=)

answavesn N3 Numsiennaz UnuvvesIRUNINaneanAMalanyInen

Aa A

o A 2 -
sazandAMInalumsvenazgiitHaunan A 356 iviaslaamalulag
v 4! & Y Y= d' =S
MIHADNIVDINTIAIYNITTHIT NI ONTYAM UUVUNIU

The Effect of Welding Speed and Tool Pin Profile on Metallurgical and

Mechanical Properties of Joining of Semi-Solid Aluminium Alloy

A 356 by Friction Stir Welding Process

% A A
5iv¥8 NN

Thongchai Kruepue

"3ﬂmﬁwuﬁﬁaﬂudmﬁﬁwaamﬁﬁﬂmmuﬁé’nqmﬂ%muq,n
IINITUMEATNNTUNA NIVIAINTINIER
UINENABAUAUATUNS
A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Material Engineering
Prince of Songkla University
2552

d
a a a a (Y] a d
AVANHVIINYIINYI1AYAIVATIHATHNT 1)



A -
v

a a o 4 o o 4 3 wa
eineniimus  SninavesnnudilumsiFennazgiliuuveniaRvuiiinaremuting

TangInswazmnitnenalunsi¥oussgiiflounay A 356 indelay

v & o &
maluTatnasneveavedionssudimsFeudoamuiuuniu

¥ ot o - ]
Huueu HIUEI¥Y (ATOHD

1NN INTINTag

4ot o -~ d @
mmwmﬁnunnmuwusmn

..................................................

@idszmn desdundyys)

dl G-y o) 4
annumﬁnynmmwuﬁsm

Mo Strbwoy,

..............................

[ 4 aa a =
(393IMNANTIN5Y A5.fIfN ’Jq‘ll‘ﬁtllﬁ”lxigi)

AUTNIINNIITOU

Usssmunssums

@¥wmans19138 as.53¥¥o Ugaa)

........................................ ATIUNT

HHwmans19138 as. w1 sIadug)

.......... AQ"’thﬁmﬂssumi

oy = A(
(Sﬂﬂﬁ'lﬁﬂﬂil'ﬁaﬂi.ﬂif}ﬁ ?Z}ﬂﬁluﬁNfJi)

QA N Q 4
Ao S ATTNNS

a o ¢ a L4
(RI.NAANIY NUTNIY)

v aa o a ar a 4 e v a a ¢ o o
VUNAIMNYIDY UN1INY1D0TIVATIUATUNT aquﬂﬁ'umﬂmuwumuuﬁtﬂu

U 4 @ < a o = by = o
’d’]uﬂu@'ﬂﬂ\lﬂ'ﬁﬁﬂ‘ﬂ'l ATUH ﬁﬂfjﬂil‘iiyﬂ!l’)ﬁ’)ﬂ‘ﬁuﬁ'lﬂﬂiuﬂ TUUNA ﬂ'l‘ll'l')‘]ﬂ'lﬂ’]ﬂiill']ﬁﬂ

.................................................

(309MAATINIG ATNTNYY Noany)

AuUATUNAINNRY

@




4 a a a a < 4 v Aa ! ' LZR
YoInenfivus  InSwavesnnuirlumsisenuaz jluuvveuiinuilnadeauiianig
TangInewazauiiananalumsyenezgiiitisunay A356 Nndo lag

~ V2 3 9 as A ~
L‘V]?‘IT‘L!TE]EJWﬁﬂﬂQﬂlﬂQLL"INﬂ’JEJﬂSSEJ’J‘ﬁﬂ”lil%@lll,ﬁflﬂ‘immmﬂﬂ’(]u

