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ABSTRACT

The objective of this research is to improve properties of the butt-joint of SSM 356 joint
seam. In this study, the welding stirrer was changed from the pin to the portable drill-tip 4 mm in
diameter. The welding speed used was at 75 mm/min. The sample was heated by induction coil in
the range of 580 — 590 °C during joining. The experiments were divided into 2 parts. The 1"
experiment (preliminary test) studied the effect of the stirring rate (1100 1750 and 2200 rpm) and
the direction of the drill (clockwise and counter clockwise) under atmosphere. The results showed
that the welded sample at stirring rate 1750 rpm with clockwise direction of drill had the best
properties of joint seam (the lowest porosity, the highest tensile strength and hardness). Moreover,
the direction of the drill did not affect to the tensile strength of welded sample. The 2 experiment
employed the most appropriate welding parameters from the previous section; stirring rate 1750
rpm welding speed at 75 mm/min with clockwise direction of drill and welding temperature in the
range of 580 — 590 °C. The samples were welded under nitrogen shielding gas condition with gas
flow rate 5 I/min and gas temperature 300 °C. Two types of welded specimens studied were SSM
356 and SSM 356-T6. The results showed that the percent of porosity in the weldment of both
specimens was similar. From all condition, the (X-Al particle of the weld metal zone has globular
microstructure. The retreating side revealed larger grain size than the advancing side. The best
result in this research is joining SSM 356 under nitrogen gas with stirring rate 1750 rpm welding
speed at 75 mm/min clockwise direction of drill and welding temperature in the rage 580 — 590 °C.

However, SSM 356-T6 sample gave higher tensile strength compared to SSM 356 sample.
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[ ik

L]
G
Dimensions
Standard Specimens Subsize Specimen
Plate-Type, 40 mm Sheet-Type, 12.5 mm 6 mm
[1.500 in.] Wide [0.500 in.] Wide [0.250 in.] Wide
mm [in.] mm [in.] mm [in.]
G—Gage length (Mote 1 and Note 2) 200.0 = 0.2 50.0 = 041 250 = 041
(8.00 = 0.01] [2.000 + 0.005) [1.000 + 0.003]
W—Width (Note 3 and Note 4) 400 = 20 125 *0.2 6.0 = 0.1
[1.500 + 0.125, -0.250] [0.500 * 0.010] [0.250 * 0.005]
T—Thickness (Note 5) thickness of material
F—Radius of fillet, min (Note &) 25[1] 12.5 [0.500) 6 [0.250)
L—Overall length, min (Note 2, Note 7, and Note 8) 450 [18] 200 (8] 100 [4]
A—Length of reduced section, min 225 [9) 57 [2.25] 32 [1.25)
B—Length of grip section, min (Note 9) 75 (3] 50 (2] 30 [1.25)
C—Width of grip section, approximate (Note 4 and Note 9) 50 (2] 20 [0.750] 10 [0.375)

Note 1—For the 40 mm [1.500 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 25 mm [1 in.] apart, or one or more pairs of punch marks 200
mm [8 in.] apart may be used.

Note 2—When elongation measurements of 40 mm [1.500 in.] wide specimens are not required, a minimum length of reduced section (A) of 75 mm
[2.25 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 0.10, 0.05 or 0.02 mm [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
1 % larger than the width at the center.

Note 4—For each of the three sizes of specimens, narrower widths (W 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 5—The dimension T is the thickness of the test specimen as provided for in the applicable material specifications. Minimum thickness of 40 mm
[1.500 in.] wide specimens shall be 5 mm [0.188 in.]. Maximum thickness of 12.5 and 6 mm [0.500 and 0.250 in.] wide specimens shall be 19 and 6
mm [(.750 and 0.250 in.], respectively.

Note 6—For the 40 mm [1.500 in.] wide specimen, a 13 mm [0.500 in.] minimum radius at the ends of the reduced section is permitted for steel
specimens under 690 MPa [100 000 psi] in tensile strength when a profile cutter is used to machine the reduced section.

Note 7—The dimension shown is suggesied as a minimum. In determining the minimum length, the grips must not extend in to the transition section
between Dimensions A and B, see Note 9.

Note 8—To aid in obtaining axial force application during testing of 6-mm [0.250-in.] wide specimens, the overall length should be as large as the
material will permit, up to 200 mm [8.00 in.].

Note 9—It is 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 12.5 mm [0.500-in.] wide specimens is over 10 mm [0.375 in.], longer grips and
correspondingly longer grip sections of the specimen may be necessary to prevent failure in the grip section.

Note 10—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
2.5, 0.25 and 0.13 mm [0.10, 0.01 and 0.005 in.], respectively. However, for referee testing and when required by product specifications, the ends of the
12.5 mm [0.500 in.] wide specimen shall be symmetrical within 0.2 mm [0.01 in.].

Note 11—For each specimen type, the radii of all fillets shall be equal to each other within a tolerance of 1.25 mm [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 0.2
mm [0.01 in.].

Note 12—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 suitable extensometer is used.
If the fracture occurs at a distance of less than 2 W 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.

FIG. 1 Rectangular Tension Test Specimens

9

51 v 1. Formuasuarunaaeuauuiaus i ASTM-ESM [33]



MAUIN A.

I I J
nesiyuazngy

&1



4 a Ay

s A A
fal. Lﬂeiwumwa'ummmnmmewammnﬂq Nauuleu

U q

3 sd ' = P-4
ANITITDUNIHYUADN nesiyuazngu AunalesiFudgngu
a9 (rpm) (%) (%)
55+05
1100 57405
(ApRA UL UMY 54+0.5
4 ) 55+0.5
wnu¥eunelaussenmea 56405
1/n@) 55405
56405
29+0.5
1750 32405
(ﬂaﬂﬁimwyumm%n 25405
4 ) 3.0+0.5
uWWﬂH“D’?JiJﬂRJGlG]“UiiEﬂﬂWﬁ 35+0.5
1/n@) 25405
35405
48+0.5
2200 55405
(ﬂ@ﬂﬁimwuumm%u 46+0.5
o 4 v 52405
winu¥euneldussenmea 49405
1n@) 58+05
55405
29+0.5
1750 3.1+05
(AONAUNIUAILY 29+0.5
o ) 3.1+05
winu¥euneldussenmea 35405
1lné) 28+0.5
35405




&3

3 P-4 ' = P 4
ANVIFTITOUMITHYUADN WosmuazNgu ANnas oI TUATNT U
AU (rpm) (%) (%)
0.4+0.5
SSM 356 0.5+0.5
(AoRA UL UMY 1.4+0.5
. Yo 13£0.5
winuyeunelaunaaln 15405
AQu) 17405
25+0.5
2405
SSM 356-T6 2.1+0.5
(ApnANUHY UMY 19405
4 Y o 1.9£05
I renne launain 2405
Q) 1.5+0.5

1.9+£0.5




Y

-4 v A =~ A
2. L‘]Jf’)ﬁ!.“]ﬂ!ﬂ”W?HﬂWHﬂ'Iuﬂﬁlﬂﬁ@u‘WU@Qnﬂc] Nf’)ul’lfll

&4

2.7+0.5

3 sd ' = P-4
ANITITDUNIHYUADN nesiyuazngu AunalesiFudgngu
a9 (rpm) (%) (%)
55+05
1100 57405
(ApRA UL UMY 54+0.5
4 ) 5.6+0.5
wnu¥eunelaussenmea 56405
1/n@) 55405
56+05
21405
1750 23405
(ﬂaﬂﬁimwyumm%n 24+05
4 ) 25+0.5
H1Wﬂ1!,°]5®1|ﬂ181§5]115581ﬂ1ﬁ 2.6+0.5
1/n@) 25405
3+0.5
45405
2200 49+05
(ﬂaﬂﬁa’mmumm%u 45405
o 4 v 47+0.5
winu¥euneldussenmea 47405
1néd) 46+0.5
47+05
24405
1750 28405
(AONAUNIUAILY 27405
o ) 27405
winu¥euneldussenmea 28405
1lné) 25405




&5

3 P-4 ' = P 4
ANVIFTITOUMITHYUADN WosmuazNgu ANnas oI TUATNT U
AU (rpm) (%) (%)
0.5+0.5
SSM 356 0.6+0.5
(AoRA UL UMY 04+05
o Yo 0.5+0.5
winuyeunelaunaaln 05+05
AQY) 03+0.5
0.5+0.5
15405
SSM 356-T6 1.9+0.5
(ApnANUHY UMY 17405
4 Y o 1.7£05
I renne launain 19405
Q) 1.5+0.5

1.9+£0.5




A 3. wugngUES UM sAaoUNYDINNY Hou'ly

86

2.6+0.5

3 sd ' = P-4
ANNITITOUMINYUADN nesiyuazngu AunalesiFudgngu
a9 (rpm) (%) (%)
52405
1100 54+05
(ApRA UL UMY 54+0.5
wnu¥eunelaussenmea 54405
1/n@) 55405
57405
22405
1750 23405
(ﬂaﬂﬁimwuumm%n 2105
4 ) 23+05
I enmelausseme 25405
1/n@) 2105
23405
45405
2200 49+05
(ﬂ@ﬂﬁimwgumm%n 47405
o 4 v 48+05
winu¥euneldussenmea 49+05
1néd) 48+0.5
5+0.5
23405
1750 25405
(AONAUNIUAILY 24405
-4 ) 25405
winu¥euneldussenmea 25405
Una) 24+05




&7

3 P-4 ' = P 4
ANVIFTITOUMITHYUADN WosmuazNgu ANnas oI TUATNT U
AU (rpm) (%) (%)
1.3+0.5
SSM 356 1.4+0.5
(AoRA UL UMY 13+0.5
o Y o 14£05
winuyeunelaunaaln 15405
AQY) 12405
1.4+0.5
1.2+0.5
SSM 356-T6 1.5+0.5
(ApnANUHY UMY 12405
4 Y o 13£05
I renne launain 15405
Q) 1.1+0.5

1.4+0.5




NARUHIN .

