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ABSTRACT

The butt joints of semi solid A356 were produced in as cast conditions by friction stir welding
process (FSW). The effects of the rotation speed and the welding speed on the microstructure and
mechanical properties were investigated. The variations of welding parameters, rotation speed of 1,320
and 1,750 rpm and welding speed of 80, 120 and 160 mm/min, produced various joints properties, X-Ray
and microstructure analysis indicated defects at 1,320 rpm for every welding speed. It was found that the
integrity of the joint contributed for the mechanical properties of the joint. The combination of 1,750 rpm
and 160 mm/min revealed the best tensile strength at the average value of 172.61 MPa. In addition, at the
rotation and welding speed, it indicated lower downforce during welding. The hardness value for all

regions of Stir Zone, thermo-mechanical affected zone and base metal were similar.
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o 0 g’ { 1w g’ < a’/‘ 4
mﬁuﬂmivlWﬂumiﬂﬂa’amﬁmﬁmmﬂ“.U 3471134 3 x 6= 18 A59 L‘Wd’f]'ﬁ'l

Rotation Welding Ultimate
StdOder | RunOder | PtType | Blocks Tool Speed Strength
10 1 1 1 1750 80 168.38
12 2 1 1 1750 160 174.34
13 3 1 1 1320 80 164.6
1 4 1 1 1320 80 162.38
7 5 1 1 1320 80 160.19
6 6 1 1 1750 160 171.56
18 7 1 1 1750 160 174.74
9 8 1 1 1320 160 167.34
15 9 1 1 1320 160 167.33
3 10 1 1 1320 160 165.38
17 11 1 1 1750 120 173.57
14 12 1 1 1320 120 163.79
11 13 1 1 1750 120 173.33
16 14 1 1 1750 80 172.63
8 15 1 1 1320 120 164.64
2 16 1 1 1320 120 163.6
5 17 1 1 1750 120 168.76
4 18 1 1 1750 80 172.46

) A v . - v
nnveyalumsnaaeuiieddu Iasld Program Minitab V14 JA31zHAY

1 < A = a A = < Y
u1lsUsaumA UL NUFDUFIANMULUUNIUBSQUIUINHADNILUY A356 AT 2.3
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o= V IvlSError
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Error

o =+3763=194

[
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ﬂ’J"IlILLG]ﬂG]NﬂWmﬂfJﬂlﬂQLLG]ﬁ%ﬂﬁ]i]EWmﬂﬂ!@EJV]fIﬂ Minimum Effect (D) 910
Y ay v oA < oA < °
MITN 2.4 mega‘w"lﬂ D = AURagnNUUUILUTIFIFN — AURAYAIWUUILLTIAG A
D = 173.55-162.40 MPa

D = 11.15 MPa

a L4 A a A = <
AT N 2.3 ’;mﬂwmmuﬂiﬂmummqmwauazgmuﬂuwaaﬂmm A356

Multilevel Factorial Design

Factors: 2 Replicates: 3
Base runs: [i] Total runs: 18
Base blocks: 1 Total blocks: 1

Humber of levels: 2, 3

General Linear Model: Stress,U versus Rotation RPM, Welding Speed

Factor Type Levels Ualues
Rotation RPH fFixed 2 1328, 1758
Welding Speed Ffixed 3 8a, 128, 168

Analysis of Uariance for Stress,U, using Adjusted S8 for Tests

23

Source DF Seq 35 Adj 35  Adj HS F P
Rotation RFH 1 276.282 276.282 276.282 73.42 4.868
Welding Speed 2 34.484 34 484 17.242 458 B.833
Rotation RPHM=Welding Speed 2 2.7 2.71 1.360 B.36 0.784
Error 12 45158 45158 3.763

Total 17 358.644

S = 1.93989 R-Sq = 87.41% R-Sq(adj) = 82.16%
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MITN 2.4 fhﬂ’ﬂml“ﬁ\‘ill‘i\‘iEﬂ1ﬂfﬂ'3'Lglﬂfﬂ11!,?(81@‘1/]11JLL°]J‘1Jﬂ’Ju5U€NE)$QﬁLﬁEJM SSM A356

Welding Speed (mm/ min)

80 120 160

1.62.83 163.60 165.38

1,320 160.19 162.40 164.64 164.01 167.34 166.68

Rotation 164.60 163.79 167.33

(RPM) 172.64 168.76 171.56

1,750 168.38 171.22 173.33 171.89 174.34 173.55

172.63 173.57 174.74

YaAl0d19InTeyaniivua Tagldlisunsy  Program Minitab V14

Sample Size and Power Jauu1a@19819 14 1unsNAa04 (n) 1 Power A4A1514 2.5

M3 2.5 MINMUAIUIAAIE13 1uNINARDY
Power and Sample Size
One-way ANOURA

Alpha = 8.85 Assumed standard deviation = 8.95 HMumber of Levels = 2

Sample Haximum

$S Heans Size Power Difference
62.1013 2 0.9988% 11.15%
62.1613 3 1.08086868 11.1%

The sample size is for each level.

[y L] . [ 1 d' 9 qu} dy LY s
YUIANIDYN (Sample Size) YUIAAI081990 1% IUmsnaans (n) ATIU MDY 3 UM

' o o ) 09; 1w 09; o3| uszl
Power (10U 1.00000 ﬂTﬁHﬂTﬂ“B”ﬁuﬂ13‘ﬂﬂaﬂﬂWﬂﬂ‘U 391 11lu 3x6=18 A3
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(Linear Statistical Model) @un13 (2.3)
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Ho:f=p,=-.=5,=0
H,: B;#0  AtLeast One
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2.9.3 MINUANZHNNTOAT MY Fixed Effects Model
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a 2 - 2 a - - . 2
o>y -y ) +anX(y, -y ) e, -y -y, -y )
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ANTIMUIUMIAIVEINATINYBIAGIdDINAANANNAANEIA 1A Aaril 151ausaeu

aums1d1vy daaums (2.9)

S5 =5,+S5, +S5;, +S5 (2.9)
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TasNAMIANNIEUIAIMNAIADUNAIND

bnza:r-z
SSA _ 2 i=1 I
E(MS,) = E(a_lj—a 2 (2.10)
bnza:ﬂf
$B _ 2 j=1
E(MSB)=E(a_J—a — 2.11)
« > > ()
E(MS,;) = E(¢j=o—2 TR (2.12)
(a-D(b-1) (a-D(b-1)
$E _ 2

[ 1 9 a (Y] . d‘ 1 = d' [
qUNAN DFAVUATIUYIAN (Null Hypothesis) N1 VlJJNWﬁLHGQ%Wﬂ{IEﬂ%EJ‘U’EN
v J @ an 13 a [% 3 1
10 ABANY HazduaINIeUANTUITY Al MS,, MS, MS,, tay MS, wimilizua
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d o @ a 3 Y v o [ 3
MS, 1M IaluouReINUILAATUND MS, 1ag MS,, wuiu asiu lumsnadounnudl
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WedAyvewananuazduasnsoTmImIRaIdeunasiineatosdlen Ms, 1oasrauiin
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FIUTZAVTUANUATVOIAIAUTU a-1, b-1 11 (a-1) (b-1) HASHITLAVIUANWATYDIANG
A9 ab(n-1) AMUTNIUINGA (Critical Region) AOUABHINAIULUYDINTNTENOUVY F 3535

o a 4 {
nagou lago1fen1s19mMs s 1zHANNLlsUsIU M15199 2.6

a 4 a o
M1TN 2.6 MsanTIzHaNundsUsivvesnmsnaasugunnesea 2 aulsuuu Fixed

Effects Model
Source of Sum of Degrees of Mean
Variation Square Freedom Square F,
A Treatment SS A a-1 MS. = $A _ MSA
" a-1 ° MS,
B Treatment SSB b-1 MS, = SSD _ MSB
b-1 ° T MS,
Interaction SSAB (a-1)(b-1) S - S5 E — MS,s
AB o
(a-1)(b-1) MS,
Error SSe ab(n -1) MS. = S5
£ ab(n-1)
Total Ssr abn -1

A Yo P 1 Yo 1 4"
o ldmuialdde manunsamaives S, SS, SS, uay SS, laasaumsae il
Muraaaan ldnnaums
2

a b n
S =2 > v - o

i=1 j=1 k=1

Total Sum of Square (2.14)
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1< Vow .

