


Power Factor Correction and Harmonic Filtering products




&

&

& (( C (
&

, -SEMML &
, &

*

+&( 0 &l

12 , &,&3& & +
12 & #5
8 & 19 . + (

18 (( -+

&

)

+

((



Reactive Power
2000 KVAR
Unconpensated
Reactive Power

800 kVAR
Compensated

cs @ =.60
cos @, =.882

Industry Percent Uncorrected PF
Brawery T6-80
Cement a0-85
Chemical 65-T5
Coal Mine 65-80
Clothing 35-60
Electroplating 65-70
Foundry T5-80
Forge TO-80
Hospital Ta-80
Machine manufacturing G0-65
Metal working 65-70
Office building 20-a0
Qil-field pumping 40-60
FPaint manufacturing 55-65
Plastic 75-80
Stamping G0-70
Steelworks 65-80
Textile §5-75










Avoid p.f. penalty imposed by electricity board due to poor power factor.
Reduction of M.D. (KVA demand), thereby reduced bill and increased capacity.
Awail p.f. rebate on demand & energy charges in elect bill upto 7.5 %.
Reduced load current, distribution losses, heating of transformers & cables.
Increased service life of all electrical equipments in the plant.

Shortest payback period on investment - from 2 to 18 months.
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Capacitor Selection Chart

Current achievable
(TARGET)

cos ¢ I
080 ©0.82 085 088 090 092 0.94 H 0.96 0.98

2.43 2.48 2.56 2.64 2.70 275 2.82 2.89 2.98 3.18
221 2.26 2.34 2.42 2.48 2,53 260 | 267 2.76 2.96
2.02 2.07 215 2.23 2.28 234 241 [0 2.48 2.56 2.77
1.84 1.89 1.97 2,05 2,10 217 223 230 2.39 2.59
168 1.73 1.81 189 1.95 2.01 207 I 214 223 243
1.54 1.59 1.67 1:75 1.81 1.87 1.93 M 2.00 2.09 220
141 1.46 1.54 162 1.68 173 180 [ 1.87 1.96 2.16
1.29 1.34 1.42 1.50 1.56 161 165 [l 175 1.84 2.04
118 123 131 139 1.45 1.50 157 Il 164 173 193
1.08 1.13 121 1.29 1.34 1.40 147 [l 154 1.62 1.83

Qc=P, * (tan¢p 1-tan ¢ 2)

Qc [KVAr] = P, * F = active power [kW] * factor “F”
P, =S * cos ¢ = apparent power * cos ¢

tan ¢ 1 + ¢ 2 according to cos ¢ values ref. table

0.98 1.03 111 1.19 495 131 1.37 M 145 1.63 173

0.89 0.94 1.02 1.10 1.16 1.22 128 |l 1.35 1.44 1.64

0.81 0.86 0.94 1.02 1.07 113 120 [l 127 136 1.56

0.73 0.78 0.86 0.94 1.00 1.05 112 M 119 1.28 1.48

0.65 0.70 0.78 0.86 0.92 0.98 1.04 W 111 1.20 1.40

0.58 0.63 0.71 0.79 0.85 0.91 0.07 |l 104 E 1.33

Exam Ie. o} 0.60 0.76 081 087 o 1.10 1.30
p s 0.52 0.57 0.65 0.73 0.78 0.84 0.91 0.99 1.06 o7

0.48 0.53 0.61 0.69 0.75 0.81 0.87 0.94 1.03 123

Actual motor power P = 500 kW 0.45 0.50 0.58 0.66 0.72 0.77 0.84 0.91 1.00 1.20
0.42 0.47 0.55 0.63 0.68 0.74 0.81 0.88 0.97 1.17

