msied@aamuuuunIvegiitiisnnivemiunsa 7075

Friction Stir Welding of Semi Solid Cast 7075 Alloy

UMIIRNAN ey

JennarongNaktewan

3ﬂﬂ1ﬁwuﬁﬁaﬂudmﬁﬁwmmiﬁnmmuﬁé’nqmﬂ%q‘lw
IFINITNANTATHNVMNA TNVIVIIAINTINIEG
UHINABTIVAIHATUNS
A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree of
Master of Engineering in Materials Engineering
Prince of SongklaUniversity
2555

d
a a A a o a d
AVANHVIINYIINYIAYAIVATIHATHNT

(1)



A a a d A = a A £ <
YOINTUWUT  NITIFDNFIANMIULVUNIUBGUIUIUNIUBILUIUNTA 7075

Y A 4 o
AIEY WBUUITIA WA Iny
a3 IINTTVIAY
da d
21913583 INeNHNUE AMZNIIUNSAOD

.................................. 1J5L51UNTTUNIT

1 4 @ 4 Y 1 J v
@Fr0man19150 as.Uszma iWeedunsys) @Pemaningd as.sivde Ugnwa)

............................................ NITNUNTI

a a

-4 an
(393 NT1915¢ A3.AINA ’JfIVIﬁL?J‘ﬁ”Ix‘]Qi)
............................................. NITUNIT

] 4 @ 4
Aemans1nsd as.lszne losdunsiafs)

e NTTUNT

a 4
@3.AUug azilyan)

% a A @ a @ a 4 CZ v A a J yd
UUNAINYINY UH1INYIATTIVATUATUNT @umclﬁ/umwmuwumuuﬁMH

q

AU TNINIANE Munangas Ty NI sumaasuMTURA 19 IB1IAINTTN I

4 [ -4 4
(FFRI19158 AT. DUTTAU WIAATT)

Y [

AMUANUNAINGIAY

2)



d‘ a a d A = Aa A £ <
FOINENUNUS MIFOTIAMULVUNIUOQUIHINNIVDWUANTA 7075
Y J @

AIE Y WIBIUUTIA WA TRy

a3 IINTTUIAY

Umsanm 2554
U \]
UnAAEo

Aav dyd A 1 Aa A =& 1 A% <3
N tiilumsFeuaesuoglitisundusivas laona lulagnaue
a 4 { <3 4 .
SSM7075 @28ATTUITMIFOUAIANIULVUNIYU NANWSUFBN 70 90 1AL 110 mm/min
v < 2 A 4 < a &
MolannuiFaso 1110 1ag 1320 rpm UsIngNFUUFOUNANUISTITOD 1320 rpm thaiilu
1 [ a { [ Qy 4 { < 4
TH5IT9aIUANYOIUTIUNYNNIY FIUFUNUWFONTNA1NETITOV 1110 rpm HANWANY ]
o c?/‘ ) Qy 4 { <3
A vdenniuiFuO¥euinNNEI50U 1110 pm ¥ INAABY 4 anzNNANNToU Ao
ANILTHAUFON ANMNZUWNIUNAUFON FANLBUAZAIHAUYOULAL T6 HAUYDN HIVD4
4 { d 4 . u 4 =% 4
HUAFOUNANWIS ATV 90 1AL 110 mm/min VOIAAILOVALAWHAUFBUIAL T6 NAUYOUT
anvagunesldanilosninmsverodrvesernmianielununion dauA1v0IuUNTONN
A =\ S Y Y a A =]
anzoue Ianuauysaa Iassaiumanaz Insaaieganauinauuireuianyms
m lladenunnanzminaasusuii ualanzouazalenaudounas T6 HAUFNUD
t:y { I~ 4 a a { 4
FununaNus TN 90 1ag 110 mm/min HANTHANS 1IATIVTNIUNYINIY 1110991NN15YL
< o 3 a $ @ [ -4
unaeIINeUazale uenIniu IaseadeganmausnuignnIu nsulimsveteaa Inadu
A A @ Qy ~ S A . £ = = 3 Y =<
110 MU UFUNUNANUEUFON 70 mm/min FaunTUMIveredunsuaniios a4 lUdq
2 A 3 A .oA ' 3 A . 1 Y a
ANUUIINANWFTUFON90 1Az 110 mm/min VAIFINIANWFTFOY 70 mm/min dawa 1#IAA
v 44 4 4 , v .
msuandnlunundouiinnui 1¥on90 1az 110 mm/minn13ns19a0U lnondogansse
a [ [ [ a < 4 4 a { o
glaAnsouIUDdoINT AT WA UIMATABNGISE (EDX) Tuninaiignaiulimsuaninveuld
Vo 4 t:y 1 I~
ALCuFe MgSi ALCuMg 1ag AlMg,Zn, N529180gN U AFOUFUNIUTAINNUUTIGIgA
"o 4 3 { 3 A o
MY 197.3 HVIINMSNA8ANNISITOV 1110 rpm NANNSISOY 110 mm/min HEI1N
o 1% 4 o [ J < { < 4 . o o
M1 T6 nAUFoud 11T UAINNIUIAIINTIAIGIGA NAWFTUFON 70 mm/min 1181 T6 HAY
A Y <3 = ~ & A I a a A ~
wonlinmnundaTIRsgagai 459.23 MPagaAailulsza@nimmvesuuuroui 101.53%

£ o = 4 4o = A
FINAGANGTALNDNYUNUNITNAADINTNIS DU

(€)



Thesis Title  Friction Stir Welding of Semi Solid Cast 7075 Alloy
Author Mr. JennarongNaktewan
Major Program Materials Engineering

Academic Year 2011

ABSTRACT

The butt joints of semi-solid SSM7075 were produced by friction stir welding
process (FSW) under welding speeds of 70 90 and 110 mm/min, rotation speeds of 1110 and
1320 rpm. The aim of this work was to investigate the effect of various post-weld heat treatment
processes (as welded, artificial aging, solution treatment and T6) on the microstructure and
mechanical properties of the joints.The initial result indicated micro voids of the rotation speed of
1320 rpm located below theweld nugget zone on advancing side and retreating side. On the other
hand, the rotation speed of 1110 rpm had no defect on the weld zone. The 1110 rpm was selected
for post-welded heat treatment processes. After PWHT processes, the blistering were occurred on
the weld bead at welding speed of 90 and 110 mm/min under the ST and the T6 conditions.
Moreover, these joints were observed micro-cracks in the stir zone. The coarse grain size is
clearly observed by quenching after solution treatment. Onthe other hand, the ST and the T6 at
the lower welding speed of 70 mm/min had no micro-cracksbecause the grain size of this
condition was slightly expanded. When comparing with welding speed of 90 and 110 mm/min,
the rapid expansion results cracks after quenching from high temperature to room temperature.
The hardness was also caused of micro-cracks, which the hardness at welding speed of 90 and
110 mm/min had higher than welding speed of 70 mm/min.Results from Scanning Electron
Microscope (SEM) and Energy Dispersive X-ray (EDX) revealed fine microstructure and uniform
of ALLCu,Fe Mg,Si Al,CuMg andAl,Mg.Zn, on the weld zone. The T6 joint of the FSW at
welding speed of 70 mm/min indicated highest strength properties compared to other joints, the
maximum yield strength and tensile strength are 367.40 and 459.23 MPa, respectively with

