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Abstract

but can also be applied to other materials.

With the popularization of friction stir welding (FSW), 5083-H321 and 6061-T6 aluminum alloy materials are widely
used during the FSW process. In this study, the fatigue life of friction stir welding with two materials, i.e., 5083-H321
and 6061-T6 aluminum alloy, are studied. Fatigue tests were carried out on the base metal of these two materials as
well as on the butt joints and overlapping FSW samples. The principle of the equivalent structural stress method is
used to analyze the FSW test data of these two materials. The fatigue resistances of these two materials were com-
pared and a unified principal S-N curve equation was fitted. Two key parameters of the unified principal S-N curve
obtained by fitting, C,is 4222.5, and h is 0.2693. A new method for an FSW fatigue life assessment was developed in
this study and can be used to calculate the fatigue life of different welding forms with a single S-N curve. Two main
fatigue tests of bending and tension were used to verify the unified principal S-N curve equation. The results show
that the fatigue life calculated by the unified mean 50% master S-N curve parameters are the closest to the fatigue
test results. The reliability, practicability, and generality of the master S-N curve fitting parameters were verified using
the test data. The unified principal S-N curve acquired in this study can not only be used in aluminum alloy materials
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1 Introduction
Friction stir welding (FSW) technology has been widely
adopted by the engineering community, and 5083-H32
and 6061-T6 aluminum alloys are widely used materials.
Owing to the advantages of FSW technology, the FSW
process is widely used for welding applications. Although
a fatigue life analysis of the FSW technology used in the
two materials mentioned above was conducted [1-4],
most of the current studies have focused on the nominal
stress fitted S—N curve of the FSW, resulting in different
S—N curves for different materials and different welding
joint forms. This is extremely inconvenient, and a large
number of experiments are required to obtain the data.
Zhemchuzhikova et al. [5] discovered that the low
dislocation density evolved in the stir zone hinders the
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initiation and growth of fatigue microcracks, and pro-
vides a superior FSW fatigue performance. Salari et al.
[6] investigated the effect of the tool pin profile on FS-
welded mechanical properties. The results indicate that
the tool pin with a stepped conical threaded profile pro-
duced a weld with superior mechanical properties. Ilan-
govan et al. [7] joined two aluminum alloys AA6061 and
AA5086 and examined the effect of the tool pin profile
on the weld. Rodriguez et al. [8] examined the micro-
structure of the cross-sectional area of a dissimilar joint
of 6061-7050 aluminum alloy and found that distinct
lamellar bands and different degrees of mixing materials
were associated with the tool rotational speed. The rup-
ture occurred at the AA6061 side for all joints. Giraud
et al. [9] presented the experimental results obtained
through temperature and force measurements by vary-
ing the welding and rotational speeds during the FSW
of dissimilar heat-treated aluminum alloys AA7020-
T651 and AA6060-T6 by FSW. Another recent study by
Pouget and Reynolds [10] also demonstrated that fatigue
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crack propagation in friction stir welded 2050 strongly
depends on the presence of residual stress. However,
they also indicated that other factors such as the micro-
structure and closure effects resulting from sources other
than residual stress must be accounted for. Friction stir
spot welding (FSSW) was conducted for dissimilar alu-
minum alloy (AA2024-T3 and AA5754-H114) sheets
2-mm thick at different tool rotational speeds, and the
plunging times and process parameters were optimized
using the Taguchi technique [11]. Friction stir lap weld-
ing joints were made for similar and dissimilar aluminum
alloy (AA1100 to AA6061-T6) sheets 3-mm thick by
varying the welding parameters, such as the tool rota-
tion speeds. Many tests and inspections were also con-
ducted, such as X-ray radiographic and tensile shear
tests, to evaluate the weld quality and joint efficiency
under different welding parameters [12]. In addition, the
fatigue life of dissimilar friction stir spot welds in cross-
tension and lap-shear specimens was predicted using the
fatigue damage criteria [13]. The subsequent testing in
Ref. [14] shows that the fatigue properties exceeded those
reported for comparable AA6082-T6 gas metal arc butt
welds and matched those reported for corresponding
high-strength laser beams and friction stir weldments.
The rotation and orbital speeds of tool are considered
into variables, and the strength and mechanical proper-
ties, including the tensile strength, microhardness, mode
I fracture energy, and mode I crack growth behavior of
manufactured cylinders were investigated experimentally
[15]. The mechanical properties, microstructure, and
mode of failure in both types of FSSW were also evalu-
ated and reported [16]. The reinforced welded joints of
AA6061-T6 showed improvements in the unreinforced
joint in terms of hardness and wear resistance owing
to the high hardness and substantially increased grain
refinement that occurred in the reinforced welded joints
[17]. The tensile properties and high-cycle fatigue behav-
ior of two tempers of AA7050 alloy (commercial T7451
and interrupted aging T6I4) were also investigated [18].
Thermomechanical fatigue tests under an in-phase tem-
perature-mechanical strain combination was conducted
in Ref. [19] on a type 316 LN austenitic stainless steel
weld joint, and isothermal low-cycle fatigue tests were
carried out at the maximum temperatures of the TMF
cycling.

