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OPERATIONAL EXPERIENCE O N  THE MP-200 SERIES 
COMMERCIAL W I N D  T U R B I N E  GENERATORS 

M, 8,  Rose 
WTG Energy Sys t ems ,  I ~ c .  

251  E l m  S t ree t  
B u f f a l o ,  New York 14203 

ABSTRACT 

S i n c e  i n c o r p o r a t i o n  i n  1975 ,  WTG Ener  y Sys t ems ,  I n c .  h a s  P d e d i c a t e d  i t s e l f  t o  d e s i g n i n g  and  manu a c t u r i n g  i n t e r m e d i a t e  
s c a l e  wind t u r b i n e  g e n e r a t o r s .  To d a t e ,  we have  i n s t a l l e d  
t h r e e  s u c h  g e n e r a t o r s ,  w i t h  a  P c u r t h  s c h e d u l e d  t o  go on  l i n e  by 
J a n u a r y  1982 ,  Having accumula t ed  t h o u s a n d s  o f  o p e r a t i n g  h o u r s  
i n  d i v e r s e  u t i l i t y  e n v i r o n m e n t s ,  t h e  MP-200 System wind 
t u r b i n e s  have  d e m o n s t r a t e d  t h e i r  p o t e n t i a l  a s  a  v i a b l e  
commerc ia l  g e n e r a t i n g  s o u r c e .  T h i s  p r e s e n t a t i o n  w i l l  d e s c r i b e  
some o f ,  t h e  e x p e r i e n c e  g a i n e d  i n  t h e  o p e r a t i o n  o f  t h e s e  
machines .  

I N T R O D U C T I O N  

WTG Energy Sys t ems ,  I n c .  was i n c o r p o r a t e d  u n d e r  t h e  Laws o f  the 
S t a t e  o f  New York i n  A p r i l ,  1975 and i s  engaged  i n  t h e  d e s i g n ,  
f a b r i c a t i o n ,  assembly  and m a r k e t i n g  o f  u t i l i t y  g r a d e  wind 
t u r b i n e  e l e c t r i c a l  g e n e r a t i n g  s y s t e m s .  

To d a t e ,  t h e  Company h a s  f u l l y  d e s i g n e d ,  a s sembled  and f i e l d  
t e s ted  t h e  MPl-200, a  200 k i l o w a t t  wind t u r b i n e  g e n e r a t o r  
p r o t o t y p e .  T h i s  . m a c h i n e  i s  i n s t a l l e d  a s  p a r t  c f  t h e  u t i l i t y  
ne twork  o f  t h e  Town o f  Gosnold on Cut tyhunk  I s l a n d ,  
M a s s a c h u s e t t s .  The MP1-200 was i n s t a l l e d  i n  J u l y ,  1977.  The  
Company h a s  e n t e r e d  i n t o  a n  ag reemen t  w i t h  t h e  Gosnold Power 
and L i g h t  Commission which a l l o w s  t h e  Company t o  u s e  t h e  Town's 
e l e c t r i c  power network a s  a tes t  bed f o r  pe r fo rmance  
e v a l u a t i o n ,  d e m o n s t r a t i o n  and a d v e r t i s i n g  f o r  i t s  p r o t o t y p e  
u n i t ,  

WTG Energy Sys t ems ,  I n c .  s o l d  t h e i r  f i r s t  p r o d u c t i o n  u n i t  t o  
t h e  Nova S c o t i a  Power C o r p o r a t i o n .  The MP2-200 System was 
i n s t a l l e d  a t  the  Nova S c o t i a  Power C o r p o r a t i o n ' s  Wreck Cove 
s i t e  i n  November, 1980. Nova S c o t i a  Power C o r p o r a t i o n  w i l l  u s e  
t h i s  u n i t  t o  pump w a t e r  from a  l a k e  a t  a lower  e l e v a t i o n  t o  t h e  
r e s e r v o i r  a t  t h e  Wreck Cove Hydro P l a n t ,  t h e r e b y  i n c r e a s i n g  t h e  
c a p a c i t y  o f  t h e  hyd ro  f a c i l i t y ,  
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Also i n  c o m p e t i t i v e  b i d d i n g ,  WTC Energy Sys tems ,  I n c .  was 
awarded t h e  c o n t r a c t  t o  f u r n i s h  P a c i f i c  Power & L i g h t  Co. w i t h  
t h e  MP3-200 System.  T h i s  u n i t  was d e l i v e r e d  t o  P a c i f i c  Power &. 
L i g h t ' s  Whiskey Run s i t e  on t h e  P a c i f i c  c o a s t  i n  December, 
1980. The MP3-200 h a s  been  i n  o p e r a t i o n  s i n c e  t h e  S p r i n g  o f  
1981 and i s  b e i n g  used  by P a c i f i c  Power & L i g h t  a s  a  r e s e a r c h  
u n i t  t o  d e t e r m i n e  t h e  f e a s i b i l i t y  o f  wind g e n e r a t e d  e l e c t r i c i t y  
f o r  t h e  ... u t i l i t y . ,  

WTG Energy Sys tems ,  I n c .  h a s  r e c e n t l y  comple t ed  t h e  d e t a i l e d  
d e s i g n  o f  a  600 kW wind g e n e r a t o r .  P r o d u c t i o n  o f  t h i s  u n i t  is  
a n t i c i p a t e d  t o  b e g i n  i n  t h e  F a l l .  o f  1981. 

