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A Two-Phase Separately Randomized Pulse Position PWM Technique with
Double-Zero Vector Mode

ST B R R T8 B - ok W
(Jung-Geun Kim * Seung-Yeol Oh - Young-Gook Jung - Young-Cheol Lim)

Abstract - In case while M(modulation index) is more than 0.7, the spectrum of motor voltage and current of a
conventional two-phase SRP-PWM scheme are not reduced considerably. To solve the problems of a conventional
two-phase SRP-PWM, this paper proposes a two-phase SRP-PWM(DZSRP-PWM) with double zero vector mode which
zero vector is selected as V(111) in case of M >0.7, and zero vector is selected as V(000) if M < 0.7. For the validity of
the proposed method, the PSIM simulations and experiments were achieved. And the simulation and experiment results
show that the voltage and current harmonics all over the modulation index are spread to a wide band area.

Key Words : Double Zero Vector Mode, Two~Phase SRP-PWM(Separately Randomized Pulse Position PWM), Reduction
of Harmonics Spectrum, Critical Modulation Index
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(fsw=3kHz, M=0.9)

32. Mol ¥z mE 3-D MY AHEY

0%E 099717 M< wWad uf, 2 2903 wyd o
e At 3xdFQ AlEHA AFHE 2 109 e
walth, A E#elM AL =40Hz, fw=3kHz{) 7 $-olth
4 g VOoO)THE Abgsls 39 24 SRP7IYS 1Y
10(a)ell 4 BE= ule} Zo] Mo| 078t ¥ FHdMe= 3
o zzs BA 5Ae] ¥E sl zy Mo 0.7 £
Jgol e nzy 2deH] Fdos 5L AMHA
2Lee ¢ 5 It

8 4 W9H2 VUIDE Adgsie 3 M > 07 =3
o e nzs A"EH Juds EHLE IY 109
A B wpel o] u]$ FI st}

28 10(0)e oM dFT F 9 He e S
Edstel, Mo} 077 FheiME V(000)E e Mo]
07014l e VI1DE A=E 24 DZSRP7IHe] Aol
ot 28 10(c)ellA B ulsh 7o) M9 A FelA 1z
ste] st adE g P HEd e $5Ee
& F ok

2% o WEl SES e 24 Ny B2 X WzNY

Trans. KIEE. Vol. 53B, No. 12, DEC, 2004

(b) Proposed DZSRP
O3 9 538 2E| Mot ¥ MR oy
(fsw=3kHz, M=0.9, 200v/div.,0.5A/div.)
Fig. 9 Measured waveforms of motor voltage and
current(fs»=3kHz, M=0.9, 200v/div..0.5A/div.)

Vostags hermorics (2-Phase SRP-PWM)-000 3KHz

-

w

Voltage Harmonics(relntive)
N

1000  * Mod. Index [+0.2)
freqx10Hz]

(a) SRP : Vv(000)

Volage harmonics (2-Phase SRP-PWM)-111 3KHz

Voltage Hammonicsirelative)

1000 1 Mod. index (x0.2]

freq [x10Hz]

(b)Y SRP : V(111)

743



VAP HXE 5388 1258 200445 128

Volkage harmonics (2-Phase SRP-PWM)-MZV 3KH2

3

f
]
s
'
8
gz
I
-3
]
>

1000 1 Mod. Index [x0.2]
treq {x10Hz|

(c) Proposed DZSRP

aE 10 M Hslof g 3-D MY AHEY
{tsw=3kHz)

Fig. 10 3-D voltage spectra in accordance with
variation of M (fsw=3kHz)

33. M2| tisto]l g 3-D MiF AHEF

a9 112 39 103 $9F 23 oA detd 2 A
79 3344 nzv AHNEHo|T. V(N0)E ¥ HE =
AHgsta = Fd™e SRP7E Mo 078t 2 J A
D23 ¥4 A7 AstHe FAEE Ad Pyoz 4§
A 7bsde Rojm gtk =@ 19 119 3349 AF 29
EYS 09 1022 YErd 339 A 29EY £¥9 A
o TY¥ FHE Bojx itk

34. 2¢ Jegt AHEF

2E Aol dig 2AdAQ ax2w AHMEHWS 29 12
8 a8 174 Jehddch ¢4 28 129 a9 132
M=092 A% 24HEeY A2 A, ojnf I3 12(a)¢} 2
H13(a)= F39 SRPE 3% Aoy, 198 12(b)s}t 2
Y13(b)= & 7oA A DZSRPE 3d 7 Sold
AlEHold Axel A¥FAFE F NI} USL & F
At

