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Tl Embedded Processors Portfolio
TI Embedded Processors

Microcontrollers (MCUs) ARM®-Based Processors Digital Signal Processors (DSPs)

16-bit ultra- 32-bit 32-bit ARM High- .
low power real-time Cortex™-M3 performance Lovl\:l)gg;ver
MCUs MCUs MCUs DSPs
Ve N/~ c2000™ /[ Stellaric® sitara® ([ ce000” [ N
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Analog /0, ADC PWM, ADC, USB, ENET MAC+PH USB, CAN, USB. ENET USB, ADC
LCD, USB, RF CAN, SPI, I%C CAN, ADC, PWM, SPI PCle, EMAC PCle, SATA. SPI McBSP, SP, 1C
Measurement, Motor Control, Connectivity, Security} | Industrial computing, | | Test & Meas., Video, | |Port. Telecom, audio,
Sensing, General . Digital Power, Motion Control, HMI,|| POS & portable audio, security, medical monitor
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What is C20007?

The 32-bit real-time microcontroller family

Processing C2000™ System
Performance » Best of both worlds Integration
* DSP performance « Math-optimized 32-bit core « Embedded Flash
« Up to 300MHz CPU + On-chip analog

« Control optimized

* Analog Integration
« Ease of use

+ Scalability

* Powerful peripherals

« DSP performance within a Microcontroller +  Comprehensive Peripheral Set
hitect - Bestin class ADC performance
architecture —  Flexible high resolution PWMs
—  40-300MHz C28x CPU —  Advanced Capture, Quadrature Encoder Interfaces
« Built-in DSP functions — CAN, LIN, SPI, 12C, SCI/UART, McBSP
« Single Cycle 32x32-bit MAC «  Broad portfolio of configurations
—  40-300 MHz

— Control Law Accelerator
— Fixed & Floating Point
— Embedded Flash

Fixed and Floating-point devices

32-512KB of Flash

From sub $2 to $20

Software compatibility across C2000 family
& controlSUITE

« Fine-tuned for real-time control
— Optimized core
— Fast interrupts
— Flexible interrupt system
— Real-time debugging
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Classification of Electric Machines

Electric Motors

— ‘ Commutator ‘ ‘ Homopolar ‘

— ‘ Shunt ‘ ‘ Compound Serles

Universal

— Single Phase
[ |
‘ Capacitor ‘ ‘ Shaded Pole
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Digital Motor Control —
Motor Basics:
BLDC, PMSM, ACI
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AC Motors — Basics (1)

= 1]‘
<« |

|

» A conductor carrying a current produces a magnetic field around it.

» A conductor that is wound into a coil produces a magnetic field along the axis of
the coil.

» The flux produced is proportional to the current through the coil and the number
of turns in the coil.

{; TexAs
INSTRUMENTS




AC Motors — Basics (2)

Fl AAAAAAAAY 7 * A coil carrying a current, placed in a
magnetic field experiences a force that
gPs will cause it to rotate.

W\
\

d d » This force is given as the vector cross

product of the flux produced by the coll
and the flux that is impressed by the
external magnetic field.

— W\

F1=F2=B1" B2
T=(B1 B2) d
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Brushless DC Motors

* For most three phase
machines, the winding is
stationery, and magnetic
field is rotating

* Three phase machines
have three stator windings,
separated 120° apart
physically

* Three phase stator
windings produce three
magnetic fields, which are
spaced 120° in time
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Difference Between BLDC & PMSM

30° 150 210 230
TN !
/ N }
/ N\ ]
g Epenys Of PMSM ~~ ———
! j Epeny Of BLDC —_—
\\ //j
P
* BLDC Control ¢ PMSM control

— Fed with sinusoidal current

— Continuous stator flux angle change
— All phases ON at the same time

— Low torque ripple

— Higher max achievable speed

— Low noise

— Fed with direct current

— Stator Flux commutation each 60°
— Two phases ON at the same time

— High torque ripple

— Commuation at high speed difficult
— High noise
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Brushless DC Motors —BLDC
7 N
4=\
« Construction details f&/ c \,%;\
i |

— Rotor consists of a permanent magnet

— Stator incorporates multiple pole pairs of electromagnets N S
(normally three pole pairs) .
— Three phase machines have three stator windings, set P
120° apart physically . %
7o\
0
i

» How it works i
\ i
— The rotor follows the stator field (the motor operates ‘\\,/ ///
synchronously) N

— The stator field is controlled by trapezoidal control, two P

pole pairs are working at the same time /’/ r—’lﬁ\\\\\
. . . e //“

— the windings are operated with positive voltage, no i;i \\%

voltage and negative voltage li @’
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Brushless DC Motors — PMSM

P
PN
. . N
» Construction details m’ﬁ\\ \
o Wi
— Rotor consists of a permanent magnet \{\ Q /;’ j,i'
— Stator incorporates multiple pole pairs of electromagnets Q\ Nl }7
(normally three pole pairs) Ses
« How it works ’/’f“\\\
— PMSMs are built similarly to BLDC motors, the control of ,Ki/ . \ \
the stator electromagnets however is done with a U {o# 1}
sinusoidal signal \\ /é&

— All electromagnetic pole pairs are constantly in use (as in \\;r V4
the pictures)

— To obtain even better results field oriented control (FOC 7 i\\\
also called vector control) is used /?
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Brushless DC Motors

Brushless DC Motor Features:

Rotor field
Pros:

No brush noise, fast, efficient,

durable, robust, easy to cool

« Synchronous

High efficiency I [
Linear current/torque \ \ ¢ S

More reliable than DC Motor (“inside out” design)

* Good for combustible environment

* Smooth operation when controlled in sinusoidal (PMSM terminology)
Cons:

« Control more complex than for simple DC motor

« Cannot start directly from the AC network

« Application limitation for high speed range
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AC Induction Motors (1)

s
|

W

Squirrel Cage Rotor

Invented in 1888 by Nikola Tesla
Reliable construction: no brushes
Simple, low cost design

Good efficiency at fixed speeds.
Asynchronous

Speed and control position are expensive
Poor performance at low speed operation

Requires complex control to be competitive

Typical applications: industrial drives, white goods, fans, high speed applications

{; Texas
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AC Induction Motors (2)

=i

Stator

e Stator flux is ensured by current
fed stator coils: identical as
synchronous motor stator

* Rotor is in short circuit: squirrel
cage, or short-circuited coils.

* Rotor flux is ensured by inducted

Air-gap

* Angle between rotor and stator
flux is regulated depending on
torque

* UNIQUE energy source is the
stator!!!

