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Effect of Friction Stir Welding Parameters on the Joint
Efficiency of the Weldments for High Strength Aluminum Alloys
(2024-T351,7075-T651)

Qays Hazim Ismael Dr.Waleed Jalal Ali
Dept. of Mechanical Engineering/ College of Engineering / Mosul University

Abstract

The aim of the present research was to study the effect of friction stir welding
parameters such as ( tool rotation and tool transverse speeds) on the joint efficiency of
(6.1 mm) thick weldments of aluminum alloys (7075-T651,2024-T351) , which are used
in aircraft industries and are poorly weldable by fusion welding such as (TIG,MIG and
Laser) welding . Friction stir welding welds were carried out on a traditional milling
machine .Tow tool rotation speeds (900 and 1120 rpm) and three travel speeds (28,40
and 56 mm/min) were selected for the friction stir welding of each alloy. The strength of
the weldments has been investigated using the tensile test with standard specimens at
room temperature. It was observed that the strength and joint efficiency of the
weldments decreased with increasing the tool rotation speed and decreasing travel speed
with improvement in ductility. The best weldments joint efficiency of the (2024-T351)
alloy is (86.41%) and for (7075-T651) is (73.5%) these were obtained at tool rotation
speed (900 rpm) and travel speed (56 mm/min).

Key words: Friction Stir Welding of High strength Aluminum Alloys, Joint Efficiency.
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SEAY) Al jabadl jary & e A5 (Friction Stir Welding) SSiay) Lalall alal iy

Y Gl Gl ) el jea sus (Solid State Welding) dleall Aall 8 o sl alall saaa 40585 s 3l

2 S Al / s (3 (1991) e b &0 038 IS 5 lall e el81 gV B3 ) o
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axaciul dpalall AL il 8 LEBYL Gl &5 o spialV) @il alad 8 4ol 8 2l oda Crediial
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3\_,..:1&_, i;ﬂ):ﬂ_]nﬂ iclia u_". daadill 4_....:\3‘)]1 Sl e axd (H]gh Strcngth A]]()ys) aallall 2 Q...ejﬁi.n
gl il ol delia 8 (2xxx) Aedus il aadind Cia (7075-T6) 4Sam 5 (2024-T3) (FSams
2 A glie ol ) il 8 208 Lgile (7xxx) Al il Ll | 2 jlail) el ildal) JSLa b5 yillal)
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. [5,6] (Bolts)

Sl 230 A gl b alindl Eisaa 5 (7075) 5(2024) u.xS.u..»l & eai¥) alalll (SLie aal o)
4akie u_“ adafall el o_)'l‘)a.n AaaS Aadiy (Gra]ns growth) Lol 903 320 ) (ala.m Aalee el gl am Sl
PHEAPEIRA| A )l &yl e de gane Eigaa g BaSliall dad 8 alids) ) GlXS g0 5 Laa plalll
Solidiﬁcation ) el cile ral Jie Gl galall A e aai &gaa g alalll ke 22y 3 DA (HAZ) 3 sl
5l sl B_ﬁi_‘l.al'l dahidl e yaidl ¢ all L.F" (Micro-ﬁgsuring) las 488y 88T G gan u‘“ :U.L.a‘;"l_u (CI‘EIC](S
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il e Laa (Plastic Deformation) ¢alll s sédll 5 iAW) Gyl e Aailll 3,1 jall JUA (e Lealad 2 )

Lealad 3 yall (e dadl) ol e X (Stir)
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plad 31l aladind 53 sk e AT A8 Hhall 3¢y Jay )l Alee )
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. [3.4]

Trailing edge of
the rotating tool

(Tool rotation speed) alalll 813 4l 5 sall de jud) & i) o SISV LIS alad Jal s s (e )
e 58 Jsn pamall z g bla e ) ) sal) Al slal AS s Jead | (Transverse speed) aall il e jull
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[1] Aedd) Ao judl il ) die Ja

