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LON-TEMPERATURE CREEP CHARACIERISTICS OF Ti-5A1-2.55n AD Ti-6Al-4V ALLOVS

John A. YanEcho

An important design criterjor. for rany struc-
tuzes 1s their creep characteristics. Creep is the
time-dependent strain which occurs in a msterial
under stress. It is often considered to be a high-
termperature phenosenon which is not necessarily
true. It is true that creep is more of a problem
in “.gh~tempersture structures, but in some mater-
fals it 3ust be teken into account in the design
of ordinsry snd even low-temperature siructures.

Most low-temperasture structures are desioned
with stress limitations determined Ly the yleid,
uitisste, or fatigue strength. The impact and
notch-strength properties may aleo be limiting
factors. If each of these is sstisfied and the
esterial tends to creep, the design stress may very
well be 1imited by the creep strength.

Design ususlly involves three types of strairs
thermal, elastic, and plastic. Ther=mal strain is
recoversble but sust be considered $f a substantial
change in tempersture is contemplated. Elastic
strain is proportional to the stress and this
process is also completely reversible. Plastic
strain is essentially permanent with the exception
of & very small recovery which for practical pur-
poses is usually ignored. Plastic strain can be
obtained in two ways: (1) instantaneously by ex-
cesding the proportional lismit, snd (2) by msintain-
ing a siress for a period of time. The latter, of
Laurse, is creep.

We are primarily concerned here with the time-
dependent :train, or creep. Each of the other
types of strain is perhaps equally important but
will not be discussed here. We will, however, have
to concern ourselves with elastic and instantaneous
plastic strain, since it is difficult to isolste
them completely from s discussion of creep. When
8 creep test 1s pexdormed, an §sothermsl condition
18 assumed, end thermal strains are excluded from
consideration. The load produces an elastic
s*rain, which is proportionsl to the stress, and
if above the proportional limit, some plastic
strain. For titanium alloys, 2 relstively high
¢‘ress is usually required to produce creep at low
temperature. This often meens that the proportion-
al limit of the materisl has been exceeded, result-
ing in a certsin awount of initial plestic strain.
Therefore, creep may be important, but thermal,
elastic, end instantsnecus plastic strain cannot be
¢z~luded from design considerstions.

1Ms note is concerned solely with the low-
temperaturs creep properties of the T{-3Al-2.%8n
and Ti-6A1-4V alloys. In assessing these proper-
ties of these materlels, 1t i{s important to note
that o fairly wide spresd in their tensile proper~
ties has been reported in the litersture. This {s
psrticulerly true for the Ti-6Al-4V alloy which can
be heat treated to moderately high strengths, As
a reference point in this discussion, Table 1
1i.ts the tensile properties which are typical of
those which are being achieved on current, production
material., Values are included for both the normal
3 “extra-low Interstitial” (EL1) grades.

TABLE 1. TYPICAL %mm MECHMNICAL

PROPERTIES

urs, vs, PL,
1000 1000 Elongation,RA 1000
Alloy Condition psi psi % X pst
Morsal Grade
S5A1-2.9550 Mnesled 125 117 18 ©® -
SAL -4V Annesled 138 128 12 43 -
6A1 -4V Heat treated (70 135 8 N 147
ELI Grade
BA1~2.58n Annealed 110 9% 20 -
6A-<¥ Annealed 135 17 15 -

In the past, deviations ss grest as 20 per
centfmtheh?lslvdmhmbenuported
for both alloys.l2) These devistions reflect
earlier differences in processing histories as
well as in the chesistry of individual hests.

This wide lLatitude in tensile properties explains
why, in several esrlier studies at least, the
creep stresses used in some instances exceed the
yield and even ultimate strength values of current
production material.

