
J »  

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

0 2 9 8 1 2 7  
A 1  

Publication  number: 

EUROPEAN  PATENT  APPLICATION 
published  in  accordance  with  Art.  158(3)  EPC 

©  intci.':  C  22  C  19/05,  C  22  C  19 /07 ,  
C  22  C  38/46,  C  22  C  38 /48 ,  
C 2 2 C   38/50,  C  22  C  38 /54 ,  
F  01  D  5 / 0 0  

Application  number:  88900787.8 

Date  of  filing:  06.01  .88 

Data  of  the  international  appli- 
cation  taken  as  a  basis: 
International  application  number: 
PCT/JP  88/00007 
International  publication  number: 
WO  88/05086  (14.07.88  88/15) 

Inventor:  SIGA,  Masao,  22-3,  Ishinazaka-cho  1-chome 
Hitachi-shi,  Ibaraki  319-12  (JP) 
Inventor:  FUKUI,  Yutaka,  13-27,  Moriyama-cho  4-chome 
Hitachi-shi,  Ibaraki  316  (JP) 
Inventor:  KURIYAMA,  Mitsuo,  174-11,  Suwama 
Tohkai-mura  Naka-gun,  Ibaraki  319-11  (JP) 
Inventor:  IIJIMA,  Katsumi,  20-1  ,  Mizuki-cho  2-chome 
Hitachi-shi,  Ibaraki  316  (JP) 
Inventor:  MAENO,  Yoshimi,  1635-2,  Kanda-cho 
Hitachi-shi,  Ibaraki  319-12  (JP) 
Inventor:  TAKAHASHI,  Shintaro,  18-4, 
Ishinazaka-cho  1-chome  Hitachi-shi,  Ibarak!  319-12  (JP) 
Inventor:  IIZUKA,  Nobuyuki,  10-25, 
Higashitaga-cho  4-chome  Hitachi-shi,  Ibaraki  316  (JP) 
Inventor:  KUROSAWA,  Soichi,  28-13, 
Higashiohnuma-cho  2-chome  Hitachi-shi, 
Ibaraki  316  (JP) 
Inventor:  WATANABE,  Yasuo,  9-8,  Hashikabe  1-chome 
Katsuta-shi,  Ibaraki  312  (JP) 
Inventor:  HIRAGA,  Ryo,  3596,  Kanai-cho  Hitachiohta-shi, 
Ibaraki  31  3  (JP) 
Representative:  Stuart,  Ian  Alexander  et  al,  MEWBURN 
ELLIS  &  CO.  2/3  Cursitor  Street,  London  EC4A  1BQ  (GB) 

Priority:  09.01.87  JP  1630/87 

©  Date  of  publication  of  application  :  1  1  .01  .89 
Bulletin  89/2 

Designated  Contracting  States:  CH  IT  LI 

Applicant:  HITACHI,  LTD.,  6,  Kanda  Surugadai  4-chome, 
Chiyoda-ku  Tokyo  101  (JP) 

HEAT-RESISTANT  STEEL  AND  GAS  TURBINE  MADE  OF  THE  SAME. 

©  Heat-resistant  steel  consisting,  in  weight  percent,  of  0.05 
to  0.2%  of  C,  up  to  0.5%  of  Si,  up  to  0.6%  of  Mn,  8  to  13%  of  Cr, 
1.5  to  3%  of  Mo,  2  to  3%  of  Ni,  0.05  to  0.3%  of  V,  at  least  one  of 
Nb  and  Ta  with  the  sum  being  from  0.02  to  0.2%,  0.02  to  0.1%  of 
N,  with  the  ratio  Mn/Ni  being  up  to  0.11,  and  the  balance  consis- 
ting  substantially  of  Fe.  The  heat-resistant  steel  of  the  present 
invention  is  used  at  least  for  a  turbine  disc  of  a  gas  turbine  con- 
sisting  of  a  turbine  shaft,  a  plurality  of  turbine  discs  connected 
to  the  shaft  with  spacers  between  them  by  turbine  stacking 
bolts,  turbine  buckets  implanted  in  the  discs,  a  distant  piece 
connected  to  the  disc  by  the  bolts,  a  plurality  of  compressor 
discs  connected  to  the  distant  piece  by  compressor  stacking 
bolts,  compressor  blades  implanted  in  the  compressor  discs 
and  a  compressor  stub  shaft  shaped  integrally  with  the  initial 
stage  of  the  compressor  discs.  Furthermore,  the  heat-resistant 
steel  of  the  invention  can  be  used  for  the  stacking  bolt,  the 
spacer,  the  distant  piece  and  the  compressor  blade.  The  heat- 
resistant  steel  of  the  present  invention  has  the  characteristics 
such  as  creep  rupture  strength  of  at  least  50  kg/mm2  at  450  °C 
for  105  C  hours  and  a  25°  V-notch  Charpy  impact  value  of  at 
least  5kg-m/cm2  after  heat  treatment  at  500  °C  for  103  hours. 
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se®  f r o n t   p a g e  
DESCRIPTION 

T i t l e   of  t h e   I n v e n t i o n :  

HEAT-RESISTANT  STEEL  AND  GAS  TURBINE  MADE  THEREOF 

5  [ T e c h n i c a l   F i e l d ]  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  n o v e l   h e a t -  

r e s i s t a n t   s t e e l   and  p a r t i c u l a r l y   to  a  n o v e l   gas   t u r b i n e  

made  of  s a i d   s t e e l .  

[ B a c k g r o u n d   A r t ]  

10  A  Cr-Mo-V  s t e e l   i s   c u r r e n t l y   u s e d   in  d i s c s   f o r  

a  gas   t u r b i n e .  

In  r e c e n t   y e a r s ,   an  i m p r o v e m e n t   in  t h e   t h e r m a l  

e f f i c i e n c y   of  a  gas   t u r b i n e   has   b e e n   d e s i r e d   f rom  t h e  

v i e w p o i n t   of  t h e   s a v i n g   of  e n e r g y .   The  mos t   u s e f u l  

15  means   of  i m p r o v i n g   t h e   t h e r m a l   e f f i c i e n c y   of  a  g a s  
t u r b i n e   is   to  i n c r e a s e   t h e   t e m p e r a t u r e   and  p r e s s u r e   o f  

a  gas  u s e d   .  For   e x a m p l e   ,  an  i m p r o v e m e n t   in  t h e  

e f f i c i e n c y   of  a b o u t   3%  in  t e r m s   of  r e l a t i v e   r a t i o   c a n  

be  e x p e c t e d   by  r a i s i n g   t h e   gas   t e m p e r a t u r e   f rom  l , 1 0 0 ° C  

20  to  l , 3 0 0 ° C   and  i n c r e a s i n g   t h e   p r e s s u r e   r a t i o   f rom  10 

to  1 5 .  

H o w e v e r ,   w i t h   an  i n c r e a s e   in  t h e   t e m p e r a t u r e   a n d  

t h e   p r e s s u r e   r a t i o ,   t h e   c o n v e n t i o n a l   Cr -Mo-V  s t e e l  

b e c o m e s   u n s a t i s f a c t o r y   f rom  t h e   s t a n d p o i n t   of  s t r e n g t h .  

25  T h e r e f o r e ,   a  m a t e r i a l   h a v i n g   h i g h e r   s t r e n g t h   i s   n e e d e d .  

C r e e p   r u p t u r e   s t r e n g t h   has   t h e   g r e a t e s t   i n f l u e n c e   o n  

h i g h - t e m p e r a t u r e   p r o p e r t i e s   of  t h e   m a t e r i a l   and  t h e r e f o r e  

i s   a  c r i t i c a l   r e q u i r e m e n t   w i t h   r e s p e c t   to  t h e   s t r e n g t h .  

A u s t e n i t i c   s t e e l s ,   N i - b a s e d   a l l o y s ,   C o - b a s e d   a l l o y s ,  

30  and  m a r t e n s i t i c   s t e e l s   a r e   g e n e r a l l y   known  as  s t r u c t u r a l  

m a t e r i a l s   h a v i n g   a  c r e e p   r u p t u r e   s t r e n g t h   h i g h e r   t h a n  

t h a t   of  Cr -Mo-V  s t e e l s .   H o w e v e r ,   t h e   N i - b a s e d   a l l o y  

and  C o - b a s e d   a l l o y   a r e   u n d e s i r a b l e   f rom  t h e   s t a n d p o i n t  

of  h o t   w o r k a b i l i t y ,   m a c h i n a b i l i t y   ,  v i b r a t i o n   d a m p i n g  

35  p r o p e r t y ,   e t c .   F u r t h e r ,   t h e   a u s t e n i t i c   s t e e l   i s   a l s o  
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u n d e s i r a b l e   n o t   o n l y   b e c a u s e   i t s   h i g h - t e m p e r a t u r e  

s t r e n g t h   i s   n o t   so  h i g h   a t   a r o u n d   400  to  450  °C  b u t  

a l s o   f r o m   t h e   v i e w p o i n t   of  t h e   e n t i r e   gas   t u r b i n e  

s y s t e m .   On  t h e   o t h e r   h a n d ,   t h e   m a r t e n s i t i c   s t e e l  

5  m a t c h e s   o t h e r   c o n s t i t u e n t   p a r t s   and  a l s o   has   a  
s u f f i c i e n t   h i g h   - t e m p e r a t u r e   s t r e n g t h .   E x a m p l e s   o f  

known  m a r t e n s i t i c   s t e e l   i n c l u d e   t h o s e   d i s c l o s e d   i n  

J a p a n e s e   P a t e n t   L a i d - O p e n   Nos .   5 5 5 5 2 / 1 9 8 1   ,  1 1 0 6 6 1 / 1 9 8 3 ,  
and  1 3 8 0 5 4 / 1 9 8 5   and  J a p a n e s e   P a t e n t   P u b l i c a t i o n  

10  No.  2 7 9 / 1 9 7 1 .   H o w e v e r ,   t h e s e   m a t e r i a l s   do  n o t  

n e c e s s a r i l y   e x h i b i t   a  h i g h   c r e e p   r u p t u r e   s t r e n g t h   a t  
400  to  450  °C  and  f u r t h e r   e x h i b i t   low  t o u g h n e s s   a f t e r  

h e a t i n g   a t   a  h i g h   t e m p e r a t u r e   f o r   a  l o n g   p e r i o d   o f  

t i m e ,   w h i c h   r e n d e r s   t h e s e   m a t e r i a l s   u n s u i t a b l e   f o r   u s e  
15  in  t u r b i n e   d i s c s .   T h i s   makes   i t   i m p o s s i b l e   to  i m p r o v e  

t h e   e f f i c i e n c y   of  a  gas   t u r b i n e   . 
The  mere   u s e   of  a  m a t e r i a l   h a v i n g   a  h i g h   s t r e n g t h  

f o r   t h e   p u r p o s e   of  c o p i n g   w i t h   i n c r e a s e s   in  b o t h   t h e  

t e m p e r a t u r e   and  p r e s s u r e   of  a  gas   t u r b i n e   i s   i n s u f f i c i e n t  
20  f o r   r a i s i n g   t h e   gas   t e m p e r a t u r e .   In  g e n e r a l ,   a n  

i n c r e a s e   in   t h e   s t r e n g t h   b r i n g s   a b o u t   a  l o w e r i n g   i n  
t h e   t o u g h n e s s .  

[ D i s c l o s u r e   of  I n v e n t i o n ! !  

An  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   to  p r o v i d e  
25  a  h e a t - r e s i s t a n t   s t e e l   h a v i n g   a  c o m b i n a t i o n   of  a  h i g h  

s t r e n g t h   w i t h   a  h i g h   t o u g h n e s s   a f t e r   h e a t i n g   a t   a  
h i g h   t e m p e r a t u r e   f o r   a  l o n g   p e r i o d   of  t i m e .  

A n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   a  gas   t u r b i n e   h a v i n g   a  h i g h   t h e r m a l   e f f i c i e n c y .  
30  The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  - h e a t - r e s i s t a n t  

s t e e l   c h a r a c t e r i z e d   in  t h a t   s a i d   h e a t - r e s i s t a n t   s t e e l  

c o m p r i s e s   0 . 0 5   to   0.2%  by  w e i g h t   of  C,  0.5%  by  w e i g h t  
or  l e s s   of   S i ,   0.6%  by  w e i g h t   or  l e s s   of  Mn,  8  to  13% 

by  w e i g h t   of  Cr  ,  1 .5   to  3%  by  w e i g h t   of  Mo,  2  to   3% 
35  by  w e i g h t   of  Ni  ,  0 . 0 5   to   0.3%  by  w e i g h t   of  V,  0 . 0 2  
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to  0.2%  by  w e i g h t   in  t o t a l   of  e i t h e r   or  b o t h   of  Nb 

and  Ta,  and  0 .02   to   0.1%  by  w e i g h t   of  N,  t h e   Mn  t o  

Ni  r a t i o   b e i n g   0 . 1 1   or  l e s s ,   w i t h   t h e   b a l a n c e   b e i n g  

s u b s t a n t i a l l y   Fe  . 
5  The  p r e s e n t   i n v e n t i o n   a l s o   r e l a t e s   to   a  h e a t -  

r e s i s t a n t   s t e e l   c h a r a c t e r i z e d   by  c o m p r i s i n g   0 . 0 7   t o  

0.15%  by  w e i g h t   of  C,  0 . 0 1   to  0.1%  by  w e i g h t   or  l e s s  

of  S i ,   0 .1   to   0.4%  by  w e i g h t   or  l e s s   of  Mn,  11  t o  

12.5%  by  w e i g h t   of  Cr ,   2 .2   to   3.0%  by  w e i g h t   of  Ni  , 
10  1 .8  to  2.5%  by  w e i g h t   of  Mo,  0 .04   to   0.08%  by  w e i g h t  

in  t o t a l   of  e i t h e r   or  b o t h   of  Nb  and  Ta  ,  0 . 1 5   to  0 . 2 5 %  

by  w e i g h t   of  V,  and  0 .04   to   0.08%  by  w e i g h t   of  N,  t h e  

Mn  to  Ni  r a t i o   b e i n g   0 .04   to  0 . 1 0 ,   w i t h   t h e   b a l a n c e  

b e i n g   s u b s t a n t i a l l y   Fe  and  h a v i n g   a  w h o l l y   t e m p e r e d  

15  m a r t e n   s i t e   s t r u c t u r e .  

F u r t h e r ,   t h e   s t e e l   of  t h e   p r e s e n t   i n v e n t i o n   may  

a d d i t i o n a l l y   c o m p r i s e s   a t   l e a s t   one  member  s e l e c t e d  

f rom  among  1%  by  w e i g h t   or  l e s s   of  W,  0.5%  by  w e i g h t  

or  l e s s   of  Co,  0.5%  by  w e i g h t   or  l e s s   of  Cu,  0 . 0 1 %  

20  by  w e i g h t   or  l e s s   of  B,  0.5%  by  w e i g h t   or  l e s s   of  Ti  , 
0.3%  by  w e i g h t   or  l e s s   of  A£,  0.1%  by  w e i g h t   or  l e s s  

of  Zr,   0.1%  by  w e i g h t   or  l e s s   of  Hf  ,  0.01%  by  w e i g h t  

or  l e s s   of  Ca  ,  0.01%  by  w e i g h t   or  l e s s   of  Mg  ,  0 . 0 1 %  

by  w e i g h t   or  l e s s   of  Y,  and  0.01%  by  w e i g h t   or  l e s s  

25  of  r a r e   e a r t h   e l e m e n t s .  

In  t h e   s t e e l   of  t h e   p r e s e n t   i n v e n t i o n ,   i t   i s  

n e c e s s a r y   f o r   t h e   c o m p o n e n t s   to  be  a d j u s t e d   so  t h a t  

t he   Cr  e q u i v a l e n t   c a l c u l a t e d   by  t h e   f o l l o w i n g   e q u a t i o n  

is   10  or  l e s s   and  t h e   s t e e l   to  be  s u b s t a n t i a l l y   f r e e  

30  f rom  6 - f e r r i t e   p h a s e .  

Cr  e q u i v a l e n t   =  -  40C  -  2Mn  -  4Ni  -  3  ON 

+  6Si  +  Cr  +  4Mo  +  11V 

+  5Nb  +  2 . 5 T a  

w h e r e i n   t h e   v a l u e   w i t h   r e s p e c t   to   e a c h   e l e m e n t   i s  

35  c a l c u l a t e d   b a s e d   on  t he   c o n t e n t   (%  by  w e i g h t )   t h e r e o f  
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in  t h e   a l l o y .  

The  p r e s e n t   i n v e n t i o n   a l s o   r e l a t e s   to   a  d i s c  

h a v i n g   in  i t s   o u t e r   c i r c u m f e r e n t i a l   s e c t i o n   a  

p l u r a l i t y   of  g r o o v e s   i n t o   w h i l e   b l a d e s   a r e   e m b e d d e d ,  
5  h a v i n g   a  maximum  t h i c k n e s s   in   i t s   c e n t r a l   s e c t i o n  

and  h a v i n g   on  i t s   o u t e r   c i r c u m f e r e n t i a l   s i d e   t h r o u g h -  
h o l e s   i n t o   w h i c h   b o l t s   a r e   i n s e r t e d   to  c o n n e c t   a  

p l u r a l i t y   of  s a i d   d i s c s ,   c h a r a c t e r i z e d   in  t h a t   s a i d  

d i s c   i s   made  of  a  m a r t e n s i t i c   s t e e l   h a v i n g   a  w h o l l y  
10  t e m p e r e d   m a r t e n s i t e   s t r u c t u r e   and  h a v i n g   a  c r e e p  

2 
r u p t u r e   s t r e n g t h   of  a t   l e a s t   50  kg/mm  a t   450  °C  f o r  

10  hr   and  a  V - n o t c h   C h a r p y   i m p a c t   v a l u e   of  a t   l e a s t  

5  k g - m / c m 2   a t   25  °C  a f t e r   h e a t i n g   a t   500  °C  f o r   103  h r ,  

or  t h a t   s a i d   d i s c   c o m p r i s e s   a  h e a t - r e s i s t a n t   s t e e l  

15  h a v i n g   t h e   a b o v e - d e s c r i b e d   c o m p o s i t i o n .  

A  p l u r a l i t y   of  t u r b i n e   d i s c s   a r e   c o n n e c t e d   t o  

e a c h   o t h e r   on  t h e   o u t e r   c i r c u m f e r e n t i a l   s i d e   t h e r e o f  

w i t h   b o l t s   t h r o u g h   a n n u l a r   s p a c e r s   .  The  a n n u l a r   s p a c e r  
i s   c h a r a c t e r i z e d   by  b e i n g   made  of  a  m a r t e n s i t i c   s t e e l  

20  h a v i n g   t h e   a b o v e - d e s c r i b e d   p r o p e r t i e s   or  a  h e a t -  

r e s i s t a n t   s t e e l   h a v i n g   t h e   a b o v e - d e s c r i b e d   c o m p o s i t i o n .  
In  t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   a r e   a l s o   p r o v i d e d  

t h e   f o l l o w i n g   m e m b e r s ,   e a c h   of  w h i c h   i s   c h a r a c t e r i z e d  

by  b e i n g   made  of  a  m a r t e n s i t i c   s t e e l   h a v i n g   t h e   a b o v e -  
25  d e s c r i b e d   p r o p e r t i e s   or  a  h e a t - r e s i s t a n t   s t e e l   h a v i n g  

t h e   a b o v e   - d e s c r i b e d   c o m p o s i t i o n :  

a  c y l i n d r i c a l   d i s t a n c e   p i e c e   t h r o u g h   w h i c h   a  
t u r b i n e   d i s c   and  a  c o m p r e s s o r   d i s c   a r e   c o n n e c t e d   t o  
e a c h   o t h e r   w i t h   a  b o l t ;  

30  a t   l e a s t   e i t h e r   one  of  a  s e t   of  b o l t s   f o r  

c o n n e c t i n g   a  p l u r a l i t y   of  t u r b i n e   d i s c s   and  a  s e t   o f  

b o l t s   f o r   c o n n e c t i n g   a  p l u r a l i t y   of  c o m p r e s s o r   d i s c s ;  

a n d  

a  c o m p r e s s o r   d i s c   h a v i n g   in  i t s   o u t e r   c i r c u m -  

35  f e r e n t i a l   s e c t i o n   a  p l u r a l i t y   of  g r o o v e s   i n t o   w h i c h  
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b l a d e s   a r e   e m b e d d e d ,   h a v i n g   such   a  s t r u c t u r e   t h a t  

b o l t s   a r e   i n s e r t e d   i n t o   t h e   o u t e r   c i r c u m f e r e n t i a l  

s i d e   t h e r e o f   to  c o n n e c t   a  p l u r a l i t y   of  d i s c s   a n d  

h a v i n g   a  maximum  t h i c k n e s s   in  i t s   c e n t r a l   s e c t i o n  

5  and  a  s e c t i o n   p r o v i d e d   w i t h   a  t h r o u g h   - h o l e   . 
The  p r e s e n t   i n v e n t i o n   a l s o   r e l a t e s   to   a  g a s  

t u r b i n e   c o m p r i s i n g   a  t u r b i n e   s t u b   s h a f t ,   a  p l u r a l i t y  

of  t u r b i n e   d i s c s   c o n n e c t e d   to  s a i d   s h a f t   w i t h   a  t u r b i n e  

s t a c k i n g   b o l t   t h r o u g h   a  s p a c e r   i n t e r p o s e d   b e t w e e n  

10  s a i d   t u r b i n e   d i s c s ,   a  t u r b i n e   b u c k e t   e m b e d d e d   i n t o  

s a i d   t u r b i n e   d i s c ,   a  d i s t a n c e   p i e c e   c o n n e c t e d   to  s a i d  

t u r b i n e   d i s c   w i t h   s a i d   t u r b i n e   s t a c k i n g   b o l t ,   a  

p l u r a l i t y   of  c o m p r e s s o r   d i s c s   c o n n e c t e d   to   s a i d  

d i s t a n c e   p i e c e   w i t h   a  c o m p r e s s o r   s t a c k i n g   b o l t ,   a  

15  c o m p r e s s o r   b l a d e   e m b e d d e d   i n t o   s a i d   c o m p r e s s o r   d i s c  

and  a  c o m p r e s s o r   s t u b   s h a f t   f o r m e d   i n t e g r a l l y   w i t h  

a  f i r s t   s t a g e   d i s c   of  s a i d   c o m p r e s s o r   d i s c s ,  

c h a r a c t e r i z e d   in  t h a t   a t   l e a s t   s a i d   t u r b i n e   d i s c  

is   made  of  a  m a r t e n s i t i c   s t e e l   h a v i n g   a  w h o l l y   t e m p e r e d  

20  m a r t e n s   i t e   s t r u c t u r e   and  h a v i n g   a  c r e e p   r u p t u r e  

s t r e n g t h   of  a t   l e a s t   50  kg/mm2  a t   450  °C  f o r   105  h r  
2 

and  a  V - n o t c h   C h a r p y   i m p a c t   v a l u e   of  a t   l e a s t   5  k g - m / c m  

a t   25  °C  a f t e r   h e a t i n g   a t   500  °C  f o r   103  h r .   T h e  

m a r t e n s i t i c   s t e e l   p a r t i c u l a r l y   c o m p r i s e s   h e a t - r e s i s t a n t  

25  s t e e l   h a v i n g   t he   a b o v e   - d e s c r i b e d   c o m p o s i t i o n .  