The Company's p r o g r e s s ,  t o  d a t e ,  h a s  been  governed  by a  d e s i g n  
p h i l o s o p h y  t h a t  i n c o r p o r a t e s  t h e  f o l l o w i n g  g u i d e l i n e s :  

The d e s i g n  and m a r k e t i n g  o f  the  Company's wind g e n e r a t o r s  
must b e  e c o n o l i c a l l y  v i a b l e  when compared t o  c o n v e n t i o n a l  
g e n e r a t i n g  s o u r c e s .  

The Company's p r o d u c t s  must i n c o r p o r a t e  o f f - t h e - s h e l f  
components  and  t h e s e  p r o d u c t s  must  be f a b r i c a t e d  u s i n g  
c o n v e n t i o n a l  m a n u f a c t u r i n g  t e c h n i q u e s .  

The p r o d u c t  d e s i g n  must l e n d  i t s e l f  t o  f i e l d  e r e c t i o n  t o  
b o t h  easy a c c e s s  and r emote  s i t e s  and t h i s  d e s i g n  must be 
f l e x i b l e  t o  meet v a r i o u s  i n t e r f a c e  r e q u i r e m e n t s .  

Recogn iz ing  t h a t  f i e l d  ma in t enance  and r e p a i r s  a r e  a  p r ime  
l i f e  cycle c o s t  c o n s i d e r a t i o n ,  a  p r o d u c t  d e s i g n  must e v o l v e  
t h a t  min imizes  0 & M r e q u i r e m e n t s ,  p e r m i t s  s e r v i c e  by 
t e c h n i c i a n s  f a m i l i a r  w i t h  c o n v e n t i o n a l  g e n e r a t i n g  
equipment ,  and a n t i c i p a t e s  a  p r o d u c t  l i f e  o f  30 y e a r s .  

The wind g e n e r a t o r  and  i t s  e l e c t r i c a l  system must impose no 
h a z a r d  t o  t h e  p u b l i c ,  i t s  o p e r a t o r s  o r  t h e  i n t e r c o n n e c t e d  
system. 

These c o n s i d e r a t i o n s  have  been  t h e  d r i v i n g  p a r a m e t e r s  i n  t h e  
d e s i g n  and deve lopment  o f  t h e  MP-200 System d e s i g n .  

MP-200 SYSTEM DESIGN 

The MP-200 System m e c h a n i c a l ,  h y d r a u l i c  and  e l e c t r i c a l  c o n t r o l  
s y s t e m s  a r e  b r i e f l y  d e s c r i b e d  a s  f o l l o w s .  



Mechanica l  System 

The MP-200 System i s  i l l u s t r a t e d  i n  F i g u r e  1, and c o n s i s t s  o f  a  
t h r e e - b l a d e d  s tee l  r o t o r ,  upwind, which i s  s u p p o r t e d  by a  s h a f t  
i n t e g r a l  t o  t h e  t r a n s m i s s i o n .  The c o n s t a n t  30 RPM r o t o r  s p e e d  
i s  i n c r e a s e d  t h r o u g h  a  40 : l  g e a r  box and  d e l i v e r s  1200 RPM t o  a  
6 -po le ,  350 K V A  synch ronous  a l t e r n a t o r .  H y d r a u l i c  power is  
s u p p l i e d  from a  h i g h  p r e s s u r e  system mounted i n  t h e  machine 
c a b i n ,  and is d e l i v e r e d  t o  t h e  t i p  f l a p s  t h r o u g h  a  r o t a t i n g  
un ion  i n  t h e  low s p e e d  s h a f t .  H y d r a u l i c  power a l s o  o p e r a t e s  
t h e  d i s c  b r a k e ( s )  on  t h e  h i g h  s p e e d  s h a f t  and t h e  yaw motors .  
Alignment w i t h  t h e  wind i s  m a i n t a i n e d  by d u a l  harmonic  
t r a n s m i s s i o n s  d r i v i n g  a  b u l l  g e a r .  Yaw b r a k e s  l o c k  t h e  d r i v e  
t r a i n  t o  t h e  t o w e r ,  D e t a i l s  o f  t h e  mechan ica l  s y s t e m  a r e  
summarized i n  t h e  MP-200 System Wind T u r b i n e  S p e c i f i c a t i o n s .  

