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Stress corrosion cracking is one of the major issues for welded joints of 6005A-T6 aluminum alloy in high-
speed trains. High residual stress in the welded joints under corrosion results in stress corrosion cracking.
Ultrasonic impact treatment was used to control the residual stress of the welded joints of 6005A-T6
aluminum alloy. Experimental tests show that ultrasonic impact treatment can induce compressive longi-
tudinal and transverse residual stress in the welded joint, harden the surface, and increase the tensile
strength of welded joints. Salt-fog corrosion tests were conducted for both an as-welded sample and an
ultrasonic impact-treated sample. The surface of the treated sample had far fewer corrosion pits than that
of the untreated sample. The treated sample has higher strength and lower tensile residual stress than the
untreated sample during corrosion. Therefore, ultrasonic impact treatment is an effective technique to
improve the stress corrosion cracking resistance of the welded joints of 6005A-T6 aluminum alloy.

Keywords aluminum alloy, corrosion, high-speed trains, residual
stress, ultrasonic impact treatment, welding

1. Introduction

Aluminum alloy 6005 A is a medium-strength, heat-treat-
able alloy with very good extrusion capability. It has been used
in intricate extrusions in high-speed trains such as under-
frames, sidewalls, and front head. Although the body structure
made of 6005A-T6 aluminum alloy is designed to meet the
strength requirement, stress corrosion cracking (SCC) in the
welded joints occurs during service because high-speed electric
multiple unit (EMU) trains experience various corrosive
environments. Some research results show that the corrosion
occurs in the presence of hostile chemical species, such as
chlorine ions, sulfide, nitrogen compounds, carbonate, and
organics (Ref 1-6). High residual stress in the weld joints under
corrosion induces SCC initiation and propagation, that results
in the fracture of the high-speed train�s body structures (Ref 7).

High-speed trains include numerous butt joints, lap joints,
fillet joints, and cross joints in the body structures. Stress
concentration and high residual stress exist in the welded joints
(Ref 8) which affect the structure�s capability to resist fatigue,
brittle fracture, and SCC. Gou et al. (Ref 9) found that the
maximum tensile stress was approximately 157.3 MPa, which
was close to the yield strength of the base material A6N01S-T5

aluminum alloy and far beyond the design allowable stress
39 MPa (Ref 10). Therefore, controlling the weld residual
stress is important to improve the failure resistance of welded
joints that result from fatigue and SCC.

There are no standard methods in SCC improvement. SCC
can be improved by either eliminating the corrosive environ-
ment or reducing weld tensile residual stress at the welded
joints. Control of weld tensile residual stress has been the
effective method to reduce the tendency of SCC since the
corrosion environment cannot be changed in most applications.
A wide variety of techniques (Ref 11, 12) are available for the
reduction or modification of weld residual stress distributions.
Some of these, such as post-weld heat treatment (PWHT) (Ref
13), vibration stress relief (VSR) (Ref 14), localized cooling
(Ref 15), mechanical rolling (Ref 15), laser shock penning (Ref
16, 17), hammer and shot penning (Ref 18), and ultrasonic
impact treatment (UIT) (Ref 19-28), have been adapted or
optimized for mitigating weld residual stress. Recently, the
micro-arc oxidation (MAO) process was applied to the surface
treatment of an A7N01 alloy welded joint to improve the
residual stress distribution and its properties. Oxide ceramic
coating with a thickness of 13 lm was prepared on the surface
of the welded joints. The resulting residual stress of the welded
joint decreased significantly. However, the coating process is
very expensive, can only be used in small parts, and cannot be
applied to all welded joints in EMU trains (Ref 29).