For the purpose of reliably predicting the fatigue life of
FSW, the concept of structural stress and the mesh-insen-
sitive main S—N curve method proposed in Refs. [20-23]
were considered in the present study. The fatigue life pre-
diction method of FSW was further studied using the
principle of the main S—N curve method. The stress con-
centration factor (SCF) at the weld was calculated using
the structural stress method. The test data and fatigue
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resistance of the FSW welding of these two materials were
compared. The S—N curves of the 5083 and 6061 alu-
minum alloy base metal were acquired, and the unified
main S—N curve equation was fitted for the butt and lap
joints of the FSW. The principal of the unified main S—-N
curve formula for these two materials and the different
welding forms were obtained. The unified main S—N curve
equation was verified by two types of fatigue tests, bent and
stretched. The rationality and applicability of the unified
main S—N curve formula were also checked by analyzing
the published test data. The test data are extremely useful
for applying FSW, and a new method for an FSW fatigue
life assessment was acquired.

2 Master S-N Curve Method
Structural stress is the main parameter of the master S—N
curve equation and plays a key role in the fatigue life pre-
diction of a welded structure. The structural stress value o
is equal to the sum of the membrane stress o, and bending
stress, oj, as shown in Figure 1.

According to the Paris formula, Dong [24] derived the
master S—N curve equation using the stress intensity factor
expression of structural stress:

da/dN = C(My,)"(AK,)", (1)
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Figure 1 Structural stress and distribution at the weld toe
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The equivalent structural stress is written as follows:

Ao

ASS = t(27m)/2m . ](r)l/m’ (5)

where ¢ is the thickness of the plate, I(r) is a dimension-
less function of the bending ratio r, and m = 3.6.

According to the formula above, the master S—N curve
equation can be defined as follows:

N = (AS;/C)'V". (6)

3 FSW Fatigue Test

Fatigue and failure analyses were carried out on the
butt and lap joints of friction stir welding in 5083-H321,
6061-T6 aluminum alloy materials. In addition, 5083-
H321 is an Al-Mg type of rust proof aluminum alloy,
and can achieve a medium strength and good corrosion
resistance, and 6061-T6 aluminum alloy is an Al-Mg-Si
wrought aluminum alloy material. After solution heat
treatment and aging treatment, it can reach medium
strength and high plasticity, and has a wide range of
application [25, 26].

According to ISO 1099:2006 [27] Metallic materials-
fatigue testing-axial force control method, to ensure
that the sample breaks in the middle part, improve the
test success rate. According to the test requirements, the
sample materials of 5083-H321 and 6061-T6, butt, and
lap joint samples were designed as shown in Figures 2, 3
and 4. The plate thickness is 6 mm, and the parameters of
friction stir welding are shown in Table 1.

The process of the tensile fatigue test mainly refers to
ISO 1099:2006. The main equipment and parameters of
the fatigue test are shown in Table 2.

After the initial test period of approximately 200—300
cycles, when the load and displacement are substan-
tially stable, the initial maximum (+8§p) and minimum
(—680) displacement values were recorded (see Figure 5).
The absolute values of the maximum and minimum
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Figure 2 Shape and size of the base metal sample (unit: mm)
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Figure 3 Shape and size of the butt specimen (unit: mm)

displacements may differ depending on the response of
the sample stiffness to different loads.

The fatigue test data of the 5083-H321 lap joint, butt
joint, and metal base are shown in Figures 6, 7 and 8.
The fatigue test data of the 6061-T6 lap joint, butt joint,
and metal base are shown in Figures 9, 10 and 11. The
horizontal coordinate is the sample ID, the Y-axis is the
logarithm of the lifecycle, and the digital value at the top
of the histogram is the measured nominal stress of each
sample.

