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Parinya Sritanee 2012: A Study of Robust Brushless DC Motor Control. Master of
Engineering (Electrical Engineering), Major Field: Electrical Engineering, Department
of Electrical Engineering. Thesis Advisor: Associate Professor Peerayot Sanposh,

D.Sc. 85 pages.

In the motor control, the main requirement of BLDC motor controller is to perform
good tracking response on the reference signal such as speed, position and torque. The good
performance form good measurement signal with good signal processing, and compensation for

uncertainties such as measurement noise and loading effects.

This thesis use 2 methods for parameter identification of BLDC motor: algebraic
method and current measurement response method. In the simulation algebraic method is used
for parameter identification. Then, it is used to designed a robust controller. After that the robust
controller is compared with a PI controller by simulate current response, speed response and

load effects. As a conclusion, the robust controller is more efficient than PI controller.

In the experiment the motor drive circuit is designed, and the current measurement
current response method is used for motor parameter system identification. Furthermore, PI
current and speed controllers are used. From the no-load experimental results, motor can track

reference signal.

Student’s signature Thesis Advisor’s signature
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FEATURE

F2808

Instruction Cycle (at 100 MHz)

10ns

Single-access RAM (SARAM) (16-bit word)

18K (L0, L1, M0, M1, HO)

3.3V on-chip flash (16-bit word) 64K
On-chip ROM (16-bit word) -

Code security for on chip flash/SARAM/OTP blocks Yes

Boot ROM (4K x 16) Yes
One-time programmable (OTP) ROM (16-bit word) 1K

PWM outputs ePWM1/2/3/4/5/6
HRPWM channels ePWMI1A/2A/3A/4A
32-bit CAPTURE inputs or auxiliary PWM outputs eCAP1/2/3/4
32-bit QEP channels (four inputs/channels) eQEP1/2
Watchdog timer Yes
12-Bit, 16-channel ADC conversion time 160 ns
32-bit cpu timers 3

Serial Peripheral Interface (SPI)

SPI-A/B/C/D

Serial Communications Interface (SCI) SCI-A/B
Enhanced Controller Area Network (eCAN) ¢CAN-A/B
Inter Integrated Circuit (12C) 12C-A
Digital I/O pins (shared) 35
External interrupts 3
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MICROCHIP

241.C16B

16K 1>C™ Serial EEPROM
Extended (M) Operating Temperatures

Device Selection Table

Part Vee Max. Clock Temp.
Number Range Frequency | Ranges
24L.C16B 2.5-5.5 400 kHz M

Note 1: 100 kHz for Vcc <2.5V.

Features:

Single Supply with Operation down to 2.5V
Low-Power CMOS Technology:

- Active current 1 mA, typical

- Standby current, 1 pA, typical

2-Wire Serial Interface, I2C™ Compatible
Schmitt Trigger inputs for Noise Suppression
Output Slope Control to eliminate Ground Bounce
100 kHz and 400 kHz Clock Compatibility
Page Write Time 5 ms Max.

Self-Timed Erase/Write Cycle

16-Byte Page Write Buffer

Hardware Write-Protect

ESD Protection > 4,000V

More than 1 Million Erase/Write Cycles

Data Retention > 200 Years

Factory Programming Available

Pb-Free and RoHS Compliant

Temperature Ranges:

- Extended (M): -55°Cto +125°C

Description:

The Microchip Technology Inc. 24LC16B is a 16 Kbit
Electrically Erasable PROM. The device is organized
as eight blocks of 256 x 8-bit memory with a 2-wire
serial interface. Low-voltage design permits operation
down to 2.5V with standby and active currents of only
1 pA and 1 mA, respectively. The 24LC16B also has a
page write capability for up to 16 bytes of data. The
24L.C16B is available in the standard 8-pin SOIC
package.

Package Types

soIc

@

Ao 1
A1
A2
Vss .

[qvee
Fawp

[scL
[1sDA

A @ N
o @ o~

Note: Pins AQ, A1 and A2 are not used by the 24LC168
(no internal connections).

Block Diagram

HV
VI\'.F Generator

l[e] Memory -
Control  |+* Control | XDEC L] E;E\E:-':)?M

Logic Logic

Page
IL Latches
& YDEC
L]
SDA
vee —

vss [}— Sense Amp.
R/W Control

@ 2009 Microchip Technology Inc.

