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ABSTRACT

The influences of the tool rotation speed (denatednd the welding speed (denotgdn
the impact energy at the representative zoneserfrittion stir welding (FSW) of AA7075-T6
were investigated. Here, the standard V—Notchedismas were applied in which the notches
were addressed at the stirred zone (SZ), the litmted zones (HAZ) in both the advancing
side and the retreating side and the mixed zone).(WMiae experimental results showed that, in
all cases, the lowest impact energy is locatedatstirred zone and that energy seems to be
increased from the SZ to the HAZ across the weldigthermore, it is also found that the
impact energy is decreased when the ratio of mtapeed to welding speed/y) is increased.
The microstructure, the temperature distributiomg #he hardness in and around the welded
zone were considered and discussed.

Keywords:friction stir welding, welding speed, temperatdigtribution, microstructure, hardness,
impact energy.

1. INTRODUCTION

Aluminum alloy 7075-T6 has a very high ultimate siém strength of 572 MPa and vyield
strength of 503 MPa [1], and is used extensivelthenaerospace industry along with others in
the AA2xxx series (Fig. 1). They are, however, dhum alloys which are considered
unsuitable for arc welding. This is one of theirakmeesses.

In 1991, The Welding Institute (TWI) in the UK invied new technology — “friction stir
welding” (FSW) (Fig. 2). This is a welding processecuted in the solid state by the heat
friction and the application is mainly for non-feas metals, especially aluminum and its alloys
[2]. This welding technology can overcome weakngessewell as improve the strength at the
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weld which is essential. Compared to fusion weldjnpe friction weld technique possesses
several advantages such as high strength, deésgtléw distortion, etc. [3].
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Figure 1.Application AA7075 in structural aeroplane [4].

Since the advantages of FSW to aluminum allo Axial force
have become apparent, many researchers h
investigated the parameters of this new joinir lRetreating side -
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to apply. .

In order to research the applied abilities of tH >
FSW of AA7075-T6 to the aerospace industry as w
as shipbuilding, the 5.0 mm sheets are fabricated ¢
investigated for the effect of the tool rotatioreed
and the welding speed on the Charpy impact energy
and around the welded zone, i.e. the stirred z8@g, (
heat affected zones (HAZ) in both the retreatirtg si Figure 2.Schematic diagram of
and the advancing side, and the mixed zone (MZ). friction stir welding [5].

railing edge of
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2. MATERIALS AND EXPERIMENTAL PROCEDURES
2.1.Materials

The chemical composition, and mechanical and thepnaperties of the base metal
(AA7075-T6) are presented in Table 1 and Table&pectively [1].

Table 1.Chemical composition (wt.%) of the base metal.

Element Al Zn Mg Cu Si Fe Mn Ti Cr
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Base Max | Max | Max | Max
87.1+91.4| 5.1+6.1 2.11+2.9 1.2%42 0.18+0.28
metal 04 | 05| 03| 02
Table 2.Mechanical and thermal properties of the base metal
Ultimate .
Modulus of . I
| tensile | Yield Elongation| Hardness lasticity | Poisson's| Solidus Liquidus
Material strength elastcity .
strength MP (%) (Rockwell B) ratio (°C) (°C)
(MPa) ( a) (GP&)
Base | g7, 503 11 87 71.7 0.33 477 635
metal

2.2. Experimental procedures

In the process of welding (Fig. 3a), the tool getyn¢hat was applied was a scrolled

shoulder tool and a truncated cone pin with a piigtit of 4.8 mm, the pin diameter of being 5.0

mm at the middle pin length, and a screw pitch.6frim (Fig. 4). The pin was aligned at a tilt

angle of 2.0 deg. in the plane describing the mis and the center weld line (the tilt angle is
defined as the angle between the pin axis anditbetidn perpendicular to the workpieces). The

tool tip was kept at a distance of 0.2 mm from llaeking anvil. Various regimes of welding
parameters were performed by varying the tool imtaspeed (denoted) revolving/min) and
the welding speed (denotgdmm/min).
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Figure 4.Dimension (a) and geometry of tool (b) used is 8tudy.
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The temperature distribution is at the end weldereand at the shoulder limit area in both
the advancing side and the retreating side (1.0 famfrom the shoulder limit line) were
measured by thermal couplings attached to the waithce with a computer software interface
during the welding (Fig. 3b). After welding, thengales were sectioned normal to the welding
direction, and were then prepared by grinding dipkdished, and finally etched with a reagent:
150 ml HO, 3 ml HNQ, 6 ml HCI, and 6 ml HF [6]. The microstructure walsserved by
Scanning Electron Microscope. The hardness in amghd the welded zone was measured by a
Rockwell machine with a ball indenter, 100 kg loag{7]. The impact test specimens were
prepared according to ASTM EO023 [8]. There are fipecimens that are investigated in this
paper. The impact energy was measured in the vegltbc (SZ), the heat-affected zone (HAZ),
and the thermo-mechanically affected zone (TMAZjmxed zone (MZ) in both the advancing
(AD) and retreating (RE) (Fig. 5). The energy testeye performed by a Charpy impact of
Tinius Olsen — Model 84.

