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1. Single -Site Power Quality Summary Report -  SITE1 - From 5/1/95 to 
6/1/95 
 
T h i s  p o w e r  q u a l i t y  s u m m a r y  w i l l  fo c u s  o n  m o n i t o r  a v a i l a b i l i t y ,  v o l t a g e  r e g u l a t i o n ,  h a r m o n i c  d i s t o r t i o n ,  v o l t a g e  s a g s  a n d  

in t e r rup t ions ,  t r ans i en t  ove rvo l t ages ,  and  mos t  s ign i f i can t  even t s  fo r  a  s ing le  mon i to r ing  s i t e .  
 
S i t e  N a m e :   S I T E 1 

S i t e  D e s c r i p t i o n :   1 3 . 2  k V ,  2 5  M V A  S u b s t a t i o n 
D a t e  R a n g e :   F r o m  5 / 1 / 9 5  t o  6 / 1 / 9 5  
 

1.1 Monitor Avai labi l i ty 
 
M o n i t o r  a v a i l a b i l i t y  i s  a  m e a s u r e  o f  a n  i n s t r u m e n t ' s  a v a i l a b i l i t y  e a c h  d a y  t o  r e c o r d  p o w e r  q u a l i t y  m e a s u r e m e n t s .   I t  i s  

c o m p u t e d  b y  s e a r c h i n g  f o r  t r i g g e r e d  m e a s u r e m e n t s  a n d  s t e a d y-s t a t e  s a m p l e d  m e a s u r e m e nt s  o n  e a c h  d a y .   O n  d a y s  w h e n  
n o  m e a s u r e m e n t s  a r e  f o u n d ,  t h e  m o n i t o r  i s  c o n s i d e r e d  o f f l i n e  o r  o t h e r w i s e  u n a v a i l a b l e .   I n s t r u m e n t  u n a v a i l a b i l i t y  c a n  b e  
c a u s e d  b y  c o m m u n i c a t i o n  p r o b l e m s ,  m o n i t o r i n g  i n s t r u m e n t  m a l f u n c t i o n ,  o r  l o s t  d a t a .  

 
N u m b e r  o f  D a y s  P o s s i b l e  f o r  M o n i t o r i n g :   3 1  
A c t u a l  N u m b e r  o f  D a y s  t h a t  t h e  M o n i t o r  w a s  O n l i n e :   3 1  

O n l i n e  A v a i l a b i l i t y :   1 0 0 . 0 0 % 
 

1.2 RMS Vo l tage 

 
T h e  f o l l o w i n g  t r e n d s  p r e s e n t  r m s  v o l t a g e  p l o t t e d  a g a i n s t  t i m e .   A l s o  p r e s e n t e d  a r e  h i s t o g r a m s  t h a t  s h o w  t h e  d i s t r i b u t i o n  
o f  r m s  v o l t a g e .   T h e  a c c o m p a n y i n g  s u m m a r y  t a b l e  p r e s e n t s  t h e  m i n i m u m ,  C P 0 5 ,  a v e r a g e ,  C P 9 5 ,  a n d  m a x i m u m  v a l u e s  

o f  t he  d i s t r i bu t ion  fo r  each  o f  t he  t h r ee  phases .   The  CP95 ,  o r  95 th  pe rcen t i l e ,  t e l l s  u s  t he  va lue  t ha t  was  g rea t e r  t han  95% 
of  the  o the r  samples .   The  l a s t  t w o  c o l u m n s  r e s p e c t i v e l y  d i s p l a y  t h e  p e r c e n t a g e  o f  s a m p l e s  t h a t  h a d  v a l u e s  l e s s  t h a n  1 0 %  
o r  m o r e  t h a n  1 0 %  o f  t h e  s i t e ' s  n o m i n a l  v o l t a g e .   T h e  ± 1 0 %  l i m i t s  a r e  t h e  s t e a d y -s t a t e  l i m i t s  f r o m  t h e  1 9 9 7  I T I C  

( C B E M A )  C u r v e .   T h e  v o l t a g e  m e a s u r e m e n t s  h a v e  b e e n  n o r m al i z e d  b y  t h e  b a s e  v o l t a g e .  
 
B a s e  V o l t a g e :  7 4 4 8  V 
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Figure 1:  RMS Voltage  - Phase A:  Trend 
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Figure 2:  RMS Voltage  - Phase A: Histogram 
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R M S  V o l t a g e  -  P h a s e  B
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Figure 3:  RMS Voltage  - Phase B: Trend 
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Figure 4:  RMS Voltage  - Phase B: Histogram 
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Figure 5:  RMS Voltage  - Phase C:  Trend 
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Figure 6:  RMS Voltage  - Phase C: Histogram 

 

Table 1: Statistics of R MS Voltage  

P h a s e M i n i m u m C P 0 5 A v e r a g e C P 9 5 M a x i m u m C o u n t  <  0 .9  pu  >  1 .1  pu  

A 9 2 . 2 6 % 9 4 . 0 7 % 9 7 . 8 3 % 9 9 . 7 6 % 1 0 0 . 1 2 % 2 7 1 2 0 . 0 0 % 0 . 0 0 % 

B  9 3 . 6 4 % 9 5 . 4 6 % 9 9 . 2 1 % 1 0 1 . 3 1 % 1 0 1 . 7 7 % 2 7 1 0 0 . 0 0 % 0 . 0 0 % 

C  9 3 . 0 9 % 9 4 . 9 7 % 9 8 . 7 7 % 1 0 0 . 9 0 % 1 0 1 . 5 6 % 2 7 1 2 0 . 0 0 % 0 . 0 0 % 
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1.3 RMS Curren t 
 

T h e  f o l l o w i n g  t r e n d s  p r e s e n t  r m s  c u r r e n t  p l o t t e d  a g a i n s t  t i m e .   A l s o  p r e s e n t e d  a r e  h i s t o g r a m s  t h a t  s h o w  t h e  d i s t r i b u t i o n  
o f  r m s  v o l t a g e .   T h e  a c c o m p a n y i n g  s u m m a r y  t a b l e  p r e s e n t s  t h e  m i n i m u m ,  C P 0 5 ,  a v e r a g e ,  C P 9 5 ,  a n d  m a x i m u m  v a l u e s  
o f  t he  d i s t r i bu t ion  fo r  e ach  o f  t he  t h r ee  phase s .   The  CP95 ,  o r  95 th  pe rcen t i l e ,  t e l l s  u s  t he  va lue  t ha t  was  g r ea t e r  t han  95% 

o f  t h e  o t h e r  s a m p l e s . 
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Figure 7:  RMS Current  - Phase A:  Trend 
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Figure 8:  RMS Current  - Phase A: Histogram 
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Figure 9:  RMS Current  - Phase B: Trend 
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Figure 10 :  RMS Current  - Phase B: Histogram 
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Figure 11 :  RMS Current  - Phase C:  Trend 
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Figure 12 : R MS Current  - Phase  C:  Histogram 

