1 4 (bewos (slapialel ool pll 51 Gum o (g3
iRy Ol )3 Ml g S Gyl 5 S (59
Oh3 b pasiasll-JSi- el (S5 39,iS] digad gl
oS Sz 3 Gle paw g wed Gl esle
el 51 e 28 JLB an g Bl 5L (Sl
A pladl g Sae 9 GRS (g pall il
5 S oSl oy 45 3l pliS (AT cud gl

VEY s ol oyladd ¥F 09

Intensity (a.u)

XRD gl -¥-¥

350 A g € oyladd digad e yinlojl digad A 31 Lidgiy ol 53
A osleds diged oad Ll (glodiged .ab 0dly S8 sy
sl € oyled digad 5 Glalesl 2hb Blod jl diged ¢y yidings
28,8 318 ayy D90 9 0l Wil XRD g SEM i (99031
LT 93 (XRD) (g, 51 (530 o Y oSy Juloxd g apjens
U oo g 098 edalisl el gy 5l eslaiul |y FeAINiCu
SEM U7 s < sdlon 58 (S0l (oS (5,052 (s
48 aly glio gl i elasl 518 (6318 oo anY Sy sl
ox 9 G GlnS glylisle o Gli e &
[y FCC 318 aS sl (L cpaiman ol ol .3)l00 3929 Siya0s
al)d 93,0 bhwgi oad dugs Fe-Al-Ni-Cu diged 53 ()lgi(s0
L yaic Oz 4_'>)§| D FCC Lk sl o (ool
a3 3923 50T 93 58 53 glitio Il S sl sl S
(Y S

1000 |

FeCuNi(Al)
AINi(CuFe)
800 |
(002)|
(111)
600
(022)
400 | _—
‘ | (222)
- T \ A JA._,__
200 l ' A‘
M-MJUL w o s
30 40 50 ’ 80 :

20(degree)
Sl b asllbo 390 (sLalT 43 bisye XRD i (¥ S8
FCC Jlwa S

A9y XSl igSuwg Sue 2l -F-¥

Uhez dihie 5l pdugy SerSIl QgSigSue mglai £ JSs
b9y 4 0lgie malal ool 4 dzgi b amae lid |y digel
Uiy dils 50 slaial 5o Ylais| 9531 b )3 a5 sy
PPVEIVEL| 5] IOV SYRVEIS SRTPYRS ERSUIRUS JENC VP
FROWMRECJEESTIPRIV EVENEL YIRS JECITASIER
eS e 9SS Lol osds a2 ol g parinegll sy Jlade
2055 4 13 550518 (b w5y b 093 518 w3 (slgizne
& el (S92 53 pae Jolse 5 e & Bl Gl
2 ogde 39d LT g GJlei] slaiaSly ey Wlgise
038> sl casly 330 &5 ()92 o> 53 &S (293 ¢
g e ilido (glaejlail jy I g

Ohsz i)y oad 3yl eyl laie (Gl Sl Lials L
9 oMb Si5 ey Gl el Jole ol 5 Whise pials

dbpidos 34l (slogadle g (5 umdle (sho (uiliiiS (pragw cVlie degammo dalishsg (e Sl (usige ale dolinle


http://dx.doi.org/10.22034/mme.23.10.177
https://dorl.net/dor/20.1001.1.10275940.1402.23.10.30.0
https://mme.modares.ac.ir/article-15-72808-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21 ]

[ DOR: 20.1001.1.10275940.1402.23.10.30.0 ]

[ DOI: 10.22034/mme.23.10.177 ]

W o (555 298 (Stbning a9 (SlSa oo (gt

manufacturing of 316L stainless steels. Metals.
2022]Jul 21;12(7):1232.

Nobrega G, Souza MS, Rodriguez-Martin M,
Rodriguez-Gonzalvez P, Ribeiro ]. Parametric
optimization of the GMAW welding process in thin
thickness of austenitic stainless steel by Taguchi
method.  Applied Sciences. 2021 Sep
19;11(18):8742.

MME, Proceedings of 3rd Iranian National Conference on Advanced Machining and Machine Tools

dgad ;> M g JBwbLEe YAL/YAT oy @ Job sl
S sy lid Sty Sae UgAﬂ a.sl.u ol Cawd Y osleds
g )3 A diged &y by (g Sue e oyidon
QieS ey g wedy YV 5Ly caids 5 jiehe AT (5S>

ol 0393 5509 LTV lade o diSy y1 4o O PN

IS aals

Jols Lolas dlio ol 4 siglaize 136 Alio ol sy
51 oalistwl wygo 53 g wbbise og}f ol il (lasygliws
Gl 044 ;5 UT)I oslasiw! &>y O')igﬁ (_glsbb)gl;iwé

&l ol

3yl b8 0395 (Sl £9890 jl zhainl Jol> dlic
28le Sy 308 Ve Guaige BT Ol

o glie

] 0393 (yliows ol&aidls odge p g sl o

&zl

1. Le VT, Paris H. A life cycle assessment-based

approach for evaluating the influence of total build
height and batch size on the environmental
performance of electron beam melting. The
International Journal of Advanced Manufacturing
Technology. 2018 Sep;98:275-88.

2. Ning ], Yu ZS, Sun K, Hu M]J, Zhang LX, Zhang YB,

Zhang LJ. Comparison of microstructures and
properties of X80 pipeline steel additively
manufactured based on laser welding with filler
wire and cold metal transfer. Journal of Materials
Research and Technology. 2021 Jan 1; 10:752-68.

3. Rodrigues TA, Duarte V, Miranda RM, Santos TG,

Oliveira JP. Current status and perspectives on wire
and arc additive manufacturing (WAAM). Materials.
2019 Apr 4;12(7):1121.

4. Todaro CJ], Easton MA, Qiu D, Brandt M, Stjohn DH,

Qian M. Grain refinement of stainless steel in
ultrasound-assisted  additive = manufacturing.
Additive Manufacturing. 2021 Jan 1; 37:101632.

5. Kumar MB, Sathiya P. Methods and materials for

additive manufacturing: A critical review on
advancements and challenges. Thin-Walled
Structures. 2021 Feb 1; 159:107228.

6. Jiang ], Xu X, Stringer ]J. Optimization of process

planning for reducing material waste in extrusion
based additive manufacturing. Robotics and
Computer-Integrated Manufacturing. 2019 Oct 1;
59:317-25.

7. Ngo MH, Gandham B, Le DH, Van TN, Van TN.

Unique characteristics of the novel-GTAW process
for the butt joint of ultra-thin silicon steel sheets.
Journal of Manufacturing Processes. 2023 Jan 6;
85:894-903.

8. Chaudhari R, Parmar H, Vora ], Patel VK.

Parametric study and investigations of bead
geometries of GMAW-based wire-arc additive

Volume 23, Issue 10, October 2023


http://dx.doi.org/10.22034/mme.23.10.177
https://dorl.net/dor/20.1001.1.10275940.1402.23.10.30.0
https://mme.modares.ac.ir/article-15-72808-en.html
http://www.tcpdf.org