101.52% of joint efticiency.
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3 A 3 A .
n) ﬂ'iW\lﬂ’NiJ!L"’U\‘]ﬁﬂ’NiJl’i’JL%mJ 70 mm/min
~ 3 A 3 A . g
g‘]J'VI 4.40 (V) LLﬁﬂQﬂS”I1/\|ﬂ’ﬂ$JLL"IN‘I/Iﬂ’J"I$JLi’JL%E’J§J9O mm/min LLUUIT A

< Qy [l 4 { < J < a
LL"]N"]J@Q"FHQTHﬁNTHﬂTiL%@NﬁﬂUTNLi?i@U 1110 rpm + T6 ﬁmmmumqaqﬂunﬂmnm

o 1 < { a a ! o .
Tﬂﬂ?ﬂﬂ"lﬂ')']ﬂllﬂlﬂi]']ﬂlﬁ@!ﬂu ']Jilamﬁuléfi']JNﬂﬂigcﬂllinﬂﬂ']’]?J%lﬂuTI"Nﬂaﬁ)Tu Advancing

a { % J < {
Sidelta¥ Retreating Side HazusnafignnIu Faliaanuudundelszina 182.56 194.2 uay

o U Qy 4 { ) 4 { d
192.07 HV Mu81AUT090411A0 FUNUFouNAIUMIIFouNn15250 1110 rpm + Aging

, i < 2 N o A ! <
36 hr. dauanzh It AL FuOUAIgaRe anznaureNnNUEITeU 1110 1ag 1320

d Q'I a { o U § o U
rpm Tﬂﬂﬁmmgmmnﬂummmﬁﬂﬂszmm 102.32 iag 110.63 HV aruaiay cﬁqamumm

o 1 o a a Y 2 A 3 A . 9 o
umﬂmmaxﬁmamﬂu"lﬂ“lumﬁmqmﬂ’mm’nmmmmmﬁ’mau 70 mm/min 1M IUA

< ay ~ A ~ n 9 1 =*
ANULUIFUIIUNTNIICDU ‘V]llllllﬂﬂﬂ']'Jﬂ\i%gllﬁﬂ\‘lﬁluﬂWﬂWH’Jﬂ fl.
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=—1110 rpm 90 mm/min 1320 rpm 90 mm/min
1110 rpm 90 mm/min+Aging 36 hr. =——1110 rpm 90 mm/min + SHT
== 1110 rpm 90 mm/min + T6
250
. 200 A
z
g 150 e — —_— -
e
- 100 -
[}
T
50
0
w [0 [of |of |9 | [of |q |9 |9 [of [q |9 |9 |of [of |9 |9 |9 [of |9 |© |9 [of [q |o
S R O = - O = = /A O £ = O O O = B
Base Retreating Side Stir Zone Advancing Side Base
Metal Metal

Distance from weld center (mm)

3 A 3 A
(V) ﬂiW\lﬂ’ﬂi\luﬂNﬁﬂ’ﬂﬂJﬁ’JL%ﬂN 90 mm/min

~ 2 A 3 A . 3
317 4.40 () uaAINTIMANUUTINANWEAFDV 110 mm/min IHUI ANY
< qy A A A < SO <3 a
HAIVRIFUNUNAIUMIFOUNANMFITOV 1110 rpm + T6 UAIANULTIGIgA TuNNUTIY
o 1 < { a a ! @
TagTamnnuudsonilody usnunldsunansznuainanudeunianadiu Advancing
a { : ' < |
Side 1Az Retreating Side HazU5IANYNNIU Falimanuudundelszua 182,96 19132
o o ‘Qs’ 4 { 1 4 { d
uag 1973 HV g 1du5090301A0 FUNUFOUNAIUMIFOUNA1INGITOV 1110 pm +
) 1 Aq ¥ <3 g o A o A A <
Aging 36 hr. @UANIEN IMANVUVTFUNUMGARD ANITHAUFONNANUTITOU 1110 LAz
3 o a { o w ¢ o o
1320 rpm TAgNANNUAININNUTIMR AL TEIM 109.94188 104.03 HVAIW&IAY FId10Y
o 1 < A A o 2 A g A LA
anuudslungazan syl Tuiamaderfuanuedsianus wden 7008z 90 mm/mindl
< 3 A . o q Y1 < ~ A a g

AM5I50V 1110 rpm ANVFTFON 110 mm/min + T6 §1HAIANVUVURABFINGADNAY

A = 1Y) <3 A ) [ 1 < Qy A A A nm Y [ =
WefeuiunNuEITe U Mmsumanuuisruauianzoug A lildndniazudas

lumawun a.
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1110 rpm 110 mm/min

=== 1110 rpm 110 mm/min+Aging 36 hr.

=== 1110 rpm 110 mm/min + T6

w1110 rpm 110 mm/min+Aging 145 °C at 6 hr.

=———1320 rpm 110 mm/min
1110 rpm 110 mm/min + SHT
=== 1110 rpm 110 mm/min+Aging 24 hr.

