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Interharmonics Part I: 
Basic Concepts and 
Interharmonic Sources

1. º·¹Ó 
�z��ºº³¹¯¶¹Âμ¯¥q°´¥q£¯¹¶� �,QWHUKDUPRQLFV� Æ�n¥³º�©´£¬¹Å�£´��̧Ë¹Â¹¹Ê¯��´�£·
�¥¶£´�Ä­§�Æ£mÂ�|¹Â�¶�Â¬n¹ �1RQOLQHDU ORDGV� Â ¶Ê£�̧Ë¹Å¹¥²ººÆ¡¡i´�Ó§³� 
Å¹¯�·μ�¥¶£´�¯¶¹Âμ¯¥q°´¥q£¯¹¶�¤³�£·�¥¶£´�··Ê¹n¯¤£´�Â£¹Ê¯Â··¤º�³º�¥¶£´�°´¥q£¯¹¶� 
�+DUPRQLFV� ÃμmÅ¹�z��ºº³¹�¥¶£´�¯¶¹Âμ¯¥q°´¥q£¯¹¶�Â¥¶Ê££·£´��̧Ë¹ �´¥··Ê�²�³��´¥�³º
�z�­´ ¶̄¹Âμ¯¥q°´¥q£¯¹¶�Æ�n�·¹³Ë¹μn¯�Â�n´Å��̧��º�§³�«�²Ã§²­§³��´¥ ¹Ë¹�´¹�¯�
¯¶¹Âμ¯¥q°´¥q£¯¹¶�Â�|¹�³Ë¹μ¯¹Ã¥� �´¥Ã�nÆ��z�­´ ¶̄¹Âμ¯¥q°´¥q£¯¹¶��²¬´£´¥�·ÓÆ�n
¯¤m´�Â­£´²¬£Ã§²�»�μn¯�Å¹�³Ë¹μ¯¹μm¯Æ� ¯¶¹Âμ¯¥q°´¥q£¯¹¶��»�¹¶¤´£©m´Â�|¹¬m©¹�¥²�¯º
··Ê£·�©´£�·ÊÆ£mÂ�|¹�Ó¹©¹ÂμÉ£Â·m´�¯��©´£�·Ê£»§�´¹�¸Ê��©´£�·ÊÂ­§m´¹·Ë¬´£´¥��¥´��Æ�n·³Ë�
�©´£�·ÊÃººÆ£mμm¯Â¹¹Ê¯� �'LVFUHWH IUHTXHQFLHV� ­§´¤�©´£�·Ê­¥¹¯Â�|¹¬Â��μ¥³£
Ã�º�©n´� �:LGH�EDQG VSHFWUXP�  ¯·��©´£­£´¤­¹¸Ê��É�¹¯ ¬m©¹�¥²�¯º�©´£�·Ê
Å�È ··Ê¯¤»m¥²­©m´�°´¥q£¯¹¶��¹¯©m´Â�|¹¬m©¹�¥²�¯º¯¶¹Âμ¯¥q°´¥q£¯¹¶�¹³Ê¹Â¯�

ake interharmonic sources   
 

  
  

  

-

 
 ourier analysis   

 
 Non sinusoidal periodic signal  

 

 t   Periodic 
signal   T  irichlet 

 t   
ourier series   

             
  º=2π T   unda  

mental frequency
   k º    ourier 
coef cient    

    
  

  
   

  
  

 iscrete signal  
 inite length   

 iscrete ourier 
Transform  T

 t   N     
Cycle   Ts=T N  T 

 2

                                                      2

  

           n
 n   

     
 N   requency 

resolution    

             
  T  n   

 
    

 p  p   

   
  

             
    

   T 
 

   
 

  
 T  

    
    

  T 
    = = 2   

 
  2  2   

  

 
  

 Genuine interharmonic 
sources   

ake interharmonic sources    

   
  

 T  
  

  

  2   
           

   
 2   

   ms  
 2 =    

      
     

 
  

 Spectrum leakage  
 Picket fence  T  

 
 T  

  
      

 2   
 T       

    
    

    2   

  
      

 
 

Picket fence 

   T  
 Non stationary wave  

form   
 

 T  
 T 

 Power electronic 
devices   

 2   C link  
  

  d usta le 
speed drive  S  V C   

 Static converter    
  

 C C recti er   
C C  C C inverter   

  
 

 Ripples   
 C side   

 

             
 p   

  f  
  m  

 
 
 

