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Resul ts  of invest igat ions  a imed at es tabl ishing connections between the changes in the m i c r o s t r u c t u r e  
of cycl ica l ly  loaded meta l  (grade 08 KP s teel )  and changes in the shape of the t e m p e r a t u r e  cu rve  a r e  r e -  
ported.  It  was found that  the c h a r a c t e r i s t i c  in te rva ls  of this  cu rve  provide  an indi rec t  descr ip t ion  of c o m -  
pletely de te rmina te  s t ages  (periods)  in fat igue fa i lure .  Attention is d i rec ted  to the ro te  played by the s tage  
of ac t ive  fo rmat ion  of s l ip  bands.  I t  is demons t ra t ed  that  c o r r e c t  t r e a t m e n t  of the effect  exer ted  by this 
fac tor  makes  it poss ib le  to provide  a m o r e  comple te  explanation of s o m e  of the phenomenon brought  into 
play by cycl ic  loading of the meta l .  I t  is p roposed  that  the fatigue fa i lure  p r o c e s s  be approached  as con- 
s is t ing of f ive dis t inct  per iods .  On the ba s i s  of the pr incipal  tenets  of the s t ruc tu ra l  energy theory,  the a r -  
gument  is put fo rward  that  the per iods  of the fat igue fa i lure  p r o c e s s  a r e  constants ,  for  any specif ic  meta l ,  
in t e r m s  of pe rcen tages  of  the total  s e r v i c e  l ife.  

The  c r i t i ca l  na ture  of the super f ic ia l  l aye r s  of the meta l  for  fat igue fa i lure  is a genera l ly  acknowl- 
edged fact ,  so that  the avai labi l i ty  of extensive ma te r i a l  on invest igat ions of the r e sponse  of the su r face  sub-  
s t ruc tu re  and su r face  m i c r o s t r u c t u r e  to cycl ic  loads is hardly  su rpr i s ing .  

On the o ther  hand, many  inves t iga tors  a r e  uti l izing kinet ic  cu rves  cha rac t e r i z ing  the var ia t ion  of 
s e v e r a l  mechanica l  o r  physica l  p rope r t i e s ,  such as  cu rves  of the var ia t ion  in the level  of in ternal  f r ic t ion 
or  va r i a t ion  in the e las t ic  modulus [1], var ia t ion  in the deflect ion of a spec imen  [2], in the width of a hys -  
t e r e s i s  loop [3, 4], etc.  

In our  study of the var ia t ion  of the m i c r o s t r u c t u r e  of a cycl ical ly  loaded spec imen  in re la t ion  to the 
var ia t ion  of the  shape of the t e m p e r a t u r e  cu rve  of that  spec imen ,  spec imens  s i m i l a r  to those desc r ibed  in 
[5] were  subjected to cycl ic  loading in s y m m e t r i c  f l exure  on a faci l i ty  where  a fo r ce  of constant  ampli tude 
was applied at  a f requency of 2800 cyc les /mino  

The cu rve  of t e m p e r a t u r e  var ia t ions  (A-dif ference  of the t h e r m a l  emf)  was r eco rded  automat ica l ly  
with the aid of a Kurnakov photorecording  p y r o m e t e r .  The heat  m e a s u r e m e n t s  were  taken by the d i f fe ren-  
t ial  method,  using the spec imen  as a component  in the m e a s u r e m e n t  sy s t em.  The  exceptionally high sen-  
s i t ivi ty of a d i f ferent ia l  t he rmocoup le  [6] combined with the high sensi t iv i ty  of the m i r r o r  g a l v a n o m e t e r s  
in the Kurnakov p y r o m e t e r ,  as  well as the locat ion of the junctions of the di f ferent ia l  thermocouple  on the 
spec imen  at a s l ight  d is tance  apar t ,  made  it poss ib le  to obtain exact  and re l i ab le  r e su l t s  which a r e  p r a c t i c -  
ally independent of f luctuations in the t e m p e r a t u r e  of the sur roundings .  