4 Data Statistics and Nominal Stress S-N Curve

Fitting
The S—N curve was fitted according to the fatigue test
data, and a statistical analysis was conducted using the
least squares method provided in the S—N curve data-
base software. The least squares method is a mathemati-
cal optimization technique [28]. The best function match
of the data can be found by minimizing the sum of the
square errors. The least squares method can be used to
easily obtain unknown data and minimize the sum of the
squares of the errors between the obtained and actual
data. The algorithm for fitting the test data by the least
squares is as follows.

The standard deviation is as follows:

logN; — v, 2
1(og Vi) 7

n

L

n—1

The standard S—N curve is as follows:
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Figure 4 Shape and size of the lap test specimen (unit: mm)
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Table 1 Parameters of friction stir welding
Materials Joint type Rotation speed (r/min)  Welding speed (m/min) Misalig-nment Assembly
clearance
5083-H321 Butt 700 05 <03 <05
5083-H321 Lap 700 05 - -
6061-T6 Butt 1500 0.6 <03 <05
6061-T6 Lap 1500 0.6 - -
Table 2 Basic parameters of fatigue test
Type Butt Lap Base metal
Stress ratio —1 —1 -1
Loading frequency (Hz) 15 15 118
Test equipment Instron8802 Instron8802 Amsler 250 HFP 5100
Environment temperature (°C) 18-25 18-25 18-25
Nominal stress range (MPa) 98-154 20-70 45-180
S N , 5083-H321 butt joint fatigue data
o 108 114 114114,,,120120 12255 122122 122122 127
s |
s
\éf&
~3
25, 2 .
: 1
E 0
1 i 1 2 3 4 56 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23
[>) T Sample ID
' Figure 7 5083-H321 butt joint fatigue data
Crack l;egins Stop the t:.-st time
to expand

Figure 5 Absolute displacement versus stop time of test
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Figure 6 5083-H321 lap joint fatigue data
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1234567 8 9 101112131415161718 19 20 21 22 23 24 2526 27 28
Sample ID

Figure 8 5083-H321 metal base fatigue data
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Fatigue tests were carried out on the 5083-H321, 6061-
T6 aluminum alloy base metal, and the butt and lap joints
of friction stir welding. The fatigue tests on the base metal
produced 70 effective results (28 specimens of 5083-H32
and 42 specimens of 6061-T6). The data obtained by the
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6061-T6 lap joint fatigue data
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Figure 9 6061-T6 lap joint fatigue data

6061-T6 butt joint fatigue data
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Figure 12 Fatigue test data of base metal (70 specimens in total)

nominal stress variation range is shown in Figure 12, and
the corresponding fitted S—N curve is shown in Table 3.
A total of 132 effective test results were obtained in the
fatigue test of the welding (28 lap joints of 5083-H321, 23
butt joints of 5083-H321, 39 lap joints of 6061-T6, and 32
butt joints of 6061-T6). The data obtained by the nominal
stress variation range are shown in Figure 13. The corre-
sponding fitted S—N curves are shown in Table 4.

The results of the nominal stress variation show that
the base material of these two materials has the highest
fatigue resistance, as shown in Table 5. The anti-fatigue

64 b — Table 3 Nominal stress fitting curve parameters of base
104, 110 2
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52 I 1 I Mean 949807.0 0.6251 33768.7 0.3938
5
" l I I I I I + 20 1339127.8 524604
12345678091011121314151617181920212223242526272829303132 — 20 6736723 21736.8
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Figure 11 6061-T6 metal base fatigue data Figure 13 Weld fatigue test data (132 in total)

capabilities of the 5083 and 6061 butt welding specimens
are close to each other, and are slightly lower than that of
the base metal. The fatigue life of the lap welding joint is
the lowest, which is highly correlated with the local stress
distribution at the welded line.

5 Master S-N Curve Fitting

The logarithm of the fatigue life number N belonging to
the test specimen is the abscissa (X-axis). The logarithm
of the equivalent structural stress variation range AS is
the ordinate (Y-axis). The curve shows the relationship
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Table 4 FSW nominal stress fitting curve parameters
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Statistical basis Mean + 20 —-20 + 30 - 30
Butt 5083 Cy 14364 1809.6 1140.2 2031.1 1015.8
h 0179
Lap5083 Cy 676.0 911.5 501.3 10585 431.7
h 0.2383
Butt 6061 Cy 161954 221347 11849.8 25877.0 10136.1
h 0.3542
Lap 6061 Cy 11594 1835.6 7323 2309.6 582.0
h 0.2594
Table 5 Master S-N fitting curve parameters of the base N
- ata
metal A - 1. FSW metal base 5083
+ 2. FSW metal base 6061
Statistical basis Parameter - =:kCombine150%: Mean
C, h s
[}
< 150 . -
Mean 644971 04353 §’ iR
+20 99386.0 & e
-2 418558 5 = =
+ 30 1233722
~30 337181 o 2o 20 >

between the stress intensity and fatigue life of a speci-
men under certain cycle characteristics and is called the
equivalent structural stress-life curve, or the master S—N
curve [29].