 

Table 2: Statistics of RMS Current 

P h a s e M i n i m u m C P 0 5 A v e r a g e C P 9 5 M a x i m u m C o u n t  

A 7 2 . 8 9 2 . 1 1 5 0 2 1 4 2 4 6 2 7 1 6 

B  5 8 . 1 7 4 . 0 1 2 6 1 8 7 2 1 4 2 7 1 6 

C  6 1 . 1 7 6 . 5 1 1 9 1 6 8 1 9 5 2 7 1 6 
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1.4 Vol tage THD 
 

H a r m o n i c  d i s t o r t i on  l eve l s  can  be  impor t an t  i f  t he  f ac i l i t y  i nc ludes  power  f ac to r  co r r ec t ion  capac i to r s  t ha t  can  r e su l t  i n  
r e s o n a n c e  p r o b l e m s  o r  i f  a  s i g n i f i c a n t  p e r c e n t a g e  o f  t h e  f a c i l i t y  l o a d  i n v o l v e s  n o n l i n e a r  d e v i c e s  l i k e  a d j u s t a b l e  s p e e d  
d r i v e s  o r  p o w e r  c o n v e r t e r s.   H a r m o n i c  d i s t o r t i o n  g u i d e l i n e s  a r e  p r o v i d e d  i n  I E E E  S t a n d a r d  5 1 9- 1 9 9 2 ,  w h i c h  s u g g e s t s  

t h a t  v o l t a g e  t o t a l  h a r m o n i c  d i s t o r t i o n  ( T H D )  s h o u l d  b e  l e s s  t h a n  5 % .   T h e  s u m m a r y  t a b l e  s h o w s  t h e  n u m b e r  o f  s a m p l e s  
t h a t  e x c e e d  3 %  d i s t o r t i o n  a n d  5 %  d i s t o r t i o n . 
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Figure 13 : Voltage THD - Phase A:  Trend 
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Figure 14 : Voltage THD - Phase A: Histogram 
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Figure 15 : Voltage THD - Phase B: Trend 
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Figure 16 : Voltage THD - Phase B: Histogram 
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Figure 17 : Voltage THD - Phase C:  Trend 
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Figure 18 : Voltage THD - Phase C: Histogram 

 

Table 3: Statistics of Voltage THD 

P h a s e M i n i m u m C P 0 5 A v e r a g e C P 9 5 M a x i m u m C o u n t  >  3 % >  5 % 

A 0 . 0 0 % 0 . 2 9 % 0 . 5 2 % 0 . 7 5 % 0 . 9 8 % 1 4 1 1 0 . 0 0 % 0 . 0 0 % 

B  0 . 0 0 % 0 . 3 3 % 0 . 6 0 % 0 . 8 3 % 2 1 . 1 1 % 1 4 1 2 0 . 0 7 % 0 . 0 7 % 

C  0 . 0 0 % 0 . 3 5 % 0 . 6 1 % 0 . 8 4 % 1 2 . 2 7 % 1 4 1 2 0 . 0 7 % 0 . 0 7 % 
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1.5 Current  TDD 
 

I E E E  S t a n d a r d  5 1 9- 1 9 9 2  p r o v i d e s  g u i d e l i n e s  f o r  h a r m o n i c  c u r r e n t  d i s t o r t i o n  l e v e l s  t h a t  w i l l  p r e v e n t  p r o b l e m s  o n  t h e  
p o w e r  s y s t e m .   T h e  f o l l o w i n g  f i g u r e  a n d  t a b l e  s u m m a r i z e  t h e  h a r m o n i c  c u r r e n t  d i s t o r t i o n  l e v e l s  m e a s u r e d  w i t h  r e s p e c t  t o  
t h e  I E E E  5 1 9  l i m i t s .   T h e  q u a n t i t y  i n v e s t i g a t e d  i s  t o t a l  d e m a n d  d i s t o r t i o n  ( T D D ) .  

 
B a s e  C u r r e n t :  2 2 9  A 
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Figure 19 : Current TDD -  Phase A: Trend 
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Figure 20 : Current TDD -  Phase A: Histogram 
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Figure 21 : Current TDD -  Phase B: Trend 
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Figure 22 : Current TDD -  Phase B: Histogram 
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Figure 23 : Current TDD -  Phase C: Trend 
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Figure 24 : Current TDD -  Phase C: Histogram 

 

Table 4: Statistics of Current TDD 

P h a s e M i n i m u m C P 0 5 A v e r a g e C P 9 5 M a x i m u m C o u n t  >  5 % >  2 0 % 

A 0 . 7 6 % 1 . 1 4 % 1 . 8 0 % 2 . 3 2 % 1 2 . 2 0 % 1 4 1 2 0 . 0 7 % 0 . 0 0 % 

B  0 . 0 0 % 0 . 8 0 % 1 . 3 5 % 1 . 8 6 % 1 1 . 7 1 % 1 4 1 2 0 . 0 7 % 0 . 0 0 % 

C  0 . 0 0 % 1 . 0 3 % 1 . 6 3 % 2 . 3 1 % 5 . 6 4 % 1 4 1 2 0 . 0 7 % 0 . 0 0 % 
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1.6 Stat ist ical  Summary of  Vol tage THD and Harmonics 
 

Th i s  s ec t ion  p r e s e n t s  a  c h a r t  t h a t  s u m m a r i z e s  s t a t i s t i c s  f o r  v o l t a g e  T H D  a n d  s e l e c t e d  i n d i v i d u a l  h a r m o n i c s .   E a c h  g r a p h  
p r e s e n t s  t h e  5 t h  p e r c e n t i l e  v a l u e  ( C P 0 5 ) ,  a v e r a g e  v a l u e ,  a n d  9 5 t h  p e r c e n t i l e  v a l u e  o f  v o l t a g e  T H D  a n d  v o l t a g e  
h a r m o n i c s . 
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Figure 25 : Statist ical  Summary of Voltage THD and Harmonics  

 

1.7 Stat ist ical  Summary of  Current  TDD and Harmonics 
 
T h i s  s e c t i o n  p r e s e n t s  a  c h a r t  t h a t  s u m m a r i z e s  s t a t i s t i c s  f o r  c u r r e n t  T D D  a n d  s e l e c t e d  i n d i v i d u a l  h a r m o n i c s .   E a c h  g r a p h  

p r e s e n t s  t h e  5 t h  p e r c e n t i l e v a l u e  ( C P 0 5 ) ,  a v e r a g e  v a l u e ,  a n d  9 5 t h  p e r c e n t i l e  v a l u e  o f  c u r r e n t  T D D  a n d  c u r r e n t  h a r m o n i c s . 
 