PWHT (Ref 13) can be conducted by heating the entire
welded structure in a furnace or the welded joint locally to
allow residual stress relaxation. For high-speed EMU trains,
only local heating can be applied since the structure is too large
to place in a furnace. Although PWHT is effective at reducing
weld residual stress, it cannot be used to treat the welded joints
of A6N01S-T5 aluminum alloy because the local heating will
destroy the original material heat treatment conditions and
result in a lower joint strength. VSR (Ref 14) was developed
during the World War II. In this method, the welded object is
simply vibrated using motorized or electromagnetic equipment.
Despite many years of research, there is still disagreement over
the fundamental mechanism and the effectiveness of this
technique. Localized cooling (Ref 15) uses an intense heat sink
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trailing the welding heat source to create a characteristic valley-
shaped temperature distribution to reduce weld deformation and
residual stress. This technique is good for long welds and
difficult to apply to the complicated welded joints in high-speed
EMU trains. Similarly, mechanical rolling (Ref 15) is difficult
to implement in the welding of EMU trains.

Laser shock peening (Ref 16, 17), hammer and shot peening
(Ref 18), and UIT (Ref 19) have a similar principal for
controlling weld residual stress. All use impact or the
propagation of shock waves to cause deformation on a welded
joint to create an inherent strain which results in a compressive
state of residual stress. While hammer and shot peening of
welds have long been practiced, similar treatments such as
needle, ultrasonic, and laser shock peening are becoming more
widespread. Laser shock peening is more expensive and less
flexible than hammer and shot peening and UIT since it

involves laser equipment. UIT is easy to operate and more
efficient than hammer and shot peening. Therefore, UIT was
selected to improve the SCC of welded joints of A6N01S-T5
aluminum alloy in this study.

UIT has been confirmed to be one of the best preventative
treatment methods to reduce tensile residual stresses or produce
favorable compressive residual stress and locally modify the
weld geometry to improve fatigue performance and prolong
fatigue life (Ref 19-28). UIT can also refine the microstructure
grain size of 2024-T351 aluminum alloy (Ref 24) and stainless
steel 304 (Ref 25) to improve the material properties. Recently,
UIT was used to improve corrosion resistance of welded joints
of 304 stainless steel (Ref 26), 16MnR steel (Ref 27), and
ferritic-martensitic steels (Ref 28). The microstructure obser-
vation results revealed that a hardened layer was formed on the
surface, and the initial coarse-grained structure in the surface

Table 1 Chemical compositions of base materials and filler metal

Materials

Chemical composition, wt.%

Zn Mg Cu Mn Cr Ti Zr Si Fe Al

6005A £ 0.20 0.4-0.7 £ 0.30 £ 0.50 £ 0.30 £ 0.10 0.000 £ 0.40 £ 0.40 Bal.
ER5356 £ 0.10 4.5-5.5 £ 0.10 0.05-0.20 0.05-0.20 0.06-0.2 0.000 £ 0.25 £ 0.10 Bal.

Table 2 Mechanical properties of base materials and filler metal

Materials Hardness, HV Tensile strength, MPa Yield strength, MPa Elongation, % Fatigue strength, MPa

A6005-T6 100 260 240 8 100
ER5356 … 207 131 11 …

Fig. 1 Salt-fog corrosion test setup

Table 3 Welding process parameters

Materials Thickness, mm Pass Current, A Voltage, V Welding speed, mm/s

6005A-T6 4 1 230-280 24-30 6.7
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was refined into ultrafine grains (Ref 25). The weld seam and
weld toe surface were treated by the ultrasonic impact method
to create a plastic deformation layer up to 300 lm. The
ultrasonic impact treatment had a distinct effect on the
corrosion resistance of the 16MnR welded joint (Ref 27).

Although significant progress has been made to improve
fatigue life of welded joints using UIT, it has not been reported
that UIT is used to improve the SCC resistance of welded joints
of high-strength aluminum alloys. This paper introduces UIT
for controlling the residual stress of welded joints of 6005A
aluminum alloy in high-speed trains to improve the SCC
resistance of welded joints. The effect of UIT on the residual
stress, hardness, strength, and corrosion resistance of welded
aluminum joints was investigated. It was found that UIT could
harden the surface of the welded area and produce beneficial
compressive residual stress, which could improve the SCC
resistance of welded joints. Moreover, the evolution of residual
stress of welded joints without and with UIT was studied using
a salt-fog corrosion test. Experimental results showed that
significantly lower stress was observed on the samples with
UIT than without UIT after exposure to a corrosive environ-
ment for 14 days, greatly reducing the SCC tendency.

