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The effect of welding parameters on the formation of S-shape defectsin
friction stir welding of aluminum 1085
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Abstract

In this paper, the effects of welding parameters involving tool shape, title angle, rotational speed and welding speed on
the S-shape defect formation have been investigated. For this purpose friction stir welding process were done on the Al-
1085 plates by cylindrical, Triangle and square pins. The welded sections were studied by metall ographic, radiography
and SEM methods. The results showed that the S-shape defect was formed in the 1120 rpm, 1° title angle, 160mm/min
welding condition. It is believed that the higher heat input in this welding condition with low welding speed would lead
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to more oxidation of Aluminum and so oxide particles formation. These oxide particles precipitate in a S shape pattern
during thematerial stransfer between Advancing Side and Retreating Side sites which leadsto S-shape defect formation.

K eywords: Friction Stir Welding, S-shape Defect, Rotational Speed, Welding Speed, Title Angle.

Wik ohe 0505 ¥ 5 ks el Ao
SShol i o s WU ) s [18-16]
ey bl e S s G kbl 81 alized
Ol kK Jloiml i b s el oW sl
315 5 gy eS| b slaaY 5 AT oS,

askad g3 o Jge Jladl sl Sle il a5y oY ol S
b ST (Sh e 53 i pade al 4 3sd
S|y S sk adeaST a1 Sy sk e e
SOl 3 & Lphoe (Pha e sbml 4 e 3L
[21-19] el - e NP PPN

Sl O S5 230l s 5 Pl e cl 6
das e Ol &S [22-2546] el a3 om0l
sl b s Jst 3 s [26] e e JSC25 0 01
FSW ol b b 5o Sadly IS0 e 53 bS]
Jo s il e Spmls Gl s U bt o050 4
gy il 53 GenST Y (gleils Je b gl LD
Lol oy pons s s [2728] 5,5 o S5 500 L
sbl e JTSUTFSW. 2 53 (g0t slawY (514l
[26]5 55

sbdlall cuds 5 Pl cos it S0 4 5 L
s 5 ol 6 s il SISkl 5K g 5l Jol
S Sl ol OVl (Soy 5 S glajls,
ol e e pasis s ol cosle cxls Cuanl s
bl 5l Cmles gl sl JSa1 all ol ss 5 e
G s eyl 86 U el ol awe lis opl L3 O
dla=l 2l Olss e 5 Jlpl asls Ol K8 el
ol el r—:*r‘}ﬂ SUT e s e s Ises
25080 D sz 3550 1085

asdie -1

Ly 1001 Ul s o ilizl Sl oK aul
gl e 1 LU Jlasl 5 (S s sl TWI e 5
Lol Sl Jlasl gl 3 S gyl 1] s 8 e
e 00 Sy o3 i 5l AU olge DY Gl en s
Gl S Ol el LA ol s e sl Ll
Olss a3 o8 Cenl Ll 555 55 0lig)s 3 s
s B s cnl 3 slpe slos ool Sl 5 o ol
ede oy cnl bl 542l e I8 fls p 5 ks
G ol 8 el LS Bl S8 LS 4 Sl
S 3 Jmmes Jliisn 5 Wb (550 Qb b Sy K Ol
Blas e B

sk o el DI s ol ol Sl 4 a5 L
ezl 5 53 Aul B 5l AU &S Jpene S 5l ol
ilazl SShul K 5 fols oVl s i
s Ml Glns e 2y ol b [6lens o
g SV b s (Pla e s e (fiS
8 ,7]cl

S [UA-9f sl w35 oy winy ool 53 ey Sl
SOz @ oxe ol S5 e el Jalse s e 0L
S b6 Solm) bl g5 Sl Dl aSke S
03 3lge zog Sl B 6oL g s pde (o3I )
Sacand e slpe ol DYt ol 5 3 5 el
J15] el o s s 5 0y i

S S sl 53 555 3)lse e 15 (S0 elye
Jelse b 51 (S8 Ol Aol 3 a5 diis Sge s
S b sl SKhol o Ke e js S 5] el

ol o VL o 5l Lol s ol O eS|


https://dor.isc.ac/dor/20.1001.1.2476583.1400.7.1.2.3
https://jwsti.iut.ac.ir/article-1-360-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-11-19 ]