Curent hamonics (2 Phase SRP-PWM)-000 3KHz

I

Vditage Harmanics(relative)

. 1000° 1 Mod. index [x0.2}
treq x10Hz]

(@) SRP : V(000)

744

Curent harmonics (2 Phase SRP-PWM)-111 3KHz

Valtage Harmonics(relative)

freq [x10Hz)

(b) SRP : V(111)

Current harmonics (2 Phase SRP-PWM)»-MZV 3KHz

Valtage Harmonics(reiative)

1000 1 Mod. index [x0.2]

freq{x10Hz]

(c) Proposed DZSRP

O™ 11 Mol HEo] g 3-D MF 2AHEH
(fsw=3kHz)

Fig. 11 3-D current spectra in accordance with
variation of M (fs»=3kHz)

29 12(a)t 219813(a)] AF, 3kHz =93 FH5olA
b A nzxd AJEel gz, 2uwie] Fo£(6kHz)ol F
HAZ 23 nzst JEo], 3w F3(9%kHz)A 39A
2 Zg nza JRol EAss 24 RPWMY A<
25E Bolx gl 2F 12(0)9F 23H13(bh)e AS 24 =

44 Fs % 30 2904 Fhse nEs JEe WA
Hg9 LS wolr), 1) Fo5t T Wy ws
o 277t ZAEASS & + Yok ole FAY YHeIA
23 %ol AN 94RY nz% 29EYe A%
BES AXE el sl wol EANY F AsL 2ol
=

=3
2% 149 29158 M=079 94 HEA$ McE 38
g Azolty 19 149 2 ¥ 15904 H= uisl Zol 4
HZ V(000)& &3 Fde whdm vI1DS &3 A
2 4He -0 2y 7oA A3 vk o] A9 H
Abgt nzd 29 EY] B E Hojm gl

Iy 163 Y172 Mol 0777l zAe] REPHE
M=040°] tig "t ~HERAY A EHold ¥ A4F Ao



120.00

100.00

80.00

20.00

0.00

120.00

100.00

20.00

0.00
]

ad

000 100 200 300 400 &S00 600 200 9500 900 10.00

Frequency (KHZ)
420 A Qtuy
H 1 v 1 ' ¥
v ' ‘ V
' ‘ ' ' '
' ' ' . ' '
‘ ' h . '
' ' ' i '
' ' h ' ' H
........... e T Er
v v H v ¢ v
' H ' ' '
. ' ' ' . h
' ' ' '
' 1 ' ' . :
' ' ' ‘ ' ' ¢
' ‘ ' '
...........................................................
v v v v v
1 . ' H
' ) » '
' ' '
' ' ' '
' ' ' ‘
1 ' . .
...........................................................
v v H
' ' ’ '
' V '
' ' ' ' '
' ' ' H
' ' . '
' ' . '
..... 1 S A
H ' H
‘ ‘ H i
. ' ' '
i i ' '
' ' ' ’ '
' ' ' '

' ' ' '
........................................................
v v ' '

' ' .
' '
'
3

00 100 200 300 400 500 600 700 £00 0060 10.00

Frequency (KHZ)

(b} Proposed DZSRP

12 25 XMgtol AlgdiolMd ABEY
(fsw=3kHz, M=0.9)

Fig. 12 Simulated spectra of motor voltage

(fswzakHZ B M=O.9)

(a) SRP

25 ¢ We RS8 ZE 24 JHE H2 X HEJY

Trans. KIEE. Vol. 538, No. 12, DEC, 2004

(b) Proposed DZSRP

a8 13 538 2 Mo AHEY

(fsw=3kHz,M=O‘g)
Fig. 13 Measured spectra of motor voltage

(fsw=3kHz.M=0.9}

A4 Ruv

1 v
40000 J-----r----cPemmccb e p et
8000 J-----F--cem e b b ieapmmecr e e pan e
B T S
4000 f-occboeeabeeea el beeees . R W

000 100 200 300 400 500 ©00 700 800 900 1000
Frequency (KHZ)

(a) SRP

120,00

100.00

80.00

20.00

Y. T e i

000 100 200 300 400 500 600 700 800 900 10.00
Frequency (KHZ)

