
CHAPTER 1

INTRODUCTION
Since second W o r ld  W a r. there  w ere  high demands o f  new  m ateria ls  fo r  using 

in tu rb in e  engines. These m ateria ls im proved  a h igher perform ance fo r  m ilita ry  and 

com m erc ia l a irc ra ft, ind us tria l tu rb ines as w e ll as in  chem ical and petrochem ical 

applications. These m ateria ls  w o u ld  p ro long  life  tim e  service at h igh tem peratures and 

stresses in  severe env ironm ents. D u rin g  th is w a r period , the  m a te ria l techno log is ts  and 

scientists tried  to  find  a s o lu tio n  w h ich  w ere  superalloys. Supera llovs p rov id e  good 

heat resistance, h igh streng th , good co rro s io n  resistance, good creep and fa tigue  

resistance. Supera lloys can be d ivided in  th ree  m ain groups: cobalt base, iro n  base, 

and n icke l base. In  th is  cu rren t w o rk  n icke l base supera lloy w i l l  be investigated.

In  pressent, n icke l base superalloys are used in  a irc ra ft, m arine, ind us tria l, 

ve h icu la r gas turb ines, space vehicles, ro cke t engines, exp erim en ta l a irc ra ft, nuclear 

reactors, submarines, steam p o w e r plants, petrochem ica l equ ipm ent, and o th e r h igh 

tem p era tu re  applications. B u t the  m ain  use o f  superalloys is in  gas tu rb in e  industry. 

T h u s  gas tu rb ine  w il l  be considered fo r  its  op era tion , com ponent, and m ateria ls 

requirem ents [1],

N ic k e l base superalloys w ere  applied fo r  h igh tem p era tu re  service. In  m ost 

cases, th e y  p rovided th e ir  good h o t strength by p rec ip ita tion  o f  fin e ly  dispersed second 

phase particles. T h e  precip ita tes im p rove  the  creep streng th  by increasing the  f lo w
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stress and /o r the  w o rk  hardening and by decreasing the  recove ry  ra te  [2]. T h e  close- 

packed face-centered-cubic (F C C ) la ttic e  o f  these austen itic  com p os itions  has ve ry  

h igh capab ility  to  p rov id e  good tens ile , good ru p tu re , and good creep p roperties to  

high tem perature , m uch h igher than fo r  equ iva len t body-centered-cub ic  (B C C ) 

systems, because o f  m any fac to rs, inc lud ing  the excellen t m odulus and d iffu s iv itv  o f  the 

FC C  la ttice  fo r  secondary' e lem ents since its  h igh s o lu b ility  o f  m any o the r elem ents in 

the austenetic  m a trix  and the a b ility  to  c o n tro l the  p rec ip ita tion  o f  in te rm e ta llic  

com pounds such as gamma p rim e fo r  the strength. In  n icke l base superallovs, 

strengthen ing  can also obta ined by solid  so lu tio n  hardening and carbide p rec ip ita tion

m

H ig h  tem p era tu re  opera ting  com ponents in  a irc ra ft tu rb ine  engines are 

supposed to  resist on com p lex stresses inc lud ing  th e rm a l stress, stress o rig in a tin g  fro m  

cen trifug a l fo rce  and frequency v ib ra tio n  and tem p era tu re  changes. Several p rev ious 

w o rk s  have been studies to  understand the  m echanism  o f  h igh tem p era tu re  pure creep 

and fa tig ue  d e fo rm a tio n  in  d ispersion strengthened n icke l base a lloys  [3 ,4 ,5 ,6 ,7 ] F o r  

com ponents lik e  tu rb ine  blades the  load ing  can be idealized  as sa tionary  o r  pure creep 

o ve r tim e  service, and th e re fo re  the  design engineers w id e ly  ap p rox im ate  the  response 

o f  the com ponent th ro u g h  the  app lica tion  o f  constant load (o r  stress) creep data o f  

a lloys  |8 ], H o w e v e r, in  actual service, the com ponents are subjected to  va ry ing  loads 

and tem p era tu re  such as creep-fa tigue  in te ra c tio n  and cond itions  o f  therm om echanica l 

fa tig ue  (T M F ) .

T h u s  o n ly  s ta tio n a ry  creep and conven tiona l fa tig u e  tests at h igh constant 

tem p erature  represented p o o r s im u la tio n  to  actual service c ond itions  w he re  tim e -



dependent d e fo rm a tion  can occur under load and tem p era tu re  various. Espec ia lly  in 

cyc lic  creep w ith  therm om echanica l fa tig ue  loadings, d u ring  the  trans ien t regim es o f  

s ta rt-up  and shu t-d o w n  opera tions w here  com ponents are subjected to  lo w  cycle 

therm om echanica l fa tig ue  ( T M F )  due to  the tem perature  grad ients generating  by 

tem perature  va ria tio n s , o r  in te rna l a ir cooling.

