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ABSTRACT

ression creep tests of Ti-6211 alloys at room temperature with punching
fresses of 1500-5661 MPa are reported. For stress under 3000 MPa the creep
shavior is essentially exhausted type and obeys the logarithmic law. The
onent value of time is in good agreement with that obtained by
ventional tensile and compression creep tests. For stresses larger than
0 MPa, a steady state creep behavior was observed with a stress exponent
al to 7.6. The calculated activation areas for room temperature steady
late creep falls into the predicted region of correlation between
ivation area and stress for all materials.
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INTRODUCTION

new indentation test method to characterize the creep - behavior of
ogeneous materials has been recently introduced by Li and co-workers
Chu, 1977; Chu, 1979; Yu, H.Y., 1977; Yu, E.C. and Li, 1977). In this test,
- cylindrical indenter with a flat end is allowed under the action of
netant load to make a shallow impression on the surface of a solid. An
#ﬁrate determination of the depth of penetration of the indenter at a
ven stress is measured as a function of time to evaluate the kinetics of
\Cp. This test offers several advantages over the conventional creep
#8t, viz, small quantity of testing material, temperature and stress
ipendence of creep rate obtainable on a single sample, constant stress at
stant load, and absence of tertiary stage creep. For materials like
lecular crystals (Chu, 1977), LiF (Yu, E.C. and Li, 1977), B-Tin single
ystals (Chu, 1979), Cu-Ni single crystals (Yu, E.C., 1977), and 2Zn
lycrystals (Murthy, 1982), it was found that both the stress and
#mperature dependence of the steady state impression velocity agreed with
ke corresponding dependence of the creep rate in conventional creep tests.
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Thus impression creep has been established as a convenient way
extensive information on creep from small material samples.

In the present investigation the creep behavior of the
Ti-6A1-2Cb-1Ta-0.8Mo (Ti-6211) has been investigated
method.

titanium alloy,
using impression test

EXPERIMENTAL PROCEDURE

Material

Ti—-6A1-2Cb-1Ta—-0.8Mo alloys (Ti-6211) with oxygen contents of 0.075 and

0.290 wt 7% (0.22 and 0.87 at %), were prepared in 125 1b heats and
fabricated by upset-forging and hot rolling at 1065°C followed by an
annealing treatment at 926°C for one hour and air cooling. The oxygen

levels of the alloys have been identified, for

this study, as A and E and
are listed in Table I.

TABLE I Composition of Ti-6211 in Wt. Percent (Hp in ppm)

Element
sample A ¢ M Ta o Hpm N ¢
A 6.0 1.95 . 0.7 0.88 0.075 40.0 0.010 0.02
E 5.9 2.16 0.7 1.06 0.290 54.0 0.008 0.03

Specimens of size 25 mm X 25mm X 8mm with two parallel flat surfaces were

cut for impression creep test. The microstructure and the related
mechanical and fracture tolerant properties of these alloys has been
systematically evaluated and reported on by Imam and colleagues (1983). The

microstructure shows the formation of grain-boundary alpha
prior beta grains independent of oxygen content.
in this alloy which is under identical heat treatment conditions varies
inversely with oxygen content, ranging between O0.7mm to 3mm. The
crystallographic texture evaluation showed that all samples have a very weak
transverse basal texture and are nearly independent of oxygen content. The
microhardness, macrohardness, yield stress, ultimate tensile strength and
fracture stress, all show a linear increase with increasing oxygen content.

decorating the
The prior-beta grain sizes

Apparatus

The testing arrangement for impression creep test is shown
Fig. 1. A flat end cylindrical punch with 1 mm diameter, machined from
tungsten carbide rod, was wused for the impression test. The test was
performed at room temperature in a closed loop MTS hydraulic testing machine
under load control conditioms. The displacement of the punch was monitored
by an LVDT attached between load cell and the sample and was recorded as a
function of time for each creep test.

schematically in

of obtaining
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RESULTS AND DISCUSSION

The room temperature creep properties of Ti-6211 with 0.073 wt% oxygen had
been investigated by Chu (1970, 1976, 1980). Both tensile and compression
¢reep tests had been conducted with creep stress in the range from 558 MPa
to 724 MPa (the 0.2% offset yield strength at room temperature is 703 MPa).
The results show that the creep behavior of this alloy obeys the logarithmic

law and can be identified as exhaustion creep (Chu, 1980). For 1000 hours
ests, the creep strain can be represented as:
€ = 2,30 X 10740 513.89 0.183  £or tensile creep and (1)
€ = 1.22 X 10729 59-89 (0.183  £5r compression creep (2)

where ¢ is the applied stress (MPa), t is time (hours) and € is total creep
strain (%). In order to compare the results of the present study with those
btained from conventinal creep test results of Chu (1970, 1976, 1980),
#amples from the A batch of Ti-6211, having chemical composition same as
that of Chu were chosen. Five stress levels were used in the impression
creep tests. These creep stresses were 1500 MPa, 2000 MPa, 2500 MPa, 3000
MPa and 3500 MPa. Under these stress levels, it is found that the room
~ temperature creep behavior of Ti-6211 is essentially of the exhaustion type.
The results are shown in Fig. 2 and can be expressed as:

84 = 9.33 X 1078 (g)2-38 ¢0.17 (3)

where §4 is normalized impression displacement (displacement divided by the
diameter of the punch X 100). The normalized displacement can be linearly
related to the strain € (Yu, 1984, in press) by the following relation

§q = ae (4)

where the proportionality constant o is of the order of l. The time
exponent in the above equations is in good agreement with each another which
suggests that one can use the impression creep test to obtain the exponent
value instead of the conventional creep test.

Since the deformation in impression creep is stable having no tertiary stage
(Chu, 1977), tests can be carried out to study the creep behavior under
large stress (the applied stress larger than the ultimate tensile strength
of the material) which can not be performed by conventional tests. Four
stress levels between 4137 MPa to 5561 MPa were used in this investigation
to study the creep behavior of sample E. A typical plot between indenter
displacements and time for sample E is shown in Fig. 3. The creep behavior
of Ti-6211 under such high stresses shows steady state creep rate. The
effect of stress steady state impression velocity is shown in Fig. 4. The
result gives a straight line indicating the following power law relationship
at room temperature.

Vg = Bo™ (5)

Where V4 is the steady state penetration velocity normalized by the diameter
of the indentor, B is a constant and n is the stress exponent determined by
the least squares method and is found to be 7.6.

For creep deformation, a general correlation between activation area and
stress. for all materials has been suggested by Balasubramanian (1970) based
on the assumptions that the creep is single rate process and the dislocation
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structure remains essentially constant during a change of temperature,
pressure or stress. The single rate process creep rate is expressed as:

€ = ecexp (-AF/KT) (6)

where AF is the standard free energy of activation, éc is the maximum
attainable creep rate at AF=0, k is the Boltzmann constant and T is absolute
temperature. The correlation they suggested is seen that within a scatter
of + 0.5 the logarithms of the activation areas of all materials lie on a
straight 1line (with a slope of about <0.9) when plotted against the
logarithm of the stress. The activation area of creep deformation is
defined as:

_ kT alné)

b ‘at*

3 7

where A is the activation area, t* is effective shear stress, T 1is absolute
temperature and b is the Burgers vector of the dislocation. Based on
equation (6) and (7), it is suggested that the applied stress can contribute
to the activation free energy. For creep mechanism that is due to the
motion of dislocation, the external stress can contribute to the activation
free energy by helping the dislocation to cross the energy barrier.

The relation between impression stress ¢ and compression stress o, for puri
Ti (Imam, 1984, to be published) is found to be:

oo = 0.29 (8)

and this relation is wused for Ti-6211 alloy. Assuming the following
relationship between effective shear stress and the compression stress:

oo = 2% 9

and substituting equations (4), (5), (8) and (9) into equation (7), the
activation area for impression creep is obtained as:

3
A =9.52 x 10723 ;‘—T & (10)

where impression stress is in unit of MPa. A plot of the activation areas
obtained from present investigation together with the correlation given by
Balasubramanian and Li are given in Fig. 5. The good agreement between the
two results indicates that the external stress indeed can contribute to the
activation free energy. It further suggests that at certain critical
temperature Tc, a steady state creep is possible only by the effect of
external applied stress. The relations between critical temperature Tc and
the magnitude of minimum external applied stress for steady state creep of
different materials can be studied systematically by impression creep tests
in order to provide a further understanding of creep mechanism.

CONCLUSIONS

l. The impression creep test can be used to obtain time exponent value of
Ti-6211 in the exhaustion creep range.

2. External applied stress at room temperature can activate Ti-alloy to a
steady state creep region. The stress exponent was found to be 7.6.
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3. The calculated activation area was found to be in good agreement with
the predicted behavior of other materials.

4. Impression creep tests under stresses larger than the ultimate strength
of material, which can not be performed by conventional tests, are well
sulted to obtain a relation between critical temperature T. and the
magnitude of the minimum external applied stress for steady state creep and
# further understanding of creep mechanism.
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Fig.

NORMALIZED INDENTER DISPLACEMENT (x100)
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