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Machine Train Diagram
T h i s i s a m a c h i n e t r a i n c o n s i s t s o f
g a s t u r b i n e d r i v i n g a n a i r - c o o l e d
s y n c h r o n o u s g e n e r a t o r ( 3 6 0 0 r p m
a n d 8 0 M W r a t e d p o w e r ) G a s
t u r b i n e i s s u p p o r t e d o n t h r e e
j o u r n a l b e a r i n g s , a n d g e n e r a t o r i s
s u p p o r t e d o n t w o j o u r n a l b e a r i n g s .
E a c h b e a r i n g s i s m o n i t o r e d b y t w o
s h a f t r e l a t i v e v i b r a t i o n p r o b e s
i n s t a l l e d 4 5 d e g r e e s l e f t a n d 4 5
d e g r e e s r i g h t . A l s o , v e r t i c a l s e i s m i c
p r o b e i n s t a l l e d o n e a c h b e a r i n g .
Tw o t e m p o r a r y v e l o m e t e r s i n s t a l l e d
o n e a c h g e n e r a t o r b e a r i n g i n
v e r t i c a l a n d h o r i zo n t a l d i r e c t i o n s .



Problem Statement 
G e n e ra t o r  b e a r i n g  
s h o w e d  i n c re a s i n g  
v i b ra t i o n  l e ve l s  
a f t e r  e a c h  
s h u t d o w n /st a r t u p  
e ve n t  s t a r t i n g  
O c t o b e r  2 0 2 0  a s  
re p o r t e d  b y  
c u st o m e r.  

G e n e ra t o r  b e a r i n g s  D u r i n g  Te st  R u n  a f t e r  M o b i l i za t i o n  t o  s i t e  
s h o w e d  h i g h  c a s i n g  v i b ra t i o n  l e ve l s  c l o s e  t o  a l a r m  s e t p o i n t s .  



Problem Statement- Cont ’d
Tra n s i e n t  d a t a  d u r i n g  
s h u t d o w n  s h o w e d  c l e a r  
sy m p t o m  o f  c o u p l e -
u n b a l a n c e  o n  t h e  ge n e ra t o r  
ro t o r.  O n s i t e  b a l a n c i n g  
c a r r i e d  o u t  t o  re d u c e  t h e  
v i b ra t i o n  l e ve l s .  

G e n e r a t o r B e a r i n g s P o l a r P l o t s a s F o u n d ( N D E R e d & D E B l u e )

Coup l e unba l an ce :
v i b r a t i o n v e c t o r s a t f u l l
s p e e d c o m p a r e d o n b o t h
b e a r i n g s i n s a m e
d i r e c t i o n a r e 1 8 0 d e g r e e s
o u t o f p h a s e .

V H



Problem Statement- Cont ’d
G e n e ra t o r  B e a r i n g s  
D i re c t  a n d  1 X  B o d e  
p l o t s  i n  t h e  Ve r t i c a l  
D i re c t i o n  S e i s m i c  
v i b ra t i o n  d u r i n g  
s h u t d o w n  a s  fo u n d  
s h o w e d  u n b a l a n c e  
b e h av i o r  ( i n c re a s i n g  
1 X  v i b ra t i o n  l e ve l s  
w i t h  s p e e d  i n c re a s e  
i n  a  p a ra b o l i c  
s h a p e ) .

DE NDE



Initial Action Plan– B a l a n c i n g  C a l c u l a t i o n s  

W R T ve r t i c a l p ro b e o n t h e D E b e a r i n g t h e o l d I n f l u e n c e ve c t o r
H = 1 . 3 3 i n /s p k / K g @ 3 0 d e g re e s
O = 0 . 5 7 i n /s p k @ 8 0 d e g re e s
S o, t h e t r i a l w e i g h t = - O / H

= 0 . 5 7 / 1 . 3 3 = 4 2 6 g ra m s & 2 6 0 - 3 0 = 2 3 0 d e g re e s
T h e c o u p l e w e i g h t s fo r T R 1 :
4 2 6 g ra m s @ 2 3 0 d e g re e s W R T ve r t i c a l p ro b e o n D E b e a r i n g .
4 2 6 g ra m s @ 5 0 d e g re e s W R T ve r t i c a l p ro b e o n N D E b e a r i n g .

Tr i a l we i g ht wa s ca l c u l a t e d b a s e d o n a n i n f l u e n c e ve c t o r o f a s i s t e r
m a c h i n e w i t h s a m e m o d e l d u r i n g p re v i o u s j o b a s fo l l o w i n g :

N o t e : T h e I n f l u e n c e Ve c t o r :
1 - I n d e p e n d e n t o f c a l i b ra t i o n w e i g h t .
2 - C a n b e u s e d i n f u t u re b a l a n c i n g .
3 - S h o u l d n o t c h a n ge fo r t h e s a m e o p e ra t i n g c o n d i t i o n s .