T h e re fo re , recen tly  several tests about effect o f  load cyc ling  have been studied 

to  understand the m echanism  o f  creep-fa tigue in te ra c tio n  in  d iffe re n t e ith e r iso therm al 

o r  an isotherm al therm om echanica l fa tigue  cond itions |9 ,JO , 11,12,13,141 A t  present, 

m any studies express results tha t the creep-fa tigue in te ra c tio n  appears to  be an 

im p o rta n t fa c to r affected to  life tim e  p red ic tion  o f  com ponents. I t  is believed tha t 

com b ina ting  action  between creep and fa tigue  stress com ponents should be considered 

to  approach the  d e fo rm a tion  mechanism  in stressed parts. A n  add itive  cyclic  stress 

com ponent to  s ta tiona ry  creep stress can e ithe r accelerate o r  decelerate the  creep rate 

depending on  a lloys s truc tu ra l characteristics and em ployed m ateria ls testing  

c o nd itions  [10]

E l  698 V D  is a trade m ark  a llo y  assigned to  a one o f  the  w ro u g h t N i-base 

supera lloys using m a in ly  fo r  the  ro to r  parts o f  tu rb ine  engines o f  Russian and fo rm e r 

Easte rn  E u rop ean  je t  a irc ra fts . I t  p rovides a h igh strength, good d u c tility  m ate ria l w ith  

excelent fab rica tion  characteristics. I t  has h igh resistance to  overag ing  in  long  te rm  

exposured. E m p lo y in g  aging heat trea tm en t, the adequate gam m a p rim e p rec ip ita tion  

s treng then ing  and carbide g ra in  boundary strengthen ing  can be achieved p rov id ing  

good  creep p roperties. D ue  to  these benefic ia l p roperties, E l  698 V D  w ro u g h t a llo y
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has been w id e ly  used as h igh tem p era tu re  m ateria l in  th e  a irc ra ft and p o w e r generating  

ind us try  fo r  va r ie ty  o f  app lica tions such as shafts and discs.

In  th is  present inve s tig a tio n , the a tte n tio n  w as paid to  study the  creep 

b ehav iou r and creep-fa tigue in te rac tions fo r  both  iso the rm a l cyc lic  creep ( IC C )  and 

cyclic  creep w ith  therm om echanica l fa tigue  load ings ( T M F )  o f  w ro u g h t n ickel base 

supera lloy E l 698 V D  in  load c o n tro l fo r  b o th  cyclic creep loadings. H o w e ve r, up to  

the  present, the re  is no study in  the  effect o f  cyclic creep at a constant tem perature  and 

cyclic creep w ith  therm om echanical fa tig ue  stress com ponent in  E l  698 V D  to  sim ula te  

fro m  the w o rk in g  steps o f  fly in g  opera tions. T h is  is a reason fo r  the  a u th o r to  carry- ou t 

in th is  research p rogram

In  o rd er to  exam ine the  in fluence o f  the ad d itiona l fa tig ue  stress com ponent 

superim posed o n to  the  creep stress and the  specific load ing  schedules representing 

con tinuous h igher te n s io n -lo w e r tens ion  cycling  w e re  perform ed. T h e  iso the rm a l 

cyclic  creep load ing  was defined by d iffe ren t tensile  ho ld  periods at the m a x im um  leve l 

o f  creep load. T h e  therm em echanical fa tig ue  stress com ponent was the  resu lt o f  a 

fo rced  tem perature  red uc tion  betw een the  ind iv id ua l ho ld  periods w hen the  load was 

applied. T h e  param eters in  th is  in ve s tig a tio n  are tim e , stress and tem perature , 

accord ing to  s im u la ting  v a rio u s  therm om echanica l creep fa tig ue  .regim es. L o ad ing  

schedule w il l  be used to  s im ula te  the  w o rk in g  schedule o f  the  engines inc lud ing  heating 

up, id le  run , c ru is ing  and re laxing . T h us  the  e ffec t o f  d iffe re n t tim e  in te rva ls  fo r  

c ru is ing  to  the  endurance o f  m a te ria l in  cyclic  creep cond itions  w il l  be investigated. 

T he  s im ulated load ing  reg im e w i l l  be run  t i l l  fa ilu re .
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T h e  m ic ro s tru c tu ra l characteris tics o f  fra c tu re  specimens w h ic h  w e re  cut 

paralle l to  the  applied load ing  axis fro m  b o th  types o f  cyc lic  creep load ing  tests w ere  

studied by means o f  op tica l m icroscope and transm iss ion  e lec tron  m icroscope (T E M ) .  

These observations revealed the  changes in  the  m ic ro s tru c tu re  inc lud ing  size and shape 

o f  gam m a p rim e precip ita tes and the  deve lopm ent o f  d is loca tion  substructure  under 

d e fo rm a tion  o f  d iffe re n t types o f  cyclic  creep loading.