Y A 3 A A
gy EHIFY 1ATOND
AN INTIudag
Umseinmn 2552

UNAAEID

Aav dy I A 1 Aa A ~ 1 % <
NuATsITl UM uneYUes gillonauNiae lagma luTadnave A
) an A = = 9
(SSM) A356 @28n35uITMIFoudeamuuuunIy  (FSW) Iaglumsanyiazly Tool
. a A v A A A A v A A <
(Pin) 2 ¥UA AD WINUUUUNTINTTUBNUAZULUTHAsY Hawmlsaan Aae anwsarlums
Aq ¥ Ao A (A A 3 a A A
NYUVDI Tool N1% 1,750 rpm wazidmlsnulasuuilas Ae aAnusrlumsauunuyon 7
1% 80, 120 uay 160 mm/min IaediyuiBeaues Tool N1F 3 vam
WaIINNIFeURINTATI9E0U TSI 19INNYANIAVOIUT IUTOULTOUUDS
v Aa { { 1 3 < a 4 o
PANULUUNTINTLUDALAZUU LTIV A WUNNITIUANS UAULUNFOUN AN H UL
H aa a a o 1 1 I~}
Tassasenazideaninilsznonlidrsoynaganounaulueglifiowuaing uasgralsn
Aq ¥ ' o ' < Y o Yy v 4
auranldanuuananiuediuiu ldadanu 1nnsastaden lagldndosganssa
ad 1 & = <3 o o 1 Y 09; < a A v A
DIAANTOUADINTIAFINTEULIDNFITS WU IATIFS NI INANNIT UAUFOY UDIHINY
Y 9 A = T voAa A A R Y
uuunsInszuen i Inssadeazidoanniiinunuuamasy elszneulidrseynin
FANOUNIEBAI0INANUAUDINIVTIUNYNNIY
< a 4 v A { {
NAFBUANNLUIUITNUTDUFOVVBININULUUNTINTZUDALAS LU TN ALY
1 ng; <3 a A = s A Y 2 o a A
WUNNIT WA UM TE UL LA NIAIANNLYIN InaRean U Tagm W1z U U aIFD N
a1 < [ a dy a
LRAINNUUIININNNVT NS lansiaw
1 < Qy 'QJ 09/’ [ 4 c?/‘ <
AIAMNUVILTIAVDITUNUNATOUNAANININAVIBUIFOY NIAINAIINIST)
AUl TR UIU YNV AN UUUUNTINTLUONTAINANNULUAMASY  HazAIAY
< = Qy Ao d' ~ di’ a A < =
HAQLLTIAVDIFUNUNATDUNAAAINGIVDILUNEDY  TasTiiio TanziauTiaA1nuLUIL5 999
1 { < a 4 1
Uszunar 185 MPa WuNaNUS lumMSAUMU NN 80, 120 1Ay 160 mm/min ANVDI
v Aa = 1 = = ~ < a A
WINULUUNTINTEUNUMUINANULAMasY Tagmmizianus lumsauuunsen 160

¥ A v 1 2 a a 4 4
mm/min 51]’0\11’i’J‘WHLL‘]_l‘]J‘V]i\1ﬂi$°]J?]ﬂﬁﬂ13JTﬂﬂ'J”Iﬂ'J”Iillﬁ'llﬂuiuﬂ"ﬁmuuu]lfdlfﬂm51!

3



Thesis Title The Effect of Welding Speed and Tool Pin Profile on Metallurgical
and Mechanical Properties of Joining of Semi-Solid (SSM)

Aluminium Alloy A 356 by Friction Stir Welding Process (FSW)

Author Mr. Thongchai Kruepue
Major Program Material Engineering
Academic Year 2009

ABSTRACT

The effect of joining parameters and tool pin profile on microstructure and mechanical
properties of semi-solid metal A356 joints produced by friction stir welding was investigated. In
this work, the joints were made by using a fixed rotating speed of 1,750 rpm with varying
welding speed of 80, 120 and 160 mm/min and 3° of tool angle. In addition, Two different types
of tool pins, cylindrical and square pin, were applied. The optical micrograph shows no voids,
cracks or other weld defects. The Scanning electron microscope (SEM) reveals fine
microstructure and uniform dispersion of Si (Silicon) particles obtained from cylindrical pin than
that of square pin. The variation of hardness througout the weld also reveals slightly greater at the
stir zone for every welding speed for both pin. Transverse and longitudinal tensile strengths
obtained from cylindrical pin are greater than square pin. Furthermore, the joint made from 1,750

rpm, 160 mm/min with cylindrical pin shows highest strength.
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Tensile test (MPa)
Welding speed
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AN
N1 @IUNANMIANNVDIEITaZaI0019 Keller’s reagent

ninlalasgonsn ANUAUTY 48% 2 ml
ninlalasnanin gy B ml
a J
nsaluasnd 5 ml
11 190 ml

1.2 FoMHUATUNUNATOLANINNTMITIAINNNINITGIY ASTM-E[

fhEs

' )
L - ——

----B—-l‘- A o e B e
I | |

|
e e LI

Atk
e ——
Dimensions
Standard Specimens Subsize Specimen
Plate-Type, 1%:-in. Wide Sheet-Type, Y2-in. Wide 4-in. Wide
n. in. n.

G—0Gage length (Mote 1 and Mote 2) 5.00= 0.01 2.000= 0.005 1.000 = 0.003
W—Width (Mote 3 and Mote 4) e+, -1 0.500= 0.010 0.250 = 0.005
T—Thickness (Mote 5) thickneas of material
FR—Radius of fillet, min {Note 6) 1 Vi ¥
L—Ower-all length, min {Mote 2 and Mote 7) 18 3 4
A—Length of reduced section, min g 24 14
B—Length of grip s=ction, min (Nots 8) 3 2 114
C—Width of grip section, approximats (Mote 4 and Note 9) 2 EL £

Note 1—For the 133-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 [ in. apart, or cne or more pairs of punch marks 8 in. apart may be used.

NoTE 2—When elongation measurements of 13-in. wide specimens are not requited, a minimum length of reduced section (4) of 2%4 in. may be vsed
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 er 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 m.
respectively, larger than the width at the center

NotE 4—For each of the three sizes of specimens, narrower 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 nsed.

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 315 in. Maximum thickness of 3-in. and Y4-in. wide specimens shall be 34 1n. and 4 in, respectively.

Note 6—For the 122-in. wide specimen, a Y2-in. minimum radius at the ends of the teduced section is permutted for steel specimens under 100 000
psi in tensile strensth when a profile cutter is used 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 8.00 .

