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MARUIN Y
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WYBIUTHN Texas Instruments

High-Performance Static CMOS Technoly

- 150 MHz (6.67 ns Cycle Time)

- Low-Power (1.8 V Core@135 MHz,1.9 V)
Core@150 MHz,3.3 V I/Q) Design

JTAG Boundary Scan Support

High-Performance 32 Bit CPU (TMS320C28x)

- 16 x 16 and 32 x 32 MAC Operations

- 16 x 16 Dual MAC

- Harvard Bus Architecture

- Atomic Operations

- Fast Interrupt Response and Processing

- Unified Memory Programming Model

Code-Efficient (in C/C++ and Assembly)

On-Chip Memory

~ Flash Devices: Up to 128k x 16 Flash

= ROM Devices; Up to 128k x 16 ROM

~ 1K x 16 OTP ROM

- LOand L1: 2 Blecks of 4K x 16 Each
Single-Access RAM (SARAM)

- HO: 1 Block of 8K x 16 SARAM

- MO and M1: 2 Blocks of 1K x 16 Each

SARAM

Boot ROM (4K x 16)
- With Software oot Modes
- Standard Math Tables

w1 deyadunizveveinduiezu DSP Controllers ju TMS320F2812

128 Bit Security Key/Lock
- Protects Flash/ROM/OTP and LO/L1 SARAM
- Prevents Firmware Reverse Engineering
Motor Control Peripherals
- Two Event Managers (EVA,EVB)
- Compatible to 240xA Devices
Serial Port Peripherals
- Serial Peripheral Interface (SPI)
= Two Serial Cotnmunications Interface (SCIs)
- Enhanced Controller Area Network (eCAN)
- Multichannel Buffered Serial Port (McBSP)
12 Bit ADC , 16 Channals
- 2x 8 Channel Input Multiplexer
« Two Sample and Hold
- Single/Simultaneuos Conversions
- Fast Conversion Rate; 80 ns/12.5 MSPS
Up to 56 General Purpose 1/0 (GPIO) Pins
Advanced Emulation Features
- Analysis and Breakpoint Funtions
- Real-Time Debug via Hardware
Development Tools Include
- ANSI C/CH++ Compiler/Assembler/Linker
- Code Composer Studio
- DSP/BIOS
- JTAG Scan Controllers



External Interface (2812)
- Up to 1M Total Memory

- Programmable Wait States

Programmable Read/Write Strobe Timing

Three Individual Chip Selects

Clock and System Control

« Dynamic PLL Ratio Changes Supported
- On-Chip Dscillator

- Watchdog Timer Module

Three External Interrupts

Peripheral Interrupt Expansion (PIE) Block
That Supports 45 Peripheral Interrupis
Three 32 Bit CPU Timers

73

® [ow-Power Modes and Power Savings
- IDLE, STANDBY, HALT Modes Supported
- Disable Individual Peripheral Clocks
® Package Options
- 179 Ball MicroStar BGA With External
Memory Interface (GHH}, (ZHH) (2812)
- 176 Pin Low Profile Quad Flatpack (LQFP)
With External Memory Interface (PGF) (2812)
® Temperature Opticns:
- A:-40°C o 85°C (GHH, ZHH)
- 8/Q:-40°C to 125°C (GHH, ZHH)
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1.2 Yeyasurizvesledues HCPL-788)

Isolation Amplitfier with Short
Circuit and Overload Detection

Teclinical Data

HOPL7883
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MANKIN A
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Talsunsy Voltage Sag Detection (Main Program)

File Name: VSD.C

// Include header files usged in the main function
#finclude "target.h"

#if (DSP_TARGET==F2812)
#include "DEPLBLIx Device. h”
#endif

tinclude
#include
#include “"parameten.h"
#include "build
#include <math.h>

I I

/7 Prototype statements for functions found within this file.
interrupt void MainISR{void):

$if {(DSP_TARGET==F2812)

interrupt void QepISR({void);

#endif

/7 Global variables used in this system

float32 T = 0.001/ISR_FREQUENCY;

Uintlé IsrTicker = 0;

