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¢ TEMPERATURE OF OUTER SURFACE(T(L)=23.6°C)

DIMENSION T{11),P(11),Q(11),A(11),B(11).C(11),D(11>

N=~11

DLL-0.0002

DX=0,00002

RO=8250,

CP=0 .11

AK=10.8

AKX=AK/DX

DO 100 I=1,31

READX, QG, QWMX, Y

SC=QG

SP=0,

T(N)=Y

QLMM=0 ,

A(N)=AKX-SPxDX/2.

B(N)=0,

C(N)=AKX

D(N)=-QLMM+SCxDX/2 .

A(1)=AKX-SPxDX/2,

B(1)=AKX

C(1)=0,

D(1)=QWMX+SCxDX/2,

DO 200 LL=2 N-1

A(LL)=2 ., %AKX-SPxDX

B(LL)-AKX

C(LL)=AKX

D(LL)=SCxDX
200 CONTINUE

P(N)=C(N)Y/A(N)

Q(N)=D(N)/A(N)

DO 300 J=1,N-2

LL=N-J

PCLL)Y=C{LL)/(A(LL;-B(LL}*P(LL+1))

QULL Y =(D(LL)+B(LL)*Q(LL+1)>/(A(LL)-B(LL)¥P(LL+1))
300 CONTINVE

DO 500 J=1,N-1

JJ=N-J

T{II)=(T(II+1)-QJI+1))/P(II+1)
500 CONTINUE

¥RITE(6,600)QG,QWMY, T(N), T(1)
6500 FORMAT(/,5X,’QG=",E10,4,3X, ' QWMX="E10.4,3X,

¥ "T(N)=",Ei10.4.3%,'T(1)=",F10.4)

100 CONT INUE

STOP

END
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ABSTRACT

With the recenr advances of POWer transistors and micro-
pProcessors, it has become possible to design the variable vol-
tdge variable frequency (VVVF)- pulse width modulation (PwM)
lnverters for variable speed control of the synchronous motor,

In this paper, a microprocessor based control system,
which uses a new equal PWM technique by 2-3 phase (12 step/
revolution) feeding method, 1is presented. It makes to reduce
sharply the stepping tendency under low speed because of only

30 revolution a Step and 12 steps a revolution,

All the signal Processing, including modulation of the

circuits for communication between microprocessor and Lnverter
drive circuits, Hence, the power transistor inverter has been
designed to operate a motor,

With this System, the synchronous motor was driven by PWM
wave with constant torque output below the rated motor speed
and by square wave with constant power output over the rated
motor speed., And the characteristic of Voltage—frequency ratio,
the voltage and current waveforms etc. were checked under no

load condition.
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constant period for a pulse (state; cpu clock period)

a variable for pulse-on (state)
a variable for pulse-off (state)
capacitance (F)

quadrature component of excitation voltage (v)
synchronous speed of motor (Hz)

actual speed of motor (Hz)

frequency of power transistor switching (Hz)
stator—-phase current (aA)

direct—-axis component of I (a)
quadrature—axis component of T (A)

field current (A)

inductance (H)
quadrature-axis component of L (H)

mutual inductance between field and stator ( H 5
number of pulse-on—off per revolution

number of pulse-on—off per step (step=1/12 revolution)

input power (W)
output power (W)
stator resistance Q)
a revolution period (sec)

cpu clock period (1 state) (sec)



ton

Corf

T

«w

o] i+

NV AR,

o] G o g A

£y 7 i.}l} £

oo dadstsl 9el

nho) 38 I 24 4] 2} INVERTER ] f:

output torque
a pulse-on period
a pulse-off period
a step period

a revolution period

stator terminal voltage

direct—axis component of V

line voltage

phase voltage of phase R

AR B BEhel THah B

(N-M)
(state)
(state)
(sec)
(state)
Cv)
Cv)
(v)
Cv)

line voltage between phase R and phase T ( V )

quadrature—axis component of V

(v)

constant period for pulse-on (state)

direct-axis component of stator reactance ()
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quadrature-axis component of stator reactance ()

constant period for pulse-off (state)

a step period
torque angle

phase angle

stator angular frequence

synchronous speed of motor

(state)
(rad)
(rad)
(rad/sec)

