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Abstract—In electric drive systems common mod voltage 

(CMV) is known as voltage between power line and ground.

CMV causes negative effects on both electric engine and its

driver whereas switching operation occurs in power devices. In

addition switching frequency and its multiples in CMV cause

electromagnetic and aqustic noises. In this paper a novel Fixed-

Frequency chaotic switched sinusoidal pulse width modulation

(FFCS-SPWM) is proposed. The cruial point in proposed FFCS-

SPWM method is to obtained a new carrier wave by summation

of carrier wave and its inverse form. In FFCS-SPWM method

extra switching loses were reduced due to constant switching

frequency. This method also applied to permanent magnet

synchronous motor (PMSM) vector control system. The

reduction of electromagnetic interference (EMI), aqustic noises

and dv/dt stress effects that occur in CMV is simulated by

proposed method. Moreover SPWM combined with chaotic-

frequency chaotic switched (CFCS) is proposed to reduce the

differential mode voltage (DMV) which occurs due to voltage

between lines. Finally in this method switching frequency change

chaotically and also in this paper it shown that, CFCS-SPWM

provides to reduce EMI, aqustic noises which are caused by

CMV and DMV.

Index Terms— Common Mod Voltage, Chaotic swiching, 

Elektromagnetic interference (EMI), Acoustic noise 

I. INTRODUCTION

MV AND DMV have some bad effects on PWM voltage

based inverter. DMV can damage engine windings or

reduce engine life under condition of immediately change 

occurs in high frequency inverter voltage. On the other hand 

chance occurs in CMV, causes leakage current between engine 

shaft and ground due to immediately change in CMV that 

provide electrostatic coupling between stator and rotor. These 

leakage currents that have high amplitude damages grounding 

system and causes EMI in transmission line. In addition 

coupling effect and leakage current that is in engine bearing 

cause physical disruption in motor bearing. The immediately 
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change occurs due to switching frequency of inverter. 

Therefore voltage causes harmonics that create EMI and 

acoustic noises in switching frequency and its multiples [1-9]. 

The harmonics that are in the interval of (9-150) KHz known 

as EMI, whereas (6-20) KHz called as audible acoustic noise. 

Especially the harmonics between 6-12 KHz create noises that 

disturb ears. The solution for mentioned problem is not 

increasing switching frequency because it causes loses [8-14].  

Switching of power devices causes to change in voltage and 

current in a short time that creates EMI. The establishments 

related with electromagnetic compatibility (EMC) specify 

some limitation about EMI. An electrical equipment or 

devices must have certificate of conformity which provided by 

these establishments [15-17].  

To avoid the bad effects of CMV and DMV several methods 

were improved such as increasing switching frequency, 

suitable filter design. Filter design can be solution for 

harmonics, however it has drawback in terms of cost, volume 

and weight [15]. 

To reduce the harmonics amplitude of CMV and DMV 

spreading of amplitude in an interval which known as 

modulation technics [15-25] are used to avoid the negative 

effects of CMV, DMV and acoustic noises[16-17]. These 

modulation technics known as random and chaotic 

modulation. 

Moreover in lower switching frequency case especially 

engine/motor with a low leakage inductance has high current 

harmonic components that causes vibration, noise and loses 

[21]. 

There are various paper reduction of EMI and acoustic 

noise with modulation method in AC drive systems [9-14]. 

Random modulation methods are improved to suppress EMI 

[18-24,29]. Due to spreading harmonic in these methods. They 

provide reduction in acoustic noises and mechanical vibration.  

Random PWM can be realized as method such as random 

frequency switching, random pulse position technic and 

random switching [18].  On the other hand SPWM and space 

vector (SV) modulation can be employed to realize random 

modulation. There some paper about reduction of EMI and 

acoustic noise by using random PWM technics [23-24,30].  

Another problem appears in electrical driver is noises 

occurs during motor operation. These acoustic noises are 

caused by magnetic, mechanical, aerodynamics or electronic 

effects [10]. 

The noises based on electronic effects appears due to 

switching frequency in power converters. In Inverter based 

AC driver switching frequency causes to undesirable problems 

such as switching loses vibration, momentum ripple and EMI. 