[ DOR: 20.1001.1.2476583.1400.7.1.2.3 ]

e XS 15 adllles 3)5e (g5 oS S b
PSs Son Jar 5 O leard S 55 P s e
5 TESCAN oliile oS8 MIRAS Jus ius, s S0
23S sz 3,50 EDS T s,

s ok ol o3 bl 4 Sl ISl 4 g L
S bdisad sliad S sk 4 ol @ 3 15 e
o 53 b 4 RS gl (286 bl b s
ARG s ool bl ald @ S o
ogn Geizs ool 53 el b sS4 5 e 35l eslinal U
Rl o3 el eslimal sla bl 5 ol (255 15 esliz
Ll B yme (2) Jsdr 53 Godos

2L SE i a bl s b b, Sl eslisal b
o a3l 9 sl ((Hp) el 4 s e 308 5
ooy il Lo Sojsw 4 oS 38 15 eslinal 355
A pshe 5 Lyt S5 (3) dsdxr s sds
ol sl 0313 0L e

G s el sy slamll (4) dsar s
s ol 5L b am g b alis) SISl
sdalie Jadr 4 ax 5 Lol ol &l (352) Jsar o
Sl gl 5 e mm m Lol 8 e Sl oS 350
] 0t oslid Oy Sl w6l

N oy 532
bt oS5 L1085 e T SUT 1 G cnl o
Sl Rl p—:*aﬁ)ﬂ SUE S ws (1) dsas o
e T LT s 4yl @ a5 Ll ol szl (o
Syl sbul Jlaim| SolSe = 51 sl [ a5
Loy cpl 5 5l sz b e 5 S s
LSt w5 15 DOl glap il (55 il o
aslizal (65l Ll SUIT S Gados ol s 10 sl 1S
S TV P T I BTV CIV TR
5edkd esls 3 Sl uly ol&aws kw5 e L 120x50%10
L (5l a5 Lao Cobe 5 il o (K Gl
che Ll SKhol KEe bl S ae
5 Gl o SeS L ol p i sa s ol
on o5 X lSn b o8 eSS (iomen
. B I T S PRT- JYRCI J G
Jle L X il oaes by bl D
5,5 (XXG-3005:With directiona ceramic X-ray tube)
e o aalllae sl B S 15 1S sl e
o 3 o 5enslal S e s 4 Lo s o
A 12 55 iy gl o S L S8
HO d el SHF =) Lal (HNO; ) e 6 (HCL

ol S35 Aoy o s & ged pland S 5 =1 s

Si Fe Cu Mn Mg Zn

Cr Ni Ti Be Ca Li

N2V EEEYLY 2N YRR W ERYPRL IRRY DS S B

szl s eV .J-yvy | None | Trace | None

Pb Sn Sr \Y Na Bi

Zr B Ga Al

Trace | <.j..y | None | .;.yy | Trace | <./cov | o/eupy | <ofevepy

./-y | balance

.Lgﬁ;uJgujfb»)mw.ﬂ\;m@k”uﬂbg Slasein =2 gl

el S gl 5 gl A
S s sl sl | (o) A5S ol e
Camm > Dol 43l 3 Y v
(B gt Yoo V5. YO
(mm/min) _: ;>
apm)ol ;s Ze AR q Y



https://dor.isc.ac/dor/20.1001.1.2476583.1400.7.1.2.3
https://jwsti.iut.ac.ir/article-1-360-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-11-19 ]

[ DOR: 20.1001.1.2476583.1400.7.1.2.3 ]

.Jgujﬁﬁ@h”uﬂ;su oS 5 -3 Jsus

b el

ot ‘

s BTN
\ \ \
Y \ Y
Y \ s
t Y )
o Y Y
5 Y v
v ¥ )
A i1 Y
q ¥ Y

C e s Oss s
A \
Y Y
¥ A
Y ¥¢
¥ \
\ ¥
Y Y
\ Al
¥ \

'LEJJJJQJ‘FJ\:‘MJLEJ&":j’.‘ Lsth;AbL_ruBﬁ;‘ Ls‘j" o JW‘LQV;:)?UV;-‘]L'4 J)J;-

3oy 8
b f 3l sobas Ny 4l e
. 2 ) B Sl g8 4 505
(W) (53455 (4 43) (ads p 533)
(4ids

