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lhe P r e d i c t i v e  M a i n t e n a n c e  P rogram (PMP) o n  
r o t a t i n g  e q u i p m e n t  a t  t i l e  Bruce  tleavy Wate r  , . 
P l a n t  (UtWP) h a s  been  g r e a t l y  e n h a n c e d  by  t h e  
p u r c h a s e  o f  t h e  V i t e c  Dct D a t a  C o l l e c t o r ,  
a l o n g  w i t h  i t s  a s s o c i a t e d  s ~ f t w a r e  and  a 
c o m p u t e r .  T h i s  e q u i p m e n t ,  which was p u r c h a s e d  
t)y t h e  M a i n t e n a n c e  U n i t  i n  1986, a l l o w s  
r o t a t i n g  e q u i p m e n t  t o  b e  m o n i t o r e d  a n d  
a n a l y s e d  more e f f e c t i v e l y ,  and  w i t h  less 
r e s o u r c e s ,  t h a n  was p r e v i o u s l y  p o s s i b l e .  

The r e a s o n  f o r  t h i s  i n c r e a s e d  e f f e c t i v e n e s s  
i s  t h e  e q u i p m e n t ' s  a b i l i t y  t o  more e a s i l y  t a k e  
r e a d i n g s  i n  t h e  f i e l d ,  and t o  g e n e r a t e  t r e n d  
d a t a  and  v i b r a t i o n  f r e q u e n c y  spectrums q u i c k l y  
arid a c c u r a t e l y .  This d a t a  q u i c k l y  i d e n t i f i e s  
p r o b l e m  a r e a s  which may r e q u i r e  c l o s e  
~ n o n i t o r i n c j ,  Inore d e t a i l e d  a n a l y s i s  a n d / o r  
i m m e d i a t e  r e p a i r s .  I h e  end r e s u l t  is t h a t  
t i m e l y  r e p a i r s  a r e  made i n  a p l a n n e d ,  o r d e r l y  
manner  b e f o r e  a n  u n s a f e  c o n d i t i o n  o r  s e r i o u s  
damage o c c u r s .  

%'he Eo l lowin t j  Vi t e c  DC+ PMP F l o w c h a r t  is  
p r o v i d e d  a s  a  summary o f  t h e  P r e d i c t i v e  
M a i n t e n a n c e  P rogram on  r o t a t i n g  e q u i p m e n t  a t  
BtnJP, ( F i g u r e  1 1 .  

ITLIE PREDICTIVE b1AINTLVANCE PKOGRAM 

! h e  p r  i ~ n a r y  p u r p o s e  o f  t h e  p r e d i c t i v e  
m a i n t e n a n c e  p rogram o n  r o t a t i n g  e q u i p m e n t  i s  
t h e  e a r l y  d e t e c t i o n  o f  a n y  d e t e r i o r a t i o n  o f  
r o t a t i n g  e q u i p m e n t ,  s o  t h a t  c o r r e c t i v e  a c t i o n  
c a n  b e  t a k e n  b e f o r e  a n y  m a j o r  e q u i p m e n t  
f a i l u r e  t a k e s  p l a c e .  The o v e r a l l  i m p a c t  o f  
t h e  p rogram w i l l  be  t h e  l o w e r i n g  o f  e q u i p m e n t  
m a i n t e n a n c e  c o s t s  and  a  r e d u c t i o n  i n  
  in scheduled down t i m e .  The p r o g r a m  is d i v i d e d  
i n t o  two main f u n c t i o ~ ~ s ,  a  V i b r a t i o n  
M o n l t o r i n q  P rogram and a V i b r a t i o n  A n a l y s i s  
P rogram.  

niq V i b r a t i o n  M o n i t o r i n g  P rogram (VMP) 
g a t h e r s  i n f o r m a t i o n  by t a k i n g  r e a d i n g s  on  
r o t a t i n g  e q u i p m e n t  i n  t h e  f i e l d .  'his is 
u s u a l l y  p e r f o r m e d  on  a  w e e k l y  b a s i s .  A l s o ,  afi 

