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DETERM NATI ON OF STRESS-RUPTURE PARAMETERS

FOR FOUR HEAT-RESISTING ALIOYS
By William G. Lidman

SUMMARY

Stress-rupture data for four heat-resisting alloys are analyzed
according to the equations of the theory of rate processes. A nethod
for determning the four paraneters of structure and conposition 1s
denonstrated and the four paraneters are determned for each of the
alloys :  forged S816, cast 5816, cast S590, and cast Vitallium, |t
I s concluded that paraneters can be determined for an alloy provided
sufficient reliable experi mental data are available.

INTRODUCTION

One of the nost inportant eriterions in eveluating an alloy for
hi gh-tenperature application is the time required for rupture at
el evated tenperature when a specinen is subjected to a constant load.
A nunber of such investigations, which vary in length froma few hours
to several thousands of hours, must be conducted when it is desired to
conpar e the stress-rupture properties of a series of alloys. The
theoretical considerations of referencel suggest that the equations of
the theory of rate processes nmay be applied to the process of stress
rupture. Reference 1 provides a basis for the theory that the rate-
process & 0es-rupture equation devel oped therein can beused to
interpol ate and extrapolate data for different temperatures.

The fol | owi ng alloys were chosen for investigation because the
avallable data cover a sufficiently wide range of temperatures and.
stresses t0 pernit determination of the walues of the stress-rupture
parameters: forged 5816, cast 5816, cast S580, and cast Vitallium.

An analysis of existing stress- rupture data Was made according to thls
theory. The compositions and the heat truvatmenis of the allays are
given in tables | and Il
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APPLICATION OF STRESS-RUPTURE EQUATI ONS

The equations, developed in reference 1, which treats stress
rupture as a rate process, are

+BT - D
log b, = A BI ° (1)

wher e
t time for rupture, hour
A,B parameters of structure and composition

T tenperature, °R

D el ope of stress-rupture curve multiplied by tenperature
c applied stress in tension, pounds per sguare inch
and
log D=E + FT (2)
wher e

E,F parameters of structure and conposition

The data for alloys forged ssis, cast Ssls, cast S590, and cast
Vitallium obtained fromthe Al egheny Ludlum Steel. Corporation and
fromreferences 2, 3, and 4 are plotted in figure 1 on semilog coordinates,
as recomended in reference 1.

Because o limited Stress-rupture deata at some tenperatures and
because of the experimental error involved in reproducing stress-rupture
data, it is difficult to determne the true slopes of the stress-rupture
curves. |In figure I(a), for exanple, the curve for 2250 Ris fixed
by three points and in figure 1{c) the curve for 2060° Ris fixed by
only two points. As a first approximtion of the true slopes of the
stress-rupture curves, the alopes of the curves in figure 1 were
determned. Figure 2 was then obtained by plotting D (slope of stross-
rupture curve nultiplied by tenperature) against tenperature on semilog
coordinates. Corrected values of D taken fromfigure 2, when divided
by the correspondi ng temperatures, yi el ded val ues that were more likely
tobe closer to "the true slopes of the stress-rupture curve than were
originallyobtai ned. By use of these corrected slopes, the intercepta
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O the stress-rupture curves t, Wwhen extrapolated to zero stress
wer e determined. Figure 3 was bt ai ned by plotting T log t g ~sainst
tenperature. Pareameters E and F, which were determn ned from .
figure 2, and paraneters A and B, which were determni ned from
figure 3 (see appendix) are presented in table Il

RESULTS AND DISCUSSION

The use of the stress-rupture equstions 'ls not limited by a
change in structure or by oxidation of the alloy. In ranges of stress
and tenperature in which an alloyis susceptible t0 a change in
structure or to surface or intergranular oxi dation, the streass-
rupture equations are still valid; however, adifferent set of
paramet ers must be determined for these ranges. The range in which
-oxidation or structural in&bility of an alioy is encountered is shown
as a break in the slops on the strees-rupture curve for the alloy.

It is therefore importantto realize when stress-rupture |ife is pre-
di cted by use of these paraneters that several experiments may be
necessary to determ ne whether an alloy ofthe type under investi-
gation i s susceptible t 0 these changes and whether the paraneters
determ ned apply only for the range of test conditions.

I'n the direct conparison of two alloys at the same conditions
of stress and temperature, the time for rupture for each material is
determ ned by use of the equations. Then, accord- to the result6é
obt ai ned by wing the parametersand equations the alloy that has
the longer rupture life would have the better stress-rupture properties
at the conditions i n queetion. Lengthy strees-rupture investigations
may be elimnated by the prediction of additional data at stresses and
tenperatures at which no experinmental data are avail abl e. Ordinarily,
when it is desiredto obtain sufficlent data to plot a stress-rupture
curve at a specified tenperature, four or five Stress-rupture investi-
gations nust be conducted to obtain the data. By uae of the equations,
the nunmber of investigations required is reduced because the curve that
is desired may be extrapolated fromthe data that are already available.