A v Voo qes o \
V/AY 3 V5 Y O ¥
* /AN Y YO AR m} Ay
OV s Yo- 1Y D ¥
o/ f v V5 qus D 0
Y/ \ s o 0 s
\Y/OF Y Ve VYY. A v
\/YS ¥ Vo \CD A A
TIYE | Yo qQes A q

S W) WY G 5 Gl (G500 5 o Sy
Olge 4 (MM/ MIiN) g5 2s Co IV (rppm/mm) i
okl me S35 Sl S Oy aallas gl AS Slre S
oedd s st 5o 635 LS o [30]c
Ll S s s oo OLES (0 g gl el )l o
(V) Gorig Copm & (WP )0ss S o o

AT e s

Couw g @LD -3
S &S o3k -1-3

M&”)JL’ &JLJ—.&\:— ‘_;Laui_,e-w d)‘ CK BY)

S Ll el el esls LS eslizal 3505050 (2) [ s
Sl Sldes S e 5 ol atle HI3 sl 5V
Bl Gl e J ST, 56 4 ol e s e

ol s s LS Ul s by Ceenl g L
Sess o Pl s bl wame 8 G5l O sl dinS])
3505 Sl S Oy AS s gl it e S
03 S 3ome [29] LY ST g o il ot eslil
L ailaie @ 2055 b8 Ol Dlre ool o i
35 g el (1) ol S5

—p 22T ")
Q=h—


https://dor.isc.ac/dor/20.1001.1.2476583.1400.7.1.2.3
https://jwsti.iut.ac.ir/article-1-360-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-11-19 ]

[ DOR: 20.1001.1.2476583.1400.7.1.2.3 ]

23

916

19‘274?&&&0 c1400 bha»-}b})\.e Je,L«b crﬁ.& de gb‘ﬁ‘ 6)&..5"’.- 6)}&5}("1& 4.;,.:.1' cJégJﬁ‘ 3‘)}@,}‘,’1‘ Cﬁf‘d'

016

920

920

6\.&44}“.: 6)&.&4};- DL ol 83 )ls 4 J\f\ J&;-ZJ&:«
el IS8 = e Tl S -l
(e e o 3] sl gl I3l S

ok (S sl s iy sl

®20

oo o BAE ey s e g (6ls sl
(ool 0z 15 Il O 55 a8 3 wiged o w0 oS sl OLES
(4‘53) (_5[.&‘}&.:' )) -C,...v‘ IS )‘1:9].’ Jl—.&ﬂ LQM"AJ ‘).il.w ))
Lacd sl Sl el S Sy Sbe oy 3l Lol o lad
3 4.;‘5.“." BE JL...A?‘ BSL (J_3‘°_3)L5Lag}§"i' BE L o 4..1‘)\

)b:ej.a_).?jﬁ JL...&?‘ASJA)& Ql..:..ajabyumcyjb

G PSS W

ool (6588 52 Al b sl eslizal 5 50 g =1 K2
5T 2 Sn BalledV e ol
szl

—r

oS 6)&.&39- 6[.&44}“.: &j;-clzwﬂjw

.343}«3-j‘a ‘2dﬁ-;jc‘ldﬁ-gj;ﬂﬁf&j\&bﬂ;&:{))bﬂyl?ﬂjw‘:gp


https://dor.isc.ac/dor/20.1001.1.2476583.1400.7.1.2.3
https://jwsti.iut.ac.ir/article-1-360-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-11-19]

[ DOR: 20.1001.1.2476583.1400.7.1.2.3 ]

19‘274?‘&.# 51400 bt:md'u 3 JLG'.’ JUL«.?' Ar.:ih JL.» 5b|ﬁ| 6)&..:"’: 6)}‘.'\5 3 r"lﬁ 4.;}:6' A‘_;.P.u'-l:ﬁ' 3';5 3 u‘:‘.'“‘}." Cﬁ}md' 24

ok (S ks oty sl

oS 6)&;3}9.- 6\.&43}«3 u;:j:-cla.wﬂ)m

6 43}«3') ‘o cct}}«.':—aﬁcA AJJA}—g.JJJ| 6‘4}‘;&.«\ﬂj‘&bﬂbmjjbj\yb-ﬂjw'4p

Ll ol el OLES UMJ‘,A.? U'i‘ CE.ZA ch..v (6)&&& BE
o Sopos i phie VU 2 2 wsed s Pl e
ol 0 o3l | (SXIF ZONE) Joo 53 5 g clg.ﬂ