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

'Itre V i b r a t i o n  A n a l y s i s  P roqram (VAP) t a k e s  
t h i s  i n f o r ~ n a t i o n  f rorn t h e  f i e l d  and p r o d u c e s  a  
Inass of  d a t a  f rom which e x p e r i e n c e d  p e r s o n n e l  
c a n  d i a g n o s e  e x a c t l y  wha t  i s  wrong w i t h  t h e  
e q u i p m e n t .  C o r r e c t i v e  a c t i o n  i s  t h e n  
i n i t i a t e d  by p r e p a r i n g  work o r d e r s  (DR's) a n d  
Eocwardiny t h e s e  t o  t h e  a p p r o p r i a t e  work g r o u p  
f o r  a c t i o n .  
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Both  o f  t h e s e  p r o g r a m s  a r e  t h e  
r e s p o r l s i b i l i t y  of  a  s i n g l e  m a i n t e n a n c e  c r e w  
w t ~ i c h  n o r m a l l y  c o n s i s t s  o f  2 M e c h a r ~ i c a l  
M a i n t a i n e r s .  l h e i r  r e s p o n s i b i l i t i e s  i n  t e r m s  
o f  v i b r a t i o n  m o n i t o r i n y  and a n a l y s i s  a r e  a s  
f o l l o w s :  

lb t a k e  a  set o f  r o u t i n e  r e a d i n g s  o n  a l l  
r o t a t i n g  e q u i p m e n t  o n c e  a  week. 

l b  i d e n t i f y  r o t a t i n g  elquiprnent t h a t  i s  
t r e n d i n g  t o w a r d s  o r  h a s  e x c e e d e d  p r e s e t  
v i b r a t i o n  l i m i t s  . 
!Ib d e v e l o p  b a s e  l i n e  r e a d i n g s  a f t e r  e q u i p m e n t  
o v e r h a u l s .  

'lb t a k e  p r e - o u t a g e  s u r v e y s  t o  i d e n t i f y  work t o  
b e  p e r f o r m e d  d u r i n g  t h e  o u t a g e .  

'Ib r e s p o n d  t o  r e q u e s t s  f rom p l a n t  e n g i n e e r i n g  
g r o u p s  a n d / o r  t h e  M a i n t e n a n c e  U n i t .  

3 . 0  VIBRATION MONITORING PROGRnM 

The e q u i p m e n t  u s e d  a t  t h e  B m P  f o r  t h e  
PMP on  r o t a t i n g  e q u i p m e n t  is a s  f o l l o w s :  

3 . 1  . I  A Vi tec DC+ p o r t a b l e .  D a t a  
C o l l e c t o r  c o ~ n p l e t e  w i t h  a  m a g n e t i c  
a c c e l e r o m e t e r ,  c a s e  and s h o u l d e r  
s t r a p .  The u n i t  w e i g h s  6.5 l b s  
w i t h  p h y s i c a l  dimensions o f  4 "  H x  
8 1 / 2 "  W x  9" D. 

3 .1 .2  An IBM PC XT h o s t  c o m p u t e r  
c o m p l e t e  w i t h  g r a p h i c s  c a r d  a n d  
c o l o u r  m o n i t o r .  

3.1 . 3  A V i  tec PMP s o f t w a r e  p a c k a g e  w h i c h  
i n c l u d e s  f u n c t i o n s  f o r  DC' 
comnmunicat ions ,  l o g g i n g ,  t r e n d i n g ,  
t i m e  d o l r ~ a i n  d i s p l a y  and  FFT 
a n a l y s i s .  S o f t w a r e  p a c k a g e s  a r e  
a l s o  a v a i l a b l e  f o r  t h e  IBM PC/AT, 
I B M  PC C o m p a t i b l e s  and t h e  IP-150.  

3.2.1 The V i t e c  S y s t e m  comes c o m p l e t e  
wit1.1 a n  o p e l r a t i o n s  manua l  wh ich  
p r o v i d e s  a l l  t h e  n e c e s s a r y  
i n f o r m a t i o n  on  how to  o p e r a t e  t h e  
s y s t e m .  

3 .2 .2  The c o m p u t e r  s o £  t w a r e  p a c k a g e  is 
f u l l y  u s e r  f r i e n d l y  and  r e q u i r e s  
n o  c o m p u t e r  e x p e r t i s e  i n  o r d e r  t o  
r u n  t h e  p r o g r a m .  

3 . 2 . 3  A m a i n t e n a n c e  p r o c e d u r e  h a s  b e e n  
w r i t t e n  t o  i n d i c a t e  how t h e  PMP 
w i l l  b e  e n a c t e d  a t  BtiWP. 

F i e l d  D a t a  C o l l e c t i o n  --- 
D a t a  i s  c o l l e c t e d  by  a  v i b r a t i o n  

c r e w  who f o l l o w  p r e d e t e r m i n e d  r o u t e s  
w h i c h  h a v e  b e e n  downloaded  f rom t h e  
c o m p u t e r  t o  t h e  p o r t a b l e  d a t a  c o l l e c t o r .  

