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ABSTRACT

The results of a research program to develop a method for corre-
lating elevated temperature fatigue data is reported.

Temperature parameter correlations are presented for 31 alloys
at elevated temperatures and 7 alloys at low temperatures. The
linear correlation is well demonstrated in the elevated and low tem-
perature regions. Temperature ranges are included from 75°F to
1650°F and from 75°F to -423°F.

The temperature correlation method is outlined for convenient
application and a tabulation of elevated temperature fatigue data for
approximately 250 alloys is presented. A comprehensive bibliography
of references containing elevated temperature fatigue data is in-

cluded.
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A. INTRODUCTION

Most of the intuitive efforts to derive a theory of fatigue, based
on experimental observation, are in good agreement with the observed
phenomena up to a certain point. However, in most cases the theories
are not entirely satisfactory because assumptions are made that cannot
be justified experimentally.(A-L2)

Establishing the fatigue properties of a material is a very lengthy
process requiring two to three months of testing time to obtain a credi-
table S-N curve. Many short time tests for predicting fatigue proper-
ties have been proposed; however, the fatigue properties obtained by
short time methods have yet to be proven reliable.(A-153) Consequently,
many thousands of hours have been expended in the collection of fatigue
data and a great amount of fatigue data has been accumulated in the
past 10 years. However, in the area of elevated temperature fatigue
testing relatively little useful S-N data is available.

The design engineer working with mechanical and struyctural appli-
cations at elevated temperature finds meagre information about the be-
havior of materials in fatigue. The existing elevated temperature
fatigue data for the alloys in high temperature applications is very
sparse and in many cases the designer makes an 'educated guess"
about fatigue behavior. When new materials are developed for elevated
temperature applications the designer can only estimate the fatigue

behavior from other elevated temperature mechanical property data.




Fatigue testing at elevated or low temperatures is expensive and
particularly time consuming. The different design considerations gen-
erally impose a large number of test conditions that cannot be satisfied
without a comprehensive fatigue test program. Since time is usually
the principal consideration, fatigue properties are often superficially
examined to establish design criteria. The end result is the non-
optimum design or application of materials and structures.

Most of the information available about elevated temperature
fatigue behavior has been derived from experimental test programs. The
S-N curve, usually obtained in test programs in material evaluation and
determining effects of a variable, provides the means by which the corre-
lation of elevated temperature fatigue data is attempted herein.

An examination of elevated temperature fatigue data for any alloy
reveals that the shape of the S-N curve consistently changes with
temperature. It will be noted that the shape of the S-N curve is occa-
sionally changed by other test conditions also, however, holding all
test conditions constant except temperature, a correlation is possible.

The mechanism of the correlation depends on the mathematical ex-
pression selected to describe the S-N curve. The exponential form
(Y = Ae-k(x)™ 4 d), describes a family of curves similar to straight
lines or rectangular hyperbolas, depending on the values of the para-
meters, A, k, m and d. Describing two parameters from short-time
mechanical property tests, the others are evaluated by a simple method
of curve fitting and represent temperature dependent parameters which

describe the S-N curve.




B. SCOPE OF INVESTIGATION

The scope of the investigation is primarily limited by the amount
of elevated temperature fatigue data that was uncovered in the litera-
ture and data survey. The correlations developed in this paper are
limited to the temperature parameters and do not account for or in-
clude other variables such as stress concentrations, testing methods,
physical changes, etc., in the correlation. The correlation may be
applied successfully to any set of fatigue data that will hold con-
stant the following:
specimen geometry
testing method and speed
loading conditions (mean stress, stress ratio)
heat treatment, mechanical working
environment (other than temperature)

physical properties
surface treatment (cladding, shot peening, etc)

~ ONULFE W o

No rigid criterion for a useful data set is established because
of the relatively small amount of elevated temperature fatigue data
accumulated. S-N data with as few as five data points have been
correlated. The value of the correlation is valid and may be used to
the same extent in design, as the five data point S-N curve.

Elevated temperature parameter correlations have been developed
for 31 alloys of 9 different base metals. (including contract identi-
fied and substitute alloys) Test temperatures as high as 0.6L0 of the
absolute melting point temperature have been examined. It is important
to note that no comprehensive data set was uncovered, that contained
a complete elevated temperature mechanical property analysis, from a

single experimental investigation.




Low temperature parameter correlations have been developed for 7
alloys of 3 base metals. (including one contract identified alloy) Test
temperatures as low as 37°R have been examined and correlated. It is
also important to note, that no data set of fatigue or other mechanical

properties containing low to high temperature information was uncovered.

The exponential equation presented in Section IIL and IV
S = (TS' - E'") e‘k(logloN)m + E!

is used to describe the S-N curve. The parameters TS' and E' are obtained
from the elevated temperature tensile strength, the parameters k and m are
obtained by the 'method of least squares'" and correlated with temperature.
Once the correlation of the parameters m and k with temperature is estab-
lished, an S-N curve for any temperature may be predicted by interpolating
values of m in the following manner:

1. values for the parameters m and k are determined from the
linear correlation,

2. the elevated temperature tensile strength and elastic modu-
lus are determined at the temperature selected from a stress-
strain diagram.(short-time test)

3. The equation is then solved for values of S by selecting
values for N.

k. The resulting S and N values are plotted to obtain the pre-
dicted S-N curve.

The entire approach to this correlation method; data analyses, se-
lecting the S-N equation and developing the correlation with temperature
has been functional from beginning to end. The method is based only on
the phenomenological evidence of fatigue and is developed in a functional

manner.




C. OBJECTIVES OF {HE RESEARCH PROGRAM

1. To provide linear elevated temperature correlations for fatigue
data of a significant representation of metal alloys.

2. To examine the feasability of extending the correlation method
to predict fatigue properties at cryogenic temperatures.

3. To develop a reliable method for correlating elevated tempera-
ture fatigue data and to apply this method to predict elevated
temperature fatigue properties.

L. To develop a mathematical relationship for the S-N curve that
would describe the experimental S-N curve with the same degree of
accuracy as existing statistical methods.

5. To accumulate a comprehensive bibliography and compilation of ele-

vated temperature fatigue data.




D. RESULTS AND DISCUSSION

1. Linear elevated temperature parameter correlations are pre-
sented in Figures I-1 through I-31 in section I. The indirect corre-
lation of the temperature parameters PN (slope) and b (loge intercept)
by using the elevated temperature tensile strengthfvand elevated tem-
perature elastic modulus to obtain a linear relation with absolute
temperature is demonstrated very well for all alloys.

On each Figure and Table of the elevated and low temperature
parameter correlations, there is identified a group of tabulation
sheet numbers. The tabulation sheets are located in section V and con-
tain the original S-N data, the S-N curve and mechanical property in-
formation useful in the correlation procedure.

The following Figures show certain variations that are note-
worthy of discussion:

a. Figures I-2, 3, L, have shown a single point far be-
Jow the correlation curve. This point (in each Figure)
was obtained at room temperature using a different
testing method. The material was the same, however
specimen geometry was different. This demonstrates the
effect of varying other parameters with temperature.

b. Figures I-10, 11, 13, are plotted with two points,
meaning that elevated temperature fatigue data was
available for these materials at two temperatures only.
No useful information regarding the validity of the
correlation can be obtained from these data. The in-
formation was included because the alloys were identi-
fied in the research contract.

c. Figure I-12, 16, 2L, 29, contain a considerable amount
of deviation from a linear correlation. The data used
to obtain the original S=N curves for Figures I-16, 2k,
were limited to 5 to 7 data points. With an expected
data scatter of 10 to 1 at any stress level, the true
S-N curve could not be obtained from such data, the
correlation is also not anticipated.

In Figure I-12, the original S-N data were obtained

from variety of test and specimen conditions. A good
elevated temperature parameter correlation was not

e




anticipated.

Figure I-29 is difficult to analyze because the original
S-N curve was obtained from a fairly large population

of data points. The correlating mechanical property

data was obtained by request letter and little explanation
can be given. By comparison, Figure I-30 was obtained
from the same reference under similar laboratory condi-
tions and the degree of agreement is excellent.

The remaining correlations, with individual exceptions for single
points, illustrate that the linear correlations of temperature parameters
is fairly well defined.

2. The linear correlations of low temperature parameters presented
in Figures II-1 through II-7 illustrate that the correlation method is
applicable to the low temperature region. Figure II-L describes a good
linear correlation for 7075-T6 Aluminum down to 37°R (-423°F). The low
temperature fatigue data is well correlated using the method outlined
in section III.

No fatigue data was available, in a temperature range from cryo-
genic to elevated temperatures, with the same test conditions that would
permit a good test of the correlation method.

3. The correlation method, as outlined in section III, is applied
to the data set for AA1-LV Titanium (Figure I-27) to illustrate how the
S-N curve may be predicted for a material that has been correlated. The

procedure is regimented to insure an objective analysis of the data.

L. The mathematical relationship for the S-N curve

[T :\ _ ok(logio M)"

is shown to describe the S-N curve adequately to permit convenient eval-
uvation of all temperature parameters. The comparison of the S-N equation

with the mean S-N curve for the 6A1-LV Titanium alloy demonstrates the

-T-



accuracy of the equation. (Section Iv)

5. The bibliography and tabular compilation of elevated tempera-
ture fatigue data in section V represent a comprehensive survey of the
literature for elevated temperature fatigue information. Although more
than 3,000 references to fatigue testing were uncovered and examined, only
11); of these references contained elevated temperature fatigue data. The
data available in many of the references (and particularly the data pro-
vided the research effort by industrial concerns) was of little use to
the correlation because no S-N curves were established. Many of the
tests were conducted at one stress level to estabiish a finite lifetime
for a material or component to experience a particular load spectrum.
Such information was of little value and could not be correlated with
other test programs.

It was quite surprising to discover the sparsity of elevated tem-
perature fatigue data about alloys developed for elevated temperature
applications. The manufacturers and fabricators using the stainless
steels in particular, were quick to advise that little or no elevated
temperature fatigue data was available.

A tabular list of technical publications examined, and industrial
concerns that provided elevated temperature data of some form is pre-

sented in Section V with the data compilation.




E. RECOMMENDATIONS

One of the implicit objectives of the research effort was to ob-
tain a comprehensive data set of S-N curves. Although this objective
was not achieved, the ideal data set would have included the follow-
ing information:

LO to 50 data points per S-N curve
S-N curves for 6 or more temperatures
A temperature range from approximately -300°F to 1000°F

Mechanical property data (Ftuy, E, etc.) obtained at the
same test temperatures from the same melt or heat of material.

Fw o+

The value of such a data set to the correlation is obvious, a linear
correlation of such data would confirm the method for the most skeptical
reader.

The linear correlations obtained in this effort are too consistent
to be accidental, and cover too many alloys of different base metals to
be restricted in applicafion.

It is therefore, recommended that a comprehensive program, similar
to the one stated above, be undertaken for at least 2 base metal alloys
to confirm the method of correlating temperature parameters. The pro-
gram would provide additional useful information if the materials select-
ed for testing were recent developments that had not been evaluated in

fatigue or other mechanical properties at low and elevated temperatures.




I. ELEVATED TEMPERA%%RE CORRELATION OF FATIGUE DATA

A. Index of Materials Correlated at Elevated Temperatures

Material Alloy Temperature Tabulation Figure
Range ©F Sheets
Aluminum 201L-T RT-10O 87-89 I-1
201L-T RT-500 25-28 I-2
201L-T6 RT-500 127-130 I-3
202l -Th RT-500 131-134 I-4
5052-H36 RT-500 139-1h1 I-5
6053-T6 RT-500 12-14h I-6
6061-T6 RT-500 135-138 I-7
7075-T RT-L00O 90-92 I-8
707L-T6 RT-500 123-126 I-9
Beryllium  QMV RT-1100 33-3L I-10
Magnesium  HK31A-H2l RT-L0O Lh-L5 I-11
Inconel el RT-1500 1-5 I-12
nxn 1350-1500 15-146 1-13
700 RT-1500 52-56 I-1L
718 RT-14L00 6-9 I-15
Steel Cr-Mo RT-932 79-84 I-16
14130 RT-800 93-95 I-17
L340 RT-1000 35-38 I-18
Stainless
Steel L03 RT-900 102-105 I-19
Nickel Base Udimet 500 RT-1650 57-59 I-20
N-155 RT-1500 10-1L I-21
GMR-235 RT-1500 76-78 I-22
Hastelloy RT-1500 63-65 1-24
Cobalt Base S-816 RT-1500 60-62 I-23
Stellite 31 RT-1600 111-114 I-25
Titanium 2.5A1-16V RT-900 66-70 1-26
6AL-UV RT-900 20-24 I-27
LA1-3Mo-IV RT-900 15-19 I-28
3A1-5Cr RT-1000 L6-51 I-29
3Mn-Complex RT-1000 115-120 I-30
Cast Iron Austenitic RT-1160 39-43 I-31

-10-




"
Ll N
2
i
H H
, e
1
I O
H £
I
T
| 1 sy
H ]
— =
= S
i AR ERAN B <
' _ _m_ I )
i L
i f
,
M
u
2
B
; - fm)
e T
] - F
| []
0
[e
N
f
! i _
i |

-\ -



I
Tt ; i
—— f : —
N i ' i 1
T H [ “,~
m,,H L
i i ; _,.“ il
R :
A i
w
: !
il [
1 o ;
, o O
NO
T
o =
. RN 4
o T 7 4
it 4] <t
B P =
ST Lo “ ;
, —
. A o )
T } 1
X i T ]
— . " 1 "y
, i R =TREP
ER=10EAN
: : U R ¥
: ; ! i i
] | | L ! £
T ot ™
Tl i : *au_ ot LB
QO i { H X
(SR 4 SN
O T T BT A
- N TR
> M A
_I.wllvt ,,.,ﬁﬂ“ -
TR i imi | B
N RT3
R =
{ 1 i ,"m, ﬂ
| H By =¥ M
1 [ i b S i
: ; i B = RN
T 1 T H i
B ] RS> i
i : B =+
FERERE _ NS
[RREE R L = | 1O
L : AL IR
T H i T T 1 H
A ) TR
i (@) ] ] O |
: (@) 1] JL
T e ! O |
! ; o | :
—— : © 1
| | . h, i
Ga R T TR
i BEE 11 5
EREE! IR FRRNNED
B ; T 1 e
| BEEE RN “. !
T t i
i i 41 |
RN |
7 ! i
T |




-~
w

Qs

P o AL

-4

AMETE

(TR EL

£.

