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1. Introduction 

The most important characteristic of the superplastic materials [ 1 - 3 ] is the 
strain rate sensitivity which can be defined by: 

m d l n a 

(1) m = д ln 8 e,T 

Because of its importance a lot of experimental method was developed for the 
determination of the strain rate sensitivity [4]. 

The main purpose of this paper is to present a new possibility for the evaluation 
of the strain rate sensitivity parameter from tensile measurements and to show 
that the impression creep test is suitable for the determination of this parameter. 
The results are compared to those obtained by the conventional methods. 

The strain rate sensitivity can depend on many parameters, for example the strain, 
strain rate, the temperature and some structural characteristics of the material. 
Besides, some effect of the experimental procedure is also involved into the measured 

value of the strain rate sensitivity parameter. In this paper some of these effects are 
discussed too. 

1.1 Conventional methods 

It is possible to assess m directly from the double logarithmic plot of the stress
's train rate relationship which can be determined from a series of tensile tests of 
individual specimens. In this way the well known sigmoidal type curve of the stress-
-strain rate function for superplastic materials is obtained. According to definition 
the slope of this curve is the strain rate sensitivity parameter. For the sake of brevity 
in the following this method will be called direct method. A deformation process 
can be regarded as superplastic if m > 0.3. 
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The determination of the stress-strain rate function by tensile creep measurements 

is very time-consuming and needs many specimens. To avoid these problems some 

other methods were also developed. 

1.2. The strain rate change method 

The most often used method for the determination of the strain rate sensitivity is 

the strain rate change method. According to this method during a tensile test with 

constant strain rate (or cross head velocity) a quick change in the velocity is applied. 

The strain rate sensitivity can be determined by the formula: 

m 
AlnF 

A ln v 

In the following this method will be called jump method. 

Detailed investigations [5, 6] show that the experimental values obtained by this 

method depend strongly on the magnitude of the applied strain rate increment 

(or more exactly on the strain rate ratio) [7]. 

2. Estimation of m on the basis of only one stress-strain curve 

The mechanical properties of a lead-tin eutectic alloy — as a reference material —, 

and Al — 4.8Zn — lMg alloys with Zr and Fe additions were investigated by tensile 

tests with constant cross head velocities. The force-elongation curves obtained were 

transformed into true stress-true strain curves with the help of the volume constancy. 

Typical stress-strain curves for superplastic deformation are shown in Fig. 1. The 

curves are very similar to each other and have a pronounced maximum character. 

In a previous paper [8] it has been shown that the stress-strain and the force-

-elongation curves can be divided into three stages characterized by different stability 

cf ( N n\ml) 

Г / . 
~& 

Ą Sn - Pb eufc 

Z Al- <f.8Zл-<M9- O.SZr 

3 A l - -..вZn-4M3- 0.5Zr-0,<SF в 

H - и 

5" - n 

*-...^ ,^*«^_ ß> 

ф v c 

——̂^̂  \ 

= ln(///0) 

0 Q1 "Q5~ 1.5 

Fig. i. 

18 



criteria. These stages are schematically shown in Figs. 2 and 3. The superplastic 
part of the elongation occurs in the third stage of the deformation process, which is 
characterized by the stability condition dajde = 0. The decrease of the flow stress 

Fig. 2. 
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Fig. 3. Fig. 4. 

in Fig. 3. is a consequence of the decreasing strain rate (s). It was also shown previ
ously [8] that this part of the force elongation curve can be described by the formula: 

(3) F = r2(/2//)m+1 

where F2 and l2 are the coordinates of the initial point of the third stage in a force 
elongation plot. It means that replotting the experimental data in the form of a In F — 
— In (/2//) function the strain rate sensitivity can be evaluated from the slope of the 
straight line obtained. Fig. 4. shows these straight lines the slope of which gives m + 1 
for different alloys at various temperatures. It can be shown that if the deformation 
is not superplastic then this procedure does not lead to straight lines, therefore the m 
values obtained above characterize only the superplastic process. 

The m values determined by this method agree well with those obtained by the 
jump method at e « e2 where e2 corresponds to the maximum streess and it is the 
initial point of the third stage. From this agreement we can conclude that even if 
conventional methods is used, the strain rate sensitivity parameter is to be determined 
at strains higher than e2. 
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3. Impression creep test methods 

The mechanical properties of the superplastic alloys can also be investigated by 
impression creep test. In the course of the impression creep test a cylindrical flat 
ended punch is pressed continuously into the surface of the sample and the impression 
depth is recorded as a function of time. According to experimental evidences the 
velocity of the punch after a short time becomes constant [9]. 

There are both theoretical and experimental evidences [10 — 12] that in order to 
compare this test with the tensile one the impression data must be converted to 
equivalent stress and equivalent strain rate by the formulae 

where d is the diameter of the punch. 