A t  t h e  U H P ,  t h e r e  a r e  f o u r  r o u t e s  
c o v e r i n g  t h e  ma in  o p e r a t i o n a l  u n i t s  o f  
t h e  p l a n t .  These  r o u t e s  h a v e  a  combined  
t o t a l  o f  765 v i b r a t i o n  p o i n t s  wh ich  a r e  
r e c o r d e d  on  a  w e e k l y  b a s i s .  The d a t a  
c o l l e c t o r  i s  c a p a b l e  o f  s t o r i n g  1 5  
r o u t e s ,  w i t h  e a c h  r o u t e  h a v i n g  a  maximum 
o f  5 0 0  v i b r a t i o n  p o i n t s .  

Three v i b r a t i o n  r e a d i n g s  a r e  t a k e n  i n  
o n e  m e a s u r e m e n t  a t  e a c h  m o n i t o r  p o i n t  o n  
a  p i e c e  o f  e q u i p m e n t .    pic ally, a  
v e r t i c l e  c e n t r i f i c a l  pump r e q u i r e s  t h r e e  
( 3 )  m e a s u r e m e n t s  compared  t o  a  l a r g e  W2S 
b l o w e r  which  r e q u i r e s  up  t o  e l e v e n  ( 1 1  ) 
m e a s u r e m e n t s .  Ihe t h r e e  v i b r a t i o n  
r e a d i n g s  t a k e n  a r e  a s  f o l l o w s :  

O v e r a l l  V i b r a t i o n  ( m m / s ) .  ? h i s  -- 
m e a s u r e s  v e l o c i t y  i n  t h e  2-10 K H z  
r a n g e  a n d  is  t h e r e f o r e  c o n s i d e r e d  a  
w i d e  band measuremen t .  I h i s  
m e a s u r e m e n t  d e t e c t s  common m a c h i n e r y  
p r o b l e m s  s u c h  a s  u n b a l a n c e ,  
m i s a l i g n m e n t ,  and  l o o s e n e s s .  As t h e  
v e l o c i t y  o f  v i b r a t i o n  i s  p r o p o r t i o n a l  
t o  t h e  d e s t r u c t i v e  e n e r g y  b e i n g  
p r o d u c e d ,  i t  is t h e  b e s t  m e a s u r e m e n t  
t o  t a k e  t o  d e t e r m i n e  t h e  o v e r a l l  
m e c t l a n i c a l  h e a l t h  o f  t h e  m a c h i n e .  

FIGURE 2: VITEC DC+ DATA COLLECTOR 
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TROUPLE CODES 

Band P a s s  V i b r a t i o n  ( m m n ,  T h i s  
measures  v e l o c i t y  i n  t h e  0.5-4KHz 
r a n g e  and i s  used to i d e n t i f y  
p rob lems  such  a s  c a v i t a t i o n  and l a c k  
of  l u b r i c a t i o n .  

B e a r i n g  C o n d i t i o n  (BU). T h i s  
measures  a c c e l e r a t i o n  i n  g ' s  and  is  
u s e d  to i d e n t i f y  problems w i t h  
r o l l i n g  e l e m e n t  b e a r i n g s .  T h i s  
measurement  is v e r y  s e n s i t i v e  t o  b o t h  
h i g h  f r e q u e n c y  ( a b o v e  500 Hz) and  
h i q h  a c c e l e r a t i o n  v a l u e s  of v i b r a t i o n  
n o r m a l l y  p roduced  by f a u l t y  r o l l i n g  
elel l lent  b e a r i n q s .  

The p o r t a b l e  d a t a  c o l l e c t o r  is  
e q u i p p e d  w i t h  t h r e e  a l a r m s  : 

A s e t p o i n t  a l a r m  which is  p r e s e t  and  
based  on t h e  e q u i p m e n t ' s  o p e r a t i o n a l  
h i s t o r y  and t h e  m a n u f a c t u r e r  ' s  
recommended r u n n i n g  l e v e l s .  

An a l a r m  when t h e  c u r r e n t  v i b r a t i o n  
r e a d i n g  h a s  i n c r e a s e d  by a  f a c t o r  o f  
two o v e r  t h e  p r e v i o u s  measurement .  

An a l a r m  when t h e  c u r r e n t  v i b r a t i o n  
r e a d i n g  h a s  d e c r e a s e d  by a  f a c t o r  o f  
1 / 2  compared t o  t h e  p r e v i o u s  
measurement .  

I n  t h e  e v e n t  an  a l a r m  is a c t i v a t e d ,  
t h e  D a t a  C o l l e c t o r  w i l l  immedia te ly  
r e q u e s t  t h e  o p e r a t o r  t o  t a k e  a n  AC 
s i q r l a l  r e a d i n q  f a r  F a s t  F o u r i e r  
Trarrsform (FE'T) a n a l y s i s .  T h i s  FFT 
a n a l y s i s  p r o v i d e s  a  d i s p l a y  of t h e  
v i b r a t i o n  l e v e l s  o v e r  t h e  0 - 0.5 Kliz 
a n d / o r  0 - 4 KHz f r e q u e n c y  range  and is  
per formed by p u s h i n g  a  b u t t o n  on t h e  
d a t a  c o l l e c t o r  and w a i t i n g  a p p r o x i m a t e l y  
two s e c o n d s .  The computer  w i l l  s t o r e  
and p r e s e n t  t h i s  d a t a  i n  a  form which 
w i l l  p r o v i d e  t h e  needed i n f o r m a t i o n  t o  
h i g h l i g h t  t h e  equipment problems.  