=— Z yi,, b Total Sum of Main Effects (2.15)

Z A y (2.16)

$SJb'[otaIs = zz y'J' - Yerr (2.17)

i-1j-1

SSip = SSptotms — Bn — S5 (2.18)

S5 =55 -55,-55, -5, (2.19)

R* = (1— =S¢ ]x 100 (2.20)
SS;

Y o

293.1 Yefimuavesminaass Wumsmmuasmaaeylumeadaves
et 180 nnsnaaed iieasrvaeummeana
1) Error Type I (Alpha: & ) = 0.05
2) Error Type II (Beta: ) = 0.05
3) Factor A = mmﬁ"si@‘uvlumimgummm?'mﬁa

4) Factor B = AN luMIaeNde (Welding Speed)

294  aunAgIlUMINAGDY

o

< @ { 1 a a J
Wumsnageuaudsngnirualunisnaasednioninanon1snaaes

u

Y

1 3 a [ ¥ o d @ 1 an J
W%i'f)“lllIﬂEJ@]\1ﬁiJiJ@]ﬁ11414ﬁﬂlm%ﬂﬁiuﬁﬂwu‘ﬁﬂlﬂﬂﬁﬁmﬂi ma%ﬁauwaﬁ’aﬂmmmm Qﬁ
2.9.4.1 W13 Main Effect
a a a <
NATDUFTUUATIU DNTNAVDIAITNLIITOU

° o v a Aa a3 1 1 @
H,: 7, =7, dmiunnizau onsnavesnnuiiso luuanaianu

) Y v a A < 1 @
H1 Ty #F T, TNTUUNIEAU ONTUAVDNANNLTITOULUANANNU

a Aa a < 4
NATDUTUUATIU BVIﬁWﬁGIJ’O\Tﬂ'n?Jﬁ’J(lHﬂ"ﬁL%ﬂN
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o ] v Aa A < 4 [l 1 %
Hy: B, = B, = B dmSunnszaudninavosnanuiarlumadon luuanaianu
o ] Y] a A < 4 [ ]
H,: B, # B, # B, dwsuunszay dnsnavesnnuirlumsdouuanaianu
2.9.4.2 W915941 2 Factor Interaction Effect

@ an . J < o < 4
NATDUDUNTNTYT (Interaction) 581’1’)1\1?1’313JL3’J§’€)‘]Jﬂ“]Jﬂ’JHJLi’JGl,uﬂTiL‘d]SEHJ

Ho:(z8), =0 for all i, j nnszdv i, j luliBnEnaves Interaction

(i=12j=123)
H, : at least one (78); # 0T i, j UBNTNAVDA Interaction (i =1,2; j =1,2,3)

2.9.5  UUUIABINIDADOEY

Y o v v A v o Jdo qa./} 1 @ dgl =
mMyaduuuiaeImsaansenuiulsnianuduiusiuauadoadIyu 1 gy
Y o v o J v A ] A A A @
A3V VIIABWATIANUFUHUTYR AT D ANWFITRUVRUATEIND NIEAV1,320
4 1 < v o Jo ]
18z 1,750 rpm. HAYDINUIFON SSM A356 MANULATI Tanuduiusiuaws lums
A ~ o R Yy v o A v o d A
iWou N5zaD 80, 120 1Az 160 mm/min 39 laai 1euuuaesfiLaaInNUALRUTYIUITON
v 3 A Ao < & Y o @
4 A29ANTITPVVBUATBIND NUANNTIIUMIFY uazlsuuviiaedlumsnernsain
Mz auige UM IAUTUIUURIMIIFOMTIAN UL NI
o o a J v o J
suusrassmsnanoegniinldlunmsiaszidoyavinmsuaainnuduius
' 3 A A o < A A ° ~
FEUINANVITITOVYUATOINDAVAINGI UM IIFDUUDINUIFDN SSM A356 LULTIADIN

THuaaannuduRus deaums 2.21)

Y=L+ L%+ X +¢& (2.21)

aumsinldves Regression Factorial Design

Y= By + BX + BoX, + XX, (2.22)
2.9.6 ﬂ”lﬁ‘ﬂﬂﬁ@'ﬂﬁuuﬁg1u!ﬁﬂjﬁUﬂ1iﬂﬂﬂﬂﬂ!!UUWﬂ.ﬂm

I a a v W ~q v o 9y

lﬂUﬂ15ﬂﬂﬁﬂUﬁuﬂJ@]§1u&ﬂﬂjﬂU@]'JL!']J31/1‘1‘]5(11“!'”Uﬁ]”lﬂﬂ\iil!ﬂ]i@ﬁfﬁ]ﬁﬂﬂﬂﬁlﬁislf\ﬂu

o aar a o a [~
VDNUVUIABDN Iﬂﬁlﬁllll@lj']ﬂ']ﬂ’l']llWﬂwa']ﬂﬁluwll‘ﬂ%']aﬂq &1 ﬁﬂ'liﬂig%']ﬂllﬂﬂﬂﬂﬁ!lﬁzlﬂu

a 1 H [ T W % 1 I~
darse Uaunaamiy 0 uaziianuulsdsinuiny o? Fudsude 1@y ¢-NID (0,02) Wa
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' ' k
1< I a I a J [
nde doyainuinld y sslimsnsznenuudnduaziiudasslidundoniiniu B, + > B, X,
j=1
Al sd5nny o? nMsnaaeuled1AYUoIN1S0ADBIABNITNATOLINDATIT
. x, W3l

v o 1 % ] @
ﬂ’J”IllﬁﬁJWH‘HSSW’JNG}’JLL'ﬂiNa@@Uy HaSIFAYIVDIAILYTDAD DY X, Xy

AUNATIUNIMINZ ANAD

Ho=B8=8,=..=B =0

H, =, #0 forat Least One j

m3Uias H, minaunagiu venlinsiua edrdesgadinlsnnnoex, x,...x M
9
anglinangiitiodrAnaonuuiias minageuii ldanmsutswasrunanuavesiigs
a 4 o w { A o
@04 (S8, lumsannzianumlsdsiumnasiuidedesiinannuuuiiassnionIsnaney

LlagNﬁi’)ﬂﬂl@\‘iﬁWﬁ\‘iﬁ’é]Qﬁ!ﬁﬂ*ﬂﬂd’)l&ﬂﬂﬁﬁﬂﬂ?@ﬂ’ﬂhﬁﬂWﬁW] ﬁ1u3m1%ﬂ1ﬂﬁhﬂﬁ (2.23)

SS, =SS, + SS, (2.23)

traunagiugud Hy = B, = By = B = 0 iiluaianda SS;/o? aziimsnizay
HuY X, Tagiseduduamnaiues X uhdusmuvesimlsmsaansstumuiiassly
Mueudertusiansonaaslan SS./o? Imanszaenny X2 naz SS. uaz
SS, willudase Wmnaaen Hy = B, = f,..... = f =0 fAemsmuisnnaums (2.24)

£ __ SSIK _Ms
° ss./(n-k-1) MS.