B a s e  C u r r e n t :  2 2 9  A 
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Figure 26 : Statist ical  Summary of Current TDD and Harmonics  

 

1.8 Vol tage Unbalance 
 
W h e n  t h e  r m s  v o l t a g e  o f  a  t h r e e -p hase  s e t  o f  vo l t ages  i s  no t  equa l  i n  magn i tude ,  t he  vo l t age  s e t  i s  s a id  t o  be  unba l anced .   

T h i s  c o n d i t i o n  i s  m a i n l y  c a u s e d  b y  u n b a l a n c e d  t h r e e - p h a s e  l o a d s  o r  b y  a  l a r g e  n u m b e r  o f  s i n g l e- p h a s e  l o a d s  t h a t  a r e  n o t  
d i s t r i b u t e d  s y m m e t r i c a l l y  t o  t h e  t h r e e  p h a s e s .   O n e  n e g a t i v e  e f f e c t  o f  u n b a l a n c e d  v o l t a g e s  i s  i n  t h e  h e a t i n g  o f  p o l y p h a s e  
i n d u c t i o n  m o t o r s .   A  n e g a t i v e  s e q u e n c e  v o l t a g e  m a y  p r o d u c e  c u r r e n t s  i n  t h e  w i n d i n g s  c o n s i d e r a b l y  i n  e x c e s s  o f  t h o s e  

p r e s e n t  u n d e r  b a l a n c e d  v o l t a g e  c o n d i t i o n s .   A  r e l a t i v e l y  s m a l l  u n b a l a n c e  i n  v o l t a g e  w i l l  c a u s e  a  c o n s i d e r a b l e  i n c r e a s e  i n  
t e m p e r a t u r e  r i s e .   F o r  e x a m p l e ,  a  3 %  v o l t a g e  u n b a l a n c e  c o u l d  c a u s e  a  2 5 %  i n c r e a s e  i n  m o t o r  t e m p e r a t u r e .   I E E E  
S t a n d a r d  1 0 0- 1 9 9 2  d e f i n e s  v o l t a g e  u n b a l a n c e  a s  t h e  r a t i o  o f  t h e  m a x i m u m  d e v i a t i o n  o f  a  p h a s e  v o l t a g e  f r o m  t h e  a v e r a g e  

o f  t h e  t o t a l  p h a s e s  t o  t h e  a v e r a g e  o f  t h e  p h a s e  v o l t a g e s ,  e x p r e s s e d  i n  p e r c e n t . 
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Figure 27 : Voltage Unbalance: Trend 
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Figure 28 : Voltage Unbalance: Histogram 

 

Table 5: Statistics of Voltage Unbalance  

M i n i m u m C P 0 5 A v e r a g e C P 9 5 M a x i m u m C o u n t  >  2 % >  3 % 

0 . 4 6 % 0 . 5 9 % 0 . 8 2 % 1 . 0 5 % 7 . 6 9 % 1 4 1 2 0 . 0 7 % 0 . 0 7 % 
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1.9 Negat ive-Sequence Vol tage Unbalance 
 

Unba lanced  vo l t ages  cou ld  be  t he  r e su l t  o f  a  supp ly  f au l t  o r  a  b lo w n  l i n e  f u s e .   H o w e v e r ,  n o n l i n e a r  l o a d s  c o n n e c t e d  t o  
t h e  s a m e  n e t w o r k  a s  t h e  i n d u c t i o n  m a c h i n e  c o u l d  a l s o  b e  a  s o u r c e .   A r c  w e l d i n g  e q u i p m e n t  t h a t  d r a w s  l a r g e  c u r r e n t s  
i r r e g u l a r l y  a n d  s i n g l e-p h a s e  m o t o r s  w i t h  h i g h  s t a r t i n g  i m p e d a n c e s  a r e  t w o  e x a m p l e s  o f  c o m m o n  d e v i c e s  t h a t  c a n  c a u s e  

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

c o n s t i t u t e  a  b a l a n c e d  t h r e e- phase  se t  o r  when  the  s t a to r  o r  ro t o r  w i n d i n g s  a r e  n o t  s y m m e t r i c a l  w i t h  r e s p e c t  t o  t h e  p h a s e s .   
O n e  o f  t h e  i m p a c t s  o f  t h i s  i m b a l a n c e  i s  t h a t  c u r r e n t s  t h a t  a r e  h i g h e r  t h a n  r a t e d  v a l u e s  f l o w  t h r o u g h  t h e  r o t o r .   T h e  p o w e r  
d i s s i p a t e d  a s  h e a t  c o m i n g  f r o m  h i g h e r  I ² R  c o n d u c t i o n  l o s s e s  r a i s e s  t h e  r o t o r  t e m p e r a t u r e  a n d  c a n  l e a d  t o  s h o r t e n e d  

m a c h i n e  l i f e  a n d  r e d u c e d  m a c h i n e  p e r f o r m a n c e .  
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Figure 29 : Negative -Sequence Voltage Unbalance:  Trend 
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Figure 30 : Negative -Sequence Voltage Unbalance: Histogra m 

 

Table 6: Statistics of Negative -Sequence Voltage Unbalance  

M i n i m u m C P 0 5 A v e r a g e C P 9 5 M a x i m u m C o u n t  >  2 % >  3 % 

0 . 1 8 % 0 . 3 4 % 0 . 5 9 % 0 . 8 6 % 7 . 6 5 % 1 4 1 2 0 . 0 7 % 0 . 0 7 % 

 

1.10 Power  Frequency (Hz) 
 

P o w e r  f r e q u e n c y  v a r i a t i o n s  a r e  d e f i n e d  a s  t h e  d ev i a t i o n  o f  t h e  p o w e r  s y s t e m  f u n d a m e n t a l  f r e q u e n c y  f r o m  i t  s p e c i f i e d  
nomina l  va lue  ( e .g .  50  Hz  o r  60  Hz) .  
 