10

Figure 5.Dimensions of the sub-size specimens used inxtbik.

3. EXPERIMENTAL RESULTS AND DISCUSSION
3.1. Influence of welding parameters on temperaturéistribution

Temperature distribution within and around therstirzone is important in explaining the
mechanical properties of the welds. It directlyuehces the microstructure of the welds, such as
grain size, grain boundary character, coarsenirth dissolution of precipitates [9 - 12]. The
results of the temperature distribution measurethatheat-affected zone and the end weld
center are shown in Fig. 6. The dependence of ¢a& pemperature distribution on the ratio of
rotation speed to welding speedV is shown in Fig. 7. This figure shows that teenperature
increases with an increase in the ratio of rotaspeed to welding speedv. This increase can
be generated by a combination of friction and pladissipation during the deformation of the
metal. Therefore, when the ratio of rotation speedelding speeduv decreases, the friction
that is created by the tool shoulder increaseallloases, the peak temperature distribution was
found at the weld center and this temperature aasi than the melting temperature of the base
metal as is shown by the dash-lines in which Figure
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Figure 6.Effect of welding parameters on the thermal cytléa) the heat-affected zone
and (b) the end weld center.
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Figure 7.Relation of the peak temperature distribution whté ratio
of tool rotation speed to welding speed\).

3.2. Microstructure of the friction stir welded joints

After polishing, the microstructures of the friatigtir welded joint were observed by both
the naked eye and the microscope, and some defectsfound. These defects occurred in the
regimes ofa/v = 3.0 and of 15.0 rev/mm the defect size being@pmately 500 um (Fig. 8).
From this view, it is reasonable to choose theratitool rotation to welding speedjv, as a
welding parameter covering both tool rotation speaed welding speed, and their interaction.
The typical microstructure of a FSW AA7075-T6 whiabricated ataw/v = 10.0 rev/mm is
characterized by the dynamic recrystallizationesendn Fig. 9. In general, grain size in the base
metal (about 10-35 um, (region (IV) in Fig. 9d) wi¢he material is far enough from the center
of the weld should not be affected by this proc@$ge grain size in the region (I) where the
material has undergone a heat cycle without plastiormation is the same as in the base metal
(see region (I) in Fig. 9a). The grain size in oeg{ll) where the material underwent plastic
deformation due to the heating friction is creadtgdhe shoulder tool, is finer than that in zone
(). The grain size here is about 15-20 pum (se®re@l) in Fig. 9b). Finally, in the stirred zone
(1), the deformed material was the most sevenendusoldering at the highest heat. Therefore,
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grain size is the smallest (about 5 — 8 pm) whenpaoed with other regions (see region (lll) in
Fig. 9¢).

al/v = 3.0 rev/mm

Defect
alv=15.0 rev/mm

2400k 20pm

Figure 9.Microstructure in the cross section of FSWegt = 10.0 rev/imm.
(a) region (1), (b) region (Il),
© region (lll), and (d) base metal (IV).

3.3. The hardness distribution in the FSW AA7075-T6

Hardness distributions in the cross section of H&VN at w/v = 7.5 rev/mm were
investigated at location 1 and location 2. The Iteésdicates that the position of the minimum
hardness is a heat-affected zone (HAZ) at bothtilmtd and location 2 (see Fig. 10). Hardness
in the stirred zone is higher than in the HAZ htilt bwer than that of the base metal (located
away from the weld center). This may be relatedht grain size of the welding zone. The
hardness at location 1 is higher than that at loca& however the difference is not statistically
significant. The hardness distributions measurethatmiddle-line in the cross sections are
shown in Fig. 11, as a function of the welding paeter,w/v. In general, a softened area around
the welded zone is observed in all FSWs. The Figalso shows that the width of the soft zone
increases with an increase@f¥. The softening appearing in and around the wehbes could
be related to the dissolution and/or coarseninthefprecipitates in this alloy [12]. It was also
found, in all cases, that the lowest hardnessarctbss section of the FSW is located in the heat
affected zone (HAZ) in the advancing side and/@r tbtreating side, and outside the stirred
zone. The fact that the hardness in the stirrece Zzenhigher than that in HAZ might be
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associated with a high density of grain boundariebe stirred zone or the “Hall Petch Effect”

[7].

