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Abstract 
 
Alclad aluminum 3005, intended for use in a radiator tube, was evaluated to identify its tensile strength, fatigue behavior, and micro-

structure. The material consists of an AA3005 core, an AA4343 clad (outer side), and an AA7072 (inner side). To determine the effect of 
the brazing process, Al alloys before brazing and after brazing were examined with SEM, EDS and nanoindentation tests. Tensile tests 
were performed to estimate the fatigue behavior. And fatigue tests were performed under constant load amplitudes with mean loads. The 
mean stress effect on the fatigue behavior of the brazed aluminum was found to correlate well with the Smith-Watson-Topper relation.   
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1. Introduction 

Aluminum alloys have suitable properties for heat ex-
changer applications. With the increasing demand for high 
performance and lightweight materials in the automobile in-
dustry, alclad aluminum alloys have been used for manufac-
turing automotive components such as outer panels and heat 
exchangers [1-4]. Using a brazing process, complex and 
multi-part assemblies of aluminum and alclad aluminum al-
loys are joined easily and cost-effectively [5]. Brazing is a 
method of permanently joining a wide range of materials and 
has wide applications in fabricating components [1]. 

For heat exchanger applications, alclad aluminum alloys 
(brazing sheets) consist of a core alloy that provides structural 
strength and a clad layer that has a low melting temperature 
for brazing process. During the brazing process the clad alloy 
melts and seals joints in the heat exchanger between the dif-
ferent components. The brazing sheet can be clad on one or 
both sides with the Al-Si alloy and in some cases one side is 
clad with a different alloy to provide corrosion protection on 
the inner clad (water-side) of a radiator [3].  

Heat exchangers such as car radiators are subject to various 
loads such as pressure and its fluctuation, vibrations, and tem-
perature fluctuations which induce isothermal and/or thermal 
fatigue. To avoid mechanical failure in heat exchangers from 
such loads, the mechanical and fatigue behavior of the alloy 

should be known prior to the design stage. Isothermal and 
thermal fatigue and/or low-cycle fatigue at service tempera-
tures are considered important failure mechanisms of alumi-
num heat exchangers. The materials for heat exchangers must 
meet the special requirements of brazing to provide the highest 
possible combination of strength and corrosion resistance [1]. 

In this study, tensile tests and fatigue tests were performed 
on alclad aluminum 3005 before brazing and after brazing at 
room temperature. With these tests we evaluated the changes 
of properties by brazing. The mean stress effects on fatigue 
behavior of alclad aluminum alloys were also examined.   

 
2. Experiments 

2.1 Materials and specimen 

Two types of alclad aluminum alloys were tested in this 
study. A material that was not brazed (alloy before brazing) 
and a brazed material (alloy after brazing). The alclad alumi-
num alloy has a sandwich structure consisting of the core alloy 
AA3005, an outer clad (air side) of AA4343, and an inner clad 
(water side) of AA7072 with clad thickness of 8% on both 
sides. The chemical compositions of the alclad aluminum 
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Table 1. Chemical compositions of the tested materials (wt.%). 
 

Element Si Fe Cu Mn Mg Zn Ti 

AA3005 0.06 0.21 0.30 1.18 0.22 < 0.01 0.03 

AA4343 7.99 0.12 0.02 0.02 < 0.01 0.01 < 0.01

AA7072 0.53 < 0.01 0.07 < 0.01 0.97 < 0.01
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alloys are given in Table 1. 
Materials were obtained from the tube part of an aluminum 

radiator. Specimens were cut longitudinally to the rolling di-
rection by a wire cutting method. The shape of the specimen 
was designed as a dog-bone-type thin plate with a thickness of 
0.4 mm, a width of 5 mm and gauge length of 12 mm in the 
test section. 

 
2.2 Microscopic examination 

SEM, EDS and nanoindentation tests were performed on 
AA3005 alloy before and after brazing to find the effect of the 
brazing process. Using SEM, surface roughness and condi-
tions of each type of specimen were observed. EDS test shows 
the surface composition change of the outer side clad and 
inner side clad, which is affected by the flux and core alloy. In 
addition, the surface hardness was evaluated by nanoindenta-
tion test. 

 
2.3 Tensile and fatigue test 

An Instron 8841, a hydraulic vertical axial-loading machine, 
was used for tensile and fatigue tests. The test machine has 
1kN load capacity and a wedge type grip for a plate specimen. 
Before fatigue tests, tensile tests were performed for fatigue 
test design and life prediction using tensile strength. Tensile 
tests were performed 3 times on each type of specimen using a 
ramp and 100 N/min rate load. Fatigue tests were performed 
under constant load control. The test frequency was 7 Hz, the 
load ratio was over zero and the waveform was triangular. The 
load and displacement data were obtained using the DAX data 
acquisition program of the Instron 8841. Failure was defined 
as fracture of the specimen.   