295 S9N Sy Ko g slai -3-3
3 S @S S b ek ped 1l s (Pl e
sdalin 45 & S0ken (ool ol o3ls OLES 2 €5ed 3 Dla
Tres w5 LS Ll Jels a5 s
b 50 S a0 e e S das e 0L
bbb cpl s sl ol slm) S Ko a5 aily 516 e s

el olie sl g aie w555 (EDS) 3 IUT s

BE) A;Jj: N UBM‘,N J;‘5| BE) S als olis Lhk;w)f Caﬁjf

ROW PRIV
)‘6}26LGMJN )‘ J«al:— &‘ﬁﬁ)bﬁjw c(S)Jg.& DLl
GRS e Wsed g3 sl el esls QLIS VL sl

“}yéiﬂckwgfﬂjﬁgd&n-z-3

2}66UM3)~' oo Ch}.n Ch"“ R3YY E{,i..«jjgcn j,}u o
sl 0l e3ls OLES (6) Jg.i)bj ol Py

i 55 s S S kg e s e
el ol 3wl e s 652 clad sl 55 4S5 5e


https://dor.isc.ac/dor/20.1001.1.2476583.1400.7.1.2.3
https://jwsti.iut.ac.ir/article-1-360-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-11-19 ]

[ DOR: 20.1001.1.2476583.1400.7.1.2.3 ]

25 19‘274?&&&0 c1400 bl:—»-'\u 3 )Le clb)u cr.ﬁ.k dt.w gb‘ﬁ‘ 6)&.&"’.- 6)}‘.'\5 3 r"lﬁ 4'.‘.}":". ‘u:".","‘:‘.“ 3‘) 3 J“T"blfﬂ Cﬁf’J

i

2 & ga5 - B 4 gas -l e s Gl szl b e ged

SEM MAG: 100 x SEM HV: 15.0 kV MIRA3 TESCAN.
WD: 14.19 mm Det BSE 200 pm
Date(m/aly): 02/12/20 | View fieid: 1.44 mm RAZI FOUNDATION

sdalie sl st esls ol (9) UKs s OF Ll &

sl gl 5 e r.bb s sbls DLs ) &S spd e
e 0,5 pm s s S S L

&S doms -4

Slp Srar g mlan 5l (655 Sy S s 6 S

1]

Sty e
SEM MA SEM HV: 15.0 kV MIRAS TESCAN
WD: 14.19 mm Det: SE 200 um

Date(m/d/y): 02/12/20 | View fieid: 1.44 mm RAZI FOUNDATION

s =2 & gad 5y e s aile -7 S

Ko s Job s 5 85 3 e e 5eST
JSES S oS das o LIS s el o ol 05 (8)
Sl BdeeST pl i 5 0350 GheeST DS e Jol>
[26] wsbpe ol S| led S5 o4 Sy
338 3 s s YL pleS s s IS5S S

el mamd adkie gl 53 ST D3 4 A S s


https://dor.isc.ac/dor/20.1001.1.2476583.1400.7.1.2.3
https://jwsti.iut.ac.ir/article-1-360-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-11-19 ]

[ DOR: 20.1001.1.2476583.1400.7.1.2.3 ]

19'274?&&&0 c1400 DMU})L&\ JUL»..Z cr.:;l.b dL.e gb‘ﬁ‘ 6)&.5"’.- 6)}‘.'\3} r"lﬁ 4.1].:-1' c&:’q.\y‘ 3‘}} ﬁ‘]‘:‘ Cﬁf’J 26

SEM MAG: 10.0 Kx SEM HV: 15.0 KV
WD: 13.66 mm Det: BSE 2um
Date(m/diy): 02112/20 | View fieid: 14.4 pm