It was generally believed that the Ti-BAl-
2.95%n and Ti-6Al -4V alloys do not creep at room
tesperature, Therersy be some justification for
this belief, again depending on the specific heat,
the chemistry, the stress level, and processing
variables of the particular lot of materisli. There
is evidence, however, that the Ti-HAI-2.55n alloy
does creep at roca temperature?, 3s shown by several
tnvestigstors. Some creep tests ?n sheet msteriel
by North Averfcan Avistion, Inc.,(3) although
limited to only three hours of test time, clearly
show creep occurring st stresses of 100,000 to
120,00C psi (Teble 2). Although it s difficult
sttempting to estsdlish a minimum creep raste in
such a short tine, indicstions are thet the creep
rate st 100,000 psi is less than 0.005% per hour.
Stresses in excecs of typicel yield and even ulti-
Jate strength valuss are noted.

TABLE 2. SHORT-TIME CREEP DATA POR ANNEALED Ti-
3A1-2,58n, 0.040-GAGE SHEET AT ROOM
TEMPERATURE(3

Totsl Elongation for Indiceted Time,

Stress,

ps! 0.3 hy 0.3 hr R +0 hrs

172,000 (%% in 0,03 h2)

147,000 1.3 2.0 2.7 8.5

115,000 el i.2 1.2 1.3

105,000 ¢.95% 0.9% 0.9% 0.97

100,000 0.87 0.91 0.92 0.93

v, i LR g A o 1 egrre P (om0 oty 0 LA EERE 0 = 8 DATMAIN § 50 i,V LI M T (AR SN AT 3 0
e RN RO R e AT IR WS B YRR AN R e, el %




B uap——

-2

Dsts obtalned by RemCrul4) on anealed Ti-
SAL-2.55n alloy at xoom texperature show very
sieilar results (Table 2). Here, the creep tests
were conducted at stresses ranging from 90,000 to
115,000 psi for times long enough to estabiis’ @
ninfsun creep rate. Eoom-tewpersture ultimete and
yield strength property values for Heat Ne. R-2724
are 132,000 and 124,000 psi, respectively, nbtaired
st 3 stratin rate of 0.001 in./in./min. The propor-
tione® lisit for this heat of omsterial is 100,000
psi, the elongstion is 18Y, and the RA 48.8%.

In each of the asbove ‘sets of data, the elas-
tic strain can be calculated and subtzacted from
-the total by using an elastic modulus of about
15.5 x 105 psi.

Some lixited cdata from the Marine Engineering
Latorstory(®) show the following properties of the
Ti-541-2.%5n alloys

e e e e e Ao Sy T AT KT ST R, M ey it ai— Y (% S E oo s AR W oL »_W,-_»,____..MWKM-
L]
Yielid Creep Yield

Strength, Stress, Strength, Time, Creep,

ps: psi % hrs in.[in.
iensile Creep
123,400 7,100 9 664 0.00482
123,400 57,100 KL 933 €.0081
Conpressive Creep
137,600 100,600 73 1120 0.0086

Scme 7airly extennivz grnp dats wrre cupplied
by North American Aviationi®) on ELI grade of the
TE-3A1-2.58n alloy. These data are shown in Teble
4 for sheet, plate, and forging stock at rcom teme
perature and in the stress range of 64 to 2 per
cent of the yield strength,

siResearch!{7?) made some creep data avsilable
obtained froz subzero (-320 F) tests on the

TABLE 3. SUMMARY OF ROOM-TEMPERATURE CREEP RESULTS ON AMNEALED Ti-5A1-2.55n (Heat No. R-2T24)(4)

Test Total Plastic Test Minimue Time to Time to
S, Def., Def., Duration, Creep 1% Def., Rupture, 1% Def.,
psi % hr Rate, %/hr hr hr T(20 log t}
115.0 19.5 19.5 41.6 0.19 0.05 41.6 10.1
110.0 19.5 19.% 339.6 0.019 0.1% 339.6 10.35
10500 5.7 4.& 13’62.‘ 0.0m75 500 - 11 o2
100.0 3.3 2.5 1208.4 0.00050 20.0 - 11.5

