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Switching Noise Reduction for Compressor using Random PWM
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Abstract
Recently, it is increased to adopt inverter system
to household electrical appliances, especially in ai
conditioner and refrigerator. Inverter system is
adopted for improving the efficiency. But Inverter
system makes acoustic noise caused by switching
frequency. In household -electrical it is
important to reduce acoustic noise. And in some
cases it is possible to magnify the acoustic noise
caused by switching, by system which may have
different transfer characteristic.
In this papaer, random PWM method was adopted
in inverter refrigerator using 8 bit microprocesso
We found useful PWM frequency and adoptation
method.

appliace,

1. A&

AT 7ML A7l AFA A A °1H1E1-‘§— 283
AEZo] Zrtsln Ut} o)F AFL FE o,
WAnSolw HZde Zule] FAAAN Aikslo) 7
Ez gk o3 UHEeQ AMFY Fo FHLS
A5 Aoe Fozx AFe FF ALS FUH A
713 =8 7)1E9 60Hze @Y Fupz FEATIE

On/Off 2o zE AT F+ g8 FIF (AR
o] A%, AxsdE Fo EHE ?é%— —’F =

NHE 3] PAT A" 4Y _
25317 a3 A FEo|oh :LE] a -'MHE AH]
HAHe g *‘*3%01]/‘\1 Fo ZAA BX ¢odH &

 WEAN Arse FAL AFE AFHE 34

g A El“ AAH7 HE EAMdelgt & £ Utk B
% L WAme AgEe I EY QoA Random
WMS Hesle o0 a3 Golr A s}

2-1. YZ1-E&

B EZ2 Compressor?)]
4

=N
=

WA S Compressord] 4592 Motor}t Motor

o] A4 93 &2el= ZIFE°lt}. Motor7t 35114
A HA Yl FI/AESEA A=
7178 AFa wpFo] LBt Ago] FAGTE T
A 288 A9 ZHEZE 53 Compressor Shel
o] wp7A Age] Hoj W24 $H7 E 450
A}, o]#F Compressord] AS9E Fag tigd
A BEW Fg 275[kHz] g9 &A%, a1
WEe) os 73 =W duElY 293 FaFdA
Ago] EAA "Hu} o8 F Fa gy 25
9] i¥ CompressorE TF&she FIge] ¢J3A
I a7} 2@+Ach Compressor Z&0. 2 & As)A|
HH e g%k ZFe] AL HsjA AAA A
t}, wEkd Z)AFe] wlEelvt WEH gk AFol
AR 3 olo] uls] PWMe] 28 2LS Hoixe=’
e 7+e z+A Ak 18y Compressor/t A&ECE
FAsE A 71AFHA ./}:Tj-r-a—% ZE4 A
T PWM Fg40) &3 282 AF9 =Z7ivt 24
£0)5A] o} AdFHoE 7ﬂ7~]7-ﬂ Ay, o)yt
Compressor7t WAz Z&o] 5HA W41 +3 &
7]91' Wao] ol Yo AR A5 ALt

B UEEo] H&odA FAdA Aok mEgA AL
i’]%‘i"ﬂ*ﬂ»l Aagste WADY 259 =42 2F
3= 8% Factor’} Bt}

..1_\:_1’

- 688 -



2-2. Random Number®] dHAf
Random PWM & $3 Random Number®] A3
< Linear Congruential Generator(LCG) & o]-&3}
Atk LCGx 7189 Computer SollA] AF&3hd wh
HEEA ALY Aol o3 T4 E Random =3}
9] BI G FrTeo] gEAL LCGE oA 9
Random Number® A}&£3%e] N2 F215 wE]

£ Zol7] 2 A& Random Numbers 24
3= Aol r|Rtte ¢4l Random NumberE 24
= el LCGE & LCGImaby0)E XA
Hoy AdE 3 2o Hdf o& F3
Yintl) = a* ¥ + b (mod m)

FtAG A= 8 Bit MicomS A-§317] wjEof
abm%e A$+Y o]l AME Zasit wakr B
=F9 XM= Niederreiter's LCG oA 2716 oju 9
%<& AME-3F= Random Number Generation W#-&
AL T Niederreiter's LCGE  AHEFF LCGE
LCG( 2716,47485,0,)9) A& 717t Random
Numberd] £23 542 Random Numberd] £3X
o} ¥k F7] oty AE§ LCG7F AHTA] Lojr
71 #48 Random Number2 F718 ZAE IF3
AEF Hglict

