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Development of motor control system

as sound device

Takaaki TAKEKOSHI

Abstract

Electric motors are widely used in many home electric system that
produce actuating task such as home appliance vacuum cleaner. The main
problems for vacuum cleaner is large noise when at high-speed rotation.
Therefore many researchers and companies are developed new technology
for suppressing motor noise. Generally speaking, it is very difficult to
suppress noise, since the motor noise is generated by various factors. In this
paper, we focus on characteristics of human perception from ears. Instead
of suppress motor noise, we control motor noise spectrum according to
human perception. To control motor noise spectrum, motor control driver
that may control motor rotational speed and motor noise spectrum
independently is necessary. In order to confirm the basic idea of proposed
motor control driver, we develop basic prototype and validate simple

experiments.
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Fig.1 Example of sound pressure by motor(a)
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Fig.2 Example of sound pressure by motor(b)
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Fig.3 Example of sound pressure by motor(c)
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Fig.4 Block diagram of proposed motor control system

F i, AREEEE A E AR ORE ST X2 FH T 5 2 & T, @mEABE S DRI
STE—ZOEIRERE SR L ZLNARETHLLEEZDLND. NMIOE—ZD LD IT,
IKEEEREROE S OH TR AIEERE— X bIHET 5. TOHAITE, SEEESZ

HIET 22 & DORT, HERHEE, MOBEEZHELZWEEZ TN,

11



3.3 METHIVRATLIZEWNT, RELBSIBER

KUAT LOFYM - EHAMEZEZEZ T REICBNT, BEISNAMESEZ U TICHT 5.

D ANEEORAEKE, BETIEEDORAKKOEL

(P2) ANEEDORABEHEDOEIT LD, T—F RO

K AT AOBFIZ YT 5T, Vb2 SIZONWTHFELTW LERS S, AT

THEORBESE I L, AL RT AOESERT -0 OEREIToT-. 0 ERAEE

ERFEIZBWTORT.

12



F4E RBHER RUEE

4.1 ANESORRRICLSE—2BETORRYE

4.1.1 HREREHE

£, BETDHVAT AOEEE R

B 52 E—ZIZ AT LTEBRIS, AT 5T O AT~ ER AT 7.

Ty varYaR =280, EEOREEROBEE e RESYE, T—F FTA
NENLTENEE—ZIZANL, E—Z00RELIERE ORI 21T . FERICHW:

125 D15 % Table 1 |Z77.

Table 1 Signal specifications for experiments

Frequency band[Hz] 500 ~ 10000
Duty cycle[%] 50.00
Voltage[V] 12.00
Current[A] 0.25
Type Square
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Fig.6 Motor used for experiments

Table 2 Motor specification

Rating
Part number Gear ratio Output Torque Current Speéd
\\ N'm [ kgf-cm mA r/min
RDO-37KE50G9A 9 7.4 0.17 1.8 1.5 400
No load Starting torque
Current| Speed Torque Current
mA 1/min N'm | kgf*cm A
0.34 477 1.1 12 7.2
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Fig.7 Motor driver used for experiments

Table 3 Motor driver specification

Parameter Min Typ Max Unit
Operating supply voltage 5.5 36 \Y
Supply current(on) 15 mA
Supply current(off) 40 wA
Output current 30 A
Reverse output current -30 A
Case operating temperature -40 150 ‘C
PWM frequency 0 10000 Hz
Turn-on delay time 100 300 s
Turn-off delay time 85 255 s
Output voltage rise time 1.5 3 s
Output voltage fall time 2 5 s
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Table 4 Signal specifications for experiments

