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Abstract

On this paper the author studied the inverter using power
MOSFET for the variable speed control of three phase induction
motor,

By utilizing the microprocessor and the simple hybrid con-
trol circuit, the natural sampled PWM waveforms are obtained and
the PWM patterns can be changed in real time.

In this system, the microprocessor is used only for calcula-
tions directly related to the motor speed control works by the
design of hybrid circuit that sends PWM signals to the inverter.

The inverter has been designed to operate the motor with
PWM operation below the rated motor speed and square wave opera-
tion over the rated motor speed.

In the inverter the powe; MOSFET, BUZ21l, having a large
dynamic range and a very good linearity has been used to cont-
rol the motor speed more smoéthly.

It was verified experimentally that the motor speed control
was nearly linearity between 6 Hz and 120 Hz of the inverter out-

put frequency.



Eb

&b

Ed

Es

es

les]

fb
fs
Ir'

Is

Kmn
Lm

Lr'

Ncomp

Ns

Rr'

Rs

o+9] MOSFET PWM <injit{ % FIFS % EEHEC B HE s H

i B O #H B

amplitude of carrier wave voltage

triangular carrier wave signal

D.C link output voltage

amplitude of modulation wave voltage

sinusoidal modulation wave signal

frequency

frequency of clock input of three phase distributer

frequency of triangular carrier wave

frequency of sunusoidal modulation wave

rotor current referred to stator

stator current of induction motor

complex number operator, -1

Fourier coefficient

mutual inductance per-phase

rotor inductance per-—phase

stator lnductance per—phase

modulation index

input compensation data of D/A converter

synchronous speed of motor

number of poles

frequency ratio

rotor resistance per—phase referred to stator turns

resistance of the stator winding per—phase

slip

(Hz )
(Hz ]

(Hz]

[H)
L)

8

Q)
Qi



stmax :

To

Tmax

Vcomp :

Vdc

Vin

Vo

BRERNEAE XG5 WK B108

slip when maximum torque occurred

induced motor torque

! maximum torque

compensation value of carrier wave

output voltage from 34 rectifier

input voltage of master voltage controlled
oscillator

line voltage of D,C., link

Vout(line) : line voltage of maximum effective value

Vout(phase) : phase voltage of maximum effective value

Vph
Vs
Vrri

Wy

W
@y

Wgyn

$XXXX

phase voltage of motor

supply voltage per—phase

: maximum amplitude of triangular wave
: angular frequency of carrier signal

: angular frequency of rotor

angular frequency of modulating signal

: angular frequency of synchronous speed

phase angle

hexadecimal number

(N-m]
(N-m]
(vl
vl

(vl
(vl
(vl
(v
(vl
vl
(vl
(rad/s]
(rad/s)
(rad/s)
Crad/s)



5}9) MOSFET PWM ciu{elZ FIRE =MH#&H BE®o HEHE B 2

L. #

el mEe EHEbA FEHEHRT BEHAEHREC sl
7 mEetd RESN EE B Afo =3 Kol &K IMksH
g mEpgoR EXESFAA da FAAx At

2dd $EAEsE Qwbd o2 Bl MKl = el
EEHE LY O HEHRAMA  #el o mITPREH i
o A3 BRo ol ¥ BHEFES MM & 5 B e
EEH@ B Hest ERS BEs stz Atk
EUTBHRS TREHESY BSAA UBMTR(ATHERETEEEK
. VVVF)ol old§ FHkol HWAS =z edl Xk #HRrelde AWH b
ol 4% 99 MOSFETO #t:2 Areid M=l st¢] MOSFET o]
HES FUEHMo EHASIY THEHE EHS st oo, o
oW E s ERERE LLTAA FEEHES E|HAAV< HEMAE SN
€932 Mmoo PWMEL (mode) AT FEF stz ERFENK
PEold FUEHES BHANE Afode —E HNE KE2E
s HEEEcE EMSEE o B2 dddAde FrAAE
argeA g

2en mEMe FEHMEC WEY RSEMBES St s
6502 ©vjo] 328 3 Z A4 (microprocessor), 2 Yo IC(linear),
CMOS IC% S FAd WMBAXEHAEBRS Htd ® PWM &
¥mae stopmslol ( Hardware)o ko2 @Aemmstes #

