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NATIONAL AERONAUTICS AND SPACE ADMIhiISWTION 

. TECHNICAL NOTE D-439 

AXIAL-LOAD FATIGUE TESTS ON 17-7 PH STAImSS STEEL 

UNDER CONSTANT-AMPLITUDE LOADING 

By Herbert A. Leybold 

SUMMARY 

Axial-load f a t igue  t e s t s  were conducted at roam temperature on 
notched and unnotched sheet  specimens of 17-7 PH s t a i n l e s s  steel  i n  
Condition TH 1050. The notched specimens had t h e o r e t i c a l  s t r e s s -  
concentration fac tors  of 2.32, 4.00, and 5.00. 
under completely reversed loading. S-N curves are presented f o r  each 
specimen configurat ion and r a t i o s  of fa t igue s t rengths  of unnotched speci-  
mens t o  those of notched specimens a re  given. Predict ions of t h e  f a t igue  
behavior of notched specimens near the  f a t igue  l i m i t  were made. 

A l l  Specimens were t e s t e d  

INTRODUCTION 

S ta in l e s s  steels are commonly used i n  t h e  construct ion of s h e l l s  
and &el tanks f o r  miss i les  and a l s o  for  s t r u c t u r a l  p a r t s  of other  vehi- 
c l e s  subjected t o  high temperatures. Since these  s t ruc tu res  are fre- 
quently subjected t o  repeated loads, addi t iona l  information regarding 
t h e  f a t igue  behavior and notch s e n s i t i v i t y  of s t a i n l e s s  s t e e l s  would be 
o f  i n t e r e s t  t o  t he  designer.  Therefore, an inves t iga t ion  x&s conducted 
at room temperature t o  determine t h e  fa t igue  proper t ies  and notch sen- 
s i t i v i t y  of 17-7 PH s t a i n l e s s  s t e e l  i n  Condition TH lC50. Notched and 
unnotched sheet  specimens were t e s t e d  under completely reversed a x i a l  
loading ( r a t i o  of minimum s t r e s s  t o  m a x i m u m  s t r e s s  equals minus one).  
The tes t  r e s u l t s  a r e  presented i n  t h e  form of S-N curves. A mater ia l  
constant  w a s  determined s o  t h a t  notch-size e f f e c t  could be estimated by 
use of t h e  Neuber technica l  stress-concentration f ac to r .  This constant 
w a s  ccmpased with the  constant obtained from reference 1 f o r  f a t igue  t e s t s  
on a l a r g e  va r i e ty  of low-alloy s t e e l s .  

SYMBOLS 

f a t i g u e  s t ress-concentrat ion f a c t o r  - r a t i o  of m a x i m u m  nominal 
s t r e s s  i n  unnotched specimen at given l i f e t i m e  t o  t h a t  i n  
notched specimen of same l i f e t ime  
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st ress-concentrat ion f a c t o r  corrected f o r  s i z e  e f f e c t  (Neuber . 
t echnica l  f a c t o r )  KN 

t h e o r e t i c a l  s t ress-concentrat ion f ac to r  KT 

R r a t i o  of minimum nominal s t r e s s  t o  maximum nominal s t r e s s  

maximum nominal stress, k s i  ' m a  

P radius  of curvature a t  base of notch, i n .  

P '  Neuber mater ia l  constant,  i n .  

w f lank  angle, radians 

SPECIMENS 
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Four specimen configurations were t e s t e d  under cyc l i c  loading. One 
had an hourglass shape (unnotched); one, a c e n t r a l  hole; and two, edge 
notches. Deta i l s  of these  configurat ions a re  shown i n  f igu re  1. The 
notched specimens had t h e o r e t i c a l  s t ress-concentrat ion f ac to r s  KT of 

2.32, 4.00, and 3.00 (refs. 2 and 3 ) .  
specimens were t e s t e d  t o  determine t h e  mechanical proper t ies .  
mens were machined from 0.037-inch-thick shee ts  of 17-7 PH s t a i n l e s s  
s t e e l  a f t e r  heat  t r e a t i n g  t o  condi t ion TH lW0. 
t e n s i l e  specimens, were machined so  t h a t  t he  longi tudina l  ax is  of t h e  
specimen w a s  p a r a l l e l  t o  t he  g ra in  of t h e  shee t .  The specimen blanks 
were clamped i n  s tacks,  and a l l  were i n i t i a l l y  machined along t h e i r  
longi tudinal  edges. 