' < = A
AT NTUUYILTIANUDILULUILBO Y

&8



J <3 = A A
91. mﬂ”mJu,sumiﬂmsumumwauﬁlunﬂG] N@ulléll

&9

117.3

ANUTITOUMIHYUADN AMANUUTITIA AuREIMAIIIT W5 IR
U (rpm) (MPa) (MPa)
80.2
1100 94.2
(ApRA UL UMY 72.9 83.6
winuFounteldussenea 75.1
nf) 87.7
91.8
115.8
1750 103.2
(ApRANUHY UMY 114.9
wiinuFounteldussena 111.9 i
nf) 111.4
110.3
94.0
2200 82.4
(ApnANUHY UMY 107.6
winFeumeldusseni 94.2 oo
né) 109.5
103.5
111.9
1750 102.0
(ADAANUNIUATNITY 108.5
wiimFeuneldussen 105.7 18
né) 113.2




90

ANUITITOUMIHYUADN AMANULUTUTIA ANNDIAINNINLY LTI
U (rpm) (MPa) (MPa)
113.3
SSM 356 107.4
(AoRA UL UMY 120.9
4 Y o 121.7
winuyeunelaunaaln 115.6
AQw) 141.5
131.6
SSM 356-T6 180.3
(ApRANUHY UMY 159.7
4 v w 157
winuyeuneldunaaln 155.2
Q) 132.8




NANUIN .

ﬂﬁﬂ’ﬂmtiﬁﬁﬁ 2} ‘Qﬂﬂi?ﬂﬂl@\illu’ll‘%ﬂh

91



al. ﬂ'wmmmqﬁq 2t} ﬁﬂﬂiWﬂﬂl@\iLlu’JL%ﬂM

92

<
AITULIITOUNITHHUADN

AYANTINVBIUNTOU

AUNDIYANTINVDILLUNTON

U (rpm) (MPa) (MPa)

69.1

1100 57.7

(ApRA UL UMY 69.3
. ) 64.4

wnu¥eunelaussenmea 61.2

Unéd) 65.8

63.5

77.8

1750 775

(ApRANUHY UMY 78.5
o ) 77.5

wnu¥eunelaussenme 778

Unéd) 76.9

76.5

56.4

2200 55.8

(ApnANUHY UMY 572
o4 ) 56.1

winu¥euneldussenmea 56.9

1n@) 55.3

55.1

775

1750 772

(AONAUNIUAILY 77.4
o ) 773

winu¥euneldussenmea 773

1n@) 775

77.1




93

3
AITULIITOUNITHHUADN

AYANTINVBIUNTOU

AUNDIYANTINVDILLUNTON

U (rpm) (MPa) (MPa)
92.5
SSM 356 90.5
(AoRA UL UMY 92.3
o Y o 91.8
wnuyeumalaunailn 91.6
AQY) 92.5
91.6
SSM 356-T6 152.6
(ApRANUHY UMY 131.7
. Y o 1125
wnueumalaunailn 135.6
Q) 121.5




NMANHIN N.

A o A
TSYSYNNIVDIULUIIBDN

94



2 1. AILILIARIVDAUUNT DY

95

2.7

ANUIEITOUMITHYUADN STOZIALUNTOU AUNDoTZYBALL TN
31U (rpm) (%) (%)
0.9
1100 1.9
(ApRA UL UMY 1.9
a A Y 16
winnweumelaussemea 1.9
Un@) 1.7
1.5
3.7
1750 2.5
(ApRANUHY UMY 2
a A 9 2'6
winuyeumolaussema 2.4
Un@) 2.3
2.6
2.5
2200 1.7
(ApnANUHY UMY 1.9
a A Y 17
winMreumelaussema 1.6
Uni) 1.6
1.7
2.4
1750 2.2
(pnaNUNIUMLTY 2.2
a A Y 25
winyeumelaussema 25
Una) 2.7




96

ANUIEITOUMIHYUADN STOZIALUNTOU AUNDoTZYBALL TN
U (rpm) (%) (%)
35
SSM 356 3.7
(AoRA UL UMY 5.7
a A Yy o 36
wiknuFeumelaunagin 5.7
AQw) 3.7
35
0.2
SSM 356-T6 0.2
(ApnANUHY UMY 0.1
a A Yy o 0'2
wiwnureunelaunailn 0.2
Q) 0.1

0.2




MANUIN V.

ﬂ'Wﬂ’NNLL%QLLu’JL%@M

97



J < 4 a ]
¥ 1. mm1mwwmumt%aﬂunﬂ ] VI (NIYUA 40 9, HVO.I)

98

99/8017% | 1100 rpm 1750 rpm | 2200 rpm 1750 rpm 1750 rpm 1750 rpm
YU viyunau | moldusa | SSM3s6-

R Wi | Unagu T6

-20 64.5 66.3 64.7 66.8 67.3 97.5
-19 63.2 66.4 60.3 55.9 66.4 80.5
-18 60.2 66.3 66.0 67.7 65.3 76.5
-17 58.1 64.2 66.8 54.7 64.2 78.9
-16 59.1 62.1 64.2 65.1 62.1 75.5
-15 53.7 62.2 68.6 67.1 58.2 73.5
-14 59.6 62.2 65.0 67.8 61.2 73.4
-13 57.2 60.2 55.5 67.1 64.5 70.5
-12 59.6 61.3 59.1 68.8 60.3 60.3
-11 59.8 60.8 55.4 63.0 60.8 76.1
-10 59.1 60.2 56.4 59.4 55.5 73.2
-9 57.1 56.5 59.8 64.0 59.5 72.6
-8 63.1 60.4 61.7 61.6 58.4 82.4
-7 62.7 60.5 64.7 62.8 60.5 83.5
-6 70.8 62.3 62.8 63.2 62.3 84.4
-5 65.5 68.7 65.1 66.6 68.7 85.6
-4 67.8 64.3 65.4 68.1 69.3 83.3
-3 70.5 65.3 64.4 67.4 69.3 85.7
-2 67.6 66.1 65.2 68.7 73.5 85.6
-1 71.2 70.2 62.0 63.9 71.2 84.3
0 71.2 70.2 62.0 68.4 72.0 80.3
1 65.6 65.1 67.6 71.1 70.5 85.3
2 66.1 70.1 66.0 65.9 75.6 87.1
3 67.1 66.7 62.5 71.0 69.1 86.2
4 61.2 58.1 63.1 61.1 69.1 84.3
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5 66.1 57.3 63.7 63.6 66.7 82.3
6 56.2 56.8 59.5 61.2 60.1 82.3
7 56.4 583 63.2 63.5 58.2 80.5
8 50.1 573 60.9 67.1 58.8 80.3
9 55.0 56.8 59.6 66.9 583 75.6
10 53.6 58.3 54.0 67.3 57.3 72.6
11 59.1 57.2 56.6 61.3 50.3 53.9
12 62.4 54.6 54.8 64.6 60.8 75.6
13 65.3 54.8 60.1 64.1 60.4 79.6
14 69.4 59.4 55.4 67.4 61.3 60.0
15 68.3 61.3 57.4 62.0 62.3 65.6
16 65.5 62.3 52.9 62.6 63.3 80.6
17 66.9 63.3 51.3 64.6 66.5 75.6
18 66.6 66.5 59.9 62.8 69.5 83.3
19 66.7 69.5 64.7 62.0 67.5 96.5
20 66.2 67.5 64.8 62.3 67.5 96.5
i'°'hméﬂ 62.8 63.2 61.3 64.6 64.0 79.2
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60mm sq. (2.36inch sq.)

0.72° /step
Motor with connector

Holding torque at

Wiring Winding . . .
Model number S-phase anargization Rated current ol B NIRRT Rotor inartia Mass(Waight)
Single shaft Double shaft [M-m (oz-in) MIN.] Afphase {1 /phasa mH/phase [ % 10-%kg - m? [az - in’}] kg (Ibs)
103H7851-7051 103H7851-7021  0.65 (92.0) 0.75 2.75 4.75 0.275 (1.50) 0.6 (1.32)
103H7851-8051  103H7851-8021 0.G5 (92.0) 1.5 0.64 1.2 0.275 (1.50) 0.6 (1.32)
103H7852-7051  103H7852-7021  0.98 (138.8) 0.75 3.4 7.75 0.4 (2.19) 0.78 (1.72)
103H7852-8051 103H7852-8021  0.98 (138.8) 1.5 0.8 2 0.4 (2.19) 0.78 (1.72)
103H7853-7051 103H7853-7021 1.86 (263.4) 0.75 5.5 15 0.84 (4.58) 1.36 (3.00)
103H7853-8051 103H7853-8021 1.86 (263.4) 1.5 1.28 3.85 0.84 (4.59) 1.36 (3.00)
Optional Accassories : motor cable model number ; 28378471
M Characteristics
103H7851-7051 140 9 T T T TTITm 103H7851-8051 o L T T T TTImm
103H7851-7021 Pull-owt torgee at ki 103H7851-8021 Pull-nue tmemue at Ju
ﬁ'llﬂ s . - Hlm [T} H—
Ewn{ E LT [ sw{E [T S
- T - - 08
gmz =~ 5wz
g E“‘ zm E 04
ks 0z b 2 o= [i¥
o F.i]
5] o
ol 15 1] [ -] (8] [ I 100
Pulsa rate (kpulse/s) Pulse rate (kpulsafs)
100 1 0 5000 o] 1 200
Number of ln‘l:rlillnI:]}||1in"EgIn Number of rotations (min=1)
Constant current circuit Constant current circuit
Source woltage | ACI00V - operating current | 0. 76A/phase Source voltage : AC100V - operating current : 1.5A/phase
Semhase excitation (full steo) E-phase excitation (full sten)
103H7852-7051 n 103H7852-8051 0
103H7852-7021 =0 15 103H7852-8021 =0 15 ” | | [ ””I
- —_ | = - T TTTIT
._EID _E . Pull-out inrque at k1 ._EII) E 13 Pull-out serque at Ju
Bmq{E =TT THH Em{S T [T
= | Zps I = | Zos
Emq E o € o
=l = = =]
= = s = o
1 N 50
1] \‘-. [} o
al Y L] m [1A] 15 0 100
Pulss rate (kpulses) Pulse rate (kpulsa/s)
00 00 700 3000 5000 000 2000 3000 5000
Number of rotations (min=') Numher of rotations (min=")
Constant current cirouit Constant current circuit
Source vaoltage | mﬂﬂ\l‘-uperahng current : 0.76A/phase Source voltage © AC‘IDW aperating current : 1.5A/phase
E-phaze sxcitation (full step) hase excitation (full step)
JL1= [2.6 ¥ 10-*kg + m? (4048 oz in?) use the rubber coupling] e [2.6 % 1D'Iag g (5.14 oz * in?) usa the rubber coupling]
fs: Maximum self - start frequency when not loaded fs: Maximum self - start frequency when not loaded
103H7853-7051 £ 103H7853-8051 ]
103H7853-7021 103H7853-8021
,-._ an HEI? 40
B E E2m{E
- 1] * -1 ]
= Pull-oes torges at Sm{= Pull-ou terque at Ju
] 1] =4S zo = .|
e _1g g 1g
'g?ﬂ} = m i lEm = 1
100 100
0 -“‘-. L]
ol 1 s h] m (4] 1 s i 100
Pulse rate (kpulsejs) Pulse rate (kpulsafs)
00 7000 3000 S000 1000 2000 3000 5000