DS22213A-page 1
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l/
ZOWEREX psz1765

Powerex, Inc., 173 Pavilion Lane, Youngwood, Pennsylvania 15697 (724) 925-7272 ’ nte”imodTM MOdU’E

Dual-In-Line Intelligent
Power Module
20 Amperes/600 Volts

- M |- TERMINAL
L[| ~oeraLe GO

- ! 1 Vurs 20 VnO
2 (Ura) 21 Un
3 Vurs 22 VN
aver 23 wn
5 (COM) 24 Fo
6 Up 25 CFo
7 Vs 26 CIN
B (VFG) 27 VNG
9 Vvre 28 VN1
10 Ver 29 (Wne

DETAIL "B*—,

i
0O 0 o o bi

1 -]
| r= |QT3 |- HEATSINK 11 (com) 30 (Vo)
i} ! i ‘ y SIDE 2V 31N
v 13 Vwrs 32 Nv
O, . A0 . Rlgl Ll e W
I} 1 ] i Il Il ‘7 16 VP1 BYv
e e a0 n Tl , Y owad
Dl— 19 (Unc) 38 NC
A
DETAIL D" . & A Description:
; K= DIP-IPMs are intelligent power
AT A modules that integrate power
WA i devices, drivers, and protection
i circuitry in an ultra compact
AP—] [+ | ar
A0 A A 0O A 0 g eI dual-in-line transfer-mold package
N for use in driving small three
AK phase motors. Use of 5th
;l @ generation IGBTs, DIP packaging,
Al - - and application specific HVICs

allow the designer to reduce
inverter size and overall design

DETAIL *C* 2
time.
DETAIL 'D*
Features:
Outline Drawing and Circuit Diagram [0 Compact Packages
Dimensions Inches Millimeters Dimensions Inches Millimeters [J Single Power Supply
A 2.07 525 X 0.06 1.55
B 1.22 31.0 Y 0.12 3.120.1 L Integrated HVICs
G 1.81:0.008  46.0:0.2 7 0.13:0019  3.3:0.3 [ Direct Connection to CPU
D 0.07:0.008  1.78:0.2 AA 0.26:0.019  6.6:0.3 O Reduced Ry,
E 0.7 19.58 AB 0.3:0.019  7.62:0.3
F 0170008 4.32:0.2 AC 0.15:0.019 _ 3.95:0.3 Applications:
G 0.0820.019  2.04:0.3 AD 0.13 3.25 O Refrigerators
H 0.61 15,5 AE 05 12.7 U Air Conditioners
J 009Dia.x  2.2Dia.x AF 0.28 7.1 LJ Small Servo Motors
0.1Depth 2.6 Depth AG 0.02 05 [ Small Motor Control
E D'EOZ'H' 3'3;:3'6‘ ::' 3:3?7 ;; Ordering Information:
” 52 o i Bl ) P8217§5 isa 600\{, 20 Ampere
N TH1002 T0.08 AL o114 5o short pin DIP Intelligent Power
- - —— - - Module.
P 0.69 17.7 AM 0.063 16
Q 0.216 55 AN 0.068 1.75
R 0.14 35 AP 0.03 0.75
s 0.503 12.78 AQ 0.14 Dia. 3.5 Dia.
T 0.09 22 AR 0.145Dia. 3.7 Dia.
U 0.53 135 AS 0°~5
v 0.06 15 AT 0.078 1.96
w 0.04 1.0 AU 0.023 06

Rev. 07/07
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13 TEXAS SN54HC595
INSTRUMENTS SN74HC595
www.ti.com SCLS041H —DECEMBER 1982-REVISED NOVEMBER 2009

8-BIT SHIFT REGISTERS WITH 3-STATE OUTPUT REGISTERS

Check for Samples: SN54HC595 SN74HC595

FEATURES
i X i SN54HC595...J OR W PACKAGE

* 8-Bit Serial-In, Parallel-Out Shift SN74HC595...D, DB, DW, N, NS, OR PW PACKAGE
+ Wide Operating Voltage Range of 2V to 6 V (TOP VIEW)
* High-Current 3-State Outputs Can Drive Up To Qg [+ U 16[] Voe

15 LSTTL Loads ac [I2 15[] Qa
* Low Power Consumption: 80-yA (Max) Icc Qp [|3 14[] SER
* the =13 ns (Typ) Qe |4 13[] OE
+ #6-mA Output Drive at 5V I 12[] RCLK
* Low Input Current: 1 pA (Max) gG 3 1; % %
* Shift Register Has Direct Clear H

g GND [|8 sl oy’