TABLE 4. SUMMARY OF ROCM-TEMPERATURE CREEP DATA ON Ti-5A1-2.5Sn (ELI-GRADE) TITANIUM ALLOY(6)

See———
Yield Test

Stress, Strength, Creep Strain in 7ime Given cent Duration,
psi % 1hr 10 hr 100 hr %00 hr Final hrs

Sheet
82,200 73.7 0.007 0.007 0.02 - 0.024 741
82,2(” 73'.’ - - 0-02 - 00033 741
81 ,%00 80.0 Negligible 156
86,”0 85-0 - - - - 0.07 156
92,@ 9000 - - b - 2-03 156
Plate

52.500 7“'.30 - - - - 001 23
84,500 79.0 - . - - C.2 24
36.500 81 -0 - - - - 0.4 2‘
89,000 83.1 - - - e 0.9 23
91,000 85.0 - - - - 1.9 23
7‘.&0 6‘.7 - - 0.023 0-04 0.05 7‘2
30.700 70;0 00015 0.04 0.03 - 0012 360
87,10¢C 8.5 0.06 0.1% C.23 0.31 0.33 6C0
87,100 5.5 0.02% 0.08 O.14 0.23 0,24 “00
909000 8C.4 hd - - - 1.4 23
90,000 83.4 - - - - 3.1 2%
90.000 78-3 - - hd - 2.4 2&

90,000 83.4 - - - - Rupture 2.3
95,000 83.C - - - - Rupture 62
95,000 g3.0 - - - - 6.0 46
99,500 86.2 0.07 0..7 0.33 C.51 0.53 600
10F.707 9. .6 N5 - - 4.7% Rupture 578
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Ti-54i-2.55n alloy sheet. Test surocedures in-
cluded the usual condition of reaching test tem-
persture {-320 F) prior to lo#3ing the specimen.
Howsver, a deviation from normai creep-test proce-
dure involved taking creep readings. It was neces-
sary for the specimens to stabilize 2t room tesp-
erature for each itrain resding. Thesc cdata sre
sussarized in Table 5,

TABIF 5. CREEP MID SHORT-TIME TENSILE FI1ES
OF Ti-5A1-2,56n ALLOY AT -220 F\7
Yield
St.ess, Strength, 3in in Given T
psi 4 Ihe Shr IChr18 hr 5C hr
Normal Grade®

167,500 6% " No messureabie creep

187,130 95 0.24 0.48 0.60 - -
ELl Grade .
153,600 85 0.165 0.660 0.975 1.08 1.08

Tensile Properties Tensile Properties

..Before Creep Jesting After Creep Testing
it e Elon- Ultimate Elon-
‘fensile  Yield ga- Tenslle Yield ~ gs-
Strength, Strength, tion, Strength, Strength, tiom;

psi psi X __psi psi X
Normal Grade%

12 - - -
ELI Grade

180,670 17 199,000 192,000 17

204,000 197,000

188,670

* Composition of Normal Grade Material

M - 5023x - 37 pp"
Sn - Z'M 0.) - 0'13“
F‘ - 0028% C“ - Ocm’
Mn - 0,63% N -~ G.012%

YABLE 6,

Low-temperature creep dsta on the Ti-6A1-4V
alloy are less prevalent than on the Ti-5A1-2.38n
alloy. Since sufficient dats are unavsilable, it
is not clearly evident to what extent the slloy
<reept at low temperatures.

Some work by Mallory-Sharon(®) indicstes -
that at stzesses of 84,000 to 104,000 psi {60 to
T5% of UIS), creep does occur in the Ti-6A1-4V alloy
at Yoom tempersture. MNMost of the test specimens .
were presiressed about 10 per cent in excess of the
creep stress prior to actusl creep testing. The
sffect of the prestressing is not clesrly shown.
“he creep Tate seems to be rsther.independent of
the siress as shown in Teble 6 and in Figure 1.
The reason for this may be that the extensometes
had ?n ficSent sensitivity. In fact, the refer-
sncelS) mentioned thst greater sensitivity than
w3¢ used would be needed for further tests.

