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POWER FACTOR CORRECTION

= Active power and reactive power

- Power Factor

- Power Factor Correction

» Advantages of power factor correction

= Capacitor Bank
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ACTIVE POWER AND REACTIVE POWER ™™

Electrical devices S
(Inductive load) Q
S : Apparent Power (kVA) 1)
>

Inductive component
Q : Reactive Power (kvar)

o
P Active Pover ()
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Electrical devices

(Inductive load

/ \

Inductive component
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Electrical devices

(Inductive load

/ "\

Inductive component

Magnetic energy -

Kvam
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Power Factor = aalsznavnias
Power Factor (PF) : Ratio between P & S
| Non-distorted systems PF = cos(o) |

S Power factor PF = P/S
Q = cos(

P 0<PF<1
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POWER FACTOR m

v
/)

Tuszuvitint inductive load ws: capacitive load

1 QL>QC «lu Lagging power factor
\ 1 QL<QC silu Leading power factor

Qi-qc ac-aL

Lagging Y Leading
Most of Electrical Load Cap,UPS, EMC Filter
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ACTIVE POWER AND REACTIVE POWER
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POWER FACTOR CEN THAL
Beer Drinkers’ Power Factor Analogy
(Reactive Power = Electrical Froth)
PF=P/S 5 %
£1eo B §§,
Sk E P EE
| I ES i
4" 31 ] \
§
_ s | |. [HighlRower/Eactorge
vl > vl=
L |-
N Nk
Lagging PF Lagging PF
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Qc

Improvement of PF
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ADVANTAGES OF POWER FACTOR CORRECTION ™™

Connection of Power capacitors

[ Reductioninelectricity bill |

[ Reduction in Iﬂ.rar Demand ]

4

[ Reduction in kVA Demand J

[ Reductionin Line Current ]A[ Reduced Loading on Transformer ]

[ Reduction in Switchgear rating ]

Decrease supply reactive energy from network

Decrease total energy from network [ ReductioninLine losses / Cable losses J

[ Improvement in voltage regulations ]

B Technical advantages

A TA YA

B Economical advantages (PF Charge)
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POWER FACTOR CORRECTION m
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POWER FACTOR CORRECTION FOR TRANSFORMER NO-LOAD

Leakage reactance The following table can be used for direct determination.
- reactive power
__;"f =Z % x Transformer rating Before Reactive power (kvar) to be installed per kW of load,
f compensation | in order to get the requested tang’ or cosg’
Transformer oK R mmm
t.L — X, R |?nad 173 | 056 098 (111 [125 | 132 | 140 | 150 | 173
T " 102 |07 027 (040 |[054 | 061 | 069 | 079 | 1.02
/ > 096 | 0.72 021 |[034 |048 | 055 | 064 | 074 | 096
No Load reactive 0.91 0.74 016 (029 |[042 | 050 | 058 | 068 | 091
Transfomner rfing 086 | 0.76 011 | 024 |037 | 044 | 053 | 063 | 086
080 | 0.78 005 | 018 | 032 | 039 | 047 | 057 | 080
075 | 08 013 |027 | 034 [(042) | 052 | 075
§ 0.70 | 0.82 008 |021 | 029 | 037 | 047 | 070
& 065 | 0.84 D03 | 016 | 024 | 032 | 042 | 065
059 | 0.86 011 | 018 | 026 | 037 | 059
054 | 0.88 006 | 013 | 021 | 031 | 054
Q 048 | 09 0.07 | 016 | 026 | 048
Y
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PF deatinumsdsazlidesnrwa PF? 07 0%
08 +14%
a O ' Y 0.85 +21%
puneiie QL annnn 0.6197vesP 050 e
0.95 +36%
1 +43%
@ =tan~! (X) 4
X /
y
QL S
_ -1 >
@ = tan ( 5 ) a
0
® = tan~1(0.6197) = 31.79° P X
o/
c0s(31.79°) = 0.85 L 2 gqlay
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L Without capacitor A With capacitor

0 e Q14
S1 Q1

Q2=Q1-Qc

B e

Q1 = P*tan((p1)

Q2 = P*tan((D2)

QC = Q1-Q2
= P*tan((p1)- P*tan((D2)
= P*(tan((D1)- tan((D2))
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® Standard Capacitor Banks 1¥U 400V
® Opverrated Capacitor Banks 1% 440, 480, 500, 525V
® Detuned Filter Banks
. . . . A o a
® Harmonic Filter Banks 1111 Passive [Tuned Filter Banks 139%ANT0I13U0UN]

