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6.1 |EEE Std.519-1992 [29]
[5,6,8]

(Point of Common
Coupling :PCC) 2



6.1.1

A 2

(Total Demand Distortion :TDD)
Current Distorion :Ih)

() 61

6.1 IEEE Std.519-1992
vn <69 kV

's<A h<11 11 <h <17 17 <h <23
<20 4.0 2.0 15
20-50 7.0 35 25
50-100 10.0 4.5 4.0
100-1000 12.0 55 5.0
>1000 15.0 7.0 6.0

69 kV<Vn<161 kV

<20' 2.0 1.0 0.75

20-50 35 1.75 1.25

50-100 5.0 2.25 2.0

100-1000 6.0 2.75 2.5

>1000 7.5 35 3.0

Vn> 161 kV
<50 2.0 1.0 0.75
<50 35 1.75 1.25
y
|
vk (PCQ)
3
CIL '

23 <h <35

0.6

1.0

15

2.0

25

0.3

0.5

1.25

1.0

1.25

0.3

0.5
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(Individual Harmonic

(Isc)

35 <h TDD
0.3 5.0
0.5 8.0
0.7 12.0
1.0 15.0
14 20.0
AX oy
0.15 2.5
0.25 4.0
0.35 6.0
0.5 7.5
0.7 10.0
0.15 2.5
0.25 4.0

IS/1L
15



TDD

TDD

)
(Predicted load profiles)

?
25 5
?
(dle offset not allowed)
-x100%
I
? h( rms)
7?7, ()
*Jqt6
22— 12
41

(Non-characteristic harmonic)
6.1
|EEE std.519-1992
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6.1.2
PCC 2 ' (Total
harmonic distortion :THDv) (Individual harmonic voltage :
Vh) PCC
( 6.1)
6.2
50%
6.2
6.2 |EEE Std.519-1992
Bus Voltage Individual Harmonic Total Voltage -
AtPCC (VI Voltage Distortion (%) Distortion - THDv (%)
vn< 69 kV 3.0 5.0
69kV<Vn< 161 kV 15 2.5
vn> 161 kV 1.0 15

'High-voltage systems can have up to 2.0% THD where the cause is an HVDC terminal that will attenuate by the time it

is tapped for a user.

. THDv

A é
— - X100% (6.2)
Vv,

Wh o= h( rms)

THDv

VI = ( rms)
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6.2 G.5/3-1976 [2.11]

G.5/3-1976 R )
3
1
A.c.regulator 415V.6.6 1L kV.
Thermal rating Voltage regulation
1
() 3 Ac. regulator
415V. 66 1L kv '
6.3
() 1
BS-5406 (European standard
EN50.006) 1 A.c.regulator
5 KVA 240 V. 1.5 KVA 415 450
V. A.C. regulator

1 3
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6.3 { A.c. regulator 1
Supply System Voltage (kV) 3-Phase Converters 3-Phase A.c. Regulators
at Point of Common Coupling 3-Pulse 6-Pulse 12-Pulse 6-Thyristor 3-
Thyristor/
(KVA) (KVA) (KVA) (kVA) 3- Diode
(kVA)
0.415 8 12 - 14 10
6.6 and 11 85 130 250* 150 100

‘This limit applies to 12-pulse devices, and to combinations of 6-pulse devices always operated as 12-
pulse devices, employing careful control of the firing angles and the d.c. ripple to minimize non-

characteristic harmonics, e.g. 3ra 5lhand 7m

2 1
2
PCC
() 3
1
‘ PCC (
) 6.4
] PCC 75
6.5
. Short-circuit level
6.4 { A PCC 2

Supply System Voltage (kV) Harmonic Number and Current (Arms)

at Point of Common Coupling 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
0.415 48 342256 11 40 9 8 7 19 6 16 5 5 5 6 4 6

6.6 and 11 138 6104 8 3 3 3 7 2 6 2 22 2 1 1

33 n 7594 6 3 2 2 6 2 5 2112 1 1

132 54342 3 11 1 3 1 3 111 1 1 1

*A tolerance of +10% or 5A (whichever is the greater) is permissible, provided it applies to not more
than two harmonis.



6.5

Supply System Voltage (kV)

at Point of Common Coupling

Total Harmonic

Voltage

Individual Harmonic Voltage

Distortion (%)

Distortion VT (%) Odd Even
0.415 5 4 2.0
6.6 and 11 4 3 1.75
33 and 66 3 2 1.0
132 15 1 0.5
() 1
3 2
6.4 PCC
15 0.5
1
6.5
6.3 IEC 1000-2-2 -1990 1000-2-4-1994 [12]
IEC
IEC 1000-2-2-1990  IEC 1000-2-4-199%4
6.3.1 IEC 1000-2-2-1990 [13]
IEC 1000-2-2-1990
415240 V. 6.6

7
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6.6 (415/240 Vol
Odd harmonics Odd harmonics Even harmonics
qon-multiple of3) (multiple 0f3)

Harmonic Harmonic Harmonic Harmonic Harmonic Harmonic
order (h) voltage (%) order (h) voltage (%) order (h) voltage (%)
5 6 3 5 2 2
7 5 9 15 4 1
1 3.5 15 0.3 6 0.5
13 3 21 0.2 8 0.5
17 2 >21 0.2 10 0.5
19 15 12 0.2
23 15 12 0.2
25 15 >12 0.2

>25 0.2+0.5x25/h
Total Distortion factor (D) I
N
D = D U2 (6.3)
h=2
, = U, /U,
! = h
, =
N = N =40
D) 0.08 8
THDV
6.3.2 |EC 1000-2-4-1994
PCC In-plant of coupling

(IPC)