Initial Action Plan– Tr i a l  R u n  Re s p o n s e  

A d d i n g t h e p re v i o u s
w e i g h t s h o w e d
u n ex p e c te d re s p o n s e .
t h e v i b ra t i o n ve c t o rs
s h i f t e d t o n e w
l o c a t i o n ( re d i s t h e
n e w 1 X ve c t o r )
c o m p a re d t o o r i g i n a l
v i b ra t i o n a n d a n e w
i n f l u e n c e ve c t o r w a s
c a l c u l at e d b a s e d o n
t h i s re s p o n s e

B l u e  i s  o r i g i n a l  R u n  Re d  i s  Tr i a l  R u n



Initial Action Plan– C o r re c t i o n  We i g h t .

C o r re c t i o n we i g ht w a s c a l c u l a t e d b a s e d o n t h e t r i a l w e i g h t re s p o n s e
C a l c u l a t i o n s W R T D r i ve E n d Ve r t i c a l a t FS N L :

O r i g i n a l Ve c t o r O = 0 . 5 7 i n /s p k @ 8 0 d e g re e s

Tr i a l we i g ht a d d e d = 4 2 6 g ra m s @ 2 3 0 d e g re e s

Ef fe c t o f ( O r i g i n a l + Tr i a l w e i g h t ) = 0 . 3 3 i n /s p k @ 2 0 8 d e g re e s

Ef fe c t o f Tr i a l We i g h t ( T ) = ( O + T ) – O = 0 . 8 2 i n /s p k @ 2 4 1 d e g re e s

N e w H ve c t o r o f Tr i a l We i g ht = T/ W t = 1 . 9 2 i n /s p e r K g @ 1 1 d e g re e s

C o r re c t i o n w e i g h t = - O / H = 0 . 5 7 / 1 . 9 2 @ ( 2 6 0 – 1 1 )

2 9 6 g ra m s @ 2 4 9 d e g re e s a t D E W R T Ve r t i c a l

2 9 6 g ra m s @ 6 9 d e g re e s a t N D E W R T Ve r t i c a l

a n d re m o va l o f t r i a l w e i g h t



Initial Action Plan– C o r re c t i o n  R u n  Re s p o n s e

Pe r fe c t Re s p o n s e a s
t h e v i b ra t i o n
d e c re a s e d i n t h e
s a m e d i re c t i o n .
N o w w e n e e d t o
c a l c u l at e t h e
I n f l u e n c e c o e f f i c i e n t
b a s e d o n o r i g i n a l
r u n a n d c o r re c t i o n
r u n a n d t h e n e w
c o r re c t i o n w e i g h t .

B l u e  i s  o r i g i n a l  R u n  Re d  i s  C o r re c t i o n  R u n



Initial Action Plan– C o r re c t i o n  R u n  I n f l u e n c e .

C a l c u l a t i o n s W R T D r i ve E n d Ve r t i c a l a t FS N L :

O r i g i n a l Ve c t o r O = 0 . 5 7 i n /s p k @ 8 0 d e g re e s

C o r re c t i o n w e i g h t a d d e d = 2 9 6 g ra m s @ 2 4 9 d e g re e s

Ef fe c t o f ( O r i g i n a l + C o r. w e i g h t ) = 0 . 2 1 2 i n /s p k @ 8 2 d e g re e s

Ef fe c t o f Tr i a l We i g ht ( T ) = ( O + T ) – O = 0 . 3 6 i n /s p k @ 2 5 9 d e g re e s

N e w H ve c t o r = T/ W t = 1 . 2 1 6 i n /s p e r K g @ 1 0 d e g re e s

N e w C o r re c t i o n w e i g h t = - O / H = 0 . 5 7 / 1 . 2 1 6 @ ( 2 6 0 – 1 0 )

4 6 8 g ra m s @ 2 5 0 d e g re e s a t D E W R T Ve r t i c a l

4 6 8 g ra m s @ 7 0 d e g re e s a t N D E W R T Ve r t i c a l

A n d re m o va l o f p re v i o u s c o r re c t i o n w e i g h t



Initial Action Plan– Re p e a t a b i l i t y  Te st

i t  w a s  d e c i d e d  t o  t e s t  

t h e  sy s t e m  r e p e a t a b i l i t y  

b y  c a r r y i n g  o u t  a n o t h e r  

s t a r t u p  w i t h o u t  

c h a n g i n g  w e i g h t s ,  

h o w e v e r  t h e  g e n e ra t o r  

b e a r i n g  s h o w e d  t o t a l l y  

d i f fe r e n t  sy n c h r o n o u s  

r e s p o n s e

R e d  i s  t h e  C o r r e c t i o n  R u n    G r e e n  i s  t h e  2 n d R u n  w i t h  s a m e  w e i g h t



Initial Action Plan– 2 n d R u n  S a m e  We i g h t  I n f l u e n c e .