SEMMAG: 10.0kx | SEMHV: 15.0kV

WO: 13.67 mm Det: SE 2um
Date(m/dly): 02112120 | View field: 14.4 um

c\;.o
1-W. Thomas, "“International Patent Application”,
PCT/GB92/0220 1991.
2-N. Soni, S. Chandrashekhar, A. Kumar, and V. R.
Chary, "Defects Formation during Friction Stir Welding:
A Review," International Journal of Engineering and
Management Research, vol. Volume-7,, pp. 121-125,
2017.
3-M. P. Mubiayi and E. T. Akinlabi, "Friction
Stirwelding of Dissimilar Material's between Aluminium
Alloys and Copper" - An Overview”Proceedings of the
World Congress on Engineering, vol. Val Ill, WCE
2013, July 3 - 5, 2013, London, U.K., 2013.
4-K. Kumar and V. Satish Kalilas, ,, "Therole of friction
stir welding tool on materid flow and weld formation. ,
"Materials Science and Engineering A,, vol. 485(1-2):
pp. p. 367-374., 2008.
5- R. S. Mishraand Z. Y. Ma, "Friction stir welding and

AL e
b S s U5 e G a3 e W5 gla i 5=
wils e 3 ,Shas e e a Cand slalgal s Sl

RC

00 1120 ix o o (e Ll L dgel =2
s Lagls g aids o e e 160 55 iy s o 5 aids
VSRV T

b 4 (EDS) 5IUT Lo 55 siel oo pslas 4 4> 55 L -3
S Sl oS adls 5525 0 5 Al ole S asl d
b e Dl oo ailaie 3 e T 4]


https://dor.isc.ac/dor/20.1001.1.2476583.1400.7.1.2.3
https://jwsti.iut.ac.ir/article-1-360-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-11-19 ]

[ DOR: 20.1001.1.2476583.1400.7.1.2.3 ]

underwater and under liquid nitrogen: an improved
method to join Al aloys to Mg alloys’, Metall. Mater.
Trans. A Phys. Metall Mater. Sci.Eng, vol. 43, pp. 5106
5114, (2012).

19-S. R. Ren, Z. Y. Ma, and L. Q. Chen, Mater. <ci.
Eng., vol. A 479, pp. 293-299., (2008)

20-A. J. Leonard and S. A. Lockyer, "Flaws in Friction
Stir Welds', Proceedings of the Fourth International
Conference on Friction Sir Welding, , pp. p. 14-16,,
2003..

21-Y. S Sato, F. Yamashita, Y. Sugiura, S. H. C. Park ,
and H. Kokawa, "Scr. Mater.,” vol. 50, pp. 365-369.,
(2004).

22-Y. Wu, H. Mao, Q. Yang, and Z. Zhang, "Effect of
Welding Parameters on Defects and Fracture Behavior
of Friction Stir Welded 2195-T8 Al-Li Alloy Joints’,
Materials Science Forum, vol. 913,, pp. pp 182-189,
2018.

23-Y.Tao, D. R. Ni, B. L. Xiao, Z. Y. Ma, W. Wu, R.
X. Zhang, et al., "Origin of unusual fracture in stirred
zone for friction stir welded 2198-T8 Al-Li aloy joints’,
Materials Science & Engineering vol. A 693, pp. 1-13,
(2017)

24-H. Mohammadzadeh Jamalian, M. Farahani, M. K.
Besharati Givi , and M. Aghael Vafael, "Study on the
effects of friction stir welding process parameters on the
microstructure and mechanical properties of 5086-H34
aluminum welded joints’, Springer-Verlag London pp.
1-11, 2015.

25-R. P. Mahto, C. Gupta, M. Kinjawadekar, M.
Abhishek, and S. K. Pal, "Wedability of AAG061-T6
and AISI 304 by underwater friction stir welding,"
Journal of Manufacturing Processes vol. 38,
pp. 370-386, (2019)

26-H.-B. Chen, K. Yan, T. Lin, S. B. Chen, C. Yu Jiang,
and Y. Zhao, "The investigation of typica welding
defects for 5456 auminum alloy friction stir welds.,"
Materials Science and Engineering: A,, vol. 433(1):, pp.
p. 64-69., 2006.

27-T.L. Dickerson and J. Przydatek, "Fatigue of friction
gtir welds in Aluminum alloys that contain root flaws,"
International Journal of Fatigue val. 25, pp. 1399-1409.,
2003.

