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Harmonic

¢ A sinusoidal voltage with a
frequency equal to an integer
multiple of the fundamental

frequency of the supply voltage
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Detuned filter

Detuned filter are usually used in series with capacitor banks in order to

improve the power factor in your system. The reactors also help to protect
your system and capacitor banks from over current during switching on or
overloading of capacitor banks due to harmonic resonance.
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Rating-safety requirements-guide

IEC 60831-1:2002 Shunt power capacitors of the self-healing type for a.c. systems having
a rated voltage up to and including 1000V Part 1 : General-Performance, testing and

rating-safety requirements-guide for installation and operation. It requires that the
capacitor be able to operate at 130% of the rated current continuously. This is to be able
to support harmonic currents in the electrical system to a certain extent.
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PROVINCIAL ELECTRICITY AUTHORITY

Provincial Electricity Authority’s Regulation

on the Power Network System Interconnection Code

B.E.2559 (2016)
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Attachment 1:
Attachment 2:
Attachment 3:

Specifications of Interconnection Patterns
Equipment Specifications and Standards

Voltage Fluctuation Regulation for Business and Industrial Use

Attachment 4:

Harmonic Regulation for Business and Industrial Use

Attachment 5:

Attachment 6:

Specifications and Regulations of Control Equipment to be Connected to the
SCADA System of a Power Dispatch System Operator

Converter Test Procedure and Methodology




Voltage Level at

PCC (kV)

0.4

Limit current harmonic for customer at PCC

Current Harmonics limit and Sequence (A rms)

11 and 12
22,24 and 33
69

115 and above

88 59 43 73 33 49 23

1.6

16 49 16 43 16

Limit voltage harmonic for customer at PCC

voltage harmonic distortion

Voltage Level at
PCC (kV)

limits (%)

voltage harmonic distortion limits each level

odd even
| 0.400 5 4 2
11, 12, 22 and 24 q 3 1.75
33 3 2 1
69 2.45 1.63 0.82
115 and above 1.5 1 0.5
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Flow Chart

| Start |

A

Install Power Quality Meter Run harmonic load flow and 05%
Tor e daia, Impedance frequency then Al HGO1 | 7003

switch on capacitor one by BIHGO1 | 1135
1 —_— CIHGO1 | 9945
i ' AlHGO02 | 1.801
Open file in Dran-View 7 95% BIHGO02 | 2.268

- = .27,
select CP 95 of‘ Power and TOTP(kW) 5993 E:HH(ég; ?;}2
Current Harmonic order 1-19 standard capacitor to TOTQFnd(kVAR) | 372.1 BIHGO3 | 71355

:

Detuned Filter

Convert current harmonic order

2-19 from RMS to percentage

|

Create power system model

switch on Detuned Filter

AL HGO2 %)= jj Zggf Ej; - 113(‘)’; «100 = 0.18

one by one
in PowerFactory l

T

v

Fillin parameter to model

I !

End

Compare simulation result

both case

Run harmonic load flow for
check background harmonic
1
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| Start I
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for tecord data. Impedance frequency then 22 kV Bus EKA
—
l switch on capacitor one by |:| :
one _é -
Open file in Dran-View 7 1 E%
%
select CP 95 of Power and Replacement model from &
Current Harmonic order 1-19 standard capacitor to
P 22 kV Bus Samchai
l Detuned Filter l:l § &
2
Convert current harmonic order l pr ]
: @D &
2-19 from RMS to percentage Run harmonic load flow and o=
<
l Impedance frequency then =z
switch on Detuned Filter §§
Create power system model one by one MDB03 Facl8 1
> in PoWeIEaCtory I ] | ! 1 B
l Compare simulation result
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End
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| Start |
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for record data.
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Open file in Dran-View 7
select CP 95 of Power and

Current Harmonic order 1-19

Run harmonic load flow and
Impedance frequency then
switch on capacitor one by

one

'

!

Replacement model from

standard capacitor to
Detuned Filter

Convert current harmonic order

2-19 from RMS to percentage

'

|

Create power system model

in PowerFactory

Run harmonic load flow and
Impedance freguency then
switch on Detuned Filter

one by one

T

v

|

Fillin parameter to model

Compare simulation result

both case

!