100
Diameter shoulder
_-—————
oo -
2 60 Qg,é .
T ? / A Measured location 1
a : i | © Measured location 2
e 40 1 : :
ot Location1 ! Location 2
2] ' 1
T ] ;

Distance from weld center, mm

Figure 10.Hardness in the cross section of the FS\W/at= 7.5 rev/mm.
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Figure 11.Hardness distributions measured at the middle-line
3.4. Influence of welding parameters on impact engy

Survey result shows that the fracture locationthefweld joints took place inside the notch
of specimens except in the casaf = 15.0 rev/mm (see Fig. 12). As such, the qualidateld
in this mode was defected and was investigatedgng-

Fracture location

Fracture location at

Figure 12.Fracture locations of weld regimesv = 4.0 rev/mm (a) and/v = 15.0 rev/mm (b).

105



Duong Dinh Hao, Tran Hung Tra, Vu Cong Hoa

The impact energy of the regimes in the weld zareshowed and compared to that of the
base metal in Fig. 13. In all cases, the lowestggnealue was in the stirred zone (SZ) and this
value was smaller than that of the base metal.ifipact energy absorption of the weld zone
increased when its locations were away from thelwehter. This result relates to the input heat
and the hardness of the weld zones which are pezseén Fig. 6 and Fig. 11, respectively.
According to investigations, the stirred zone maythe most brittle in the weld zone due to the
greatest hardness. Therefore, the heat-affecteslwibrbe the smallest.

Fig. 14 shows the effect of the tool rotation speettansverse speed on the impact energy
value of FSWs AA7075-T6. Generally, there is atiefeship between the ratio of tool rotation
speed to welding speedv and the impact energy. When the ratio of rotasipeed to welding
speed increased, the impact energy absorption asutefrom 5.7 J to 3.7 J. This result may
relate to the input heat and grain size in the welimes. When the ratio of rotation speed to
welding speeddv increased, the friction that was created by tlué $boulder also increased,
therefore, the input heat and grain size in thedweére raised. The reduction of the impact
energy here may be associated with the coarsbedjrain size in this case [7].
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Figure 13.Impact energy absorption in the weld zones.
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Figure 14.Effect of welding parameters on impact energy.
4. CONCLUSIONS

From this investigation the following important atusions can be derived:

1. Friction stir welds of aluminum alloy AA7075-T6 wesuccessfully fabricated and the
effects of welding parameters on its thermal cycleardness, and impact energy were
investigated.

2. The heat input was found to be proportional torttm® of tool rotation speed to welding
speedalv. The weld joint is fabricated successfully whea tatio of rotational speed to welding
speedalv is in the range from 4.0 rev/mm to 10.0 rev/mm.

3. The lowest and highest impact energy absorptiothn@fwelding joint are in the stirred
zone (SZ) and heat affected zones (HAZ), respdygtive

4. The impact energy is decreased when the ratio tatiom speed to welding speed are
increased.
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TOM TAT

NGHIEN CUU ANH HUONG CUA THONG SO HAN MA SAT KHUAY DEN NANG
LUGNG VA BAP QUA HOP KIM NHOM 7075-T6

Duong Binh Hao™, Tran Hung Trd, Vii Cong HoA
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Anh hrong aia e 6 quay ding ax (ki hiéu ) va e do han (ki héu v) dén ning krong va
dap & cac vung ta mbi han ma sat khy hop kim nhém AA7075-Tatuoc khio sat. Trongio,
dang miu thi vét khia chir V theo tiéu chan dugc 4p ding cho viing khiy (SZ), viinganh
huéng nhet (HAZ) cho @ bén tén va bén I0i va vungdm tap (MZ). Két qui thi nghEm chi ra
rang, trong noi truong hyp nang leong vadap thip nhit ndm & vang khmy va fing tir ving SZ
dén viing HAZ theo rit cat ngang i han. Hon nira, Kt qua ciing cho thy rang, ring rong va
dap giam khi ti 5 a/v ting. Giu tric € vi, sy phan B nhiét d6 vado cang trong va xung quanh
vung han @ng dugc xem xét va tho luan.

Tir khoa:han ma sat kHy, tbc do han, s phan b nhiét d, cau trac € vi, d6 cang, ring lwong
vadap.
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