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A Comparative Study on the Performance of Two-Phase and
Three-Phase Randomized Pulse Position PWM Scheme

* Seog-Oh Wi, "Young-Cheol Lim, “Young-Gook Jung, “*Seok-Hwan Na
"Chonnam National University, ““Daebul University, ““How Inc.

ABSTRACT

In this paper, a comparative study on the
performance of two-phase and three-phase
randomized pulse position PWM scheme for
mitigation of audible switching acoustic noise in
motor drives is done. In the randomized pulse
position PWM, each of two-phase or three-phase
PWM pulses is located randomly in each
switching interval: Simulation and experimental
efforts were executed to investigate the spread
effects of power spectra of inverter output voltage,
waveforms of ripple current and audible switching
acoustic noise.

MLz, A l
of FHYEA HEHAH o1 Ut FAHA Fojgo
PWM Z<talo] W& 293 Fa49 941 ge A
sl nzzg 9@

gnetic interference)T A9 AWE FHAA 9 ZEHQ
7MY 294 25S fEsly du 29% B=
F2(SMPS)$} Zo|, Bt} n&07 =
A Mg E 29 &

2 548l ol ZnlE d™E Az Wiy Alg

o2
>
Y
K
o
%
=
<]
[a2]
(@]
=g
Q
=
o

o] 1987 RE A 08 FEY] A5
th o] HWWg © FAHAF TE RPWM (Random
PWM)#A|olg} sttt RPWM7ZIYL nzy 2 28

A

>
2
olo
A,
s
a% i 3o

5 — 1 ]
ool WHE AMHE FEHE BHZRE 24y
g9 294 4¥e Y F3s ddow Hat

S R2A Azt A EHLRE FE 23S H#sn Yot
(2. RPWMZIE e 27] gAY ATF[367]e 4839
TEY 123 ¥ A% 2HEY FYd FHE FUL
U, #H2o gdxe FE ojEd 93 AHEH o)
A sME o Fo i3k A7[45]7F HaAET gl o
& Z& RPWM7IHL of 293 Fo4+2 dgs

o
W2sE RSF-PWM (Random Switching Frequency
PWM) [5-1113 o} 2913 #3049 A7k dAsA ¢
H2E Mz ddA dgsiA f9xAA 294 F
g4o AHEIHE L2 RPP-PWM(Random
Pulse Position PWM) [12-15]5 22 &f/F €t}

A RSF-PWME & w2 w2} slefe] wzxe
0 MxE UrolAY, slglo] Mz RSF-PWM
7IHoll= o2 3|20 o3t BA" 2ol 7
AEE AdstA Bzse wWyblg Aele FasE
AdAQstA wzete wR6le]l Utk FEE RSF
-PWMZIHE 29 Fa49 1379 293 & Ng

g wAske BAmR 17719 o) 60l 29
4 F N2 a¥s st Piglez PR o ¥
Mo Ad A5 HEUE F40] go} nz o
age 29EZ] AuetA FFL BE B4 glo
v, 229 4 ®e 977 188D vk I

-PWM(Minimum Switching Loss, Variable Pulse
Rate PWM([8]Z} Al¢t’d & RPWM (Limited Pool
RPWM) [9], Holtzer#[10]o] <j3te] 332 Fug
&3 & A5 AHYUE 48 Y 3A Fus
e AHskE A1) AdgE up Qloh

ghd RPP-PWM7IRoll= Zt4de] g2 A7} 157]
| 4% 5 F9 o= spgre] AHIA HdEHE
RLL-PWM(Random Leading-Lagging PWM)®21[12],
FTAdAE SVM(Space Vector Modulation)?] A 24
S WYshAl 4 ¥Est= RCD-PWM (Random Centered

{o

~ 347 -



Displacement PWM)[13] 28l F4%8E SVMY % S=(010) S=(110)

e V(LLDE V(0002 Az ZHlE AFEA ste

RZV-PWM  (Random  Zero  Voltage  Vector

Distribution PWM) %ol itH14]. HZ 5o Z A9

Hxago] A3 SHHozZ Y} HJAE e

SRP-PWM (Separately Randomized Pulse Position

PWM)[15-1710] AA}gol| 9Jste] A€ v} Art V, < ‘
o]’doA] g E RPWMdl &g d4e thFfo] 3 S=(011)
HzYs ddez Agsor ok 33 Haxye