Acoustic noises especially below 20 KHz are disturbing for 
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ears. Random or chaotic PWM modulation is usually applied 

to induction motor. However for PMSM driver researches are 

limited. On the other hand the papers focused on chaotic 

modulation that, is applied to PMSM driver, are rare [10-

14,23,31]. 

PSMS becomes to compete with induction motor in terms of 

volume, efficiency and lifetime coast. Recently they become 

popular in air and sea transport [32]. Especially in surface 

mounted PMSM motor has a lower phase inductance than 

induction motors. Therefore, PMSM affects EMI more than 

induction motor [30].  

Inspire the chaotic modulation methods improved from 

random modulation methods. Chaotic signal can be obtained 

and applied easier than random signal because random signals 

are obtained from different circuits by help of algorithm [24]. 

There are some methods about chaotic modulation in 

literature. These are known as chaotic pulse position PWM, 

hybrid chaotic SPWM and SV-PWM [15-17,29]. The chaotic 

methods are applied to induction motor driver and obtained 

reduction in EMI, acoustic noises and mechanical vibration by 

Zheng [16-17]. 

In this paper for PMSM vector controlled driver a novel 

constant frequency chaotic switched FFCS-SPWM method 

and chaotic frequency chaotic switched CFCS-SPWM 

methods is proposed.  In this method it is shown that with the 

advantage of constant switching frequency EMI and acoustic 

noises due to CMV are reduced.  

Although this method is successful to reduce CMV negative 

effects, it is not successful to reduce DMV based noise. 

Therefore CFCS- SPWM method is improved to show 

reduction of noises that are based on DMV. The effects of 

method is shown by using power density comparison of CMV 

and DMV. 

In this study, conventional SPWM, chaotic switching 

frequency PWM (CSPWM), random switching frequency 

SPWM (RSPWM), FFCS-SPWM, CFCS- SPWM, fixed-

frequency random Switched (FFRS) SPWM and random-

frequency random switched (RFRS) SPWM were compared. 

In literature, generally random bits are obtained by shift 

registers in random switching methods. This proposal method 

only one D type flip-flop is used to obtain random bits. The 

feature of the method is reduced the complexity of the method 

and unnecessary elements requirement. Furthermore first time 

in this paper the bits that are obtained by D type flip flop is 

used for inverter modulation. 

II. EFFECTS OF CMV AND DMV ON DRIVER SYSTEMS  

CMV is the potential difference between the midpoint of 

DC inverter’s bus and star point of load. This value is 

dependent to inverter output voltage. The output voltage of 

inverter is formed by pulse which its average value is 

sinusoidal wave. The frequencies that except basic frequency 

is known as harmonic and these frequencies causes 

undesirable effects on motor. Especially due to sudden sharp 

rising and falling in voltage high frequency harmonics occurs 

in switching operation. This harmonic also causes to damage 

seriously both on motor and driver circuit. In lower switching 

frequency motors whose leakage inductances are small and its 

harmonics in current are high cause vibration, noise and loses. 

Therefore switching frequency increases in range of switching 

loses are allowed. In KW power applications switching 

frequency is selected interval between 3-25 KHz[21]. 
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Fig. 1. Effects of CMV and DMV on AC drivers system 

 

Using figure 1 CMV and DMV can be computed from 

equation (1-2) 

3/)( 0000 cbanCM VVVVV                      (1) 

),,,(,00 cbajiVVV jiDM                                         (2) 

III. PROPOSED CHAOTIC MODULATION METHODS  

A. Chaotic Switching Frequency   

In most of chaotic modulation methods it is need a chaotic 

switching frequency or a carrier triangle wave whose period is 

changed chaotically in specific interval. To make frequency 

chaotic in equation (4) chaotic map variable is used [15-16, 

24]. 

In literature and also in this paper to make a frequency chaotic 

logic map is used. In these maps depends of parameters 

system behaves periodic or in some case it behaves as chaotic. 

The logic map that is given in equation (3) behaves as chaotic 

in case A changes in interval of (3, 57-4). 