The  a p p l i c a t i o n   of  t h e   a b o v e   -de   s c r i b e d   m a r t e n s i t i c  

s t e e l   to   a  gas   t u r b i n e   d i s c   a c c o r d i n g   to   t h e   p r e s e n t  

i n v e n t i o n   makes   i t   p o s s i b l e   to   l i m i t   t h e   r a t i o   of  t h e  

t h i c k n e s s   (t)  of  t h e   c e n t r a l   p o r t i o n   to   t h e   o u t e r  

30  d i a m e t e r   (D)  to  0 .15   to   0 . 3 ,   t h e r e b y   e n a b l i n g   a  

r e d u c t i o n   in  t h e   w e i g h t   of  t h e   d i s c .   In  p a r t i c u l a r ,  

t h e   l i m i t a t i o n   of  t h e   r a t i o   to  0 . 1 8   to   0 .22   e n a b l e s  

a  d e c r e a s e   in  t h e   d i s t a n c e   b e t w e e n   t h e   d i s c s   ,  so  t h a t  

an  i m p r o v e m e n t   in  t he   t h e r m a l   e f f i c i e n c y   can   b e  

35  e x p e c t e d .  
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The  r e a s o n   f o r   t h e   l i m i t a t i o n   of  t h e   c o m p o n e n t s  
of  t h e   p r e s e n t   i n v e n t i o n   to   t h e   a b o v e - d e s c r i b e d   r a n g e  
w i l l   now  be  d e s c r i b e d .   In  o r d e r   to  a t t a i n   a  h i g h  
t e n s i l e   s t r e n g t h   and  a  h i g h   p r o o f   s t r e n g t h ,   i t   i s  

5  n e c e s s a r y   t h a t   t h e   c o n t e n t   of  C  s h o u l d   be  0.05%  a t  

t h e   l o w e s t .   H o w e v e r ,   when  t h e   c o n t e n t   of  C  i s   t o o  

h i g h ,   a  m e t a l   s t r u c t u r e   b e c o m e s   u n s t a b l e   when  t h e   s t e e l  

i s   e x p o s e d   to  a  h i g h   t e m p e r a t u r e   f o r   a  l o n g   p e r i o d  
of  t i m e ,   w h i c h   b r i n g s   a b o u t   a  d e c r e a s e   in  t h e   10  - h r  

10  c r e e p   r u p t u r e   s t r e n g t h .   T h e r e f o r e ,   t h e   c o n t e n t   o f  

C  s h o u l d   be  0.20%  or  l e s s .   The  c o n t e n t   of  C  i s  

p r e f e r a b l y   0 . 0 7   to   0 . 1 5 % ,   more  p r e f e r a b l y   0 . 1 0   to   0 . 1 4 % .  

Si  and  Mn  a r e   a d d e d   as  a  d e o x i d i z e r   and  a  
d e o x i d i z e r - d e s u l f u r i z e r   ,  r e s p e c t i v e l y ,   in  m e l t i n g   a  

15  s t e e l .   They  a r e   e f f e c t i v e   even   when  u s e d   e a c h   in  a  
s m a l l   a m o u n t .   S i n c e   Si  i s   a  5 - f e r r i t e   f o r m i n g   e l e m e n t ,  
t h e   a d d i t i o n   t h e r e o f   in  a  l a r g e   a m o u n t   c a u s e s   t h e  

f o r m a t i o n   of  6 - f e r r i t e .   T h e r e f o r e ,   t h e   Si  c o n t e n t  

s h o u l d   be  0.5%  by  w e i g h t   or  l e s s .   When  c a r b o n   v a c u u m  
20  d e o x i d a t i o n ,   e l e c t r o s l a g   m e l t i n g ,   or  t h e   l i k e   i s  

e m p l o y e d ,   t h e r e   i s   no  n e e d   of  a d d i n g   S i ,   so  t h a t   i t  

i s   p r e f e r r e d   to  add  no  Si  . 
The  Si  c o n t e n t   i s   p a r t i c u l a r l y   p r e f e r a b l y   0 . 2 %  

or  l e s s   f rom  t h e   v i e w p o i n t   of  e m b r i t t l e m e n t   .  Even  i f  
25  no  Si  i s   a d d e d ,   Si  i s   c o n t a i n e d   as  an  i m p u r i t y   in  a n  

a m o u n t   of  0 . 0 1   to   0 . 1 % .  

Mn  p r o m o t e s   t h e r m a l   e m b r i t t l e m e n t   of  t h e   s t e e l .  

T h e r e f o r e ,   t h e   Mn  c o n t e n t   s h o u l d   be  0.6%  or  l e s s .  

In  p a r t i c u l a r ,   s i n c e   Mn  i s   e f f e c t i v e   as  a  d e s u l f u r i z e r   , 
30  t h e   Mn  c o n t e n t   i s   p r e f e r a b l y   0 .1   to   0.4%  in  o r d e r   t o  

a v o i d   t h e   t h e r m a l   e m b r i t t l e m e n t ,   more  p r e f e r a b l y   0 . 1  

to  0 . 2 5 % .   F u r t h e r ,   in  o r d e r   to   p r e v e n t   t h e   e m b r i t t l e m e n t ,  
i t   i s   p r e f e r r e d   t h a t   t h e   t o t a l   c o n t e n t   of  Si  and  Mn 
be  0.3%  or  l e s s .  

35  Cr  e n h a n c e s   t h e   c o r r o s i o n   r e s i s t a n c e   a n d  
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h i g h   - t e m p e r a t u r e   s t r e n g t h .   H o w e v e r ,   t h e   a d d i t i o n   o f  

Cr  in   an  a m o u n t   of  13%  or  more  c a u s e s   t h e   f o r m a t i o n  

of  a  S - f e r r i t e   s t r u c t u r e .   When  t h e   Cr  c o n t e n t   i s  

l e s s   t h a n   8%,  t h e   c o r r o s i o n   r e s i s t a n c e   and  t h e   h i g h -  

5  t e m p e r a t u r e   s t r e n g t h   a r e   u n s a t i s f a c t o r y .   For   t h i s  

r e a s o n ,   t h e   Cr  c o n t e n t   was  l i m i t e d   to  8  to  13%.  

In  p a r t i c u l a r ,   i t   i s   p r e f e r r e d   f rom  t h e   v i e w p o i n t   o f  

s t r e n g t h   t h a t   t h e   Cr  c o n t e n t   be  11  to  1 2 . 5 % .  

Mo  n o t   o n l y   e n h a n c e s   t h e   c r e e p   r u p t u r e   s t r e n g t h  

10  by  v i r t u e   of  i t s   s o l i d   s o l u t i o n   s t r e n g t h e n i n g   a n d  

p r e c i p i t a t i o n   s t r e n g t h e n i n g   a c t i o n s   b u t   a l s o   h a s  

an  e f f e c t   of  p r e v e n t i n g   t h e   e m b r i t t l e m e n t   .  When  i t s  

c o n t e n t   i s   l e s s   t h a n   1 .5%,   no  s u f f i c i e n t   i m p r o v e m e n t  

in  t h e   c r e e p   r u p t u r e   s t r e n g t h   can  be  a t t a i n e d .   On 

15  t he   o t h e r   h a n d ,   when  i t s   c o n t e n t   i s   more  t h a n   3 . 0 % ,  

S - f e r r i t e   t e n d s   to   be  f o r m e d .   For   t h i s   r e a s o n ,   t h e  

Mo  c o n t e n t   was  l i m i t e d   to  1 .5   to   3 .0%.   In  p a r t i c u l a r ,  

i t   i s   p r e f e r r e d   t h a t   t h e   Mo  c o n t e n t   be  1 .8   to  2 . 5 % .  

F u r t h e r ,   when  t h e   Ni  c o n t e n t   e x c e e d s   2 .1%,   Mo  e x h i b i t s  

20  such   an  e f f e c t   t h a t   t he   h i g h e r   t h e   Mo  c o n t e n t ,   t h e  

h i g h e r   t h e   c r e e p   r u p t u r e   s t r e n g t h .   In  p a r t i c u l a r ,  

t h i s   e f f e c t   i s   r e m a r k a b l e   when  t h e   Mo  c o n t e n t   i s  

2.0%  or  a b o v e .  

V  and  Nb  e a c h   e x h i b i t   an  e f f e c t   of  n o t   o n l y  

25  e n h a n c i n g   t h e   h i g h - t e m p e r a t u r e   s t r e n g t h   b u t   a l s o  

i m p r o v i n g   t he   t o u g h n e s s   t h r o u g h   p r e c i p i t a t i o n   o f  

c a r b i d e .   When  t h e   V  and  Nb  c o n t e n t s   a r e   l e s s   t h a n  

0.1%  and  l e s s   t h a n   0 . 0 2 % ,   r e s p e c t i v e l y ,   t h e   a b o v e -  

d e s c r i b e d   e f f e c t   i s   u n s a t i s f a c t o r y ,   w h i l e   when  t h e  

30  V  and  Nb  c o n t e n t s   a r e   more  t h a n   0.3%  and  more  t h a n  

0 .2%,   r e s p e c t i v e l y ,   t h e r e   is   c a u s e d   a  t e n d e n c y   t h a t  

6 - f e r r i t e   is   f o r m e d   and  t h e   c r e e p   r u p t u r e   s t r e n g t h  

is   l o w e r e d .   In  p a r t i c u l a r ,   i t   i s   p r e f e r r e d   t h a t   t h e  

V  and  Nb  c o n t e n t s   be  0 . 1 5   to  0.25%  and  0 . 0 4   to   0 . 0 8 % ,  

35  r e s p e c t i v e l y .   Ta  may  be  a d d e d   i n s t e a d   of  Nb  i n  
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e x a c t l y   t h e   same  a m o u n t   as  t h a t   of  Nb.  F u r t h e r ,   Nb 

and  Ta  may  be  a d d e d   in  c o m b i n a t i o n   . 
Ni  has   e f f e c t s   of  n o t   o n l y   e n h a n c i n g   t h e   t o u g h n e s s  

a f t e r   h e a t i n g   a t   a  h i g h   t e m p e r a t u r e   f o r   a  l o n g   p e r i o d  
5  of  t i m e   b u t   a l s o   p r e v e n t i n g   t h e   f o r m a t i o n   of  6 - f e r r i t e .  

When  i t s   c o n t e n t   i s   l e s s   t h a n   2 .0%,   t h e   a b o v e - d e s c r i b e d  

e f f e c t   i s   u n s a t i s f a c t o r y ,   w h i l e   when  i t s   c o n t e n t   i s  

more  t h a n   3%,  t h e   l o n g - t e r m   c r e e p   r u p t u r e   s t r e n g t h  

i s   l o w e r e d .   In  p a r t i c u l a r ,   t h e   Ni  c o n t e n t   i s   p r e f e r a b l y  
10  2 .2   to   3 .0%,   more  p r e f e r a b l y   more  t h a n   2 . 5 % .  

Ni  has   an  e f f e c t   of  p r e v e n t i n g   t h e   t h e r m a l  

e m b r i t t l e m e n t .   By  c o n t r a s t ,   Mn  has   an  a d v e r s e   e f f e c t  

on  t h e   p r e v e n t i o n   of  t h e   t h e r m a l   e m b r i t t l e m e n t .   T h e  

p r e s e n t   i n v e n t o r s   h a v e   f o u n d   t h a t   t h e r e   i s   a  c l o s e  

15  c o r r e l a t i o n   b e t w e e n   t h e s e   e l e m e n t s .   N a m e l y ,   t h e  

p r e s e n t   i n v e n t o r s   h a v e   f o u n d   t h a t   t h e   t h e r m a l  

e m b r i t t l e m e n t   can   be  r e m a r k a b l y   p r e v e n t e d   when  t h e  

Mn  to  Ni  r a t i o   i s   0 . 1 1   or  l e s s .   In  p a r t i c u l a r ,   t h e  

r a t i o   i s   p r e f e r a b l y   0 . 1 0   or  l e s s ,   more  p r e f e r a b l y  
20  0 . 0 4   to  0 . 1 0 .  

N  has   e f f e c t s   of  i m p r o v i n g   t h e   c r e e p   r u p t u r e  

s t r e n g t h   and  p r e v e n t i n g   t h e   f o r m a t i o n   of  S - f e r r i t e .  

When  i t s   c o n t e n t   i s   l e s s   t h a n   0 . 0 2 % ,   t h e   a b o v e - d e s c r i b e d  

e f f e c t   i s   u n s a t i s f a c t o r y .   On  t h e   o t h e r   h a n d ,   w h e n  

25  i t s   c o n t e n t   e x c e e d s   0 .1%,   t h e   t o u g h n e s s   i s   l o w e r e d .  

In  p a r t i c u l a r ,   e x c e l l e n t   p r o p e r t i e s   can  be  a t t a i n e d  

when  t h e   N  c o n t e n t   r a n g e s   f rom  0 .04   to  0 . 0 8 % .  

In  t h e   h e a t - r e s i s t a n t   s t e e l   of  t h e   p r e s e n t  

i n v e n t i o n ,   Co  e n h a n c e s   t h e   s t r e n g t h   b u t   p r o m o t e s   t h e  

30  e m b r i t t l e m e n t .   T h e r e f o r e ,   t h e   Co  c o n t e n t   s h o u l d   b e  

0.5%  or  l e s s .   As  w i t h   Mo,  W  c o n t r i b u t e s   to   an  i n c r e a s e  

in  t h e   s t r e n g t h   and  may  be  c o n t a i n e d   in  an  a m o u n t   o f  

1%  or  l e s s .   The  h i g h - t e m p e r a t u r e   s t r e n g t h   may  b e  

i m p r o v e d   by  a d d i t i o n   of  0.01%  of  B,  0.3%  or  l e s s   o f  

35  A£,  0.5%  or  l e s s   of  Ti  ,  0.1%  or  l e s s   of  Zr  ,  0.1%  o r  
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l e s s   of  Hf,   0.01%  or  l e s s   of  Ca,  0.01%  or  l e s s   o f  

Mg,  0.01%  or  l e s s   of  Y,  0.01%  or  l e s s   of  r a r e   e a r t h  

e l e m e n t s ,   and  0.5%  or  l e s s   of  Cu  . 
In  t h e   h e a t   t r e a t m e n t   f o r   t h e   m a t e r i a l   of  t h e  

5  p r e s e n t   i n v e n t i o n ,   t h e   m a t e r i a l   i s   u n i f o r m l y   h e a t e d  

a t   a  t e m p e r a t u r e   s u f f i c i e n t   to   c a u s e   a  c o m p l e t e  

t r a n s f o r m a t i o n   t h e r e o f   to   a u s t e n i t e ,   i . e . ,   a t   900  °C 

a t   t h e   l o w e s t   and  1150  °C  a t   t h e   h i g h e s t ,   t h e r e b y  

f o r m i n g   a  m a r t e n s i t e   s t r u c t u r e .   The  m a t e r i a l   i s   t h e n  

10  q u e n c h e d   a t   a  c o o l i n g   r a t e   of  a t   l e a s t   1 0 0 ° C / h r ,  

h e a t e d   and  h e l d   a t   a  t e m p e r a t u r e   of  450  to   600  °C 

( f i r s t   t e m p e r i n g )   ,  and  t h e n   h e a t e d   and  h e l d   a t   a  

t e m p e r a t u r e   of  550  to  650  °C  f o r   s e c o n d   t e m p e r i n g .  

In  c a r r y i n g   o u t   t h e   h a r d e n i n g ,   i t   i s   p r e f e r r e d   t o  

15  s t o p   t h e   q u e n c h i n g   a t   a  t e m p e r a t u r e   i m m e d i a t e l y   a b o v e  

t h e   Ms  p o i n t   f o r   t h e   p u r p o s e   of  p r e v e n t i n g   t h e  

o c c u r r e n c e   of  q u e n c h i n g   c r a c k   .  More  p a r t i c u l a r l y   , 
i t   i s   p r e f e r r e d   to  s t o p   t h e   q u e n c h i n g   a t   a  t e m p e r a t u r e  

of  150  °C  or  a b o v e .   I t   is   p r e f e r r e d   to  c a r r y   o u t   t h e  

20  h a r d e n i n g   by  o i l   h a r d e n i n g   or  w a t e r   s p r a y   h a r d e n i n g .  

The  f i r s t   t e m p e r i n g   is   b e g u n   f rom  t h e   t e m p e r a t u r e  

a t   w h i c h   t h e   q u e n c h i n g   i s   s t o p p e d .  

One  or  more  of  t h e   a b o v e - d e s c r i b e d   d i s t a n c e   p i e c e ,  

t u r b i n e   s p a c e r ,   t u r b i n e   s t a c k i n g   b o l t ,   c o m p r e s s o r  

25  s t a c k i n g   b o l t ,   and  a t   l e a s t   a  f i n a l   s t a g e   d i s c   o f  

t h e   c o m p r e s s o r   d i s c s   may  be  made  of  a  h e a t - r e s i s t a n t  

s t e e l   h a v i n g   a  w h o l l y   t e m p e r e d   m a r t e n s i t e   s t r u c t u r e  

and  c o m p r i s i n g   0 . 0 5   to  0.2%  by  w e i g h t   of  C,  0.5%  b y  

w e i g h t   or  l e s s   of  S i ,   1%  by  w e i g h t   or  l e s s   of  Mn,  

30  8  to   13%  by  w e i g h t   of  Cr  ,  3%  by  w e i g h t   or  l e s s   o f  

Ni ,   1 .5   to  3%  by  w e i g h t   of  Mo,  0 . 0 5   to   0.3%  by  w e i g h t  

of  V,  0 . 02   to   0.2%  by  w e i g h t   of  Nb,  and  0 .02   to  0 . 1 %  

by  w e i g h t   of  N  w i t h   t h e   b a l a n c e   b e i n g   s u b s t a n t i a l l y   Fe  . 
When  a l l   of  t h e s e   p a r t s   a r e   made  of  t h i s   h e a t - r e s i s t a n t  

35  s t e e l ,   i t   i s   p o s s i b l e   to   r a i s e   t h e   gas   t e m p e r a t u r e  
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to   a  h i g h   l e v e l ,   w h i c h   c o n t r i b u t e s   to   an  i m p r o v e m e n t  

in  t h e   t h e r m a l   e f f i c i e n c y .   P a r t i c u l a r l y ,   a  h i g h l y  

s a f e   t u r b i n e   h a v i n g   a  h i g h   r e s i s t a n c e   to   e m b r i t t l e m e n t  

can   be  r e a l i z e d   when  a t   l e a s t   one  of  t h e   a b o v e - d e s c r i b e d  

5  p a r t s   i s   made  of  a  h e a t - r e s i s t a n t   s t e e l   c o m p r i s i n g  

0 . 0 5   to   0.2%  by  w e i g h t   of  C,  0.5%  by  w e i g h t   or  l e s s  

of  S i ,   0.6%  by  w e i g h t   or  l e s s   of  Mn,  8  to  13%  b y  

w e i g h t   of  Cr ,   2  to   3%  by  w e i g h t   of  Ni  ,  1 .5   to   3%  b y  

w e i g h t   of  Mo,  0 . 0 5   to  0.3%  by  w e i g h t   of  V,  0 . 0 2   to  0 . 2 %  

10  by  w e i g h t   of  Nb  ,  and  0 . 0 2   to   0.1%  by  w e i g h t   of  N 

w i t h   t he   b a l a n c e   b e i n g   s u b s t a n t i a l l y   Fe ,   t h e   Mn  t o  

Ni  r a t i o   b e i n g   0 . 1 1   or  l e s s ,   p a r t i c u l a r l y   0 . 0 4   t o  

0 . 1 0 ,   and  h a v i n g   a  w h o l l y   t e m p e r e d   m a r t e n s i t e   s t r u c t u r e .  

A  m a r t e n s i t i c   s t e e l   h a v i n g   a  c r e e p   r u p t u r e  

15  s t r e n g t h   of  a t   l e a s t   40  kg/mm2  a t   450  °C  f o r   105  h r  

and  a  V - n o t c h   C h a r p y   i m p a c t   v a l u e   of  a t   l e a s t   5 
2 

k g - m / c m   a t   20  °C  is   u s e d   as  'a  m a t e r i a l   f o r   t h e s e   p a r t s .  

H o w e v e r ,   in   a  p a r t i c u l a r l y   p r e f e r a b l e   c o m p o s i t i o n ,  

t h e   s t e e l   has   a  c r e e p   r u p t u r e   s t r e n g t h   of  a t   l e a s t  
2  5 20  50  kg/mm  a t   450  °C  f o r   10  hr  and  a  V - n o t c h   C h a r p y  

2 
i m p a c t   v a l u e   of  a t   l e a s t   5  k g - m / c m   a t   20  °C  a f t e r  

h e a t i n g   a t   500  °C  f o r   103  h r .  

T h i s   m a t e r i a l   may  f u r t h e r   c o n t a i n   a t   l e a s t   o n e  

member  s e l e c t e d   f rom  among  1%  or  l e s s   of  W,  0.5%  o r  

25  l e s s   of  Co,  0.5%  or  l e s s   of  Cu,  0.01%  or  l e s s   of  B ,  

0.5%  or  l e s s   of  T i ,   0.3%  or  l e s s   of  A£,  0.1%  or  l e s s  

of  Zr ,   0.1%  or  l e s s   of  Hf,   0.01%  or  l e s s   of  C a ,  

0.01%  or  l e s s   of  Mg,  0.01%  or  l e s s   of  Y,  and  0 . 0 1 %  

or  l e s s   of  r a r e   e a r t h   e l e m e n t s .  

30  At  l e a s t   t h e   f i n a l   s t a g e   d i s c   or  d i s c s   of  a l l  

s t a g e s   among  t h e   c o m p r e s s o r   d i s c s   may  be  made  of  t h e  

a b o v e - d e s c r i b e d   h e a t - r e s i s t a n t   s t e e l .   A l t e r n a t i v e l y ,  

s i n c e   t h e   gas   t e m p e r a t u r e   i s   low  in  a  zone  f rom  t h e  

f i r s t   s t a g e   to   t h e   m i d d l e   s t a g e ,   o t h e r   l o w - a l l o y  

35  s t e e l   may  be  u s e d   f o r   t h e   d i s c s   in  t h i s   z o n e ,   and  t h e  
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above   - d e s c r i b e d   h e a t - r e s i s t a n t   s t e e l   may  be  u s e d  

f o r   t h e   d i s c s   in  a  zone  f rom  t h e   m i d d l e   s t a g e   to  t h e  

f i n a l   s t a g e .   For   e x a m p l e ,   f o r   t h e   d i s c s   f rom  t h e  

f i r s t   s t a g e   on  t h e   u p s t r e a m   s i d e   of  t h e   gas   f l o w   t o  

5  t h e   m i d d l e   s t a g e ,   i t   i s   p o s s i b l e   to   u se   a  N i - C r - M o - V  

s t e e l   c o m p r i s i n g   0 . 1 5   to  0.30%  by  w e i g h t   of  C,  0 . 5 %  

by  w e i g h t   or  l e s s   of  S i ,   0.6%  by  w e i g h t   or  l e s s   o f  

Mn,  1  to  2%  by  w e i g h t   of  Cr  ,  2 .0   to  4.0%  by  w e i g h t  

of  Ni ,   0 .5   to   1%  by  w e i g h t   of  Mo,  and  0 . 0 5   to   0.2%  b y  

10  w e i g h t   of  V  w i t h   t h e   b a l a n c e   b e i n g   s u b s t a n t i a l l y   F e  
2 

and  h a v i n g   a  t e n s i l e   s t r e n g t h   of  a t   l e a s t   80  k g / m m  

at   room  t e m p e r a t u r e   and  a  V - n o t c h   C h a r p y   i m p a c t  
2 

v a l u e   of  a t   l e a s t   20  k g - m / c m   a t   room  t e m p e r a t u r e ,  

and  f o r   t h e   d i s c s   f rom  t h e   m i d d l e   s t a g e   e x c e p t   f o r   t h e  

15  f i n a l   s t a g e ,   i t   i s   p o s s i b l e   to   u s e   a  Cr -Mo-V  s t e e l  

c o m p r i s i n g   0 .2  to  0.4%  by  w e i g h t   of  C,  0 .1   to   0 . 5 %  

by  w e i g h t   of  S i ,   0 .5   to  1.5%  by  w e i g h t   of  Mn,  0 .5  t o  

1.5%  by  w e i g h t   of  Cr  ,  0.5%  by  w e i g h t   or  l e s s   of  Ni  , 
1 .0   to  2.0%  by  w e i g h t   of  Mo,  and  0 .1   to   0.3%  b y  

20  w e i g h t   of  V  w i t h   t h e   b a l a n c e   b e i n g   s u b s t a n t i a l l y   F e  
2 

and  h a v i n g   a  t e n s i l e   s t r e n g t h   of  a t   l e a s t   80  k g / m m  

at   room  t e m p e r a t u r e ,   an  e l o n g a t i o n   of  a t   l e a s t   18% 

and  a  r e d u c t i o n   of  a r e a   of  a t   l e a s t   50%.  