2. Experimental Procedure

2.1 Materials and Welding Process

The chemical compositions of base materials (6005 A) and
filler metal (ER5356) are listed in Table 1. The base material
6005 A is 4-mm-thick sheets with T6 heat treatment (treated by
solution heat treatment and then artificially aged according to
ISO 2107:2007). Table 2 shows the mechanical properties of
the base materials and the filler metal. The strength of the filler
metal is lower than the base materials of 6005A-T6.

2.2 Welding Process

Gas metal arc welding (GMAW) process was used to weld
the test samples. The filler wire was ER5356 with a diameter
1.6 mm and the shielding gas was 99.999% pure argon. Before
welding, the surface of the base metals was chemically cleaned
to remove the oxides in order to decrease the porosity
propensity of the weld joints. The welding parameters used to
weld 6005A-T6 are shown in Table 3. The dimensions of
welded samples were 350-mm long and 210-mm wide.

2.3 Salt-Fog Corrosion Test

Salt-fog corrosion is a corrosion process that is mainly
controlled by oxygen depolarization reactions and accelerated by
Cl� ions. The cathode potential of oxygen ions is 0.805 Vand the
anode potential of aluminumalloy is�0.85 V (Ref 30). Therefore,
a battery is formed between anodal aluminum ions and cathodal
oxygen ions. A dense oxide film is formed during the initial
corrosion stage. Thus, only a small quantity of Cl� and O2� could
penetrate the oxide film and then go into the inner structure of the
aluminum alloy to form pitting corrosion. As the corrosion time
increases, the quantity of Cl� and O2� in the inner structure of the
aluminumalloy becomes greater, inducing pitting corrosion caves.

A salt-fog test determined the corrosion resistance of
materials due to electrochemical reaction and studied the
material accelerated stress corrosion. The equipment used was a

Fig. 2 Ultrasonic impact treatment of a weldment: (a) UIT equip-
ment; (b) strip head; (c) rod head; (d) UIT position 1; (e) UIT posi-
tion 2; and (f) a weld cross-section Fig. 3 Effect of ultrasonic impact treatment on hardness

Table 4 The selected parameters for ultrasonic impact treatment

Frequency, Hz Power, W Maximum amplitude, lm Impact current, A Impact time, s

19150 1000 50 2.2 90
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SO2/Q-0250 salt-spray test chamber, as schematically shown in
Fig. 1.

Solid NaCl and deionizedwater (ph value between 6.5 and 7.2)
were mixed in a salt-water tank to form 5% NaCl solution. The
solution transformed into salt spray at a pressure of 0.09 MPa in
the conical tower. During the experiment, the temperature in the
salt-fog cabinet was kept at 35 �C. Samples were polished using
sand papers to remove oxides, cleaned by acetone, etched in 10%
NaOH solution for 10 minutes, cleaned by water, and immersed
intoHNO3 to achieve a shining surface. After cleaning and drying,
samples were placed into a salt-fog cabinet with a 30� angle
between the test surface and vertical direction.

To check the effect of corrosion time on material corrosion
behavior, the salt-fog test was conducted for both the as-weld
sample and the treated sample. The experiment was conducted
based on the salt-fog corrosion test standard, GB/T10125-1997
and salt-spray test GB/T 16545-1996.

2.4 Surface Profile Examination

Surface profiles were examined before and after the salt-fog
corrosion test. A JSM-6490LV Scanning Electron Microscope
and a VK-9700K color laser scanning microscope were used to
observe the surface profile after UIT and after corrosion.