A means of r e c o r d i n g  v i s u a l  
d e f i c i e n c i e s  t o  backup t h e  v i b r a t i o n  
r e a d i n g  i s  prov ided  by e n t e r i n g  
p r e d e  te rmined  t r o u b l e  codes  i n t o  t h e  
d a t a  c o l l e c t o r .  A l i s t  of t h e  t r o u b l e  
c o d e s  used  a t  t h e  L3llWP i s  p r o v i d e d  i n  
F i g u r e  3.  ' 
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FIGURE 3: TROUBLE CODES 

4.0 VIBRATION ANALYSIS PROGRAM 

A f t e r  t h e  d a t a  h a s  been  c o l l e c t e d  i n  t h e  
f i e l d ,  t h e  i n f o r m a t i o n  is  uploaded  i n t o  t h e  
h o s t  computer  f o r  a n a l y s i s .  The computer  
s o r t s  t h e  d a t a  and i s  c a p a b l e  o f  p r o v i d i n g  
numerous r e p o r t s  o n  r e q u e s t .  

4.1 Route  R e p o r t s  

The Route R e p o r t  ( F i g u r e  4 )  p r o v i d e s  
d e t a i l s  o n  a l l  t h e  v i b r a t i o n  r e a d i n g s  
t a k e n ,  w i t h  c o d e s  t o  i d e n t i f y  abnormal  
r e a d i n g s  and t r o u b l e  c o d e s .  

The Route  R e p o r t  a l s o  h i g h l i g h t s  
equ ipment  t h a t  i s  t r e n d i n g  towards  a n  
a l a r m  c o n d i t i o n  w i t h i n  t h e  n e x t  10 d a y s .  

4 . 2  Route Summarv R e ~ o r t  

The Route  Summary R e p o r t  l i s t s  
e q u i p m e n t  t h a t  i s  o v e r  a l a r m  o r  t r e n d i n g  
t o  an  o v e r  a l a r m  c o n d i t i o n ,  equ ipment  
w i t h  t r o u b l e  c o d e s  and equipment  removed 
f o r  m a i n t e n a n c e  and /or  o u t  o f  s e r v i c e .  A 
t y p i c a l  summary r e p o r t  is  p r o v i d e d  a s  
F i g u r e  5. 
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I~IACIIIME ID OVERALL BANDPASS B E A R I N G  TROUBLE F F T U S  
V.l BRATION V I B R A T I O N  CObJDITION CODES ( Kllz) 

T - f o r e c a s t e d  t r e n d  a l a r m  w i t h i n  1 0  d a y s .  
I1 - c u r r e r l t  r e a d i n g  is I l i g l ~ e r  t h a n  2 X  l a s t  r e a d i n g .  
L  - c u r r e n t  r ead i r lg  is l e s s  tlian h a l f  of  t h e  l a s t  r e a d i n g .  
A - c u r r e n t  r e a d i n g  is i n  alar111. 
* - s t o p  added manua l ly .  

F I G U R E  4 :  R O U T E  R E P O R T  

ROU'I'E SUMlARY REPORT 

M a c h i n e  P l o n i t o r  P o i n t s  T h a t  R e c o r d e d  F F T 1 s :  

~ . I a c h i n e  M o n i t o r  P o i n t s  i n  V i b r a t i o n  W a r n i n g  S t a t u s  : 

3P106A.A 

V i b r a t i o n  S i g n a l  L e v e l s  E x c e e d i n g  R a t e  o f  C h a n g e  L i m i t s :  

3P106C.A 

V i b r a t i o n  S i g n a l  L e v e l s  E x c e e d i n g  A l a r m  L i m i t :  

3P106A.C 

V i b r a t i o n  S i g n a l  L e v e l s  N o t  Read:  

3P151B.B 

T r o u b l e  C o d e s  R e c o r d e d  : 

