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ABSTRACT

This thesis proposes a 3 phase induction motor drive using space vector
pulse width modulation (SV PWM) voltage source inverter. The switch control of
MOTFET can divide intc 8 states and 6 sectors that can control the speed of
motor including constant torque in low frequency up to base frequency range
by controlling V/f {or constant flux resulting in constant torque as well. The
equipment for generating PWM signal is a microcontroller DSPIC 30F4011 that
controls the whole system including protection circuit and display unit. A switching

power supply provides all electronic equipment for electronic source.
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Lower Switch ( 84 SES 82 )
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S5 = Tp/2

51:T1+T2+T0."2 Sy =Tyi2
Sg = Tyl2 S, =T+ Ty, +Tyl2
Sy =Ty + T2 Sy =Ty +Tpyi2

Sg = To/2
Sy =T, +T, +Ty/2

Sq =Tyl
Sq =Ty +T, + Tyi2
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. Author . stater

: Company : KMITL

. Filename : Main Program.s

. Date : 08/09/2006

: Frequency : 4.00 MHz at PLL 16x

:*******************‘i LR EEE LR ESEEESE IS EELEEEEEEEEET IS LSS LRSS S
. Other Files Required : p30F4011.gid, p30f4011.inc

. Tools Used:MPLAB GL 0 7.40

: Compiler : 1.30

. Assembler 2 1.30

. Linker 1 1.30

: Devices Supported by this file : dsPIC 30F401 1
:’l‘****************>]=*=€=**-“.‘4***:-?***>!==i=***S:***ﬁ:***=!=******>1=*=i==!f***ﬂ:*a‘:********
: Additional Notes CPWM_ VI

e e of ot o o ok ke e ok ok ok ok 3 ok ok e 3k ok s ok ke ok 3 ok kol o ke ok ok e ok ke R sk o ok of 3k o ok ok ok ke e ok ok ke ok o o ok ook ke sk o A ok o ok ok R

equ  30F4011, 1
.nclude "p30f401 1.inc¢"

:Configuration bits:

config  FOSC.CSW_FSCM_OFF & XT_PLLI 6 :Tum off clock switching and
fail-safe clock monitoring and
use the External

: :Clock as the system clock

config FWDT, WDT_OFF ;Turn off Watchdog Tinter

conftig  FBORPOR, PBOR ON & BORV_27 & PWRT_16 & MCLR_DIS
.Set Brown-out Reset voltage and
and set Power-up Timer to
16msecs

config FGS, CODE_PROT_OFF :Set Code Protection Off for the
General Segment

global _wreg_init ;Provide global scope to_wreg_
init routineln order to call this
routine from a
:C file. place "wreg_init" in an
"extern" declaration in the C file.

global _ reset :The label for the first line of
code.
global _ Tlnterrupt ‘DectareTimer 1 ISR name global

equ  G_XOR#0x8000
equ G _AND#OxT7FFF
.egu Count sineWi2



:Difine Variable
bss WV PV
bss I PV.2
bss PHASE_A 4
.bss  PHASE B4
bss  PHASE C4
bss  ENDTB A4
.bss  ENDTB B4
bss  ENDTB C4
bss STARTTBL A4
.bss  PRESCALL A4
bss  DELAY1.4

global PHASE_A
global PHASE B
global PHASE_C
global ENDTB_A
global ENDTB_B
global ENDTB C
global STARTTBL
global PRESCALE
global DELAYI

MOV #_ SP ini, WIS
MOV # SPLIM init, WO

MOV W{. SPLIM

NOP

CLR W0
REPEAT  #12
MOV WO.[++W14]
CLR W14

:Start of Code section

-Initalize the Stack Pointer
:Initialize the Stack Pointer Limit
Register

:Add NOP to follow SPLIM
initialization
:Initialization of W registers

SRR RO RO R Rk << insert more useT code T 3¢ ok s sk o koot sk ok ok o sk ok kbR o ok

STARTO:  CALL Init_ PORT
CALL Init. TMR_INT

CALL SINETABLE

. Imtialize the 1/O ports
; Initialize the 1/O ports



LLOOPO:

LOOPI:

LOOP2:

LOOP22:

__ Tlinterrupt:

<<insert user

CALL Init PWM
CALL lnit_ADCI

BSET LATF#RF0
CALL SW_DELAY
BTSS PORTD.#RDI
BSET LATF.4RF6
CALL SW_DELAY
BTSC PORTD.#RD0
GOTO LOOPO

BCLR LATF#RF0
BSET PTCON#PTEN
BSET ADCSSL.#CSSLO
BCLR ADCON!.#DONE
BTSS ADCONI|.#DONE
GOTO LOOPI

MOV ADCBUF0Q.W(
MOV #4.W2

MUL.UU WO W2 W10

MOV #4163 W0
SUB WOWIOWID
MOV WI10,PRI

CLR TMRI

CLR PTMR

BSET TICON.#TON
BSET PTCON,#PTEN
BSET LATF.#RFI
CLR DELAYI

BTSC PORTD#RDI

GOTO LOOP2

BTSS PORTD#RDI
GOTO LOOP2

MOV #20,W1

MOV DELAY 1, W0
INC  WO,WO0

MOV WO.DELAY]
CPSGT WO.W1
GOTO LOOP22
BCLR PTCONA#PTEN
BCLR TICON.ZTON
BCLR LATF#RF!
BCLR LATF.#RFa
GOTO STARTO

BCLR IFSO.#TI1IF
code here>>

CP0 WIi2

BRA ZINTI TABLE
BRA SEND DUTY

:DONE

. Load the Period register

: Frequency sinewave

. Start Timer] with prescaler

;augtlsems Interrup 910 timer

:Clear the Timer1 Interrupt flag
s WIl=07?

Jf Yes jump to INTI TABLE

; If No jump to SEND DUTY



INTI_TABLE:
SEND_DUTY
LOOP3:

EXITO:

EXITI:

EXIT2:
LOOP4;

CALL SINETABLE
: BCLR ADCONI#DONE
BTSS ADCONI #DONE
GOTO LOOP3
MOV ADCBUFO.W(G
MOV #37.W2
MUL.UU WO.W2Z W10

MOV WI0.PRESCALE
MOV PHASE AWI3
TBLRDL [WI13++].W0
MOV WI3.PHASE A
CALL MULPRE

MOV WO.PDCI

MOV PHASE B.WI3
TBLRDL [WI3++], WO
MOV WI13.PHASE B
CALL MULPRE

MOV WQ.PDC2

MOV PHASE C.WI13
TBLRDL [W3++], W0
MOV WI3 PHASE C
CALL MULPRE

MOV WO,PDC3

INC WI2,WI2

MOV ENDTB C.W0
CPSEQ WI12,W0

BRA EXITO

MOV STARTTBL,W0

MOV WO,PHASE_C
MOV ENDTB_B.W0
CPSEQ W12.W0
BRA EXITI

MOV STARTTBL.WO
MOV WO.PHASE B
MOV ENDTB_A.W0
CPSEQ W12.W0
BRA EXIT2

CLR W12

BCLR ADCONI#DONE
BTSS ADCONI#DONE
GOTO LOOP4

:DONE

SlflAemnavas PDC huale W10

s AMPLIUDE SINEWAVE

: AMPLIUDE S5INEWAVE

: AMPLIUDE SINEWAVE
AU BUMIFITUATUN TS IADUA 1T L

wp4f sinetable
Jasdcda C azganians Ae 33

"l © =3 =% LY » &'I
aSfenT S suRennuaimsaeu
AU g

-2 r=% I=1 W U [ 1 1
nalI s RnundIa Ay uaRInMm

= f & © ]
UIDIYATANTIT 1 ADAUNITMHUAR
arsdumisvauda C vl

o ’ e ;‘o ' o 1
Aniuamvoedda o C dlua

T IIESERP

DONE



MOV ADCBUF0.W0
MOV #4 W2

MUL.UU WOW2Z WL
MOV #4163, W0

SUB WO WILWI0
MOV WI10.PRI

GOTO EXIT

MULPRE: MOV PRESCALE.WI0
MUL.UU W10, W0, W2
MUL.SU W3#2. WU
RETURN

EXIT: RETFIE

routine

.end

.equ _ 30F4011,1
.nclude "p30f4011.inc"