 C side   
 Modulate   

    Si pulse 
recti er     2    

 
fr=    

        
2       

   
fr    p2    

k

tjkekXtx 0)()( 0

1

0

2

)()(
N

n

nk
N

j

k enxX 0,1,..., 1k N

T
2

12
pT p

fmpfh )1( 1

 
   

 
indow si e   

 requency resolution   
  

 Non stationary signal   
  

  
 

   
 2    

 Genuine interharmonic 
sources    

k

2

TsN
k

2

T
k

)( kX

x(t) sin(2 60t) 0.5sin(2 90t)

f

4    3I14  3I14   5



6    3I14  3I14   7

Power Quality Series Power Quality Series

 (fo  
 (

             (
 n  

 
 (   

 (fi   (  

 (Cycloconverter

             (
  

  (Varying 
loads     

  V(t =         
 R(t =               r  

 ωm    
 (

                     (

 (    
 ω ± ωm  ω ± 2ωm  

ω ± 3ωm    
 

 (ωm)  ( synchronous)  
 (ω)

 2  ωm =    r=  
  

 
   2             

        2    
   

(   )  
 

  
 

 2  
 ( licker)  

    

 

   ωm  2  
(     

 2)  
  

 ( )   
  

 
 

  
 

 

  
 (Synchronous)   

  
 RMS      

 
( synchronous)  

 RMS    
  

ωi  ωf    
 ( )

             ( )
 ωk   

 ωi 

 
     

 
    

       
             a=  fi    

     (Envelop)  
    

 

 T  
   

  
 2  

   
(Non stationary signal)  

   
  
  
 T  

 
 (Stationary waveform)  T 

 
 

 T   
 

(Inrush current)  
    T 

 2 ( )   
 ( )   

( C components)  

     
 2  

 2     2   
    

    
   2    

     
 2 2    

  
 

 
   Integral cycle control 

(ICC)      
 ICC  
    

  
     

   
 

 
     

  
  

      
 2   
    

  
2  ICC    

     
       

     

 

  
   

02nfpfr

  
  

   
 

  

  IEC 
   

2     
 Picket fence  

 

    
 

 2   
 
 

   
  

  
 

   
  Integral cycle 

control  

  
 

C  Li   u and T  Tay asanant  Interharmonics: 
Basic Concepts and Techniques for Their etection 
and Measurement  Electric Power System 
Research ournal  Vol   Issue  pp   uly 
2
 

021 )1( nfpfmpfi

)sinsinsin1(sin

sin1
sin

)(
)()(

3322 trtrtrt

tr
t

tR
tVtI

mmm

m

sin1 tr m

sin tm

|| kif

)2sin()602sin( tfat i



Power Quality Series Power Quality Series

 line to line   
      2 

 Short Interruptions:    
 Long Interruptions:  

  E   
 

 one :     
       Long 

Interruptions  Short Interruptions 
 one 2:   
 one :     

   
 one :    

      
 EN  

    
  icker  

 Plt = 

  2

    (         
 )

 Islanding  European 
    (   )

 T v     
 

 

 phase to earth  
 T    2  

  (phase to neutral)  

  E   
  

  

  short outages:  (  
)   

       E  
 (  2   )

    short  long outages 

 E     

    
       

 (customi ed commitments)  
thresholds ( )  

 (   ms)  
   

 (technical commitments) 

  

  

 

  
   

8    3I14  3I14   9

º·�©´£··Ê�m´¹£´Æ�n¹ÓÂ¬¹¯¬³��´Æ¡¡i´�Ó§³��º�¢´  ¶Âª«··Ê£·Å�n�´¹�¥¶�Å¹�z��ºº³¹ 
Ä�¤Æ�n¹ÓÂ¬¹¯¬³��´Ãºº�¥¯º�§º£·³Ê©·³Ë��¥²Â·ª�¯��¥²Â·ªÃ¯¡¥¶�´Åμn Ã§² 
¬³��´··Ê�³��¸Ë¹Â�|¹ ¶Âª«¬Ó­¥³º§»��n´··Ê£·�©´£μn¯��´¥Æ�nÃ�m ¬³��´Æ¡¡i´�Ó§³� 
�º�¢´  ¶Âª«�¯� 'HWURLW (GLVRQ �'(&R� �¥²Â·ª¬­¥³�¯Â£¥¶�´ Å¹º·¹ ·Ë 
�²Æ�n¹ÓÂ¬¹¯μ³©¯¤m´��¯�¬³��´Æ¡¡i´�Ó§³��º�¢´  ¶Âª«�¯� (') (PHUDOG 
Ã§²�´¥�¥²¤º�μqÅ�nÂ·�¹¶�·´�¬�¶μ¶�³º¬³��´Æ¡¡i´�Ó§³��º�¢´  ¶Âª«

  
  