Frequency band[Hz] 500 ~ 16000
Voltage[V] 12.01
Current[A] 1.32

Type Square
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AT I TERAE D FRAT
4.1

datal=wavread (' C:¥Documents
data2=wavread (' C:¥Documents
data3=wavread (' C:¥Documents
datad=wavread (' C:¥Documents
datab=wavread (' C:¥Documents
data6=wavread (' C:¥Documents
data7=wavread (' C:¥Documents
data8=wavread (' C:¥Documents

data9=wavread (' C:¥Documents

8%

c FRICHAWET 0 7T A E L FIOORT

and
and
and
and
and
and
and
and

and

Settings¥takaaki¥My
Settings¥takaaki¥My
Settings¥takaaki¥My
Settings¥takaaki¥My
Settings¥takaaki¥My
Settings¥takaaki¥My
Settings¥takaaki¥My
Settings¥takaaki¥My
Settings¥takaaki¥My

Documents¥Pulsecount¥500. wav’) ;
Documents¥Pulsecount¥1000. wav’) ;
Documents¥Pulsecount2¥1500. wav’ ) ;
Documents¥Pulsecount2¥2000. wav’ ) ;
Documents¥Pulsecount2¥2500. wav’ ) ;
Documents¥Pulsecount2¥3000. wav’ ) ;
Documents¥Pulsecount2¥3500. wav’ ) ;
Documents¥Pulsecount¥4000. wav’) ;
Documents¥Pulsecount2¥4500. wav’ ) ;

datal0=wavread (' C:¥Documents and Settings¥takaaki¥My Documents¥Pulsecount2¥5000. wav’ ) ;
datall=wavread (' C:¥Documents and Settings¥takaaki¥My Documents¥Pulsecount2¥5500. wav’ ) ;
datal2=wavread (' C:¥Documents and Settings¥takaaki¥My Documents¥Pulsecount2¥6000. wav’) ;
datal3=wavread (' C:¥Documents and Settings¥takaaki¥My Documents¥Pulsecount2¥6500. wav’ ) ;
datal4=wavread (' C:¥Documents and Settings¥takaaki¥My Documents¥Pulsecount2¥7000. wav’) ;
datalb=wavread (' C:¥Documents and Settings¥takaaki¥My Documents¥Pulsecount2¥7500. wav’) ;
datal6=wavread (' C:¥Documents and Settings¥takaaki¥My Documents¥Pulsecount2¥8000. wav’) ;
datal7=wavread (' C:¥Documents and Settings¥takaaki¥My Documents¥Pulsecount2¥8500. wav’) ;
datal8=wavread (' C:¥Documents and Settings¥takaaki¥My Documents¥Pulsecount2¥9000. wav’ ) ;
datal9=wavread (' C:¥Documents and Settings¥takaaki¥My Documents¥Pulsecount2¥9500. wav’ ) ;

data20=wavread (' C:¥Documents and Settings¥takaaki¥My

Documents¥Pulsecount2¥10000. wav' ) ;

dt=0.01;t=0:dt: 441, f=t/dt;

fdatal=fft (datal (1:44100)) ; fdata2=fft (data2 (1:44100)) ; fdata3=fft (data3 (1:44100)) ;
fdata4=Ffft (datad (1:44100)) ; fdatab=fft (datab (1:44100)) ; fdatab=fft (data6 (1:44100)) ;
fdata7=fft (data7(1:44100)) ; fdata8=fft (data8(1:44100)) ;

fdata9=Ffft (datad (1:44100)) ; fdatal0=Fft (datal0(1:44100)) ;

fdatal1=fft (datal1(1:44100)) ; fdatal2=fft (data12(1:44100)) ;

fdata13=fft (data13(1:44100)) ; fdatal4=fft (datal4 (1:44100)) ;

fdata15=fft (data15(1:44100)) ; fdatal6=fft (data16 (1:44100)) ;
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fdatal7=fft (datal7(1:44100)) ;fdata18=fft (datal8(1:44100)) ;

fdata19=fft (data19(1:44100)) ; fdata20=fft (data20 (1:44100)) ;

fdata=[fdatal;fdata2; fdata3; fdata4;fdatab; fdata6;fdata7;fdata8; fdatad;fdatal0;fdatall
;fdatal2;fdatal3;fdatal4; fdata15;fdatal16;fdatal7;fdatal8; fdatal9; fdata20];

surf (f (100:8000), 500:500: 10000, log10 (abs (fdata(:, 100:8000)) /length (fdatal) *2) *20) ;
shading interp

xlabel (" Output frequency [Hz] ) ;ylabel (" Input frequency [Hz] ) ;zlabel (' Output intencity
[dB]"):