(2.24)

a <3N 4 v 1 [ I
s H, naeiile F, Tawnnnh F,, o, Junnduiue1nz1435ms P-value
iNonaaouauNAT LAz Iz s H, aoillo P-value dmsumdana F, foonil a a1319

Wl Tumsdmsigdanuulsdsiugnagleglumsai 2.7

a L4 ) [
A1519 2.7 M3 aAszaNuulsdsivdmsunsnanse

Source of Degrees of
Sum of Squares Mean Square F,
Variation Freedom
Regression SS, K MS, MS,IMS,
Error or Residual SS, n-k-1 MS,
Total SS, n-1
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qa3 SS, 0199z Iaangasves S luaums (2.25) nanfo

SS. = Yy - XYy (2.25)

n n 2 n 2 v 9
iWoann SS; =) y,° —(Z yij In= y’y—(z yij In Feowaz@ouaumsilvi'ld
i=1 i=1 i

duaums (2.26)

N

S5 =yy- i:ln ~ | Xy~ - (2.26)

= =S I~/
P ERIRIATISIRY

SS. =SS, - SS, (2.27)

Y
AINU NITOADDYLVUNATINVDINIAIADI AYANNT (2.28)

n 2
3
$R [ i=1

:ﬂxy_— (228)
n

Y
NATIUNINUAVBINEITDI AITUNT (2.29) AD

2]

SF == y'y - T (229)

o o P4 £ J aa Y < 1 2 a J
ﬂ’lﬁﬂ’lu’]ﬂlﬂflﬂ Iﬂﬂﬁlcﬁcﬁ@wuﬁﬁ‘ﬂ%ﬂﬁﬂﬁ !Lﬁﬂﬂiﬁlﬁu@’f')uﬁuﬂm@ﬂWaﬂ’]i')tﬂﬁ’]gﬁ%Wﬂ

@

a J o @ o
Statgraphics ﬁf]fn‘i'J!ﬂ'ﬁ151’?931%!L1J5‘]J'§'31!"U@\1LL‘U1J%1@1’6\1 MInageUANUINad1AYeINS

9

DANDYUBININATDUAVUAFIUNN

Ho=p=5,=0
H, # O for at Least One j

A1 P-value d1isusana F (@ums 3.13) swagy Idedntlesganiialudesuoda
< Y <3 A A o a RS 4
uinnu5I50UUea Tool Hazdas N lumsienaziidullszansnmsoanos luilugud

a R A naldnnaums 2.30)
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e _,_ S5

Ss,

R? = 1-

(2.30)

I v @ o { @ 4 @
R? ifludriavesdrwiuiasaclunnulsiuves Y welddoanes X, X, ...
o 1 I 1 { v ] ' o {
X, lunyvusiass edrelsnaw A R? fiawnnlildudalmuuiiassnisoanesiaiig
4 4 1 v Y 1
Yuiia iesninmadudlsidn 1 lunuudraesazinld R? iy liddudsan
09./’ v o w aa (Y] qs/l I 1 o { '
W llsiueeihieddgniananie 1 auiu orveziiul)1dwundassiiian R? wn
3 o A 12 g I ¥
pwszitlunuuiiaed lualunmswensainwanoun 14
d' 2 A Q' g :ﬂ' Q' g 9 o o Y aa
ionn R Ianiudwauoiosununaian 9 @l luwuudiees dlvaana

o [ I~ I
R? nuvdsuudrnnnn@ewiluaunms gt uanms 2.31)

R4 _p SSelln=p)_, (n-1 (1- R?) 2.31)
SS. /(n-1) n—-p

Aa Aaa 2 [ 9 [} Q' d? tﬂ' o Y Q' d? o
audnaann R Lm‘mJiuumﬂz"lmwmumammummmuﬂigwmuﬁlmmumam
1 3 a A o 4 1o & o 1 1
ualuanuiluase duiiudwalsilidluaslunnuiiaes Awes R azlisanasane

A 2 2 1 o 1A ~ 1 s a2 o o
we R° uwar R adj UANANNUUIN Fﬂ$°l’i‘1!1&1?"’]1]11!’31111I’E’]mﬁq\‘]“V]%$‘l'\l‘]J’JW\I%’L!“V]lllliJi.lEJ?ﬂ 2]

lagmianasldlunuusiaes

2.9.7 MInaaad Lack of Fit
a J Y @ a ~ k A o VY o
ﬂWilﬂﬁJﬂqﬂﬁuElﬂﬁ?\il‘ll']llﬂENﬂ13@@ﬂllﬂﬂl°b’\ﬂﬂ"lﬂ‘ﬂﬂliﬂa 2 ﬂﬂ11ﬁ@ﬂ1ﬂ1'§‘ﬂﬂﬁﬂ\1
ausordlsznavesanuanatnlunsnaae Inense (Pure Experimental Error) 161

o 1 o w I 1
pazh ldsamnsautswasveshasaesande SS. lililuassdauldne

SS, =SS, + S (2.32)

' ]
A a

Tagh SS.. Aowasauvesdiasaesitnaduilosninanuranaialagasataz SS o
H 9 ]
ﬁ’f)ﬂﬁ‘i’Jll‘llENﬁWﬁ\iﬁf)\isll’é)\‘lﬂ’ﬂllWﬂWﬁWﬂﬁLﬂﬂﬁulﬁﬁN%Wﬂ Lack of Fit 91992U@AYITNITHI
1 1 A A 9 o 4 a1l A 1
TIUAN 9 “Vl!ﬂEJ’J@lJ@Qiugﬂllﬂﬂﬂlﬂ\illﬂﬂﬂ1ﬁﬂﬁﬂ?‘iﬂﬂﬂﬂﬁlllﬂﬁililﬂ’n un1Inaaodny n;

v a4 o . o . o v v o A .
meldnanounszay i vesdiaanes X, i = 1,2, ..m mvuald y, unudeyanian j
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A . . ~ o Y Z aL
vuUEaneun X, i =1,2,., muaz j =1,2,.,N U3IUIUVDIVDYANINUA n:Zni 151
i=1

=

1 Y d' ..
MUTUVIUTIUANANN (1] )
A TavesnnuAanaIaLas Lack of Fit HATINYDINIGIT09UDIAMINAAND 1A lATAT

A
ABTUNIT (2.33)

2

(y., Y’i ) (2.33)

1L

S5 = z

i=1 j=

ANATINYDINAIADIFINIY Lack of Fit AOANMT (2.34)

SSior = Zm: n, (gﬁ -, )2 (2.34)

' Y ' —
ADAWATINYBIMAIT09NYNDINTIIMITNVDIAIUANTENINALNABVOINAADD Yy,
% 1 Y] 1A A A 9 Y 1y A A Y v J A -
TZAUAN] YD Xi numdanneIves o1mia Yi um“lrmwummaammwamu Y, Haen
1o o | Y & Y 9 A A 1 - ' J v
’ann%uﬂﬁaﬂaaﬂmm’ﬂumﬂumumq 91 Y, UANUUANANIIN Y, WD uanaeanTsu
[~ a 9 =~ [ 3 ~A 1w A A [ =
mmmaa'lmﬂmmmmmu UITAVIUANUAININY M- p NNIINY SSLOF IWINSIY
@ @ o qs: ~ 1 = A a J
TEAU m TEAVUDI X UASISAUFUANUITT P m%ma”lﬂ He9InMsUszanuwsiees p
dlrunuuuiiaes lumsauimsgma SS . 1msau SSy. 10 SS,

aoan1¥lunInaaol Lack of Fit a98UN3 (2.35)

