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DETERMINATION OF STl&S&RUFTUEE PAMklTRS

FORFOUREEAT-RESISTING~B

By I+i.lliam 0. LidmEtn

Strees-rupture data for four heat-resisting alloys are analyzed
according to the equations of the theory of rate processee. A method
for determining the four parameters of structure and composition ie
demonstrated and the four parameters are determined for each of the
alloys : forged 5816, caet 62316, cast S590, and c&at Vftallium. It
is concluded that parameters can be determFned for an alloy provided
eufficient  reliable experimental data are

INTRODl?CTION

One of the most important criterfone in evaluatFnhJ an alloy for

available.

high-temperature application ie the time required for rupture at
elevated temperature when a specimen is subjected to a constant 108d.
A number of such Tnverstigations, which vary $n length from a few hours
to several thousands of hourgr mu& be conducted when it is deflired to
compare the atresa-rupture.pmpertiea of a serierj of alloye. The
theoretical conslderaticns  of reference 1 suggeet that the equations of
the theory of rate proceeees  may be applied to the proceae of stress
rupture. Reference 1 provides a basis for the theory that the rate-
process &roes-rupture equation developed there- can be used to
interpolate and extrapolate data for different tempeI&Xres.

The following 8110~ were chosen for investigation became the
availabie  data cover a sufffcientlg tide range of tempereturee  and.
etressee to permit determfnatfon of the valuea of the stress-rupture
parameters: forged 5816, cast 5816, caet S590, and cast VitalHum.
An analyE of existJng stress-rupture data was made acto&fnK to this
theory. The compositione  and the heat tmatmen-58 of tk alloy8 are
given in tables I and II.
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APPLICATIONOF STRESS-RUWURE EQUATIONS

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

108 t, =
A +BT - DQ

T

where

% time for rupture, hour

W parametera of structure and composit,ion

T temperature, OR

D elope of stress-rupture curve multiplied by temperature

0 applied stress in tension, pounds per square inch

log D = E + FL'

where

E>F p8rameters of structure and composition

The data for alloys forged S816, cast S616, cast S590, and cast
Vitallium obtained from the Allegheny Ludlum Steel. Corporation and
from references 2, 3, and 4 are plotted in figure 1 on semilog coordinatee,
aa recommended in reference 1.

Because Of llmited stress-rupture d&t& at some temperatures and
because of the experimental error involved In reproduca stress-rupture
data, it is difficult to determine the true slopes of the streSE+r@W%
curvea. In figure l(a), for example, the curve for 2260' R is fixed
by three points and in figure l(c) the curve for 2060' R is fixed by
only two points. As a first approximation of the true 8lOpeS of the
stress-rupture curves, the slopea of the curvea in figure 1 were
determined. Figure 2 was then obtained by plotting D (slope of etros8-
rupture curve multiplied by temperature) ag8imt temperature on semilog
coordinates. Corrected PaltIes of D taken from figure 2, when divided
by the corresponding temperaturee, yielded values t&t were more likely
to be closer to 'the true slopes of the stress-rupture curve than were
orfginally obtained. By us& of these corrected slopes, the intercepta

.
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Of the 6tr88S-?LWptlXl%  curves ti when extrapolated to zero streso
were determined. Figure 3 wa6 obtained by plotting T log t . agatiat
temperature. P8rameters E and F, whioh were determined $rom .
figure 2, and parameters A and B, which were determined fmm
figure 3 (see appendix) are presented in table III.

REsuLm AND DISCUSSIOrn

The uee of the 5tre8s-rmpture  equationa'ie not lfmited by a
change in etructure or by oxidation of the alloy. In ranges of stress
and temperature in which an alloy is susceptible  to a change in
structure or to surface or intergranular  oxidation, the etrese-
rupture equations are still valid; however, a different t3et of
parameters must; be determined for these ranges. The range in which
-oxidation or structural in&ability of an alloy ie encountered is shown
aa a break in the slops o,n the strees-rupture curve for the alloy.
It is therefore important to realize when streee-rupture life is pre-
dicted by use of these parameters t&t several experiments may be
necessary to determine whether an alloy of the type under investi-
gation is sueoeptible to these changes and whether the parameters
determined apply only for the r-e of test conditions.