The t i p  f l a p s  c o n t r o l  t h e  aerodynamic  t o r q u e  o f  t h e  r o t o f  by 
v a r y i n g  t h e  aerodynamic  l i f t  and  i n c r e a s i n g  t h e  d r a g  on  t h e  
a i r f o i l .  I n  t h e  dep loyed  p o s i t i o n ,  t h e  f l a p s  a r e  60 d e g r e e s  
o u t  o f  t h e  a i r f o i l  p l a n e .  The t i p  f l a p s  o p e r a t e  i n  one  o f  
t h r e e  modes; dep loyed  d u r i n g  shutdown,  i n  p l a n e  d u r i n g  normal  
o p e r a t i o n ,  and p o s i t i o n  c o n t r o l  d u r i n g  s t a r t - u p  u n t i l  
e l e c t r i c a l  s y n c h r o n i z a t i o n  i s  a c h i e v e d ,  P o s i t i o n  c o n t r o l  i s  
a l s o  u sed  t o  l i m i t  t h e  power p r o d u c t i o n  t o  350 kW (maximum 
c o n t i n u o u s  r a t i n g  o f  t h e  ma jo r  d r i v e l i n e  components)  i n  wind 
v e l o c i t i e s  o v e r  35 mph u p  t o  shutdown a t  50 mph. 

M i c r o p r o c e s s o r  C o n t r o l l e r :  The m i c r o p r o c e s s o r  ba sed  c o n t r o l l e r  
r e p r e s e n t s  a n  i n t e g r a t e d  a p p r o a c h  t o  system c o n t r o l .  The f o u r  
p r imary  e l e m e n t s  o f  t h i s  system a r e :  

Data  D i s p l a y  & Logging: A l l  t h e  o p e r a t i n g  p a r a m e t e r s  o f  t h e  
wind t u r b i n e  a r e  c o n t i n u o u s l y  u p d a t e d  and  d i s p l a y e d  on  a  l a r g e  
s c r e e n  CRT t e r m i n a l .  T h i s  d i s p l a y  s e r v e s  t o  r e p l a c e  a  l a r g e  
number o f  meters and i n d i c a t o r s  n o r m a l l y  found on g e n e r a t o r  
c o n t r o l  systems. The e x t e n s i v e  use o f  v i s u a l  a t t r i b u t e s ,  
enhances  t h e  r e a d a b i l i t y  o f  o p e r a t i n g  d a t a ,  c a l l i n g  a t t e n t i o n  
t o  improper  c o n d i t i o n s .  The r emote  c o n t r o l  p r i n t e r  c o n s o l e  
( T T Y )  p r o v i d e s  h a r d  copy "LOGSw o f  t h e  o p e r a t i n g  p a r a m e t e r s  
e v e r y  hour  o r  a s  r e q u e s t e d  ( F i g u r e  2). T h i s  t e r m i n a l  a l s o  
p r o v i d e s  t h e  means f o r  e n t e r i n g  s u p e r v i s o r y  commands . C e r t a i n  
t y p e s  o f  a l a r m s  c a n  be c l e a r e d  from t h e  TTY r emote  from t h e  
wind t u r b i n e  s t a t i o n  i f  s o  e q u i p p e d .  D e t a i l e d  a l a r m  messages  
a r e  p r i n t e d  w i t h  t h e  e x a c t  time o f  day  and d a t e  o f  a n  a l a r m  
c o n d i t i o n .  

S u p e r v i s o r y  C o n t r o l :  These r o u t i n e s  s c h e d u l e  t h e  o p e r a t i o n  o f  
t h e s e d  on commends, wind c o n d i t i o n s ,  a l a r m s ,  
e t c .  Machine s t a r t ,  r u n  u p ,  s y n c h r o n i z e  and  shutdown s e q u e n c e s  
a r e  a l s o  per formed by t h e  s u p e r v i s o r y  l o g i c .  



Machine  C o n t r o l ;  T h i s  i n c l u d e s  t h e  c o n t r o l  o f  a z i m u t h  (yaw)  
p o s i t i o n ,  s p e e d / a c c e l e r a t i o n ,  s y n c h r o n i z i n g  a n d  power.  Direct 
d i g i t a l  c o n t r o l  u s e d  i n  t h e s e  r o u t i n e s  o f f e r s  t h e  a d v a n t a  es o f  P f l e x i b i l i t y ,  s p e e d  a n d  a c c u r a c y .  P a r a m e t e r s  may b e  modif  e d  by 
WTG, I n c .  a s  r e q u i r e d  f o r  s p e c i f i c  a p p l i c a t i o n s .  