~J



BRI LS KB Rk FI0E
2% 6~ 120Hz 747 H@THES W5y WSS PWM( Natural
Sampled PWM) <l e& fmetm =2 ## =7 (Logic)e #i

ghot,
°lF 50W RFEAEF/ HLAAR gg 175~ 3580 rpmoj] 4] 9

2

EEHEY  ATeest Ao,



sb9] MOSFET PWM <l el & FIRIRE “HIFAS BEHHEO] #EHES Bl W

2. PWM glHe2] EzZ&
2.1 PWM olu &2l [Ea

carrier wave

Lo sdo e VS
., ,)( S modulaﬁ?xge

(a) load voltage

es>eb then, St close (b)
es<eb then, S2 close

Fig. 1 Principle diagram of PWM inverter

s IMEH S A E el nf SR ERE 2 R s
Bl M E G ded st H b Ea s wawa e
AR WERE e EsiEe] M b e E R del RISl Qe ?

ol PWM o elsEiel g o Fskir PWME ebi=dl 29l |
= ER¥E PWMA EmE O vhebdlel FEghpr (i e . oF g
BoofEWE ey Mo ksl 293 SIsb S2sb @ E mdl o
o Esk B ftdol  HEIS HAwgg bA " whiio]  widul

o NEEE TR My sk b wtme kel oh

EF, Howm#Ee EAL HEHRAE HEF WIS PWM

(Natural Sampled PWM ), %2 HZ= PWM( Regular Sampled



10 MEEAS A MK W10
PWM), 2 Sevjo] == ( Optimized PWM) Bkl sledl 2% 1&

Wiy 42z PWMHAE depich

e WhHEEY 27E REST s :845 # ( Modulation Index)
Mz HOARE Koo HES u| X = J& d ¥t (Frequency Ratio)

Re g3 zol Adrch

_ E, _fy _ w
T R= £, = o
2.2 % MOSFETY =#¥H
"? PWM  inverter e filter ., rectifier
' | ' ' T —— 11—
L : ébs 1L L
LM, : L L 20V
W' T , 3¢
T11 43+ il

Fig. 2 Schemetic diagram of 3¢ power MOSFET inverter
282 X WA HKRms =#s%4Y MOSFET qlu Bl 9] MR

Mio] =
o2 % MOSFETE ©& PR P B A I -

3 e sgel A7 WA & Wl FAs



el wosEET PYM SlElE FED < S BEs) SEHE WO R 1
LIRS SR ghxTolsl Tl Aol ZE EHC] *y
g sl A 9 o] ARESHER
S, o9 A =F ( power transister) & fEAg A Hel It
A EREHEE T @ Fof Aol E g & B %7t bsksheh
M, EY BEREE A w97l el mE RSOl k3 2
Hom kol 8l ch
A, & 3 442 0 % 5eieh Hdd & mel ksl MOSFET <=
ool A A Adel maEshs Ammel o M
obge ¢ MOSFET Amol e el L= (6] 7 B fElo] 5%
A " FAEel dch
el A Y MOSFET = R tho] @ = o [ & & A 3k 7l
aer gol HEHL A olAE EEakst A sl BE
ol &Rl mAAE ~F sh ek,
o] Ag HESAS A Fomol 4o ¢ MOSFET= S.I1.P
MOS @ delezsh R%d BUZ 2110 HMEAAL”
el mAE EFUH mES WERAS Gl s RS
A ®
Le3e sy MOSFET <vee REHEel PWMISH BAEMEE

o 1459 AFEolch



2 BEBEAS A8 Bra S0

o— Triangular
wave gen.
wh
comparator
3¢ To gate A
Sine Es . ws
wave
o 9" To gateB

Fig.3 Schemetic diagram of PWM signal generator

2.2.1 YHpEx™e

o4 ¥ 9 HORMEES ofes 7]  Fourier %2 #FrE o

EUV(a, s 05) = g‘l g: EKmn ed (mx+ny)

n=—co

_Kn’m el (mx+n(y—32-ﬂ.'))]