The  a b o v e - d e s c r i b e d   Cr -Mo-V  s t e e l   may  be  u s e d  

25  f o r   a  c o m p r e s s o r   s h a f t   and  a  t u r b i n e   s h a f t .  

The  c o m p r e s s o r   d i s c   of  t h e   p r e s e n t   i n v e n t i o n   h a s  

a  c i r c u l a r   s h a p e   and  i s   p r o v i d e d   o v e r   t h e   e n t i r e  

p e r i p h e r y   of  t h e   o u t e r   p o r t i o n   w i t h   a  p l u r a l i t y   o f  

h o l e s   f o r   i n s e r t i n g   s t a c k i n g   b o l t s ,   and  i t   i s   p r e f e r r e d  

30  t h a t   t h e   r a t i o   of  t h e   minimum  t h i c k n e s s   (t)   of  t h e  

c o m p r e s s o r   d i s c   to   t h e   d i a m e t e r   (D)  t h e r e o f   ( t / D )   b e  

0 .05   to  0 . 1 0 .  

The  d i s t a n c e   p i e c e   of  t h e   p r e s e n t   i n v e n t i o n   h a s  

a  c y l i n d r i c a l   s h a p e   and  i s   p r o v i d e d   on  i t s   b o t h   e n d s  

35  w i t h   f l a n g e s   f o r   c o n n e c t i n g   b o t h   e n d s   of  t h e   d i s t a n c e  
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p i e c e   to   t h e   c o m p r e s s o r   d i s c   and  t h e   t u r b i n e   d i s c ,  

r e s p e c t i v e l y ,   w i t h   b o l t s   and  i t   i s   p r e f e r r e d   t h a t   t h e  

r a t i o   of  t h e   min imum  t h i c k n e s s   (t)  to   t h e   m a x i m u m  

i n n e r   d i a m e t e r   (D)  t h e r e o f   ( t / D )   be  0 . 0 5   to  0 . 1 0 .  

5  For   t h e   gas   t u r b i n e   of  t h e   p r e s e n t   i n v e n t i o n ,  

i t   i s   p r e f e r r e d   t h a t   t h e   r a t i o   of  t h e   s p a c i n g   ( I )  

b e t w e e n   i n d i v i d u a l   gas   t u r b i n e   d i s c s   to   t h e   d i a m e t e r  

(D)  of  t h e   d i s c   U / D )   be  0 . 1 5   to   0 . 2 5 .  

A c c o r d i n g   to   an  e x a m p l e   of  t h e   p r e s e n t   i n v e n t i o n   , 
10  when  a  c o m p r e s s o r   d i s c   a s s e m b l y   has   17  s t a g e s   ,  t h e  

d i s c s   f r o m   t h e   f i r s t   s t a g e   to   t h e   1 2 t h   s t a g e ,   t h e  

d i s c s   f r o m   t h e   1 3 t h   s t a g e   to   t h e   1 6 t h   s t a g e ,   and  t h e  

d i s c   of  t h e   1 7 t h   s t a g e   may  be  made  of  t h e   a b o v e - d e s c r i b e d  

N i - C r - M o - V   s t e e l ,   t h e   a b o v e - d e s c r i b e d   Cr -Mo-V  s t e e l ,  

15  and  t h e   a b o v e - d e s c r i b e d   m a r t e n s i t i c   s t e e l ,   r e s p e c t i v e l y .  

The  f i r s t - s t a g e   d i s c   has   h i g h e r   r i g i d i t y   t h a n  

t h a t   of  t h e   d i s c   s u b s e q u e n t   t h e r e t o ,   and  t h e   f i n a l - s t a g e  

d i s c   has   h i g h e r   r i g i d i t y   t h a n   t h a t   of  t h e   d i s c   p r e c e d i n g  

i t .   F u r t h e r ,   t h i s   d i s c   a s s e m b l y   has   s u c h   a  s t r u c t u r e  

20  t h a t   t h e   t h i c k n e s s   of   t h e   d i s c s   i s   g r a d u a l l y   r e d u c e d  

f rom  t h e   f i r s t   s t a g e   t o w a r d s   t h e   f i n a l   s t a g e   to   r e d u c e  

t h e   s t r e s s   c a u s e d   by  h i g h - s p e e d   r o t a t i o n .  

I t   i s   p r e f e r r e d   t h a t   t h e   b l a d e   of  t h e   c o m p r e s s o r  
be  made  of  a  m a r t e n s i t i c   s t e e l   c o m p r i s i n g   0 . 0 5   t o  

25  0.2%  of  C,  0.5%  or  l e s s   of  S i ,   1%  or  l e s s   of  Mn,  a n d  

10  to   13%  of  Cr  and  o p t i o n a l l y   0.5%  or  l e s s   of  Mo  a n d  

0.5%  or  l e s s   of  Ni  w i t h   t h e   b a l a n c e   b e i n g   Fe  . 
The  f i r s t   s t a g e   of  t h e   s h r o u d s   w h i c h   a r e   f o r m e d  

in  a  r i n g   s h a p e   and  a r e   in  s l i d i n g   c o n t a c t   w i t h   t h e  

30  l e a d i n g   end  of  t h e   t u r b i n e   b l a d e   i s   made  of  a  c a s t  

a l l o y   c o m p r i s i n g   0 . 0 5   to   0.2%  by  w e i g h t   of  C,  2%  b y  

w e i g h t   or  l e s s   of  S i ,   2%  by  w e i g h t   or  l e s s   of  Mn,  17  

to  27%  by  w e i g h t   of  Cr ,   5%  or  l e s s   of  Co,  5  to   15% 

by  w e i g h t   of  Mo,  10  to  30%  by  w e i g h t   of  Fe ,   5%  b y  
35  w e i g h t   or  l e s s   of  W,  and  0.02%  by  w e i g h t   or  l e s s   o f  
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B  w i t h   t h e   b a l a n c e   b e i n g   s u b s t a n t i a l l y   Ni  ,  w h i l e   t h e  

o t h e r   s t a g e s   of  t h e   s h r o u d s   a r e   e a c h   made  of  a  c a s t  

a l l o y   c o m p o s e d   of  0 .3   to  0.6%  by  w e i g h t   of  C,  2% 

by  w e i g h t   or  l e s s   of  S i ,   2%  or  l e s s   of  Mn,  20  to   27% 

5  by  w e i g h t   of  Cr ,   20  to  30%  by  w e i g h t   of  Ni  ,  0 .1   t o  

0.5%  by  w e i g h t   of  Nb,  and  0 .1   to  0.5%  by  w e i g h t   of  T i  

w i t h   t h e   b a l a n c e   b e i n g   s u b s t a n t i a l l y   Fe.   T h e s e   a l l o y s  

a r e   f o r m e d   i n t o   a  r i n g - s h a p e d   s t r u c t u r e   w i t h   a  

p l u r a l i t y   of  b l o c k s .  

10  Among  d i a p h r a g m s   f o r   f i x i n g   t u r b i n e   n o z z l e s ,   t h e  

d i a p h r a g m   f o r   t h e   f i r s t - s t a g e   t u r b i n e   n o z z l e   i s   m a d e  

of  a  C r - N i   s t e e l   c o m p r i s i n g   0.05%  by  w e i g h t   or  l e s s  

of  C,  1%  by  w e i g h t   or  l e s s   of  S i ,   2%  by  w e i g h t   o r  

l e s s   of  Mn,  16  to   22%  by  w e i g h t   of  Cr ,   and  8  to  15% 

15  by  w e i g h t   of  Ni  w i t h   t h e   b a l a n c e   b e i n g   s u b s t a n t i a l l y  

Fe ,   w h i l e   t h e   d i a p h r a g m s   f o r   t he   o t h e r   t u r b i n e   n o z z l e s  

a r e   e a c h   made  of  a  h i g h   C - h i g h   Ni  c a s t   a l l o y .  

The  t u r b i n e   b l a d e   i s   made  of  a  c a s t   a l l o y  

c o m p r i s i n g   0 .07   to  0.25%  by  w e i g h t   of  C,  1%  by  w e i g h t  

20  or  l e s s   of  S i ,   1%  by  w e i g h t   or  l e s s   of  Mn,  12  to  20% 

by  w e i g h t   of  Cr  ,  5  to  15%  by  w e i g h t   of  Co,  1 .0   t o  

5.0%  by  w e i g h t   of  Mo,  1 .0   to   5.0%  by  w e i g h t   of  W, 

0 . 0 0 5   to  0.03%  by  w e i g h t   of  B,  2 .0   to  7.0%  by  w e i g h t  

of  T i ,   and  3 .0  to  7.0%  by  w e i g h t   of  A£  and  a t   l e a s t  

25  one  member  s e l e c t e d   f rom  among  1.5%  by  w e i g h t   o r  

l e s s   of  Nb,  0 . 0 1   to   0.5%  by  w e i g h t   of  Zr,   0 . 0 1   t o  

0.5%  by  w e i g h t   of  Hf  ,  and  0 . 0 1   to   0.5%  by  w e i g h t   o f  

V  w i t h   t h e   b a l a n c e   b e i n g   s u b s t a n t i a l l y   Ni  and  h a v i n g  

a  s t r u c t u r e   in  w h i c h   a  y1  p h a s e   and  a y "   p h a s e   a r e  

30  p r e c i p i t a t e d   in  an  a u s t e n i t e   p h a s e   m a t r i x .   The  t u r b i n e  

n o z z l e   i s   made  of  a  c a s t   a l l o y   c o m p r i s i n g   0 . 2 0   t o  

0.60%  by  w e i g h t   of  C,  2%  by  w e i g h t   or  l e s s   of  S i ,  

2%  by  w e i g h t   or  l e s s   of  Mn,  25  to  35%  by  w e i g h t   o f  

Cr ,   5  to   15%  by  w e i g h t   of  Ni  ,  3  to  10%  by  w e i g h t   o f  

35  W,  0 . 0 0 3   to  0.03%  by  w e i g h t   of  B  w i t h   t h e   b a l a n c e  



0 0 2 9 8 1 2 ?  

-  14  -  

b e i n g   s u b s t a n t i a l l y   Co  and  f u r t h e r   o p t i o n a l l y   a t  

l e a s t   one  member  s e l e c t e d   f rom  among  0 .1   to   0.3%  b y  

w e i g h t   of  Ti  ,  0 .1   to   0.5%  by  w e i g h t   of  Nb  and  0 .1   t o  

0.3%  by  w e i g h t   of  Zr ,   and  h a v i n g   a  s t r u c t u r e   in  w h i c h  

5  e u t e c t i c   c a r b i d e   and  s e c o n d a r y   c a r b i d e   a r e   c o n t a i n e d  

in  an  a u s t e n i t e   p h a s e   m a t r i x .   T h e s e   a l l o y s   a r e  

s u b j e c t e d   to   an  a g i n g   t r e a t m e n t   s u b s e q u e n t   to   a  

s o l u t i o n   t r e a t m e n t   to   f o rm  t h e   a b o v e - d e s c r i b e d  

p r e c i p i t a t e s ,   t h e r e b y   s t r e n g t h e n i n g   t h e   a l l o y s .  

10  In  o r d e r   to  p r e v e n t   t h e   t u r b i n e   b l a d e   f rom  b e i n g  

c o r r o d e d   by  a  h i g h   - t e m p e r a t u r e   c o m b u s t i o n   g a s ,   a  
d i f f u s i o n   c o a t i n g   made  of  A£,  Cr  ,  or  A£  +  Cr  may  b e  

a p p l i e d   to   t h e   t u r b i n e   b l a d e .   I t   i s   p r e f e r r e d   t h a t  

t h e   c o a t i n g   l a y e r   h a v e   a  t h i c k n e s s   of  30  to   150  um 
15  and  be  p r o v i d e d   on  t h e   b l a d e   w h i c h   a r e   e x p o s e d   to   t h e  

gas   . 
A  p l u r a l i t y   of  c o m b u s t o r s   a r e   p r o v i d e d   a r o u n d   t h e  

t u r b i n e   and  e a c h   h a v e   a  d u a l   s t r u c t u r e   c o m p r i s i n g  

o u t e r   and  i n n e r   c y l i n d e r s .   The  i n n e r   c y l i n d e r   i s   m a d e  

20  of  0 . 0 5   to   0.2%  by  w e i g h t   of  C  ,  2%  by  w e i g h t   or  l e s s  

of  S i ,   2%  by  w e i g h t   or  l e s s   of  Mn,  20  to   25%  by  w e i g h t  
of  Cr ,   0 .5   to   5%  by  w e i g h t   of  Co,  5  to   15%  by  w e i g h t  
of  Mo,  10  to   30%  by  w e i g h t   of  Fe  ,  5%  by  w e i g h t   or  l e s s  

of  W,  and  0.02%  by  w e i g h t   or  l e s s   of  B  w i t h   t h e  

25  b a l a n c e   b e i n g   s u b s t a n t i a l l y   Ni  .  The  i n n e r   c y l i n d e r  
is   m a n u f a c t u r e d   by  w e l d i n g   t h e   m a t e r i a l   in  t h e   f o r m  

of  a  p l a t e   w h i c h   has   b e e n   s u b j e c t e d   to   p l a s t i c   w o r k i n g  
to  have   a  t h i c k n e s s   of  2  to   5  mm  and  p r o v i d e d   o v e r   t h e  

w h o l e   p e r i p h e r y   of  t h e   c y l i n d e r   body   w i t h   c r e s c e n t  

30  l o u v e r   h o l e s   f o r   s u p p l i n g   a i r .   The  m a t e r i a l   f o r   t h e  

i n n e r   c y l i n d e r   i s   a  s o l u t i o n - t r e a t e d   m a t e r i a l   h a v i n g  

a  w h o l l y   a u s t e n i t e   s t r u c t u r e   . 
[ B r i e f   D e s c r i p t i o n   of  D r a w i n g s ]  

F i g .   1  i s   a  c r o s s - s e c t i o n a l   v i e w   of  t h e   r o t a r y  
35  s e c t i o n   of  an  e x a m p l e   of  a  gas   t u r b i n e   a c c o r d i n g   t o  
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t h e   p r e s e n t   i n v e n t i o n ;   F i g .   2  a  d i a g r a m   s h o w i n g   t h e  

r e l a t i o n s h i p   b e t w e e n   t h e   i m p a c t   v a l u e   a f t e r   e m b r i t t l e m e n t  

and  t h e   Mn  to  Ni  r a t i o ;   F i g .   3  a  d i a g r a m   s h o w i n g   t h e  

r e l a t i o n s h i p   b e t w e e n   t h e   i m p a c t   v a l u e   a f t e r   e m b r i t t l e m e n t  

5  and  t h e   Mn  c o n t e n t   ;  F ig   .  4  a  d i a g r a m   s h o w i n g   t h e  

r e l a t i o n s h i p   b e t w e e n   t h e   i m p a c t   v a l u e   a f t e r   e m b r i t t l e m e n t  

and  t he   Ni  c o n t e n t ;   F i g .   5  a  d i a g r a m   s h o w i n g   t h e  

r e l a t i o n s h i p   b e t w e e n   t h e   c r e e p   r u p t u r e   s t r e n g t h   a n d  

t h e   Ni  c o n t e n t ;   F i g .   6  a  c r o s s - s e c t i o n a l   v i e w   of  a n  

10  e x a m p l e   of  a  t u r b i n e   d i s c   a c c o r d i n g   to   t h e   p r e s e n t  

i n v e n t i o n ;   and  F i g .   7  a  p a r t i a l   s e c t i o n a l   v i e w   a r o u n d  

t he   r o t a r y   s e c t i o n   of  an  e x a m p l e   of  a  gas   t u r b i n e  

a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   . 
[ B e s t   Mode  f o r   C a r r y i n g   Out  t h e   I n v e n t i o n ]  

15  E x a m p l e   1 

S a m p l e s   r e s p e c t i v e l y   h a v i n g   t h e   c o m p o s i t i o n s  

(in  %  by  w e i g h t )   shown  in  T a b l e   1  we re   m e l t e d   in  a n  

a m o u n t   of  20  kg  and  h e a t e d   a t   1150  °C,  f o l l o w e d   b y  

f o r g i n g   to  p r e p a r e   e x p e r i m e n t a l   m a t e r i a l s .   T h e s e  

20  m a t e r i a l s   were   h e a t e d   a t   1150  °C  f o r   2  hr  and  t h e n  

s u b j e c t e d   to   a i r   b l a s t   c o o l i n g .   The  c o o l i n g   w a s  

s t o p p e d   when  t h e   t e m p e r a t u r e   r e a c h e d   150  °C.  T h e n ,  

a  f i r s t   t e m p e r i n g   was  c o n d u c t e d   by  h e a t i n g   t h e   m a t e r i a l s  

f rom  t h a t   t e m p e r a t u r e   to  580  °C,  m a i n t a i n i n g   t h e  

25  t e m p e r a t u r e   f o r   2  hr   and  t h e n   s u b j e c t i n g   t h e   m a t e r i a l s  

to  a i r   c o o l i n g .   T h e r e a f t e r ,   a  s e c o n d   c o o l i n g   w a s  

c o n d u c t e d   by  h e a t i n g   t h e   m a t e r i a l s   a t   605  °C  f o r   5  h r  

and  t h e n   c o o l i n g   them  in  a  f u r n a c e .  

T e s t   p i e c e s   f o r   a  c r e e p   r u p t u r e   t e s t ,   a  t e n s i l e  

30  t e s t ,   and  a  V - n o t c h   C h a r p y   i m p a c t   t e s t   were   s a m p l e d  

f rom  t h e   m a t e r i a l s   a f t e r   h e a t   t r e a t m e n t   and  a p p l i e d  

to  t h e   e x p e r i m e n t s   .  The  i m p a c t   t e s t   was  c o n d u c t e d  

on  an  e m b r i t t l e d   m a t e r i a l   p r e p a r e d   by  h e a t i n g   a t   500  °C 

f o r   1000  hr  a  m a t e r i a l   as  h e a t - t r e a t e d .   T h i s   e m b r i t t l e d  

35  m a t e r i a l   c o r r e s p o n d s   to   a  m a t e r i a l   h e a t e d   a t   450  °C 
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f o r   10  hr   a c c o r d i n g   to  t h e   L a r s o n - M i l l e r   p a r a m e t e r .  

10  

15 

20  

25  

30 

35  







0 0 2 9 8 1 2 ?  

-  19  -  

In  T a b l e   1,  s a m p l e s   Nos  .  1  and  8  a r e   m a t e r i a l s  

a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ,   s a m p l e s   Nos .   2 

to  7  a r e   c o m p a r a t i v e   m a t e r i a l s ,   and  s a m p l e   No.  2  i s  

a  m a t e r i a l   c o r r e s p o n d i n g   to   M152  s t e e l   w h i c h   i s  

5  c u r r e n t l y   u s e d   as  a  m a t e r i a l   f o r   d i s c s   . 
The  m e c h a n i c a l   p r o p e r t i e s   of  t h e s e   s a m p l e s   a r e  

shown  in  T a b l e   2  .  I t   has   b e e n   c o n f i r m e d   t h a t   t h e  

m a t e r i a l s   of  t h e   p r e s e n t   i n v e n t i o n   ( s a m p l e s   Nos .   1 

and  8)  s a t i s f y   t h e   r e q u i r e m e n t s   f o r   c r e e p   r u p t u r e  

10  s t r e n g t h   a t   450  °C  f o r   105  hr   (>  50  kg  /mm  )  and  V - n o t c h  

C h a r p y   i m p a c t   v a l u e   a t   25  °C  a f t e r   e m b r i t t l e m e n t  
2 

t r e a t m e n t   Cat  l e a s t   4  kg-m  (5  k g - m / c m   )  1  of  a  h i g h -  

t e m p e r a t u r e   and  h i g h - p r e s s u r e   gas   t u r b i n e   d i s c   m a t e r i a l .  

By  c o n t r a s t ,   t h e   m a t e r i a l   ( s a m p l e   No.  2)  c o r r e s p o n d i n g  

15  to  M152  w h i c h   i s   c u r r e n t l y   u s e d   f o r   gas   t u r b i n e s  
2 

e x h i b i t e d   a  c r e e p   r u p t u r e   s t r e n g t h   42  kg  /mm  a t   450  °C 

f o r   10  hr  and  a  V - n o t c h   C h a r p y   i m p a c t   v a l u e   a t   25  °C 

a f t e r   e m b r i t t l e m e n t   t r e a t m e n t   of  2 .7   k g - m ,   i . e . ,   c o u l d  

n o t   s a t i s f y   t h e   r e q u i r e m e n t s   f o r   t h e   m e c h a n i c a l  

20  p r o p e r t i e s   of  a  h i g h - t e m p e r a t u r e   and  h i g h - p r e s s u r e  

gas  t u r b i n e   d i s c   m a t e r i a l   .  Wi th   r e s p e c t   to   t h e  

m e c h a n i c a l   p r o p e r t i e s   of  t h e   s t e e l s   ( s a m p l e s   Nos .   3 

to  7)  h a v i n g   a  c o n t e n t   of  Si  +  Mn  of  0 .4  to  a b o u t   1% 

and  a  Mn  to  Ni  r a t i o   of  a t   l e a s t   0 . 1 2 ,   a l t h o u g h   t h e  

25  c r e e p   r u p t u r e   s t r e n g t h   s a t i s f i e s   t h e   v a l u e   r e q u i r e d  

f o r   a  h i g h - t e m p e r a t u r e   and  h i g h - p r e s s u r e   gas   t u r b i n e  

m a t e r i a l   ,  t h e   V - n o t c h   C h a r p y   i m p a c t   v a l u e   a f t e r  

e m b r i t t l e m e n t   is   3 .5   kg-m  or  l e s s   and  d o e s   n o t   s a t i s f y  

t h e   r e q u i r e m e n t   . 
30  F i g .   2  i s   a  d i a g r a m   s h o w i n g   t h e   r e l a t i o n s h i p  

b e t w e e n   t h e   i m p a c t   v a l u e   a f t e r   e m b r i t t l e m e n t   and  t h e  

Mn  to  Ni  r a t i o .   As  shown  in  t h i s   f i g u r e ,   no  s i g n i f i c a n t  

d i f f e r e n c e   in  t h e   e f f e c t   i s   o b s e r v e d   when  t h e   Mn  t o  

Ni  r a t i o   i s   0 . 12   or  m o r e .   H o w e v e r ,   when  t h e   r a t i o  

35  is   0 . 1 1   or  l e s s ,   t h e   r e s i s t a n c e   to   e m b r i t t l e m e n t   i s  
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g r e a t l y   i m p r o v e d ,   and  t h e   i m p a c t   v a l u e   i s   a t   l e a s t  
2 4  kg-m  (5  k g - m / c m   )  .  F u r t h e r ,   when  t h e   r a t i o   i s  

0 . 1 0   or  l e s s ,   t h e   i m p a c t   v a l u e   i s   as  h i g h   as  6  k g - m  
2 (7 .5   k g - m / c m   ).   Mn  i s   i n d i s p e n s a b l e   as  a  d e o x i d i z e r  

5  and  a  d e s u l f u r i z e r   ,  and  i t   i s   n e c e s s a r y   t h a t   Mn  s h o u l d  
be  a d d e d   in  an  a m o u n t   of  0.6%  or  l e s s .  