100

w)

-

20

T
i
[®]] it
[® i
) bt RS
" ~ i - b
- LD P R
: : P
i
»
H J

-13-



i
|
33
1
4

i
i
1
|
'
{
|
i

TONS

T

i
1
i
|
+
!
|

. I _LL.,

(ERBLE

-

MEERATURE - PAF

LUMIN

1 A]

TEVATED T}

02l Th

1

Pa.
4

1
|

B e i Btk -

-7

|
A
!
‘.M_TV‘)‘ 200 [ [ o
hiE

i o L
" —

P it : il
f S SREREEEEEEN
SR AR T e _

e t - ,

— L
St U S S O— T — T
i R i AEENE pid




i . BEEEE
; | et ! !
i R 1 :
- i
v T
: i
T
T .
;
|
— I
T 11
T L |
T ;
T i ;
VA
t b
T Y
[ M
t t
=t !
EEEN l,
i i =
— ,
: | A
! i g
; ; 1
T
A EEE fir]
[ L i ]
N ! ;
BN EEE A
S N P £
I H eI
! T [l VL“
| = 2t
: — =
i ﬂ i
: N 23 -
T i =)
SR 1 "Tm
R ., il
; L1 Pty
| I JNe)
A : 1]
SRR
Nlr‘ Ol
=
x] L
i -
1
i I (@)
: i &) 1
T Y | ! i
B \IN T _
1 T A A H H
! : I
i [ i
| o
; I
I i “
+— + H
m
|
: ! !
! [ Pid .

-\5-



e e E

10001 T

ATIIDNS

et

pu

-\6-

i\

T

o0y 03wl

AT

il AV

[a e
P

G

ATYL




L. N
‘ P i
i i P i
| ! T i
- ! i L |
H T R T
REENEEN
SRR
IR
iial
: I
L : !
L
I
!
i
i I
| !
IERE '
i I . i !
' t
(@] . :
Q Ly d
ST TE
O
A T .
g i ;
P B
. i 1
! ! 3
N 7

[’EBC YRRFL ey

8
o 1M T
} LT
2 Ry
(@) (£ IR N
S R = SN
O B o2l |
,]HP“,N i i
: = <2 .
i 1 : Ll
R j ! ! )
! o = N
I T Mo :
m, D, L A_“ ,
‘ e
RN LA
HCENN R 5 VIR ¥ I
S HTS
-

-\"N-



in »

T ]

T T

A

Q. .

o

(&Y} 1

& d A

1 i | H

i ef
L] [N
B Tt
i t ]
- :
=
=
By ___
EERNEE
M.,
=i

B 25l
<q

E

o

100

g

J(TABLE - T+8)

0

PRATURE | FA

I

1

OrERE L

T 1y
A ! _
oy ) |
| L )
7 IR do}
TTET
—f
. i
T il
i ¢
i

-\8-




! ; ] i 12 [ !
; P P EEREN | »ﬁ_ |
R FEEENERRRRAN!
T T T
: [ EREEN , ]
T "
RN
| ]
]
i : i i
- | :
i
;i ! !
i RN RN
N EENEREE !
o RN ‘
; m I !
BB
i SRR
=Tt
4
. T
[ ! ]
] by T
. REE~=IN |
; AZOL
‘, =
: it &
; ; 3 )
by il R
il : o
N T
. LS
' B RE ; |2
L hpd] A
o I i3l 1 [
O [ 4T ~
O ! N
o W i
STt
il BNEEINEEE-- IR =
N BN =R
[l FERE B e
il RN B
& L = <
[N . ,
[ ; .
i I rm
{ RS SR B
| ;Vp“,S
i TR e
B N IR
: “ LT
] BESEEEE I
ol RS 3._., P
o TN T
T SIS SN S S P S S SN = . LR RN |
i S S s E S U S PRI B : :
: . ' O T : T
L L N i
N Wi | R EERE ¢ Y
! [l : gt I
BN DT i
RN SARNERN M
i [T ]
] PPy
Hl I | L L
i AR I 1]
| N NN
N LTI L




N
£3

{
q

Tr

A
it

ET

{

]

I
hd

Eizes

% ('Y

AN

it
=1\

1

Lia e ipe

]

1

R
-E

T $hy

D LLLIT

n

T,

L UL

SEiats

3

3
L

THI

2P

Y

14

Hil

1Vl
Iyl

-20-




.m T T
! ! !
T {

]
T T
| : I
O
e 0
=t .
ying +
]! Ert
! =
Q! ]
] OTH
- AEuA
T £ 3
. T i<
[ | ] e
M R~ TN
j 3 i
s & |
L] e ld m =
A, =3 hmm -
Iy =] A
=t + 3
bwind | = ]
. Q) =+
i b . W.Ro [ 1K
R B SEN IREE=
I ) : 23
HEE I ISERRE NN
1 i K : =
P O\
i
; t
I o2
[ |
[
il vy
i, { it
R - i 1y ”

a4l B I =
v IO ‘B
VS .

R : ¥
4 =

-l‘_



||_
!
J
i
ol
- =
e
=
: R
ol F3-
- — | AUuu,
. +=h
N T
5| i
5K

A I W

-2 -




3l
|
i
1l
i
i
T
Ty
i ' 5
i ¢
T Tt
. L
! T
] T
| e
; R B T
TR E 1 b
17 T = T
; 1
i t b
AR B! A2
L Bz
il k= 13
1T RLE ¥
T 4
! ] | L
! ~=A
; [
“ L hont P
; NS o
TV B t
™S B
Ie! ol
ST =1
s
B
[B5] +
! LS a
B e
! ]
H o
i & _
; 5 =
“ 3
5 ey
L
e
| ]
|

-~ 43~



Al ’
T T
mx 7
M —
e
- 1 1B
i
]
i [}
B 4
i i
T 3
‘1
111 bt
Y
R
Veu
' H
! I r [l
; o : )
V T o1 P gl
i i SRR
LT Tl T A%
e i |
i EYH Y (i
T et T
e :
| f X !
1 :
il 7
i 151N Vil T (€5
' B i O
T T I~ =
1
F~ 1 ad
1 15 €2}
T<f |2
“ >
K i ==
' ; A A
! : : 1851 RRNN
it | i
- T i
i I i
i : ha I
i T i H
7 T
hmr " PR
-
Vi H—
=
g

\Q\-“




iy

g
=]
231

i
e

tH
!

(4




. ) [
i L 1 AR ARA RRERN
I B
' ﬁv
I
T
i
i
"
: i
H
_ i N
B i 1 3 g
] s
! | [
| | L
o
i
-
=
L
T s
: | =]
i}l | m.
M ! L3 P
i Il T UV
+ B . CHHgr- -
; = = =
= + S
H ,,w.\ = e 4 ] ch
i B oo ST TS b
¢l . fen j:
BN = L B T (
m i ) [i's| n
T =
AR 2
: ! 5 L
| -
a
s
;
- j Ld
4 =
_ SENEN,
- Ks:)
w £
t
+ * L] =
! ; ' ==
! + T ==
! i . ! 1
J y : e
o — _
! ; ! 3
T i e
' 1 it
! ” o
iR fli 12
il i
I

_QG—




" = - r— " T
AT RENES [ :
“ S N H-
L I
i T I 1
1T T ! 117
JN S SN Y S : . | i
- IR T+ T H
; L] . i
4 [ _
] W
il [ 1
b +— + +
. I N
il T !
P [
T BEEE
B T
i i L
S I
T L]
i ;
o —
T
T
H =
R =
¥ H -
i T 5
T * : A
Pl e
! =
: t €D
+
i ! !
[ t T N >
: 1 I x: B P
: TP ]
. =" =
. -
: I carme i
-~ — ==
A_
— |
i L ~
J;ﬂ .W.Dn_
- EET
i o | B
[ = R A
. P :
et 1
R SN AREE
R : B ,
I RN
h =
! ' i
I : CEPATN
et : |
| !
3l
]
i 1] 98
| i [~
N =
. i 4
, . |
: ] !
— R
4 il
T ] -
t
- T
T i
NN
; T
1 | | _
i i1 LT
P
4 v

-QF’ -



By

—H |
y 1
i
| e 1
-
Vi
M o
M IR Pp=
: H
,, i R
i NILSARN N
: _ TR f—
] ) i
1IN =y
-t SEET
i 1 H i
| .w T K
! T i
i i &
T . T I h
L L_ - H i
| A i i |
: _ 1 !
TS
L T dm g
= ; e o
; TIHE =
; el Fr
nﬁ,f | nww ol
“ ! EEE L2 B L2
L] R E
S R
T
R R i -
I iGN
i N | N
T uBE
L i ie
] :
h . =
H =
T I ﬂ
e
L
T
|
1

- 0% -




=

pat
CIUNT

aor
A}

T
iND

Y

A

L

3
TYL

i
T

Wil pEary gar

=3

RARMET

T

T

o

=8

1,

H+hadem
&

¥

s
U

o

I

Apsinn

[Sgqriany

Af

LILAY®)

e
5Tt

4 -m
i

1
58

B

T
1

T
i

ATNLESS ST RE

T

L

i

T

Al

1
T

o3

aYa.Ya

e

[1N]

i3
e

- Qg-



i
i
]
1
T
|
it
y
Fh
=
" =
«
-
! X
_ =
T -
]
]
H
" =
sl N
i A ]
ﬁ - - g g
@D} .M H..
Ruy ] Fr]
. N 5 ]
oy I\.L
Bt =
HEn! J&
y =
i
nln— &
=
.
[
[ =
H
—t
W m
; I
7 | W uy
“ fea) 59
3 ]
S M
5
5
o
£
L
)




1t

il
-]
msigl

=
|_..J
fan)
[SP]
=
& |
(<4

o
[E3]

=
|

=
no
T




i |
I
t
]
D
D 8]
- [zt
3 T
i o
; B 1]
< | |
meg
V ] T
! m
i
=3f
= <q
~ ] 3
.I;
_ B o]
; 4P 1§
]
: =
| . B g :
i ! .
T (I - ,
; T ] L t] 0 i
i O] H i
SENEE i A
! | 28 .
!
£31
-
=} ot
T
i =
; 0]
i [
| ]
|
J
v
Iy A
1 . i i
1 f +
I [x]
=4 L
€ -
y )
£




THTE

UM TER CORRILATIONS

Ay

hY
/

1A

e

L£79

itk

-

UNIER N B

TIRE

IERE

T
T

L
\
1

i

FMPEL

i

NNl

). -]jf— R} f{i‘

Sladeie ]

sl
v

[

3

=2

=

5
n

T ﬁm_,,,vg,

it

hnn

-’53-



7
1

] T

| |

T W m

1 ]

i
— L

i w_
™ : 1
mw i
] :

T ,
\ Ve
: T
; 1 ;
W e #
i L
KT
A
LS
!
[\
N
P~
i
S .
i |
I
1 : f
= T s
i T =}
: i

' =
— H N
L i :

- i
MmN r Jefoet
| P

]
1
] 3
; : L
R =1
T
L
P4
e fr
R I
T P
i - -
i ==
-+ . N
i | 1
; Lo
R L
; il
L ] pl

: Bl ' :

T L i

! | T

24~




-5 -

I
i
I
I
:
TiE
it
i T
T 9]
— =
b
T +
T "
h ., ¢t
B : .Lu
=
. H
i 2
_ o
=
=
o B“ Py
IR
TR :
; Kl
i HP| | =
1 H | i]
T N H F
; A
D
RIS
i —t
(=
VT EL
T
RS
T
S8
i
7
) T
]
|
|
et




T
L
i ENERE
. — T
. L ; I :
IR Pt L) “,i
17 Nl ! I
" T | | |
t i |
T
;
[ |
T T i
- (&) REETEES
- B g
= o T
- B —~ ; :
1 IS EEERREN
-t . - Ry Cn
- T REREN
o 1 i i ! i l i
: gl el
IR o !
s - R ! o
- ] ey \—AJ
T N L N
T IR R
I —_— =
i1l
] =T
N Ny BN TREE-< N
! . o) o e
/@) . !
=g e _
’ O T W pn P
- . GRS RN
A =} | ]
. [l N - |
T ISR TN b= T
e e S = B = IR = RN RN
e e e A | 5 i
1 : - pE £

16v

'
1

i
L‘fED T

'

1

- EL?LM
A

o ,
& i
o T
] I R .
k>
e AEEERE (3 |
1 RN s |
K T E=]
RN |1 {,‘Mﬁ
b 1 i L b
B : i
RERE NN I
RENNEE! [




H . S ] e e —_— i + ; s : ——— ,
i . ; ; : : L : IRENE
i T | ] ISERERE N
- —— T
ot Tt
NSEEE ;
P
i ]
| i1
T
T i
T R |
i - R
! - LT !

L
NS |

(@2
e 1
Al
LA
= ;
T '
! |
! B RERE
T
e | I
Q! L
O
— b ar _
- I |
H.

ARAMETE
AR
|

'

NIUM

|

|

1

i
1

BLEVATED TEMPERATURE P
F- S B ; ?
1

L BAYLY | T

i , P ] i 4
w RES H ! :
L - L i PN NN
! ! N L ot
“ T S AT
o ot -t - & =4 — ——
H 4 IS SO —_— - L 4
(&3 : . st
B LI - SR T |
; T [ ! = TENE RN
i X ".‘A_, i i ‘
0 7T =tREEEE ]
) ,.A, ] T ]
L. N NN AN |
“ ” i i T H
A - T T
o : - ' IR NERREN ]
m il T ! EIRREENERENENI

~3‘7_



T v [
" 7 Bl
L |
T
1
; W Lt
; . |
1 il
B L
P! i
—
I "4 H
Ll :
- : -
: [l !
[ D! ol
T i IR =9
R P e
g 0 BEEREE !
: Ll [EERERT
i -
7 ,_ pr’
!
; - %>
I ™ d
I | O
L e ]
RN ERRENAEEL
i B T
NN : =IERrs
1 T T ; M
] < IRRF.
| H | n.
i Pt lu" i 4
i () RN p.
RESE B -+ K
REEE SN A =ARAL
A PaY N iy m
RREE NN =
i =X SIEEL=
: i ] i 4
: P : _,_
i LB
: e |
T T
.
A" “m
~d 1
i
| <L
. b b el
i i !
! = T
i QAL ! ag
@] TN
o T !
= R
T .
[
b

-38 -



EERESENE EEEEN IR
A EENE! L T
NS ! 1]
T T 1
! ]
vt
W.Am : __
i - i
W — _
t i
; ™
'
M
H !
T i
I i
i | ! i I
. i . IR
! [®] L
. i - IRER
g S _j,__@L
ERNRERNE VoSN RIS
RN B I :
BRI RE L EH
”1, ﬁm ] AV ! _‘
; : B i ot |
T BN :
H i w«
T
SN SR —
]
i T T
llllll SR ‘aVl
i I )
— R ! ] ! ; =
i i BN : ,
o i _ i
o i N N | T T &
‘ i M) i ™
,“ T NU .‘ﬂ.. ;
; -4 Ll S ERNNENA S
I ; - T | L 0 1 N
_, i e : =
: ; —1- —— ] o - ~C i I
; : : ! I Nl =] |
H w i ! ! 1.« el ]
S : . ek : B L
N O . S U SO ! ! [ E 7
! i I i - - -
I i R o R o - m..w e
d ! L 2 R
. ! [ [ O EHd [
X ' s 1 B 1
! : 9 : T HEL .
- : . . R Ll F3
; ; ] : ' T et AN
- ' L L s [l
- i T [ ] —
. T ! i ] ==
: RN B BB ai v
I — =
_ . m,,," ,_,1. -
s O T T TN
R U S e o e RS S SR o N SN SR T \J) i
: L ' NN ) i [
, , EEREN
‘ e ! BENEE!