; Frequency sinewave

:Return from Interrupt Service

:End of program code in this file

:Subroutine:Init PORTS

.global Init PORT

init PORT: CLR LATD
MOV #0xFFFF.W(
MOV WO, TRISD
CLR LATF
MOV #0xFFO0,W0
MOV WO, TRISF
RETURN

sclear LATD
cset1s INPUT

; clear LATF
; set is outputs

global Init. TMR_INT

init TMR INT: CLR TICON
CLR TMRI1
BSET IPCOATIIPG
BCLR [PCO#TIIPI
BCLR [PCO#TIIP2
BCLR IFSO#TIIF
BSET IECO#TIIE
RETURN

. Stops the Timer] and reset

: Clear contents of the timer

: Setup Timerl interrupt for

. desired priority level

; (this example assigns level 1)

; Clear the Timer] interrupt status
: Enable Timer] interrupts

global SINETABLE

SINETABLE: MOV #tblpage(SinTable),W13
MOV WI3TBLPAG
MOV #ibloffsel{SinTable), W13



MOV #0O,WI12 .
MOV WI3STARTTBL :_°l'r'ffhf§n$ﬁmaaﬁﬁ‘ﬁumu'a
MOV WI3PHASE A
MOV WI3.PHASE B
MOV WI3 PHASE C
BTSC PORTE.#RF6
GOTO REVERST
GOTO FORWARD
FORWARD: MOV PHASE B.W0
ADD #240,W0
MOV W0OPHASE B v B h) 120 e
MOV PHASE_C.W0
ADD #430,W0
MOV WO0.PHASE C e C 1l 240 pam
MOV #360.W0
MOV WO.ENDTB A
MOV #240.W0

MOV WO.ENDTB B .80 66 71 Wa B asgan1ing
MOV #120.W0
MOV WO.ENDTB C 80 33 avler C azaeeine
GOTO ENDI

REVERST: MOV PHASE B.WO0
ADD #480.W(
MOV WO0,PHASE B Sl B 'hl 120 a99n
MOV PHASE C.W0
ADD #240,W0
MOV WO.PHASE C Fvivlar C Tal 240 oam
MOV #360,W0
MOV WO.ENDTB A
MOV #120,W0
MOV WO.ENDTB_B B0 66 A1 B azgeaisi
MOV #240.W0
MOV WO.ENDTB C B0 33 A e C azgansng
GOTO ENDI

ENDI: RETURN

SinTable:

word 1600.1647.1694.1741.1788.1835.1882.1929.1976,2023
word 2070,2116,2163,2209,2255.2301.2347.2393.2439,2484
word 2529.2575.2619,2664,2709.2753.2797.2841,2884,2927
word 2955.2967,2979,2991,3002.3013.3024,3035.3045,3054
word 3064.3073,3081,3090,3098.3105.3112.3119.3125.3131
word 3137,3142,3146,3151,3154,3158.,3160,.3163.3165.,3166
word 3167,3168,3168.3167.3166.3165.3163,3160,3157,3154
word 3150,3145,3140.3134,3128.3121,3114,3106,3098,3089
.word 3080,3070,3059.3048,3037.3024,3(112,2998,2985.2970
.word 2986.3001.3015.3029,3042.3055,3067.3079.3090.3100



word 3110.3120.3128,3137.3145.3152.3158,3165,3170.3175
word 3180.3184.3188.3191.3193.3195.3197.3198.3198.3198
word 3182.3181.3180,3178,3176.3173.3170.3166.3162,3157
word 3152.3146.3141.3134.3128,3120.3113,3105,3097.3088
word 3079.3070.3060,3050.3039,3029.3018.3006,2995.2983
word 2955,2912.2869,2825,2782.2738,2693,2649,2604,2559
word 2514,2469,2423 2378.2332 2286.2240,2194,2147,2101
word 2054,2008,196,1914,1867,1820,1773,1726.1679.1632
word 1585.1538.1491.1443,1396.1349,1302,1256,1209.1 162
word 1115.1069.1022.976,930,883,838,792,746.701