Humharrnl rotations (min')

Constant current circuit

Source valtage ;| ACT100V - operating current : 0.76Afphase
B-phase excitation (full stej

JL1=[7.4 ¢ 104kg « m? {14.22 oz - in?) use the rubber coupling]

fs: Maximum self - start frequency when not loaded

51 @ 1. MdnvazvememaT N A

Numher of rotations (min=")

Constant current circuit

Source voltage : AC100V « operating current ; 1.5AMphase
S-phase excitation (full step)

JLtm [7.4 ¥ 10-%kg  m* (404 oz * in} use the rubber caupling]

fs: Maximum self - start freguency when not loaded

M 19usY Mini CNC [34]
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2016

n1sUsuUgsnsenlugauensvaslsvasasgiiiiounaonauds

Improvement of semisolid state joining of SSM aluminum alloys
o a 1 a 1 = U 4 42
wadang Jansediy , W1eUsenne eeduniys

1 a  a - 1 @ a I3 a o a '3 '
AMATYTIAINITTUMTI WAL IR ANEIMNTIUAENT WNINNFUAIVAIUATUNS ALY d9a) 90112
*Lucifer_559@hotmail.com,mprapas@eng.psu.ac.th,08-8828-0476

UNAnea

msUsudgansidenluaniuzisvesuivesesgiidoumdefudaduiidoifiodesnsdnwiandd
ynamae,amanazauifldinavesergiioumaofauds A356 msideuniluaninzisvesudedegunsally
mMsidenniuaUssgndldgunsalfifandindendaiuiniufe ailwihuayldnonainu 4 faduns lagagii
nMs@esnuunenaiuvyundiuning fananiiseunismyuvesaenainuiiuansisiufie 1100 seU/und
,1750 sau/w19Lay 2200 iau/mﬁ,mm?naus’??wuﬁ 75 Jadwns/ui WaTAIVANYUNNINADALAT(570-
580 °C) ann1snaaeLarAnymUIan gl autRmamae gamaLazantRidang (Tensile Test) 7in
fgndmiumadeunmuluanngiweuiesezgiifouvdenaueauds SSM A356 Al muiFiseunisvues
d11u 1750 s0U/unil Amuidmesiiden 75 fadwns/und
Aman: madesluannzisesuds, msdevergiifloumaensweauds
Abstract

Improvement of semisolid state joining of SSM aluminum alloys was studied for
macrostructure, microstructure and mechanical properties of SSM A356. The butt-joint of SSM A356
was weld using portable drill-tip stirrer with diameter 4 mm drill clockwise rotation. The samples were
heated by induction heating coil. The controlling temperature during joining was measured. The joining
process studied 3 conditions were 1100 rpm, 1750 rpm, 2200 rpm of stirring rate, speed of welding
was 75 mm/min. The best condition for semisolid state joining of SSM aluminum alloys was 1750 rpm
of stirring rate and speed of welding 75 mm/min. The result of best condition was obtained from
analysis macrostructure, microstructure and mechanical properties compare with other condition of
joinings.

Keywords: Semisolid, Semisolid joining, SSM A356 joining
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Abstract

Improvement butt weld of SSM aluminum alloy by semi-solid state joining is a research for
studying physical properties, macro/microstructure and mechanical properties of SSM 356 weld by semi-
solid state. The butt-joint of SSM356 was heated by induction heater. During welding, the temperature
was controlled in range of 580-590°C. The samples were weld by portable drill-tip stirring with 4 mm
diameter. The stirring rate and welding speed were 1,750 rpm and 75 mm/min, respectively. The welded
specimens composed of three conditions. Firstly, the 1* and 2" conditions were welded under normal
atmosphere in order to investigate which direction of drill could give the best mechanical properties of
weld joints, clockwise and counter clockwise. The result showed that the clockwise direction provided
slightly higher physical properties, macro/microstructure and mechanical properties. Therefore the 3"
condition was welded under sledding gas (nitrogen gas) with the same welding parameter of clockwise
direction. The gas flow rate and gas temperature were 5 L/min and 300°C, respectively. Then, compare the
result with previous experiment under normal atmospheres. The results presented that welded sample
under nitrogen gas ( Tensile strength 121.7 MPa and Hardness 63.9 Hv,,) gave better mechanical
properties compared to that of under normal atmosphere (Tensile strength 111.2 MPa and Hardness 63.2
Hv ).

Keywords: Semi-solid state joining, SSM356, Joining by portable drill-tip.

UNIN
[] a 4 4 [ a
“lumﬂqmmﬂssmum“lmg DINIYU Qﬁﬁ?ﬁﬂiiuiﬂﬂu@l Q@I?ﬁ‘ﬁﬂiilllﬂdiﬂﬁﬂﬂi ulelGLGISf}

=

2 J a A A X 4 a A waaa < 3 @ o '
%uﬁ’)u@ZQNLUﬂNN1ﬂﬂQ%u Lﬁ@\ﬁ]'lﬂ’f]g'L;‘]3JL‘L!fJiJiJﬁiJ“UGWIiJﬂ’NlJLL"INLLi%jQ HIVUNUT NUDTTNANTDU

] v
= S A

Yy R o Y a A I é’ Aa A o Y I Aa a =
llﬂﬂ Nm”lwazgmuamﬂu‘nﬁu%mnmu ’ozgmusmWﬁu‘nuﬂuumﬂmzLﬂuazgmuﬂmmmz

A A ' v X A A = an ! ' Y, 9 2
DZANUIHIUTIOD ﬂqiﬁﬁ@mugﬂﬂggﬂlufJiJWﬁililﬁﬁTﬂﬁﬁ']ﬂﬂiiﬂ’l‘ﬁiﬂﬂﬁﬁuiﬁﬂluﬂgiﬁjﬂﬁ\‘]ﬁi?\ulﬂ‘ﬂﬂﬁ

U

Aa A A ax

M ' Y
13¥ (Dendrite) apnnlatinmsilsuiyamsvasezgliiounau i Insesad unliauiaaoadune nssuis
. . . < ' & < . . A &
GISS (Gas induce semi solid process) Wumsvas lanzuuunNIveauVa (Semi-solid metal 159 SSM) 4

' an A A < v . .
mMsvaealenssuIsuaz 19 Insead ez gliieunauiluunudounaw (Spherical W30 Globular grain)

a A = .

Mldezaiilendautianialaseadananiinisvasnld lasesadrauuunalsl (Wanasin &

Y

Thanabumrungkul, 2008, Wanasin et al., 2009)



A I as 2 1 Aa A AAa Y o Y] A o
maweuilunssuisvounsuFudiuozgiitiounionldnululgiu madeuszerdoniny
Y ) v 1
fouaeriu TG ruanie liinanisasuazaisfani (Muangjunburee, 2012) 4o 190y

= 1 = < [ o Y F a A 1 = <3 = 2K o Y
’é]%gmufJiJ‘ViﬁfJNﬁiJﬂQLHNﬂﬁ‘U‘VIﬂ‘l’iiﬂLL“]J‘UI?‘INﬁiNsUfN’é]$Q3JLHEJZJ‘ViafJWﬁ1JﬂQLLGINHJaEJuulﬂﬂﬂ‘l/lﬂ“ﬁ

U

wa o (Y Y 2 Y A = 3 A Y Y
AUUAATAUBUNU ﬂ']EJLW@].‘L!]lﬂllfﬂiﬂf@llbluf’fﬂ'lugﬂQﬂJﬂQLLﬂJQLW@ﬂQﬁﬂTWgﬂLLUUIﬂi\iﬁi'l\iﬂ@uﬂau
Aa A 1 YA A = T an A = [
ﬂlaqazgmuﬂuwaawﬁﬂ’ma ﬂ'lil“lf@lliuﬁﬂ?u%ﬂﬂﬂlﬁ]ﬂlﬂlﬂ G]Nﬂiill]‘ﬁﬂ15l‘]5®3JGluﬁﬂ?uzﬂﬂﬂl’ﬂﬂlﬂl\iﬂ3

o y 2 [l 1 A < 2 1 a 4 o
nsldanudeugruauldegszninaivquugineveswdsluFunuudaz siiamoinyn

Tnseadndounanvesianld

@

a A 3 o Aa A 1 = <3 A =
NuITeruuuumsiueesguilsuasNauNIUNTA SSM356 W 1T TUTDIUE NI
<3 9 o . o Y A 2 PR A a o A A a
oA Taglerianiu (pin) nshnlumsnavdssausuanldiluiiefern ioungungil 580-
é a o 1 d‘ ] = < =
590°C (Petkhwan et al., 2014) FIN15IINUIINITIHFOUHAONANNILVIUNTA SSM356 TUADIUL NI
I 9 o 9 A 3 9 A J o Y] A
vyoaudd Taslgianiuamnsaasanmiassainnidludeounavndudnyuzmmzveiaankiu

A J { a d J 1 < 2 4
NFSUATNITHABLUY GISS Lﬁmmswwwamsmamwmw ﬂ?ﬂ??llLHNLLiQﬁQﬂJ@Q“D’HﬁML%@NGlH

v
A 1

A = 1w a g 1 a < A Y1 g Ao 1 g A
TNNZNANFANAUNINUY 103.4 MPa (ﬂmﬂu 60.8% “U@QﬂWTaW&ﬂM) Gmaahlmuﬂuﬂmmllmﬂuwm

