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ABSTRACT

This research aims to investigate the effects of parameters on the metallurgical
and mechanical properties of friction stir (FS) welded butt joints of dissimilar aluminum alloy
sheets between Semi-Solid Metal (SSM) 356 (as-cast and T6) and AA 6061-T651. The base
metals of SSM 356 and AA 6061-T651 were located on the advancing side and retreating side,
respectively. The cylindrical pin was used as the welding tool geometry. Friction stir welding
parameters using different tool rotation speed (1,750 and 2,000 rpm) and welding speed (20, 50,
80, 120, 160 and 200 mm/min). These parameters influence directly on the structure and
mechanical properties of the FS welded joints significantly. From investigation, the increase in
tool rotation speed results in the increase in tensile strength of the FS welded joints. At the same
time, the increase in welding speed leads to increase in the tensile strength up to a maximum
value; and further increase in welding speed results in the decrease in tensile strength of FS
welded joints. The maximum average value tensile strength of 197.1 MPa (in case of SSM 356
and AA 6061-T651) and 206.3 MPa (in case of SSM 356-T6 and AA 6061-T651). The value was
achieved for the joint produced at tool rotation speed 2,000 rpm, welding speed 80 mm/min. The
hardness observed in the stir zone is higher than that in the thermo-mechanically affected zone.
Away from the weld nugget, hardness levels increase up to the levels of the base metals. The
microstructure in the welding zone of FS welded dissimilar which can be characterized both the

recrystallized of SSM 356 grains and AA 6061-T651 grains layers.
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andamailand (Physical Properties)

- ANUHUMUY (g.cm ) 2.7

- gUNNNNABNMAI (°C) 580-650
- msthanudou A 20°-100°C (W.m" K 150-170
_gnlszansmsvmedimiannudeussrig 23.6

20°-100°C (m.m K )
- mad I 91 20°-100°C (ML mm™) 24-26
- Tugaawoanisgangu 7l 20°-100°C (10° N.mm) 69

auliAnena (Mechanical Properties)

- Tensile strength (MPa) >290
- Yield strength (MPa) > 240
- Shear strength (MPa) >190
- Elongation (%) >10
- Hardness (HB) >90

2.2 NIZUIUMTIFRITLAMUILUN I (Friction Stir Welding Process; FSWP)
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=2 <3 1 o 2 A & = a
ppunu Jannzauiivediaunn Taem lUFuauimumaseudoanuununiuszlinnu
IAUANATY (Residual Stress) 1azN151A40 (Distortion) 108N 11N FOUNVDHADNAZAIY ADIN

v Yy A9 = v P A = Ay '
AUANA1NNT 8N INTUNANININANNTBUUT VINMIFBUTEAMUUVUNIUNATBINIINT
A A N v 79 ¥ 0 . w
WenuvUMasuazaly mayeudsamunuuniulagniszgndldlugadmnssudinsy
pzgilifloumanlungy Txxx 2xxx Sxxx 6xxx Hag 7xxx 3IND0gUiHouNay AL-Si-Li (Linert
etal.,2003)
4 - A 4 A A 4o oo
MIFBUIAIAMIUUVUAIY NANUATNTAADUNVDAUATOIND (DU TR
] a = 1 Y a 9 dy 1 A g £ <
HHUW IRAMTTgANUAD lHInAA T oULAzIie Taned luan 19z M uNIve e N3
£ < o a4 A 4 v g A Ay
TraruveslansNavewiesoudINIU VALY UAIIAINGITO LaINABUNAIY

< A 0o qy & A o 9 ) A
ﬂ'J']iJ!i'ﬂHﬂWﬁleff]ll 1/11114114@1@1?131]3zmu@ﬂﬂum&mimu ﬂﬂllﬁﬂﬁﬂlUﬂTWﬂﬁgﬂ@Uﬂ 2.5

ANUTZABUN 2.5 NAMAULALNITNIUVBIAINIU (Linert ef al., 2003)
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Tool Pressure

Advancing Side

Tool Shoulder
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(Munich, 2006)
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a 4 4 % o 1 =Y 4 [} <3
ausotlon]d Taeldudluiu (Keyboard) dotiuiinanus i uruaan misimanuay