The master S—N curve fitted data used 5083-H321,
6061-T6 aluminum-alloy based metal, and a fatigue
test of the butt and lap friction stir welding specimens.
Among them, 70 effective results were obtained in
the fatigue test of the base metal (28 in 5083 and 42 in
6061). A total of 132 effective test results were obtained
in the fatigue test of the welding joints (28 lap joints of
5083, 23 butt joints of 5083, 39 lap joints of 6061, and 42
butt joints of 6061). According to the master S—N curve
method and the mathematical statistical analysis method,
the effective test data were analyzed, and the master S—N
curve shown in Figures 14 and 15 were obtained. The
parameters of the correlation curve are shown in Tables 5
and 6.

The master S—N curve fitting data above shows that the
master S—N curves of the 5083-H321 and 6061-T6 alu-
minum alloy base metal with equivalent structural stress
statistics were distributed within the same interval with
a standard deviation of 0.2157 and a small dispersion.
The master S—N curves of the 5083-H321 and 6061-T6
materials for the butt joint and lap friction stir welded
specimens were also distributed within the same inter-
val, the standard deviation was 0.4615, and the dispersion

Cycle to Failure

Figure 14 Master S-N fatigue test data of base metal (70 specimens

in total)
S-N Data
A - 1. FSW butt 5083
= 2. FSW lap 5083
+ 3. FSW butt 6061
+ 4. FSW lap 6061
5. Combine 50%
400+
Z’ 200" e
o 3x10¢ 3x10 3x106 o
Cycle to Failure
Figure 15 Master S-N fatigue test data of weld joint
Table 6 Master S-N fitting curve parameters of FSW
Statistical basis Parameter
Cy h
Mean 4222.5 0.2693
+ 20 7483.1
— 20 2382.7
+ 30 9961.8
— 30 1789.8
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was not high. Therefore, the parameters of the master
S—N curve above can be used to calculate the fatigue
life. In addition, the data analysis shows that the differ-
ence between the master S—N curve data obtained by the
equivalent structural stress is not obvious, and the dif-
ference between the 5083-H321 and 6061-T6 materials
is not obvious. Thus, the high-strength aluminum alloy
6061-T6 does not exhibit a better fatigue performance
than the 5083-H321 alloy. This indicates that the increase
in the static load strength of the aluminum alloy does not
significantly improve the fatigue strength of FSW joints.
This conclusion is similar to the fatigue performance of
fusion welding.

6 Master S-N Curve Comparison Analysis

To further analyze the fatigue performance of FSW, the
FSW data were compared with the master S-N curve
of the welding of the steel and aluminum alloy materi-
als provided in the ASME standard (see Figure 16). The
comparison results show that the FSW mean S—N curve
is between the melted S—N curve and the mean 50% mas-
ter S—N curve, which proves that the fatigue resistance
of the FSW of an aluminum alloy material is significantly
higher than that of a fusion-welded aluminum alloy mate-
rial. This has a strong correlation with the properties of
the welded tissue, stress concentration, and factors such
as welding defects and distribution of residual stress.

A comparison of the master S—N curve of FSW, fusion
welded steel, and aluminum are shown in Figure 14. At
the same time, the fatigue performance of FSW and the
fatigue properties of the base metal were compared (see
Figure 17). The nominal stress method and equivalent
structural stress method were applied for a comparative
analysis. The results show that when the nominal stress
method is used for a statistical analysis, the fatigue prop-
erties of the base metal are close to the fatigue life of the

S-N Data

3

4.

5.Combine 50%-Mean
6.ASME:Aluminum Mean 50%
7.ASME:Steel Mean 50%

400

n
o
=3

Stress Range Aa/MPa

40 t ' ' »
3x10° 3x10¢ 3x10° 3x10°
Cycle to Failure
Figure 16 Comparison of the master S-N curves of FSW, welded

steel, and aluminum
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Figure 17 Fatigue life comparison between FSW and normal
welding using nominal stress

butt FSW, but significantly higher than the fatigue life of
the lap joint. However, when the fatigue life of FSW with
the equivalent structural stress was compared with the
fatigue life data of the base metal (Figure 18), the distri-
bution interval was not obvious, and the fatigue life of the
base metal was only slightly better than the fatigue life
of the FSW. This further indicates that the FSW fatigue
life is close to the fatigue life of the base metal when the
fatigue life analysis is conducted using the equivalent
structural stress method. It also proves the advantages
and potential engineering application of an FSW welded
structure.