 
3. Test results 

3.1 Changes in surface conditions and composition by a 
brazing process 

Fig. 1 shows the surface of the alloy before brazing, while 
Fig. 2 presents the surface of the alloy after brazing. The sur-
face of the alloy before brazing shows only stripes from the 
rolling process. The roughness of the surface is so small that it 
does not affect the tensile or fatigue strength. However the 
surface of the alloy after brazing is very rough. In addition, 
recrystallization on the brazed surface induced small surface 
cracks between grain boundaries. These surface conditions 
decrease the fatigue life and mechanical strength of the alloy 
after brazing.  

From the EDS results shown in Figs. 3, we observed 
changes in the surface compositions of the inner and the outer 
clad aluminum. At the surface of the brazed alloy shown in 
Fig. 3, magnesium diffused from core alloy and reacted with 
the surface oxide. The Mg is harmful to the brazeability and 
wetting property [5]. 

Fig. 4 shows the change of the surface hardness by the braz-
ing process. From these results, anticipate that the brazing 

 
 
Fig. 1. Surface of alclad aluminum before brazing. 

 
 

 
 
Fig. 2. Surface of alclad aluminum after brazing. 

 
 

 
 
Fig. 3. Chemical composition of alloy before brazing (left) and after 
brazing (right), outer clad AA4343 (left) and inner clad AA7072 
(right).  

 
 

 
 
Fig. 4. Hardness of outer surface of alclad Al, AA3005 alloy before 
brazing (left) and after brazing (right). 
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process can decrease the fatigue properties of the alclad alu-
minum alloy.   

 
3.2 Tensile tests of AA3005 before brazing and after brazing   

Ultimate tensile strength can be used to construct a simpli-
fied total strain-life curve, which provides the proper ampli-
tude for fatigue testing. Tensile tests were performed to obtain 
the tensile strength of AA3005 before and after brazing. Table 
2 shows that the tensile strength of AA3005 after brazing de-
graded by almost 13% compared to AA3005 before brazing.  

The degradation of strength after brazing was already pre-
dicted from the results of a microscopic examination. Tensile 
strength degradation can lead to a decrease of the fatigue 
strength, since the fatigue strength is related to the tensile 
strength and hardness of a material. 

Fig. 5 shows the predicted total strain-life curves of 
AA3005 before and after brazing process. The curves were 
predicted with the medians method by Maggiolaro and Castro, 
expressed in Eq. (1). The medians method of prediction with a 
tensile strength was proposed for aluminum alloys [6]. 
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From the estimated fatigue life shown in Fig. 5, we found 

that the fatigue life of AA3005 after brazing was shortened. 
The predicted fatigue life difference becomes larger as the 
cycles to failure increases, which indicates that the degrada-
tion of mechanical properties heavily influences the fatigue 
properties. 

3.3 Fatigue tests of AA3005 before and after brazing process 

Fig. 6 shows the fatigue test results of AA3005 alloy before 
and after brazing using the SWT (Smith-Watson-Topper) 
method expressed in Eq. (2) [7]. 

 
( )eq a m aσ σ σ σ= +  (2) 

 
The maximum stress level of the fatigue testing load has 

been adjusted up to just below the tensile strength of each 
material. AA3005 alloy before brazing was tested at only one 
mean stress level. However, for the AA3005 alloy after braz-
ing, fatigue tests were performed at three mean stress levels of 
100, 87.5, and 75 MPa and three amplitude levels of 45, 57.5, 
and 70 MPa. Fatigue test results of AA3005 before and after 
brazing have different mechanical behavior. In the fatigue test 
of AA3005 alloy before brazing, we obtained the S-N relation 
at both the low cycle and high cycle fatigue regions. However, 
for the fatigue tests conducted after brazing, we obtained re-
sults only at the high cycle fatigue region.  

To consider the effect of mean stress, we calculated the 
equivalent stress with several commonly used methods such 
as the Goodman method (Eq. (3)) [8], Gerber method (Eq. (4)) 
[9], and SWT method (Eq. (2)).  

Eq. (3) and (4) are shown below: 
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Fig. 7 shows the fatigue test results of AA3005 after braz-

ing. The equivalent stress was calculated with various meth-
ods to determine the mean stress effect. In Fig. 7, S-N rela-
tions using the Goodman method under a high mean stress 
condition (100 MPa) give unrealistically high equivalent stress. 
Meanwhile, the Gerber method estimated the equivalent more 
relevantly than the Goodman method. The equivalent stress 
amplitude obtained by the SWT method of the test loads with 
mean stress provided the proper S-N relations. 

Table 2. Tensile strength of AA3005 before and after brazing process. 
 

Tensile strength (MPa) 
Specimen No.  

Before brazing  After brazing  

1 168 145 

2 168 150 

3 169 146 

Average  168 147 
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Fig. 5. Predicted total strain-life curves of AA3005 before brazing and 
after brazing.  

