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1-3

GB 12325--90

(1)35kV 10%

(2)10kV 7%

(3)220V +7% -10%

GB 2326--2000

d r(h-1) r 1000

(LV) (MV) d=1.25% 4%

(HV) d 1.0% 3% d 2%

(LV MV) d 1.5%(HV)

1.

     2.P
st

P
1t

GB 12326 90

(1) (PCC)

(2) P
st

10min 95%

2h

(3) 

(4) 

(%)

1. 220kV 110kV

     2. THD

(1) PEC 95%

(2)

(3)

(4)

GB/T 14549--93

GB/T 15543--1995

(1)

(2) PCC 95%

     72min 30min

     5min

(3)

(4)

(1) 2% 4%

(2) 1.3%

GB/T 15945--1995
(1) 0.2Hz

     0.5Hz

(2) 0.2Hz

LV MV HV

P
st

1.0 0.9(1.0) 0.8

P
1t

0.8 0.7(0.8) 0.6

(kV) THD

0.38 5 4.0 2.0

6 10 4 3.2 1.6

35 66 3 2.4 1.2

110 2 1.6 0.8
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1822 T

T1(f1=1/T1) y(t) ( )

ω1=2πf1 f1 ah bh ch (2-1) (2-2)

h

h

(2-2) cos(hω1t) sin(hω1c) T1

(2-1)

(2-2)

(2-3)

(2-4)
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(2-2)

y(kτ) y(t) T1 N

τ=T1/N (A/D)

                          (k=0 1 2 N-1) (2-9)

(Fast Fourier Transform FFF)

6

5 7 11

p

h=k p 1(k=1 2 3 )

k p 1 h

Ih/I1=1/h

Id

2-1

2 3

(2-5)

(2-6)

(2-7)

(2-8)

(2-9)

(2-10)

(2-11)

(2-4) (Discrete Fourier Transform

DFT) DFT ah bh (2-4) h ch ϕh
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( ) 2-1

2-1 ( )

           (%)            (%)

(kV) (%) (kV) (%)

0.38 5.0 4.0 2.0 35
3.0 2.4 1.2

6
4.0 3.2 1.6

66

10 110 2.0 1.6 0.8

(1) ( ) 2-2

2-2 (2-13)

2-2

(2) PCC

i h (Ihi)

(2-12)

           Ih (2-13) A

                   Si i MVA

                   St MVA

           α 2-3

(A)

(kV) (MVA) 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

0.38 10 78 62 39 62 26 44 19 21 16 28 13 24 11 12 9.7 18 8.6 16 7.8 8.9 7.1 14 6.5 12

6 100 43 34 21 34 14 24 11 11 8.5 16 7.1 13 6.1 6.8 5.3 10 4.7 9.0 4.3 4.9 3.9 7.4 3.6 6.8

10 100 26 20 13 20 8.5 15 6.4 6.8 5.1 9.3 4.3 7.9 3.7 4.1 3.2 6.0 2.8 5.4 2.6 2.9 2.3 4.5 2.1 4.1

35 250 15 12 7.7 12 5.1 8.8 3.8 4.1 3.1 5.6 2.6 4.7 2.2 2.5 1.9 3.6 1.7 3.2 1.5 1.8 1.4 2.7 1.3 2.5

66 500 16 13 8.1 13 5.4 9.3 4.1 4.3 3.3 5.9 2.7 5.0 2.3 2.6 2.0 3.8 1.8 3.4 1.6 1.9 1.5 2.8 1.4 2.6

110 750 12 9.6 6.0 9.6 4.0 6.8 3.0 3.2 2.4 4.3 2.0 3.7 1.7 1.9 1.5 2.8 1.3 2.5 1.2 1.4 1.1 2.1 1.0 1.9

220kV 2000MVA

2-3

h 3 5 7 11 13 91 131

α 1.1 1.2 1.4 1.8 1.9 2
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(3) 2-3

2-3

     Sk1 MVA

             Sk2 MVA

             Ihp 1-17 A

              Ih Sk1

(1) h HRUh(%) h Ih

(2-15) (2-16)

     UN kV

              Sk MVA

              Ih h A

              Zh h Ω

h HRUh

Zk

(2)

Ih1 1 h

 Ih2 2 h

 θh 1 2 h

Kh 2-4

(2-13)

(2-14)

(2-15)

(2-16)

(2-17)

(2-18)

(2-19)

2-4Kh

h 3 5 7 11 13 91 131

Kh 1.62 1.28 0.72 0.18 0.08 0

(2-20)

(2-21)
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2-7 (2-22) (2-24)

kh

A B ( 2-7)

(2-20) (2-21)