Machine  P r o t e c t i o n :  A c o m p r e h e n s i v e  a l a r m  program i n c l u d e d  i n  
t h e  c o n t r o l  s o f t w a r e  d u p l i c a t e s  t h e  f u n c t i o n s  o f  numerous  
p r o t e c t i v e  r e l a y  d e v i c e s  a s  well  a s  p r o v i d i n g  p r o t ~ t c t i o n  f o r  
many f a u l t  c o n d i t i o n s  g e n e r i c  t o  wind t u r b i n e s  which  would  
o t h e r w i s e  n o t  b e  a v a i l a b l e .  Normal a l a r m  r e s p o n s e  s e q u e n c e s  
( t r i p o u t ,  s h u t d o w n )  a r e  a l s o  c o n t c i n e d  i n  t h e  l o g i c  o f  t h e  
a l a r m  program.  

Hardware  b a c k u p  p r o t e c t i o n  o f  c r i t i c a l  o p e r a t i n g  p a r a m e t e r s  i s  
employed ,  p r o v i d i n g  b a s e l i n e  p r o t e c t i o n  i n  t h e  e v e n t  o f  a  
c o m p u t e r  m a l f u n c t i o n ,  E l a b o r a t e  f a u l t  d i a g n o s t i c s  a n d  e r r o r  
c h e c k i n g  r o u t i n e s  were d e s i g n e d  i n t o  t h e  c o n t r o l  P rogram,  
a s s u r i n g  t h a t  c o n d i t i o n s  l e a d i n g  t o  system f a u l t s  a r e  d e t e c t e d  
q u i c k l y  a n d  a p p r o p r i a t e  s a f e t y  mechan i sms  c a n  b e  b r o u g h t  i n t o  
a c t i o n ,  

A l l  s a f e t y  s h u t d o w n  s y s t e m s  a r e  i n h e r e n t l y  f a i l s a f e ,  i n  t h a t  
a g g r e g a t e  component  f a i l u r e s  w i l l  n o t  d e f e a t  s h u t d o w n  a c t u a t o r s  
( t i p s  a n d  b r a k e s ) .  A l l  e l e m e n t s  i n  t h i s  s y s t e m  a r e  
m e c h a n i c a l l y  s t o r e d  e n e r g y  d e v i c e s .  F a u l t s  r e s u l t i n g  i n  a  
l o c k o u t  r e l a y  t r i p  a u t o m a t i c a l l y  l e a d  t o  a  r e l a y  i n i t i a t e d  
emergency  s h u t d o w n ,  which i n  e f fec t  i n t e r r u p t s  t h e  power t o  t h e  
shu tdown d e v i c e s  n e e d e d  t o  m a i n t a i n  a n  o p e r a t i n g  ( r u n )  
c o n d i t i o n .  A c o d e d  a l a r m  m e s s a g e  i s  d i s p l a y e d  o n  t h e  CRT a n d  
TTY t e r m i n a l s  p r o v i d i n g  a  r e c o r d  o f  t he  f a u l t ( s )  a n d  
f a c i l i t a t i n g  d i a g n o s t i c s  by o p e r a t i o n  a n d  m a i n t e n a n c e  
p e r s o n n e l .  

MP1-200 OPERATIONAL EXPERIENCE 

B e g i n n i n g  s h o r t l y  a f t e r  i n c o r p o r a t i o n  i n  t h e  S p r i n g  o f  1975, 
WTG E n e r g y  S y s t e m s ,  I n c .  d e v e l o p e d  t h e  MP-200 S y s t e m  d e s i g n  
b a s e d  on  t h e  d e s i g n  t o n f i g u r a t i o n  o f  t h e  D a n i s h  G e d s e r  
mach ine .  The 200 kW s i z e  r a n g e  was s e l e c t e d  k e e p i n g  i n  mind 
the  e n g i n e e r i n g  a n d  m a n u f a c t u r i n g  c a p a b i l i t i e s  of t h e  Company. 
I t  was b e l i e v e d  a t  t h a t  time, t h a t  t h i s  i n t e r m e d i a t e  s i z e  
mach ine  would  have a  m a r k e t i n g  a p p l i c a t i o n  i n  r e m o t e ,  d i e s e l  
f i r e d  u t i l i t i e s  where t h e  c o s t  o f  f u e l  would make t h e  e c o n o m i c  
c o n s i d e r a t i o n s  f e a s i b l e .  C u t t y h u n k  I s l a n d ,  M a s s a c h u s e t t s  was 
s e l e c t e d  f o r  t h e  s i t e  o f  t h e  p r o t o t y p e  MP1-200 u n i t  a s  t h i s  
s m a l l ,  d i e s e l  u t i l i t y  would b e  t y p i c a l  o f  t h e  f u t u r e  
a p p l i c a t i o n s  f o r  c o m m e r c i a l  wind g e n e r a t o r s .  