3P106A.C - N o i s y  

3P106C.A - L e a k i n g  W a t e r  

F I G U R E  5: ROUTE SUI,U.V\RY R E P O R T  
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A Trend Graph ( F i g u r e  6 )  c a n  b e  
c r e a t e d  f o r  e a c h  moni to r  p o i n t  whicli 
d i s p l a y s  t h e  t h r e e  v i b r a t i o n  r e a d i n g s  
r e c o r d e d  o v e r  a  p e r i o d  of  u p  t o  300 
d a y s .  The v i b r a t i o n  l i m i t  i s  identified 
on t h e  g r a p h  f o r  each  v i b r a t i o n  , r e a d i n g  
and  a  v e r t i c l e  moving . c u r s o r  a l l o w s  t h e  
o p e r a t o r  t o  r e a d  t i le  e x a c t  v i b r a t i o n  
l e v e l s  011 the s i d e  s c a l e .  T h i s  t r e n d  
g r a p h  c a n  be expanded t o  p r e d i c t  
v i b r a t i o n  l e v e l s  up t o  30 d a y s  i n  t h e  
f u t u r e .  

Trend  Summary R e p o r t  

The T r e n d  Summary R e p o r t  ( F i g u r e  7 )  
p r o v i d e s  a  summary l i s t i n g  of  t h e  
minimum, maximum, and a v e r a g e  v i b r a t i o n  
r e a d i n g s  on  a  p i e c e  of equ ipment  o v e r  t h e  
l a s t  300 d a y s  p l u s  h i g h l i g h t s  t h e  
v i b r a t i o n  l i m i t s  ( a l a r m  s e t p o i n t s  l and  
l a s t  c u r r e n t  r e a d i n g .  The r e p o r t  is 
u s e f u l  i n  d e t e r m i n i n g  i f  t h e  a l a r m  
s e t p i n t s  a r e  r e a s o n a b l e  and  f o r  q u i c k l y  
r e v i e w i n g  long- te rm h i s  t o r y .  

F I G U R E  6:  TREND GRAPH 

4FiE92A. H Ql-26-87 
OVERALL VlDRATlON i 

. . . . . . . . . . . . . . . . .  . . . . . . . .  : 5  .: 
2.779 ......................,.,................. 

BANDPASS VlBRATION I 

BEARING CONLILTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DAYS 

4 v i b r a t l o n  l i m i t  

i I 4 v i b r a t i o n  l i m i t  

1 4 v i b r a t l o n  l i m i t  

- 1 - r  en d S ~ t t t 1 t n a r  y R e p  o r - k  
Fut- Faper  R u ~ t t - . c :  F2 

V i b r a t i ~ n  Bandpass Erg Cond 
Machine 10 H in  h v q  Max l i n i t  M i n  v q  Kax Limit H in  R v q  Mar L i m i t  ________._-______-_--------------------------------------------------------------------------------------------------------------- .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I P251R.fi 1 .7  2 , 1  2 . 7  6 . 0 a n l s  ? . 6  0 , 7  9.0 1.3 a r l s  0 .3  0 . 4  0.5 i.? En 
Current :  ? I -24 -87  1.8 nn ls  11.7 e?;: n , r  :!I 
2 F2511.A 1.6 1,O 6 .5  h . 0  onls 0 . 4  0 . 1  1 , O  1.3 w l s  0 .2  0 . 5  11.5 ;.? FU 
Current :  115-16-81 2 . 4  r n l s  (1.6 r - I s  (:I.: PL' 
3 F252A.A I 1 , 8  3 .4  8 .6  amls 0 . 4  0.1 0 .6  1.3 r n l s  0.2 0.4 0.5 2 . u  P!' 
Current :  04 -16 -81  3.4 sn ls  0.4 a a i s  0.5 PI! 

F I G U R E  7: TREtlD SUIP4ARY R E P O R T  
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Frequency  Spec t rums  (FFT) 

F r e q u e ~ l c y  Spec t rums  p r o v i d e  a  g r a p h i c  
d i s p l a y  of  t h e  v i b r a t i o n  r e a d i n g  v s  
f r e q u e n c y  . T h i s  i n f o r ~ ~ ~ a t i o n  forms  t h e  
b a s i s  f o r  i d e n t i f y i r ~ g  most  e q u i p m e n t  
p r o b l e m s .  Two s p e c t r u m s  a r e  p r o v i d e d ,  
ope  i n  t h e  0 t o  0.5 Kllz r a n g e  and a  
s e c o ~ ~ d  i n  t h e  0 t o  4 KHz r a n g e .  Tllese 
a r e  sllow~r i n  F i g u r e s  El and 9 
r e s p e c t i v e l y .  Both of  t l ~ e s e  d i s p l a )  a c a n  
u t i l i z e  e i t h e r  a v e r t i c l e  o r  h o r i z o n t a l  

