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(A Study on the Harmonic Characteristics of SMPS Load in LED Display Board)
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Abstract

The prevalence of electronic devices in our modern life is accompanied with the generation of
harmonics caused by the nonlinear characteristic load. Especially, the employment of LED have
brought the rapid use of SMPS. SMPS is used for supplying the constant DC electric power to the
LED display board, but it has a big problem which gives birth of harmonics causing by its high—speed
switching. measurement HIOKI 3196 equipment to solve these harmonics were measured.

In this study, we are LED Display Board Load Measuring the impedance response with X, changes
for removing harmonics in the measured .And we adopted the suitable passive filter by the impedance
response characteristic obtained in the X, variation experiments. We are trying to deeply the
application of passive harmonic filter characteristics that generation in the LED Display Board through
EDSA LED simulation.

Key Words : LED Didsplay Board, SMPS, Harmonic, EDSA, THD(Total Harmonic Distortion),
TDD(Total Demand Distortion), Passive Filter
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Table 2.2 Harmonic voltage measurements

o R sS4 T4
N TV (Ve % [ Ve v [V % | Ve v
1 | 100 | 3558 | 100 | 3782 | 100 | 3752
2 [ 006 | 019 | 001 | 004 | 002 | 008
3 | 308 | 1157 | 235 | 889 | 236 | 8%5
4 002 [ 008 | 002 | 008 ] 001 | 004
5 |02 | 083 | 074 | 280 | 047 | 176
6 | 001 | 004 | 001 | 004 | 001 | 004
7 [ 102 | 383 | 074 | 280 | 066 | 248
8 | 002 | 008 | 001 | 004 | 001 | 004
9 | 220 [ 827 | 207 | 783 | 1.83 | 687
10 | 001 | 004 | 001 | 004 | 0.01 | 004
11 | 05 | 207 | 050 | 1.89 | 086 | 323
12 | 001 | 004 | 001 | 004 | 001 | 004
13 | 043 | 162 | 024 | 091 | 022 | 083
14 | 001 | 004 | 001 | 004 | 0.01 | 0.04
15 | 143 | 537 | 121 | 458 | 098 | 368