. . o w J a
® Active Filter (N13Ad15UDURN)
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PACITOR BANKS

a . Y] o w 9 < 3 J
N0 hon-linear load meunumasvesnsaudads Wluosigus

|}
A A w

(lunsaings liwmelinsines

"524719 0 - 5% 50014 C

uotin )

apacitor bank sssum

5211719 D - 10%:50n1% over-rated capacitor bank

"524719 10 - 15% 1500

n5247919 15 - 30%.800°

¥ detuned filter bank

¥ detuned #w5e tuned filter bank

=100 30%:hen14 tuned filter bank
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W &AW a e
(mslgamumuwnmmamﬂwmas)
Vs ( 400 V.)
j ) ) )
Vor Vo
7N N ﬁ i X, 34.34 % X,
Standard Banks Overrated Banks 7%

Vs =< Ver <= 1.05Vs Veor >= 1.1Vs Vv
400 V 470V or Vs

415V 480V
500V N
525V Detuned Banks Filters
100 " 100 G
e ——_ =
B -, Ve %X,
470V 480V 470y 480V
500Y 525 500V 525V
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POWER FACTOR CORRECTION

2512 laa319w1an (tan((P1)- tan((2)

Actual P.F.| Factor de potencia deseado
Base P.F Desired power factor

©OS ° | COS °| COS o | COB | 008 o? | OB o° |Cos ¢° | CoS 4| CO8 o° | OB o° | CO® o° | co2 ¢F | cos ¢ |co= ¢ |COS o |COB ¢ | coB ° |oo8 o? [ coB o [cos ¢° | cos g2
tggr cosqu| 08D ) 081|082 (083|084 |OB5 (0B85 | 0BT ) OBE | 089 | 000 | 091 | 002 | 083 | DP4 088 | 087 | 008 | 090 1.0

1.73 | 050 | 0.882| 1.008 | 1.034 | 1.060 | 1.086 | 1.112 | 1.130 | 1.165| 1.192 | 1.220 | 1.248 | 1.276 | 1.306 | 1.337 | 1.360 1.440 |1.481 (1520 | 1.580 | 1.732

051 | 0837 | 0.962 | 0.989 | 1.015 | 1,041 | 1.067 | 1.084 [ 1.120| 1147 | 1.175 [ 1.203 | 1.231 | 1.261 | 1.282 |1.324
164 | 052 | 0.803|0.019|0.045 | 0.671 (0007 [ 1.023 | 1.060 | 1.076| 1.103 | 1131 (1.150 | 1.187 | 1.217 [ 1.248 | 1.280
053 | 0850 | 0.876 | 0.002 | 0.028 | 0.054 | 0.080 ( 1.007 | 1.033| 1.060 | 1.088 | 1.116 | 1.144 (1174 | 1.205 (1237
156 | 054 | 0.809|0.835|0.861 |0.887 (0.912 | 0.020 | 0.966 | 0.902| 1.019 | 1.047 (1.075 | 1.103 | 1.133 [ 1.163 |1.196
055 | 0769 | 0.795 | 0.821 | 0.847 | 0.873 | 0.899 (0.926 | 0.952| 0.670 | 1.007 | 1.035 | 1.083 ( 1.093 | 1.124 [1.156

1.385 |1.436 | 1.484 | 1.544 | 1.687
1.351 |1.392 | 1.440| 1.500 | 1.643
1.308 |1.340 | 1.387 | 1.457 | 1.600
1.267 |1.308 | 1.356 | 1.416 | 1.550
1.227 |1.268 [ 1.316|1.376 | 1.519

148 | 056 | 0.730| 0.v56|0.782 | 0.80G ( 0.834 | 0.B60 | 0.8B7 ( 0.913| 0.940 | 0.968 (0.096 | 1.024 | 1.054 [ 1.085 | 1.117
0.57 | 05092 | 0.718 | 0.744 | 0.770 | 0.706 | 0.822 | 0.840 | 0.875| 0.902 | 0.930 | 0.958 | 0.986 [ 1.016 | 1.047 [ 1.079
141 0.58 | 0,855 0.881 | 0.707 [ 0.v33| 0.759 | 0.785 (0.812 | 0.838| 0.865 | 0.893 | 0.921 | 0.040 (D970 | 1.010 [ 1.042
059 | 0619 0.645| 0.671 | 0.697 | 0.723 | 0.740 (0.776 | 0.802| 0.820 | 0.857 | 0.8B5 | 0.913 (D.943 | 0.974 | 1.006
133 | B0 | 0.583 | 0.609 | 0.635 | 0661 | 006887 0712 | 0.740 | 0.766 | 0.703 | 0.821 | 0.840 | 0.877 | 0.907 | 0.938 | 0.070