The t e m p e r a t u r e  curve  obtained by automat ic  record ing  when the 
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t e m p e r a t u r e  d i f fe rence  is moni tored  in the p r o c e s s  of cyclic  loading of 
08 KP s tee l  at ~ = 1.3cr_~ is shown in Fig. 1 o The numera l s  on the cu rve  
indicate the obse rva t ion  points t rack ing  the change in the m i c r o s t r u c t u r e  
of the port ion of the spec imen  r e c o r d e d  (the ve r t i ca l  broken l ines m a r k  
the breakdown by per iods) .  

Photographs of the m i c r o s t r u c t u r e  (• 500) cor responding  to the 
observa t ion  s i t e s  1, 2, and 3 in Fig. 1 a r e  shown in Fig.  2.1, 2.2, and 
2.3. 
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Fig. 2 

Analys is  of the va r ia t ion  in the m i c r o s t r u c t u r e  c o r -  
responding to the change in the shape of the t e m p e r a t u r e  
curve  r evea l s  that  the p roce s s  of fo rmat ion  of s l ip bands,  
which has its beginning in the ea r ly  s tage (point 1, Fig. 1 
and Fig 2.1), t e r m i n a t e s  as the curve  r eaches  the l i nea r -  
slope region (point 1, Fig. 1 and Fig. 2.2). La te r  on the re  
a r e  changes c h a r a c t e r i z e d  by the l inear  re la t ionship  on the 
t e m p e r a t u r e  curve .  No new bands a r e  obse rved  until the 
mainl ine  c r ack  develops (point 3). 

The resumpt ion  in the s teep  r i s e  of the curve  c o r r e -  
sponds to the onset  of act ive  growth of the mainl ine  c rack  
(point 3). At lower  cycle  s t r e s s e s ,  these  r egu l a r  pa t te rns  
of va r ia t ion  in s t ruc tu re  a r e  re ta ined,  shifting toward the 
d i rec t ion  of deeper  cyc les .  

The c h a r a c t e r i s t i c  in te rva ls  of the t e m p e r a t u r e  curve  
thereby co r r e spond  to comple te ly  de te rmined  s tages  of fa t -  
igue fa i lure .  The in te rva l  of the cu rve  extending to point 1 
defines the incubation per iod,  the in te rva l  extending f rom 
point 1 to point 2 defines the stage of act ive  fo rmat ion  of 
s l ip bands,  the in te rva l  f r o m  point 2 to point 3 c h a r a c t e r i z e s  
the s tage  of local  buildup of changes and damage  occur r ing  
in the f i r s t  two s tages ,  and in terva l  3-4 defines the s tage of 
ac t ive  growth of the mainl ine c rack ,  which leads to the fa i l -  
u re  of the spec imen.  

The s tage of ac t ive  fo rmat ion  of s l ip  bands,  which 
f ea tu res  fa i r ly  c l ea rcu t  boundar ies  mark ing  the onset  and 
t e rmina t ion  of the p roce s s ,  is dese rv ing  of specia l  attention. 
N. N. Afanas~ev [7] has drawn at tent ion to the cessa t ion  of 
the fo rmat ion  of s l ip bands a f t e r  a ce r t a in  degree  of sa tu ra -  
tion has been attained.  This  phenomenon has been pointed 
out subsequently by o thers  [8, 9]. 

However ,  insufficient  at tention has been accorded  this 
impor tan t  per iod in the fatigue fa i lure  p roce s s ,  and it has  
not been duly accepted  e i ther  in t e r m s  of its influence on 
fatigue fa i lure  or  in t e r m s  of the t ime  of the onset and t e r -  
m i n a t i o n o f t h e p r o c e s s  to date. The pr inc ipa l  ro le  played by 
this per iod in fat igue can be boiled down to the following: 

1) a f t e r  the fo rmat ion  of the bulk of the sl ip bands,  the 
p r o c e s s  of plas t ic  deformat ion  b e c o m e s  local ized;  

2) the convers ion  to the s tage of local ized plas t ic  deformat ion  mus t  n e c e s s a r i l y  be connected with 
the red i s t r ibu t ion  of s t r e s s e s ,  the pa t te rn  of which also de t e rmines  the d i rec t ion  of the development  f ront  
of the fatigue c rack  leading to fa i lu re  of the spec imen.  

