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Weldability of Al 7075 Alloy according to different tools and welding
conditions by F.S.W

Seok-Ki Jangt - Jeong-1I Jeon*

Abstract : This paper shows mechanical properties and behaviors of macrostructures for
specimens welded by F.S.W according to welding conditions and tool dimensions with
6.35mm; aluminum 7075-T651 alloy plate. It apparently results in defect-free weld zone
in case transition speed was changed to 15mm/min. 61lmm/min and 124mm/min under
conditions of tool rotation speed such as 800rpm, 1250rpm and 1600rpm respectively
with tool’s pin diameter 4émm and 6émm. The optimum mechanical property, ultimate
stress,0,=470Mpa is obtained at the condition of 124mm/min of travel speed with

800rpm of tool rotation speed using full screw type pin, shoulder dia. 20dmm, pin dia.6¢
mm and pin length 6mm. The full-screw type and the half-screw type pin shows the
similar behaviors of weldability. It is found that the size of nugget is depended on tool
transition speed and tool dimension by macrostructures of the cross section of weld
zone.

Key words : Friction stir welding(FSW,;or2xyt £3), Heat affect zone(HAZ:EIFH),
Thermo-mechanically affected zone(TMAZ:2-71414 4&%), Stir-zone(IHHE),
Half screw type pin(8hA18 #), Full screw type pin(AWALg )
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Table 1 Chemical
T651 alloy

composition (wt%) of Al7075-

Element
wt (%)

Test
Result

Cul| Si |Mg|{Zn |Mn| Fe | Ti | Al

1.7/0.4]12.4|54]0.1{0.2|0.04|Bal.

LCert. 1.9104:2.1(5.1(0.9|0.5|0.09|Bal.
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Table 2 Mechanical properties of AJ7075 - T651
aluminum alloy

Rolling Yield ) Tensile Elongation | Hardness
Direction strength | strength (%) (HMV)
e (MPa) | (MPa) °
L 529.2 591.92 16.3 158
T 493.92 607.6 14.4 156
% (L) : Longitudinal(rolling direction)

(T) : Transverse
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(Back plate)oll #A|9] Zo|w3 & E34(L
o2 o] (Fig.3 2] ZH=Z(Cramp)2 1A
s ayge A FrE 209 ZXJZHtilt
angle) 2 &, &3 il JPZH7P ia=E|
Yrsk(l) o2, T e e 7?—6-
HolZA UA}A ) wFeEal= uig)ul 1 WAL A BEgF
L7, FTY FHAEEE 800~1600rpm™ Hl
A EH3ETE 15~12dmm/min¥ oM 4 E
T2 A, A R AN WE 2471R 9 7499
F2 Table 33 7ol £48 A},

fvg

o
%o
o

2° Tilt angle

QD Direction of Rotation
<——~4 Direction of Welding

./‘_\
N’

Shoulder\

: —_f-_-_ T

N 2 Workpiece
(80mm X 270mm)

Fig. 1 A typical tool, tilt angle and direction of
rotation and welding for FSW
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Table 3 Friction stir welding conditions of different
tool dimensions & shapes

Tool dimension FSW conditions
I\}ame }TOOI Shoulder | Pin| Pin {Rotation| Transition
oI pin |shapes|  g;, dia |length| speeds speeds

(d) @) | (mm) | (rpm) | (mm/min)
HI~H3 800 15
H4~H6 20 4 6 1250 61
T 1600 124
HI0 |y 15
H11l | screw 20 6 6 800 61
HI2 type 124
HI13 15
H14 15 6 6 800 61
HI5 124
FI~FS | pun- 800 15
F4~F6 | screw 20 6 6 1250 61
F1~F9| tvpe 1600 124
Fig. 2= 27 ol¢ st@aneys 4y

JgHe] mo|AE2 AR F4 $A S veEbd 19l
. T v Y (Half-screw type) 3 B9
AA ¥ (Full-screw type) 2.2 H3d @A
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T8 2 d9%(Heat affect zone:

v
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N
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¥ E-71A414 4 FE (Thermo-mechanically
affected zone: TMAZ)E «¢al3 o2, &A74
< ImmE 7 267 AE 33t

Shoulder‘dia.‘
C

Pin
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esove oo{ooowslaon\qjo. 40000

r
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Fig. 2 Vickers hardness measuring position of welding

zone on Butt-jointed specimen by pin of full screw
type and half screw type

[Half screw type]

Coarse Hardness
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..l’(;..... G.. 0000

Weld
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[Full screw type]
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Fig. 3 Schematic of F.S. Welding direction and
tensile test specimens.
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Fig. 4 Comparison of micro vickers hardness profiles
on the cross-section of the welded zone according to
welding conditions using pin of half screw type
(tool's dimension : shoulder dia. 20pmm; pin dia.
4Pmm; pin length 6mm).
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Fig. 5 Comparison of micro vickers hardness profiles
on the cross-section of the welded zone according to
welding conditions using pin of half screw type
(shoulder dia. 20Ppmm; pin dia. 6dmm; pin length

6mm) and rotation speed 800mpm
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Fig. 6 Comparison of micro vickers hardness profiles
on the cross-section of the welded zone according to
welding conditions using pin of half screw type
(shoulder dia. 15¢mm; pin dia. 6¢mm; pin length
6mm) and rotation speed 800rpm
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Fig. 7 Comparison of micro vickers hardness profiles
on the cross-section of the welded zone according to
welding conditions using pin of full screw type
(shoulder dia. 200mm; pin dia. 6¢mm; pin length
6mm).
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Fig. 8 Comparison of tensile stress, 0.2% offset yield
point and elongation(%) of the weld joints according
to the welding speeds and the transition speeds with
half screw type tool of shoulder dia. 20¢mm, pin
dia. 4¢mm, pin length 6mm.
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Fig. 9 Comparison of tensile stress, 0.2% offset yield
point and elongation(%) of the weld joints according
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Fig. 10 Comparison of tensile stress, 0.2% offset
yield point and elongation(%) of the weld joints
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speeds with full screw type tool of shoulder dia.
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Fig. 11 Fracture surface and lateral face of the
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Fig. 12 Fracture surface and lateral face of the defect
guided bending test specimen by FSW
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Fig. 13 Welded transverse cross-section
macroestructures according to the welding speeds and
the transition speeds with half screw type tool(H1-H9)
of shoulder dia. 209 mm, pin dia. 4dmm, pin length

6mm.
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{a) Rotation speed 800rpm

Fig. 14 Welded transverse cross-section
macrostructures according to the welding speed
800rpm and the transition speeds with half screw
type tool(H10-H13) of shoulder dia. 20pmm, pin dia.
6pmm, pin length . 6mm,
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(a) Rotation speed 800rpm

Fig. 15 Welded transverse cross-section
macrostructures according to the welding speed
800rpm and the transition speeds with half screw
type tool(H13-H15) of shoulder dia. 15¢
mm, pin dia. 6dmm, pin length 6mm.
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Fig. 16 Welded transverse cross-section
macrostructures according to the welding speeds and
the transition speeds with full screw type tool of
shoulder dia. 20dmm, pin dia. 6bmm, pin length
6mm.
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