I n  addi t ion,  s ix  standard t e n s i l e  
All speci-  

All specimens, including 

The notches i n  t h e  specimens having edge notches were m a d e  by 
d r i l l i n g  a hole  t o  the  proper radius  and then removing t h e  ma te r i a l  from 
t h e  edge of t h e  specimen t o  the  center  of t h e  hole  with a mi l l i ng  t o o l .  
The width of t he  mi l l ing  t o o l  w a s  approximately equal t o  the  diameter 
of t h e  hole.  The hole w a s  made by f i rs t  d r i l l i n g  a s m a l l  hole  and then 
enlarging it t o  t h e  proper diameter by using progressively l a r g e r  d r i l l s .  
This w a s  done i n  order t o  minimize r e s i d u a l  s t r e s s e s  due t o  machining. 
The l a s t  two d r i l l s  removed approximately 0.0015 inch of material. 
d r i l l i n g  speed used f o r  both of t he  edge-notched configurat ions was 
935 rpm. 
mounting the  specimen blanks on t h e  headstock of a l a t h e  and c u t t i n g  with 
a s ta t ionary  t o o l  b i t .  
by boring a 3/4-inch-diameter hole  at a speed of 40 rpm. 
cu t s  removed 0.001 inch of mater ia l .  The 12-inch r ad ius  of t h e  unnotched - 

The 

The two remaining specimen configurat ions were machined by 
c 

The configurat ion with a c e n t r a l  hole  was m a d e  
The last  two 
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specimen w a s  machined at a speed of 9 rpm. The last two cuts  w e r e  
0.001 inch deep. I n  a l l  cases, t h e  feed w a s  approximately O.O@ inch 
per  revolut ion.  
and, consequently, no deburring w a s  necessary. 

Careful machining produced clean edges on a l l  notches 

Preliminary tests on a l l  specimen configurations indicated a l a rge  
amount of s c a t t e r  i n  r e s u l t s .  In  order t o  reduce t h i s  s c a t t e r ,  t h e  sur- 
face  a rea  at t h e  midsection of each specimen (both s i d e s )  w a s  hand pol- 
ished i n  t h e  longi tudina l  d i r ec t ion  with a f iat  wooden block and emery 
paper. 
process.  Several  operations were performed t o  obtain t h e  polished surface.  
The f i rs t  operat ion removed t h e  sca le  l e f t  from heat  t r e a t i n g  and any 
deep p i t s  t h a t  m a y  have been on t h e  surface.  In  order t o  do t h i s  quickly 
no. 280 emery paper w a s  used. Three more operations were performed with 
nos. 320, 400, and 500 emery paper, respect ively,  t o  obtain t h e  f i n a l  
polished surface.  A t o t a l  of approximately 0.002 t o  0.003 inch of mate- 
r ia l  w a s  removed during pol ishing.  

The paper and specimen were d r y  during the  e n t i r e  pol ishing 

EQUIPMENT AND TEST PROCEDURE 

Axial-load fa t igue- tes t ing  machines used f o r  t h i s  inves t iga t ion  
were equipped with a subresonant loading system and a hydraulic loading 
system. (See ref.  4 . )  Specimens which were expected t o  have 8 l i f e  
g r e a t e r  than 10,000 cycles were t e s t ed  with t h e  subresonant system 
(1,800 cpm). 
(20 cpm) . 

All other  specimens were t e s t e d  with t h e  hydraulic system 

The load on t h e  specimen was measured by s t r a i n  gages cemented t o  a 
weigh bar  i n  series with the  specimen. 
ment w a s  used f o r  v i sua l  observation of subresonant loads. 
hydraul ica l ly  were recorded continuously. 
completely reversed loading (R = -1). 
(subresonant and hydraul ic)  w a s  k2.5 percent of t h e  applied load. 

