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A Novel Random PWM Technique with a Constant Switching Frequency
Utilizing an Offset Voltage

Do-Kyeom Kim' and Sang-Hoon Kim™

Abstract

This study proposes a novel random pulse-width modulation (PWM) technique with a constant switching
frequency utilizing a random offset voltage. The proposed PWM technique spreads switching harmonics by
varying the position of an active voltage vector without a switching frequency variation. The implementation of
the proposed PWM technique is simple because it does not require additional hardware and complex algorithm.
The proposed random PWM technique is compared with the conventional PWM technique on the factors of
harmonic spectrum, total harmonic distortion, and harmonic spread factor to confirm the harmonic spread effect.
The validity of the proposed method is verified by simulations and experiments on a three—phase inverter drive

system.

Key words:
Distortion)

Arhas F shjolth PWM Edgelt 2913
Fopsh 1 owe Fas % ol HREe Zuy
(Sideband)el SFeR= 59 Fohe djolA] wzst
5402 wgdd g nEEL A% AES
frele 44719 EMD SAE 2N Bt
2, olgt pol §% djeje] LI wrsw A 9

[¢}
g8 Zol7] 913 oy A7yt Aol g a1 o
2, 20kHz o]4o® 294 Fa5g o] HAFAE

Paper number: TKPE-2017-22-1-9
Print ISSN: 1229-2214  Online ISSN: 2288-6281

T Corresponding author: kshoon@kangwon.ac.kr, Dept. of
Electrical and Electronic Engineering, Kangwon National
University
Tel: +82-33-250-6293  Fax: +82-33-259-5674

' Dept. of Electrical and Electronic Engineering, Kangwon
National University
Manuscript received Nov. 1, 2016; revised Nov. 16, 2016;
accepted Dec. 7, 2016

Random PWM, Harmonic spectrum, HSF(Harmonic Spread Factor), THD(Total Harmonic

oA LA 2eS Folv o] tadoltt
ARt 2913 FITt 2E55E 29F
Al Ha & Qe A= 293
o]7] g ool AUrth

291A FIFE =olx] gal o] TAE S4sH|
$1%k PWM 71H 2 2+ Random PWM(RPWM) 7|9 9]
AtH RPWM 719 78 710l wet 2934 Fap5
2 dgstA W¥WFs:E Random Carrier Frequency
PWM(RCFPWM) 7|90 =914 Fag d4s}/)
FAHA AT Welx fra A9 AAE
HEA]7]+= Random Pulse Position PWM(RPPPWM)
71gfe] % 7kx ge2 EFEc. RCFPWM 7|H&
7hi Sk wkgatks A7) F ofdR 3R
7b dasta [ Wz FUP7F ASH R viyy] v

Eal
Eal

=2
2
Ju
12
Il
2
o
=2
=
ok
o
o
N o
%0,
3
%
N

t}
& adste] 293
< L AE HME A
T AE SAo] vopA= &

(2
o

FMD7F =& =
o] uth

B =dAs I 293 Fu59 34 AdWEH A
s Alzdol| A FAl At MES o8&t NEE



68 94 WGS o] g UA

reference voltage

triangular carrier

(a) SPWM

reference voltage

AL

T

(b) RCFPAM
Fig. 1. Switching patterns with PWM technique.
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Fig. 2. Range for each phase gate pulse with RPPPWM
technique.
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Fig. 5. Active voltage of 3-phase inverter.
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Fig. 6. Simulation block diagram.
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Fig. 7. Harmonic spectrum : simulation results.
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Fig. 8. Harmonic spectrum : simulation results.
(x—axis : 5[kHz/DIV], y-axis: 50[V/DIV])
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TABLE 1
THD(LINE VOLTAGE) : SIMULATION RESULT
M THD
SPWM | SVPWM | Random(S) | Random(SV)
02 | 25231% | 251.66% 252.09% 252.48%
04 | 163.66% | 163.34% 163.59% 163.69%
06 | 120.38% | 120.24% 120.58% 120.49%
0.8 | 91.53% 91.53% 91.63% 91.46%
09 | 7952% 79.51% 79.55% 79.60%
MM M MM J
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(b) Random PMM (M| = 0.6)
Fig. 11. Phase current waveforms of each PWM
method.
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MI THD
SPWM | SVPWM | Random(S) | Random(SV)
0.2 | 236.08% | 230.09% 235.68% 235.14%
04 | 15761% | 157.63% 157.76% 157.31%
06 | 121.49% | 121.55% 121.45% 121.52%
08 | 95.53% 95.50% 95.54% 95.40%
09 | 76.86% 76.91% 76.85% 76.70%
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