=2

=3 Y a a o ay dy 3
W@Gli]i]ﬂhlﬂlﬂ@\i'lu’ﬁ]ﬂ%uuﬂlu
a o [ A & < a A 1 2 < I A &
J1H29Y ﬂ'li‘ﬂi‘UTJE\iﬂ']'ilclf’f)ﬂﬂluﬁﬂ']uZﬂ\?‘Uﬂﬂlﬁl\161]’[’)\‘193Qﬂluﬂﬂﬁﬁ’ﬂﬂﬁﬂﬂﬁlﬁlﬂ Wudnnig

[ [

a A A dy A A a A 1 & < I ~ P ¥ A
NT1UD EJTILﬂﬂeU‘LlL‘WE]ﬂT]J‘]J?\?LL‘L!jlﬁﬂumﬂﬁﬂggﬂluﬂﬂﬁa@Wﬁllﬂ\‘llﬁ]\“l LﬂUﬂ15lﬂaﬂuQﬂﬂ5mﬂﬂ1ﬂu1ﬂ

[

;4 Y H
mu‘ﬂizﬁmzﬁ@ﬂmammfwramuvﬂumm'lwﬁmamaﬂmm NIVGNAIULINUN mm"lwﬁmaz

Y
v o W

' @ @ 9 Y Y 2 A o Yy 1
ﬂ@ﬂﬁ??ﬂﬂﬂﬂdiﬂHWIﬂiﬂﬁi'Nﬂﬂuﬂﬁllul,’ijulﬂ 1/1dfoNamJimmgw;ﬂuumwmmﬂmJmmm

A

[ =< A é’ I a o a < A P o o dy Y
HUULTIAUNLYUTI U 111.2 MPa (ﬂﬂ!fﬂu 679% %Tﬂiﬁﬁ&ﬂ]\l) C]f\‘lﬂ’f)hlﬂ’ﬂﬂ']ﬁﬂﬁﬂﬂ?ﬂﬂiﬂﬂiﬁﬂ”lﬁll‘ﬂﬂ

a Aa % A Aaw o 1 a s ' wa A
1¥9naNAVY (Binrohim & Muangjunburee, 2015) 1197137 g4 1g1iA1mmesn iaauiiadana
P
=]

~ [ =) g’/ A A o A A 9y
’c;fdﬂﬁ:fﬂhT]JiUﬂ?dﬂﬂﬂiﬁlW@LWNﬁMUﬁl%\?ﬂﬁﬂlﬂdl!u’)ﬁfﬂhﬁlﬂﬁdﬂlu

Y

(Y] d av
agiszasnmsIvy

[

A

Y A a A R 3 9 A & <
1. L‘Wi’)‘ﬂﬁ’ﬂﬂ?\ulu’ll%ﬂllﬂzQllluﬂllWﬁﬂﬁﬁﬂﬂﬁlﬁl\‘]ﬂ’lﬂﬂﬁl%@ﬂﬂluﬁﬂ']u%ﬂﬂllsllﬂ

[ v
A =

Y1 A Aaa =] [ ~
2. L‘Wi’)‘H”Iﬁﬂ1331/]1???11&L1&’JL%@3J@$Q3J11&83JWﬁuﬂﬁ@ﬂﬁlﬁlﬁgﬂﬂfjﬂ
= ada v
IZIVEUITIVY
o g Y ' A & <3
NITNAADIITNINTITNADINIYINA 3 ﬁﬂTJ%U],ﬂL!ﬂ 1. ﬂ1il‘]5f]llﬁlu’dﬂ1u$ﬂ\1€U’ENLLGUQGUfN
Aa A J Y 1 1 a < a A
PLANIUINVIADHNT Y SSM356 mumm‘lwﬁmam@ﬂmmﬂﬁﬁQummwmwm 2. ﬂ1§H§i’JiJ1Ll

. < a A J ' 1 a 3
ﬂﬂWu%ﬁ\?"llﬂdll"lNGUﬂQﬂ%QiJLufli]‘l/iﬁf]w’dil SSM356 ﬁ’aumm"lwﬂmamaﬂmmmﬁwyumumu



a A & < A A ' Y ' '
HIWN 3. milﬁlﬁ)iﬂuﬁﬂTL!xﬂQGUENLLGUQGUENﬂzgMluﬂuﬁaﬂwﬁu SSM356 ﬂ’Juﬁ’nuulW“Vﬂ\hLmZﬂfJﬂﬁ’ﬂu

[

a 3 a Y 2 A 4 3/ dy
NemyuauannEm melaunanaguaaiiglnisitazruaounsnaasiadil

v
U

1. TUADUMIIATUNFUIIY
pzQiillounadNaNINgGA SSM356 Nanilszneumunlinaz auiananuandly
d‘ d‘ ] (% a A 1 d' 1 1 9 ad
M3 1 1aza13199 2 TagazsiimsdSuvuiavetesgltionraenauNHIUNITHADAIINTINIT
1 1 Y ]
GIss vz lag a0 uaosna 1R UUUIA 50x100x40 mm. MAUUINNINASIATDINA IR HVUIAMINY

A Ya Y Qy =] ~
50x100x4 mm. L‘WﬂﬁlﬁW’JﬁuWﬂJﬂﬂ%uiWﬂliﬂUNWﬂﬂgﬂ

M31990 1 daulsznoumaniiveszgiitisnviaenauinga SSM356

dwszneu | Si Fe | Cu | Mn | Mg | Zn Ti Cr Ni Al

SSM356 7.5 0.57 0.05 0.06 0.32 0.01 0.05 0.02 0.01 | Balance

15199 2 AVUAFINAVDI SSM356

Tuau MANMUTINTIAT (MPa) | MAIAUINGA (MPa) | MIANNTI Hy,,,

SSM356 165.3 130 68

2. YUABUM IO
A a A o &£ A ' Y ¥
ﬂ'liﬁ)"ﬁ]ll'i)gglll,uﬂll!ﬂiﬂ SSM356 IﬂfJﬂ'l'iu'l‘]qu'luiJ'lL‘]fﬂiJ@E]LLU’U‘]fu Gl’l’fﬂf]'lllﬁ’t’]‘l!
) A ° . ad 2 = S v 2
AYUARIALN U YIUT (Induction heater) IUPUNDUFUIIUFIVUNL 560 = 10°C mﬂuuiﬁ%mm
A dy g A2 - . 4 2 v '
IAADUNAIYAINNLTIY 75 mm/min LN@%HQWUQQ\IW{]N 580-590°C ‘1/]1ﬂ'liL"]f’f)iJG]f'LN'luﬂ'JEJﬁ'JWHLlV\IﬂWLLa$
[ ~ <3 1 o o ay 4 4
ADNEITU 4 mm NANLIITOU 1,750 rpm ﬂﬁ)ﬂﬁﬂ'luﬂﬁ\qlll 90° ﬂiJ"]f'Ll\‘i'l‘LlL“?f'f)ll Glﬁflﬂﬂ?il%ﬂui]gﬂ'ﬁﬂﬁlﬂ
ay 4 ] ¥ Y a o ! A Y
Qmﬁ{]ﬂﬂ’JfJﬂTiaﬂﬂigLLﬁ‘UE’JQLﬂi@ﬁiﬁﬂ’n%i@l‘lﬂ’m‘uﬂﬁ’mm‘L!EJ’J‘LH 1Uﬁ3uﬂ15L%ﬂNﬂ181@LLﬂﬁﬂﬂ
v %) A o . 1 %) J [ J 2 A =
ﬂfjlliw’]Jﬁ@ﬂllﬂﬁUlUIﬁiLi]UW@ﬁiWﬂ'liulWﬁ 5 L/min uaxﬂaammaﬂaummiﬂaawmmwau 1 HIN

[ A 1 9}&9’ <3 (Y a
nasnnyenassliyuauauadluussemadng




d' [ 1 A
31 2 9pginssineunson

Q

B o] 580 -590 * 10°C

"y

0

T T T I T T
LY o k] 160 00 10

f
0

< a4
3UN 3 nslgangiivazien

3. ﬂ]i!ﬂ%ﬂﬂ%‘uﬂmﬁﬂuﬂﬂﬁﬂu
Y ~ 2 A 9 o
1) Iﬂj\?ﬁjﬂl\”/l')\‘Iﬂ'lf]ﬂ"W ﬂ’lilﬂiﬂll"]fuq'lulwaﬂﬂﬁﬂ‘]_liﬂi\jﬁi']\i‘ﬂ’mﬂ’lﬂﬂ'lwfﬂgu']
2 @ A o Y J1 [ 9 = 4
G])'U\ﬂuwﬁ\j%'lﬂﬂ’lﬁﬁ)'ﬂﬂﬂ1ﬂ1ﬂ31uﬁ$ﬂ1ﬂﬂjﬂ!l@aﬂaaﬂaﬂ@ufﬂzﬁ\uﬂﬂﬂjﬂﬁ’]lﬂa']ﬂQﬂ'ﬂllﬁiluimel]@\j
L A
FUHITULITDY

v P o £ { a @ ]
2) Tﬂi\?ﬁ'57\7ﬂﬁﬂ7ﬂl!ﬁ$Tﬂi\?ﬁ'i'lﬂ?ﬁﬂ']ﬂ uwmmﬁmum‘nmﬂz‘ﬂmmﬂwn

=<

@ [ 1 [ { o
meannugauuatlv 4 gau ﬂﬂ!tﬁﬂﬂ@]"lllgﬂﬁ 4 “INﬂTi‘VIﬂﬁﬂ‘]JTﬂiﬂﬁ%TQMﬁﬂWﬂLLaﬁmﬂTﬂi}guT
Qy = ] a 9 ] Q” A A [ 1
FUNMUHUWUIQY 1 AT 4 Glfﬂlﬂuclf’)\‘lliwﬁulm%G]f’Nﬁuf):fﬂ“llfNfﬂiL%@NLW@ﬁQLﬂﬁﬂ’)'ﬁJLW]ﬂﬂN Tums

~ 2 A o Y o 9 4 a ¥ Y S
BTV T UINULUBDAALUIUTITUITUHUIVANIINITSATHNIUIUBT 180-2,500 wWainasanisva 11nUU

o % o a 4 3 Qy % Qy Qy 1 )
hundadrednraindie0zgiitil 5 0.3 1az 0.1 um Wordadumstaruau laFununGsutaz iy



3 o 2 1 < o ¥ U o
rnhyuau l)guluaisazaie Keller's reagent iilunan 40s udnhyuau lilaesgansuz Tnssadn
UAZUVUIAUNTU
-1 o o ' 9 1