0.39 0.44 0.52 0.60 0.65 0.71 0.78 0.85 0.94 114

ACTUAL Cos (I) 061 0.36 0.41 0.49 0.57 0.63 0.68 0.75 0.82 0.90 1.11

0.33 0.38 0.46 0.54 0.59 0.65 0.72 0.79 0.88 1.08
0.30 0.35 0.43 0.51 0.56 0.62 0.69 0.76 0.85 1.05
0.27 0.32 0.40 0.48 0.54 0.59 0.66 0.73 0.82 1.02
0.24 0.29 0.37 0.45 0.51 0.57 0.63 0.70 0.79 0.99
0.21 0.26 0.34 0.42 0.48 0.54 0.60 0.67 0.76 0.96
0.19 0.24 0.32 0.40 0.45 0.51 0.58 0.65 0.73 0.94
0.16 0.21 0.29 0.37 0.42 0.48 0.55 0.62 0.71 0.91
0.13 0.18 0.26 0.34 0.40 0.46 0.52 0.59 0.68 0.88
0.11 0.16 0.24 0.32 0.37 0.43 0.50 0.57 0.65 0.86
0.08 0.13 0.21 0.29 0.34 0.40 0.47 0.54 0.63 0.83
0.05 0.10 0.18 0.26 0.32 0.38 0.44 0.51 0.60 0.80

TARGET cos ¢ 0.96
Factor F from table 1.01

Capacitor reactive power Q¢
Qc =500 * 1.01 = 505 KVAr

0.03 0.08 0.16 0.24 0.29 0.35 0.42 0.49 0.57 0.78
0.05 0.13 0.21 0.27 0.32 0.39 0.46 0.55 0.75

0.10 0.18 0.24 0.30 0.36 0.43 0.52 0.72

0.08 0.16 0.21 0.27 0.24 0.41 0.49 0.70

0.05 0.13 0.19 0.25 0.31 0.38 0.47 0.67

0.03 0.11 0.16 0.22 0.29 0.36 0.44 0.65

0.08 0.14 0.19 0.26 0.33 0.42 0.62

0.05 0.11 0.17 0.23 0.30 0.39 0.59
0.08 0.14 0.21 0.28 0.36 0.57

0.06 0.11 0.18 0.25 0.34 0.54

0.03 0.09 0.15 0.22 0.31 0.51

0.06 0.12 01D 0.28 0.48

0.03 0.10 0.17 0.25 0.46

0.07 0.14 0.22 0.43

0.04 011 0.19 0.40

5 ; 0.07 0.16 0.36
0.33 0.95 013 0.33




Standard values: selection table for fixed PFC

Individual motors Transformers
Motor Capacitor power In kvar (according to RPM) Transfomer Capacitor power
HP 3000 1500 1000 750 500 KVA kvar
2.5 1 1 1.5 2 25 100 5
5 2 2 2.5 3.5 4 160 6.25
7.5 2.5 3 3.5 4.5 5.5 200 7.5
10 3 4 4.5 5.5 6.5 250 10
15 4 5 (5] 7.5 9 A5 12.5
20 5 G 7 9 12 400 15
25 5] 7 g9 10.5 14.5 500 20
30 T 8 10 12 17 630 25
40 g 10 13 15 21 800 30
50 11 12.5 16 18 25 1000 40
&0 13 14.5 18 20 28 1250 50
70 15 16.5 20 22 31 1600 &0
80 17 19 22 24 34 2000 80
a0 18 21 24 26 a7
100 21 23 26 28 40
120 25 27 30 32 46
150 31 33 36 38 55
180 ar 39 42 44 62
200 40 42 45 47 &7
225 44 46 49 51 72
250 48 50 53 65 il
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St. Contactor Switched APFC Thyristor Switched RTPFC “Cos-One” Brand
1. | High Inrush switching currents - upto 200 times rated No Inrush currents - switching at zero voltage, no surges
Slow response to changing loads - contactors need upto 3 min | Fast acting - cycle to cycle correction in 40 to 60 msec
2. i : ¢ ; .
to switch on again due to discharge cycle Correction will match load changes accurately
3. | Maintenance if high - contactor coil / contact replacement Negligible maintenance due to static switches - no moving parts
4. | Short term peak loads remain uncompensated Even momentarily loads of few seconds can be compensated
5 Limitation of the minimum correction step in panel due to No limitation to minimum correction step due to infinite
" | limited operations of contactors switching of thyristors
6. | Less accurate p.f. regulation - difficult to maintain over 0.985 | Very accurate due to very smaller correction step - unity p.f. possible
7. | Not suitable for DG set application due to load p.f. conditions | Suitable for DG set and harmonic filter applications
8. | Life - of PFC capacitors shortened due to inrush currents Longer capacitor life due to transient free switching
9. | Cost - Higher cost for larger rating of panels Economical
10. | Not suitable for welding, crane, lift applications Suitable for all applications
4000 r
$-L-1-¢ |
3000 ! !
o S IS | 1 I ) S I (O I O O NN G| o e VWO W T O " Capac.itor Current
= without inrushcurrent
g iy l\ Capacitor 'nn:sh current
(A bbb : \
s ° W | : |
-1000 ¥ e
-2000 | I : E ! |
732 738 | ;745 751 757 763 770 776 : . :
E : Time [ms] P'"":'"""":‘ ______ :L ______ :, ______ o8 _,_%__Control!erSignal _:b
—é i 5™ capacitor connected -} E ; ; !