DESCRIPTION
The 'HC595 devices contain an 8-bit serial-in, SN54HC595...FK PACKAGE
parallel-out shift register that feeds an 8-bit D-type (TOP VIEW)
storage register. The storage register has parallel om0 3«
3-state outputs. Separate clocks are provided for both coc=z>0
the shift and storage register. The shift register has a 3Con] 2B 1
direct overriding clear (SRCLR) input, serial (SER) Qp[]4 15E SER
input, and serial outputs for cascading. When the Qe []s 17[] OE
output-enable (OE) input is high, the outputs are in NC s 16} NC
the high-impedance state. Qs 07 15[ roLk
Both the shift register clock (SRCLK) and storage Qg |8 14[] SRCLK
register clock (RCLK) are positive-edge triggered. If 9 3
both clocks are connected together, the shift register ToOO T
always is one clock pulse ahead of the storage s} % 20 B
register. =

NC — No internal connection

2 Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. 0 !
Products conform to specifications per the terms of the Texas Copyright © 1982-2009, Texas Instruments Incorporated

Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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i3 TEXAS SN65HVD230
INSTRUMENTS SN65HVD231
SN65HVD232

www.ti.com SLOS346K ~MARCH 2001 —-REVISED FEBRUARY 2011

3.3-V CAN TRANSCEIVERS

Check for Samples: SN65HVD230, SN65HVD231, SN65HVD232

FEATURES APPLICATIONS
+ Operates With a 3.3-V Supply *  Motor Control
« Low Power Replacement for the PCA82C250 * Industrial Automation
Footprint + Basestation Control and Status
« Bus/Pin ESD Protection Exceeds 16 kV HBM * Robotics
« High Input Impedance Allows for 120 Nodes on + Automotive
aBus « UPS Control
« Controlled Driver Output Transition Times for SN65HVD230D (Marked as VP230)
Improved Signal Quality on the SN65HVD230 SN65HVD231D  (Marked as VP231)
and SN65HVD231 (TOP VIEW)
. Unpowe-red Nc-)de Does No-t Disturb the Bus b [T 10 3 % Rs
« Compatible With the Requirements of the ISO oND [ 2 7 CANH
11898 Standard 3 6
Vee CANL
. Low-Currer!t SN65HVD230 Standby Mode rR [T]4 5 Vief
370 pA Typical
+ Low-Current SN65HVD231 Sleep Mode 40 nA
Typical SN65HVD232D (Marked as VP232)
yp (TOP VIEW)
+ Designed for Signaling Rates!" up to 1 .
Megabit/Second (Mbps) D [T+ 8[ 1] NC
« Thermal Shutdown Protection GND [T] 2 7 1] cANH
- Open-Circuit Fail-Safe Design Vee [L]3 o[ L] cANL
[ R [T]4 s[T]NC
+ Glitch-Free Power-Up and Power-Down

Protection for Hot-Plugging Applications

NC — No internal connection
() The signaling rate of a line is the number of voltage

transitions that are made per second expressed in the units

bps (bits per second).

LOGIC DIAGRAM (POSITIVE LOGIC)

SN65HVD230, SN65HVD231 SN65HVD232
Logic Diagram (Positive Logic) Logic Diagram (Positive Logic)

- 7 canm
»— 5 canL

7
R —404"_‘ s o
—e—8  canL

A Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

TMS320Lx240x is a trademark of Texas Instruments.

PRODUCTION DATA information is current as of publication date.

Products conform to specifications per the terms of the Texas

Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.

© 2001-2011, Texas Instruments Incorporated
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% \ a A a v
feenallsunsuniaul uaia

#define BLDCPWM INIT MACRO (v)
/* Betup Sync*/
EPwmlRegs.TBCTL.bit.SYNCCSEL =
EPwmZRegs . TECTL.bit.5YNCOSEL =

0
o]
EPwm3Regs .TBCTL.bit.5YNCOSEL = 0;
9]
0
o]

EPwm4Reqgs .TBCTL.bit.5YNCOSEL =
EPwmSRegs.TBCTL.bit . SYNCOSEL =
EPwm&Regs .TBCTL.bit.5YNCOSEL =