RTANS

-39 -



¢ . \ s '
0]
. - ; ™ 7 ! R R :
%. ; 3 R D I A [ 1 BEERER ;
e D /[0 Sl A S A B R [ RN !
i SANal SRR SR I R : [EERRRE
RPN DV . “ T = 7
: | ]
f T i
T P!
_ ! , |
i i i
i |
T R I
| T 1 |
" Il
4
i |
i I i
— ™ T ; i
1 i !
o~ ; m ,
;Iw . N D=
RN i ! | =
Q T R
: i RN IR I
- SENNANEL REREN AT AN
EEEEEEE BREE NN
| il ey
B i I [ N on
; il R
m ”_ RERSRPNEN N
i i R =~ I
i : | 5 S
! T i
i W ;
f ! T EREEE S :
................. i L ! ! : |
N W
R R . #u”
EBNEEN T T
T @] BL:3|
: =10 T ;
[ : YT il _
= 4 e
: L : o
~ <
; i ]
; T
! f
S BE ! |
Vo 1
IS i
t T
. |
I . |
Il : ] .
7 T i 1 [
B w i ‘ ! ! -~ i !
T i ; ; RN d :
= S — N N REE KoREN ik
S — e St IR U El TR b Sl Rl \ ; O ! e
o — _ 1 D R R DR N
K - 4 Il i BN . ~ 1
O ; _ R - 5
P - R . . ;
i 1
H : R [ [ PO
i i d i .1]“ 1.
7 ; | P .
H ! | H -
T R . . o
: BN :
; A RN R N




Il
i
T
; () ,;, ! “ =
| =
| e
T T
il “
Ls
i I
: HE i -
i ! v | I}
i 1
! ! ! 2o s
i ZSNEN]
i I HH
, i 1 Ae]
| ]
T =)
A hu |
] i <1 <1
t 1 i § [ae4 &)
s 1 o< <
nw i =
+ a1 ;
H He =
b : M\\ m., :
. ! I S !
=d [ i S |
[T _ : i il I
8 i ik =
! i | p=1
! T
! m TS
i ! _ —~ =]
if ﬁ ,. s AR
— =
K &=
iy ;S n
1A i o
: i ; i) <
i I
, ] m
, 1 I
D] : o NI e i
e itk I H 5t IR T
D M il ! i ilin
I ¥ ik Ala |
; , RN |
L ¥ ¥4 i i
i : I HENN [{45]
I o ! B
i L
” Uizl
HiR ] L
T
i i Al |
I |
1 .

-4\ -



RB

CB

SB

SECTION I - TABLES
of
TEMPERATURE AND CORRELATION PARAMETERS,

FIGURE AND TABULATION SHEET REFERENCES

Szmbols

Absolute Temperature, degrees Rankine

—{& Elevated Temperature Elastic Modulus !
Elevated Temperature Tensile Strength
Axial Load Data

Rotating Beam Data

Rotating Cantilever Beam Data

Sheet Bending Data

Temperature Parameter (slope)

Temperature Parameter [:loge (intercept value;]
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TABLE I-1
MATERTAL - 2014 T Aluminum, (Melting Temperature 1100°F)
Temperature Range (535° to 8600R) - Type Test RB
References:
Figure I-1
Tabulation Sheets 87-89
Bibliographical Entry A-85

T Fy Z ul b T:Z T.Z Te7
OR ey N (x 10 Fom Fop
%535 62,0 #®57.056 1,881 -2.439 3.053 0.262  -0.202
660 8L.0 3.238 -14.910 3.766 0.215  -0.142
860 18.0 13.786 -25.980  L4.907 0.198  -0.105
TABLE I-2

MATERIAL - 2014 T-Aluminum, (Melting Temperature 1180°F)
Temperature Range (530° to 960°R) - Type Test RB
References:
Figure I-2
Tabulation Sheets 25-28
Bibliographical Entry A-111

OT Fiu o2 m b T2 T+Z T.7
R ksi VE (x 10‘h) Fty-m Fgyu-b
#%530  70.0 %57.056  1.73L -2.418 3.02L 0.249  -0.179
760 L45.0 2.034 -2.652 li. 336 0.L74  -0.363
860 17.0 2.277 -3.525 .907 1.268 -0.819
960 10.5 2.L69 -4.17h 5.477 2,113  -1.250

¥%* Data obtained at room temperature, assumed to be 535°R
# No elevated temperature values for Elastic modulus available, room
temperature value used.
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TABLE

I-3

MATERIAL - 201k - T6 Aluminum, (Melting Temperature 1180°F)
Temperature Range (535° to 960°R) - Type Test RB
References:
Figure I-3
Tabulation Sheets 127-130

Bibliographical Entry A-L9

T-Z

T F 7 m b L T+ 7 T.7
°R  ksi 4JE | (x 10™) Ttg-m Ftu-D
535 70.0 57.06 1.951 -2.81L 3,052 0.223 -0.155
760 47.0 56.32 1.605 -2.029 l.281 0.567  -0.4L9
860 18.0 55.58 2,321 -3.632 ). 790 1.14L -0.731
960 11.0 55.40 2,608 -5.192 5.318 1.853 -0.931

TABLE I-L

- MATERIAL - 2024 - TL Alwminum, (Melting Temperature 1100°F)
Temperature Range (5350 to 960°R) - Type Test CB and RB
References:
Figure I-L4
Tabulation Sheets 131-13l

Bibliographical Entry A-U49

T Fiy Z m b T. 7 T. 7 T-Z
°R  ksi ol (x 10°4) Froom  Traob
535 68.0 57.06 1.975 -1.616 3.053 0.227 -0.278
760 4L43.0 56.40 1.512 -1.192 L.286 0.659  -0.836
860 26.0 55,61 2.378 -2.005 L.782 0.773 -0.917
960 1h4.0 5l,.00 2.856 -2.1169 5.18L 1.297  -1.L99

-Lh-




TABLE I-5
MATERIAL - 5052-H36 Aluminum, (Melting Temperature - 2100°F)
Temperature Range (760° to 960°R) - Type Test RB
References:
Figure I-5
Tabulation Sheets 139-141
Bibliographical Entry A-UL9

T Ftu Z m b T-2Z T-Z T.Z
°R  ksi YE? (x 1074 Fom oo
760 36.0 55.561 1.977 -1.554L L.223 0.589  -0.755
860 28.0 5l. 801 2.431 -1.988 L.713 0.692  -0.847
960 15.0 53,211 2.390 -1.956 5,108 1.4h25  -1.741
TABLE I-6

MATERIAL - 6053-T6 Aluminum, (Melting Temperature - 2100°F)
Temperature Range (760° to 960°R) - Type Test RB
References:
Figure 1I-6
Tabulation Sheets 1L2-1LL
Bibliographical Entry A-L9

T  Fiy 7 m b T-Z L T 7 T 7

°R  ksi L (x 107™%) Fimom Figb

760 28.0 55,561 2,178 -1.792 L.223 0.692  -0.8L2
860 23.0 cl. 801 1.909 -1.567 L.713 1.074, -1.308
960 15.0 53.211 1.053 -0. 7Ll 5.108 3.235  -L4.576
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TABLE 1I-7

MATERIAL - 6061 - T6 Aluminum, (Melting Temperature - 2100°F)

Temperature Range (535° to 960°R) - Type Test RB and CB

References:
Figure
Tabulation Sheets 135-138

I-7

Bibliographical Entry A-L9

T Fty 4 Z m b T-Z 17 T«Z
°R  ksi JE | (x 107H) Fig'm Fiy-b
535 45.0 56.20 2.291 -1.860 3.007 0.292  -0.359
760 34.0 55,60 2.370 -1.940 L.226 0.524 -0.641
860 19.0 5. 85 3.204 -2.769 L.717 0.775 -0.896
960 7.5 53.30 2.805 -2.301 5.117 2.432  -2.965
TABLE 1I-8

MATERIAL - 7075-T Aluminum, (Melting Temperature 1100°F)
Temperature Range (535° to 860°R) - Type Test RB

References:
Figure
Tabulation Sheets 90-92

Bibliographical Entry A-85

I-8

T Fiy 4L m b T Z L T2 T-Z
°R  ksi VE! (x 107™) Frym Fig-D
#4535  82.0 56.781 2.867 -4.020 3.038 0.129  -0.092
660 72.0 56.23h 2.831 =L 1L 3.711 0.182 -0.124
860 38.0 5l.038 3.470 -5.772 l.6L7 0.352 -0.212

3&¢ Data obtained at room temperature, assumed to be SBSOR
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TABLE I-9
MATERIAL - 7075-T6 Aluminum, (Melting Temperature 1180°)
Temperature Range (535° to 94C°R) - Type Test RB
Reference:
Figure I-9
Tabulation Sheets 123-126
Bibliographical Entry A-L9

T  Fig 7 m b T 7 Te7 T2
OR  ksi iIg (x 10°4) Frpom  Figod
#%535  82.0 56.781 1.835 -2.455 3.038 0.202 -0.151
760 25.0 56. 066 2,018 -2.822 L.261 0.84y  -0.60L
860 14.0 55.310 2.243 -3.826 . 757 1.4,00 -0.888
960 11.0 53.703 2.799 -4.470 5.155 1.674  -1.048
TABLE I-10

MATERTAL - QMV Beryllium, (Melting Temperature 23320F)
Temperature Range (535° to 1560°R) - Type Test AX
References:
Figure I-10
Tabulation Sheets 33-34
Bibliographical Entry A-78

T Fig Z m b TZ "7 T 7
°R  ksi NED (x 10°4) Figom TFigod

¥%535  77.17  #81.433  6.830 -11.187  L.316 0.082  -0.050
1560 20.10 81.433 20.531 -37.866  12.700 0.308 -0.167

%% Data obtained at room temperature, assumed to be 535°R
# No elevated temperature values for Elastic modulus available, room
temperature value used.
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TABLE I-11
MATERTAL - HK 31A-H2l, Magnesium, (Melting Temperature 1100°F)
Temperature Range (535° to 860°R) -~ Type Test AX

References:

Figure I-11

Tabulation Sheets LlL-}5
Bibliographical Entry A-6

T  Fiy 42 m b T.Z T Z T Z

OR  ksi JE (x 107%) From  Fooob

535  37.0 50.49 l.565 -6.92l 2.701 0.160 -0.105

860 24.0 48.32 7.401  -13.072 L.155 0.234 -0.132
TABLE I-12

MATERTAL - Inconel '"X", (Melting Temperature 2600°F)
Temperature Range (530° to 196

O°R) - Type Test RB
References:

Figure 1I-12

Tabulation Sheets 1-5
Bibliographical Entry A-2

T Fu Z m b T7 h T-Z T2
R ksi = (x 10%) Fimom Tig'D
¥%535  172.5 70.861 2.917 -l.22L 3.756 0.075 -0.051
1460 130.1 70.861 7.32L  -12.667  10.350 0.109  -0.063
1660 104.0 69.98L 1.71h -2,011 11.620 0.652  -0.555
181Q  83.0 68,486 3,055 -4.826  12.390 0.497 -0.309
1960  60.1 67.858 - 7.4L00 -13.971  13.300 0.299 -0.016

3¢ Data obtained at room temperature, assumed to be 535°R
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TABLE I-13
MATERIAL - Inconel "X" (Sheet), (Melting Temperature 2600°F)
Temperature Range (1810° to 1960°R)
References:
Figure I-13
Tabulation Sheets 1L5-146
Bibliographical Entry A-113

T Fiy Z m b T-Z TeZ T« 7
°R  ksi ﬂ??‘ (x 1o‘u) Fty.m Fiy.b
1810 83.0 68.486 7.272 -13.543 12,396 0.205 -0.110
1960 60.0 67.858 6.608 -12.128  13.300 0.335 -0.183

TABLE I-1L

MATERTAL - Inconel 700, (Melting Temperature 2600°F)
Temperature Range (535° to 2060°R) - Type Test RB
References:
Figure I-14
Tabulation Sheets 52-56
Bibliographical Entry A-3

T Fiyu Z m b T-Z T2 T-Z
°R  ksi e (x 1074) From Fiob
#%535  171.0  %75.21L  3.302 -5.194  L.o2k 0.071  -0.045
1660 145.5 Lh.L75 -7.14L  12.042 0.185 -0.116
1810 135.0 1.917 -2.803 13.130 0.507  -0.347
1960 106.5 1.270 -1.232  13.717 1.01h -1.045
2060  83.95 1.522 -1.732  1h.h17 1.13L  -0.997

3% Data obtained at room temperature, assumed to be 535°R
#* No elevated temperature values for Elastic modulus available, room
temperature value used.
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TABLE

I-15

MATERIAL - Inconel 718, (Melting Temperature 2600°F)
Temperature Range (5L5° to 1860°R) - Type Test RB
References:

Figure I-15

Tabulation Sheets 6-9

Bibliographical Entry A-1

T  Ftu 4 7 m b T+ 2 L T+ 7 T+ 7,
°R  ksi VE (x 10™) Tia-m Fgg-p
ch5 191.0 73.757 3.548 -5.327 4.020 0.059  -0.039