7 Master S-N Curve Example Verification

To verify the FSW nominal stress fitting curve param-
eters of Table 4 and the FSW master S—N fitting curve
parameters listed in Table 6, the lap bending test and
the butt tensile test were compared using the 6005 alu-
minum alloy. First, the bending fatigue test was carried
out on a lap weld using a 6005 aluminum alloy. Two tests
were carried out, the load was 4—0.4 kN and 4.25-0.425
kN, respectively. To ensure the test accuracy, the loading

S-N Dat
A - -1 FSW
+ 2. metal base
< 300
o
Z . .l
& e .42 % o
<1150 - oo *RA 3
o . * W
2 L.
© . ?i," 2 S o0mm.
o -
2 o ALA R 4
E .
&
30
3x103 3x10* 3x10° 3x108 3x107 -
Cycle to Failure
Figure 18 Fatigue life comparison between FSW and base metal
using equivalent structural stress
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Figure 19 Bending fatigue test of 6005 aluminum alloy FSW joint
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Figure 20 Calculated stress of lap joint structure of 6005 aluminum
alloy
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frequency was set to 1 Hz. The test specimen and test
load are shown in Figure 19.

The nominal stress of the section at the joint was calcu-
lated according to the material mechanics formula. The
maximum principal stress, structural stress, and equiva-
lent structural stress calculated by the structural stress
method are shown in Figure 20, Table 7, and Table 8.

The tensile fatigue test was then carried out on the butt
weld of the 6005 aluminum alloy. Two tests were con-
ducted. The loads of both groups were 0.3-30 kN, the
loading frequency was set to 10 Hz, and the test speci-
men and test equipment were as shown in Figure 21.

The nominal stress of the section at the joint can be
calculated using Eq. (11). The maximum principal stress
distribution is acquired through a static analysis using
ANSYS software, as shown in Figure 22. The maximum
principal stress, structural stress, and equivalent struc-
tural stress calculated based on the SSM are shown in
Figure 23 and Table 9.

& J' M ’Yh
140 H-A— Y
% 138 ,’//\/ w\/\\‘\‘ ( ) d 30000 100 MPa. (11)
£ | om(mean) = — = — = = a.
S i ~\‘ ” A b-t 5x60
134
132 \
= Through a comparison of the above statistical data, in
1280 20 40 60 80 100 120

the two types of fatigue tests of the bending and stretch-
ing, the life results calculated using the equivalent struc-
tural stress range and the mean 50% master S—N curve
parameters are closest to those of the fatigue test. For
example, in the bending test, the calculation results of

Table 7 Comparison of fatigue test results and evaluation life of test sample type 1

Stress type Stress value 50% S-N curve fatigue Load range (kN) Test fatigue life (times)
(MPa) assessment life (times)
Ao (Nominal stress range) 156.8 485317 40-04 446048
Aomax(Finite element maximum principal 103.5 1564338
stress range)
Ao(Structural stress range) 146.2 211510
AS(Equivalent structural stress range) 1411 302715

Table 8 Comparison of bending fatigue test results and evaluation life of test sample type 2

Stress type Stress value 50% S-N curve fatigue Load range (kN) Test fatigue life (times)
(MPa) assessment life (times)
Ao(Nominal stress range) 166.6 409118 4.25-0425 194606
Aomax(Finite element maximum principal 110.1 1317403
stress range)
Aoi(Structural stress range) 1553 177495
AS(Equivalent structural stress range) 149.9 241807
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Figure 21 Fatigue test of butt weld
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Figure 22 FEA calculation of 6005 aluminum alloy butt weld test
sample
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Figure 23 Calculated structural stress of butt weld sample with 6005
aluminum alloy