Elec t ronic  load monitoring equip- 
Loads applied 

All tests were conducted under 
The m a x i m u m  e r r o r  i n  loading 

Guide p l a t e s  s i m i l a r  t o  those described i n  reference 5 were used 
t o  prevent buckling of t h e  specimens. Tissue-paper shims were placed 
between t h e  guides and t h e  specimens at t h e  polished area t o  compensate 
f o r  t h e  ma te r i a l  removed from the  specimen by pol ishing.  The l i g h t  o i l  
used t o  l u b r i c a t e  the  surfaces  o f  the specimen and guides w a s  enough t o  
hold t h e  t i s s u e  paper i n  place.  A low-voltage current  w a s  passed through 
t h e  specimen t o  operate a r e l ay  which stopped t h e  machine when t h e  speci-  
men f a i l e d .  
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FU3SULTS AND DISCUSSION 

The t e n s i l e  proper t ies  as found from t h e  tes ts  of standard t e n s i l e  
After heat  t r e a t i n g ,  t h e  specimens had specimens are  given i n  t a b l e  1. 

a nominal hardness of Rockwell C43. 

The r e s u l t s  of t h e  f a t igue  t e s t s  are presented i n  t a b l e  2 and a re  
p lo t t ed  as S-N curves i n  figure 2. 
configurations appear t o  be approximately p a r a l l e l  wi th in  t h e  range 
t e s t ed .  The s c a t t e r  i n  r e s u l t s ,  based on a l imi ted  number of tests at 
a given s t r e s s  l eve l ,  w a s  g r e a t e s t  f o r  tes ts  conducted on unnotched speci-  
mens and decreased f o r  tests conducted on specimens with increas ing  values 
of  KT. 
effect on the  r e s u l t s  of tests conducted on unnotched specimens ‘ ~ K T  = 1) 
and on specimens containing a c e n t r a l  hole  ($ = 2.32) but  had no apparent 

effect  on the  r e s u l t s  of tes ts  conducted on specimens containing edge 
notches (% = 4.00 and 5.00). 

The S-N curves f o r  a l l  t h e  specimen 

Speed of t e s t i n g  (hydraul ic  versus subresonant) had a s m a l l  

A p l o t  of t h e  f a t igue  s t ress -concent ra t ion  f a c t o r  KF versus t h e  

maximum nominal stress Smax f o r  notched specimens i s  presented i n  
f i g u r e  3. In  general ,  KF had a maximum value somewhat less than % 
f o r  low nominal stresses (stress at f a t igue  l i m i t )  and became progressively 
smaller at higher nominal stresses. An exception w a s  t h e  curve f o r  speci-  . 
mens having a KT of 2.32, where t h e  s lope w a s  p o s i t i v e  a t  low nominal 
s t r e s ses .  The progressive reduct ion of  KF w&s probably t h e  r e s u l t  of 

t h e  maximum l o c a l  stress en ter ing  t h e  p l a s t i c  region.  The d i f f e rence  
between KT and KF m a y  be a t t r i b u t e d  t o  s i z e  e f f e c t ,  which is  d i s -  
cussed next. 

I n  reference 1 a method i s  proposed fo r  es t imat ing notch-size e f f e c t s  
on f a t igue  tes ts  of  low-alloy s t e e l  specimens. The method w a s  based on 
t h e  computation of a s t ress-concentrat ion f ac to r  with t h e  use  of a 
mathematical formula developed by Neuber ( re f .  3 ) .  This formula co r rec t s  
t h e  t h e o r e t i c a l  s t ress-concentrat ion f a c t o r  f o r  s i z e  e f f e c t  and reads 
as follows: 

KN 

G - 1  
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This formula co r rec t s  f o r  s i z e  i n  t h a t  it incorporates  t h e  absolute s i z e  
of t he  notch. It should be noted t h a t  a l l  notch configurat ions t e s t e d  i n  
t h e  present  inves t iga t ion  had a f lank angle equal t o  zero and there-  
fo re  t h e  above formula reduces to :  

cu 

K N = l +  KT-1  

I n  reference 1 t h e  authors found t h a t  t h e  mater ia l  constant p '  w a s  a 
funct ion of t he  u l t imate  t e n s i l e  s t rength of t he  ma te r i a l  and p lo t t ed  
a curve over a l a r g e  range of t e n s i l e  s t rengths  f o r  s eve ra l  low-alloy 
s t e e l s .  This curve y i e l d s  a mater ia l  constant p '  of 0.000223 inch f o r  
t h e  u l t imate  t e n s i l e  s t rength  of t h e  mater ia l  used i n  t h e  present i nves t i -  
gat ion.  This value of p '  w a s  used i n  equation ( 2 )  t o  compute KN f o r  