The reliability of results fromthe extension of data using the
stress-rupture equation is dependent upon the accuracy of the experi-
mental data fromwhich the paraneters are determined. Reference 5
reports that aﬁproxinate values Of variation in tine for rupture of
specimens at the same stress and tenperature deviate * 25 percent
fromthe average for two-thirds of the investigations conducted and
greater than 25 percent for the remainder of the investigations.
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For beat results the original data should be obtained from speci mens
of the same melt and heat treatnent; however, it may be frequently
desirabl e to use data obtained fromspecinens of different netallurgical
backgrounds., The case i n which data are used fromspecimens of different
metallurgical backgrounds is illustrated Dy the determination of para-
meters for Vitallium, the data forwhich were obtained fromthree inde-
pendent sources (references 2, 3, and 4). It may be difficult to obtain
good correlation of data from specimens of different metallurgical
background5 if the physical properties of the alloy are sensitive to
alight variations in conposition, heat treatment, or testing procedures.

CONCLUSION

The results of this investigation show that the four parameters Of
structure and compoeition that are used to predict stress-rupture dats
can be determ ned for an alloywhen the available stress-rupture data
cover a suffliciently wide renge (f temperature and stresa.

Flight Propul sion Research Laboratory, .
Netion=sl Advisory Conmttee for Aeronautics,
G evel and, Ohio,
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APPENDIX - PRACTI CAL APPLICATION OF STRESS-RUPTURE EQUATI ONS

In order to illustrate the method used in calculating param
eters A, B, E, and F, the data for cast S816 given in figure 1(b)
Wl be used.

The absol ute sl ope of the 1960° R stress-rupture curve is
log by, 1 - 198 Tr 2 4 00 - 1500

E = = 0.000184
T oy -0y 13,300 - 29, 600

where subscripts 1 and 2 Indicate initial and final points on the
curve.

Then

D1960 = T x 0.000184 = 1960 x 0.000184 = 0. 360
Simarily

Dy810 = 0. 210

Dooso = .412

DZlSO = ,486

Doneo™ @ 700

The plot of log D against T for cast S816 1s given in
figure 2(b). The slope of the straight line in figure 2(b) is

F=1og 0.700 - log 0.21 = 1.160 x 10 -3
2260 - 1810

The intercept of this line is

E = log 0.700 - 1.16 x 103 x 2260 = -2.778

The corrected val ue of D for1960° R as taken fromfigure 2(b)
ias

D = 0.313
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which then gives the corrected slope

D_ 0.313 _ 4. 000160

T 1960

simlarly the slopes of the O her curves becoms

&-g) = 0000116
1810

)

=) = .000199
\r/

2060

<2> = .000246
T /2160
’

f9>2
\T /2260

The intercept of the 1960° R stress-rupture curve in figure | (b)
is

000310

log &, = logt_+ £C;= log 900 + 1.60 x 19,000 x 10-3 = 5. 994
Then

T log t; = 5.994 x 1960 = 11.749

Simlarly
T log €4 (1810) = 11,624
T log %4 (2060) = 11,400
T | og t4 (2160). = 12,169
T log t4 (2260) = 11,964

The plot of T log t; against T for cast s8ls is given in figure 3(b).
The el ope of the straight |ine obtained is

o - 12,000 - 11,600
2260 - 1850

0.970
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The intercept is

A= 12,000 - (0.97 - 2260) = 9810
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TABLE T - CHEMICAL CONPOSITION OF ALLOYS
Alloy Chemlcal composition, percent

¢ Mn s1 Cr .11 Co Ho v Cb Fe
83316 0.35-.45(2,00 max.|1.00 max.|18-22.00 [18-22.00(38.00 min.|3<5.00 [3.6-6.0[2.5-5.0(6.00 max.
83590 0.35-.50|2.00 max.|1.00 max.|19.5-22.00(19-21,00 | 19-21.00 |3.65~4.€3.5-4.5| 3.3-4.5 Bal.
byitalllum | 0.24 28.70 Bal. 5,57
| CYitalliue | 0.20 28.0 65.0 8.0
dy1ta111um | 0.24 | 0.98 0.63 27.6 3.06 Bal. B.13 1.76
Avitalltum | 0.21 28,66 8.57 | Co+ X1 = 85.56

Analyals reported by Allegheny Iundlum Stesl Corporatlon.
DRefarence 2.
CRafsrsnce 3.
dReference 4.

MAT IONAL ADV ISORY
COMMITTEE FOR AEROMALT ICI

‘ON WY YOVN

eg1943
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TABLE IT - HEAT TREATMENT OF ALLOYS

Alloy Heat treat ment
asglLe Sol ution-treated at 2250-2300° F, 1 hour; water quench;
aged at 1400° ¥, not less than 6 hour% air-cooled
25590 'Sol ution-treated at 2250-2300° ¥, 1 hour; water quench;

aged at 1400-1500° F, 16 hour% air-cool ed

bVitalliwm SAged at 1810° R, 50 hours
----_1%4s cast _and aged -

BHeat t r eat nent reported by Allegheny Ludlum St eel Corporation.
PHeat treat nent reported in reference% 2, 3, and 4.

CSpecimens tested at 1810° R

d5pecimens tested at 1960°, 2060°, and 2260° R

TABLE TIT - é‘fRESS-RUPTUBE PARAMETERS OF ALLOYS

Parameter
A B E F
(L i @1 ()
Forged 8816 |25, 664 {-~7.881-2.6870.00108

Al | oy

Cast S816 9,810 .97|-2.778] .00116
Cest S590 10,869 | 1.06)-2.941{ .00132
 Cast Vitallium 12,739 |-1.23|-2.477| .00100]
1petermined from fi gure 3.
"Determned from figure 2.

Nat i onal Advisory Conmittee
for Aeronautics
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Stress-rupture parameter, D
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