1.188 |1.220 (1277 | 1.337 | 1.480
1150|1191 (1239 | 1.200 | 1442
1113 |1.154 [ 1.202 | 1.262 | 1.405
1.077 |1.118 | 1.166| 1.226 | 1.368
1.041 |1.082 (1130 1.190 | 1.333

1.30 | 081 | 0.549 | 0.575 | 0.601 | 0.627 | 0.653 | 0.679 (0.706 [ 0.732| 0.758 | 0.787 | 0.815 | 0.843 | 0.873 |0.904 (0935
127 | 062 | 0516 0.542|0.568 | 0.504 ( 0.620 | 0.646 | 0.673 | 0.690| 0.726 | 0.754 (D.782 | 0.810 | 0.840 (0.B71 |0.003
123 | 063 | 0483 | 0.509 | 0.535 | 0.561 | 0.587 | 0.613 [ 0.640 | 0.666| 0.883 | 0.721 | 0.748 | 0.777 | 0.807 | 0.838 (0.870 0841 (0982 | 1.030 (1080 | 1.233
120 | 064 | 0451 | 0.477|0.503 | 0.520 ( 0.555 | 0.581 | 0.608 | 0.634| 0.661 | 0.680 (D717 | 0.745 | 0.775 (0.80G |0.838 0.800 |0.850 | 0088 | 1.058 | 1201

0.85

1.403

1.358

1.314

127

1.230

1.180

1.151

1.113

1.076

1.040

1.004

D.870 | 1.007 (1.048 | 1.096|1.156 ( 1.299
0837
0004

117 | 065 | 0419 | 0445|0471 | 0.407 ( 0.523 | 0.540 | 0.576 | 0.602| 0.620 | 0.657 (D.685 | 0.713 | 0.743 (0.774 | 0.80G |0.B40 | 0.877 |0.018 | 0.066 [ 1.026 | 1.160

0.809
0.779
0.740
0.720
0.681
0.663
0.635
0.807
0.580
0.553
0.526
0.500
0.473
0447

0.874 |1.015 [ 1.063 | 1.123 | 1.266

114 | 066 | 0.383 | 0414 | 0.440 | 0.466 ( 0.402 | 0.518 | 0.545 | 0.571| 0.588 | 0.626 (0.654 | 0.682 | 0.712 (0.743 |0.775
1n 067 | 0352 | 0.384 (0410 [ 0.435| 0.452 | 0,438 | 0.515 | 0.541 | 0.568 | 0.506 | 0.624 | 0.652 | 0.682 |0.713 |0.745
108 | 068 | 0.328| 0354|0380 | 0.40G ( 0.432 | 0.458 | 0.485 | 0.511| 0.538 | 0.566 (0.594 | 0.622 | 0.652 (0.683 |0.715
105 | 069 | 0209 0.325)|0.351 | 0.377 (0.403 | 0.420 | 0.456 | 0.482) 0.508 | 0.537 | 0.565 | 0.583 | 0.623 (0.654 | 0.685
102 | 070 | 0270 | 0206|0322 | 0.348 ( 0.374 | 0.400 | 0.427 | 0.453| 0.480 | 0.508 (0.536 | 0.564 | 0.504 (0.625 |0.857

0.845 |0.887 | 0.035|0.085 | 1.138
0.816 |0.857 | 0.005 | 0.065 | 1.108
0.786 |0.827 | 0.B75|0.835 | 1.078
0.757 |0.798 | 0.846 | 0.006 | 1.048
0.728 |0.760 | 0.817 | 0.B7T | 1.020

088 | 071 | 0242 | 0.268 | 0.204 (0320 | 0.346 | 0.372 (0.389 | 0.425| 0.452 | 0.480 | 0.508 | 0.536 | 0.566 | 0.597 |0.629
098 | 072 | 0214 0.240)|0.265 | 0.202 ( 0.318 | 0.344 | 0.371 | 0.397| 0.424 | 0.452 (D.480 | 0.508 | 0.538 (0.560 | 0.601
084 [ 073 | 0186|0212 | 0.238 | 0264 | 0.200 | 0.316 [ 0.343 | 0.350 | 0.396 | 0.424 | 0.452 | 0.480 | 0.510 [0.541 |0.573
081 074 | 0.159 | 0.185| 0.211 ( 0.237| 0.263 | 0.289 (0.316 | 0.342| 0.360 | 0.397 | 0.425 | 0.453 (D483 | 0.514 (D.546
082 ( 075 | 0.132| 0.158 | 0.184 | 0.210 | 0.236 | 0.262 | 0.2B0 | 0.315| 0.342 | 0.370 (0.3098 | 0.426 | 0.456 (0.487 |0.519