712 Ao FgoA e TF REY 1x

B3 WEo] 24 Wz vis] 43ttt

185t A3 gANs 38 %u_; " Vs V,

3 2
Sector 2

Sector 1

V*

> V1
S=(100)

Sector Sector 6

flo

e
ax
Hr o

6
%5} S=(001) S=(101)

2 Hdoorfr
'NL
xxi
3
e
E.
Y
o
HU
o .

AC)
oz
_ﬂ
A

&

2 o
[N]
ox

A= 0&1 B2 HEE
5}5 TE 2 _ﬂa x}ﬁ:oi} H# 79 Fig.1 Diagram for space vector modutlation.

(30 [ L ok

ro,
=
o

£ o

rPE-{OnZiHU
2
2

5l ¢

a0
rir

0
E,
0
2
i
2o
:?‘:,
S o
-
A

rir
e
>

=

off &
éigquxwlgiﬂL 31 eHT18-20].

dFlAE ZH 75 ZAZFEH EA4H
=93 28 A A8 29 2 Y A

2

|

-

My BB

t--{--t--

dsjel Axo) AR A AME 293l
] = RPWM7] % o] B

E

MATLAB/SIMULINK  A] &) 1"44 C1677]4t9]

f

|
1,4:};4 AME 28 N ALY nzs} 29 [ )
2 WE A% Bd 291 ZEel HE A9 |
1 7k EJ,].E’ HIJL 7—1_;;__0}0:11;]. }\_r]z] /'\/nl !:17

LUEUSL'
.8‘1~>

Al?& o 739 %01*4011)&1 34 RPWME.tH= 2
RPWMe| ¢¥33lm, x50 Fhg3 S

}RPWMM w5 4 858 AU TS LT 95 5n e 2 A

AT E A 284 seAde 22 WME} 3 Fig.2 Each phase pulse with three-phase SRP-PWM
} RPWM- A9 fAHEE A

At

o>~ r_,>;n{o m ux $L 1o to Hdo aw rir
ot
2 & ,
]
N
=)
fo
).
LAE
|m
nS‘i
m]o
)
18
*‘”T

—

O

0>-

2. e HA x| A ESHSRP-PWM)

a8 1A 71E AdEE V+E e dads
Vi, VoF of| Aldbd ARirE A dro] duts)
FOEM Jhssint. w29t 1¥3e Ade HAE N B

ggoz dgstA wix sksE 34 2 24 SRP

£

TR A o) g AFFA H2E W) ]

1
L
!
|
|
|
|
H
|
|
T
|
|
|
|
T

|

|

PWMel B2 HHE HoAFD itk o] Wye wx |
7] {

=
of 29EY % 28 PE B} S
Ak
0

B Wz oatod ol Ao} 77w} 7t

- --..------..----r-
_f I

Ll«m-b

E
E]rlm ?s}]x]ml SRP PWME T 33}71 2k
g3 A
7]@[15 17]01] 40}04 xg/ug] %x{:;?:‘,:% HA7 98 D33 24 SRP-RWM 2FAtol A
4= 9l B ol BLE TS A AT Fig.3 Each phase pulse with two-phase SRP-PWM
- 348 -



2t wagel 94 ¥ 4 UE WE WA AEA A
PR FATARE G 674 A F ol $IAof
QE7t] whet geA, B A @A FY
E7L slolAd WE] Vi, Vo 282 sksolop 3 o
7t el JUHQ 219 WAt QAL & e
g 940 et ol A9 a¥ W27k A B
F e WHE MRS Melolgn JAe, Wz
P ol YAl & = gow), by Wik ak
g2o @A Bolux gt B9l Weol Ax e} 5
o, BhEA 2 o} BAE b4 Bael B4 Koy
A o 89l el Folok Wtk vy ol she ¥
2% W8 Woldtid 34 Ex 24 Bagl 2
et 2R 294 Yot MBHABE 98 g 29
Ag 3712 s gk eAE Holux wroy @
W2 YN B2e A0 AFSHgE JuE g
FA8l FENESL e Zzke] AelE Wl
982 ¢ 4 ak