250
200 -
s ]
I 150 Ve 2 ,
& v
Q
[=
T 100 MM@&
T
50
0
VI B I = o A A A Y SRS RS GEERERERE RN
Base Retreating Side Stir Zone Advancing Side Base
Metal Metal

Distance from weld center (mm)

3 A 3 A
(") ﬂiW\Iﬂ’J'lﬂJ!L‘lNﬁﬂ’)']‘JJLi’JL%’E]iJ 110 mm/min
~ o A A o A v v 1
gihn 4.40ﬂ§'TV\|LLﬁ'ﬂQﬂ’J"IiJL!‘UQﬂl@\ﬁ@ﬂ!flfﬂil‘I/IﬁﬂT’Jxﬁﬁﬁl%ﬂmmgﬁﬂ"nzfﬂi%’iﬂ’NiJiE]LlG]N‘]

a d 1 < A =2 a
4.6.2 JlﬂﬁS‘ﬁﬂ1ﬂ3131!!‘!1&‘1]9&56?1!‘]1’@31!@’216]7]”Iu!!‘]J‘]JﬂTI—!Glu‘VJﬂﬁﬂnZmi‘ﬂﬂm)ﬂ‘ﬂ

AMSAVON 70 901z 1110 mm/min ANN5ITOV 1110 Uaz 1320 rpm

A ' < A =
9N3UN 440 (P) (V) 1AL (A) UTAIAIANNUIIVDINTFDUTIAN ULV

a : < { o A ]
muﬂgmﬁﬂuﬁwmu%‘lmiﬂ 7075'T6ﬁﬁﬂ13$waﬂl%ﬂu UNLﬁEJﬂJ UATANY LIag T6
= 4 1 o 4 d
W%15ﬂ“ﬂ’]3lGd]f’f]llﬁﬁﬂ'ngﬂaQL%ﬂNGU@Qﬂ'J'IaJﬁ'JﬁﬂU 1110 @& 1320 rpm

< 4 4 { J [
ANWSATFON 70 90 uaz 110 mm/minlunszuiumsiouiianiiziioymadinzduas

"o o’/} 4 4 v A < ! a
HUNHIFY ﬂﬁ3%18@§ﬂ3ﬂﬂlluﬁl%ﬂﬂlﬁﬂﬁﬂ?ﬂﬂ'ﬁﬂ'}usllﬁ]\‘]ﬁ'lwu ﬂ??ﬂllﬂlﬂﬁllig]}ﬂlﬂﬂﬂilﬂm!LU'J

A 1 < d A A Yy
L“]ff)ilelu!,maZﬂﬁnmﬂ’iﬂ‘ULLaxﬂﬂMiQLGHEJiJiJﬂﬂﬂaLﬂENﬂu

a

a ' < A A v 1 = ~ <3|
NWITUIAIANNUVIVNNMITIFOUNTN IS HAIVUNIUNGUNYN 120 °C Wu

a

1 =

o { A = < 4 J
a1 24 uaz 36 ¥ 1u9 wazngangluney 145 °C 1Wunan 6 $11u Naanziznadey
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< A A < aa.l‘ = o a 9 [
MWIEANWFITOV 1110 rpm 1HBI9IA NANWTITOV 1320 rpm Wuiyrunadeunnsealy
A < A 1% 1 = 3 A A Y A A
HUFON ANNLAILUIFRUNAININU NN TUNIY TE 18 50%  iloteuA LU IsaNN
ANMZHAUFON (As-welded) 110990 TUTZHINIMTITOY  [13]guugluinaiignniveg
v ;g a A o
JENIN 450 -480 °C FuiluguuiniveIn150uaza1y (Solution treatment)d15azA1BDUA)
garammsounsinginsuluusnauignnumsniuvesianuiliaisazaeoudigen

] Y ' v
NAMINTLIYA Lﬁ@%’uﬂuNTHﬂ"ﬁ‘UMﬁfﬂJ (Artificial aging)ﬁﬁﬁza"lfl@llglj’w\iEl’mﬁ]xlﬂﬂﬂﬁ

A Aaa <3 = 4

Swignmavadnidudi lyu Wenawiu Iz veroduiumlai liades(Mgzn,) 34

=

1 9 I 4 {1 1 A -4 1 a
danalinnuudsve iy uFounmumMsUuneuRuIy lunssivesmstunauval 120 °C

Q U

I ) aa 1 YR ~] 1 K 1 1
Wunar 36 1w wignmaudmvesanuanados N(Mgzn)  weuogiumlad 1

131 (MgZn,)

a 1 < 4 { 1 a
Wi]'lim'lﬂ'lﬂ')'lullsllﬂ"]]'ﬂﬂﬂ'li!‘%E]Nﬁﬁﬂ'l')gﬂﬂagfﬂﬂﬁqmﬁgﬂ 480 °C a4
< A

) { J I Y 1 @
“]f’JIiJ\‘] ‘ﬁﬁ'ﬂ?ﬂ]gﬁﬂzﬂﬂﬁﬂﬂmw1$ﬂ31lﬂi’Ji'@‘]J 1110 rpm (BUNU AANVUUILEUUBDUN NN

A

4 v ] ] H i1 H
pUazaelNNlIzu 30% Lﬁﬁ)mauﬁ’mmz%uﬁamawé’u%u HOIINMTOUAZ AN

a A o A 1 1 1 aa { { 1
gl 480 °CansazawdualssInazunsidgnielunsu daunisnimanduman 1
A AaAa ~

’ 1 a v
ANUIADYTT)(MgZn,) U NAIUILIAANMIVEIAIIUNTFRNANUANUADETT)(MgZn, LAz W3
k4

a

FRNAUWAIUIZINANMTazAHBIINMToUAZAIegUUYlge daiumelunsuve L)

U U

A = 9 A o A AAaAa Ao =
LGlf’f)iJfNﬂi%ﬂ’t’)‘ﬂul‘llﬂ’JEJLWﬁ‘lJ@QﬁTiﬁzﬁ?ﬂﬂﬂJﬂﬂﬂﬂﬂ’)ﬂ!LagW\'ﬁle’ENWSGD’WWWWIiJﬂ’JﬂJLﬁﬂEJi

a

= 1 d 4 1 1
Wfﬂﬁﬂ‘!"lﬂ'lﬂ’J"IiJLLGINGIJ’éNﬂ'IﬁLGdD”E)NﬁﬁﬂTJ% T6 ﬁqmwﬂmuazmﬂ 480 °C 1a

U

o T = A a = ) ~ dy <
4 51)'311]\1 HazuumeuNguUyvigy 120 °C nial 36 Glf'ﬂllx‘l NHNNIEUITNATDURNIEAITULTI

U

< A

50U 1110 rpm IFUNU AMANUUTULUAFOUHAI1NRT T6 1NYTEUI8 80 — 90 % LBtieuny
A A o A Y I A Aaa 4 I
HuIFINNANMIEHAUFOU[16]MIDVAza8 AT 1T UMSITNTFNMG T)(MgZn,)vunaian
Y 1
WIFNMaaniuazinansvensad Tasmstuiey aazsreldmnaanuruiiunielunsuy

e’dy ] o < < A
‘]Ji?ﬂgﬂﬁﬂluGIf’JEJ‘lji‘]J‘]JE\‘]?‘ITJW?JLLGUQLLE“I3?’1’31%“%@“5@%9@““3&%6%
4.7ﬂ15ﬂﬂﬁﬁﬂﬂ?ﬁd!!"ﬁﬂ!!iﬂﬁ@