(rad/sec)
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1. F E
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ED@ va mEe a4 84 Jus 59 A gyl do
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output torque
a pulse-on period

a pulse—off period

o)

step period

a revolution period

stator terminal voltage
direct—axis component of V
line voltage

phase voltage of phase R

(N-M)
(state)
(state)
(sec)
(state)
(v)
Cv)
(v)
Cv)

line voltage between phase R and phase T ( V )

quadrature-axis component of V. (V)

constant period for pulse-on (state)

direct-axis component of stator reactance ({2)

quadrature-axis component of stator reactance ()

constant period for pulse-off (state)

a step period

torque angle

phase angle

stator angular frequence

synchronous speed of motor

(state)
(rad)
(rad)
(rad/sec)

(rad/sec)
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2.2. Ha E2aX

s RER FAEEDEAd REERL J9stn BET Bils
ama wmmd Adg o WE, B @ el e e
e Tet7] A8  dqo WK & HAMNH
W I=1d+jl,

=—Va + iV,

olml Vg =X Il —rla, Vq=r1q+XdId+Eq ......... (2.1

E:JqujwaIf
adesz V=E+rl+deId—X,,Iq .............................. (2.2)
og &9 s HeydEsE a:ARD g #oh

Imaginary
or quadrature axis

Iqu

: WTEE

: AREED

. FER

: AE7

rEQ3 7

. BETER

A7 AP e e =

A7 AR H#Edd =

: Ao A7l AN AZJEE L
: AR AF

T4k

ri

Eppn oo —ws

—
Py
[

f; Real or direct axis

Fig.2-3. Vector Diagram of Synchronous Motor
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i

gu kool olal VaXe + Ver = Ig X

(r2 + XgXo) + rE

q

Lo 1, = (Vor  VaXe — 1EQ/(r? 4 XaXo)

:

= {r(V, —E + VaXa}/(r2 + XaXg) (2 .3)
@ ) L, = ((V, — EQX, — rVa) /(r? + XaX) e (2 . 4)
of /1 A V, = Vsind, V, = Vcosd

V3 4+ V2 = V2, VgV, = Vicosd sind = v

) 2 A p, = El, = {(EV(rcosd + X48ind) — rE2}/(r?2 4+ XaXg)

FREEN E=oMl oE= AgAR 1,7 aAsd EAA
el Vi wd A e REgelZ2 Po < gurel FtFolth Ik
o do WAl A &4 &

Po — EV(Xacosd — aing)/(r? 4+ XaXO = 09 EfEe mEsior &
g Xgcosd = rsind

tand = X4/T

a g -tan ! Xtam Hd el uedh

2 Fzel UolMiE HI EaE Aol PWMAA of ¢sl &
T R R A ol stopARl Al RoB=E A da(r)yd 28

o wAsubd K25l A A P =



152

P, = EVXy4sind

BRI 8 ABE: g glom
EVsiné

Xqu = X [Watt/*ﬁ] ............

ol Eo gz T, =

T, = EVsins_ (N -MJ i
w X,

o, = AL

(rad/sec)
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3. &l MK 2 HEHR
0. REES MR

Direction
command

— ENCODER I
"]

34
Pt T hNVERTER-—{@—-ﬂ .

T Freq. Command

- |
IMOC
DRIV.UNIT 7811

1/0 DEVICE(8255) |
I T

:E(_)NTROL PROGRAM}-—— - - CPU(Z80)

Fig.3-1 System Schematic Diagram
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Table 3-3. 2-3 Phase 12 Step Signal

tep

ok 1 2 3 4 5 6 1 8 9 1 18| 11} 12
a1 8 8 8 1 1 1 1 1 8 8 ] 8
a2 8 8 8 0 0 8 9 1 1 1 1 1
a3 1 1 1 1 ] 8 8 8 8 ) () 1
04 1 1 ] 8 ] 8 8 8 8 1 1 1
as 8 1 1 1 1 1 9 8 8 8 8 )
a6 8 8 8 ) 8 1 1 1 1 1 ) )
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