I n  J u l y ,  1977 t h e  MP1-200 p r o t o t y p e  was i n t e r c o n n e c t e d  t o  
Cut tyhunk  I s l a n d ' s  g r i d  o f  a n  i n s t a l l e d  c a p a c i t y  o f  465 kW. I t  
was n o t e d  i n  t h e  i n i t i a l  o p e r a t i o n  o f  t h e  MP1-200 t h a t  much 
d e v e l o p m e n t a l  work was r e q u i r e d  t o  e v o l v e  a  c o n t r o l  system t h a t  
would a l l o w  t h e  machine t o  be compa tab l e  i n  pe r fo rmance ,  w i t h  
s m a l l  d i e s e l / g a n e r a t o r  se ts .  A h i g h  g a i n  g o v e r n i n g  system 
needed t o  b e  d e v e l o p e d  t o  o p e r a t e  s t a b i l i t y  w i t h  t h e  e x i s t i n g  
d i e s e l  g o v e r n o r s  w i t h o u t  mod i fy ing  t h e  d iese l  g e n e r a t o r  
c o n t r o l s .  P i t c h  c o n t r o l  c o u l d  n o t  b e  u s e d  i n  t h i s  g r i d  a s  i t s  
r e s p o n s e  t i m e  was n o t  a d e q u a t e  t o  o p e r a t e  w i t h i n  t h e  r e q u i r e d  
f r e q u e n c y  t o l e r a n c e s .  

Over a  two y e a r  p e r i o d ,  a  l o a d  m o d u l a t i o n  c o n t r o l  system was 
deve loped  u t i l i z i n g  a  l o a d  bank w i t h  v e r y  f a s t  s w i t c h i n g  a c t i o n  
t o  r e g u l a t e  t h e  e f f e c t i v e  l o a d  a p p l i e d  t o  t h e  g e n e r a t o r  a s  p a r t  
o f  a  s p e e d  f e e d b a c k  c o n t r o l  system. By t h e  Summer o f  1980, t h e  
Cut tyhunk  machine was o p e r a t i n g  s t a b i l y  w i t h  t h e  g r i d  a t  
p e n e t r a t i o n  l eve l s  o f  o v e r  loo%, m a i n t a i n i n g  f r e q u e n c y  
r e g u l a t i o n  o f  l e s s  t h a n  +/-0.5 Hz ( o f  power l i n e  f r e q u e n c y )  i n  
wind s p e e d s  o f  up  t o  40 mph. Power v a r i a t i o n s  when o p e r a t i n g  
on l i n e  c a n  be  m a i n t a i n e d  w i t h i n  +/ - lo% o f  nomina l .  A t  t h i s  
time t h e  MP1-200 h a s  g e n e r a t e d  o v e r  2,500 e l e c t r i c a l  h o u r s  i n t o  
t h e  Cut tyhunk  g r i d .  

The p r o t o t y p e  h a s  p r o v i d e d  u s  w i t h  v a l u a b l e  o p e r a t i o n a l  
e x p e r i e n c e  which h a s  l e d  t o  t h e  u p g r a d i n g  o f  s u b s e q u e n t  
machines .  Based on r e s u l t s  f rom numerous t e s t s  and  o p e r a t i o n a l  
e x p e r i e n c e  on  t h e  MP1-200, t h e  yaw d r i v e  h a s  been  m o d i f i e d ,  a 
yaw b r a k e  s y s t e m  h q s  been  r e t r o f i t t e d ,  v a l u a b l e  e x p e r i e n c e  h a s  
been  g a i n e d  w i t h  o p e r a t i n g  i n  a  c o r r o s i v e  s a l t  w a t e r  
env i ronmen t ,  and t h e  s u r f a c e  c o a t i n g  s p e c i f i c a t i o n s  have  been 
upda t ed .  

An e x t e n s i v e  l o a d  and stress a n a l y s i s  program was c o n d u c t e d  on  
the  r o t o r  and  tower  system t o  e x p e r i m e n t a l l y  v e r i f y  t h e  i n i t i a l  
d e s i g n  a s s u m p t i o n s .  Da ta  was compi l ed  and a n a l y s i z e d  f o r  the 
r o t o r ' s  i n  p l a n e  bend ing  moments, f l a p w i s e  bend ing  moments, low 
speed  s h a f t  bend ing  and t o r s i o n ,  t o w e r  t e n s i o n  and t o r s i o n a l  
stresses, and  t h e  n a t u r a l  f r e q u e n c y  c a l c u l a t i o n s  were v e r i f i e d  
e x p e r i m e n t a l l y .  The t h e o r e t i c a l  pe r fo rmance  c a l c u l a t i o n s  
c o r r e l a t e d  v e r y  well w i t h  o r i g i n a l  d e s i g n  d a t a .  

