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Tensile properties of fine-grained 7475 
aluminium alloy at various temperatures 
and strain rates 
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For a superplastic 7475 alloy, tensile properties are tested under various conditions in order to 
investigate the effects of the tensile conditions on the mechanical properties as well as on the 
microstructure after working. The results obtained here suggest a possibility of high-speed 
forming of this alloy. Under conditions of 400~ and 8.3 x 10-2s -1 strain rate, a 
comparatively large elongation of about 200% can be attained. This may be due to the fact 
that the fine subgrains arise during the deformation. Also, mechanical properties at room 
temperature of the specimen prestrained under this condition are found to be fairly 
satisfactory. 

1. Introduction 
Since Wert and co-workers [1,2] reported the 
thermo-mechanical process for making finer grain 
sizes of high-strength aluminium alloys, many studies 
[3-12] dealing with the superplasticity of 7475 alloy 
have been carried out from a mechanical as well as 
metallurgical point of view. However, there remain 
some practical problems in the superplastic forming of 
7475 alloy, one of the most important being the 
improvement of forming speed. 

The grain size of fine-grained 7475 alloy is com- 
monly said to be 10 p,m. Because of such a large grain 
size, the maximum elongation of 780% is obtained 
under conditions of strain rate = 2 x 10 - 4  s - 1  and 
temperature = 516 ~ [9]. Such a low speed may be 
not advantageous to industrialization. However, the 
above maximum elongation is not practically re- 
quired. Rather, an elongation of 200% or so may be 
regarded as satisfactory, if an increasing working 
speed can be attained. 

In the present work, therefore, the fracture elonga- 
tions of the 7475 alloy are investigated at various 
strain rates and temperatures. Secondly, the tensile 
properties of specimens at room temperature which 
have been stretched to a certain elongation under 
various conditions are examined. Furthermore, the 
results obtained are discussed in terms of the micro- 
structural observations. 

2. Experimental procedure 
The test material was 7475 alloy sheet, of chemical 
composition as given in Table I. The tensile specimens 
were cut from a thin plate of 1.6 mm thickness in such 
a way as to be parallel to the rolling direction. Also, 
the gauge length was set to be 10 mm, as shown in 
Fig. 1. 

The tensile tests were carried out in an infrared 
image furnace fitted to an Instron-type machine. 
The specimens were inserted into the furnace at room 
temperature and the tests were started after a waiting 
time of 30-60 rain for the test temperatures of 300, 
350, 400, 450 and 500 ~ to be reached. During the 
tests the temperatures of the specimens were con- 
~rolled to within + 2 ~ The specimens were elonga- 
ted to fracture by a constant crosshead velocity 
between 0.05 and 5 0 m m m in  - t .  The initial strain 
rates of the tensile tests ranged between 8.3x 10-5 and 
8.3 x 10 -z s -1 

In addition to the normal tensile tests, the following 
tests were carried out. The specimens were deformed 
to an elongation of 100% under the above conditions, 
cooled rapidly, and then elongated to fracture at room 
temperature. The microstructural changes in the spe- 
cimens were observed at an elongation of 100%, by 
both optical and transmission electron microscopy. 

3. Results and discussion 
3.1. Normal tensile tests 
Fig. 2 shows the relation between the fracture elonga- 
tion and the temperature for various initial strain 
rates. The maximum elongation of 730% is obtained 
under conditions of 500 ~ and 8.3 x 10-5 s-1. These 
may be similar conditions to those reported in the 
literatures [2, 9], i.e. 516~ and 2 x 10 -4 s - t .  When 
the initial strain rate is 8.3 x 10 -5 s - t ,  the elongation 
drops rapidly and monotonically with decreasing tem- 
perature. When the initial strain rate is set at 8.3 
x 10 -4 s-1, the elongation reaches a maximum value 

at 500~ ( 2  400%) and drops monotonically with 
decreasing temperature. However, in cases where the 
initial strain rate is 8.3 x 10 -3 and 8.3 x 10 - 2  s - 1 ,  

the peak values of elongation appear around 400 ~ 
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T A B L E  I Chemical  composition of the 7475 alloy (wt %) 

Si Fe Cu Mn Mg Cr Zn Ti AI 
0.04 0.08 1.52 tr. 2.61 0.21 5.74 0.02 bal. 