1460 170.0 71.056 1.948 -1.263  10.37L 0.313 -0.507
1660 153.0 70.345 1.187 -1.187  11.679 0.643 -0.6L3
1860 96.8 69.327 2.845 -L4L.577 12.89% 0.4,68  -0.291
TABLE I-16

MATERTAL - Cr-Mo-Steel,(Melting Temperature 2500°F)
Temperature Range (535° to 1392°R) - Type Test AX
References:
Figure I-16

Tabulation Sheets 79-8l
Bibliographical Entry A-L2

T Fiy Z m b T-Z T.Z T.Z
°R  ksi Q E\ (x 1o'u) Ftye.m Fiyeb
%535 110.0 74,012 1.867 -2.478 3.960 0.193  -0.145
672  96.0 3.940 -6.159 5.71h 0.151  ~-0.097
852  94.0 L,.158 -6.281 6.306 0.161  -0.026
1032 96,0 3.337 -5.037 7.638 0.238 -0.047
1212 101.0 3.5L7 -3.511 8.970 0.349  -0.099
1392  89.0 12.608  -22.909 10,302 0.092  -0.050

s+ Data obtained at room temperature, assumed to be 535°R
% No elevated temperature values for Elastic modulus available, room
temperature value used.
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TABLE

I-17

MATERIAL - SAE 4130 Steel, (Melting Temperature 2600°F)
Temperature Range (535° to 1260°R) - Type Test RB

Reference:

Figure I-17

Tabulation Sheets 93-95
Bibliographical Entry A-76

T Ftyg 7 m b T+ 7 T+ 7, T. 7
°R  ksi 3 E ) (x 1o*b) Ftyem Fty-b
S5 133.8  74.012 2.189 -2.552 L.033 0.135 -0.116
860 127.8 72,310 2.080 -2.540 6.220 0.239 -0,196

1260 92.6  70.65L4 2.267 -3.026 8.902 0.h2ly -0.318

TABLE I-18

MATERTAL - SAE L3LO Steel, (Melting Temperature 2600°F)
Temperature Range (535° to 1L60°R) - Type Test AX

Reference:

Figure 1I-18

Tabulation Sheets 35-38
Bibliographical Entry A-lL

T  Fiy Z m b TZ T-Z T+ 7
°R  ksi N (x 104) Fom  Frgob
#%535 158.5 74,012 2.233 -1.591 3.960 0.119 -0.157
1060 152.8  71.7L6 1.862 -1.333 7.605 0.267 -0.373
1260 125.0 69.984 2.L0L -1.720 8.818 0.293  -0.410
1460 80.7 66.865 3.307 -2.596 9.762 0.365  -0.466

** Data obtained at room temperature, assumed to be 535°R
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TABLE I-19
MATERTAL - LO3 Stainless Steel, (Melting Temperature 2790°F)
Temperature Range (535° to 1360°R) - Type Test AX
Reference:
Figure I-19
Tabulation Sheets 102-105
Bibliographical Entry A-105

T F Z m b T-Z TZ TeZ

°R  ksi alE \ (x 10'h) Fiyem Fiyeb
¥%535 141.0  %73.689  2.057 -2.75L 3.942 0.136 -0.109
960 98.0 2.602 -3.753 7.07L 0.350 -0.192
1160 87.0 2.088 -2.,806 8.548 0.470  -0.350
1360 70.0 1.417 -1.602  10.020 1.010 -0.89L
TABLE I-20

MATERIAL - Udimet 500, (Melting Temperature 2500°F)

Temperature Range (535° to 2110°R) - Type Test AX
Reference:
Figure I-20
Tabulation Sheets 57-59
Bibliographical Entry A-102

T Fig ol m b T Z ) T-Z T2
°R  ksi TE? (x 10™%) TFrg-m Ftu-D

%535  175.0 73.689 2.519 -2.061 3.942 0.089  -0.109
1660 175.0 70.356 0.983 -0.140 11.680 0.679  -0.477
2110 84.0 69.247 2.200 -2.316  14.610 0.791 -0.751

%% Data obtained at robm temperature, assumed to be S535°R

% No elevated temperature values for Elastic modulus available, room
temperature value used.
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TABLE I-21
MATERIAL - N-155 (Co-Cr-Ni-Base Alloy) (Melting Temperature 2500°F)
Temperature Range (535° to 1960°R) - Type Test RB
References:
Figure I-21
Tabulation Sheets 10-1lL
Bibliographical Entry A-71

T Fiy 7 m b T+Z T+7 T.Z

OR  ksi A= (x 10°4) Fgm Tigh
%535 119.1  74.012 3.001 -4.085 3.960 0.111  -0.081

160  93.1  70.275 l.315 -6.333  10.260 0.255  -0.17L

1660 80.L  69.406 2.601 -3.461 11.521 0.551  -0.L41L

1810 60.19 68.83L 2.69) -4.071  12.L460 0.768 -0.508

1960 Lh.6  67.936 2.316 -3.631 13.315% 1.289  -0.822
TABLE I-22

MATERTAL - GMR-235 (High Temperature Alloy), (Melting Temperature 23000F)
Temperature Range (535° to 2110°R) - Type Test AX
References:
Figure 1I-22
Tabulation Sheets 76-78
Bibliographical Entry A-102

T Fyy Z m b T-Z T-Z T-Z

°R  ksi e (x 1074y Fom  Figop
%535 106.0  74.012 0.556 -0.105 3.950 0.672  -3.557

1660 95.0 69.904 0.686 -0.135 11.60L 1.780 -9.048

2110  6L4.0 67.703 0.632 -0.214  14.28% 3.532 -10.430

#*% Data obtained at room temperature, assumed to be 535°R
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TABLE I-23
MATERIAL - Co S-816 (Cobalt Base Alloy),(Melting Temperature 2700°F)
Temperature Range (5L0° to 1960°R) - Type Test CB
References:
Figure I-23
Tabulation Sheets 60-62
Bibliographical Entry A-32

T  Ftu 4 2 m b T-Z L T Z T- 2
°rR  ksi VE! (x 10™) TFtg-m Fru-b

c40 150.0 76. 366 2.142 -2.662 L.124 0.128 -0.103
1660 110.0 72.079 1.580 -1.730 11.965 0.688  -0.629
1960 70.0 70.713 1.94L -2.692 13.860 1.018 -0.735

TABLE I-2l
MATERIAL - Hastelloy R235,(Me1tin§ Temperature 2LO0CF)
Temperature Range (535~ to 2110°R) - Type Test AX
References:
Figure I-2L
Tabulation Sheets 63-65
Bibliographical Entry A-102

T  Fty Z m b T+ 2 T+ 7 T-7
°R  ksi ﬁfi? (x 1074) Fip'm Fiyeb
%535 120.0  %*72.74l  0.870 -0.36l 3.892 0.373 -0.891
1660 105.0 2.154 -1.763 12.076 0.58L4  -0.652
2110 70.1 1.77L4 -0.969  15.3L49 1.236 -2.263

s0¢ Data obtained at room temperature, assumed to be 535°R
st No elevated temperature values for Elastic modulus available, room
temperature value used.

.




TABLE

MATERIAL - Stellite 31, (Melting Temperature

I-25

)

Temperature Range (1660° to 2060°R) - Type Test RCB

References:

Figure I-25

Tabulation Sheets 111-114
Bibliographical Entry A-75

T Fiy z m b T.Z T.Z T.Z
°R  ksi VET‘ (x 10'h) Fty.m Fty-b
1660 92.0 72.078 2.330 -2.618 11.965 0.558  -0.497
1810 80.0 71.203 1.700 -1.679 12.888 0.948  -0.949
1960 68.5 70.421 2.475 -2.718 13.803 0.777  =0.747
2060 65.0  69.775 3.268 -3.730 14. 374 0.677 -0.593
TABLE I-26
MATERIAL - 2.5A1-16V Titanium, (Melting Temperature 3000°F)
Temperature Range (535° to 1360°R) - Type Test AX
References:
Figure I-26
Tabulation Sheets 66-70
Bibliographical Entry A-50
T Fiy Z m b T-Z T-Z T-Z
°R  ksi ﬂ}E ‘ (x 10'h) Ftuem Fiy-b
535 174.0 62.130 L.917 -7.123 3,32 0.039  -0.027
860 151.0 61.165 8.695 -14.h22 5.260 0.04,0  -0.024
1060 142.0 59.924 7.865 -12.723 6.352 0.057 -0.035
1260 128.0 58.614 6.573 -10.821 7.385 0.088  -0.053
1360 107.0 56.520 5.669 -9.751 7.687 0.127 -0.074
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TABLE I-27
MATERTAL - Ti-6A1-LV Titanium, (Melting Temperature 30L5°F)
Temperature Range (535° to 1360°R) - Type Test AX
References:
Figure I-27
Tabulation Sheets 20-24
Bibliographical Entry

T Fiq Z m b T.Z T.Z Te 7,
°r  ksi ﬁEl (x 1074) Fig M Fig-D
#%535  177.0 63.826 3.853 -5.779 3.383 0.050 -0.033
860 143.0 61.376 L.517 -6.197 5.278 0.082  -0.060
1060 132.1 59,811 3.350 -4.870 6.340 0.143  -0.099
1260 123.0 58.479 3.554 -5.196 7.368 0.169 -0.115
1360 111.0 57.597 .05l -5.868 7.833 0.193 -0.120
TABLE I-28

MATERIAL - Ti-LA1-3Mo.-IV Titanium, (Melting Temperature 3000°F)
Temperature Range (535° to 1360°R) - Type Test AX
References:
Figure I-28
Tabulation Sheets 15-19
Bibliographical Entry A-50

T Fiy q Z m b T.Z T.Z T-Z
OR  ksi J E (x 1o'u) Fiy-m Fiy-bd

%535 193.0 63.93 5.913 -8.923 3.388 0.030 -0.020
960 161.1 62.75 l;.501 -6.870 5.396 0.074  -0.049
1060 149.0 60.62 6.879 -10.581 6.425 0.063 ~0.04L1
1260 138.8 £59.92 5.Lh2 -7.973 7.550 0.100 -0.068
1360 126.0 58.24L 6.200 -9.688 7.920 0.101  -0.065

s Data obtained at room temperature, assumed to be 535°R
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TABLE I-29
MATERIAL - 3A1-5Cr Titanium, (Melting Temperature 3000CF)
Temperature Range (535° to 1460°R) - Type Test RB

References:

Figure I-29

Tabulation Sheets 19-51
Bibliographical Entry A-77

T Tty 4.2 m b T- 7 T Z Te Z
OR  ksi VE? (x 101 Fmm  Foooo
#%535  140.8 62,748 1.458 -1.035 3.326 0.162 -0,228
660 1L0.8 62.748 1.780 -1.635 L.141 0.162  -0.180
860 135.0 62,748 2.973 -3.261 5. 396 0.134 -0.123
1060 117.5 61.277 0.208 -0.551 6.4h95 2.658 -1.003
1260 111.0 60.048 1.706 -1.612 7.566 0.418  -0.423
1460 106.0 60.048 1.423 -1.250 8.767 0.581 -0.662
TABLE I-30

MATERIAL - 3M, Complex Titanium, (Melting Temperature 3020°F)
Temperature Range (535° to 1L60CPR) - Type Test RB

References:

Figure 1I-30

Tabulation Sheet 115-120
Bibliographical Entry A-77

T  Fig Z m b T Z T-Z T<Z
°R  ksi R (x 10°4) Frgom TFigiD
#%535 147.9  63.636 2.211 -2.3h7 3.40L 0.104  -0.098
660 142.0 63.242 1.5L6 -1.491 L.174 0.190 -0.197
860 131.0 62.230 0.629 -0.196 5.352 0.645  -2.084
1060 119.0 60.618 1.461 -1.188 6.4h25 0.370  -0.454
1260 101.0 58.857 1.472 -1.267 7.416 0.488 -0.579
W60 72.0 56.234 2.227 -2,850 8.210 0.512  -0.400

% Data obtained at room temperature,

-7

assumed to be 535°R



TABLE I-31
MATERIAL - Austenitic Cast Iron, (Melting Temperature 2100°F)
Temperature Range (535° to 1620°R) - Type Test AX
References:
Figure I-31
Tabulation Sheets 39-43
Bibliographical Entry A-L2

T Fiy 4.2 m b T.Z T. 7 T. 7
°R  ksi Ve (x 104) From Fineb
3535 35 #66.86 3.727 -5.957 3.577 0.274 -0.171

860 31 2,617 -2.878 5,750 0.709  -0.6LL
1160 30 3.153 -4.559 7.756 0.820 -0.567
1360 26 2.322 -3.052 9.094 1.506 -1.1L6
1620 20 2,638 -3.489  10.832 2.053 -1.552

s Data obtained at room temperature, assumed to be 535°R
% No elevated temperature values for Elastic modulus available, room
temperature value used.
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II. LOW TEMPERATURE CORRELATION OF FATIGUE DATA
A. Index of Materials Correlated at Low Temperatures
Material Alloy Temperature Tabulation Figure
Range °r(-) Sheets

Aluminum 202L-T RT-320 99-101 I1I-1
oL 56~H321 RT-320 85-86 I1-2
7075-T RT-320 121-122 I1-3
7075-T6 RT-423 29-32 II-4
7075-T6 RT-320 96-98 II-5

Steel L340 RT-320 106-107 II-6

Titanium RC130-B RT-320 108-110 11-7
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SECTION II - TABLES
of
1LOW TEMPERATURE AND CORRELATION PARAMETERS,

FIGURE AND TABULATION SHEET REFERENCES

Symbols

T = Absolute Temperature, degrees Rankine

Z = 1/E1evated Temperature ElasticﬁModulus‘

Fiy = Elevated Temperature Tensile Strength

AX = Axial Load Data |

RB = Rotating Beam Data

CB = Rotating Cantilever Beam Data

SB = Sheet Bending Data

m = Temperature Parameter (slope)

b = Temperature Parameter [}oge (intercept value{]
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PRECEDING PAGE BLANK NOT FILMER,

TABLE TII-1
MATERTAL - 202L-T Aluminum At Low Temperatures,(Melting Temperature 1100°F)
Temperature Range (537° to 139°R) - Type Test RB
References:
Figure II-1
Tabulation Sheets 99-101
Bibliographical Entry A-7