the test sample type 1 were 30.27 million times, and the
corresponding fatigue test result was 44.60 million times.
The calculation result of test sample type 2 was 24.18
million times, and the fatigue test result was 19.46 mil-
lion times. For the tensile test, the calculation result was
24.46 million times, and the fatigue test results of test
sample type 2 were 39.44 million and 23.94 million times,
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respectively. However, when the nominal stress method
was used, and the stress gradient did not change signifi-
cantly, and the selected S—N curve data corresponded to
the test, the effect was acceptable. For example, the first
type of bending test can obtain good results, but when
the stress gradient. When the value is larger, the error
between the calculated result and the test is larger, as
indicated by the results of the tensile test in Table 9. At
present, the results of the calculation of the maximum
principal stress range obtained through a finite element
calculation are unreliable, and are related to the size of
the finite element unit and the change in the stress gra-
dient. It can be seen through a comparison with the
experimental data that the mean 50% master S—N curve
fitting parameters are reliable, and results closer to those
of the test can be obtained. Therefore, according to the
FSW master S—N fitting curve parameters in Table 6, the
FSW welds of the series 5 and 6 aluminum alloys can be
evaluated using the equivalent structural stress method.
In addition, considering the reliability and safety of the
structural design, when using FSW technology for the
structural design, it is recommended to use FSW master
S—N fitting curve parameters of -20 shown in Table 6 for
a fatigue life calculation.

8 Master S-N Curve Applicability Verification

To further verify the applicability of the FSW master S—N
fitting curve parameters in Table 7, the related literature
information was researched, and the FSW test data in the
literature were entered into the database. The equivalent
structural stress method was used for comparison with
the relevant fatigue test data, including related test data
from Zhejiang University of Technology (31 samples),
Shandong University (47 samples), Kunming University
of Science and Technology (9 samples), and Tongji Uni-
versity (14 samples) [30—33]. The test data included butt,
lap joint FSW welds, and three aluminum alloy materi-
als 6082-T6, 6005A, and 2024-T351. The above data were
compared with the test data in this study, as shown in
Figure 24.

It can be seen from Figure 24 that only the experimen-
tal data of Kunming University of Science and Technol-
ogy have a certain error in comparison with the other test
data, which may be related to the presence of coupler-
shaped defects in the specimens described in the litera-
ture. The defect has a sharp notch shape with a serious
stress concentration, which is equivalent to a pre-exist-
ing crack; however, whether it is related to other factors
remains to be determined through further studies.

The other test data are basically within the same distri-
bution area as the test data in this report. The test data
from Shandong University are slightly better. Therefore,
it can be shown that the master S—N curve data provided
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Table 9 Comparison of fatigue test results and evaluation of life of butt test specimens

Stress type Stress value  50% S-N curve fatigue Load range (kN) Test fatigue life (times)
(MPa) assessment life (times)
AS(Nominal stress range) 99.0 1778354 0.3-30 typel: 349440
Aomax(Finite element maximum principal stress 1476 575864 type2: 239440
variation range)
Ao(Structural stress range) 149.5 198236
Aoi(Equivalent structural stress variation range) 150.1 240612

in this report can also be applied to the FSW weld eval-
uation of these two materials, 6082-T6 and 6005A.
This further proves the applicability and advantages of
the equivalent structural stress method for fatigue life
assessment.

9 Conclusions

(1) Fatigue tests were carried out on specimens of
5083-H321, 6061-T6 aluminum alloy, butt joints,
and lap friction stir welding. The results from the
range of nominal stress variation show that the
anti-fatigue capability of the base metal is the high-
est, and the anti-fatigue capabilities of the 5083 and
6061 butt welding samples are close to each other,
and are slightly lower than that of the base metal.
The 5083 and 6061 lap welds have the lowest fatigue
resistance, which is strongly correlated with the
local stress distribution at the weld.

(2) The equivalent principal stress method was used to
fit the unified master S—N curve of the two mate-
rials according to the friction stir welding fatigue
test data of the 504-1H321 and 6061-T6 aluminum
alloy, and butt and lap joints. The mean 50% S—N
curve parameter C, is 4222.5, /1 is 0.2693, and the
data fit well. The mean master S—N curve of FSW
is between that of the fusion welding steel and the
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2. Shan dong University . 5. Tong ji University
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Figure 24 Comparison of applicability of the master S-N fit curve

aluminum mean 50% master S—N curve, which
proves that the fatigue resistance of the aluminum
alloy material is significantly higher than that of the
melted aluminum alloy material during FSW.

(3) The master S—N curve parameters were verified
based on bending and tensile fatigue specimens.
The life results calculated through the equivalent
structural stress range, and the mean 50% mas-
ter S—N curve parameters are closer to the fatigue
test results. Therefore, the unified master S—N fit-
ted curve parameters of FSW, according to five
series and six series aluminum alloys, can be evalu-
ated using the equivalent structural stress method
according to the main S—N curve.
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