
IACSIT International Journal of Engineering and Technology, Vol.2, No.3, June 2010 
ISSN: 1793-8236 

 

 

 

269

  
Abstract—this paper describes a heat treatment process using 

dual aging for the A7050 aluminum alloy with the Taguchi 
method to optimize process parameters. The current study 
considers micro hardness and electrical conductivity as 
optimization criteria. Pre-aging temperature, pre-aging time, 
re-aging temperature, and re-aging time are important factors 
influencing these optimization criteria. Experiment results 
show that re-aging temperature is the most significant 
parameter for electrical conductivity, and both aging times are 
important influence factors for micro hardness performance. 
The optimal hardness for A7050 heat treatment conditions are 
pre-ageing temperature 120 , ℃ pre-ageing time 12hrs., re-aging 
temperature140℃, and re-aging time 8 hrs., respectively. The 
best electrical conductivity parameters are pre-ageing 
temperature 120 , ℃ pre-ageing time 4 hrs., re-aging 
temperature180℃, and re-aging time 24 hrs., respectively. The 
current study obtained contributing individual parameters for 
hardness, and electrical conductivity in dual aging of heat 
treatment. 
 

Index Terms—Taguchi method, heat treatment, 
micro-hardness, electrical conductivity  
 

I. INTRODUCTION 
The Al-Zn-Mg-Cu series age hardening super-high 

strength aluminum alloys have been widely used as aircraft 
structural materials due to their specific set of characteristics, 
namely, high strength, good corrosion resistance, high 
resistance to repeated loads, and low rate of fatigue-crack 
propagation [1-3]. These materials have been indispensable 
for developing a high performance system of critical 
technologies in lightweight carrier structures and in energy 
saving designs. New generations of aircraft and structural 
carriers are made of novel alloys, materials and related 
processes [4-5].  
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Many investigations [6-8] have studied the effects of 
parameters in heat treatment and their process on 
precipitation. Aluminum alloy heat treatments, which include 
various aging methods, are widely  used for precipitation 
hardening behavior such as single aging, duplex aging, 
retrogression and re-aging, RRA, and thermo-mechanical 
treatment, TMT and so on[6,9-12]. Aluminum alloy heat 
treatment parameters are important factors for obtaining the 
best mechanical and electrical performance.  Heat treatment 
process parameters such as aging temperature and aging time 
operate differently according to different conditions. 
Therefore, to obtain parameter optimization in the heat 
treatment process, this study investigated with the Taguchi 
method to optimize 7050 aluminum alloy heat treatment 
process parameters, pre-aging temperature, pre-aging time, 
re-aging temperature, and re-aging time. 

 

II. TAGUCHI METHOD 
The Taguchi method is a powerful tool for designing high 

quality systems based on orthogonal array experiments that 
provide much-reduced variance for experiments with an 
optimum setting of process control parameters [13-15]. The 
method has also been widely used in engineering analysis to 
optimize performance characteristics through design 
parameter settings. The Taguchi method is based on 
orthogonal arrays and analysis of variance (ANOVA) to 
minimize the number of experiments and to effectively 
improve product quality [18-20]. Some of its many 
advantages include: (1) Designs Orthogonal arrays (OA) to 
balance process parameters and minimize test runs. (2) 
Employs signal-to-noise (S/N) ratio to analyze experiment 
data, and conclude more information. Taguchi recommends 
using the S/N ratio for determining quality characteristics 
implemented in engineering design problems. (3) Estimates 
individual parameter contributions. Since the purpose of this 
study is to maximize hardness and the electrical conductivity 
index within optimal levels of process parameters, the higher 
the better quality characteristic is selected. Each parameter 
has three levels. The current study considered hardness and 
electrical conductivity as optimization criteria and also 
analyzed the influence of each heat treatment parameter on 
the quality of the research object. The current study obtained 
contributions of individual process parameters and optimal 
parameters for hardness, and electrical conductivity in the 
heat treatment process of aluminum alloys, respectively. In 
this way, the optimal levels of process parameters can be 
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estimated. The following sections give the analysis results 
related to the subjects discussed above. 

