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Thesis Title Mechanical Properties Improvement of Cast Semi-Solid Metal (SSM)

Aluminum Alloys by Friction Stir Processing
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ABSTRACT

The aim of this experiment was to improve the mechanical properties of cast
semi-solid metal (SSM) aluminum alloys by friction stir processing. The friction stir processing is
a solid-state microstructural modification technique using a frictional heat and stirring action. The
parameters of friction stir processing for semi-solid metal (SSM) aluminum alloys of 356 grade
were three different travel speeds: 80 mm/min, 120 mm/min and 160 mm/min under three
different rotation speeds 1,320 rpm, 1,480 rpm and 1,750 rpm. The hardness and tensile strength
properties were increased by friction stir processing. The hardness of friction stir processing was
64.55 Hv which was higher than the base metal (40.58 Hv). The tensile strengths of friction stir
processing were increased about 11.8% compared to the base metal. The optimum processing
parameter was rotation speed at 1,750 rpm with the travel speed at 160 mm/min. Consequently,
the application of the friction stir processing is a very effective method for the mechanical

improvement of semi-solid metal aluminum alloys.
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H, :b, ., b, b, 0 dwmfuuuszdy sninavesnnuSuauniuuanaeiu

W9159471 2 Factor Interaction Effect

[ aa ' < Y 3 a
NATOUDUATNIYT TTHINANNLIITOUNUANNIT AAUNIY
H,:(tp), =0 wnszav i, j hilidniwaves Interaction (i = 1,2;j = 1,2,3)
= . . aAa A . . .
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1d0nmsmuiamainuulsydsiu one Way ANOVA Tagil

AT LSD
SuaANuIRNAeITHINAIAY X - X,
i 8., - X, & ulSouiiguiy A1 LD

3.0 MM EX, - X, & A1LsD uansh m, , m,

32 i@ X, - X, &8¢ a1 LsD uaash m, = m,

Turkey’s Test

I ax = ~ v A A1 o Y 1 J 1A
L‘]J‘L!’J‘ﬁﬂﬁ!,ﬂiEJ‘]JL‘V]EJ‘]_Iﬂ”IEJ%]NﬂLlllsljT]’J”Ii]iu’JuﬂQEJGI’JE]EJNLL@azﬂqullellu"lﬂ

\ U = o ; o
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A1 MS,

QBJ} o dy
VUABUAIU

(€)

D
2)

3)

MS
T, =q,(a, /), nE 2.8)

Td0nmsmuiamainuulsydsiu One Way ANOVA Tagil

A T,

Annu X, - X &

oo &X, - X & fum 7, lag
3.0 MEX, - X, & > T, uanadh m, , m,

32 MEX, - X, 8¢ T, uaasd1 m, = m,

The Scheffe’s Method

~ = an qul I Yo 1w 1 Aa
ﬂﬁ!ﬂiﬂ‘unﬂﬂ‘UWHﬂmiﬂﬂ’J‘ﬁ Scheffe uummmlﬂﬂﬂuﬂqumammmum

whiunse liiiun 18 Taoldgas deaums 2.9
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<V, = \/ (a -DUF*)(MS E)(% + %) (2.9)

L J

F* o m F Allaninasnaningaues F laell df, =a-1,df, =N -a

MS, deo minlaninmssinuanuulsdsiumelungudalaninaisa

E4
v A
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a L4 o ~ as
MsanszvaNuulsdsou ﬂlu%f]uﬂﬁlflﬁEJ”]JW]EJ‘]JW‘IjﬂmIﬂEJ’J‘ﬁ"U’EN Scheffe ﬁmu

) fAwum CV,
2) Mumex, - X &
3) ulisuheu 8X, - X & fud CV, Tag
3.0 88X, - X, & 2CV, waas m, , m,

32 818X, - X, &< CV, waasd1 m, = m,
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3.2 MF9dNUUUMINAABN
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.1 ﬁ!’J‘HNﬁNTIN!ﬂﬁ‘llﬁ)\‘ii;nﬁagﬁnl!%ﬂ%%i Keller’s reagent

nialalaslgonin ANUTNTY 48% 2 ml
ninlalasnanin (9u91) 3 ml
a 4
nsaluasnd 5 ml
Y
11 190 ml

.2 ToMHUATUNIUNATOLANNUTINIIAINNNATFIH ASTM-ES

I 1k

Dimensions

Standard Specimens Subsize Specimen

Plate-Type, 1%3-in. Wide Sheet-Type, ¥-in. Wide a-in. Wide
n. in. n.