F i g .   3  i s   a  d i a g r a m   s h o w i n g   t h e   r e l a t i o n s h i p  
b e t w e e n   t h e   i m p a c t   v a l u e   a f t e r   e m b r i t t l e m e n t   and  t h e  

Mn  c o n t e n t .   As  shown  in  t h i s   f i g u r e ,   when  t h e   N i  
10  c o n t e n t   i s   2.1%  or  l e s s ,   no  s i g n i f i c a n t   e f f e c t   on  t h e  

i m p a c t   v a l u e   a f t e r   e m b r i t t l e m e n t   can  be  a t t a i n e d  

e v e n   by  r e d u c i n g   t h e   Mn  c o n t e n t ,   w h i l e   when  t h e   N i  
c o n t e n t   e x c e e d s   2 .1%,   a  r e d u c t i o n   in  t h e   Mn  c o n t e n t  

b r i n g s   a b o u t   a  s i g n i f i c a n t   e f f e c t .   In  p a r t i c u l a r ,  
15  when  t h e   Ni  c o n t e n t   i s   2.4%  or  m o r e ,   a  r e m a r k a b l e  

e f f e c t   can   be  a t t a i n e d .  

F u r t h e r ,   when  t h e   Mn  c o n t e n t   i s   a r o u n d   0 .7%,   n o  
i m p r o v e m e n t   in  t h e   i m p a c t   v a l u e   i s   a t t a i n e d   i r r e s p e c t i v e  
of  t h e   Ni  c o n t e n t .   H o w e v e r ,   when  t h e   Mn  c o n t e n t   i s  

20  0.6%  or  l e s s   and  t h e   Ni  c o n t e n t   i s   a t   l e a s t   2 .4%,   t h e  
l o w e r   t h e   Mn  c o n t e n t ,   t h e   h i g h e r   t h e   i m p a c t   v a l u e .  

F i g .   4  i s   a  d i a g r a m   s h o w i n g   t h e   r e l a t i o n s h i p  
b e t w e e n   t h e   i m p a c t   v a l u e   a f t e r   e m b r i t t l e m e n t   and  t h e  
Ni  c o n t e n t .   As  shown  in  t h i s   f i g u r e ,   when  t h e   Mn 

25  c o n t e n t   i s   a t   l e a s t   0 .7%,   no  s i g n i f i c a n t   i m p r o v e m e n t  
in  t h e   r e s i s t a n c e   to   t h e   e m b r i t t l e m e n t   can  be  a t t a i n e d  

e v e n   by  i n c r e a s i n g   t h e   Ni  c o n t e n t ,   w h i l e   when  t h e   Mn 
c o n t e n t   i s   l e s s   t h a n   0 .7%,   t h e   r e s i s t a n c e   to   t h e  

e m b r i t t l e m e n t   i s   s i g n i f i c a n t l y   i m p r o v e d   w i t h   a n  
30  i n c r e a s e   in  t h e   Ni  c o n t e n t .   In  p a r t i c u l a r ,   when  t h e  

Mn  c o n t e n t   i s   0 . 1 5   to   0.4%  and  t h e   Ni  c o n t e n t   i s   a t  
l e a s t   2 . 2 % ,   a  r e m a r k a b l e   i m p r o v e m e n t   can   be  a t t a i n e d .  

S p e c i f i c a l l y ,   when  t h e   Mn  c o n t e n t   i s   2.4%  or  m o r e ,  
t h e   i m p a c t   v a l u e   i s   6  kg-m  (7 .5   k g - m / c m   )  or  m o r e ,  

35  and  when  t h e   Ni  c o n t e n t   i s   2.5%  or  m o r e ,   t h e   i m p a c t  
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v a l u e   i s   7  k g - m / c m   or  m o r e .  

F i g .   5  i s   a  d i a g r a m   s h o w i n g   t h e   r e l a t i o n s h i p  

b e t w e e n   t h e   c r e e p   r u p t u r e   s t r e n g t h   a t   450  °C  f o r   10  

hr  and  t h e   Ni  c o n t e n t .   As  shown  in  t h i s   f i g u r e ,   a  

Ni  c o n t e n t   up  to  a b o u t   2.5%  has   no  s i g n i f i c a n t   e f f e c t  

on  t h e   s t r e n g t h   .  Howeve r   ,  when  t h e   Ni  c o n t e n t   e x c e e d s  

3 .0%,   t h e   c r e e p   r u p t u r e   s t r e n g t h   i s   l e s s   t h a n   50  
2 

kg/mm  ,  so  t h a t   no  i n t e n d e d   s t r e n g t h   can  be  a t t a i n e d .  

I t   i s   n o t e d   t h a t   t h e   s t r e n g t h   i s   i n c r e a s e d   w i t h   a  

l o w e r i n g   in  t h e   Mn  c o n t e n t   and  t h e   mos t   r e m a r k a b l e  

s t r e n g t h e n i n g ,   i . e . ,   t h e   h i g h e s t   s t r e n g t h ,   can   b e  

a t t a i n e d   when  t h e   Mn  c o n t e n t   i s   a b o u t   0 . 1 5   to   0 . 2 5 % .  

F i g .   6  i s   a  c r o s s - s e c t i o n a l   v i e w   of  a  gas   t u r b i n e  

d i s c   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   .  The  c h e m i c a l  

c o m p o s i t i o n   ( in   %  by  w e i g h t )   i s   shown  in  T a b l e   3 .  

T a b l e   3 

10 

15  

No.  C  Si  |  Mn  ;  Cr  Ni  Mo  Nb  V  N  Mn/Ni  j  Fe 
j  j  @ 

9  0.12  0.04  0.20  11.1  2.70  2.05  0.07  0.20  0.05  0.07  B a l .  
20 

The  m e l t i n g   of  t h e   s t e e l   m a t e r i a l   was  c o n d u c t e d  

by  c a r b o n   vacuum  d e o x i d a t i o n .   A f t e r   t h e   c o m p l e t i o n  

of  t h e   f o r g i n g ,   t h e   s t e e l   was  h e a t e d   a t   1050  °C  f o r  

2  hr  and  h a r d e n e d   in  an  o i l   of  150  °C.  T e m p e r i n g   w a s  

t h e n   c o n d u c t e d   by  h e a t i n g   t h e   s t e e l   f rom  t h a t   t e m p e r -  

a t u r e ,   m a i n t a i n i n g   t h e   t e m p e r a t u r e   a t   520  °C  f o r   5  h r  

and  c o o l i n g   t h e   s t e e l   w i t h   a i r .   T h e r e a f t e r ,   f u r t h e r  

t e m p e r i n g   was  c o n d u c t e d   by  h e a t i n g   t h e   s t e e l   a t   590  °C 

f o r   5  hr  and  c o o l i n g   t h e   h e a t e d   s t e e l   in  a  f u r n a c e   . 
A f t e r   t h e   c o m p l e t i o n   of  t h e   h e a t   t r e a t m e n t   ,  t h e   s t e e l  

was  m a c h i n e d   i n t o   a  s h a p e   shown  in  t h e   d r a w i n g   ,  a n d  

t he   f o r m e d   d i s c   had  an  o u t e r   d i a m e t e r   of  1000  mm  a n d  

a  t h i c k n e s s   of  200  mm.  The  d i a m e t e r   of  a  c e n t e r   h o l e  

11  is   65  mm.  N u m e r a l   12  d e s i g n a t e s   a  s e c t i o n   in  w h i c h  

a r e   p r o v i d e d   h o l e s   i n t o   w h i c h   s t a c k i n g   b o l t s   a r e  

25  

30 
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i n s e r t e d ,   and  n u m e r a l   13  d e s i g n a t e s   a  s e c t i o n   i n  

w h i c h   a  t u r b i n e   b l a d e   i s   e m b e d d e d   . 
T h i s   d i s c   e x h i b i t e d   e x c e l l e n t   p r o p e r t i e s ,   i . e . ,  

o 
an  i m p a c t   v a l u e   of  8 .0   kg-m  (10  k g - m / c m   )  a f t e r  

5  e m b r i t t l e m e n t   u n d e r   t h e   same  c o n d i t i o n s   as  t h o s e  

d e s c r i b e d   a b o v e   and  a  c r e e p   r u p t u r e   s t r e n g t h   o f  

5 5 . 2   kg/mm2  a t   450  °C  f o r   105  hr   . 
E x a m p l e   2 

F i g .   1  is   a  c r o s s - s e c t i o n a l   v i e w   of  t h e   r o t a r y  
10  s e c t i o n   of  an  e x a m p l e   of  a  gas   t u r b i n e   in  w h i c h   t h e  

a b o v e - d e s c r i b e d   d i s c   i s   u s e d   a c c o r d i n g   to   t h e   p r e s e n t  
i n v e n t i o n .   N u m e r a l   1  d e s i g n a t e s   a  t u r b i n e   s t u b   s h a f t ,  

n u m e r a l   2  a  t u r b i n e   b u c k e t ,   n u m e r a l   3  a  t u r b i n e   s t a c k i n g  

b o l t ,   n u m e r a l   4  a  t u r b i n e   s p a c e r ,   n u m e r a l   5  a  d i s t a n c e  

15  p i e c e ,   n u m e r a l   6  a  c o m p r e s s o r   d i s c ,   n u m e r a l   7  a  

c o m p r e s s o r   b l a d e ,   n u m e r a l   8  a  c o m p r e s s o r   s t a c k i n g  

b o l t ,   n u m e r a l   9  a  c o m p r e s s o r   s t u b   s h a f t ,   n u m e r a l   10 

a  t u r b i n e   d i s c   ,  and  n u m e r a l   11  a  c e n t e r   h o l e   .  In  t h e  

gas   t u r b i n e   of  t h e   p r e s e n t   i n v e n t i o n ,   t h e   n u m b e r   o f  

20  s t a g e s   of  t h e   c o m p r e s s o r   d i s c s   6  i s   17,   and  t h e   n u m b e r  

of  s t a g e s   of  t h e   t u r b i n e   b u c k e t s   2  i s   2  .  The  n u m b e r  

of  s t a g e s   of  t h e   t u r b i n e   b u c k e t s   2  may  be  3  .  T h e  

s t e e l   of  t h e   p r e s e n t   i n v e n t i o n   can  be  a p p l i e d   to  b o t h  

c a s e s   . 
25  Wi th   r e s p e c t   to   t h e   m a t e r i a l s   shown  in  T a b l e   4  , 

a  l a r g e   s t e e l   h a v i n g   a  s i z e   c o r r e s p o n d i n g   to  a  r e a l  

s i z e   was  p r e p a r e d   by  e l e c t r o s l a g   r e m e l t i n g   and  t h e n  

s u b j e c t e d   to   f o r g i n g   and  h e a t   t r e a t m e n t .   The  f o r g i n g  

was  c o n d u c t e d   a t   a  t e m p e r a t u r e   r a n g i n g   f rom  850  t o  

30  1150  °C,  w h i l e   t h e   h e a t   t r e a t m e n t   was  c o n d u c t e d   u n d e r  

c o n d i t i o n s   shown  in  T a b l e   4.  The  c h e m i c a l   c o m p o s i t i o n s  
( in   %  by  w e i g h t )   of  t h e   s a m p l e s   a r e   shown  in  T a b l e   4 .  

With   r e s p e c t   to   t h e   m i c r o s t r u c t u r e s   of  t h e s e   m a t e r i a l s ,  

s a m p l e s   Nos  .  6  to   9  e a c h   had  a  w h o l l y   t e m p e r e d  
35  m a r t e n s i t e   s t r u c t u r e ,   and  s a m p l e s   Nos .   10  and  11  e a c h  
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had  a  w h o l l y   t e m p e r e d   b a i n i t e   s t r u c t u r e .   Sample   No.  6 

was  u s e d   f o r   a  d i s t a n c e   p i e c e   and  a  c o m p r e s s o r   d i s c  

a t   t h e   f i n a l   s t a g e .   The  d i s t a n c e   p i e c e   had  a  s i z e   o f  

60  mm  in  t h i c k n e s s   x  500  mm  in  w i d t h   x  1000  mm  i n  

5  l e n g t h ,   w h i l e   t h e   c o m p r e s s o r   d i s c   had  a  d i a m e t e r   o f  

1000  mm  and  a  t h i c k n e s s   of  180  mm.  Sample   No.  7  w a s  

u s e d   f o r   p r o d u c t i o n   of  a  d i s c   h a v i n g   a  s i z e   of  1000  mm 

in  d i a m e t e r   x  180  mm  in  t h i c k n e s s ,   s a m p l e   No.  8  w a s  

u s e d   f o r   p r o d u c t i o n   of  a  s p a c e r   h a v i n g   a  s i z e   of  1000  mm 

10  in  o u t e r   d i a m e t e r   x  400  mm  in   i n n e r   d i a m e t e r   x  100  mm 

in  t h i c k n e s s ,   and  s a m p l e   No.  9  was  u s e d   f o r   p r o d u c t i o n  

of  a  s t a c k i n g   b o l t   h a v i n g   a  s i z e   of  40  mm  in  d i a m e t e r  

x  500  mm  in  l e n g t h   f o r   b o t h   of  t h e   t u r b i n e   and  t h e  

c o m p r e s s o r .   Sample   No.  9  was  a l s o   u s e d   f o r   p r o d u c t i o n  

15  of  a  b o l t   f o r   c o n n e c t i n g   t h e   d i s t a n c e   p i e c e   to   t h e  

c o m p r e s s o r   d i s c .   Sample   Nos  .  10  and  11  we re   f o r g e d  

i n t o   a  t u r b i n e   s t u b   s h a f t   and  a  c o m p r e s s o r   s t u b   s h a f t ,  

r e s p e c t i v e l y ,   e a c h   h a v i n g   a  s i z e   of  250  mm  in  d i a m e t e r  

x  300  mm  in  l e n g t h .   F u r t h e r ,   t h e   a l l o y   of  s a m p l e  

20  No.  10  was  a l s o   u s e d   f o r   t h e   1 3 t h   to   1 6 t h   s t a g e s   o f  

t h e   c o m p r e s s o r   d i s c   6,  w h i l e   s a m p l e   No.  11  was  u s e d  

f o r   t h e   f i r s t   to  1 2 t h   s t a g e s   of  t h e   c o m p r e s s o r   d i s c   6  . 

They  were   p r o d u c e d   so  as  to  have   t h e   same  s i z e   as  t h a t  

of  t h e   t u r b i n e   d i s c   .  The  t e s t   p i e c e s   e x c e p t   f o r  

25  s a m p l e   No.  9  were   e x t r a c t e d   f rom  t h e   c e n t r a l   p o r t i o n  

of  t h e   s a m p l e s   in  a  d i r e c t i o n   p e r p e n d i c u l a r   to   t h e  

a x i a l   ( l o n g i t u d i n a l )   d i r e c t i o n   t h e r e o f .   In  t h i s  

e x a m p l e ,   t h e   t e s t   p i e c e   was  e x t r a c t e d   in  t h e   l o n g i t u d i n a l  

d i r e c t i o n   of  t h e   s a m p l e .  

30  T a b l e   5  shows  t h e   r e s u l t s   of  t h e   t e n s i l e   s t r e n g t h  

t e s t   a t   room  t e m p e r a t u r e ,   t h e   V - n o t c h   C h a r p y   i m p a c t  

t e s t   a t   20  °C  and  t h e   c r e e p   r u p t u r e   s t r e n g t h   t e s t .  

The  c r e e p   r u p t u r e   s t r e n g t h   a t   450  °C  f o r   10  hr  w a s  

d e t e r m i n e d   a c c o r d i n g   to  a  commonly   u s e d   m e t h o d ,   i . e . ,  

35  L a r s o n - M i l l e r   m e t h o d .  
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S a m p l e s   Nos .   6  to   9  (12Cr  s t e e l )   a c c o r d i n g   to   t h e  

p r e s e n t   i n v e n t i o n   had  a  c r e e p   r u p t u r e   s t r e n g t h   o f  

a t   l e a s t   51  kg  /mm2  a t   450  °C  f o r   105  hr  and  a  V - n o t c h  
2 

C h a r p y   i m p a c t   v a l u e   of  7  k g - m / c m   a t   20  °C.  T h e r e f o r e ,  

5  i t   ha s   b e e n   c o n f i r m e d   t h a t   s a m p l e s   Nos  .  6  to   9  s a t i s f y  

t h e   r e q u i r e m e n t   f o r   t h e   s t r e n g t h   of  t h e   m a t e r i a l   f o r  

a  h i g h - t e m p e r a t u r e   gas   t u r b i n e   . 
S a m p l e s   Nos.   10  and  11  ( l o w - a l l o y   s t e e l )   f o r   t h e  

s t u b   s h a f t   e x h i b i t e d   a  low  c r e e p   r u p t u r e   s t r e n g t h  
2 10  a t   450  °C  b u t   had  a  t e n s i l e   s t r e n g t h   of  86  kg  /mm  o r  

more  and  a  V - n o t c h   C h a r p y   i m p a c t   v a l u e   of  7  k g - m / c m  

or  more  a t   20  °C.  T h e r e f o r e ,   i t   ha s   b e e n   c o n f i r m e d  

t h a t   t h e s e   s a m p l e s   s a t i s f y   t h e   r e q u i r e m e n t   f o r   t h e  

s t r e n g t h   of  t h e   s t u b   s h a f t   ( t e n s i l e   s t r e n g t h   i  81  
2 15  kg/mm  ;  and  a  V - n o t c h   C h a r p y   i m p a c t   v a l u e   a t   20  °C  ^ 

5  k g - m / c m   )  . 
The  gas   t u r b i n e   of  t h e   p r e s e n t   i n v e n t i o n   m a d e  

of  a  c o m b i n a t i o n   of  t h e   a b o v e - d e s c r i b e d   m a t e r i a l s  

e n a b l e s   t h e   a d o p t i o n   of  a  c o m p r e s s i o n   r a t i o   of  1 4 . 7 ,  

20  a  t e m p e r a t u r e   of  350  °C  or  a b o v e ,   a  c o m p r e s s o r  

e f f i c i e n c y   of  86%  or  m o r e ,   a  gas   t e m p e r a t u r e   of  a b o u t  

1200  °C  in  t he   i n l e t   of  t h e   f i r s t - s t a g e   n o z z l e ,   w h i c h  

b r i n g s   a b o u t   a  t h e r m a l   e f f i c i e n c y   (LHV)  of  32%  o r  

m o r e .  

25  U n d e r   t h e s e   c o n d i t i o n s   ,  t h e   t e m p e r a t u r e   of  b o t h  

t h e   d i s t a n c e   p i e c e   and  t h e   f i n a l - s t a g e   c o m p r e s s o r  
d i s c   r e a c h e s   450  °C  a t   t h e   h i g h e s t .   I t   i s   p r e f e r r e d  
t h a t   t h e   t h i c k n e s s   of   t h e   d i s t a n c e   p i e c e   and  t h a t   o f  

t h e   f i n a l - s t a g e   c o m p r e s s o r   d i s c   be  25  to   30  mm  a n d  

30  40  to   70  mm,  r e s p e c t i v e l y .   The  t u r b i n e   and  t h e  

c o m p r e s s o r   d i s c   a r e   e a c h   p r o v i d e d   a t   i t s   c e n t r a l  

p o r t i o n   w i t h   a  t h r o u g h   - h o l e   .  A  c o m p r e s s i v e   r e s i d u a l  

s t r e s s   i s   c a u s e d   a t   t h e   t h r o u g h - h o l e   of  t h e   t u r b i n e  

d i s c .  

35  F u r t h e r ,   t h e   h e a t - r e s i s t a n t   s t e e l   shown  in  t h e  



0 C 2 9 8 1 2 7  

a b o v e - d e s c r i b e d   T a b l e   3  was  u s e d   f o r   p r o d u c t i o n   o f  

t h e   t u r b i n e   s p a c e r   4  ,  t h e   d i s t a n c e   p i e c e   5  ,  and  t h e  

f i n a l   s t a g e   of  t h e   c o m p r e s s o r   d i s c   6  ,  and  t h e   o t h e r  

p a r t s   were   p r o d u c e d   by  u s i n g   t h e   same  s t e e l s   as  t h o s e  

5  d e s c r i b e d   a b o v e ,   t h e r e b y   f o r m i n g   a  gas   t u r b i n e   o f  

t h e   p r e s e n t   i n v e n t i o n .   T h i s   gas   t u r b i n e   e n a b l e d   t h e  

a d o p t i o n   of  a  c o m p r e s s i o n   r a t i o   of  1 4 . 7 ,   a  t e m p e r a t u r e  

of  350  °C  or  a b o v e ,   a  c o m p r e s s i o n   e f f i c i e n c y   of  86% 

or  m o r e ,   and  a  gas  t e m p e r a t u r e   of  1200  °C  a t   t h e  

10  f i r s t - s t a g e   n o z z l e   i n l e t .   C o n s e q u e n t l y ,   i t   b e c o m e s  

p o s s i b l e   to   a t t a i n   n o t   o n l y   a  t h e r m a l   e f f i c i e n c y   o f  

32%  or  more  b u t   a l s o ,   as  d e s c r i b e d   a b o v e ,   a  h i g h  

c r e e p   r u p t u r e   s t r e n g t h   and  a  h i g h   i m p a c t   s t r e n g t h  

a f t e r   t h e r m a l   e m b r i t t l e m e n t   ,  t h u s   r e a l i z i n g   t h e  

15  f o r m a t i o n   of  a  more  r e l i a b l e   gas   t u r b i n e .  