C a l c u l a t i o n s W R T D r i ve E n d Ve r t i c a l a t FS N L :

O r i g i n a l Ve c t o r O = 0 . 5 7 i n /s p k @ 8 0 d e g re e s

C o r re c t i o n w e i g h t a d d e d = 2 9 6 g ra m s @ 2 4 9 d e g re e s

Ef fe c t o f ( O r i g i n a l + C o r. we i g ht ) = 0 . 6 0 9 i n /s p k @ 3 1 4 d e g re e s

Ef fe c t o f Tr i a l We i g h t ( T ) = ( O + T ) – O = 1 . 0 5 i n /s p k @ 2 8 8 d e g re e s

N e w H ve c t o r o f 2 n d r u n w i t h s a m e w e i g h t = T/ W t = 3 . 5 5 i n /s p e r K g

@ 3 9 d e g re e s

At t h i s s te p i t wa s c o n f i r m e d t h a t t h e ro t o r

sy s t e m i s n o n - re p e a t a b l e a n d n o n - l i n e a r, a n d

a n o t h e r fa c t o r i s c h a n g i n g t h e ge n e ra t o r

ro t o r sy n c h ro n o u s re s p o n s e e a c h r u n .



Observations– A l l I n f l u e n c e  Ve c t o rs  To ge t h e r.

Old Influence 
Vector from 

Previous Job on 
Similar Machine 

Design

Trial Run Correction Run
2nd Run Without 

Changing 
Weight

Weight 
Condition

N/A 426 grams @ 230 
Degrees AR WRT DE 

Vertical 

296 grams @ 249 
Degrees AR WRT DE 

Vertical 

296 grams @ 249 
Degrees AR WRT 

DE Vertical 

Influence Vector 
(H)

1.33 in/s pk / Kg @ 30 
degrees

1.92 in/s pk / Kg @ 11 
degrees

1.216 in/s pk / Kg @ 10 
degrees 

3.55 in/s per Kg @ 39 
degrees 

C o m p a r i n g t h e c a l c u l a t e d i n f l u e n c e ve c t o r o f t h e 4 c o n d i t i o n s ,

s h o we d d i f fe re nt va l u e s .



Action Plan– I n s p e c t i o n

• B a s e d o n t h e a b o v e o b s e r va t i o n s i t wa s re c o m m e n d e d to p e r fo r m

a b o re s c o p e o n t h e ge n e ra t o r ro t o r.

• T h e i n ve st i ga t i o n re ve a l e d t h a t t h e ro o t c a u s e o f t h e n o n -

re p e a t a b l e b e h av i o r w a s t h e s a n d i n g re s s f ro m t h e m a ke u p

g e n e ra t o r a i r b re a t h e r d u e t o l a c k o f p ro p e r m a i n t e n a n c e .

• D r y c l e a n i n g o f t h e ro t o r ca r r i e d o u t a n d s a n d w a s re m o ve d b y

va c u u m , t h e n f i l t e rs /ga s ke t s re p l a c e d w i t h n e w a n d h e a l t hy o n e s .

• L a t e r, m a c h i n e st a r t e d w i t h ve r y a c c e p t a b l e v i b ra t i o n l e ve l s w e l l

b e l o w a l a r m s e t p o i n t s .



Findings

Sand ingress  
f rom the  
makeup 
generator  a i r  
breather  
before  and 
after  c leaning  



Findings

F i l ters/gaskets  damaged 



Post Analysis

G e n e ra t o r  B e a r i n g s  
S e i s m i c  V i b ra t i o n  
Tre n d  P l o t s  A f t e r  
C l e a n i n g



Post Analysis

G e n e ra t o r  D r i ve  
E n d  B e a r i n g  c a s i n g  
v i b ra t i o n  1 X  Po l a r  
P l o t s  O ve r l a i d  
( B l u e  i s  A f t e r  &  
Re d  i s  B e fo re  
C l e a n i n g )

V H



Post Analysis

G e n e ra t o r  N o n -
D r i ve  E n d  B e a r i n g  
c a s i n g  v i b ra t i o n  1 X  
Po l a r  P l o t s  O ve r l a i d  
( B l u e  i s  A f t e r  &  Re d  
i s  B e fo re  C l e a n i n g )

V H



Lessons Learned

• I m p o r t a n c e o f t h e p re ve n t i ve m a i n t e n a n c e a c t i v i t i e s fo r t h e
c r i t i c a l m a c h i n e s ' re l i a b i l i t y.

• U n d e rs t a n d i n g h o w i t i s i m p o r t a n t t o c o n f i r m t h e l i n e a r i t y a n d
re p e a t a b i l i t y o f t h e ro t at i n g m a c h i n e sy s t e m s d u r i n g a ny
b a l a n c i n g j o b .

• U n d e rs t a n d i n g t h e i n f l u e n c e ve c t o r c a l c u l a t i o n s .