Al
B
Tb,.-ra‘
c
T ¢ max
Jo T2 T Jo_ Jo vTI ‘7_27 Jo
2 2 2 2
T ' T
A
8
c
Te.
‘_T.‘Z. m 120 J0 Jo 12 T I
2 2 2
Je4 2l ¥ 2L 88 ARE =S
Fig.4 Maximum and minimum effective switching
frequency
"ol A7} o) WETFAAN WAHER o] 2
A4 Fago Wets A% 2o wng 24 Ao of
g doto] 'HE 29% Foee 008 AN =
Ash71= ek ol HE 29H Fuke Ho) e 2
4ol Al B0l old WMEFIHM A /b FHEE
of X3t thg MR Fre] Az o 9]
NG Wolth $& 294 359 Adg Tigo,

TEY F e

Hadt Tiao,, & A DI 4 2=

T=% + Tyt Ty + Ty=T+ g‘)
Ty

Tbnm = 7 + T2+2T1+ T() (1)
T

TCHM‘—YZ‘Q+2TZ+2T1+TO 2T-5"

T,.=Ti+ T+ L =QT-T,.)

Tb =T3+%=2T— Tbmax (2)

T, = % =2T-T.._

&
Do
=\'=
:io
_1’5_‘-. r°i
s
)t
1o
F -0,

7HANZEE Tl
:LEh:ﬂ 2 x]g Ao o zF Adg Aojstddof 3
S Fotol 7 A QU Ate 7
OMI g}, 13]51 AFHE 7 £ e 9led, #
EWE F 53 FawE ?,7}"]7\}3 T, A8 Fa49
Bl Teolw, AR 7L &4 AE o] g ow Mgl
A7pA k] Ty, 3 %E"—‘}Ei A7MAZFE T2 9
ubebd HEe] 24 9 A4 ofRo] wat X HWE 9]
deeME ‘HHHXI—F"#"? *°— a2 ZF Al REHIEZ 7
& AUtk o9} o] FalA zZt A FEuld HA
s zé?i wotel PWMEZAE 7heEo <7td do]
HE 78 5 A 9o
2 dAFdA FEE SRP-PWMe 4

i

>}L‘8‘

e ok
e 2
&

il
|

)
il
e
o
ok
4
i
>
oo
_?L
s
-4
il
st
z o

)
oXx
g
fu
=n
hul
=
g
Hu
ol
uf
_?L
]
XN
)
3

oy o do oap

H‘l oL
, do o
é
=2
s
‘i‘,
>
i
T
o
Ol
ol
=

O
__&
>
)

-

AHE FEHE 7 sEHAA = B
%*%’4011*1 AAE AYSA  AwAA7]IH SRP
-PWMSE +d& 4 gl

[» 2 ro ox & > of
4o
o
T o2
3

- 349 -



Getting § 71 =Mt [positon) right
T2 = M2 B .
TT2T0 | oo Milleasiion] aligned
T SW
sectiont
cntA = (T0/2)+{period_ont):

oniB = {T0/2+T1)*{pesiod_cnt):
critC = (T0/2+T1+T2)+(period_crt):

section

Reallocation of effective vector V

Eorﬁng by duty ratio |
T
lEtting Random Ranges J
&

Lran = (_rantaHc)%im
move2Lelt = ({rangei+1)+_san) / Im

shift all phases with move2left
Y

iLran = (i_ramiatc)%m
move2eft = ({range2+1)%_ran) / Im
shift 2 phases with move2l eft
i A

iran = (Lranslatic)%m
move2left = {{ranpe3+1)4_ran) / Imx

shift last phase with move2left ]

R

@5 288 ¥ 34 SRP-RWMS) P E
Fig.5 Implementation of two-phase and three-thase
SRP-PWM

C167 Microcontrolier Board
CAP/COM TIMER

Host PC

Double
Register

(a)C167 micro-controller

; " " N
t Vie SL’[}}L M‘(t]} Sgll}} Anechoic Chamber

. 1" “eate
i RS232 | DaweR |

o SI’L Analyzer
Host computer

{b)experimental system
J186 A8 AlAY
Fig.6 Configuration of the experimental system