each notch configurat ion i n  order t o  pred ic t  t he  S-N curves f o r  notched 
specimens. The predic t ions  were made by dividing t h e  appropriate value 
of KN i n t o  values obtained from the  S-N curve for-unnotched specimens 

near t he  f a t igue  l i m i t .  It w a s  assumed t h a t  t h e  pred ic t ions  could be 
made without se r ious  e r r o r  s ince  t h e  m a x i m u m  l o c a l  s t r e s s e s  a re  usua l ly  
e l a s t i c  i n  t h e  v i c i n i t y  of t he  fa t igue  l i m i t  f o r  unnotched specimens 
where notch-size e f f e c t s  were computed. 
are seen t o  f a l l  below t h e  experimentally determined S-N curves. Thus, 
t h e  s t a i n l e s s  s t e e l  used i n  t h i s  inves t iga t ion  i s  somewhat l e s s  notch 
s e n s i t i v e  than t h e  average of r e s u l t s  obtained i n  tests of lower a l loy  
steels. In order t o  obtain a b e t t e r  pred ic t ion  of t h e  S-N curves f o r  
notched specimens near t h e  f a t igue  l imi t ,  progressively l a rge r  values 
of p '  were used t o  compute KN. Reasonably good agreement w a s  obtained 
between predicted and experimental S-N curves f o r  notched specimens when 
a value of P '  = 0.00232 inch w a s  used t o  compute KN. Predict ions based 

on p '  = 0.00232 inch a re  a l so  p lo t ted  i n  f igu re  4. 

The predicted curves ( f i g .  4 )  

S t a t i c  t e n s i l e  t e s t s  were conducted on each specimen configuration. 
Load w a s  applied at a uniform r a t e  t o  produce f a i l u r e  i n  a period of 
about 1 minute. The r e s u l t s  of these t e s t s ,  which a re  presented i n  table 3 
and a l s o  appear i n  t a b l e  2, ind ica te  t h a t  t he  t e n s i l e  s t rengths  of notched 
specimens are 7 t o  9.1 percent higher than those of the  unnotched speci-  
men. Similar r e s u l t s  have been reported ( r e f .  6) f o r  s t e e l  specimens. 
Tests conducted with t h e  load applied at a uniform rate t o  produce f a i l u r e  
i n  about 10 minutes gave r e s u l t s  only 3 percent lower than t h e  r e s u l t s  
given i n  t a b l e  3. 
a range comonly used f o r  s t a t i c  t e s t s .  

Thus, t he re  w a s  l i t t l e  e f f e c t  due t o  loading rate i n  
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CONCLUDING REMARKS 

The r e s u l t s  of axial-load f a t igue  t e s t s  on notched and unnotched 
shee t  specimens of 17-7 PH s t a i n l e s s  s teel  Yn Condition TH l @ O  are pre- 
sented i n  the  form of S-N curves. Specimens had t h e o r e t i c a l  s t r e s s -  
concentration f ac to r s  
t e s t ed  under completely reversed loading. A mater ia l  constant  p '  of 
0.00232 inch w a s  found t o  give reasonably good agreement between Neuber 
technica l  f ac to r s  KN and f a t igue  s t ress-concentrat ion f a c t o r s  KF 

% of 1.00, 2.32, 4.00, and 5.00 and were 

L 
i n  t h e  v i c i n i t y  of t h e  f a t igue  l i m i t .  I n  general ,  KF decreased with 1 
increasing nominal stress. Speed of t e s t i n g  (hydraulic versus subresonant) 0 
had a s m a l l  e f f e c t  on t h e  r e s u l t s  of t e s t s  conducted on unnotched speci-  
mens (KT = 1) and on specimens containing a c e n t r a l  hole  (KT = 2.32) but  

had no apparent e f f e c t  on t h e  r e s u l t s  of t e s t s  conducted on specimens 
containing edge notches (h = 4.00 and 5.06).  
of notched specimens a r e  approximately 8 percent higher than those of t h e  
unnotched specimens. 

7 1  
8 '  

The s t a t i c  t e n s i l e  s t rengths  

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley F ie ld ,  V a . ,  Ju ly  28, 1960. 