G—Gage length (Mote 1 and Note 2) 8.00= 0.01 2.000= 0.005 1.000 = 0.003
W—Width (Mote 3 and Mote 4) e+, -4 0.500= 0.010 0.250 = 0.005
T—Thickness (Mote 5) thickneas of material
R—Radius of fillet, min (Mete &) 1 e v
L—Ower-all length, min (Mete 2 and Mote 7) 18 8 4
A—length of reduced ssction, min 2] 24 14
B ength of arip section, min (Mot 8) 3 2 14
C—Width of grip section, approximats (Mote 4 and Note 9) 2 EL %

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

NoTE 2—When elongation measurements of 1%4-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 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 0.015, 0.003, or 0.003 in.,
respectively, larger than the width at the center.

NomE 4—For each of the three sizes of specimens, narrower widths ( 77 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 narower 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¢ in. Maximum thickness of Y2-in and Y4-in. wide specimens shall be 34 in. and 14 in., respectively.

Note 6—For the 114-in. wide specimen, a 13-in. minimum 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 8—It 15 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 grips. If the thickness of Y4-in. wide specimens is over 35 in., 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 0.005 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 .

NomE 10—For each specimen fype, 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 sades parallel throughout their length are pernutted, 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 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
nunimum requirements, discard the test and retest.
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.1 AMANNUTTINIDINNITIITINLAMUUVUNIY

1 1 < ay { a
9”51\‘1‘?] V.1 uﬁmmmmumuidﬁwawmmtﬁaTammu

Tensile Test (MPa)
aNmn Specimen Elongation
UTS YS
(%)
1 170.25 137.9 4.83
2 168.47 134.65 5.46
3 171.52 138.12 4.62
4 167.68 133.89 5.34
5 169.05 134.42 5.76
Base
6 165.07 134.67 5.12
7 167.04 136.97 5.23
8 168.64 135.46 5.31
9 170.39 137.68 4.98
10 169.27 134.68 4.73

Y I A
19419 specimen 1,2,3.4,5,6,7,8,9,10 #1189 Funuhumadouuaaz yu
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H 1 < { < a
minﬁ V.2 uﬁmﬂ1ﬂ’nmlﬁllmiﬁﬁdﬂmdiaﬂﬂauﬁﬂmmmiaummwu 1,320 56“/1“‘17] e

< a a A
AT AAUNIU 80, 120 Lag 160 Haawas/aum

Tensile Test (MPa)
Rotation Travel
Specimen Elongation
Speed Speed UTS YS
(%)
1 164.02 124.56 5.14
1 166.56 127.35 5.29
2 160.81 134.62 4.50
80
2 160.25 130.45 4.16
3 162.44 129.87 4.90
3 165.34 130.76 5.26
1 184.19 167.34 5.22
1 184.34 168.54 4.75
1,320 2 181.33 163.67 4.57
120
2 184.21 168.90 4.10
3 181.1 161.21 4.82
3 184.26 166.45 5.60
1 175.35 138.80 4.57
1 174.06 139.34 4.12
2 176.11 138.49 4.68
160
2 175.78 139.45 431
3 173.82 138.58 5.13
3 171.78 138.49 5.49
HU8LYA

ay { o gl { 1 I ay {
specimen 1,1 H11809 FUnUnthumaaeudh 1 wusesmiu 2 Fuaui lay out

ay { o 09; { 1 I ci’ {
specimen 2,2 H11809 FUNUNTNIMATEUE 2 tseomilu 2 Fuaud lay out

Qy { o 09; { 1 I ay {
specimen 3,3 H11809 FUNUNTNIMATEUEN 3 tuseomily 2 Fuawd lay out
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H 1 < { < a
ﬂ151\3ﬁ V.3 Llﬁ'ﬂ\iﬂ']ﬂ'J']llLlslNLﬁ\iﬁﬂsUf’Niﬂﬂﬂ?uﬁﬂ??ﬂﬁ?i@ﬂﬂlﬂﬂwu 1,480 S'OTJ/UTﬁ tae