0.700 |0.741 | 0,780 | 0.B40 | 0092
0.672 |0.713 | 0,761 | 0.B21 | 0.064
0.644 10,685 | 0.733 | 0.793 | 0.036
0.817 |0.658 | 0,706 | 0.765 | 0.000
0.590 |0.631 | 0.679 | 0.730 | 0.882

086 ( 076 | 0.105| 0.131|0.157 | 0.183 | 0.209 | 0.235 | 0.262 | 0.288| 0.315 | 0.343 (0.371 | 0.380 | D.420 (0.460 |0.402
083 | OF7 | 0079 0.105|0.131 | 0,157 | 0.183 | 0.209 | 0.236 | 0.262  0.280 | 0.317 | 0.345 | 0.373 | 0.403 | 0.434 | 0465
080 ( 078 | 0052 0.078|0.104 | 0.130 | 0.156 | 0.182 | 0.200 | 0.235| 0.262 | 0.200 (0.318 | 0.346 | 0.376 (0.407 |0.439 0.510 |0.551 | 0.599 | 0.650 | 0.802
078 | 079 | 0.026|0.052|0.072 | 0.104 | 0,130 | 0,156 | 0.183 | 0.208 | 0.236 | 0.264 | 0.202 | 0.320 | 0.350 | 0.381 | 0413 0.484 |0.525 | 0.573 | 0.633 | 0.776
075 | 080 | 0.000| 0.026|0.052 | 0.078(0.104 | 0.130 | 0.157 | 0.183| 0.210 | 0.238 (0.266 | 0.204 | 0.324 (0.355 |0.387 |0.421 (0458 |0.480 | 0.547 ( 0.608 | 0.750

0.563 (0.604 | 0652 | 0.712 | 0.B5D
0.537 (0.578 | 0,626 | 0.685 | 0.B29

072 | 081 0.000  0.026 | 0.052 | 0.078 (0,104 | 01231 | 0157 0.184 | 0.212 | 0.240 | 0.268 | 0.208 | 0.220 (0361 |0.385 | 0.432 (0473 | 0.521|0.581 | 0.724
070 | 0B2 0.000 | 0.025 ( 0.052 | 0.078 (0.105 ( 0.131| 0.158 | 0.186 (D.214 | 0.242 (D272 (0.303 |0.335 | 0.369 | 0406 | 0.447 | 0.405 [ 0.555 | 0.608
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POWER FACTOR CORRECTION

dunbeiiezdans _Capacitor

IN COMMING

1. AAGIN MDB

> v
d2an Usznanm ﬂ?ﬂQN PF 3’38\1161

=] Q = ¥ Y
aamasgaeluszuulaies
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A28879 13991 LHRIRIIN RanBWIA 1000kW , PF=0.8 éfaamsﬂ%’uﬂ;o PF Tisln
0.9 2917 Capacitor 2WIALNLS

3871 19T cos((P1 ) Uaz cos((P2) w1 O1 uaz @2 1@
(P1=36.87, (P2 = 25.84

tan ((p1) = 0.75, tan ((p2) 0.484

ﬁ'\‘nf%sl"ff Capacitor 21410 = 1000%(0.75-0.484) = 266 kvar

%9 Capacitor 266 kvar 9z@a1n3xud Ic = 266k/(1.732*400) = 384 A

AT
nanilgs M = S1/(1.732VL) = 1250kVA/(1.732*400) = 1804 A
nawilqe 12 = $2/(1.732VL) = 1111.11kVA/(1.732*400) = 1604 A
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CAPACITOR BANK(CAP BANK) R

n13aanttul
1. NNADI capacitor bank

a o ¥ ¥
WINNIIUNNA KW LLae PF maafﬁamim%ms’w‘l%msaaﬂLmulmaﬂ

Taga199zLidauW1a Capacitor bank 11/8n 10-20% o l# capacitor lai
N9 NEN b 1

A20819 11anu1n 1000kW PF=0.8 aanuuulwa PF La@1n71 0.95
1laa1919 [aan (tan((P1)- tan((P2)) = 0.421
QC =0.421x1000 = 421kvar

\Ha 20% 92 1Aun1A capacitor bank = 1.2x421 = 505.2kvar
AIIBLADN capacitor bank = 500kvar

Power Factor Correction: Thammarat Promphenrangsi, Kasem Nincharoen
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CAPACITOR BANK(CAP BANK) e

n1saanuuy

1. WNAVa9 capacitor bank

= c\dai - /=Y P~ | o a o .