T h e  p o w e r  s y s t e m  f r e q u e n c y  i s  d i r e c t l y  r e l a t e d  t o  t h e  r o t a t i o n a l  s p e e d  o f  t h e  g e n e r a t o r s  o n  t h e  s y s t e m .   A t  a n y  i n s t a n t ,  
t h e  f r e q u e n c y  d e p e n d s  o n  t h e  b a l a n c e  b e t w e e n  t h e  l o a d  a n d  t h e  c a p a c i t y  o f  t h e  a v a i l a b l e  g e n e r a t i o n .   W h e n  t h i s  d y n a m i c  
b a l a n c e  c h a n g e s ,  s m a l l  c h a n g e s  i n  f r e q u e n c y  o c c u r .   T h e  s i z e  o f  t h e  f r e q u e n c y  s h i f t  a n d  i t s  d u r a t i o n  d e p e n d s  o n  t h e  l o a d  

c h a r a c t e r i s t i c s  a n d  t h e  r e s p o n s e  o f  t h e  g e n e ra t i o n  s y s t e m  t o  l o a d  c h a n g e s . 
 
F r e q u e n c y  v a r i a t i o n s  t h a t  g o  o u t s i d e  o f  a c c e p t e d  l i m i t s  f o r  n o r m a l  s t e a d y  s t a t e  o p e r a t i o n  o f  t h e  p o w e r  s y s t e m  a r e  

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

F r e q u e n c y  v a r i a t i o n s  t h a t  a f f e c t  t h e  o p e r a t i o n  o f  r o t a t i n g  m a c h i n e r y ,  o r  p r o c e s s e s  w h i c h  d e r i v e  t h e i r  t i m i n g  f r o m  t h e  
p o w e r  f r e q u e n c y  ( c l o c k s ) ,  a r e  r a r e  o n  m o d e r n  i n t e r c o n n e c t e d  p o w e r  s y s t e m s .   F r e q u e n c y  v a r i a t i ons  o f  consequence  a r e  
m u c h  m o r e  l i k e l y  t o  o c c u r  w h e n  a  g e n e r a t o r  i s o l a t e d  f r o m  t h e  u t i l i t y  s y s t e m  p o w e r s  s u c h  e q u i p m e n t .   I n  s u c h  c a s e s ,  

g o v e r n o r  r e s p o n s e  t o  a b r u p t  l o a d  c h a n g e s  m a y  n o t  b e  a d e q u a t e  t o  r e g u l a t e  w i t h i n  t h e  n a r r o w  b a n d w i d t h  r e q u i r e d  b y  
f r e q u e n c y  s e n s i t i v e  e q u i p m e n t .   N o t e :   v o l t a g e  n o t c h i n g  c a n  s o m e t i m e s  c a u s e  f r e q u e n c y  o r  t i m i n g  e r r o r s  o n  p o w e r  
e l e c t r o n i c  m a c h i n e s  t h a t  c o u n t  z e r o  c r o s s i n g s  t o  d e r i v e  f r e q u e n c y  o r  t i m e .   T h e  v o l t a g e  n o t c h  m a y  p r o d u c e  a d d i t i o n a l  

z e r o  c r o s s i n g s  w h i c h  c a n  c a u s e  f r e q u e n c y  o r  t i m i n g  e r r o r s .  
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Figure 31 :  Power Frequency (Hz):  Trend 
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Figure 32 :  Power Frequency (Hz):  Histogram 

 

Table 7: Statistics of Power Frequency (Hz) 

M i n i m u m C P 0 1 A v e r a g e C P 9 9 M a x i m u m C o u n t  <  -1 % >  + 1 % 

5 9 . 9 6 0 . 0 6 0 . 0 6 0 . 0 6 0 . 0 2 7 1 6 0 . 0 0 % 0 . 0 0 % 
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1.11 RMS Vol tage Var ia t ions 
 

V o l t a g e  s a g s  a n d  i n t e r r u p t i o n s ,  a l s o  k n o w n  a s  r m s  v o l t a g e  v a r i a t i o n s ,  a r e  u s u a l l y  t h e  m o s t  i m p o r t a n t  p o w e r  q u a l i t y  
v a r i a t i o n s  a f f e c t i n g  e n d  u s e  e q u i p m e n t .   T he  ch i e f  c ause  o f  rms  vo l t age  va r i a t i ons  measu red  on  t he  d i s t r i bu t i on  sy s t em i s  
f a u l t s ;  m e a s u r e m e n t s  t a k e n  a t  u t i l i z a t i o n  v o l t a g e s  c a n  a l s o  b e  a t t r i b u t e d  t o  t h e  s w i t c h i n g  o f  l a r g e  l o a d s  a n d  r e g u l a t i o n  

p r o b l e m s . 
 

1 .11 .1 RMS Var iat ion Magni tude Histogram 

 
T h i s  f i g ur e  p r e s e n t s  a  h i s t o g r a m  o f  t h e  v o l t a g e  m a g n i t u d e  f o r  e a c h  r m s  v a r i a t i o n .   E a c h  c o l u m n  r e p r e s e n t s  t h e  r a t e  o f  r m s  
var ia t ions  tha t  f e l l  in to  a  pa r t i cu la r  vo l tage  range .  
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Figure 33 :  RMS Variat ion Magnitude Histogram 

 

1 .11 .2 RMS Var iat ion E vent  Summary  
 

The  fo l l owing  t ab l e  p r e sen t s  a  ch rono log i ca l  l i s t  o f  t he  rms  vo l t age  va r i a t i on  even t s  t ha t  occu r r ed  du r ing  t he  r epo r t ' s  da t e  
r ange .  
 

Table 8:  RMS Variat ion Event  Summary 

D a t e T i m e V o l t a g e D u r a t i o n  

5 / 2 / 9 5 0 9 : 3 9 : 5 6  6 9 . 4 3 % 15  cyc 

5 / 2 / 9 5 0 9 : 3 9 : 5 8  8 7 . 7 7 % 6  c y c 

5 / 8 / 9 5 0 8 : 2 2 : 4 7  6 3 . 1 2 % 15  cyc 

5 / 8 / 9 5 0 8 : 2 2 : 4 8  8 5 . 8 4 % 9  c y c 

5 / 8 / 9 5 0 8 : 2 2 : 5 2  4 5 . 8 8 % 6  c y c 

5 / 8 / 9 5 0 8 : 2 3 : 1 2  8 5 . 3 4 % 7  c y c 

5 / 8 / 9 5 0 8 : 2 3 : 1 6  5 4 . 1 9 % 31  cyc 

5 / 8 / 9 5 0 8 : 2 3 : 3 8  5 5 . 1 7 % 29  cyc 

5 / 8 / 9 5 0 8 : 3 6 : 1 4  7 7 . 2 3 % 2  c y c 
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5 /8 / 9 5 0 8 : 4 5 : 2 4  8 3 . 7 9 % 10  cyc 