28-H. S. Park, T. Kimura, T. Murakami, Y. Nagano, K.
Nakata, and M. Ushio, "Microstructures and mechanical
properties of friction stir welds of 60% Cu-40% Zn
copper alloy,” Materials Science and Engineering: A,
vol. 371, pp. 160-169, 2004.

29- Akinlabi E.T, D. M. Madyira, and S. A. Akinlabi,
"Effect of Heat Input on the Electrical Resigtivity of
Dissimilar Friction Stir Welded Joints of Aluminium and
Copper," in AFRICON, 2011 |EEE., 2011.

30- R. Nandan, T., a D., H. K. D. H.Bhadeshia , and
"Recent advances in friction stir welding process,
weldment structure and properties.,” progress in Material
Science, val. 53(6), pp. 980-1023, 2008.

processing.," Materials Science and Engineering R., vol.
50, pp.1-78., 2005.

6-P. Kah, R. Rajan, J. Martikainen, and R. Suoranta,
"Investigation of weld defects in friction-stir welding
and fusion welding of aluminium alloys," International
Journal of Mechanical and Materials Engineering, vol.
10, p. 26, 2015.

7- O. B. Annette, " Friction gir welding. In AWS
welding handbook part 2 (pp.(211-261)." Miami,
Florida: American Welding Society (AWS). (2007).

8 P. Wanjara, B. Monsarrat, and S. Larose, "Gap
tolerance allowance and robotic operational window for
friction &ir butt welding of AA6061.," Journal of
Materials Processing Technology, vol. 213, pp. 631-
640., (2013).

9- R. P. Mahto, C. Gupta, M. Kinjawadekar, A. Meena,
and S. K. Pal, "Wedability of AAB061-T6 and AlSI 304
by underwater friction stir welding,” J. Manuf. Process.,
vol. 38, pp. 370-386, (2019).

10-K. Kimapong and T. Watanabe, " Lap joint of A5083
aluminum aloy and S$400 sted by friction stir
welding," Mater. Trans. , vol. 46, pp. 835-841,, (2005).
11-Z. Shen, Y. Chen, M. Haghshenas, and A. P. Gerlich,
"Role of welding parameters on interfacial bonding in
dissimilar steel/aluminum friction stir welds,,” Eng. Sci.
Technol.an Int. J., pp. 8-15, (2015).

12-M. Dehghani, A. Amadeh, and S. A. A. Akbari
Mousavi, "Investigations on the effects of friction stir
welding parameters on intermetallic and defect
formation in joining aluminum aloy to mild sted,”
Mater. Des. , vol. 49 pp. 433-441, (2013).

13-T. Watanabe , H. Takayama, and A. Yanagisawa,
"Joining of aluminum alloy to steel by friction stir
welding, ,"J. Mater. Process. Technol., vol. 178,
pp. 342-349, (2006).

14-M. Dehghani , S A. A. A. Mousavi, and A.
Amadesh, "Effects of welding parameters and tool
geometry on properties of 3003-H18 aluminum alloy to
mild steel friction stir weld", Trans. Nonferrous Met.
Soc. China. , vol. 23 pp. 1957-1965, (2013)

15-P. Wanjara, B. Monsarrat, and S. Larose, "Gap
tolerance allowance and robotic operational window for
friction <tir butt welding of AA6061", Journal of
Materials Processing Technology, , vol. 213, pp. 631-
640., (2013).

16-R. P. Mahto, R. Kumar, and S. Pal,"Characterizations
of weld defects, intermetallic compounds and
mechanical properties of friction dir lap welded
dissmilar alloys,"” Materials Characterization, vol. 160,
pp. 1-15, (2020).

17-W. Y. Li, J. F. Li, and a. e a Z. H. Zhang, "Metal
Flow during Friction Stir Welding of 7075-T651
Aluminum Alloy,"Experimental Mechanics,, vol. 53,
pp. pp. 1573-1582., 2013.

18-M. A. Mofid, A. Abdollah-Zadeh, F. M. Ghaini, and
C. H. Gur, "Submerged friction-stirwelding (SFSW)


https://dor.isc.ac/dor/20.1001.1.2476583.1400.7.1.2.3
https://jwsti.iut.ac.ir/article-1-360-en.html
http://www.tcpdf.org