NN LASUANMNBYNADNABANNATUIA capacitor bank 31n2W1A
naandas laan 1% 30% vasswiandauilas

12 halawilas 1000kVA 22 1% capacitor bank 300kvar

Power Factor Correction: Thammarat Promphenrangsi, Kasem Nincharoen
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CAPACITOR BANK(CAP BANK) e

Cap Bank nansiis sanas Capacitor fisznaudis yatas vanszanie nans
Step lasusazgaazlsznauals Capacitor, Contactor, Fuse »#3a MCCB
laaaruannisriwala PF Controller

3 PH 50Hz
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CAPACITOR BANK(CAP BANK)

|
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CAPACITOR BANK(CAP BANK)
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CAPACITOR BANK(CAP BANK) GEN THAT

P=| 6’::} v 1 (V) .
ﬂ’]‘JLaElﬂ?ll%’]ﬂ@lﬂﬂ‘im‘niﬁd’]%i')&lﬂﬂ Capamtor
1. Fuse
U
Ifuse =1.6"Ic (sl?j class gL-gG)
2. Breaker
ICB =1.5%Ic
3. Contactor
S @ a . 4 Aa o =
- N3oblilih Contactor 3@ capacitor duty LANATNNNANITLUENID
kvar NUSIA 1T LALALIGTI
a & Y Y . Y A
- n3aiiilu Contactor n1211/1%¢ technical data 2a9:Ha®
WIDLADNVWIANIZUAAIW Icontactor >= 1.35%Ic
4. aainn

Icond >=1.35%Ic

Power Factor Correction: Thammarat Promphenrangsi, Kasem Nincharoen
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CAPACITOR BANK(CAP BANK) GEN THAI

A2 capacitor 50 kvar 400V
Ic = 50,000/(1.732*400) = 72.2A
Ifuse = 1.65*72.2 = 119A Laan fuse W17 125A
ICB = 1.5* 72.2 = 108 A Laan Breaker 3116 125A
L@an Contactor 3% TC1-D60K (60 kvar@400V)
d18 W1 Icond >= 1.35*72.2 = 97.5A Laana18UW1IA 35 sgqmm

Power Factor Correction: Thammarat Promphenrangsi, Kasem Nincharoen
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CAPACITOR BANK(CAP BANK)

A0 819 capacitor 25 kvar 230V
Ic = 25,000/(1.732*230) = 62.75A
Ifuse = 1.65%62.75 = 103.54A Laan fuse Y10 100A
ICB = 1.5* 62.75 = 94.25 A Laan Breaker 2116 100A
laan Contactor ’a;'% TC1-D40K (25 kvar@220V-240V)
ﬂ']Elvl‘V\Iﬁ'] Icond >=1.35%62.75 = 84.71A Lgaﬂﬁ']f-.l"ll%']ﬂ 25

sgmm
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3-PHASE CAPACITOR

Operating Conditions
= ALTITUDE

GEN THAI

The capacitor’s installation altitude must not exceed 2000 m over the sea

level. In higher altitudes, the heat dissipation is reduced, and this must be
considered when dimensioning the capacitor.

« HARMONICS

The harmonics presence which a capacitor can bear is determined taking on

account that the voltage and current maximum limits must not be surmounted.
These limits are shown below:

THDU__ 2%

THDI__ 25%

Power Factor Correction: Thammarat Promphenrangsi, Kasem Nincharoen
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3-PHASE CAPACITOR/operaTNG cONDITIONS cr A

= HARMONIC

System voltage
400V

Capacitors
RTR Energia

f

Voliage harmonic Voltage harmonic
distortion disioriion
= 2% =3%

Voltage harmanic distorfion
>3%

De tuning factor 5,67%, 7%, 14%

| Standard CAP '

400V DW
Series

| Over rated CAP I | Over rated CAP l C
480V, 525V 525V

Power Factor Correction: Thammarat Promphenrangsi, Kasem Nincharoen
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DETUNE FILTER