 

102 103 104 105 106
50

100

150

 After Brazing
 Before Brazing

E
qu

iv
al

en
t S

tre
ss

 (M
P

a)

Number of Cycles to Failure (Cycle)  
 
Fig. 6. Fatigue test results of AA3005 before brazing and after brazing.
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Fig. 8 shows the fitting curves of fatigue test results of 
AA3005 before and after the brazing process. The fitting 
curves of fatigue test results in Basquin’s equation form are 
Eq. (5) for the alloy before brazing and Eq. (6) for the alloy 
after the brazing process. The equivalent stress was obtained 
using the SWT method. 

 
0.09487304 ( )eq fNσ −= ⋅  (5) 
0.13791423 ( )eq fNσ −= ⋅  (6) 

 
4. Results and discussion 

From SEM, EDS and nanoindentation test results of 
AA3005 aluminum before and after the brazing process, deg-
radation of tensile and fatigue strength, respectively, was an-
ticipated. The fatigue life of AA3005 before and after the 
brazing process was estimated from the test results of the ul-
timate tensile strength of the materials. True S-N curves were 
also obtained from fatigue tests with mean stresses. Estimated 
fatigue life from the ultimate tensile strength shows that the 
difference in fatigue life before and after brazing AA3005 
becomes larger as life goes high cycle fatigue. When AA3005 
after brazing has 10000 cycle life, the predicted fatigue life of 
the alloy before brazing has 60% increased fatigue life. The 
difference in fatigue life before and after brazing in the actual 
fatigue test results becomes larger than the difference in the 
predicted S-N curves using tensile strength. For the case of 

AA3005 after brazing having 10000 cycle life, the fatigue life 
of the alloy before brazing is increased by 90%. The addi-
tional decrease in fatigue life of the alloy after brazing is due 
to the surface cracks and recrystallization occurred during the 
brazing process. The brazing process at high temperature in-
duces further degradation of material properties and lowered 
fatigue strength as compared to the simply estimated fatigue 
strength using tensile strength or hardness. 

 
5. Conclusions 

The effects of a brazing process on the surface conditions 
and mechanical properties were evaluated by microscopic 
examinations, and tensile tests with the two types of alclad 
aluminum 3005 alloy, samples before brazing and samples 
after brazing. Fatigue tests of the alloy before and after braz-
ing were also performed and the results were compared with 
the predicted fatigue life using the tensile strength. 

(1) The brazing process induces surface cracks and degra-
dation of tensile strength and hardness, which reduces the 
fatigue strength of AA3005. 

(2) The SWT method is found to be suitable for analysis of 
mean stress effect after brazing alclad aluminum 3005.  

(3) Fatigue life difference between before and after brazing 
AA3005 in fatigue testing is larger than the difference in the 
fatigue life predicted by medians methods suggested by 
Maggiolaro and Castro using the tensile strength. 

 
References 

[1] X. X. Yao et al., Strain-controlled fatigue of a braze clad Al-
Mn-Mg alloy at room temperature and at 75 and 180℃, Ma-
terials Science and Engineering A, 267 (1999) 1-6. 

[2] D. M. Turriff, S. F. Corbin and M. Kozdras, Diffusional 
solidification phenomena in clad aluminum automotive 
braze sheet, Acta Material, 58 (2010) 1332-1341. 

[3] W. S. Miller et al., Recent development in aluminum alloys 
for the automotive industry, Materials Science and Engi-
neering A, 280 (2000) 37-49. 

[4] Y. Hisatomi, Recent advance of brazing sheet and flux for 
aluminum brazing, Journal of Light Metal welding & Con-
struction, 45 (2007) 413-419. 

[5] J. P. Jung et al., Brazing technology and trend in Japan (1), 
Journal of KWS, 12 (1994). 

[6] K.-S. Lee and J.-H. Song, Estimation methods for strain-life 
fatigue properties from hardness, International Journal of 
Fatigue, 28 (2006) 386-400. 

[7] K. N. Smith, P. Watson and T. H. Topper, A stress-strain 
function for the fatigue of metals, Journal of Materials, 5 
(1970) 767-778. 

[8] T. Nicholas and J. R. Zuiker, On the use of the Goodman 
diagram for high cycle fatigue design, International Journal 
of Fracture, 80 (1996) 219-235. 

[9] J. A. Bannatine, J. J. Comer and J. L. Handrock, Fundamen-
tals of Metal Fatigue Analysis, Prentice Hall (1990). 

104 105 106
50

100

150

200

 Goodman
 Gerber
 Range
 SWT

E
qu

iv
al

en
t S

tre
ss

 (M
P

a)

Number of Cycles to Failure (Cycle)  
 
Fig. 7. Fatigue test results after brazing AA3005 using various meth-
ods to determine the mean stress effect. 
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Fig. 8. Fitting curves of fatigue test results of AA3005 before and after
brazing process. 
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