Uintl6é BackTicker = 0;

intlé PwmbDacChl=0;
intlé PwmPacChZ=0(;
intlé PwmbDacCh3=0;

intlé DlogChl = 0;
intlé DlogCh2 = 0;
intl6 DlogCh3 = 0;
intl6é DlogCh4 = 0;

volatile Uintlé EnableFlag = FALSE;
Uintlé LockRotorFlag = FALSE;

Uintlé SpeedLoopPrescaler = 10; // Speed loop prescaler
Uint1l6 SpeedLoopCount = 1; // Speed loop counter

// Instance a few transform cobjects
CLARKE clarkel = CLARKE_DEFAULTS;
PARK parkl = PARK_DEFAULTS;

IPARK iparkl = IPARK _DEFAULTS;
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PWMGEN pwml = PWMGEN DEFAULTS;

PWMDAC pwmdacl = PWMDAC DEFAULTS;

RMPCNTL rcl = RMPCNTL_ DEFAULTS;

RAMPGEN rgl = RAMPGEN DEFAULTS;

ILEG2DCBUSMEAS ingHVdCl = ILEGZDCBUSMEAS_DEFAULTS;
DLOG_4CH dlog = DLOG_4CH_DEFAULTS;

void Gpio select(void);

void main {(void}

{

// ek ke kW W ke i sk ok ke ok ke e e ek gk gk o e ke sk ok ok ke ok ok s ke ke ek ke ke ok ke ok

// Initialization code for DSP_TARGET = F2812

// Ak k Ak Ak kkkkdokkd ok hhdhdhkhdhhhd ko ek dkskok ko &k

#if (DSP_TARGET==F2812)

InitSysCtrl();
EALLOW;
SysCtrlRegs.HISPCP.all = 0x0000;
EDIS;

// Disable and clear all CPU interrupts:

DINT;
IER = 0x0000;
IFR = 0x0000;

// Initialize Pie Control Registers To Default State:

// This function is found in the DSP281x_PieCtrl.c file.
InitPieCtrl {);
InitPieVectTable();

// User specific functions, Reassign vectors (optional), Enable
Interrupts:

// Initialize EVA Timer 1:
// Setup Timer 1 Registers (EV A)
EvaRegs.GPTCONA.all = Q;
// Waiting for enable flag set
while (EnableFlag==FALSE)
{
BackTicker++;
}

// Enable Underflow interrupt bits for GP timer 1
EvaRegs.EVAIMRA.bit .T1UFINT = 1;
EvaRegs.EVAIFRA.bit,T1UFINT = 1;

// Enable CAP3 interrupt bits for GP timer 2
EvaRegs.EVAIMRC.bit .CAP3INT = 1;
EvaRegs.EVAIFRC.bit ,CAP3INT = 1;

EATLLOW;

PieVectTable.T1UFINT = &MainISR;
PieVectTable.CAPINT3 &QepISR;
EDIS;

// Enable PIE group 2 interrupt 6 for TI1UFINT
PieCtrlRegs.PIEIERZ.all = M _INT6;

// Enable PIE group 3 interrupt 7 for CAP3INT
PieCtrlRegs.PIEIER3.all = M _INT7;

// Enable CPU INT2 for TI1UFINT and INT3 for CAP3INT:

IER [= (M _INT2 | M _INT3);

#endif



// Initialize PWM module

pwml.PeriodMax
ISR period

(T1),

T x 1

pwml.init {&pwml) ;

// Initialize PWMDAC module

pwmdacl.
Freguency
pwmdacl.
pwmdacl.