< a a A
AIULITAUAUNIU 80, 120 Lay 160 uaamm/mﬁ

Tensile Test (MPa)
Rotation Travel
Specimen Elongation
Speed Speed UTS YS
(%)
1 157.49 124.56 4.19
1 155.75 127.35 4.87
2 158.82 134.62 4.47
80
2 158.68 130.45 4.36
3 158.48 129.87 441
3 156.9 130.76 3.97
1 174.16 127.34 4.10
1 173.54 128.54 4.57
1,480 2 172.72 123.67 4.89
120
2 172.46 128.90 4.75
3 171.85 121.21 3.98
3 168.57 126.45 4.27
1 175.28 138.80 4.21
1 173.2 139.34 4.32
2 175.93 138.49 4.61
160
2 176.92 139.45 4.02
3 174.53 138.58 4.38
3 171.85 138.49 4.96
HU8LA

ay { o gl { ] I ci’ {
specimen 1,1 #1809 FUnUnthumaaeudn 1 uusesmiu 2 Fuaui lay out

ay { o 3/ { 1 I ay 1
specimen 2,2 H11809 FUNUNTNIMATEUE 2 tusesmilu 2 Fuaui lay out

ay { o 3‘ { 1 I ay {
specimen 3,3 H11809 FUNUNTNIMATEUEN 3 tuseemilu 2 Fuawud lay out
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H 1 < { < a
ﬂ151\3ﬁ V.4 Llﬁ'ﬂ\iﬂ']ﬂ'J']llLlslNLﬁ\iﬁﬂsUf’Niﬂﬂﬂ?uﬁﬂ??ﬂﬁ?i@ﬂﬂlﬂﬂwu 1,750 S'OTJ/UTﬁ tae

< a a A
AIULIAUAUNIU 80, 120 Lag 160 uaamm/mﬁ

Tensile Test (MPa)
Rotation Travel
Specimen Elongation
Speed Speed UTS YS
(%)
1 153.99 126.46 5.38
1 155.46 127.79 5.04
2 155.43 130.76 4.07
80
2 153.07 128.27 4.15
3 151.13 131.21 4.32
3 154.82 127.98 5.73
1 170.01 138.47 5.35
1 169.17 136.96 4.94
1,750 2 170.69 132.35 5.18
120
2 170.46 138.26 4.30
3 174.19 130.89 4.06
3 172.98 134.09 5.05
1 183.14 161.06 5.90
1 188.52 162.18 5.03
2 187.79 165.57 5.46
160
2 192.08 167.02 4.16
3 189.36 162.94 4.79
3 190.5 168.09 4.86
HU8LA

ay { o gl { ] I ci’ {
specimen 1,1 #1809 FUnUnthumaaeudn 1 uusesmiu 2 Fuaui lay out
_ o 2 d o 2 4 . g 2 4
specimen 2,2 HH1YOI FUNUNUIWINATOULIN 2 nugeemilu 2 Fuaun lay out

ay { o 3‘ { 1 I ay {
specimen 3,3 ¥11809 FUNUNTNIMATEUEN 3 tuseomily 2 Fuaud lay out
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H 1 < { < a
ﬂ151\3ﬁ V.5 Llﬁ'ﬂ\iﬂ']ﬂ'J']llLlslNLﬁ\iﬁﬂsUf’Niﬂﬂﬂ?uﬁﬂ??ﬂﬁ?i@ﬂﬂlﬂﬂwu 1,750 S'OTJ/UTﬁ tae

< a A A Y Qy o
AIULIAUAUNIU 160 uaamm/mﬁ TAgNMSAATUNATOUATNUINAVLUINIY

Tensile Test (MPa)
Specimen Elongation
UTS YS

(%)
1 177.79 136.67 4.12
2 177.36 131.24 4.20
3 177.17 137.56 4.43
4 176.90 138.11 4.98
5 178.37 136.97 5.04
6 178.23 133.24 5.09
7 178.54 131.49 5.12
8 179.13 136.06 5.54
9 177.90 138.09 4.73
10 178.10 138.41 4.97
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