moving c u r s o r .  The moving c u r s o r  a l l o w s  
t h e  o p e r a t o r  t o  r e a d  t h e  f r e q u e n c y ,  i n  
b o t h  Hz and CPfZ, a m p l i t u d e  and o r d e r  o f  
any  p o i n t  i n  t h e  s p e c t r u m  by r e a d i n g  t h e  
s i d e  s c a l e .  The o r d e r  r e l a t e s  t h e  
f r e q u e n c y  of v i b r a t i o n  t o  t h e  r u n n i n g  
s p e e d  of  t h e  equ ipment .  When u s i n g  a  
h o r i z o n t a l  c u r s o r  ( F i g u r e  9 )  i n  a  f i x e d  
p o s i t i o n ,  t h e  computer  w i l l  l i s t ,  below 
t h e  p r i n t o u t ,  b o t h  f r e q u e n c y  and 
a m p l i t u d e  f o r  a l l  v i b r a t i o n  p e a k s  above  
t h e  c u r s o r .  

F l G U R E  8: 0 - . 5  Kllz F F T  

F1C;UHE Y: 0 - 4 Kl lz  F11' 

I . 
0 HPL 

+6). 361 

Frequency Ampl i tudes  Above 0.361 
80112 (1 .364) 12811~ '(1.290) 17611~ (0.446) 
4 1 4 1 1 ~  (3.051 ) 480Hz (0.546) 560tIz (0.471) 
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A l l  t n e  d a t a  1s a n a l y s e d  arm wor;c o r d e r s  
a r e  p r e p a r e d  t o  i n i t i a t e  c o r r e c t i v e  a c t i o n  
where  n e c e s s a r y .  A t  BiMP, a  m a i n t e n a n c e  
p r o c e d u r e  h a s  been  w r i t t e n  which c o n t a i n s  f o r  
v a r i o u s  RPM ' s  t h e  s a f e  v i b r a t i o n  o p e r a t i n g  
r a n g e s  and c o r r e c t i v e  a c t i o n  when t h e s e  r a n g e s  
h a v e  been  exceeded .  D e f i n i t i o n s  o f  t h e  
v a r i o u s  r a n g e s  a r e  a s  f o l l o w s :  

( a )  Below W n g e  A - S a f e  O p e r a t i n g  Range 

(b) Range A - S i g n i f i c a n t  D e f e c t ,  S c h e d u l e  
E a r l y  C o r r e c t i o n  

( c )  Range B - Acute  D e f e c t ,  S c h e d u l e  E a r l y  
C o r r e c t i o n  

( d )  Range C - Damage l e v e l ,  Immediate A c t i o n  

F i g u r e  10 shows t h e  V i b r a t i o n  ' I b l e r a n c e  
C h a r t .  

2 a 

1 5  

VCLOCITY 
m/ a 

10 

RPX 

FIGURE 1 0 : VIBMTION TOLERANCE CHART 

The s e t p o i n t  a l a r m  f o r  v e l o c i t y  i s  
g e r ~ e r a l l y  s e t  t o  t h e  i n t e r f a c e  between t h e  
s a f e  o p e r a t i n g  r a n g e  and t h e  'A'  r a n g e .  The 
f o l l o w i n g  a c t i o n s  a r e  t a k e n  a t  t h e  v a r i o u s  
r a n g e s  : 

1 )  Range A ,  S i g n i f i c a n t  D e f e c t  

a )  F F ' I  a n a l y s i s  per formed.  

b )  O p e r a t i o n s  c o n t a c t e d  t o  d e t e r m i r ? ~  i f  t h e  
c o n d i t i o ~ l  i s  due  t o  p r o c e s s  change  o r  u p s e t .  

C )  Frequency of  Moni tor ing  i n c r e a s e d .  

d )  E n g i n e e r i n g  Groups I n f  ormed. 

e )  Based on t h e  FFT a n a l y s i s ,  a n  equiprnerlt 
o u t a g e ,  w i l l  be  s c h e d u l e d .  

2 )  Ranae B, Acute D e f e c t  

a )  Same a s  above ,  o n l y  w i t h  more urgency .  

b )  An e q u i p m e n t  o u t a g e  w i l l  b e  s c h e d u l e d  a s  s o o n  
a s  p o s s i b l e .  

3 )  Range C,  Damage L e v e l  

a )  Immediate shutdown o f  equ ipment .  

5.0 EVALUATING THE EFFECTIVENESS OF THE PROGRAM 

The e f f e c t i v e n e s s  o f  t h e  P r e d i c t i v e  
Main tenance  Program must b e  t i e d  back t o  i t s  
a b i l i t y  t o  mee t  t h e  main o b j e c t i v e  of t h e  
p rogram,  t h a t  b e i n g  i t s  a b i l i t y  t o  i d e n t i f y  
problem equipment  i n  a n  e f f i c i e n t  and q u i c k  
manner and p r o v i d e  a  c o r r e c t i v e  c o u r s e  o f  
a c t i o n .  A t  BHWP, t h e  f o l l o w i n g  p e r f o r m a n c e  
i n d i c a t o r s  h a v e  been e s t a b l i s h e d :  

The number o f  work o r d e r s  r a i s e d  by t h e  
s y s t e m .  

