
I N V E S T I G A T I O N  O F  F O R G E D  ROTORS 

IKhI2VNMF S T E E L  

I .  G.  G e n e r s o n ,  E .  V .  B a b a e v a ,  
a n d  P. M. L i b m a n  

OF 

UDC 669.14. 018.44:62-251 

Two exper imenta l  forged ro to r s  of s tee l  1Kh12VNMF (1SI802) have been p r e p a r e d  for  gas turbines  
(Fig. 1). In this a r t i c l e  we give the r e su l t s  of test ing the p rope r t i e s  of these  forgings .  

The s tee l  was me l t ed  in a 40-ton a r c  furnace with a bas ic  lining by the method of oxidation without 
evacuat ion during pouring.  The chemica l  composi t ion of the me l t  was 0.17% C, 0.29% Si, 0.56% Mn, 
11.60% Cr,  0.80% Ni, 0.66% Mo, 0,29% V, 0.81%W, 0.012% S, 0.016% P. 

The ro to r s  were  forged f rom ingots weighing 17 tons ( ro tor  1, Fig. l a )  and 9.5 tons ( rotor  2, 
Fig. lb )  with H/D = 1.5 and a t ape r  of 10.6%. 

The ro to r s  were  forged with in te rmedia te  upsetting at 1200-900~ on a 3000-ton p r e s s .  The plas t i -  
ci ty of the s tee l  was high in all  the forging opera t ions .  

The initial heat  t r e a t m e n t  consis ted  of supercool ing to 300-350 and 200-250~ with subsequent  
soaking at 690-710~ for  60 h. 

Af ter  rough machining the forgings were  heated to the quenching t e m p e r a t u r e  of 1050~ in a v e r t i -  
cal  furnace,  cooled in oil, and t e m p e r e d  20 h at 705~ with cooling down to 100~ in the furnace .  

The mechanica l  p rope r t i e s  of s amples  cut out of the ro to r s  (from the places  shown in Fig. 1) a r e  
given in the table .  The consis tent  values of the ductil i ty and impact  s t rength  through the c ro s s  sect ion 
and at the edges of the ro to r  indicate the lack of any l a rge  meta l lu rg ica l  defects .  The f r ac tu re s  of all  
s amples  were  dark  and f ibrous;  the m i c r o s t r u e t u r e  was so rb i t e  or iented  toward mar t ens i t e .  

Sonic tes t ing of the ro to r s  a n d p e r i s c o p i c  inspect ion of the center  channels did not r evea l  any flaws. 

Tes t  samples  were  cut main ly  f rom ro to r  2. No defects  were  found a f t e r  etching the faces of a 
d iamet r i c  sample  cut f rom the middle b a r r e l  of the ro to r .  However,  in tangential  s amples  f rom the 
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Fig. 1. Exper imen ta l  ro to r s  with d iag ram showing places  where  s amples  were  t a -  
ken for  tes t ing the mechanica l  p rope r t i e s .  The thin lines indicate the final d i -  
mens ions  of the ro to r s .  

Fig. 2. F r a c t u r e  of s ample  f rom center  of r o to r  2. • 2. 
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Direction of cutting samples No. 
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13 
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15 
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I 

an, kgm/cm 2 

39 6.1--5.8 l 53 7.5--8.4 
51 6.0--6.1 

43 5.0--5.0 
43 5.2--5.O 
44 5.4--5.O 
43 4.8--4.8 
40 4.5--4.9 
43 4,3--5.1 
44 5.0--5.1 
45 5.1--4.5 
35 5.6--5.6 
40 5.5--5.1 

52 7.8--8.l 

HB 

255 
255 
241 

255 
255 
255 
255 
241 
241 
241 
241 
241 
255 

255 

c e n t e r  a r e a  t he  d u c t i l i t y  d e c r e a s e d  s h a r p l y ;  the  i m p a c t  s t r e n g t h  r e m a i n e d  f a i r l y  u n i f o r m .  The u l t i m a t e  
t e n s i l e  s t r e n g t h  d e c r e a s e d  s h a r p l y ,  a l m o s t  to the  l e v e l  of the  y i e l d  point .  The  s a m e  r e s u l t s  w e r e  o b -  
t a i n e d  in t e s t s  of r a d i c a l  s a m p l e s .  In the  l ong i t ud ina l  s a m p l e s  the  d u c t i l i t y  d id  not d e c r e a s e .  