GEN THAI

€ Power factor controller
@ Contactor

€© Thermal relay

@ Reactor

© Capacitor unit
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seuu lWihmdvesdsemsa naldanvd 50 vz a2wd 50 Hz
9 1
Ui38n71 Fundamental Frequency ( f, ) H39AMD1ANYa

aszud I luszu Tiihmaaiiviate o anvadzdunu 1dun aud
50 Hz,100Hz , 150 Hz., 200 Hz. , 250 Hz. , .. . , etc.
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g15uating HARMONIC feezls
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ssueting Harmonic ‘:‘!m!

e TV i(t)=a,+ ) (a,cos(non) +b, sin(nar))
~ mm = (nda guadra originania

Pritnary square wave
[ 2 noo2 Onde carrée initigle
Loy =1, +Eh_th

mmn (ndz fondamentale
Puire wave
Ohele fandamentale

e (inda di 2* armonica
2nd harmonic wave
Onde de 2™ harmanigue

=
=
v

Onda di 4* armanica
4" harmonic wave
Orndle de 4™ harmanigue

s (nda di 5° armonica
7 harmanic wave
Onde de 5™ harmanigue

mmmm  Onda di 7* armanica
7 harmanic wove

fig.C Onde de 7*™ harmanigue

r—_—_—_—_—_
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a1sueting Harmonic
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i(t)= a, + Y. (a, cos(nar) +b, sin(n or)) Ly = \/ AN

n=l

System voltage

Eg:::ﬁﬂ:gd IGBT Inverter Bridge
yi(t)
‘ AC Input ] J’;} JK} Jl\/‘i@
i | { Motor
il A
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a1sueting Harmonic

i(t)=a,+ i (a,cos(not)+b, sm(nor)) L =

n=l

System voltage

vil(t)

VSD

I +E“1

3 L

& |

3-ph Rectifier
El"idgﬂ *
vﬂﬁ o — Smoothing
‘"’u(‘“\,l b g ) Capacitor
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100
% ‘M ia
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2 40
# 2
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Harmonic
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a1sueting Harmonic

T)l‘:;ﬁ_ =
mw E) lw/\ }

x
OO

Non linear Load Linear Load
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EFFECTS OF HARMONICS

Harmonics in electrical installations

Eioment | e f famonic

Motar Owver heating, production of non-uniform torque,increased vibration

Transformer Over heating and insulation failure, noise

Switch gear and cables Neutral link failure, increased losses due to skin effect and over
heating of cables

Capacitors Life reduces drastically due to harmonic overloading

Protective Relays Malfunction and nuisance tripping

Power electronic equipment Misfiring of Thynstors and failure of semiconductor devices

Control & instrumentation Erratic operation followed by nuisance tripping and breakdowns

Electronic equipment

Communication equipment / Interference

PC's

Neutral cable Higher Neutral current with 3™ harmonic frequency, Neutral over
heating and or open neutral condition

Telecommunication equipment Telephonic interference, malfunction of sensitive electronics used,
failure of telecom hardware
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J15u0HNT HARMONIC foozls

. . . = J A Aa & Y
THD ( Total Harmonic Distortion ) A9NISUTIITUDUNTIV naaluiosy
AZNYUNUNIZUAANUDKANYA
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THD (%) —
Il
h - feuveIgIIueiin
H = MeugegavessueliniiuniianTan

wu 29, 40 wse 50
I - nyzudaiuolind AN h(A_)

I - NITUANNVINANYD (A )
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81§N®Nﬂ!ﬂﬂ%1ﬂ’0$"l§‘]ﬂ<‘l

VDC Converters
nverter

. Electronic Ballasts

UPS

. Arc Furnace and Welder

Rectifier in Power Supply
. Others .....

No oA W
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a Y J a
!ﬂﬂuﬂﬂ1ﬁltﬂﬂﬁyﬁ1a1§3~lﬂuﬂ

1.14¥Detuned Filter

= Joatumsvenedivesasuedin iiede ca pacitor unit whlyluszuu
(Resonance)

* fosiuhilvinszugasuaiinluaning capacitor nmiuly Tas %o voq
gl}etuned nguu agmInnszudasuetin lvarih capacitor unit
oony

2.19 Harmonic Filter

1 4 A
" HIYNTOINTISCHUAINITUDUNDDNIINTSULU

= ffpaiumsvenedlvesasueiin Weae capacitor unit whlyluszuy
(Resonance)
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DETUNED FILTER pen