A A ) 1 Y
W]]Jﬂigﬂ'nsl Llazﬁg‘ﬂ‘ﬂﬁ']ﬂﬁ@ﬁ'ﬁL(’]faﬂJIEN"U@Ha %¥U RS232, RS485 11ag3¢1UU LAN lﬂu@u

A @ aAd AaA o 1 9 Y Y
InT099NINaTEUTHoIAlsTnoY 3 daudleny Taun
A [ aAgd A = a o 1% <
1. 4ANIUAN 1ATOITNINATFIBUTILNILVUABNNUADINAIWIT0IALNY
[ a 4 1
TU5unsu (Memory) tazud lvdautasllsunsuld asuiamesiinlaldsunsuntlewdill
naziIn1snIuguATedns inuaudiddluldsunsuainain Tasyaaiunuas
a 4
ﬂisﬂﬂﬂﬁ?ﬂllﬂﬁﬂ?‘ﬂﬂu (Control panel) 390N (Monitor) uil (Keyboard N30 Keypad)
1 a J v ] < < ) a I
uaxﬂummmmumm U A5 (Feed) tazanuisiatluma (Spindle) dludu
4 1 ' s o s
2. nalamstnaeun 1dun Wanewmes (Feed motor) Taswalyldiaes1a
o A ~ ' =
UoLNO3 (Servo motor) Glumaﬂmqumﬁmaaummuﬂumm Tﬂsmuaaﬁﬂg (Ball screw)
4 { A I 4 { A o ]
ulasmsindouFayy (Angular motion) 1l unmsindeuiiFudy (Lincar motion) Tagdmimiie
4 { o o o yo} o
nagszezMsndouiazgnauan laenssudygiuninaou Insames uennnidalisiai
180U (Guide way) 5095 UMIIADOUNVBILAUAI
Y] 4 (% { I ' { o) @
3. fn3esdns fe Taseaduilsznoudlugiliimunzandmsons 1
) Y [ [
NUANY5ZIANYUATIINT U AIATIINTHAINYTLNOUNEN 1B 1INUIATEY (Machine
& o R Qy o [ [ a a . d A Aa
base) IAZIVIAFUIIY (Table-dMMTVAIUAA)  yaauiAa (Spindle) tazudIADI AT UAS

(Spindle motor) L‘ﬂ u@u

2.3.1.1 MU IZIANVBUNITDITIOUT
A aAgd A o (% A A A A o 9
IATRATDUTAINITDIUUAMINEAYULNTIAADUNVDUATBINDARA 1A 2
Uszian Ao LUVYAABYA (Point-to-Point) LAZUUUIFUNIIAUADILDY (Continuous path) &9
o @ I A a @
sSwunamwansuzmsnuau Ifiugiia (Closed-loop) Hazgihiila (Open-loop) Aaudaalu
{ o o 1 1 9 o w Y
Mnlszneun 2.8 uaz 2.9 MwdIEy SwuaMmuszUDLraIseauiga lailu szuv i
A a a 4 o
(Electric) szuulalasan (Hydraulic) t4ag3gUUUINANET (Pneumatic) HAZIUUNATNTSUL

% a o %

a o ' Y J ao 1A
nnadwrielailu szoudine U139 (Absolute) AL TZTVUNNAABLUDA (Incremental)



24

Worktable Actual x
Motor [

x-value input )
——»{ Controller Motor R T v R VRN T[T VRRANVENLY Optical
Leadscrew encoder

4

Feedback signal to controller
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mMwilsznoui 2.8 anbazmInuguuUDgiia (Closed-loop) (M1 : 1HA1 Tauwdl, 2545)

Output
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pa::f:ll:ter —> Controller = Actuator = Process
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2.4 MSNATOUANUUYS (Hardness Test)
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SSM 356, SSM 356-T6 Llag AA 6061-T651

Materials Si Fe Cu Mn Mg Zn Ti Cr Ni Al
SSM 356 7.74 057 0.05 0.06 032 001 0.05 0.02 0.01 Bal.
AA 6061-T651 0.60 0.70 0.28 0.15 1.00 0.25 0.15 0.20 - Bal.
Properties Ultimate tensile strength (MPa)  Yield strength (MPa)  Elongation (%)
SSM 356 198 131 9.7

