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KODCHARAWIT LAMKAM : INFLUENCE OF FRICTION STIR
WELDING PARAMETERS ON AXIAL FORCE AND MECHANICAL
PROPERTIES OF 7075 ALUMINUM ALLOY. THESIS ADVISOR :

SOMSAK SIWADAMRONGPONG, Ph.D. 102 PP.

FRICTION STIR WELDING/7075 ALUMINUM ALLOY/AXIAL FORCES/ TENSILE

STRENGTH

Aluminum was widely used in many industries such as electric cars, high-
speed trains, and aircraft due to its lightweight. It was generally known that some
grades of Aluminum were low melting weldability which might lead to cracks,
porosity, warping and deformation, such as 7075 Aluminum alloy. Therefore, friction
stir welding technique was sometimes employed since there yielded good mechanical
properties. However, friction stir welding technique often had problems with high
axial fo‘rce which affect to wear and runout of the machine. The aim of this research
was to investigate influence of friction stir welding parameters on axial force and
mechanical properties of 7075 aluminum alloy. 100x50x4 mm specimen was
prepared and welded with varying parameters including rotation speed 1580 and 2220
rpm, welding speed 36 and 63 mm/min, 3 mm stir pin profile cylindrical and cone,
and shoulder diameter 9, 12, 15 mm. The experiment was performed on force
measuring fixture. Shoulder diameter and welding speed was found to affect axial
force with significant level of 0.05. Rotation speed and pin profile in the range this
studied were not significantly affect the axial force. The minimum axial force was

3205 N with cylindrical pin profile rotational speeds of 2220 rpm, welding speed of



36 mm/min, and Shoulder diameter 9 mm which given tensile strength of 334 MPa or

62% of based material.
School of Mechanical and Student’s Signature ﬂb—gl‘]
Process System Engineering Advisor’s Signature___ ="~ ~
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Tadendnmn (Saravanan, Rajakumar, Banerjee, & Amuthakkannan, 2016) ANYIOATIEIUVDN
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<3 a 4 o
Tun1svyunau 1000, 1250 50U/AU11 AT AAUFON 80, 100, 125 U1./U1H HINIUYUIA 3
VL. YUIDBY 3 BIAN FNNATTEZNADNTIANIU 30 s HINIUNTINTZVONTIINTAG HI3 A

< [ Y 1 ] <3
ANVUVUNTINDY 51 HRC WU YUIAUINIU 22 U, ﬂ')']ﬁJLi'Jii’]‘]JiUﬂWﬁﬁlqluﬂ'Ju 1000 501U/



= 3 a A = Y A aa = a 4
UIN ANV AAUFON 80 V1./UN THauTaNnadnga 3991nn1sunszHanuulsilsi
Y4 Y a 4 g’/ ~ 1 1 < = <
vornaansagl 1 mndmesnanualinasdaunaenundusede Tagauaisoulu
] <3 a 4 1 3’/
MTUYUNIU 13.28% YUIAUINIU 17.58% LazANIT UAUTON 41.41% 110 T na1niudl
v Y )
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Axial force
Weld bead

\ Rotational
. Welding joint

- Irgy,
Shoulder TAVerSing fope

Pin

U7 2. 1 nszUIUMIFeMTEANIULLUNIY (Eslami, Tavares, & Moreira, 2017)

Aanufeud M uMsIFeudsANIULLUNIUAAINMTHYUTeA U UAT 03lanIU
o & o A 2 Yy A a A A oA ) a 4 .
AUFUIY A93UN 2.1 Fuaumuignauienndnidaizondn auneanudalea (Advancing
. ' ) { 4 A q Yy ) A 7 . .
side ; AS) dausufignieniloson lilaulna AS Gond1 115 mnsaelag (Retreating side ;
A o 2 - 7 ~ A4 A
RS) tloddaFuaunanisseudndogluuunardan nsesioniuvzgnaonas lliie
& o Y & & A o A 4 v
Haund o TagIi U oReIN Y NIZUIUMIIFOMTIAMIULLUN VAT OUNTYHINTS
A Aa A [ YA o YA = Ao 1 1 A 9 a
wouezgiiiisudanos Ida v ldinsAn1ITeeddoiiesdiuTanzIner uazna lnaaw
I 4 [ Aa a 4 v o [ ¥
UL IVDITOUFRN WU UTLaNTAINNIINAVRITRUONEIR NI Tars Ny (Base metal)
= K A s A 9 Yy a a v Y
DUNMNTNTNDTNTLVIUMIIFINYNAILAN ML ANUAINAN DINTWNAVRITITEAIUNIT
= A A ) 9 o ~ [ @ o Y a 1 éf
ANNIDYDIUATOIWDNIULAZMTUIANNTOUVOITAANUANA NN U HINAYAUNNT DIV LAY
Aa I [} ° 4
nanalannuud s liaivauenasauuuion
3 A a 4 ~ o v Aaa a [l
221 93AU52N0UVRINMIITON WITIHLADITNTUIUM TN AYNNBNTNase
A v 131101 (4l N e 4
AUNNTRY 1FoNznoVaIY JULDUMIFONADIEE 1A3030BNIU AT INIADT NTIFON
A 1 3 A 1 [ 9y
22.1.1 junuumareuse jUnuuNugIMY0IMIFONae T Usznoudie 3