T Fig Z m b T-7 T-7Z -7
°R  ksi Y (x 104) Frgm Trg.b
537 68.0  57.056  2.231 -3.148  3.06L 0.202  -0.143
352 75.5  57.597 2.330 ~3.217 2.025 0.115 -0.083
139 97.0 58.358 2.297 -2.968 0.812 0.036 -0.028
TABLE 1II-2
MATERIAL - 5456-H321 Aluminum at Low Temperatures,(Melting Temperature
11000F)
Temperature Range (140° to 535°R) - Type Test AX
References:
Figure II-2
Tabulation Sheets 85-86
Bibliographical Entry A-58
T by @z m B TZ , 1% T2
°F  ksi VE (x 10%) From Faob
0 68.9 59.58 5.718 -9.408 0.834L 0.021  -0.013
535 52.7 56.23 6.139 -9.818 3.008 0.058 -0.058
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TABLE 1II-3
MATERIAL - 7075-T Aluminum, (Melting Temperature 1100°F)
Temperature Range (535° to 139°R) - Type Test RB
References:
Figure 1I1-3
Tabulation Sheets 121-122
Bibliographical Entry A-84

T T, o m B Tz 17 T2
°R  ksi = (x 107%) Figom TFig.®

%535 83.9 56.650  2.981  -3.893  3.031 0.121  -0.093
139 99.5 58.358  2.123  -2.698  0.812 0.038 -0.030

TABLE II-L
MATERIAL - 7075-T6 Aluminum At Low Temperatures, (Melting Temperature
1180°F)
Temperature Range (537° to 37°R) - Type Test RB
References:
Figure II-L
Tabulation Sheets 29-32
Bibliographical Entry A-3L
T F 4 Z m b T-Z T-Z T-Z
°R  ksi Vv E] (x 1074y Fiy:m Fiyeb

537 7L4.0 56.781 3.173 -4, 703 3.049 0.130 -0.084
352 85.5 59.620 3.112 -l.536 2.096 0.079  -0.050
139 97.1 63.593 2.352 -3.120 0.88% 0.039 -0.029
37 113.4 63.593 2.761 -3.459 0.233 0.007  -0.006

¥% Data obtained at room temperature, assumed to be 535°R
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TABLE II-5

MATERIAL - 7075-T6 Alumlnum,(Meltlng Temperature 1100°F)
Temperature Range (537° to 13OUR) - Type Test RB

STeNncCaen:

Flgure I- 5
Tabulation Sheet 96-98
Bibliographical Eutry A-7h

T Fiy P m b T.Z T.Z T 7

°R  ksi NE (x 107%) From  Froob
537 87.0 56,781 2.L9l -3.316 3.049 0.140 -0,106
352 98.2 57.451 2.435 -3.113 2,020 0.084  -0.066
"5 116.G 58.358 2.3681 -2.914 0.971 0.028  -0.023

TABLE II-6

MATERTAL - SAE L340 Steel at Low Temperatures,(Melting Temperature

2600°F)

Temperature Range (537° to 139°R) - Type Test AX

References:

Figure II -6

Tabulation Sheets 106-107
Bibliographical Entry A-84

T Ftu 7 m b Te T« Z T-Z
°R  ksi Qﬁi‘ (x 1071 Ftu'm Ftu-b
537 146.0  7h4.56 3.676 -5.511 ly. 00 0.075 -0.050
139 208.0 75.09 L.783 -6.916 1.045 0.010 -0.007
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TABLE II-7
MATERTAL - RC 130-B Titanium At Low Temperatures,(Melting Temperature

3000°F)
Temperature Range (537° to 139°R) - Type Test AX
References:
Figure II-7
Tabulation Sheets 108-110
Bibliographical Entry A-11
T Fig 7 m ) T-Z 7 T+ 7
°R  ksi e (x 10°%) Froom  TFegoD

537 149.0 6l;.018 2.621 -3.468 3.438 0.088  -0.,066
351 172.0 6l . 491 2.665 -3.4h6 2,267 0.049 -0.038
139 256.0 65.933 2.835 -3.751 0.918 0.013 -0.009
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IIT. CORRELATION PROCEDURE

In order to apply the correlation procedure to elevated temperature
fatigue data certain criteria should be established for useful data
sets. The American Society for Testing Materials has recommended that
fifty test specimens be used to establish the S-N curve. (B-169) By
this criterion no data set available at elevated temperatures could be
used to evaluate the fatigue properties of a material.

Although a large amount of fatigue data at elevated temperatures
was compiled much of this data is of little use in the correlation
effort because incomplete information was presented. The correlation
procedure is applied to all data for which the temperature parameters
could be established. To correlate the temperature parameters and
the fatigue characteristics at elevated temperatures the following in-
formation should be available.

1. A creditable S-N curve for a minimum of 2 temperatures

2. The S-N curves should hold all known variables that effect the

fatigue life of the material constant. (Such as, stress ratio,
mean stress, notches, surface finish, type of test, physical

properties and mechanical properties of the material)

3. The short-time elevated temperature stress-strain diagram, or
elevated temperature tensile strength and elastic modulus

4. Specimen geometry
5. Reasonable approximations for item 3 can be obtained by sub-
stitution of room temperature values for these mechanical proper-
ties.
With this information, the correlation method may be applied to data
sets and be expected to yield information of the same level as the data

used for obtaining the temperature parameters.

A. DATA ANALYSIS

Two forms of fatigue data lend themselves conveniently to the

_73_



correlation procedure, design data and laboratory test data.

1. Design data

Design data generally appears as an S-N curve or in tabular
form. The S-N curve is frequently drawn with no data points appearing
on the figure, the curve is then assumed to be the mean S-N curve. De-
sign data is also frequently presented in tabular form as a particular
stress value for a finite lifetime such as 10h, 105, 106 etec. (Example,
Table 2.3.1 p.52 Reference A-L) These data are assumed to represent
points from the mean S-N curve, and the S-N curve reproduced from tabu-
lar design data should pass through each point.

2. Laboratory test data

Laboratory fatigue test data are available in tabular form
and as S-N curves drawn through data points which appear on a figure.
In many instances the data points used to obtain the S-N curve are too
few to apply a statistical method in analysis. In such instances it is
suggested that the mean S-N curve is drawn by eye, for the entire data
set (for a given material), by the same individual.

Laboratory fatigue data with 20 or more data points can be
objectively analyzed to obtain the mean S-N curve by following the
method proposed in the Aircraft Fatigue Handbook. This method for pre-
sentation of laboratory fatigue data has the advantages of being ob-
jective, statistically sound and capable of reproducing the same S-N
curve consistently.

'"Method for Presentation of Laboratory Fatigue Test Data':
Aircraft Fatigue Handbook, Volume III, Materials (Reference A-T)

Using a set of typical experimental data points the method

for obtaining the mean S-N curve is demonstrated.
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An estimated mean line is first drawn by '"inspection' for the

data pletted on the usual semi-logarithmic scale, as line 1, Figure

In Figure III-2, we see how the data may be divided into groups,
each of which includes 5 or more test points within a ten to one life
ratio. Any one of these groups now constitutes a valid group of data
to analyze.. Do not, however, include in calculations any data represent -
ing specimens which had a fatigue life equal to or greater than the
shortest 1life of an unbroken sample. If portions of a curve cannot be
included within any group, represent that portion by estimated dashed
lines. .

Figures III-3 and III-L show how to average the data within a group
to arrive at a more accurate mean curve than the '"eye-estimated" curve.
A veritical line is drawn through the center of the group, S-T in
Figure III-3. This is the mean-log-life line.

Then measure with a KSI scale the stress by which each test point
deviates from the eye-estimated curve. Those ponints below the curve
are negative, those above, positive. To average these deviations, com-
pute their algebraic sum and mean. As an example, in Group B, Figure
III-3, the average is -1/2 KSI. In Figure III-} this is plotted on
the mean-log-life line S-T at point "W'. If the sign is negative,

"W" will fall below the eye-estimated curve; if positive, it will fall
above.

Repeat this averaging for each group. In Figure III-5 is shown how
a line 2 through the '"W" points would represent a conversion from the
eye-estimated mean S-N curve to a calculated mean curve. If the cal-

culated line deviates from the original estimate by more than 2 stress
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percent, repeat the calculation and revise the location of the calculated
line accordingly. For that portion of the S-N curve where the group
does not include 5 or more test points within a ten to one life ratio, an
eye-estimated dashed line should be used for the mean curve.

A1l fatigue test data with more than 20 data points should be re-
duced in the manner described and a mean S-N curve should be replotied in

each instance.
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B. FITTING THE S-N EQUATION TO THE MEAN S-N CURVE

Assuming the mean S-N curve has been determined from the experi-
mental data,the S-N equation is now fitted to the mean S-N curve in
order to evaluate the temperature parameters. The mathematical form
to be used is given in section IV as

S = (18" - E') e-k(logyogl)™s g Equation T
, l. Temperature Parameters

The value for the parameter TS' is determined as the elevated
temperature ultimate strength (Fty) when being applied to axial load
fatigue data.

An equivalent modulus of rupture must be calculated when the
correlation is being applied to bending fatigue tests. Illustrating
the calculation of equivalent modulus of rupture for a specimen of
circular cross-section, a simplified stress distribution is assumed
over the portion of the specimen in tension. It is assumed that the

Fty is developed uniformly as shown, the force acting through

2
2

the centroid of this area is F = Fiy ( ), the internal moment

is expressed as

= P (DI (/3 (2) = Py ( 422 ),
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Using this value for moment in the Flexure formula yields the equivalent

modulus of rupture

1t = Mo pyy (43/3)(0) () - Fru (16/3)
TS' = 1.695 Fiy

The value for the parameter E' is determined by consulting the data
and selecting the lowest value of stress for which a specimen failure
has occurred in fatigue. Identifying this value as Spin, E' is calcu-
lated as

Soan - B

When using the correlated parameters to predict an S-N curve, the

value for E' is conservatively estimated as E' = 0.30 (Ftu>

The parameters m and k are the remaining temperature parameters
which describe the shape of the S-N curve.

S and N represent the maximum stress and cycles to failure respec-
tively.

2. Evaluating the Temperature Parameters by the Method of Least
Squares.

The equation for the S-N curve (Equation 1) is rewritten for con-

venience in the following linear form:

1n 1n [}Iglfligl%] = (1n k) + m 1n (logioN)

Expressing the modified linear form more simply as
y! =mx' + b
where m=m b = (1n k)

y' = 1n 1In {;_EE!_;;JEL;] and x' = 1n (logioN)
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it can be demonstrated that the parameter m may be determined from the
slope m and the parameter k may be determined from the intercept
b =<1n k)of the linear form. The S-N equation is illustrated in linear
form as Figure III-6 from the data obtained for 6A1-LV Titanium at 90Q°F.
The S-N equation (Equation 1) may also be expressed in linear form
using logarithms to the base 10 in a similar manner.
The values for the slope (m) and intercept b = (1n k) are determined
in the following manner:
a. Individual values of Stress (S) and Cycles to Failure (N)
are obtained from the mean S-N curve. The points should
not necessarily be selected at uniform intervals of S or N,

but should be selected in such a manner as to be placed in
equal increments along the path of the curve.

b. The values of TS' and E' are calculated.

c. The calculation of [}JEE.:LE!%J , and the subsequent eval-

ST E
wation of 1n 1n [}Egl':E$L”Z] , and 1n (logioN) is made

d. The following derivation for the least square determination
of slope and intercept is simplified by expressing the
variable 1n 1n [TS' - E! :] as Y and 1n (logioN) as X.

S - k!

e. Assume the following:

Y=mx+b

-7G~



e=(yi -y)=yi-mxj-b

62 = y32 + m2 x32 + b + 2mbxi - 2 mxiyi - 2byi

762 = Zys2 + m? Zxi2 + 5b2 + 2mbixi - 2mixiyi - 2bIyi

(Zb2 represented by Nb2 , where N = total number of data
points)

Taking the derivative of 2e“ first with respect to m and
then with respect to b, we obtain two equations. Setting
the two equations equal to zero yields the slope and
intercept for which 7e? is minimum. It is of interest to
note that by inspection the slope and intercept for which
562 would be a maximum is ®.

The resulting equations, when solved simultaneously for
the slope m and intercept b, yield:

Ixiyi - 2xi 2yi

m = N
%x12 - IxiTxg
N
b TyiZxi® - ZXj2Xiyi

The solution for m, and b can be conveniently determined
with a hand calculator or be easily reduced by digital
computer.
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C. CORRELATING THE TEMPERATURE PARAMETERS

1. Short-time Mechanical Properties

The mechanical properties selected to provide the indirect tem-
perature correlation are the elevated temperature elastic modulus and
the elevated temperature ultimate tensile strength. The tensile strength
and elastic modulus are mechanical properties most frequently evaluated
in material evaluation programs. A simple stress-strain diagram will
provide this information for a material at the desired temperature.

When the elevated temperature values of tensile strength and
elastic modulus are not available a reasonable approximation to the
correlation can be obtained by using the room temperature values for
these properties in the calculations.

2. Correlation Form

Using the absolute value for the testing temperature (T* in °R

to simplify elevated and low temperature data analysis) and the fourth

root of the elevated temperature elastic modulus (z = <yElastic Modulus = Eﬁ,
the correlation term log (T:Z) is plotted against (T'Z/Ftu-m) and against
(T'Z/Ftu-b) to obtain the linear temperature correlation. The actual

form of the relationship between the variables m, k, T/, Z and Fty 1s

logqg [:T~Z:] = (Constant) [jT-Z/Ftu,HZ] + log {jP-Zi]o

The temperature parameters (m) and (b = 1n k) are correlated
reasonably well with temperature in thié form. This linear form has
been established by cut and trying many different combinations of
mechanical properties and forms (relationships). It is highly possible

that certain other forms could provide better linear agreement with
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certain alloy parameters and temperature; however, the form selected is
in best agreement with all the alloys considered.

Tables I-1 to I-31 and Tables II-1 to II-7 illustrate the calcu-
lation of the correlation terms. In order to maintain 3 decimal accu-
racy the fourth roots were evaluated with log tables. The: term b
(intercept value = 1nk) is correlated directly in order to reduce the

number of calculations.
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D. OBTAINING THE S-N CURVE AT ANY TEMPERATURE USING THE CORRELATED

PARAVMETERS

The method for using the correlated parameters to obtain an S-N

curve for a material at any temperature is best explained by illustra-

tion. Selecting the data and parameter correlation of the Titanium

alloy (6A1-4V) in Figure I-27, the mean S-N curve at a temperature

of 700°F will be predicted in the following manner.