SSM 356-T6 268 184 10.6

AA 6061-T651 290 240 10.2
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M15197 4.1 11519 ANOVA

Analysis of Variance for UTS (MPa), using Adjusted SS for Tests

Source DF Seq SS AdjSS  AdjMS F P
Rotation speed 1 535.92 535.92 535.92  325.79 0.000
Welding speed 5 570.68 570.68 114.14  69.38  0.000
Rotation speed*Welding speed 5 365.32 365.32 73.06 44.42 0.000
Error 24 39.48 39.48 1.64 - -
Total 35 1511.41 - - - -
S=1.28258, R-Sq=97.39%, R-Sq(adj)=96.19%
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M15197 4.2 1519 ANOVA

Analysis of Variance for UTS (MPa), using Adjusted SS for Tests

Source DF Seq SS AdjSS  AdjMS F P

[un—

Rotation speed 1251.98 125198 1251.98 283.88 0.000

Welding speed 5 882.60 882.60 176.52  40.02  0.000
Rotation speed*Welding speed 5 111.64 111.64 22.33 5.06 0.003
Error 24 105.85 105.85 441 - -
Total 35 2352.07 - - - -

S =2.10007, R-Sq=95.50%, R-Sq(adj)=93.44%
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G Code Group

GO* Rapid Traverse (linear) Interpolation
G1* Linear Interpolation Interpolation
G2 Circular / Helical CW Interpolation
G2.01 Circular / Helical CW (absolute) Interpolation
G2.02 Circular / Helical CW (incremental) Interpolation
G3 Circular / Helical CCW Interpolation
G3.01 Circular / Helical CCW (absolute) Interpolation
G3.02 Circular / Helical CCW (incremental) Interpolation
G4 Dwell Non-modal
G7.1 Cylindrical Interpolation Interpolation
G8 Suppress Interpolation Interpolation
G9 Extract Stop Non-modal Modifier
GI12 Contouring rotary Axis Unwind Non-modal
G13.1** Cylindrical Interpolation Off Interpolation
G15.1* Polar Coordinate Programming (bolt Circle)
G15.2%* Polar Coordinate Programming (part

Contour)
G17* XY Plane Select Plane Select
G18* YZ Plane Select Plane Select
G19* ZX Plane Select Plane Select
G22,G22.1 Milling Cycle Rectangular Face Interpolation
G23,G23.1 Milling Cycle Rectangular Pocket Interpolation
G24,G24.1 Milling Cycle Rectangular Inside Frame Interpolation
G25,G25.1 Milling Cycle Rectangular Outside Frame Interpolation
G26 Milling Cycle Rectangular Face Interpolation
G26.1 Milling Cycle Rectangular Pocket Interpolation
G27 Milling Cycle Rectangular Inside Frame Interpolation
G27.1 Milling Cycle Rectangular Outside Frame Interpolation




109

G Code Group
G28 Auto Return to Reference Point Non-model
G29 Auto From Reference Point Non-model
G36 Move to Next Operation Location Non-model
G36.1 Test for End of Pattern Non-model
G37 Cancel Pattern Pattern Cycles
G38 Rectangular pattern Pattern Cycles
G39 Circle Pattern Pattern Cycles
G40** Cutter Diameter Compensation OFF CDC
G41 Cutter Diameter Compensation On LEFT CDC
G42 Cutter Diameter Compensation On RIGHT | CDC
G43 PQP cutter diameter compensation On CDC
G45 Acceleration/Deceleration ON Acceleration/Deceleration

G45.01,G45.02

User Specific Acceleration

Acceleration/Deceleration

G45.03 User Specific Acceleration Acceleration/Deceleration

G45.1 Acceleration/Deceleration ON (Die Acceleration/Deceleration
Roughing)

G45.2 Acceleration/Deceleration ON (Die Acceleration/Deceleration
Finishing)