2.5 Hardness and Tensile Test

Hardness was measured after UIT with a Vickers Hardness
(HV-10B) tester based on metal hardness standard GB/T4340-
2009. The load was 98 N and lasted for 10 s.

Tensile strength test was performed on a WDW3100
electronic universal testing machine with a loading speed of
1 mm/min based on the tensile testing method, GBT 2651-2008
and GB/T 228-2010.

2.6 Ultrasonic Impact Treatment

Ultrasonic impact treatment is a mechanical treatment
method that can be applied to a weld to produce compressive
residual stresses and locally modify the weld geometry. The

equipment of ultrasonic impact treatment consists of a power
control, an ultrasonic impact gun, and an impact head, as shown
in Fig. 2. Ultrasonic impact treatment works by converting
harmonic resonations of an acoustically tuned body energized
by an ultrasonic transducer into mechanical impulses imparted
onto the surface of the material being treated.

HY2050 UIT equipment has two types of ultrasonic impact
head, as shown in Fig. 2(b) and (c). The strip impact head was
used to treat the weld and heat-affected zone (HAZ), and the
rod impact head was used to treat the weld toe. Under the same
parameter setting, the rod impact head can produce more
pressure than the strip impact head, resulting in high compres-
sive stress, while the strip impact head can impact more areas
than the rod impact head, resulting in a time-efficient treatment.
UIT can be mechanically controlled to provide repeatability of
results from one application to the next. For many applications,
UIT is most effectively employed by hand. The force imparted
to the weld in the UIT process is controlled by the operator.

Figure 2(d) and (e) illustrate the UIT applied on a weldment
(Fig. 2f). A 90� angle between the impact head and treated area is
preferred to achieve an effective treatment, as shown in Fig. 2(d).
To treat the weld toes, the impact head has to be rotated to
accommodate the shape of weld toes, as shown in Fig. 2(e). The
high portability of the UIT system enables it to austere locations
and hard-to-reach places. Since mechanically controlled UIT is
difficult to implement in the production of high-speed trains,
manual operation of UIT was applied in this study.

The parameters of ultrasonic impact treatment including
frequency, power, ultrasonic amplitude, impact time, and impact

Fig. 4 Sample and measured location in the welded specimen

Table 5 Effect on UIT on tensile strength of welded
joints

Sample Tensile strength, MPa Elongation, %

Before UIT 191.52 5.47
After UIT 215.42 3.52
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current are shown inTable 4. The parameterswere selected based
on experience in treating other high-strength aluminum alloys.

2.7 Residual Stress Measurement

The residual stresses of welded samples at as-welded
conditions and after salt-fog corrosion testing were evaluated
using x-ray diffraction residual stress measurement. The mea-
suring equipment was iXRD residual stress evaluation machine.
Themeasurements were conducted based on the EN 15305-2008
non-destructive testing method for residual stress analysis.

In x-ray diffraction residual stress measurement, the strain in
the crystal lattice is measured, and the residual stress producing
the strain is calculated, assuming a linear elastic distortion of
the crystal lattice. Although the term stress measurement has
come into common usage, stress is an extrinsic property that is
not directly measurable. All methods of stress determination
require measurement of some intrinsic property, such as strain,
force or area, and the calculation of the associated stress.

3. Results and Discussion

3.1 Effect of UIT on Hardness

Hardness samples were prepared by cutting the weld joint of
an untreated sample and a treated sample in the direction
perpendicular to the welding direction. Hardness tests were

conducted in the HAZ of the welded joints. The measured
points started from the weld top surface and moved along the
thickness direction, as shown in Fig. 2(f).