In the direct comparison of tKb alloys at the game conditions
of stress and tempersture, the timo'for rupture for each material is
determined by use of the equationa. Then, accord- to the result6
obtained by wing the pararaetere  and equations, the alloy that ha6
the longer rupture life would have the better stress-rupture propertie
at the conditione  in queetion. Lengthy strees-rupture investfgations
may be eliminated by the prediction of additional data at etressea and
temperatures at which no experimental data are available. Ordkarily,
when it is desired to obtain suf'fioient data to plot a stress-rupture
curve at a speoSfied temperature, four or five stress-rupture tiveati-
gationls must be conducted to obtain the data. By uae of the equations,
the number of investigations required is reduced because the curve that
is desired may be extrapolated from the data that are already 8V8il8ble.

The reliability of results from the extension of data usQg the
stress-rupture equation is dependent upon the accuracy of the exFeti-
mental dats from which the parameters are determined. Reference 5
reports that approximate ~81~0s of variation fn time for rupture of
SpeCimersS 8t the same strees and temperature deviate f25 percent
from the average for two-thirds of the investigations conducted and
greater than 25 peroent for the remainder of the investigations.

c
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For beat results the original data should be obtained from specimens
of the 8ame melt and heat treatment; however, it may be frequently
desirable to. use data obtained from specimens cf different metallurgical
baokgrounda. The dase in whIoh data are used from specimena of different
metsllurgical b8ckgrcUnd5  is illturtrated  by the detemi&tidn of psra-
meters for Vitallium, the data for which were obtained from three Inde-
pendent 5oUrces (references 2, 3, and 4). It-may b8 difficult to cbt8i.n
good correlation of data from specimens of different met811urgic81
background5 if the physical properties of the alloy are sensitive to
alight variations in composition, heat treatment, or testing procedures.

CONCLUSION

The YWsILl.tS'Cf this inV55tigatiOn  5h0W thati  the fOUI? pKC5DI8t8rS  Of
St3?UCtUk and CCm~sitiCn that are Used,tO predict Stress-rupture  dat8
Can be; determined for an 811Oy Wh!Xl the available stress-rUptlZ8  dat8
COVBr,& 5UffiCiently  tide 2'5.Uge Of t8mper8tUr8  and st?ZWSS.

Flight Propulsion Research Laboratory,
N8tiC3I81 Advisory Committee for Aeronautics,

Cleveland, Ohio, .
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APPENDIX - PRACTICAL AFFLICATION OF STRESS-RWIVRE EQUATIONS

In order to illustrate the method INed in c8loulating  param-
eters A, B, E, and F, the data for cast S816 given fn figure l(b)
will be used.

The absolute slope cf the 1960' R stress-rupture curv8 la

D log tr? 1 _ log tr,2-=
T 01 -0i

where subscripts 1 and 2 Indicate
curve.

4.00 - 1500' = o ooo184s
13,300 - 29,600

initial and fin&l point8 on the

Then

D1960 = T x 0.000184 = 1960 x 0.000184 = 0.360

Simarily

D1810 = 0.210

Dti060 = .412

D2160 = .486

D2b&.0 = l 7Oo

The plot of log D 8g8iLd T for C185t S816 ie giyen in
figW8 2(b). The slope of the straight line in figure 2(b) is

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

The intercept of this line is

E = log 0.700 - 1.16 x 10-3 x 2260 = -2.nS

The corrected value of D for 1960' R as talcan from figure 2(b)
ia

D = 0.3l3
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which then gives the corrected slope

D 0.313- = - = 0.000160
3 1960

similarly the slopes cf the Other curv88 beocme

= 0;000116

.000199
2 0 6 0

ZS .OQO246

= .000316
260
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The intercept of the 1960° R atrees-rupture  curve in figure l(b)
iS

lot3 ti = log tr + ;o = log 900 + 1.60 x 19,000 x 10'3 = 5.994

Then

T log ti = 5.994 x 1960 = 11.749

Similarly

T log ti (1810) = 11,624

T log ti (2060) = 11,400

T log ti (2160). =.12,1.69

T log tf (2260) = 11,964

The plot of T log ti agaiinst T for cast S816 is given in figure 3(b).
The elope of the Str8ight line obtained is

