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Indentation creep tests of an Al-5.3 mol% Mg solid—solution alloy were performed using a microindenter in order to examine
whether creep properties can be extracted accurately from a testpiece which is as small as a rice grain. A conical indenter was
pressed into a surface with a load of 0.39 N at temperatures ranging from 546 to 590 K. When the average equivalent stress &, in
the region beneath the indenter decreases to a critical stress @, during the creep indentation, the creep stress exponent # changes
from 4.9 to 3.0. The measured &.—value decreases from 122 to 52 MPa with increasing temperature, while the corresponding in-
dentation strain rate & increases from 1.22 X 10723 to0 2.00 x 102 s~ 1. The temperature dependence of 6. and & is almost in agree-
ment with the results derived from dislocation theory. The activation energy @ for creep in the stress range H (G, > G.) is approx-
imately equivalent to that for the lattice diffusion of pure aluminum, 144 kJ mol~1. The @-value in the stress range M (6., < &.) is
close to the activation energy for the mutual diffusion of this alloy, 130 kJ mol~1. With load—jump tests at 7'=573 K, indentation
load was abruptly changed from 0.39 N to various values ranging 0.19-0.59 N. In the stress range H, instantaneous plastic defor-
mation (IPD) takes place evidently even when the load increment AF is very small. In the stress range M, the IPD does not occur
when AF is within a certain value. However, the occurrence of IPD is observed when &, coincided with &.. The findings suggest
that the creep rate—controlling process changes from recovery control (z=4.9) to glide control (#=3.0) below &.. These results
agree well with those of conventional uniaxial creep tests. Consequently, the indentation testing technique can be used effectively
to extract creep parameters from small-volume samples.
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Table 1 Chemical composition of tested material.

Analysed composition (mol%)

Mg Si Fe Cu Al

Test material

Al-Mg alloy 5.3 0.004 0.004 0.0002 Balance

(a) (b)

Force actuator

Displacement sensor
il :

Conical indenter

Specimen

- Heater

Fig. 1 (a) Schematic diagram and (b) dynamic mechanical
model of a microindenter. C,,: the machine compliance, E;: the
reduced elastic modulus, E;: the Young’s modulus of indenter
tip and E: the Young’s modulus of testpiece.
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Fig. 2 Indentation creep curves of Al-5.3 mol%Mg solid—so-
lution alloy with a load of 0.39 N measured at T'=546, 564, 573
and 590 K.
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Fig. 3 Relationship of &, versus G,/E, both on logarithmic
scales. The creep stress exponent # changes distinctively from
4.9 to 3.0 at a critical stress g, and corresponding indentation
strain rate &.
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Fig. 7 Results of indentation load—jump test. Thin lines
denote indentation creep curves with constant loads of 0.29 N,
0.39N and 0.49 N, respectively, at 7=573 K. Thick lines
denote indentation creep curves obtained with the abrupt
change in indentation load from 0.39 N to 0.29 N or from 0.39 N
to 0.49 N, respectively.
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solid-solution alloy, both on logarithmic scales.
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retically.
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Table 2 Material constants used in evaluating ¢, and &. G: the
shear modulus, B: the dislocation mobility, D: the diffusion
coefficient, B: the coefficient of dislocation increase by multipli-
cation, #: the coefficient of dislocation decrease by recovery.

T G B D )
(K)  (GPa) (m3/Ns) (m?/s) (1/m) n
573 21.0 4.73x10-15 1.61x10-16 9.61 %106 98.3
623 20.0 4.22x10-14 1.45%x10-15 2.86x106 87.3
673 194 2.87x10"18 9.39x 1015 9.54 X105 77.6
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Table 3 Comparison between indentation creep test results and tensile creep test results.

Creep test method Test materials T (K) ¢ (MPa) Stress range n Q (kJ/mol)
(C{Sfeegttasttiggw Al-5.3 mol%Mg alloy 546-590 23-151 fa ;2 1;12
(Murty e;f;;}’sif;m, 1973) Al-5.5 mol%Mg alloy 573 5-250 fa ;2 1;12
(Yavari dT;;}’SifgSL 1982) Al-5.6 mol% Mg alloy 623 6-95 f/[ ;2 "
(Sato ang%rﬁ:i:élva, 1988) Al-5.3 mol% Mg alloy 570-640 2-50 f/[ ;z 122
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