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@ M What is “Harmonics Voltage”?
A sinusoidal voltage with a frequency equal to
an integer multiple of the fundamental
frequency of the supply voltage (EN50160)
Order3: 3 X 50 Hz =150 Hz
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Where is the source of the harmonics?
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Parallel vs Series resonance
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Parallel vs Series resonance
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Power Quality standard

Point of Common Total Harmonic Individual Harmonic
Coupling : PCC Distortion Voltage Distortion Voltage(%)
(kV) THDvV (%) Odd Even
04 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

Harmonic : referring to PRC-PQG-01/1998
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Power Quality standard

Below 115 kV 1.0 0.8
More than 115 kV 0.8 0.6

Pst : Short-Term Severity Values (10 minutes)
Plt : Long-Term Severity Values (2 hours)

Voltage fluctuation : referring to PRC-PQG-02/1998
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Paper Mill Factory
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Single line Diagram
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Power Quality monitoring
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Results
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Table 1 Power Quality Assessment at M1

NO. Farameter it CF95 Mote
Min. Max.
1 Voltage
- Phase A 23367V Comply
- Phase B 207 W 253 W 23526 W Comply
- Phase C 23224V Comply
i *Frequency 495 Hz 505 Hz *5005 Hz Comply
Total Harmonics Distortion: %6THDw
- Phase A 4. 70% Comply
- Phase B - > 5 8% 4 26% Comply
- Phace O 3 A0S Comply
il Harrmonics Current Order 2-19 - Table 2 Table 2 Mot Comply
5 Voltage Unbalance : Vub > 2% 0.78 Comply
Voltage Fluctuation : Pst
- Phase A 059 Comply
- Phase B - =1.00 043 Comply
- Phase C 050 Comply
7 **Povver Factor 085 lag | 085 lead 0.99 lag Comply
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Results
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Table 2 Harmonics Current at M1

Order 2 3 4 5 6 7 2 9 10

Limit @ 400 V a8 34 22 56 11 a0 9 8 7
Maonitoring 4.15 a.1% 2.5 75.52 6.57 54.23 23.21 [ 3498|11.85

Note Comply | Comply | Comply % Comply W W W W

Order 11 12 13 14 15 16 17 13 19

Lirnit @ 400 v 19 6 13 5 5 5 & a 6
Monitoring 100.86 0.96 39.46 | 3.2 4.49 5.25 23.92 2.98 | 11.74

Note W Comply W Comply | Comply W W Comply W
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Relationships in Power Quality Monitoring Systems
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Supply Voltage Variations

10.00%/div — CH1 — CH2 — CH3 — CH4
m b T
260.00

240.00

220.00

200.00

10431 11/ 102 1403 11403 11404 1405 11/06 106 107 11/08 1409 1409 11410
180000 120000 0E:00:00 000000 1E:00:00 0 120000 00000 000000 180000 120000 0&:00:00  00:00:00  1%00:00  12:00:00
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Relationships in Power Quality Monitoring Systems
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Supply Voltage Frequency

0100 HzAdiv —— MIN - —— Mk — AW

H'\ O

50.400

50.200

50.000

453300

43600

1043 1/ /02 11/03 11403 11404 1/05 /06 1/06 107 11/08 1403 1403 11410
180000 120000 0&:00:00  00:00:00  18:00:00 120000 060000  00:00:00  1&8:00:00 120000 060000  00:00:00  1&:00:00  12:00:00

Provincial Electricity Authority, Thailand



malwadInginig

PROVINCIAL ELECTRICITY AUTHORITY

% THDv
4% <

|l TIME PLOT - RMS U-THD, CH1 x | -
08035 iy — MIN — MAX — AVG =
s 7% ! ¥ ¥ brww vy wyvemiy _w v vew

Normal Operation

320

10431 10431 1043 10431 1043 10431 10431 103 10431 1043 10431 10431 1043 10431 L4
120000 133000 140000 1430000 150000 1%30:00 T1600.00 163000 170000 173000 19:00:00  1S:30:00  1%00:00 183000 -

< [aliig) b
U 300% = |1 500% + | loycerdiv - E3) EH
CH1-3 01333V Adiv CHY: 01333kV Adiv CH CHz CHa CH4 -

CH1-3: 0.6000KA i CH4: 2,000 A/div CH1 CHZ CH3 CH4 E

Provincial Electricity Authority, Thailand



malwadInginig

PROVINCIAL ELECTRICITY AUTHORITY u u I I
M| TIME PLOT - RMS U-THD, CH1 x E’ffeet_Wft'h_PapeﬁM I
.
< >

200 Zidiv —MIN  —Max — &YG

¥ T ¥

* Normal Oper'at'ioh ' 5 % THDvV
%THDV o 1] | >5%
] W

AL L
200 g b Wbl 1A
s el
0) <
(0] o
11401 11/01 11401 11401 11401 11401 11401 11401 11401 11401 11401 11401 11401 11701
07:00:00  08:00:00 09:00:00 100000 11:00:00 1200000 120000 140000 1500004  16:0x00  1700:00 180000 19:00:00  20:00:00
] T 3

s . W U

-
=
-
m——
=,
e,
=
(=
7L
oF
B
=
AT
A
e
=

==
e
"7

=

—
.
—_—

-

U 300% = 1 1000% = leycleddiv 7
CH1-3: 0.1333kV /div CH4: 0.1333KkW /div CHT CHZ CH3 CH4 -

Provincial Electricity Authority, Thailand



Simulation Model
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Simulation Model
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Simulation Model
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Simulation Model
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U  500% - 1 1000% « | lcycefdiv - @l
CH1-3: 0.0800kY /div CH4: 0.0B00KY /div CH1 CH2 CH3 CH4
. TIME PLOT - RMS U-THD, CH1 X
MIM M AV
10431 13:07:00 3.79 403 3.90
10431 15:27:00 352 4,08 3.96
02:21:00 - 0.27 0.05 0.05
CH1-3: 0.3000ka /div CH4: 1.000 Aldiv CH1 CHZ CH3
Max values 352 443 4.05
BV values 3.60 3.85 372
MIM values 2.92 3.50 3.43
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Simulation Model
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Voltage Waveform | Dater 4222017
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Simulation Model
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U 500% - 1 2000% + | lcycerdiv - @l
CH1-3 n.nanndei; CH4: 0.0800kY /div CH1 CHZ CH3 CH4
|» TIME PLOT - RMS U-THD, CH1 X
I b AVG
10431 16:01:00 4.06 563 430
10431 17:45:00 4.44 5.30 457
01:45:00 0.39 - 039 - 023
CH1-3: 0.1500ka/div CH4: 0,500 &/div CH1 CHZ2 CH3
L s values b6 B.24 LTRCS]
A4 G values 472 5.15 492
MIM values 4.05 451 453
A XN AN N A A
= L ol W o W Lo )
‘II = / ‘ ‘ ‘.‘I ' ‘ ‘; i X ‘
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The popular solutions
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— Structural modification - change size or location of

capacitor, transformer connection in 12-Pulse converter

— Third Harmonic Filter in neutral wire (Blocking Filter)

in electrical system — not allowed 1n some countries

— Detuned filter — most popular

— Tuned filter — classical but lots of limitations

— Active filter — most effective but still high investment
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How to choose ? in LV
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Parallel resonance _

Install
detuned filter
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Conclusion
Power Quality issues in MDBO01 caused by Parallel
Resonance by transformer and capacitor bank to
become Parallel Resonance from harmonic source.
Due to power quality monitoring, it should install

Active Filter to reduce harmonic and most effective but
still high mvestment
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