{; Texas
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current from the rotating stator flux




Induction Motors (3)

A=
» Construction details l , ‘§
|“‘ &

|
— Stator incorporates multiple pole pairs of electromagnets ]
— Rotor is in short circuit: squirrel cage, or short-circuited \§ ’/’/

L

coils; it is not connected to any power supply ——

« How it works //i\fg\
— A 3-phase AC supply is applied to the stator and therefore ’H[f’\\m]
&
1

a rotating magnetic field is produced

— The magnetic field induces a current in the rotor windings, “ /@7
this than produces a magnetic field that follows the stator \\ﬁ:t,}ﬁ
field (Rotor starts spinning)

— The rotor follows the stator field with a slip (has not been /’ﬁi?i\\
introduced in the graphics), the motor runs therefore {, f 0}}
. L

asynchronously \ @ /
\‘ )
=

.
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Induction Motors (4)

Induction Motor Features:

Pros: Three stationary pulsating magnetic fields

Rotor rotation

» Reliable construction: no brushes
« Simple, low cost design Rotor flux
* Good efficiency at fixed speeds.
Stator flux
Cons:

* No synchronism

+ Speed and control position Aluminium bar

detection are expensive
* Poor performance at low speed operation

* Requires complex control to be competitive
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Common Motors & C2000 Applicability

Motor Type Torque Curve Applications Strengths Weaknesses

: Control
Control complexity can N
\;‘f?;yr:fgaededcomolor CompleXIty
(general Iy)
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Digital Motor Control —
Gangige Regelverfahren
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Sensored BLDC Motor Control

« Capture interrupts can be used » Capture function can also be
to trigger commutation when Hall used to help calculate motor
sensors are used speed

Speed

Speed
Computation

feedback

Position
Sensor

Current
Regulator
(PID)

Speed
Regulator
(PID)

3-Phases
Inverter

Commutation
PWM Control

Speed
setpoint

+

Three-phase
BLDC motor

Idc_shunt
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Tl Libraries for Hall Effect Control of BLDC Motors

There is a complete system in the Tl libraries. See HVKit in ti.com/controlsuite

CmmPeriod

Target Out Pesiod - MuncPencd
» Mffno ] l:mmc m:}%ﬁ P e
Out Triginput Counter CminPointer e
RampDelay  Ramp3Delay l 11 4 n e DRV
ol Ramgp3DoneFlag — DutyFunc
—_— —
Tc-mdnuﬂ
S
DFuncDesired Desiedinput | MACRO

BemB ADCResunt!

BemfC  ADCResu2

SpeedRed  Target -
i Flag=1 I_Shunt  ADCResutd

Ot
bl 1 || s

Hall A
Speed | pEEp_p | TimeStamp  Virual Timer| viRTUAL Mod1. Counter .
MACRO TIMER - » HalB
I—I HALL
HalC
CrnTrighian | DRV
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Sensorless Trapezoidal BLDC Motor Control

* Hall sensors are removed.

« Resistor dividers and on-chip ADC are used to sense phase voltages.

* Phase voltages are used to detect zero crossing of back EMF and trigger commutation
« See Tl Application reports (SPRA498 and BPRA072) for more details

Zero Crossing Back EMF
Detector Calculator

Speed
feedback Speed
Computation

Phase
Voltage
Measurement

Speed Current
Regulator Regulator
(PID) (PID)

Commutation 3-Phases

Speed I
PWM Control Inverter el

setpoint

Three-phase

Idc_shunt BLDC motor
Q’‘}‘E{’S‘TAISIUMEN'I‘S
Sensorless Trapezoidal BLDC
Motor Control System Block Diagram
C2000 + DC Bus
Timers E’am
angimPve\llrl\él gwmj Vdc
Ui P PWML —|[PwM3 —Il:PWMS —|l: o eephase

{
CcAPL A B |
CAP2 [

CAP3
PWM2 —| PWM4—|[:PWM6 —|l:

DC Shunt
| |

Capture
Unit

Signal
Conditioning
ADCIN1-3 Phase
Voltage
Measurement
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Vector Control Basics —
Orienting the Stator Field to the Rotor Field (1)

Torque is proportional
to shaded area

Stator field

90° angle
yields maximum
torque

magnetic field strength Rotor field @ Torque
is proportional to arrow

- i ig. 2
length R = rotor field Fig

S = stator field (field strength is proportional to arrow length)

The torque output is

With constant stator and rotor field strength,
dependent on the

strength of the fields and maximum to_rque (and |_oower) is produced when the
the angle between them stator/rotor field angleis 90 degrees.
7/15/96 Copyright 1996, T. Bucella 23
{; TeEXAS
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Vector Control Basics —
Orientinglthe Stator Field to the Rotor Field (2)

Torque

W T

rotor

\ i
"\ o=load angle
. .

The torque generated is proportional to the
product of the magnitudes of the fluxes, and
the sine of the angle between them. This

angle is often called the ‘load angle’ and in
a motor this angle governs how efficiently Torque T =1 sl r sin(q) q
the motor fluxes produce torque.

| sand | r constant
As the angle increases towards 90 degrees,
the generated torque goes up, and for a
given flux configuration it is at a maximum

at 90 degrees.
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Field Oriented Control — Park/Clark Transformation

Clarke

Three phase stationary domain Two phase stationary domain  Two phase rotating domain
AC variables AC variables

« Stator phase current example: I  is
moving at 85 and its PARK
coordinates are constant in (d,q)
rotating frame.

DC variables

iSZ IS B d

* Can be applied on any three-phase
balanced variables (flux...)

Field Oriented Control / Vector Control

| . R X T | PWM1
} — Igs Vas Vas a | PWM?2
| — Pl Pl Space| T TPWM3
I Inv. Vector b,| PWM TBWM A
‘ igs Vgo| Park | v, Driver [~
! las | ds| Park Vs | = | T FPWM5
\ Pl _— PWM6
} T ‘ Voltage
I } Source
| O, | Inverter
} . . . A
} lgs _ las ¢ las ”egz {
h — A
| i | |Park ips/Clarke i | Bus |
! — < <« Driver |_|A
\ T [
1 —3 1
| |
[
} } Encoder
| SMOSPD q| r 1 < QEP_A |
} W Spegj _ A, Rampi QEP QEPB |
| estimation | dir | Gen. cdriver " oep e
| imation |, ir . QEPinc |
[ [
T T
o _____ T 1% s
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System for Vector Control

MCU
+ DC Bus
— PWM1
™ <_Serial comg Timers  (—» pwm2
Rx —»| (UART) and PWM |— PWM3
Compare [—> PWM4
e i
> .
AC Induction Motor
PWMl—I[:PWMS—I[:PWMS—I[:
<>
gg’ll\%ﬁ SPI Capture le— CAP/QEP _
CLK <«—»perial comq Unit I
STE <+
ADCING  pwii2 —]Pwiva—IPwivis —
ADC |<ADCINT | | | Capioen

N |

Tacho|

Shunt o

resistor
Resolver

ADCIN2
ADCIN3

Signal
Conditioning

Sensor is removed with sensorless FOC

{; TexAs
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Digital Motor Control —
Implementierung auf
C2000-Controllern
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C2000 32-bit MCU Portfolio

MIPS

Performance
Connectivity
Safety Enhancements
® -
H C2834x Y
™ a
Delfino Floating Pt

(176-256 Pins)

Upto 600 MFLOPS Upto 300 MFLOPS

Performance ) 196-516kB SRAM 128-512kB Flash
$9 - $16 F2833x External ADC 52-68kB SRAM
150] 4 Low Active Power

100§

P|CCOIOTM Performance
(38-80 Pins) Memory

$1.85 - $5 Connectivity
80 T .S
. 60MHz — CLA,
) Fixed Pt w/ 1 64-128KB Flash,
y Co-Processor F2803x - 20KB RAM
60l Options