This means that the strain rate sensitivity can be determined from impression 
creep data by analogous method to those of tensile tests. 

The direct method can be applied in the same way as in the case of a tensile test. 
To demonstrate this fact a series of stress-strain rate curves obtained by impresion 
method are shown in Fig. 5. (The tests were performed in a self-made equipment 
the detailed description of which was published elsewhere [9]). 

0,94 

Fig. 5. 

Using the jump method instead of the direct velocity change a load jumps is 
applied during the steady state stage of the deformation by which the strain rate 
sensitivity can be determined in the same way as in the case of the tensile test by 
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the formula: 

m = 
Д ln F __ A ln p 

A ln v A ln v 
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Fig. 6. shows the m values determined by tensile tests and by impression creep 
tests with the jump method for an Al-Mg-Zn-Zr alloy. The velocity ratio in the 
tensile test was 2 and the load jump for the impression test was choosen so that 
the velocity ratio let be between 1 and 2. The results obtained by the two different 
methods agree well. 
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3.1 The effect of the load jump 

It is a general experience that the impression velocity, v* taking place after a load 
jump Fx to F2 is lower than the v observed in the course of a creep test with constant 
F 2 load (Fig. 7.). A direct consequence of this fact is that the strain rate sensitivities 
obtained by the jump method are higher than that assessed by the direct method. 
Experimental results show, however, that the higher the load jump (or the velocity 
ratio) is the lower the deviation between the results of the two methods Fig. 8. 
shows the variation of the strain rate sensitivity with the velocity ratio. 
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The effect of the load (or velocity) jump was investigated in details, too. The pres
sure-velocity function was obtained by individual creep experiments. It is shown in 
Fig. 9. by the continuous line. A series of creep experiments with load jumps were 
also performed. Every test was started by the same pressure, P0> but in the course 
of the steady state stage the pressure was increased to different p* stress levels and 
the new steady state v* velocities were recorded. The dashed curve in Fig. 9. lies 
along the points due to creep tests with different pressure (load) jumps. 

The relationship between the pressures p and p necessary to reach the same indenta
tion velocity in the creep tests with and without load jump can be described by the 
formula obtained experimentally: 

(4) p = p*-p*L 
P* 

where Ap = P* — Po and ft = 6.1 x 106 (N/m2)5. In Fig. 9. the points denoted 
by squares correspond to this formula. They fit well to the pressure-velocity curve. 
It means that with the help of equation (4) the pressure-velocity function obtained 
by pressure jumps can be converted to that due to constant loads. 

4. Conclusions 

1. In the case of superplastic materials the strain rate sensitivity can be evaluated 
using a single force-elongation curve. 

2. To study the strain rate sensitivity the impression creep tests lead to equivalent 
results with those of the tensile tests. 

3. The strain rate sensitivities obtained with jump methods depend strongly on 
the load jump (or the velocity ratio) and they are in general higher than those measured 
by the direct method. 

References 

[1] GITTUS, J. H., Mechanics of Solids, eds. Hopkins, H . G. and Sewell, M . J., Pergamon, 
Oxford, 1982, p. 227. 

[2] LANGDON , T. G., Met. Trans., 13A. 1982, p. 689. 

[3] OSAWA , H., AND NISHIMURA, H., J. Mech. Work. Technol., 7, 1982/83, p. 163. 
[4] EDINGTON, J. W., MELTON, K. N . AND CUTLER, C. P., Prog. Mat. Sci., 21. 1976, p. 61. 

[5] MULLER, P. AND RASSMANN, G., Z. Metallkde., 66, 1975, p . 213. 

[6] OKABE , T., HATAYAMA, T., TAKEI , H., Superplasticity and Superplastic Forming, eds. 

Hamilton, C. H . and Paton, N. E. The Minerals, Metals and Materials Society, 1988, p. 185. 
[7] HATAYAMA, T., OKABE , T. AND TAKEI, H., Trans. JIM., 27., 1986, p. 576. 

[8] JUHASZ, A., TASNADI, P., CHINH, N . Q. AND KovAcs, I. J., Mater. Sci., 22., 1987, p . 3679. 

[9] CHU, S. N . G. AND Li, J. C. M., J. Mater. Sci., 12., 1977, p . 2200. 
[10] Yu, H. Y., IMAM, M . A. AND RATH , B. B., J. Mater. Sci., 20., 1985, p . 636. 

[11] TASNADI, P., JUHASZ, A., CHINH, N . Q. AND KovAcs, I., Res . Mech., 24., 1988, p . 335. 

[12] JUHASZ, A., CHINH, N . Q., TASNADI, P., KovAcs, I / A N D TURMEZCY, T., Mater. Sci. Forum, 

13/14, 1987, p . 429. 

23 


		webmaster@dml.cz
	2012-10-06T00:46:15+0200
	CZ
	DML-CZ attests to the accuracy and integrity of this document




