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ABSTRACT

THIS THESIS IS PRESENTING THE IDEA IN DEVELOPEMENT OF THE
SPEED CONTROL CIRCUIT OF THREE-PHASE INDUCTION MOTOR WHICH TO USE
THE PRINCIPLE OF VARYING VOLTAGE OF MOTOR AT CONVERTER AND
FREQUENCY THOUGH THE MOTOR AT INVERTER. BUT STILL IN KEEPING THE
RATIO BETWEEN VOLTAGE AND FREQUENCY CONSTANTLY. SINE WAVE
GENERATION USE DATA FROM EPROM TO CONTROL THE OPERATION OF POWER
MOSFET BY USING THE CHANGED DUTY CYCLE PRINCIPLE. BESIDES,
THESIS WILL COMPRISE THE DETAIL OF IDEA TO DESIGN CONTROLLER WHICH
IS USED 1IN VARYING VOLTAGE AND FREQUENCY TO OPERATE SUITABLY IN
VARIETY AND SIZE OF MOTOR. TO WORK MACHINE AT HIGH EFFICIENCY,

SAFE AND MINIMIZE OF COST.
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OAh,iAh,lAh,lAh,lAh,lAh,lAh,lAh,lAh,lAh,lAh,1Ah,1Ah,1Ah,1Ah,lAh,lAh,lAh,lAh,lAh
1Ah, 1Ah, 1ah, 1Ah, 14h, 1Ah, 1Ah, 1Ah, 1Ah, 14h, 1Ah, 1ah, 1A, 1ah, 18h, 18h, 19, 19h, 19h, 11h
11h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15b,15h,15h,11h
11h,19h,19h,19h,18h,18h,1Ah,1Ah,1Ah,lAh,lAh,lAh,IAh,lAh,lAh,lAh,lAh,IAh,lAh,lAh
1Ah,1Ah,lAh,lAh,lAh,lAh,1Ah,lAh,lAh,iAh,IAh,lAh,lAh,lAh,lAh,lAb,lAh,lAh,lAh,OAh

OAh,lAh,lﬁh,lAh,lAh,lﬁh,lAh,lAh,lAh,lAh,1Ah,IAh,lAh,IAh,lAh,lAh,lAh,lAh,lAh,lAh
lAh,IAh,lAh,lAh,IAh,lAh,lAh,lAh,1Ah,1Ah,1Ah,1Ah,1Ah,1Ah,12h,12h,16h,16h,16h,14h
14h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,14h
14h,16h,16h,16h,12h,12h,lAh,lAh,lAh,lAh,lAh,1Ah,1Ah,1Ah,1Ah,lAh,lAh,lAh,lAh,lAh
lAh,lAb,iAh,lAh,lAh,lAh,lAh,lAh,1Ah,1Ah,1£h,1Ah,1Ah,IAh,1Ah,1Ah,IAh,lAh,lAh,OAh

ZAh,ZAh,OAh,lAh,lAh,lAh,lAh,lAh,lAh,lAh,1Ah,1Ah,1Ah,1Ah,1Ah,1Ah,lAh,lAh,lAh,1Ah
lAh,IAh,lAh,lAh,1Ah,1Ah,1Ah,12h,16h,16h,16h,16h,16h,16h,18h,16h.16h,16h,16h,15h
16h,16h,16h,16h,14h,14h,15h,15h,15h,15h,15h,15h,15h,15h,14h,14h,16h,16h,16h,16h
16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,12h,lAh,lAh,IAh,lAh,1Ah,1Ah,1Ah
lAh,lAh,lAh,lAh,IAh,lAh,1Ah,1Ah,1Ah,1Ah,lAh,lAh,lAh,1Ah,1Ah,1Ah,1Ah,0Ah,2Ah,2Ah

2Ah,2Ah,2Ah,ZAh,OAh,DAh,lﬁh,lAh,lAh,lAh,1Ah,1Ah,lAh,lAh,lAh,lAh,lAh,lAh,lAh,1Ah
1Ah,1Ah,12h,18h,16b,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16b,16b.16h
16h,16h,16h,16h,16h,16h,16h,14h,15h,15h,15h,15h,14h,16h,16h,16h,16h,16h.16h,16h
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16b,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,12h,1Ah,1Ah
1Ah,lAh,lAh,lAh,lAh,lAh,lAh,IAh,1Ah,lAh,lAh,lAh,1Ah,lAh,OAh,OAh,ZAh,ZAh,ZAh,ZAh