1.

The short-time meghanical properties Fy = 135,000 psi
and E = 11.5 x 10° psi are determined from available
mechanical property data. (A stress-strain diagram ob-
tained at 7O0PF would also provide this information)

The value of the parameter term (T-Z) is calculated
and the value of the parameters m and b are determined
from Figure I-27

(1-2) = (1160)(58.35) = 6.768 x 104
From Fig. I-27, (T'Z/Ftu'm) = 0.157
(T2/F;,.b) = -0.103

=
]

(T°2)/(0.157 Fty) = 3.194

b

(T 2)/(-0.103 Fiy) = -L.869
The parameter k is evaluated from
b = In(k) = -L.869

in the following manner since the logarithms of numbers
less than one were expressed with a negative sign.

In(k) = - 4.869 = (0.131 - 5.000)
anti-loge (0.131)

= = 0.
. anti-loge (5.000) 00765

The value for TS' is determined. (TS' = Fi;; = 135,000 psi)
The data from which the correlation parameters were eval-
uated was obtained from axial load fatigue tests, there-
fore the equivalent modulus of rupture is not calculated.
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The value for E' must be approximated since no fatigue
data exists to evaluate E' as (Syin - TS'/100).

A conservative value of E' = 0.30 TS' will provide a reason-
able value for E'. This figure is an approximation for
the endurance stress.

E' = 40,500 psi

The S-N equation for the 6A1-LV Titanium is therefore
described at 700°F as

S = (9h’Soo)e-(O.00765)(10810N)3'19h + 10,500

The S-N curve is then plotted by selecting values for N
and solving the equation for corresponding values of S.

Another method may be used to establish the value of E!
by performing a number of fatigue tests at a high stress
level in order to establish a point on the S-N curve.

The mean value of N and the appropriate value for S
inserted in the equation would evaluate the parameter E'.
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IV - MATHEMATICAL RELATIONSHIP FOR THE S-N CURVE

A. FUNCTIONAL RELATIONSHIP

The exponential form used for the S-N equation is:
-k( 1 N )"
S=(TS' -E' )e k( logio N ) + B (Equation 1)

The parameters in this equation have been described in detail in section III-1.

This exponential form was selected to describe the mean S-N curve for the

following reasons:

1. This form of exponential equation is capable of describing a
family of curves similar to straight lines or rectangular
hyperbolas depending on the values assumed for the parameters.

2. Two of the parameters TS' and E' are conveniently and quite
accurately evaluated from short-time elevated temperature
mechanical property tests.

3. The basic form of this exponential equation was used by
W.Wiebull to describe the S-N relationship for room temperature
tests of steel quite successfully. (B-170)

L. The exponential form of the S-N equation was compared with
several other equations that have been used to describe the
S-N curve. ( all of the hyperbolic form ) Among the equations
examined and compared were,

S=(Ec/ 28%) +5

o » proposed by Tavernelli ( B-145 ),

S=(k/N)+E , proposed by D.L. Henry ( A-76 ) and
S=(b/N®)+E, proposed by Palmgren ( B-56 ) .

In each case the exponential form for the S-N equation presented
in this paper was in better agreement with the mean S-N curve.

B. DESCRIBING A MEAN S-N CURVE WITH THE EXPONENTIAL S-N EQUATION

The mean S-N curve for the AA1-4V Titanium alloy was obtained in

Tabulation Sheet V-2l using the statistical method ( that makes no pre-
determined assumption for the shape of the curve ) described in section III.

The mean S-N curve (from Figure V-2l; ) has been re-drawn for Figure IV-1
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and is represented by the solid line passing through the data points.

The linear form of the S-N equation described in Figure III-6 for
this particular mean S-N curve was obtained by fitting the exponential
equation to the mean S-N curve to establish the parameters m and k.
The parameters TS' and E' were evaluated from the mechanical proper-
ties and existing fatigue data to obtain the S-N equation for this
temperature.

The S-N equation is shown on Figure IV-1 as a broken line and the

degree of agreement is described very well.
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V. ELEVATED TEMPERATURE FATIGUE DATA COMPILATION

TABLE V-1, Elevated Temperature Fatigue Data Compilation Reference
TABLE V-2, Information Sources
Bibliography

A. References Containing Elevated Temperature Fatigue Data

B. References Containing No Elevated Temperature Fatigue Data

Tabulation Sheets and S-N Curves For Materials Used in Elevated and
Low Temperature Correlations

Sxmbols
DD Design Data
PPC Data Points Per S-N Curve
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TABLE V-1
ELEVATED TEMPERATURE FATIGUE DATA COMPILATION

Alloy Testing Temperature Type Data Tabulation  Bibliography
Range CF Sheets
Aluminum
1100 75-600 Torsional A-101
70-423 DD A-28
3003 75-500 DD A-L9
201l 75-500 DD 127-130 A-L9
75-600 DD A-27
75-500 DD 26-28 A-111
75-110 3PPC A-35
RT-L00 10PPC 87-89 A-85
185 RT-500 2FPC A-55
RT-500 DD A-111
2024 RT-500 6PPC A-25
RT-700 3PPC A-55
75-500 b 131-134 A-L9
25-196 (-) 6PPC A-8l
75-600 DD A-27
RT-500 DD A-112
300-500 6PPC A-26
500 SPPC A-102
253 (-) SPPC A-3L
25-196 (-) 6PPC A-7L
70-473 (-) DD A-28
2618 75-600 DD A-27
3032 RT-800 1PPC A-55
RT-500 DD A-112
AB1S-T RT-500 DD A-112
5052 RT-500 DD 139-141 A-L9
RT-500 DD A-112
5086 RT-320 7PPC A-57
5083 RT-320 7PPC A-58
sLsh RT-320 7PPC A-58
ol 56 RT-320 7PPC 85-86 A-58
6053 75-500 DD A-L9
RT-500 DD A-112
6061 75-500 DD 135-138 A-L9
77-320 SPPC A-58
70-423 DD A-29
7075 75-500 DD 123-126 A-U9
25-196 (-) SPPC 121-122 A-8L
75-500 DD A-27
300 7PPC A-103
RT-400 12PPC 90-92 A-85
253 (-) SPPC 29-32 A-3L
RT-198 (-) 6PPC 96-98 A-7h
70-L23 DD A-29
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V-1 ELEVATED TEMPERATURE FATIGUE DATA COMPILATION
Alloy Testing Temperature l'ype Data Tabulation  Bibliography
Range OF Sheets
Aluminum
ATL? RT-600 DD 4-93
21l RT-600 DD A-9L
319 RT-600 DD A-9L
355 RT-600 DD A-9)
A355 RT-600 DD A-9L
142-T RT-500 DD A-111
RT-600 DD A-9L
112 RT-600 DD A-9l
122 RT-600 DD A-94
A132 RT-600 DD A-9)
D132 RT-600 DD A-9L
Pure 60-80 (=) 6PPC A-108
RT-250 11PPC A-23
Al-3Mg 60-80 (-) 6PPC A-108
Al-1Mg 60-80 (-) 6PPC A-108
X2219 1,00-600 DD A-27
XB185 RT-800 30Pe A-5E
Berzllium
Qv RT-1100 L PPC 33-34 A-78
80-100 (-) DD A-28
Cobalt
1605 1500-1800 6PPC A-L1
S-816 RT-1500 6PPC 60-62 A-32
RT-1650 10PPC A-75
75-1650 10PPC A-10L
75-1650 8PPC A-105
1500 16PPC A-106
14,00-1800 10PPC A-LO
Stellite 21 1500 7PPC A-106
Stellite 23-61 1200-1500 6PPC A-96
Stellite 31 RT-1600 10PPC 111-114 A-75
75-1500 10PPC A-106
Vitallium 1200-1500 SPPC A-97
V-36 1500-1800 6PPC Al
WF-31 1500-1800 8PPC A-l1
X-LO 1200-1500 6PPC A-98
1200-1600 3PPC
Special Alloys 750 20PPC A-LL
Brass
Alpha Brass RT-1000 3-10PPC A-12
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V-1 ELEVATED TEMPERATURE FATIGUE DATA COMPILATION

Alloy Testing Temperature Type Data Tabulation  Bibliography
Range °F Sheets
Steel
SAE1018 RT-700 10PPC A-62
SAE1020 RT-1200 LPPC A-69
SAE1050 RT-1200 DD
1075 RT-L23 DD A-28
1113 20-180 (-) 8-17PPC A-59
SAE2330 25-196 (-) SPPC A-8lL
2800 RT-423 DD A-29
SAEL130 RT-800 1LOPPC 93-95 A-(6
L3L0 RT-1000 OPPC 35-30 A-iy
25-196 (-) 5PPe 100-107 A-8l
80-50 (=) 5PPC A-86
RT-123 ) A-28
8630 25-196 (~) SPPC A-8l
253 (-) SPPC A-3L
52100 350 8PPC A-80
GTA 1200-1500 SPPC A-96
GT-L5 1200 SPPC A-96
K-42-B 1200-1500 SPPC A-96
M1 RT-500 8-20PPC A-80
MV1 RT-500 8-20PPC A-80
Gamma Columbian  1200-1500 SPPC A-96
Halmo RT-500 8-20PPC A-80
Hoskins 502 1200 SPPC A-96
HyTuf 25-196 (-) SPPC A-8l
Timken Alloy #2 1200 SPPC A-96
Fe-12Cr RT-100 8PPC A-109
STAINLESS STEEL
301 RT-123 DD A-28
302 RT-LO 11PPC A-L6
RT-L23 DD A-28
304 RT-423 DD A-28
31l 1200-1800 10PPC A-LO
321 1350-1500 ,~-SPPC A-113
3L7 RT-423 DD A-28
403 RT-900 13PPC A-75
75-900 6PPC A-102
700-900 SPPC 102-1.05 A-10%5
L22 900-1100 7PPC A-102
15-7PH RT-800 10PPC A-8
17-7PH RT-423 DD A-28
A-286 75-1600 1.0PPC A-16
70-1200 DD A-7
AM355 RT-800 SPPC A-28
RT-600 10PPC A-8
HS-88 1000-1200 6PPC A-L1
N-153 1500 7PPC A-96
N-155 RT-1500 SPPC A-2L
RT-1500 6PPC A-31
RT-1500 LPPC A-31
1350-1500 3PPC A-U7
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V-1 ELEVATED TEMPERATURE FATIGUE DATA COMPILATION

Allocy Testing Temperature Type Data Tabulation  Bibliography
Range OF
Stainless Steel
N-155 RT-1500 6-20PPC A-T1
RT-1500 8-1L4PPC A-72
1200-1500 SPPC A-96
1500 6PPC A-102
1300-1500 5-6PPC A-113
RT-1000 LPPC A-61
S-L95 1200-1500 SPPC A-96
S-L97 1200 LPPC A-96
S-590 1200-1350 SPPC A-96
S-816 1200-1500 SPPC A-96
RT-1200 L-7PPC A-56
1500 7PPC A-102
Cyclops 17-W 1200-1500 SPPC A-96
Discaloy 1000-1350 6PPC A-l]
Lapelloy RT-900 10PPC A-75
700-1200 SPPC A-102
Refractaloy 26 RT-1600 LPPC A-56
1200 SPPC A-96
1200-1500 6PPC 4-96
Timken 1200 8PPC A-91
Timken 1000-1200 7PPC A-L1
1200-1500 SPPC A-95
RT-1200 L-7PPC A-56
75-1200 10PPC A-102
1200 SPPC A-102
1200 6PPC A-102
Tinidur 1000~1350 SPPC A-l1
13Cr.Steel 450 LPPC A-88
1,50-600 8PPC A-89
18Cr-8Ni RT-1200 L,-6PPC A-20
253 SPPC A-3L
25Cr-20Ni 1200 SPPC A-96
25Ni-12Cr 1200 SPPC A-96
18-8-W-Mo 1200 SPPC A-96
19-9-W-Mo 1200 SPPC A-96
25-20-W-Mo 1500 SPPC A-96
19-9DL(DL) 1000-1200 6PPC A-L1
19-9DL(D) 1200-1500 SPPC A-96
23LAS 1200 SPPC A-96
Magnesium
A2§3" — RT-LOO 6PPC A-6l
AZ80X RT-L00O 6PPC A-6l
C 150-275 2PPC A-111
CM2 150-275 2PPC A-111
cM22 150-275 2PPC A-111
CcML2 150-275 2PPC A-111
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V-1 ELEVATED TEMPERATURE FATIGUE DATA COMPILATION

Alloy Testing Temperature Type Data Tabulation  Bibliography
Range OF Sheets
Magnesium
CM%Z 150-275 2PPC A-111
EK31 RT-600 12PPC A-L3
EM51 RT-L400 6PPC A-6l
EMA1 RT-L0OO 6PPC A-6l
FS-1 25-196 (-) SPPC A-8lL
150-275 2PPC A-111
G 150-275 2PPC A-111
H 150-275 2PPC A-111
J-1 150-275 2PPC A-111
M1 RT-L00 6PPC A-6l
150-275 2PPC A-111
0-1 150-275 2PPC A-111
R 150-275 2PPC A-111
ZTL RT-662 2PPC A-9
HK31A-H2l RT-L0OO 10PPC A-6
Molybdenum
Unalloyed L,0-1800 (-) 8PPC A-68
RT-1100 10PPC A-1)
Nickel
AMS 5735 RT-1200 6PPC A-36
6059 1200-1500 5PPC A-96
GMR 325 RT-1650 6PPC 76-78 A-102
Hastelloy B 1200-1500 LPPC A-96
Hastelloy R235  RT-1650 6PPC 63-65 A-102
M-252 1500 3PPC A-102
Inconel 1200-1800 8PPC A-LO
Incoloy 901 RT-1300 6PPC A-36
Inconel 80-20 1200 7PPC A-96
Inconel "x! 1200-1500 6PPC A-96
1350-1500 5-6PPC 145-1L6 A-113
RT-1500 6-10PPC 1-5 A-2
Inconel'x-550" 75-1500 LPPC A-102
RT-1350 LPPC A-2
Inconel W 1200 7PPC A-96
Inconel 700 RT-1500 6PPC £2-56 A-36
Inconel 713c 1700 A-16
1200-1500 6PPC A-7
Nimonic-80 1200-1500 6PPC A-96
600-800 6PPC A-92
20-800 6PPC A-33
750-875 10PPC A-10
Nimonic-90 RT-1000 20PPC A-60
RT-975 8PPC A-73
Nimonic 95 950-900 10PPC A-10
Udimet 700-300 1350-1500 DD A-7
RT-1650 6PPC A-102
RT-1650 6PPC A-36
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V-1 ELEVATED TEMPERATURE FATIGUE DATA COMPILATION