(Tensile Strength) (eball 230 4 laa (4l L (Joint Efficiency)
. [14, 15,16] (Yield Strength)
Y Clasaldd Joa o 30U alan dilee &l )2 [1] (Mohammed. M mulapear,2009)
Gl g W alaadul LS deale (7075-T6)  asiel¥ ASps (e
(36,76,102,146 and 216 mm/min) abas &y (sed e JSI5 (280,580 and 960 rpm )
. (580 rpm,36 mm/min) (85%) leile J soaall &3 Jua 1l
S (e mildial Jua gl 3.8 alagl [17] (ManoJ kumar Shivaraj et.al,2010)
(1040 rpm) &l 50 de yu aladiuly SSEAY) LlAL LSWS 24 ke (3mm) (2024-T4) , (7075-T6)
o) o 4 (60%) (2024-T4) ASpuw Sl galal Ja ol 3eL () ) 53n 55 (104 mm/min) dsha
(75%)  (7075-T6) i lasaldl
Aoyl g lalll 315y A ) gl e judl) SISEaY) Ll alal ol e Jﬂ:t. Al 50 s Canll 13 e Caagdl o)
3 gl ol il 5 A ) sall Aldbaall AN o ysal¥) il (ga 15 Jaa sl dilaial oy 1 3iS e (plall dhasl
(2024-T351,7075-T651) (5SS Al olalll (330 ylay alall ddgenn G405 Ll 5 e

. gl‘d‘ c,ﬁla.l\ 2
@;L;)L@_ms\)\eun gﬁemwm&@g\je}@w Slus (pe (pe ¢ Caadll \Lm‘;éeqs'_m\
Alalre (Sl LS el i G5 (6.1 mm)  (7075-T651) (2024-T351) iSm

(4955 °C) &) s 4a 2 A slaall dallaall Ld 4 ) all dlalaall (aiai (2024-T351) dSnd dsilld | L)l s
L e Jaads ey L (Solution heat treated +Water quench ) 48 all 3 )a da 5 ) slally sled) Loy
Natural ) sxuhll Giixill dlee o35 o2y 5 (Roller or stretcher) dadl s caadl ) 48 jall 45, ,hy (Cold work)
[18,19] (aged
(460210 °C ) )~ Aa Al glaall dallaall Led &y ) jall Aldaall (et (7075-T651) A Wil
e licall iadl dulee o yal Al jall clly L &85l 551 da o ) elalls sled) Ll
. [18] (12)  (135x5°C) (Artificially aged)
1-) ( Stress relieved by stretching) Ll 43 yhay culalga1 Al 5 dulee Jind (T_51)
.[5,18] (3 %
/ Apdig) cleliall jaadidl aadll 3 (Chemical Composition)
Lran dr e Baairal) puldl)l il a8 ae L lae g Ol Sl il SlasSl Qi) (i (1)
. (European Aluminum Association , (EAA)) 4 s¥) a g2l

(Wt.%) oabea¥) Grall Aleassl) Judadil) ¢ (1) Jga

Alloy Element Cu Zn Mg Mn Fe Si Cr Ti Al Another
2024-T351 | According 3.8-4.9 <0.25 1.2-1.8 0.3-0.9 <0.5 <05 <0.1 <01.5 Rem <01.5
to( EAA)
Measured 4.41 0.0269 1.64 0.462 0.28 0.102 0.006 0.067 Rem 0.0229
7075-T651 | According 1.2-2.0 | 5.1-6.1 | 2.1-2.9 <03 | <05 <04 0.18- <0.2 | Rem <0.15
to( EAA 0.28
Measured 1.56 6.22 2.3 0.024 | 0.25 0.04 | 0.176 | 0.0604 | Rem 0.0233
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. (8)

Cracks

(2024-T351,7075-T651) Eua (TIG) S8l Ll Jad - (8) Jis

padll i (Jai¥) -2lga¥1) Talada e J guanll a3 (pi€nnd] ISy (ulad) Ganall a8 AT el jal aas
(9) JSG (8 e LSy sl

7075-T651 Base metal 2024-T351 Base metal
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P et—
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© = 400
§- 400 / s /
£ [ 2 300
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o I & 200
= 200 5 I
v n