PeriodMax
30 kHz

PwmDacInPointer0
PwmDacInPointerl
PwmDaclnPointer?2

8

SYSTEM FREQUENCY*1000000*T/2;

{SYSTEM FREQUENCY*200/{(30*2))*5;

&PwmDacChl;
&PwmDacCh2;
&PwmDacCh3;

// Perscaler X1

// PWMDAC

pwmdacl.
pwmdacl.init (&pwmdacl) ;

// Initialize DATALOG module
dlog.iptrl &DlogChl;
dlog.iptr2 &DlogCh2;
dlog.iptr3 &DlogCh3;
dlog.iptrid &DlogChd;
dlog.trig value 0x1;
dlog.size 0x400;
dlog.prescalar 1;
dlog.init (&dlog);

// Initialize QEP module

gepl.LineEncoder 2000;

gepl.MechScaler _IQ30(0.25/gepl.LineEncoder};
qepl.PolePairs P/2;
gepl.CalibratedAngle

gepl.init{sgepl);

~1250;

// Initialize
speedl.K1l
speedl,K2
speedl.K3

speedl.BaseRpm

the Speed module for QEP based speed calculation
_IQZl(l/(BASE_FREQ*T));
_IQ(1/ (A+T*2*PI*30));
_IQ(1l)-speedl.K2;

120* (BASE_FREQ/P);

// Initialize enable drive module (FOR DMC1500 ONLY)

drvl.init (&drvl);
// Initialize ADC module
ilg2 vdcl.ChSelect 0x0610;
ilg2_ vdcl.init(&ilg2_ vdcl);
Initialize the RAMPGEN module
rgl.StepAngleMax _IQ(BASE FREQ*T):
Initialize the RAMPGEN module
rcl,.RampDelayMax 5;
Initialize the PID REG3 module for Id
pidl id.Kp = _IQ(0.1);
pidl_id.Ki _IQ(T/0.02);
pidl_id.Kd = _IQ(0/T);
pidl_id.Kc _I10(0.5);
pidl id.OutMax _IQ(0.30);
pidl_id.OutMin = _TIQ(-0.30);
Initialize the PID REG3 module for Iq
pidl iq.Kp = IQ(0.1};

/Y

//

l/

//

pidl_iq.Ki = _IQ(T/0.02);

pidl_ig.Kd = _IQ(0/T);

pidl_ig.Ke = _IQ(0.5};
pidl_iqg.OutMax = _TQ(0.95);

// Low-pass cut-off frequency



79

pidl_ig.OutMin = _IQ(-0.95);
// Initialize the PID REG3 module for speed control
pidl_spd.Kp = _IQ({1l);-
pidl_spd.Ki _IQ{T*SpeedLoopPrescaler/0.3);
pidl_spd.Kd _IQ{0/{T*SpeedLoopPrescaler});
pidl_spd.Kc = _IQ{0.2};
pidl_spd.QutMax = TQ(L};
pidl_spd.CutMin = _IQ(-1};
// Initialize the PID REG3 module for position eontrol
pidl_pos.Kp = 1IQ{(28.2);
pidl pos.Ki _IQ(0);
pidl pos.Kd _I0(0);
pidl pos.Kc = _IQ{0);
pidl pos.OutMax _I0(1):
pidl pos.OutMin = IQ(-1);
// Enable glcbal Interrupts and higher priority real-time debug
events:
EINT;
ERTM;
// IDLE loop. Just sit and loop forever:
for(;;)} BackTicker++;

1l

}
interrupt void MainISR(void}
{
/7 Verifying the ISR
IsrTicker++;
Ff O RRkmkkkmakdkxwekakhkk [RYRIT ONRF AR R R kR Kk bRk Rk ok

#if (BUILDLEVEL==LEVEL1)

[ . ) V. 1. W /. NPRUSN S | B-. W S U SRV N SO A 4
// Connect inputs of the RMF module and call the Ramp control
£ e e N N < ST T O A~
rcl.TargetValue = _IQ(SpeedRef);
rcl.calc(&rcl);
J e 5 e T e e e
/7 Connect inputs of the RAMP GEN module and call the Ramp
generator
f e e e e e
rgl.Freq = rcl.SetpointValue;
rgl.calc(&xrgl);
/ / ...................................................................................
// Connect inputs of the INV PARK module and call the inverse
park transformation
[/ N AIR B -l S e R o et ST R Gy LS EEER AL SRR NN,
iparkl.Ds = IQ(VdTesting):
iparkl.Qs = _IQ({VqTesting);
iparkl.&ngle = rgl.Qut;
iparkl.calc{&iparkl);
£ o 1 7 e e e e
7/ Connect inputs of the SVGEN DO module and call the space-

vector gen.