20 
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E x a m p l e   3 

F i g .   7  i s   a  p a r t i a l   s e c t i o n a l   v i e w   of  t h e   r o t a r y  

s e c t i o n   of  an  e x a m p l e   of  a  gas   t u r b i n e   h a v i n g   a  g a s  
t u r b i n e   d i s c   made  of  t h e   h e a t - r e s i s t a n t   s t e e l   a c c o r d i n g  

5  to   t h e   p r e s e n t   i n v e n t i o n .   The  n u m b e r   of  s t a g e s   o f  

t h e   gas  t u r b i n e   d i s c s   10  in  t h i s   e x a m p l e   a r e   3.  T h e  

f i r s t   s t a g e   and  t h e   s e c o n d   s t a g e   on  t h e   u p s t r e a m   s i d e  

of  t h e   gas   f l o w   a r e   e a c h   p r o v i d e d   w i t h   a  c e n t e r   h o l e  

11.  In  t h i s   e x a m p l e ,   e a c h   of  t h e   t u r b i n e   d i s c s   i s  

10  made  of  t h e   h e a t - r e s i s t a n t   s t e e l   shown  in  T a b l e   3  . 
F u r t h e r ,   in   t h i s   e x a m p l e ,   t h e   h e a t - r e s i s t a n t   s t e e l  

shown  in   t h e   a b o v e - d e s c r i b e d   T a b l e   3  was  u s e d   f o r  

t h e   f i n a l   s t a g e   of  t h e   c o m p r e s s o r   d i s c   6  on  t h e   d o w n -  

s t r e a m   s i d e   of  t h e   gas   f l o w ,   t h e   d i s t a n c e   p i e c e   5 ,  

15  t h e   t u r b i n e   s p a c e r   4  ,  t h e   t u r b i n e   s t a c k i n g   b o l t   3  , 
and  t h e   c o m p r e s s o r   s t a c k i n g   b o l t   8  .  The  a l l o y s   s h o w n  

in  T a b l e   6  were   u s e d   f o r   c o n s t r u c t i o n   of  t h e   o t h e r  

p a r t s ,   i . e . ,   t h e   t u r b i n e   b l a d e   2,  t h e   t u r b i n e   n o z z l e   1 4 ,  

t h e   l i n e r   17  of  t h e   c o m b u s t o r   15,   t h e   c o m p r e s s o r   b l a d e  

20  7,  t h e   c o m p r e s s o r   n o z z l e   16,   t h e   d i a p h r a g m   18,   a n d  

t h e   s h r o u d   19.  In  p a r t i c u l a r ,   t h e   t u r b i n e   n o z z l e   12 

and  t h e   t u r b i n e   b l a d e   2  we re   made  of  a  c a s t i n g   .  T h e  

n u m b e r   of  s t a g e s   of   t h e   c o m p r e s s o r   d i s c s   in  t h i s  

e x a m p l e   was  17  ,  and  t h e   d i s c s   were   a r r a n g e d   in  t h e   s a m e  

25  m a n n e r   as  t h a t   of  E x a m p l e   2.  The  t u r b i n e   s t u b   s h a f t  

1  and  t h e   c o m p r e s s o r   s t u b   s h a f t   9  were   e a c h   a l s o  

c o n s t r u c t e d   in  t h e   same  m a n n e r   as  t h a t   of  E x a m p l e   2  . 

30 
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In  T a b l e   6  ,  t h e   t u r b i n e   b l a d e   ,  t h e   t u r b i n e  

n o z z l e ,   t h e   s h r o u d   s e g m e n t   ( 1 ) ,   and  t h e   d i a p h r a g m  

were   e a c h   u s e d   a t   t h e   f i r s t   s t a g e   on  t h e   u p s t r e a m  

s i d e   of  t h e   gas   f l o w ,   w h i l e   t h e   s h r o u d   s e g m e n t   ( 2 )  

5  was  u s e d   a t   t h e   s e c o n d   s t a g e .  

In  t h i s   e x a m p l e ,   t h e   f i n a l   s t a g e   of  t h e   c o m p r e s s o r  
d i s c   6  has   a  r a t i o   ( t / D )   of  t h e   minimum  t h i c k n e s s  

(t)  to  t h e   o u t e r   d i s a m e t e r   (D)  of  0 . 0 8 ,   and  t h e   d i s t a n c e  

p i e c e   5  has   a  r a t i o   ( t / D )   of  t h e   minimum  t h i c k n e s s   ( t )  

10  to   maximum  i n n e r   d i a m e t e r   (D)  of  0 . 0 4 .   The  r a t i o  

( t /D)   of  t h e   maximum  t h i c k n e s s   (t)  of  t h e   c e n t r a l  

s e c t i o n   of  t h e   t u r b i n e   d i s c   to   t h e   d i a m e t e r   (D)  t h e r e o f  

is   0 . 19   in  t h e   c a s e   of  t h e   f i r s t   s t a g e   and  0 . 2 0 5   i n  

t h e   c a s e   of  t h e   s e c o n d   s t a g e ,   and  t h e   r a t i o   (  5,/D)  o f  

15  t h e   s p a c i n g   (£)  b e t w e e n   t h e   d i s c s   to   t h e   d i a m e t e r   (D) 

t h e r e o f   i s   0 . 2 1 .   A  s p a c i n g   i s   p r o v i d e d   b e t w e e n   t h e  

t u r b i n e   d i s c s .   The  t u r b i n e   d i s c   i s   p r o v i d e d   o v e r   t h e  

e n t i r e   p e r i p h e r y   w i t h   a  p l u r a l i t y   of  h o l e s   a t   e q u a l  

i n t e r v a l s   f o r   i n s e r t i n g   t h e   b o l t s   f o r   t h e   p u r p o s e   o f  

20  c o n n e c t i n g   t h e   d i s c s .  

The  a b o v e - d e s c r i b e d   c o n s t r u c t i o n   e n a b l e s   t h e  

a d o p t i o n   of  a  c o m p r e s s i o n   r a t i o   of  1 4 . 7 ,   a  t e m p e r a t u r e  
of  350  °C  or  a b o v e ,   a  c o m p r e s s i o n   e f f i c i e n c y   of  86% 

or  m o r e ,   a  gas   t e m p e r a t u r e   of  1200  °C  a t   t h e   i n l e t   o f  

25  t h e   f i r s t - s t a g e   t u r b i n e   n o z z l e ,   w h i c h   b r i n g s   a b o u t  

a  t h e r m a l   e f f i c i e n c y   of  32%  or  m o r e .   F u r t h e r ,   a s  
d e s c r i b e d   a b o v e ,   a  h e a t - r e s i s t a n t   s t e e l   w h i c h   has   a  

h i g h   c r e e p   r u p t u r e   s t r e n g t h   and  i s   l e s s   s u s c e p t i b l e  

to  t h e r m a l   e m b r i t t l e m e n t   can   be  u s e d   f o r   t h e   t u r b i n e  

30  d i s c ,   t h e   d i s t a n c e   p i e c e ,   t h e   s p a c e r ,   t h e   f i n a l   s t a g e  
of  t h e   c o m p r e s s o r   d i s c ,   and  t h e   s t a c k i n g   b o l t .  

M o r e o v e r ,   s i n c e   an  a l l o y   h a v i n g   an  e x c e l l e n t   h i g h -  

t e m p e r a t u r e   s t r e n g t h   i s   u s e d   f o r   t h e   t u r b i n e   b l a d e   , 
an  a l l o y   h a v i n g   e x c e l l e n t   h i g h - t e m p e r a t u r e   s t r e n g t h  

35  and  h i g h - t e m p e r a t u r e   d u c t i l i t y   i s   u s e d   f o r   t h e   t u r b i n e  
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n o z z l e   and  an  a l l o y   h a v i n g   e x c e l l e n t   h i g h - t e m p e r a t u r e  

s t r e n g t h   and  f a t i g u e   r e s i s t a n c e   i s   u s e d   f o r   t h e  

c o m b u s t o r   l i n e r ,   i t   is   p o s s i b l e   to  o b t a i n   a  m o r e  

r e l i a b l e   and  w e l l - b a l a n c e d   gas   t u r b i n e .  

5  [ I n d u s t r i a l   A p p l i c a b i l i t y ]  

The  p r e s e n t   i n v e n t i o n   e n a b l e s   t h e   f o r m a t i o n   o f  

a  h e a t - r e s i s t a n t   s t e e l   s a t i s f y i n g   t h e   r e q u i r e m e n t s  

f o r   t he   c r e e p   r u p t u r e   s t r e n g t h   and  t h e   i m p a c t   v a l u e  

a f t e r   t h e r m a l   e m b r i t t l e m e n t   of  a  h i g h - t e m p e r a t u r e   a n d  

10  h i g h - p r e s s u r e   gas   t u r b i n e   d i s c   (a  gas   t e m p e r a t u r e  

of  1200  °C  or  a b o v e ;   and  a  c o m p r e s s i o n   r a t i o   of  a b o u t   1 5 )  

The  gas   t u r b i n e   c o m p r i s i n g   t h i s   m a t e r i a l   e x h i b i t s   a n  
e x c e l l e n t   e f f e c t   of  a t t a i n i n g   a  r e m a r k a b l y   h i g h   t h e r m a l  

e f f i c i e n c y .  

15 

20 

25 

30 

35 



0 0 2 9 8 1 2 7  

-  32  -  

WHAT  IS  CLAIMED  I S :  

1.  A  h e a t - r e s i s t a n t   s t e e l   c h a r a c t e r i z e d   b y  

c o m p r i s i n g   0 .05   to   0.2%  by  w e i g h t   of  C,  0.5%  by  w e i g h t  

5  or  l e s s   of  S i ,   0.6%  by  w e i g h t   or  l e s s   of  Mn,  8  to   13% 

by  w e i g h t   of  Cr  ,  1 .5   to   3%  by  w e i g h t   of  Mo,  2  to   3% 

by  w e i g h t   of  Ni  ,  0 . 0 5   to  0.3%  by  w e i g h t   of  V,  0 . 0 2  

to  0.2%  by  w e i g h t   in  t o t a l   of  e i t h e r   or  b o t h   of  Nb 

and  Ta,   and  0 . 0 2   to  0.1%  by  w e i g h t   of  N,  t h e   Mn  t o  

10  Ni  r a t i o   b e i n g   0 . 1 1   or  l e s s ,   w i t h   t he   b a l a n c e   b e i n g  

s u b s t a n t i a l l y   Fe  . 
2  .  A  h e a t - r e s i s t a n t   s t e e l   c h a r a c t e r i z e d   b y  

c o m p r i s i n g   0 .07   to  0.15%  by  w e i g h t   of  C,  0 . 0 1   to   0 . 1 %  

by  w e i g h t   of  S i ,   0 .1   to   0.4%  by  w e i g h t   of  Mn,  11  t o  

15  12.5%  by  w e i g h t   of  Cr  ,  2 .2   to   3.0%  by  w e i g h t   of  Ni  , 
1 .8   to   2.5%  by  w e i g h t   of  Mo,  0 . 0 4   to   0.08%  by  w e i g h t  

in  t o t a l   of  e i t h e r   or  b o t h   of  Nb  and  Ta  ,  0 . 1 5   t o  

0.25%  by  w e i g h t   of  V,  and  0 .04   to   0.08%  by  w e i g h t   o f  

N,  t h e   Mn  to  Ni  r a t i o   b e i n g   0 .04   to  0 . 1 0 ,   w i t h   t h e  

20  b a l a n c e   b e i n g   s u b s t a n t i a l l y   Fe  ,  and  h a v i n g   a  w h o l l y  

t e m p e r e d   m a r t e n s i t e   s t r u c t u r e   . 
3  .  A  h e a t - r e s i s t a n t   s t e e l   c h a r a c t e r i z e d   b y  

c o m p r i s i n g   0 . 0 5   to   0.2%  by  w e i g h t   of  C,  0.5%  by  w e i g h t  

or  l e s s   of  S i ,   0.6%  by  w e i g h t   or  l e s s   of  Mn,  8  to  13% 

25  by  w e i g h t   of  Cr ,   1 .5   to   3%  by  w e i g h t   of  Mo,  2  to   3% 

by  w e i g h t   of  Ni  ,  0 . 0 5   to   0.3%  by  w e i g h t   of  V,  0 . 0 2  

to  0.2%  by  w e i g h t   in  t o t a l   of  e i t h e r   or  b o t h   of  Nb 

and  Ta,  and  0 . 0 2   to   0.1%  by  w e i g h t   of  N,  t h e   Mn  to  N i  

r a t i o   b e i n g   0 . 1 1   or  l e s s ,   w i t h   t h e   b a l a n c e   b e i n g  
30  s u b s t a n t i a l l y   Fe  and  h a v i n g   a  c r e e p   r u p t u r e   s t r e n g t h  

of  a t   l e a s t   50  kg  /mm2  a t   450  °C  f o r   105  hr  and  a  V - n o t c h  
2 

C h a r p y   i m p a c t   v a l u e   of  a t   l e a s t   5  k g - m / c m   a t   25  °C 

a f t e r   h e a t i n g   a t   500  °C  f o r   103  hr  . 
4.  A  h e a t - r e s i s t a n t   s t e e l   c h a r a c t e r i z e d   b y  

35  c o m p r i s i n g   0 . 0 5   to  0.2%  by  w e i g h t   of  C,  0.5%  by  w e i g h t  
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or  l e s s   of  S i ,   0.6%  by  w e i g h t   or  l e s s   of  Mn,  8  t o  

13%  by  w e i g h t   of  Cr  ,  1 .5   to  3%  by  w e i g h t   of  Mo  ,  2 

to  3%  by  w e i g h t   of  Ni  ,  0 . 0 5   to   0.3%  by  w e i g h t   of  V ,  

0 .02   to  0.2%  by  w e i g h t   in  t o t a l   of  e i t h e r   or  b o t h   o f  

5  Nb  and  Ta  ,  and  0 . 0 2   to  0.1%  by  w e i g h t   of  N  and  a t   l e a s t  

one  member  s e l e c t e d   f rom  among  1%  by  w e i g h t   or  l e s s  

of  W,  0.5%  by  w e i g h t   or  l e s s   of  Co,  0.5%  by  w e i g h t  

or  l e s s   of  Cu,  0.01%  by  w e i g h t   or  l e s s   of  B,  0 . 5 %  

by  w e i g h t   or  l e s s   of  Ti  ,  0.3%  by  w e i g h t   or  l e s s   o f  

10  Al  ,  0.1%  by  w e i g h t   or  l e s s   of  Zr  ,  0.1%  by  w e i g h t   o r  

l e s s   of  Hf,  0.01%  by  w e i g h t   or  l e s s   of  Ca  ,  0.01%  b y  

w e i g h t   or  l e s s   of  Mg,  0.01%  by  w e i g h t   or  l e s s   of  Y ,  

and  0.01%  by  w e i g h t   or  l e s s   of  r a r e   e a r t h   e l e m e n t s  

w i t h   t h e   b a l a n c e   b e i n g   s u b s t a n t i a l l y   Fe  . 
15  5  .  A  gas  t u r b i n e   d i s c   h a v i n g   in  i t s   o u t e r  

c i r c u m f e r e n t i a l   s e c t i o n   a  p l u r a l i t y   of  g r o o v e s   i n t o  

w h i c h   b l a d e s   a r e   e m b e d d e d ,   h a v i n g   a  maximum  t h i c k n e s s  

in  i t s   c e n t r a l   s e c t i o n   and  h a v i n g   on  i t s   o u t e r  

c i r c u m f e r e n t i a l   s i d e   t h r o u g h - h o l e s   i n t o   w h i c h   b o l t s  

20  a r e   i n s e r t e d   to  c o n n e c t   a  p l u r a l i t y   of  s a i d   d i s c s ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   d i s c   i s   made  of  a  m a r t e n s i t i c  

s t e e l   h a v i n g   a  w h o l l y   t e m p e r e d   m a r t e n s i t e   s t r u c t u r e  

and  h a v i n g   a  c r e e p   r u p t u r e   s t r e n g t h   of  a t   l e a s t   50 

kg  /mm2  a t   450  °C  f o r   10  hr  and  a  V - n o t c h   C h a r p y  
2 

25  i m p a c t   v a l u e   of  a t   l e a s t   5  k g - m / c m   a t   25  °C  a f t e r  

h e a t i n g   a t   500  °C  f o r   103  hr  and  t h a t   a  r a t i o   ( t / D )  

of  t h e   t h i c k n e s s   (t)  of  t h e   c e n t r a l   s e c t i o n   of  s a i d  

d i s c   to   t h e   o u t e r   d i a m e t e r   (D)  t h e r e o f   i s   0 . 1 5   t o  

0 . 3 0 .  

30  6.  A  gas  t u r b i n e   d i s c   h a v i n g   in  i t s   o u t e r  

c i r c u m f e r e n t i a l   s e c t i o n   a  p l u r a l i t y   of  g r o o v e s   i n t o  

w h i c h   b l a d e s   a r e   e m b e d d e d ,   h a v i n g   a  maximum  t h i c k n e s s  

in  i t s   c e n t r a l   s e c t i o n   and  h a v i n g   on  i t s   o u t e r  

c i r c u m f e r e n t i a l   s i d e   t h r o u g h - h o l e s   i n t o   w h i c h   b o l t s  

35  a r e   i n s e r t e d   to  c o n n e c t   a  p l u r a l i t y   of  s a i d   d i s c s ,  
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c h a r a c t e r i z e d   in  t h a t   s a i d   d i s c   c o m p r i s e s   0 . 0 5   t o  

0.2%  by  w e i g h t   of  C,  0.5%  by  w e i g h t   or  l e s s   of  S i ,  

0.6%  by  w e i g h t   or  l e s s   of  Mn,  8  to  13%  by  w e i g h t   o f  

Cr ,   1 .5   to   3%  by  w e i g h t   of  Mo,  2  to   3%  by  w e i g h t   o f  

5  N i ,   0 . 0 5   to   0.3%  by  w e i g h t   of  V,  0 . 0 2   to  0.2%  b y  

w e i g h t   in  t o t a l   of  e i t h e r   or  b o t h   of  Nb  and  Ta,  a n d  

0 . 0 2   to   0.1%  by  w e i g h t   of  N,  t h e   Mn  to  Ni  r a t i o   b e i n g  
0 . 1 1   or  l e s s ,   w i t h   t h e   b a l a n c e   b e i n g   s u b s t a n t i a l l y  
Fe  and  h a s   a  w h o l l y   t e m p e r e d   m a r t e n s i t e   s t r u c t u r e   . 

10  7  .  A  gas   t u r b i n e   d i s c   h a v i n g   in  i t s   o u t e r  

c i r c u m f e r e n t i a l   s e c t i o n   a  p l u r a l i t y   of  g r o o v e s   i n t o  

w h i c h   b l a d e s   a r e   e m b e d d e d ,   h a v i n g   a  maximum  t h i c k n e s s  

in  i t s   c e n t r a l   s e c t i o n   and  h a v i n g   on  i t s   o u t e r  

c i r c u m f e r e n t i a l   s i d e   t h r o u g h - h o l e s   i n t o   w h i c h   b o l t s  

15  a r e   i n s e r t e d   to   c o n n e c t   a  p l u r a l i t y   of  s a i d   d i s c s ,  
c h a r a c t e r i z e d   in  t h a t   s a i d   d i s c   c o m p r i s e s   0 . 0 5   t o  

0.2%  by  w e i g h t   of  C,  0.5%  by  w e i g h t   or  l e s s   of  S i ,  
0.6%  by  w e i g h t   or  l e s s   of  Mn,  8  to   13%  by  w e i g h t   o f  

Cr ,   1 .5   to  3%  by  w e i g h t   of  Mo  ,  2  to   3%  by  w e i g h t   o f  

20  Ni ,   0 . 05   to   0.3%  by  w e i g h t   of  V,  0 . 0 2   to  0.2%  b y  

w e i g h t   in   t o t a l   of  e i t h e r   or  b o t h   of  Nb  and  Ta  ,  a n d  

0 . 0 2   to   0.1%  by  w e i g h t   of  N  and  a t   l e a s t   one  m e m b e r  

s e l e c t e d   f rom  among  1%  by  w e i g h t   or  l e s s   of  W,  0 . 5 %  

by  w e i g h t   or  l e s s   of  Co,  0.5%  by  w e i g h t   or  l e s s   o f  

25  Cu,  0.01%  by  w e i g h t   or  l e s s   of  B,  0.5%  by  w e i g h t   o r  
l e s s   of  T i ,   0.3%  by  w e i g h t   or  l e s s   of  A£  ,  0.1%  b y  

w e i g h t   or  l e s s   of  Zr,   0.1%  by  w e i g h t   or  l e s s   of  H f ,  
0.01%  by  w e i g h t   or  l e s s   of  Ca,  0.01%  by  w e i g h t   o r  
l e s s   of  Mg,  0.01%  by  w e i g h t   or  l e s s   of  Y,  and  0 . 0 1 %  

30  by  w e i g h t   or  l e s s   of  r a r e   e a r t h   e l e m e n t s   w i t h   t h e  

b a l a n c e   b e i n g   s u b s t a n t i a l l y   Fe  and  has   a  w h o l l y  

t e m p e r e d   m a r t e n s i t e   s t r u c t u r e .  

8  .  A  t u r b i n e   s p a c e r   f o r   a  gas   t u r b i n e   h a v i n g  

an  a n n u l a r   s h a p e   f o r   c o n n e c t i n g   a  p l u r a l i t y   of  t u r b i n e  
35  d i s c s   on  t h e   o u t e r   c i r c u m f e r e n t i a l   s i d e   t h e r e o f   w i t h  
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b o l t s   t h e r e t h r o u g h ,   c h a r a c t e r i z e d   in  t h a t   s a i d  

s p a c e r   i s   made  of  a  m a r t e n s i t i c   s t e e l   h a v i n g   a  

m a r t e n s i t e   s t r u c t u r e   and  h a v i n g   a  c r e e p   r u p t u r e  

s t r e n g t h   of  a t   l e a s t   50  kg/mm2  a t   450  °C  f o r   105  h r  

5  and  a  V - n o t c h   C h a r p y   i m p a c t   v a l u e   of  a t   l e a s t   5 
k g - m / c m 2   a t   25  °C  a f t e r   h e a t i n g   a t   500  °C  f o r   103  hr  . 

9  .  A  d i s t a n c e   p i e c e   f o r   a  gas   t u r b i n e   h a v i n g  

a  c y l i n d r i c a l   s h a p e   f o r   c o n n e c t i n g   a  t u r b i n e   d i s c   t o  

a  c o m p r e s s o r   d i s c   t h e r e t h r o u g h   w i t h   a  b o l t ,   c h a r a c t e r i z e d  

10  in  t h a t   s a i d   d i s t a n c e   p i e c e   is   made  of  a  m a r t e n s i t i c  

s t e e l   h a v i n g   a  w h o l l y   t e m p e r e d   m a r t e n s i t e   s t r u c t u r e  

and  h a v i n g   a  c r e e p   r u p t u r e   s t r e n g t h   of  a t   l e a s t   50 
2  5 

kg/mm  a t   450  °C  f o r   10  hr  and  a  V - n o t c h   C h a r p y   i m p a c t  
2 

v a l u e   of  a t   l e a s t   5  k g - m / c m   at   25  °C  a f t e r   h e a t i n g  

15  a t   500  °C  f o r   103  hr  and  a  r a t i o   ( t / D )   of  t h e   m i n i m u m  

t h i c k n e s s   (t)  of  s a i d   c y l i n d r i c a l   d i s t a n c e   p i e c e   t o  

t h e   maximum  o u t e r   d i a m e t e r   (D)  t h e r e o f   i s   0 . 05   t o  

0 . 1 0 .  