In this paper A is taken as 3,9 

 nnn XAXX  11                                    (3) 

 tffXff mn 2sin0                                      (4) 

f is real switching frequency 0f  is fixed switching 

frequency f  the amount of change in frequency, 

mf frequency of modulation. nX  is chaotic map variable 

B. Chaotic Bit 

Chaotic bits can be obtained from a chaotic map or an 

oscillator. Chaotic maps can be in one or two dimension. The 

variable of one dimension maps is a sign that varies in the 

interval of [0-1]. It varies interval of [(-1)-(1)] in two 

dimension maps. The chaotic bits in sampling period can be 

obtain in case where chaotic map variables match with a 

reference value or two obtained signal as a chaotic map 

performs in two different star point. 

C. Carrier Wave with Chaotic Period 

The switching frequency is same as frequency of carrier 

triangle wave. Therefore the frequency of carrier triangle wave 
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can be changed chaotically as switching frequency changes 

chaotically. The carrier triangle wave can be obtained in 

different ways. For example in each 0.25 period of wave an 

equation constructs and then they can be combined to obtain 

triangle wave equation or identify method can be employed. 

Equation (6,18) can be employed to obtain triangle wave. In 

this paper carrier wave is obtained from equation (4). Equation 

(5) and (6) is also used to obtain carrier wave [16]. 
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

                                       (5) 
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D. FFCS-SPWM Method 

The aim of to improve a novel constant switching frequency 

method it is easy to used in application. In FFCS-SPWM a 

carrier wave that has a constant switching frequency and its 

negative (reverse/inverse) form and with help of 2x1 

multiplexer it is matched with reference wave. Selected 

control signal is obtained from random bit generator. The 

output wave is carrier wave as random bit generator output is 

1 otherwise it is reverse form of carrier wave. Thus a new 

carrier wave is obtained by help of random switching 

frequency. By comparing this new carrier wave with the 

reference wave, the inverter control signal (PWM) is obtained. 

In this method, chaotic bits obtained with the help of 

logistic maps are obtained. Then these chaotic bits are 

transformed into random bits at the carrier wave frequency 

with the help of D-type flip flops. This method is illustrated in 

fig 2. 

 
Fig. 2. The principal scheme of FFCS- SPWM method 

E. CFCS-SPWM Method 

In this method a new method is formed from carrier wave 

frequency which is made chaotic. In this method switching 

frequency change chaotically. It means carrier wave period 

change chaotically. In DSP applications, it is difficult to apply 

CFCS-SPWM because its frequency changes chaotically [24]. 

However, it can be applied as open and closed loop to DSP 

and FPGA applications where the switching frequency is 

variable. The principal CFCS-SPWM method scheme is given 

in fig. 3 

 
Fig. 3. The principal scheme of CFCS-SPWM method  

IV. SIMULATION RESULTS  

The simulations were done by matlab-simulink. In this 

research simulation were done for c conventional SPWM, 

CSPWM (logistic map), FFCF-SPWM (logistic map), FFRS-

SPWM (random signal,) CFCS-SPWM (logistic map) and 

RFRS-SPWM (random signal). For power spectrum matlab 

periodogram was used. 

In simulation it is compared the effect of proposal method 

for CMV and DMV in view of reduction of EMI and acoustic 

noises. For EMI the power spectral density of VCM and VDM 

was investigate. 

The result obtained from PSD is in the acceptable range (9-

150) KHz. It is allowed in country by VDE[16-17]. 

Acoustic noise can be analysed in the frequency that is 

below 20 KHz. However interval of (6-12) KHz in power 

spectrum that disturbs ears can informed clearly for acoustic 

noise [16-17]. In addition the negative effects of harmonics 

that occurs in CMV are analysed in interval of (0-25) KHz 

which the negative effect of harmonic is reduced.  In 

simulation used motor has 5N.m loaded and 63 Rad/s 

reference velocity and for each method CMV and DMV power 

spectral density is obtained. 

All discussion is made for EMI between intervals of 9-150 

kHz over max PSD value. The amplitude of harmonic is 

indicated the amplitude of EMI. 

In figure 4 the CMV power spectrum is obtained and the 

result shows that it is 19 dB/Hz for SPWM,  0 dB/Hz for 

CSPWM  , 0 dB/Hz for FFCS-SPWM,  2 dB/Hz for  FFRS-

SPWM, -5 dB/Hz for CFCS-SPWM,  -1  dB/Hz for RFRS-

SPWM. Moreover form VDM result that are given in fig.5. ıt 

is 18 dB/Hz for SPWM, 9 dB/Hz for CSPWM, 17 dB/Hz for 

FFCS-SPWM, 17 dB/Hz FFRS-SPWM, 5 dB/Hz for CFCS-

SPWM, 8 dB/Hz for RFRS-SPWM. These values of the 

methods are given in Table II. 