t ____ Na __Peskouwrentocourence _____ . : £
$-157 X1y = 157 x21=3300A @

Contactor Switching Zero Voltage Switching
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HARMOHICS

Harmonic currents or voltages are integer copo ool

(whole number) multiples of the 5.34123“‘5 3‘?5:2
KF e

fundamental frequency. 0e

Harmonic F | 3rd | 5th | 7th
order

Frequency | 50 | 150 | 250 | 350
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Past Loads : mostly “linear” — induction motors

Today's - loads: most loads act “non linear”

B  Computer, motor-control, drives, etc.
B Currentis pulse shaped

B Currentis no longer following the

sinusoidal wave shape

B Result:Harmonics

- Increasing number of sources causing

disturbances

- Equipment become more and more sensitive

- De-requlated energy market







100% —

W 6-pulse —

B 12-pulse
oo -‘LL“
1 5 7 11 13 17 19 23 25
W 6-pulse 100,00% 29,00% 9,00% 6,00% 3,50% 2,50% 2,00% 1,20% 1,10%
m 12-pulse 100,00% 2,90% 0,90% 6,00% 3,50% 0,25% 0,20% 1,20% 1,10%

Order number
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Predominant harmonic spectrums for common loads

Distorted
Load Composite
Load Type 3rd 5th 7th 9th 11th 13th Waveform
Single
Personal Computer Phase ~~
, : Single -
Office equipment Phase <
. Single
Elect Light
ectronic Lighting Phase
High-bay Lightin Single NS
g y Lighting Phase AW
Main frame Three
computer Phase
Three
P
uPs Phase
Three
-pulse VFD
6-pulse Phase
Three
12-pulse VFD
puise Phase

Note: loads shown above produce smaller amounts of harmonics not specifically highlighted




Voltage

/

JJJ

Utility

Impedance

Harmonics

Non Linear Load
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Overheating of transformers (K-Factor), and rotating equipment
Increased hysteresis losses

Neutral overloading / unacceptable neutral-to-ground voltages
Distorted voltage and current waveforms
Failed capacitor banks

Breakers and fuses tripping

Unreliable operation of electronic equipment,

and generators
Erroneous register of electric meters

Wasted energy / higher electric bills - KWD & KWH

Wasted capacity - Inefficient distribution of power

Increased maintenance cost of equipment and machinery




Tripping of circuit breakers and fuses

Due to resonance effects, the current levels may rise to multifold levels which results into tripping of
circuit breakers and melting fuses. This situation results into serious problems in industries which rely
on the quality of power for the continuous operation of their sensitive processes (e.g. semiconductor)

Overloading / decrease of life time of transformers

Transformers are designed to deliver power at network frequency (20/60Hz). The iron losses are
composed of the eddy current loss (which increase with the square of the frequency) and hysteresis
losses (which increase linearly with the frequency). With increasing frequencies the losses also
Increase, causing an additional heating of the transformer.

Overloading of the capacitors

Capacitive reactance decreases with the frequencies. Even smaller amplitudes
of the harmonic voltages result into higher currents which are detrimental to
the capacitors: [=U*273.14"f* C.

Losses in distribution equipment
Harmonics in addition to the fundamental current cause additional losses in
the cables, fuses and also the bus bars.




Excessive currents in the neutral conductor

Under balanced load conditions without harmonics, the phase currents cancel each otherin neutral,
and resultant neutral current is zero. However, in a 4 wire system with single phase non linear loads,
odd numbered multiples of the third harmonics (31, 9", 15™) do not cancel, rather add together in the
neutral conductor.

In systems with substantial amount of the non linear single phase loads, the neutral currents may rise
to a dangerously high level. There is a possibility of excessive heating of the neutral conductor since
there are no circuit breakers in the neutral conductors like in the phase conductors.