28h,2Ah,2Ah,2Ah,2Ah,ZAh,ZAh,ZAh,ZAh,OAh,DAb,1Ah,1Ah,lAh,12h,12h,16h,16h,16h,16h
16h,16h,16h,16h,16h,16h,16h,18h,18h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h
16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h
16h,16h,16h,16h,16h,16h,léh,lsh,lsh,lsh,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h
16h,16h,16h,16h,12h,12h,1Ah,1Ah,1Ah,OAh,0Ah,ZAh,ZAh,ZAh,ZAh,ZAh,ZAh,2Ah,2&h,28h
28h,2Ah,2Ah,ZAh,ZAh,ZAh,2Ah,2Ah,2Ah,22h!22h,26h,28h,26h,06h,06h,16h,16h,16h,16h
16h,16b,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16b,16h,16h,16h,16h,16h
16h,16h,16h,16h,16h,16h,18h,16h,16b,16h,16h,16h,16h,18h,16h,16h,16h,16h.16h,16h
16h,16h,16h,16h,16h,16h,16b,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h
16h,16b,16h,16h,06h,06h,26h,26h,26h,22h,22h,2Ah,2Ah,ZAh,ZAh,ZAh,ZAh,ZAh,2Ah,28h

ZAh,ZAh,ZAh,ZAh,22h,22h,26h,26h,28h,26h,26h,26h,26h,26h,26h,26h,26h,26h,26h,26h
26h,26h,06h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h
16h,16h,16h,16h,16h,16h,16h,14h,15b,15h,15h,15h,14h,16h,16h,16h,16h,16h,16h,16h
18h,16h,16h,16h,16h,16h,16h,16h,16h,16b,16h,16h,16h,16h,16h,16h,16h,08h,26h,26h
26h,28h,26h,26h,26h,26h,26h,26h,26h,26h,28h,26h,26h,26h,22h,22h,2Ah,2Ah,2Ah,ZAh

ZAh,2Ah,22h,26h,26h,26h,26h,26h,26h,26h,26h,26h,28h,26h,26h,26h,26h,26h,26h,26h
26h,26h,26h,26h,26h,26h,26h,06h,15h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h
16h,16h,16h,16h,14h,14h,15h,15h,15h,15h,15h,15h,15h,15h,14h,14h,16h,16h,16h,16h
16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,16h,06h,26h,26h,26h,26h,26h,26h,26h
26h,26h,26h,26h,26h,26h,26h,26h,26h,26h,26h,26h,26h,26h,28h,26h,26h,22h,2Ah,2Ab

22h,26h,26h,26h,26h,26b,26h,26h,26b,26h,26h,26b,26h,26b,26h,26h,26h,26h,26h,26h
26h,26h,26h,26h,26b,26h,26h,26h,26h,26h,26h,26h,26h,26h,06h,06h,16h,16h,16h,14h
14h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,14h
14h,16h,16b,16h,06h,06h,26h,26h,26h,28h,26h,28h,26h,26h,26h,26h,26h,26h,26h,26h
26h,26h,26h,26h,26h,26h,26h,26h,26h,26h,26h,26h,28h,26h,26h,26h,26h,26h,26h,22h
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22h,26h,26h,26h,ZBh,26h,26h,26h,26h,26h,26h,26h,26h,26h,26h,26h,26h,26h,26h,26h
26h,26h,26h,ZBh,26h,26h,26h,26h,26h,26h,26h,26h,26h,ZBh,24h,24h,25h,25h,25h,05h
05h,15h,15h,15h,15h,15h,;5h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,05h
05h,25h,25h,25h,24b,24h,26h,26h,26h,26£,26h,26h,2€h,26h,26h,26h,26h,26h,26b,2§h
26h,26h,26h,28h,26h,26h,26h,26h,26h,ZSh,26h,26h,26h,26h,26h,26h,26h,28h,26h,22b

2Ah,2Ah,22h,26h,26h,26h,26h,26h,26h,26h,ZSh,26h,26h,26h,26h,26h,26h.26h,26h,26h
_26h,26h,26h,26h,28h,26h,26h,24h,25h,25h,25h,25b,25h,25h,25h,25h,25h,25b,25h,25h
25h,25h,25h,25h,05h,05h,15h,15b,15h,15h,15h,15h,15h,15h,15h,25b,25h,25h,25h,25h
25h,25h,25h,25h,25h,25h,25h;25h,25h,25h,25h,25h,24h,26h,26h,26h,26h,26h,26h,26h
ZBh,ZSh,ZSh,ZBh,ZBh,26h,26h,26h,26h.26h,26h,26h,26h,26h,26h;26h,26h,22h,2Ah,2Ah

ZAh,ZAh,ZAh,ZAh,ZZh,22h,26h,26h,26h,26h,26h,26h,26h,26h,26h,26h,26h,28h,26h,26h
26h,26h,24h,25h,25h,25h,25h,ZSh,25h,25h,ZSh,25h,25h,25h,25h,25h,25h,25h,25h,25h
25h,25h,25h,25h,25h,25h,25h,05h,15h,15h,15h,15h,05h,25h,25h,25b,25h,25h,25h,25h
25h,25h,25h,25h,25h,25b,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,24h,26h,28h
26h,26h,26h,26h,28h,26h,26h,26h,26h,26h,26h,26h,26h,26h,22h,22h,2Ah,2Ah,2Ah,ZAh

