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ALGORITHM DESIGN APPROACH THE METHOD OF
SPACE-VECTOR PWM FOR A THREE PHASE

INDUCTION-MOTER CONTROL
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Mr. Ardnarong Pipatpaisarn  1D.49015265
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Abstract

Algorithm Design to Approach the Method of Space-vector (SV) pulse width modulation
(PWM) for a Three Phase Induction Motor Control is dealing with an algorithm of space vector
PWM for three phase induction motor control. Starting with Mathematics analysis, then
MATLAB simulation with GUI (graphic user interface), we understand the method of vector
control and can see both vector and timing. Two variables, as magnitude and timing of an on-
off vector are important. After simulation by MATLAB, we transfer code and algorithm to a
micro controller implementation (dspic30f4011) programmed by C language. To verify the result
of simulations, tests of driving and controlling a three phase induction motor, 1 horse power will

be performed.

Keyword Inverter SpaceVector
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subplot(le);plot{t,saw_wave,'b—');hold on;grid on

if (sine_wave (d) > saw_wave{d))
pwml{d) = 0.5;

elseif{sine_wave(d) < saw_wave (d})
pwml(d) = 0;

else
end
end

for d = round(length(saw;wave)/2):length(saw_wave)
if{sine_wave{d) < saw_wave{d))
pwml(d) = -0.5;
elseif {sine wave(d) > saw_wave (d})
pwml{(d) = 0;

else
end
end

subplot (211} ;plot{t,pwml, 'x-*})
subplot(212);plot(t,sine_wave,’y.—');hold on
subplot {212) ;plot(t,pwml, 'x-'};grid on

\\\fxis([ﬂ 1 -1 11);

//'t = 0:0.0001:1; $ tims step
fsaw = 30; % saw tooth frequsncy
saw_wave = sawtooth(Z*pi*fsaw*t,0.5);

A= 1; $ Zmplitude of sine
fsain = 1; % sine wave frequency
sine_wave = A*sin{2*pi*fsin*t);

subplot (211) ;plot({t,sine_wave, 'y.-');hold on

pwml = zeros(l,length(saw_wave));

for d = l:round{length(saw_wave)/2} % positive sine

% nsgative sine
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%referrence frame three phase 120 {2*pi/3)
mag = [0:.01:1]};

ph = [exp(j*0) exp(j*2*pi/3) exp{j*4*pi/3)];
step =[{0:2*pi/1000:2*pi};

cir = exp(j*step);

for k = 1:168
subplot {221} ;plot (real (cir),imag(cir),'k’);;hold on

plot (mag*real (ph{(1l)),mag*imag{ph(1)),'r."' )}
plot (mag*real (ph{2)) ,mag*imag (ph{2)), 'g."' )}
plot (mag*real (ph (3) ) ,mag*imag{(ph{3)), 'b.* }

plot (-mag*real{ph{l)),-mag*imag(ph(1)),'x"' )
plot (-mag*real(ph(2)),-mag*imag(ph(2)),'g* )
plot (-mag*real{ph(3)),-mag*imag(ph(3)),'b' )

v = 1;
step v = 0:.01:v;

a = step v*exp(j*step(k)) ;plot(real(a),imag(a), 'k}
plot{real (v*exp{j*step(k))),imag{v*exp{j*step(k))} ), 'kx")
plot (real (v*exp{j*step(k))),imag{v*exp(j*step(k)}), 'ko")

d = v*sin(step(k)); %Fplot{0,d, 'kx'}
gl = v*cos(step{k)); %plot{gql,0, 'kx")

ul = v*sin(step{k))/cos(pi/6); S%plot(ul,0,’'kx') % magnitude of phase w
q2 ul*cos{pi/3); $plot (g2, 0, *kx")
ud = gl - g2; $plot (ub, 0, 'kx') % magnitude of phase u

m_ul = find{(mag<=ul);
for n = l:length(m ul)

plot {(-mag(n) *real (ph(3)}),-mag(n) *imag(ph(3)),'b." )
end

m u0 = find(mag<=u0);
for n = l:length(m u0)
plot (mag({n),0,'k.');hold on

end
- pwm on off signal -———--
pwmul = [ones(1,length(m u0)) zeros (1, (length (mag)-length(m u0}))];

pwmul = [ones(l,length(m ul)) zeros(l, (length(mag)-length(m ul)))];
subplot (222) ;plot (pwmul, '.-')} ;xlabel { "phase U")
subplot {224) ;plot (pwmul, '.-") ;xlabel {'phase U + phase V')

pause;

hold off;