10  .  A  d i s t a n c e   p i e c e   f o r   a  gas  t u r b i n e   h a v i n g  

20  a  c y l i n d r i c a l   s h a p e   f o r   c o n n e c t i n g   a  t u r b i n e   d i s c  

to  a  c o m p r e s s o r   d i s c   t h e r e t h r o u g h   w i t h   a  b o l t ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   d i s t a n c e   p i e c e   c o m p r i s e s  

0 .05   to  0.2%  by  w e i g h t   of  C,  0.5%  by  w e i g h t   or  l e s s  

of  S i ,   0.6%  by  w e i g h t   or  l e s s   of  Mn  ,  8  to   13%  b y  

25  w e i g h t   of  Cr ,   1 .5   to  3.0%  by  w e i g h t   of  Mo,  2  to  3%  b y  

w e i g h t   of  Ni  ,  0 . 0 5   to  0.3%  by  w e i g h t   of  V,  0 . 0 2   t o  

0.2%  by  w e i g h t   in  t o t a l   of  e i t h e r   or  b o t h   of  Nb  a n d  

Ta,  and  0 .02   to  0.1%  by  w e i g h t   of  N  w i t h   t h e   b a l a n c e  

b e i n g   s u b s t a n t i a l l y   Fe  ,  t h e   Mn  to  Ni  r a t i o   b e i n g  

30  0 . 1 1   or  l e s s   and  has   a  w h o l l y   t e m p e r e d   m a r t e n s i t e  

s t r u c t u r e .  

11.  A  d i s t a n c e   p i e c e   f o r   a  gas   t u r b i n e   h a v i n g  

a  c y l i n d r i c a l   s h a p e   f o r   c o n n e c t i n g   a  t u r b i n e   d i s c  

to  a  c o m p r e s s o r   d i s c   t h e r e t h r o u g h   w i t h   a  b o l t ,  

35  c h a r a c t e r i z e d   in  t h a t   s a i d   d i s t a n c e   p i e c e   c o m p r i s e s  
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0 . 0 5   to  0.2%  by  w e i g h t   of  C,  0.5%  by  w e i g h t   or  l e s s  

of  S i ,   0.6%  by  w e i g h t   or  l e s s   of  Mn,  8  to   13%  b y  

w e i g h t   of  Cr  ,  1 .5   to   3%  by  w e i g h t   of  Mo,  2  to   3%  b y  

w e i g h t   of  Ni  ,  0 . 0 5   to   0.3%  by  w e i g h t   of  V,  0 . 0 2   t o  

5  0.2%  by  w e i g h t   in  t o t a l   of  e i t h e r   or  b o t h   of  Nb  a n d  

Ta,   and  0 . 0 2   to   0.1%  by  w e i g h t   of  N  and  a t   l e a s t   o n e  
member  s e l e c t e d   f r o m   among  1%  by  w e i g h t   or  l e s s   o f  

W,  0.5%  by  w e i g h t   or  l e s s   of  Co,  0.5%  by  w e i g h t   o r  
l e s s   of  Cu,  0.01%  by  w e i g h t   or   l e s s   of  B,  0.5%  b y  

10  w e i g h t   or  l e s s   of  Ti  ,  0.3%  by  w e i g h t   or  l e s s   of  A£.  , 
0.1%  by  w e i g h t   or  l e s s   of  Zr  ,  0.1%  by  w e i g h t   or  l e s s  

of  Hf,   0.01%  by  w e i g h t   or  l e s s   of  Ca,  0.01%  by  w e i g h t  

or  l e s s   of  Mg,  0.01%  by  w e i g h t   or  l e s s   of  Y,  a n d  

0.01%  by  w e i g h t   or  l e s s   of  r a r e   e a r t h   e l e m e n t s   w i t h  

15  t h e   b a l a n c e   b e i n g   s u b s t a n t i a l l y   Fe ,   t h e   Mn  to  N i  

r a t i o   b e i n g   0 . 1 1   or  l e s s ,   and  has   a  w h o l l y   t e m p e r e d  
m a r t e n s i t e   s t r u c t u r e .  

12  .  A  c o m p r e s s o r   d i s c   f o r   a  gas   t u r b i n e   h a v i n g  
in  i t s   o u t e r   c i r c u m f e r e n t i a l   s e c t i o n   a  p l u r a l i t y  

20  of  g r o o v e s   i n t o   w h i c h   b l a d e s   a r e   e m b e d d e d ,   h a v i n g  

on  i t s   o u t e r   c i r c u m f e r e n t i a l   s i d e   a  p l u r a l i t y   o f  

t h r o u g h - h o l e s   i n t o   w h i c h   b o l t s   a r e   i n s e r t e d   to   c o n n e c t  

a  p l u r a l i t y   of  s a i d   d i s c s   and  h a v i n g   a  maximum  t h i c k n e s s  

in  i t s   c e n t r a l   s e c t i o n   and  a  s e c t i o n   p r o v i d e d   w i t h  

25  t h r o u g h   - h o l e s ,   c h a r a c t e r i z e d   in  t h a t   a t   l e a s t   t h e  

f i n a l   s t a g e   on  t h e   h i g h   gas   t e m p e r a t u r e   s i d e   of  s a i d  

d i s c   i s   made  of  a  m a r t e n s i t i c   s t e e l   h a v i n g   a  w h o l l y  

t e m p e r e d   m a r t e n s i t e   s t r u c t u r e   and  h a v i n g   a  c r e e p  
2 

r u p t u r e   s t r e n g t h   of  a t   l e a s t   50  kg/mm  a t   450  °C  f o r  
30  10  hr  and  a  V - n o t c h   C h a r p y   i m p a c t   v a l u e   of  a t   l e a s t  

2  "3 5  k g - m / c m   a t   25  °C  a f t e r   h e a t i n g   a t   500  °C  f o r   10  h r  

and  t h a t   a  r a t i o   ( t / D )   of  t h e   minimum  t h i c k n e s s   ( t )  

of  s a i d   d i s c   to   t h e   o u t e r   d i a m e t e r   (D)  t h e r e o f   i s  

0 . 0 5   to   0 . 1 0 .  

35  13  .  A  c o m p r e s s o r   d i s c   f o r   a  gas   t u r b i n e   h a v i n g  
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in  i t s   o u t e r   c i r c u m f e r e n t i a l   s e c t i o n   a  p l u r a l i t y  

of  g r o o v e s   i n t o   w h i c h   b l a d e s   a r e   e m b e d d e d ,   h a v i n g   o n  

i t s   o u t e r   c i r c u m f e r e n t i a l   s i d e   a  p l u r a l i t y   of  t h r o u g h -  

h o l e s   i n t o   w h i c h   b o l t s   a r e   i n s e r t e d   to   c o n n e c t   a  

5  p l u r a l i t y   of  s a i d   d i s c s   and  h a v i n g   a  maximum  t h i c k n e s s  

in  i t s   c e n t r a l   s e c t i o n   and  a  s e c t i o n   p r o v i d e d   w i t h  

t h r o u g h   -ho  le  s  ,  c h a r a c t e r i z e d   in  t h a t   a t   l e a s t   t h e  

f i n a l   s t a g e   on  t h e   h i g h   gas   t e m p e r a t u r e   s i d e   of  s a i d  

d i s c   c o m p r i s e s   0 .05   to  0.2%  by  w e i g h t   of  C,  0.5%  b y  

10  w e i g h t   or  l e s s   of  S i ,   0.6%  by  w e i g h t   or  l e s s   of  Mn, 

8  to  13%  by  w e i g h t   of  Cr ,   1 .5   to   3%  by  w e i g h t   o f  

Mo,  2  to   3%  by  w e i g h t   of  Ni  ,  0 . 05   to  0.3%  by  w e i g h t  

of  V,  0 . 02   to  0.2%  by  w e i g h t   in  t o t a l   of  e i t h e r   o r  

b o t h   of  Nb  and  Ta  ,  and  0 .02   to   0.1%  by  w e i g h t   of  N 

15  w i t h   t he   b a l a n c e   b e i n g   s u b s t a n t i a l l y   Fe  ,  t h e   Mn  t o  

Ni  r a t i o   b e i n g   0 . 1 1   or  l e s s   and  has   a  w h o l l y   t e m p e r e d  

m a r t e n s i t e   s t r u c t u r e .  

14  .  A  c o m p r e s s o r   d i s c   f o r   a  gas  t u r b i n e   h a v i n g  

in  i t s   o u t e r   c i r c u m f e r e n t i a l   s e c t i o n   a  p l u r a l i t y   o f  

20  g r o o v e s   i n t o   w h i c h   b l a d e s   a r e   e m b e d d e d ,   h a v i n g   o n  

i t s   o u t e r   c i r c u m f e r e n t i a l   s i d e   a  p l u r a l i t y   of  t h r o u g h -  

h o l e s   i n t o   w h i c h   b o l t s   a r e   i n s e r t e d   to  c o n n e c t   a  

p l u r a l i t y   of  s a i d   d i s c s   and  h a v i n g   a  maximum  t h i c k n e s s  

in  i t s   c e n t r a l   s e c t i o n   and  a  s e c t i o n   p r o v i d e d   w i t h  

25  t h r o u g h   - h o l e s ,   c h a r a c t e r i z e d   in  t h a t   a t   l e a s t   t h e  

f i n a l   s t a g e   on  t h e   h i g h   gas   t e m p e r a t u r e   s i d e   of  s a i d  

d i s c   c o m p r i s e s   0 . 0 5   to  0.2%  by  w e i g h t   of  C,  0.5%  b y  

w e i g h t   or  l e s s   of  S i ,   0.6%  by  w e i g h t   or  l e s s   of  Mn,  

8  to  13%  by  w e i g h t   of  Cr,   1 .5   to   3%  by  w e i g h t   o f  

30  Mo,  2  to  3%  by  w e i g h t   of  N i ,   0 . 05   to   0.3%  by  w e i g h t  

of  V,  0 .02   to   0.2%  by  w e i g h t   in  t o t a l   of  e i t h e r   o r  

b o t h   of  Nb  and  Ta  ,  and  0 . 0 2   to   0.1%  by  w e i g h t   of  N 

and  a t   l e a s t   one  member  s e l e c t e d   f rom  among  1%  b y  

w e i g h t   or  l e s s   of  W,  0.5%  by  w e i g h t   or  l e s s   of  C o ,  

35  0.5%  by  w e i g h t   or  l e s s   of  Cu  ,  0.01%  by  w e i g h t   o r  
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l e s s   of  B,  0.5%  by  w e i g h t   or  l e s s   of  Ti  ,  0.3%  b y  

w e i g h t   or  l e s s   of  A! ,   0.1%  by  w e i g h t   or  l e s s   of  Z r ,  

0.1%  by  w e i g h t   or  l e s s   of  Hf,   0.01%  by  w e i g h t   or  l e s s  

of  Ca  ,  0.01%  by  w e i g h t   or  l e s s   of  Mg,  0.01%  by  w e i g h t  

5  or  l e s s   of  Y,  and  0.01%  by  w e i g h t   or  l e s s   of  r a r e  

e a r t h   e l e m e n t s   w i t h   t h e   b a l a n c e   b e i n g   s u b s t a n t i a l l y  

Fe ,   t h e   Mn  to  Ni  r a t i o   b e i n g   0 . 1 1   or  l e s s ,   and  h a s  

a  w h o l l y   t e m p e r e d   m a r t e n s i t e   s t r u c t u r e .  

15.   S t a c k i n g   b o l t s   f o r   a  gas   t u r b i n e   r e s p e c t i v e l y  
10  f o r   use   in  c o n n e c t i o n   of  a  p l u r a l i t y   of  t u r b i n e   d i s c s  

and  a  p l u r a l i t y   of  c o m p r e s s o r   d i s c s ,   c h a r a c t e r i z e d  

in  t h a t   a t   l e a s t   one  of  s a i d   s t a c k i n g   b o l t s   i s   m a d e  

of  a  m a r t e n s i t i c   s t e e l   h a v i n g   a  w h o l l y   t e m p e r e d  

m a r t e n s i t e   s t r u c t u r e   and  h a v i n g   a  c r e e p   r u p t u r e  
15  s t r e n g t h   of  a t   l e a s t   50  kg/mm2  a t   450  °C  f o r   105  h r  15  s t r e n g t h   of  a t   l e a s t   50  kg/mm2  a t   450  °C  f o r   105  h r  

and  a  V - n o t c h   C h a r p y   i m p a c t   v a l u e   of  a t   l e a s t   5  k g - m / c m  

a t   25  °C  a f t e r   h e a t i n g   a t   500  °C  f o r   103  hr  . 
16  .  A  gas   t u r b i n e   c o m p r i s i n g   a  t u r b i n e   s t u b  

s h a f t ,   a  p l u r a l i t y   of  t u r b i n e   d i s c s   c o n n e c t e d   to  s a i d  

20  s h a f t   w i t h   a  t u r b i n e   s t a c k i n g   b o l t   t h r o u g h   a  s p a c e r  

i n t e r p o s e d   b e t w e e n   s a i d   t u r b i n e   d i s c s ,   a  t u r b i n e  

b u c k e t   e m b e d d e d   i n t o   s a i d   t u r b i n e   d i s c ,   a  d i s t a n c e  

p i e c e   c o n n e c t e d   to  s a i d   t u r b i n e   d i s c   w i t h   s a i d   t u r b i n e  

s t a c k i n g   b o l t ,   a  p l u r a l i t y   of  c o m p r e s s o r   d i s c s  

25  c o n n e c t e d   to  s a i d   d i s t a n c e   p i e c e   w i t h   a  c o m p r e s s o r  
s t a c k i n g   b o l t ,   a  c o m p r e s s o r   b l a d e   e m b e d d e d   i n t o   s a i d  

c o m p r e s s o r   d i s c   and  a  c o m p r e s s o r   s t u b   s h a f t   f o r m e d  

i n t e g r a l l y   w i t h   t h e   f i r s t   s t a g e   of  s a i d   c o m p r e s s o r  
d i s c ,   c h a r a c t e r i z e d   in  t h a t   a t   l e a s t   s a i d   t u r b i n e  

30  d i s c   i s   made  of  a  m a r t e n s i t i c   s t e e l   h a v i n g   a  w h o l l y  

t e m p e r e d   m a r t e n s i t e   s t r u c t u r e   and  h a v i n g   a  c r e e p  
2 

r u p t u r e   s t r e n g t h   of  a t   l e a s t   50  kg/mm  a t   450  °C  f o r  

10  hr  and  a  V - n o t c h   C h a r p y   i m p a c t   v a l u e   of  a t   l e a s t  
2  ~\ 5  k g - m / c m   a t   25  °C  a f t e r   h e a t i n g   a t   500  °C  f o r   10  h r  

35  and  a  r a t i o   ( l / D )   of  t h e   s p a c i n g   (I)  b e t w e e n   s a i d  
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i n d i v i d u a l   gas  t u r b i n e   d i s c s   to  t h e   d i a m e t e r   (D) 

t h e r e o f   i s   0 . 15   to   0 . 2 5 .  

17.  A  gas   t u r b i n e   a c c o r d i n g   to  c l a i m   16,  w h e r e i n  

s a i d   f i n a l   s t a g e   c o m p r e s s o r   d i s c   has   a  r i g i d i t y  

5  h i g h e r   t h a n   t h a t   of  t h e   p r e c e d i n g   d i s c s   . 
18  .  A  gas  t u r b i n e   a c c o r d i n g   to  c l a i m   16  ,  w h e r e i n  

a t   l e a s t   one  of  s a i d   t u r b i n e   s t a c k i n g   b o l t ,   s a i d  

d i s t a n c e   p i e c e ,   s a i d   t u r b i n e   s p a c e r ,   s a i d   c o m p r e s s o r  
d i s c   a t   l e a s t   f rom  t h e   f i n a l   s t a g e   to   t h e   c e n t r a l  

10  s t a g e ,   and  s a i d   c o m p r e s s o r   s t a c k i n g   b o l t   i s   made  o f  

a  m a r t e n s i t i c   s t e e l .  

19.  A  gas  t u r b i n e   a c c o r d i n g   to   c l a i m   18,  w h e r e i n  

s a i d   m a r t e n s i t i c   s t e e l   c o m p r i s e s   0 . 0 5   to   0.2%  b y  

w e i g h t   of  C,  0.5%  by  w e i g h t   or  l e s s   of  S i ,   1.5%  b y  

15  w e i g h t   or  l e s s   of  Mn,  8  to  13%  by  w e i g h t   of  Cr,   1 . 5  

to  3.5%  by  w e i g h t   of  Mo,  3%  by  w e i g h t   or  l e s s   o f  

Ni ,   0 . 0 5   to   0.3%  by  w e i g h t   of  V,  0 . 0 2   to  0.2%  b y  

w e i g h t   in  t o t a l   of  e i t h e r   or  b o t h   of  Nb  and  Ta,  a n d  

0 .02   to   0.1%  by  w e i g h t   of  N  w i t h   t h e   b a l a n c e   b e i n g  

20  Fe  and  u n a v o i d a b l e   i m p u r i t i e s .  

20.  A  gas  t u r b i n e   a c c o r d i n g   to   c l a i m   19,   w h e r e i n  

s a i d   m a r t e n s i t i c   s t e e l   has   a  c r e e p   r u p t u r e   s t r e n g t h  

of  a t   l e a s t   50  kg/mm2  a t   450  °C  f o r   105  hr  and  a  
2 V - n o t c h   C h a r p y   i m p a c t   v a l u e   of  a t   l e a s t   5  k g - m / c m   . 

25  21.  A  gas   t u r b i n e   a c c o r d i n g   to  any  of  c l a i m s  

16  to   20  ,  w h e r e i n   s a i d   t u r b i n e   s t u b   s h a f t   c o m p r i s e s  

0 .2   to  0.4%  by  w e i g h t   of  C,  0 .5   to  1.5%  by  w e i g h t   o f  

Mn,  0 .1   to   0.5%  by  w e i g h t   of  S i ,   0 .5   to   1.5%  by  w e i g h t  
of  Cr ,   0.5%  by  w e i g h t   or  l e s s   of  Ni ,   1 .0   to  2.0%  b y  

30  w e i g h t   of  Mo,  0 .1   to   0.3%  by  w e i g h t   of  V  w i t h   t h e  

b a l a n c e   b e i n g   Fe  and  u n a v o i d a b l e   i m p u r i t i e s .  

22.  A  gas   t u r b i n e   a c c o r d i n g   to   any  of  c l a i m s  

16  to  20,  w h e r e i n   s a i d   t u r b i n e   s p a c e r   c o m p r i s e s   0 . 0 5  

to  0.2%  by  w e i g h t   of  C,  0.5%  by  w e i g h t   or  l e s s   o f  

35  S i ,   1%  by  w e i g h t   or  l e s s   of  Mn,  8  to   13%  by  w e i g h t  
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of  Cr ,   1 .5   to   3.5%  by  w e i g h t   of  Mo  ,  3%  by  w e i g h t  

or  l e s s   of  Ni  ,  0 . 0 5   to  0.3%  by  w e i g h t   of  V,  0 . 0 2   t o  

0.2%  by  w e i g h t   of  Nb  ,  and  0 . 0 2   to  0.1%  by  w e i g h t   o f  

N  w i t h   t h e   b a l a n c e   b e i n g   Fe  and  u n a v o i d a b l e   i m p u r i t i e s   . 
5  23  .  A  gas   t u r b i n e   a c c o r d i n g   to   any  of  c l a i m s  

16  to  20,   w h e r e i n   s a i d   t u r b i n e   s t a c k i n g   b o l t   c o m p r i s e s  
0 . 0 5   to   0.2%  by  w e i g h t   of  C,  0.5%  by  w e i g h t   or  l e s s  

of  S i ,   1%  by  w e i g h t   or  l e s s   of  Mn,  8  to  13%  by  w e i g h t  
of  Cr ,   1 .5   to   3%  by  w e i g h t   of  Mo  ,  3%  by  w e i g h t   o r  

10  l e s s   of  Ni ,   0 . 0 5   to   0.3%  by  w e i g h t   of  V,  0 . 0 2   to  0 . 2 %  

by  w e i g h t   of  Nb  ,  and  0 .02   to  0.1%  by  w e i g h t   of  N 

w i t h   t h e   b a l a n c e   b e i n g   Fe  and  u n a v o i d a b l e   i m p u r i t i e s   . 
24  .  A  gas   t u r b i n e   a c c o r d i n g   to  any  of  c l a i m s  

16  to  20,   w h e r e i n   s a i d   t u r b i n e   d i s t a n c e   p i e c e   c o m p r i s e s  
15  0 . 0 5   to   0.2%  by  w e i g h t   of  C,  0.5%  by  w e i g h t   or  l e s s  

of  S i ,   1%  by  w e i g h t   or  l e s s   of  Mn,  8  to   13%  by  w e i g h t  
of  Cr ,   1 .5   to  3%  by  w e i g h t   of  Mo,  3%  by  w e i g h t   o r  
l e s s   of  Ni ,   0 . 0 5   to  0.3%  by  w e i g h t   of  V,  0 . 0 2   t o  

0.2%  by  w e i g h t   of  Nb,  and  0 . 0 2   to   0.1%  by  w e i g h t   o f  

20  N  w i t h   t h e   b a l a n c e   b e i n g   Fe  and  u n a v o i d a b l e   i m p u r i t i e s .  
25  .  A  gas   t u r b i n e   a c c o r d i n g   to  any  of  c l a i m s  

16  to   20,   w h e r e i n   s a i d   c o m p r e s s o r   s t a c k i n g   b o l t  

c o m p r i s e s   0 . 0 5   to   0.2%  by  w e i g h t   of  C,  0.5%  by  w e i g h t  

or  l e s s   of  S i ,   1%  by  w e i g h t   or  l e s s   of  Mn,  8  to   13% 

25  by  w e i g h t   of  Cr ,   1 .5   to  3%  by  w e i g h t   of  Mo,  3%  b y  

w e i g h t   or  l e s s   of  Ni  ,  0 . 0 5   to   0.3%  by  w e i g h t   of  V ,  
0 . 0 2   to   0.2%  by  w e i g h t   of  Nb,  and  0 .02   to   0.1%  b y  

w e i g h t   of  N  w i t h   t h e   b a l a n c e   b e i n g   Fe  and  u n a v o i d a b l e  

i m p u r i t i e s   . 
30  26.   A  gas   t u r b i n e   a c c o r d i n g   to  any  of  c l a i m s  

16  to   20,   w h e r e i n   s a i d   c o m p r e s s o r   b l a d e   i s   made  o f  

a  m a r t e n s i t i c   s t e e l   c o m p r i s i n g   0 . 0 5   to   0.2%  by  w e i g h t  
of  C,  0.5%  by  w e i g h t   or  l e s s   of  S i ,   1%  by  w e i g h t   o r  
l e s s   of  Mn,  and  10  to   13%  by  w e i g h t   of  Cr  w i t h   t h e  

35  b a l a n c e   b e i n g   Fe  and  u n a v o i d a b l e   i m p u r i t i e s   . 
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27.  A  gas   t u r b i n e   a c c o r d i n g   to   any  of  c l a i m s  

16  to  20,  w h e r e i n   s a i d   c o m p r e s s o r   d i s c   d i s p o s e d   f r o m  

t h e   f i r s t   to  c e n t r a l   s t a g e s   on  t h e   u p s t r e a m   s i d e  

t h e r e o f   c o m p r i s e s   0 .15   to   0.30%  by  w e i g h t   of  C,  0 . 5 %  

5  by  w e i g h t   or  l e s s   of  S i ,   0.6%  by  w e i g h t   or  l e s s   o f  

Mn,  1  to   2%  by  w e i g h t   of  Cr ,   2 .0   to   4.0%  by  w e i g h t  

of  Ni ,   0 .5   to  1%  by  w e i g h t   of  Mo,  and  0 . 0 5   to  0 . 2 %  

by  w e i g h t   of  V  w i t h   t h e   b a l a n c e   b e i n g   s u b s t a n t i a l l y  