/% RAllow each timer to be sync
EPwmlRegs.TECTL.bit.PHSEN =
EPwmZRegs.TBCTL.bit . PHSEN
EPwm3Regs .. TECTL.bit.PHSEN
EPwm4Regs .TBCTL.bit . PHSEN
EPwmSRegs . TBCTL.bit . PHSEN
EPwméRegs .TECTL.bic.PHSEN =

/% Init Timer-Base Period Register for EPWMI1-EPWM3#/
EPwmlRegs.TBPRD = v.PeriocdMax;
EPwmZReqgs..TEPRD = v.PeriodMax;
EPwm3Regs.TBPRD = v.PeriocdMax;

/% Init Timer-Base Phase Register for EPWM1-EPWM3*/

EPwmlRegs.TEPHS .half.TEPHS = 0
EPwmZReg=s.TBEPHS.half.TEBFHS = 0;
EPwm3Regs.TEPHS.half.TEPHS = 0;
/* Init Timer-Base Control Register for EPWMI1-EPWM3*/

EPvmlRegs.TBCTL.all = ELDCPWM INIT STATE;
EPvm2Regs.TBCTL.all = BELDCPWM INIT_ STRIE;
EPwm3Regs.TBCTL.2all = ELDCPWM INIT STAIE;

/* Init Compare Control Register for EPWM1-EPWM3 oI
EPwmlRegs.CMPCTL.all = ELDCPWM CMPCTL INIT STATE:
EPwm?Regs.CMPCTL.all = ELDCPWM CMPCTL INIT STATE:
EPwm3Regs.CMPCTL.all = ELDCPWM CMPCTL_INIT STATE:

A% Init fction Qualifier Cutput & Register for EPWM1-EPWM3*/
EPwmlRegs.AQCTLA . all = ELDCPWM AQCTLA INIT STATE:
EPwm2Regs.RQCTLA.all BLDCFWM AQCTLE INIT STATE:
EPwm3Regs.AQCTLA.all = ELDCPWM AQCTLA INIT STATE:

/* Init Dead-Band Generator Control Register for EPWM1-EPWM3*/

EPwmlRegs.DBCTL.all = ELDCFWM DBCTL INIT STATE;
EPwm2Regs.DECTL.all = ELDCPWM DBCTL INIT STATE;
EPvm3Regs.DECTL.all = BELDCPWM DBCTL INIT STATE:

/* Init PWM Chopper Control Register for EPWM1-EPWM3=/
EPwmlRegs.PCCTL.all = BLDCPWM PCCTL INIT STATE;
EPwmZRegs.PCCTL.all = ELDCPWM PCCTL INIT STATE:
EPwm3Regs.PCCTL.211 = ELDCPFWM PCCTL INIT STATE;

EALLOW: /* Enable EALLOW */
f* Betting =ix EPWM as primary
GpioCtrlRegs.GPAMUX1.Ric.GPICO = 1; f*
GpioCtrlRegs.GPAMUX1.bit .GPICL = 1
GpioCtrlRegs.GPAMUX1.bit.GPIC2 = 1 i
GpioCtrlRegs.GPAMUX1.bit.GPIOS = 1; /*
1
1

GpioCtrlRegs.GPAMUX1l.bit.GFICE =
GpioCtrlRegs.GPAMUX1 .bitc.GPIOS =

EDIS; /* Disable EALLCOW*/

B i i

==

i
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‘gdefine BLDCPWM MACRO|(v)|

/* Convert
Tnp =
Period =

/=

if

"Period"

(Q13)

Check Pwmlictive setting
(v.Pwmikctive==1)

modulation function to Q0
(int32)v.PeriodMax® (int32) v.MfuncPeriod;
(intl6) (Tmp>>15) ;

GPRO_BLDC PWM = Ox7FFF - v.DutyFunc;

else if

/* Convert "DutyFunc" or "GPRO_BLDC_ PWM" (Q15) duty

(v.PwmActive==0)
GPRO_EBLDC PWM = w.DutyFunc;

f*

I*
I*
I*

f*
I*
I*
I*
i
i

Q15 = QOxQ1s
Q15 -> Q0 (Period)