?he number of  c a t a s t r o p h i c  f a i l u r e s  o f  
r o t a t i n g  equ ipment  t h a t  were n o t  p r e d i c t e d  
by t h e  s y s t e m .  

T h e  number of p i e c e s  of  r o t a t i n g  equ ipment  
r u n n i n g  a t  h i g h  v i b r a t i o n  l e v e l s  i . e . ,  i n  
t h e  B and C r a n g e s  on t h e  BHWP t o l e r a n c e  
c h a r t .  

These i n d i c a t o r s ,  which may b e  changed i n  
t h e  f u t u r e  a s  e x p e r i e n c e  i s  g a i n e d  w i t h  t h e  
s y s t e m ,  a r e  a n  i n d i c a t i o n  of  how w e l l  t h e  PMP 
i s  a c c o m p l i s h i n g  i t ' s  o b j e c t i v e s ,  a s  w e l l  a s  
how a c c e p t a b l e  i t  is t o  o u r  u s e r s .  

The p r e s e n t  p r e d i c t i v e  main tenance  program 
u t i l i z i n g  t h e  V i t e c  System h a s  been  i n  
o p e r a t i o n  f o r  a  p e r i o d  o f  a p p r o x i m a t e l y  o n e  
y e a r  a t  BHWP. 'Ihe f o l l o w i n g  is  a  b r i e f  
e v a l u a t i o n  o f  o u r  e x p e r i e n c e  t o  d a t e :  

6.1 Whi le  t h e  i m p l e m e n t a t i o t ~  o f  t h e  program 
i n  t h e  f i e l d  h a s  gone q u i t e  s m o o t h l y ,  
some i n i t i a l  p rob lems  were e n c o u n t e r e d  
w i t h  t h e  s o f t w a r e  and communicat ing t h e  
i n f o r m a t i o n  c o n t a i n e d  i n  t h e  volumes o f  
d a t a  t h a t  t h e  s y s t e m  p r o d u c e s .  l h e s e  
p rob lems  h a v e  b e e n  worked o u t  t h r o u g h  
s o f t w a r e  c h a n g e s  which improved t h e  
f o r m a t  o f  t h e  r e p o r t s ,  making them e a s i e r  
t o  u n d e r s t a n d  . 

6.2 !the V i t e c  DC+ System is a b l e  t o  p e r f o r m  
b o t h  t h e  V i b r a t i o n  M o n i t o r i n g  Program and 
t h e  V i b r a t i o n  A n a l y s i s  Program i n  a b o u t  
t h e  same t i m e  as was p r e v i o u s l y  t a k e n  t o  
d o  t h e  V i b r a t i o n  M o n i t o r i n g  Program. 
S p e c i f i c  equ ipment  v i b r a t i o n  a n a l y s i s  
u s i n g  o u r  e x i s t i n g  equ ipment  (Dual  - 
Channe l  FFT Analyzer  comple te  w i t h  
g r a p h i c s  r e c o r d e r )  t o o k  4 h r s  per  p i e c e  
of equipment .  T h i s  a n a l y s i s  t ime  
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i s  e l i m i n a t e d  u s i n g  t h e  V i t e c  Sys tem. 
However, t h e  V i t e c  System d o e s  n o t  
c o m p l e t e l y  e l i m i n a t e  t h e  u s e  o f  t h e  Dual  
- Channe l  A n a l y z e r .  'Ihe Dual  - Channe l  
a n a l y z e r  h a s  a  g r e a t e r  d e g r e e  o f  a c c u r a c y -  
and r e s o l u t i o n  t o  b e t t e r  i d e n t i f y  
n o n - s t a n d a r d  equ ipment  p r o b l e m s .  

6 . 3  The p r e s e n t  V i t e c  System h a s  r e s u l t e d  i n  
a n  a v e r a g e  o f  f o u r  work o r d e r s / m o n t h  
b e i n g  p r e p a r e d  on  r o t a t i n g  equ ipment .  

6 . 4  A t o t a l  o f  one  c a t a s t r o p h i c  f a i l u r e  h a s  
o c c u r r e d  t h i s  y e a r  on r o t a t i n g  equ ipment  
t h a t  t h e  WlP f a i l e d  t o  i d e n t i f y .  As a  
r e s u l t  o f  t h i s  f a i l u r e ,  which was c a u s e d '  
by a n  o v e r h e a t e d  b e a r i n g ,  we a r e  
c o n s i d e r i n g  t h e  u s e  o f  t h e  r e c e n t l y  
i n t r o d u c e d  t e m p e r a t u r e  s e n s o r  f e a t u r e  o f  
t h e  V i t e c  System. 