O T T 1 0 T T 1
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S B A gm (2024-T351,7075-T651) (SSaad (ula¥) aeall Alal) 281 daglaa
el abeatl) dlee JDA (7075-T651) 48w 8 (MgZn2) (2024-T351) 4us & (Al2CuUMQ)
. [7] (Coherent) ddayl jiall LS jall (1o Laa
Gl Gamally 4yl 85 il galall 8 21 agal alial) dadl 5 o smdll dga e US 8 Aale 5 ) sacang
Tpw i) B e il salely AWy Dsdal ddee Giga N @D ol sy oSl LD
. [20] Syl Ll ot cildee YA (Precipitates)
dabie & 50ball g5ty A piall O sl Als e Ll ading o salall sl pdsay 230 Gal 53
dahic A Gany HusSlly peadil) b gl (e Jaa gl dilaia gla Al 8 230 LA il (e Baadls ¢ Jaa gl
sale) Led mual dibid) o3 8 LAY o) ) ga yy oladl) dalaie < 5al Jal) 230 aga o) 3 alalll dilaie S
Oamall Cugne il kil il (e Sl Al 5 Gae ) A jial) (33600 alatial) oy il SIS 5 e
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2024-) S oY) Ganall oSl 48 50 a5 osbs¥) Ganall HuSh 48 50 (2w (10)
L Al il L5 (585 (ola¥] (ponall ol g ¢ Cum 320 LGA1 el sal 3as il saldly (T351
U\NJZ:\B}@‘J}J&‘PL}QMJA‘}QJ}QLAM\

 (2) Jsa (B e WS Sl

Rase metal

S vamen

2l (msd e 1(10)
Al Aa salall a1

(2024-T351)

(2024,7075) Sseud 2 (2)
Tool Tool travel Mechanical properties of FSW welded alloys
rotatio speed 0.2% | Ultimate | Elongatio | Ductility Joint
n (mm/min) Proof stress n (%) efficiency
speed stress (Mpa) (mm) (%)
(rpm) (Mpa)
BM Measured 350 446.744 6.0 24.0
2024- According 340 475 18.0
T351 EAA
28 270 350.694 4.3 17.2 78.5
900 40 300 379.553 3.8 15.2 84.96
56 310 386.067 3.5 14.0 86.418
28 280 346.226 4.5 18 77.5
1120 40 292 364.185 4.0 16 81.52
56 295 369.904 3.75 15 82.80
BM Measured 420 534.391 3 12
7075- According 460 530-570 7-10
T651 EAA _
28 285 358.042 2.0 8.0 67.0
900 40 303 374.287 1.8 7.2 70.04
56 320 392.778 15 6.0 735
28 255 328.65 2.75 11 61.5
1120 40 287 368.628 2.5 10 68.98
56 298 380.432 2.0 8 71.19

83l 3 oy il GISTy il salall 0l Ao glia o)) Lle Jgaanl) &5l a2l Ladl 60 (e oy
Allaall ) s A da )l 5ol 8 uead e iy alalll 31Y Al ) sl de judl gl die alall Agladl) Ayl
(1120 rpm) (900 rpm) (s Al ysall de pudl 33b ) O cps (A . 2B (Ductility)
COESll 3S
ool Wiy (86.418%)  (2024-T351) iSums cile sald Lgle Jsemnll i Joa gl 5:1€ e )
<l (5 3235 (900 rpm,56 mm/min) (73.5%) (7075-T651) 4 Cila salal Jaa 511 306
oA (e amall Al (m jai Le laie e aaiad Ay ) jal) Alabaall AL o gl il A0S0 (al 5301 ) )
) dddaia AN 5 ) pal) AaeS 300 ) o) Cus SIS LAY sl ddee W) (Thermal History)
(Coarsening) (Dissolution) (Over-aged) el Jajé &gas I
Adhidl 8 dals 5 e galall 2l A glie (sl ) a5 Lea (iSnd) BT (A2CuMg)  (MgZn2)
Y Y (HAZ)

46



Al-Rafidain Engineering

Vol.23

No. 1 FEB.