-’roduction Fixed Pt

sampling Low Cost
Development
40 - Future

40-60MHz, Low Power

32-64kB Flash, Small Package

100+ Code Compatible Devices

TI Confidential

C2000 Motor Control Applications

Protecnon

Transportation

HEV Traction

Programmable
Logic + Servo

CAN Gateways
Servc Drives m

Variable Speed
Precision Position ‘Qiéﬂ
High Efficiency e s
High Performance Sensors & Diagnostics
Multi-Axis
System Integration
PFC g =

o

Robotics & CNC

Process Control
Medical (Pumps, Fans, Valves)
Pumps / Blowers "

Power Tools

\¥

% Sewing
Elevators

Wash
General Purpose - Appliance

{; TexAs
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Piccolo: Real-time control in an MCU package and price

Leading 32-bit performance for real-time control

§ High-performance C28x CPU
§ Intelligent peripherals optimized for control
applications

§ Control Law Accelerator

f Lower System Cost & Ease of Use

§ Best mix of control peripherals

§ Robust software libraries

§ Code compatibility across C2000 platform
ranging from 40MHz to 300MHz

§ Increased on-chip analog integration

| MCU Package & Price

§ Starting at sub $2 (in volume)

§ Package options from 38 to 80-pins

§ Bringing real-time control to cost sensitive
applications

Piccolo Memory Power & Clocking

C28x 32-bit 16-128 KB
CPU ZES + Dual Osc 10 MHz

6-20 kB Ravi i O Chib OS¢
6-20 KB RAM
Up to 60 MHz » Dynamic PLL Ratio

32x32-bit
Multiplier Boot ROM Changes

RMW Atomic ALU

Debug
Control Law
Accelerator Real-Time Power-on Reset
(CLA) JTAG Brown Out Reset
Peripherals Timer Modules
7x ePWM Modules:
MissinCIock Detection Circuitl 14x PWM outputs
128-Bit Security Key/Lock (7x 150ps high-res)

Converter

1 x 32-bit eCAP

16 ch, 12-bit A/D Converter

Serial Interfaces

£l
-
ConrectiyiLy

1x LIN 22 1/0s

1x CAN

38to 80 pins

-40 to 105C/125C and Automotive Q100

f Control Optimized Peripherals

§ Support for up to three 3Ph Motor Control

§ Most advanced PWM modules with up to 55ps
resolution, rising and falling edge dead-band, and
hardware fault detection

§ 12-bit 12.5 MSPS ADC or External ADC interface
with event synchronized triggering

| Scalable Platform

§ 100 to 300 MHz and Flash or RAM only options

§ Pin-pin with fixed point versions

§ IQMath and Floating Point for single source code
§ Code compatibility across C2000 platform
ranging from 40MHz to 300MHz

%TEXAS
INSTRUMENTS a

Delfino: Floating Point real-time control MCU
Highest 32-bit performance for real-time control K. Memory  Memory Interface

§ High-performance C28x CPU up to 300 MHz ) 0-512 KB

§ 32-bit Single Precision Floating Point Unit 028>E:F3’6—b|t l

§ 50% code reduction for floating point math 52.516 KB _

§ 100%+ throughput improvement il o ol A"aé%i\[f;r?;?“al

§ Zero-wait RAM for full performance RMW Atomic ALU

; FPU Debug | [EIESGEREIVSS]

i Or
Real-time e
ITAG External with Triggering

Peripherals Timer Modules
128-Bit Security Key/Lock

(9x 55ps high-res)
Serial Interfaces

. EE—

Connectivity

88 1/0s

176 to 256 pins, 85C/105C/125C and Q100

{; TexAs
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12-bit Pipeline/SAR Hybrid ADC

Piccolo’s hybrid ADC allows even more flexible creation of conversion sequences.

Start of
Conversion

8 ADC 8 ADC
Inputs Inputs

Analog MUX Analog MUX / s

Sample/Hold Sample/Hold
B A

12-bit

ADC Module

21607 pue suolreinblyuod DOS

Result Register
16 Words

Start of Conversion (SOC) Configuration and Logic Block
« 16 SOC triggers from Software, CPU timers, ePWMs, and GPIOs

« Allows easy creation of conversion sequences

« Multiple conversions can be processed in Round Robin or Priority Modes
« 9 flexible interrupts

Up to 16 Analog Inputs

« 16 channel, multiplexed analog inputs.

« Supports both 0-3.3V fixed range and ratio-metric input range
Analog Mux

« Uses SOC input to select which channels will be processed

Dual Sample and Hold

« Dual sample/hold enable simultaneous sampling or sequencing sampling
modes
« Adjustable acquisition window ensures proper sampling

12-bit Analog-Digital Converter

« Fast conversion rate: Up to 80ns, 12.5 MSPS

« Just-in-time interrupts (early interrupts) eliminates context switch
latency by calling interrupts before conversion finishes

Result Registers

« Sixteen result registers (individually addressable) to store conversion
values

{j TexAs
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Enhanced PWM (ePWM)

Each ePWM module has two independently configurable outputs, EPWMxA and EPWMxB, as

illustrated below:

Time-Base

Counter Comparator

Action Qualifier

Dedicated 16-bit Time Base

« Uses prescaled CPU system clock.
« Synchronizes with other ePWM Modules in phase shift and frequency

Counter Comparator (CC)

« Registers and comparators eliminate the need to interrupt the CPU in
PWM generation
« Can function as a 16-bit input capture (rising edge only)

Action Qualifier

« Generates actual PWM signal with information from CC and timer.
Programmable Dead-Band Generator

» Programmable rising-edge and falling-edge delay

E— Event
CELHEE Trigger PWM Chopper
Generator & Interrupt PP
« Allows a high-frequency carrier signal to modulate PWM waveforms
l l « Programmable chopping frequency, duty cycle, and first pulse width
PIE .
—— Programmable Trip Zone Generator
opper )
ADC Triggers « Quickly overrides PWM signals to a pre-programmed state.
l l » One-shot or cycle-by-cycle operation
System EPWMxA « Can generate events, filtered events, or trip conditions
Input* Trip — E .
— vent Trigger and Interrupt
Zone EPWMxB 99 P
? * Two ADC start-of-conversion signals and a PIE interrupt request line
pi i3 Texas
Piccolo only {’ I UMENTS
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Platform for Motor Control
e - '

Motor Types

Control

Sensor Interface

Communications

Three Phase Inverter
Current Sense

Optional Power
Factor Correction

W Smw
INr . e S, /)
\ Sl - A
l W@ A
W NN
W TN A
. . A
e NN
-
-
-
-

High Voltage + PFC $599
TMDSHVMTRPFCKIT
ACI, BLDC, PMSM

ACI & PMSM FOC
BLDC Commutation

Sensorless or Hall/QEP

Isolated USB/UART to JTAG
Isolated CAN

350V, 1.5 Kw, IPM, Fault Protection
Low-side current sense OPA2350

Digital 750W 2PHIL, 200KHz, UCC27234
IN: 85-132V, 170-250V OUT:400V DC

Low Voltage + PFC $369/$399
TMDSIMTRPFCKIT / 2MTRPFCKIT

BLDC

FoC
(BLDC Commutation in Q3 HW Rev)

Sensorless or Hall/QEP

Isolated USB/UART to JTAG
(Isolated CAN in Q3 HW Rev)