< 4 a A 1 % < {
ﬂﬁﬂﬂﬁ’fﬂ“ﬂﬂ?ﬂﬂl"uQllﬁ\‘lﬁ%mjl%ﬂh@gmuﬁmﬁﬁﬂﬁ\iﬂlﬂ\‘il!ﬂl\i!ﬂ‘iﬂ 7075-T6
] 4 H < o ]
NTL!ﬂ‘i%“lJ’Juﬂﬁl%ﬂmﬁﬂﬂﬂWHLmUﬂ’)u NAMW5I50U 1110 1ag 1320 rpm ﬂ’JWllLi’JLGdb"E]iJ 70
1] ' v
90 1og 110 mm/min ﬁﬁﬂW’JZWﬁQ!GABﬂN VNN oUaZaY LAz T6 MIIATINTUIU IagAAn1Y

] ] Y 9
YIunUsesson Taslisoodeueddtinalsvesiunaaenii lUiisunageuaiy



108

=

11331 ASTM E8-04uaaslunianuin a. uaznadounsdeniguvgines Taondaangil

< 1 { oazl @ ll : o
441 WA URAIVRINIHUA 6A10819 @ﬂ%’ay‘amzamuﬁﬂﬂumﬂwmm.

=) = \ < =X 4‘ =
4.7.1 nJﬁﬂ‘ummm1mmwuasmﬂwmsasnmausasmw1unnuunau1unnam’azms

NAaeINin1N5 AN 70 9018 1110 mm/min ANMS5ITOU 1110 8L 1320 rpm

AR T IAWTAIRITUN 4.41(D) (V) Az (A) WosgUn 4.41(n)

U
]

v A

) = ' <3 = A A <

nsmnlseuiisuannuutspanan 1gHaureNNANEITOV 1110 uaz 1320 mpm

2 A . ' < = = 2 A A A
ANWISAFON 70 90 1Az 110 mm/min 1ABAINNULTIIIAURAVOIFUNWFDUNAN 1T
o Coa L4
ANRRYYIYAND 267.90 MPadINMFFBUAANMTITOU 1110 rpm ANWITAUFON 110 mm/min
£ a a a 3 A A Y dy a A Y Y
Fanaalszansmmilu 59.23 % iefisuiuio@uiiums linnudon T6 (452.30 MPa)
o o ay A ~ 3 o 1A < =2 A 9 o
A DFUOUFoNNANWMEITD 1320 pm dUnad BAIANULTWSIAINABUT VLA

I Y I ] '
e nFuauiivounwiesnnmsyon Iasdiuanvesusnuignniuna Inssusnuign

Y

y
NIUAIU Advancing 1A% Retreating Side lunne anuindon aunguininiianusoudings

U

1 o

' Y 9
wnluazanus sevigantidauilfidle Tanziianis Inada luiu 3] HuwaldFuand

1 < =2 Ao
AN ITULUULIIATINAN

B Tensile Strength  # Yield Strength %Elongation

500 10
450 9
400 8
— 350 7
g c
s 300 6 %
P :
) w
3 150 3 *
100 -2
50 -1
0 0
As-cast 7075-T6 AV\_/%;lO AV\_/ét;lO A\l_\/l(llg)lo AV\_/%?ZO AV\_IS(JS:ZO A\/_Vl(llg)zo
Tensile Strength 207.53 452.3 239.18 243.55 267.9 168.83 152.42 120.41
Yield Strength 165.68 361.8 191.35 194.83 214.3 135.05 121.92 96.45
%Elongation 2.5 4.42 0.64 0.69 1.08 0.93 0.84 0.62

Conditions
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' < { @ 4 § a
(ﬂ)ﬂﬁTI/\I!JJ§fJ']JL‘ﬁfJ']Jﬂ"Iﬂ'J"IlILLGU\‘iLLiQﬁ\?‘ﬁﬁﬂ"ﬁ]%ﬁaﬂl‘%@ﬂlm%!ﬁ@mu

a A < =~ ~ < =2 A oA
W%’]iﬂ\l’]Zﬂw 441(511) lL]JUﬂi'IEV\ILL]JiEIULV]fn_]ﬂj']i]llﬂ]\jlli\jﬂ\jﬂﬁﬂ']jgﬂulﬂﬂu

a IS ] @ a IS o o @
NN 120 °C !.L]JUL'J@'I 24 119 36 GH'JI?J\‘] NUYUHNYU 145 °C Wuna 6 G]f')TaJ\‘] A1HIUNT

Q U

Y { a3 ] 3 1 ] 1
naaedluan1ziiznaasuanIzNnu5250U 1110 mpm 1Y Tagian1izyuneniin

d H 1 o 4 { d 4 H
ﬂ’NilLLGINLL’Nﬁ\‘]maﬂgﬂfiﬂm']ﬂ“ﬂ 291.46 MPa91nM13IFoNNANNST AFON110 mm/min LAY

=

a I o & a 1 A A I dy a &

Mgl 120 °C 1fluna 24 $1Tue Gepamlszansnilu 64.44% veuilodn Fuin'ly

TURAMUAEINUAITNABDIVES MW, Mahoney uazaie [12] 5184111391 mstiuieoun
] [ 1 < = a A Y -d? VR [

121 °C/24 henwnsadelsulgemanuudasedsluninaungnniuligadulddiuann

I = A ] =3 A A S 1 1 = ) A
UUILIIAURDYUDINITUUINIUNTNIICDU Mﬂmgalumq 214.67 — 260.83 MPa‘]N@jllﬂmﬂ’g“ﬂﬂ

4.41(v)
M Tensile Strength & Yield Strength %Elongation
500 10
450 9
400 8
T 350 7 e
o o
= 300 6 =
£ 250 -5
g 200 4 S
2 B 9
& 150 : 3 X
100 : -2
50 -1
0 f # i # i 0
AW(11 AG(12 | AG(12 | AG(12 | AG(12 | AG(14
As- | 7075- | AW(11 | AW(11 | "7 "1 0°C/36 | 0°C/36 | 0°C/36 | 0°C/24 | 5°C/6h
cast | T6 |10-70)10-90) | ;o | h)(LLL | h)(111 | h)(111  h)(1ll )(1110
0-70) | 0-90) | 0-110) | 0-110) | -110)
m Tensile Strength | 207.53 | 452.3 |239.18 | 243.55 | 267.9 | 256 | 243.1 |214.67 [ 291.46 | 260.83
# Yield Strength | 165.68 | 361.8 |191.35 | 194.83 | 214.3 |204.82 | 194.8 |171.73 | 233.16 | 208.65
%Elongation 25 | 442 | 064 | 069 | 1.08 | 063 | 0.6 | 047 | 143 | 1.7
Conditions