3) mmwummsmmmﬂaﬂ%m)gwgu u’]gﬂﬂWﬂIﬂix‘]ﬁi'Ni}aﬂ1ﬂ‘U@\1Llﬁagﬁﬂ'nﬂll"l
a 4 ] 4 9
'Jl,ﬂi'13W"Uu'Iﬂl,ﬂiuuﬁglﬂflilﬁ]fu@]gw;uﬂ')ﬂi‘l]ﬁl!ﬂiu Image J

1 < ) 2 {

4) ﬂ'lﬁ?’lﬂﬁ'@ﬂﬂ'lﬂ?'lﬂ!ﬂl\?!ﬁ\?ﬁﬂ I UNUNATDUU VAU 2 LIag 3 Llﬁﬂﬂiugﬂﬁ 4 N
[ 9 A o g’/ 2 9 3 =2 A .
ﬂﬂiﬂﬂiﬂflﬂﬁﬁ)\iﬂﬂlll‘l?ﬁ\‘] FUNUNATDUMNUNINITIIU ASEM-ESM uazﬁl%mmziam‘w 1.004 mm/min

2
FINTANNITAL 6 VU

g o & A ] ¥
5) MINATOUAIINUUN HTGD'HQTHVIN'luﬂ'li“l’lﬂﬁﬂ‘ﬂiﬂ5\1@151\1“1’15]1?]!!,'@31?]5\‘]?151\1
I~ Qg, H 1 1 3'/
0070 UINATDUAITULUN Iﬂﬂﬂﬂ"lﬁ!ﬂ1uﬁu§\1 IOngBlG]Sf)L’]Eﬂﬂﬂ 108 3EYSUNLUADSYA 0.5 mm VINHNA
Y

40 99 FJINANNITAL 1 $U
Nan13I8

v

1. Iﬂis’iﬁi%‘l‘ﬂ]x‘lﬂ]ﬂﬂTﬂ
v A

a o v 2 4 a
i]"lﬂﬂ”li’)!,ﬂﬁ%‘ﬁiﬂix‘lﬁ%}"I\‘WINﬂWfJﬂ”IWWU’N GHUQ"IL!L%E)M“IQﬂﬁﬂTJ%‘]Ji%ﬁ"luﬂﬂﬂuﬂ

v 2 1 <3 a 4 aw & 1
5314’]']\1%1!\1']1!@E]ﬂi"f’ﬂuﬂiguﬁ'lill,‘llilu1Wﬂ1l%®uﬂ181ﬁ}ﬁiiﬂ1ﬂ1ﬁﬂﬂﬁﬂﬂ"]fuﬂuﬂﬁlﬂﬁ'ﬂuﬂlqlu‘ﬂ’]u

! o & v A

< a 9 = a Y k)
Wuwnnelausseniadnd Nanyasi 1ndReenuUNnInINN I YD IFI LA AINAINUDY
a ~ Yo Y [ ~ A
vsnanldsurnansznuniaanudeu (Heat affected zone; HAZ) ﬂmﬁﬂﬂugﬂm 5(N) uag 5 (V) AD

a A d o A U 491 Y & U a ~ Yo
'1_|inmﬂlﬂUS'ﬂfJﬂ'ﬁﬂ‘Uuuj!%ﬂu Gluﬁ')u“]fu@’luﬂ’lﬂiﬁllﬂﬁﬂﬂﬂt:lllW‘]J'J’l Uﬁljmﬂqﬂiﬂwaﬂig'ﬂﬂﬂ'm

4'9) 1 =

Y A ] a A A Y o A o
ANVUIDUUANUNINNNUDYINION 2 NI lu'ﬂﬂ’1]1ﬂﬂ13!°]fﬂllﬂ1ﬂcl¢l!lﬂﬁﬂﬂﬂq% Qﬂlﬂ{]llﬂl'ﬂ\‘l!&ﬂﬁﬂﬂ”l

Y <

Y 1 ay = o ya v 1 A af o Yy a ~ Yo
uaﬂﬂawuamimnﬂw%uamwuﬁm,mﬂmma‘mauiuma‘mmﬁﬂﬂmwﬂﬂumnmm”lmu

v ] o A
Naﬂiz‘ﬂﬂﬂNﬂ’ﬂﬂiﬂuu’ﬂﬂﬁﬂﬂ\illﬁﬂﬂugﬂ‘ﬂ 5(m)

) v v ¥ v v
ATUNUN ATUNU ATUNUN



k) (X kY [ o . l ) k) [
ATUNDN ATUYAN ATUNN

) (V) (f)

Y @ 1 < a a
siii s anpaz Insaadaniemonn (n) anngaenaunyuamduwmaeldussenelnd (v)
v <3 a a 1 < a
ﬁﬂ1’]$ﬂ’i)ﬂ?f’]'l‘Ll‘H1411‘1(]’31!!,‘[]1]1‘!']Wﬂ'lﬂ1861@9])ﬂ5581ﬂ'lﬁ‘].]ﬂ@] (") ANNCADNTANUWYUMNUUNUINN

moldufalnngu

2. Tnssanannmanazlnssasisgana

Y
Y A

A 2 Aa A A A A < = =
lﬁ@ﬂ"]fu\j'lu‘ﬂNllujl%ﬂumﬁuuim‘ﬂqg’] (598!"]1@“%’“@7‘]1” NIYU LL‘LJ’JL%’E]ZJ%JZJ‘J@EJ

a A

= ] 2 =y 3 A A A =R
"U']ﬂ) 3J1L‘].|§EJ‘1JWIEJ‘]J TﬂidﬁiNimﬂWﬂﬁll’eN%ud1uﬁ]$LL‘INGHuQ1uL‘1Ju 3UIFIUMNDAUATICUOAIDNDNA

<3 1 A 1 A F) ' a dy A 9 9
ﬂ’ZﬂlI!i’Jiﬁ]‘]J"lJ’tNﬂﬁlﬂﬁﬂu‘iﬂﬁﬂwa@lmm’n%@uqﬂLLﬂ 1. UsuUesel (Weld Zone; WZ) 2. A1UATU

1 Y
=

MIAABUN (Retreating side; RS) 3. MU UMTAADUN (Advancing side; AS) WU FUNUADAT Y

a2 o

< a Y & o A Y A A a
1’?lql“Hﬁ'IllL"lJll“LlTW'fﬂﬂ'Iflclﬁllﬂﬁﬂﬂﬂtjﬂﬁﬂlﬂﬁg‘wa'u (%qﬂﬁﬂWﬁlu!l,u’Jl"]f’E]M) "lﬂ%mﬁ]u'nmnmmuumm
A A = 1 = ~ o < Y o a &'
umwammﬂﬂugﬂw 8 HIUANATIINON 2 tmnzwmmsamm@mugw;u"lwmwclumnmma

A A g A Y o o o 9 A o v 1 X
LU Lu@\jﬂ'Jﬂﬂ’lﬂ"]fﬁ]llﬁluﬁﬂ’ngclﬁuﬂﬁﬂﬂﬂQN U,ﬂﬁ%gﬂ'lﬂu'lﬂﬂaﬂﬂu@'lﬂ'lﬁ%'lﬂﬂ’lﬂuﬁ]ﬂuh’iﬁLGU’l'G;fLuE]

o' laanaimsiieunielaussenaln@ (How et al., 1995) 1INMSHIUIMHITIUIUTNT IaA 1A

9 = Y

{ 1 1 [ a 2] o (%
A1519% 3 W°]J'JW]'t’)ﬂﬁ'ﬂu'ﬁHu@lTﬂJﬂlllu"lWﬂTﬂTﬂclﬁlllﬂﬁﬂﬂ‘ﬂi:l11ﬁﬁ]TuUUiWiuuﬂﬂﬂﬁﬂﬁﬂﬂﬂﬂﬂﬂﬂU

G Q q

9 { Aa 4 v 3 a ¥ 4 I a {
mWTﬂNﬁiN@amﬂﬁwugwgumwwmuuuum%ummuua3mnmﬁm%uL‘]Jumnmﬁgﬂmu

v
[ = !

a4 & A a a' Ly 9 A 4 v ~ A Az 9
Wiolaonazligngumniga nalaudumaeuivziznguinnnauasumsindeuianiios
= a a a 1 A J @ =2 o Yy Y A A a "9
FanavnnonsnavesasnanuniluanvazinagimisudiumsnasunmassenesnuINN A1

R o L ‘
iwsumsnaoun luvazi@oudumaldeoimaamisounsn@ud 114 (Threadgill et al., 2009) Tu
[ 9 1 9 Y [ 9y =
dauvedlaseadngamanun Insead ndinsansuzdounavuazivuiansy (A-Al uaadluaiin

A = =1 Y o 3’/ I A A Y o A A
N4 mﬂlmmﬂsu11mum“lnammnumﬂumﬂuwaummiummzm%auhmuﬂﬂumswauﬂ



[ ? < J <3 a 4 a
Lﬂﬁ@uﬂuﬂﬂﬂ')'ll]ti')ﬁf]ﬂﬂ@ﬂﬁ'ﬂu (rpm) mwmmmuuum%u (mm/min) uazqmﬁguiummgmi

1o (°C)

$ 9 g 4 [ < a 9 a
i‘l.lﬁ 6 Tﬂﬂﬁ‘ﬂm‘ﬁmﬂuazi;amﬂ"ut')wmmlf%ilﬂaﬂ’mmmgummm3memmﬁlslﬂ‘miﬁnmﬁﬂﬂﬁ

U

Tae (51418) Arudumsindoud (Ginang) vsnamuaiow (v Auasumsndoud



H Qy 4 1 <3 a a
iﬂﬁ 7Tﬂi\‘lﬁ%)”lx‘l‘JJ‘Hﬂ1ﬂLLazfl]aﬂWﬂ"ll’ENGlfu\‘l"I“IJL%EHJ@E)ﬂﬁ’)"lu‘ﬂ14‘L!1’]’JutﬂliJuWWﬂWﬂTt’JGl@%}‘]Jiiﬂ"lﬂWﬁﬂﬂ@]