9 1 d‘ d’ 1 1 .. 1 .. 1 v A
gﬂLL‘U‘U l’l,ﬂ!!,f‘l NISIFDUTDNA DUV UNDYU (Butt joint) LUUNDLNY (Lap joint) LASHUUNDNIN

(T-joint) A431/7 2.2
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{ ¥ 4 1 [ an o 4
517 2. 2 juuuNug UM Fouae Tae (A35NH, 2016)
. MIFoNFoUABLLVADYY (Butt joint)
V. HUVADLNY (Lap joint)
1 o A R
A. LUUKDAIN (T-joint)
dyw = d‘ 1 4 1 1 -
uaﬂmﬂuﬂmgﬂuuumﬁwammmaﬂﬁzqms] WU LUUADFUUDU (Edge butt joint)
Y
HUUADFUAIN (T-butt joint) HUVUABINYKRANY)FU (Multiple lap joint) Tﬂmmazgﬂuuumi
d’ 1 g: a dy % U d' 1 Y = =
IBOUADUU mﬂﬂ13"lviammmmaaiuaﬂymzmmmnﬂu 21U A M IManuus UG
. y 1 v 1 9 a a
(Laminar flow) wazms Ivauuuiuliu (Turbulent flow) Faumaae Inseasauazlszansam
[ [ Y
5081¥01 TﬂEJmiL%ammmmwuﬁﬁﬂymzmﬂﬂaﬁmﬁuﬁummgﬁai’ﬁﬂuummﬁﬂu
Y A = M I dy = v A Aa A A A

Tassasasea¥oulanuaiinane uazdluio@edny JUszansaInssereuna aI1un1s
A [ [ [ v A dy Y] I y ! A Y a
IBOUADUUUADINY LLAZNITADLULAIN mi"lﬁammLumamﬂuLmuﬂuﬂaumaimﬂﬂmi

[

3 A a Y Y ) ) ' = Y X ¥ A
peruwailuiioMedInueIaga 1UUL HazA LA 39S Inadveutotaquuuiiutliun
(=] o Y Y A a 1 Y [ 1 a a °
Turisaweii Id Taseadesearounagaunnsesldie dinaneilszaniamnanadiag
11999 1INMsABLLUABING A5 oudzlinansznuN I eoNINnIh ldinagauN NI B
P2 ) [ v A 9y 1 A 1
lade h ldgmswademe lasanmsdeunn uaewsu
| o Y A 9 y X A Y A
2.2.12 n3edlenIU MuNasnaNuseuIuluvazeutaznuling
a [ A =} a1 o @ 1 A
mMslszenuaanuy mseeniulavilszneudiAgy 2 diune
1) 110U (Shoulder) vmihindeadnuiiviiagron ldina
9 o A a J o 1 [ = o o S ]
anuSeunuuuaFeutaziiamivoual Tasdrulugds ludimsmuuananinasinuiveu

Tumsfmuauineveeinnau uANNMIANYINUITERRIUNVINAVEILINIUAAAITOEN 3-

' '
(Y A o A

4 1MUDIANURUIITANITINTIFON (Rajakumaret al., 2011, Saravanan et al., 2016, Kasman &

q

Yenier, 2014, 1azAs5n¥, 2016)



11

@ . o Y A a a9y Y A
2) %InNIU (Pin) VITWH']‘Vllfff.lﬂﬁﬁiT\Tﬂﬁwuﬁﬂuiuiﬂﬂﬁf@lﬂlagﬂﬂu