.............................. ()
Fourier Fi=
K = _E__ J'zxf¢k+3 e~ i(mx+ny) dxdy
"2m)? Yo e
E % o oht2 —jc y=§7y)
= —— mx+n AX Ay  cceececortereraeneinnens 2)
Kan (2x)2£ PITEE xdy (

A714 m=0, +1, +2, weecon=0, 1, +£2, «.-c00]g}

2853 & HEEES

Euv

ﬁ e e e eeaa e e en e e enns (3)

Eu = Ev =Ew =



9] MOSFET PWM olvwiH % FIFS A8 B0 ®EWEN] M vk

lo

webd Eik lues o4 ez RorE o

qd

Euv 1

Iu:ﬁ_. R; T (4)

1
R (D) + wd (Lot L y3°

A7) WHERES  duuw kmsel SEERG0 ware (s
LTt COE 1 LR IT T C IR I R 730
Al mu et memel mEEAnREe & % s BEes
g e

(&R KX (512,055))

2.3 PWMREZE
2.3.1 power utilization

Hotgwa Udvee & AR B Hel  ifotol & fah4iel

does A2 FAoE Ak
29l 29 D.C#a(link) o A7ZRASgRel Vool SHMIZH EHFl

A AwEigsledl HEHER Ve & Al o oldl Ve

=

3 .5 = ) 2.34
Vpe = ?r'f.-g V2 - V- cos wt-d(wt) = 2.34 -V, = ~7§—.vAC

._.:1.35,\/“: .................... (5)

7 "o

Figdy PWME EESHH BRARGE MER

rio

\
Vout( phase) =§_‘/9§_ = 0.4TT3« Vag veeerresrsesssmn (6)



14
RERTAE KB RAE £

olw fARIS EES /A AEZA AWALL

Erue A% 3 Addd JEs AFVe

VDC
vV = .
2

= 0.6366-Vpe  ceereeeeesressesssnesesiissiniinitiaenes (8)

ale

o] Hul £ AEH FFALLE A G)E RAHH

0.6366-Vpe

Vout (phase) = 7T

= 0.607TeVae roeeereesemessessessessunnenes (9)

o] =,
webd M Agd HAAEA ADHAGR

Vout (Line) = 4/ 3 - Vout(phase) = 1.053-V ¢ crorrereesmeeceneee (10)

o]

22122 PWM ¥EE $19 £ HRK ¢ 2 RS EEe =3
q4 mhEmel e & Az A 106 mel s ol Asis
2gdge mMAHmMO EBEIW B Do

LEoj4 PWM Zro HdAYs FHEZco BEREAE 2
£} 9ee % 4 Uk WAN AEHAEAL €L HEKEE
o4 oulez EMIY cA¥EHY ZYEEL ¥7 HAstd PWM
Brold EHEEEE  M#ol o Foldcr o 2 W oW B
hoL 2 mEWEE EHES M TEE REE B\x



3¢ MOSFET PWM clwel% FIAIE =M#8 EHES HEHE WY H% 12
°of wHAE AAsI Hstd F HRelAHE 6 ~59Hz W Yo
AE PWMREEZ, 48~59Hz HYolA& @AMK PWMEL, 60~120
Hzol A= HEEEEZE THGES HEA=S HRA

2d 4= @MPPWM ERe BEFEE debde HEHCH EH
ol e ERBANE AR AMsH #SiEme R BEA A
MO ERES Ad sz ok

Fig. 4 Principle of Saturated PWM

2.3.2 Ratio Chango

PWME o Al & SR 293 B misolol a9 HEK
b —ES REER $2 FasA EBgE Adse Ae 47
wEate] Faaot AdW zo] AEfel FEglel ] o Fo Eiks
B Foberh owsiaw 4

ek

Zhubsste] EEsE WA M{Ls o of



16 BEBEAE KB R B0

old Fugulzt YF HE A BEHEY FAH A"
o] Zolx 4 EHES HBEH/ HMIFIZE BRY FHol TR
A "ol | HHEE Kool #mstA "o

geld 2o FAHE E#MiAde FuHsF H Fu7h ol Fol Aok
sdedl AEsxs dF A € AL £29F @kl AAA "Hoh
kY FAAHE Mmpksdlr] ¢l PWMEEZo] A Ratio Change &
® e & ot
28 58 & HEAA FHI EXBAEY =AmIK AEK

RS “eEbd o

fb (H2)
1300
1000
500 |
| f———PWM SQUARE WAVE ——>
781.72,66,60, 48, 36, 24, 12
0 7116 229 38 48 59 fs (Hz) 120

Fig. 5 Relations between output frequency and carrier
wave frequency.