Some further indirect evidence tends to show
that the alloy does creep. Lason-Miller-type
parsmster curves prepared by Rem-Cru(9,10) give the
following resuitss

Stress for 0.5% Plastic Strein in Indicated Yime
0.1 h 10 nr - 1000 hr
+000 psi 133,000 psi

143,000 psi

Ultimete and yield strength values were not avail-
sble for this lot of materfal. It is fairly evi-
dent, however, that the strength of this materisl
was sbove what is now considered ss typical for
annealed materisi. No information is given that
the data were obtyined directly from room-
tenpersture creep tests.
were derived fyrom higher tempersture tettt gs from
short-time tensile tests. Another sourcelll) gives
the information that 2 stress of about 134,000 psi
will produce "0.2% plastic creep® in 00 hours in
the T1-6Al-4V alloy sheet at 80 F. Iadication was
that the data were obtained from vendor sources.

ROOM-TEMPERATURE CREEP OF Ti-6Al-4V ALLOY BAR(®)

M‘w

Ultimate Yield
% Permanent Tensile Strength
Heat Stress, Strain in Creep Rate, Strength, 0.2% Of fset,
No. psi 500 hr 1000 Hr ours psi psi
242713 104,000 0.01 0.02 0.00002 148,000 141,000
24273 104,000 n.01 0.03 0.00002 148,000 141,000
29176 104,000 J.005 0.005 0.00001 135,000 131,000
29176 104,000 0.32 0.38 0.00005 13%,000 131,600
20176 91,000 0.06 0.09 0.00006 13%,000 131,000
29176 91,000 0.12 0.1% 0,00006 135,000 131,000
29176 84,000 .16 0.18 0.00002 13%,000 131,000
29176 84,000 0.4 0.21 0.00013 135,000 131,000
311%1 104,000 0.25 0.36 0.00022 133,000 132,000
311581 104,000 0.25 0.37 0.00022 133,000 132,00C
31151 91,000 .02 0.025 0.00001 133,000 132,00¢
31151 91 ‘000 0903 0-03 - 133.000 132 ,000
31151 84,000 0.0% 0.06 0.00002 133,000 132,000
31151 84,000 C.06 0.08 0.00004 133,000 132,000

R SRR s, TN AR

(1) All specimens heat treated at 1300 F for 1 hour and AC.

(2)

All specimens preloaded twe cycles 10% over the creep stress,

ARy

It {s possible that they :
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In investigation of relaxation properties of
the Ti-6A1-4V alloy (hea* ‘reated) was carried out
by Nerthrop Adrcrafi, Inc.(12) The tesis iadicated
that no creep occurs at room terperature 3t a stress
of 96,2C0 psi over a period in -excess of 1200 hours.
This, however, s a relatively low siress for the
particular neat-treated condition used. Thus, the
particular lct of material had an ultimate tensile
strength of 171,500 psi, 0.2% offset yield strength
of 162,500 psi, FL of 147,500 psi, 15X elongation,
==~ 43X reduction of ares ?t n temperature. Re-
1axation tests by Northropl12) on the sawe lot of
Ti-6A1-4V 2lloy at O F showed signs of relaxation
(which results from creep) at an initial stress of
98,000 psi.

A suzrary of the svailable creep data on the
T4-5A1-2.35n arg the Ti-6Al-4V 2lloys at room tem-
perature ir prautnted in Figure 1. Also shown in
this figure, for comparison purpuses, are creep
rates for iwo grades of unalleyed titanivx (A-55
and A-70). Minimum creep rates are not necessarily
the best way to show creep strengthe since they
ignore primary creep. However, the crcep riaies are
the best data svailak'e for showing comparative
values of the various alloys.
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