5 / 8 / 9 5 0 8 : 4 5 : 5 5  5 4 . 4 5 % 14  cyc 

5 / 8 / 9 5 0 8 : 4 6 : 0 1  4 6 . 9 7 % 8  c y c 

5 / 8 / 9 5 0 8 : 4 6 : 2 0  8 9 . 2 1 % 9  c y c 

5 / 8 / 9 5 0 8 : 4 6 : 2 6  5 4 . 5 3 % 29  cyc 

5 / 8 / 9 5 0 8 : 4 6 : 4 3  8 6 . 1 4 % 7  c y c 

5 / 1 4 / 9 5 0 8 : 0 3 : 0 2  8 3 . 1 3 % 4  c y c 

5 / 1 4 / 9 5 0 9 : 0 6 : 5 9  8 2 . 8 3 % 3  c y c 

5 / 1 7 / 9 5 14 :39 : 0 6  8 9 . 1 2 % 4  c y c 

5 / 2 9 / 9 5 0 3 : 3 3 : 5 5  1 . 2 9 % 12  cyc 

5 / 2 9 / 9 5 0 3 : 3 4 : 1 9  6 . 8 4 % 8  c y c 

5 / 2 9 / 9 5 0 3 : 3 4 : 4 2  0 . 8 1 % 4  c y c 

5 / 3 0 / 9 5 0 7 : 5 3 : 1 5  7 2 . 0 5 % 4  c y c 

5 / 3 0 / 9 5 0 7 : 5 3 : 1 8  7 5 . 9 7 % 6  c y c 

5 / 3 0 / 9 5 0 8 : 0 0 : 1 0  6 8 . 4 4 % 2  c y c 

5 / 3 0 / 9 5 1 3 : 1 5 : 0 3  7 6 . 2 5 % 2  c y c 

 

1 .11 .3 DISDIP Table 
 

The  fo l lo w i n g  t a b l e  p r e s e n t s  a  c r o s s  t a b u l a t i o n  o f  v o l t a g e  s a g s  b y  m a g n i t u d e  a n d  e v e n t  d u r a t i o n .   T h e  v a l u e  o f  e a c h  c e l l  
i s  a  ra te  o f  even ts  per  30  days .  
 

Table 9: DISDIP Table 

V o l t a g e  M a g n i t u d e 0 . 5 < 5  
c y c l e 

5 < 3 0  
c y c l e 

. 5<1  
s e c o n d 

1 < 3  
s e c o n d 

3 < 2 0  
s e c o n d 

2 0 < 6 0  
s e c o n d 

> 6 0  
s e c o n d 

7 0 %  t o  9 0 % 6 . 0 7 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

4 0 %  t o  7 0 % 1 . 0 7 . 0 1 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

1 %  t o  4 0 % 0 . 0 2 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

< 1 % 1 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

 

1 .11 .4 ESKOM Vol tage Sag Tab le 

 
T h e  f o l l o w i n g  t a b l e  p r e s e n t s  a  t a b u l a t i on  o f  v o l t a g e  s a g s  b y  m a g n i t u d e  a n d  e v e n t  d u r a t i o n .   T h e  t a b l e  i s  b a s e d  o n  t h e  
a p p r o a c h e d  u s e d  b y  t h e  S o u t h  A f r i c a n  u t i l i t y  E S K O M  t o  d i v i d e  v o l t a g e  s a g s  a n d  i n t e r r u p t i o n s  i n t o  g r o u p s  t h a t  r e p r e s e n t  

the i r  seve r i ty .   The  va lue  o f  each  ce l l  i s  a  r a t e  o f  even t s  pe r  30  days .  
 

Table 10 : ESKOM Voltage Sag Table 

T X S Z Y O 

M a g :  0  t o  4 0 % ,  
D u r :  1  t o  3 0  
c y c l e 

M a g :  4 0  t o  8 0 % ,  
Dur :  1  t o  7 .5  
c y c l e 

M a g :  4 0  t o  8 0 % ,  
Dur :  7 .5  t o  30  
c y c l e 

M a g :  0  t o  8 0 % ,  
D u r :  3 0  t o  1 5 0  
c y c l e 

M a g :  8 0  t o  9 0 % ,  
D u r :  1  t o  1 5 0  
c y c l e 

O t h e r  E v e n t s  

3 . 0 6 . 0 6 . 0 1 . 0 9 . 0 0 . 0 

 

1 .11 .5 CBEMA Curve Scat ter  Plot  

 
T h e  C B E M A  c h a r t  p r e s e n t s  a  s c a t t e r  p l o t  o f  t h e  v o l t a g e  m a g n i t u d e  a n d  e v e n t  d u r a t i o n  f o r  e a c h  r m s  v a r i a t i o n .   T h e  
o v e r l a i d  c u r v e s  d e f i n e  a  t o l e r a n c e  e n v e l o p e  d e v e l o p e d  b y  t h e  C o m p u t e r  B u s i n e s s  E q u i p m e n t  M a n u f a c t u r e r s  A s s o c i a t i o n  

( C B E M A ) ,  w h i c h  i s  d e s c r i b e d  i n  t h e  I E E E  O r a n g e  b o o k .   T h e  C B E M A  g r o u p  c r e a t e d  t h e  c h a r t  a s  a  m e a n s  t o  p r e d i c t  
e q u i p m e n t  m i s o p e r a t i o n  d u e  t o  r m s  v a r i a t i o n s .   A n  r m s  v a r i a t i o n  e v e n t  w i t h  a  m a g n i t u d e  a n d  d u r a t i o n tha t  fa l l s  above  the  
u p p e r  c u r v e  o r  b e l o w  t h e  l o w e r  c u r v e  h a s  a  h i g h  p r o b a b i l i t y  t o  c a u s e  m i s o p e r a t i o n  i n  c o m p u t e r  e q u i p m e n t  c o n n e c t e d  t o  

t h e  m o n i t o r e d  v o l t a g e  s o u r c e .  
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Figure 34 : CBEMA Curve Scatter Plot  

 