9 MOSFET PWM QIv{H S FE —HAN EHRS) EEBE M #g

3. WM BRI gngF

3.1 HE A

Address, Data and Control BUS :>
CPU Programm- Three
& able Phase
Devide b
Memory N Countery Distributor
y
Mul Master &
ultip-2 Slave Analo
lier |e Voltage 9 Q:U
Controlled  jee— Switch
Oscitlator
freq. com. ;gij‘;
/r‘ b ——Circuit
—1 Constant
PWM 25 g Amplitude
Triangular
omparat g
Comparator Converter Wave
Generator
X222 2
Buse Drive Circuit i:t

>

Fig. 6 Block diagram of 3¢ natural sampled PWM controller



2}9) MOSFET PWM <lulel & FIHS —fSHE EEHKS] EREEC] st gy

3. HEEERe] FRa Gy s

3.1 Hi#E A Av

Address, Data and Control BUS >
CPU Programm- Three
& able Phase
Devide b
Memory N Countery Distributor
y
Multip- e e
uttip- Slave Analo
lrer |= Voltage ; @
Contrclled am Switch
Oscillator
freq. com. 'g?i\slz
/f‘ p————==Circuit
—1 Constant
PWM 2;3 Armplitude
Comparator Triangular
P Converter Wave
Generator
vYYviE e
Base Drive Circuit £I >

Fig. 6 Block diagram of 3¢ natural sampled PWM controller



18 BEREAE XBE RTE H1008

2196 WRE=4H WFY AFS PWM QuE EEER BR4E
] 5 KR

og7]4 CPUS rlEelv AWEFEH ol AEK HHS Lot
Eoln] 2 AHo HY3E= R Ad™, Ratio change, Carrier wave
94, Constant amplitude triangular wave input Vcomp, [F#§ =& v s
e AFNE HFL #/EE P

V.C.O.(Voltage controlled oscillator) = D /AS#HS FE¥kK

g

cﬂl L

X
>

fle —aowll FEES i"




¢ MOSFET PWM <iu{E| S FIIH3l < HEHE BEHES] FEEHE By sig

3. H@EEE Bt <rds

1R A s

Address, Data and Control BUS >
CPU Programm- Three
& able Phase
Devide b
Memory N Coi Jntery Distributor
i
Multi Siave -
ultip- lave Anal
lier = Voltage oo C':J
Controlled  fe— Switch
Oscillator
frcq. com. m=3ase
7‘ =[rive
y ircuit
— Constant
PWM D7A Amplitude
Comparator A/D Triangular
Converter Wave
Generator
(X222 Z]
Base Drive Circutt il

>

Fig. 6 Block diagram of 3¢ natural sampled PWM controller



18 BENE AR KBE MK 108

28 6¢ MR=4# WHFY AIFTc PWM UdHY EBER B4
® 5 Kl

9714 CPUS R+ AFKELFEE oL AEK HHE Lot
ol 2 AHo HIsl= R ™, Ratio change, Carrier wave 5
u}4=, Constant amplitude triangular wave input Vcomp, [F# =+ i
o] AHAE UHFL WL I

V.C.0. (Voltage controlled oscillator) = D/ASms HxK
#$E5 wol S o AT =ARESES ERES B4
T2 ek Wit K® (Programmable devide by N counter) = V.C.
Oz 48 dHolEed HEEE FToHTvld dZFsds 27z dYv £
BEE BEG

ZHSAMA NS 120°4 EEE HA EREHE UHES obd2
2 Y AdA HEFNE HEYE F UAEF o

YYNE Ao gdrle =HSAY EBHE Yol dAANFY

47sE BEV, |
o =HSARAA Y =HERET ERE FHAEZE=CAN
HE WBHEE A €

ARBo A V.C.0.E KB o} F4d EXHES REE 7
WA 7] o] WMiELSS CPUZ Y o} Eald

kB AEs V.C.02 F5 o E41 Z=ARRE} ARE
£ FAA U4 EEXWMAHE LKt PWM @pol WAhHdd



FFES ZAFE EBHRe EENE B Hx

[ SYSTEM INITIALIZATION |

al

s}9] MOSFET PWM < H ¥

3.2 #Him 4z F

J—

| [ GET FREQUENCY COMMAND |

Yes
SQUARE WA-| [ PWM MODE | [SATURATED
VE_MODE PWM MODE
7 ¥
GET MODE GET MODE GET MODE
SELECT & RATIO| [SELECTRRATIO | [SELECTRRATIO
CHANGE DATA | |CHANGE DATA | [CHANGE DATA