' Ll

Tag (3Udne) Mudrumanaoui (GUnae) vsnauuandey (v Mudsumsnaoud

.‘}‘ -

BB &1 LTS S 2T bl O TV €

ci ) ) £ A ! < o Y o
ﬂJ‘ﬂ 8 IﬂNﬁiNiJﬂﬂ'lﬂllﬁ%ﬂﬁﬂ'IﬂGUENGIﬂNTL!Hff)llﬂf)ﬂﬁ’)'luﬂiguﬂ'lmelmu'lWﬂ'mTﬂlﬁllﬂﬁﬂﬂﬂf,]iJ

Y

Tag (3Udne) Mudrmumanaoud (GiUnane) vsnauuuadon (v Mudsumsnaoud



v Y
M40 3 ﬁi’wmugwgumﬂwmmgmazﬁmaz

ANNSITOY | NAMIMS UIUINIH | MIUINIY | UIUINIY
' ussenmeavn S . L 3 ..
AN NH HuADN MUMUMS UInaude | muasums
: gy A4 4 A 4
(rpm) anu naeUN (%) 1wou (%) naeuN (%)
viyuaA
meld 25405 3.0+0.5 23+0.5
I
- UFFMA
NYUNIULAY
1,750 na 2.7£0.5 3.1+0.5 2.5+0.5
I
[ Y o
wyumay | aeldund
13+05 13+05 05+0.5
TRITOR! Unaaw
< 4 2 :
M3199 4 VUIANTURATVDIFUNULAAL TN
ANMSITOY | NAMIMS VUIANTY VANTY VINANTY
ussenmavn Y
avNAIY Hayuaen Mumums | Usnesie | duadums
Agw . . .
(rpm) anu waeudl (Um) | won (Um) | naoudl (Llm)
3
HYUA TN
meld 60+2 56+2 63+2
WIWN
- VFFMA
NYUNIUAN
1,750 na 66 +2 63 +£2 65+2
WIWN
viyuamudiy | moeldudain
62+£2 60 £2 61+2
WIAM AQu

WA A 4’
3. aNUALBINAVDIUUIUIIYON

' < . 1 < 4 v 2
1) ﬂ7ﬂ371/!!5ll\7!!50§0 1NA1519N 5 LLﬁﬂQﬂWﬂ’NNLLGUQLLiQﬁQﬂJ@QLLH’JL%@MWU’N FUITU

A 1 3 a Yy & A 3 =] A ~
Hfi’]llﬂ@ﬂﬁ’ﬂu‘Wl‘lu@ﬂiJLsU?Ju"IWﬂ"IﬂWEJI@]LLﬂﬁ‘IJﬂﬂQ3J3JﬂTﬂ’ﬂllLL%QLL?Q@Q%@QLLMUL%’@NE;N‘Vlﬁﬂ

Q

a

' Y ] vy 1]
doandeenuwatiuaugnyuinugwguluiodouios ludiuvesFunuasnauFounyua iy

<] a 9 as <3 = A ~ Y A v
LlﬁSWMMVI’JMWMMWWﬂ"IﬂTEJ%“ﬂJiiEﬂﬂ"lﬂﬂﬂﬁllﬂ?ﬂ’J"IllLHNLLi\iﬂQﬂI’SQLLM’JL%@ﬂJVI1ﬂﬁlﬂﬂﬂﬂu!ﬂullﬂ@]11]

v =2

a <o A Y 1 A o A I I 1
Nﬁﬂ15’3!ﬂ51$1’7ﬂ'lu’JquﬁuV]llﬂflﬂﬁLﬂﬂ\i U G]Nﬂ1ﬂﬂﬂ31ﬂllﬂ$3$888§’W]’)"UfNLLu’JLG]fﬁ)iJﬂL‘]JukI,‘]JGnﬂJﬂW

3



< 2 2 4 ! Y : a ¢
ﬂ'NﬁJ!L“UQLLﬁ\‘]aQ “151!\‘ﬂl!“lflﬂﬁ’fJU‘V;Iﬂ“HuGUfNT;IﬂﬁﬂTRGUWﬂﬁWUﬁWULﬂa@uﬁﬂﬂﬁuﬂ %QiuWﬁﬂ1§31ﬂ51$ﬁ

2q v
A IATER

Yy A

o

L vy v A Adao 4 A = Y < = v v
FUINUATUAIUNTIAADUNNITUIUINTUNNING A 39 171NN TIAIUDIATUATY

anundeuniiniosNga Funannoniraveunaed luaenanuna w03 195001NTE N0

E4 [ 4 4 1 1 a 4 o
i Tanzuazaonanu luvaz@ounsaaiudunaoui launnu3 a0 (Threadgill et al., 2009) 1

¥ a 1 1 X = g Yy 9 A Aaa ] =< o
“l‘wLﬂﬂ@ﬂﬁﬂmaﬂmwmuwﬂuwaGL‘wmumumsmaaummmmmummm

A15199 5 LEAAIENLAITINAVDLUIFOL

A3 AuNaY . :
NAMINS Aundega | szevdnves | Aunde
59UADN V33EIMA AN 4 _
HyuAN AN UUATON | AN
anu Unagn | udamseds
anu (MPa) (%) (Hv,,)
(rpm) (MPa)
HYUAIY
L meld 111.2 77.5 2.6 63.2
ENIRITOY
VITHINA
HYUNIY
1,750 . Una 109.8 77.3 2.5 62.7
CINIRITOY
9y &
vyua | ameldund
L 121.7 91.8 3.6 64.0
ANUANN Unagu




80.0

70.0

60.0

50.0

wz

40.0

30.0

20.0

HARDNESS, HV.1)

10.0

1
1
1
1
1
1
1
1
1
1
1
1
1
1
! AS
1
1
1
1
1
1
1
1
1
1
1
1
1
1

0.0

DISTANCE FROM WELDING CENTER; MM

a J < A 2 A
E‘Ih’l 9 ATANUUUNLUIYDUUDIFTUINUITDUY
r <1 A A J < A 2 A
2) MANNHUUNUNTOY F1]']'[’]2}"]J‘I/'I 9 LFEANATAINTULUILLUIFDNUDIFUITULIBOUADN

1 [ a 1 [ a Aa 1
TNURHYUMWAVNUIND T ADDT N UNHYUNIUUNUINN ﬂ?ﬂﬂlﬁﬂﬁﬁﬂ']ﬂ']ﬁﬂﬂﬂlmg ADNAINUNYUATY

=

< a Yy o A Y @ ' ~ < A " o
mjllmwmmﬂslmmﬁﬂﬂﬂq3J3Jﬂ11/11ﬂﬁtﬂ80ﬂ1ﬂﬂﬂ (AURAYANUUUILUUTDUININY 63.2 62.7 64.0

A 2 A 2 ~ ~ Y A =] A Y A @ o
HVO‘I) IHBININF U ULIFDUUDING 3 ﬁﬂ13$ﬂﬂlu1ﬂlﬂ5uﬂ1ﬂalﬂ8\1ﬂu “]Nﬂ'lﬂ/]sllu'lﬂmﬁuslﬂﬁmﬂﬂﬂuﬂ'l

9 v
v L% =

ya v A A A 1 A Y A @ dy 1 A Yo
114ﬂﬁIﬁLﬂGD'Ll11ﬂﬁlﬂﬁ@uﬂiz‘ﬁ’ﬂﬁﬂﬁﬂﬂ“ﬂiﬂﬁLﬂfNﬂ‘L! (Jung et al., 2013) Y QWU’JT]J?L’J‘EI!‘I/]llﬂi‘}J

Y Y ) v
HANTENUNIANUS0U (Heat affected zone; HAZ) 14 2 @11 (FUANUMUAUMTIAOUNUATMUIATY

A A < { -

A A Y 1 a dy A A 9 A a [
manaoud) IAnnuudaitesnuinaiorew esinanuiounloauvgigenindu Taa e
Y
vound O vesezqilifion ssM3s6 Vi liinanisanazneuveuna B hgiie TanziAuiai 1A

N O 4 Va4 A a Ay 2 _ _
U‘inmuﬂﬂlu?ﬂlﬂiuﬂiﬁﬂ'ﬂﬂﬂ’)mﬂgﬂﬂﬂu LiJf]llﬂJuWﬂLﬂiu‘ﬂI@]eUu (Muang]unburee, 2012, Sikon,
2008, Saisang, Makklang & Kongtrakul, 2011)

a g 1
3) Zﬂiﬂﬁ?7\7?ﬁﬂ7ﬂ‘177ﬂﬂi%/@\7?ﬁWiiﬂﬁ@!ﬁﬂ@i@u!!ﬂﬂﬁ'@ﬂﬂi7ﬂ (SEM) M3e 339801

¥ Yy v s ' < Y o ad A a o
Iﬂ‘idﬁiNi}ﬁjﬂﬂT@fJEl,G])’ﬂ’dﬂﬁﬂﬁ%iiﬁulmﬂﬁﬂdﬂﬂmﬂuﬂTiGIf])’ npmgmumaﬂmauﬂﬂszmﬂau

9

(Back Scattered Electrons, BSE) 1oz 4danauunionasisd (X-Ray) ifudyanailfimaiia EDX ¥

Y A

=\ =~ ay ~ A [ =~ a 9 Yo o 1
%$Mﬂﬁ!,G]iflll‘lfuxiﬂlﬂl?mf]uﬂ’]JﬂTiW]iEJiJ‘lfuQWHLWﬂﬂIﬂﬂﬁ’iNﬂaﬂ1ﬂ I@Eli“b’ﬂWﬁQ"UEﬂEl 1000 LN I@EJ
o [ & Z’, A 2 A A <3 1 ) a
NINITDY 2 FUINUUUAD FUNUUFOUNANULIITOUADNTITU 1750 rpm ﬂWEJ%]‘]JiiEHﬂ”Iﬂ‘IJﬂ@]LL’dS

Y & a j’ A A 1 [ dy A g’l
ﬂWUﬁlﬁL!ﬂﬁ'ﬂﬂﬂQN ATIVTDUUIIVUIUDIT DU LW@ﬂ’JﬁJLmﬂﬁN"lJfNaﬂ‘Hﬂ!ZﬂNJGluLufJL“]ff]ll"ll@\iﬂ\iﬁﬂ\i



k4 R
v A

Y o a o A = aAaa
qN1IL Tﬂ&l“l“mm,mgmummizmﬂau (Back Scattered Electrons, BSE) Lwaﬂaﬂymzmﬂu SEANUNNY