In the  f r a c t u r e  of  s a m p l e s  t a k e n  f r o m  the  c e n t e r  of the  d i a m e t r i c  s a m p l e s  in both  the  t a nge n t i a l  
and  r a d i c a l  d i r e c t i o n s  we found l ight  spo t s  which  in ou tw a rd  a p p e a r a n c e  r e s e m b l e  the  spo t s  in s t r u c t u r a l  
s t e e l  (F ig .  2) .  The  f r a c t u r e s  of t a n g e n t i a l  and  l ong i t ud ina l  s a m p l e s  f r o m  the p e r i p h e r a l  zone w e r e  
f i b rous  and wi thout  v i s i b l e  d e f e c t s .  In the  f r a c t u r e s  of i m p a c t  t e s t  s a m p l e s  no de f e c t s  w e r e  found e i t h e r .  

The  m i c r o s t r u c t u r e  of the  m e t a l  was  i d e n t i c a l  t h rough  the c r o s s  s e c t i o n  of  the  r o t o r .  The  r e a s o n  
f o r  the  f o r m a t i o n  of  d e f e c t s  and  the l o w e r e d  d u c t i l i t y  was  h y d r o g e n  e m b r i t t l e m e n t .  Hea t ing  the  s a m p l e s  
3 0 0 h  a t  600~ r a i s e d  the  s p e c i f i c  e l onga t i on  f r o m  6-7  to 15-18% and the  r e d u c t i o n  in s e c t i o n  f r o m  
11-15 to 26-40% wi thout  chang ing  the  u l t i m a t e  t e n s i l e  s t r e n g t h .  A f t e r  th i s  t r e a t m e n t  the  h y d r o g e n  con-  
c e n t r a t i o n  fe l l  f r o m  2.85 to 0.5 cm3/100  g. On p r o l o n g e d  t e m p e r i n g  the p l a s t i c  p r o p e r t i e s  of s a m p l e s  
t a k e n  f r o m  the  e m b r i t t l e d  zone  of the  r o t o r  w e r e  r e s t o r e d ;  c r a c k s  and  o t h e r  d i s c o n t i n u i t i e s  w e r e  c o m -  
p l e t e l y  a b s e n t .  But in the  f r a c t u r e s  of  s a m p l e s  t a k e n  1 0 0 - 1 1 0 m m  f r o m  the  c e n t e r ,  wi th  a s h a r p l y  r e -  

duced  duc t i l i t y ,  t h e r e  w e r e  l igh t  s p o t s .  

It was i n t e r e s t i n g  to d e t e r m i n e  w h e t h e r  t h e s e  d e f e c t s  w e r e  s e g r e g a t e s ,  s i n c e  i t  is  c o n s i d e r e d  that  
h i g h - c h r o m i u m  s t a i n l e s s  s t e e l s  a r e  not a f f e c t e d  by  s e g r e g a t i o n .  N e i t h e r  e x a m i n a t i o n  of  the  zone of  the  
r o t o r  a d j a c e n t  to  the  c e n t r a l  channe l  a f t e r  e t ch ing  of  the p o l i s h e d  s a m p l e s  no r  u l t r a s o n i c  d e f e c t o s c o p y  
r e v e a l e d  the  e x i s t e n c e  of  any  d i s c o n t i n u i t i e s  in the  m e t a l  in the  u n s t r e s s e d  cond i t ion .  

Two t angen t i a l  s a m p l e s  f r o m  the  c e n t r a l  zone w e r e  p l a c e d  under  a t e n s i l e  s t r e s s  n e a r  the  y i e l d  
point .  A f t e r  r e m o v a l  of  the  l oad  no t e a r s  o r  o t h e r  de f e c t s  w e r e  found on the s u r f a c e .  T h e s e  d e f e c t s  
of the  whi te  spo t  t ype  a p p e a r  in the  f r a c t u r e  of the  t a n g e n t i a l  s a m p l e s  under  loads  above  the  y i e l d  point .  