Fe  and  s a i d   c o m p r e s s o r   d i s c   d i s p o s e d   f rom  s a i d   c e n t r a l  

10  s t a g e   t o w a r d s   t h e   d o w n s t r e a m   s i d e   t h e r e o f   c o m p r i s e s  

0.2  to  0.4%  by  w e i g h t   of  C,  0 .1   to  0.5%  by  w e i g h t  

of  S i ,   0 .5   to  1.5%  by  w e i g h t   of  Mn,  0 .5   to   1.5%  b y  

w e i g h t   of  Cr ,   0.5%  by  w e i g h t   or  l e s s   of  Ni  ,  1 .0   t o  

2.0%  by  w e i g h t   of  Mo,  and  0 .1   to  0.3%  by  w e i g h t   of  V 

15  w i t h   t h e   b a l a n c e   b e i n g   s u b s t a n t i a l l y   Fe  . 
28  .  A  gas   t u r b i n e   a c c o r d i n g   to   any  of  c l a i m s  

16  to  20,  w h e r e i n   s a i d   c o m p r e s s o r   s t u b   s h a f t   c o m p r i s e s  

0 .15   to   0.3%  by  w e i g h t   of  C,  0.6%  by  w e i g h t   or  l e s s  

of  Mn,  0.5%  by  w e i g h t   or  l e s s   of  S i ,   2 .0   to  4 . 0 %  

20  by  w e i g h t   of  Ni  ,  1  to  2%  by  w e i g h t   of  Cr ,   0 .5   to  1% 

by  w e i g h t   of  Mo,  and  0 . 0 5   to  0.2%  by  w e i g h t   of  V  w i t h  

t h e   b a l a n c e   b e i n g   Fe  and  u n a v o i d a b l e   i m p u r i t i e s   . 
29.  A  gas   t u r b i n e   c o m p r i s i n g   a  t u r b i n e   s t u b  

s h a f t ,   a  p l u r a l i t y   of  t u r b i n e   d i s c s   c o n n e c t e d   to  s a i d  

25  s h a f t   w i t h   t u r b i n e   s t a c k i n g   b o l t s   t h r o u g h   a  s p a c e r  

i n t e r p o s e d   b e t w e e n   s a i d   t u r b i n e   d i s c s ,   a  t u r b i n e  

b u c k e t   e m b e d d e d   i n t o   s a i d   t u r b i n e   d i s c ,   a  d i s t a n c e  

p i e c e   c o n n e c t e d   to  s a i d   t u r b i n e   d i s c   w i t h   s a i d   t u r b i n e  

s t a c k i n g   b o l t ,   a  p l u r a l i t y   of  c o m p r e s s o r   d i s c s   c o n n e c t e d  

30  to   s a i d   d i s t a n c e   p i e c e   w i t h   a  c o m p r e s s o r   s t a c k i n g  

b o l t ,   a  c o m p r e s s o r   b l a d e   e m b e d d e d   i n t o   s a i d   c o m p r e s s o r  

d i s c   and  a  c o m p r e s s o r   s t u b   s h a f t   f o r m e d   i n t e g r a l l y  

w i t h   t h e   f i r s t   s t a g e   of  s a i d   c o m p r e s s o r   d i s c ,  

c h a r a c t e r i z e d   in  t h a t   a t   l e a s t   s a i d   t u r b i n e   d i s c  

35  c o m p r i s e s   0 .05   to   0.2%  by  w e i g h t   of  C,  0.5%  by  w e i g h t  
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or  l e s s   of  S i ,   0.6%  by  w e i g h t   or  l e s s   of  Mn,  8  t o  

13%  by  w e i g h t   of  Cr  ,  1 .5   to   3%  by  w e i g h t   of  Mo,  2 

to  3%  by  w e i g h t   of  N i ,   0 . 0 5   to   0.3%  by  w e i g h t   of  V ,  

0 . 0 2   to   0.2%  by  w e i g h t   in  t o t a l   of  e i t h e r   or  b o t h  

5  of  Nb  and  Ta,   and  0 .0   2  to   0.1%  by  w e i g h t   of  N  w i t h  

t h e   b a l a n c e   b e i n g   s u b s t a n t i a l l y   Fe ,   t h e   Mn  to  N i  

r a t i o   b e i n g   0 . 0 1   or  l e s s ,   and  has   a  w h o l l y   t e m p e r e d  

r a a r t e n s i t e   s t r u c t u r e .  

30.  A  gas   t u r b i n e   c o m p r i s i n g   a  t u r b i n e   s t u b  

10  s h a f t ,   a  p l u r a l i t y   of  t u r b i n e   d i s c s   c o n n e c t e d   to  s a i d  

s h a f t   w i t h   t u r b i n e   s t a c k i n g   b o l t s   t h r o u g h   a  s p a c e r  

i n t e r p o s e d   b e t w e e n   s a i d   t u r b i n e   d i s c s   ,  a  t u r b i n e  

b u c k e t   e m b e d d e d   i n t o   s a i d   t u r b i n e   d i s c ,   a  d i s t a n c e  

p i e c e   c o n n e c t e d   to   s a i d   t u r b i n e   d i s c   w i t h   s a i d   t u r b i n e  

15  s t a c k i n g   b o l t ,   a  p l u r a l i t y   of  c o m p r e s s o r   d i s c s   c o n n e c t e d  

to  s a i d   d i s t a n c e   p i e c e   w i t h   c o m p r e s s o r   s t a c k i n g   b o l t s ,  

a  c o m p r e s s o r   b l a d e   e m b e d d e d   i n t o   s a i d   c o m p r e s s o r   d i s c  

and  a  c o m p r e s s o r   s t u b   s h a f t   f o r m e d   i n t e g r a l l y   w i t h  

t he   f i r s t   s t a g e   of  s a i d   c o m p r e s s o r   d i s c ,   c h a r a c t e r i z e d  

20  in  t h a t   a t   l e a s t   s a i d   t u r b i n e   d i s c   c o m p r i s e s   0 . 0 5   t o  

0.2%  by  w e i g h t   of  C,  0.5%  by  w e i g h t   or  l e s s   of  S i ,  

0.6%  by  w e i g h t   or  l e s s   of  Mn,  8  to   13%  by  w e i g h t   o f  

Cr  ,  1 .5   to  3%  by  w e i g h t   of  Mo,  2  to  3%  by  w e i g h t   o f  

Ni ,   0 .05   to  0.3%  by  w e i g h t   of  V,  0 . 0 2   to   0.2%  b y  

25  w e i g h t   in  t o t a l   of  e i t h e r   or  b o t h   of  Nb  and  Ta,   a n d  

0 . 0 2   to   0.1%  by  w e i g h t   of  N  and  a t   l e a s t   one  m e m b e r  

s e l e c t e d   f rom  among  1%  by  w e i g h t   or  l e s s   of  W,  0 . 5 %  

by  w e i g h t   or  l e s s   of  Co,  0.5%  by  w e i g h t   or  l e s s   o f  

Cu,  0.01%  by  w e i g h t   or  l e s s   of  B,  0.5%  by  w e i g h t   o r  
30  l e s s   of  T i ,   0.3%  by  w e i g h t   or  l e s s   of  A£,  0.1%  b y  

w e i g h t   or  l e s s   of  Zr,   0.1%  by  w e i g h t   or  l e s s   of  H f ,  

0.01%  by  w e i g h t   or  l e s s   of  Ca,  0.01%  by  w e i g h t   or  l e s s  

of  Mg,  0.01%  by  w e i g h t   or  l e s s   of  Y,  and  0.01%  b y  

w e i g h t   or  l e s s   of  r a r e   e a r c h   e l e m e n t s   w i t h   t h e   b a l a n c e  

35  b e i n g   s u b s t a n t i a l l y   Fe  ,  t h e   Mn  to  Ni  r a t i o   b e i n g   0 . 1 1  
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or  l e s s ,   and  has   a  w h o l l y   t e m p e r e d   m a r t e n s i t e  

s t r u c t u r e .  

31.  A  gas  t u r b i n e   a c c o r d i n g   to   any  of  c l a i m s  

16  to   20,  w h e r e i n   s a i d   t u r b i n e   d i s c ,   s a i d   d i s t a n c e  

p i e c e ,   and  a t   l e a s t   t h e   f i n a l   s t a g e   on  t h e   h i g h  

t e m p e r a t u r e   s i d e   of  s a i d   c o m p r e s s o r   d i s c   a r e   e a c h  

made  of  a  m a r t e n s i t i c   s t e e l   h a v i n g   a  w h o l l y   t e m p e r e d  

m a r t e n s i t e   s t r u c t u r e   and  h a v i n g   a  c r e e p   r u p t u r e  

s t r e n g t h   of  a t   l e a s t   50  kg/mm  a t   450  °C  f o r   10  h r  

10  and  a  V - n o t c h   C h a r p y   i m p a c t   v a l u e   of  a t   l e a s t   5 

k g - m / c m 2   a t   25  °C  a f t e r   h e a t i n g   a t   500  °C  f o r   103  h r .  

32.  A  gas   t u r b i n e   a c c o r d i n g   to   any  of  c l a i m   3 1 ,  

w h e r e i n   s a i d   t u r b i n e   d i s c ,   s a i d   d i s t a n c e   p i e c e ,   a n d  

a t   l e a s t   t he   f i n a l   s t a g e   on  t h e   h i g h   t e m p e r a t u r e  

15  s i d e   of  s a i d   c o m p r e s s o r   d i s c   e a c h   c o m p r i s e   0 .05   t o  

0.2%  by  w e i g h t   of  C,  0.5%  by  w e i g h t   or  l e s s   of  S i ,  

0.6%  by  w e i g h t   or  l e s s   of  Mn,  8  to   13%  by  w e i g h t  

of  Cr ,   1 .5   to   3%  by  w e i g h t   of  Mo,  2  to  3%  by  w e i g h t  

of  Ni ,   0 . 05   to  0.3%  by  w e i g h t   of  V,  0 . 0 2   to   0 . 2 %  

20  by  w e i g h t   in  t o t a l   of  e i t h e r   or  b o t h   of  Nb  and  T a ,  

and  0 .02   to  0.1%  by  w e i g h t   of  N  w i t h   t h e   b a l a n c e  

b e i n g   s u b s t a n t i a l l y   Fe  ,  t h e   Mn  to  Ni  r a t i o   b e i n g   0 . 1 1  

or  l e s s ,   and  has   a  w h o l l y   t e m p e r e d   m a r t e n s i t e   s t r u c t u r e .  

33.  A  gas  t u r b i n e   a c c o r d i n g   to   any  of  c l a i m   3 1 ,  

25  w h e r e i n   s a i d   t u r b i n e   d i s c ,   s a i d   d i s t a n c e   p i e c e ,   a n d  

a t   l e a s t   t h e   f i n a l   s t a g e   on  t h e   h i g h   t e m p e r a t u r e   s i d e  

of  s a i d   c o m p r e s s o r   d i s c   e a c h   c o m p r i s e   0 .05   to  0 . 2 %  

by  w e i g h t   of  C,  0.5%  by  w e i g h t   or  l e s s   of  S i ,   0 . 6 %  

by  w e i g h t   or  l e s s   of  Mn,  8  to   13%  by  w e i g h t   of  C r ,  

30  1 .5  to   3%  by  w e i g h t   of  Mo  ,  2  to   3%  by  w e i g h t   of  Ni  , 
0 . 05   to  0.3%  by  w e i g h t   of  V,  0 . 0 2   to  0.2%  by  w e i g h t  

in  t o t a l   of  e i t h e r   or  b o t h   of  Nb  and  Ta  ,  and  0 . 0 2  

to  0.1%  by  w e i g h t   of  N  and  a t   l e a s t   one  member  s e l e c t e d  

f rom  among  1%  by  w e i g h t   or  l e s s   of  W,  0.5%  by  w e i g h t  

35  or  l e s s   of  Co,  0.5%  by  w e i g h t   or  l e s s   of  Cu,  0."01% 
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by  w e i g h t   or  l e s s   of  B,  0.5%  by  w e i g h t   or  l e s s   o f  

T i ,   0.3%  by  w e i g h t   or  l e s s   of  A£.  ,  0.1%  by  w e i g h t  

or  l e s s   of  Zr,   0.1%  by  w e i g h t   or  l e s s   of  Hf  ,  0 . 0 1 %  

by  w e i g h t   or  l e s s   of  Ca,  0.01%  by  w e i g h t   or  l e s s   o f  

5  Mg,  0.01%  by  w e i g h t   or  l e s s   of  Y,  and  0.01%  by  w e i g h t  

or  l e s s   of  r a r e   e a r t h   e l e m e n t s   w i t h   t h e   b a l a n c e   b e i n g  

s u b s t a n t i a l l y   Fe  ,  t h e   Mn  to  Ni  r a t i o   b e i n g   0 . 1 1   o r  

l e s s ,   and  has   a  w h o l l y   t e m p e r e d   m a r t e n s i t e   s t r u c t u r e .  

34.  A  gas   t u r b i n e   a c c o r d i n g   to   any  of  c l a i m s  

10  16  to   20,   w h e r e i n   s a i d   t u r b i n e   s t a c k i n g   b o l t ,   s a i d  

s p a c e r ,   s a i d   t u r b i n e   d i s c ,   s a i d   d i s t a n c e   p i e c e ,   s a i d  

c o m p r e s s o r   s t a c k i n g   b o l t ,   and  t h e   f i n a l   s t a g e   o n  

t h e   h i g h   t e m p e r a t u r e   s i d e   of  s a i d   c o m p r e s s o r   d i s c   a r e  

e a c h   made  of  a  m a r t e n s i t i c   s t e e l   h a v i n g   a  w h o l l y  

15  t e m p e r e d   m a r t e n s i t e   s t r u c t u r e   and  h a v i n g   a  c r e e p  
2 

r u p t u r e   s t r e n g t h   of  a t   l e a s t   50  kg/mm  a t   450  °C  f o r  

10  hr  and  a  V - n o t c h   C h a r p y   i m p a c t   v a l u e   of  a t   l e a s t  

5  k g - m / c m 2   a t   25  °C  a f t e r   h e a t i n g   a t   500  °C  f o r   103  hr  . 
35  .  A  gas   t u r b i n e   a c c o r d i n g   to   any  of  c l a i m s  

20  16  to   34  w h i c h   c o m p r i s e s   a  t u r b i n e   s t u b   s h a f t ;   a  

p l u r a l i t y   of  t u r b i n e   d i s c s   c o n n e c t e d   to  s a i d   s h a f t  

w i t h   t u r b i n e   s t a c k i n g   b o l t s   t h r o u g h   a  s p a c e r   i n t e r p o s e d  

b e t w e e n   s a i d   t u r b i n e   d i s c s ;   a  t u r b i n e   b l a d e   e m b e d d e d  

i n t o   s a i d   t u r b i n e   d i s c ;   a  s h r o u d   f o r m e d   in  an  a n n u l a r  

25  s h a p e   and  b e i n g   in  s l i d i n g   c o n t a c t   w i t h   t h e   l e a d i n g  

end  of  s a i d   t u r b i n e   b l a d e ;   a  p l u r a l i t y   of  c o m b u s t o r s  

e a c h   c o m p r i s i n g   a  t u r b i n e   n o z z l e   f o r   l e a d i n g   a  

h i g h - t e m p e r a t u r e   gas   f l o w   to   s a i d   b l a d e   f o r   r o t a t i n g  

s a i d   b l a d e   and  a  c y l i n d r i c a l   m a t e r i a l   f o r   p r o d u c i n g  

30  s a i d   h i g h   - t e m p e r a t u r e   g a s ;   a  d i s t a n c e   p i e c e   c o n n e c t e d  

to  s a i d   t u r b i n e   d i s c   w i t h   s a i d   t u r b i n e   s t a c k i n g   b o l t ;  

a  p l u r a l i t y   of  c o m p r e s s o r   d i s c s   c o n n e c t e d   to   s a i d  

d i s t a n c e   p i e c e   w i t h   c o m p r e s s o r   s t a c k i n g   b o l t s ;   a  

c o m p r e s s o r   b l a d e   e m b e d d e d   i n t o   s a i d   c o m p r e s s o r   d i s c ;  

35  and  a  c o m p r e s s o r   s t u b   s h a f t   f o r m e d   i n t e g r a l l y   w i t h  
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t h e   f i r s t   s t a g e   of  s a i d   c o m p r e s s o r   d i s c ,   c h a r a c t e r i z e d  

in  t h a t   s a i d   s h r o u d   a t   a  s e c t i o n   c o r r e s p o n d i n g   to   t h e  

f i r s t   s t a g e   of  s a i d   t u r b i n e   b l a d e   i s   made  of  a  N i - b a s e  

c a s t   a l l o y   h a v i n g   a  w h o l l y   a u s t e n i t i c   s t r u c t u r e  

5  c o m p r i s i n g   0 .05   to   0.2%  by  w e i g h t   of  C,  2%  by  w e i g h t  

or  l e s s   of  S i ,   2%  by  w e i g h t   or  l e s s   of  Mn,  17  to   27% 

by  w e i g h t   of  Cr ,   5%  or  l e s s   of  Co,  5  to   15%  by  w e i g h t  

of  Mo,  10  to   30%  by  w e i g h t   of  Fe  ,  5%  by  w e i g h t   o r  

l e s s   of  W,  and  0.02%  by  w e i g h t   or  l e s s   of  B  w i t h   t h e  

10  b a l a n c e   b e i n g   s u b s t a n t i a l l y   Ni  and  s a i d   s h r o u d   a t  

s e c t i o n s   c o r r e s p o n d i n g   to  t h e   r e m a i n i n g   s t a g e s   o f  

s a i d   t u r b i n e   b l a d e   i s   made  of  an  F e - b a s e   c a s t   a l l o y  

c o m p o s e d   of  0.3  to  0.6%  by  w e i g h t   of  C,  2%  by  w e i g h t  

or  l e s s   of  S i ,   2%  or  l e s s   of  Mn,  20  to   27%  by  w e i g h t  

15  of  Cr ,   20  to  30%  by  w e i g h t   of  Ni  ,  0 . 1   to  0.5%  b y  

w e i g h t   of  Nb,  and  0 .1   to  0.5%  by  w e i g h t   of  Ti  w i t h  

t h e   b a l a n c e   b e i n g   s u b s t a n t i a l l y   Fe  . 
36.  A  gas   t u r b i n e   a c c o r d i n g   to  any  of  c l a i m s  

16  to  36  w h i c h   c o m p r i s e s   a  t u r b i n e   s t u b   s h a f t ;   a  
20  p l u r a l i t y   of  t u r b i n e   d i s c s   c o n n e c t e d   to  s a i d   s h a f t  

w i t h   t u r b i n e   s t a c k i n g   b o l t s   t h r o u g h   a  s p a c e r   i n t e r p o s e d  

b e t w e e n   s a i d   t u r b i n e   d i s c s ;   a  t u r b i n e   b l a d e   e m b e d d e d  

i n t o   s a i d   t u r b i n e   d i s c ;   a  p l u r a l i t y   of  c o m b u s t o r s  

e a c h   c o m p r i s i n g   a  t u r b i n e   n o z z l e   f o r   l e a d i n g   a  
25  h i g h - t e m p e r a t u r e   gas   f l o w   to  s a i d   b l a d e   f o r   r o t a t i n g  

s a i d   b l a d e ,   a  d i a p h r a g m   f o r   f i x i n g   s a i d   t u r b i n e   n o z z l e  

and  a  c y l i n d r i c a l   m a t e r i a l   f o r   p r o d u c i n g   s a i d   h i g h -  

t e m p e r a t u r e   g a s ;   a  d i s t a n c e   p i e c e   c o n n e c t e d   to  s a i d  

t u r b i n e   d i s c   w i t h   s a i d   t u r b i n e   s t a c k i n g   b o l t ;   a  

30  p l u r a l i t y   of  c o m p r e s s o r   d i s c s   c o n n e c t e d   to   s a i d   d i s t a n c e  

p i e c e   w i t h   c o m p r e s s o r   s t a c k i n g   b o l t s ;   a  c o m p r e s s o r  
b l a d e   e m b e d d e d   i n t o   s a i d   c o m p r e s s o r   d i s c ;   and  a  

c o m p r e s s o r   s t u b   s h a f t   f o r m e d   i n t e g r a l l y   w i t h   t h e  

f i r s t   s t a g e   of  s a i d   c o m p r e s s o r   d i s c ,   c h a r a c t e r i z e d  

35  in  t h a t   s a i d   d i a p h r a g m   a t   i t s   f i r s t - s t a g e   t u r b i n e  
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n o z z l e   s e c t i o n   f o r   l e a d i n g   a  h i g h - t e m p e r a t u r e   g a s  
f l o w   to  s a i d   f i r s t - s t a g e   t u r b i n e   b u c k e t   c o m p r i s e s  

0.05%  by  w e i g h t   or  l e s s   of  C,  1%  by  w e i g h t   or  l e s s  

of  S i ,   2%  by  w e i g h t   or  l e s s   of  Mn,  16  to   22%  b y  

5  w e i g h t   of  Cr ,   and  9  to  15%  by  w e i g h t   of  Ni  w i t h   t h e  

b a l a n c e   b e i n g   s u b s t a n t i a l l y   Fe  . 
37.  A  gas   t u r b i n e   a c c o r d i n g   to   any  of  c l a i m s  

16  to   36  w h i c h   c o m p r i s e s   a  t u r b i n e   s t u b   s h a f t ;   a  

p l u r a l i t y   of  t u r b i n e   d i s c s   c o n n e c t e d   to   s a i d   s h a f t  

10  w i t h   t u r b i n e   s t a c k i n g   b o l t s   t h r o u g h   a  s p a c e r   i n t e r p o s e d  

b e t w e e n   s a i d   t u r b i n e   d i s c s ;   a  t u r b i n e   b l a d e   e m b e d d e d  

i n t o   s a i d   t u r b i n e   d i s c ;   a  p l u r a l i t y   of  c o m b u s t o r s  

e a c h   c o m p r i s i n g   a  t u r b i n e   n o z z l e   f o r   l e a d i n g   a  h i g h -  

t e m p e r a t u r e   gas   f l o w   to  s a i d   b l a d e   f o r   r o t a t i n g   s a i d  

15  b l a d e   and  a  c y l i n d r i c a l   m a t e r i a l   f o r   p r o d u c i n g   s a i d  

h i g h - t e m p e r a t u r e   g a s ;   a  d i s t a n c e   p i e c e   c o n n e c t e d   t o  

s a i d   t u r b i n e   d i s c   w i t h   s a i d   t u r b i n e   s t a c k i n g   b o l t ;  

a  p l u r a l i t y   of  c o m p r e s s o r   d i s c s   c o n n e c t e d   to   s a i d  

d i s t a n c e   p i e c e   w i t h   c o m p r e s s o r   s t a c k i n g   b o l t s ;   a  
20  c o m p r e s s o r   b l a d e   e m b e d d e d   i n t o   s a i d   c o m p r e s s o r   d i s c ;  

a  c o m p r e s s o r   n o z z l e   f o r   l e a d i n g   a i r   to  s a i d   c o m p r e s s o r  
b l a d e ;   and  a  c o m p r e s s o r   s t u b   s h a f t   f o r m e d   i n t e g r a l l y  
w i t h   t h e   f i r s t   s t a g e   of  s a i d   c o m p r e s s o r   d i s c ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   c o m p r e s s o r   n o z z l e   i s   m a d e  

25  of  a  m a r t e n s i t i c   s t e e l   c o m p r i s i n g   0 . 0 5   to   0.2%  b y  

w e i g h t   of  C,  0.5%  by  w e i g h t   or  l e s s   of  S i ,   1%  by  w e i g h t  

or  l e s s   of  Mn,  and  10  to   13%  by  w e i g h t   or  l e s s   o f  

Cr  and  o p t i o n a l l y   0.5%  or  l e s s   of  Ni  and  0.5%  or  l e s s  

of  Mo  w i t h   t h e   b a l a n c e   b e i n g   s u b s t a n t i a l l y   Fe  ,  s a i d  

30  c o m p r e s s o r   d i s c   d i s p o s e d   on  t h e   l o w - t e m p e r a t u r e   s i d e  

i n c l u d i n g   s a i d   f i r s t   s t a g e   c o m p r i s e s   0 . 1 5   to  0 . 3 %  

by  w e i g h t   of  C,  0.5%  by  w e i g h t   or  l e s s   of  S i ,   0 . 6 %  

by  w e i g h t   or  l e s s   of  Mn,  1  to   2%  by  w e i g h t   of  Cr ,   2 

to   4%  by  w e i g h t   of  Ni  ,  0 .5   to  1%  by  w e i g h t   of  Mo,  
35  and  0 . 0 5   to   0.2%  by  w e i g h t   of  V  w i t h   t h e   b a l a n c e  
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b e i n g   s u b s t a n t i a l l y   Fe  and  s a i d   c o m p r e s s o r   d i s c  

d i s p o s e d   a t   t h e   r e m a i n i n g   s t a g e s   on  t h e   h i g h   t e m p e r a t u r e  

s i d e   t h e r e o f   c o m p r i s e s   0 .2   to  0.4%  by  w e i g h t   of  C ,  

0 .1   to  0.5%  by  w e i g h t   of  S i ,   0 .5   to   1.5%  by  w e i g h t  

5  of  Mn,  0 .5   to  1.5%  by  w e i g h t   of  Cr  ,  0.5%  by  w e i g h t  

or  l e s s   of  Ni ,   1  to  2%  by  w e i g h t   of  Mo,  and  0 .1   t o  

0.3%  by  w e i g h t   of  V  w i t h   t h e   b a l a n c e   b e i n g   s u b s t a n t i a l l y  

F e .  

