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INTRODUCTION 

In rotational systems that operate at high 
speeds, i.e., in excess of their critical 
speeds, and where the tolerances between 
rotating members are close, careful 
consideration must be given to rotordynamic 
design. In the design and development phase 
of the SSME, some of the rotordynamic design 
considerations were bearing loads, whirl 
instability, excessive deflections that 
result in rubbing, unbalance, deadband, 
sideforce, transmission of dynamic loads, 
rotor stack buildup/shift (internal rotor 
friction), etc. The purpose of rotordynamic 
design is to minimize all detrimental 
effects; this usually results in optimizing 
all of the aforementioned effects with 
respect to each other and with respect to 
system performance and life. 

The rotordynamic analyses that are required 
to support the SSME design while 
sophisticated with respect to the present 
state-of-the-art still require additional 
advances because of the far reaching SSME 
operational conditions. The goal of the 
rotordynamic working group is to plan 
generic, but SSME related, research 
activities that ultimately lead to optimum 
rotordynamic design. Specifically, the plan 
is to improve the description and analysis 
methods pertaining to rotordynamic loads and 
response, to define more accurately and 
completely the significant rotordynamic 
forces, and to define design requirements 



t h a t  i n f l u e n c e  r o t o r d y n a m i c  l o a d s  
d e f l e c t i o n s  a n d  s t a b i l i t y .  C o n s i s t e n t  w i t h  
t h i s  p l a n ,  t a s k s  h a v e  b e e n  d e f i n e d  t o :  ( 1 )  
d e v e l o p  new a n a l y s i s  a n d  s i m u l a t i o n  
t e c h n i q u e s ,  ( 2 )  d e f i n e  f o r c e s  w h i c h  r e s u l t  
f r o m  t h e  r o t o r  a n d  s u r r o u n d i n g s ,  ( 3 )  
d e t e r m i n e  t h e  e f f e c t  o f  r u b b i n g ,  (4) i m p r o v e  
b a l a n c i n g ,  ( 5 )  d e v e l o p  d a m p i n g  m e t h o d s ,  i . e , ,  
e d d y - c u r r e n t  a n d  d a m p i n g  s e a l s ,  ( 6 )  d e v e l o p  
m e t h o d s  t o  q u a n t i f y  i n t e r n a l  f r i c t i o n ,  a n d  
( 7 )  d e v e l o p  s u p p o r t i n g  t e s t  a p p a r a t u s .  

The p a p e r s  t h a t  h a v e  b e e n  p r e s e n t e d  d u r i n g  
t h i s  s e s s i o n  i l l u s t r a t e  some o f  t h e  
a c c o m p l i s h m e n t s  a c h i e v e d  u n d e r  t h e  
a f o r e m e n t i o n e d  p l a n .  The  a c t i v i t i e s  r e l a t e d  
t o  d e a d b a n d  by J. R .  G l a e s e  a n d  A .  P ,  B u k l e y  
h a v e  e x t e n d e d  p r e v i o u s  work t o  i l l u s t r a t e  t h e  
n o n l i n e a r  e f f e c t s  on  l o a d s  a n d  s t a b i l i t y  i n  
a d d i t i o n  t o  d e v e l o p i n g  a l i m i t  c y c l e  
a l g o r i t h m .  The  m o d e l  a p p l i e d  by J. R ,  G l a e s e  
a n d  A .  P .  B u k l e y  was a g e n e r i c  mode l  w h i l e  i n  
t h e  p a p e r  p r e s e n t e d  b y  D a r a  W.  C h i l d s ,  a 
n o n l i n e a r  m u l t i p l e  d e g r e e - o f  - fPeedom mode l  
was  u t i l i z e d .  D .  W, C h i l d s P  r e s u l t s  showed  
t h a t  ( 1 )  a  r e d u c t i o n  i n  w h i r l  f r e q u e n c y  c o u l d  
r e s u l t  f r o m  b e a r i n g  c l e a r a n c e s ,  ( 2 )  t h e  
c o m p u t e d  w h i r l  f r e q u e n c y  m a t c h e s  t e s t  d a t a ,  
( 3 )  d a m p i n g  s e a l s  a r e  e f f e c t i v e  t o w a r d  
s u p p r e s s i n g  s u b s y n e h r o n o u s  w h i r l ,  a n d  (4) 
u n d e r  c e r t a i n  c o n d i t i o n s  s y n c h r o n o u s  b e a r i n g  
l o a d s  w e r e  more  i m p o r t a n t  t h a n  s u b s y n e h r o n o u s  
b e a r i n g  l o a d s .  

