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Harmonics 50Hz 60Hz

{
@ (b)
( 100% )
Harmonic
180Hz
300Hz
Characteristic Harmonic
6
6k +1=5711,13... pkzx1l p= 6, 12, 18,

24... k=1,23,4....

Nonlinear load



4 Line voltage notch

5 Short-circuit ration Isc/IL
6 Total harmonic distortion, THD
THD= J X100%
= 1h=2  X100%
C
C C n
(1)

AC arc furnace, AC EAF
AC arc furnace, DC EAF
Ladlefurnace, LF

(2 Motor drivesin rolling mills
DC
AC AC drives with cyclo-converters

(3 Induction furnaces



(1)
(2)
3)
(4)

Welding machines

Forge harmonics and hammers

Fluorescent lamp installations
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Fourier Series
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(Refractory)
(Graphite Electrode)

1500
1700 1600 1650

77158254231
00]20/00]21/00
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|EEE/C57.12.00-1987
5%
5%

|EEE/Std 18-1992
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|EEE/Std 519-1992

10%

Proximity



(ms)
6 cycles 2.20
15 cycles 2.00
1sec 1.70
15 sec 1.40
1 min 1.30
30 min 1.25
|EEE/Std 18-1992
(ms)

6 cycles 2.20

15 cycles 2.00

1sec 1.70

15 sec 1.40

1 min 1.30

30 min 1.25

|EEE/Std 18-1992

11.95KV/23.9KV
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o O T 9

>20%

I1EC-1000

5%
10%

(Very short time interval, TVs): 3 Sec.
(Short interval, Tsh): 10 min.
(One day interval, Td): 24 hours.
(One Week interval, Twh): 7 days.
95

Oscilloscope

Spectrum analyzers
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Harmonic analyzers or wave analyzers

Distortion analyzers

Digital Harmonics measuring equipment

(Digital filters) (Fast fourier transformer,
FFT)
(Real-time)
|[EEE/Std 519-1992 81 11 25

82 6 24
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81 11 25
82 6 4
(). 3.3 228KV
(%)
Isc/IL <11 11<n<17 17<n<23 23<n<35 35< THD%
*<20 4.0 2.0 1.5 0.6 0.3 50
20-50 7.0 35 2.5 1.0 1.5 8.0
50-100 10.0 4.5 4.0 1.5 0.7 12.0
100-1000 12.0 55 50 2.0 1.0 15.0
>1000 15.0 7.0 6.0 2.5 14 20.0
25%

[ Isc/IL 20
Isc
IL(rms) 12

(2). 345 161KV 50%
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D)

(2)
3)
(4)

40

kW ( :mA/KW)
(kV) 5 7 11 13 17 19 23 >23
6.6 3.5 2.5 1.6 1.3 1.0 0.9 0.76 0.7
22 1.8 1.3 0.82 0.69 0.53 0.47 0.39 0.36
33 1.2 0.86 0.55 0.46 0.35 0.32 0.26 0.24
66 059 | 042 | 027 | 023 | 017 | 016 | 013 | 0.12
77 0.5 0.36 0.23 0.19 0.15 0.13 0.11 0.10
110 0.35 0.25 0.16 0.13 0.10 0.09 0.07 0.07
154 0.25 0.18 0.11 0.09 0.07 0.06 0.05 0.05
220 0.17 0.12 0.08 0.06 0.05 0.04 0.03 0.03
275 0.14 0.10 0.06 0.05 0.04 0.03 0.03 0.02
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1 Harmonics Filter
Static Var Compensator

2
1 Har monics Filter
/
SOURCE
EQUIVALENT
NETWORK
FAULT LEVEL
Ssc MVA
STEP-DOWN
TRANSFORMER
N\ Xt
‘L e
HARMONIC CAPACITOR
GENERATOR OC Mvar
Blocking Reactor
6%
60Hz
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Commonly used types of filter combinations

HP TYPE
LC&R

-

CTYPE
DOUBLE TUNED
LC&R

BP TYPE
LC

BP Type



300Hz

TN 200NV A

0~ 90% o [RANSFORMER
=)

I

440V Z5h1WA

| [
o3 | | | |
T l !
245H;
OC ORIVE BLOCKIMG
6% 245Hz
300Hz
2 Static Var Compensator
TCR Thyristor Controlled Reactor
TCT  Thyristor Controlled
Transformer
1 By
164kY f33kV
e e
A - é |
AREH
M
Ll 33N/ 3kY
® BOMVA 1
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20k A XA MRS 2 7Ol
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SvC

weak bus

8 © b T I <

o

20Hz

10-55Hz

SvC
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Company

a.

1952
RC

SvVC

SVG

Kansai Electric Power

Hirakata Substation

Inuyama Substation

Hirakata Substation

277KV 77KV

30MVA

SVC
77KV 40MVA  SVC

24

SVC LC filter
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Rotary Condenser,

1988
7 SVC



275kV
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SvC
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svC
BRI E D HIH BAE

(FE) SVC DEWRIXEARYE] EMET) TRHEL TV S,

SVC
SVC 60Hz 77KV
40MVA 30MVA
10MVA TMVA THD 2%
1%
SVC TCR  Thyristor-Controlled Reactor

High-Impedance Transformer
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77KV

3 5 7 9 11 13

0.69 | 0.42 | 0.32 | 0.20 | 0.16 | 0.32 | 0.96%
2%
(a) 77KV AV
0.43V (b) SVC 77KV

0.21V SVC 51 AV
77KV bus RC 77V bus RCSSVC
voltage only voltage

(Samifgepr) b—r

One second
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AV, 0.3V

@
(b) SVC AV, 0.24V 21

77V bus voltage flicker

PV hus voltage flicker
RC onl =
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Inuyama Substation

I nuyama
2175kV
system SH/S P Hydro power plants
A 154k 154KV
R 4 circuits | 4 circuits @
(OSAKA)  160km 90km

Total gggmating capacity

+4- BOMVA Number48fuﬁ?rt\§rator

250

SVG SVC
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System Configuration of 80MVA SVG

154kV Unit Inverter
Transmission 10MVA,3kV
Line (00
)\ EiaN y 1
154kV Mai N 75
Bus ain : -
Transformer . y
80MVA oo K15 | '
154kV/34.24kV ;Z Capacitor
BN 2-;2_ 4150V
Circuit 30’ ﬁ_+ =
Breaker PV( ;Z
?\/ N37.5L | |
Multiple ™5 ]|
Transformer ?J +§Z
80OMVA / 8 X 10MVA P2
34.24kV / 3 3kV Q/) k ;
SVG
Unit Inverter SVG

SVG

BIRD S—EYE VIEW
OF 80MVA SVG

TRANSFORMER

BUILDING FOR INVERTER

L 4

610 INVERTERS

SUPERVISORY PANEL FOR COOLER

SVG
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=y
154kV Bus =

Line er
flow pover=

(TQtal of Kiso
Kansai trunk 1

SVG operation
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SVC AC Filter

50Hz o~ 60Hz

1PP
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Dip

SVC

34

Transient Voltage
UPS

SVC
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(Harmonic Filter) (Static
Var Compensator)

(Hirakata) (Inuyama)
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