T h e  fra c tu re  surfaces w e re  investigated  by scanning e lec tron  m icroscope 

(S E M )  w ith  the purpose to  study and de term ine e ffects o f  tensile  load ing  hold  tim e 

periods and the superim posed e ffec t o f  the iso the rm a l and therm om echanica l fa tigue 

load ing  o n to  stationary' creep on the  fra c tu re  nuc léa tion  and p rop ag a tion  process 

com paring  to  those in pure creep and fa tigue.

1.1 Objectives

T h e  m a in  goals o f  the  w o rk  can be g enera lly  sum m arized in to  the  fo llo w  ings:

1. S tudy tensile  b e h av io u r o f  E l  698 V D  a llo y  at e levated tem peratures.

2. E va lu a te  the  e ffects o f  va riou s  stress leve ls at a constant tes ting  tem perature  

on creep characteristics o f  the  a llo y  on  life  tim e , s tra in  ra te , and frac tu re .

3. A na lyze  the d e fo rm a tio n  m echanism  o f  creep process on  p rim a ry , secondary' 

and te rtia ry  creep using op tica l m icroscope and T E M .

4. Investig a te  the  e ffects o f  superim posed cyclic  stress on  cyc lic  creep tests at a 

constant tem p era tu re  and cyc lic  creep tests w ith  therm om echan ica l fa tig ue  stress 

com ponent as w e ll as the  e ffec ts o f  ho ld ing  tim e  on  life  tim e  o f  the  a lloy.
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5. Investig a te  the ad d itiona l e ffects o f  fa tig ue  com ponent at constant and 

va rious  tem peratures tog e the r w ith  the  effects o f  h o ld in g  tim e  on frac tu re  

characteristics o f  the  a llo y  by using S E M .

6 . Investiga te  the  e ffects o f  stress re lax ing  on the  d e fo rm a tion  mechanism 

under a constant tem p era tu re  and the  va riou s  tem perature  cond itions fo r  d iffe ren t

ho ld ing  times.

7. C onsider the creep exposure tim e  as a de trim en ta l fa c to r to  in fluence the 

s tab ility  o f  the a llo y  at testing  cond itions  as stated above.

1.2 Scope of Studying

T o  study and analyze the experim enta l obtained resu lts  fro m  the fo llo w in g

tests:

1. T ens ile  test at ro o m  tem p era tu re  (T = 2 5 °C ) and h igh  tem perature  (T = 6 5 0 °  

C).

2. Creep tests at h igh tem p era tu re  (T = 6 5 0 °C ) w ith  d iffe re n t stresses (612 , 706, 

740, 760, and 850 M P a ).

3. C yc lic  creep tests o f  va riou s  ho ld ing  tim es (1 , 3, 5, and lO h rs .) at a constant 

h igh tem p erature  (T = 6 5 0 °C ). M a x im u m  stress and m in im u m  stress are 740 and 20 

M P a . respective ly.

4. C yc lic  creep tests o f  va ry ing  ho ld ing  tim es (1 , 3, 5, and lO hrs .) w ith  

therm om echanica l fa tig ue  stress com ponent. M a x im u m  stress is 740 M P a . and 

m in im um  stress is 20 M P a . M a x im u m  tem perature  is  650°c and m in im u m

tem peratures 50°c.
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5. Fa tig ue  test at constant h igh tem p era tu re  (T=650°c ) w ith  m a x im um  stress 

(R = 7 4 0  M P a .)  and m in im u m  stress (R = 2 0  M P a  )

These specimens w ere  investigated  using op tica l m icroscope fo r  a ll m entioned 

tests. T ransm iss ion  e lec tron  m icroscope was used to  study d is loca tion  substructure 

under d iffe ren t testing  cond itions  w h ich  are as fo llo w s : 1 ) th ree  stages o f  creep at 

stress level R = 740  M P a  and tem p erature  T=650°c. 2) b o th  selected cyclic  creep at 

constant tem perature  and cyclic  creep w ith  therm om echan ica l fa tig ue  stress 

com ponent. 3 ) high tem p erature  fa tig ue  test. F u rthe rm ore ,scan ing  e lectron 

m icroscope (S E M )  was used to  investiga te  fra c tu re  surface.

1.3 Expected Usefulness

1. U nderstand ing  o f  substructure  deve lopm ent o f  the  a llo y  fo r  p rim ary , 

secondary and te r tia ry  stages o f  creep process.

2. U nderstand ing  the  e ffects o f  ho ld ing  tim e  on  m echanical p rop erties , frac tu re  

characteris tic  and fina l substructure  o f  the  a llo y  in  b o th  cyc lic  creep at constant 

tem p era tu re  and cyclic  creep w ith  therm om echan ica l fa tig ue  stress com ponent.

3. K n o w in g  the  ho ld ing  tim e  suitab le fo r  ob ta in ing  the  m a x im um  p ro long  life

tim e.
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