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Before proceeding, please make sure you have the following software and hardware properly
installed and configured on your computer.

Crosshairs [debugger] and Crosshairs [interface designer]

The Crosshairs [debugger] and Crosshairs [interface designer] may be downloaded for free (30-day
trial) from the following location:

http://crosshairsembedded.com/free-trial

Please note that after registering for a free trial, the download links are only valid for a limited
time. Download and install the Crosshairs [debugger] and Crosshairs [interface designer]. The
stand-alone installation of the Crosshairs [engine] is not required for this tutorial.

Code Composer Studio 4
This may be downloaded for free from Texas Instruments at the following location:

http://focus.ti.com/docs/toolsw/folders/print/ccstudio.html

In this tutorial, Code Composer Studio 4 Microcontroller Limited edition was used (TMDFCCS-
MCULTD.)

High Voltage Motor Control and PFC Developer's Kit

This guide is applicable for the High Voltage Motor Control and PFC Developer's Kit connected to a

The High Voltage Motor Control and PFC Developer's Kit (TMDSHVMTRPFCKIT) is available from
Texas Instruments or one of its suppliers. For ordering information, please refer to the following
URL:

http://focus.ti.com/docs/toolsw/folders/print/tmdshvmtrpfckit.html

Bundled with the High Voltage Motor Control and PFC Developer's Kit is a DIMM style TI Piccolo
Microcontroller (TMS320F28035). Specifications and other information about this controlCARD can
be found at the following location:

http://focus.ti.com/docs/prod/folders/print/tms320f28035.html

AC Induction Motor for TMDSHVMTRPFCKIT

The motor connected to the High Voltage Motor Control and PFC Developer’s Kit in this example is
a 3 phase AC induction (ACI) motor with encoder for sensored motor control software
development. It is available from TI or one of its suppliers. For ordering information, please refer to
the following url:

http://focus.ti.com/docs/toolsw/folders/print/hvacimtr.html
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controlSUITE Installation

The relevant software and resource files needed for development on the High Voltage Motor Control
and PFC Developer's Kit (besides the CCS4 installation itself) is an installation of the TI
controlSUITE software package. This is available from the link below:

http://focus.ti.com/docs/toolsw/folders/print/controlsuite.html

: We recommend using the default path for

Select Installation Folder ; installation “"C:\TI\"” for simplicity. If this installation

This is the folder where ControlSUITE will be installed. TEXAS . . . .
[NSTRUMENTS path is changed certain include folders and library

folders may need to be changed in the example

projects for the example application to work.

Folder:

|eswmy Browse. ..

Itis highly recommended that controlSUITE is installed in the default directory. Changing the
directory may itional changes to filk within the code

NOTE: ifyou already have a previous version of contro|SUITE installed, this installer may
I avenwrite exisiting contralSUITE files, User-created files and folders will nat be madified.

' Advanced Installer

<Back || Mext> | [ cancel

When installing controlSUITE please ensure that these checkboxes are checked:

15 comrosume senp = Piccolo controlSTICK and High Voltage Motor Control

Application Kits ] and PFC Kit
Select the application kit of interest. All additional required Texas
packages will be automatically selected. If no kit software is INS‘[RUI.{EN’]‘S

needed, dick "Next” to select the device,

i Piccolo controlSTICK High Veltage Motor Control and PFC Kit:

w14
DC/DC LED Lighting Developer's Kit v13
va.2

High Voltage Power Factor Correction Kit
Low Voltage Motor Contral & PFC Kit
vt
~For use with: [] Peripheral Explorer Kit
TMDS IMTRPFCKIT
TMDS2MTRPFCKIT

Step 1 of4

Advanced Installer

<Back [ Next> | [ cancel

T eS| o, -
dglceneimesewe === piccolo F2803x support files

Device Support

Select the device of interest. If you selectd an application kit, @TEXAS
device support package for the MCU that it comes with will already I]\E‘[RUMENTS
be selected. Click "Next” to continue to software libraries

Piccolo F2802X Piccolo F2803X
via7 vizz
v12s viz1

Delfino C2834x% Delfino F2833X
[Flvi11 vi3z

Step 2of 4
Advanced Installer

[ <Back |[ next> | [ cancal
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("4 ControlSUITE Setup =) . . . .
Digital Motor Control Library, Fixed-point Math
Software Libraries 3 ) ) ) .
Selectthe lbranis o nterest. I you selected an pplication kit the Q} TEXAS library and Floating-point Math library
required libraries will already be selected. Click "Next” to view all INSTRUMENTS
selected items,
igital Motor Control Library Math Library
Fixed-point (IQMath)
[ Digital Power Library [Elaa
Floating-point
Step 3of4
Advanced Installer
[ < Back ][ Next > ] [ Cancel
& = —

After a successful install you can browse the installed files for the development kits and the support
files for the different controlCARDs etc. through the controlSUITE Desktop application.