Alloy Testing Temperature Type Data Tabulation Bibliography
Range ©OF Sheets
Nickel
TMo-Waspalloy 75-1500 6PPC A-102
Waspalloy 1500 3PPC A-L7
1500 3PPC A-102
Waspalloy 1500 3PPC A-L7
Magnesium
8pecial Alloys 600-800 6PPC A-92
500-800 6PPC A-33
Titanium
RC RT-600 10PPC A-75
RC-130-B 25-196 (-~) 13PPC 108-110 A-11
RT-600 13PPC A-75
Ti-1504 25-196 (-) 13PPC A-11
30, 18-8 25-196 (-) SPPC A-8L
Ti-841-2Cb-1Ta 75-1000 12PPC A-16
Ti-7A1-3Mo 75-1000 10PPC A-16
Ti-LA1-3Mo-IV RT-900 20PPC 15-19 A-50
3A1-5Cr RT-1000 20PPC L6-51 A-T77
RT-500 7PPC A-110
3MnComplex RT-1000 20PPC A-T77
Ti-2.541-16V RT-900 20PPC 66-70 A-50
Ti-6A1-LV RT-900 20PPC 20-2L A-50
RT-1000 L,-16PPC A-17
500-750 l,-20PPC A-82
RT-1000 A-110
RT-423 A-28
Bl20VCA RT-900 20PPC A-50
Special Alloys RT-600 LPPC A-63
77-321 D A-39
253 ' SPPC A-34
60-600 (=) A-110
60-600 A-110
RT-600 A-110
RT-800 A-110
RT-600 A-110
Zinc
20-196 (-) 2-6PPC A-87
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TABLE V-2

INFORMATION SOURCES

Publications Issue Years Examined

Aerospace Engineering (Aeronautical Engineering Review) 1945-1961

ACGARD~ Materials Properties Handbook 1960
Aircraft Fatigue Handbook 1957

Armed Service Technical Information Agency (Subscriber)
ASM-Transactions 1945-1961
ASTM-Proceeding 19141-1961
ASTM-References on Fatigue 1951-1961
Battelle Technical Review 1952-1961
British Journal of Metals (Metallurgia) 1950-1961
Defense Metals Information Center (Subscriber)
Journal of Aerospace Scilences 1945-1961
Journal of Welding 1945-1960
Journal of Applied Mechanics 194L5-1961
Mechanical Engineering 1945-1961
Metalurgical Abstracts 1945-1960
Metal Progress 1940-1961
Metals Review 1950~

NASA (Including NACA) Technical Publications (1915-1961)
OSRD Reports (19L2-194L6)
Review of Metal Literature (1945-1961)
Society for Experimental Stress Analysis (Proceedings)  (1945-1961)
WADC/WADD Technical Publications (1951-1961)

Literature surveys were undertaken in support of the research effort
by ASTIA, and the Technical Library of the General Electric Corpora-
tion.
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TABLE V-2, INFORMATION SOURCES (continued)
Industrial, Institutional and Research Organization Contributors

Aerospace Industries Association of America, Inc.
7660 Beverly Blvd.
Los Angeles 36, California

Aluminum Company of America
ALCOA Research Laboratories
New Kensington, Pennsylvania

ASTIA
Arlington, Virginia

Allegheney Ludlum Steel Corporation
Pittsburgh 22, Pennsylvania

Allison Division
General Motors Corporation
Indianapolis 6, Indiana

Mmoo S e

Middleton, Ohio

Battelle Memorial Institute
Columbus 1, Ohio

Beryllium Corporation
Reading, Pennsylvania

Boeing Airplane Company
Witchita, Kansas

Boeing Airplane Company
Vertol Division
Morton, Pennsylvania

Brush Beryllium Company
Cleveland 3, Ohio

Convair-Astronautics
Division of General Dynamics Corporation
San Diego 12, California

Crucible Steel Company of America
Pittsburgh 30, Pennsylvania

‘Dow Chemical Company
Applications Research
Metallurgical Laboratories
Midland, Michigan

Defense Metals Information Center

Battelle Memorial Institute
Columbus, Ohio
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TABLE V-2, INFORMATION SOURCES (continued)

Editorial Services Unit
Research Laboratory, General Electric Company
Schenectady, New York

General Electric Company (GEL)
Schenectady 5, New York

General Electric Company (Metallurgical Products)
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Niles, COhio

Rem-Cru Titanium, Inc.
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New York 7, New York
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U. S. Department of Commerce
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Washington 25, D. C.

U. S. Steel Corporation
Pittsburgh 30, Pennsylvania

Vought Aeronautics
Manufacturing Research and Development
Dallas, Texas

Wright Air Development Division

Air Research and Development Command
Wright Patterson Air Force Base, Ohio
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E 10 103ksi at 1600 F
G 103 ksi  at I —
18 at

‘% E at__
% RA at o
Hardness at,
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Material___ /v /5" 7~
Reference_Jzuns. A5/ W) 43 657

Condition

Date of Tabulation
Tabulated by

-

A N
Reference No.___tA Code No._ Wb ) Checked by ¢
Sl ot oy | o ldoo 14500 15920 |eny 1772 lasiu
Test Temperature____£ ¢ Environment__ # .- g 2200\ Fous | 2090 ] 2200° | G on® | 65 L/ svi0® \ K810 7000
Type of Test, brzau Re ‘Specimen Data_ 2, 520 .. o N
" Type of Dats_gainss 2 o Carve Surface Finish 1§1
Stress Ratio 4 Stress Concentration Factor S
Mean Stress o Notch Deseription N | CorreloFr Data:
: S |00 a0 {700 0.0 1500 | 450 1410 90 320 |30
Fatigue Data Source: Mechanical Properties Source g /.300%3.240)7 | 8000} 12,000 |5 30m0%) 92000 | 1800005\ 2.8 010" 10X 6.8 (10)°]
Author Jrnr (/l)a )4 -J_W Samt N
Publication Iraps . DSP? -a/ 43 }957 psd7 ;
S
No. References g
. . N
Principal Investigator S - -
Affiliation N
Comments 1 2 3 4 5 6 7 8 9 10
Parameters:_ T 2.9 ¢
Mechanical Properties: Other Properties: . b=-3,
Fiu §3.7 kai at_ &, 75’ /42.43 ks/
Fyy 22.2 ksi at_ R ‘s 4T AS/
E /o0 3 109ksi at C ts:
G 10%ksi at
H at
% B, /35 at__ 1
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Material 20726 7 Condition ) Date of Tabulation__uh_____
Reference_ /ter: /7 /% Vs / 73057 ‘ {1 - Tabulated by Ny
Reference No. A Code No. ) o Checked by —g—_‘
S oo | 200 | g00 | 2.0 (0.0
Test Temperature, - /96 ‘% Environment, e N [a5/0 Fos0® | 3014|4810 Y gx00®
Type of Test__& rouse Specimen Data, f] .
Type of Data__asw éz ow a ewve _ SurfaceFinish . I§I _,'A
Stress Ratio, Stress Concentration Factor_zo | [7§
Mean Stress -] Notch Description__ o VLN e dotnr Lr ke
S aso00 | 0000 |25ar) | 20000 |BS00 |agoo0 |25t | 70000 | 65000 |68 000

Fatigue Data Source: Mechanical Properties Source:| | g 25708 | 3503 | S 18 ¢a)3  Lyan)¥ 2. 7000089 (10342 o) A’# 9ulm)®

Author garc%/m £ T _Sume p 554 N

Publication Zrzws. A7, vaf 43, 1257 I§I 1o

_II's -
No. References L N Lo _ i
S

Principal Investigator 1; o

Affiliation N T T

¢omments Y 1 2 3 4 5 6 7 8 9 10

Parameters: _ _m=2./23 E

Mechanical Properties: Other Properties: ___ br2498

Fiu 754 ksi at, ___—M TS 1695 AS) ——

Fuy 824 ksi at__7% C _E'x g3 As/ | —

E 46 10ksi at_ /% € Comments:

G ' 10%ksi at S

n at
.%E /2.0 at_-/9% &

%RA___ /5.0 at_ A%t

Hardness at
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Date of Tabulation
Tabulated by D_—S
Checked by W=

Material 3005 -T¢, Al Condition__ \Nlepua bV

Reference _Aiton T g-uq-4 Copuzsl

Reference No.__ 49  Code No._/3

S l4smo |2 |zgns 000 | 24,000
Test Temperature 25 °E Environment___ 4. N o000 {i0omas i, 09027 hnypssopokagnanase
Type of Test 9«:"&\;«3-554"\ Specimen Data_q. 4in. dia. I§I —--
Type of Data_Numerical Surface Finish_— S
Stress Ratio_~-1.p Stress Concentration Factor_t.0 _— g
Mean Stress  — Notch Description_ — Ig
Fatigue Data Source: Mechanical Properties Source:| | N 1 Onta Caecelatinaly KSH
i S jas0  |arg  [aee |uie w50 | ter luee 17298 (Y0 |Z6p
A“thor—&@ﬂ-u’mw—&&“%,—ﬁﬂ— _hewon gTaur9 0 it N Tvomg® J1aeeS 1o asee” [’ 19,0007 Ligwint |3 700 |1 32007 |18n0" |4 0x107
Publication_micon b1 a-y3-a Copyy 257 p.2i,2] S lzwe 29.0_ et
i i ' N gan® 29707
P 120 S i -
No. References g
Principal Investigator, !J....w(f JEM, g
Affiliation (haf Merhanieal Teshng Din, AlCoA N .
Comments 1 2 3 4 5 6 7 8 9 10
Parameters:____/mnz/-835
Mechanical Properties: Other Properties: . _ br-z.455
Fiu 820 ksi at__I9E Tl a4 ksl |
Fiy np ksi at__nse _Elani006 K | S
E 104 100ksl at___I°F c te: 1\ YRRV A
G ~ 349 108 ksi at IS°E [ °
n ~ Y3 at_ o8¢
REh 110 at_ S
% RA at
Hardness at,
il

il i ¢ t 8 ] Ll b e
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Material__ 7035 -Te Al

Reference .47 !
Reference No.__ 49 CodeNo._/3 .

Condition

Test Temperature 200°F

Type of Test_Cantilever-beam _ SpecimenData_oupin.dia. ... .

Surface Finish__ —

Type of Data_Numerica.l

Stress Ratio__-1.0

Mean Stress_ — -

Environment__ A/

FATIGUE DATA — NASA CONTRACT NAS8-1517

Date of Tabulation

Fatigue Data Source:

Author__Howel| EM S&:'gkhg G, R

Publication_Aitan QT A-41-9 Copy 251
Rawn.

No. References

Principal Investigator, &M(LF M

Affiliation Clhw€ Mechanieal ng;&j,j% Do, (leak

Comments

Mechanical Properties:

Fru 250 ksi at__ o0
Fuy 210 ksi at__ 300"

E 4.98 105ksi at__ 300°F

G ' 109ksi at

! at__
LBE (nd® 300 at_ 300°F
*RA__ at

Hardness at

Wrouaht S —
> Tabulated by R~
) Checked by S
| S*iz ) 15325 | Boan 12,930 1rosn
| g 100 pon 100332 10023250 |13 0cqs8 9 1100 son s e
N 1
- e S U — e
L N
Stress Concentration Factor 1.0 g7 - .
Notch Description__— e 21 -
Mechanical Properties Source | 21 ! _
{ .0 1.5 4.0 120
Aeop Ry a-«1:4,0py 25 || N N P I P
S
_ e S N | —
- s ]
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- — s e
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A

Material_2076-To 4/ Condition_Wraya ht Date of Tabulation )
i Tabulated by s
Reference T 3-42-~ i
Reference No.___49  Code No. /3 Checked by
5 3502 1Looo Q500 a2 | 300
Test Temperature Yoa°F Environment, A{r Ig 100,008 |1 000,000 |10.1102,000 180500000 e 00000
Type of Test_Cantilover ~hesnn Specimen Data_0.40 i dia_ N
Type of Data_Nuverieal Surface Finish_—— I%
Stress Ratio__—1.o Stress Concentration Factor__.? .
Mean Stress_ — Notch Deseription__~— g
Fatigue Data Source: Mechanical Properties Source:| | N i Dada, |Correlathon  KlSe
S g 12.0 2.8 12.6 s il.o 0.5 10,0195 1.0
Author_Hhoell EM, Sdickles, G0 - -47-9 N ormef [1eref [2.5:00° 139505 [einn® |99x” | 1eenin® |Bpxio® | %.210° | drnic”
Publication QYA BT w19 Cuezst | ppatoy S les 2.6 | B4 -
N g’ | 1 5-0¥ | 4.49-10°
0120 S
No. References }g
Principal Investigator AA‘V\" PI;
Affiliation Aloa N L
Comments 1 2 3 4 5 6 7 8 9 10 |
Parameters: _» > 2. 927
Mechanical Properties: Other Properties: b3 86
Fy 140 ksi at_ ool 75’2238 ke |
Fyy 1.0 ksi at__Y00°F £'-%.162 Ks. - _
E 9.3 10°ksi at__4pp°F Cc ts _
G 10°ksi at Dergm Dl
it at 0
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% RA at
Hardness at,
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Material_707s- To Condition. Wroaght. . _ Date of Tabulation_____
—»
Reference Ai(of PT3-42-4, Cypy 251 S Tabulated by =
Reference No._ 44 _ CodeNo._/3 e Checked by
S 11,000 ooy | 70 | 7000 2,000
Test Temperature SO °F. Environment_ A« . __ Ig lonuod _{ 4eoon00 I annen Denono,mo lo,xa00¢ _
Type of Test, _Cmidejel @ m _ Specimen Data_ 0uon,da. _ N r
Type of Data_Mumerieal _ __ ____ SurfaceFimish—_ _ _ _ __ _ 3 I L B T
StressRatio_ -0 Stress Concentration Factor Lo T B - 1
Mean Stress_~— _ Notch Description— B I; R A o i
Fatigue Data Source: Mechanical Properties Source | | N ii,i; # . 1T J&’;ntt;bfnn Jl&N ;,
i ] S 10.5 %o |85 |80 |18 74 72
Author omel\,FM, S‘hrkkv,j Qul AlCop_pTa-47-4 %151 R LOvrol | L8sr2¢ |9 2000% [nosi? | Laxe? | 4’ |
Publication_Allay BT 4-43-9 Cﬂp_jl.sj;,;__‘_"__ PP LT . — e
D120 R R
N Ld I et —
No. References e _ 1 [ R R
Principal Investigator__ fudhoe I ) S B 3
Affiliation e | 1
Comments 5 6 7 8 9 10

Mechanical Properties:

Ftu 1.0
Fuy 8s
E 822
G
n

% EinuP 4§
% RA

Hardness

ksi at__500°F

ksi at__S00°F _

10%ksi at_ S0°F

10%ksi at e
at_ 000 e
at_ Book [
at
at.
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Material___2onp -1 0 Condition__wvouglat

Reference_ MlCo0A oY 4-u1-q Copty 251 ' i
Reference No._ 49 Code No.__/3

Date of Tabulation

Tabulated by ) [2 S —
Checked by :&ﬁ: .