Figure 3 shows the measured Vickers hardness for the
untreated sample and the treated sample through plate thickness.
For the untreated sample (as-welded sample), the hardness was
lower than the material nominal hardness (100 HV), as shown in
Table 2, and slightly increased along the thickness direction. This
is because the welding process destroys the original material heat
treatment conditions and creates a softening zone in the HAZ of
the welded joint, which is a common problem during welding of
2000 and 6000 series of high-strength aluminum alloys. The
welding-induced temperature is higher on the weld top surface of
the weldment, which results in a lower thickness. After the
ultrasonic impact treatment, the hardness significantly increases
on the plate surface. The hardness for the treated sample
decreased along thickness direction. At 1.5 mm from the plate
surface, the same hardness was measured between the treated
sample and the untreated sample, which implied the effective
treatment thickness is 1.5 mm for the parameters shown in
Table 4. Since the hardness is related to thematerial strength, it is
expected that ultrasonic impact treatment can help improve the
HAZ softening issue and increase the strength of thewelded joint.

3.2 Effect of UIT on Residual Stress

To evaluate the effectiveness of the UIT parameters,
longitudinal (X direction) and transverse (Y direction) residual

Fig. 5 Effect of UIT on residual stress: (a) longitudinal and (b) transverse
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stresses were measured for both the as-welded sample and the
treated samples at points that were located in the weld and
HAZ, as shown in each zone of Fig. 4.

Figure 5 shows the measured longitudinal and transverse
residual stresses for the as-welded and the treated samples.
Both the longitudinal residual stress and transverse residual
stress become compressive after ultrasonic impact treatment.
Higher compressive residual stresses are observed at the weld
toes (about 6 mm away from the weld center), which could
result from the rod impact head. The rod impact head produces
more pressure during treatment than the strip impact head.
Therefore, the impact parameters shown in Table 4 are effective
in treating the weld area to induce compressive residual stress.

Both ultrasonic waves and mechanical impacts can con-
tribute to production of compressive residual stress in the weld
region (Ref 23, 31, 32). In UIT, an acoustically tuned resonator
bar (impact head) is induced to vibrate by energizing it with a
magnetostrictive or piezoelectric ultrasonic transducer. The

energy generated from these high frequency impulses is
imparted to the treated surface through the contact of specially
designed impact heads. The impact head acoustically couples
with the work piece, creating harmonic resonance. This
harmonic resonance is performed at a carefully calibrated
frequency, to which metals respond very favorably, resulting in
compressive residual stress, stress relief, and grain structure
improvements. The effect of treatment depends on a combina-
tion of different frequencies and displacement amplitude.

3.3 Effect of UIT on Welded Joint Strength

Welded joint strength was examined by tensile tests before
and after UIT. Table 5 shows a comparison of tensile strength
and elongation between untreated and treated samples. The
tensile strength of the untreated sample is about 191.52 MPa
(see Table 5), which is lower than the tensile strength of both
the base material (A6005-T6) and the filler metal (ER5356), as

Fig. 6 Fracture surface of a untreated sample and a treated sample after tensile tests: (a) a broken untreated sample; (b) a broken treated sam-
ple; (c) cross-section of untreated sample; (d) cross-section of treated sample; (e) untreated sample fracture surface morphology; and (f) treated
sample facture surface morphology
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shown in Table 2. This is typical when welding heat treatment
strengthened aluminum alloys as welding-induced heat dam-
ages the heat treatment conditions of these aluminum alloys,
resulting in softening of the HAZ.

After UIT, the tensile strength of welded joints is about 215
MPa, which is about 24 MPa higher than the untreated sample.
This could result from two factors: work hardening and
compressive residual stress on the treated area. Table 5 shows
that the treated sample (elongation 3.5%) had a slightly lower
elongation than the untreated sample (elongation 5.5%), which
confirms the effect of work hardening on UTS. Compressive
residual stress could contribute to the UTS increase since the
tensile stress induced in the tensile tests needs to overcome the
compressive residual stress first and then increases until the
facture of samples.