word 655.610.565,521.476,432.388.344,301.257

word 245.233.221.209,198.187.176.165.155.146

word 136,127.119.110,102.95 88.81.75.69

word 63.58.54.49.46.42.40.37.35.34

word 18,17.17,18.19,20.22,25 28 31

word 35.40,45.51.57,63.71.78.87 96

word 105.115.126.137.148.160,173,186,200.215

word 214,199 185, 171.158.145.133.121.110,100

word 90,80.72.63,55,48,42,35.30.25

word 20.16,12.9.7.5.3,.2.2.2

word 2,3.5.7.9,12,15,19.23.28

word 33,38.44.51,57.64.72,80.88.97

word 106,115,125,135,145,156,167.178,190,202

word 245,288,331.375,418.462,507.551.,596,641

word 686.731,777,822,868.914,960,1006,1053,1099

word 1146,1192,1239.1286.1333,1380.1427,1474,1521,1568,1600

Init. PWM: ;0x5432109876543210
MOV #0b0000000000000010,W0
MOV W0,PTCON
MOV #0x063F. W0
MOV WO.PTPER

;0x5432109876543210
MOV  #0b0000000000000000, W0
MOV WGLSEVTCMP
:0%3432109876543210
MOV #0b00000CG00T 1111111, W0
MOV WO,PWMCONI
:0x5432109876543210
MOV #0b0000000000000010.WO
MOV WO.PWMCON2
[0x5432109876543210
MOV #0b0000000000TT1111T. WO
MOV W0,DTCONI
CLR FLTACON
RETURN



.gtobat Init ADCI
Init ADCI: MOV #0x0000.W0 :CHO=>AN3.CHI=>AN0.

CH2=>ANI1.CH3=>AN2
MOV WO.ADPCFG
MOV #0x00EE. W0
MOV WO,ADCONI
MOV #0x0300,W0
MOV W0.ADCON2
MOV #0x0002.W0
MOV WO.ADCON3
MOV #0x0000,W0
MOV WO.ADCHS
CLR ADCSSL
BSET ADCONI #ADON . Turn on A/D
RETURN
:Subroutine: Delay W12ms

global Delay W12ms

Delay W12ms: DO #1000G,END Ims ; Delay Ims
DO WI2END WIi2 . Do W12 times
NOP
NOP

END WI12: NOP
END Ims: NOP
RETURN

.global 12C DELAY

12C_DELAY: MOV #2 W12
DO #10.END Sus :Delay Sus
DO WI2ZEND Wx : Do W12 times
NOP
NOP

END Wx:  NOP

END_Sus: NOP
RETURN

Subroutine:SW _DELAY

.global SW DELAY

SW DELAY: MOV #]10,W12 : Delay 10ms
DO #10000,END _1ms_SW : Delay 1ms
DO WI2ZEND W12 SW : Do W12 times
NOP

NOP



END Wi2 SW:  NOP

END ims SW: NOP
RETURN
:Subroutine: DELAY 200uS
global DELAY 50Hz
DELAY S50Hz: MOV #94. W12
DO #10.END_50Hz :Delay Sus
DO WI2END WxI :Do W12 times
NOP
NOP
END Wxi. NOP
END_50Hz: NOP
RETURN
:Subroutine: Delay 2ms
.global Delay 2ms
Delay 2ms: MOV #2. W12
DO #10000.LEND_ImsX ; Delay Ims
DO  WI2END WI12X . Do W12 times
NOP
NOP

END WI2X: NOP
END_1msX: NOP
RETURN



international PD-9.5128
Rectifier IRFP460

HEXFET® Power MOSFET

* Dynamic dv/dt Rating

® Repetitive Avalanche Rated

® |solated Central Mcunting Hole
& Fast Switching

* Ease of Paralieling

¢ Simple Drive Requirements

VDSS = 500V

RDS(cm) = 027.Q

ID - 20A

Description

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching. ruggedized device design, low
on-resistance and cost-effectiveness.

The TO-247 package is preferred for commercial-industrial applications
where higher power levels areclude the use of TQ-220 devices. The TO-247
is simitar but superior to the earier TO-218 package because of fts isolated
mounting hole. It aiso provides greater creepage distance hetween pins to
meet the requirements ¢f most satety specifications.