2015

VST ) cpamally i sl 5 o salall 2l Ao slia 8 Apdadll 5 Al ) sall de yudl 58l G 40080 QIS5
L oSl

2024-T351 Base
metal

== 900 rpm,28
mm/min

e« 900 rpm,40
mm/min

900 rpm,56
mm/min

Stress (Mpa)

o
o

w b U
o O
o o

N
o
o

[ T~
- -
-

100

=

o

0.1 0.2 0.3
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e e 1120rpm,28

mm/min
e <1120 rpm,40

mm/min
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Stress (Mpa)

Y

0

0.1 0.2 0.3

Strain (%)

Al e salall 5 Galal) Cpanall Jlaii¥) -alea ¥ 4 jlie bbda : (11)
(28,40,56 mm/min) duha & 5 (900,1120 rpm) sy s3ll de judl xie (2024-T351)

600
. — e —
7075-T651 g 500 / \
Base metal S 400 D=
— —900rpm,28 o 300 # 7 \I
mm/min § 200
—— =900 rpm,40 & 100 JI :
mm/min . °l e
------ 900 rpm,56 0 0.04_ Q.0 0.12 0.16
mm/min Strain (%)
— 600
8 500 ot ==
7075-T651 Base = 400 (e
metal 2 300 -l = -."'\\'\
e = 1120rpm,28 o 200 - X
mm/min & 100 '
e <1120 rpm,40 I
mm/min 0
------ 1120 rpm,56 0 0.04 0.08 0.12 0.16
mm/min Strain (%)

(7075-T651) aSd Cla salall 5 (bl anall JladiV) -2lga¥) 4 jlie lahis ; (12)
(28,40,56 mm/min) 4ubaa ¢ 0 5(900,11209 rpm) 4l sall
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24,Weldments,900...

84.96% 86.41%
78.50%

Joint Efficiency (%)
[e)] [e)] ~ ~ (o] (o]
(o)}
3
N

28 40 56

Travel speed (mm/min)

- OESal) WISy o M)

(2024-T351) S e yalad Joa 1 36iS b ddadl e ) 30 : (13)

(28,40,56 mm/min) Abaa ¢ s (900 rpm) & 52

86.00%
81.00%
76.00%
71.00%
66.00%
61.00%
56.00%

Joint Efficiency(%)

2024, Weldments,1120...

T 77.50%

28 Travel speed‘”?m/min 56

81.52% 82:80%

1120 ) &l 5 53l de ol die (2024-T351) ASssms s palad Jum gl 30US 3 Al de ) Ll 1 (14)

(28,40,56 mm/min)iha g s (rpm

76.00%

71.00%

66.00%

61.00%

Joint Efficiency (%)

56.00%

H 7075,Weldments,900 rpm
73.50%
70.04%
67.00% I
. 28 40 56

Travel speed mm/min

900 ) &l 5 5all de ol die (7075-T651) ASsas s yalad Ju gl 30UiS 3 Akl de ) Ll 1 (15)

(28,40,56 mm/min)iha g s (rpm
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72.00% 11.13%

70.00% -
68.00%

66.00%
64.00%

62.00% 61.50%

Joint Efficiency(%)

60.00%

58.00%

56.00%

i 7075,Weldments,1120 rpm 28 56

Travel speed mm/min

1120 ) &l 53 de ) die (7075-TB51) S e saldl oo ol 5:US L Apladl) de ol s 2 (16)
(28,40,56 mm/min)izha & s (rpm

s claliiiuy) 4
o Lo i i Canl) 138 YA (g0

LIV olad 46k (2024-T351 7075-T651) allall aill deslie i3 apial¥) el olal 484l ]
WA s Blasale o Jpaall s Laal alalll 3 oy Lealad sy )5 (Friction Stir Welding)
g;)l.@.naly‘elaﬂ\g'éﬁj;ﬂ\ L_U:\:J‘UA

2l ailiad o il 5l lagd alall Aglasldl Ao yudl g alalll 510Y 401 ) sall e pudl 2
- OfSall LSt

) ad) A 505 ) (590 (L ol 3 ) g pual) sl Bl e ) i g ALl 515Y sl sal) ey 335 . 3

S lagalaly (86.41%) (2024-T351) 4 Glasalal Jiasll dahaial Loy )l 3:USl o8 Juadl 4
Aabadll de udl s Hlalll 313Y (900 rpm) Asl_sall de judl e lgle Jsaall &5 (73.5%) (7075-T651)
(56 mm/min)
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