  
 E    

 E    
 

  
 E  

 

 
  

 ei ull nalysis  

      2 2

       

     and 2    to 2  

    

   2

  2  and   

 E  Emerald  
 E    

National Service  
    E      

 (commitments)  
   

Emerald Contract    
 

  
 E    kV 

Understanding 
Premium Power Grades

  > chakphed@gmail.com, chakphed.med@pea.co.th

1997 EDF Criteria for Medium-Voltage Customers  

Power Quality Parameter EDF Annual Commitment Customer Commitment

(>3 Minutes) 10,000<  <100,000: 3 
 >100,000, Except Cities: 3 

(1 Second < < 3 Minutes) 10,000<  <100,000: 10 
 >100,000, Except Cities: 3 

(Informative Clause)   Limits Defined as a Function of
  

Short Interruptions Duration May Start 600 ms 
Voltage Sags Sags >600 ms and >30% Depth 
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C   igure     C 2  
 igure  

:    

          
:     

  
( ET)   

       ( )

       (2)
 ( )  (2)    

       ( )

       ( )

IEEE C57.13-2008
IEEE Standard Requirements for Instrument 
Transformers (μÍ¹·Õè 18)

8.1.6.5 Comparative-null methods 

These methods determine the ratio and 
phase angle of a transformer y comparing its 
performance with that of a standard or 
reference transformer whose parameters are 
known  The primary windings of the two 
transformers are connected in parallel to a 
common source and the measurements are 
made at the secondary voltage level  The 
common terminals of all four windings are 
maintained at ground potential  The circuitry 
of most of the methods heretofore consid-
ered could e adapted to this form of 
measurement  E cluding the uncertainties in 
the ratio and phase angle of the standard  the 
uncertainty can e essentially the same  

owever  if these approaches are to e used  
either  a  difference  method  (counterpart of 

the one for current transformers) or one in 
which the components of the measuring circuit 
are e tremely sta le and easily measured to 
the required uncertainty is recommended   
typical comparative-null circuit is shown in 
igure  (see S e B2 ])

 
  

   
 

  
   

   
  

   

  
     

  (  
)  

  
   

  (  S e B2 ])

Measurement uncertainty  e clusive of errors 
in the standard transformer  is within 2 ppm 
for ratio and  rad for phase angle at   
and   Ratios ranging to several times 
that of the standard transformer can e 
measured

  
  2 ppm 

  rad   
        

 

 high-impedance inductive voltage divider 
with a si -dial resolution is connected across 
the secondary winding of the transformer 
under test  The in-phase voltage alance is 
o tained y ad usting the output of the 
divider  and the quadrature alance is 
reali ed y ad usting either R or C  If the 
secondary voltage of the test transformer 
leads that of the reference transformer  
resistor R has the position shown  or lagging 
angles  the positions of R and the detector are 
interchanged  The equations 
of alance for the circuit shown are as 
follows:

 
  

   

  
 R  C     

  R  
    R 

   
:

 
and

                    in radians]
where N  and Ns are the ratios of the 
unknown and standard transformers  respec-
tively  and Nd is the ratio of the inductive 
voltage divider

 N   Ns  
   Nd 

 
8.1.7 Accuracy calculations for current 
transformers 

ccurate values of ratio and phase angle are 
not o taina le y calculation from the open-
circuit characteristics of a current transformer  

Figure 17 Voltage transformer accuracy test – Comparatator-null method
  

owever  for certain types of current 
transformers  adequate methods are availa le 
for the determination of errors for nonmeter-
ing applications  if suita le constants for their 
equivalent circuits can e estimated or 
determined

  

   
   

 
  

 

or C types of current transformers with 
negligi le leakage u es  the equivalent 
circuit  shown  in  igure    and  the  vector 
diagram shown in igure  are suita le for 
calculations  The ushing type current 
transformer with the secondary winding 
appropriately  distri uted  around  the  core  

 C -   C     
C -2      C 

:    vector diagram     phasor 
diagram  

:  Protective Relaying Theory and pplication  alter  Elmore   
p   
 phasor is a comple  num er used to represent electrical quantities  riginally 

called vectors  the quantities were renamed to avoid confusion with space 
vectors   phasor rotates with the passage of time and represents a sinusoidal 
quantity   vector is stationary in space

    
  

  
In relaying  phasors and phasor diagrams are used oth to aid in applying and 
connecting relays and for the analysis of relay operation after faults  Phasor 
diagrams must e accompanied y a circuit diagram  If not  then such a circuit 
diagram must e o vious or assumed in order to interpret the phasor diagram  
The phasor diagram shows only the magnitude and relative phase angle of the 
currents and voltages  whereas the circuit diagram illustrates only the location  

s
x

d

NN
N x s CR

(1 )p
ss

s

v
v j

N
1 1

1
p x

C
x d

v jv
N N j RC

1 1
1 1

sxs
x

dsd

N j NN
N j j RC N

x s CR

s
x

d

N
N

N
x CR



International Standard Series International Standard Series

14    3I14  3I14   15

and with a “through” primary conductor 
symmetrically located in the opening, can 
thus be represented by Figure 18 and Figure 
19 for the purposes of accuracy calculations, 
provided the stray u es entering the core 
from the return conductor or other e ternal 
sources remain negligible.