1 .11 .6 ITIC Curve Scatter Plot  
 

T h e  I T I C  C u r v e  d e s c r i b e s  a n  a c  i n p u t  v o l t a g e  b o u n d a r y  t h a t  t y p i c a l l y  c a n  b e  t o l e r a t e d  ( i . e . ,  w i t h o u t  a n  i n t e r r u p t i o n  i n  
f u n c t i o n )  b y  m o s t  i n f o r m a t i o n  t e c h n o l o g y  e q u i p m e n t .   T h e  I T I C  C u r v e  - - l i k e  i t s  p r e d e c e s s o r ,  t h e  C B E M A  C u r v e  -- 
cons is t s  of  a  sca t te r  p l o t  o f  r m s  v o l t a g e  v a r i a t i o n s  i n  t e r m s  o f  v o l t a g e  m a g n i t u d e  a n d  e v e n t  d u r a t i o n .   T h e  s c a t t e r  p l o t  a l s o  

i n c l u d e s  t w o  o v e r l a y  c u r v e s  t h a t  r e p r e s e n t  u p p e r  a n d  l o w e r  l i m i t s .   E v e n t s  a b o v e  t h e  u p p e r  c u r v e  o r  b e l o w  t h e  l o w e r  
c u r v e  a r e  p r e s u m e d  t o  c a u s e  t h e  m i s o p e r a t i o n  o f  i n f o r m a t i o n  t e c h n o l o g y  e q u i p m e n t  ( e . g . ,  c o m p u t e r s ,  c o m p u t e r  n e t w o r k  
c o m p o n e n t s ,  a n d  c o m m u n i c a t i o n s  n e t w o r k s ) .   T h e  c u r v e  d e s c r i b e s  b o t h  s t e a d y-s t a t e  a n d  t r a n s i t o r y  c o n d i t i o n s ,  a n d  i s  

a p p l i c a b l e  t o  1 2 0 V  n o m i n a l  v o l t a g e s  o b t a i n e d  f r o m  1 2 0 V ,  2 0 8 Y/ 1 2 0 V ,  a n d  1 2 0 / 2 4 0 V  6 0 H z  s y s t e m s .   F o r  r m s  v o l t a g e  
v a r i a t i o n s ,  t h e  I T I C  C u r v e  A p p l i c a t i o n  n o t e  d e f i n e s  f o u r  e v e n t  c a t e g o r i e s :  
 



 P Q V i e w  P Q R e p o r t e r ™  

 23 

T o t a l  E v e n t s :  2 5

E v e n t s  V i o l a t i n g  I T I C  L o w e r  C u r v e :  1 2

E v e n t s  V i o l a t i n g  I T I C  U p p e r  C u r v e :  0

0

0 .5

1

1 .5

2

2 .5

0 . 0 0 1 0 .01 0 .1 1 1 0 1 0 0 1 0 0 0

D u r a t i o n  ( s e c o n d s )

M
ag

ni
tu

de
 (p

er
 u

ni
t)

ITIC Magnitude-Duration Scatter Plot

PQView®
 

Figure 35 : ITIC Curve Scatter Plot 

 

S t e a d y -S t a t e  T o l e r a n c e s .   T h e  s t e a d y -s t a t e  r a n g e  d e s c r i b e s  a n  r m s  vo l t age  t ha t  i s  e i t he r  ve ry  s lowly  va ry ing  o r  i s  
c o n s t a n t .   T h e  s u b j e c t  r a n g e  i s  ± 1 0 %  f r o m  t h e  n o m i n a l  v o l t a g e .   A n y  v o l t a g e s  i n  t h i s  r a n g e  m a y  b e  p r e s e n t  f o r  a n  
i nde f in i t e  pe r iod ,  and  a r e  a  func t ion  o f  no rma l  l oad ing  and  lo s se s  i n  t he  d i s t r i bu t ion  sys t em.  

 
L i n e  V o l t a g e  S w e l l .   T h i s  r e g i o n  d e s c r i b e s  a  v o l t a g e  s w e l l  h a v i n g  a n  r m s  a m p l i t u d e  o f  u p  t o  1 2 0 %  o f  t h e  r m s  n o m i n a l  
v o l t a g e  w i t h  a  d u r a t i o n  o f  u p  t o  0 . 5  s e c o n d s .   T h i s  e v e n t  m a y  o c c u r  w h e n  l a r g e  l o a d s  a r e  r e m o v e d  f r o m  t h e  s y s t e m  o r  

w h e n  v o l t a g e  i s  s u p p l i ed  f rom sources  o the r  t han  the  e l ec t r i c  u t i l i t y . 
 
V o l t a g e  S a g s .   T w o  d i f f e r e n t  r m s  v o l t a g e  s a g s  a r e  d e s c r i b e d .   G e n e r a l l y ,  t h e s e  t r a n s i e n t s  r e s u l t  f r o m  a p p l i c a t i o n  o f  h e a v y  

loads ,  a s  we l l  a s  f au l t  cond i t ions ,  a t  va r ious  po in t s  i n  t he  ac  d i s t r ibu t ion  sys t em.   S a g s  t o  8 0 %  o f  n o m i n a l  a r e  a s s u m e d  t o  
h a v e  a  t y p i c a l  d u r a t i o n  o f  u p  t o  1 0  s e c o n d s ,  a n d  s a g s  t o  7 0 %  o f  n o m i n a l  a r e  a s s u m e d  t o  h a v e  a  d u r a t i o n  o f  u p  t o  0 . 5  
s e c o n d s .  

 
D r o p o u t .   A  v o l t a g e  d r o p o u t  i n c l u d e s  b o t h  s e v e r e  R M S  v o l t a g e  s a g s  a n d  c o m p l e t e  i n t e r r u p t i ons  o f  t he  app l i ed  vo l t age ,  
f o l l o w e d  b y  i m m e d i a t e  r e a p p l i c a t i o n  o f  t h e  n o m i n a l  v o l t a g e .   T h e  i n t e r r u p t i o n  m a y  l a s t  u p  t o  2 0  m i l l i s e c o n d s .   T h i s  

t r ans i en t  t yp i ca l l y  r e su l t s  f rom the  occu r r ence  and  subsequen t  c l ea r ing  o f  f au l t s  i n  t he  ac  d i s t r i bu t i on  sy s t em.  
 