A g r o u p  of  t a n g e n t i a l  s a m p l e s  f r o m  the  zone of  the  r o t o r  a d j a c e n t  to  the  c e n t r a l  channe l  was  s u b -  

j e c t e d  to p r o l o n g e d  t e m p e r i n g  u n d e r  the  cond i t ions  g iven  above ,  The  h y d r o g e n  c o n c e n t r a t i o n  was  r e d u c e d  
f r o m  3.25 to 1 era3/100 g, whi le  the  d u c t i l i t y  was  not r e s t o r e d .  Nor  d id  i m p r o v e m e n t  i n c r e a s e  the  p l a s t i c  

c h a r a c t e r i s t i c s .  We found l igh t  s p o t s  in the  f r a c t u r e s  of a l l  s a m p l e s ,  

I t  can  be conc luded  tha t  in zones  n e a r  the  c e n t r a l  channe l  t h e r e  a r e  m i c r o c r a c k s  in the  o r i g i n a l  
s t e e l  which  cannot  be  d e t e c t e d  by  the o r d i n a r y  m e t h o d s  of  check ing  - e t ch ing  and  u l t r a s o n i c  d e f e c t o s c o p y .  

Thus ,  the  p r i m a r y  r e a s o n  f o r  the  f o r m a t i o n  of  m i c r o c r a c k s  in  the  s t e e l  is  the  p r e s e n c e  of hydrogen ,  
the  amoun t  of which  i n c r e a s e s  t o w a r d  the  c e n t e r  s e c t i o n  of  the  r o t o r .  The  n a t u r e  of  t h e s e  de f e c t s  and  
t h e i r  e f f ec t  o n t h e  m e c h a n i c a l  p r o p e r t i e s  of  the  s t e e l  a r e  e s s e n t i a l l y  the  s a m e  a s  t h o s e  of o r d i n a r y  
s e g r e g a t e s .  The  d i f f e r e n c e  i s  only  tha t  t hey  a r e  m o r e  d i f f i cu l t  to  f ind.  Such d e f e c t s  a r e  c o n d i t i o n a l l y  

c a l l e d  , p s e u d o s e g r e g a t e s .  n 

In the  p r e s e n c e  of  p s e u d o s e g r e g a t e s  t h e r e  i s  g r e a t  r i s k  of p r e m a t u r e  b r e a k d o w n  and  even  f r a c t u r e  
of  the  r o t o r ,  In c e r t a i n  p e r i o d s  of o p e r a t i o n ,  d u r i n g  s t a r t i n g ,  fo r  e x a m p l e ,  the  m o s t  h igh ly  s t r e s s e d  
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sections of the ro to r  undergo local s t r e ss  concentrat ions which somet imes  reach  values near the yield 
point. Such s t r ess  concentrat ions occur  f i rs t  of all in the central  sect ion of the ro to r  where the 
pseudosegregates  mainly occur .  In the presence  of defects of the pseudosegregates  type and ext remely  
low re se rve  ductility large s t r e s s  concentrations induce the formation of mie roc racks  - dangerous 
s t r e s s  concent ra tors  which can lead to f rac ture  of the ro tor .  Fur the rmore ,  the development of 
pseudosegregates  can also occur  at loads below the yield point under the influence of the al ternating 
vibrational s t r e s s e s  occurr ing  during operation of the ro tor .  

In view of the charac te r i s t i cs  of the defects found in the center  a reas  of the forgings manufactured 
from complex-al loyed h igh-chromium steels,  the proper t ies  of the central  zone of the ro tors  must  be 
checked by other methods in addition to those regular ly  used. 

In building ro tors  f rom such steels the possibil i ty should be provided of taking samples  f rom the 
central  zone. The investigation of the ro tors  forged f rom basic e lect ros teel  indicates the possibil i ty 
of the formation of defects of the segregat ion type in large forgings of hardened h igh-chromium steels .  

Vacuum pouring of h igh-chromium steels  is obviously one way of reducing the hydrogen concent ra-  
tion. Attention must  also be given to selecting the c o r r e c t  initial heat t rea tment  to obtain forgings with 
high mechanical  proper t ies  throughout the c ross  section.  
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