1 < § ] g a
WnsnlSsumeumanuuvsIRInan Nz UuRsuLaziiony
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A A ~ ~ ' < = 2
W131319 4.41(a) uaaanslToumsuanNULTTIAVBIFUNATDL
v Y
NEIUATOUAZABLATATLUIUMITNIANYS DU TedmTumsnaasaluaaziisznaasy
d' 3 o A a A 4 3 A
MWIZAANWTITOU 1110 rpm  NIHU NE@N1IE T6(1110-70)  ABLFONNANS WFON 70
. Y < = = A A £ A 1 A A I
mm/min1HAMANNUATIANRAGINGAAD 459.23 MPaFanan1lszansmmily 101.52%
g a o U v 4 { ] 4 : '
YOUIIBIAY (452.3 MPa) SIS VTN T6 HAUFOUNANMSTUFDN 90 1AL 110 mm/min UA
v 1 ' [ Y
WeununasguaeudeguiiewInusnuvewuaFeuihuihiFuauduiansuanin
Y 1 [ v Y v
meluiloFouasauinungnniu iiosninmsynlnimawineuazalsigurgigaii
{ ] { ] 4 < 3 ] ]
Ttwamsnaaesi latinnwdumlsge Daangevazaenausoundulludnyugifeady
o o A a Y o q U o 1 o J Y a v
MINR T6 Maa¥ou Ao Mysvazateud idudisgesias lhdwaliinansuanin
S Aan

dy d’ = n’/’ 3 A Aaa
Tuitiowow E]ﬂ'i/'l\iﬂ'li’ﬂ“]_lﬁga'lﬂﬂ\?]lﬂﬁzﬁ'lleiG]fWL‘ﬂﬂﬂ'lﬂglulﬂiu ﬂ']iﬁ%ﬁ'lﬁlﬂ'lﬁlhlﬂ"ll’ENWi%W

1 o 9 < Qy 2 o ' < =2 2 ] 1 o @
!T]G]TJ'Nf’f')‘Ll‘VI']bl‘ﬂﬂ'J'IiJLL"U\‘lL!ﬁ\?‘]fu\TIU@N@I'laQ [16] ﬂ'Iﬂ']13JLlﬂlﬂlliﬂﬂﬂﬂﬂulilq%ﬂ'lﬂ'ﬁﬂ'l T6 vind

A
YO
B Tensile Strength  # Yield Strength %Elongation
500 10

450 9

400 8
= 350 7
a =)
= 300 6 =
< 250 5 2
oo []
< 200 4 T
o X

& 150 3

100 2

50 1

0 ( ( ( ( ( ( 0

ST(1110- | ST(1110- | ST(1110- | T6(1110- | T6(1110- | T6(1110-
As-cast | 7075-T6 | = ) 90) 110) 70) 90) 110)
H Tensile Strength | 207.53 | 4523 | 350.62 | 327.5 259.6 | 459.23 | 329.18 | 399.13
# Yield Strength 165.68 | 361.8 | 280.48 | 263.14 | 207.6 367.4 | 263.33 319.3
%Elongation 2.5 4.42 2.5 2.13 1.08 0.69 0.59 0.64
Conditions