svgen dgl.Ualpha = iparkl.Alpha;
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svgen_dgl.Ubeta = iparkl.Beta;
svgen_dqgl.calc({&svgen_dgl);

F e e e e e e e
/7 Connect inputs of the PWM DRV module and call the PWM signal
genevation
F e e e e e e e R T e v e o bt i e
pwml.MfuncCl = (intl6)_I0toIQl5 (svgen dgl.Ta);
pwml.MfuncC2 = (intl6} TIQtolIQl5 {svgen dgl.Th);
pwml.MfuncC3 = (intl6}_IQtoIQl5 (svgen dgl.Te);
pwml.update (&pwml) ;
R e e
/7 Connect inputs of the PWMDAC module
/] —— RTINS R e - —— O
PwmDacChl = (intlé)_IQtcIQl5({svgen_dgl.Ta);
PwmDacCh2 = (intle} IQtoIQlb5(swvgen dgl.Th);
PwmDacCh3 = (intl6} IQteIQl5({svgen_dgl.Tc);
[/ ———m g T TN N T T Ty Ny
/7 Connect inputs of the DATALOG module
[/ —mmm g g e R e A e e R L -
DlogChl = (intl6) IQtoIQl5{svgen_dql.Ta);
DiogCh2 = (intl6)_ TIQtoIQi5{svgen_dqgl.Tb);
DlogCh3 = (intlé) IQtoIQ15{svgen_dgl.Tc};
DiogCh4 = (intlé)_ IQtoIQl5(svgen_dgl.Ta-svgen dql.Tb);
[l mm e
/7 Connect inputs of the EN_DRV medule and call the
enable/disable PWM signal
/= e e e

drvl.EnableFlag = EnableFlag;
drvl.update (&drvl};

#endif // (BUILDLEVEL==LEVEL1)

// khkkkkkkkkdkdkdhddhrhr [EYEL2 *hkkkkdddkdhdddkshn

#if (BUILDLEVEL==LEVELZ2}

[/ —mmmmmmm e S TN N g
/7 Connect inputs of the RMP module and call the Ramp control
[l ——mmmmmm e g TR T e e
rcl.TargetValue = IQ(SpeedRef);
rcl.calc(&rcl);
/R & R RS E e B b - PR e B R e R e s
// Connect inputs of the RAMP GEN module and c¢zll the Ramp
generator
J/ e i e mtata b LD R b e
rgl.Freg = rcl.SetpointValue;
rgl.calc(&rgl);
A e R bl Ll e = g - m e - e — eSS — ¥
// Call the ILEG2 VDC read function.
f e e e e
ilg2_wvdcl.read(&ilg2_vdcl);
F e e e e e e e e e e e e e e
/Y Connect inputs of the CLARKE module and call the clarke

transformation
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S e e e e e e e e e e e e
clarkel.As = _IQ15tolIQ((int32)ilg2 vdcl.ImeasA);
clarkel.Bs = _IQ15toIQ((int32)ilg2 vdcl.ImeasB);
clarkel.Cs = _IQl5toIQ{(int32)ilg2_vdcl.ImeasC);
clarkel.calc(&clarkel);
[ e e e e e e e e e
7/ Connect inputs of the PARK module and call the park
transformation
f ] m e e e e e e -

parkl.Alpha = clarkel.Alpha;
parkl.Beta = clarkel.Beta;
parkl.Angle = clarkel.Arctan;
parkl.calc{&parkl);
Gpio_select () ; // Setup the GPIO Multiplex Registers
if ((parkl.Dist <= parkl.Ref)&& ( IQabs(parkl.Dist-
parkl.Ref)>parkl.band)}
GpioDataRegs.GPADAT.bit.GPIOAD=0;
else
GpioDataRegs.GPADAT.bit.GPIOAD=];