 

III. EXPERIMENTAL 
The aluminum alloy 7050 with the composition mentioned 

in Table 1 was received as 6.35 mm thick plates from an 
Alcoa commercial product. The samples of 100 mm x 60 mm 
x 6.35 mm were prepared and subjected to solid solution heat 
treatment at 477± 1°C for 1 hour followed by water 
quenching. This study chose three levels for the four factors. 
The standard experiment layout 3 level OA L9 (34) for factors 
is listed for this case and shown in Table 2[13-14]. The 
interaction between the parameters was neglected. Table 3 
gives the factors and their levels. Table 4 gives the details of 
the experiment design and approach. The factors under 
consideration, including pre-aging temperature, pre-aging 
time, re-aging temperature, and re-aging time are listed in the 
first three columns (A, B, C and D) of the OA L9 (34). The 
outputs, hardness and electrical conductivity values are the 
test results.  

All experiments were conducted on commercial furnaces 
and conformed to AMS2770H in this study. The Vickers 
hardness measurement was performed on the 
SHIMADZU-HMV instrument with 25gf waiting for 10 
seconds on specimens aged under different conditions. A 
number of measurements for hardness and electrical 
conductivity were taken and the average was determined. An 
electrical conductivity test was used for heat treating the 
aluminum alloy by the eddy current method, which 
determines its conductivity according to the percentage of the 
International Annealed Copper Standard (%IACS) for 
verifying aluminum alloy heat treatment. This measurement 
method in this experiment conforms to the criterion of the 
ASTM E 1004 and MIL-STD-1537C.  

 

 
 
 

 
 

 

 

 
 

IV. RESULTS AND DISCUSSION 

A. Effect of heat treatment parameter on micro hardness 
performance 
Table 4 shows the micro hardness for various trial runs at 

three levels of pre-aging temperature, pre-aging time, 
re-aging temperature, and re-aging time, respectively. Based 
on this information, the S/N values can be calculated and are 
also shown. Fig. 1 shows the average effect of each 
parameter level on micro hardness, respectively. The optimal 
conditions are those that obtain high micro hardness. Fig. 1 
shows that A2B2C1D2 are the best results for micro hardness. 
The optimal conditions are the following: pre-aging 
temperature 120 ℃ , pre-aging time 12 hours, re-aging 
temperature 140℃, and re-aging time 8 hours, respectively. 

Table 4 shows variations of micro-hardness with heat 
treatment parameters for different aging temperatures and 
times. The hardness variation trend with aging temperature 
and time will be increased to reduce. For pre-aging 
temperature, 120 ℃ is the better of the pre-aging parameters. 
This result with the data reported in the literature is consistent 
with [16].The pre-aging process at 120 ℃ to increase its 
hardness over time, also increases mainly in the A7050 alloy, 
without the over-aging phenomenon, therefore there is higher 
alloy stability at this temperature [17-18]. However, in this 
study, the overall heat treatment process is not a single-stage 
aging treatment coupled with re-aging temperature and time. 
Therefore, when re-aging temperature and time increase, 
hardness will follow the trend.  

 

 
Fig. 1 S/N ratios showing the effects of each parameter level on micro 

hardness 
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B. Effect of heat treatment parameter on EC performance 
Table 4 shows electrical conductivity for various trial runs 

at three levels of the four parameters, respectively. Based on 
this information, the S/N values can be calculated and also 
shown. Fig. 2 shows the average effect of each parameter 
level on electrical conductivity, respectively. The optimal 
conditions are those that give the best electrical conductivity 
and A2B1C3D3 is the best result. The optimal conditions are: 
pre-ageing temperature 120 ℃ , pre-aging time 4 hours, 
re-aging temperature 180℃, and re-aging time 24 hours, 
respectively.  