2 x TIDRV8402 IPM, 24-36V, 40W
Low-side current sense OPA2350

Digital 100W 2PHIL, 100KHz
IN: 13-16V OUT:24V DC

{; TexAs
INSTRUMENTS

High Voltage + PFC $599

Low Voltage + PFC $369/$399
TMDS1IMTRPFCKIT / 2MTRPFCKIT

TMDSHVMTRPFCKIT

Software controlSUITE controlSUITE SPRC922

IDE CCsv4.x CCsv4.x CCsv3.3
DMCLibrary NEW & OPTIMIZED NEW oLD

GuI YES Q210 NO

PFC sW Q310 w/ new PowerLIb Q310 Yes
Projects ACI FOC, PMSM FOC, BLDC ; All Sensored/-less 2xPMSM FOC 1/2xPMSM, +PFC
Family Piccolo F2803x Piccolo F2803x Piccolo F2803x
Support Delfino F2833x Q2 (minor mods for F2802x) (minor mods for F2802x)

{; TexAs
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MCU Mapping - Single Inverter

V-dcBus -I

2 g 2 g (optional)
Tpg-1
2A -—I 3A -—I

DC o
Link

a VB Ve

2B -—I 3B -—I I AC
20 Motor
v,
12 P

Il D)
Piccolo-A
] l€¢—~@a V-dcBus

CPU @ u-1

| ] ADC |d-@ 12

32 bit @ V.

DSP core 12 bit @ Vs

40 MHz 3.75 MSPS |« V¢
3v3 e
-m L3

* * ACI

o

1A
g - PMSM
Comms | PwM2 : :g * BLDC
=T
SPI e 3B
UART ->—q 4A
T e 4B

i

3 phase Inverter topology suitable for:

{i’ TexAs
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Dual Inverter + PFC Boost

V-batt -1 V.dcBus E>— V-dcBus -q

I+

L L ey =
DC link . _|% . -—|
i

Thoostl B>

(optional)
s 1A -{@ zA-—|éL 3A-—|K[}Um'l et

2B -—| 3B -—| [ﬁ Motor 1
{ .

|||—<n;

boost1

boost2

hivsd 5A -—|¢ 6A-—|é 7A-—|E}L L1
1-1(2)

I

GBI:_| m._“?

L1
T-boost -jr
Piccolo-B
|[¢—@ V-dcBus
CPU lef—a 1.-1() VedeB
ADC [2 - “Ccous
4 l—3 -
32 bit M
DSP core 126t [¢—< V-
S0 MHz s5Msps [¢—@
e~
2(2)
g e
B o it e e
| | i e e 5B =]
= 60 MHz [ PWvsen el 3ase
Comms ->| PWM4HR) F' 4A/4B I-1
e [ Ny D
UART | [ Pwwe @ g
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Getting Started

www.ti.com/c2000hwtools or /controlsuite

High Voltage | TMDSHVMTRRFCKIT | 1.5KW digital motor control | $599.00 Contral
PFC and Motor | This kit does NOT | combined with 700W power SUITE
Control require an external | factor correction using a
Developer’s Kit | JTAG emulator. single Piccolo MCU

Digital Motor
Control Accessories

* Please install the baseline software before installing the board specific software.

Digital Motor Control Accessories

Compatible with the High Yoltage PFC and Motor Control Developer’s Kit

AC Induction Motor

Part
Number  Description P

e Software

MTR | AC Indu

n motor with | $379.00 Control
encoder SUITE

Permanent Magnet

PMSHM motor with $299.00 Control

Brushless DC Motor HVBLDCMTR | BLDC motor with hall $199.00 Control

! Synchronous Motor encoder SUITE

fect sensors SUITE

{j Texas
INSTRUMENTS

Microcontrollers (MCU)
*MCU Products *MCU Design Support * Getting Started *MCU Selection Toel *Training

MCU Product Tree ©

Stellaris® ARM® Cortex™-
M3-based MCUs (170)
1000 Series |
2000 Series (°¢
3000 Series (10)
5000 Series.
6000 Series (19
8000 Series
9000 Series
®00 Series (30)
MSP430™16-bit Ultra-Low
Power MCUs (1)
1xx BMHz Series (1)
2xx 16MHz Series (39)
G2xx Value Series ()
3xx Legacy 8MHz Series (15)
4xx B/16MHz LCD Series
Sxx 25MHz Series (%
CCA430 RF SoC Series (1)

€2000™ 32-bit Real-time
MCUs (71)

28x Delfino™ Flaating-point.
Series (2)
26x Piccolo™ Series |

28x Fixed-point Series (
24x 16-bit Series (17)

ARM® Cortex™-R4F-|
MCUs (12}

ased

TMS570LS Series (12)

erfol
an 8-bit price

New Ultra-Low
Pawer MSP430™

Value Line starts at 25 cents (in
100K volumes) to give 8-bit
developers up to 10X

and 10 hatter

C2000™ 32-bit Real-time MCUs

Overview | Product Search | Tech Docs

Tools | controlSUITE | Training | Partners

controlSUITE™

& comprehensive software platform for all your needs. Begin with device-specific
peripheral configuration packs, which contain the baseline software and examples for
you to hit the ground running. When you're ready to harness C2000°s abilities in a real
application, simply add the application libraries or system examples.

n
controlSUITE™

Run our smart installer and pick the packages you would like to use. All dependencies
will be automatically selected, downloaded and installed.

)l View the controlSUITE Getting Started Guide..

) View the controlSUITE br

Visit the pr

for CCSv3 3 software

Leam more about
Device Support | Libraries | Application Kit Packages | Debug and Software Tools
Looking deeper into controlSUITE’s contents, you can see how it's a comprehensive

top-down set of software and software tools to guide development from beginning to
en

Device Support

Hardware sbstraction to get you started quickly regardless of application. These
packages are family-specific.

( Czéx MCU ]

l
|

=
Peripheral Driversand | -
Eamples

pwdojanag
nsjosuon

{j Texas
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& Texas Instruments controlSUITE

+ g convorsure

& oeice: controlSUITE™

Comprehensive. Intuiive. Optimized. Real world software for real-time control
P oo .
TP vorores - e " controlSUITE™ Software
@ Update Comprehensive. Intuitive. Optimized

Application Notes

a Training and Support » Download

Datashests and Guides

« Solutions for every design stage

* Unique real-time control IP.
« Unparalleled access

cantralSUITE™ for C2000™ micracantrollers i a cohesive set of software infrastrusture and saftware toals designed
Fram drivers and to o tem

¥ Code ComposerSudio IDE  ta minimize software.
examples in sophistic
R development and evaluation. Go beyond simple code snippits

omplete syste

ted system spplications, controlSUITE™ provides libraries and examples at every stage of
jump start your real-time system with real-world

Bt it oy Hardare acisge
o1vers ose sy e

vt it

controlSUITE ™ Benefits

« Significantly reduces development time with four
interchangeable levels of harduware abstraction and
extensive libraries

« Allows develapers to focus on diferentiation, not basics

« Unique, optimized libraries for digital power and digital
motor cantrol

« Compilation of 15 years of systems and applications
expertise

oo M@

™

um«= and Addresses

[PRS—

controlSUITE™

Learn mare about
controlSUITE™,

fo
controlSUITE Brochure

High Yoltage Motor Control
and PFC Developer's Kif

1.5KW digital motor cantrol
combined with 700W pavier
Factor correction using a single
Piczola MCU. Compatible with
ACI, PMSH, and BLDC mators,
inclides ITAG emulatian

Piccolo™ controlSTICK™

Quick and easy evaluation of
all of the advanced capabilties
of TI' new Piccolo™
microcontraller for just §391
Includes on-board JTAG
emulation.