PWM

active high

FWM active low

modulation function to Q0

Tmp = (int32)Pericd® (int32)GPRO_BLDC PWM; /* Q15 = QOxQ1S
i*
/* State sl: current flows to motor windings from phase AR->B, de-energized phase = C
if (v.CmtnPointer==0) e
{ /¥
EPwmlBRegs .AQCSFRC.bit .CS5FA = 0O; /* Forcing disabledd on output A of EPWM1
EPwmlBRegs . AQCTLA.bIit.CAO = 2; f* Set high when CIR = CMPA on UP-count
EPwmlRegs.AQCTLA.bit.ZRO = 1; f* Set low when CIR = Zero
EPwmlRegs.CMPA.half.CMPA = (intlé) (Tmp>>15); /* PWM signal on output & of EPWM1 (Q15 -> QO)
EPwmlBRegs .AQCSFRC.bit.C5FB = 1; /* Forcing a continuous Low on ocutput B of EPWM1
i*
EPwm2BRegs . AQCSFRC.bit .CS5FA = 1; f* Forcing a continuous Low on ocutput A of EPWM2
EPwm2Begs .AQCSFRC.bit .C5FB = 2; /* Forcing a continuous High on output B of EPWM2
i*
EPwm3Regs . .AQCSFRC.bit .CS5FA = 1; /* Forcing a continuous Low on output A of EPWM3
EPwm3Regs .AQCSFRC.bit .C5FB = 1; /* Forcing a continuous Low on output B of EPWM3
H G-
/* State s2: current flows to motor windings from phase A->C, de-energized phase = B
else if (v.CmtnPointer==1) f*
{ e
EPwmlBRegs . .AQCSFRC.bit.CS5FA = 0; /* Forcing disabledd on ocutput & of EPWM1
EPwmlBRegs .AQCTLA.bitc.CATU = 2; /* Set high when CTR = CMPA on UP-count
EPwmlRegs.AQCTLA.bit.ZRO = 1; f* Set low when CTR = Zero
EPwmlRegs.CMPA.half.CMPA = (intlé) (Tmp>>15); /* PWM signal on output & of EPWM1 (Q15 -> QO)
EPwmlBRegs .AQCSFRC.bit.C5FB = 1; /* Forcing a continuous Low on ocutput B of EPWM1
f*
EPwmZ2BRegs . AQCSFRC.bit.C5FA = 1; f* Forcing a continuous Low on cutput A of EPWM2
EPvm2Regs .AQCSFRC.bit .C5FB = 1; /#* Forcing a continuous Low on output B of EPWM2
I
EPwm3Regs .AQCSFRC.bit.C5Fh = 1; /* Forcing a continuous Low on output A of EPWM3
EPwm3Regs .AQCSFRC.bit.C5FB = 2; /* Forcing a continuous High on output B of EPWM3
H 43
i*
/* State s3: current flows to motor windings from phase B->C, de-energized phase = &
else if (v.CmtnPointer==2) 4
{ /%
EPwvmlRegs.BQCSFRC.bit.CS5FA = 1; /* Forcing a continuous Low on output & of EPWM1
EPwmlBRegs.AQCSFRC.bBit.C5FB = 1; /* Forcing a continuous Low on output B of EPWM1
Ve
EPwm2BRegs . RAQCSFRC.bit.C5FR = O; /* Forcing disabled on output A of EPWM2
EPwm2BRegs . AQCTLA.bitc.CRTU = 2; /* Set high when CTR = CMPA on UP-count
EPwm2Regs . AQCTLA.bit.ZRO = 1; /* Set low when CTR = Zero
EPwm2Regs.CMPA.half.CMPA = (intlé) (Tmp>>15); /* PWM signal on output & of EPWM2 (Q15 -> QO)
EPwm2BRegs . RQCSFRC.bit.C5FB = 1; /* Forcing a continuous Low on output B of EPWM2
i
EPwvm3Regs.ARQCSFRC.bit.C5FA = 1; /% Forcing a continuous Low on output & of EPWM3
EPwm3Regs . RQCSFRC.bit.C5FB = 2; /* Forcing a continuous High on output B of EPWM3

I*
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/* State s4: current flows to motor windings from phase

else if (wv.
{
EPFwmlBRegs
EPFwmlBRegs

EPwm2BRegs
EFWmZRegs
EPwm2BRegs

EPwm2BRegs.