R e s u l t s  o f  a c t i v i t i e s  r e l a t e d  t o  i m p r o v e d  
b a l a n c i n g  w e r e  p r e s e n t e d  by  M. J. H i n e ,  C .  E ,  
L a n d i s ,  a n d  R .  F .  B e a t t y .  The  s i g n i f i c a n t  
r e s u l t s  a c h i e v e d  i n  t h i s  a c t i v i t y  i n e l u d e  t h e  
( 1 )  d e f i n i t i o n  o f  H P O T P  a n d  H P F T P  b a l a n c e  
s e n s i t i v i t y ,  ( 2 )  e f f e c t i v e n e s s  o f  l o w  s p e e d  
m u l t i p l a n e  b a l a n c i n g ,  ( 3 )  d e m o n s t r a t i o n  o f  
p o t e n t i a l  i m p r o v e m e n t s  d u e  t o  r o t o r  
s t i f f n e s s ,  4 )  d e f i n i t i o n  o f  n o n l i n e a r  
d e a d b a n d  e f f e c t s ,  ( 5 )  i n t e r r e l a t i o n s h i p  
b e t w e e n  b a l a n c e  p l a n e s ,  b a l a n c e  r u n s  a n d  



s p e e d ,  a n d  ( 6 )  m o d e l i n g  o f  t i m e  d e p e n d e n t  
u n b a l a n c e  c h a n g e s  f o r  a n a l y s i s  o f  
s e l f - e n h a n c e d  u n b a l a n c e ,  E .  S .  Z o r z i  a n d  J. 
W a l t o n  a l s o  p r e s e n t e d  r e s u l t s  r e l a t e d  t o  
u n b a l a n c e .  T h e i r  r e s u l t s  showed  ( 1  1 
m u l t i p l a n e / m u l t i s p e e d  b a l a n c i n g  c a n  d e c r e a s e  
m a c h i n e  v i b r a t i o n s ,  ( 2 )  l o w  s p e e d  s i n g l e  
p l a n e  t r i m  b a l a n c i n g  d o e s  n o t  a l l o w  c o n t r o l  
f o r  h i g h  s p e e d  v i b r a t i o n  s u p p r e s s i o n ,  ( 3 )  a  
l o w  s p e e d  b a l a n c i n g  a p p r o a c h  may b e  
a c c e p t a b l e  p r o v i d e d  s u f f i c i e n t  b a l a n c e  p l a n e s  
a r e  a v a i l a b l e ,  a n d  4 )  e f f e c t s  o f  b e a r i n g  
t i l t  w e r e  shown t o  m i n i m a l l y  e f f e c t  r o t o r  
u n b a l a n c e  r e s p o n s e .  

R e s u l t s  r e l a t e d  t o  d a m p i n g  s e a l s  w e r e  
p r e s e n t e d  by 13. L, von P r a g e n a u .  T h e s e  s e a l s  
a r e  a  new t e c h n o l o g y  a n d  t h e  r e s u l t s  a r e  
e n c o u r a g i n g  i n  t h a t  t h e s e  s e a l s  a r e  
r e t r o f i t t a b l e  i n  m a c h i n e s  b e s e t  w i t h  w h i r l  
i n s t a b i l i t y .  A t  t h e  p r e s e n t  t i m e ,  d a m p i n g  
s e a l s  a r e  b e i n g  t e s t e d  i n  t h e  SSME program..  
An a p p a r a t u s  t o  t e s t  d a m p i n g  s e a l s  i s  
d i s c u s s e d  i n  t h e  p a p e r  p r e s e n t e d  by K .  L, 
C a p p e l .  T h i s  a p p a r a t u s  h a s  b e e n  d e s i g n e d  a n d  
f a b r i c a t i o n  i s  i n  p r o g r e s s .  I t  w i l l  o p e r a t e  
a t  s p e e d s  up t o  3 7 , 0 0 0  rpm w i t h  v a r i o u s  f l o w  
r a t e s  up  t o  3 0 0  gpm a n d  p r e s s u r e s  up  t o  2 , 3 0 0  
p s i .  R ,  E ,  C u n n i n g h a m ,  a l s o  a d d r e s s e d  s e a l s ;  
h o w e v e r ,  h i s  a p p r o a c h  c o n s i s t e d  o f  d e v e l o p i n g  
a n  e d d y - c u r r e n t  damper  t e s t  r i g .  R e s u l t s  
f r o m  t h e  e d d y - c u r r e n t  damper  p r o g r a m  a r e  a s  
f o l l o w s :  ( 1 )  d a m p i n g  p o t e n t i a l  was  
d e m o n s t r a t e d  on a  v i b r a t i n g  beam i n  l i q u i d  
N , ,  ( 2 )  c o m p u t e r  c o d e s  w e r e  d e v e l o p e d  t o  
c h a r a c t e r i z e  e d d y - c u r r e n t  d a m p e r s  a t  
c y r o g e n i c  t e m p e r a t u r e s ,  ( 3 )  a  1 2 , 0 0 0  rprn 
r o t a t i n g  a p p a r a t u s  f o r  t e s t i n g  s e v e r a l  
e d d y - c u r r e n t  d a m p e r s  i n  l i q u i d  N ,  was 
d e v e l o p e d  a n d  t e s t e d ,  a n d  (4) a n  e d d y - c u r r e n t  
t e s t  r i g  t h a t  w i l l  o p e r a t e  t o  3 6 , 0 0 0  rpm i n  
l i q u i d  H, was d e s i g n e d ,  

I n  summary ,  some o f  t h e  p a p e r s  p r e s e n t e d  i n  
t h i s  s e s s i o n  f o c u s e d  a t t e n t i o n  upon  



understanding loads, response and whirl 
instability utilizing rotordynamic 
computational methods. Other papers 
emphasized activities related to unbalance 
with their end goal being to reduce the 
unbalance loads and consequential vibrations 
at high speed operations. A new method to 
suppress whirl instability with retrofittable 
damping seals was presented along with the 
development of a test apparatus to test 
damping seals at conditions similar to SSME 
operating condition. Finally, the test 
results related to eddy-current dampers were 
presented. 