¢~ ‘
[ GET VOLTAGE COMMAND |

o

(END

Fig. 7 Logical flowchart of control program

19



20

REBT RS CHE: RUE #1086
HE dnzFE HW 0~ 120Hz7 39 s @EA 04

48Hz 712 & PWM R =3, 4904 59Hz7 = X33 PWM ®
ZE®, 6004 120Hz7 A& HEHBERED E@ML FJ=E A5
deom  OelA S9Hz7A & AEHHLEBLEG IS g 23
T HAEES EHOEZ dt EHEET AvHIE EBHAA TEE
ETEEARK(VVWE) FEHES ¢ 2 TREEBRGA FAF
oz ¢Asdd DCHYa ZYPAgte] Mmslolor v EHA
BB Hold SEAE AT He mBEKRS AY —mshA
s st TIFAYLE AR KA BEA Aok 7]
Tl 60Hzol Aol e R (N & F UE we o] ERHE
da el AW EEH A MEEL V,=134VE IH3 A3
o, Ut WM{EAIz 60Hzu|glo A= V, =134V, 60Hz F3d3 U
9 Tmax o]l UYAFES o, Fio]l HHF V,E #MEAA o T A
Bl ®E dlolelE:  F¢Juo] B (Lock-up table ol e Z Ho] T
ek wetA o FdHlE A dHolEu Ko MEAIHA
qefsA EQa-HEKEHES ERAL & At |
297¢ Aol ZEade EFEE 2 BAES oed Ao
® A zZ2agddd FMASA F «HEyY AZ dHo]lx ( zero
page) EME HWHM A7k,
@ #Amz 2y A/Dﬁmﬂﬁ_ﬂiﬂﬂ A2 oA Yolx 9
d EXMEE AEmHSES dok W
@ ol Fu4 AN 120Hz oldolm w2 HFY  FoF



23

‘i

2}

PR

I 8 3} o]

u}

Sofdlo]

ghopull of,

59Hz & ob  zint -3 o}

PWM P o it ool
48Hz ] gholwl  PWM

LRASNGE RN FE

% LAl cp8e s o lueelod

PWM PWM

2ol oo AOS ) e

iy fliz

Mal deiek, EMEA 4 doitik o)

7\ ehel e,
W@ E IR V.C.O0 W

W R T I g

Master) st -Suloj v ( Stave ) & thimoj7 o o
Gy ) & e He ) I
L ETlE v Sk RS e wel
GOOHIE RS EE A A A MC 14526 g o)

sb Bl W s

diej V.C.O. Y —EEE T AN R L

PR SEE MEE ERW 8R4 A A

ohebul o

MOSFET PWM <lwBl 5 FIMSh <8358 EEBC! 8 -]

# ( Voltage Controiled Oscillator) e

K BE 8 ol

Bl

L. =N

59Hz L)

Mot RpESho)

”Pf:

V.C. U, &



22
WRRECR KB WK R0

1 To Multiplier  From tant
* 4 mr trion;m:r vcave
o 1 E ___To14526 ] 1 generator
R 7 soss r 7
L1 Yy 8 8038
4, > 8 1
VIN gﬂ7 3w " h 1" 12 . 3
r 1| —3 — 2
-V v
To comparator
(a) Master (b) Slave
Fig. 8 Voltage controlled oscillator circuit
D/AY 874 L= AE% H4dEd AP Age oA
ang 4=
Vref D, b D D, D D, D, D
Vig = —= LRy + [ttt 2440y LD
Rref 2 4 8 16 32 64 128 256
~w ¢Di Ds Ds Dy Ds Dy Di Do
=K- (5t g 16" 32+64+128+256]
4714 K¥x D/A H&79 #®Eelth
V.C.0 Az A%y 2dFs4sed AL 924 (UDE o
szv‘N)(SEHz/mVJ ...................................................... (12)

debd A (1DF (12) 235 D/Ad#sA Sz delsect

e4 (13)e2 =



b9l MOSFET PWM olsiElE FIFIZ AN WEmS EIERE BY R 23

D, Dg D5, Dy Dy Dy Dy Do 1
_ —= 2 — — — e — — = - 4 — o — eee 13
C 2+ 4 +8+ 16+32+64 128 256j K 5 1000 (1)