Featured Application:
Digital Motor Control
controlSUITE cantsins a full
Digital Hotor Control ibrary as
I a5 motor cotral kit i
MCU Digital Motor Contral
page to view all motor cantrol
resources for TI
microcontrallers.

Q} TexAs
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Devices & Support

% Texas Instruments controlSUITE

» {j contolSUITE
& oo

100+ Code Compatibie Devices.

LowCost g F"_/‘@ —

¥
P A Piccolo F2802x

0 oroee Piccolo F2802x
&) vpdee

3 Key features
Application Notes

o Up to B0-MHz, 32-bit C28x™ CPU

« 3248 to 64-k8 embedded Flash

o 12:bit ADC, up to 4.5 MSPS

o 150-ps high-resalution ePWM

« Package options starting at 36-pin TSSOP

a Training and Suppart

Datasheets and Guides

5 oo Composer SuioIDE

2 ) Key benefits

« Leading 32-bit performance for reaktime control
o Lowers system cost

o Increased ease of use

o Small package size

& Example Projects (To run. importin CCS4)

I Vien all 35+ example projects (To run, import in CCSv4)
W ADCSOC

¥ cPU Timer

W ecaP Capture Pt

[ ePWH Timer Interrupts

W SCI Echaback

W GPIO Setup

Functional Block Diagram

1 Headerfiles Quickstart
J 1R Priorities Example

J Internal Oscillator Functions
] ¥ Library Errata

¥ Documentation folder

[@1 Piccolo Product Selector
8] C2000 taols

8] Piccolo F28027 Product Folder
8] Technical Docs Search

Piccolo F2803x
Delfino F2833x
Delfino C2834x

€ <<

Search

7 Flosh AP
W Bost ROM Source Cade
[ F2802x Hardware Developer's Package

TNS1KUMENITS
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Libraries

4 Texas Instruments controlSUITE (==

Ul exdusivety powered by crossnams [ ]

pr———"——
P {’l controlSUITE - o D — L o =
varius Application ibraris. Also availls are Utiities such as Fiash API and Baot ROM Source Cads.
o ;
& ooices 4 Motor Control Library
IF L Motor Control Library
E The Motr Contl L
0P brories
&) vpsere Y ——
¥ Math blocks ¥ Math blocks Folders
Applicaton Notes I Drivers - ccolo F2603x R Drivers documentaton - Picolo F2803x
¥ rivers - Deffno F2833¢ ¥ Drivers documentation - Delfino F2833x
;-G —
Datashests and Guides A Digital Power Library
¥ Code Composer Studio IDE E Digital Power Library
% Folders
¥ Digital Power Template for F2802x 7 Digial Power Library User's Guide - F2802x
(¥ Digital Power Template for F2803x J Digital Pawer Library User's Guide - F2803x
¥ Explore Digital Power Library Folder J Digitl Power Library User's Guide - F2803x CLA
(3 using Template project for DPlib
A Math Library - Fixed Point (IQmath)
Math Library - Fixed Point (IQmath)
E The math Lbray codains math bcks nvitua fosing e for o C2000 deices
>
J 1QMath ser's Guide. () Piccelo F2802x - C
¥ Explore the 1Qmath directory I Piccolo F2803x - C
¥ piccalo F2003x - C-t
¥ Deffino F2833 - €
¥ Delfino F2833x - C++
v Math Library - CLA
v Math Library - Floating Point
- v Utilities - Flash AP
search M& v uiliies - Boot ROM o
¥ INSTRUMENTS
%5 Texas Instruments controlSUITE (==

Ul exdusivety powered by crossnams [ ]

6 s pew———
« i convtsur A High-voltage Motor Control + PFC Kit (v1.3) ~

o oeices High Voltage Motor Control and PFC Developers Kit

- Key features
P«
« Support orthse brushsss mator types, AC Induction, Pemmsnant Magnst Synchronous Mator, Brushless
[ voreres 0C Mator
Can be used by beth Piccolo and Delfno F2833x devces
£ e Somion o A SR oS8 o e A s AT i
Synchronous Molor, Brushless DC Motor
15 KioWalt motordiver stage
Applcaion Noes T50W pover factorconecton st
Open source sofware or powe factor conecton stage
G reoningens supnon Open source sofware for conrol o ll thrse motor types
Open source hardware, including schematics, BOM, and getber fles
Dateshests and Guides Motors ofsach type avaiable drectly for TL.

% Code Composer Stcia IDE

jocts (To run, importin CCOW)
R 1V Open example projects folder  Hardware Guide (v1.1) i
[ HVACI Sensored ) How To Run Guide
[} HVACT Sensorless ) Sensored FOC of ACI
[} HVBLDC Sensored [ sensorless FOC of ACT
[ HVBLDC Sensorless ) Sensored Trapezoidal Control of BLDC Motors Using Hall Effect Sensors,
R Hue Sensored ) Sensorless Trapezaidal Controlof BLOC Motors
R HuP Sensortess ) Sensored FOC of pMSM s
I HvPM Sensartess for Delfino F2833x J Sensoriess FoC of PHSH
[ HVACT Sensorless for Delfino F2833x /J Sensored FOC of PMSM with Delfino F2833¢
3 Sensorless FOC of PHSH with Delfino F2833%
) Sensored FOC of ACI with Delfino F2833x

) Sensarless FOC of ACI with Deffino F2333x

i i
e ——
High Voltage Motor Control Kit Info Page [ Example GUI
6] All 2000 Kits 3nd Tools (¥ Hardware Development Package
8] AC Induction Motor for TMDSHVMTRPFCKIT [ Digital Motor Control Library
81 permanent Hagnet Synchranaus Motor for THDSHUHTRPFCKIT W kit Folder
8] Brushiess DC Hotor for THDSHUMTRPFCKIT
51 2000 Disitl Hotor Control Website
Search ;v;@ " -
M®iv ltaae Multi Axis + PEC Kit (v1.1) S B2
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GUI

LT Texas Instuments - High Valtage Moter Control = PEC EVIA

M Parel |

ﬂ;

AC Induction PMSM Brushless DC
Sensorless

g -

Perk @ Qutput: [ G0100] pu
Speed Reference: 03— |——— 07 08 w Park D Output 0037

Estimated Speed 04598 1, [398000] o

DCBus Volisgs: | 1652188] v

Stap
Motor

004183298 03993695

Oakeds

= 7
i A
/\ s /\ e
// //

[¥] Auto eale enable

Est Arge
(P [oul
-0.0416701 40000000
forenze ﬁ 00356445 P //\\
A \\ / 7 A ¢y
Clake fis ﬁ;ﬁ!\* Emm ﬁ_\ﬁg_
(p)
/ 3 / \ 5 \
/ A o N 7 N/ %
003793331 " L 0.0256730 | £ il

Dlog Prescsler 78]