OAh,ZAh,ZAh.ZAh,ZAh,ZAh,ZAh,ZAh,ZAh,22h,22h,26h,26h,26h.24h,24h,25h,25h,25h,25h
25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h
25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h*
25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h
25h,25h,25h,25h,24h,24h.26h,26h,26h,22h,ZZh,ZAh,ZAh,ZAh,ZAh,ZAh,ZAh,ZAh,ZAb,OAh

OAh,ZAh,ZAh,ZAh,ZAh,ZAh,ZAh,ZAh,ZAh,ZBh,ZBh,29b,29h,29h,21h.21h,25h,25h,25h,25h
25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h
25h,25h,25h,25h,2$h,25h,25h,25h,25h,25h,25b,25h,25h,25h,25h,25h,25h,25h,25b,25h
25b,25h,25h,25h,25h,25b,25h,25h,ZSh,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h
25h,25h,25b,25h,21h,21h,29h,29h,29h,28h,28h,2Ah,ZAh,ZAh,ZAh,ZAh,ZAh,ZAh,ZAh.OAh

ZAh,2Ah,2Ah,2Ah,28h,28h,29h,29h,29h,29h,29h,29b,29h,29h,29h,29h,29h,29h,29h,29h
29h,29h,21h.25h,25b,25h,25h,25h,25b,25h,ZSh,25h,25b,25h,25h,25h,25h,25h,25h,25h
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25h,25h,25h,25h,25h,25h,25h,05h,15h,15h,15h,15h,05h,25h,25h,25h,25h,25h,25h,25h
25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,21h,29h,29h
29h,29h.29h,29h,29h,29h,29h,29h,29h,29h,29b,29h,29h,29h,ZBh,ZBh,ZAh,ZAh,ZAh,ZAh

ZAh,ZAh,ZBh,ZQh,29h,29h,29h,29h,29b,29h,29h,29h,29h,29h,29h,29h,29h,29h,29h,29h
29h,29h,29h,29h,29h,29h,29h,Zlh,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h,25h
25b,25h,25h,25h,05h,05h,15h,15h,15h,15h,15h,15h,15h,15h,05h,05h,25h,25h,25h,25h
25h,25h,25h,ZSh,25h,25h,25h,25h,25h,25b,25h,25h,21h,29h,29h,29h,29h,29h,29h,29h
29h,29h,29h,29h,29h,29h,29h,29h,29h,28h,29h,29h,29h,29h,29h,29h,29h,28h,2Ah,ZAh
28h,ZSh,29h,29h;29h,29h,29h,29h,29h,29h,29h,29h,29h,29h,29h,29h,2§h,29h,29h,29h
29h,29h,29h,29h,29h,29h,29h,29h,29h,29h,29h,29h,29h,29h,21h?21h,25h,25h,25h,05b
05h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,15h,05h
05h,25h,25h,25h,21h,21h,29h,29h,29b,29h,29h,29h,29h,29h,29h,29h,29h,29h,29h,29h
29h,29h,29h,29h,29h,29h,29h,29h,29h,29h,29h,29h,29h,29h,29h,29h,29h,29h,29h,28h
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Van Vin
/ .gﬂOJL
VGYt
4

- o v . Lo
Eﬂn N.1 NITNTITUAITRIUIUIININRTITY |
(THREE-PHASE SEMICONVERTER)
PR~ ) 4 v - ' af <
TUNUL TAITHTURA L HUAINUAIUN UL WANAAINL ALY LTI ITD L dauTUTunTH
aTtaT1ENtaa ey
The peak voltage (V_)=220/2=311.1 V, «=143 ,f=50 Hz

Period(T)=1/£=10% 50=20000us

time delay t, [(30+143)/3601C10°/501 = 9611.11 us

£(120+173)/3601C10°/501

time delay t_ 16277.78 us

L(240+173)/3601C10%°/501

time delay t, 22944.44 ys



(54)

Us
FUB2ITUTRATUTIUAITILATIZN

THREE-PHASE SEMICONVERTER
Source : Van 1 0 SIN(O 311.1V 50Hz)
Vbn 2 0 SINCO 311.0V S50Hz 0 0 -120DEG)
Ven 3 0 SIN(O 311.0V 50Hz 0 0 -240DEG)
Vg1l 6 4 PULSE(OV 5V 9611.11US 1NS 1NS 20US 2odbousg
Vg2 7 4 PULSE(OV 5V 16277.78US 1INS INS 20US 20000US)
Vg3 8 4 PULSE{OV 5V 22944.44US 1NS 1INS 20US 20000US)
Circuit = R 4 5 10

.