In addition, ultrasonic impact treatment can refine the
microstructure in the impact region due to rapid friction heating
and cooling combined with severe plastic deformation. Gao
et al. studied the effect of ultrasonic impact treatments on the

microstructure of weld toes in a six-pass welded joint. It was
found that after the treatment, a very fine microstructure was
formed immediately under the weld toe up to 75 lm. The fine
microstructure could also result in the increase of welded joint
tensile strength.

Figure 6 shows broken samples and fracture surfaces
without UIT (untreated) and with UIT (treated) after tensile
tests. The untreated sample was more ductile than the treated
sample. More plastic deformation was shown on the untreated
sample (Fig. 6c) than on the treated sample (Fig. 6d). This is
because work hardening is induced on the treated sample by
UIT and results in lower elongation of the treated sample, as
shown in Table 5. The fine grains and dislocation intersections
on the treated sample also increased the difficulty of cracking
propagation during tensile testing. The untreated sample
showed fibrous microstructure and rolling patterns (Fig. 6e)
which resulted from material milling, while the treated sample
showed uneven morphology (Fig. 6f), which could result from
plastic deformation and the fine microstructure induced by UIT.

Fig. 7 Surface profile of weld and HAZ after corrosion for 14 days: (a, b) untreated samples; (c) surface flatness of untreated sample; (d, e)
treated samples; and (f) surface flatness of treated sample
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In addition, pores were found on the untreated sample (Fig. 6e),
while pores are distorted and covered on the treated sample
(Fig. 6f), which could induce higher strength during tensile
testing.

3.4 Effect of UIT on Surface Profile of Corrosion Samples

Continuous salt-fog tests were conducted for as-welded
samples (untreated) and ultrasonic impact-treated samples. The
effect of corrosion on the surface profile was studied on both
untreated and treated samples to check the effectiveness of UIT
to improve corrosion resistance of the welded joints of 6005A-
T6 aluminum alloy.

Surface profiles on both the untreated and treated samples
were examined in the weld and HAZ using a laser scanning
digital microscope. Corrosion pits and corrosion-produced
products were observed on the surface of the untreated
sample after corrosion for 14 days, as shown in Fig. 7(a)
(91000 magnification) and Fig. 7(b) (93000 magnification).
The laser scanned surface plot (Fig. 7c) showed the corro-
sion pits propagated into the thickness. The deepest pit was
about 35.4-lm deep and the area of corrosion pits was about
43.6% of the scanned area. Considerably less corrosion pits
were observed on the surface of the treated sample than the
untreated sample, as shown in Fig. 7(d) (91000 magnifica-
tion) and Fig. 7(e) (93000 magnification). The laser scanned
surface profile (Fig. 7f) showed the deepest pit on the treated
sample was 6.5 lm deep. The area of corrosion pits was
about 27.7% of the scanned area. Both the depth and the area
of corrosion pits on the treated sample were much smaller
than that on the untreated sample. Therefore, the treated
sample has much better resistance of corrosion than the
untreated sample.

3.5 Effect of UIT on Welded Joint Strength of Corrosion
Samples

Welded joint strength was examined by tensile tests before
the corrosion test (0 day) and after the corrosion test to
investigate the effect of the corrosion time on ultimate tensile
strength (UTS) and elongation of welded joints for the
untreated samples and the treated samples. As shown in
Fig. 8(a), the ultimate tensile strengths of both the untreated
samples and the treated samples decrease after corrosion for 14
days. For the untreated sample, the elongation of the untreated
sample did not have a significant change after corrosion for 14
days (Fig. 8b). The UTS reduction could be due to the
corrosion pits shown in Fig. 7(a). Cracks could have initiated
on the corrosion pits due to the stress concentration during
tensile tests. For the treated sample, UTS has a 9% reduction
after corrosion for 14 days, while elongation was similar to the
untreated sample after corrosion for 14 days. The extent of the
work hardening effect resulting from the UIT may reduce
because of the corrosion, which results in a similar elongation
between the treated sample and untreated sample after corro-
sion for 14 days.