According to Wallace and Ohnishi etc., scholars found that 
[19-20], RRA heat treatment of the aluminum alloy specimen 
increases electrical conductivity and obtain a higher 
performance for stress corrosion resistance, SCR. Therefore, 
appropriate heat treatment parameters obtain a better result 
for electrical conductivity of the aluminum plate, and a 
further understanding of aluminum after heat treatment of the 
SCR. From Fig. 2 the S/N results show that in pre-aging 
temperature and time, the degree of influence on electrical 
conductivity changed little. The initial aging stage provides 
more nucleation energy for matrix precipitates to supply the 
supersaturated solid solution to generate a vacancy-rich 
cluster, and also precipitates more precipitation than the 
critical nucleation radius of G. P. zone coherence. Therefore, 
these precipitations have a slight effect on electrical 
conductivity for pre-aging temperature and time.  Fig. 2 and 
Table 4 show that the heat treatment process experiences a 
higher re-aging temperature and longer re-aging time to 
obtain a higher electrical conductivity. Mainly on the grain 
boundary of the precipitate free zone, PFZ of the solute 
diffuses to the grain boundary and further interfuses with 
grain boundary precipitation. Therefore, precipitation has a 
coarse and large size in the re-aging stage and its precipitate 
spacing is also larger [21]. The re-aging stage also allows 
solution heat treatment and quenching produced by the 
dislocation network to reduce and eliminate. The temperature 
of re-aging increases the alloy’s SCR but also directly 
decreases the mechanical strength of alloys [22], as shown in 
Fig. 1. 

 

 
Fig. 2 S/N ratios showing the effects of each parameter level on electrical 

conductivity 

C. Analysis of variance (ANOVA) 
This study decomposed the total sum of the squared 

deviations SST into four sources: the sum of the squared 
deviations SSA, SSB due to pre-aging temperature, pre-aging 

time factor and the sum of the squared deviations SSC, SSD 
due to re-aging temperature, and re-aging time factor. The 
percentage contribution by each heat treatment parameter to 
the total sum of the squared deviations SST can be used to 
evaluate the importance of the heat treatment parameter 
change on the performance characteristic. 

The hardness results of the ANOVA, as shown in Table 
5 indicate that pre-aging and re-aging time are the most 
significant heat treatment factors affecting hardness 
performance characteristics. Based on the previous 
discussion, the optimal heat treatment parameters for 
hardness are pre-aging temperature at level 2, pre-aging time 
at level 2, re-aging temperature at level 1, and re-aging time 
at level 2. The electrical conductivity results of the ANOVA 
(Table 6) indicate that re-aging temperature and re-aging 
time are the most significant heat treatment factors affecting 
electrical conductivity performance characteristics. Based on 
the previous discussion, the optimal heat treatment 
parameters for electrical conductivity are pre-aging 
temperature at level 2, pre-aging time at level 1, re-aging 
temperature at level 3, and re-aging time at level 3. 
 

 
 

 
 

V. CONCLUSIONS 
Taguchi’s robust design method can be used to analyze 

optimal heat treatment parameters for the 7050 aluminum 
alloy described in the paper. The current study draws the 
following conclusions based on the experimental results: 
1) The Taguchi method efficiently obtains optimal heat 

treatment parameters for the 7050 aluminum alloy, 
minimizes the number of experiments, and analyzes the 
influence of each heat treatment parameter on the 
experiment results and the contributions of individual 
parameters. 

2) In the heat treatment process of the 7050 aluminum alloy, 
the optimal conditions for better hardness value are: 
pre-aging temperature 120 , pre℃ -aging time 12hrs., 
re-aging temperature140 , and re℃ -aging time 8 hrs., 
respectively. The best electrical conductivity parameters 
are, pre-aging temperature 120 , pre℃ -aging time 4 hrs., 
re-aging temperature180 , and re℃ -aging time 24 hrs., 
respectively. 

3) In the heat treatment process of the 7050 aluminum alloy, 
the contributions by percentage of hardness, pre-aging 
temperature, time and re-aging temperature, time are 
19.7%, 33.53%, 19.24% and 27.5%, respectively. The 
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contributions of electrical conductivity are 0.1%, 0.21%, 
82.82% and 16.87%, respectively. 

4) The important sequence of optimal conditions for 
hardness are pre-aging time > re-aging time > pre-aging 
temperature > re-aging temperature, and the important 
sequence of optimal conditions for electrical 
conductivity are re-aging temperature > re-aging time > 
pre-aging time > pre-aging temperature. 
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