_ SSLOF /(m_ p) MSLOF

- - (2.35)
SSee /(n_ m) MS,.
AMMANIUDI MS,. 7D 02 HAZAIAIAKNIUDI MS, . AIAUNT (2.36)
2
m
Z n| E(y,) Zﬂ X
E(MS,.)=02+-= (2.36)

m-2

v k .
5}1{40ﬁ%uﬂiiﬂﬂﬂﬂﬂlﬂulﬁjuﬁﬁdﬂ§ﬁ ﬁ\iﬁu E(yl) = ﬂO + Zﬂii l!agv\l%ﬁcﬁﬁ@\jm@\i
=

aums 325 170 0 lF E(MS,. ) = o2 ad1alsnan driladdunisoaneelaiilu

Fumsa §au E(y,) Z,B x. oz E(MS ) > o7 daninfudilafdunisaansaiy

wuFud dutuada F0 glmInsgnenuy F iierfunisnaaou Lack of Fit

a,m-p,n-m
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o o aa (Y d v 1 g a Yy Y
gunsofuadmageuana F, vazagdnilsndumsoaneslufusadud F, >
Y am 1 dyl ~ 9 1 £ a 4
Fom pnm MINATOUAATMTFUTNBNIZY sERR UM UA WM LIvDIMTAURTIZHA Y
9 1 < v [~ 9 o lel o d’o v A (K]
nisdsraudusragdnileidumsoanee liidluduase duiv upusiassisideinsuiegn
Tunrsazgnihwiiinsanae lluagweremmaumsimunzauniae 11 lunasadud
& Fy Saldidund F, o ssagd ldn lulivdngiudmsy Lack of Fit wazisianse
Yy 9 Y] d' 1 2
3 MS,, 118z MS, . [aenumelszinam o
nagouANaNglvesiuUnanoenUtoya (Lack of Fit Test)

avuagmlumsnageuanuauglvesiuuuaanesiudeya

H, :duuvaanselinnueaugi (Fin nudoya

H, :duuvosneei dianuaugliudeya
FIR
298  WuAIWanY

di’ Aa A v 4 :'4 V Aaa
NUNINDADU Response Surface Methodology. RSM ll’mi;]ﬂizﬁﬂﬂ MDA INANGA

] o < A A Y < A A o Y1
VBINAADY IFU IEAVANULIITDOUUDIATIOIND (Xl) 9@151?]313J1531uﬂ1§£%@ﬂ (Xz) ‘nmﬁlﬁf’n

9
Y

< A =2 9 @ 1 g Y R 9 a
AITNLUILIIANG A A9 UHIIReIMIAIY ST AN UA LN ULEAIA NN T UWUTNUND5 3

IS) [

o @ J 3 a 9 Y] [ a P 9
HUVIIaeIveINane UNANNFNWUTIT Uy Fuaunuandsoase Nensunleslung

[ 4

U521NUMANUTURUT ABLUVIABINEINTI AaaumT (2.37)

Y=LBy+ B X+ X+ + [ X +¢E (2.37)
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[

ae) Si Fe Cu Mn Mg Zn Ti Cr Ni Al
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3.1.2.4 ndosganssarinu1Fueas (Optical Microscope , OM)

v Ia ' £~ S o Y .
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10 1 1 1 1750 80 168.38 BM
12 2 1 1 1750 160 174.34 BM
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NO. Random No. Ultimate Strength NO. Random No. Ultimate Strength
1 2 167.74 13 15 169.54
2 5 170.07 14 21 171.84
3 11 169.55 15 17 171.09
4 18 170.05 16 23 169.45
5 8 168.72 17 13 168.54
6 7 171.06 18 14 171.17
7 20 169.64 19 12 169.73
8 10 167.98 20 24 171.06
9 3 169.73 21 19 168.86
10 16 172.04 22 1 171.68
11 6 170.93 23 22 170.57
12 9 172.03 24 4 168.81
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X-bar Chart
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M1 4.5 711519 ANOVA

Multilevel Factorial Design

Factors: 2
Base runs: i
Base blocks: 1

Humber of lewvels: 2,

General Linear Model:

Factor Type
Rotation RPM  fixed
Welding Speed fixed

Analysis of Uariance

Source

Rotation RPH

Welding Speed
Rotation RPH=Welding
Erraor

Total

S:

1.93989 R-5q =

Replicates: 3
Total runs:
Total blocks: 1

18

3

Stress,U versus Rotation RPM, Welding Speed
Levels WUalues

2 1328, 1758

3 88, 128, 160

for Stress,U, using Adjusted SS for Tests

DF  Seq SS Adj SS  Adj HS F
1 276.282 276.282 276.282 73.42
2 34.484 34,484 17.242  4.58
Speed 2 2.721  2.721  1.368  9.36
12 45.158 45.158  3.763
17 358.644
87.41% R-Sq{adj) = 82.16%

84

P
A.0800
A.833
a.704
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Main Effects Plot (Data Means) For Ullimate Strength
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Regression Analysis: Stress,U versus Rotation RPM, Welding Speed

The regression equation is

Stress,U = 135 + @_8182 Rotation RPH + B8_0418 Welding Speed

Predictor Coef SE Coef T
Constant 135 .29% I. 42 39.38
Rotation RPH a.e18222 a.a81979 Lo |
Welding Speed B_8417F7F a.81383 3.21

P
8.0480
a.880
a.0a86

S = 1.88485 R-Sq = 86.4% R-Sq{adj) = 84.6%

PRESS = 78.9613 R-Sq{pred) = BB_23%

Analysis of UVariance

Source DF 55 M5 F
Regression 2 3892.78 154 89 47 5L
Residual Evrror 1% L8 _86 3.26
Lack of Fit 3 3.78 1.23 a_.33
Pure Error 12 L5 _ 16 .76

Total 17 358B.64

a8.885
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4.8.1 3ms1zﬁwamimam

a @ T @ < 1
NaﬂTi?LﬂiTgﬁﬂQTNQﬂﬁ@ﬂﬂlﬂﬂ@]fll!ﬂﬂ?‘lﬂ?? %@uaﬁaﬂymztﬂmmuqu ﬁﬂ1§

E1)

Y/ a < A @ [ =
Aszedutuuuuilng anuulsilsiuveannuudansivesseaeuniladeaian el
1 @ @ 1 { < < 4
UANANAUNINITD LANINAABINANNSITOU 1,750 rpm AT TUNITWON 120 mm/min §
a 3 < A . a
anuulssauge nanwsasey 1,320 rpm AW luMI¥en 120 mm/min WA
v 4
uilsisautdesfiga uazardulszanimsdaduls (R?) iy 87.41% o5 u1eldimainnis

A < 5 A = o '
L‘]JEIEJ‘L!ﬂ’JﬁJLi’Jiﬂﬂllazﬂ’ﬂmi’ﬂuﬂﬁl%ﬂu UANULUULITY 87.41 IU

a 4 4 o 1 [ a o
NITANTICHAITIN ANOVA Lﬁ@ﬂ?ﬁuﬂiﬁ o HAUMAY 0.05 WIITUIOUAT
an 1 | -Y o 9 Y1 o an A a 1
N381 AB A1 P-Value N0 0.704 m“lwﬁqﬂﬂmmummm UliJiJ@ﬂﬁWﬁﬁ@NﬁﬂWﬁﬂﬂﬁ@Q Tu
1 @ @ < 1 1 < 4 J
ﬁﬁuﬂlﬂﬂﬂﬂﬂﬂﬁﬁﬂﬁ@ AIULIATOU A1 P-Value ﬁ@ﬂﬂ’ﬂ 0.000 uazmmm“lumn%u f1 P-
1 7 ) Y Y1 Aa a 1 1 = o 2 d' %
Value 110U 0.033 “I/Iﬂ,ﬂﬁ');ﬂvlﬂ’NlI NHTNAADNANITNAADIDYNNUIAIAY NITAUAIY
101U 95% o 1M 0.05

9

NHANMINABDITINTDASNANMTDADDY IAFIT]

UltimateStrength = 135+ 0.0182 Rotation(rpm) + 0.0418Wel dingSpeed (mm/ min)

v Y Y1 Ay Yo Y
msnadeuaugndesvesduuazlldhaunmsaanesi latinnugndes
A1 Ry 87.41% tagmanageuanuangluesdnuuoansenudeyaiinnuaugiliy