600

Random Number2| BT

=T B

2 ®  Random Numberd F7]= 163830
Random PWM$e #F Switching Frequencyﬂ
10[kHz)=hd ?‘7]& °F 163&7F ¥t} ol& 1[Hz]
ujgre] AFag M F83] F717t 7.—-_“4-31 ‘?—l%} Z
th xS 28 18 1Y o 3079 FagE B
g “H Z? Fag9 BE 3471 A %%"% & T
At} ©l= Random Numbero] &7} 1 2z =

ol s:ma AL vl @t

2-3. PWM F34 theef 44

Random PWM2 4% PWM Fuasz 758 7
% 3hite] PWM Fad AFEE 28498 244
AFeEZR &g ARdE 9EE ot gy
Random PWMel 7}21-‘1:— Fu BH7 HE T2

F9 1zn JES B P B gl ¥
3}7“ At AT HE EH’S*»] EA40 wat o}F

2 39 Adge] k% BL @Y 28 UEd &
= ok olE Mg U Fhs gdE 2e 54

o]l A T,z L3 =Hed shEd 7
o] F3lo] dojite HAko] RAFH £ F
Hof vrelulz] wf Fojch,

WA g Compressmr °—“‘,"‘T AL AG wfREA F

shel] w2t e S4E 2. ©ebAM Compressor
of Fago T2 28-S EF5d A5 B4 8l
= YA ALEsldor gl
60
< 50
o
= AQ — _
ol e e — S,
4
0t -
20 et : -
4000 5000 6000 7000 8000 9000 10000
PWM b4
—x% —v5]
A8 2 A FAL vs 232 T
2% 2= Compressors ¥4 33} FA4 PWM
gRbg v E A8 Y A2SS Jelle 2ol

8]

>
>
o % ol
ot

2 7[kHzloldte] 9% PWM Tt
AE g0l WE EAFTS & F
[kHz]O]'fS}L' a&9e Azld Aol
dolg@E o]otr]e]™, Random PWM
g5 PWM Fage] Wew 7[kHz] olito]
E ojok Jhri,

ALg 7Hgd PWM Fo4e H8E dAsted
FE 71€dot = T dhie] AAE AgE U
&7} Compressor= Sensorless® 15317 Wi 3
A9 HAE AEshsr 223 PWM On A7HE
gusfor = Aol oje] AL HIAAE FHI}
#A RPMeAe Duty HIE A3 Hi: PWM
Fups=e A PWM On Al7Fe] Sensorless Logicoll A
AXANZZ 1A 7Hed Aol HE=E PWM HiL
FHE Folofel gt

W]
e

S
=
P o
e

2 20 30 i £ )
rTr

- 689 -



2-4. Random PWM 4}

53R 2] 8 Bit MicomolAl= PWM %3
oAt Azt T Bume) ®mahs
3 vw PAL AYdste AL s g
7191 Clock 22 Count @7} 2A3Zke] =¥ Count
k= Clear §o24 FuUsts ghzo] itk o)aj3t

al=
=

3.0
O =
[=]
FAZ AL
Qs

Yol As PWMS 7718 6%7) 98iME Count
kel BEFe AYA 3 Folo} Bk BEghel A
43¢ Fste Fo19 Wil ohje Hustel

7] G4 vHte 5370 g kA Micomeoll A
Random PWM<S #8387 daMs Q=g Fapas
7t 2459 M2 Dutydtel Ak o gt} o2
Micomell A Al4+8 MY Random Numbers wHAl 3}
il, Random NumberZHE AN=Z2 Foldol =7]
2283 DutyE AlMsh=dl b 103[USEC] Ax A
kel A8 HAT waAy PWM & Z7lobg @hay s}
+ Interruptel A A44-g Sobd QA EES 7} A
Zh 7] Al 58 @I 9(kHz) olA4e] PWME
E7Fs s

2 =RdAME AM- 713 PWM Fa49 WY
£ #4sr] 98 Random PWM Al "“l-Routine%
Main Program Afole] Fo] PWMZFES<e] 7)o}
Duty On Timeg AT E gt} o Eg7’1] T

45 PWM & F7|nict PWM F342 #7338
AL olEl& 4 3lou Randorn PWME] A& A|zF
of 23] A% 7P——°1 PWM ZF3i47} Ag k= A
= #RAIZ = vk

3. System® T4

AC _I_ Inverter {
el=
Aa [FEFLOT | oem) \ ComP-
AE HE
Micom
OB 3 AlABle BEC

A2Ele] T2 a7 Lo Holm gtk AlAde

WF BHE AR/ AFTE DC ZdlA, AuH,
Compressor®] Compressors 2 2loli= BLDC R e

IAAY YAE AE
AER YA NF
3= Gate A5 E =931=

3] AF A BER, 94

Micome = FAje] =

A AR Micome CPUR  8Bit Core2 A &3}

2 9=0 =2 Wol Motors TE

!