G46* Acceleration/Deceleration OFF Acceleration/Deceleration

G50 Pallet Coordinate Non-modal Modifier

G51 Probe Multiple Axes

G51.1 Vector probe Surface and Set Offsets

G51.2 Rotary Axis measurement

G51.3 Angle Measurement in X or Y plane

G514 Measure feature to XY plane

G51.5 Measure feature to feature Z plane

G52 Local Coordinate System Local Coordinate

Go60* Positioning Mode Cornering

Go61* Contouring Mode Cornering
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G Code Group
G61.1 Automatic Comer Speed Override (Left) Cornering
G61.2 Automatic Comer Speed Override (Right) Cornering
G68 Tool Probe Cycle Set Tool Length Non-modal
G69 Tool Probe Cycle Check Tool Length Non-modal
G70* Inch Programming Inch/ Metric
G71* Metric Programming Inch /Metric
G72 Set Stylus and Tip Dimension Non-modal
G73 Set Probe Stylus and Tip Dimension Non-modal
G74 Set Probe Length Non-modal
G75 Locate Internal Corner Non-modal
G76 Locate External Corner Non-modal
G77 Locate Surface Non-modal
G77.1 Stock Allowance Non-modal
G78 Locate and Measure Bore or Boss Non-modal
G79 Measure pocket or Web Non-modal
G80 Reset Fix cycle Interpolation Hole making Cycle
G81 Drill Cycle Interpolation Hole making Cycle
G82 Counter bore/Spot Drill with Dwell Cycle Interpolation Hole making Cycle
G83 Deep Hole drill (Peck Drill) Cycle Interpolation Hole making Cycle
G84 Tap Cycle (Conventional) Interpolation Hole making Cycle
G85 Rapid Tap Cycle Interpolation Hole making Cycle
G86 Bore / Ream Cycle Interpolation Hole making Cycle
G87 Bore Cycle Interpolation Hole making Cycle
G388 Web Drill / Bore Cycle Interpolation Hole making Cycle
G89 Bore / Ream with Dwell Cycle Interpolation Hole making Cycle
G90* Absolute Dimension Input Absolute/ Dimension
GI91* Incremental Dimension Input Absolute/ Dimension
G92 Position Set Non-modal
G92.1 Position Set Setup Offset Non-modal
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G Code Group
G92.2 Position Set pallet Offset Non-modal
G93 Inverse Time Feed rate(1/T) Feed rate
G94* Feed Per Minute Feed rate Mode Feed rate
G95 Feed Per Revolution Feed rate Mode Feed rate
G96 Constant Surface Speed Spindle
G97* Constant Spindle Speed (S=RPM) Spindle
G97.1* Constant Spindle Speed (S=Surface Speed) | Spindle
G98 Machine Coordinate (Tool Tip) Non-modal Modifier
G98.1 Machine Coordinate Non-modal Modifier
G99 Positioning Cancel Non-modal
G150%** Scaling Off Scaling
G151 Scaling On Scaling




159 1.2 M Code

112

M Code Group Function Start/End Of Block | Model
MO Prog Control | Program Stop End No
Ml Prog Control Optional Stop End No
M2 Prog Control | End Of Program (not put tool away) | End No
M3 Spindle Start | Spindle ON CW Start Yes
M4 Spindle Start | Spindle ON CCW Start Yes
M5 Spindle Stop Spindle and Coolant OFF End Yes
M6 Tool Control Tool Change End No
M8 External Flood Coolant ON Start Yes
MS.1 - Coolant Jet Coolant Jet Position Control Start Yes
MS8.8 (Option)

M9 Coolant OFF End Yes
M10/10.x Clamp Rotary Axis # 1-4 End Yes
M11/11.x Unclamp Rotary Axis # 1-4 Start Yes
MI13 Spindle Start Spindle ON CW , External Flood Start Yes
Coolant ON
M14 Spindle Start | Spindle ON CCW , External Flood | Start Yes
Coolant ON
M19 Spindle Stop Oriented Spindle Stop End Yes
M26 Spindle Axis Full Retract End No
M27 Through Spindle Coolant Start Yes
M30 Prog control End of Program (put tool) End No
M34 Enable Data Acquisition Start Yes
M35 Enable Data Acquisition End Yes
M4l Spindle Mode | Select Spindle Constant Power Start Yes
Mode
M42 Spindle Mode | Select Spindle Constant Torque Start Yes

Mode
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M Code Group Function Start/End Of Block | Model