It  s e e m s  that  the c o r r e c t  t r e a t m e n t  of this fac tor  may  possibly  open the way for  some  other  approach  
to evaluating some of the p r o c e s s e s  and changes re la ted  to meta l  fatigue, as can be i l lus t ra ted  by the follow- 
ing example .  Results  of an invest igat ion into the effect  of p r i o r  cyclic  loading and subsequent  ageing on the 
cycl ic  fat igue s t rength  of s teel  containing 0.22qo carbon  have been r epo r t ed  [10]. The cu rve  of the va r ia t ion  
in internal  s t r e s s  level  (Fig. 3) was used [10] as the kinet ic  cu rve  for  evaluating the p r o p e r t i e s  of the cyc l i -  
cal ly  loaded spec imen .  

When the number  of preloading cyc les  cor responding  to the e m e r g e n c e  of the in terna l  f r ic t ion  curve  
onto the hor izonta l  plateau reg ion  (80,000 cyc les)  is reached,  the spec imens  a r e  held at t = 180~ for  17 
hours ,  as a r e su l t  of which the i r  s e rv i ce  l ife is roughly doubled. 
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The authors  of [10] a s c r i b e  this  effect  p r i m a r i l y  to the  fact  that  the 
c o m m e n c e m e n t  of the e m e r g e n c e  of the cu rve  onto the hor izontal  p la teau 
region c o r r e s p o n d s  to the m a x i m u m  densi ty  of ~fresh u dis locat ions.  

Compar i son  of the t e m p e r a t u r e  curve  (Fig. 1) and the curve  of the 
var ia t ion  in in ternal  f r ic t ion (Fig. 3) c l ea r ly  d e m o n s t r a t e s  the i r  identical  
c h a r a c t e r ,  which is evidently accounted for  by a d i r ec t  re la t ionship  be -  
tween t e m p e r a t u r e  and internal  f r ic t ion.  Despi te  the cont ras t ing  lengths 
of s e r v i c e  life (102,000 ve r su s  300,000 cycles) ,  the curved  in terva ls  ac-  
count for  about 25-26% of the total  length of s e r v i c e  l ife.  We may t h e r e -  
fo re  s ta te  that  the p r o c e s s e s  indirect ly  desc r ibed  by those  cu rves  a r e  of 
the s a m e  nature .  Accordingly,  the e m e r g e n c e  of the in ternal  f r ic t ion  
cu rve  onto the hor izonta l  p la teau in terval ,  jus t  as  in the ca se  of the t e m -  
p e r a t u r e  curve ,  c o r r e s p o n d s  to the concluding phase  of the s tage fo rmat ion  

of s l ip  bands.  Data on m i c r o s t r u c t u r e  var ia t ions  a r e  not r epo r t ed  in the a r t i c l e  in quest ion [10]. To 
acknowledge comple te  a g r e e m e n t  with those  au thors  on the a s s e r t i o n  that  the e m e r g e n c e  of the cu rve  onto 
that  in te rva l  co r r e sponds  sole ly  to m a x i m u m  density of f r e sh  dis locat ions  means  to acknowledge that  the 
p r o c e s s  of s l ip  band fo rmat ion  c o m m e n c e s  at that  point where  it actual ly comes  to a halt.  

