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A DSP based Randomly Modulated Carrier PWM Scheme
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Abstract - This paper describes an implementation of
the DSP(Digital Signal Processor) based triangular carrier
frequency modulated RPWM inverter drive system. The
power spectrum of the noise emitted from the induction
motor was measured in the anechoic chamber. The
analysis of the sources for the acoustic noise and the
effects of the noise reduction are confirmed by the
measured spectra of the noise. Real-time RPWM along
with the speed control was achieved by high speed DSP.
By changing the center frequency and the bandwidth of
the carrier, the proposed real-time RPWM scheme can be
used as an efficient switching frequency band acoustic
noise reduction method for the inverter drive system with
variant load conditions.
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Fig.1 Carrier modulated switching patterns (a) fixed
switching freguency (b) random switching frequency

ad2elE TdlelA vERd 2 PWME e dig
# 2¥ELEE Bolm itk ad2ae dvId
FR4z FRNAS W 2944 98 nzgst
oy Fosded I e dHE woln, 19
ApE AP FA5EE 2E 2970 kel nzst
He diedo] 2aso] de 4HE Boln Yk
oéu}xqo] PWM 9B E 9 2/ 29434 14 A9
A FAr A7 g 29% Fuse] P |
AFste FogFoio] ojakA e} A nzst JEo] v
Sk 3y g Fseot ok @121 Fup5rt E A8
PWM 29138 @ia Xd%h A%, 28 5o 29
98 B @ sk IR ¥ AT 54 o
) Fak ool B Sad 1&4 e 4 Hlm

e
ot

:
.ﬂ
N
r
B g
R0
oXx
e
O
)‘
Ot
m
&i
O
ﬂ.
).
ofN
)
_O,L
)

¥o| Ayt zZadd EML J1AZE € &% A
37} o

maglaB}

(a)

JAN

! sw 2t sw

trequency [Hz]

Deterministio(Fixed frequency) PWM

mag(de}

(b)

tosw 2t aw
trequency [Hz)

Aandom({Variable trequency) PWM

:1 12 2% m‘ }AI_J II}‘D_J )\ElEaD“

(a) DB =M= (H)HEFoE

Fig.2 Power spectrum of each PWM schemes
(a)fixed frequency (b)random frequency.

2 AFdNE 473 Aieel Wzd 9% RPWME
% Aojsh o FgHeE £ £ AL, ¥
xas) Wa FEH22 B kel Wz Gt
dAAez WAE £ UNE HAL. WL PEE
9 2Eds) nE $AS 98 48 grut: @Y
940) o AGA. 8 §oE 4 Adsrel RPWM

gy A 4% 2 289 AAA 5y AAs
29 AT ¥ 3% UAA gowa 2907 Fi
g We Bue WY 4 Aee 4@ 9
SO

WY §4E AEse RPWME $49% 25 44
Hr 294 FdsE o AHeR 5 MHZAERA )
of RE Fu4 999 sdego]l nF dee £ A
@, @4 998 AW 018HE HHE BEA
294 2xe) 298 Fhsrds A% Atk webd
day B FAL 293 239 FRs FAT 2
shel Azt dd Fohpe Auiget Aage A4
o e}

4

P

0

3. MH Al2”e A

3.1 AlAT 7Y

2Y3oE Aelel MR RPWME Faa7] A% 22
o W[5-61¢ HERIT Utk ATE WSS wo]z
AAE ezels B9 Holdel 93t FANT 9
o @e e AWSE ROMl A%l Bk ROM 2
ge Azolel ANEE a7 Aa D/A M8AE A
gdY. o $Ue s=do U, AF TS 24Tl
a7 gom AYlE AR xo2 F4E AL
}L e gRsncel 2y oY A ded

of FAZ wvigtel RPWMS #a% A7 oldrhe
2450 Utk =¥ ROMY| A%a dlolge) &7 o)
Bl 23 AYS Sl FAE7} 1TH A4 34
~9%9 FR5E KkHZ Agstd 1 ARE Y 24
goma, 4ol AW Fohs W] Fo @ w2
o vk

W o u

- 151 -



Addilion lo conventional modulator

- =

Triangle
Generator

Average  geference &é
Slope

83 ZH2 AT M2l BixgtA P 2 BIE
Fig.3 Conventional triangutar carrier modulated RPWM
inverter system.
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Fig.4 Configuration of the proposed triangutar carrier
modulated RPWM inverter system.

85 DSPOIBIS] RPN QIHHE RBA X AR
Fig.5 Photograph of DSP based RPWM inverter drives.
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Table 1 Parameters of experimental system

TMS320C31-60MHz

PMC20U060 - 600V/20A
Carrier Modulated PWM /
RPPWM(3KHz- 9KHz)

MWPWM-TV

MAXO038
Three phase squirrel cage
Induction Motor
Rating : Zhp 200V/60Hz
Stator resistance : 3.35 ohm
Rotor resistance : 1.99 ohm
Inductance : 163.73mH
Leakage inductance : 6.94mH
Tnertia_factor : 0.1kgm’
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Fig.6 System photograph for measuring audible switching
noise of motor in anechoic chamber
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Fig.8 Power spectrum of motor voltage in case of
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Fig.2 Waveform of motor current in case of
triangular carrier PMM
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Fig. 10 Waveform of motor current in case of space
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Fig.11 Power spectrum of motor current in case of
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Fig.12 Power spectrum of motor current in case of
space vector PYM
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(a)5k% deterministic carrier PAM

(b)BKZ deterministic carrier PAM

(c)10Ke deterministic carrier PHM
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Fig.13 Power spectrum of acoustic noise in
deterministic carrier PM  (Y-axis:10dB/div., X-axis:
2KHz/div. )
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Fig.14 Power spectrum of acoustic noise in case of
triangutar carrrier RPWM  (Y-axis:10dB/div., X-axis:
2kHz/div.}
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(a)5k deterministic Space Vector PWM
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{b)5kt space vector random PWM
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Fig.15 Power spectrum of acoustic noise in case of
space vector PWM
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Table 2. Sound Pressure Level with Var,ing Bandwidth of
The Carrier Freguency
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7~ 9 [kk) 11 [dB] 25 [dB]

6~10 [itk) 10 [dB] 0 [dB]

4~12 [Ke) 75 [dB] -2 [dB]

2~14 [] 75 [dB] -3 [dB]
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