./ 

Figure 1 Tensile specimen. 
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Figure 2 Relationship between temperature and fracture elongation 
for various initial strain rates: (O) 8.3 • 10 S s -1 ;  ( 0 )  8.3 
x 1 0 - * s - X ; ( A )  8.3• 10-3 s - l , ( A )  8.3 • 10 - 2 s - 1 .  

Here, it is remarkable that a fairly large elongation of 
about 200% is obtained at 400 ~ and 8.3 • 10 -2 s-1. 

Fig. 3 shows the relation between the fracture 
elongation and the initial strain rate for three different 
temperatures. In the figure the strain rate is indicated 
on a logarithmic scale. At 500~ the elongation de- 
creases with increasing strain rate, and falls at 100% 
near the strain rate of 10 -2 s -1. On the other hand, 
the elongation at 400~ has a tendency to increase 
with strain rate. At the lower temperature of 300 ~ 
the elongation remains almost unvaried below 100%. 

The experimental data concerning strain-rate sens- 
itivity for superplastic deformation have been de- 
scribed previously [2, 9], therefore, the strain sensitiv- 
ity, i.e. work hardening, only is discussed further here. 
From the stress-strain relation the work-hardening 
exponent, n, may be expressed in the form 

= as" (1) 

where ~ is the stress, a a constant, and ~ log strain. 
Fig. 4a shows the relation between the work-harden- 
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Figure3 Relationship between initial strain rate and fracture 
elongation at (rl) 300, (A) 400 and (�9 500~ 

ing exponent from 0.1-0.4 strain (from about 10% 
50% elongation) and the initial strain rate for various 
temperatures. Here, n values from 0.1-0.4 strain are 
calculated by 

log cr{~ = 0.41 - log cr{~ = 0.11 
n = (2) 

log 0.4 - log 0.1 

In the figure, n values below zero indicate work 
softening or the occurrence of necking. At the lower 
strain rates and higher temperatures there is a group 
whose n values are positively large. This group corres- 
ponds to the very large elongations seen in Figs 2 and 
3. This kind of work hardening is considered to be 
based on the grain growth during deformation [13]. 
With increase in the strain rate, n decreases once 
below zero and recovers to zero or slightly positive 
values, for all temperatures. 

Next, the work hardening exponents from 0.1-0.7 
strain (from about 10% 100% elongation) are shown 
in Fig. 4b. The n values are still positive for the cases 
where the large elongations are observed. With in- 
crease in strain rate, n values at 500 ~ fall noticeably. 
On the contrary, n values at 400~ increase with 
strain rate and are slightly positive at 8.3 x 10 -2 s -1, 
corresponding to the fracture elongation of nearly 
200% (see Figs 2 and 3). It may be judged from this n 
value that the negative phenomenon, such as necking 
or cavitation, does not occur to any great extent at an 
elongation of 100% under these conditions. 

3.2. Tensi le  tests at room temperature  after 
w o r k i n g  

There were a number of cases in the tensile tests where 
elongations over 100% were obtained. In order to 
examine the influence of the tensile conditions on the 
mechanical properties after working, the specimens 
elongated by 100% under various conditions were 
again tested at room temperature. 

Fig. 5a shows the relation between the fracture 
elongation at room temperature after working and the 
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Figure 4 Relationship between initial strain rate and work-hardening exponent (a) from 0.1-0.4 strain, (b) from 0.1-0.7 strain. (O) 500 ~ (A) 
450 ~ (ES) 400 ~ (A) 350 ~ (O) 300 ~ 
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Figure 5 Effects of working conditions on mechanical properties at room temperature after working: (a) fracture elongation, (b) tensile 
strength. Initial strain rates: (Q) 8.3 x 10-5 s - l ;  ( 0 )  8.3 x 1 0 - 4 s - 1 ;  (A) 8.3 x 1 0 - 3 s - 1 ; ( A )  8.3 x 10-z s-1. 

working temperature with initial working strain rate 
as a parameter. The specimens which were stretched 
under conditions of 500~ and 8.3 x 10 -s and 
8.3 x 10 -4 s-1 strain rate, exhibit comparatively large 
elongations. Again, conditions of 450~ and 8.3 
x 10 .5 s -1 give a large elongation above 15%. Al- 

though a little inferior to this group, another group 
exhibiting large elongation exists at a working temper- 
ature of approximately 400 ~ and at a higher initial 
strain rate. The same tendency is recognized in Fig. 5b, 
which shows the variation of tensile strength at room 
temperature with working temperature. It can be 
understood from Figs 2, 5a and b that the specimens 
which were stretched under conditions where a large 
elongation can be obtained in the normal tensile tests, 
exhibit a larger tensile strength a t  room temperature. 