D1 5 1 DMOD

D2 5 2 DMOD

D3 5 3 DMOD

DM 5 4 DMOD

.MODEL DMOD D(IS=2.2E-15 BV=1200V. TT=0 CJO=1PF)
% Subcircuit calls for thyristor model:

XT1 1 4 6 4 SCR T1

e

XT2 2 4 7 4 SCR T2

e

XT3 3 4 8 4 SCR ;5 T3

% Subcircuit for ac thyristor model:

.SUBCKT SCR 1 2 3 2
¥ model anode cathode +control -control
* name : voltage voltage

S1 1 5 6 2 SMOD

RG 3 4 50

VX 4 2 DC OV

VY 5 7 DC 0OV

DT 7 2 DMOD

RT 6 2 1

CT 6 2 10UF

Fi1 2 6 POLY(Z2) VX VY 0 50 11
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.MODEL SMOD VSWITCH (RON=0.0105 ROFF=10E+5 VON=0.5V
VOFF=0V)

.MODEL DMOD D(IS=2.2E-15 BV=1200V TT=0 CJO=0)

.ENDS SCR

.TRAN 50US 50MS

.PROBE

33.33MS 50US

.OPTIONS ABSTOL=100.U RELTOL=0.01 VNTOL=0.01 ITL5=20000

.FOUR 50Hz V(4,5)

.END

EVALUATION Pspice

Fourier components of transient response V(4,5)

DC COMPONENT =

NO

1

3.965913E+01

HARMONIC FRIQUENCY FOURIER NORMALIZED PHASE NORMALIZED
(HZ) COMPONENT COMPONENT (DEG) PHASE (DE®)
5.000E+01 2.405E+01 1.000E+02 -1.002E+02 0.000E+00
1.000E+01 2.303E+01 9.576E-01 -1.073E+02 —7.055E+00
1.500E+02 T7.138E+01 2.968E+00 7.827E+01 1.%85E+02
2.000E+02 2.132E+01 8.866E-01 -1.268E+02 -2.653E+01
2.500E+02 1.878E+01 T7.810E-01 —1.347E-01 —3.445E+0i
3.000E+02 5.172E+01 2.151E+00 7.153E+01 1.718E+02
3.500E+02 1.584E+01 6.586E-01 -1.506E+02 -5.036E+01
4.000E+02 1.299E+01 5.401E-01 -1.597E+02 -5.947E+01
4.500E+02 3.139E+01 1.305E+00 7.970E+01

1.798E+02
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Simi)liﬁed digital :
control for three

phase induction
motor drive

B. Maurice. SGS THOMSON Microelectronics, Central Application Laboratories

Abstract

The generation of well balanced three phase sine waves to control ¥
induction motor normally requires complex control circuitry. The
introduction of variable speed induction motor into large volume
appliances (100 W - 1 kW) requires the design of cost effective solu-
tions. The simplified solution proposed in this paper uses a standard
microcontroller including an internal Direct Memory Access (DMA). o
This solution spares the use of dedicated IC (hardware being replaced -
by software), and saves over 50 % of CPU time to perform any control
and supervision tasks. A practical solution to quantize three phase
sinewaves, and 1o ¢reate the corresponding DMA table is presented.

Motor voltage and motor frequency can be chosen independently. A

by software. Each of the six digital outputs sets directly the state of
the six _power MOSFETs (or IGBTs) of the bndge via insulated
interface. This interface is described in the second part of the paper.
A new fully isolated pulse controlled gate driver is used. No floating
auxiliary supply is needed and safety standards are met. Large dV/dr
immunity is achieved. Results of practical examples are given.

— e

AN

S
IS
B. Maunce

Introduction Graduated from the Grenoble/France University

The three phase inducti is a simple

design, rugg ai ance-free whic
appears in home appliances requiring cost

etfective solutjons. For speed control of

these motors, a frequency variation of the
inverter_output voltage is required. The
voltage/frequency ratio must be maintained
constant, >0 _control of these motors
nocmally requires complex control
circuitry for the generation of the bulanced
three phase sine wave outputs.

Usually the generation o pse
PWM signals mav _be gontrolled by a
dedicated circuit,_which is dniven by a
opumum while performance prevails over
cost.

The solution demonstrated in this paper is
a simplified solution using a standard STY
microcontroller which includes large on-
chip ROM memory and an internal Direct
Memory Access (DMA) controller. This

as a Physics & Electromechanical Engineer.
He sturted work with THOMSON
SEMICONDUCTEURS (Aix-en-Provence/
France) as an R & D engineer. he then became
an Engineering Manager 1n the water fab. for
discrete semi-conductor devices.

He is now Applicauon Manager in the SGS-
THOMSON Microelectronics' Central
Applicution Laboratory for both groups. motor
control system and digital control system.
(Central Application Laboratory, SGS-
THOMSON Microelectronics, BP 2, Z. 1.
Peynier/Rousset, F-13106 Rousset Cedex,
France) -



combination reduces the need ol dedicated
1Cs chardw are being replaced by software),
and allows over 50 % of the CPU time 1o
perform control, environmental and
supervision tasks.