The CMV analyses show that the performance of FFCS-

SPWM is better than the performance of conventional fixed 

frequency SPWM and FFRS-SPWM. However for all 

methods CFCS-SPWM shows the best performance. The 

result shows proposal methods are successful in reduction 

EMI. 

Furthermore for acoustic noise the interval of (0-12) KHz 

was analyzed in figure 4. For that interval of (0-12) KHz 

CMV is   39 dB/Hz for SPWM, 19 dB/Hz for   CSPWM, 13 

dB/Hz for FFCS-SPWM, 12 dB/Hz for FFRA-SPWM, 10 

dB/Hz for CFCS-SPWM, 12 dB/Hz for RFRS-SPWM. The 

result of VDM in figure 5. It is 18 dB/Hz for SPWM, 10 

dB/Hz for CSPWM,   17 dB/Hz for FFCS-SPWM, 17 dB/Hz 
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for FFRS-SPWM,    5 dB/Hz for CFCS-SPWM, 7 dB/Hz for 

RFRS-SPWM. These values of the methods are given in Table 

II. 

 
a) 

 
b) 

 
c) 

 
d) 

 
e) 

 
f) 

Fig. 4. Power Spectral Density for Vcm (CMV) a) SPWM b) CSPWM 

(logistic map) c) FFCS-SPWM (logistic map) d) FFRS-SPWM (random 

signal) e) CFCS-SPWM (logistic map) f) RFRS-SPWM (random signal) 

 

 

 

 

 
a) 

 
b) 

 
c) 

 
d) 

 
e) 

 
f) 

Fig. 5. Power Spectral Density for Vdm (DMV) a) SPWM b) 

CSPWM(logistic map) c) FFCS-SPWM (logistic map) d) FFRS-

SPWM(random signal) e) CFCS-SPWM (logistic map) f) RFRS-SPWM 

(random signal) 
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The result show the proposal methods are successful in 

reduction acoustic noise and the best result is obtained in 

CFCS-SPWM method.  

Finally the proposal methods are succesful enough for CMV 

which is know resans of harmonics that spreads to reduce their 

amplitude by the proposal methods. 

 
TABLE I. 

MOTOR PARAMETERS 

Rs 0.41 Ω J 0.0222 Kgm2 

Ld 6.8 mH B 0 Nms/rad 

Lq 6.8 mH UN 220 V 

P 2 KT 0.653 Nm/A 

 
TABLE II 

EMI AND ACOUSTIC NOISE OF METHODS 

             

          METHODS 

Common Mod 

Voltage (Vcm) 

 

(PSD) 

Differential 

Mode Voltage 

(Vdm) 

(PSD) 

EMI 

(dB/Hz) 

Acoustic 

noise 

(dB/Hz) 
EMI 

(dB/Hz
) 

Acoust

ic 

noise 
(dB/Hz

) 

Fixed 

Frequ

ency 

SPWM 19 39 18 18 

CSPWM 0 19 9 10 

FFCS-

SPWM 

0 13 17 17 

FFRS-

SPWM 

2 12 17 17 

Chaot

ic 

Frequ

ency 

CFCS-

SPWM 

-5 10 5 5 

RFRS-

SPWM 

-1 12 8 7 

 

V. CONCLUSIONS  

In this paper method are proposed to reduce EMI and acoustic 

noises that are based switching frequency. In addition the 

reduction of effect of harmonics that are CMV based were 

analysed. The comparison that is based fixed switching 

frequency methods over CMV results show that the proposed 

FFCS-SPWM method has closer result to FFRS SPWM, but it 

has better result than FFRS-SPWM. The CFCS-SPWM 

method is the best proposal method due to result of 

simulations. 

The result of chaotic and random method are closer. On 

the other hand the result of chaotic methods are better than the 

result of random methods. However the chaotic signal can be 

obtained more easier than random signal. These properties of 

chaotic method make them superior. In the chaotic method 

does not need filter due to reduce the effects of harmonics. 
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