M48 Override Feed rate & Spindle Speed Override | Start Yes
Enable

M49 Override Feed rate & Spindle Speed Override | Start Yes
Disable

M58 Probe Disarm Spindle Probe (Option) Start Yes

M59 Probe Arm Spindle Probe (Option)

M60 Swarf Swarf Wash ON Start Yes

M61 Swarf Wash OFF Start Yes

M70 - User User Definable M Code (Option) Start

M79

MS83 Part Complete

M9I1 Swarf Swarf Conveyor ON Start Yes

M92 Conveyor Swarf Conveyor OFF Start Yes
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Dimensions, mm

Standard Specimens Subsize Specimen
Nominal Width Plate-Type Sheet-Type
40mm 125 mm 6mm

G— Gage length (Note 1 and Note 2) 200.0 = 0.2 50.0 + 0.1 250 =01
W— Width (Note 3 and Note 4) 400 =20 125 +0.2 6.0 = 0.1
T— Thickness (Note 5) thickness of material

R— Radius of fillet, min (Note 6) 25 125 6

L— Overall length, min (Note 2 and Note 7) 450 200 100

A— Length of reduced section, min 225 57 32

B— Length of grip section, min {Note 8) 75 50 30

C— Width of grip section, approximate (Note 4 and Note 9) 50 2 10

Note 1—For the 40-mm 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 apart, or one or more pairs of punch marks 200 mm apart. may be used.

Note 2—When elongation measurements of 40-mm wide specimens are not required, a minimum length of reduced section (4) of 75 mm may be used
with all other dimensions similar to 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. 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 ( 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 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
wide specimens shall be 5 mm. Maximum thickness of 12.5-mm and 6-mm wide specimens shall be 19 mm and 6 mm. respectively.

Note 6—For the 40-mm wide specimen. a 13-mm minimum radius at the ends of the reduced section is permitted for steel specimens under 690 MPa
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 6-mm wide specimens, the overall length should be as large as the material will
permit, up to 200 mm.

Note 8—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 wide specimens is over 10 mm, longer grips and correspondingly longer
grip sections of the specimen may be necessary to prevent failure in the grip section.

Note 9—TFor 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. respectively. However, for referee testing and when required by product specifications, the ends of the 12.5-mm wide specimen
shall be symmetrical within 0.2 mm.

Note 10—For each specimen fype. the radii of all fillets shall be equal to each other within a tolerance of 1.25 mm, 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 2.5 mm.

Note 11—Specimens with sides parallel throughout their length are permitted. except for referee testing, provided: (a) the above tolerances are used;
(b) an adequate number of marks are provided for determination of elongation; and () when yield strength is determined, a svitable extensometer 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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M5 AL anuziIduUNYeUITeNes giliTlouHTuA19TIATE NI SSM 356 N AA

6061-T651

Welding speed
(mm/min)

Rotation speed (rpm)

1,750

2,000

20

50

80
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M5 AL anuziIduUNYeUITeNes giliTlouHTuA19TIATE NI SSM 356 N AA

6061-T651 (9)

Welding speed Rotation speed (rpm)

(mm/min) 1,750 2,000

120

160

200
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M9 A2 BT UULYL TN QI oUHANA1NTTIATZHIIE SSM 356-T6 N1 AA

6061-T651
Welding speed Rotation speed (rpm)
(mm/min) 1,750
20
-
50

80
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M5 A2 ANHUTAIRUUUYDWLNTOND QI IUHTNA1ITIATZHIN SSM 356-T6 N1 AA

6061-T651 (9)

Welding speed
(mm/min)

Rotation speed (rpm)

1,750

2,000

120

160

200




M1519 2.1 MANUAUMUBSIAINNYIVO WU TN gIHENNANM 9T HATZHIII SSM 356 11 AA 6061-T651

Welding Rotation speed (rpm)
speed 1,750
(mm/min) | Rep | Yield Strength (MPa) | Average (MPa) | Ultimate Tensile Strength (MPa) | Average (MPa) | Elongation (%) Average (%) | Fracture
1 89.40 187.1 5.803 @
20 2 101.7 96.21 188.3 187.1 6.712 6.013 €))
3 97.53 185.9 5.524 3)
1 100.7 192.7 9.436 €))
50 2 103.7 102.6 191.8 191.6 7.942 8.924 (@)
3 103.4 190.3 9.394 (1)
1 96.30 191.3 12.66 (@)
80 2 103.2 100.2 189.7 190.4 5.846 8.206 4)
3 101.1 190.2 6.112 (1