9 = ) Ay v Y o 1 < A 1
éllf)lla%\jﬁ']il']iﬂu'lﬁllﬂ'lﬁﬂllﬂhlﬂﬁlalfﬂ']u'lﬂﬂ']ﬂj'lllllel]\ulﬁ\jeu@\1ﬁf]ﬂ!%@i]ﬁlu%jqéll@\jﬂ’lﬁﬂaﬂllﬂﬂ
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ETETJNQﬂ]iﬂﬂﬁ@ﬂl!ﬁz%ﬂ!ﬁﬂ@!lﬂ%

a A 1

= o Aa L2 a A
nnmsanudedenioninaneauanielavizImeuaznana lunsiyou

Y v

a A R <3 9 =\ =< dy
pzglifiourasnande A356 AemsideaniuuuunIy wamsanymaassdglIdail
51  Wan13NadUIATINF1INIIMYNINVDITOLIFON
% 4 - a <
ANHALNIINYNINVDITRUFOUN 1,320 LAz 1,750 rpm AIMUUUINAATOY
A o : ~ A 4 4 ,
WwoninnuazBeaminave lunuanudalnalag uaf 1,750 pm 7 80 uag 120 mm/min
YT1UATUA U Retreating Side 110
d‘ Y v 4
5.2 HANIINIVABUIOELNTONAEISITONY X — Ray
A Y o oa s ~ 3
ATADUTOOHONATIT DN (X-Ray) NA1NI5250D 1,320 tpm 9N
< A a 1 J Y J A 9 . . A <
AN IUMIITON INAYDII19AIUA19IVBITOIFOUAIY Retreating Side LazNAM5ITOU
A L4 ] 9 1 A
1,750 rpm S0oi¥ouanysal hinudeunwioslaq lusousou
5.3 HAN1IMIa0UIATIAI1INHNA
4 { 3 <
Tassafrunnavessoaounmingey 1,320 rpm nnanusa luns
A a 1 1 I Y ] I Ay = ) 1 A A <
wou mareanuludu lidsemuidluila@ernudivaissosyon 1ANNSITOV 1,750 rpm
A = 4 [} 9 L
seeFoulinnuauysal lunudounnseslas
5.4 wamINsnsIdevInIIEdIsgama
4 a 1 { <
Tasea$1eganinvessoayouusnuignnIunIWs250D 1,320 rpm 9N

< A Y . . = Y A a ' . . ~
mwmsﬂuﬂm%umu Retreating Side MTﬂﬁQﬁiN“VIa&@ﬂﬂﬂ’N Advancing Side IagnN

< a { m o 1 qgj
AINLIITOU 1,750 rpm Iﬂﬁ\?ﬁ%ﬁ\iﬂiﬂﬂ!ﬁgﬂﬂauaglaﬂﬂll@ulllllﬁﬂﬁ']\jvmﬁﬂ\jéhu
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5.5 wamsmaeummm’iaamg%u FSW

1 <3 4 { < 1
ﬂWﬂ’J”IlILLEU\1"1]’0\1\1THL%GNLﬁﬂﬂﬂTHLLUUﬂUN ﬁﬂ'ﬂll!,i?]ii’)ﬂ 1,750 rpm ﬁﬂiq\i

oA < < A A J < a ~
NI NANULSITOY 1,320 rpm T]‘ﬂﬂ'J”liJLi’ﬂl!ﬂ"liL“]fﬂiJmaﬂ 2.5% HAZAIAITULVIVINIUNGN

Y
ﬂ’Jl.!LL'ﬁ$!EIJﬂ’f)“I/]‘ﬁW'ﬁﬂ’JﬁJ%@u%ﬂW@:Qﬂ’ﬂLﬁ@IaﬁglﬂN 6.25%
5.6 Namﬁmaaummuﬁasmam!%u FSW

1 < { 4 a 1w 1 <
mﬂammmmmﬁammgﬁaiammmmﬂu 170.07 MPa ATAINLUILLTIVDN
A A < & A A A 1 1A <
TRULHOU NANULIITOU 1,750 rpm BIUAURAY 172.22 MPa HAGININ 1,320 rpm )NAIULID
A P~ a < ) A @ Qy < a dy
Gluﬂﬁ!“lfflllmﬁﬂ 164.36 MPa Ay 4.6% AUHUINUANHNVOIFUNATO U UVTLIVLHD

Taviziay
Vo 4 . o A
57  maudsnvnganansumMsIyeN SSM A356

1w A o @ A a A = [ Y

ﬂWﬁ’JLL‘ﬂi‘VIL“H11”IZﬁﬂJﬁ’THi‘U’miL%ﬂﬂﬂggmuﬂuﬁﬁ@ﬂ\‘lﬂlﬂﬂw’uﬂ A356 YNNI
2 Y Ao A A A ] < A
IYANMIULUUNIU Gl’JLL‘]Ji’ﬂﬂ‘VIf!ﬂ ADNAINLIITOU 1,750 rpm mmm“lumswau 160 iag

1 I~ {
120 mm/min mmmgmusqmﬁﬂqaqa 172.61 1lag 172 MPa
a d aa
5.8 HWaMITUANTHNNaONA

9 =y I [l =1 o a A ~
5.8.1 Yoyalanyuzdunuugy Tnmsnszneduuulnd anuulsdsiuvessoaioun
1,750 rpm, 120 mm/min HANuuilslsiugeganas 1 1,320 rpm, 120 mm/min HAWY
uilsisaudesnaa

5.8.2 Factor A 1182 Factor B 1410UAIN381 (Interaction) AN LUUdNTHAABNANTT
EGEN

. <3 <3 4 A a 1
5.8.3 Main Effect 12141573501 ttazAu5 2 1um ol onsnanonan1snaasa
Y o Ay Y~ v 2 1w
5.8.4 ANUYNABIVOIAMLUANMIDADDETN 1ATANNYNADY RZ N 87.41%

5.8.5 anuanglvesiuuuannesiudeyaiinnuangiiudoya
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MANUHIN D

POMHUATUNATOUINAIFIH ASTM

b eS8

[ - Th-

Dimensions

Standard Specimens

Subsize Specimen

Plate-Type, 1%:-in. Wide Sheet-Type, ¥-in. Wide 1a-in. Wide
in. in. in.

G—Gage length (Note 1 and Naote 2) 500001 2.000+ 0.005 1.000 = 0.003
W—Width (Mote 2 and Note 4) e+ g, -4 0.500= 0.010 0.250 = 0.005
T—Thickness (Note 5) thickness of material
R—Radius of fillet, min (MNote 6) 1 Vi ¥
L—Cwer-all length, min (MNote 2 and MNote 7) 18 8 4
A— ength of reduced ssction, min 2] 2% 14
B—L ength of grip section, min {MNots 8) 3 2 14
C—Width of grip section, approximate (Mote 4 and Note 9) 2 £ ¥

Note 1—For the 1V2-in. wide specimen. punch marks for measuring elongation after fracture shall be made on the flat o on the edge of the specimen
and within the reduced section. Either a set of nine or more punch marks 1 in. apart, or cne or more pairs of punch marks 8 in. apart may be used.

Note 2—When elongation measwrements of 1%3-in. wide specimens are not requited, 2 minimum length of reduced section (4) of 254 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 to the center, but the width at each end shall not be more than 0.013, 0.003, or 0.003 in.,
respectively, larger than the width at the center.

NotE 4—For each of the three sizes of specimens. narvower widths ( 7" 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 elongation 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 1¥4-in.
wide specimens shall be 3¢ i Maximum thickness of 2-in. and Y4-in. wide specimens shall be 34 1. and ¥4 i, respectively.

Note 6—For the 119-in. wide specimen, a 12-in. muinimum radius at the ends of the reduced section is permutted for steel specimens under 100 000
psi in tensile strength when a profile cutter is used to machine the reduced section.

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

Note 8Tt is desirable, if possible, to make the length of the grip section large enough to allow the specimen to extend info the grips a distance equal
to two thirds or more of the length of the pgrips. If the thickness of 1-in. wide specimens is over 35 i, longer grips and correspondingly longer grip
sections of the specimen may be necessary to prevent failure i 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 0.003 in., respectively. However, for referee testing and when required by product specifications, the ends of the Y2-in. wide specimen shall
be symmetrical within 0.01 m.

Note 10—For each specimen ftype, the radii of all fillets shall be equal to each other within a tolerance of 0.05 in., 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.