F4
A o

] Y 1
iodag ldinans Tnad i lwaunaiunielusesdon jinsaiiniuiiugiu sz 2.3

' 9

Lim!ﬁﬂgﬂ‘lﬂix‘iGUENTi’Jﬂ’JHLLU‘UﬁuﬁTu@@ﬂLLUUiﬁ!ﬁﬁ’Jﬂ’Juﬂiﬁﬂiz‘UBﬂ VYINIULUUITY
g}/ o YA =) ] 9 A a [ 4'4 = Y v W A

mﬂuuwmuﬂwnmam LagumIN ﬂﬁmﬁ]ﬂ‘]ﬂ!ﬂﬂlE]Q’Jﬁ’ﬂmiﬂx‘lllﬁlﬂi]u‘lﬁmﬂﬂzﬁﬂﬂ‘]J’Jf‘TﬂL‘]fi’Jll
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=2 I A a va 9 = ya Y ' 3 Y
Tuiludadiny adsdendagilauiadiuniumsdnise 1aa iy Jaglunquimanna
. L :
1AT0940 SKD61 (JIS) 130 HI3 (AISD) 1luvannanaseaiinaiudoulszian Cr-Mo-v
o ) Y v = A A A o A a s

awnsmi 1o 1dedandneswduaseiieniu nieniniu eaniniinaumsveu

1 < <3 o
Uszum 0.4% reTdiinundans suazanumiienge Tanuansalunisguuda1aa

YA Y 1 = = = a o Y A a 9
1ﬁhﬂ31h@1uﬂ1u@ﬂﬂﬁlﬁﬂﬂﬁ Lla$ﬂﬁ’dﬂﬂiﬂg’\13ﬂﬂ usmu1”lﬂclfmmvmammmauquq

Q U

] ra L= ra J o 49@1 1A o 49! 1A o a ra 4 Y
YU \11HLL3JW3JW%@]IE1‘H$ LLSJ‘WSJ‘WE)@]"UHE‘]J LLiJWiJWV]‘]J"ng‘]J HUNUNWATO N HUNWHNITUTOU

[ a o 2 o 3 9
A9 anguagnszuendudanardanuas lave arlaaruau ludamanion sauds
1AT0900NIU 130120 TUNTZUIUMTIFOWTIAMIULVUAIY (Trimble et al., 2012 1AL

Kasman & Yenier, 2014)

A @ Y < Y A A
TN 2. 1 ﬂﬂlaﬂ(ﬂﬂlg‘ﬂjhlﬂlﬂaﬂﬂauﬂﬁ@\iuﬂ SKD61

AIUNTUNN C Si Mn Cr Mo
A% (%wt) 0.40 1.00 0.40 5.00 1.30
ATTUIUMIBLYUNIANNTDUMTYDIT)
A a Ao <
QNN (°C) AP QUM NNOVAUAI (°C) AUV (HRC)
1020 - 1050 1371, 1A, 81910 AD 100 - 650 42 - 56

—~f
W
I —
e -t
=

o ¢ © H
il U f Q

v 2
517 2. 3 JUNTITINIUMVDNUFIU (Elangovan & Balasubramanian, 2007)

U

. NTINTTUON V. NTINTLUONINAYI A. NTINTIY

a A <
3. NN 2. NINTULHYN
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A o A 3 s Ao o 1 A
22.13 winimes maden iJuesnilszneudrnyaenaninusssooison
152n9VAIY (Jassim et al., 2019)
3 o a a
1) 2132500 TUN13MYUNIU (Rotational speed) 51 1R IAAYT 101
Y = a a P A @ <
anudoutazmadoglununaraan Tasdsuaunnudoundsdoumusaiinnuiisen
MITHYUNIU
< a 4 ~ 1
2) AU AAUTOU (Welding speed) AuAUANTou IR IS IR

v 3 a A o Y ] A a a Ao 9 A
Mgy OIS uA TN InaNuIeumnalguvg i dawalinisilasy
a (=} o 7 dy 7 U 1 9 d‘
sUnuuwanaan liisawedmsuns Inaveuilodaauazdwane Iasead e lusoudon
& a P v Yo o o ' A P \
FINI15100TNT 2 AN IHANRUTAY dIumIslmesaIugUnIIve 31
dl A v o Y Aa y 1 dy 1Y Y3 dy =1 LY
1A30INENIU taziInuIn linansnavutaziuihuietaguanlmiuiemeiny
= 1 . < a s 9 a
3)  MIPEIYULIINIU (Tool tilt) 1 umaiweingielinianauna
y N dy @ 9 o Y= 49! = 1 ' .
mstuihuveuiioddy tazkaunaudunu laaunau Taoyudein15085enI19 0-3° (Anil
Kumar et al., 2015, Kadaganchi et al., 2015 ta& Trimble et al., 2012)
=®R A . ) Y a 9
4) 282NAANNINIU (Tool penetration) mlvnaniusoutazns
gouAv03 A FoN 1AR 11508521719 0.1-0.3 WN. (Su et al., 2013)
22.1.4 V0AUINIZUIUMTFOUTIANIY
- Waudanenandnnnmsdennldanuiouga
d‘ [ 1 =Y [ Y
- ansoyeridgaanyianuld
19 = a dy A
- liidestimsfuiiionnalaou
19 9y & Aa [ A
- lideldunanaguinszriamsiyon
- ldndanuanudoud
1A 1% [ 4
-lainanduazsadnnsesa
- lidoan nUAIRIN e AINT IO