, Motor7-zol AMg-HE 91X HZ3I=29 PWM

o i
—

W 37 FF Hardware® T3+ Micome 7]
o2 AT ¢ YxE g Toshiba®l 88CK48L
o] &3t Hth. Inverter®] R E2] A= Micomel 4]
o] FAARE FYtt B AT ALE-E Compressor
+ Recipro Type Compressor24] ZEE= BLDC 2
HE Adatich 293 Fo9 P9 8711kHz]
2 3gon o= Compressor?] FH4H 4£SEAH
<= FR33 T/ g H9E A

4 49 & u@

a3 49 a%} boll WAVE Compressor 53} Test
2] Ashrae 704 35[Hz]Z Compressor7} 3
¥ 78kHz]®] 13 FHEz PWME %49
2%9 FFT Data’} el ok 28l A
T 5 3xe] 293 Fog5 R AR Peak
7 EAA ol= AF 489 Peak’} EATL B
= Atk aEx Ze £%9 35HZ]IE AT u)
8711 [kHz]®] F3 d¥o)A Random PWME
e A3 Aol a9 49 ¢t dol zRA e
B JFAM B F RlI"] 8"'11[kHz] o) A
9] Peak7} EA3IA 231 =3 PWM Fab4: i) 9]
gl A7 20L& °a —’F Uk

it

41.2/42.5 dBA

A2l FFT

a 7.8lkHz] PWMA|2|

FP

At L e
=

[

0 6.5k 7.8k
b 7.8lkHzl PWMA|S| &

So| FFT

- 690 -



40.5/39.5 dBA

¢ 8711[kHZ] RPWMA|L] A=29| FFT

R PRI P
£ . .

d. 87 11[kHzZ] RPWM Al2| BF FFT

J8 4. BHZSHAIe] 23T MFe| FFT HH
213 52} 69l Compressore] FA47F 60[Hzlol
T TestZFA2 Ashrae &7 73-¢2 7.8[kHz] ¢34
F34 9} Random PWMSl 739 429 FFT =%
oo}, o] ZAgd AolME 274 [kHz]l A &8
o] & v|FE A YHE B 4 Utk o] B
o] A&FL2 7IAHA
&5o ofF Adolth
297 Agol A% A=

AP AEle TANME
Aest MgAAR 3

5EL. =& 0l o © &) 2~ o]

_OOI:E T al AMEaE =2 T A
[ T W e IR YT X
k' Th.UoE rel Owl ADR ca Xy BT

paLR
1 Ty e Fokkr 1T BET
ST DLISEIZS

JOTR = AT, Dlir ¥

....... e e e e B L2

TOTAL 1 IB. 5B Vred

b - g py 3 [ o Y sT=
UICSPEC TH. & 3 win ? g:-SdB
T » . Ox. 5 4DaR
H e Fombiz 1s
whime 81 25X1Ed

2 5. 60[HzZ] 7.8[kHz] PWM Ale| A& FFT

4202 A Motor7F 3AS=

2l 6. 60[Hz] RPWM AlQ] &5

5 A&

7H4-8 B4 ALE-HE FEF4 Compressors
TE3te ¢ E o Random PWM2 Z§3le] H ok
o 3] Agd Fads W PWM Fubg 7hd
F7He AARAFIA R, )3T HY AR PWMLH
Aol g AgE H"‘H]%] F AT FsgTh
3] A&£o7 A= 29Ad I} AL HF
o] ARZ B 4 AUtk WA Compressor?] F 2
71 - 293 &35 AF

2 Compressor®] A< A#HE + A< &
Atk de2ZE AHfHoze ¢ WHE s
Yl QAHEZ, 25 AL o] FRA HAYL
2 Compressord] F &2 W A5 54L& A
3tcH Random PWME ¢ & E20o] Helaxn
Azgot =3 Random PWME ZH&8go=H
Compressor®] Hzajo] o3 @HAE 4 Ay 293
z=u4ol g2 Ao =AM, AWEH  AE

Compressord] AZ71e] &£L2 HA7F £o 5T

1)

' 238 _

1 993 A3 “Random Position PWME o]-&

FEAEFZ 7P 293 &% AR, FEAA
A,

g =84, A33@ 4%, PP. 287-297, 1998..12

=
D

1

collection of selected
with linear

[2] Entacher. XK, "A
pseudorandom number generators
structure”, ACPC 97-1, 1997

- 691 -