B =
12,000 - 11,600

* 0.970
2260 - 1850
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The intercept is

7

A = 12,000 - (0.97 - 2260) = 9810
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TA8L.P I - CHEUXAL CCWCSITIOR OF ALLN3
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Alloy ChemLcal cmposltlm, gesoent
C Nn 91 Cr Ni co kl 1 Cb Fs

%ld 0.35-.45 2.00 max. 1.00 max. 18-22.00

~ 's590 0.3h.50 2.06 mfu, 1.00 max. 19.5"22.W

bvitanium 0.24 28.70

~cVitalllUm 0.2C 28.0

dvltamm 0.24 0.98 0.63 27.6

dVlt.*lllllW 0.21 26.66

la-22.00

19-21.00

3.06

38.00 min.

19-21.00

Bal.

05.0

hl.

3-5.00

3.e4.e

3.57

6.0

0.13

5.57

a~lyais reported by Alle6hany hdlurn Steel Corporrtlon.
bRe~smncs  2.
oRalerencs 3.
dRcferonoa 4.

3.5-6.0 2.5-5.0 8.00 max.

3.5-4.5 3.34.6 Pal.

--H-j.
Co+Nl = 65.56 I

#AT Iam MY ISan
comlrree FOR moMlTlts
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T-II- ErEm!~~oFAL;LoYs

Heat treatment

Solution-treated at 2250-2300°  F, 1 hour; water quench;
aged at 1400' F, not lee% than 6 hour%; air-cooled

Solution-treated at 2250-2300°  F, 1 hour; water quench;
aged at 1400-1500° F, 16 hour%; air-cooled

!%ged at 18100 R, 50 hours
L. ---- &is cast ad aged- - - -
'Heat treatment reported by Allegheny Ludlum Steel Corporstfon.
bHeat treatment reported In reference% 2, 3, and 4.
cEQxsirnen% teeted at 1810° R.
dSpecimen%  tested at 19600, 2060°, and 2260° R.

TABLEIII -k&E&'-lXPTWU?~OFKW'S
,
I I- - Rzramter I

Alloy

Forged S816 25,664
Cast 5816 9,810
ckst s590 10,869
Cast Bitallium 12,739

'Detemnined fxutt figure 3.
'Determined from figure 2.

National Advisory Committee
for Aeronautics
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(a) ?‘orged 9816.
F i g u r e  1. - V a r i a t i o n  o f  r u p t u r e  t i m e  t, w i t h  t e n s i l e  s t r e s s  Q.
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0 10 20 30 40 50

Tensile stress. u, lb/sq In.
60 x 103

(b) Cast 6816.
g u r e  I. - C o n t i n u e d . Variation o f  r u p t u r e  t  Ime t, w i t h  tensi Ie

s t r e s s  f3.



I NACA RM No. RG18a F i g .  Ic

1

1
.
.

1

I

1

f j iii I I I I
1 I\ I I I I I I I

-0 10 20 30 40
Tensile stress, urn  lb/q in.

50 x 103

(a) c a s t  s590.

F i g u r e  I. - Cont i nued. V a r i a t i o n  o f  r u p t u r e  t i m e  t, w i t h  t e n s i l e
s t r e s s  (r.
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(d) C a s t  Vitalllum.
Figure I. - C o n c l u d e d . Variation of rupture time t, with tensile

s t r e s s  B.
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(a) Forged 9816.

-i8oo 1900 2000 2100 * 2200 2300
Temperature, T, oR
lb) Cast 9816.

Figure 2, - V a r i a t i o n  o f  l o g  o f  s t r e s s - r u p t u r e  p a r a m e t e r  D  w i t h  t e m p e r -
a t u r e  T .
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(cl Cast 9590.

1900 2000 2100 2200
Temperature, T, OR.

2300

(d) Cast Vltalllwn.

.

F i g u r e  2. - Cone! uded. Variation o f  l o g  o f  s t r e s s - r u p t u r e  p a r a m e t e r  D
w i t h  t e m p e r a t u r e  T.
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(b) Cart S816.(b) Cart S816.

Temperature, T, 91

(0) cast s590. (d) Oast Vltallim.

Ftgure 3. - Variation of T log t, with temperature T.
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