 C  
,  18 

 19  
.  

,  
“ ” ,  

 18  19  
,  

 . ,

 
Since T-type current transformers have appre-
ciable leakage or stray u es entering the 
core, they cannot be represented adequately 

by an equivalent circuit. This type of current 
transformer does not lend itself to simple, 
accurate calculations. Instead, typical design 
test data are used for this purpose.

 T  

,  
.   

  
.   

.
NOTE—The methods discussed in 8.1.8 
through 8.1.10 are not accurate enough for 
calculating current transformer errors for 
revenue-metering applications.

—  8.1.8  
8.1.10   

 
  

8.1.8 Calculation of current transformer 
performance for relaying application from 

excitation data and equivalent circuits 

Several methods are available for calculating 
current transformer performance from e cita-
tion characteristics, secondary winding 
constants, and burden data with suf cient 
accuracy for relaying service, if the construc-
tion of the transformer is such that leakage 
u es can be neglected. These methods 

include algebraic, current phasor, graphical, 
and admittance phasor. All are based on the 
addition of the secondary burden currents 
and the transformer e citation currents.

 
  

,  , 
  

,  
 

.  , 

, ,  
.   

 
.

The algebraic addition of these currents is 
adequate for most relay applications because 
for the lower power factor burdens (e.g., 0.5 
lag), the burden and e citation currents are 
appro imately in phase over a considerable 
range of burdens and currents. When the 
burden and e citation currents are not in 
phase, the calculated ratio error is greater 
than that which would have been obtained 
by the phasor addition of currents. The 
determination of phase angle is unnecessary 
for most relay applications.

  
  

 ( , 0.5 
)  

.   

,  
 
.  
 

.

8.1.9 Application of calculating methods to 
type C relaying accuracy current transformers

 
As was discussed in 8.1.7, calculating methods 
are not practical for type T current transform-
ers. Therefore, the following discussion is 
primarily applicable to types C, i.e., bushing-
type current transformers for relaying service. 
Since these transformers are generally 
multiratio, the most useful form in which the 
open circuit transformer e citation character-
istics may be given is a family of curves similar 
to Figure  showing the e citation voltage and 
currents on the secondary winding turns base 
for each ratio. These curves are usually 
determined from test data taken on a typical 

unit of a given design by the method covered 
in 8.3.2.

 8.1.7,  
 T.  

 
 C, ,  

.   
,  

 
 

  
 

.    
 

  
 8.3.2.

8.1.10   Calculation of current transformer 
ratio by the algebraic method 

The current transformer standards covering 
relaying  accuracy  and  application  data  for 

direction, and polarity of the currents and voltages. These distinctions are 
important. Confusion generally results when the circuit diagram is omitted or the 
two diagrams are combined.
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relaying service have been written on the 
basis of utilizing the advantages and simplicity 
of excitation data and calculating methods 
where applicable. The following method may 
be used for calculating the relaying perfor-
mance and accuracy ratings of type C relaying 
accuracy rated current transformers. As stated 
in 8.1.8, this method is based on the assump-
tion that the burden and excitation currents 
are in phase. It also assumes a single-turn 
primary winding such as in bushing, window, 
or bar-type transformers, so constructed that 
the effect of leakage uxes on its perfor-
mance is negligible. The equivalent circuit and 
phasor diagram for such transformers are 
shown in Figure 18 and Figure 19, respectively. 
The ratio correction factor values obtained by 
test will not exceed the values calculated by 
this method within the stated limitations.

 
  

 
  

.    
 

  
 C.   

 8.1.8,   
.   

   
, ,  

,  
.  
 