\»end ‘/
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dsPIC30F4011/4012 Enhanced Flash
16-Bit Digital Signal Controller

“m:s data sheet summanzes features of this’ gmup
1C3 dewces and s not intended 1obe 2 complete
souwrce;” For: more . information. on . the. CPU;
herais register descnphons and: generalf i

tand programmg 1efer.lo the ‘dsPIC30F/
nmer's Reference Manual”{DS701 57): :

High-Performance, Modified RISC CPU:

» Modified Harvard architecture

« C compiler optimized instruction set architecture
with fiexible addressing modes

- 83 base instiuctions
« 24-bit wide inshructions, 16-bit wide data path
48 Kbyles on-chip Flash program space
{18K instruction words)
= 2 Kbytes of on-chip data RAM
1 Kbyle of nonvolatile data EEPROM
Up to 30 MiIPS operation:
- DG lo 40 MHz external clock input
- 4 MHz-10 MHz oscillator input with
PLL active (4x, Bx, 16X)
= 30 inferrupt sources:
- 3 extemal interrupt sources

- B user-selectable priority levels for each
interrupt source

- 4 processor trap sources
~ 16 x 16-bit working register array

.

DSP Engine Features:

Dual data felch

Accumulator write-back for DSP operations
Modulo and Bit-Reversed Addressing modes
~ Two, 40-bit wide accumulators with optional
saturation logic

17-bit x 17-bit single-cycle hardware
fractionalinteger multipier

= All DSP instructions are single cycle

= +16-bt, single-cycle shift

.

Peripheral Features:

.

D)

.

High-current sink/source KO pins: 25 mA/25 mA

Timer module with programmable prescaler:

- Five 16-bit imers/counters; optionally pair
16-bit timers into 32-bit imer modules

16-bit Capture input functions

16-bit Compare/PWM oulput functions

3-wire SPI modules (supports 4 Frame modes)

12C™ module supports Muiti-Master/Slave mode
and 7-bit/10-bit addressing

2 UART modules with FIFO Buffers
1 CAN module, 2.0B compliant

Motor Control PWM Module Features:

6 PWM output channels:

- Complementary or independent Output
modes

- Edge and Center-Aligned modes

3 duty cycle generators

Dedicated fime base

Programmabie ouiput polarity

Dead-time control for Complementary mode

Manual output control

Trigger for A/D conversions

Quadrature Encoder Interface Module
Features:

.

-

Phase A, Phase B and index Puise input
16-bit up/down position counter

Count direction stalus

Position Measurement {x2 and x4} mode
Programmabile digital noise filiers on inpufs
Alternate 16-Bit Timer/Counter mode

Interrupt on position counter rollover/undesfiow
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Analog Features:

10-Bit Analog-to-Digital Converter {A/D} with
4 S/H inputs:

- 1 Msps conversion rate

- Sinput channels

- Conversion available during Sleep and Idle
Programmable Brown-out Reset

Speciai Digital Signal Controller
Features:

« Enhanced Flash progrem memorny:
- 10,000 erasefwrite cycle {min.} for

industrial temperature range, 100K (typical} .

» Data EEPROM memory:
- 100,000 erasefwrite cycle {min.) for
industrial temperature range, 1M (typical)
+ Self-reprogrammabie under software control

+ Power-on Reset {PCR), Power-up Timer {PWRT)

and Oscillator Start-up Timer {OST)

Special Digital Signal Controller
Features {Cont.):

Flexible Watchdog Timer (WDT) with on-chip,
low-power RC oscillator for reliable operation

Fail-Safe Clock Monitor operation detects clock
failure and switches to on-chip, low-power

RC oscillator

Programmable code protection

in-Circuit Senial Programming™ (ICSP™)

« Selectable Power Management modes:

- Sleep, idle and Altemnate Clock modes

.