A prucfical solution 1o quantize three phase
sinewaves. and to create the corresponding
DMA 1able is shown allowing motor
voltage and motor frequency 10 be chosen
independently. A dead time avoiding cross
conduction through the bridge is also
created by software. Very low acoustic
nOIse pperation cun be .n.hlc\cd despite u
\\\lthII‘IE lr:Lcncx helug IQLH/ .due 10
4 shifting of the switching instants leading
10_a_virwal_doubling of wu(chlrm fre-
quency.

Each of the six digital outputs of the ST9
sets directly the state of the six power
MOSFET\(or IGBTs) of the bridge via an
insulated intertace. This interfuce s
described in the second part of this paper.
The tully isolated pulse controlied vule
dnver requires no floating auxiliary supply,
meets sateny standurds and dchieves a large
dVAdr immuny

Fig 1 shows how w generate a three phase
siie wave by modulation of pulse width,
This modulation is often obtained with a
special dedicated IC comtrobled by a MCU
tbove).

Using & MCU having large memory inte-
grated on the chip combined with DMA.
spares the use of dedicated IC (below).
Hardware is replaced by software. The
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DMA (see Fig. 2). The voltage level 0 = §
V o euch output bit drives directly the
gate interfuces.of the six power switches .

sine waves are directly synihesized by the
MCU.

Digital control of power
switches

In this proposed solution, the ST9 e ST9 micro-

conwroller controls _sl_r_nylun:uug_um\ -
and OFF-staigs of the six power es

of the invener bridge. All_these instan-
taneous ON-OFF states are stored ip
e T sate

intemnal memory (ROM) and are sequen-
ually wansferred (every S ps for example)
to six bits of a parallel output port_by

182

sequenually output on the parallel output
port. A full scrolling of each pauern
corresponds 10 a complete switching basic
eycle of the six power switches. This is

AT daia Corresponding 10 the swilching  repeated the necessary number of imeés 16—

duty cycle values is permanently stored in

. ROM und gencrates the quantized three

phise sine waves. A dead time between
adjucent power switches is also stored,
avoiding cross-conduction through the
power bridge. The motor frequency and
motor voltage are also stored indepen-
dently.

The major part of the ROM is occupied by
this permanent data, used 10 generate, step
by step. the three phase sine-waves. This
daua is grouped 1n several tables (patterns),
constituting series of bytes that have to be

complete the step duration of sine wave.
The following pattern will then be scrolled
1o realize the following step.

This direct sequential transfer from
memory 10 output port is performed by
DMA (2], and is self operating. The central
unit only works when the last byte of one
patiern appears, the program then deter-
mines whether the sume pattern must be
scrolled again, or if another new pottern
has 10 be scrolled.

All patterns needed for an application, as

EPE Joumal - Vol. 2 - no 3 - October 1992
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The ST9 microcontroller is able to manage .
two further functions: : :

a) slow operations for motor and
environment controls, such as timing of
sequential operations, speed control, safety
supervision tasks, etc... (these are not
detailed in this paper);

b) faster operations for real time mana-
gement of the states of the power switches
for PWM generation.

All others functionalities of the ST9036
remain available, such as other VO ports,
Timers, Analog/Digital converters and all
interrupt functions.

In the practical example described in the
following sections, $T9 is not heavily

bit Nor O

b 7 1 AR

- From Microcontroler

well as the program managing their
scrolling order and their number of repe-
titions, are 10 be created and stored in
ROM.

Motor drive configuration
Microcontroller

The ST9036 microcontroller from the ST9

30&

163 mm core
Z %10 turns.

SECONDARY
with .

Short circuit

Protection

VROQ1510

iy, Fig. A:Tmnsfo@e:cort size:

vs 16 pin DIL

family with 16 kbyte of ROM or EPROM
memory (1], of which only one output
port and one multifunction timer are used
for PWM generation. Six bits of its output
port are gathered in pairs, one pair for
every bridge leg (phases: U, V, W). The
two bits remaining free can be used, for
example, either to control two other power
switches (i.e for heat control in a washer),
or to generate a synchronized signal to
perfonn meusurement of V// phase.

ied-bythese real ime operations .
L 7 v

—using DMA is similar to slowing down
the ST9 and engages only 35 - 40 % of the
CPU time:

=~ speed control (frequency vanation) needs
only few instruction lines but no memory
space: the memory space is mainly used to
store necessary data 1o generate six various
three phase voltages supplying the motor
(1 Kbyte for each voltage).

Drivers for power switches

The driver interfaces the ST9 output pornt
10 the gate of the power switches:

— it convents the output level (5 V) to the
required gate-source voltage level (15 V)
of IGBT or Power-MOSFET;

- it provides a galvanic isolation;

- it protects against current surges and
short circuits.