Open up the controlSUITE Desktop and expand the controlSUITE node and select Kits. In Kits press
the arrow to expand High-voltage Motor Control + PFC Kit:

Ul exclusively poWered by crossh,

. trosshairsembedded.com
4 ﬂl controlSUITE

Hardware Development Tools
Devices
C2000 offers a variety of hardware development tools designed to accelerate and simplify the design process. Each tool comes with completely open source
L Kits hardware schematics and software framewark. Combined with control SUITE software, C2000 tools provide an effective way to evaluate devices and
seamlessly transition into.

To view all C2000 tools, visit http://www ti.com/c2000tools

—— T

-y
Application Notes ControlSTICKS ControlCARDs ControlCARD ControlCARD Emulators and
Evaluation Kits Application Kits Other Tools
a Training and Suppart

l\? { Code Composer Studio ID

% Search results

i;_'j Datasheets and Guides

Piccolo controlSTICK

High-voltage Motor Control + PFC Kit |
Low-voltage Mufti Axis + PFC Kit

LED Lighting DC/DC Kit

High Voltage Power Factor Correction Kit
Peripheral Explorer Kit

C2000 controlCARDs

€< <<€ ¢<|<
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w Texas Instruments controlS! okmal (Morway) 7

GUl exclusively pOWered by crossHaims [ ]
) crosshairsembedded.com
Ll {’ controlSUITE L 2
& s Mgy =, ¥
Lp - A
~ ControlSTICKS ControlCARDs ControlCARD ControlCARD Emulators and F
'g Libraries Evaluation Kits Application Kits Qther Toals
@ Update % Piccolo controlSTICK

LA High-voltage Motor Control + PFC Kit

Datasheets and Guides

-, High Voltage Motor Control and PFC Developers Kit
Application Notes Key features

a Training and Support

;!. # Code Composer Studio IDE

% Search results

Support for three brushless motor types. AC Induction, Permenant Magnet
Synchronous Mator, Brushless DC Motor

Can be used by both Piccolo and Delfino F2833x devices

Support for three brushless motor types, AC Induction, Permenant Magnet
Synchronous Motor, Brushless DC Motor

1.5 KiloWatt motor driver stage

T50W power factor correction stage

Open source software for power factor correction stage

Open source software for control of all three motor types

Open source hardware, including schematics, BOM, and gerber files
Motors of each type available directly from TI.

Example proiects (To un.importin CCSw)

«
Quick Start Guide for HY Motor Control Kit m Open example projects folder
J Hardware Guide ¥+ ACL: FOC Sensored W
] How To Run Guide W+ ACI: FOC Sensarless

¥

: FOC Sensored w# ACIL: Scalar (W/f) Sensored Control
: FOC Sensorless v+ ACI: FOC Sensorless for Delfino F2833x
: Scalar (V/f) Sensored %+ BLDC: FOC Sensored
: FOC Sensored (Delfino F2833x) we BLDC: FOC Sensorless
: FOC Sensorless (Delfino F2833x) %+ PMSM: FOC Sensored
=) BLDC: Trapezoidal Sensored W PMSM: FOC Sensorless

= BLDC: Trapezoidal Sensorless &y
PMSM: FOC Sensored

] PM3M: FOC Sensorless

=] PM3M: FOC Sensored (Delfino F2833x)
PMSM: FOC Sensorless (Delfino F2833x%)

Search - @ :

PMSM: FOC Sensorless for Delfino F2833x

2t

The controlSUITE Desktop application has been created by Crosshairs Embedded for the exclusive
use of Texas Instrument.
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Highlighted in the following screenshot are the reference guides to the High Voltage Motor Control

and PFC Kit and the software application example

/=] Quick Start Guide for HV Mator Control Kit
[Z] Hardware Guide

/=] How To Run Guide

=] ACI: FOC Sensored

5] ACI: FOC Sensorless

5] ACIL: Scalar (W/f) Sensored

(5] ACIL: FOC Sensored (Delfino F2833x)
5] ACL: FOC Sensorless (Delfino F2833x)

used in this guide (ACI: FOC Sensored).

' Example projects (To run, importin CCSwd)

[}/ Open example projects folder

-

e ACI: FOC Sensored |

%+ ACI: FOC Sensorless

v+ ACI: Scalar (V/f) Sensored Contral

w¢ ACI: FOC Sensorless for Delfino F2833x
v+ BLDC: FOC Sensored

we BLDC: FOC Sensorless

we PMSM: FOC Sensored

The Hardware Guide (also known as the “High Voltage Motor Control and PFC Kit Hardware
Reference Guide ") contains information about Kit contents, features and technical data about
peripherals and Kit operation, board layout of individual modules, safety considerations and
schematics for jumpers and connectors. If the controlSUITE is installed in the default location, this
guide is available here or through clicking the Hardware Guide node in controlSUITE.