38.  A  gas  t u r b i n e   a c c o r d i n g   to   any  of  c l a i m s  

10  16  to  37  w h i c h   c o m p r i s e s   a  t u r b i n e   s t u b   s h a f t ;   a  

p l u r a l i t y   of  t u r b i n e   d i s c s   c o n n e c t e d   to   s a i d   s h a f t  

w i t h   t u r b i n e   s t a c k i n g   b o l t s   t h r o u g h   a  s p a c e r   i n t e r p o s e d  

b e t w e e n   s a i d   t u r b i n e   d i s c s ;   a  t u r b i n e   b l a d e   e m b e d d e d  

i n t o   s a i d   t u r b i n e   d i s c ;   a  p l u r a l i t y   of  c o m b u s t o r s  

15  e a c h   c o m p r i s i n g   a  t u r b i n e   n o z z l e   f o r   l e a d i n g   a  h i g h -  

t e m p e r a t u r e   gas   f l o w   to  s a i d   b l a d e   f o r   r o t a t i n g   s a i d  

b l a d e   and  a  c y l i n d r i c a l   m a t e r i a l   f o r   p r o d u c i n g   s a i d  

h i g h - t e m p e r a t u r e   g a s ;   a  d i s t a n c e   p i e c e   c o n n e c t e d   t o  

s a i d   t r u b i n e   d i s c   w i t h   s a i d   t u r b i n e   s t a c k i n g   b o t l ;  

20  a  p l u r a l i t y   of  c o m p r e s s o r   d i s c s   c o n n e c t e d   to   s a i d  

d i s t a n c e   p i e c e   w i t h   c o m p r e s s o r   s t a c k i n g   b o l t s ;   a  

c o m p r e s s o r   b l a d e   e m b e d d e d   i n t o   s a i d   c o m p r e s s o r   d i s c ;  

and  a  c o m p r e s s o r   s t u b   s h a f t   f o r m e d   i n t e g r a l l y   w i t h  

t h e   f i r s t   s t a g e   of  s a i d   c o m p r e s s o r   d i s c ,   c h a r a c t e r i z e d  

25  in  t h a t   s a i d   t u r b i n e   b l a d e   i s   made  of  a  N i - b a s e   c a s t  

a l l o y   c o m p r i s i n g   0 .07   to  0.25%  by  w e i g h t   of  C,  1% 

by  w e i g h t   or  l e s s   of  S i ,   1%  by  w e i g h t   of  l e s s   of  Mn,  

12  to  20%  by  w e i g h t   of  Cr ,   5  to  15%  by  w e i g h t   o f  

Co,  1  to  5%  by  w e i g h t   of  Mo  ,  1  to   5%  by  w e i g h t   of  W, 
30  0 . 0 0 5   to  0.03%  by  w e i g h t   of  B,  2  to   7%  by  w e i g h t   o f  

Ti  ,  and  3  to  7%  by  w e i g h t   of  A£  and  a t   l e a s t   o n e  

member  s e l e c t e d   f rom  among  1.5%  by  w e i g h t   or  l e s s  

of  Nb,  0 . 0 1   to  0.5%  by  w e i g h t   of  Zr,   0 . 0 1   to  0 . 5 %  

by  w e i g h t   of  Hf,   and  0 . 0 1   to  0.5%  by  w e i g h t   of  V 

35  w i t h   t h e   b a l a n c e   b e i n g   s u b s t a n t i a l l y   Ni  and  has   y '  
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and  y"  p h a s e s ,   t h a t   s a i d   t u r b i n e   n o z z l e   i s   made  o f  

a  C o - b a s e   c a s t   a l l o y   c o m p r i s i n g   0 . 2 0   to   0.6%  b y  

w e i g h t   of  C,  2%  by  w e i g h t   or  l e s s   of  S i ,   2%  by  w e i g h t  

or  l e s s   of  Mn,  25  to   35%  by  w e i g h t   of  Cr  ,  5  to   15% 

5  by  w e i g h t   of  Ni  ,  3  to  10%  by  w e i g h t   of  W,  0 . 0 0 3   t o  

0.03%  by  w e i g h t   of  B  w i t h   t h e   b a l a n c e   b e i n g   s u b s t a n t i a l l y  

Co  and  o p t i o n a l l y   a t   l e a s t   one  member   s e l e c t e d   f r o m  

among  0 .1   to   0.3%  by  w e i g h t   of  T i ,   0 .1   to   0.5%  b y  

w e i g h t   of  Nb  and  0 .1   to   0.3%  by  w e i g h t   of  Zr  a n d  

10  c o n t a i n s   e u t e c t i c   c a r b i d e   and  s e c o n d a r y   c a r b i d e   i n  

an  a u s t e n i t e   p h a s e   m a t r i x   and  t h a t   s a i d   c o m b u s t o r  

is   made  of  a  N i - b a s e   a l l o y   h a v i n g   a  w h o l l y   a u s t e n i t i c  

s t r u c t u r e   and  c o m p r i s i n g   0 . 0 5   to  0.2%  by  w e i g h t   o f  

C,  2%  by  w e i g h t   or  l e s s   of  S i ,   2%  by  w e i g h t   or  l e s s  

15  of  Mn,  20  to   25%  by  w e i g h t   of  Cr  ,  0 .5   to  5%  by  w e i g h t  

of  Co,  5  to   15%  by  w e i g h t   of  Mo,  10  to   30%  by  w e i g h t  

of  Fe ,   5%  by  w e i g h t   or  l e s s   of  W,  and   0.02%  by  w e i g h t  

or  l e s s   of  B  w i t h   t h e   b a l a n c e   b e i n g   s u b s t a n t i a l l y  

N i .  
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Y  JP ,   A,  5 8 - 4 5 3 6 0   ( T o s h i b a   C o r p . )  
1  16  March   1983  (16.   03.  83 )  
I  P . I ,   l e f t   c o l u m n ,   l i n e   6  to   r i g h t  
!  c o l u m n ,   l i n e   8  ( F a m i l y :   n o n e )  

27,  28,  37 

27,  28,  37 

"T"  later  document  published  after  the  international  filing  date  or 
priority  date  and  not  in  conflict  with  the  application  but  cited  to 
understand  the  principle  or  theory  underlying  the  invention 

"X"  document  of  particular  relevance:  the  claimed  invention  cannot 
be  considered  novel  or  cannot  be  considered  to  involve  an 
inventive  step 

"Y"  document  of  particular  relevance;  the  claimed  invention  cannot 
be  considered  to  involve  an  inventive  step  when  the  document 
is  combined  with  one  or  more  other  such  documents,  such 
combination  being  obvious  to  a  person  skilled  in  the  art 

"4"  document  member  of  the  same  patent  family 

'  Special  categories  of  cited  documents:  " 
"A"  document  defining  the  general  state  of  the  art  which  is  not 

considered  to  be  of  particular  relevance 
"E"  earlier  document  but  published  on  or  after  the  international 

filing  date 
"L"  document  which  may  throw  doubts  on  priority  claim(s)  or 

which  is  cited-  to  establish  the  publication  date  of  another 
citation  or  other  special  reason  (as  specified) 

"O"  document  referring  to  an  oral  disclosure,  use.  exhibition  or 
other  means 

"P"  document  published  prior  to  the  international  filing  date  but 
later  than  the  priority  date  claimed 

IV.  CERTIFICATION 
Date  of  Mailing  of  this  International  Search  Report  ' 

March   22,  1988  (22.   03.  88)  

Date  of  the  Actual  Completion  of  the  International  Search  > 

March   16,   1988  (16.   03.  88 )  

Signature  of  Authorized  Officer  2° International  Searching  Authority  1 

J a p a n e s e   P a t e n t   O f f i c e  

Form  PCT/ISA/210  (second  sheet)  (October  1977) 
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27,  28,  37  JP,   A,  5 8 - 3 4 1 6 4   ( T o s h i b a   C o r p . )  
28  F e b r u a r y   1983  (28.   02.  83 )  
P . I ,   l e f t   c o l u m n ,   l i n e s   5  to   13  
( F a m i l y :   n o n e )  

JP ,   A,  5 7 - 2 0 7 1 5 9   ( T o s h i b a   C o r p . )  
18  D e c e m b e r   1982  (18.   12.  82 )  
P . I ,   l e f t   c o l u m n ,   l i n e s   5  to   13  
( F a m i l y :   n o n e )  

JP ,   A,  5 7 - 1 2 6 9 5 8   ( T o s h i b a   C o r p . )  
6  A u g u s t   1982  (06.   08.  82 )  
P . I ,   l e f t   c o l u m n ,   l i n e s   4  to   12  
( F a m i l y :   n o n e )  

27,  28,  37 

27,  28,  37 

V.D  OBSERVATIONS  WHERE  CERTAIN  CLAIMS  WERE  FOUND  UNSEARCHABLE10 

This  international  search  report  has  not  been  established  in  respect  of  certain  claims  under  Article  1  7(2)  (a)  for  the  following  reasons: 
1  .D  Claim  numbers  ,  because  they  relate  to  subject  matter  »  not  required  to  be  searched  by  this  Authority,  namely: 

2.O  Claim  numbers  because  they  relate  to  parts  of  the  international  application  that  do  not  comply  with  the  prescribed  require- 
ments  to  such  an  extent  that  no  meaningful  international  search  can  be  carried  out  ",  specifically: 

VI.D  OBSERVATIONS  WHERE  UNITY  OF  INVENTION  IS  LACKING" 

This  International  Searching  Authority  found  multiple  inventions  in  this  international  application  as  follows: 

1  .D  As  all  required  additional  search  fees  were  timely  paid  by  the  applicant,  this  international  search  report  covers  all  searchable  claims  of  the 
international  application. 

2.D  As  only  some  of  the  required  additional  search  fees  were  timely  paid  by  the  applicant,  this  international  search  report  covers  only  those 
claims  of  the  international  application  for  which  fees  were  paid,  specifically  claims: 

3.D  No  required  additional  search  fees  were  timely  paid  by  the  applicant.  Consequently,  this  international  search  report  is  restricted  to  the 
invention  first  mentioned  in  the  claims;  it  is  covered  by  claim  numbers: 

4.D  As  all  searchable  claims  could  be  searched  without  effort  justifying  an  additional  fee,  the  International  Searching  Authority  did  not  Invite 
payment  of  any  additional  fee. 

Remark  on  Protest 
LJ  The  additional  search  fees  were  accompanied  by  applicant's  protest 
U  No  protest  accompanied  the  payment  of  additional  search  fees. 
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JP ,   A,  5 6 - 1 1 2 4 4 3   ( N i p p o n   C h u t a n k o  
K a b u s h i k i   K a i s h a )  
4  S e p t e m b e r   1981  (04.   09.  81 )  
P . I ,   l e f t   c o l u m n ,   l i n e s   5  to  15  & 
FR,  A,  2 4 7 5 5 7 7   &  DE,  A,  3 1 0 4 5 8 3  

JP ,   B2,  5 8 - 1 3 6 0 8   ( T o s h i b a   C o r p . )  
15  March   1983  (15.   03.  83)  
Column  1,  l i n e   22  to   c o l u m n   2,  l i n e   9 
( F a m i l y :   n o n e )  

JP ,   B2,  6 1 - 3 2 3 8 4   ( H i t a c h i ,   L t d . )  
26  J u l y   1986  (26.   07.  86)  
Column  1,  l i n e   1  to  c o l u m n   2,  l i n e   6 

21,  27,  37  

21,  27,  37 X 

21,  27,  37 

V.D  OBSERVATIONS  WHERE  CERTAIN  CLAIMS  WERE  FOUND  UNSEARCHABLE10 

This  international  search  report  has  not  been  established  in  respect  of  certain  claims  under  Article  1  7(2)  (@)  (or  the  following  reasons: 
1  .LJ  Claim  numbers  ,  because  they  relate  to  subject  matter  ia  not  required  to  be  searched  by  this  Authority,  namely: 

2.O  Claim  numbers  because  they  relate  to  parts  of  the  international  application  that  do  not  comply  with  the  prescribed  require- 
ments  to  such  an  extent  that  no  meaningful  international  search  can  be  earned  out,11,  specifically: 

VI.D  OBSERVATIONS  WHERE  UNITY  OF  INVENTION  IS  LACKING  @ 

This  International  Searching  Authority  found  multiple  inventions  in  this  international  application  as  follows: 

1  .LJ  As  all  required  additional  search  fees  were  timely  paid  by  the  applicant,  this  international  search  report  covers  ail  searchable  claims  of  the 
international  application. 

2.LJ  As  only  some  of  the  required  additional  search  fees  were  timely  paid  by  the  applicant,  this  international  search  report  covers  only  those 
claims  of  the  international  application  for  which  fees  were  paid,  specifically  claims: 

3.CH  No  required  additional  search  fees  were  timely  paid  by  the  applicant.  Consequently,  this  international  search  report  is  restricted  to  the 
invention  first  mentioned  in  the  claims;  it  is  covered  by  claim  numbers: 

4.0  As  all  searchable  claims  could  be  searched  without  effort  justifying  an  additional  fee,  the  International  Searching  Authority  did  not  invite 
payment  of  any  additional  fee. 

Remark  on  Protest 
LJ  The  additional  search  fees  were  accompanied  by  applicant's  protest. 
LJ  No  protest  accompanied  the  payment  of  additional  search  fees. 

Form  PCT/ISA/210  (supplemental  sheet  (2))  (October  1981) 
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( F a m i l y :   n o n e )  

JP ,   B2,  5 7 - 1 5 6 5 4   ( M i t s u b i s h i   M e t a l  

C o r p o r a t i o n )  
31  March  1982  (31.   03.  82)  
Column  2,  l i n e s   6  to   30  ( F a m i l y :   n o n e )  

JP ,   A,  5 1 - 6 2 1 2 6   ( M i t s u b i s h i   M e t a l  
C o r p o r a t i o n )  
29  May  1976  (29.   05.  7 6 )  
P . I ,   r i g h t   c o l u m n ,   l i n e   15  to  p.  2 ,  
r i g h t   c o l u m n ,   l i n e   5  ( F a m i l y :   n o n e )  

JP ,   a,  5 0 - 3 5 0 2 3   ( M i t s u b i s h i   M e t a l  

35,  38 

35,  38  

35,  38 

V.D  OBSERVATIONS  WHERE  CERTAIN  CLAIMS  WERE  FOUND  UNSEARCHABLE  '» 

This  international  search  report  has  not  been  established  in  respect  of  certain  claims  under  Article  1  7(2)  (a)  for  the  following  reasons: 
1  .D  Claim  numbers  because  they  relate  to  subject  matter  1J  not  required  to  be  searched  by  this  Authority,  namely: 

2.D  Claim  numbers  ,  because  they  relate  to  parts  of  the  international  application  that  do  not  comply  with  the  prescribed  require- 
ments  to  such  an  extent  that  no  meaningful  international  search  can  be  carried  out  ",  specifically: 

VI.D  OBSERVATIONS  WHERE  UNITY  OF  INVENTION  IS  LACKING" 

This  International  Searching  Authority  found  multiple  inventions  in  this  international  application  as  follows: 

1  .CD  As  all  required  additional  search  fees  were  timely  paid  by  the  applicant,  this  international  search  report  covers  all  searchable  claims  of  the 
international  application. 

2.D  As  only  some  of  the  required  additional  search  fees  were  timely  paid  by  the  applicant,  this  international  search  report  covers  only  those 
claims  of  the  international  application  for  which  fees  were  paid,  specifically  claims: 

3.D  No  required  additional  search  fees  were  timely  paid  by  the  applicant.  Consequently,  this  international  search  report  is  restricted  to  the 
invention  first  mentioned  in  the  claims;  it  is  covered  by  claim  numbers: 

4.D  As  all  searchable  claims  could  be  searched  without  effort  justifying  an  additional  fee,  the  International  Searching  Authority  did  not  invite 
payment  of  any  additional  fee. 

Remark  on  Protest 
D  The  additional  search  fees  were  accompanied  by  applicant's  protest. 
0  No  protest  accompanied  the  payment  of  additional  search  fees. 

Form  PCT/ISA/210  (supplemental  sheet  (2))  (October  1981) 
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C o r p o r a t i o n )  
3  A p r i l   1975  (03.   04.  7 5 )  

j  P . I ,   r i g h t   c o l u m n ,   l i n e   13  to   p.  2 ,  
i  r i g h t   c o l u m n ,   l i n e   2  ( F a m i l y :   n o n e )  

JP ,   A,  5 7 - 2 0 0 5 4 4   ( T o s h i b a   C o r p . )  
8  D e c e m b e r   1982  (08.   12.  82)  
P . I   -  p.  2,  l e f t   c o l u m n ,   l i n e   7  ( F a m i l y :  
n o n e )  

JP ,   B2,  5 8 - 3 7 3 8 2   ( M i t s u b i s h i   H e a v y  
I n d u s t r i e s ,   L t d . )  
16  A u g u s t   1983  (16.   08.  83)  
Column  1,  l i n e   17  to  c o l u m n   2,  l i n e   16  

36 

38 X 

V.D  OBSERVATIONS  WHERE  CERTAIN  CLAIMS  WERE  FOUND  UNSEARCHABLE10 

This  international  search  report  has  not  been  established  in  respect  of  certain  claims  under  Article  1  7(2)  (a)  for  the  following  masons: 
1  O  Claim  numbers  ,  because  they  relate  to  subject  matter  1J  not  required  to  be  searched  by  this  Authority,  namely: 

2.O  Claim  numbers  because  they  relate  to  parts  of  the  international  application  that  do  not  comply  with  the  prescribed  require- 
ments  to  such  an  extentthat  no  meaningful  international  search  can  be  carried  out  >3.  specifically: 

VI.D  OBSERVATIONS  WHERE  UNITY  OF  INVENTION  IS  LACKING  ' 

This  International  Searching  Authority  found  multiple  inventions  in  this  international  application  as  follows: 

1  .  0  As  all  required  additional  search  fees  were  timely  paid  by  the  applicant,  this  international  search  report  covers  all  searchable  claims  of  the 
international  application. 

2.O  As  only  some  of  the  required  additfonal  search  fees  were  timely  paid  by  the  applicant,  this  international  search  report  covers  only  those 
claims  of  the  international  application  for  which  fees  were  paid,  specifically  claims: 

3.0  No  required  additional  search  fees  were  timely  paid  by  the  applicant.  Consequently,  this  international  search  report  is  restricted  to  the 
invention  first  mentioned  in  the  claims:  it  is  covered  by  claim  numbers: 

4.0  As  all  searchable  claims  could  be  searched  without  effort  justifying  an  additional  fee,  the  International  Searching  Authority  did  not  invite 
payment  of  any  additional  fee. 

Remark  on  Protest 
LJ  The  additional  search  fees  were  accompanied  by  applicant's  protest. 
LJ  No  protest  accompanied  the  payment  of  additional  search  fees. 
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( F a m i l y :   n o n e )  

JP,   A,  5 5 - 8 2 7 4 5   ( H i t a c h i ,   L t d . )  
21  J u n e   1980  (21.   06.  80 )  
P . I ,   l e f t   c o l u m n ,   l i n e   4  to  r i g h t   c o l u m n ,  
l i n e   1,  P.  5  ( F a m i l y :   n o n e )  

JP ,   B2,  5 7 - 5 4 5 3 5   ( H i t a c h i ,   L t d . )  
18  N o v e m b e r   1982  (18.   11.  82)  
Column  1,  l i n e   27  to  c o l u m n   2,  l i n e   1 
( F a m i l y :   n o n e )  

38 X 

38  X 

V.D  OBSERVATIONS  WHERE  CERTAIN  CLAIMS  WERE  FOUND  UNSEARCHABLE10 

This  international  search  report  has  not  been  established  in  respect  of  certain  claims  under  Article  1  7(2)  (a)  for  the  following  reasons: 
1  .D  Claim  numbers  ,  because  they  relate  to  subject  matter  '  i  not  required  to  be  searched  by  this  Authority,  namely: 

o  I  I  claim  numbers  because  they  relate  to  parts  of  the  international  application  that  do  not  comply  with  the  prescribed  require- 
ments  to  such  an  extent  that  no  meaningful  international  search  can  be  carried  out  13,  specifically: 

VI.D  OBSERVATIONS  WHERE  UNITY  OF  INVENTION  IS  LACKING  ' 

This  International  Searching  Authority  found  multiple  inventions  in  this  international  application  as  follows: 

1  .U  As  all  required  additional  search  fees  were  timely  paid  by  the  applicant,  this  international  search  report  covers  all  searchable  claims  of  the 
international  application. 

2.D  As  only  some  of  the  required  additional  search  fees  were  timely  paid  by  the  applicant,  this  international  search  report  covers  only  those 
claims  of  the  international  application  for  which  fees  were  paid,  specifically  claims: 

3.O  No  required  additional  search  fees  were  timely  paid  by  the  applicant.  Consequently,  this  international  search  report  is  restricted  to  the 
invention  first  mentioned  in  the  claims;  it  is  covered  by  claim  numbers: 

4.0  As  all  searchable  claims  could  be  searched  without  effort  justifying  an  additional  fee,  the  International  Searching  Authority  did  not  invite 
payment  of  any  additional  fee. 

Remark  on  Protest 
D  The  additional  search  fees  were  accompanied  by  applicant's  protest. 
LJ  No  protest  accompanied  the  payment  of  additional  search  fees. 
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