- lifagngumelununion

23 ozgiitanmay

a A .. a I o 1 3 Ax
pzglittiounay (Aluminium Alloys) (5551 1%@, 2549) iluidg Tanzuennguinanii

wAa A 1 ] = [ ; 3 A = % 2 &R =
auiANAEA89819 1Y TaNunuiudlseana 2.7 gem® ooy umandelinim
numiu 7.9 giem’ 11 Ilfhwazanudon1ad numudemsnanseulad luaazuiadou

¥ IS = . . & ' 2
VAN AN lueing UAIAULIM UG (High Ductility) mqwmmsmugﬂiu
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2 v Qo @ wa a @ A @ way ¥ Y
uzReInuNsImmsaliulsnuauia laemsausiaua wielsuleauaniialaaie

9 d‘ 9 a A A a A 3’; = A 1
A21450U (Heat Treatment) LWE’Ji‘ViIﬂ‘Vi%B%QNLHﬂM‘HiB’EJ%Q&IL“L!EJEJWﬁlluullﬁllﬂm‘ﬂiﬂzﬁll@ﬂ

m31lszgnd IHau

]
= IS 3

a I Aa 13 A a a @ g’/
azgmume‘lJuTam‘waauLLazmmmaﬂymﬂmﬂuN1 IHBIININANTIDDNBAT UV U
A a dﬂg < A o o o = 1 a 1 ] <3 1A
VN 4 MNAVUULTUNUDTUNTNUDINA Tawzﬂzgmuﬂﬂmﬂumiwy lliJL‘]JL!LLiJL‘Vmﬂ nglllll,ﬂﬂ
'd
a a 2 o <
szl ozgilitionuSqnaiingedunsdsilszuta 49 MPa uaz 400 MPa aviniluTans
Aa A = ' I < Y 1 Y] Y
WNEUY azgmusmmmmwumumﬂu 1/3 UUNaNNAULASNDIULAN DDU ﬁ'lll'liﬂﬂﬂllﬂﬁgﬂ?]ﬂ
= 1 Y = 1 Y [ 1 dy Y A J
ﬂamazwammullmm UANUATUITDADATIUNITNANTDU Q’Q ‘W‘L!‘W‘L!'lﬂigi]ﬂm'l‘ﬂlﬂu
Aa A = Y 1 d' 1 A
’é)zgmuEImJﬂﬁazﬂ/muu’c‘NMﬂﬂ’nIaW$6u o Glu"]fj\‘]ﬂj'n\lﬂ’]’)ﬂau 200 - 400 nm (UV) LUag
1 [l A ] 9 A a 9 Y =] 9
3000 - 10000 nm ﬁ")uﬁlucﬁ'}\iﬂna\uwuqﬂ 19 400 - 700 nm IaﬂgNuﬁgﬂaullﬁ\‘lhlﬂ@ﬂj’llaﬂu@ﬂ
[ a o 9 A A A I
LLaZGluGHN 700 - 3000 IaﬁgNu NBIAT LUASNDILAN ﬁgﬂ@ullﬁqqﬂﬂﬂj’l ﬂgguluﬂulﬂuiﬁﬁg

Ao Y o Y Yt
T]ﬂﬂ]lﬂﬂﬂ uazmmiammmmu"lﬂﬂ

U U Q

4
o %

wa a A a A A ° I {
231  udanaezgiitlon azgliloniiganasuazalsn 660 C1ilulavzninam

] Y gj v [ 1 Y 43! FIa) 1A 1 9
wuiues Wviinun sumszaeiiinldge awnsovuglldie ludesdesesin ez

@ 13 a 1 @ J g a ' 4 o @
NITUANUN thL“]Ju’ffull NUABDNITINANTDU uaz"lmﬂuwmanqm T@ﬂlﬂWWﬁﬂWﬁuﬁﬂNﬁﬂJﬂU
4 9y o a1 A 2 f - a
Tanzouqudrzihlinuauiaae@munndu 1wy ynrasumalIvetezgliiounaurzogh