>,

Al 0 C167 U}o]ﬂi T\_—E%E‘] EE, IFPM ?_]_H’]Ei,

1L5kW FEE2E, Ao T2l 18]y $AE Zag
oz FAHAA gt Y Wz 2 A4S
BAG ZE dARE Cl6TH e Aol Zzadq s
o Fdg 8 v ooy C167 XE 8L utg IPM
S Aold & £ e 23Zelhg. F PLDE AH{3lA
&3 Cl679] W#E CAP/COM(Capture/Compare)”) %
S AHRstd A vjgo AFEARAE FHEA

4. g ZEx &

78}, 40Hzo| A#H&
" ForE & F =
ARy SAdsE 7Y A9 4%
s71 Ad 24 2 3% WY HEx 94X PWMYI

A oHE ZMetel nxu AHE
dHy Fa5 SVM#E RPWMe QW

2

43
Nz AHdElde 71y A9A A
of AoA Fa3t uiE zZta g Yy
B o] PWMZIHel 23t QIHE] Mol
Zholl whel 2913 A4S A¥EY e A
% Fol AAH7I wRolth, MATLAB/
SIMULINK Algaﬂol*h} *’?M 93 g X*%H

r-{m&“
JZ:I‘-?L'—]

2
g

ox rE M O et >
ot

1,
2
rlr

I ofh Of g8

Fap

9}1

32 3UFE Holm gl $-A 1%7<a)ﬂr 198(a)ol A

HE e} Zo) 34 SVMe 2uje] A9x Fn4

dkHzAl X 7bd Z¢ 1z5t Jo| dx, 293 F3
b oaize ARl gtk g



it ¥ U A Y,
I R
iz B UET G () SRR S S

(c)3 phase SRP-PWM

L BB00 .
BRGenERHE A

(d)2 phase SRP-PWM

JE7 AN2dEN g d2HFAo DA ABEH
Fig.7 Harmonic spectrum of line to line
voltage by simulation

2% 709 18 8(c)= SRP-PWMZWS 34 48
 AeA, 2909 Fisel o9l e

A ek nz7k e AL ASdenE A Pl A
Dz 4Ee 874 Forol nAUA @1 e o
o 1% FExH: Ao 2F 7Dt Y 8(d)s
SRP-PWM718 & 24e] 288 Arjolch. 2ol Hg

{c)3 phase SRP-PWM

P
i

(d)2 phase SRP-PWM

g8 AEN o8 M2t 0] DX ABER
Fig.8 Harmonic spectrum of line to line
voltage by experiment

€ SRP-PWM7I® 2 34 SRP-PWM7I¥3 u)is}ol
2904 Foge] nxart 28t dE AL A8t
Honzgs Ao o4l AW EAS zta itk
RPWM7WY & d3 nzs F& 47287 93 554
HHYE Al2d53 24, RPWMo] 2 4&

Bluske], WA nxube] e Azg R gEvd A



SVMe] % &4
AH A A9

Aed

m Jm

__%
o &ade o

NN

42 748 A9y 229 AHE

=]
2 ATA dulEe o8 FEEHE
] 9%

4% 229 39 23EY

dAd

BRI A FPH o 24 FuzE AL

o
=
6ol Z= FSAZ 9y

Azl d@ Edol ss¥ AE A7
SA-74, & AHESFHTH15-17].
(7807 86T 010.000001 AT 3038, 8 I0AE, FREGTEokNy
76,00 T i
POUER i i
g
10.00
13,08 O TR S R
0000 RhiAUE FREGCHES 2,860k 20, 00k
(a)3 phase SVM
507 307 T EI0. 500051 AT 3058, Bl 5004, EREGFoNGE
76,00 R A A

~10.00 ; : i ; : ‘ i
2.006  RACh:SUE  FREGCHZ) 2050k ES fiok
(b)2 phase SVM
f 50/ 501 070,00000: A: 3048, B: 3008, FREQ: Z20KHZ
70.86 R A R

SPECT

S O

LA

10.00 |-

~16.90

BGOSR TR RREG SR G00K B0 5ok

(c)3 phase SRP-PWM

2¢/

¥§he

N I
POWER
dBu

10.00

-1¢.00

"'6'22:(;0 EHch:niUE :FR'éééH'f) : Z:OUOk; Z(:J.OOk
(d)2 phase SRP-PWM
28 9 J¥A89 DX ARER

Fig. 9 Harmonic spectrum of audible acoustic noise
{2kHz/div.)

