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Table 1: Chemical composition of silicon carbide powder [22]
AL s AB s QM) o2 SR (M) )3 o5l Py
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Table 2: Chemical composition of aluminum 7075
AL Ti Si Cr Mn Fe Cu Mg Zn sels
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Figure 1: Designed and fabricated friction stir welding tools (all'dimensions are in mm)
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Figure 2: a) Schematic of the welding process in the fixture, b) Experimental test of friction stir lap welding
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Figure 3: a) welded part, b) cut sample for measuring shear strength
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Figure 5: Structure of the join region; a) SZ, TMAZ and HAZ, b) general bonding and base metal areas with
information extraction areas, c) in the presence of silicon carbide powder with square tool and d) conical tool.
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Figure 9: Shear stress-strain«diagram, a) test 12, b) test 11, c) test 15 and d) test 4.

39550 sl sl oads plonil DI,S gib jea> jo e as b (05,00l JLSle gy Zajme b aST ala el 4 axei L
Ok SIS gib) ouiS Coali LIS jgax pas o BTN A5 LSl legh 2,50 sbagialesl o sulis sleonyay aS
0 a0 eoligl SKasl o) Shg> e )0 0ol a5 Cul (@) e Basls oIl oasS s ele (Jlasl 4l o (wb)ls
Loy b (Bolal aje8 .5 )08 o 53U aails o3lusl  Jlasl axb jo b5 oSl 1) 6l jpam S50 (6,58 Julse Lol oS
oS Zughs Dy jpi cnizen IVY] st e piles > g el Bl iy S A o Sogihl pate cSInS,
il ele oS ol 4 08,5 go JLail plSiwiad il el Jo S [ il 8 glorsel sl b Sl 1 osdle
975 &Bly )0 dgd oo Failon; oled JESle 5, T Jle Sl abl; Geb g oud sdomefsls SAlsx axie slaglKe (il ely
SaS @ &l a5l Cailes 0uS oo (5 S ol aails ) 5l g a3 )T 13 il e CS s 4 (oxile ale caisS Co gl Ol )3
ROW I PRPORANE ACCC gy T I PR CEC SRCRY S SR
O glaails; o oy .J..J.T‘so S99 A dygly oS Ailojye (ool olawd g wigd oo dn S ladlls (S S s b o
251y 5 £55 & gl) o5 Glaaily; o ( (Solind Hobs DS )3 )00 et 4y 4l Sue 5l S slaadls (55 ailex (6l (orlin Lo
0p>5 aailsj o ;0 a5 (225 B (5551 @ 4z il (um (nl o aBlse BT (Lol (g )3 iz sladls ialsr g ot o
5 adsl slaasls ad anSls cel hgr anl 4o oarsS Cugi ol)d jeas &dly ,o [YY] wuS o) was sladils 145 o
D9 o oy ol L Al b ;) jo asie alse ) ol
ax,0 o Sl aygly e MM/MIN os ce o AYO IPM g e ) YT iolej] onds 00isS Gladalad Gladiges
Coond Vo S0 45 a5 bl oas 0ols Lis oSGy CanSKl aboline 1 (6 gl o oo Vo Ko jo o(+/) MM 85508 500y
4GSl &Bly 50 el oo Jlasl T Solidl 157 5l el JolS cunslls 0o Cogis Ol,3 b jga> pac o a5 Sl asuie

' Hall - Petch effect
2 Pinning Effect
3 Fail
VO



Ve S o o bl o ool lias oy Sl SIS, o -V e USKS cenl oald plosl SLSL cllSls O g0
ol 009 SLSU braily canSll 5 418 K O jg0 Lisle jo  Fois o5 cul asin
Day pomie g 0dgy S5 Ab) Oyse bl sSdew O3 gl jgas jo SOl ISl a8 sl (00 50 o]
Olyd gl jgam jo dalad CanS mhaw 4 bgype a5 o -V Sy o b () 0 JSE) cnl oo Jlasl asb
ol Al 1) CelSs Al o U e 1S (6,L8, ankad g 0095 S axkd  Foldl) 55 a5 ol

FEH JEpPAERNCER BN

LS 0 Cdo b puioren ailazils Jlasl oy pBowl 1y S 8U i ol
e b oads olon] sl Jlasl 4y s |y (6 5YL plSouiul o dog 5xe 03, 130l

| e
(7 «)yd ¢il jguao pac ;0 o Al haw (0 g (2l axdad (&I (Y'Y o,lou
Olyd gl Hauias 50 ol Al b (0 9

P55 5 i GLadl Jlasl dilaie 5 o 90 at e il L 4 ams e L 1)

cely Slh9d ey il el i O g0 4 b g el g Il Slhes S

boo I e 4ol i GHLASE] g wilowy (sla s
3lgoad Jlasl 4l jo cauScusws olyd Sausly, il cel Jlyss copw (iulidl i)l el Oy 6l g
e 5 oSotins Jlail S ipgieagll At 4o 0aiiS Cosii Sl)d (SuiSly 4 ax g b S o0 @ pTslr S Glades pex

"'Maximum is better
2 Signal to noise ratio

\#



0 oy ] Sl Caled 5 5 eSS S Sy sl el 50 e Sl By 50 3550n Sl
00;64 et ‘5;‘)5.) CA.C).....: wJ‘)ﬁ‘ L| 4.;‘0 o)’Lb'l w&ls o;.\.l.}S w9.n.> u‘)o )5..4.7_‘> )O 45 w‘ )5.) ul.vL..u W) ol.l o)lg.n » 033{5 w‘
Lyl