EPwm2BRegs

EPwm3Regs
EPwm3Regs

CmtnPointer==3)

JBQCSFRC.bit.CS5FR =
-BQCSFRC.bit.CS5FB =

JBRQCSFRC.bit.CSFR

BQCTLE.biT.CRU
JBQCTLA.BITC.ZRO
CHMPR.half.CHFR

BQCSFRC.bit.C5FB

JRQCSFRC.bit.CSFR
-BQCSFRC.bit.CSFB

z
1;
(1

ntlé) (Tmp>>15);
1;

e
1;

/* State s5: current flows to motor windings from phase C-»A, de-energized phase = B

else if (v.
{
EPFwmlBegs
EPwmlBRegs

EPwm2BRegs
EPFwm2BRegs

EPwm3Regs
EPwm3Regs
EPwm3Regs

EPwm3Regs.

EPwm3Regs
}

/* State s6: current flows to motor windings from phase C->B,

else if (v.
{
EPwmlRegs
EPwmlRegs

EPwm2Regs
EPwm2Regs

EPwm3Regs
EPwm3Regs
EPwm3Regs

EPwm3Regs.

EPwm3Regs

CmtnPointer==4)

BQCSFRC.bit.CS5FA =
-BQCSFRC.bit.CS5FB

BQCSFRC.bit.CS5FA =
-BQCSFRC.bit.C5FEB

BQCSFRC.bit.C5FA =

BQCTLA.bit.CAU
BQCTLA.bit.ZRO
CHMPA.half.CHMPFR

-BQCSFRC.bit.CS5FB

CmtnPointer==5)

-BQCSFRC.bit.CS5FA
-BQCSFRC.bit.CS5FB

-BQCSFRC.bit.CS5FR
-BQCSFRC.bit.C5FB

=]

1;
(i

-BQCSFRC.bit.CS5FA =

BQCTLA.bit.CRU
BQCTLA.bit.ZRO
CMPL.half.CHFR

-BQCSFRC.bit.C5FB

2;
1;
(i

ntlé) (Tmp>>15) ;
1:

ntle) (Tmp>>15) ;
ic

J,-'x__
PID Macro D

efinition

“#define FID MLC
v.Exrr = v.R

.Up= _Iqmp

RC (W)
ef - v.Fdb;
v(v.Ep,v.Err):

Ui= v.Ui + IQmpy(v.Ki,v.Up) + _IQmpy(v.Kc,v.SatErr); /* Compute the

= v.Up + v.Ui;

.Out = _IQsat (v.CutPreSat, v.COutMax, v.OutMin):

v.0ut - v.CutPre3at;
wv.Upl = v.Up:

#endif // PIDREG3 H

v
v
v.0utPresat
v
v

.5atErr =

76

BE->L, de-energized phase = C =N
/* =N
/* =N
/* Forcing a continuous Low on output A of EPWM1 =N
/* Forcing a continuous High on output B of EPWM1 =N
/* =N
/* Forcing disabled on output A of EPWM2 =N
/* S5et high when CTR = CMPA on UP-count =N
/* Set low when CTIR = Zera =N
/% PWM =ignal on output & of EPWM2Z (Q15 -> QO0) =N
/* Forcing a continuous Low on output B of EPWM2 =N
s =N
/* Forcing a continuous Low on output A of EPWM3 =N
/* Forcing a continuous Low on output B of EPWM3 =N
/* =N
/f* =N
=N
Vg =N
/* =N
/* Forcing a continuous Low on output A of EPWM1 =N
/* Forcing a continuous High on output B of EPWM1 =N
e =N
/* Forcing a continuous Low on output R of EPWM2 =N
f* Forcing a continuous Low on cutput B of EPWM2 =N
' =N
/* Forcing disabled on output A of EPWM3 =N
/* Set high when CTR = CMFA on UP-count =N
/* Set low when CTR = Zero =N
/* PWM =ignal on output & of EPWM3 (Q15 -> QO0) =N
/* Forcing a continuous Low on ocutput B of EPWM3 =N
T I\
de-energized phase = & *f\
[~ I\
i ot ")
/* Forcing a continuous Low on ocutput & of EPWM1 AN
/* Forcing a continuous Low on output B of EPWM1 A"
i I\
f* Forcing a continuous Low on cutput & of EPWM2 *
/* Forcing a continuous High on output B of EPWM2 *f\
e I\
/* Forcing disabled on output A of EPWM3 AN
/* Set high when CTR = CMPA on UP-count VAN
/* Set low when CTR = Zero VAN
/* PWM signal on output A of EPWM3 (Q15 -> QO) LAY
/* Forcing a continuous Low on ocutput B of EPWM3 AN
=/
N
/* Compute the error */ Ay
/* Compute the proportional output */ kY
integral output */ Ay
/* Compute the pre-saturated output */ kY
/* Saturate the output */ Ay
/% Compute the saturate difference #*/ Ay
/* Update the previous proportional output */