It is constituted by six independent circuits
for the six power switches. Each is a pulse
controlled driver (4] including: (see Fig.
3)

- a primary circuit to create a calibrated
Pulse with short duration;

- a small pulse transtormer: (DIL molded
puckage)

- a floating secondary circuit operating
without any auxiliary supply and including
the autonomous short circuit protection.
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The primary circuit differentiates the logic
level input signal. The positive and nega-
tive calibrated output pulses (£ 15 V/
0.5 ps) correspond to the switch-on/switch-
off command. The primary circuit output
stage is a full bridge having a low output
impedance in order to obtain short rise
times and high amplitude current pulses.

The pulse wansformer can be small. A
ferrite core of 6.3 mm diameter uﬂllJQ

tums is.sufficient as it has to sustain 15V
for 0.5 us. In this application, three core

trapslormers are housed in the same
standard or SMD package [3].

The secondary circuit needs no supply and
uses the input gate capacitor of the Power-
MOSFET or IGBT like an R/S memory

"~ laich The required energy is~ finmied 1o

(59) |

&y = U-phase duty cycle,

fon 0= “ON-state” duration of high side
switch,

T, = switching period,

Viyw = phase to phase motor voltage.

If &y is sinusoidal modulated, the average
voltage on half bridge middle point
describes sinusoidal wave form centered
.10 Vpc/2. To avoid DC-components in the
motor, each phase voltage has to be
symmetrical compared to Vpo/2.

Motor voltage value

Motor voltage is maximal when the duty

cycle modulation varies from 0 % to 100 %
(modulation depth: K = 100 %). Motor
voltage is minimal (nil) when modulation
depth K = 0; & does not vary and is equal
10 50 % (Fig. 5b).

Sine wave frequency variation

This is obtained by varying the frequency
of the duty cycle modulation.

Creating tables of data

The variable speed drive of induction
motors requires generating three voltage

charge und discharge the input gate capa-
citor. During the OFF-state. a low impe-
dance is maintained across the gate-source
of the Power switch, avoiding any recon-

- duction due to externally applied dV/dr.

In several applications, when- isolation
between the power and conurol sections is
not mandatory, the low side driver cun be
a simple non-insulated driver. Never-
theless, the fully isolated solution performs
high dV/dr immunity and meets insulation
standards.

DC/AC inverter

For this function, a three-phase bridge with
six switches (Power-MOSFETSs or IGBTS)
is used (Fig. 1). The two switches of each
bridge leg are opposite phase controlled.
A dead time, avoiding simultaneous con-
duction, is generated directly by the
S$T9036 microcontroller.

Sine wave generation (Fig. 5)

The voltage on middle point of “U-phase™
bridge leg is given by:

Vu= Ve &
S= T
Vow =Yy - V.

with,

’\u““"‘@v" R S

.,.. 23

=41 27 T
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sine waves and control of their amplitude,
phase and frequency. The first step is to
ligitize the three phase system in order to
<reate all the necessary data to be stored
into the ROM of the ST9 microcontroller.

Fundamental period quantification

The fundamental period of motor voltage
is_divided into 24 “segments”; (each
segment equals 15 ° of arc). This gives a
good sine wave accuracy in many appli-

_ cations. wa
l ge of th ine J
given by duty cycle (9). For example, the:
duty cycle must be 55 % during the
segment from 165 ° to 180 2 for phase U
(Fig. 6).

— Creating the dufy tycle table———

The second step is to establish -a table
giving, for each segment, the duty cycle
value () for each of the three phases. In
fact 8y, 8y, & are duty cycle values for each
high-side switch (T, T3, T5). The low
side switches are in the opposite states and
their duty cycle value is complementary
1o 100 %. This entire table defines exactly
l_[\_ghmtmwune sine wave system duging

eriod ( and for o pr Yoliage

(I-ng 7) These (able values rC\QCCl phase

ents. To
- ]
m.'m:xuhgsccundmons must be ens
i con

f

;\\\\ NN SRR N]

a) on each line, the sum of the three duty
cycle values is constant (equal t0:1350 % );
b) the duty cycle has a symmetrical value
either side of 50 %: in practice the
quantized values have to be chosen close
10 the mathematical value of sinus for only
aquarter of the period. then symmetrically
repeated respecting the condition (a).

This duty cycle table is not stored in ROM.
[tonly defines the necessary data to create
the patterns. One line of this table defines
one pattern (see following section).

Pattern definition

A pattern is a succession of bytes stored in
memory. Each bit (1:0) of these bytes

N7

e AE

SSSS KRS SCSSOTER)-
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LN 13 15 17 19 & 23
Soqna\f 9 :4= 30X .
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F"g 8: Example.of switching cy 1o
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A}

zives the instantaneous state (ON; OFF)
of each of the 6 six power switches (Figs.
7 and 9). Pattern contains number of bytes
1ecessary to define one entire basic
wwitching cycle.