 18  19, .  
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The following de nitions and equations apply 
to Figure 18 and Figure 19:

 18  
 19:

N  is the secondary turns on transformer for 
ratio on which transformer error is to be 
calculated from data sheet or excitation curve 
sheet (see Figure 4 and typical curves)

 
 

  
(  4 )

Rs  is the resistance of transformer secondary 
from data sheet or excitation curve sheet (see 
Figure 4)

 
 (  4)

Rb  is the resistance of secondary burden 
including secondary leads

 

Xb  is the reactance of secondary burden

Zt  is the square root of [(Rs + Rb)2 + (Xb)2], 
which equals the magnitude of secondary 
circuit impedance

 [(Rs + Rb)2 + (Xb)2]  

 
θs  is the tan-1 (Xb/(Rs + Rb)), which equals 
the power factor angle of secondary circuit

 tan-1 (Xb/(Rs + Rb)),  
 

Is  is the assumed value of secondary current 
at which transformer ratio is to be calculated

 

Vse  is the IsZt, which equals the excitation 
voltage required to obtain Is

 IsZt,   
 Is  

Ze  is the Vse/Ie, which equals the excitation 
impedance of transformer on secondary N 
turns base for any speci c value of Ie obtained 
from excitation curve. The value of Ze is not 
required in the calculation, but is shown in 
the equivalent circuit (see Figure 18)

 Vse/Ie,  
  N  

  Ie  
.   Ze , 

 (  18)

Ie  is the excitation current required to obtain 
a speci c value of Vse, obtained from excita-
tion curve

  
Vse , 

Ist  is the Is + Ie, which equals the primary 
current on secondary N turns base

 Is + Ie,  
 N 

Ip  is the NIst, which equals the primary 
current required to obtain Is in the secondary

 NIst,   
 Is 

True ratio = Ip/Is, which equals the NIst/Is
    Ip/Is,  NIst/Is

If marked ratio and secondary N turns are 
equal:

 N 
:

RCF  =  Ist/Is
Percent ratio  =  (Ist/Is) × 100
Percent ratio error    (Ie/Is) × 100

:  n =  =  = 1000/5 = 200

 
  

 10                  

                 
  

     

  

  

:  1000/5 A  25 VA  
 0.25 W  15 A   (a) 

  (b) RCF   (c)   
 5

:  n =  =  = 1000/5 = 200

                             
   

    /  

   

   
   

(a)   

(b)   
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:   200   
 1.2    0.5  

 0.2   0.3   -
 100  50   (a) , 

,   5 A  (b) 
 

:  n = 200
    

   

  

(a)   
 
   

   

(b)    
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:  (bar-type)  400 A 
  300 A 

     2  
 θ  0.5    

1000/5 A   

:      

            
 = 0.5 

   
  /   

 

                       

    

                    

    

  

                     

 1000/5    

       

:  A  B  8.31 
   

0.09  0.08    

 = 500/5 A   = 0.02   
 = 0.03  

  5 A   (a) 
  (b) 

                  

:    =  = 100
(a)   A  B  2.5 
A   5 A   (emf)  A  B 

 

      +  

 8.32   
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 B   B  0. 025 
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  -  
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High Voltage Series High Voltage Series

  Routine 
Test  

  
  

     

 Routine Test 
  

 3  

  
 
 

  Routine Test  

 
 

 Circuit Breaker  
  

  Routine Test  
 Circuit 

Breaker  

 
 Routine Test   

Timeline   
 

Routine Tests
Live Tank Circuit Breaker

  > keeratisiri.wannaphan@th.abb.com

Circuit Breaker ¨Ò¡ ABB ¨ÐμŒÍ§¼‹Ò¹¡ÒÃ·´ÊÍº
Circuit Breaker ¨Ò¡ ABB ÁÕ¡ÃÐºÇ¹¡ÒÃ¼ÅÔμà¾×èÍãËŒà»š¹·ÕèÂÍÁÃÑºã¹ÃÐ Ñ́ºÊÒ¡Å 
ÊÃŒÒ§�ÇÒÁÁÑè¹ã¨ã¹àÃ×èÍ§�Í§¡ÒÃÁÍºÊÔ¹�ŒÒ�¸§Á×Í¼ »Œã�ŒμÒÁ¡ÓË¹´àÇÅÒ Œ́ÇÂ�º�¢Ò¾ÃÅÐ
�ÇÒÁ¹‹Òà�×èÍ�×ÍàË¹×ÍÃÐ´Ñº ¨Ò¡ÊÔè§ÍÓ¹ÇÂ�ÇÒÁÊÐ´Ç¡ ÃÅÐà·�Ä¹ÄÅÂÕ·Õè·Ñ¹ÊÁÑÂ 
/iYe 7aQk Circuit Breaker ¡Ç‹Ò ����� μÑÇ Æ´Œ�»¡¼ÅÔμ�̧Ë¹¾ÃŒÍÁ¼‹Ò¹¡ÒÃ·´ÊÍº 
5RutiQe 7eVt ·ÕèÄÃ§§Ò¹ ABB /uGYika ÃË‹§¹ÕË 
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High Voltage Series High Voltage Series