/) m o m
s Connect inputs of the INV_PARK module and call the inverse
park transformation
f e e
iparkl.Ds = _IQ(VdTesting);
iparkl.Qs = _IQ(VgTesting);
iparkl.Angle = rgl.Out;
iparkl.calc(&iparkl);
F I e ittt L
/ Connect inputs of the SVGEN_DQ module and call the space-
vector gen.
f e e e e
svgen_dgl.Ualpha = iparkl.Alpha;
svgen dgl.Ubeta = iparkl.Beta;
svgen _dgl.calc(&svgen dgl);
f s e e e e e e e e e
1/ Connect inputs of the PWM DRV module and call the PWM signal
generation
J e e e e e e e e e
pwml.MfuncCl = (intl6)_ICtoIQl5 {(svgen dqgl.Ta);
pwml.MfuncC2 = (intl6) TQtoIQl5 (svgen dgql.Tb};
pwml.MfuncC3 = (intl6) IQtolIQl5 (svgen dgl.Tc);
pwnl.,update (&pwml) ;
s e
/7 Connect inputs of the PWMDAC module
f S e e e e e e e e e e
PwmDacChl = (inth)_IQthQlS(parkl.Dist);
PwmDacCh2Z = (intl6) ICtoIQl5{(parkl.Qs):
S e e e e e e e e e e e e
/Y Connect inputs of the DATALOG module
F A ettt T it E LS
DlogChl = (intl6)_IQtoIQl5({parkl.Ds};
DlogChZ = (intl6)_IQtoIQl5(parkl.Qs};

DlogCh3 = (intlé)_TIQtoIQl5(clarkel.Alpha);
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DlogChd4 = {(intlé)_IQteIQl5{clarkel.Beta);

/T T e e e e e e e e e e e e
// Connect inputs of the EN_DRV module and call the
enable/disable PWM signal

{/ m e e e e e

drvl.EnableFlag = EnableFlag;
drvl.update (&drvl) ;

#endif // (BUILDLEVEL==LEVEL2)

/e e e

7/ Call the PWMDAC update function.

/o e e e
pwindacl.update (&pwmdacl} ;

[ T e e e

/7 Call the DATALOG update function.

J m e e e

dlog.update (&dlog);

#if (DSP_TARGET==F2812)

// Enable more interrupts from this timer
EvaRegs .EVAIMRA.bit.TLUFINT = 1;

// Note: To be safe, use a mask value to write to the entire
EvaRegs.EVAIFRA.z21ll = BIT9;

// Acknowledge interrupt toc recieve more interrupts from PIE group 2
PieCtrlRegs.,PIEACK.all |= PIEACK GROUFZ;
fendif

}
#if (DSP_TARGET==F2812)
interrupt void QepISR(void)

gepl.isr (&gepl):
// Enable more interrupts from this timer
EvaRegs,.EVAIMRC.bit.CAP3INT = 1;

// Note: To be safe, use a mask value to write to the entire
BEvaRegs.EVAIFRC.all = BIT2;
// BAcknowledge interrupt to recieve more interrupts from PIE group 3
PieCtrlRegs.PIEACK.all |= PIEACK GROUP3;
}
#endif
void Gpio_select (void)
{
EALLOW;
GpioMuxRegs.GPAMUX.all = 0x0; // all GPI0O port Pin's to I/O
GpioMuxRegs.GPBMUX.all = 0x0;
GpioMuxRegs,GPDMUX.all = 0x0;
GpioMuxRegs.GPFMUX.all = 0x0;
GpioMuxRegs.GPEMUX,all = 0x0;
GpioMuxRegs.GPGMUX.all = 0x0;
GpioMuxRegs.GPADIR.all = 0x0Q0FF;
GpioMuxRegs.GPDDIR.all = 0x0; // GPIO PORT as input
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GpioMuxRegs.GPEDIR.all
GpioMuxRegs.GPFDIR.all
GpioMuxRegs.GPGDIR.all

0x0; // GPIO PORT as input
0x0; // GPIO PORT as input
0x0; // GPIO PORT as input

[

GpioMuxRegs.GPAQUAL.all = 0x0;
GpioMuxRegs.GPDQUAL.all = 0x0;
GpioMuxRegs.GPEQUAL.all = Qx0;

EDIS;
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