GraphUpdaieFate: [ z00 v « UpddeRge  [150 v ¢

W Conrectsd

Sstup Cernecticn

Image already in
Piccolo Flash
Supports all three
motor types,
sensorless operation

Adobe Acrobat
Document

QSG 8 pages

- Quick HW
- Quick Sys
- GUI

- Next Steps

w‘z'TEXAS
INSTRUMENTS

Hardware Developer’s Package

We provide you with all the necessary files to recreate the hardware. The PCB layout and
schematics are broken up into modules that can be interconnected or implanted into a new design.

controlCARDs and controlKITs

Hardware Developer's Package includes:
« Bill of Materials
« PCB layout

Item Digikey Part# | aty  pricef
ut 768-1010-1 s
w2 TMS320F2802x (T) 48 pin LFP Tito supply 1
u TPST033 SOT235 X 150
ut S3LCAGBT SOT236 93LC4BTIOTCT 150
s SN7ALVC2G74 SM8 296132 15 of
o = v — o

* Schematics
* Gerbers

LLimAXIS DML EVIT LKS)
wpApder B3ID
S

) o5

3he B

EE O S RO T
500 0.0 050 0 3050
B R P KA S
e e e e o oo o 0

5
00 E30000000

73

i}
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controlSUITE:

Content + Content Management

C2000 Device
Device Support
Piccolo _—
| F2802x — Bit Fields
| | Piccolo API
F2803x Drivers
| Delfino — Examples
C2834x P
| | Delfino
F2833x
— Delfinoin
controlSUITE
— F2823x Q210

Library

Development

Debug and

Repository Kits Software Tools

| | Math | |Hardware
Library Package

. 1QMath || Software RTOS

Examples

| | DSP | | System | | Real-time
Library Framework Debug

| Application || Gra;;i;lrcal 3rd Party
Library Interfaces Tools

— Utilities

Please see the Tools Presentation for

Details

{; TexAs
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Application and System Focus

Because C2000 devices are especially powerful in
digital control applications, controlSUITE puts much
emphasis on applications and systems. With
controlSUITE comes powerful application libraries that

further enable

developers.

Digital Motor Control Library

Transforms & Estimators
+Clarke, Park, SMObserver, P!
Speed Calculators and Esti

Ex: Using “Park” from DMC Library

181 B ]

———| Clarke Park
na » 19 flargue companent)

Jlinitialization code, define macro per library
#define PARK_MACRO(V)\
v.Ds = _IQmpy(v.Alpha,v.Cosine) + _IQmpy(v.Beta,v.Sine);\
v.Qs = _IQmpy(v.Beta,v.Cosine) - _IQmpy(v.Alpha,v.Sine);

Ilincremental build code, connect outputs and inputs
park1.Alpha = clarkel.Alpha;
park1.Beta = clarkel.Beta;

Ilrun-time code, call the function
PARK_MACRO(park1)

Motor Technique Type Feedback
Acl FOC Speed & Torque
FoC Speed & Torque Sensorless
T i Speed Hall Effect
BLDC T i Speed

SVPWM Speed Sensorless

FOC Speed & Torque Encoder

PMSM FoC Position Encoder
Foc Speed & Torque Sensorless
Stepper Microstep Position Sensorless

Brushed DC DirecDrive Speed & Position Encoder

Digital Power Library

Control & Math
*2P2Z, 3P3Z, IR, PID, AC Rec
Power/Voltage, Peak/Avel
Ramp/Sine/Slew Gel
Logging, M:

Topologies
S

{; TexAs
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IQMath: Choose your format

Range or Resolution?

Based On The Required Dynamic Range Or Resolution

31 0
SIHLLLLIITIIIIIII11.00QQQQQ0QQQQQQQQ(Q15)
GLOBAL_Q Max Val Resolution
28 7.999 999 996 -8.000 000 000 0.000 000 004
24 127.999 999 94 -128.000 000 00 0.000 000 06
20 2047.999 999 -2048.000 000 0.000 001

The user selects a “Global Q" value for the entire application:

The user can also explicitly specify the 1Q value to use:

s s

Incremental Builds

Each of the motor control systems in controlSUITE are
implemented using an incremental build approach. Made simple
by the modularity of the motor control library, incremental builds
bring many advantages to an development platform:

« Allows verification of a system one block at a time. This allows
a developer to avoid the risk of blowing out a motor by first
verifying that the PWMs are generating the appropriate voltages.
« Improves readability and improves software learnability

For example, in the Sensorless PMSM FOC example on the right side,
the following incremental builds are built into the software:

Build Level 1: Using a dummy signal, verify Inverse Park, Space Vector
and PWM driver are producing correct waveforms

Build Level 2: Verify ADC conversion, Phase Voltage calculation,
Clarke and Park transforms

Build Level 3: Closed loop PID current control verification
Build Level 4: Sliding Mode Observer and Speed Estimator verification

Build Level 5: Closed loop PID speed control

Build Level 2

Build Levels 3 and 4 (not shown)

Build Level 5

i3 Texas
INSTRUMENTS
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Incremental Build

VvaTesting ipak Q ipark g Ubeta T

Level 1 - Incremental System Build Block Diagram

Scope

Miunc_ci
IPARK SVGEN
thetap | MACRO macro | ™ Mtunc_c2
VdTesting ipark D ipark_d Usifa | ] Te Miune_c3
) (@ ==
R
sel value | mp freq
RC RG
i vaive,| MACRO mp_ottset | MACRO | mp_ou
£yt me gun | PamDacPeinterd
SpeedRe! set_eq gt pin
l-% /VM PwmDocPointer
Scope PwmDacRointer?
PwmDacPointers
.| 1 wven_Ta ) )
£ | ouee [mz s 1B) verify PWM-DACs used for analysis
=i e == Diog3  svgen Te
a 5| Dogs svgen, T _Tb ey inverter Ph
:_,-_\_ S Sy E | a-gvgen, ke o g%}:clz:-l;:,wmmoms Outp:; U‘as:!w
Graph Window ﬁl:l—n or
= 3 = B PWMDAC channels
. PWMSA, 6A. 7A, 78
1A) verify 120° SV-PWM outputs

1C) Verify SV-PWM Gen & PWM Outputs / Inverter Inputs

Level 1 verifies the target independent modules, duty cycles and PWM update. The motor is disconnected at this level.
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Incremental Build

Level 2 - Incremental System Build Block Diagram

PAMIA
VaTesting ipark_Q ipak_g  Ubeta Ta Mfunc_ct PAMIB
IPARK SVGEN
theta_ip MACRO MACRO | ™f Munc_c2 PWMZA
P
VdTesting ipark O ipark_d Uslfa | | 14 Miunc_c3 2 PWME
£ | BTSN o) I o
L T s s
3-Phase]
PAMIE
SpeedRet RG
III.RCCRO MACRO | mp_out -‘ Ivveter
== a
park_D park_d| clark o cark_a AdcResut 0 ADCIN% (la}
PARK CLARKE
MACRO | meta ol MACRO | cark b AdcResut 1 | ADC ADCINY (i)
CONY|
pak_Q -. pak_q clark g E AdcResult 2 ADCINZ (Vde|
— eDiog1
Graph —| DLOG L. Dig2 K
Window e— |l Deas 2B) Check Clarke (Phase Currents) in WW
£} | Disgs .
s
VPhase_ABC Mfunc_V1
— vour Miunc_V1 T
PwmDacPainterd Vaipha MACRO
Low PWMDAC |, PemDacPortert N Miunc_v1 Te ALl
- Eoeaic Ptk |
P MACRO Vbeta
Scope s PamDacPornter? .—i ;] DeBusvol  AdcResut 2
[ ‘le)mPunuS -