NomE 11—Specimens with sides parallel throughout their length are pernuitted, except for referee testing, provided: (a) the above tolerances are nsed;
(b) an adequate number of marks are provided for determination of elongation: and (¢) when vield strength 15 determined, a suitable extensometer is 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. In acceptance testing, if the properties meet the minimum requirements specified, no further testing is required, but if they are less than the
minimum requirements, discard the test and retest.
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MANUIN U

mw%umaamms%u FSW

A A

a Y 9 A =
AIANUIN UV 1 NMWHINHIATUUUUDITDYLBDUDLANIUBNYADNILUI A356

U

AANUEITOV 1,320, 1,750 rpm ANSTUMTIARULUAFRN 80, 120, 160 mm/min
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n: 4 % J
MNTFuNATeUN MO FSWFH Ae33dtends X-Ray

A B

PSU-WELDED ALUMINUM
SPNO-1 4MM 29u'3* 008

1 4 { <
MANUIN U 2 NINDY X-Ray Gllf)\ﬁf]ﬂl%@llﬁﬂ')']llﬁjﬁﬂﬂ 1,320 rpm

< a 4
ﬂ')’]lllﬁ')luﬂ’]ﬁlﬂut!ual%ﬂll 80 mm/min

1A ASTM 02

A B

- WELDED,ALUMINUM
Sglll‘l[l-Z 4 MM 29-3-2008

1 4 { <3
MANUIN U 3 NINDIY X-Ray mﬂﬂiﬂﬂl%@uﬁﬂﬁ’]uﬁ?i@ﬂ 1,320 rpm

< a 4
ﬂ')’]iJlj'JGlUﬂ'ljlﬂullu'Jl%‘@u 120 mm/min



IAASTM 02

WELDED.ALUMINUM
4 MM 29- 32008

1 4 ! <
MANUIN U 4 NINDY X-Ray ﬂl'ﬂﬂi'ﬂﬂl%@llﬁﬂ')'lllﬁ?i@'ﬂ 1,320 rpm

< Aa 4
ﬂ’nm’i’ﬂumﬂﬂuuuw%n 160 mm/min

A B

PSU- WELDED,ALUMINUM
SP NO.4 4 MM 29-3-2008

1 4 { <]
MANUIN U 5 NINDY X-Ray ﬂl@ﬂi@ﬂl‘%ﬂuﬁﬂ')’lﬂﬁ?iﬂﬂ 1,750 rpm

< A 4
ﬂ’nul’i’ﬂumsmuuuaﬁ@u 80 mm/min
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IA ASTM 02

A B
PSU: WELDED.ALUMINUM
SP NO.5 4 MM29-3-200¢

1 4 { <
MANUIN U 6 NINDIY X-Ray ﬂlﬂﬂﬁﬂﬂl“ﬁﬂuﬁﬂ?’]ﬂﬁ?ﬁﬂﬂ 1,750 rpm

< Aa 4
ﬂ')'lﬂJLﬁ'JﬁlUﬂ'lﬁlﬂuuL!'Jlsdb'ﬂiJ 120 mm/min

1 4 { <
MANUIN U 7 NIND1Y X-Ray mﬂﬂﬁ@ﬂl%@uﬁﬂ')’]llﬁjﬁﬂﬂ 1,750 rpm

< a 4
ﬂ')’]iJlj'Jﬁluﬂ'lﬁlﬂullLl'Jl%ﬂiJ 160 mm/min
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MNTUNATOU Base Metal 48538 onaf X-Ray

v
MARNUIN U 8 NIND1Y X-Ray ﬂ']i?l‘i’J‘ﬂﬁfJ‘]J“ﬁI@‘UﬂW‘if]\iGqu‘Vlﬂﬁf]‘iJ Base metal Semi Solid

A356

25

|
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dS 9
(ININ

&
=
~N
©
W=
M~
-
-]
0

Al
JI0N

Y
NMANUIN U 9 NIWD1Y X-Ray ﬂWiGI‘J’J‘UﬁE]‘]J“lQJ}E]‘]JﬂWi’E]\i“]f“H‘ﬂﬂﬁE]‘]J Base metal Semi Solid

A356
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MNIA33a519900 1A VBITUNATOUNUTON FSW

Fo1500m

b 150um

: ' 2
MANUIN V10 ﬂW‘ITﬂi\‘iﬁ%}'l\‘l\‘l'I‘L!L%@llfg]}'JEJﬂ'ISLﬁﬂﬂ‘l’l'IumJiJﬂ’Juﬁﬂ’J'lll!i’Jiﬂ‘U 1,320 rpm

< a 4
ﬂ’mJLS’JGlum’il,ﬂuuu’w%aJ 80 mm/min

150LUm -

4 { 3
MANUIN U 11 ﬂ11/‘!1?]53?{%}10311‘!&%61!ﬁj’lﬂﬂﬁlﬁﬂﬂ‘lmulmllﬂ’]uﬁﬂ’ﬂmi’liﬁ]"u 1,320 rpm

< a 4
ﬂ’nmﬁﬂumimuuu’sﬁau 120 mm/min
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: ' 2
NMANUIN U 13 ﬂ'I‘INTﬂ5\1’(?(%}'1\1QTHL%@Mg]}’JfJﬂ'lil,’?fﬂﬂ‘ﬂ'I‘l!LL‘]J‘]Jﬂ’JNﬁﬂ')'IiJLi']i@‘U 1,320 rpm

< a 4
ﬂ'Jﬂlilli'Jﬁluﬂ']ilﬂuuujl,%ﬂiJ 160 mm/min

: : 2
NMANUIN ¥ 14 ﬂTWTﬂi\iﬁ%}NQWNL%@N&?&WI?L?TEJWVHHLLU‘Uﬂ’Juﬁﬂ’JﬁJﬁ’Jiﬂ’U 1,750 rpm

< Aa 4
m"lluiﬂumimuuu’md]f’em 80 mm/min
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150um

: : 2
NMANUIN U 15 ﬂ'I‘INIﬂ5\1’(?(%}'1\1QTNL“AHE]Nf?]}’JElﬂ'lil,’?fﬂﬂ‘ﬂ'Iullﬂﬂﬂﬂuﬁﬂ')'m&i’)i’ﬂﬂ 1,750 rpm

< a 4
mmuﬂumsmuumg%u 120 mm/min

4 { <
NMANUIN U 16 ﬂW‘IIﬂﬂ’d%lNQ"I“L!L‘d]fﬂilﬁl’wﬂﬁlﬁﬂmmmmﬂﬂ’Juﬁﬂ’J’lmi’Ji’O U1,750 rpm

< a 4
mmwﬂumimuuu’u%u 160 mm/min



MANHIN A

Y

VBHAINNIINAABd

1 < a = [
A1TNEMANHIN A 1 AANTNLUUILTIVDY Base metal ’e):gmﬁauwa@ﬁmm A356

Batch Strength Ua Strength Ub Strength Uc Average Ud
1 167.74 169.73 168.57 168.68
2 170.07 172.04 171.17 171.09
3 169.55 170.93 169.73 170.07
4 170.05 172.03 171.06 171.05
5 168.72 169.54 168.86 169.04
6 171.06 171.84 171.68 172.09
7 169.64 171.09 170.57 170.43
8 167.98 169.45 168.81 168.75

HU8LYia

a 1 % < ] aa
pzglitonraNaie A356 AIUNAN 0.32% UUNTITey 7.74% Fanou n5a

A356 HTUNITHABLUY Rheocasting Forcing 1 Pressure > 2000 psi

%uﬂﬂﬁﬂﬂﬁWﬂﬂﬂ@iﬁWﬂ ASTM (EB)

v < - o t:y
901519152 1UN3A9 1.67 x 10” mm/s 139 1.002 mm/ min 31U 24 FU
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1 <3 tay a J : <
ATNMANUIN A 2 ﬂ”lﬂ'J”liJLLEINLLiQEU’EN%uﬂﬂﬁﬂﬂﬂggmﬁﬂﬂﬁaﬂﬁﬂlﬁlﬂ A356