U

A 2 o A A A ddaxs g 3
ﬁﬁ’JNfuszu “‘ﬁ“ﬂ'ﬂuﬂ” ﬂ'ﬁ]‘ﬁWﬁ]'ﬂlllan'ﬂgﬁﬂiJlﬂﬂ (Fe =26, Mn = 25) Llagiuwuvlmﬂﬁmlllﬂglﬂu “519)

o,

A A~ ) . 1 d v o d yvo a s A
1 AT INULAVDEADNUDY (Al=13 ,Si=14) 53“3%1””1&@38 ﬁa\Tsﬂ']ﬂuuulﬂvnﬂ']ijlﬂﬁ']gﬁw\lﬂﬁ']

A ' a @ J a o
Vsums1glunnazadi075 Point Scan Tnolddyaiauuuenysd (X-Ray) viomaiin EDX 1agin

s &

a )] 1% =< ~ k) [ A [
NITAUATIEUTINYNA 3 IAAIINY Gmwa‘n"lmmmmgﬂm 10 e 11 Nﬁﬂl@ﬂﬂ%ﬂ"lﬂ!‘ﬁ1ﬂﬂ\ulﬁﬂ\ﬂuﬁ1i1ﬂ

A ~ oA A A I o 1 1 A A
N6 LAasNITNN 7 IQEJW‘]J’JWIEQWVI 1 Y130 Spectrum 1 WUAMUHRUITEHINNTY ABVBULNTUTITO W‘Iﬁg

A aa . . o dyd aa 1 9 < 1 a A =
MNANEAND®U (Si Eutectic phase) Tﬂ&lmtmmumWgcﬁaﬂauﬂaumnqwmummmgmu&m 913 1
9

o 9y 1 dyd Aa Aaa A = 9 ~
ﬁ'%ﬁﬂ“l/lﬂ?iﬂﬂﬂ’]ﬂuﬂﬂuﬂﬂ L‘V\lﬁgmﬂﬁﬂ“ﬁaﬂ@uﬁﬁﬂmﬂﬂlﬂiuGI)'\‘iﬁ"IiﬂiﬂW‘U‘lm/N 2 9N1Y Gll.lﬁ;ﬂ‘ﬂ 2
A a3 o ] A é =Y g a A =Y (%2
113® Spectrum 2 LﬂumgmuwmLﬂsumaagmﬂ a-Al “])’ﬂll‘].lﬁ!fm!‘gﬂu‘W‘Uﬁ]’QiJL‘IJfJiJ‘]JﬂJ"IiI!iﬂﬂLW]EN

aa a [ 9 A A = I A 1
W‘]J‘]J?mmﬂlmclmﬂeuuazL!,mmuﬁ’agmﬂuﬁ)ﬂ Glui].@‘ﬂ 3 1199 Spectrum 3 “If\?l;ﬂﬂi]ﬂﬂllﬂ')’lllﬁf]’]\?ﬂ’]ﬂ

Q

A A a 7 1A I = vy o ) ' dyd
Tlt:fﬂﬁluqﬁ;ﬂ‘ﬂ 10 1A 11 MNNITAATIEVTNUIN ll‘ﬁ'liﬂlﬂﬁﬂlm$L!,ll\?ﬂ'l‘L!ﬁi?ﬂ@g@ﬂﬂﬂ'ﬂﬂﬂiﬁJ'ﬂﬂ@Hﬂ@
a J v A . 2 A A Y a 2
m5UsenovdumesNann (Intermetallic Compounds) yunuNwoumelaussomadnatas Fuu
A A Y & = 1 A J 9 o A 1 a 4 v a A
TIL“]J”Ollﬂ'IEJGlGIL!ﬂﬁ‘]JﬂﬂQN llﬂ')'liJLLG]ﬂGﬂ\W]LWuUlﬂﬁlfﬂﬁluﬂ@ qﬁjﬂi'l\‘lﬂl@\?ﬁ'liﬂi$ﬂ@ﬂ@ulﬁ@imﬂﬁﬁﬂﬂﬁ]
L= PY a R v <3 = ey g .
Al,Mn, 5 “])’QW‘]JUlﬂGlu@QNLuEJNLﬂﬁﬂ 3XXX MU FINTNUAAIULUILITINGININ (Birbilis & Buchheit,

2 A A Y a 1A ] oA A 9y o A
2005) TesFunuingounislaussenalna wunivinalvgnnngennelaundinagu iesan

(%

2 A A Y AR A <3 o 2 Ay v 2 A A Yy &
GﬁuQWuﬂL%@NﬂTﬂﬂlﬁUﬁiﬂTﬂ']ﬁﬂﬂﬁ"INll i?ﬂ?ﬁlﬂu@]ﬁﬂlﬂﬁsﬁuﬁWHVIGHWﬂ'JTGHuQTuVILGD'@Nﬂ?ﬂﬂlmlﬂﬁﬂﬂﬂ

o q ¥ a s o oa A ¢ w A ! A Y o o q ¥
[3V mflmwaaumaimwaaﬂ llig‘(’J%L’Jﬁ11ﬂﬂ1i’1/‘l@iﬂ@]’)ﬂﬂ13u1uﬂ’)1ﬂ1ﬂ"]ﬁ]ﬂﬂ1Elclml,ﬂ’ﬁﬂﬂﬂQlI ‘VHGIJ‘H

v [

o

S A 1 1=K A~ a 4 v a A ' 9}@9’ a .
NﬂJuWﬂﬂﬂlﬁﬂJuﬂ’N mmswmiﬂszﬂmJaum@smmaﬂmiwmwﬂwwmmﬂiw%umu"l‘ﬂ (Merlin &

g

Garagnani, 2009)



U

v Y Y
MM31399 6 519 TUFUIIUVDI Spectrum N4 3 99

50pum

d' 9 L4 U 2 A <3 a 9 a
51.]7] 10 Iﬂi\ifﬁﬂi].ﬁ‘ﬂiﬁﬁuullﬂﬁﬁlﬂﬂiWﬂ (SEM) "lJ’EN"]ﬂNTL!l,"]f’t')llGniJl,“U3J‘L11‘W'ﬂ1ﬂ1861ﬁﬁiiﬂ1ﬂ'lﬁﬂﬂ¢l

Spectrum Al Si Fe Mn Mg
1 12.9 71.3 - - -
2 84.9 1.3 - - 0.1
3 51.6 18.9 15.6 1.0 0.1




Spectrum 3
o

Spectrum1

Spectrum?2

50pm

a 9 ¢ , 2 A < a v o
E‘I.I‘ﬂ 11 Iﬂi\?fﬁ'l\i"gﬁ‘ﬂ55ﬁu&tﬂﬂﬁﬁ]ﬂﬂ51ﬂ (SEM) "lJ'EN"]511\1']1JL"11E]3JGniJl,“U3J11'1Wﬂ'lﬂ18{19]uﬂﬁﬂﬂﬂq3\l

v v 9
M3199 7 519 TUFUIUYOI Spectrum N3 3 99

Spectrum Al Si Fe Mn Mg
1 21.6 66.6 - - -
2 84.2 14 - - -
3 66.6 17.3 2.9 1.0 0.1
ansema

a o 1 4 ay 4 a’; o
INAANTIIIVYNWUIN LLUUL%QNGUENGBHQ'IUL%@NWQ 3 ﬁﬂ'nzflﬂj']llﬁﬂﬁﬂ!lazﬂﬁ']ﬂﬁﬂuuimm@q
A o A A =~ o A a a a '
umwanﬂizmuﬂuemm LLH'JL“K'EJ‘JJNLLHTUTUigﬂuluﬂﬂ‘lﬂﬁnﬂ@ﬂ‘ﬁwaﬂl@ﬂlﬂaﬂﬂﬂﬂﬂﬁﬂWHWUg‘W?u
A A a v o q v X A~ v R o qu
Glullu’)!%@lll”ﬂﬂq@ Lﬂﬂfl]']ﬂﬂﬂ']lli'ﬂu‘ﬂ’lqlﬂluﬂl"]ﬁ]llllﬂ'ﬁﬂﬁuﬂ'Jﬂﬂ@ﬂﬁ'ﬂu "l]\iﬂ’lclﬁﬂ']ﬂ'lﬁﬁ'lﬂ'ﬁﬂ
o o &l A 9 (] < A Y & &l A 9
Llﬂiﬂﬂﬁﬁ\i]’lﬂﬂﬂluﬂlﬁﬁﬂﬂqﬂ i’)fﬂ\iulﬁﬂ@’lTlJﬂTiL“If’f)‘JJﬂ”lﬂﬂlﬂllﬂﬁ‘]Jﬂﬂq‘lJfTTllTiﬂaﬂqﬁl‘W?1‘!11‘!!,1‘!?]!6]5@11]19

4 2] { I 2] 4 { 1 o aan [ 1
iosninunanlffunnamosi Tkl §asernue1nia (How et al., 1995) Tudiuvosgnguvosdiu

v
=

nﬂ' d' nﬂ' = o 9 a d' d' "9 d' = "9 a
msmaeunilefseuneunuAUasuNIsIAaaUN NUNAUNITAABUNITHIWITUNINNATUIATY

d‘ A A a A 1 ~ o Y a 9 le Y d‘ ~ [
N5IAABUNINAYINENTHAVDIADNTNUNT IR INATOILINATUFUIIUATUNTAADUANINNIIATY
9

A A A= o qu v 9 Vi ! 2 Yy v 9 ' =
[@TUNITIADUN Fﬂ\‘]‘n']“lﬁ'ET]ﬂ'lﬁllﬂﬁﬂﬁleU']llﬂllﬂ\ﬂﬂﬂ'n VNufﬂ']ﬂﬂ'ﬁﬂuﬂ'J’]GllaHaWU'J'lﬁlummgﬂﬂaﬂ