YUY : (1) Base metal of SSM 356, (2) Base metal of AA 6061-T651, (3) Stir Zone, (4) TMAZ of SSM 356, (5) TMAZ of AA 6061-T651
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M319 2.1 MANNMUMUNIINIMNVNVB U AToNOZ gIITaNNaNA 195 THATZHI19 SSM 356 HU AA 6061-T651 (7o)

Welding Rotation speed (rpm)
speed
(mm/min) | Rep | Yield Strength (MPa) | Average (MPa) | Ultimate Tensile Strength (MPa) | Average (MPa) | Elongation (%) | Average (%) | Fracture
1 99.52 192.5 10.46 )]
120 2 93.57 98.33 190.4 191.7 5.881 7.926 @
3 101.9 192.2 7.437 (1
1 83.39 180.7 4.838 @
160 2 91.13 88.84 179.4 180.1 7.105 5.926 %)
3 92.01 180.2 5.835 3)
1 86.42 173.2 4.977 %)
200 2 79.36 84.53 175.1 174.3 6.238 5.208 3)
3 87.81 174.6 4.409 5)

YUYLYA : (1) Base metal of SSM 356, (2) Base metal of AA 6061-T651, (3) Stir Zone, (4) TMAZ of SSM 356, (5) TMAZ of AA 6061-T651
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M319 2.1 MANNMUMUNIINIMNVNVB U AToNZ gIITaNNaNa 195 THATZHI19 SSM 356 HU AA 6061-T651 (7o)

Welding Rotation speed (rpm)
speed 2,000
(mm/min) | Rep | Yield Strength (MPa) | Average (MPa) | Ultimate Tensile Strength (MPa) | Average (MPa) | Elongation (%) Average (%) | Fracture
1 94.82 186.3 5.487 (@)
20 2 103.0 98.03 189.7 188.2 8.051 7.153 %)
3 96.27 188.6 7.921 (1
1 103.4 193.7 5.660 3)
50 2 104.7 101.8 191.3 193.4 5.515 6.936 €))
3 97.30 195.2 9.633 (1)
1 106.1 198.2 11.66 (1)
80 2 106.6 105.4 195.7 197.1 6.262 8.451 (@)
3 103.5 197.4 7.431 (@)

HUYLYE : (1) Base metal of SSM 356, (2) Base metal of AA 6061-T651, (3) Stir Zone, (4) TMAZ of SSM 356, (5) TMAZ of AA 6061-T651
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M319 2.1 MANNMUMUNIINIMNVNVB U AToNZ gIITaNNaNa 195 THATZHI19 SSM 356 HU AA 6061-T651 (7o)

Welding Rotation speed (rpm)
speed 2,000
(mm/min) | Rep | Yield Strength (MPa) | Average (MPa) | Ultimate Tensile Strength (MPa) | Average (MPa) | Elongation (%) Average (%) | Fracture
1 105.5 197.1 9.809 €))
120 2 104.8 103.7 194.7 195.7 6.425 7.796 (@)
3 100.8 195.3 7.154 2
1 102.3 194.6 7.150 @
160 2 106.1 104.2 195.5 195.8 8.154 8.109 5)
3 104.2 197.3 9.023 (2)
1 96.31 192.7 8.490 3)
200 2 101.2 99.47 190.8 191.3 6.637 7.663 ()
3 100.9 190.4 7.862 4)

HUYLYE : (1) Base metal of SSM 356, (2) Base metal of AA 6061-T651, (3) Stir Zone, (4) TMAZ of SSM 356, (5) TMAZ of AA 6061-T651
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M1519 2.2 MANUAUMUBSIAINNYVO WU TN QIHNNANM 9T HATZHIII SSM 356-T6 NI AA 6061-T651