(b) Proposed DZSRP

a3 14 2 Mol Alg¥olMd AHEH
(fsw=3kHz,M=0.7)

Fig. 14 Simulated spectra of motor voltage
(fsw=3kHz,M=0.7)

745



BRBYWHXE 53BH 123 2004%F 128

HT I Vo

120.00

100.00

80.00

60.00

40 .00

20.00

0.00 .
000 100 200 300 400 S00 600 7.00

Frequency (KHzZ)

800 900 1000

KHz DIV

48.8 Hz (b) Proposed DZSRP

a8 16 2 Hekel Algd ol AHEH
(fsw=3kHz,M=0.4}

Fig. 16 Simulated spectra of motorvoltage
(fsw=3kHz,M=0.4)

(b) Proposed DZSRP

a3 15 £3EH 2E Mg AHER
(fsw=3kHz,M=0.7)

Fig. 15 Measured spectra of motor voltage
(fsw=3kHz.M=0.7)

A2 Quw
120 .00
100.00
80.00
R T B N TS 1 KHzsnity
e Bu: 45,9 Hz
PPVSE JURN S S SO
: : : : {b) Proposed DZSRP
) e T % e S e R
i / i [ : E 2 EX & M oto] AmE
000 MM 4 WHMH“M\M-’MWWMV 2" 17 £YE 28 Hae AHER
000 100 200 300 400 S$00 600 700 €00 Q00 1000 (fsw=3kHz,M=0'4)
Fraquency (KHZ)
” Fig. 17 Measured specira of motor voltage
(a) SRP (fsw=3kHz.M=0.4)

746



35. ZE M5 AHEZ

g 198 M=09¢! 3¢9 dAF 2¥9EeH Z
2l Wy B mata] 1 o8 29 Fagoae]
azdE gol AZEHIL du 53 24, 38 24 S
o] mzaE 443 Fdsist HolA g

2% 208 29 218 M=079) dA ¥MzAFA BLY
AygzeA 9 AE2 V0OE LS A2 vainE 3§
F A, N2 fAE 29EHY] ¥EE YL ¢ F %
o} Y 229 1Y23L M=04%) ALEA AY AHEYH
fAEHAl A2 5dE AaE Vel ok

udER)
00 .
H H H V : H H H H
1.60 Ren--- e e O o e————— eeean ——— remnn- Ap—
v v : v v : ; v H
L Bl | B el S e R R R
0.50 H----- e - . | | A
v H v | H . v v 1
H H H \
'
H H 1 H H H
H H . H ' .
H h ' H '
000 itreresunssiaens e ; i
000 4100 200 300 400 500 600 7.00 800 ©00 10.00
Freguency (KHZ)
(a) SRP
Kud 2 /)
24 .
1
H H H H H ' H H H
180 [----- | — Femman | | e bema- | Ipp— [ e
H H H H ' H 4 H .
H H H H H 1 H \ v
100 [----- | [—— reeaan | p—— A | R
H H . : H H H H H
050 H-----r-
e H H ol :
0.00
000 100 200 300 400 500 B800 700 800 900 1000

Frequancy (KHz)

(b) Proposed DZSRP
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Fig. 18 Simulated spectra of motor current
(fsw=3kHz,M=0.9)
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Fig. 19 Measured spectra of motor current
(fsw=3kHz,M=0.9}
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Fig. 20 Simulated spectra of motor current(fsw=3kHz,M=0.7)

I(wit 3 R)
2.00

: H : H
. . H 1 . H H '
; H H : H H H H
150 J--ce-tocomcbemae e aaaan [ . renaa- |
H H H H H H H H H
H H H H H .
H H H H H H
H H H H H
H H H H H H : H
1.00 -----L---"E"-“-:----—-lr ----- R Feeeen [ T
. \ H ' : 1. H ' H
H H H ' ' H H
H H H H .
. . H H E H
' H H H H
RN RSl bk St S 6 S St v St e e
H H H ' H
H H H
H H H H
} H H 1
0.00 e .
000 100 200 300 400 500 600 700 800 Q00 1000
Frequency (KHz)

{b) Proposed DZSRP

a8 22 2| MFQ AEoIM AHERH (fw=3kHz,M=0.4)
Fig. 22 Simulated spectra of motor current(fsw=3kHz,M=0.4)
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{b) Proposed DZSRP
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Fig. 23 Measured spectra of motor current
(fsw=3kHz,M=0.4)
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