' A a A 1 ' v v Y A Ao q YUY E) A Aa
FNUMIULUNFON NSIFIATILHINABNAIUAVATUAIUMSIAAoUNT IHA UM UM TIARaUNY
a Y A A A 3 vy Y A A 2 o 1
gamgiganNaEsumsnaeunlszua 50°C umaldauaumsnaounininnuudenm
v ~ A 4 . 2 v v A A P}
AULATUNITAAOUN (Threadgill et al., 2009) HBNINUVUIANTUIUAIUAIUNITIARDUNLAZATY
a A A A 1 a dy A a A Y Y A o Y
@iumsmasunivuialannluusnaiioweunanie lianuseuvaemsyenaziilviany
v v v
foulunsnalndifeen lignniudszauiinnudounvinniudulyadasildia o Tuduau
A Y o a o 1 =< dy [ Y [
Wounasuaza1ws N ule o-Al vansuluusnaainanves Tadutas i 1ia1n 1w
aAa3 (Muangjunburee, 2012, Sikon, 2008, Saisang, Makklang & Kongtrakul, 2011) 483100 1N 019
9 4 1 v £ A A Y & aa o v A
TA39a3199anTIMILUDA0INI 1A (SEM/EDX) WUNFUureunielaundilnaguiivumoiwiaan
v g =y A A v a o q 92 A A Y o ~ v &L P
sUdnnMyuweumeldussnmalndmldsunungeumeldunmrtisan NFdananen
3 =
ANULVULLTIA
ANLANNNAVOULUNFOUND I AAN WM IHYUVDIARNANU iTBNTNaaea1@uTan1ena
A [ <3 = [ < A Y A Y=
VOIULUAFOUNTIEHANITNATOUAIANNLVALTIALATHANTNATDUAIANNLTIIA I patRsen U e
1 v Y Y A A 9 a A A Qy 1 2’; .
HAFAUATUAIUIAADUNUAT AT UMSIADOUNUBIFUIUNIUY (Panneerselvam & Lenin, 2014) 1u
[ ay d' 9y o L= md’d 1 d' a d' [
drvosruureumelaundinagunun Iarauiianannmarenluusseimelnd iiesnuna

kY

dy A Y A dy A o Y A A 9 ddy 9
mmsaaﬂgwgummmawaﬂﬂ m’e)g‘W;uclumawauaﬂamﬂwmaummﬂauuﬂﬂjumu"lﬂmﬂ

asl
~ a U 1 Y1 1 9 a 9
1) malasuianumsvyuvesaendiu bilddwwane Tassadranelanzinen (Iasead
o wa A 4 ' 3
NWNYNTN Iﬂﬁﬂﬁ%)T\‘]iJﬁﬂTﬂ ﬂﬁﬂ?ﬂllﬁ%ﬂ?ﬂ?ﬂgW?H) LLﬁ$ﬁ3JU§]LGHQﬂﬁGUf’NLLu'JL‘%@3J (MANNLLULLTY
=] A 1 < A ~ 1 o 91491 day 9 Y A A
ANUDULUAFDULAL AIAITUUUIVUDILUUTON) LW‘(’NL!ﬂ‘VI'lﬁlfl/i6]51!QWHN%HQ'IH@HHGI'IHﬂ'IiLﬂﬁ@HWLm%
Y a2 A A [ @
AU TUNITAADUNTAVAIUNU
A Y o v 1 9 < = A
2) ﬂ'liLﬂfﬂhﬂ1ﬂiﬁllﬂﬁﬂﬂﬂqn’ﬁ1n53ﬁ@§W§u1ﬂllﬁ$’ﬁ\1NﬁGI,Wﬂ'lﬂ'J'liJLHNLLi\?ﬂ\?GUENLLH'JL%ﬂiJ
A A A t%l 9
(ANUABING) LNVUUAIY
A A o @ A = < a A ' & <
3) ﬁﬂ13$ﬂlﬁﬂ1$ﬁhﬂq@ﬁ1ﬁiﬂﬂ'liL%@Niuﬁﬂ’lu$ﬂﬁlﬂldﬂlﬂ\1@$gMluﬂllﬂﬁ@WﬁiJﬂ\?"ll@\‘]l,LGlN
A A dq v < ' 2 a A = .
SSM356 AD ﬂ15lﬂﬂ’)ll1/]Glflfﬂil"mli?ﬁ@‘ﬂﬂﬂﬂﬁfﬂu 1,750 rpm AT AUAULUUTOUN 75 mm/min ADN
1 <3 a 9 24 [ . A o A
FINURYUAWVNUINNA m&“l@"luTmmmmﬁamwmﬂwa 5 I/min PUNIUUNAN 300°C AIUAY

v

gz lieglusie s80-590°C aaoamsizon



YDA UBIUL
' ] ] '
marou TaslFanuIiemazimsaunlaesruaumnnimayen Tagldiiniu miie
2 =\ = =R A (= 1 Y A A = o Y 9 v o R '
VFuUiaNnuFuann lumeane dwaliauiidvesunreuanad Jauzihldadudrsusaainu

a4 A q gy A A~ = =2 1w &Y A
vh/\lﬂﬂlmﬂuﬂ%weiﬁqﬂuum%@uﬂﬂﬂ15%uaﬂlﬂ1ﬂuﬂ3%ﬂllu3l%@ﬂ

3180159190949

Birbilis, N. & Buchheit, R.G. (2005). Electrochemical Characteristics of Intermetallic Phase in Aluminum
Alloys. Journal of the Electrochemical Society, 152(4), 140-151

Binrohim, P & Muangjunburee, P. (2015). Improvement of Semi-Solid State of SSM Aluminum Alloys. The
30" Conference of Mechanical Engineering Network of Thailand, Prince of Songkla University.

Jung, B., Lee, H., & Park H. (2013). Effect of grain size on the indentation hardness for polycrystalline
meterials by the modified strain gradient theory. International Journal of Solid and Structure, Vol.
50,2719-2724

Merlin, M & Garagnani, G. (2009). Mechanical and microstructure characterization of A356 casting
realized with full and empty cores. Metallirgical Science and Technology, Vol. 27-1, 21-30

Muangjunburee, P. (2012). Welding Engineering. Songkla: Education Technology, Faculty of
Engineering, Prince of Songkla University.

Panneerselvam, K & Lenin, K. (2014). Joining of Nylon 6 plate by friction stir welding process using
threaded pin profile. Materials and Design, Vols. 53, 302-307

Petkhwan, A., Muangjunburee, P & Wannasin, J. (2014). Investigation of microstructure and mechanical
properties of semi-solid state joining SSM aluminum alloys. Mechanics and Materials, Vols. 496-
500, 371-375.

Threadgill, P.L., Leonard, A.J., Shercliff, HR & Withers, P.J. (2009). Friction stir welding of aluminum
alloys. International Review, Vols. 54 (2), 49-93.

How, Q., Mutharasan, R. & Kozal, M. (1995). Feasibility of aluminum nitride formation in aluminum
alloys. Materials of Science and Engineering.

Saisang, C., Makklang, A & Kongtrakul, W. (2011). Welding Metallurgy. Bangkok: Se-education.



Sikon, L. (2008). Materials Engineering. Songkla: Education Technology, Faculty of Engineering, Prince
of Songkla University.

Wanasin, J & Thanabumrungkul, S. (2008). Development of a Semi-Solid metal processing technique for
aluminium casting application. Songklanakarin J. Sci. Technol 30(2), 215-220.

Wanasin, J., Burapa, R & Canyut, R. (2009). Improvement of aluminum A356 Casting by GISS process.

7" Engineering Conference, Prince of Songkla University.

Yy Aa
5781391994 (ME1 1n8)
A VoA A o J A o A = 3
Aana Danieniy Usema leadunsiys. (2558). msdsulgamawenluaniuzhiveanives
Aa A [ = < A ] a A ] %’, A
pzglilounaondunnds, mslszyunseiieininssunsesnanrslszime lng a5a9 30,
YN INSHAIVAIUATUNS .,
1Y 14 a 4 a a 1 [
Y5z e eadUNTY3. (2555). IAINTTUMITFON, N1AIYIIAINT TV DINTUAZTAG AME
INTTUANAAS UMIINGIFIAUAIUATUNS.
o a a a 4 < )
AN lauds, oymA MINNAI, TN NBIATENA. (2554). TaRZINGIMIITON, NJUNN: FOAYATY.
1< = o a a a A 1 @ ] =
AN TR, (2551). ITQIAINTIN QATIHNTIN, NIAIFIIAINTTUHUBANITUAL AR, virIema Ty Tad
MIANHI, AULIAINTTUFNANT UHIINGBIEIVATUATUNS.

a 4 v aa 4 [ 1 a J
WHY1ITTUTUT TOUHOU YIWT SITH uaugna. (2552). M3Uiulginisvasdienisuisns vao

4 a A a a 4
YUYy GISS Lﬁaazgmuﬂmwﬁu A356,ﬂ'l‘iﬂ‘igclgﬂ\l'l%"lﬂ'li‘ﬂ'l\?')ﬁ’)ﬂi‘illﬁ1ﬁ@]i

(43

]
=1

UHIINGREUAIUATUNS ASIN 7,



146

wAa Y A

sz InEIvay
d‘ % a 1 =
¥o ana WENaANA Darsehy
stadszdandnan 5710120044
UM IANE

a 4‘ £ = d' o =
0 ¥oaau Unausamsanyn

IINITUAAAI VT UHAINGIADTIUAIUATUNS 2556

(AAINTTUIATBINA)

NUMSANY

Ay A a a =
NUYAN UM IIVBNOINSUNUT Tau)szaa 2558

aa d 1
DIIANNNINSUWNINAIH

[ a = A @ J A @ A & <
Aana Jarisony Ysead tuesdunsys. fﬂﬁ‘ﬂi‘U’lJ?QﬂWi!fD”GN1%601%3ﬂ\1ﬂ1@\1l1‘11\1"’11@ﬁ

q

a U : < a ] a 4
az@jmﬁ&u%aamﬁuﬁum, ﬂ’lf!’ﬂi&’“ljﬂ')“lﬂﬂ’lilﬂ%'E]ﬂl’lﬂf]ﬁ')ﬂﬂiill!ﬂ%ﬁ]\“lﬂa

Y H
urslszma’lne A5a9 30, 5-8 nIngIAY 2559.
@ a 1A A @ J A @ A = <
AN VAHITONY ﬂjgﬂ']ﬁ WodIUNTY3T. mi‘]J‘j‘Uﬂ‘;Qm‘jwm\liuﬁmuzﬂQGUENLL"INGUEN

a A ' % 3 a o a a J
GZQNLuﬂiJWﬁ’E]WﬁiJﬁQLHN, TAITUHIINYIVYUIITINAIIBUATUNT, 711

v [
= v A

a 4 A o
mmmamuazmﬂiuim 1n 11, auun 1 ﬂ’i%%1lﬁfluﬂﬂi1ﬂu-m‘ﬂ1ﬂu 2562