S/ Imitialize the PID REG3 module for speed
pidl_=spd.Ep = _IQ(0.5);

pidl spd.Ki = _IQ(T/0.05);

pidl _spd.®d = _IQ(0/T):

pidl =pd.Ee = _IQ(0.1):

pidl_spd.OutMax = _IQ(1):

pidl_spd.CutMin = _IQ(0);

/f Initialize the PID REG3 module for Ia

pidl_HysIa.Ep = _IQ(1.5):
pidl HysIa.Ki = _IQ(T/0.0055);
pidl HysIa.Kd = _IQ(O/T):
pidl HysIa.Kc = _IQ(0.05):
pidl_HysIa.OutMax = _IQ(1):
pidl HysIa.CutMin = _IQ(0);:

/f Initialize the PID REG3 module for Ib

pidl HysIb.Kp = _IQ(1.5);
pidl HysIb.Ki = _IQ(T/0.0055);
pidl HysIb.Kd = _IQ(0/T):
pidl HysIb.Ke = _IQ(0.05):
pidl_HysIb.OutMax = _IQ(1):
pidl HysIb.OutMin = _IQ(0};

/f Initialize the PID REG3 module for Ic

pidl HysIc.Ep = _IQ(1.5):
pidl_HysIc.Ki = _IQ:T!0.00SS}J
pidl HysIc.Kd = _IQ(O0/T):

pidl Hyslc.Kc = _IQ(0.05):;
pidl_HysIc.OutMax = _IQ(1):
pidl HysIc.CutMin = _IQ(0):

'‘#define HRLL3 INIT MACRO (v}

EALLOW; /* Enable EALLOW*/

/* Configure ECAP1/2/3 as GPIO-inputs
GpioCtrlRegs.GPAMUXZ .bit.GPIC2T = 0;
GpioCtrlRegs.GPAMUXZ .bit.GPIOZS = 1;
GpioCtrlRegs.GPAMUXZ .bit.GPIC26 = O

(GPI024/25/26 or GPI024/13/14)

f* GPIO24 is ECAP4 - A */

S*
J,-'z

GPIO25 is ECAPZ
GPIC26 i= ECAF3

/* GpioCtrlRegs.GPAMUX1.bitc.GPIC13 = 0:%/ f* GPIOl4 is ECAP

/* GpioCtrlRegs.GPAMUX1.bit.GPIC14 = 0:%/ /*

f* Config GPIO24/25/26/13/14 a=s inputs#®/

GPIOLlS i= ECAP3 - C

*
J,-'s-:

GpioCtrlRegs.
GpioCtrlRegs.
GpioCtrlRegs.
GpioCtrlRegs.
GpioCtrlRegs.

EDIS:

GPADIR.bit.
GPADIR.bit.
GPADIR.bit.
GPRDIR.bit.
GPADIR.bit.

GPIO2T =

GPICZ25
GPICZ26
GPIC13
GPIC14

HALL3 DETERMTINE STATE MACRO (v)
w.HallGpioBuffer = v.Hal
w.HallGpioAccepted = wv.HallGpio;

1lGpio;

0; /* GPIO24 is ECAP4
0; /* GPIO25 is ECAP2
0; /* GPIO26 i= ECAP3
0: %/ /% GPIO1l3 is ECRLP
0:

Disable EALLOW®/

/* Init with current ECAP/GPIC logic levels*®/
/% Init with current ECAP/GPIC logic levels*®/

2

2

B

C

=/
=

- B/

oW

T

#/
=/
*/

-8B &/

=/ /* GPIO1l4 is ECAP3 - C */

T

e e
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Tint32 temp;

STAT

c:

E Macro Def

Uintlé HallGpioBitk,HallGpioBitB,HallGpioBitC;

f#define HALL3 DETERMINE STATE MRCRO (V)