A particular pattern has to be created for
ach segment of the sine wave period. All
ihese patterns are stored in the ST9036
ROM.

4 i P ) X p ’
unila’? .
- : mu: s

For example (Fig. 8), a pattern contains 8 STV TN [ G TS P 3 5-oub AT, y

sequence of 42 bytes defining one basic Mt oy ——— S SHESS
0, 7 S ; isoy m [ v Ll TR e A0Sy ROk s 38

y v AR

swntchnpg, cycle. ﬁc ?WIlghlng period T, AP A A [T [T o e T e e i e

shared into 42 units of times, gives a good S AT e TSN TG T ;

sensibility of duty cycle adjustment of *
_about 2.5 % (1/42 th). This time unit
corresponds (o the rhythm of the DMA
timer and its duration is chosen as a

—muitiple-otthe- STO-microcomroller<locks

PP £ o iy 5L

.

Rl

P [

'

S
-
i

' o
000, 530,
period (0.25 ps). (' ‘v' RN ey e
3 AT
e 0 C 9 BT S
In this example, one unit of time equals @R e84 .10, -
v ‘ 2 100 S 20
4.75 us in order 10 have a pattern serolling Set of i~ & ¥y =
time or switching period T, = 200us. This a %9 = Pattems R AL e
g — AL = = o .. % -
corresponds 10 5 kHz of switching w4 an . ’ /| eI
A e
irequency. - Py .=
e —— » / s = IEs -
Y
i 10 ] 20 7 P
Tuo deadtimes (Qne time unir gich) ar ok -8 5 [
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bl ) HInnn.. 100 2 80 43
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an example, the peak value-of phase
voltage generated by the table given on
Fig. 7 is equal 10 60 % of V. line. It is
necessary to create a set of patterns for
each of the needed motor voltage.

The motor_voltage can be controlled
independently of the frequency. This
voltage depends on the set of puttern which
the DMA is s reading. By storing within
ROM and reading ditferent set of pauerns,

the voltage across the motor can be

changed and shaped. In this example, a set
of patterns includes 24 patterns of 42 bytes
each = 1008 bytes.

Fig. 10 shows &, duty cycle of the T1
switch for various values of motor voltage.
On the right side the chart gives the

. comresponding vatues of5r-and-Gs—Each-

line of these charts defines a pattern. These
values respect the phase balance and avoid
current in neutral line. The useful RMS
voltage across motor phases is given by :

i 3
Vs = 3 K- \j; VD line

The K factor corresponds to modulation
depth of the duty cycle (&) as shown on
examples (a,b,c).

a: K= 1.0 when duty cycle varies from
0 % to 100 %,
b: K = 0.6 when duty cycle varies from
20 % 10 80 %,
¢t K = 0.2 when duty cycle varies from
40 % 10 60 %.

Stator frequency control

Stator frequency is controlled via duration
of the fundamental period T;,.

The shortest duration of the period (the
highest frequency) is reached when each
segment of this period corresponds to only
one reading of the corresponding patiern.
In our example (Fig 11) the patern reading
duration equals 200us, and with 24
segments,

When each segment corresponds to two
readings of pattern, the fundamental period

(62)
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Fig. 11: Example of fundamental frequency variation when the number of patterns

per segment of period is multiplied by two
a.7,=200- "4 4800|.u,f 208 Hz
bT—”OO ‘24 = 9600;15.)'0 104 Hz

is twice us long. Thus the frequency (motar
speed) can be controlled step by siep
whether the pattern is read once or several
times. Conseyuently when starting from
the highest frequency, it is possible o have
discrete submultiples of frequency:

f= /N,
N = number of times of patterns being
read.

The speed resolution is low for high motor
speed, but high for low motor speed. So,
to perform the speed control by software,
itis sufficient to give the number of times
the pattern is to be read. For example,
when rcpcu(ing‘ 20 times the same pattern
the following results are obtained:

4.75 ps = time unit,

42'= pumber of time units per pattern,

20 = number of patterns (or switching
eycle) reading per segment,

24 = number of segments per fundamental
penod.

This gives a fundamental frequency of
10.4 Hz

Another way to adjust motor speed by
software i the DMA timer
penod, That is equivalent o modifying
the “time unit” duration. The reduction of
time unit duration is limited by the highest
consumption of CPU time to be accepted
and the shortest permissible dead time is
according to power switches used.
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By combining these two methods, pattern
repetition and timer variation, it is possible
1o perform quasi-continuous variation of
wmotor speed.

Dephasing switching instants

When creating the pattern, the instant of
switching can be chosen specifically for
each bridge leg. For example it is possible
10 simultaneously turn-on all the high side
switches (7', T;, Ts) and stop them when
respectively each duty cycle is reached
(Figure 12a).