—_

A0 ALEE HolHE FERHEZRE
2 o) AxH vjolmzRE 24" 3
50x3F Baste] A& e AHEsdY. 29 156

5 T REHY Mag 39 2dEHS
29tk WA 29 9@ 3 SVME 3%

et
A48, 28 @)% 19 8@ vehd A
2A2Yn FYsH 209 293 FasdA g 2
& 280 B4R 9

o
v = .
a% 9b)E 24 SVME 71d Ag 2HEHS Ayl
d E 293 FaselA 7t
| EAsta Qleh 343 2% SVM B,
°

A4 Faeot ddgles Fosdd 800Hz# 1.3kHz
_/'1: ]

d

o]

L
2
iy
2
QL
k
3
9
¥
&
O
e

= glo
Rl |y
oo -y
oX |m

ol
—_

o‘!"
Ox
ol
e
ot
0
N
O,
o do
o
4
<>
o,
g 2 o
ox
o
Anj
u -y o R

4kHzH-¥ 8kHzth 9|
o] ZAHolA Q) ole A 2
A vheh Zol, 2449 SRP-PWME 293
A nzs 54o] 34 SRP-PWMe| B
58t7] wFolt},

8y SRP-PWMe| % ¢ 3]
of wlste] 1kHztle] A& Aol 43
T 9tk ole EHe u{ Fuge W
T7F FHE VA AL Fist
ojt}, o9} #o] RPWM 24
o712 %3 FHL& RPWME
. RSF-PWM7I¥ 9] 7o), Holtzer[10]9] <3}
o X FHTE dEd F, A5 AU F=(11]

=
< = G2~ plo
2 9 T Fg50e A &

n

z
>

53
m

&
2
X

ot

4y i
=l
»

B3
=]
o o

2

rir

o

oL

Q o7 3

e |y o W

= 3R
o oNe oo

et N e &3

10 ox B a2 é

2 lo
o)
|o
b
2
dm e
i)
3
3L

I
30T
K}

- 352 -



E: 1 RPWM Bi=2|®Hel b|l
Table 1 Comparison of different random modulation techniques

Good: O Average: & Bad: T
 3phase | Zphase | 3phase | Zphase
SVM SVM SRP SRP
Voltage ;
y t T O A
harmonics
Cl.Jrrent O A A +
ripple
Acmllstic ¥ " A
noise
Switching A o A
loss

¥ 12 7 349 RPWMYZIHE M2 Hud 2ol
d 999 nzxd ol SHAN I 2z

3 ~2¥EHL 34 SPP-PWMe] 4% 7oz #d
o 294 Farded AFE 123 dUAE AY
W 24 SRP-PWME %&% A nxy E4& %

540 @48 gA8n U o ArE 289 A9
Ege] Bz 3FE vAA U0 mebd 24 SRP

-PWM-& 34 SRP-PWMET A& EAo] ozt $-
3=

a8 HF H3e gard ulel o] 34 2 24 SVM
o] SRP-PWMKEt} ¥Z3lt}y, 294 &4d3 1d4 9
Bt &= 34 SRP-PWM3 34 SVMETHE 2443He
t}#+ 24 SRP-PWM3 24 SVMe] a3k Aoz
w4 =1k

. do
S

o
ih3

ox

lo

=

sl

o i
e do gj
~

M B~
e

&
REas D[y
B e fo
ol mo oy nf

e
2
=
ol

o>
%
i
%
N
112
e
)
w
ox
w
=
o]

o] $-+3&ith 24 SRP-PWM2 2%

Al al
SRP-PWMo| 84t AwE HAFaye
SVM# 24 SVMel 4331 34 SRP-PWM
1 24 SRP-PWMs WFo] EAssich
gy o] PWMe dEs 540 wE HA{Fe #HH
AFdstA ®sksty] wZol™, RPWMelA & s
geta AztE
o2 B Ao g SRP-PWM7|H ]
SVME AL ¢ & AdAelx 9 Adq71g £

ot
o
=)

o B
ﬂ

)
fr
o
i
o,
o
o
i)
©
Y
B>
o
N
ol

U oo o dn &

o
fru
R
Ju
W 2 Moo ox ox e

M9 g

sttt QIHE TF AXel 2AH wo ¢l
ol $8 7bseten lugo,

BHIIHAEE % ALY o
Rlglol| o|5t0f ATl b

(11 SH Na Y.GJung, Y.CLim and S.HYang, "Reduction
of audible switching noise in induction motor dnives
using random position PWM", IEE Proc. Electr. Power
Appl,, vol.149, no.3, May, pp.195-202, 2002.