' < {
(ﬂ)ﬂi”l‘l/\hﬂ?ﬂmﬁEJUmmmumuiaﬁﬂﬁﬁm’;zﬂuazawuazﬂizﬂ’mmimﬂmmgﬂu T6

P
tagtualai

~ 1 < =2 A 1
gﬂ‘n 4.41ﬂi11/\|uﬁﬂQﬂWmmmlmﬂﬂmﬁmazmm




111

a d < = A a < A Y a
4.72UAT1ICHAINUYINTIAITOLBONNAIINLI UFDNUASANIITNIIAITNIOUN

ERNGY

< = 2 ) (% A A
Waiﬂﬂfﬂﬁﬂﬂﬁ@ﬂﬂ’ﬂmmlﬁuﬂﬂﬂﬁh:ﬂhlﬂ’ﬂ dNNIZNMINTITE6 NAINITLBDUN
3 g A . ! I ¥ < = A
ANNLIITOU 1110 rpm LAZANNLIAFON 70 mm/min mwa“lw"lﬂﬂamuwmmqﬂqmaaa
Vo < d { o A { 3
INNY 459.23 MPaﬂ’JﬂJLLﬂN!L‘NﬁQ"U@\?ﬂﬁl%@ﬂ\l‘ﬁﬁﬂW’J&ﬁﬁ\‘lL%@N‘ﬁﬂ’ﬂMi’J‘i@U1110 ag 1320
oA < 2 a d o s A 0 q YN Y1
rpm ‘ﬂﬂﬂg’ﬂ NANULIITOU 1320 rpm %uﬂTuLﬂﬂLﬂuTWiﬂﬂﬂﬁﬁJﬂﬁTNLi’JLGI)”f)lI “I/Iﬂ‘l’iulﬂﬂ'l
< 2 Ao ' o ] Y 1A < g A
AITULUNLLIIAINA 'lmmmsam”lﬂ“lmmllﬂ TAIUNANUGITOU 1110 rpm ANNETAUYDY 110
. Y < = A Y & A A g A
mm/min THﬂ?ﬂ’)'lm!,‘ll\‘]Lliﬂﬂ\‘]maﬂm"lﬂll 267. 9 MPa"NﬂJﬂ"IQQﬂQWIﬂ’JUJLi’JLGI)'E]ZJ 70 1ag 90
{ <3 (Y 1 [ <3 1 <3 4 Vo
mm/min ﬁﬂ’)"lmi’ﬁ’ﬂ‘ﬂ 110 mm/min ﬁm’amwmuszmNﬂammsamammmg%uﬁmm
A 2K o Y a <3 v I A 2K A = ~ KX o yay A ~ 3
‘1/]@"@ %Qﬂﬂﬁlﬂﬂﬂﬁlﬂuﬁﬁlﬁﬁﬂqgﬂ mﬁummumau@ﬂwq@ cmm“lwvmmwawmmm
A4 Da < = ~ o A
L“Ifi’)ll1.!11ﬂ’ﬂllLleJQLLSWNQ'QTIEIﬂﬂJ@QﬁﬂngﬁﬁﬂlﬂfmJ
) [ <3 1 Y] 4 1 <3
mmummmumﬁwmamazumﬁawau%au120 °C/24 hﬁmmgsasau
. Y < = A = a [ ' o Y
110 mm/mlnolﬁﬂiﬂﬂmwxmiﬂﬂﬂmaﬂ 291.46 MPa“]NQﬂlﬂ{]mm&?}ﬁ"lﬂﬂﬂﬁ"l?]cl/lﬂ?iﬁﬁazaw
A o A ~ v Y a J Aa A 3 a S o AAaa A A 1T A
aummmﬂmmimqmﬂslummﬂ%gmuauuu Lﬂﬂﬂ”liﬂi’)ill@?]tﬂu‘Wi“BWLﬂ@] NLIYNITIN
A ] ~ A a ] [l Y 3 I = A dgl
Tcuu manmmu"lﬂﬂwimu%mﬂmimmam icNwaiwmmmmazmmumgmmmquu
~ oA o A g A 1 a ¢ o 2 ' A v
NANNZUUNIUVI ALY 145 °C/6 h qmwgumwimmz‘lmﬂﬂmﬂ\lammmuummlam”lu
= J d? &£ A 1A 3 9 A
1085 (Metastable phase) fuzv\lammwmgmu G]NWIJu1@1@ﬂ31ﬂWI%ulaﬂu@ﬂ[4l, 42] LWET‘VI
] = = 1A == 2K 1 Y 1 < < 2 o 1
”lmfmﬁJi%311mmwumuuwmmmwimu mmwa“lw ATAITNLUNLAS AITULUILLIIAIANTININ
] ~ o A A 9 =2 A 1 )=} o A
MIVUNIUNAUTDUN 120 °C/24 hqwi/nﬁlﬂﬁi/lﬂﬁ@‘uuﬁ\mQﬂﬁﬂ13$U3JL‘VlfJ§JWﬁQL"]f’EJiJ
120°C/36 h mytmiienina 36 1 Tusih 1w sumanegnielunsunamsversannme
~ 1 ~ I A = = 1 Y I =® < ° A
‘ﬂhlllLﬁi‘lﬁl’iﬂﬁWLﬂuW‘lﬁﬂuﬂ’NNmﬂEli cmmwaiwmmmumqgmmuazmmuma@mm $V13}
= Y] 1 ~ A A o [ 1 < = dyd J A
MNYUNUMNTUUNIUNTNIITDUN ﬁﬁfi"H'“UﬂWﬂ’N3JLL€UQ!Li\?ﬂﬁij\i’Q(WUfNﬁ'ﬂTJ%uiJﬂHﬂﬁEJ 256
A 3 A .
MPa (NANNTILFDON 70 mm/min)
A s A . o A Y
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.1 FIUNEUMUATUBIETaZ A1 Keller’s reagent

ninlalasvgonin ANUITNTU 48% 2 ml

nialalasnansn (it 3 ml
a 4

A3R luaTnd 5ml

11 190 ml

v
o a <
n.2 Gﬁ'@mwua%mmwﬂﬁanmmmmiaﬁmmmmgm ASTM-ES8
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e
Dimensions
Standard Specimens Subsize Specimen
Plate-Type, 134-in. Wide Sheet-Type, 14-in. Wide Ya-in. Wide
n. in. .

G—Gage length (Mote 1 and Note 2) 5.00= 0.01 2.000+ 0.005 1.000 = 0.003
W—Width (Mote 3 and Mote 4) 148 + 44, -1 0.500+ 0.010 0.250 + 0.005
T—Thickneas {(Note 5) thickness of material
R—Radius of fillet, min (Mote &) 1 ¥ 13
L—Owver-all length, min {Mote 2 and Mote 7) 18 3 4
A—length of reduced section, min a 244 14
Bl ength of grip s=ction, min (MNote 8) 3 2 14
C—Width of grip section, approximats (Mote 4 and MNote ) 2 EL E]

Note 1—For the 1%-in. wide specimen, punch marks for measuring elongation after fracture shall be made on the flat or on the edge of the specimen
and within the reduced section. Either a set of nine or more punch marks 1 in. apart, or one or more pairs of punch marks § in. apart may be vsed.

NoteE 2—When elongation measurements of 114-in. wide specimens are not required, a minimum length of reduced section (4) of 244 in. may be used
with all other dimensions similar to those of the plate-type specimen.

NoTE 3—For the three sizes of specimens, the ends of the reduced section shall not differ in width by more than 0.004, 0.002 or 0.001 in,, respectively.
Also, there may be a gradual decrease in width from the ends fo the center. but the width at each end shall not be more than 0.015, 0.003, or 0.003 in.,
respectively. larger than the width at the center.

NoTE 4—For each of the three sizes of specimens. narrower widths ( 777 and C) may be used when necessary. In such cases the width of the reduced
section should be as large as the width of the material being tested permits; however, unless stated specifically, the requirements for elengation in a product
specification shall not apply when these narrower specimens are used.

NoTe 3—The dimension T is the thickness of the test specimen as provided for in the applicable material specifications. Minimum thickness of 135-in.
wide specimens shall be 3¢ in. Maximum thickness of 22-in. and 14-in. wide specimens shall be 3% in. and ¥4 in, respectively.

Note 6—For the 119-in. wide specimen, a 3-in. minimum radius at the ends of the reduced section is permitted for steel specimens under 100 000
psi in tensile strength when a profile cutter is wsed to machine the reduced section.

Note 7—To aid in obtaining axial force application during testing of Y4-in. wide specimens, the over-all length should be as large as the material will
permit, up to .00 in.

Note 8Tt 15 desirable, if possible, to make the length of the grip section large enough to allow the specimen to extend into the grips a distance equal
to two thirds or more of the length of the grips. If the thickness of 22-in. wide specimens 13 over 38 in., longer grips and correspondingly longer grip
sections of the specimen may be necessary to prevent failure in the grip section.

NoTe 9—For the three sizes of specimens. the ends of the specimen shall be symmetrical in width with the center line of the reduced section within
0.10, 0.05 and 0.005 1., respectively. However, for referee testing and when required by product specifications, the ends of the 12-in. wide specimen shall
be symmetrical within 0.01 .

Nome 10—For each specimen fype, the radii of all fillets shall be equal to each other within a tolerance of 0,05 i, and the centers of curvature of the
two fillets at a particular end shall be located across from each other (on a line perpendicular to the centerline) within a tolerance of 0.10 in.