Run harmonic load flow for

check background harmonic

End

50kvar 400V

L
Fuse
B - . Magnetic contactor
T C=50kvar,400V
N —1
50kvar 400V
L
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B - Magnetic contactor
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T C=80kvar,525V
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1. 2. Standard

Background Capacitor
System Bank
22 kV Bus Samchai ! ;
Ni=20kV 8
paited o PEam=508 0 KW 2
el Qsum=417 8 kvar w R
1=19403 A 8 (e>]
COSon A=0 B4 o
ae} M~
Qwu
=9
Psum=508 0 KW g
Qsum=-383 9 Kvar e :
1=1067 191 A g
COsonn Az 845 §
=
MDBO03 Fac08 —
Uli=0 4 &V T f T
u1=097 pu
:ﬂ-.]=23"0eg
Psum=332 0 kW Psum=76.0 kW Psum=0.0 kW
Qsum=336.0 kvar Qsum=48 0 kvar Qsum=0 0 kvar
1=833 846 A 1=133407 A 1=0000 A
cospn As) 845 cospni A=) 845 cosphi A=1.000
r— —
Welding Machine ~ Faclility Capacitor

Psum=-0.608 MW
Qsum=0.384 Mvar
11=1.071 kA
cosphisum=-0.846




60.00

40.00

20.00

0.00

~—~. Current harmonic (A) /N THDv

PF. A
2 | 4| 5 [\7 |8|10]|11]|13]14|f6] 17 |\ (%)
0.846| 2.1 | 1.\ |63.0] £0.0 [0.5] 0.7 |16.0] 8.2 [0.4|0\8| 7.7 2.09

-

200 3.00 400 500 gOO 7.00 800 900 100 110 1_2,0 13.0 140 150 160 170 180 190

B 1000 kVA MDBO03 FAC08: Phase Current A/LV-Side in A
I 1000 kVA MDB03 FACO08: Phase Current B/LV-Side in A
I 1000 kVA MDBO03 FACO08: Phase Current C/LV-Side in A

¥




1.
Background
System

2. Standard

original harmonics

Current harmonic (A) THDv
2 4 5 7 | 8|10 11| 13|14|16| 17 | 19 (%)
0.846| 2.1 | 1.1 [63.0| 20.0 |0.5| 0.7 |16.0| 8.2 |0.4|0.8| 7.7 | 3.7 2.09

> Stepl A parallel resonance occurs
at 17.176 which is close to the

0.0001
0.2000



300.00

200.00

100.00

0.00

200 300 400 500 600 7.00 800 9.00 100 110
I 1000 kvA MDBO3 FAC08: Phase Current ALV-Side in A
I 1000 kvVA MDBO3 FACO08: Phase Current B/LV-Side in A
B 1000 kVA MDBO03 FACO08: Phase Current C/LV-Side in A

120 130 140 150

3,035.9 A

3000.00

2000.00

1000.00

0.00

200 300 400 500 6. 0 900 100 11.0 120 130 140
I 1000 kVA MDB03 FAC08: Phase -Side in A
I 1000 KVA MDBO3 FACO8: Phase Current BILV-Side in A
I 1000 kvVA MDBO3 FAC08: Phase Current CILV-Side in A

150 160 17.0 180 19.0




Capacitor Bank
S|t|ep oF Current harmonic (A) (rms)/ L) THDv
o. 2 4 | 5 7 |8 | 10| 11|13 |14|16] 17 [ 19| —_ | L)
0875| 2.1 | 1.1 |686| 239 07| 1.1 |27.1[19.1]11|60[3742]166] ( 538) |31.14)
0904 2.2 | 1.2 | 753 | 29.7 [0.9] 2.2 |88.6(55.9|1.1|1.1] 8.0 | 2.6 1.23 6.30
0931 2.2 | 1.3 [ 836 395 [1.5/41.9]/69.0{11.3]04|05] 39 | 1.4| 111 4.91

1
2
3
4 10955 22 | 1.4 [94.0| 588 [3.9]| 20 (24.7| 63 (0.2(03| 2.6 | 0.9 1.03 3.32
5
6

0.975| 22 | 15 |[107.5] 1160 |6.1] 1.0 |150] 43 [02[02| 19 [07| 105 | 476
099| 23 | 16 [1257]3035.9|17] 0.7 [108] 33 [0.1[02| 15 | 06| (7.9 ) (101.49)
N

In addition, the 5th and 11th harmonics, which

are negative sequences, It will cause the motor

to rotate in the opposite direction or against
the normal direction of rotation, causing the
motor to become hot because power must be

used to resist this force.