T h e  c u r v e  i s  n o t  i n t e n d e d  t o  s e r v e  a s  a  d e s i g n  s p e c i f i c a t i o n  f o r  p r o d u c t s  o r  a c  d i s t r i b u t i o n  s y s t e m s .   H o w e v e r ,  t h e  n o r m a l  

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

1 .11 .7 SEMI Curve Scatter Plot 
 
I n  1 9 9 8 ,  t h e  S E M I  P o w e r  Q u a l i t y  a n d  E q u i p m e n t  R i d e  T h r o u g h  T a s k  F o r c e  r e c o m m e n d e d  S E M I  S t a n d a r d  F - 4 7  C u r v e  

t o  p r e d i c t  v o l t a g e  s a g  p r o b l e m s  f o r  s e m i c o n d u c t o r  m a n u f a c t u r i n g  e q u i p m e n t .   S E M I  i s  t h e  S e m i c o n d u c t o r  E q u i p m e n t  
a n d  M a t e r i a l s  I n t e r n a t i o n a l  G r o u p . 
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Figure 36 :  SEMI Curve Scatter Plot 

 

1 .11 .8 RMS Var iat ion Magni tude-Durat ion Bar Chart 
 
T h e  f o l l o w i n g  c h a r t  p r e s e n t s  a  t h r e e -d i m e n s i o n a l  c r o s s  t a b u l a t i o n  o f  t h e  r m s  v a r i a t i o n  m e a s u r e m e n t s . 
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Figure 37 : RMS Variation Magnitude-Duration Bar Chart 
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1 .11 .9 RMS Var ia t ion Cumulat ive Magni tude-Durat ion Chart 
 

T h e  f o l l o w i n g  c h a r t  p r e s e n t s  a  c u m u l a t i v e  c r o s s  t a b u l a t i o n  o f  t h e  m a g n i t u d e  a n d  d u r a t i o n  o f  t h e  r m s  v a r i a t i o n  
m e a s u r e m e n t s .   T h i s  t y p e  o f  c h a r t  i s  d e s c r i b e d  i n  I E E E  S t a n d a r d  1 3 4 6 -1 9 9 8 .  
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Figure 38 :  RMS Variation Cumulative Magnitude-Duration Chart 

 

1.11.10  Indiv idual  RMS Var iat ion Events 

 
T h e  f o l l o w i n g  s e c t i o n  p r e s e n t s  i n d i v i d u a l  r m s  v a r i a t i o n  e v e n t s .   T h e  e v e n t s  c h o s e n  f o r  t h e  r e p o r t  h a d  t h e  l o w e s t  r m s  
v o l t a g e  m a g n i t u d e  a n d  a r e  p r e s e n t e d  i n  a s c e n d i n g  o r d e r  b y  v o l t a g e  m a g n i t u d e .  
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RMS Var ia t ion -  5 /29 /95  03:34:42
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Figure 39 : RMS Variation Voltage 5/29/95 03:34:42 
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Figure 40 : RMS Variation Current 5/29/95 03:34:42 
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RMS Var ia t ion -  5 /29 /95  03:33:55
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Figure 41 : RMS Variation Voltage 5/29/95 03:33:55 
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Figure 42 : RMS Variation Current 5/29/95 03:33:55 
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RMS Var ia t ion -  5 /29 /95  03:34:19
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Figure 43 :  RMS Variation Voltage 5/29/95 03:34:19 
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Figure 44 : RMS Variation Current 5/29/95 03:34:19 
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RMS Var iat ion -  5 /8 /95  08:22:52
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Figure 45 : RMS Variation Voltage 5/8/95 08:22:52 
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Figure 46 : RMS Variation Current 5/8 /95 08:22:52 
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RMS Var iat ion -  5 /8 /95  08:46:01
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Figure 47 : RMS Variation Voltage 5/8/95 08:46:01 
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Figure 48 :  RMS Variation Current 5/8/95 08:46:01 
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RMS Var iat ion -  5 /8 /95  08:23:16
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Figure 49 : RMS Variation Voltage 5/8/95 08:23:16 
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Figure 50 :  RMS Variation Current 5/8/95 08:23:16 
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RMS Var iat ion -  5 /8 /95  08:45:55
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Figure 51 : RMS Variation Voltage 5/8/95 08:45:55 
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Figure 52 :  RMS Variation Current 5/8/95 08:45:55 
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RMS Var iat ion -  5 /8 /95  08:46:26
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Figure 53 : RMS Variation Voltage 5/8/95 08:46:26 

 

RMS Var iat ion -  5 /8 /95  08:46:26

S I T E 1

0

5 0

1 0 0

1 5 0

2 0 0

2 5 0

0 0 .1 0 .2 0 .3 0 .4 0 .5 0 .6 0 .7 0 .8

T i m e  ( s e c o n d s )

Max: 211.785 A

Min: 48.771 A

Durat ion:  29 cyc

I  R M S  A I  R M S  B I  R M S  C

A
m

ps

PQView®
 

Figure 54 :  RMS Variation Current 5/8/95 08:46:26 
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RMS Var iat ion -  5 /8 /95  08:23:38
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Figure 55 : RMS Variation Voltage 5/8/95 08:23:38 
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Figure 56 :  RMS Variation Current 5/8/95 08:23:38 
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RMS Var iat ion -  5 /8 /95  08:22:47
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Figure 57 : RMS Variation Voltage 5/8/95 08:22:47 
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Figure 58 :  RMS Variation Current 5/8/95 08:22:47 

 

1.12 Transient  Overvol tages 

 
T r a n s i e n t  o v e r v o l t a g e s  c a n  r e s u l t  f r o m  c a p a c i t o r  s w i t c h i n g  e v e n t s  on  the  u t i l i t y  sys t em,  f rom o the r  swi t ch ing  even t s  o r  
l i gh tn ing  su rges  on  the  u t i l i t y  sys t em,  o r  f rom swi t ch ing  even t s  w i th in  the  f ac i l i t y .   I t  i s  o f t en  d i f f i cu l t  t o  de t e rmine  the  

c a u s e  o f  t r a n s i e n t  o v e r v o l t a g e s  w i t h o u t  d e t a i l e d  l o g s  o f  s w i t c h i n g  t i m e s  f o r  e q u i p m e n t  o n  t h e  s y s t e m  a n d  p o s s i b l e  
co r re l a t ion  wi th  l igh tn ing  even t s  in  the  v ic in i ty .  
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T h e  f o l l o w i n g  c h a r t  s u m m a r i z e s  t r a n s i e n t  o v e r v o l t a g e  p e r f o r m a n c e  b y  p r o v i d i n g  a  h i s t o g r a m  o f  t r a n s i e n t  o v e r v o l t a g e s  
d u r i n g  t h e  m o n i t o r i n g  p e r i o d .   T h e  h e i g h t  o f  ea c h  c o l u m n  r e p r e s e n t s  t h e  n u m b e r  o f  t i m e s  t h a t  a  t r a n s i e n t  o v e r v o l t a g e  

e v e n t  w a s  d e t e c t e d ,  w h i l e  t h e  h i s t o g r a m ' s  l a b e l  s h o w s  w h a t  w a s  t h e  a b s o l u t e  p e a k  v o l t a g e  m a g n i t u d e  o f  t h e  t r a n s i e n t .   
T h e  a b s o l u t e  p e a k  v o l t a g e ,  w h i c h  i s  d e p e n d e n t  o n  t h e  t r a n s i e n t  m a g ni t u d e  a n d  t h e  p o i n t  o n  t h e  f u n d a m e n t a l  f r e q u e n c y  
v o l t a g e  w a v e f o r m  a t  w h i c h  t h e  e v e n t  o c c u r s ,  i s  i m p o r t a n t  f o r  d i e l e c t r i c  b r e a k d o w n  e v a l u a t i o n . 