» Filterdhnszuaasuotindaulva Tnarirgan 3%
ca paCItor wmlergmslsauues capacitor -
Fuadiloannanudounaznszuaiuiing e @
= Detuned reactor wivaanszugaiueiinieg 400V o
larihgda capacitor t j
LOAD 6% [ Reactor
» Detuned reactor setflosnumsinars Tauud( JAN ol
harmonic resonance) sewnstransformer ity Capaciuors

fucapacitor bank (parallel resonance)

capacitor + detuned reactor = detuned filter]
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ni

COMPARISON BETWEEN BEFORE AND AFTER crEN AT
REACTOR INSTALLATION

24KV
Sec = 500MYA
AMR=10 24KV
i
Transfarmar Transionmer
400V Un
LOAD 6% | Reactor
LOAD ZE‘
Harmonic
| r
Harmaonic Capacitors SOtifca Capacitors
Souce
Before After
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DETUNED FILTER DESIGN

a Y = Jd 1
- ‘Wﬁ]"lﬁil!Tﬂ’ﬂllﬁﬁJTiﬂil!ﬂ"lﬁﬁ’ﬂﬂﬁ%!,!)ﬁell’é]\‘]ﬂTﬂ1°])’LWEJ'§1HLME’I$GIIH1@

1.9110 53.2kVAR 426V aunsasunszuala 72.1A

2.v119 60 kVAR 440V awnsasunszua

18 78.7 A

3.v11a 70 kVAR 480V aunsosunszuala 84.2 A
4 10 75 kVAR 500V awnsasunszua'ld 86.6 A
5.91198 80 kVAR 525V aunsosunszuala 87.9 A
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=) Y ¢ A Jd
mauﬂmmnﬂagmmsmuﬂa

Jd a
5. MIYAUBINTLUTINITUDUN ( Active Filter )
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=) Y ¢ A Jd
mauﬂmmnﬂagmmsmuﬂa

Jd a
5. MIYAUBINTLUTINITUDUN ( Active Filter )
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N51a9n COMPENSATION BANKS

- Standard Capacitor Banks
- Overrated Capacitor Banks

- Detuned Capacr

'or Banks

[ Detuned Filters
- Harmonic Filters
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mstaen COMPENSATION BANKS

N = -
:r“ll.'_____‘u -_ 1
l
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A U Av a Jd
( nmaanusaﬂuwnmmmﬂwmm)

s (400 %,)
ll.l'llllﬂr lll"llll':"
— a2 bY Y a
N N 5% X, 4.34% X,
standard Banks Cwerrated Banks 7 %
We =< Wor <= 1.05%s Yo = 1.1%'s
400 470 Ver W
415 450 %
500 Y N 7
20N Detuned Banks Filters
100 y 100
Yo == ) = i
wo—%x 7T jgp—wx
470 480N 470 480 W
00 % 525 % a00 % 525 W
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Single Tuned Filter Definition [IEC 61642]

GEN THAI

1. Detuned Filter : A filter with a tuning frequency more than 10% below
the lowest harmonic frequency with considerable current / voltage
amplifude.

2. Tuned Filter . A filter with a tuning frequency with differs by not more
than 10% from the frequency with is to be filtered.
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Detuned Filter Design

1 . Detuned Filter Unit
BURUIaE 2D KkVAr, 50 KVAr, 75 KVAr %350 100 kVAr (Hudu
2. Detuned Filter Bank
< ~ 9 ' 1 ' '
Wuganilszneuaieniiggosnaly o Hude 15U
300 kvAr (6x50kVAr)

400 xvAr (8 x50 kVAr) Fludu
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DETUNED FILTER BANK GEN THAI

€ Power factor controller
@ Contactor

© Thermal relay

© Reactor

@ Capacitor unit
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W13 ANNEINTD IUMITUNTZIe 1Y capacitor HADE TULAZVUIA GEN THAI
1. UUIA 53.2kVAR 426V ANT0TUNTILE IR 72.1 A

2. YUIA 60kVAR 440V ANT0TUNTILE IR 78.7 A

3. UUIA 70kVAR 480V AINTOTUNTLLE 1A 84.2 A

4. YU 75kVAR 500V A505UNTLLA 1R 86.6 A

5. YUIA 8OKVAR 525V A5 UNTILA IR 87.98 A

9
v o 9) Iy}

v Y
Y . o = Y A A
PNHU 81 reactor ﬁTNTﬁﬂﬁUﬂﬁgllﬁhlﬂ 87.1A capacitor ﬂ?ﬁzﬂgﬁﬂﬂ'i%!)!)ﬁhlﬂ lﬂalﬂﬂ\‘iﬂu 111!1/]1!