3.3 .  M i c r o s t r u c t u r a l  o b s e r v a t i o n s  
Fig. 6 shows the microstructure of the specimen before 
tensile testing. The grain size ranges from 10-15 gin. 

Figure 6 Microstructure of specimen before tensile testing. 

Besides very fine precipitates of 0.05-0.1 gm (seen by 
TEM), many coarse precipitates can be seen with sizes 
of micrometre order. 

Fig. 7a-d are optical micrographs of the specimens 
after an elongation of 100% under various tensile 
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Figure 7 Microstructures of specimens after an elongation of 100% deformed under various temperatures and initial strain rates: (a) 500 ~ 
8.3 x 10 - s  s 1; (b) 500~ 8.3 x 10 -3 s - l ;  (c) 400~ 8.3 x 10-s ts -1 ;  (d) 400~ 8.3 x 10 -z  s -1. 

conditions. Fig. 7a shows the microstructure of the 
specimen elongated at 500 ~ at an initial strain rate of 
8.3 • 10-5 s-1. It can be seen that the coarse precip- 
itates annihilate and the grains grow somewhat, but 
remain equiaxed. This suggests that grain-boundary 
sliding governs the deformation. 

Two typical microstructures of specimens elongated 
under conditions differing from the optimal are shown 
in Fig. 7b and c: one is the case of higher strain rate at 
500 ~ (b), and the other the case of lower temperature 
at 8.3 • 10-5 s-1 strain rate (c). The grains in Fig. 7b 
are equiaxed similar to the grain morphology in 
Fig. 7a, but a fairly large number of cavities is ob- 
served in Fig. 7b. On the other hand, it can be seen in 
Fig. 7c that the coarse precipitates do not annihilate 
and each grain is stretched in the tensile direction. 
This indicates that the grains deform themselves. As 
was found in Fig. 5a, the fracture elongations of the 
specimens pre-deformed under the conditions of 
Fig. 7b and c are small. It is considered that these 
small ductilities result from such microstructural dis- 
advantages, i.e. cavities (b) and elongated grains (c). 

Fig. 7d shows the microstructure obtained at 400 ~ 
and an initial strain rate of 8.3 x 10 - 2  s - 1 .  This 
microstructure seems entirely different from the 
others. As ascertained from the transmission electron 
micrograph (Fig. 8), there are many fine subgrains. 
The 7475 alloy is a precipitate hardening alloy and at 
the same time a solid solution hardening alloy. During 
deformation of the solid solution hardening alloys at 
high temperature the dislocation motion tends to be 
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Figure 8 Transmission electron micrograph of specimen after an 
elongation of 100% deformed at 400~ and 8.3 • 10 -2 s -1 initial 
strain rate. 

viscous, and generally the dislocation arrangement is 
uniform [14]. However, when the strain rate becomes 
higher, the viscous motion of dislocations with the 
Cottrell atmosphere is broken. In this case, the 
dislocations pile up and cause subgrains to form [15]. 
The occurrence of the fine subgrains in the present 
experiment is considered to be based on such a phe- 
nomenon, and leads to the comparatively large 
elongation (see Figs 2, 3 and 5a). 

4. Conclusion 
In order to examine the possibility of high-speed 
deformation of superplastic 7475 alloy, tensile tests 



were carried out under various strain rates and tem- 
peratures. The tensile properties at room temperature 
and the microstructures of the specimens pre-strained 
under various strain rates and temperatures were also 
investigated. 

It was found that a comparatively large elongation 
may be attained at a high strain rate of the order of 
10-= s -1. In the present experiments, an elongation 
of nearly 200% was obtained at 400~ and 8.3 
x 10 -z s -1 initial strain rate. The tensile properties 

at room temperature of the specimen deformed under 
these conditions are also comparatively satisfactory. 
The microstructural characteristics obtained with 
these conditions are fine subgrains which arise during 
deformation. If the occurrence of these fine subgrains 
can be positively controlled, the possibility of high- 
speed deformation of 7475 alloy might be expected. 
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