Vo | 424 % 356 % 337 %
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Table 2.3 Harmonic current measurements
R S T
A4
I % | In A | In% | InA|Ih% | I A
1 100 | 79.03 | 100 | 79.03 | 100 | 79.03
2 014 | 011 | 015 | 012 | 0.09 | 0.07
3 | 74.86 | 59.16 | 75.34 | 59.54 | 75.73 | 59.85
4 0.09 | 0.07 | 0.10 | 0.08 | 0.08 | 0.06
5 | 55.96 | 44.23 | 55.78 | 44.08 | 56.42 | 44.59
6 005 | 0.04 | 007 | 0.06 | 0.05 | 0.04
7 13619 | 2860 | 35.99 | 28.44 | 35.30 | 27.90
8 003 | 0.02 | 005 | 0.04 | 0.04 | 0.03
9 |21.05|16.64 | 18.02 | 14.24 | 20.56 | 16.25
10 | 0.05 | 004 | 0.05 | 0.04 | 0.04 | 0.03
11 | 681 | 538 | 366 | 2.89 | 10.31 | 8.15
12 | 0.04 | 003 | 0.05 | 0.04 | 0.04 | 0.03
13 | 616 | 487 | 6.21 | 491 | 520 | 4.11
14 | 0.03 | 002 | 0.04 | 0.03 | 0.03 | 0.02
15 11034 | 817 | 806 | 6.37 | 652 | 515
Itup 103.34 % 102.59 % 103.74 %
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Table 2.4 Harmonic voltage comparison
o R S T4
A M s (M s [ M s
1 100 | 100 | 100 | 100 | 100 | 100
2 0.05 | 0.00 | 0.01 | 0.00 | 0.00 | 0.00
3 308 | 282 | 235 | 283 | 247 | 2.85
4 0.02 | 0.00 | 0.02 | 0.00 | 0.00 | 0.00
5 022 ] 1.9 | 074 | 194 | 1.69 | 1.96
6 0.01 | 0.00 | 0.01 | 0.01 | 0.00 | 0.00
7 1.02 | 158 | 0.74 | 1.57 | 1.33 | 1.54
8 0.02 | 0.00 | 0.01 | 0.00 | 0.00 | 0.00
9 220 | 229 | 207 | 196 | 1.91 | 2.23
10 0.01 | 0.00 | 0.01 | 0.00 | 0.00 | 0.00
11 055 | 050 | 050 | 0.27 | 0.63 | 0.75
12 0.01 | 0.01 | 0.01 | 0.01 | 0.00 | 0.01
13 0.43 | 048 | 0.24 | 048 | 0.34 | 0.40
14 0.01 | 0.00 | 0.01 | 0.00 | 0.00 | 0.00
15 143 | 179 | 1.21 | 1.40 | 0.96 | 1.13
Vo % | 424 | 4.81 | 356 | 451 | 3.37 | 4.62
=® 25 1Z&a MF H|w
Table 2.5 Harmonic current comparison
o R% S T
M T s (M s [ M s
1 100 | 100 | 100 | 100 | 100 | 100
2 0.14 | 0.14 | 0.15 | 0.15 | 0.09 | 0.09
3 74.86 | 74.84 | 75.34 | 75.32 | 75.73 | 75.71
4 0.09 | 0.09 | 0.10 | 0.10 | 0.08 | 0.08
5 55.96 | 55.94 | 55.78 | 55.76 | 56.42 | 56.40
6 0.05 | 0.05 | 0.07 | 0.07 | 0.05 | 0.05
7 36.19 | 36.18 | 35.99 | 35.98 | 35.30 | 35.29
8 0.03 | 0.03 | 0.05 | 0.05 | 0.04 | 0.04
9 21.05 | 21.04 | 18.02 | 18.01 | 20.56 | 20.55
10 0.05 | 0.05 | 0.05 | 0.05 | 0.04 | 0.04
11 6.81 | 6.81 | 3.66 | 3.66 |10.31 | 10.31
12 0.04 | 0.04 | 005 | 0.05 | 0.04 | 0.04
13 6.16 | 6.16 | 6.21 | 6.21 | 520 | 520
14 0.03 | 0.03 | 0.04 | 0.04 | 0.03 | 0.03
15 10.34 | 10.34 | 8.06 | 8.06 | 6.52 | 6.52
Itep % [103.34|103.31]102.59|102.56{103.74|103.71
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Table 2.6 IEEE Std. 519 harmonic current
standards

V, =120V ~ 69kV
scr= | Individual Harmonic Order(Odd Harmonics) %
Lie M | < 11 [11<h<17| 11 <h<23|23<h<35| 35<h | TDD
<20 40 20 15 06 03 | 50
20~50 | 70 35 25 1.0 05 | 80
50~100 | 100 45 40 15 07 | 120
100~1000 | 12.0 55 50 2.0 10 | 150
> 1000 | 150 70 6.0 25 14 | 200
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X, Q X, Q L mH C mF
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Table 2.8 Harmonic voltage, current and THD
when X, =50

A A AR
Vr \% 372.62 372.62

R%
VTHDR % 4.81 3.876
Vs \% 372.56 372.57

S
VDS % 451 3.490
Vr \% 372.58 372.59

T
Vrupr % 4.62 3.615
CEE SRR
Iz A 113.63 93.82

R’
Itmpr % 103.31 74.355
Is A 113.2 93.07

S
Itips % 102.56 72.675
It A 113.86 93.67

T4
Itepr % 103.71 74.001
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Table 2.10 Harmonic current evaluation

R S+ TA
Itppr % Itpps % Topr %
X, =58 4915 4.804 4.892

E 29 X, =50¢ uf nxo MF o}
Table 2.9 Harmonic current evaluation when
X, =5Q
IEEE Std.519 RA S T
44 | Harmonic
. Itopr % Itpps % Itppr %
limits %
5 7 3.8 385 3.39
7 7 2.50 2.49 244
9 7 145 1.24 142
11 35 0.47 0.25 071
13 35 043 043 0.36
15 35 0.711 0.56 0.45
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