CMOS Technology:

» Low-power, high-speed Flash technology

« Wide operating voltage range {2.5V {0 5.5V)
» Industrial and Extended temperature ranges
* Low-power consumption
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m3lFanulugalmines (Timer Module) type A

At least one Type A timer is available on most dsPIC30F devices. For most dsPIC30F devices,
Timer1 is a Type A timer. A Type A timer has the following unique features over other types:

» can be operated from the device Low Power 32 kHz Oscillator
* can be operated in an Asynchronous mode from an extermnal dock source

In particular, the unique features of a Type A timer allow it to be used for Real-Time Clock {RTC)

applications. A block diagram of the Typs A timer is shown in Figure 12-1.

Figure 12-1:  Type A Timer Block Diagram

PRx
¥ e
Equal '
Comparator x 16 ! TSYNC
{3 . 1 Sync
TMRx .
Reset '
J 0
1
TxiF 0; """""""""""
Event Flag 1 Q D TGATE
6_/51(
TGATE o
W <<
co
 Neteny . by TCKPS<1:0>
S08C0 X]r il ) N TN 2
: : i/]_
' ) Gate Prescaler | |
! LPOSCEN Syne 01 1, 8, 64, 256
» S0SCH :
, : Tev. 00

Note 1: Refer to Section 7. “Oscillator” for information on enabling the LP Oscillator.
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Register 12-1: TxCON: Type A Time Base Register

Upper Byte:
RW-0 u-0 RW-0 U-0 U0 U-0 U-0 u-0
ToN [ — [ 7vebL | — [ poma o s
bit 15 bit 8
Lower Byte:
U-0 RYW-0 RW-0 R/W-0 U-0 RW-0  R/W-0  .UD
wii— o] TGATE | TCKPS<1:0> TSYNC | TCs
bit7 bR O
bit 15 TON: Timer On Control bit

1 = Staris the timer
0 = Stops the timer

bit 14 Unimplemented: Read as ‘0’
bit 13 TSIDL: Stop in Idle Mode bit
1 = Discontinue timer operation when device enters idle mods
0 = Continue timer operation in idle mode
bit 12-7 Unimplemented: Read as ‘0
bit6 TGATE: Timer Gated Time Accumulation Enable bit
1 = Gated time accumulation enabled
o = Gated time accumulation disabled
{TCS must be set to ‘0’ when TGATE = 1. Reads as ‘0" if TCS = 1)
bit5-4  TCKPS<1:0>: Timer Input Clock Prescale Select bits
11 = 1:256 prescale value
10 = 1:64 prescale value
01 = 1:8 prescale value
00 = 1:1 prescale value
bit3 Unimplemented: Read as ‘0’
bit 2 TSYNC: Timer Extomal Clock Input Synchronization Select bit
WhenTCS=1:
1 = Synchronize external clock input
0 = Do not synchronize external clock input
WhenTCS =0:
This bit is ignored. Read as ‘0. Timer1 uses the internal clock when TCS = 0.
bit TCS: Timer Clock Source Select bit
1 = Extemal clock from pin TxCK
0 = Intemnal clock {FosC/4)
bit 0 Unimplemented: Read as ‘0’
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 4’ = Bitis set ‘0’ = Bitis cleared x = Bit is unknown
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ms1Faulugalniiies (Timer Module) type B

Timer2 and Timer4, if present, are Type B fimers on most dsPIC30F devices. A Type B timer has
the following unique features over other types of timers:

» A Type B timer can be concatenated with a Type C timer to form a 32-bit imer. The TXCON
register for a Type B timer has the T32 control bils to enable the 32-bit imer function.

+ The dlock synchronization for a Type B timer is performed after the prescale logic.
A block diagram of the Type B timer is shown in Figure 12-2.