 Routine Test   
 

    
  

 Circuit Breaker  Routine 
Test   

 ABB Test Supervisor 
  

ocumentation

 Circuit Breaker 

 assem-
bly  Circuit Breaker  

 
 ABB  

 Circuit Breaker  
 Routine Test  

 Supplier  ABB 
 assembly  ABB Ludvika 

 

Breaker Pole, Mechanical and Electrical 
Assembling

 Breaker Pole, Mechanical and 
Electrical Assembling  

 Circuit Breaker  
 Routine Test  Circuit 

Breaker  assembly  
Operating Mechanism(s)   

 

 Routine test  
Circuit Breaker  

 Circuit Breaker  
 

 

 Routine Test  Circuit Breaker  
ABB   

 
  

  
 
 

   IEC, 
ANSI  ABB standard  

  

 

  
   
 Routine Test  

  
 Routine Test   

Three-pole Operated Breaker (or One Phase of 
a Single Pole Operated Breaker)

 Routine Test   
Circuit Breaker  

  
  
  ABB 

Certi ed Test Supervisor  
 ocumentation

Production Process

Routine test process

Breaker pole
assembly

Operating
mechanism

Electrical
assembly

Operating
mechanism
Mechanism
assembly

Manufacturing
Interrupters

Goods
receiving

Packing Delivery to
customer

Routine
test
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Special Power Series Special Power Series

 
  52kV  

72.5kV  1,200kV  
 1,500kV  

 
  

 
  

  SF6  
   
  

   
 

  
 (Electromechanical relay) 

  
 

  
    

  
 Minimum oil  

  
  

 SF6  
 (GIS) 

 BBC   
1965 (  1)   

 

 25kA  
 80kA   

 420 kV 
 550 kV  

  1998  
 ead-tank 

( TB)  245kV  
80kA  (  2)

  
  

 
 (  

 CIGRE )  
 SF6  

 0.3 
 100    

 Two pressure 
 

 (  5)  3 
 Live-tank (LTB)  

 420kV  1960  
 LTBET2  

  

Grading capacitors (  4)

 
 (  6)   

 LTB  
 Active part  

 TB  
 

  GIS  
 
 

  
    

 
  Plug  Switch 

(PASS)  
 

AIS  GIS

 1990 PASS  

 (  TB)  
   

PASS  

 AIS    
    

 
   

 
  

 
 PASS  

 
  

  
   PASS   

.   > worawut.sae-kok@th.abb.com 

âÅ¡¢Í§ä¿¿‡ÒáÃ§ÊÙ§

The world of 
high-voltage power

Ë¹ ¸è§ã¹�ÇÒÁÊÓàÃÉ¨�ÃÑË§ãË�‹ã¹ÊÑ§�ÁÊÁÑÂãËÁ‹�×Í ¡ÒÃÁÕÃÐººÆ¡¡iÒ¡ÓÅÑ§ àÁ×èÍºÃÔ«Ñ· 
:(67,1*+286( Æ´ŒÊÃŒÒ§à�Ã×èÍ§¡Óà¹Ô´Æ¡¡iÒ¡ÃÐÃÊÊÅÑºà�Ã×èÍ§ÃÃ¡ã¹»d 1��� �¸è§μÔ´μÑË§
·Õè¹ËÓμ¡Æ¹ÃÍ§¡ÒÃÒ Æ¡¡iÒÆ´Œ�»¡à»ÅÕèÂ¹¨Ò¡à¾ÕÂ§Ã� ‹�ÇÒÁÍÂÒ¡Ã»ŒÍÂÒ¡àËÉ¹·Ò§ÇÔ·ÂÒªÒÊμÃqÆ»
à»š¹¡ÒÃ»ÃÐÂº¡μqã�Œ§Ò¹¨ÃÔ§·ÕèÁÕ»ÃÐÄÂ�¹qÊÓËÃÑºÊÑ§�Á ÍÕ¡·ÑË§à¡Ô´�ÇÒÁ�Ñ´à¨¹�¸Ë¹ÍÂ‹Ò§ÃÇ´àÃÉÇ
ã¹¡ÒÃ·ÕèÆ¡¡iÒÊÒÁÒÃ��»¡Ê‹§ Œ́ÇÂÃÐÂÐ·Ò§·ÕèÆ¡Å Œ́ÇÂÆ¡¡iÒÃÃ§Ê»§ �¸è§à»š¹ÇÔ�Õà ṌÂÇã¹¡ÒÃ·Õè¨Ðμ‹Í
ÄÃ§Æ¡¡iÒ�¹Ò´ãË�‹·ÕèÁÑ¡¨ÐÍÂ»‹ã¡ÅŒÃËÅ‹§¾ÅÑ§§Ò¹à�‹¹ �‹Ò¹ËÔ¹ Æ»ÂÑ§ÃËÅ‹§�Í§ÄËÅ´·ÕèμŒÍ§¡ÒÃ
Æ¡¡iÒ ÍÒ·Ôà�‹¹ àÁ×Í§�¹Ò´àÅÉ¡ÃÅÐÁËÒ¹�Ã ã¹·ÕèÊº´¡ÒÃ¾Ñ�¹ÒÍº»¡Ã�qÊÇÔμ�Ô§ÊÒÁÒÃ�·ÓãËŒ
¡ÒÃμ‹ÍË¹‹ÇÂ¼ÅÔμ¾ÅÑ§§Ò¹Æ¡¡iÒËÅÒÂË¹‹ÇÂÃÅÐÄËÅ´ËÅÒÂÃË‹§ÍÂ‹Ò§»ÅÍ´¢ÑÂà¡Ô´�¸Ë¹ Œ́ÇÂ
ÊÒÂÊ‹§àÊŒ¹à ṌÂÇ¡Ñ¹ �¸è§ãËŒ¼Åã¹¡ÒÃ Ñ̈´ÇÒ§ÃººàÁ�·Õè�Ñº�ŒÍ¹Ãμ ‹ÁÕ»ÃÐÊÔ·�Ô¢Ò¾ÃÅÐà»š¹ÅÑ¡«�Ð
�Í§ÃÐººÆ¡¡iÒã¹»z¨ º̈ºÑ¹
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Special Power Series Special Power Series