Y
1140 - 1205 C WanNINUY dalnauiAmunlvezgiiion ludnyaza1e

d' v Q'J a A
A15199 2. 2 pareutiana llvesez gilitioy

Aoauiang
d‘ @ [y 4 a A
¥o dydnyal [avornol pzQiley Al 13
=
PYNINIAL Tang
ANHUL WU
UINTADY 26.98 g/mol
@ ag s
N3R5 89DIANATOU (Ne)™ ™'
ac 1 9 [
DIANATOUADTEAVNAIIIY 2,83
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M137199 2. 3 AUANIAN1INENNYDIDE Qiltiian

AMANTAN NN
A0y Yo i
ANUnUILL U R0 2.70 g/em’
ANUHU LN URVRUHAIT YA ADUIHA) 2.38 g/em’
IANABULNAN 933.47 K (660.32 °C)
01A0A 2792 K (2519 °C)
AWFPUVDINTHADNINAD 10.71 kJ/mol
anudouminaailule 294.00 kJ/mol

Y
a < ' a
232 ezgliionyugiiiunan (Wrought Aluminium Alloys) Msuiansaezgiition

1 a 1 @ a Y o 4 1 I 4
TJﬂ'lillfU\‘llﬂiﬂi]'lﬂ’(?fll'lﬂllﬂggﬂlﬁﬂhllﬂﬁﬁﬁiﬂﬂmiﬂ'l TﬂEl“lﬂmamﬂmmmmmuwﬁmﬂummm

Y [ ) [ Y 3 v W 4 a A 2
AYLAY 4 Yian mmuelfmmugﬂuﬁiyaﬂymmmazgmuﬂmugﬂ

3197 2. 4 ozgiiitloniug1iiunan (Wrought Aluminium Alloys)

0z giHeN VU UIEUNEN (Wrought Aluminium Alloys)

o o o A 3 1 o a A

Yanya ‘ﬁW]‘V]LﬂUﬁquﬁNﬁaﬂiuﬁggﬂLUﬂN

a s d'd a :{ 19 1

1xxx agglllufJiJﬂiJﬂ'ﬂiJ‘]Jiq%‘ﬁthu@ﬂﬂ'n 99.00 %

2XXX N83LAN (Copper ; Cu)

3XXX wamla (Manganese ; Mn)

4xxx Fano (Silicon ; Si)

5XXX HUNTIT 8 (Magnesium ; Mg)
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31N 2. 4 UM IWENA VDDLU BNNANTINEH (Ares & Schvezov, 2007)
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24 auvamaelanzIinen
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k2 v k2 v
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k2 v
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2005) A9317 2.5

Retreating Advancing

Y

.5 Wuinamsaounlasinseadisgania (Mishra & Ma, 2005)
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517 2. 6 anwazgUsNNUANIY (Mishra & Ma, 2005)

&

f1. VD9 (Basin-shaped nugget)

V. VYIS (Elliptical nugget)

Y [
242 ﬁuﬁmzwu%’aumma (Thermo Mechanical Affect Zone ; TMAZ)
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=2 [ o 9y A o w =) I Qy o 1 v <
nageUNIIAg ¥eedda Taena ludrsunn maingauuaieumilusuaieds litaziilu
a9 ‘wm"lumumﬁmuﬁﬂmamuiﬂumﬂmu e ety ldannnasgu mmu“lﬁmum
winsouiludnyarzilieadieasuwed (Drum Bell) aodaertarosdiu sxfivinaland
a 1 Qy Y 1 g}/ dy A Y =< d 1 4 A
VINAdIUNANYoIFUNIUAIE1 Nithiive limsauilu liedwauyseiuuy uazviaunm
A3INAN
~ 2 9 ~ Y A =
TagM I ouFUNUNAToUADUAT ol THIATIUMIWNIATI U FINUIMA1ININTIFIU
Y [ 2 A ) 9 tay ~ 1 [ = g’/ v o <
Aoy Fainmssmualdvuiasunaaeuiainuuanaradnuly dnnedasivuaniius?
v ) ' Y v
fFusuusanldlunisaa 13dqe e Inanageuinnuunasedoninvu #ailsznenlide
U1 T31U American Society of Testing and Materials: ASTM, 4163 31U Japanese Industrial
Y
Standards: JIS, 1175514 Deutsch Institute Norms: DIN 523091195514 yon. Tun15asousu
=2 d' = a o dy o 1
nadeuusanslum e dsamunuunIuluauiTen armmuavuauaszlien