1. 2. Standard
Background Capacitor
System Bank

3.Detune
Filter

0.000001

0.00

4.00

MDBO03 Fac08: With out Cap

MDBO03 Fac08: With Cap 1 Step
MDBO03 Fac08: With Cap 2 Step
MDBO03 Fac08: With Cap 3 Step
MDBO03 Fac08: With Cap 4 Step
MDBO03 Fac08: With Cap 5 Step
MDB03 Fac08: With Cap 6 Step

8.00 12.00 16.00 H 20.00




Detune Filter
Step oF Current harmonic (A) (rms)/Kc) THDv
No. 24| 5| 7 |8|10]|11]|13]14|16]17]19 (%)
0.873| 21| 0.8 |57.2(18.8[0.5/0.7|153|7.8|0.4|0.8|7.4|36| 100 | 1.94
0.900| 2.2 | 0.6 |52.4[17.8[0.5/0.7|14.6| 7.5 03|0.7| 7.0|3.4] 100 | 180
0.925| 2.2 | 0.5|48.3[16.8[0.4/0.6(13.9]7.1]03|0.7|6.7|3.3] 100 | 169

1
2
3
4 10.948( 22|04 (44.7|116.0|0.4/0.6/13.3|6.8|0.3({0.7|6.5]|3.1 1.00 1.58
5
6

0968 | 2.3 | 0.4 |41.7|152(0.4|0.6]12.8|6.6(0.3|0.6]|6.2|3.0 0.98 1.49
0984 23(0.3|39.0]145(0.4|0.6]123]6.3({0.3|0.6|6.0|2.9 1.00 1.41

Compare current harmonics when switching
Detune Filter

60.0
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Z 500 -
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Conclusion

(Y111 SPSRSEPRRR— E——

No Capacitor Bank

4000

20.00

I

0l —gf e e e e —————— = R
I
|

Capacitor Bank

0.00

200 3.00 400 500 600 700 800 9.00 100 110 120 130 140 150 160 170 180 190 [ Standard
I 1000 kVA MDBO3 FAC08: Phase Current AILV-Side in A

I 1000 KVA MDBO3 FACO08: Phase Current BALV-Side in A
I 1000 kVA MDBO3 FAC08: Phase Current CILV-Side in A

0.0001 I
0.2000 4.1600 8.1200 12.080

MDEBO03 Fac08: With out Cap
MDB03 Fac08: With Cap 1 Step

Capacitor Bank
S[Ejep oF. Current harmonic (A) e(rms)/I(cr) THDv
o. 2 4 5 7 |8 10| 11| 13]|14]16| 17 | 19 (%)
239 [0.7] 1.1 |27.1]19.1 5.38
0904 22 | 1.2 | 753 | 29.7 |0.9] 2.2 |88.6(55.9|1.1|1.1] 8.0 | 26 1.23 6.30
0931 222 | 1.3 | 83.6| 395 [1.5/41.9(69.0|11.3]|0.4|0.5] 3.9 | 1.4 1.11 4.91
0955| 2.2 | 1.4 |94.0| 58.8 [3.9| 2.0 |24.7| 6.3 ]0.20.3]| 2.6 | 0.9 1.03 3.32
0975| 22 | 1.5 |107.5| 116.0 |6.1] 1.0 [15.0| 4.3 [0.2[0.2] 1.9 | 0.7 1.05 4.76

3035.9|1.7| 0.7 [10.8( 3.3 7.19

(b~ |W|IN]|+F




©PEA

PROVINGIAL ELECTIOCITY AUTHORTY

| Detune Filter

0.000001
0.00 4.

o e R

|
|
|
|
| 0.000 Ohm
|
1
0

0 12.00 16.00 H 20.00!

Dretune Filter

Step Fnsruaasuailndusazausy (4) THDwv
PF. Icirms)fiicr)
No. 2 |a| s | 7 |8|10|11|13|14|16]|17 |19 (%)

1 |0873|21|08|57.2|188|05|07|153|78|04|08|74 |35 1.00 194

2 |ogoo|22|06|524|178|05|07|146|75|03|07| 70|34 100 180

3 |og25|22|05|483|168|04|06|138|71|03|07|67 |33 100 1639

4 |0g48|22|04|4a7|160|04|06|133|68|03|07|65|31 100 158

5 |0968|23|04|417|152|04|06|128|66|03|06|62 |30 098 1.49

& (0S984(23|03|39.0(145|04|06(|123|(63 (03|06 |60(29 1.00 141

SMART ENERGEY FoR BETTER LIFE AND SUSTAINABILITY

N\ \




Thank %&a/
QA

SMART ENERGEY FoR BETTER LIFE AND SUSTAINABILITY

N\