[2] MMBech, JKPedersen, FBlaabjerg, "Field-oriented
control of an induction motor using random pulse width
modulation” JEEE APEC'00,pp.924~931,2000.

[31 F. Blaabjerg, J. K. Pedersen, "Digital implemented
random modulation strategies for ac and switched
reluctance drives”, IEEE [ECON'93, pp.676-682.1993.

(41 MMBech, J. K. Pedersen F. Blaabjerg, A. M.
Trzynadlowski, "A methodology for true comparison of
analytical and measured frequency domain spectra in
random PWM converters”, IEEE Trans. PE, vol. 14, no.
3, pp. H78-586, 1999.

(5] CM.Liaw, Y.M.Lin, “Random slope PWM inverter using
existing system background noise : analysis, design and
implementaion”, IEE Proc. Electr. Power Appl, vol
147, no.1, pp.45-54, 2000.

[6] T.G. Habetler and D. M. Divian, "Acoustic noise
reduction in sinusoidal PWM drives using a randomly
modulated carrier”, IEEE Trarns. PE, vol. 6, no. 3, pp.
356-363, 1991.

{71 F. Blaabjerg, J. K. Pedersen,’Implementation and test
of a digital quasi-random modulated SFAVM PWM in
a high performance drive system”, IEEE IECON'93
Pp.265-270.1993.

[8] A. M. Trzynadlowski, J. K. Pedersen, R. L. Kirlin, S.
Legowski, "Space vector PWM technique with minimum
switching losses and a variable pulse rate”, IEEE
Trans. 1A, vol.44, no.2,pp.173-181,1997.

91 A. M. Trzynadlowski, MM.Bech, J. K. Pedersen, R. L.
Kirlin, S. Legowski, ” Optimization of switching
frequencies in the limited-pool random space vector
PWM strategy for inverter fed drives”, IEEE Trans. PE
vol.16, no.6,pp.852-857,2001.

[10]). K Pedersen, F.Blaabjerg, "Determination of mechanical
resonances in induction motors by random modulation
and acoustic measurement” EPE'93,pp.319-324,1993.

[11]]. K Pedersen, F.Blaabjerg,"Reduction of acoustical noise
emission in ac machines by intelligent distributed



random modulation” EPE'93,pp.369-375,1993.

[121 RLKirlin, SKwok, Slegowski and A M.
Trzynadlowski, “Power spectra of a PWM inverter with
randomized pulse position”, IEEE Trans. PE vol9, no5,
pPDp.463-471,1994.

[13] MM.Bech, JKPedersen, F.Blaabjerg, "Random
modulation techniques width fixed switching frequency
for three-phase power converters”, [EEE PESC'99,

pp.544-551,1999.
[14] V.Blasko,"Analysis of a Hybrid PWM  based on
modified space vector and triangle comparison

methods”, IEEE Trans. 1A, vol.33, no.3, pp.756-764, 1997.
[15] SHNa, Y.GJung, HGKim and YCLim, " A new

space vector random PWM scheme for induction motor

drives”, ICPE(Seoul, KOREA), pp.160-168, 2001.

(16) A=, U3 d93 due 75 A2de A =
& FT7HE Random PWM7IH", AAxes] =g
A6 A6Z, pp.525-537, 2001

[17] <334, A3 “Random Position PWME ©]8-3
5719 7H 293 28 AR, Ay =EA A3

A A3, pp287-297, 1998,

Z

s ol

[8) BEY, 98, 24 FEAEIY PES AV 24 A
Bl 24 F7HE PWMEA", AHAYY =84

A78 A=, pp.1-10, 2002.
[19] S.HalaszB. T Huu,”Two-phase PWM technique for
inverter fed ac drives” IEEE IECON'97,pp.688-693,1997.
[20] Y.S.Lai, HCHuang, CM.VYoung, "A New random
inverter control technique for motor dnive”, IEEE
APEC’98, pp.101-107,1998.

- 354 -