Actual ly,  a f t e r  the m a x i m u m  densi ty of f r e sh  dis locat ions  has been attained,  a c r i t i ca l  density of f r e sh  
dis locat ions  may be a r r i v e d  at (in d i s c r e t e  volumes) .  When the c r i t i ca l  d is locat ion density is at tained,  m a s s  
re laxat ion  of d is locat ions  occu r s  with the fo rmat ion  of c o a r s e  s l ip bands [11 ], so that  the p r o c e s s  c o m m e n c e s  
only a f t e r  80,000 loading cyc les ,  which s tands in contradict ion to the avai lab le  data on the t ime  at which the 
f i r s t  s l ip  bands appea r  [9, 12] in m a t e r i a l s  of the type,  including the r e su l t s  a r r i v e d  at in our  work. At 
s e r v i c e  l ives  in the range  of 105 < N < 10 ~ cyc les ,  for  instance,  the f i r s t  s l ip  bands a r e  r eco rded  as ear ly  
as  l0  s loading cyc les  [12]. Once s t a r t ed ,  this  p r o c e s s  unfolds quite in tensively  [13]o The effect  of s t r a i n  
hardening combined with aging [10] can be accounted for ,  consequently,  not only f r o m  the standpoint of a d i s -  
locat ion mechan i sm,  but a l so  by invoking the effect  of ac t ive  p las t ic  s h e a r  caused  by and p r e p a r e d  by the 
movemen t  of the dis locat ions .  It  might  be p rec i s e ly  that  consequently,  of ac t ive  plas t ic  deformat ion  and heat  
t r e a t m e n t  that  was r e spons ib le  for  that pronounced hardening effect.  

The fatigue per iods  have been t r ea t ed  in different  manne r s  [14, 15]. Most re l iab le  is the c lass i f ica t ion  
proposed  by V. S. Ivanova [11], s ince this c lass i f i ca t ion  was a r r i v e d  at  through analys is  of a mult ipl ic i ty  of 
data based  on the theory  of hardening and softening and f r o m  the standpoint of the s t ruc tu ra l  energy theory~ 
It  s e e m s  that  the accep tance  of a per iod of ac t ive  s l ip  band fo rmat ion  within the f r a m e w o r k  of this theory  will 
contr ibute  to a fu l ler  study and unders tanding of the nature  of fatigue.  

Subsequently,  invest igat ion of the na ture  of the change in the m i c r o s t r u c t u r e  of the su r f ace  of the me ta l  
in re la t ion  to changes in the shape  of the t e m p e r a t u r e  curve ,  has  made  it poss ib le  to single out the following 
per iods  in the fatigue p r o c e s s .  

1. Incubat ion per iod.  The  durat ion of this per iod depends on s e v e r a l  f ac to rs ,  and pr incipal ly  on the 

cycling s t r e s s .  

2. Per iod  of act ive  fo rmat ion  of s l ip  bands.  

3. Per iod  of loca l ized  buildup of damage  and changes brought  about in the cour se  of the f i r s t  and s ec -  
ond per iods .  Th is  per iod se t s  up the conditions p r e r equ i s i t e  to the fo rmat ion  and growth of the mainl ine  

c rack .  

4. Per iod  of the development  and growth of the mainl ine  c rack .  

5. Per iod  of the fa i lu re  of the spec imen .  The  durat ion of this per iod is negligible in the ca se  of spec -  
imens  of sma l l  c r o s s  sec t ion  [11 ]. 

These  per iods  stand out quite dis t inct ly on the t e m p e r a t u r e  cu rve  (Fig. 1). 

According to the s t ruc tu ra l  energy  theory  o f  f a t i g u e , p r o c e s s e s  in the d i f ferent  per iods  a r e  constants  
of the specif ic  meta l ,  and a r e  independent of the ampl i tude of the applied s t r e s s .  We may expect ,  t he r e fo re  
that  the fat igue fa i lure  per iods  will be constants  in the i r  pe rcen tage  re la t ion  to the total  s e r v i c e  life, for  any 
one m a t e r i a l ,  and as  such will be independent of the s t r e s s  level .  By analogy with the cu rves  of equal energy 
capaci ty  on the fatigue d i a g r a m  [9, 11], the c h a r a c t e r i s t i c  in te rva ls  on the t e m p e r a t u r e  cu rve  (just as  in the 
ca se  of o ther  kinet ic  cu rves )  can be t r ea t ed  as in te rva l s  of identical  energy capaci ty .  
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