4.2 ,4.3

long pulse=0;
double setdata, double ddata;
int idata, jdata, pdata;
long mil=1000000;
int fdata=500;
int time=0;
int ppdata, pudata;
void main(void) {
SW_PORT=SW_A | SW_B;
Timer16_1 Enablelnt () ;Timer16_1 Start();
PWM16_1_Start () ;LCD_1_Start () ;PGA_1_Start (PGA_1_MEDPOWER) ;
M8C_EnableGInt;
ADCINCVR_1_Start (ADCINCVR_1_HIGHPOWER) ;
ADCINCVR_1_SetResolution(10) ;
ADCINCVR_1_GetSamples (0) ;
pdata=mil/fdata;
ppdata=pdata-1; PWM16_1_WritePeriod(ppdata) ;
pudata=pdata/2-1;
PWM16_1_WritePulseWidth (pudata) ;
for (53) {
while (ADCINCVR _1_fTIsDataAvailable() == 0);
idata = ADCINCVR_1_iGetData() ;
ADCINCVR_1_ClearFlag()
if (jdatal=idata) {
setdata=(double) idata/(double) 1023* (double) ppdata;
PWM16_1 WritePulseWidth((int)setdata) ;
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ddata=(double) setdata/ (double) pdata* (double) 100;
jdata=idata;}}
while (1) {
while (SW_PORT & SW_A) {}
if (SW_PORT & SW_B) {pulse++;}
else{pulse—;}
while (! (SW_PORT & SW_A)) {}}}
#ipragma interrupt_handler Timer16_1_ISR
unsigned int count=50000;
void Timerl16_1_TISR(void) {
char timer[8], shdata[16], vdata[16], pulsedata[16], cdatal[16], dudata[16];
count++;
if (count>=20000) {
LCD_1_Position(0, 0) ;itoa (timer, time, 10) ;LCD_1_PrString (timer) ;LCD_1_PrCS
tring (” ”);
LCD_1_Position(0, 4) ;itoa(shdata, (int)setdata, 10) ;LCD_1_PrString(shdata) ;
LCD_1_PrCString (7 OF
LCD_1_Position(0, 11) ;itoa(vdata, idata, 10) ;LCD_1_PrString(vdata) ;LCD_1_Pr
CString (¥ ”);
LCD_1_Position(l, 0) ;itoa(pulsedata, pulse, 10) ;LCD_1_PrString(pulsedata) ;
LCD_1_PrCString (7 OF
LCD_1_Position(l, 6) ;itoa(cdata, fdata, 10) ;LCD_1_PrString(cdata) ;LCD_1_PrC
String (" )
LCD_1_Position(l, 12) ;itoa(dudata, (int)ddata, 10) ;LCD_1_PrString(dudata) ;
LCD_1_PrCString (7 OF
Time++; count=0;pulse=0;

1

4.4

int idata, jdata;

long mil=1000000;

int fdata=16000;

int pdata, ppdata, pudata;
double setdata, ddata;
unsigned long lcount=0;