 
O n l y  a b s o l u t e  p e a k  m a g n i t u d e s  b e t w e e n  1 . 0 5  p e r  u n i t  a n d  4 . 0  p e r  u n i t  w e r e  i n c l u d e d  i n  t h i s  h i s t o g r a m .   A d d i t i o n al ly,  
o n l y  t h o s e  e v e n t s  w e r e  e v a l u a t e d  t h a t  h a d  p r i n c i p a l  s w i t c h i n g  f r e q u e n c i e s  b e t w e e n  2 2 0  H z  a n d  3 0 0 0  H z .   A  t i m e  f i l t e r  

w a s  a l s o  a p p l i e d  t h a t  e x c l u d e d  e v e n t s  w i t h  d u r a t i o n s  l o n g e r  t h a n  o n e  c y c l e .  
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Figure 59 : Histogram of Transient  Overvoltages 

 

1.13 Compliance with Planning Limit  Default 
 

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

1 .13 .1 RMS Vol tage Compl iance 

 
T h e  s t e a d y -s t a t e  r m s  v o l t a g e  m u s t  r e m a i n  w i t h i n  t h e  r a n g e  o f  9 0 . 0 0 %  t o  1 1 0 . 0 0 % ,  a n d  m u s t  c o m p l y  w i t h  t h i s  l i m i t  
95 .00% of  t he  t ime .  

 

Table 11 : Statistics of RMS Voltage Compliance  

M i n  C P 0 5 A v g C P 9 5 M a x P e r c e n t  

B e l o w 

P e r c e n t  

A b o v e 

C o m p l i a n c e  

9 3 . 1 0 % 9 4 . 8 4 % 9 8 . 6 0 % 1 0 0 . 6 2 % 1 0 1 . 0 7 % 0 . 0 0 % 0 . 0 0 % 1 0 0 . 0 0 % 
 

1 .13 .2 Voltag e Unbalance Compl iance 
 
T h e  r a t i o  o f  t h e  n e g a t i v e -s e q u e n c e  v o l t a g e  t o  t h e  p o s i t i v e- s e q u e n c e  v o l t a g e  m u s t  r e m a i n  l e s s  t h a n  2 . 0 0 % ,  a n d  m u s t  

comply  w i th  t h i s  l im i t  95 .00% o f  t he  t ime .  
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Table 12 : Statistics of Voltage Unbalance Complian ce 

M i n  C P 0 5 A v g C P 9 5 M a x P e r c e n t  
A b o v e 

C o m p l i a n c e  

0 . 1 8 % 0 . 3 4 % 0 . 5 9 % 0 . 8 6 % 7 . 6 5 % 0 . 0 7 % 9 9 . 9 3 % 

 

1 .13 .3 Vo l tage THD Compl iance 
 

T h e  t o t a l  h a r m o n i c  v o l t a g e  d i s t o r t i o n  ( T H D - V )  m u s t  r e m a i n  l e s s  t h a n  5 . 0 0 % ,  a n d  m u s t  c o m p l y  w i t h  t h i s  l i m i t  9 5 . 0 0 %  o f  
the  t ime.  
 

Table 13 : Statistics of Voltage THD Compliance  

M i n  C P 0 5 A v g C P 9 5 M a x P e r c e n t  
A b o v e 

C o m p l i a n c e  

0 . 0 0 % 0 . 3 4 % 0 . 5 8 % 0 . 7 9 % 1 9 . 8 1 % 0 . 0 7 % 9 9 . 9 3 % 

 

1 .13 .4 Vo l tage Harmonics  Compl iance 

 
E a c h  h a r m o n i c  c o m p o n e n t  h a s  l i m i t s  t h a t  d i f f e r  w i t h  f r e q u e n c y ,  a n d  m us t  comply  wi th  i t s  l imi t  fo r  a t  l eas t  95 .00% of  the  
t ime .  

 

Table 14 : Statistics of Voltage Harmonics Compliance  

H a r m o n i

c 

M i n  C P 0 5 A v g C P 9 5 M a x P e r c e n t  

A b o v e 

C o m p l i a n c e  

3 0 . 0 0 % 0 . 1 3 % 0 . 3 3 % 0 . 5 0 % 7 . 2 8 % 0 . 0 7 % 9 9 . 9 3 % 

5 0 . 0 0 % 0 . 1 0 % 0 . 37 % 0 . 6 4 % 4 . 1 1 % 0 . 0 7 % 9 9 . 9 3 % 

7 0 . 0 0 % 0 . 0 0 % 0 . 0 7 % 0 . 2 3 % 2 . 8 1 % 0 . 0 0 % 1 0 0 . 0 0 % 
 

1 .13 .5 95 .00% Power  Frequency  (Hz)  Compl iance 
 
T h e  s y s t e m  f r e q u e n c y  m u s t  r e m a i n  w i t h i n  t h e  r a n g e  o f  5 9 . 4  t o  6 0 . 6  H z ,  a n d  m u s t  c o m p l y  w i t h  t h i s  l i m i t  9 5 . 0 0 %  o f  t h e  

t ime .  
 

Table 15 : Statistics of  95.00% Power Frequency (Hz) Compliance  

M i n  C P 0 5 A v g C P 9 5 M a x P e r c e n t  
B e l o w 

P e r c e n t  
A b o v e 

C o m p l i a n c e  

5 9 . 8 6 5 9 . 9 9 6 0 . 0 1 6 0 . 0 2 6 0 . 0 4 0 . 0 0 % 0 . 0 0 % 1 0 0 . 0 0 % 

 

1 .13 .6 100.00% Power  Frequency  (Hz)  Compl iance 

 
T h e  s y s t e m  f r e q u e n c y  m u s t  r e m ain  w i th in  t he  r ange  o f  56 .4  t o  62 .4  Hz ,  and  mus t  comply  w i th  t h i s  l im i t  100 .00% o f  t he  
t ime .  

 

Table 16 : Statist ics  of  100.00% Power Frequency (Hz) Compliance  

M i n  C P 0 5 A v g C P 9 5 M a x P e r c e n t  

B e l o w 

P e r c e n t  

A b o v e 

C o m p l i a n c e  

5 9 . 8 6 5 9 . 9 9 6 0 . 0 1 6 0 . 0 2 6 0 . 0 4 0 . 0 0 % 0 . 0 0 % 1 0 0 . 0 0 % 