Class



Class 1 Class
Class 2 Class
Class 3 Class
Class 2
[
[
[ )
[
6.9
6.7 & (
Q?Q\elr ) Clasy! P m  Class3
h > m (%)
5 3 6 8
7 3 5 7
1 3 3.5 5
13 3 3 4.5
17 2 2 4
19 1.5 15 4
23 15 15 3.5
25 15 15 3.5

>25 0.2+12.5/h 0.2+12.5/h 5xVn/h

IPC

IEC 1000-2-4-1994

Oder
h

2
4
6
8
10

>10

PCC
Claas 3
3)
Class 1 Class 2
(%)
2 2
1 1
0.5 0.5
0.5 0.5
0.5 0.5
0.2 0.2

79

6.7

Class 3
f m*m .
h(%)

15



6.8
Order

15
21

>21
6.9

Total harmonie
distortion (THD)

Class

6.10

6.10

IEEE Std.519-1992
G.5/3-1976
IEC 1000-2-2

IEC 1000-2-4

6.4

Class 1

15
0.3
0.2

0.2

Class 1

5%

IEC 1000-2-4-1994

Class 2
uh (%)
5
15
0.3
0.2

0.2

Class 2
8 %

TDD (% of IL),lh (% of IL)

)

Class 3
h (%)
6
25
2

175

Class 3
10 %

IEC
|EEE-519

|EEE std.519-1992tG.5/3,1EC 1000-2-2,1EC 1000-2-4

THD ,Vh
THD.Vh
THD.Vh

THD.Vh

§
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6.4.1
[]
(Harmonies)
[]
J (Non-Linear Load) ' '
6.4.2
(Harmonic
Voltage Distortion) (Harmonic Current
Distortion)
6.4.3
G.5/3-1976 Engineering Recommendation
6.11 6.12
3 G.5/3-1976
611 ' ? *(PCC)
(A rms)
(kV) 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
0.400 48 34 22 56 n 40 9 8 7 19 6 16 5 5 5 6 4
11 and 12 13 8 6 10 4 8 3 3 3 7 2 6 2 2 2 2 1
22,24 and 33 11 7 5 9 4 6 3 2 2 6 2 5 2 1 1 2 1
69 88 59 43 73 33 49 23 16 16 49 16 43 16 1 1 16 1
115 and above 5 4 3 4 2 3 1 1 1 3 1 3 1 1 1 1 1



6.12

(kv)

0400
11,12,22 and 24
33
69

115 and above

6.4.4

(%)
5 4
4 3
3 2
2.45 1.63
15 1

(PCC)
(%)
1.75
1
0.82
0.5

82
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6.5 [8,10,15]
(Simulation)
6.5.1 (Measurement point)
ft
() (PCC)
2
' 6.2 1( 62 )

(Voltage transformer :VT)
(Current transformer :CT)

() (Harmonic source)



Customer Under Study
wuuA 1 Ohr Ly
Customers
()
6.2

Utility System

wuuA 2

(PCC)

(1)
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rcc pcc O w

T l Vi

qu] E:J ‘#

1. Incoming Line : Voltage & Current

2. Incoming Main Breaker : Voltage & Current
3. Feeder Breaker: Current

14 l 4. Low voltage Substation

Q V3 Main Breaker : Voltage & Current

T 5. Harmonic Source : Current
15 l 16
T 6. Capacitor Bank : Current

6.5.2 (Characteristics of signal to be measured)

IEC
(quasi-stationary harmonics)
(fluctuating harmonics)
(rapidly changing harmonics)
(interharmonic)

(long-term)



receiver

()
()

5 (kH2)

VT

coupled voltage transformer (CCVTs)

()

CT
3000

(THDI)

)

(Zero crossing)

CT

87

) telecontrol-
)
3
Capacitively
|EEE Std.519-1992
(1
(
A
3dB
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6.5.3 (Monitoring Duration)

(Steady state) 24
1

6.5.4

10 1
15 2
19
6.5.5 (Presentation of Measurement Results)
¢ (Snapshots) Snapshots

Snapshots

¢ (Time Trend)



Current Waveform Snapshots (Computer Load)

10
_— 5
k4
[
Q
a
E 4
5 o
&
[«%
E .
-10 =
0 100 200 300 400 500
Time(156.25 microseconds/div) (n)
Spectrum Of Current (Snapshots)
3 <4
25 4
2
15 -
'
05 - l
o_l o B e B e ..,‘_..._.-.. ,l., 4.._ " S —
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Harmonic Order (u)
] = P 7 A - — ——) ) RS |
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histogram (cummulative)
6.6 (Harmonics instrument)
FFT
6.5
FFT Instrument
1 3 4 5 Y ) 1
f(t)
i) A g > AD o \ FFT P
/\/ ,T\ ! o o |
1 v v
2 a,b Cn ’(pn
w Syn non
3 v 9 10

__. L 1
1. Anti-aliasing low-pass filter 6. FFT Processor
2. Synchronization 7. Arithmetic Processor
3. Sample and hold 8. Unit for evaluating transitory harmonics
4. Analogue to Digital converter (A/D) 9. Programmable Classifier
5. Shape of Window unit 0.Counter and Storage

6.5 FFT

(Sampling) 1

) (V1)



6.13 |EC-1000-4-7

6.13 Maximum measurement errors IEC 1000-4-7
Class Measurement Conditions
Voltage 1% UN
A < 19%UN
Current I> 3%ln
Im< 3%In
Voltage n» 3%Un
B m< 3%Un
Current Im> 10%IN
Im< 10%IN
Note
mim = (measured values)
NIN = (nominal inputs

|EEE Std.519-1992

(W
1976

(62)

91

Maximum allowable error

5% m
0.05%Un
5% L
0.15% IN
5%
0.15% N
5% Im

0.5%In

5 (5%)

(31)

Go3
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