Welding Speed (mm/ min)

80 120 160

162.83 163.60 165.38
1,320 160.19 | 16240 | 1ea6a | 16401 | 16734 | 166.68

o 164.60 163.79 167.33

(RPM) 172.64 168.76 171.56
1,750 16838 | 17122 | 17333 | 171.89 | 17434 | 173.55

172.63 173.57 174.74

LNl

a 1 % < 1 Aaa
4. ozgittouraonudy A356 AIUNTY 0.32% LUNTITY 7.74% Fanou N3a

A356 HFIUMIHADULY Rheocasting Forcing 1 Pressure > 2000 psi

5. FunAAEUNUITOY FSW AVUINTIIU ASTM (EB)

6. 9931152 1UN3A9 1.67 x 10” mm/s W30 1.002 mm/ min 14U 18 FU
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1 < a 1 : <
ATINMANUIN A 3 ATATNLUILLTIVDY Base metal azgmﬁﬂuwaaﬁmm A356 é’]}'f]ﬂ

X-bar 118 R-chart

109

Bawh | UM EE i duafe UCL-,,, | ¥-Dter | LCL-,, R UCL-,., | R-ter | LCL-
1 | 187.74 | 168,73 | 183,57 | 163820 | 171584 | 1700%0 | 163.56A | 1880 | 2810 | 1.4%0 | 0.000
T | 17007 | 17204 | 17107 | 171083 | 1715084 | 170020 | 188,566 | 1870 | 2810 | 1420 | 0.000
3| 18853 | 170083 | 189,73 | 170070 | 1715984 | 1700080 | 163,566 | 1380 | 2810 | 1.4%0 | 0,000
4 | 17003 | 172,03 | 17106 | 171047 | 171504 | 170020 | 168,566 | 1880 | 2810 | 1420 | 0.000
5 | 18272 | 168,54 | 18386 | 165040 | 171584 | 170080 | 163.56A | 020 | 2810 | 1.4%0 | 0,000
f | 17106 | 17184 | 17188 | 171,527 | 1715084 | 1700820 | 168,566 | 0780 | 2810 | 14820 | 0.000
T | 18384 | 171.00 | 170,57 | 170433 | 171504 | 170080 | 168,566 | 1.450 | 2810 | 1480 | 0,000
% | 18798 | 16545 | 1381 | 168,747 | 171504 | 170020 | 168,566 | 1470 | 2810 | 1420 | 0.000
HNa1 e

a 1 % < 1 ~ an
7. ﬂggMLﬁﬂNWﬁﬂﬁﬂllﬂN A356 IUNTY 0.32% LLﬂJﬂ'L!LG?SFJiJ 7.74% BaADU INTA

A356 HFIUMIHADLLL Rheocasting Forcing 1 Pressure > 2000 psi

8. FUNATOUMUNINIFIU ASTM (ES)

9. 93152 1uN3A9 1.67 x 10 mm/s W30 1.002 mm/ min 14U 24 FU



v <3 a J : [ a 4
A1INANUIN A 4 ﬂ1?’1’ﬂlILLElN"'IJ’EN?]%QIJLﬁEJiJWﬁ’E]ﬁQLL"’UQ A356 ﬁjﬁﬂulllj‘ﬂi’lﬂlﬂﬂi

J2EY MANUUTIHY) | MANVUIIHY) Average
4.8 39.4 38.1 38.75
-42 41.4 40.3 40.85
3.6 40.8 41 40.90
-3 434 40.2 41.80
-2.4 42.6 43.1 42.85
-1.8 439 42.3 43.10
-12 442 44 44.10
-0.6 432 42.8 43.00
0 442 433 43.75
0.6 43.6 45.5 44.55
1.2 459 43.5 44.70
1.8 47.8 47.7 47.57
2.4 45.5 46.9 46.20
3 46.2 45.2 45.70
3.6 39.3 40.1 39.70
4.2 41.6 422 41.90
4.8 38.9 413 40.10

LT

1. 115739 hardness HV, 100 kgf, 10 s

2. parameter 1,320 rpm, 80 mm/min
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1 <3 a J : [ a J
A1NNANUIN A 5 ﬂ1?’1”J”IiJLHN"'IJ’EN@%QlJLﬁEJiWiﬁ@ﬁQLL"’IN A356 S%I'Jﬂhllljﬂiilﬂlﬂﬂi

520 AMANVUVIHY) | MANUIFIHY) Average
-4.8 39.2 37.6 38.40
-4.2 40.2 38.8 39.50
-3.6 40.1 41.3 40.70
-3 43.2 42.1 42.65
-2.4 41.9 38.3 40.10
-1.8 40.8 39.5 40.15
-1.2 40.1 42.2 41.51
-0.6 443 45.3 44 .80
0 433 44.1 43.70
0.6 41.6 42.2 41.90
1.2 45.0 44 .4 44.70
1.8 43.1 42.4 42.75
2.4 41.3 44.1 42.70
3 42.4 41.2 41.80
3.6 40.1 40.8 40.45
4.2 39.8 41.1 40.45
4.8 38.4 39.8 39.10

LN
1. 15739 hardness HV, 100 kgf, 10 s

2. parameter 1,320 rpm, 120 mm/min



1 < a J : [ a J
A1INMANUIN A 6 ﬂ1?’1”JﬁleN"'IJ’EN?]%QlJLﬁEJiJWﬂ’OﬁQLL"’IN A356 S%I’Jﬂulllj‘ﬂiilﬂlﬂﬂi

NUBIE

1.

2.

52U MANUUTIHY) | MANVUIIHY) Average
4.8 34.9 35.5 35.20
-42 36.7 36.8 36.75
-3.6 37.7 37.3 37.50
-3 38.4 37.9 38.15
-2.4 37.6 38.2 37.90
-1.8 36 39.3 37.65
-12 37.4 375 37.45
-0.6 38.2 38.4 38.30
0 37.8 39.5 38.65
0.6 39.6 40.1 39.85
1.2 43.6 41.4 42.50
1.8 38.9 39.3 39.10
2.4 38.7 38.5 38.60
3 37.9 38.4 38.15
3.6 353 36.7 36.00
4.2 36.8 38.2 37.50
4.8 354 36.7 36.05

1133 hardness HV, 100 kgf, 10 s

parameter 1,320 rpm, 160 mm/min
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1 <3 a J : [ a J
AINNMANUIN A T ﬂ1?’1”JﬁleN"'IJ’EN?]%QlJLﬁEJiWiﬂ’E]ﬁQLL"’IN A356 S%I'Jﬂullljﬂiilﬂlﬂﬂi

S2HY MANVUVIHY) | AANVUVI(HY) Average
-4.8 39.5 38.4 38.95
-4.2 36.5 37.8 37.15
-3.6 37.6 38.2 37.90
-3 42.2 41.3 41.75
-2.4 43.2 45.1 44.15
-1.8 443 42.3 43.30
-1.2 42.5 40.2 41.35
-0.6 45.3 43.8 44.55
0 40.7 41.4 41.05
0.6 42.1 40.4 41.25
1.2 40.5 433 41.90
1.8 41.8 42.1 41.95
2.4 42.3 41.3 41.80
3 39.2 38.6 38.90
3.6 37.4 36.5 36.95
4.2 37.7 374 37.55
4.8 38.8 37.9 38.35

LN

1. 15739 hardness HV, 100 kgf, 10 s

2. parameter 1,750 rpm, 80 mm/min
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1 < a J : [ a J
AINMANUIN A 8 ﬂ1?’1”J”IiJLHN"'IJ’EN@%QlJLﬁEJiWiﬁ@ﬁQLL"’IN A356 S%I'Jﬂhllljﬂiilﬂlﬂﬂi