Test Temperature 7S°F Environment, N
Type of Test_ Rdudin.-Rearm Specimen Data_ a4 -in, da
" Type of Date__ \umevic al Surface Finish__— i
Stress Ratio__ - | Stress Concentration Factor 1o _
Mean Stress Notch Description_ — .
Fatigue Data Source: Mechanical Properties Source:
Author S X' i MDB_QI_Q»Alﬂ,,L‘Q%m,, .
Publication_}10n4 ©T a-y7-@  Copy 2 STOTEE T
{\ 120

No. References

Principal Investigator_ DiVvor
Affiliation___A\(nA

o) |
20.0 1.0 18,0

260197 | Leng® [Seae® |

1
1

>z ol 2

i
|
|
|
i

Comments R I

Mechanical Properties: Other Properties:
Fu Yoo ksi &t € I STTL e N
Fy o0 ksi at_ wE BIENTR TR Y3
E 10.0 103ksi at__ I9F —
G 39 108ksi at_ s e
n ~ A at_ T —

HEpup 130 at 15°F N
% RA at

Hardness at
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Material__ 2014 -To Al Condition____\W rouqht . Date of Tabulation
Reference_\can €T 9-42-9 Oy 251 ] Tabulated by DS
Reference No. 49 _CodeNo.__(3 . Checked by S o
5 2,3p0 18000 15000 | Qeon | 12,000
Test Temperature 300°F Environment_ A, N [ osan [ 1m0n392 112020000 19503 33 |Smaasn 203
Type of Test_Canlileyer -Beam Specimen Data_ 0.4 n. Dice. . S
Type of Data_ Numerical Surface Finish — I§I
Stress Ratio_ -\ Stress Concentration Factor 1o .. [{~g§ -
Mean Stress___— Notch Description — . g
Fatigue Data Source: ) Mechanical Properties Source:( | Ig Cote Cobre\nting (st o leles)
AU&OT_&MM&L__, Alcon 1 A-urd Qagezsy || N \J,\I,,,,A;. Z_‘.—f.‘ms ?? _C(.;.‘ [-1;]0,/; ll;ﬁ;ﬁA ;1., ?(‘4- -;{é,':oé‘ ?/i‘: S‘f:‘,v ,"56;11
Publication_ficon RT a:u1-94 _ Copy2gi =TTy AN I% TS e S )
£1120 S— I I “ I
No. References i o g i 4
Principal Investigator__ lewell  ELM, ] g
Affiliation_Chaf Mechanical Tedhg Div. AlCoA — A
Comments ] o 1 2 3 4 5 6 7 8 . 9 10
i o | | Parameters: %~ Lo0S
Mechanical Properties: Other Properties: ~ _ﬁh‘—“:g'_a_ig“_,}
Fiy 472.00 kai at_ 3sce'F TS =, 1 fa | —_
Fiy_ . %.00 ksi at_ 2o0°F E'uzoy A e —
E 1021 10°ksi at_ 3o c ta: Vecan Dake -
G 10 ksi at V -
R at 00000 —_
J E iny® 15,00 at_ dogrp
% RA. at
Hardness at

-
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Material_ Zoave 7o AL Condition___tyes. .~ | Date of Tabulation___
Reference_ Alcop 7 1-wp-a Lo e Tabulated by — s
Reference No._ 49__ Code No._ /2 Checked by B
S L5000 12,000 Wans J oo [ r08
Test Temperature Y000 Environment___ Ay Nobee [ ol - 7 TS ]
Type of Test__larndtlevey -heam Specimen Data___14_r, iy - EX
Type of Data_ Numerica | Surface Finish__~- . L
Stress Ratio__ 1.0 Stress Concentration Factor ! » | g
Mean Stress _— Notch Description__—— . g S S
Fatigue Data Source: Mechanical Properties Source: N_ :.t,,,v,, ,:i Loata [Corveivfioa ‘} : :
. S s 1.0 [ i s [N 1.< 1.0 2.5 %.0
Author_ Megell £ M., Sk, %ou) Aron £ Y-ut-d N T ey R P T I D
Publication_picoa ©¥ g-wi-4 Coge w0 P22 o I% [ | — 1
P20 -—{{ S [ | -

No. References - g

Principal Investigator_ lsuctl £M I g —

Affiliation Chiet Machmnical Teshng D Meop f || N | N

Comments - 1 2 3 4 5 6 7 8 9 10

Parameters: /472 .327 _5

Mechanical Properties: Other Properties: . _b__-3k32
Fuu 1608 ksi at_seeg Qe b e
Fiy 1200 ksi at_weoc Sl ey . ——
E 1.5y 103ksi  at_ oot Cc ts: __ I\ \
G 10°ksi at - \)mz(“ D
n at_~ ]
L% Eine® 3500 at_ oo
% RA at,
Hardness at
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Material  Jid-To M Condition_ _wmu-lH' Date of Tabulation_ = .

‘ Tabulated by s
Reference_AIC08 0T 1463, Capus -2 1 Checked b __._Bﬁib“
Reference No.__#4__ Code No._/(03 e

S lh.mu) () xeon 5‘;_:‘.1:3 L8020
Test Temperature e Environment___ A Ig PR TYARITS I SR N YR -
Type of Test_Cagtileser-hes m Specimen Data_o.gindia. N
Type of Data_ Numerical Surface Finish_— i _
Stress Ratio___-1.0 Stress Concentration Factor > |[7§ -
Mean Stress Notch Description_ ——— g 1
Fatigue Data Source: Mechanical Properties Source N ta Covvelalon| Ao W
, . S e 1o 1o 5 heo 1 12 6.5 0.0 i
. Author__Howell, EM &.gk\e,e SR N IV ALY I L L 3 B N o |2agp e amof uxeé 12 ¢ 1m0t [ quugd |18+ fooo 0 L iepd
) ; - N S e 432 ALl
Publication_acng ¢v-u1-9 P11, 20 N 2 i i
ze S B
No. References___ g
Principal Investigator__pasctl|, €M 1;
Affiliation Chel Mechanical ‘\’e«&!.,é L, Aicod N
Comments 1 2 3 4 5 6 7 8 9 10
Pun ters: ﬁ) 2 s 6Q 8

Mechanical Properties: Other Properties: . 4=~ 5./92
Fu _thoo ksi at_ sevp T Lig7 As:
Fiy. 80 ksi at_ e E'a.p13 Kse

E 8.48 100ksi at_sec C to: __ Paamelee _cbboined  wdh Naod  ocdeuleder
G i 10%ksi at . ‘_ki-n 'm*)_“\ in Oy AQ,; WeS in gnur)

n at_
% Eindd 45 at ‘oot mtvn bq\‘k )
% RA at o

Hardness_ at
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Material_202¢-7¢ __ Condition_\Mea, Date of Tabulation -~
~ N ) v
Reference ALLOA [izmiogr plo 9-yp-s npvee, } L Tabulated by RS
Reference No.__ 4% Code No. — Checked by o
S Yo.n o | TSw “no 8.0 ) |

Test Temperature IS°oF Environment__ g g 0 0" w08 | s00®)
Type of Test_Roraring Eeam Specimen Data_ p.d 1. DA N -
Type of Data_Numepicai. Surface Finish___ - I§I L _,-
Stress Ratio___-1.0 Stress Concentration Factor_ 1o | B A E—
Mean Stress Notch Description___ i g il -
Fatigue Data Source: Mechanical Properties Source: __I%Ih.- _ _ -

Author__ Howe( | FM. | Stickiey, Gw, Alcoa By 9-41-9 Jopvasi |1 N O[T

A~ . ST T T
Publication ALCOA RT 9-wi-9  Cory 251 O R IS e — -
R0 S - . —

No. References . — I;I —

Principal Investigator__ MoweLi g R E— I —

Affiliation_Cuer Mecuamgar TESTNG Di), MC0Y — LN .

Comments B 1 2 3 4 5 6 7 8 9 10

Mechanical Properties:

Fo 680 ksi
Fiy 46,00 ksi
E 10.60 103 ksi
G 10% ksi
n

% E
% RA
Hardness

at_ 15°F
at__ N§°f
at IS°F
at
at
at
at

at

Other Properties:
TSe MSth kol |
EC= 1b.8Y k)

Parameters:___m :-;*_l .. C;\ji,

bz =46l
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T
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Material  2024-Tuw Al Condition  Wesasnc Date of Tabulation_
Reference AICOA RT, Mo.¢-41-3 (oey2sl. e Tabulated by — RS
Reference No._ Q) CodeNo. e o 3 Checked by Ry
S | in‘o o || 1eo | 1w _
Test Temperature _300°F Environment___ Aw._ . | N | 1ae e 1 aa? | yod 50109) —
Type of Test__QR Specimen Data __~.do ). DA, . i - -
Type of Data_ Numericas ____ SurfaceFinish . ___ ' I% - - I _ - |
Stress Ratio_ -1.0 Stress Concentration Factor _1.0.._.. _ g T
Mean Stress Notch Description___ R ___g, 1 L _ [ -
Fatigue Data Source: Mechanical Properties Source: _I;‘, _____ _ il
Author_Howell \EM. STewiey, Gw. ) _A1coA Ry 9:47-9 Copvasi|| N T N
Publication_ALCoA BT 2419, Copvasy ] _ ®ad2de o f{ b o -
Rio. N — N ] ]
No. References [ — g —
Principal Investigator_ Moweuws ] I; T
Affiliation Cwer Mecwamicac Teatmaow Aicoa, | || N B .
Comments I 1 2 3 4 5 6 7 8 9 10
: - —— Parameters:,___,m,;i\.,fs_\l_w,
Mechanical Properties: Other Properties: _ pe =019
Fiu Y300 kesi at_300°F YSg': 7300 K3l I,
Fyy _36.0 _ksi at_300°F E'= 1327 3 L
E 1007 100ksi at_3o0E Comments: __ Usbuso_ct bt o tod _caboabor & Inlroet b
G 10°ksi at Dm.ﬁm AR be Yo {logeedk V-
n at,
% E at_ b= ‘O&m (O"B‘t K)
% RA at ‘
Hardness at

T g
i !t}‘. ik
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Material _ 2024-Tu. A}

Reference_Aicos RT. No 9-u1-9 Copyes.

Reference No._ W%  Code No.

Condition__ WeauauT

DATA — NASA CONTRACT NASS8-1517

Date of Tabulation_1/31j62
Tabulated by 07—

Checked by N 5w

S al\O‘O .0 1.5 [VO.U 2200 b
Test Temperature Y0prl Environment___A.g ___ LN 0% [T 107 ¢ 5¢10%) -
Type of Test__ C R Specimen Data__o.4p iy, _1uia. S ; ] —
Type of Data_ Mumeric ar _ Surface Finish S .
Stress Ratio___ -1 Stress Concentration Factor_1.o N Igl -
Mean Stress Notch Deseription L Ig, - _
Fatigue Data Source: Mechanical Properties Source!| g
Author_Howsrl EM, STCKIEY, GML | _AICDA_RT 9-un-e (npyosi | N |
Publication AknA BY_9.42-9. 2riv o» D, 14,27 S -
[SAELY S
No. References___ g
Principal Investigator  Wowey, g
Affiliation CuieF MEcnAMICAL IEETING D, AP0A ] N . -
Comments 1 2 3 4 5 6 7 8 9 10

Mechanical Properties:

Fuu 2000 ksi
Fuy 21.00 ksi
E 3s¢ 103 ksi
G 102 ksi
n

% E
% RA
Hardness

Other Properties:
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ﬂu"\“u‘alﬁvfﬂ E!_Mm‘o\’ b
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Material__2024.- T4 A} __ Condition_“p/pauant Date of Tabulation____
Reference T MOSHTLD apss o Tabulated by __%5___,___
Reference No. Code No. 1 = Checked by —_!‘é‘lb'
SI \lu;o .5 g 2.0 a0
Test Temperature____Soqok Environment___ Ap N e 1" 1’ 108 5008 .
Type of Test__ QB Specimen Data__Ouam DA ] I§I
Type of Data__ NumeRic AL Surface Finish - s il
Stress Ratio___-\.0 Stress Concentration Factor v a_ ] ~g—*— _
Mean Stress Notch Deseription S _%ﬁy L
Fatigue Data Source: Mechanical Properties Source:| | I%I | i
Author__HoweiL FM__STickeeY, G ALCOA RT. 9412, Capvzs.] | N _ 1
Publication_AICaA RT. 9-47-9, Copv.2st. P27 I% o --
Pi2a. __ - S
No. References i | g . — I — I
Principal Investigator_ Howeis. e . g S R N
Affiliation Cuer MecuamicAl Testme b Mcodl | N -
Comments o 1 2 3 4 5 6 7 8 9 10
|| Parameters:_ ‘D_r\,:__inzgiz“iwf
Mechanical Properti‘es: Other Properties: B E 1L
F 14.00 ksi at__S00°F TS 23,8 kS1_._ | —
Fyy 9.50 ksi at__ 500°F E's 576 WSt —— —— :
E __848 103ksi at_ SmC C ts: ?Qna_me\c\' oo b haud (‘o_\(m\akc)( i ‘v« lﬁ\upk’_.\m, B
G 10ksi at — Danigen Ve e log [(logu) X |
p at 0 L .
% E at b g )4
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