6 .5  A r e v i e w  of  t h e  v i b r a t i o n  l i m i t s  n e e d s  t o  
b e  c a r r i e d  o u t  from t i n e  t o  t i m e  t o  
d e t e r m i n e  i f  t h e  l i m i t s  o r i g i n a l l y  s e t  
a r e  a p p r o p r i a t e .  Key i t e m s  t o  l o o k  f o r  
a r e  equ ipment  r u n n i n g  s i g n i f i c a n t l y  below 
t h e  a l a r m  s e t  p o i n t s  o r  e l s e  r u n n i n g  
above  t h e  alarrn s e t  p o i n t s  w i t h  no  
a p p a r e n t  p rob lems .  

7.1 C o s t s  

7.1.1 The c o s t  i n  Canadian  D o l l a r s  of  
t h e  V i t e c  P r e d i c t i v e  Main tenance  
program i n c l u d i n g  t h e  p o r t a b l e  
d a t a  c o l l e c t o r  and s o f t w a r e  
package  is $20 ,000 .  An a d d i t i o n a l  
expense  o f  $ 8 , 0 0 0  w i l l  be r e q u i r e d  
i f  a h o s t  computer  i s  n o t  
a v a i l a b l e .  T h i s  computer  c o s t  
i n c l u d e s  t h e  p u r c h a s e  of  a  c o l o u r  
m o n i t o r  and g r a p h i c s  c a r d .  

7.2 B e n e f i t s  

The c o s t  b e n e f i t s  i n  u s i n g  a  c o m p u t e r i z e d  
m o n i t o r y  sys tem can  b e  d e m o n s t r a t e d  i n  
t h r e e  a r e a s ;  

7.2.1 The improved d e t e c t i o n  c a p a b i l i t y  
of  t h e  sys tem t o  i d e n t i f y  problems 
when they  f i r s t  d e v e l o p  and b e f o r e  
t h e s e  problem r e s u l t  i n  c o s t l y  
r e p a i r s  a n d / o r  equ ipment  
r e p l a c e m e n t  . 

7 . 2 . 2  The r e d u c t i o n  i t 1  t h e  t o t a l  
t ime  r e q u i r e d  t o  motl i tor  
r o t a t i n g  ecluiprnerlt and 
d e v e l o p  mear~ ingf  u l  his t o r y .  

I n  t h e  f i r s t  6  months of s e r v i c e ,  t h e  
V i t e c  Program h a s  r e s u l t e d  i n  a  t o t a l  
s a v i n g s  o f  $50 ,000 .  T h i s  s a v i n g s  was 
p r i m a r i l y  t h e  r e s u l t  of  t h e  e a r l y  
d e t e c t i o n  of a  f a i l e d  b e a r i n g  a n d  
s u b s e q u e n t  t i m e l y  shutdown and r e p a i r  o f  
a l a r g e  c e n t r i f u g a l  pump motor .  

The P r e d i c t i v e  Main tenance  program on 
r o t a t i n g  equ ipment  a t  t h e  BHWP h a s  been  
g r e a t l y  enhanced  by t h e  i n c o r p o r a t i o n  o f  the 
V i t e c .  DC + Data C o l l e c t i o n  Sys tem.  Its m a j o r  
b e n e f i t s  c a n  be summarized a s  f o l l o w s :  

8.1 Its a b i l i t y  t o  c o l l e c t  and s t o r e  f i e l d  
d a t a  i n  a  q u i c k  and e f f i c i e n t  manner.  

8 .2 Its a b i l i t y  t o  d o  o n - l i n e  FFT a n a l y s i s .  

8 . 3  Its a b i l i t y  t o  p r o v i d e  c l e a r  and d e t a i l e d  
r e p o r t s  f o r  t h e  c o l l e c t i o n  of  m e a n i n g f u l  
h i s t o r y ,  equ ipment  t r e n d  d a t a  and prob lem 
a n a l y s i s .  

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

9.1 MACKII,UtIE, G.W., "The V i b r a t i o n  
Morli t o r i n g  Program (W1P Using t h e  Vi t e c  
Data  C o l l e c t o r  (DC + S y s t e m ) " ,  
BIIWP Main tenance  Procedure  Manual ,  
091 33-4-9, 1987,  Hay. 

9 .2  VITEC, "Data  C o l l e c t o r  P l u s  (DC')", 
Opera t o r ' s  Manual. 

7 . 2 . 3  The e a s e  o f  t h e  c o l l e c t i n g  and 
m a i n t a i n i r ~ g  equipment  h i s t o r y .  