VINTIIUUDN ASTM E8 (Prakash et al., 2018 11ag Venkateswarlu et al., 2013) ﬁﬂgﬂﬁ 2.9

| i K
B —f P R ~
e | ] Tl
+ w A Tl t‘ _‘D
L
b ————+
Dimensions
Standard Specimens Subsiza Specimen
Plate-Type, 40 mm Eheet-Type, 12.5 mm & mm
[1.500 in.] Wids [0.500 in.] Wide [0.250 in] Wide
mim [in.] mmi [in.] mm [in]
G—Gauge length (Mote 1 and Note 2) 200.0 +0.2 500« 0.1 250+ 01
[£.00 = 0.01] [2.000 + 0.005] [1.000 < 0.003]
W—width (Note 3 and Note 4) 400+ 2.0 125202 6.0 201
[1.500 £ 0.125, -0.250] [0.500 £ 0.010] [0.250 = 0.005]
T—Thickness (Mota 5) thickness of material
R—Radius of fillat, min (Mote &) 25 (1] 125 [0.500] & [0.250]
L—{Owerall length, min (Mote 2, Mote 7, and Mote 8) 450 [18] 200 [&) 100 [4]
A—Length of reduced section. min 225 [9] 57 [2.25] 32 [1.25]
EB—Length of grip section, min (Mots 9) 75 [4] 50[2] 30 [1.25]
C—Width of grip section, approximate (Mote 4 and Hote 9y 50 (8] 20 [0.750] 10 [0.375]

[ Y
517 2. 9 FUNAAOVUITIAINIATYIU ASTM ES (international, 2013)
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A a a . . v A A ' ~ o 1 = v A
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22 2220 63 Cylindrical 9 3900
23 2220 63 Cylindrical 12 5206
24 2220 63 Cylindrical 15 5682
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Normal Probability Plot
(response is Axial Force)
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Source DF AdjSS AdjMS F-Value P-Value
Model 14 16770099 1197864 26.78 0.000
Linear 5 15846975 3169395 70.85 0.000
Rotational speed 1 62833 62833 1.40 0.266
Welding speed 1 1451400 1451400 32.45 0.000
Pin profile 1 49504 49504 1.11 0.320
Shoulder diameter 2 14283238 7141619 159.65 0.000
2-Way Interactions 9 923125 102569 2.29 0.116
Rotational speed*Welding speed 1 302851 302851 6.77 0.029
Rotational speed*Pin profile 1 250513 250513 5.60 0.042
Rotational speed*Shoulder diameter 2 83336 41668 0.93 0.429
Welding speed*Pin profile 1 1634 1634 0.04 0.853
Welding speed*Shoulder diameter 2 103119 51560 1.15 0.358
Pin profile*Shoulder diameter 2 181673 90837 2.03 0.187
Error 9 402597 44733
TotAl 23 17172696

R-sq = 97.66% R-sq (adj) = 94.01% R-sq (pred) = 83.33%
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Rotational Welding Shoulder Tensile (MPa)
StdOrder Speed Speed Pin Profile Diameter )

(3ouANT) | GuLAnt) (a1, # #2 #3 i
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Normal Probability Plot
(response is Tensile)
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(R-Square) Ai1R-Sq UAUMAD 88.43% LiagA1 R-sq (adj) 1(M1AD 82.89% dedniluaduseans

misaaulanuinanela

{ a 4 J <
G]'lﬁ'l\‘iﬁ 4.5 LLEWNWﬂﬂ'li’Jmi’lg‘ﬁﬂ'ﬂlﬂlﬂ5Llﬂi')uﬂ'liT]ﬂfT@'Uﬂ'lﬂTliJLHN!ﬁQﬁﬂ

Source DF AdjSS AdjMS F-Value P-Value
Model 23 79384.0 3451.5 15.95 0.000
Linear 5 50942.1 10188.4 47.09 0.000
Rotational speed (A) 1 736.8 736.8 3.41 0.071
Welding speed (B) 1 9876.4 9876.4 45.65 0.000
Pin profile (C) 1 550.0 550.0 2.54 0.117
Shoulderdiameter (D) 2 397789 19889.4 91.93 0.000
2-Way Interactions 9 20953.6 2328.2 10.76 0.000
Rotational speed*Welding speed 1 3.0 3.0 0.01 0.907
Rotational speed*Pin profile 1 1.5 1.5 0.01 0.935
Rotational speed*Shoulderdiameter 2 2103.6 1051.8 4.86 0.012
Welding speed*Pin profile 1 1489.9 1489.9 6.89 0.012
Welding speed*Shoulderdiameter 2 349.7 174.9 0.81 0.452
Pin profile*Shoulderdiameter 2 17005.9 8503.0 39.30 0.000
3-Way Interactions 7 6275.7 896.5 4.14 0.001
A*B*C 1 2966.4 2966.4 13.71 0.001
A*B*D 2 301.9 150.9 0.70 0.503
A*C*D 2 2549.6 1274.8 5.89 0.005
B*C*D 2 457.8 228.9 1.06 0.355
4-Way Interactions 2 1212.5 606.2 2.80 0.071
A*B*C*D 2 1212.5 606.2 2.80 0.071
Error 48 10384.6 216.3
Total 71  89768.6