Through other ways for the same dury

cycle the ON-s(ate is centered at the middle
of pattern (Fig. 12b).

Various other possibilities can be chosen
1o create the pattern. The acoustic noise of
the motor will depend on this choice, For
example the pattem shown in Fig. |2c
wwes alarge current ripple and very noisy.
motor,_while_ on the conwry, Fig 12
gives i noiseless motor according (O spull
cumrent ripple (shown at 20 wsidiys-2 AL

dis.

When the three hich side switches or the
[ree Nigh side switches or th

" three low sule ywitches are simultaneously
()_.N_»L_:mmhmamal.yilﬂi._mum
transmifted into the motor. which is
freewheeling. Another pussibility is 10
choose simultaneously the QFF-stute ruther
than the ON-state simultaneously us showy
Fig. 12e to compare with Fig. 12b. In this
Cise two switches of one bridge-leg are
not switched and switching losses are
reduced.

Fig. 12 shows how various possibilities
cun be chosen for pattern creation. Current
ripple and acoustic noise of motor will
depend on this choice.

On the right side. it shows the motor current
1N (WO cases:

- noiseless motor according to small
current npple,

= Notsy motor according to large current
npple.
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As the energy is transmitted when switches
are not in the same state. the rule 1o create
a4 pattern s 10 maximize the instants where
the switches are in the sume stte and
simultancously shift the switching instants.

All these methods can be used to obtain
very low acoustic noise operation in spite

of a switching trequency below 10 kHz.

Without reducing the time unit, it is

! _Fig. 13: Three
- microcontroller outputs:
5 5 ms/div, 5 Vidiv

possible 1o increase the acoustic frequency :
by sharing in two equal parts each duty
cycle time (6= 60 % ==> § =30 % +
30 %). The switching frequency is doubled
and acoustic noise is close to the inaudible
region and becomes very low (Fig. 124).

Experimental examples

Fig. 13 shows an example of generated



three phase PWM signals on micro-

controller outputs. It represents three

control signals for T1, T3, TS. The set of
patiern corresponds to a modulation depth
of 100 % as shown on table Fig. 10a. The
phase angle between each phase is 120 °,

Fig. 14 shows current measured in motor
phase (20 ms/div, 2 A/div). -

a) patterns are repeated twenty time,
J= 10 Hz. The used set of pattern (at 60 %)
of Fig. 10b, combined with doubly of
switching instants (Fig. 12d), gives a well
defined sine wave.

Very little ripple of current and doubling
switching frequency give anoiseless motor
operation.

(64)

_Appendix: microcontroller with

DMA

The feature of microcontroller with DMA
(Direct Memory Access) consists in having
a possibility of direct access between
microcontroller memory and its on-chip
peripherals. Moreover, one of the parallel
/O ports can be coupled with the umer's
DMA cnunnel, allowing fast data transfers
between memory and this VO port with
minimum CPU overhead. Data transfers
are scheduled by the timer.

The only task of the Microcontroller
software is o specify which pattern is to
be read by the DMA channel at a given
time in order to reproduce the three-phase
sinewaves, as described in the previous

b) The motor is speeded up by repeating
patterns only twice (f'= 100 Hz). Simulta-
neously the motor voltage is increased by
using set of pattern (of Fig. 10a) having
modulation depth of 100 %.

Conclusion

Cost optimization is a key issue for appli-
cations such as washing machines. air
conditioning or cooling pump motor drives,
The induction motor drive presented in
this paper, simplities the already existing
digital solution. Using a microcontroller
with Direct Memory Access and fast data
transfer, replaces dedicated [Cs by
software, or more precisely by data stored
in the microcontroller memory. So, the
cost of an additional dedicated PWM's IC
is saved. As the computing time is also
saved, the MCU s kept free 10 perfrom
other controls and supervision tasks.
Thanks to the used standard microcon-
troller flexibility, versatile applications can
be progrummed, only by software
adaptation.
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echions—Afteracomplete pattern transfer,
the Micro-controller CPU is interrupted
(DMA End of biock interrupt) and the
DMA should stan to reud the nex( pattern,

In.order to achieve high speed continuous
transiers without stringent fesponse time
requirements for this End of block
interrupt. a “swap mode” is used: while a
pauem is read by the DMA channel, the
subsequent pattern can be prepared in
advance: so. once the lust byte of the
pattern is read. the DMA automatically
switches (0 the new pattern while the old
one can be updated during the DMA End
of block interrupt routine.

First tests show that the DMA operation
in“swap _mode. as described hereabove,
accounts for 350 % of the total available
€PU time of the Microcontroller. There-
tore, thanks 10 its processing power, the
Microcontroller cun easily perform any
control and supervision task in addition 1o
this DMA-driven PWM generation.