D i s c u s s i o n s  a r e  p r e s e n t l y  underway w i t h  t h e  Town o f  Gosnold t o  
s e l l  t h e  o u t p u t  o f  t h e  MP1-200 t o  t h e  town. I t  i s  a n t i c i p a t e d  
t h a t  a  c o n t r a c t  w i l l  be f i n a l i z e d  by Sep tember ,  1981, and  t h e  
MP1-200 w i l l  no  l o n g e r  be  u sed  a s  a  r e s e a r c h  t n o l ,  b u t  w i l l  b e  
a f u l l y  o p e r a t i o n a l  o n - l i n e  power s o u r c e .  



MP2-200 OPERATIONAL EXPERIENCE 

I n  t h e  l a t e  F a l l  o f  1979, WTG Energy Systems, I n c ,  was awarded 
a  c o n t r a c t  by t h e  Nova S c o t f a  Power C o r p o r a t i o n  f o r  t h e  f i rs t  
commercial  MP-200 .System u n i t ,  The MP2-200 machine was 
d e l i v e r e d  and i n s t a l l e d  by t h e  Win te r  o f  1981, The s e v e r e  
w i n t e r  a t  t h e  Wreck Cove s i t e  d e l a y e d  t h e  commiss ion ing  
s c h e d u l e ,  s o  t h a t  i t  was n o t  u n t i l  l a t e  F e b r u a r y ,  1981 t h a t  t h e  
MP2-200 f i r s t  g e n e r a t e d  power i n t o  t h e  Nova S c o t i a  g r i d ,  

The f o l l o w i n g  m o d i f i c a t i o n s  from t h e  p r o t o t y p e  have  been  
i n c o r p o r a t e d  i n t o  t h e  MP2-200: 

The r i b s  and s k i n  o f  t h e  r o t o r  a r e  f a b r i c a t e d  from 304 
s t a i n l e s s  s t ee l  t o  p r o v i d e  i n c r e a s e d  c o r r o s i o n  p r o t e c t i o n .  

The t i p  f l a p  a r e a  was e x t e n d e d  t o  from 13.3% t o  16.7% 0 4  
the  a i r f o i l  a r e a  t o  p r o v i d e  g r e a t e r  d r a g  d u t i n g  shutdown,  
and a  l o w e r  i d l e  speed .  

The t i p  f l a p s  a r e  c e n t r i f u g a l l y  augmented t o  i n s u r e  
f a i l s a f e  o p e r a t i o n  i n  t h e  e v e n t  o f  r o t o r  o v e r s p e e d  w i t h o u t  
l o s s  o f  h y d r a u l i c  p r e s s u r e .  

B lade  s k i n  t h i c k n e s s  was o p t i m i z e d  u s i n g  2 2  ga.  s t a i n l e s s  
s t e e l  a t  t h e  t i p ,  p r o g r e s s i n g  t o  16 g a ,  s t a i n l e s s  s t e e l  a t  
t h e  r o o t  end.  

The r o o t  end  s p a r  weldment was moved o u t b o a r d  t o  d e c r e a s e  
t h e  bend ing  moment and lower  stresses t r a n s f e r r e d  t h r o u g h  
t h e  weldments .  

C o r r o s i o n  p r o t e c t i o n  was improved on s u r f a c e  f i n i s h e s .  

The machine c a b i n  and s p i n n e r  were r e d e s i g n e d  t o  p r o v i d e  
g r e a t e r  a c c e s s  t o  mach ine ry ,  and  a  t i g h t e r  d r i v e  t r a i n  
e n c l o s u r e .  

Dual h i g h  s p e e d  s h a f t  b r a k i n g  s y s t e m s  were i n c o r p o r a t e d ,  

The t h e r m a l  r a t i n g  o f  t h e  g e n e r a t o r  was i n c r e a s e d  t o  
compensa te  f o r  peak power p r o d u c t i o n  a p p r o a c h i n g  400 kW on 
t h e  p r o t o t y p e .  

A c o m p l e t e  manual c o n t r o l  p a n e l  w i t h i n  t h e  machine c a b i n  
was i n c l u d e d ,  

S o f t w a r e  m o d i f i c a t i o n s  t o  p e r m i t  t i p  c o n t r o l  t o  r e p l a c e  
l o a d  modu la t i on  ( l o a d  bank)  f o r  s p e e d  and power c o n t r o l  
f u n c t i o n s .  

A remote  s u p e r v i s o r y  c o n t r o l  t e r m i n a l  t o  p r o v i d e  r emote  
o p e r a t i o n  and t h e  f a c i l i t y  t o  reset  a l a r m s .  



The Nova S c o t i a  Power Corpora t ion  machine i s  used a t  t h e  Wreck 
Cove Hydro P l a n t  t o  pump water  a  h e i g h t  o f  40 f ee t  f r o n  a  lower 
e l e v a t i o n  l a k e  t o  t h e  main surge lake .  As t h e  hydro p l a n t  
operates  w i t h  a  head o f  1200 f e e t ,  t h e  e f f e c t i v e  power o f  t h e  
50 HP pump i s  g r e a t l y  amp l i f i ed .  Pending t h e  success o f  t h i s  
u n i t ,  i t  i s  proposed t h a t  t h i s  demonst ra t ion u n i t  serve as a  
model f o r  s i m i l a r  i n s t a l l a t i o n s  w i t h i n  t h e  Nova S c o t i a  Power 
Corpora t ion  g r i d .  