int time=1;
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char shdata[16], vdata[16], cdata[16], dudata[16];
int rtable[16]={0,-1,+1,0,+1,0,0,-1,-1,0,0, +1,0,+1, -1, 0} ;
void main(void) {
int SWA, SWB, pSWA, pSWB;
PRTODR = SW_A | SW_B;
PGA_1_Start (PGA_1_MEDPOWER) ;
ADCINCVR_1_Start (ADCINCVR_1_HIGHPOWER) ;
ADCINCVR_1_SetResolution(10);
ADCINCVR_1_GetSamples (0) ;
pdata = mil/fdata;
ppdata = pdata — 1;PWM16_1_WritePeriod(ppdata);
pudata=pdata / 2 — 1;PWM16_1_WritePulseWidth (pudata);
PWM16_2_WritePeriod (625—-1) ;PWM16_2_WritePulseWidth(312) ;
PWM16_2_Start () ;
UART_1 CmdReset () ;
UART_1_IntCnt1 (UART_1_ENABLE_RX_INT) ;
UART_1_Start (UART_1_PARITY_NONE) ;
M8C_EnableGInt;
UART_1_CPutString ("Freq VResi PWidth D”);
UART_1_CPutString ("¥r¥n”) ;
Counter32_1_WritePeriod(2147483646) ;
Counter32_1_WriteCompareValue (2147483645) ;
Counter32_1_Start();
for (535) {
if (ADCINCVR_1_fTIsDataAvailable() != 0) {
idata = ADCINCVR_1_iGetData();
ADCINCVR_1_ClearFlag() ;
if(jdata != idata) {
setdata = (double)idata *(double)ppdata / (double)1023;
PWM16_1_WritePulseWidth((int)setdata);
(double) setdata * (double)1000 / (double)pdata;

ddata

idata;

jdata
H
CurrentPORT=PRTODR;
SWA = 0;if (CurrentPORT & 0x02) SWA = 1; SWB =
0;if (CurrentPORT & 0x04) SWB = 1;

41



pulse += rtable[ (pSWA <<3) | (SWA << 2) | (pSWB << 1) | (pSWB)];
pSWA = SWA;pSWB = SWB;
if (lcount <= (long)2099483645) {
Counter32_1_Stop () ;
itoa (shdata, (int) setdata, 10) ;itoa(vdata, idata, 10) ;itoa(cdata, fdata, 10) ;i
toa (dudata, (int)ddata, 10) ;
UART_1_CPutString ("Freq ”) ;UART_1_PutString(cdata);
UART_1_CPutString(” VR ”) ;UART_1_PutString (vdata) ;
UART_1_CPutString(” PWidth ”) ;UART_1_PutString(shdata);
UART_1_CPutString(” D ”) ;UART_1_PutString(dudata) ;
UART_1_CPutString ("¥r¥n”) ;
timet++;
Counter32_1 WritePeriod(2147483646) ;Counter32_1 Start();
b

4.5
int idata, jdata;
long mil=1000000;
int fdata=16000;
int pdata, ppdata, pudata;
double setdata, ddata;
unsigned int count=0;
double aaa=0;
void main (void) {
PWM16_1_Start () ;
PGA_1_Start (PGA_1_MEDPOWER) ;
ADCINCVR_1_Start (ADCINCVR_1_HIGHPOWER) ;
ADCINCVR_1_SetResolution(10) ;
ADCINCVR_1_GetSamples (0) ;
pdata = mil/fdata;
ppdata = pdata — 1;PWM16_1_WritePeriod (ppdata) ;
pudata=pdata / 2 — 1;PWM16_1_WritePulseWidth (pudata);
PWM16_2_WritePeriod(625-1) ;PWM16_2_WritePulseWidth(312);
PWM16_2_Start () ;
UART_1_CmdReset () ;
UART_1_IntCnt1 (UART_1_ENABLE_RX_INT) ;

42



UART_1_Start (UART_1_PARITY_NONE) ;
M8C_EnableGInt;
UART_1_CPutString ("Freq VResi PWidth D”);
UART_1_CPutString ("¥r¥n”) ;
for (53) {
if (ADCINCVR_1_fIsDataAvailable() != 0) {
idata = ADCINCVR_1_iGetData();
ADCINCVR_1_ClearFlag();
if(jdata != idata) {
(double) 16000 * ((double)idata / (double)1023);
mil / fdata;

fdata

pdata
ppdata = pdata — 1;
PWM16_1_WritePeriod(ppdata) ;
aaa = fdata / 1000;
ddata = —0. 255757 * pow(aaa, 2) + 5. 766842763 * aaa + 22. 08810483871;
setdata = ddata * pdata / 100;
PWM16_1 WritePulseWidth((int)setdata);
jdata = idata;
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