A

A9 YU1A 8OKVAR 525V H4a131505UnTEua 1A 87.98A

= Y . . a 9 1 a oa 9 A 9
ENLEUT capacitor unit ED%ﬁ’TﬂJﬁﬂ‘l/luﬂi%!,!,ﬂLﬂullﬂ 30% meqﬂgmum HJ’E)’E)"IEJﬂﬁGlG]NTH

9 ¥
. 2 Y
VBN capacitor mﬂﬁu ﬂmﬁ’e‘mﬁmwmfﬂgaﬂ%au mmmmmcluﬂTi“I/luﬂﬁz!,!mﬂuclw

Y )
UBYAAIY

Power Factor Correction: Thammarat Promphenrangsi, Kasem Nincharoen




Indeed==Academy

GEN THAI

M3 IFNUMAZMFIFITNHIEAAINTD VDAY

9 9 A~ v Jd A Aa 1 Aq Y
" Myl luszuunurssauasuelngunun N lylunisesnuuy
Y 9 oy a J
" lslunuganthamessssuan
1 9J o = d'd 1 1 1 o v
= luaaslgaansosuuuaguniia %X, lumnundun

m35lFyanthdnes sssuarluscuu Iiheznas Tsuuuguuuvuweus 398ins
vnenszuassvetiniinnud IndiRean iy T 1y
* ¥an1 1 THAB5FITUAMSUNTEUANUTNA

* YAAINTDILUAIUDINTUNTEUANUNNA

Power Factor Correction: Thammarat Promphenrangsi, Kasem Nincharoen




Indeed==Academy

GEN THAI

mﬁm:mﬁ’ﬂammmmméﬁﬂsmgm‘uﬁgu

{ HARMONIC ANALYSER

CHANNEL A
CHANNEL B
> CHANNEL C
do—
L b
) ) )
P
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Harmonic Filter GEN THAI
waaarnwaasndenulilnsalddeTuaadnamaingesda

Transformer

s
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o E dd i h |
! Load current

Non-Linear
Leoad

..................
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n1sanasuaiingdtuszuu'lniln (Harmonics Mitigation)
auilainas (Detuned Filter)
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Active Harmonic Filter
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1191% TUNED FILTER %30 PASSIVE HARMONIC FILTER
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9 Y} a J J
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€ Power factor controller
© Contactor

© Thermal relay

@ Reactor

@ Capacitor unit
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dayanlyluniseanuuuyn PASSIVE FILTER

) A ' Aq Y
- Gumgauamaullmmm ‘I/]olﬂfﬂﬂﬂl,!fﬂﬂ

" seauuseauvesszuy 1wy 400v
Y . 1
" ATUABDINIT reactive power UDITSUY FU 300kVAR

» aa lilihvesntiendas (kVA) tas %z
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v S A oAy ! th ~th th
" DUAUVDIFNITUDUANABDINITINION LB 5, 7, 117,...

9 . A
" UDYAVUD capacitor bank (AL

v 4 = o
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[~ 1 ) = Y] I 9
P (%) [WUAINNVATUNIUUDY reactor (XR) NYUNUAIAITUATUNITU
VD capacitor (X ) Iad reactor fnmiwmdamgﬂmﬁ’u capacitor

. 100
nrs — —_— o
X, %X,
%X, n_ f (Hz)
11 3.0 150
4 5.0 250
2 7.0 350
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XL
Point of - Tr
measureTment. 400V

4% Xe
reactor
2
_H_ 12x80kVAR 525V ¢ _ | Tsysrem  =50x50 = 250 Hz
Capacitor bank RES D 0.04
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Harmonic filter in Main Busbar
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22kV

° 400V Main Busbhar

Cable to sub
switchboard

Sub switchboard

T—O— Harmonic Filter

Load
producing
harmonic
current
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Harmonic filter in Sub Switchboard
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22kV

o 400V 1 Main Busbar

Cable to sub
switchboard

Sub switchboard

S

Load
producing
Harmonic Filter harmonic
current
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Harmonic filter paralleled with Load
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22kV

o 400V 1 Main Busbar

Cable to sub
switchboard

° Sub switchboard

=

Load
producing
Harmonic Filter harmonic
current
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