2C) Calibrate phase current off-set to enable low load sensorless

2A) Check ADC calc of Voltage using watch window (WW)

Level 2 verifies the analog-to-digital conversion, offset compensation, clarke / park transformations, phase voltage calculations

% TexAs
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Incremental Build

Level 3 - Incremental System Build Block Diagram

3A) Tune current PIDs (Id, Iq)

lgRe! el g

PNMIA

IdRef

fpark_qUbeta Ta Witun_c1 PNMIE
MACRO MACRO | To Minee2 | oy PAMA
MACRO
fpark_d Usia e Muunc_c3 PWNE
| Q07 HW
J Munc p PAM3A
PR [
Ievverter|
park_d| clark g clark_a AdcResult 0 ADCHH (1a) ‘q
PARK CLARKE
MACRO | trets g MACRO | clark b AdoResut 1 | ADC ADCy (10)
f—

park_Q park g| cark g
SpeedRel _set vale rmp _treg
RC
3 e | WACRO o omsey | MACROLL e out

iables In Real-Time:

Diog1  svpenTs
Graph 4—| DLOG |[Diog2 giow
Window «—2 leRicn 3 clarkg As
Diogs _clakeBs ;
= e
o laTele L}
dubetne 0

o e b u

E AdcResult 2 ADCINz (Vdc]

i

il
. Rest
g a2
o
o
[
2 "
tatuy OOOREN0G0  unsgrediong
Qv 24) e by
Qe w0

QEPA

Index

3B) Verify QEP speed value in WW

v TEXAS
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Incremental Build

Level 4 - Incremental System Build Block Diagram
4) Tune SMO and Speed Estimator to Measured

PVMIA

el
ok L) uoutqg ipakQ ipark_g Ubeta Ta Mfunc_c1
i 1PARK VGEN
a,| lares metnp | MACRO acRS | ™ Miunc_c2
it —f ] vouwa | w0 Z fpark_d Uaifa @ Te Miunc_c3
it d | Cidreg. L J b
part_D park_d clark_d clrk_a
PARK CLARKE
MACRO | meta o WACRO | clark b AdcResut 1
pank_Q -.‘ park_q clark_q -.‘ AdcResust
et value mp_freq RG
witho wacko | me_out
o, oftel
set_eq gt mu,l ﬂ j :I
it
isalita Miunc_V1
£ e wiRo isbeta VOLT | tunc
MACHD) Theia MACRO [#—————
(siiding satta Miunc_v3
Yoe=Te | rotor speed
astimator) DeBusvor

Level 4 venfies the rotor position and speed estimation performed by SMO and speed estimation modules.
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Incremental Build

Level 5A - Incremental System Build Block Diagram

Iqftal gearc1) J_Ommlonswl 5A) Tune Speed PID loop
PWMIA
SpeedR; i
= M" PIg MACR i A uokg parkQ wak_q_ Ussta Ta Miunc_c1
Lt reg. L
oo Ul e | 268 [ o] e
| uete uotd | park D Z warkd Uata | @ | Mhunc_ci
IdRef | | J 5
I‘ ]
m:ag:i watch park_0 park_d ciark_d clark_a AdcResuit 0 ADCING (la)
window PARK CLARKE
MACRO | theta p MACRO ADCING (1)
- park_Q park_a ciark_a ADCINZ (Vac)
: N N
'
Constant 0
sl vaug o o freq (Isw=0)
RC =
MACRO mp_fse, wdiko v
ook T /.
sel_eq trgt mm” (lsw=1)
I_ (5W=2)
salfa
SEMACRO | ppuy SMO sbeia
Estimated MACRO VOLT
L {sliding (shidipg [, vsata Vaipha MACRO
e e
‘estimator) i e ven | I:]
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Incremental Build

Level 5B - Incremental System Build Block Diagram
constantoosw=0)  5B) Alternative: Tune Speed PID loop w/o SMO

PAMIA
IqRef fisw=12) Lretq L
— ¢ “—ppmacro] -ola  pak Q ipark g _Ubeta Ta Miunc_c1 PAMIB
ifan q| lareg. . IPARK SVGEN
theta_ip MACRO MACRO | Tb Miunc_c2 PWM PWNRA
ipark ipark_d- Ualf e Miunc_c3 i PWMZB
d a C
BN | SRS e L e
J Miunc_p PWM3A
PAMIR
clark_d clak_a AdcResult 0 ADCINX (1a)
CLARKE
WACRO | clark_b AdcResult 1| ADC ADCINy (Ib)
CONV|
cark_q S AdcResull 2 ADCIN= (Vde)
SpeedRef RC
vae, | MACRO
safa
Estimateg | *E MR | e MACRD e
T | (aiamg (g |, s Vapha
Tolor speed rolor angle
estimator) o ) e 20em Voeta

{; TexAs
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Incremental Build

Level 6 Incremental System Build Block Diagram

IqRef (sw=0) 6) Close all loops — Full Sensorless FOC CL Speed/Current
PWMIA
SpesdRet iR
—opmacro | BT ¢ uoutqg pakQ park_g Ubeta Ta Miunc_c1 PNMIB
| Sedreg [ o s Limag miq‘rgcu | IPARK SVGEN i
= heta_p MACRO MACRO ™ Miunc_c2 P | PVM2A
A MACRO [ S5
e ark_D d Uaa T Miunc_c3 | PWN2B
IdRef = Z e @ | = == o corvw |HW
Lfob,_ J Moo PAMIA
PWM3B
L Inverter
[ ,?}j‘gﬂm park_d clak_d cark_a AdcResul 0 ADCINX (1a) _‘1
PARK CLARKE
MACRO | thetap MACRO | clark b AdcResut 1 | ADC ABEY Ancavy (o)
park_Q park_q clark_q AdcResult 2 et Hjl ADCINZ (Vdc)|
| —
sel e mp kgl .
SpeedRef RC RG mp_e
e f MACRO mp, MACRO | (isw=0) )
set eq gt rmp gain -
(lw=1)
[—
safa
PMSH
la Motor
Speed ThetaFiue VOLT
"‘5&0 SMO vsalfa Valpha MACRO
SpeedRpm MACRO
e wsbeta oeta |
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Why add Power Factor Correction?

n, PFC front end 3-® Inverter

3-¢
Motor
Why: In an AC-Rectifier, the 3-phase inverter stage and the motor act
as a non-linear load and will draw harmonic currents from the line.
These harmonics result in losses and such currents can distort the
line voltage.

Some countries and regulatory bodies limit the distortion to the line
a product can inject (see IEC 61000-3-2).

How: Generate an intermediate DC Bus from an AC source while

drawing a sine wave input current that is exactly in phase with the
line voltage

A PFC stage has become an integral part of most power supply
designs...usually done with a standalone PFC chip...why not have
the MCU control this digitally!

