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.

.  (Harmonics) 

.2

.3  (Non-Linear Load) 

2.

 (Harmonic

Voltage Distortion)  (Harmonic Current Distortion) 

3.

- Engineering Recommendation G.5/3

September 1976 The Electricity Council Chief Engineer’ Conference

   “Limits for Harmonics in The United Kingdom Electricity Supply System”

- The State Energy Commission of Western Australia (SECWA)

Part 2 : Technical Requirement

- IEC 1000 Electromagnetic Compatibility (EMC)

Part 4 : Testing and Measurement Techniques

Section 7 : General Guide for Harmonics and Interharmonics Measurements and

Instrumentation for Power Supply Systems and Equipment Connected

thereto
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4.

4. (Harmonic) - ( Sine Wave) 

(Fundamental Frequency)

 2  2 (Second Harmonic)

4.2 (Harmonic Distortion) -  (Power

Waveform) ( Sine Wave) 

(Fundamental)

4.3 (Harmonic Component) - 

 (Order)  RMS 

4.4 (Harmonic Content) -  DC 

 ( Sine Wave)

4.5 (Individual Harmonic Distortion ,IHD) 

(Harmonic Ratio) -  RMS  (Harmonic Component) 

 RMS  (Fundamental Component) 

4.6  (Total Harmonic Distortion ,THD ) - 

 (Root-Sum-Square)  RMS  ( Harmonic

Component)  RMS  (Fundamental Component)

 (1)  (2)

THD (Voltage)           = 2

2

3

2

1

V V
V

+ + ..........
(1)

THD (Current)           = 2

2

3

2

1

I I
I

+ + ..........
(2)
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4.7  (Voltage Sag or Voltage Dip) -  10

 (Fault) 

4.8 (Point of Common Coupling , PCC) - 

4.9  (Portable Tool) - 

 ( 2-3  )

4. 0  (Balanced Three-Phase Equipment) - 

(Line)  20

5.

 5-
 *

 (A rms)

 (kV) 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

0.400 48 34 22 56 11 40 9 8 7 19 6 16 5 5 5 6 4 6

11 and 12 13 8 6 10 4 8 3 3 3 7 2 6 2 2 2 2 1 1

22 , 24 and 33 11 7 5 9 4 6 3 2 2 6 2 5 2 1 1 2 1 1

69 8.8 5.9 4.3 7.3 3.3 4.9 2.3 1.6 1.6 4.9 1.6 4.3 1.6 1 1 1.6 1 1

115 and above 5 4 3 4 2 3 1 1 1 3 1 3 1 1 1 1 1 1

* :  10  0.5 A ( )

 2 

3
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 5-2

( )

 (kV)  (%)  (%)

0.400 5 4 2

11 , 12 , 22 and 24 4 3 1.75

33 3 2 1

69 2.45 1.63 0.82

115  and above 1.5 1 0.5

6.

 3 

6.
6.1.1  3 

 Convertor  A.C Regulator  1   0.400 ,

11 , 12 kV  6-1 

 2

 6-
 Convertor  A.C Regulator 

Convertors  3 A.C. Regulator  3 

(kV) 3-Pulse 6-Pulse 12-Pulse 6-Thyristor 3-Thyristor /

(kVA) (kVA) (kVA) (kVA) 3-Diode (kVA)

0.400 8 12 - 14 10

11  12 85 130 250 150 100
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6.1.2  1 

6.1.2.1  IEC 61000-3-2

6.1.2.2  Convertor  A.C. Regulator 

 (Even Harmonic Current) 

 5 kVA  230 V  7.5 kVA  415 V

 Convertor  A.C. Regulator 

 Convertor

 A.C.Regulator  Single-Phase 

Non-Linear Load 

 2

6.2  2
6.2.1  3 

 (Size)  1 

( )  (Harmonic Current)  PCC. 

 5-1

( )  PCC.  75% 

 5-2

( )  Shot-Circuit Level 

-1 -2

 Convertor  A.C. Regulator  5-1

6.2.2  1 

 1 

 1  Engineering

Recommendation P.16 

6.3  3
 Non-Linear  2  PCC.

 (Harmonic Voltage)  75%  5-2 

.3.6
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7.

 7-  Flow Chart 

6
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7.

7.2
 7.1 

7.3
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.  Convertor -  2
-1 -2

 2

-
 Convertor 

 2
 Convertor  (kVA) 

 (kV)  3 

3 6 12

0.400 - 150 300

- 65* -

- 100 150

11 , 12 , 22 400 1000 3000

 24 - 500* -

- 800 1500

33 1200 3000 7600

- 1200* -

- 2400 3800

115 1800 5200 15000

- 2200* -

- 4700 7500

*

1.  Convertor 

Convertor -1

.2.1 “Coincidence Factor” -3

2.  Convertor  3 

 Convertor  400 V 

(Direct Current) 

8
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*  ( )

3.  Convertor 

-1  Convertor  6 

Convertor  Three-Thyristor / Three-Diode Half Controlled Bridges

4.  Convertor  Firing Angle

 Convertor  Firing Angle -1

5.