N ( = D;DgDsD{DsD;D Dy ) = 255014 f, = 1344(Hz] 7b A =5
Kge madles 6~120Hze & Fos doled 94 (13
o HENA Fgdel el ¥eol T

v.C.0.9 D/AMEE AET Sk Az A=t ERd
@ol obdmE & dolehel HI KE MHARKE WMED &
ofzkel delet FAHE WUst

3.4 =HSAR

—HaEARLE FasuEmR, —HT AR 2 opdEa £24FAZ
MR o

PWME col Ao MEEKEEAES ‘A7 Sisted ZT2od W
b Bol MC 14526 % fEASRch o MC 14526 & TTL to
CMOS alE ol 25 Ad e AANET FBF 4 bitd FIAF
W W dolehE wop Fo V.C.0.2 ¥H 2 ERBEADE
mEsole wE a4 down count de 00 HT BH o gt
go] fmpol HEHe F2F BEIR

= zgauw W dolgs N A% FESH ¥ FIAFE
Nog o Auks HEEE:T wHda?

o] WAHEEE MC14027¢ @& # 120°9 frxsE R<
spwst Aok 12009 A 4RE AT of ZHEMEE EHRS



24
BERFAR KB Ak 2106

BEME 9std SCOF1Y D, bit2 $@sl: ofdz 29 A E @
#AskA =l
28 9 =ML ABERS vepd o

v v
u —n [

- 14027 K2 Q'121.027 @M
PE -—] 12 Q2 J2
Do~Ds ‘0 Cz - |
14526 92 Ki Qi —
NH C  [R2 . S2GQ2 J1 K 2 }—
[ L] L]
rrivr i o
from master V.CO.
p? A
)
' -
h&hlz Is Is
D C2
from D7 - i = 14066
'@o_[c:. Qr Q2 Q3 Qu

= |
® ® @ ©

Fig. 9 Three phase distributer

ZSHTAR 2FToeed NPEde d A 2¥4E e

-
rfr
h

HadAde 6749 FH<YYel LEI}ZZ HAMY 2¥Fg
b "g (49214 fev 29 98F94)

29102 MC145269 dolglrl 19 @ =A% o -
=3 WEold



518 MOSFET PWM olWlHS FIFSH =Ms%H BB @ a6l 1. o 95

Fig. 10 Input and output waveforms of three phase distributer,

3.5 IR

M RE/EN+ DCAS (Digitally Controlled Analog Switch) %}
Reorts 0 RS e

HE7lel 4= DCASel s« MBEe Mufel & sk
RS gk AT o

2" 112 o] TEamE@AaRe MBE dehlel B5se gl

Aol =ZAmel kigel By HS A MoesuE -

e

X

K
wimd =ZmES whsrl Hstd Moy RS ol G DCASEH s

J}f'u
oy
—
3R
I

of WOl s S
o] ZMMY BARIIEZ b Vg o2ty

f
Vcomp:2><VTR,><(R1+R2)><C><2><6—N~ ------------------- (14)



26
LU SN G ol e T

ol D/AM#Y] Y dHelge

Ncomp=2—1565 x(2xV-,-R.x(Rl+R2)xCx2x-6£ﬁ+5) ------ (15)

(%, 0=<Ncomps 2559 A< )e°lch

Rt c

AAA AAA— @AM l )
-5V ::::T . VF sv. To V.CO. slave

from

Three
ase
Distributer

Fig.1l Constant amplitude triangular wave generator

6o]l4 48Hz Ate]e] PWMEZo A& A (15)9 #HuEE A&t
A ;. 49Hz o]l 4 59Hz Abol9 @A PWM EEo Ay #RAES
SR Wl A WEAA A% 1Hz 4 smmecie 4 (15)9]
Ao AL 34 gmAA SgulolFel ¥l FUA

3.6 ®MB

2312 ®%NB ERE debdedl V.C.O.dA4 HEolH TR
mMEK EXWMES FEES THMAZ Ao RNMBE EARI
o smmEe HAORTELS oA (16) 22 BRFRHASG



27
s}9) MOSFET PWM ol8lEl$ FUfI3H =S BEBIMS) BEME W Fx

2 x (R3 +R4) - Vx - Vy
Vo, = = K- Vx+ Vy  ceemeerennnt cereeceanane 16)
0 R1 xR2 + I Y ¢