Absoclute Maximum Ratings

| Parameter : Max. | Units
o @ Te=25°C | Continunus Drain Carrent, Vas @ 10V 20 . |
Ip@ Tec=100°C |, Continuous Drain Current, Vos @ 10V l_ 13 | A

iom i Pulsed Drain Curreni & B 80 |

‘Pp @ T¢=25°C "Power Dissipation o 280 LW
: tLinear Derating Facter | 2.2 I wre
Ivas | Gate-10-Source Voltage ‘ +20 LV

| Eas L _! Single Pulse Avaianche Energy' B ' . 9BO oomd
Tlan | Avalanche Cuirent @ o 2 A

i Ean . - Repetitive Avalanche BEnergy @2~~~ 28 mJd |
[ dwrar ____iPeak Diode Recovery dwdl © 35 o 47 Vins |
Ty | Operating Junction and ! -55 to +150

Tsvs - Storage Temperature Hange o IoC
e .. Soldering Temperaiure, for 1G seconds 30C {1.6mm from case) 1

___ tMounting Torque, 6-32 or M3 screw 10 Ibfein (1.1 Nemp ]

Thermal Resistance

o ammemr T T TMn | e [ max | Units |
(Bac ~Jungtion-ta-Case S U N " . - B

IﬁEy‘i o ! Caseda-8ink, Flal, Greased Surface ¢ — L J ow
PBea___Junctondlo-Ambient o m = _a
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IRFP460

ess otherwise specified)

Electrical Characteristics @ Ty = 25°C (unl

: Paramater | Min. : Typ. Max. Units | Test Conditions
| Visrinss Dramn-1c-Scurce Breakdown Voitage ) — — |V Vas=OV, o= 250uA
AViaripss/ATy Breakdown Voltage Temp, Coeflicient — 0683 — | VT ‘Aelerence to 25°C, Ip= 1TMA
Rosion - Static Drain-to-Source On-Resistance - — 027 | )  Vgs=10V, lp=12A &
Ve ! Gale Thresnold Vollage 2.0 — 4.0 Vo Vos=Vge, lo= 250uA
Ui Forward Transconductance 13 — — S [ Vps=BOV, jp=12A &
losg . Drain-lo-Source Leakage Current L= = 25 nA Vos=500V. Vgs=OV
i E — —_ 250 | Vos=400V, Vas=0V, T)=125°C
s : Gate-to-Source Forward Leakage — | — 100 A ‘_Vc,s=20‘\f :
N Gate-to-Source Feverse Leakage — | = o0 Vag=-20V
Qg Total Gate Charge — - 210 to=20A
Qgs (Gate-to-Source Charge | - — 28 rl Vps=400V
Qg | Gate-to-Drain {"Miller") Charge [ — | 110 Vgs=10V See Fig. 6 and 13 % |
taion Turn-On Deiay Time — 18 | — | Yop=250V
1 Rise Time — 59 — ns Ip=204
{ Lo Turn-Cif Delay Time — 1o — ! Ra=4.30
i Fall Time — 58 . — I Ro=130 See Figure 10 &
‘Lo Internal Drain Induclance — | 50 e lg?,":ne%jég?:) ﬂ;‘: ‘
‘ nH ! from package o !
Lz Internat Source Inductance — 13— and center of L
: die contact H
"Ciss | Input Capacitance ,o— 4200, — Vag=0V
Coss i Outpu Capacitance | — 870 . — | pF |vps=25v
Crss | Reverse Transfer Capacitance I — 350 0 — f=1.0MH:z See Figure 5
Source-Drain Ratings and Characteristics
| Parameter | Min.  Typ. | Max. | Units | Tes! Condilions
s [ Conlinuous Source Cusrent — MOSFET symboi 2
i (Body Dioda) | showing the A A
Ism Pulsed Source Current _ 1 _ 1 e lintegral reverse ‘“’J\J\_ /
| (Body Dipab} T : p=n junction diode. s
"o | Diode Forward Voltage — | — ] 18] V Ts=05°C,1e=20A, Vas=DV @
[ tir Reverse Racovary Time | — | 570 | 860 i ns | T,=25°C, le=20A
[ G | Reverse Recovery Charge — 57 | 88 | uC | difdt=100A/s &
Aon % Farward Tum-On Time initinsic tum-on ime s neglegitle (lurn.on is dorminated by L)
Motes:

1 Hepetitive rating; putse widtn timited by
rmax. junction temperalture (See Figure 11)

T Vpbp=50V, starling T;=25'C, L=4.3mH
Re=26¢), 1a5=204A [{See [Figure 12)

& I5ps20A, ditdi<160A/us, VDDSV(BR)DSS,

Tus150°C

& Pulse width < 300 ys; duty cycle <2%.
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I3, Drain Current (Amps)

in. Drain Current (Amps)

1cd

Pous Pulst wIDTH

ic o= 230

100 4 i i
[ P !
e T
: ,9_——!=
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i \
Lz
e
B 1
p !
. By
L i :
B T—
;

10t

10!

Vps, Drain-to-Source Voltage (volts)

Fig 1. Typical Qutput Characteristics,

10!
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Te=25°C
l b T
] I
T s
e
7’/
[~ 1500 7/"
/
77
Etee“: i \
Voo = LoV
T cUus PLLEE WITTH

]

B

e a

Vgs, Gale-lo-Source Voltage (volls)

Fig 3. Typical Transfer Characteristics

Rpsiony: Drain-to-Source On Resistance

I, Drain Current (Amps)

(Normalized)
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’
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!
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_ /I :
A
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Fig 2. Typical Output Characteristics,
Te=150°C

Ig = 204
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Fig 4. Normalized On-Resisiance
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|IRFP460 IOR]

10000 20
: SHOHTE D Ip = 20- bl .
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aced g 16 \"D‘_,‘ 00 e
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2 5 > 2 :
= 1 2
T oo : )
§ ADGD | & 8 v
[&] 2 I/J 1
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Pl l Nus i SEE FIGJRE 13
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Fig 5. Typical Capacitance Vs, Fig 6. Typical Gate Charge Vs.
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B A B N
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D E 2 4 18 iH z.0 . . E = SnEF H
Ysn, Source-to-Drain Voltage (volts) Vps, Drain-to-Souree Voliage {volts)
Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area

Forward Voltage

¢
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TGR IRFP460

Rp
AAA

e

N N\ S \

: S —van
4 . "
‘ I
o ® TN T 7 L: LR
% Pulse widih - 1ps
Duty £ Z01%
s | \\ | uty Faclor < 0.1 +
T o : ) T T
2 \ Fig 10a. Switching Time Test Circuit
3 ! Nl
c B
B
o
2

25 ] 75 iy 1728 1hl

Te. Case Temperature (°C)

Fig 9. Maxtmum Drain Currenl Vs, Fig 10b. Switching Time Waveforms
Case Temperature
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o CEE el P LN LI
R 1074 1673 1072 [ : 0

t1, Rectangular Puise Durafion (sé'conds)

Fig11. Maximum Effective Transient Therma! Impedance, Junction-to-Case
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{RFP460 IGR

Yary 1p to obtain Vos>
required Ias

S B R
: T_ = e s (_:‘-: d
v - £ A S
te T CUT z N
VA=t L < —
: ; : T 2 el N
Fig 12a. Unclampsc Inductive Test Circuit § \\ i T
V(BR)DSS %: aoo\ \i\‘ ; :
= !
—-—— lP . [ \' \ \\ . I S,
/\ Vop 2 200 \\‘ - H
y S // [Ea) - \\ I
VA N i [0 = v -
7 L a5 50 -, 120 128 150
/ '.‘ Starting T, Junction Temperature(*C}
!
s — — - T Fig 12c. Maximum Avaianche Energy

Fig 12b. Unclamped Inductive Waveforms Vs. Drain Current

__Cuirent Regulntor
I Same Type as O.U.T. I

MY |—_— —_— e T — I
ouT T.YDS

vGs
e
T
Charga —— 5
Cuneni Samping Resiklors
Fig 13a. Basic Gate Charge Waveiorm Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Diode Recovery dv/di Test Circuit — See page 1505
Appendix B: Package Outline Mechanical Orawing — See page 1511

Appendix C: Part Marking Information — See page 15617 Intemational
xer! Rectifier
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