{; TexAs
INSTRUMENTS

29



MIPS leftover...integrate digital PFC!

g Vm,on
VpleSetSiewed 50 KHz M S 2 D2
10KHz o
e 10KHz PFCICHD ke L 1
Vpfevemd o 1
CONTL 2622 CNTL2PZZ
PSR @1
VplcSet —{ In Out Ref  Out v Out |— Piclemd = Ref~ Out E
R
VpfeSiewRate—p] Incr Fabk v Fitk
Current
Conronr s o -
We achieve PFC by controlling the
e Vpleout IpfcTolal duty cycle such that the rectified
} | input current is made to follow the
§) i rectified input voltage while
InvAvgSar o A:BEI/ providing load and line regulation .
=] vg
50 KHz 50KHz 1 100 KHz
acLineRect
EMA
INVSQR A L I INO
Pt —| rsltd
Out In Qut In I
L el ADC
IPrc2 st e e
VaclineRect
3
VacLineAvg Vpleaut
AN
{j Texas
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Piccolo Motor Control with PFC Developer’s Kits

@ Hardware Features
§ 100W 2 phase interleaved power factor correction stage
§ PFC stage can be bypassed for just motor control development
§ 2 motor driver stages based on TI DRV8402 motor driver chips
§ On board isolated XDS100 JTAG emulation

§ controlCARD based for easy development with different C2000
processors

@ Software Features
§ Piccolo F28035 based software
§ Sensorless, closed loop vector motor control with integrated power
factor correction (PFC)
§ Software for closed loop dual motor control with PFC

& Tl Analog Features
§ DRV8402 Dual Full Bridge PWM Motor Driver
§ Up to 50V supply voltage
§ 5A RMS output per bridge
§ Up to 500kHz PWM operation
§ Cycle by cycle current limit and two stage thermal protection
§ 1S0O7242 high speed digital isolators for JTAG isolation
§ OPA2350 high speed amplifiers for current sensing

www.ti.com/c2000tools www.ti.com/piccolomotorcontrol M'{ES(_?S ENTS
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High Voltage PFC and MC Developer’s Kit

Hardware

£

« Piccolo F28035 controlCARD based

« High voltage PFC and single axis motor
control board

« 1.5KW, 350V three phase motor driver stage
* 750W 110-220 Vac PFC stage

« Can control most common motor types
« ACI, PMSM, and BLDC

« Motors of each type available directly from TI SOftW are

« Isolated CAN and UART interfaces

« CCS V4 compatible ¢ FUIly CONTroisuUll £ compatinie

* Onboard isolated XDS100 USB JTAG « Sensorless closed loop field oriented control of

emulation AC Induction and PMSM motors

« Sinusoidal and trapezoidal closed loop control

[ No external emulator required! ] of BLDC motors
« PFC stand alone project

[ Price: $599 ] « PFC combined with motor control
Part number: TMDSHVMTRPFCKIT

{; TexAs
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Motor Control Accessories

For use with the High Voltage Motor Control and PFC
Development Kit

AC Induction Motor

avur sy w sy cev vy aeor sy arew 1 o INAUCEION Motor
« Includes encoder mounted to motor shaft for sensored
development
« controlSUITE motor control software tuned for included AC
induction motor

HVACIMTR - $379

PMSM Motor

S sUuvY Gy cuU Y, ccmy vuuuna i snnanen mdg@net Synchronous
Motor

* Integrated encoder for sensored development

« controlSUITE motor control software tuned for included permanent
magnet synchronous motor.

HVPMSMMTR -
$299

{; TexAs
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Code Composer Studio v4

TI's Code Composer Studio Version 4 is a %
complete development environment. It is @ Code Composer™ Studio v4
available in a MCU-only version which supports L

C2000, MSP430, and Stellaris, and a Platinum . -

version supporting all if T's MCUs and DSPs.
Based on the popular Eclipse IDE, CCSv4
represents a familiar and friendly interface with
hundreds of plug-ins to support it.

essor

« Takes advantage of the real-time debug circuitry on C2000 devices and provides a powerful
debugging environment.

« Real-time watch windows and graphs aid in software verification and debugging.
« Interrupt debugging is made possible by interrupt servicing even when the main program is halted.

« Includes many additional tools for C2000, such as the DSP/BIOS real-time operating system, an
emulator, flash programmer, and more.

Recommended Versions:
MCU Limited: Free for MCUs. Code limited to 32KB for C2000.
XDS100 Limited: Free for use with XDS100 emulators only.

Resources:
Code Composer Studio v4 Product Page

-

C2000 Motor Control Summary

Methodologies Solutions
High energy efficiency via Advanced Control 2000 Digitl Motor Contrl Gives You MORE Low Voltage

— Variable speed Real-time control

— Better dynamic and transient control ggﬁsﬁ:ﬁgmnm‘“'m Al st oot Dual Axis
Broadest MCU Architecture N DMC + PEC Kit
~ 40-300MHz Fixed & Floating Point 5 e e sl S MU E A o TMDSIMTRPFCKIT
— Parallel FP CLA for fastest loops ’E“'ﬂ'“ﬂeﬁ"g"m‘?‘ = mggéezm‘em“"‘m‘[ TMDS2MTRPFCKIT
— Single Cycle 32x32-bit MAC B i e $369/$399 :
Fast interrupts — Multi-axis conirol —» MORE motors per confroller :
Flexible & Fast interrupt system — Integrated digital PFC  —» MORE system functions ES [
Real-time debugging — Meeting IEC standards —= MORE reiabie and rabust High Voltage :
Best in class ADC - —= MORE products, one platform DMC + PEC Kit Z

(I R

Application Libraries

‘Specialized, application specific software functions

* Modular macros with variable inputs and outputs

= Atinitialization all variables are defined and outputs of
one block are set as inputs to the next

* Complete documentation — including source code, use
and technical theory — is provided for every module

| Motor Gontrol Library
tors
erver, Phase Voltage, Resolver, Flux,

* Clarke, Park,
Speed Calculators and Estimators

Control

= Signal Generation, PID, BEMF Commutation, Space
Vector Generators

5

* Different modes and topology support
= ADC, PWM, Encoders, Sensor Capfures.

Gen, Works with TI Hardware

iccolo Family for Lowest System Cost TMDSHVMTRPFCKIT 3 l
High Level of Integration Incremental Build Based Projects $599 :
Integrated Dual OSC, VREG, Watchdogs - Incremental section of code built each level = X = e
Limited life support - Verify each portion of their system . Quick Start isSi i
= ; Matlab & VisSim Integration

No external GPIO filters needed -PWMs, feedback, calculations = GUI with all Simulation, Modeling, Loop

~Control laws, inner/outer loop, supervision roiects Flashed oo o

- Critical in motor control with so many p l\jl cuU Optimization, Graphical Development,
different system variables in Peripheral Abstraction, Auto Code

Motor Control 1-day Workshop
On-Line Self-Paced Coming 2H10

I the functio
PARK_MACRO(park1)

Coming in 2010

§ DRV83x2 + Piccolo Kit for BLDC/PMSM

§ DRV84x2 + Piccolo Kit for Stepper/Brushed

§ High Voltage + Delfino FPU F28335 controlCARD
§ Low Voltage Rev: BLDC and ISO CAN Support

§ PFC using new DPSLib, FOC on CLA, Auto Tuning

www.ti.com/c2000dmc
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J Thank You! J
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