Hlpl o ey -Y-Y-0

O3l (Eenlay ISl 1o aS 4565 las el ool ools HLaS VY USS o alols hg ob plBuiul L5l s Ce p ]
o Cae ps ul38l L oS ol sS04y s Wg, Y S 4 d gl b 00 5 e axdad L0 sl Ll cely e ce
Wb oo ol bsx Jlasl by a8l Il

With SiC Without Si1C
=
=
€ 250
£ 225
&
= 200
=
7 175
5 150
E
630 800 1000 1250 630 800 1000 1250 (pm)
Figure 11: Change of shear strength<due to the rotational speed of the too
With SiC Without SiC
250 -

2251
200- ‘5H*‘MEMH'_—____“_'““*-=-,
175 °““*‘~ﬁ-._________.h_‘__ﬁ‘ﬁﬂ

T T T T T

25 50 75 100 25 50 75 100 (um/min)
Ml s s pw 51 (S pSoiw! puandd Y IS
Figure 12: Change of shear strength due to the linear/speed of thestool

Max Shaer Stress (MPa)

Lol yuss JBlas gls Ve JIO mM/MIN s Cae s cpn 0 (b plSoinl aShCnl Gaseis Wy, opl ol jo cBs b

9z 4l 60959 D)l 50 08 Jlews IS s 4l ol il andlas (polB i 03l (nl jo S Gl o0 45T 655k @

Gl 4 poeie o5 sl oo a5 ez adlaie ;0 0ad wdgi Ol g (Sl I (S Bl Gl 595 e o5 o
g oo h ol

O plorinl Gl joie a5 Wl e Coviy 65050 Jlail JeleSy abes @je Jdo @ ioml (b sleCepn

g odd yiiny olye Sojen sy oloj Iyl (s cae w28l Ll )l5 oSl &3 6l jgas e K8 b Vs 5 .

el 0ads e anml iy plSoeial (aal3dl Gl peslesy Silasél asl ogh e poslesy pilaxdl asb B olge  FEST,

3ol Sk y3,3 os FY -0
ol im0 45 v sg 4 (o) Kibgz o el ol izl SISkl an] b 5 goses g5 S ) oolizul [1V]

\Y



@lr 6,0l Sl eslinal b g Giszr 4l & 3500 (5950 5l oaliinl gy 2l Ghashy (28 slagiales] 0 OF JS2) Jigs
el 03ls )3 uglgl o 1) e 5l sle Jlail I Glebl Joa> jolaie 4 (s3g0e (59558 Ol e
LAl 09 o Jols SoSs cae 3l s)le Jlasl sbl lpl K 99) IS ankid yo 5l (Sbye,8 b aSl 4 ax g L
ol jheadons aiales] o (S5 e Cug) pas sl Il (28,98 5l oalitsl ool 5 )13 () 29590 Il (528598
S byl L@Ridys 8 Bos (talidl [T 05 o )15 axkad 4y Il o 5l 50500 (59 ualEl el I3l (S2by58 Gae iul3il &S
S I gl ;0B aas e Lai VE USE sunlive el oo Jlail o alSoninl (iali3l Sl e 5l s,le 5 Kan Ll
(S598 Goe GRLAINRLLS 98l 13 9l jph2 50 Sl 039y olyen (B bl I BIL (S8)958 Bee al ) end
O3S gl e (FAS 4 jonie Colgd jo g oad SIS ashad g I3 5 lpl (6,08 30 Bes dbojl dely (SiST G ialS 5 odle

Il (8,858 (9 G)92 50 (Lg cue 3929 9 Jlail pue IY STl
Figure 13: Lack of connection andpresence of tunnel defect in welding without tool recess
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Figure 15: Change of shear strength due to change of tool tilt angle
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Investigating the Effect of SiC Nanoparticles on the
Shear Strength of Friction Stir Lap Welded
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ABSTRACT
In this paper, the effect of including Silicon Carbide nanoparticles in the weld zone on the maximum shear

strength of friction stir lap welded 7075 aluminum alloy is investigated, both experimentally and numerically. This
objective is carried out by studying theeffects of rotational and transverse speeds, tilt angle, the shape of the tool
and the penetration depth. The numerical investigation is based on developing an FE model by means of Deform
and ABAQUS to simulate the welding “procedure, which results are verified by the experimental findings.
Experimental procedure is designed based on Taguchi method. The verification of the developed FE model shows
that the simulation results are in proper agreement with the experimental findings. In general, including Silicon
Carbide nanoparticles in the weld zone can increase theemaximum shear strength up to 24%, compared to the case
of where the specimens are welded without Silicon Carbide. Furthermore, applying the threaded tapered tool leads
to higher shear strength in comparison with the squaredsshape tool, i.e., the strength of the specimens welded by
threaded tapered tool are 4 to 5% higher without Silicon Carbide inclusion and 4 to 7.5% higher with Silicon
Carbide, compared to the same case welded by squared tool. In‘addition, while the rotational speed has the highest

influence on the findings, the tilt angle does not affect the results that much.

KEYWORDS
Friction stir welding, 7075 aluminum alloy, Finite element modeling, Silicon Carbide
nanoparticles, Taguchi method.
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