 8,000  (  7)

 
 

( CB)  2000   
 

AIS   
 

  CB  

 
SF6  

 SF6  15 
   

   
  IEC  CB  (IEC 

62271-108)  2005  
  CB  1,500 

    
550kV 

  
  

 
  

 
 

  
 

   
  

 
  

   
 1990  GIS  

  
 Optical  Actuators 

 
 

 Substation Automation   
IEC 61850   

   

 IEC 61850  
 
 

 
 

 IEC 62271-100 
  

 (M2)  Capacitive (C2)  
 (E2)   

  

  
 
 
 

  
  

  
  

 
 AC

  
 

   
U V  (Ultrahigh-voltage)   

    U V (  
 800kV  AC  

800kV  C)  
 

  

  U VAC  
 
 

 U VAC 1,100kV  
  650  

indongnan  Nanyang  ingmen 
 5,000 MVA

 
 GIS  

( )  1,100kV 
 ingmen  

 2008 (  8)

 U V  
 SGCC (State 

Grid Corporation of China)  
 V C  U V  
 +/ 500kV  800kV C  

 
2010   

 
 U V C  1,100kV 

 
 (  9)

  
  

 
 

Fredi Stucki, 
“The world of high-voltage power  
A concise history”, 
ABB Review Special Report 
( igh -voltage products), 
page 6-10
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·ÕèÁÕ¡ÒÃà»ÅÕèÂ¹Ã»Å§¨Ò¡Æ¡¡iÒ¡ÃÐÃÊÊÅÑº àÁ×èÍ¡ÃÐÃÊÆ¡¡iÒÆËÅ¼‹Ò¹�´ÅÇ´¨Ð·ÓãËŒÁÕàÊŒ¹ÃÃ§ÃÁ‹àËÅ É¡ã¹�´ÅÇ´ àÊŒ¹ÃÃ§ÃÁ‹àËÅ É¡¹ÕË
à»ÅÕèÂ¹Ã»Å§μÒÁ�¹Ò´�Í§Ã»»�Å×è¹Æ¡¡iÒ·ÕèÆ´ŒÃÑºàÊŒ¹ÃÃ§ÃÁ‹àËÅ É¡à¡×Íº·Ñ Ë§ËÁ´¨ÐÍÂ »‹ÃÍºÃ¡¹àËÅÉ¡ àÁ×èÍÁÕ¡ÒÃà»ÅÕèÂ¹Ã»Å§�Í§àÊŒ¹ÃÃ§
ÃÁ‹àËÅ É¡¼‹Ò¹�´ÅÇ´ ¨Ð·ÓãËŒÁÕÃÃ§à�Å×èÍ¹Æ¡¡iÒàË¹ÕèÂÇ¹Óà¡Ô´�¸Ë¹·Õè�´ÅÇ´· ºμÔÂ¢»ÁÔ¹ÕË �¸è§·º¡È ·Õè·ÕèμŒÍ§¡ÒÃã�Œ¾ÅÑ§§Ò¹ ÆÁ‹Ç‹Ò¨Ðà»š¹
ÃÊ§ÊÇ‹Ò§ àÁ×èÍ�´ÅÇ´Æ´ŒÃÑºÃÃ§à�Å×èÍ¹Æ¡¡iÒ¡ÃÐÃÊÊÅÑº ¨Ð·ÓãËŒ�´ÅÇ´ÁÕ¡ÒÃà»ÅÕèÂ¹Ã»Å§àÊŒ¹ÃÃ§ÃÁ‹àËÅ É¡μÒÁ�¹Ò´�Í§Ã»»�Å×è¹Æ¡¡iÒ
¡ÃÐÃÊÊÅÑº ·ÓãËŒÁÕÃÃ§à�Å×èÍ¹Æ¡¡iÒàË¹ÕèÂÇ¹Óà¡Ô´�¸Ë¹·Õè�´ÅÇ´¹ÕË �¸è§ËÁŒÍÃ»Å§ÁÕ·ÑË§ 2iO t\Se ÃÅÐ 'r\ t\Se �¸è§ÇÑ¹¹ÕË ABB 
�Í¹ÓàÊ¹ÍËÁŒÍÃ»Å§ 'r\ t\Se ·Õè·Ó¡ÒÃËÅ‹Í cRiO ã¹ÃÐººÊ º��Ò¡Òª ·ÕèàÃÕÂ¡Ç‹Ò 9acuuP caVt cRiO Gr\ t\Se traQVIRrPer 