A t  t h i s  t ime,  t h e  MP2-200 has operated i n  t h e  g r i d  l e s s  than  
100 hours due t o  schedule delay.  The schedule p r e s e n t l y  c a l l s  
fo r  t h e  wind generator  t o  be i n  f u l l  p r o d u c t i o n  by mid-August. 

MP3-200 OPERATIONAL EXPERIENCE 

AS t h e  Nova S c o t i a  Power Co rpo ra t i on  u n i t  was nea r i ng  
complet ion o f  f a b r i c a t i o n ,  WTG Energy Systems, I n c .  r ece i ved  a  
c o n t r a c t  t o  f u r n i s h  P a c i f i c  Power & L i g h t  Co. w i t h  t h e  MP3-200 
f o r  t h e i r  Whiskey Run l o c a t i o n .  The f a b r i c a t i o n  and d e l i v e r y  
o f  t h i s  machine was s i n g u l a r l y  un ique i n  t h a t  t h e  o rder  was 
r e c e i v e d  t h e  second week i n  September and t h e  f i n a l  shipment 
l e f t  t h e  p l a n t  on December 1 6 t h  o f  t h a t  year. The l e n g t h  o f  
t i m e  f rom r e c e i p t  o f  o rder  t o  d e l i v e r y  was 14 weeks. The f i r s t  
on l i n e  o p e r a t i o n  o f  t h e  MP3-200 occur red  t h e  t h i r d  week o f  
January, 1981, f o u r  work weeks a f t e r  d e l i v e r y .  

P a c i f i c  Power h L i g h t  Co. p l ans  t o  use t h i s  u n i t  as a  research 
t o o l ,  i n  coopera t ion  w i t h  WTG Energy Systems, I n c .  t o  " inc rease  
t h e  knowledge o f  wind machine opera t ion ,  wind t u r b i n e  g r i d  
i n t e g r a t i o n  a n a l y s i s  and des ign f e a t u r e s  t h a t  impact  a l l owab le  
energy capturet t .  S p e c i f i c  areas o f  s tudy i n c l u d e  power q u a l i t y  
ana lys is ,  performance ana l ys i s ,  power dynamics, aerodynamic and 
a i r f l o w  d is tu rbance  and c o n t r o l  and d i s p a t c h  s t r a t e g i e s .  

As o f  t h i s  date, t h e  MP3-200 has been f o r m a l l y  t u r n e d  over t o  
P a c i f i c  Power & L i g h t  and i s  approaching 500 hours o f  r o u t i n e  
on l i n e  opera t ion .  

MP-600 SYSTEM DEVELOPMENT 

Recent ly ,  WTG Energy Systems, I n c .  r ece i ved  a  c o n t r a c t  t o  
develop t h e  d e t a i l e d  des ign o f  a  600 kW machine s u i t a b l e  f o r  a  
commercial windfarm a p p l i c a t i o n .  The f i n a l  r e p o r t  w i l l  be 
submi t ted t h i s  week. 

The MP-600 System i s  based on t h e  MP-200 Systems exper ience and 
c o n s i s t s  o f  a  125 f o o t  r o t o r  d iameter  mounted on a  115 f oo t  
tower. A 1000 HP t ransm iss ion  w i t h  a  48: l  gear r a t i o  w i l l  
d r i v e  a  750 kW, 4160 VAC generator .  D e t a i l s  o f  t h i s  u n i t  a r e  
summarized i n  t h e  MP-600 System Wind Turb ine S p e c i f i c a t i o n s .  



P e n d i n g  a p p r o v e 1  o f  t h e  d e t a i l e d  d e s i g n ,  p r o d u c t i o n  o f  t h i s  
u n i t  i s  s c h e d u l e d  t o  b e g i n  i n  t h e  F a l l  o f  t h i s  y e a r .  

CONCLUSIONS 

S y s t e m s  D e s i g n  

The r o t o r  o n  t h e  MP1-200 h a s  s u c c e s s f u l l y  s u s t a i n e d  5 x 
l o 6  c o m p l e t e l y  r e v e r s i n g  c y c l e s ,  v e r i f y i n g  c o n s e r v a t i v e  
h i g h - c y c l e  f a t i g u e  c r i t e r i a .  

Improvements  h a v e  b e e n  made i n  a r e a s  o f  h i g h  l o c a l  stress 
c o n c e n t r a t i o n s  p r o v i d i n g  a d d i t i o n a l  a s s u r a n c e s  o f  " i n f i n i t e  
l i f e u  f a t i g u e  c o n s i d e r a t i o n s .  