36-05

Ih h

         Ih1 Ih2 Ih3 1 2 3 h

         α 2-5

2-5 α (IEC)

h 3 5 7 11 13 13

1 1.4 2

2-7

A
Um 1%UN      Um 1%UN 5%Um      0.05%UN

Im 3%IN     Im 3%IN 5%Im      0.15%IN

B
Um 3%UN     Um 3%UN 5%Um      0.15%UN

Im 10%IN   Im 10%IN 5%Im      0.5%IN

Um Im UN IN

2-6kh α

  
 h1/Ih2

1 1.2 1.4 1.8 2

1 2 1.175 0.692 0.160 0

2 2 1.152 0.665 0.148 0

10 2 0.974 0.474 0.076 0
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(1)

(2)

(3)

(1)

(2)

(3)

(4)

(1) 20 60 1978

V10 V10 11

(2) 1970 -P7/2

(CPF)

(3) (UIE) 1982 1986

(1EC) 1988 UIE 1994-

1996 IEC 25

(4) 1990 (GBl2326-90)

V10 GB 12326-2000 IEC Pst

P1t
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u t

50Hz 20ms

3-1

T/2 N T/2N KT/

2N uk u0 u1 u2 uk

un-1 U

3-1

1s 281

(voltage fluctuation) Umax Umin

U UN

(3-3)

U(t)

1s U1 U2 (voltage change)

UN d

(3-2)

3-2(a) t1 t2 Umax

t2 t3 Uc Ud

2-2(b)

                               

                               

3-2

1

(3-1)
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3-3

U υ 3-3(a)

U υ

U 3-3(b)

υm

d υ p-p

UN d

(3-3)

r

min-1 s-1

T(s) f(Hz)

T(s)

T(s) f/(Hz)

f(Hz) r(s-1)

f(Hz) 2

p-p

3-3 U

(a) U(t) (b) (t)

10Hz

3-2

(a)  (b)

(ficker)

(1)

(2)

(3)
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IEC 230V 60W

F(%)

   A

           B

           C

           D

(instantaneous flickersensation level) 50%

S=1 (unit of perceptibility) S=1 d(%) 3-4

3-4 S=1

3-4 r=1056min-1(f=8.8Hz) 230V 60W S=1

0.20% 3-4 6 12Hz(

r=720 1440min-1) r=1200min-1 f=10Hz

9Hz       =1.27

5Hz 3-4

( 10min)

3-5 10min S(t) 15000

t 3-5 S(t) 10 S(t) 2p.u.(p.u. )

3-4S=1

(3-5)

π
4
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3-5S(t)

7 T7=t1+t2+t3+t4+t5

3-6S(t)

pk(%) k=1 2 10 p7=29%

3-6 pk(%) 3-7 (CPF) CPF

CPF CPF

3-8 10minCPF 5 (gauge points) (percentiles)

Pst Pst 3-8 5 P0.1 P1 P3 P10 P50 10min S

(t) 0.1% 1% 3% 10% 50%

Pst

(3-6) Pst

0.2p.u. 7 1.2p.u. 1.4p.u. 7               

T=15000 7 4350           3-5 10 s(t)

pk(%) k=1 2 10 3-6

(3-6)

(3-7)
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5 5 CPF 5

25 5 Pst (3-7)

K1 K2 K3 K4 K5 5

K1=0.0314 K2=0.0525

K3=0.0657 K4=0.28 K5=0.08

230V 60W Pst 0.7

Pst 1.3

IEC Pst=1 (unit

flicker)

f=8.8Hz d=0.20% S=1

Pst=0.7 F=50% d=0.29% Pst=1 S=2

F=80%

n

Pst

m

m=1

m=2

m=4

m=3

IEC

(HV) (MV) (LV) (EHV)UN 230kV (HV)

(1) (LV) UN 1kV ( )

(2) (MV) 1kV UN 35kV

(3) (HV) 35kV UN 230kV

3-7 S(t) 10 CPF

3-8  10min CPF

(3-8)

(3-9)

(3-10)
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(1) THM THL 1 0.8 1 TML 1

TML=0.95 1

(2)

0

3-9

3-10 3-9

XA A

XB B

XC A B

    SkAB B A B MVA

            SkBA A B A MVA

SKA A MVA

(3-13) (3-14) (3-15)

(3-15)

(3-12) (3-15) (3-11) (3-16)

(3-16)

TBA B A

3-9 SkAB=2MVA SkA=5MVA SkB=6MVA SkBA=2.5MVA (3-16) PstBA=0.8PstB (3-16)

A B                                                           

TBA=0.8 TAB=0.625

3-9 A B A

B

A A Pstn

B B PstB

B

A PstBA B

B PstB A

PstBA B PstB

A PstBAA 3-9 3-10

PstB A PstBA XA

XC

PstAB                                     PstA=0.625PstA
SkBA

SkB SkAB

PstAB=                                  PstB=TBAPstA
SkBA

SkA SkAB

=SkA SkBA
1

XA

SkAB=
1

XA+XC

SkBA=
1

XB+XC

SkA=        +
1

XA

1
XB+XC

(3-12)

(3-13)