. 
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TABLE 2 

IiESULTS OF AXIAL-LOAD FATIGUE TESTS ON SHEET SPECIMENS 

OF 17-7 P H  STAINLESS STEEL I N  CONDITION TH 1050 

(a) Unnotched; R = -1 

M a x i m u m  
nominal 
s t r e s s ,  

ks i  

199 1 
190 
19 0 
180 
180 
180 
160 
160 
160 
160 
140 
140 
12 0 
120 
120 
110 
100 
100 
100 
100 
90 
90 
85 
82.5 
80 
80 
77.2 
77 
76 
74 

Cycles t o  
f a i l u r e  

S t a t i c  t e s t  
617 
711 
779 
973 

1,503 
1,782 
2,769 
3, 
4,025 

1g,ooo 
22, 000 

65,000 
71, ooo 

151, ooo 
122,000 
218,000 
272, ooo 
382,000 

1,176,000 

2,213, ooo 
10, 840,000 
1,749,000 

37,074,000 
g10,ooo 

5,941,000 

42,000 

1,181,000 

19,129,000 
alOO, 173,000 

Loading 
system 

m d r a u l i c  

~ 

Subr es onant 

%id not fail. 



TABLE 2. - Continued 

RESULTS OF AXIAL-LOAD FATIGUE TESTS ON SHEET SPECIMENS 

OF 17-7 PH STAINUSS STEEL I N  CONDITION TH 1050 

(b)  KT = 2.32; R = -1 

Maximum 
nominal 
stress , 
ks i 

217.2 
14 0 
14 0 
12 0 
12 0 
100 
100 
80 
80 
80 
80 
70 
70 
60 
60 
60 
50 
40 
40 
40  
38 
36 

Cycles t o  
failure 

S t a t i c  t es t  
67 
91 

19 1 
206 
647 
692 
826 

1,209 
2, 221 
10, 000 
3,664 
6,670 
21, 084 
74,610 
85, 760 

369,600 
1,516, ooo 
1,664,000 

41, 837,000 
34,199,000 

a14 0,815 , 000 

Loading 
sys tern 

m d r  a u l i  c 

1 
I 

Subresonant 
mdr au li c 

-1 
Subresonant 

. 

aDid not f a i l .  

. 
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TABLE 2.- Continued 

RESULTS OF AXIAL-LOAD FATIGUE TESTS ON SHEET SPECIMENS 

OF 17-7 AI STAINLESS STEEL rn CONDITION TH 1050 

M€ixium 
nominal 
stress, 

ksi  

213.1 
140 
120 
100 
100 
80 
80 
70  
60 
60 
50 
50 
40 
30 
30 
25 
23 
23 
21 

( C )  Q = 4.0; R = -1 

Cycles t o  
f a i l u r e  

S ta t i c  t e s t  
26 
52 
70 
75 

249 
289 
645 

1,432 
1,972 
4,188 
7,000 

28, OOO 
166,000 
213,000 

io, 181,000 
21,444,000 

Loading 
system 

wdrau l i c  

Subr es 1 onant 

1 
aDid not fail. 
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TABLE 2. - Concluded 

RESULTS OF AXIAL-LOAD FATIGUE TESTS ON SHEET SPECIMENS 

OF 17-7 m STAINLESS STEEL IN CONDITION m 1050 

(a) KT = 5.0; R = -1 

Maximum 
nominal 
stress, 

ksi 

213.1 
14 0 
120 
100 
80 
80 
60 
60 
50 
50 
40 
40 
30.7 
30 
20 
20 
17 
15 
10 

Cycles t o  
f a i l u r e  

S t a t i c  tes t  
14 
26 
49 

179 
258 
608 

1,041 
2,279 
3,796 
7,392 

11,172 
67,000 
97,000 

1,492,000 
~,750,000 

104, 155,000 
897 , 615,000 
89 0,256,000 

Loading 
system 

Hydraulic 

Subres 1 onant 

a D i d  not fa i l .  
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Figure 1.- Configurations of sheet specimens. All dimensions are  in 
inches. 
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Figure 2.- Results of axial-load f a t igue  tests on notched and unnotched 
shee t  specimens of 17-7 PH s t a i n l e s s  steel  i n  Condition TH 1050. 
R = -1. 
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Figure 4.- Predict ions of t he  fat igue behavior near t h e  f a t igue  l i m i t  
by use of the  Neuber technica l  fac tor .  
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