R-sq = 88.43% R-sq (adj) = 82.89% R- sq (pred) = 73.97%
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Abstract. Friction stir welding (FSW) process was widely used in many industries due to using of aluminium
was rising for light weight design. It was generally known that some grades of Aluminum have low melting
weldability which might lead to cracks, porosity, warping and deformation, such as 7075 Aluminum alloy. The
aim of this research was to investigate the effect of FSW parameters on the axial forces and mechanical
properties of Aluminium alloy 7075. The 3 welding parameters were studied, rotation speed, welding speed
and stir tool shoulder diameter. The experiment was performed on force measuring fixture with 3-axis vertical
milling machine. Shoulder diameter was only main effect that significant affect to axial force. The minimum
axial force was 3205 N with rotational speeds of 1580 rpm, welding speed of 63 mm/min and Shoulder diameter
15 mm which given tensile strength of 325 MPa or 67% of based material. On the other hand, shoulder diameter
and welding speed were main effect which significant affect tensile strength. The maximum tensile strength
was 331 MPa or 68% of base metal with rotational speeds of 1580 rpm, welding speed of 36 mm/min and
shoulder diameter 9 mm.

Keywords: friction stir welding, Aluminum alloy, Al7075, Tensile strength, Axial forces

1 Introduction

Aluminum was widely used in many industries such as electric vehicles, high-speed trains, and
aircraft component. Because of its lightweight, good mechanical properties compared to weight and
corrosion resistant. However, there was generally known that some grades of Aluminum were low
fusion weldability and might yielded crack or porosity problems after welding, such as 7075
Aluminum alloy. The fusion welding also might create harmful fumes for operators and
environment. [1] Therefore, friction stir welding (FSW) which was one of solid-state welding
techniques was initiated for better mechanical properties in such aluminum grades. The welding of
Al7075 [2] was studied using three different welding processes: MIG, TIG, and FSW and
investigated on microstructure and mechanical properties. It was reported that smaller grain sizes
were found with FSW compared to other welding processes. The highest tensile strength was also
the test piece under FSW. Friction stir welding was yielded lower distortions and residual stresses
at weldment. It was discussed as lower heat obtained from welding by FSW. However, the friction
stir welding often had problems with high axial loads to plug and feed stir tool into workpiece.
Theses also might lead to wear and tear of the machine parts. [3] Moreover, the axial force was also
reported that higher axial force affect higher weld strength, in particular welding of high-strength
aluminum grades, such as Al7075 aluminum. [4] According to the report, optimum parameters of
FSW in AlI7075 aluminum were rotation speed of 1400 rpm, welding speed of 60 mm/min, which
caused an axial force of 8000 N and yielded the maximum tensile strength of 397 MPa.[5] In
addition, for other grades of aluminum, the axial force was also reported that the axial force affected
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microstructure and mechanical properties, for instant, AI5052. The objective of this research was to
study influence of FSW parameters on axial forces and mechanical properties of 7075 aluminum
alloy. The parameters were rotational speed, weld speed and shoulder diameter.

2 Material and Methods

The 7075 Aluminum alloy rolled plate was into workpiece dimensions of 100 x 50 x 4 mm by
vertical milling machine. Chemical composition by spectrometer and tested mechanical properties
were shown in Table 1. 2 workpieces were set up on force measurable fixture as indicated in Figure
1. Stir tool with cylindrical pin 3 mm in diameter was made by SKD61 hot-work tool steel and
hardened to 51-55 HRC. [6] which displayed in Figure 2, respectively. The welding experimentwas
performed using 3-axis Haven XLW6332 HIV vertical milling machine. 2 factorial design was
employed to analyzed on 3 FSW parameters as indicated in Table 2. FSW was carried out with
fixed tool tilt angle 3°. The axial force was measured during welding. Welded sample was cut into
specimen for tensile test following ASTM-E8M standard.