(3-14)
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TBA B 1p.u. A

 XC=0 TBA=1

XC= TBA=0

(3-17)TBA=                         =XA

XA+XC

SkAB

SkA-SkBA

0.5 25Hz 3-4 Pst=1

r 0.7min-1 dlim 3% r=0.1min-1 dlim=7.5% IEC 61000-3-3 dmax=4%

IEC 61000-3-7 d 3-1

3-1 (LV) (MV)

3-1

r(h-1)
                                       d(%)

r(h-1)
                                         d(%)

MV HV MV HV

r 1 4 3 10 r 100 2 1.5

1 r 10 3 2.5 100 r 1000 1.25 1

95%

HV dHV=1.5 (3-26)

MV dMV=2.0 (3-27)

LV dLV=2.0 (3-28)

IEC (EMC) C L E

EMC

IEC Pst=1 (50Hz 601-h) 230V

230V 100V Pst=1.34

LV
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HV lVIV LV HV MV

MV LV HV MV

LV

C

MV LV HV Pst=1 MM

LV HV Pst 1 HV MV

LV IEC HV MV LV 80%

LV MV HV (3-29) (3-31)

CPstLV=CPstMV=1.0 CpltLV=CPltMV=0.8 (3-29)

LPstMV=0.9 LPltMV=0.7 (3-30)

LPstHV=0.8 LPltHV=0.6 (3-31)

3-2

LV MV HV

Pst 1.0 0.9(1.0) 0.8

P1t 0.8 0.7(0.8) 0.6

3-2

(PCC)
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(GB/T 15543 1995)

m ( )

2π/m

m 2 k

p

m 2 m 2

m 2

2

                                                           P
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120

U2 I2

 U1 I1

       

a

( )

100Hz

I2r ( )

100Hz

100Hz

100Hz
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s

(4-38)

    n1

    n

s 4-1 1 2

(1)(2) 8-12(b) s

r2 sf1

r 2 (2-s)f1 r 2 r2 x 2

x2 KX(Kx 1) ( x 2=Kxx2) r1 r 2/(2-s)

4-1

(a) (b)

(4-39)

Kst (4-

39)

(4-40)

K Kx (K 1)

Kst=4 7,K st 6 10 1% 6% 10%

4-1(a)

(4-41)

(4-42)

(4-43)

(4-44)

p

ω1 (ω1 2πf1)
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(4-45)

(4-46)

PCu1 3I2
1(2)r1

(4-45)

4-2

(NEMA)

3.5% 25%

εU 1% 4-2

27 4%

4-1 4kW

5.34% 2.

41 2.82

(8.8A) 25%

10%

16% 27

Y yn

  1985 12

4-1 4kW
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- ( YN d)

110kV

( )

( )

( )

(0.2 0.3s)

( 9s)

(

)

4-3 ( )

35

(La=Lb=Lc=0) (Ld= )

4-4
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4-3

4-4

4-3

( )

35

(La=Lb=Lc=0) (Ld= )

4-4
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b c

(4-48)

(4-54)

ω 2π/3

6k l 6k 3 3

3 9 15 4-6

6k 3

(4-53)

4-5  

4-6  3 9 15

(4-55)

    R1 X1

    

(4-56)

Z0 Zg Z0 ( ) Zg=0

kR 4 kX kR

(4-57)

(4-58)

TN-C TN-C

N PE

3

Y yn0

25% 5% 20%
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(ε2=ε0)

kR

(4-61)

(4-59)

(4-60)

(4-59)

(4-61)

(4-62)

(4-63)

(4-64)

( )

(GB/T 15543-1995)

(GB755-87) 4-7

IN I2/IN (I2/IN)2t (t s) 4-2

4-2 I2/IN

(I2/IN)2t

SN (MVA)

(IEC Pub 34-1)

εU 1% εU 1.5%
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4-2

(1) P24( ) 1%

1min εU 2%

(2) 0.5h εU 0 7%5min εU 1%1min εU 2%

(3) εU 2%( )

εU 3%( )

(4) 680km 2%

(5) (E.D.F) TGV εU 1.5% εU 2%

P16 (

)

33kV 1%

33kV 1.3%

( 30min 5min)

(GBl0236 88) F T D (

4-3 ) A B C ( 4-4 ) 4-5
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4-3

3% Y yn0

5% 20%

4-4

4-5

  

(GB 7261 87) 4-6

4-6
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(1) (220kV )

(2) 330k 220kV

(3) 10kV

(4) 110kV 35kV

35kV 10kV 1 kW 10kV

380/220V

(5) 10kV ( )

24h

(1) min

(2)

(3) 2s

(4)

(5) 20% rs 0.5%
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(1)

( ) ( )

( )

(2) lOkV

10 10.7kV 10.7kV +7%

5% lOkV 9.3kV -

7%

(3)

1)

2)110kV

3)220kV

4)

5)

92% A 90%

98% A 99%

  A 10kV

          B 110kV 35(63)kV

          C

          D (380/220V)

A B C D
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