/% temp.2-0 = GPIOZ26.GPIO25.GPIO24 =/

temp = (GpioDataRegs.GPADAT.all>>25)&0x00000007; /% read all three GFIOs at

HallGpioBitd
HallGpioBitB
HallGpioBitC
HallGpioBith
HallGpioBitB
HallGpioBitC

v.HallGpio =

(temp&e0x00000001)
(temp&0x00000002) >>1;
(temp&0x00000004) >>2;
HallGpioBith; /*<<2;
HallGpioBitB<<1;
HallGpioBitC<<2:/*<<1;

J# save GPIOZ4 - L=/
/* save GPIC25 - B*/
/* =mawve GPIC2e - C*,

shift GPIO24 - A%/
/* shift GPI025 - B*/

shift GPIO2& - C*/

HallGpioBitA + HallGpioBitB + HallGpioBitC:

2 Buad

rate 230400

No priority,

'wvoid scia_fifo inic()

{

SciaRegs.5CICCR.all =0x0007;

SciaReg=s.S5CICTL1.a211 =0=x0023;

SciaRegs.3CIHBAUD = 0x0000;
SciaRegs.SCILBAUD = 0x000C;//35;//5CI_FRD:

SciaRegs.S5CICCR.bic.LOCPEBEENL =0;

SciaRegs.5CIFFTX.211=0xC028;
SciaRegs.S5CIFFEX.211=0=x0021;
SciaRegs.S5CIFFCT.all1=0x00;
SciaRegs.S3CIFFRX.bit .RXFFIENA= 1;
SciaRegs.SCIFFTX.bit.TXFIFCKRESET=1;
SciaRegs.SCIFFEX.bit .RXFIFCRESET=1;

Scia.BXcnt=0;
Scia.TXcnt=0;
Secia.flagCHMD

a:

async mode,
enable TX, EX, int 1
S/ Disable RX ERR, SLEEF, TXWAEKE
SciaRegs.SCICTL2.bit.RXBEINTENA =1;

i

1 =top bit, HNo loopback
No parity,8 char bits,

Enable loop back

P



vold Inithdcx (void)// L0
{
fuintgd i=0;
LdcRegs.RDCTRL1.al11 = ADC RESET FLAG: // Reset the ADC Module

Delay5Sms () ;

AdcRegs.BDCTRL3.bit .ADCBGRFDN = 0x3;
Delaysms () ;

AdcRegs.ADCTRLS.bit .ADCPFWDN = 1:;
DelaySms () ;

RdcRegs.ADCTRL3 .bit .ADCCLEPS = 1&; Jf Bet u DCTRL3 regist
AdcRegs.ADCTRL1.all = ADCTRL1 INIT STATE EIPOLAR; Set up ADCTRL
AdcRegs.ADCTRLZ .all = ADCTRL2 INIT STATE EBIPOLAR; Set up ADCTRL
AdcRegs . RDCHMRXCCNV.kLit  MR¥ COMVI = 3: Specify four

AdcBRegs.ADCCHSELSEQ]L .bit .CONVOD = 0; £

AdcBRegs.ADCCHSELSEQ] .bit .CONVO1l = 1; i Ia

AdcRegs . ADCCHSELSEQL .bit .CONVO2 = 2; ff Ib
= 3: I Iec

AdcRegs . ADCCHSELSEQL .bit .CONVO3
'fRdcRegs.RDCST.bit.INT SEQ1 = 1;

//AdcRegs.ADCTRL2.bic.INT _ENA SEQL = 1;
LdcRegs.ADCREFSEL.bic.REF SEL = 0; ff Set up the ADC reference =zel

AdcRegs.ADCOFFTRIM.all = 0x0000; SY S5et up the ADC offset trim re

Set up Event Trigger with CNT zero enable for Time-hase of EPWMI1

up bandoap/reference

79

circuitry

rest of ADC

ect register

Hog

giste

EPvmlRegs.ETSEL.hit.50CAEN = 1; // Enable S0CL
EPwvmlRegs.ETSEL.bit.50CASEL = 1; // Enable CNT zero event for S50CA
EPwmlReqgs.ETFS.bit.50CAFRD = 1; f/ Generate S0CA on the 13t event

EPvmlRegs .ETCLE.bit.50CA = 1; f/ Clear S50ChR flag
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Abstract

This article describes the fast parameter
identification by using algebraic method and the robust
current control of Brushless DC motor (BLDC). This
identification method is capable of determine fast, and
accurate on-line parameter identification. The robust
current control method is of easily design with high
efficiency. This method reduces the effect from

uncertainties of motor parameters to motor response.

Keywords: Identification Parameters, Robust Current
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