52U MANUUTIHY) | AIANUITIHV) Average
-4.8 37.2 37.8 37.50
42 38.4 39.5 38.95
3.6 383 39.4 38.85
-3 41.6 40.2 40.90
2.4 39.1 383 38.70
-1.8 438 42.5 43.15
-1.2 41.3 40.1 40.70
-0.6 39.6 38.2 38.90
0 43.1 42.3 42.70
0.6 41.1 40.1 40.60
1.2 40.8 41.4 41.10
1.8 38.7 38.5 38.60
2.4 38.7 39.2 38.95
3 40.1 40.5 40.30
3.6 40.8 42.2 41.50
4.2 39.6 38.5 39.05
4.8 373 36.6 36.95

HUYLNG
1. M33@ hardness HV, 100 kgf, 10 s

2. parameter 1,750 rpm, 120 mm/min



115

1 <3 a J : [ a 4
AINMANHIN A 9 ﬂ1?’1”JﬁleN"'IJ’EN?]%QlJLﬁEJiWiﬂ’OﬁQLL"’IN A356 i%}?ﬂhllljﬂiilﬂlﬂﬂi

52U AMANUUTIHY) | AIANUITIHV) Average
-4.8 39.3 38.6 38.95
42 38.8 37.7 38.25
3.6 37.6 383 37.95
-3 38.5 39.6 39.05
2.4 40.1 40.4 40.25
-1.8 41.4 42.1 41.75
1.2 40.3 412 40.75
0.6 41 43 42.00
0 40.1 40.5 40.30
0.6 39.4 40.3 39.85
1.2 425 412 41.85
1.8 40.2 39.9 40.05
2.4 43.7 42.5 43.10
3 38.4 40.6 39.50
3.6 42.5 40 41.25
4.2 37.6 38.6 38.10
4.8 39.2 37.7 38.45

HUYLNG
1. M33@ hardness HV, 100 kgf, 10 s

2. parameter 1,750 rpm, 160 mm/min
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1 < a v % < a J
A1INMANKIN A 10 ﬂ1?’13”IiJLL‘U\‘]“]J’E]Qﬂ%@}llﬁﬂllﬂﬂﬂﬁﬂ!ﬁ]ﬂ A356 i%}?ﬂhllljﬂi'f]ﬂlﬂﬂi

Hardness Hardness Hardness Hardness Hardness Hardness

pEA{H (HV) (HV) (HV) (HV) (HV) (HV)
-4.8 38.75 38.40 35.20 35.20 38.95 38.95
-4.2 40.85 39.50 36.75 36.75 37.15 38.25
-3.6 40.90 40.70 37.50 37.50 37.90 37.95
-3 41.80 42.65 38.15 38.15 41.75 39.05
2.4 42.85 40.10 37.90 37.90 44.15 40.25
-1.8 43.10 40.15 37.65 37.65 43.30 41.75
-1.2 44.10 41.51 37.45 37.45 41.35 40.75
-0.6 43.00 44.80 38.30 38.30 44.55 42.00
0 4375 43.70 38.65 38.65 41.05 40.30
0.6 44.55 41.90 39.85 39.85 41.25 39.85
1.2 44.70 44.70 42.50 42.50 41.90 41.85
1.8 47.57 4275 39.10 39.10 41.95 40.05
2.4 46.20 42.70 38.60 38.60 41.80 43.10
3 45.70 41.80 38.15 38.15 38.90 39.50
3.6 39.70 40.45 36.00 36.00 36.95 41.25
4.2 41.90 40.45 37.50 37.50 37.55 38.10
4.8 40.10 39.10 36.05 36.05 38.35 38.45

HUYLNG
1. M33@ hardness HV, 100 kgf, 10 s

2. Rotation 1,320, 1750 rpm, Welding Speed 80, 120, 160 mm/min
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' 4 a = <3
ATNNANUIN A 11 ﬂ“!ﬁ\iﬂﬂmﬂ\uﬂ?@\iﬁﬂ (Tool) ﬂxglllﬁﬂllﬁaﬂﬁ\ﬁl@\umlﬂ A356

0 | 1,320, 80 1,320,120 1,320,160 | 1,750, 80 1,750,120 1,750,160
0 0 0 0 0 0 0
118 116 117 118 116 117
221 223 221 221 223 221
289 288 286 289 288 286
10 279 277 278 279 277 278
310 308 312 310 308 312
260 262 264 257 255 253
229 230 232 229 228 227
221 222 223 221 222 223
20 219 218 217 219 218 217
217 217 219 218 217 218
216 216 218 217 219 219
218 218 219 216 217 217
217 217 218 217 218 218
30 216 216 219 218 217 219
289 298 332 289 308 359
258 269 278 267 279 289
241 248 258 257 259 268
223 232 243 240 247 253
40 221 229 241 229 238 247
220 228 240 227 237 252
221 227 242 226 239 251
220 228 244 228 240 253
223 227 243 229 241 256
50 224 229 247 231 239 258
225 232 249 227 237 257
223 233 251 225 235 253
221 229 247 223 233 252
220 227 245 222 232 253
60 221 226 243 223 231 250
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HNAL 6
@ A A
3. MITIAUTINAVDIUATOIND Kg.

4. Rotation 1,320, 1750 rpm, Welding Speed 80, 120, 160 mm/min

v I a 1 % [
ANTWNNANUIN A 12 ﬂ"lﬂ7]111lL"]J\TLLiQGIJﬂQﬂgQulﬁﬂﬂﬂa@ﬁﬁﬂlﬂﬂlmﬁ A356

StdOrder RunOrder PtType Blocks Rotation RPM Welding Speed Stress,U FITS1 | RESH

10 1 1 1 1740 B0 168.38 171187 -277BEY
12 2 1 1 1750 160 17434 173547 079343
13 3 1 1 1320 B0 1B4.BD 162.390 2.21000
1 4 1 1 1320 B0 162.38 162.490 -0.01000
7 b 1 1 1320 B0 16019 162.490 -2.20000
b b 1 1 1740 1600 171.86 173947 -1.08667
18 7 1 1 1740 1600 17474 173547 1.19333
4 B 1 1 1320 160 167.34 166.683 0O.GAGEY
18 4 1 1 1320 160 16733 166.684 0O .G4BE?
3 10 1 1 1320 160 166.38 166.683 -1.30333
17 11 1 1 1740 1200 173.67 171.887 1.68333
14 12 1 1 1320 1200 16479 164.010 -0.22000
11 14 1 1 1740 1200 17333 171.887  1.44333
16 14 1 1 1740 B0 17263 171187 1.47333
B 18 1 1 1320 1200 16464 164.010 0.63000
2 16 1 1 1320 1200 163.60 184.010 -0.41000
b 17 1 1 1740 1200 168,76 171.887 -d.12667
4 18 1 1 1740 B0 17248 171157 1.30333
(ETL

1 I a ' % < v 4
1. ﬂ1ﬂ313JL!ﬂl\ﬂl'ﬁ\ﬁ]ﬂ\iﬂgij}nﬁf]llﬁﬁﬂﬁ%ﬁlﬂ A356 W"Ii!ﬂ”lil%@llﬁ?]ﬂﬂTilﬁﬂﬂvnu

2. Rotation 1,320, 1750 rpm, Welding Speed 80, 120, 160 mm/min
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MANUIN 3

Phase Diagram

Phase Diagram 41 9z@iillan-Faneu-unntiFeunasnay (Aluminium - Silicon

Magnesium Casting Alloys)

UNUMNAUAA (Phase Diagram)

N | i
OO0 epn® —— 4 L = 1300
BED L+[Al) L+[Mg+5i) —
GO0 = = 1100
/1.85 595 13
RO0 / 4300
400
f (Al] + [Mg+5i) 770
300
= 500
200
4300
100
4100
Al & 4 G g 10 12 14 16 13 20
L& Weight Percentage Magnesium Silicide

a A ~ A aa J
LLNu,ﬂTINﬁhﬂﬁﬂlﬂﬂﬁ1ﬂﬂ$gﬂluﬂh-!,l,nﬂul“]fflﬂJ-G]fﬁle]fﬂ

(Aluminum - Magnesium - Silicide Phase Diagram)
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