Figure 12-2.  Type B Timer Block Diagram

PRx
Equal Y
b Comparator x 16
1)
TMRx [ C [
Reset 'l'
TxiF °
Event Flag 1 Q D 1 TGATE
a.fck
TGATE el
83
P TCKPS<1:0>
TON 2
TXCKI & ii>l_ 1 ~
Prescaler
Syoe [+ o1 1,8, 64,255
Tov. 00
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Register 12-2: TxCON: Type B Time Base Register

Upper Byte:
R/AW-0 U-0 R/W-0 U-g U-0 U-0 U-0
TON [ ~— [ 18IDL | i
bit 15
Lower Byte:
U-0 RW-0 RW-0 RW-0 R/W-0

| TGATE | TCKPS<1:0> | T3 |

[bt7

bit 15 TON: Timer On bit
When T32 = 1 {in 32-bit Timer mode):
1 = Starts 32-bit TMRx:TMRYy timer pair
0 = Stops 32-bit TMRx:TMRy timer pair
When T32 = 0 {in 16-bit Timer mode):
1 = Starts 16-bit timer
0 = Stops 16-bit timer
bit 14 Unimplemented: Road as ‘0’
bit 13 TSIDL: Stop in Idle Mode bit
1 = Discontinue imer operation when device enters Idle mode
0 = Continue timer operation in Idle mode
bit 12-7 Unimplemented: Read as 0’
bit8 TGATE: Timer Gated Time Accumulation Enable bit
1 = Timer gated time accumulation enabled
0 = Timer gated ime accumulation disabled
{TCS must be set 1o logic ‘0’ when TGATE = 1)
bit5-4  TCKPS<1:6>: Timer Input Clock Prescale Select bits
11 = 1:256 prescale value
10 = 1:64 prescale value
01 = 1:8 prescale value
00 = 1:1 prescale value
bit 3 T32: 32-bit Timer Mode Select bits
1 = TMBAx and TMRy form a 32-bit timer
0 = TMRx and TMRy fonn separate 16-bit timer
bit2 Unimplemented: Read as'0'
bit 1 TCS: Timer Clock Source Select bit
1 = External clock from pin TXCK
0 = Internal dock (FOsc/4)
bit & Unimplemented: Read as ‘0’

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘4’ = Bitis set ‘0’ = Bit is cleared x = Bitis unknown
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mslFulugalniitnes (Timer Module) type C

Timer3 and TimerS are Type C timers on most dsPIC30F devices. A Type C timer has 3he
following unique features over other types of timers:

* A Type C timer can be concatenated with a Type B timer 1o form a 32-bit timer.
* On a given device, at least one Type C timer has the ability to trigger an A’/D conversion.
A block diagram of the Type C timer is shown in Figure 12-3.

Figure 12-3:  Type C Timer Block Diagram

PRx
<
ADC Event Equal
Trigger Comparatorx 18
0
TMRx
Reset
TxIF 0 ! I
Event Flag 1 Q [5) TGATE
G fex
TGATE i)
83
. ey TCKPS<1:0>
TON 2
TxCK g Sync 1
Prescaler
01 1, 8,64,256
Tey. 090
Note:  In certain variants of the dsPIC30F family, the TxCK pin may not be available. Refer to the device data
sheet for the VO pin details. In such cases, the imer must use the system clock {FOsC/4) as its input
clock, unless it is configured for 32-bit operation.
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Register 12-3:  TxCON: Type C Time Base Register

Upper Byte:
R/W-0 U-0 RW-0 U-0 U-0 U-0 U-0 U-0
ToN | — [T 7emL [oo— [ = [ =] Jo
bit 15
1 ower Byte:
U-0 R/W-0 R/W-0 R/W-0 U0

i | TGATE | TCKPS<1:0>

[5i7

bit 15 TON: Timer On bit
1 = Staris 16-bit TMRx
0 = Stops 16-bit TMRx
bit 14 Unimplemented: Read as ‘0’
bit 13 TSIPL: Stop in Idle Mode bit
1 = Discortinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode
bit 12-7 Unimplemented: Road as '
bit6 TGATE: Timer Gated Time Accumulation Enable bit
1 = Timer gated time accumulation enabled
0 = Timer gated time accumulation disabled (Read as ‘0’ if TCS = 1)
(TCS must bs set to logic ‘0’ when TGATE = 1)
bit5-4  TCKPS<1:0>: Timer Jnput Clock Prescale Select bits
11 = 1:256 prescale value
10 = 1:64 prescale value
01 = 1:8 prescale valus
00 = 1:1 prescale value
bit3-2  Unimplemented: Read as ‘0’
bit TCS: Timer Clock Source Select bit
1 = External clock from pin TxCK
0 = Internal clock (Fosc/4)
bit ¢ Unimplemented: Read as ‘0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0
-n = Value &t POR ‘" = Bit is set ‘¥’ = Bitis cleared x = Bit is unknown
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PNMICON1