3.6 Effect of UIT on Residual Stress Distributions on
Corrosion Samples

Figure 9 shows the effect of corrosion on the longitudinal
residual stress for the untreated samples (Fig. 9a) and for the
treated samples (Fig. 9b). After 14-day corrosion, the treated
sample had much lower longitudinal tensile stress than the
untreated sample.

For the untreated samples that did not go through corrosion
test (0 day in Fig. 9a), high tensile stress was shown in themiddle
of the weld, which is balanced by low compressive stress at each
side of the weld. This distribution is a nominal longitudinal
residual stress distribution for a single-pass butt joint. After 14-
day corrosion, the longitudinal residual stress on the untreated
sample was re-distributed, but the maximum stress value did not
have a significant change, as shown in Fig. 9(a).

For the treated samples without going through corrosion test
(0 day in Fig. 9b), high compressive longitudinal is shown in the
welded joints. After 14-day corrosion, the compressive longitu-
dinal residual stress magnitudes were reduced, but stresses at
most points were in compressive, as shown in Fig. 9(b).

Figure 10 shows the effect of the corrosion on transverse
residual stress for the untreated sample (Fig. 10a) and the treated
sample (Fig. 10b).After 14-day corrosion, the treated sample had
a much lower transverse tensile stress than the untreated sample.
For the untreated sample, transverse tensile stress magnitude in
theweld increased after corrosion, as shown in Fig. 10(a). For the
treated sample, transverse stressmagnitude also increased and the
transverse residual stresses at the weld toes are in tension after
corrosion, as shown in Fig. 10(b).

Corrosion tests showed that the compression resulted from
UIT was reduced after 14-day corrosion. This could be due to
corrosion media diffusing into the materials under the treated
area. The diffused corrosion media would alter the material
crystal lattice so that to affect the plastic deformation zone and
relief the UIT-induced compressive residual stress. The exact
mechanism how corrosion affect the residual stress needs
further study, which will be discussed in a future publication.

The residual stress measurements suggest that the treated
sample has much lower tensile residual stress than the untreated

Fig. 8 Effect of corrosion time on ultimate tensile strength and
elongation: (a) UTS and (b) elongation
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samples during corrosion. Although low tensile longitudinal
and transverse residual stresses appear at the weld toes after the
14-day corrosion, the welded joints in the high-speed strains
could stiff be safe during service since the corrosion environ-
ment in the salt-fog test is far more corrosive than in the service
environment of high-speed trains. Therefore, ultrasonic impact
treatment is an effective technique to control the stress state of
aluminum-welded joints for corrosion environment to improve
the SCC resistance.

4. Conclusion

GMAW process was used to weld specimens made of
6005A-T6 aluminum alloy that was selected as the main
materials for the components of high-speed trains. Ultrasonic
impact treatment was applied on the weld region to improve the
stress corrosion cracking resistance. Salt-fog corrosion tests
were conducted for the as-welded joints and the ultrasonic

impact-treated weld joints to study the tensile strength and
stress changes during corrosion. Based on the testing results,
the following conclusions could be drawn:

• Ultrasonic impact treatment process was effective in pro-
ducing compressive longitudinal and transverse residual
stress in the welded joints. The effective depth of ultra-
sonic impact treatment depth was 1.5 mm.

• The effective parameters of ultrasonic impact treatment
for the welded joints of 6005A-T6 aluminum alloy were a
frequency of 19.15 kHz, a power of 1 kW, a maximum
amplitude of 50 lm, an impact time of 2.2 A, and an im-
pact time of 90 s.

• Ultrasonic impact treatment resulted in the increases of
hardness and tensile strength of welded joints. The treated
sample had higher strength and lower tensile residual
stress than the untreated sample during corrosion.

• Ultrasonic impact treatment was an effective technique to
improve the stress corrosion cracking resistance of the
welded joints of 6005A-T6 aluminum alloy.

Fig. 9 Effect of corrosion on longitudinal residual stress: (a) untreated sample and (b) treated sample
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