Application
ABB Vacuum cast coil Dry type transformer 

 International quality standard 
ISO9001  ISO 14001 Vacuum cast coil dry 
type transformer   

 
 95   

 -25ºC  
  Vacuum 

cast coil  Resin  
  UL with 

Thermal index 180 ºC (Class )  
 ANSI C57.12.60-IEEE Trial-Use 

standard test  Vacuum cast coil dry type 
transformer  

 
   

 
 

 

Vacuum cast coil dry type transformer  
 Utility, Industry 

 Building  Railway  
 

 
Manufacturing Processes
- Common Technology
ABB  
(R&D)  ABB Global   
Vacuum cast coil dry type transformer  

 Common Technology   concept 
Common Design System (CDS)

Common Technical Standards
  - Materials
  - Productions
  - Processes
  - Procedures & Instructions

Common Key Machineries
  - V Winding
  - Vacuum Casting
  - Core Cutting

  ABB Asia 
 ABB Europe  

 ABB  Common Technology  
  Vacuum cast coil dry 

type transformer 

- V winding  
automatically   

  > sakulthida.klomkleang@th.abb.com

Vacuum cast coil dry 
type transformer
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Medium Voltage Series Medium Voltage Series

continuous drop down disc  double 
layer insulation  

 Common 
Technology   

 Resin  
   

Aluminum    Copper   

- LV winding  
automatically  V winding  

 Aluminum foil  
 foil preimpregnated with resin  

LV winding  coil   

- Core  
Step-lap  

 (noise level)  
  (Saturation)  

  No load  No-load loss 

  Routine
  - Winding resistance
  - Voltage ratio
  - Vector relationship
  - Impedance and load loss
  - No-load loss and current
  - Separate-source voltage 
  - Induced over-voltage 
  - Partial Discharge

  Type
  - Lightning Impulse
  - Temperature Rise

  Special
  - Sound Level
  - Short Circuit (3rd party)

  From 50 kVA up to 30 MVA.
  igh Voltage: up to 52 kV. 
  Low Voltage: up to 36 kV.
  Classes: E2, C2, F1.
  Partial Discharges:  10 pC.
  Ambient design: from -25 ºC up to 60 ºC. 
  Insulation: 155 ºC (F), 180 ºC (class ). 
  Cooling: AN, ANAF (up to +40 ), AFWF. 
  Enclosure protection degree: from IP00  
  up to IP54.

  Stronger resistance against short-circuit  
  stress.
  Superior behaviour on load changes  
  (thermal) 
  Linear distribution of BIL (Basic Impulse 
  Level)
  No silicone during coil manufacturing.
  Superior performance under dynamic 
  loads (mechanic)
  Excellent performance under severe 
  ambiental conditions (exceeding E2)
  More suitability for extreme 
  environmental conditions.

 - 
 -         
 - 
 -  

 - igh resistance to short circuit
 - igh capacity to support over load
 -    



Power Transformers Series Power Transformers Series

  > pantip.prasongthai@th.abb.com
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