PWM enable and mode SFRs

o
=S
Xel
po] PWM1 duty cydle register
3
= Channel 1
‘3 »  Comparator » Dead Time — ] PwmMIH
= i il | Generator and
> Ovemidetogic |———[X]PWMIL
g Channel 2
— PTMR - - P Oead Time || PWM2H
Generator and
—>»  Ovenidelogic [———IX|PWMZ
PWM Channel 3 I PWM3H
Generalor 3 L iZ)eacl‘l’xn:;e;“j P
PTMR period register M Ovemdelogic | DJTYMIL
R Fmme=—= e ——— — — — — 2
Py Channdl 4
[ ! o d Dead Tme . |———{ Pwaani|
| Generator and ’
| PR ] Ovemde Logic [~ PnaL
VU o s d
[QFOA
r—— "
I FLTE
| |
Comparalor > SpecaEvenl | s Special Event Trigger for AID converter

Note 1: Delails of PYWM Generalor 2, 3, and 4 not shown for dlaity.
2;  Logc within dashed Enes not present on 6-output MCPYAMA module.
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Register 15-1: PTCCON: PWM Time Base Controf Register

Upper Byte:

RAW-0 U0 R0 ugp U-0 U0 U U-0

PTEN |  — JpsoL | — | — T — — 1 -

bit 15 bit 8
Lower Byte:
RW-0 RAW-D RIN-D RW-0 RW-0 RW-0 RW-0 RW-0

PTOPS<3:0> ] PTCKPS<1:0> PTMOD<1.0>

bit 7 bit 0

bit 15 PTEN: PWM Time Base Timer Enable bit
1 = PWM time base Is ON
0 = PWM time base is OFF
bit 14 Unimplemented: Read as ‘¢’
bit 13 PTSIDL: PWM Time Base Stop in Idie Mode bit
1 = PWM time base halls in CPU Idie mode
0 = PWM time base runs in CPU Idie mode

bit 12-8 Unimplemented: Read as ‘¢’

bit7-4  PTOPS<3:0>: PWM Time Base Output Postscale Select bits
1111 = 1:16 Postscale )

o001 = 1.2 Posiscale
0000 = 1:1 Postscale
bit3-2 PTCKPS<1:0>: PWM Time Base Input Clock Prescale Select bits
11 = PWM time base input clock period is 84 Ty {1:64 prescale)
10 = PWM time base input clock period is 16 TCy {1:16 prescale)
01 = PWM time base input clock period is 4 Toy {1:4 prescale)
00 = PWM time base input clock period is Tey {1:1 prescale)
bit -8  PTMOD<1:8>: PVVM Time Base Mode Select bits
11 = PWM time base operates in a continuous up/down mode with interrupts for double PWM updates
10 = PWM time base operales in a continuous up/down counting mode
01 = PWM time base operates in single event mode
00 = PWM time base operales in a free running mode

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1"=Bitis set ‘0’ = Bitis cleared x = Bit is unknown
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Register 15-2: PTMR: PWM Time Base Register

Upper Byte:
R-0 RANY-0 RW-0 RIW-0 RIW-0 RAN-0 RAN-O RW-D
FIDIR | PTMR <14:8>
bit 15 bit 8
Lower Byte:
RAW-G RAW-0 RIW-0 RW-0 RW-0 R/W-0 RAN-D RW-0
PTMR <7:0>
bit7 bit 0
bit15  PTDIR: PWM Time Base Count Direction Status bit {Read Only)
1= PWM time base is counting down
0 = PWM time base is counting up
bit14-0 PTMR <14:0>: PWM Time Base Register Count Value
Legend:
R = Readabile bit W = Writable bit U = Unimplemented, read as ‘0’
-n = Value at POR ‘1" =Bitis set ‘0’ = Bil is cleared X = Bit is unknown
Register 153: PTPER: PWM Time Base Period Register
Upper Byte:
U-p RAW-0 RW-0 RW-0 RW-0 RIW-0 RAN-D RW-0
; PTPER <