Welding Rotation speed (rpm)
speed 1,750
(mm/min) | Rep | Yield Strength (MPa) | Average (MPa) | Ultimate Tensile Strength (MPa) | Average (MPa) | Elongation (%) | Average (%) | Fracture
1 105.2 193.6 4.582 3)
20 2 107.3 105.1 195.2 193.5 6.306 5.071 (@)
3 102.8 191.7 4.325 %)
1 116.9 197.0 7.372 @
50 2 109.5 112.6 197.5 196.3 3.627 4.952 3)
3 111.4 194.4 3.857 3)
1 98.40 193.5 4.615 €))
80 2 103.1 102.4 190.2 192.8 5.049 5.289 (@)
3 105.7 194.8 6.203 (@)

1LY : (1) Base metal of SSM 356-T6, (2) Base metal of AA 6061-T651, (3) Stir Zone, (4) TMAZ of SSM 356-T6, (5) TMAZ of AA 6061-T651
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M9 9.2 MANVMUMUNIININNYNVB U AToNOZ I aNNaNA 195 THATZHI19 SSM 356-T6 MU AA 6061-T651 ()

Welding Rotation speed (rpm)
speed
(mm/min) | Rep | Yield Strength (MPa) | Average (MPa) | Ultimate Tensile Strength (MPa) | Average (MPa) | Elongation (%) | Average (%) | Fracture
1 104.6 187.4 2.657 5)
120 2 104.1 102.6 192.8 189.6 4.121 3.609 @)
3 99.14 188.6 4.049 @
1 96.72 180.2 2.115 @
160 2 94.98 97.80 179.1 181.1 1.747 2.389 %)
3 101.7 184.0 3.305 (@)
1 95.03 182.0 2.023 5)
200 2 9543 94.01 180.8 180.7 2.615 2.007 5)
3 91.57 179.3 1.383 5)

1LY : (1) Base metal of SSM 356-T6, (2) Base metal of AA 6061-T651, (3) Stir Zone, (4) TMAZ of SSM 356-T6, (5) TMAZ of AA 6061-T651
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M9 9.2 MANNMUMUNITINIMNVN oMU NToNLgRIHENNaNMIBIATIHINI SSM 356-T6 1) AA 6061-T651 (7o)

Welding Rotation speed (rpm)
speed 2,000
(mm/min) | Rep | Yield Strength (MPa) | Average (MPa) | Ultimate Tensile Strength (MPa) | Average (MPa) | Elongation (%) | Average (%) | Fracture
1 103.8 198.7 3.941 3)
20 2 101.1 103.6 205.1 202.1 4.974 4.006 3)
3 105.9 202.5 3.103 %)
1 103.2 207.4 5.724 %)
50 2 100.8 104.8 204.7 205.8 6.005 5.036 @
3 1104 205.3 3.379 %)
1 114.9 205.9 6.187 (@)
80 2 118.3 116.2 208.2 206.3 5.497 5.519 2
3 115.4 204.8 4.873 (@)

1LY : (1) Base metal of SSM 356-T6, (2) Base metal of AA 6061-T651, (3) Stir Zone, (4) TMAZ of SSM 356-T6, (5) TMAZ of AA 6061-T651
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M9 9.2 MANNMUMUNITINIMNVN oMU NToNLgRIHENNaNMIBIATIHINI SSM 356-T6 1) AA 6061-T651 (7o)

Welding Rotation speed (rpm)
speed 2,000
(mm/min) | Rep | Yield Strength (MPa) | Average (MPa) | Ultimate Tensile Strength (MPa) | Average (MPa) | Elongation (%) | Average (%) | Fracture
1 113.1 196.7 4.769 €))
120 2 107.4 110.2 199.3 197.2 3.731 4.563 @)
3 110.1 195.6 5.189 %)
1 112.6 199.8 4.671 3)
160 2 114.9 113.8 197.8 198.7 4212 4.748 %)
3 113.9 198.5 5.361 (1
1 115.1 192.3 2.708 (@)
200 2 113.5 111.4 195.1 194.7 4.041 3.224 (€))
3 105.6 196.7 2.923 3)

1LY : (1) Base metal of SSM 356-T6, (2) Base metal of AA 6061-T651, (3) Stir Zone, (4) TMAZ of SSM 356-T6, (5) TMAZ of AA 6061-T651
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