Note 8t 15 desirable, if possible, to make the length of the grip section large encugh te allow the specimen to extend info the giips a distance equal
to two thirds or more of the length of the grips. If the thickness of ¥3-in. wide specimens is over 35 i, 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 n., respectively. However, for referee testing and when required by product specifications, the ends of the 22-in. wide specimen shall
be symmetrical within 0.01 .

Note 10—For each specimen type, 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.

NoTE 11—Specimens with sides parallel throughout their length are permitted, 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 yield strength 15 determined, a suitable extensometer 15 used.
If the fracture cccurs at a distance of less than 217 from the edge of the gripping device, the tensile properties defermined 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
nunimum requirements, discard the test and retest.
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10 mm

180 mm/min [l 80 mm/min

10 mm
A 120 mm/min @[ 120 mm/min

A 160 mm/min Al 160 mm/min

a 9
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4.1 ﬂ'1mmwﬁac‘nmmwﬁawﬁﬂﬂmmmumu
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EFTEACRR gﬂglfummﬁ’aﬁuuazmmﬁﬂumiLﬁuumﬁ?@u
91N949 Cylindrical Square Cylindrical Square Cylindrical Square

ﬁﬁﬂ@N 80 80 120 120 160 160
4.8 57.6 50.9 56.3 59.2 59.2 55.4
4.2 61.8 54.4 53 61.3 58.1 51.4
3.6 62.3 51.7 56.8 56.5 53.4 60.5

3 66.1 57.5 56.7 55.7 58.8 51.5
24 58.2 55.1 61.9 59.4 54.2 56.5
1.8 62.2 55.9 60.9 59 59.6 62.2
1.2 56.1 57.5 52.9 57.9 59.1 60.3
0.6 57.8 54.6 58.1 55.7 51.2 51.2
0 55.9 55.6 59.8 60.7 57 55.4
0.6 62.8 55.4 60.6 55.9 63 58.5
1.2 66.8 57.5 59.7 55.5 64.3 58
1.8 52.8 55 67 56.5 66.3 58.9
24 54.9 55.6 65.7 56.4 63.3 60.2
3 57.1 57.7 51.4 53 59.2 63.2
3.6 56.2 50.4 61.8 49.9 55.7 59.7
4.2 61.3 53.7 57.4 46 68.7 58
4.8 56.3 50.2 53.6 49.7 64.4 59.2
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1 o A
2.1 AINNNUVIDNNITIFONAYAMIHUVUNIU
1 < = g A o @ A
9.1.1 AMANULULLTIANUDIBUITUNAAATHVINNU I DULEDY

4 J < ay { o [ 4
ﬂ1§1\‘iﬁ .1 Llﬁﬂ\iﬂ']ﬂ'J'llJLL"lN!,Lfi\‘lﬁ\?"]]@\?“lfu\ﬂuﬁ@ﬂ@l’lﬂﬂn’lﬂﬂﬂﬁ'ﬁ]ﬂl%ﬁ]ﬂ

Welding Tensile test
N7
q speed Cylindrical % Square %
NaaoIN V1A U1a
[mm/min|_| @IpaD Elongation @IpaD Elongation
80 173.84 15.73 Base 170.57 21.52 Base
1 120 168.35 14.79 Base 164.89 9.12 Weld
160 210.25 13.75 Base | 178.44 10.75 Weld
80 176.22 13.39 Base | 143.23 9.66 Weld
2 120 190.85 13.2 Base | 171.73 7.67 Weld
160 193.89 12.97 Base | 173.61 16.74 Base
2.1.2 MANULTTIRVFUNURAANINENIN UT 081D
msnﬁ 2.2 meﬂ'wmmﬁqmqﬁwm%uqmﬁéf@mmnﬁ’mam%u
Tensile test
N3 Welding speed
4 Cylindrical % Square %
NAADIN [mm/min |
@Ipa L] Elongation @Ipa L] Elongation

80 175.2 9.91 149.16 5.54

3 120 175.37 10.88 167.84 6.6

160 238.4 19.90 191.31 10.37

80 144.84 1.66 176.63 3.01

4 120 201.32 3.83 194.13 3.09

160 216.11 4.04 202.32 3.98
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Tensile test

N3 Welding speed
4 Cylindrical % Square %
NAADIN [mm/min ]
@Ipa [] Elongation mlpa [] Elongation
80 197.69 11.22 186.22 12.17
5 120 195.69 10.75 177.52 14.21
160 212.2 17.93 193.4 18.94
Aunay 80 172.57 - 170.67 -
UBINIT
4 120 190.79 - 179.83 -
NABdIN
3,4 4035 160 22223 - 193.67 .

H 1 <3 Qy a 4 a
mswﬁ 2.3 uﬁmmmmmmmﬁwawumﬂumnmlﬁaiammu

Tensile test of base metal

Fuii
Tensile @IpaD % Elongation

1 186.14 8.77
2 202.43 14.42
3 175.62 10.2
4 130 8.67
5 195.31 11.74
6 193.98 14.05
7 194.8 12.41
8 202.63 12.12

37U 185.11 -
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