Note 11—Specimens with sides parallel throughout their length are permitted, except for referee testing, provided: (a) the above tolerances are used;
(b) an adequate number of marks are provided for determination of elongation; and (¢) when yield strength is determined, a svitable extensometer 15 used.
If the fracture occurs at a distance of less than 277 from the edge of the gripping device, the tensile properties determined may not be representative of
the material. [n acceptance testing, if the properties meet the minimum requirements specified. no firther testing is required. but if they are less than the
minimum requirements, discard the test and retest.
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Hardness(HV)
Conditions RPM mm/min
Base Metal | AS-TMAZ Stir Zone RS-TMAZ
70 109.16 112.51 101.66 106.38
1110 90 103.96 100.9 103.07 101.34
110 112.34 111.8 109.47 106.03
As-welded
70 107.92 98.46 102.14 110.65
1320 90 110.7 113.95 107.58 110.01
110 111.26 103.91 101.27 104.17
Aging 120
110 134.72 165.03 153.78 147.76
°C 24 hr.
70 157.66 147.75 143.6 163.38
Aging 120
90 149.44 156.27 139.25 157.28
°C 36 hr.
110 159.82 172.65 161.76 168.7
Aging 145
110 134.6 148.78 144.97 146.7
°C 6 hr. 1110
70 140.54 130.66 131.7 134.08
SHT 90 124.96 131.96 129.77 129.08
110 136.24 130.40 136.28 134.24
70 179.58 194.85 189.69 179.16
T6 90 182.56 200.4 192.07 187.99
110 182.96 190.53 197.3 192.11
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%Elongation
Conditions Replicated Tensile Strength (MPa) | Yield Strength (MPa) Fracture
(%)
1 204.3 163.44 2.65 -
As-Cast 2 206.5 165.11 2.51 -
3 211.8 168.5 2.33 -
1 456.2 364.9 4.38 -
2 464.5 371.6 4.55 -
T6 Condition
3 423.7 338.9 4.17 -
4 464.8 371.8 4.57 -
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Rotation Speed | Welding Speed Tensile Strength | Yield Strength | %Elongation
Condition Replicated Fracture
(rpm) (mm/min) (MPa) (MPa) (%)
236.5 189.2 0.57 VIAATIAD
1 :
200.5 160.4 0.52 VIAUULUIIFONAIY Advancing
250.7 200.6 0.72 VIAUULUIFONAIY Advancing
70 2 :
251.9 201.5 0.71 VIAVULUNFONAIY Advancing
246.5 197.2 0.64 Gll'lﬂﬁiﬂﬂa'lﬂlluﬁlsdlfﬂﬂ
3 :
249.0 199.2 0.69 "lﬂﬂﬁiﬂﬂﬁNLLH’JL%ﬂN
As-Welded 1110 2
217.2 173.7 0.58 VIR ITINANULLUATDUY
1 :
250.8 200.6 0.76 mmﬂﬂmmum%u
242.2 193.8 0.66 mmﬂﬂmmum%u
90 2 :
252.3 201.8 0.79 VIAUULUAFONAIY Retreating
250.7 200.6 0.65 VIAUULUNFONAIY Advancing
3 ;
248.1 198.5 0.67 VIAVULUIFONAIY Advancing
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Rotation Speed | Welding Speed Tensile Strength | Yield Strength | %FElongation
Condition Replicated Fracture
(rpm) (mm/min) (MPa) (MPa) (%)
262.3 209.8 1.02 VIANTIND
1 :
265.8 212.6 1.13 eummmmmmg%u
269.4 215.5 111 PAVULUIFOUAIY Retreating
110 2 :
267.8 214.2 1.07 ﬂlmmmmmmg%u
266.5 213.2 0.98 ﬂlmmmmmmg%u
3 :
275.6 220.5 1.18 Glnﬂmqnammwﬁau
As-Welded 3
228.2 182.6 1.25 VIAUUUUUBDUAIY Retreating
1 :
146.3 117 0.86 PMAVULUAFOUATY Retreating
136.4 109.1 0.74 eummmmmmg%u
1320 70 2 3
215 172 1.17 VIAAITINANLUUT DY
165.8 132.6 0.95 ﬂlmmmmmmg%u
3 :
121.3 97 0.62 ﬂlmmmmmmg%u
177.5 142 0.86 VIAUULUNFONAIY Advancing
1 ;
118.8 95 0.67 VIAUULUIFONAIY Advancing
As-Welded 1320 90 2
154.6 123.7 0.89 VIR ITINANULLUATDUY
2 :
189.3 151.4 1.03 mmmmmmmﬁau
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Rotation Speed | Welding Speed Tensile Strength | Yield Strength | %FElongation
Condition Replicated Fracture
(rpm) (mm/min) (MPa) (MPa) (%)
140.6 112.5 0.80 ﬂl?ﬂﬁiﬂﬂﬁﬁlm’%%ﬂu
90 3 :
133.7 106.9 0.78 mmmqﬂmmmg%u
94.76 75.8 0.51 VPAVULUIFOUAY Advancing
1 :
181.9 145.5 0.82 VIAUULUAFONAIY Retreating
As-Welded 1320 I
88.52 70.8 0.46 VIAATINANUUUTOY
110 2 :
117 93.6 0.61 Gummqnmmmﬁau
124.8 100.6 0.75 Gummmmmmﬁau
3 :
115.5 92.4 0.58 ﬂl?ﬂ@]iﬂﬂﬁﬁlmﬁl!ﬁﬁﬂu
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{ 1 [ 4 { T a ! @
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Rotation Speed | Welding Speed Tensile Strength | Yield Strength | %Elongation
Condition Replicated Fracture
(rpm) (mm/min) (MPa) (MPa) (%)
260.7 208.6 0.71 VINAIIAND
1
253.1 202.5 0.52 V1NN IIAND
254.2 203.4 0.59 ell'lﬂﬁiﬂﬂa'l\‘lll,u')l,%ﬂu
70 2 :
257.6 206.1 0.65 "U']ﬂﬁ'i\iﬂa%‘iuu")ﬁdlfﬂll