The p r o t e c t i o n  a n d  c o n t r o l  system h a s  p r o v e d  t o  b e  a  
r e a s o n a b l e ,  c o s t  e f f e c t i v e  a p p r o a c h .  

None o f  t h e  MP-200 S y s t e m s  h a v e  e n c o u n t e r e d  a  m a j o r  
component  f a i l u r e .  

M a r k e t i n g  

The 
two 
u t i l  
r e l a  
i n v e  
u n i t  
l a t e  
f a c t  
b e e n  

m a r k e t p l a c e  h a s  n o t  v e r i f i e d  o u r  i n i t i a l  p r o j e c t i o n s .  Our 
p r o d u c t i o n  u n i t s  h a v e  b o t h  b e e n  p u r c h a s e d  by " i n f i n i t e  b u s t t  
i t i e s ,  n o t  r e m o t e  d i e s e l  g r i d s .  We b e l i e v e  a c o o p e r a t i v e  
t i o n s h i p  b e t w e e n  t h e  u t i l i t y  i n d u s t r y  a n d  " t h i r d  p a r t y M  
s t o r s  w i l l  d e v e l o p  a s  t h e  m a j o r  m a r k e t p l a c e  f o r  c o m m e r c i a l  
S .  The MP4-200, s c h e d u l e d  f o r  i n s t a l l a t i o n  i n  New E n g l a n d  
r t h i s  y e a r ,  was p u r c h a s e d  by s u c h  a n  i n v e s t m e n t  g r o u p *  I n  
, t h e  s u p p o r t  o f  a  m a j o r  ' t h i r d  p a r t y w  i n v e s t m e n t  g r o u p  h a s  
c r i t i c a l  t o  t h e  d e v e l o p m e n t  o f  t h e  MP-600 u n i t .  

However,  o u r  i n i t i a l  m a r k e t  a s s e s s m e n t  may d e v e l o p  a t  some 
f u t u r e  d a t e .  The i n t e r n a t i o n a l  m a r k e t s  a p p e a r  t o  b e  
i n c r e a s i n g l y  a w a r e  o f  o u r  p r o g r e s s ,  n a m e l y ,  t h o s e  r e m o t e ,  
i s o l a t e d  d i e s e l  u t i l i t i e s .  To q u o t e  f rom a  r e c e n t  s t u d y :  "The 
WTG m a c h i n e  h a s  t h e  a d v a n t a g e  t h a t  i t  h a s  b e e n  s p e c i f i c a l l y  
d e s i g n e d  f o r  i s o l r t e d  i s l a n d  e n v i r o n m e n t s  a n d  i n  f a c t  h a s  
o p e r a t e d  on  a n  i s l a n d  ... f o r  s e v e r a l  y e a r s w .  





MP3-200 WIND TURBINE GENERATOR BTATUB FNINTBUT 

DATE: 0 4 1  TIME: 13:39 

OPERATION MODE: AUTO RUN - ON L I N E  

COMPUTER ERROR CODE: 0 0 0 0  

ALARM STATUS: CLEAR ALARM CODE: 000.00 

WIND VELGCITY: 24.2 MPH WIND DIRECTION: 1 9 8  DEG. 

AVG. WIND VELOCITY: 2 3  MPH AZIMUTH POSITION: 1 9 8  DEG. 

CABLE TURNS: 1 CW 

L I N E  VOLTS (1-2) :  4 9 4  TURBINE VOLTS (1 -2 )  : 4 9 4  TURBINE AMPS(1) : 1 8 0  

(2-3) :  4 9 3  (2-3) :  4 9 3  (2):  1 8 5  

1 4 9 4  (1-3): 4 9 4  (3): 176 

KILO-VOLTAMPS: 1 5 4  POWER FACTOR: ,89 LAG KILOWATTS: 137 OUT 

KILO-VOLTAMPS REACTIVE: 7 8  OUT 

M I L L  FREQ: 60.01 HZ GEN. SPEED: 1 2 0 1  RPM GEN.TEMP.: 30 DECaC 

ALARM STATUS: CURRENT 

ALARM CODE WORD: 000.20 (HYDe) 

COMPUTER ERROR CODE WORD: 0 0 0 0  

MODE: EMERGENCY SHUTDOWN - LOCKED OUT 

DATE: 0 4 1  TIME: 13:44 

KEYIN CODES: SE - SUPERVISORY ENABLE SS - SUPERVISORY STOP 

ES - ENABLE SYNCHRONIZATION DS - DISABLE SNYCHRONIZATION 

SD - SET DATE ST - SET TIHE 

CA - CLEAR ALARM PS - PRINT STATUS 

SF - SET POUER 

ENTER 2 CHARACTER CODE FOLLOYEO UY THE RETURN KEY. BELL INDICATES 

THE ENTRY UAS NOT ACCEPTED. TRY AGAIN. 
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