 Firing Pulse  3 

-2
 A.C. Regulator 

 2
3 1

* 6 Thyristor Type (kVA) 3 Diode/ 3 Thyristor * 2 Thyristor

(kV) Type (kVA) Full Wave Type

(kVA)

0.400 100 85 25 (240 V)

45 (415 V)

11  12 900 600 -

*  (Triac)  3  1 

 Two Thyristors  Common Gate

.2
 (Non-Linear Load)

-3

 60 

 (Coincidence Factor) -3

9
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-3
 *

Convertor

1 Convertor  ( 0.9

 )

2 Convertor  Firing Angle 0.75

 ( 

 )

3 Convertor  Firing Angle 0.6

 Convertor

 (  3 

 ) 0.5

 Convertor

 4 

* .2  Convertor 

 60 

Convertor  60  1 

-3

 5-1 -1 -2

.3  2  3
.3.1
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 2

(1)

 75  5-2

 2

(2)  (1) 

2 ( .3.5)

 3

(3)

 Feeder 

 ( .3.6.1)

(4)  Feeder 

 (

.3.6.2)

.3.2  2  3

(1)

(2)  Power Factor 

(3)  Convertor ,  A.C Regulator 

 Phase Displacement  Convertor 

(4)  R.M.S 

11
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(5)

(6)  (  9  Engineering

Recommendation G.5/3  “Short Duration Harmonic”)

 (1)-(6) 

(7)  Phase Displacement 

.2 -3

 5-1 

.3.3

(1)

(2)

(3)  3 

.3.4  (System Impedance)

 (PCC) 

 (Inductance) 

(Capacitance)

(Inductive)  (Resonance)

 115 kV 

 3  (Triplen) 

.3.5  2

 (Non-Linear

Load)  2 

12
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 5-1 

.3.1(2)

.4 :

Im =  (  (2) .3.1)

Ip =  5-1

Ia =  2

k1 = -3

Ia
Ip

k
= −

1
Im

 Ip (

 5-1)  Ia 

 Ip 

 Ia 

 k1 (Coincidence Factor)  Ip 

 (  Section 10.2  Engineering Recommendation G.5/3  “Automatic Mains

Harmonic Analyzer”) 

.3.6  3

 2  3 .3.1(3)  (4) 

 3 

 5-1  (Voltage Distortion)  (PCC) 

 75  5-2 

 (Impedance) 

 (Guide) 
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kV   =    (PCC)  kV ( )

n      =

Vp   =  5-2

Vm  = .3.1(3), .3.1(4) .4

Va   =  3 

k2   = -3

 PCC

F     =  (System Short-Circuit Level)  MVA ,

.3.3(1)

Va
Vp

k
Vm= −

2
%

.3.6.1

 3 

 Va  Ia = 

Ia
Va F

kV n
=

× ×
× ×

10

3
A rms

 Ia 

.3.6.2

 2  (Non-Linear Load) 

.3.6

 (Va)  3 

-3

 (PCC)  k2 .3.6

14
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Ic   =  

Im  =    PCC (  (2) .3.1)

Ia   =  3 

k1  =

Ia
Va F

kV n
=

× ×
× ×

10

3
A rms

 Va .3.6

( )Ic k Ia= +1 Im A rms

 Ic

 Ia 

 Ic 

 Ia  Ip ( .3.5)

 Ic 

.4  (Measurement Procedure)

 (PCC) 

 (Voltage Transformer : VT) 

 ( Current Transformer : CT ) 

15
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 (Steady State)  24 

 7 
1 10  1 
1  15 

 2  19 

 4

1)  Engineering Recommendation G.5/3 

 IEC 1000-4-7

2)

3)

Light Load

4)

5)  Capacitive Voltage Transformer (CVT) 

 CVT 

6)  Power Factor 

 (Harmonic Filter) 
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1. Engineering Recommendation G.5/3 September 1976 The Electricity Council Chief Engineer

Conference “Limits for Harmonics in The United Kingdom Electricity Supply System”

2. The State Energy Comission of Western Australia (SECWA)

       Part 2 : Technical Requirement

3. IEC 1000 : Electromagnetic Compatibility (EMC)

       Part 4 : Testing and Measurement Techniques

            Section 7 : General Guide on Harmonics and Interharmonics Measurements and Instrumentation

for Power Supply Systems and Equipment Connected thereto