250.3 200.2 0.61 "U']ﬂﬁ'i\iﬂa%‘luu")ﬁdlfﬂil
Artificial 3 I
260.1 208.1 0.69 VIAAIINANLUUUTOY
Aging 1110 3
244.6 195.7 0.58 VIAVULUAFDUAIY Advancing
120 °C 36 hr. 1 3
245.5 196.4 0.62 VIAVULUAFDUAIY Advancing
239.2 191.4 0.57 V1NN ITIAND
90 2
241.3 193 0.60 V1NN IIAND
241.6 193.3 0.58 "U']ﬂﬁ'i\iﬂaNLLu'JLGdlfﬂlJ
3 :
246.4 197.1 0.64 "U']ﬂﬁ'i\iﬂa%‘iuu")ﬁdlfﬂll
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Rotation Speed | Welding Speed Tensile Strength | Yield Strength | %FElongation
Condition Replicated Fracture
(rpm) (mm/min) (MPa) (MPa) (%)
217.5 174 0.43 PAVULUNFOUATY Advancing
1 :
216.4 173.1 0.47 VAVULUIFOUAY Advancing
Artificial 2
209.3 167.4 0.41 VIAAITINANLUUT DY
Aging 2 R
214.4 171.5 0.44 VIAUUUUUBDNUAIU Advancing
120 °C 36 hr. 3
218.2 174.6 0.53 VIAAININATNULULUATDUY
3 :
212.2 169.8 0.51 Gumssmﬂammaﬁau
1110 110 7 <
301.3 241 1.55 VIAATIUUDIANAIY Retreating
1 v
276 220.8 0.82 VAATULBIANAIY Advancing
Artificial 2
295.7 236.6 1.66 VIAAITINANLUUT DY
Aging 2 "
305.3 244.2 1.45 VIAATINDATU Advancing
120 °C 24 hr. vy
114.8 91.9 1.15 VIAATINDA Y Retreating
3 :
279 223.2 1.68 "lﬂﬂﬁ‘i\iﬂﬁNlLu’JﬁIﬂﬂM
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Rotation Speed | Welding Speed Tensile Strength | Yield Strength | %FElongation
Condition Replicated Fracture
(rpm) (mm/min) (MPa) (MPa) (%)
249.5 199.6 0.84 PMAVULUAFOUATY Retreating
1 :
163.1 130.5 1.24 PAVULUIFOUAIY Retreating
Artificial 2
214.2 171.4 0.75 VIAAITINANLUUT DY
Aging 1110 110 2 2
224.6 179.7 1.07 VIAATINANUUUTOY
145 °C 6 hr. ”
279.1 223.2 2.13 VIAATINDA 1Y Retreating
3 Py
290.1 232.1 2.77 VIAATULBIANAIY Advancing
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Rotation Speed | Welding Speed Tensile Strength | Yield Strength | %Elongation
Condition Replicated Fracture
(rpm) (mm/min) (MPa) (MPa) (%)
356.9 285.5 2.89 VPAVULUIFOUAY Advancing
1
3323 265.8 2.47 PAVU HAZ AU Advancing
350.3 280.2 2.46 "U']ﬂﬁ'i\iﬂﬁ'l\‘llluﬁlﬁlfﬂu
70 2 .
360.7 288.6 2.27 VAU ULUNFONAIY Retreating
3554 284.3 2.49 Gll'lﬂﬂiﬂﬂa'l\‘llluﬁlsdlfﬂﬂ
Solution 3 3
348.1 278.5 2.44 VIAATINANLULUATDUY
Treatment 1110 2
240.6 192.5 0.61 VIR ITINANULLUATDUY
480 °C 4hr. 1 3
273.2 218.6 0.92 V1PN TINATNULUATDY
336.2 268.9 2.96 YAVY HAZ AU Retreating
90 2 :
340.8 272.6 2.03 "U']ﬂﬁ'i\iﬂﬁ'l\‘llluﬁlﬁlfﬂu
347.5 278 2.53 Gll'lﬂﬂiﬂﬂa'l\‘llluﬁlsdlfﬂﬂ
3 :
339.8 277.6 2.51 Gll'lﬂﬂiﬂﬂa'l\‘llluﬁlsdlfﬂﬂ
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Rotation Speed | Welding Speed Tensile Strength | Yield Strength | %FElongation
Condition Replicated Fracture
(rpm) (mm/min) (MPa) (MPa) (%)
271.5 217.2 1.23 ﬂl?ﬂ@]i\iﬂﬁﬁlm’%%ﬂﬂ
1 Py
195.7 156.6 0.67 VIAATAULBIANAIY Advancing
Solution 2
263.1 210.5 0.85 VIAAITINANLUUT DY
Treatment 110 2 3
221.3 177 0.96 VIAATINANUUUTOY
480 °C 4hr. 3
275.3 220.2 1.45 VIAATINANUUUTOY
3 :
266.8 2134 0.91 Gummqnammaﬁau
200.5 160.4 0.31 1l Inclusion 11AA59 HAZ 711 RS
1 v
480.2 384.2 0.9 MAATALDIANATY Retreating
1110 :
459.2 367.4 0.64 ﬂn@wmﬂmmmg%u
70 2 :
458.7 367 0.56 "U'lﬂ@i\iﬂaNLLu'JL%fHJ
T6 443.9 355.12 0.52 VIAUULUIFONAIY Retreating
3 :
Conditions 454.1 363.28 0.83 WVAVULU AT UMY Retreating
213.3 170.6 0.51 Gummqnammm%u
1 ;
277 221.6 0.42 VIAUULUIFONAIY Retreating
90 :
185.8 148.6 0.1 ﬂl?ﬂ@]iﬂﬂﬁﬁlm’%%ﬂﬂ
2 :
394.4 315.5 0.68 ﬂl?ﬂ@]iﬂﬂﬁﬁlmm%ﬂﬂ
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Rotation Speed | Welding Speed Tensile Strength | Yield Strength | %FElongation
Condition Replicated Fracture
(rpm) (mm/min) (MPa) (MPa) (%)
432 345.6 0.73 PMAVULUAFOUATY Retreating
90 3 yunuunesermaldnuyou
162.8 130.2 0.31 A
VIAUUUUUBDUAIY Retreating
119.9 95.9 0.21 VPAVULUIFOUAIY Retreating
T6 1 :
1110 327.7 262.6 2.96 VAVULU AT UMY Retreating
Conditions 3
3774 301.9 0.75 VIAUUUUUBDUAIU Retreating
110 2 Py
458 366.4 0.64 WAATULBIANAIY Advancing
424 339.2 0.73 "lﬂﬂﬁi\iﬂaNLm’JL%ﬂN
3 :
337.1 269.7 0.42 "lﬂﬂﬁi\iﬂaNLm’JL%ﬂN
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JennarongNaktewan, Abdul Binraheem and PrapasMuangjunburee,“ “Effect of post-weld aging on

the microstructure and mechanical properties of friction stir welded SSM7075 aluminium alloy,”

in ICET-2011 & PEC-9", 2011, pp. 691 — 694.