A FReldE KE 012 ZESAC

Ny
_,,rﬂ*—f iy

from V.CO.
T
$CoB9 > 1494 R
-5V : %o o [N B3 Rh
= o
= To comparator
aman

Y-VrR-  VRs lo
[__-ﬂ""‘

AAA
vy
AAA
\4

wW—

Fig. 12 Multiplier circuit

3.7 PWM ¥ LR

PWMEFSAgs 229139 Fono HEg®ke HEo@EE ofdx
2 AR BERE Ak

W@l s = RESHRES @t Fooln V.C.OR HH 2+& E
el vla®H V.C.O0R2 YH 2y =ZMES HKEKIoEZH PWM
WS BAEA

MC 14066 & $COF19 D, bit ##ol tkdlgd HEHEHEE= &

PWM iR & BT 5 AxF Hel Uk



8
2 BEBEAE AW Rk B108

o<1} _$COF1,D4

[11 [11
| Ca CbCc CaCbCe

tom T fle0a 0a  la —i—n—< -

three o-———ib Ob Ob b ——}:—-'Q-—< Offom _
Phase 14066 14066 multiplier
distributor® le Oc J Oc Ic °

é o
To base drive unit from slave V.C.O.

Fig.13 Comparator and mode select circuit

3.8 B

EBHge 23149 Zod REEMES Ao EfsmESHERE
& o,

hE®E Te SHHEABEZ R Lelsd ¥Ee AWH ¥ M
o Rl e 549 MOSFETE Az R#d HEE BHAJ
A sHed e Fel e FHS MOSFET7 EH#S] A=
soz R Mol MFel HA oA @5 Wk k3 MO-
SFET7} B&Y 27 Axd & sy st AR H
_omst uceho (Dead time) & RBEBAA RHRAAA =k
* HEAAE dHZegdE 10psec = & e 8k o

w8 A E EHZEY LBHRS SFmIHA JHHE EHET T
Jxs $EASY 4N28& AR



49 MOSFET PWM ol WE S HAT ZHFE EEIBO EEHIEC) B R

To MOSFS
drai
fes 1},1\4: &c ) X _ologate
(N2
from 2 c To source
comparatoer 2
or three phase
distributer 3
e
1
j—wv— N8

|

Fig. l4. Protection isolatlon and gate drive circuilt,



30
RERECE B WK BI0R

4. R % 1 KR

LS ol BEMAY AWEHE ZHEAE REASAd A&
A EEHBRBS itz A¥y HAOTER ARKS B%E 3o
momme meck EWE4 F3 FASY Eea AEdodE
7 2ok,

4.1 RBRERE

power
be MOSFET /Y\;D——d
L'"ki inverter

AC 3¢ , ~
220V

_@.. ol

!
!

C\? frequency photo
microprocessor counter tachometer!
based PWM oscillos-
controller cope

Fig.15 Block diagram of experimental apparatus

2915 WMEES mMEZAH 3¢ DC I3, 54 MOSFET 19
B, PWM ERB4® 23z AMEAE ERESOW BT/ EHEE
SHNR BETHeE MRS



s19) MOSFET PWM ol u{elZ FiEd =ia%k® EEBES) ®EHE- 3l Az

PWM (i er oWl HHERE, Eifd HFES fEsz fstd 2

i

LoiALCEb e e EdhBg el MM EEeIC R pEste

|
b
—
>N
5
r
Rt
=
a5
55
ax
=
o
A2
-
G
el
[}
o
—

Fig. 16 The overall view of experimental apparatus

e XK1 oo

BT RSN 2w 179 2o HAEARY mAMARS )



32

BEBTEAE A8 KUK B108

Table 1, The specifications of used induction motor

Rated Voltage 220 (V) Rated Speed 1750 [rpm]
Rated Power 50 (W) Stator Wire
Y
Number of pole 4 Connection
Mi tsubish
Rotor type B Maker Electric Co.
Is Rs Wsls WwsLf f
+o — A I8 — B0 ——=
Vs Wslm % Vm ?%
— 0— —

Fig. 17 Equivalent circuit of an induction motor per-phase

Table 2., Parameters of per-phase equivalent circuit

53 (Q]
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0.298 (H)
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0.108 (H)
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Fig. 18 Characteristic curve of frequency vs torque
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Fig. 22 Output voltage and current waveform for various R
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