Malfunctioning of the electronic controls and computers

Electronic controls and computers rely on power quality for their reliable operation. Harmonics result
into distorted waveforms, neutral currents and over voltages which affect the performance of the
these gadgets.

Measurement errors in the metering systems

The Accuracy of metering systems is affected by the presence of harmonics. Watt-hour meters
accurately register the direction of power flow at harmonic frequencies, but they have magnitude
errors which increase with frequency.

The accuracy of demand meters and VAr meters is even less in the presence of harmonics.
Wrong multi meter readings. Use true RMS meter!
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Voltage Distortion Limits

Individual Voltage Total Voltage
Bus Voltage at PCC Distortion (%) Distortion THD (%)
69 kV and below 3.0 5.0
69.001 kV through 161 kV 1.5 2.5
161.001 kV and above 1.0 1.5

NOTE : 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.

Current Distortion Limits for General Distribution Systems
(120 V Through 69000 V)

Maximum Harmonic Current Distortion in Percent of |,

Individual Harmonic Order (Odd Harmonics)

Isc/I, <11 11<h<17 17<h<23 23<h<35 35<h TDD
<20* 4.0 2.0 1.5 0.6 0.3 5.0
20<50 7.0 3.5 2.5 1.0 0.5 8.0
50<100 10.0 4.5 4.0 1.5 0.7 12.0
100<1000 12.0 5.5 5.0 2.0 1.0 15.0
>1000 15.0 7.0 6.0 2.5 1.4 20.0

Even harmonics are limited to 25% of the odd harmonic limits above.

Current distortions that result in a dc offset, e.g. half-wave converters, are not allowed.

* All power generation equipment is limited to these values of current distortion, regardless of actual Isc/I,

Where

Isc = maximum short-circuit current at PCC.

I, = maximum demand load current (fundamental frequency component) at PCC.

TDD = Total demand distortion (RSS), harmonic current distortion in % of maximum demand load

current (15 or 30 min demand).
PCC = Point of common coupling.
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Filter circuits, which are in series connected reactors and capacitors, form a series
resonance circuit. Design and dimensioning of the components has to be done in such
a way, that one of the following points will be fulfilled:

De-tuned filter circuit

The main purpose of de-tuned filter is to avoid resonance condition of the capacitor
with the transformer inductance. Depending of the de-tuning frequency more or less
harmonic currents will be sucked from the grid. Very common is a de-tuning to a
frequency of 189 Hz (7 %) with a reduction of harmonics of app. 30-50 %.

Tuned filter circuit
The tuning has to be done for each harmonic frequency, means each harmonic
frequency requires its own filter circuit. The harmonic current will be reduced by
approximately 90 %.

Active filter circuit

AHF generates signals in phase opposition to the harmonic signals present in the
system and hence nullifies the distortion. It can be applied for both, power factor
correction as well as harmonic filtering.



Transformer Efficiency - 75 kKVA Example

Harmonic
Sl Gt Mitigating Transformer
; Linear Load Mon-Linear Loads
Desianed For iLoads of Yesterday} (Today's Loads)
Efficiency 05 1% 98.3%
— Runs Hot Euns Cool
Reduced Life Long Life

Figure 4 — Infrascan of Standard TP-1 Transformer
vs. HMT with 100% Harmonic Load
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—m— Resistive Load
—&— 100% Harmonic Load

15 z5 35 50 TE 100

W Load

Figure 2 — Transformer Losses with 10020 Resistive

Load and 100%0 Harmonic Loads

% KW Savings

1.8%
1.6%
1.4%
1.2%
1.0%
0.8%
0.6%
0.4%
0.2%
0.0%

Loss Improvement

0 100 200 300 400 500 00 70O 800 900 1000

kvar

Figure 5 — Loss Savings Opportunity using PF

Correction Capacitors
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- T Rotation : : . . . T
60 Hz Rotation ation rotation. This resistance causes inefficient operation in
the motor, vibrations and heat that may cause premature
Figure | — Negative Sequence Current and Motors failure. Linear loads (motors) will draw a “non-linear”

current with components of current proportional to the
voltage distortion.

ar 8/06 10

Abhove thermal and daylinht images show a three phase motor which has overheated.
Power quality analysis proved condition was caused by negative sequence harmonics.
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