Table 1. Chemical composition and Mechanical properties of Al7075

Composition (wt%) Mechanical properties
Yield Tensile Elonaation Vicker
Mg Mn Zn Fe Cu Si Al Strength Strength (3) Hardness
(MPa) (MPa) 0 (HV)
21 012 51 035 12 058 Bal 410 485 12 160
Table 2. FSW process parameters
Parameters Low high Unit
Rotation speed 1580 2220 rpm
Welding speed 36 63 mm/min
Shoulder diameter 9 15 mm
Shoulder

Figure 1. Force measuring fixture.[7] Figure 2. Tool geometry

3 Results and Discussions
Axial force

Table 3 displayed axial force which was maximum axial force during feed stir tool along the welding
line. From analysed results of DOE showed in Table 4, tool shoulder diameter was only main effect
that significant influence the axial force while the others were not significant at confident level of
0.05. The main effect plot on axial force was illustrated in Figure 3. The minimum axial force was
3205 N with rotational speed of 2220 rpm, welding speed 36 mm/min and shoulder diameter 9 mm
which given tensile strength of 325 MPa or 67% of based material. [8] The wider of tool shoulder
was discussed as higher area of bearing compression force might lead to higher axial force to reach
the same pressure on workpiece.
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Tensile strength

Table 3 illustrated average tensile strength from 3 specimen. Table 5 indicated analysed results of
DOE, it was found that and shoulder diameter and welding speed were main effect which significant
influence the tensile strength while rotational speed was not significant at test range with confident
level of 0.05. The main effect plot on tensile strength was indicated in Figure 4. The
interaction between rotational speed and welding speed was also significant affect the tensile
strength. It could be discussed that bigger shoulder diameter may result in high heat generation [9]
and consequently lead to affect the microstructure within the heat affect zone (HAZ) area. [10] The
grain growth in HAZ area might reflect in decrease of tensile strength. The maximum tensile
strength was 331 MPa or 68% of base metal at rotational speeds of 1580 rpm, welding speed 36
mm/min and shoulder diameter 9 mm which was acceptable strength of welding work. [11]
Table 3. Experimental results

Parameters/RUN 1 2 3 4 5 6 7 8
Rotational speed (rpm) 1580 1580 1580 1580 2220 2220 2220 2220

Welding speed (mm/min) 36 36 63 63 36 36 63 63

Shoulder Diameter (mm) 9 15 9 15 9 15 9 15
Axial Force (N) 3433 5465 3825 6301 3205 4893 3900 5682
Tensile Strength (MPa) 331 269 313 251 325 268 285 241

Table 4. Analysis results of Design of Experiment on Axial force

Source DF Adj SS Adj MS F-Value P-Value
Model 6 9280273 1546712 101.01 0.076
Linear 3 9101221 3033740 198.12 0.052
Rotational speed (A) 1 225792 225792 14.75 0.162
Welding speed (B) 1 919368 919368 60.04 0.082
Shoulder diameter (C) 1 7956061 7956061 519.58 0.028
2-Way Interactions 3 179053 59684 3.90 0.353
A*B 1 8192 8192 0.53 0.598
A*C 1 134680 134680 8.80 0.207
B*C il 36181 36181 2.36 0.367
Error 1 15312 15312
Total 7 9295586
S R-sq R-sq (adj) R-sq (pred)
Model Summary 123.744 99.84% 98.85% 89.46%
Table 5. Analysis results of Design of Experiment on Tensile strength
Source DF Adj SS Adj MS F-Value P-Value
Model 7 24948.0 3564.0 14.67 0.000
Linear 3 22189.5 7396.5 30.45 0.000
Rotational speed (A) 1 63.1 63.1 0.26 0.617
Welding speed (B) 1 5465.3 5465.3 22.50 0.000
Shoulder diameter (C) 1 16661.1 16661.1 68.59 0.000
2-Way Interactions 3 2737.2 912.4 3.76 0.032
A*B 1 2360.4 2360.4 9.72 0.007
A*C 1 415 415 0.17 0.685
B*C 1 335.3 335.3 1.38 0.257
3-Way Interactions 1 21.3 21.3 0.09 0.771
Error 16 3886.3 2429
Total 23 28834.3
S R-sq R-sq (adj) R-sq (pred)

Model Summary 15.5851 86.52% 80.63% 69.67%
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Figure 3. Main Effects Plot for Axial force Figure 4. Main Effects Plot for Tensile

4 Conclusions

3 FSW parameters including rotational speed, welding speed and tool shoulder diameter were
investigated on axial force and tensile strength of Aluminium alloy 7075. Analysed of DOE results
were revealed that;

e Shoulder diameter was only main effect that significant affect to axial force. The minimum
axial force was 3205 N with rotational speeds of 2220 rpm, welding speed of 36 mm/min and
Shoulder diameter 9 mm which given tensile strength of 325 MPa or 67% of based material.

e Shoulder diameter and welding speed were main effect which significant affect tensile
strength. The maximum tensile strength was 331 MPa or 68% of base metal with rotational
speeds of 1580 rpm, welding speed of 36 mm/min and shoulder diameter 9 mm.
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