The How To Run Guide (also known asthe*iHVMot or Ctrl + PFCO Ki"shbvwsw t o
how set up the development kit for usage in CCS. It can be looked upon as a small reference guide

for working with projects in CCS, but the projects used diverge with this guide, and most if not all
information provided in the How To Run Guide should be covered in this guide. If the

controlSUITE is installed in the default location, this guide is available here or through clicking the

How To Run Guide node in the controlSUITE Desktop.

Run

The ACI: FOC Sensored inside the Documentation pane (also knownasii Sensored Field
Controlof3 -Phase | nduct i)showsMbettbeory behind the example project this guide is
based on, hardware configuration and the different build-levels (1 to 5) used to incrementally test

the different modules in the Field Oriented Control of the motor. Note that the
Commros_v2.2_regular_logger_HVACI_Sensored example this guide uses is currently configured

and built with build-level 5. This can be changed by changing the define BUILDLEVEL inside
HVACI_Sensored-Settings.h. If the controlSUITE is installed in the default location, this guide is
available here or through clicking the ACI: FOC Sensored node in the controlSUITE Desktop.

Ori ent
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Setup and Configuration

Connecting the motor

After unboxing the High Voltage Motor Control and PFC Developer's Kit and the AC Induction Motor,
the motor and the encoder need to be connected to the board:

Connect the QEP. This will hook up the Quadrature Encoder Pulse /
Rotary Encoder to the development kit.

Connect the motor to the development kit

© 2010 Crosshairs Embedded Page |9
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SW1 -~
-3 RN
“.Sx—eg L
c2s P G4V-9 =3

SWl SW3 sSwW2
POS 1 POS 1 2 FOS 1 2
ON ON ON E E
OFF E OFF E ﬁ QFF

SW1: Controls whether GPIO-28 is used for RS5232 or not. Turning this off releases GPIO-28 and
lets us use the FTDI-chip.

SW2: Controls boot mode, currently set to boot from FLASH.

After the switches on the TMS320F28035 has been set up the controlCARD must be slotted in
[Main] J1.
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Setting up the jumpers on the board

Configuring the Isolated USB emulator

[M3] J4: Putting a jumper over ]4 sets the FTDI-chip in UART-mode. This is required to be able to
connect to the kit through the Crosshairs [debugger] and Crosshairs [interface designer] using the
USB-cable and Virtual Serial Port emulation.

M3[J5]: If you want to disable the onboard JTAG emulator you can populate this jumper. As we will
be using the virtual JTAG-device through the USB-cable we want to make sure that this is not
populated.

[Main] J9: When ]9 is populated, the USB cable can be used as a virtual JTAG device through the
XDS100 JTAG emulator. Populating this allow for FLASH programming the controlCARD through
CCS. After the controlCARD has been programmed this jumper must be unpopulated to be able to
boot directly from FLASH.

© 2010 Crosshairs Embedded Page |11
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Configuring aux power supply

There are two ways to source the auxiliary power supply module. The auxiliary power supply can
source power from the AC connection (through an AC Rectifier bridge located on the board) or it
can get power from the PFC stage (using an external 15V DC power supply). Please take due care
to the pin configuration when choosing which power supply mode to use:

Power from the AC rectifier bridge

1

1
T
T

Ensure that AC is disconnected

Populate [Main] J3, J4 and J5

Ensure that [M$J6, J7 and J8 is NOT populated
Set jumper [Main] J2 in Bridgaode (Not PFC)

When sourcing auxiliary power from AC Rectifier [Main] J3, J4 and J5 must be populated and
[Main] J2 must be in Populated ovBridge

© 2010 Crosshairs Embedded Page | 12
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Power from the PFC stage (recommende  d configuration)

Ensure that AC is disconnected

Populate [M6] J6, J7 and J8

Ensure that [Main] J3, J4 and J5 is NOT populated

Set jumper [Main] J2 in Pfabde (not Bridge)

Ensure that the Power switch marked as [M6] SW1 @ffsposition

Connect the extaral 15V DC power supply to the DC Jack marked [M6] JP1.
Set the power switch marked as [M6] SW1 infasition

=4 =4 =4 4 -4 -4 4

Jumpers [M6] 16, J7 and J8 must be populated and [Main] J2 must be populated over PFC when
sourcing auxiliary power form external 15V DC power supply.

Note: If you source power from the External 15V DC power supply you can program the

controlCARD and verify its boot ~ -up and operation without connecting the kit to AC mains/DC Bus
Power Supp ly. Thisisthe safestsol uti on i f youdr e woVoltagee moddesandthe t he Hi gh
possibilities of surges when touching compone nts inside the protective shell.

© 2010 Crosshairs Embedded Page | 13
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Configuring AC or DC BUS main power supply

The development kit can either get power from AC mains or it can be sourced from an external DC
BUS power supply. Max voltage from the DC Bus Power Supply is 350V. We recommend trying out
the development kit with power through AC Mains first, as this option is simpler and you can keep
the protective plastic lid on during operation.

Power through AC mains

1 Connect [MainBS1 and [MainBS5 with the banana plug cord that comes with the development
kit

9 Put the clear plastic protectivied on and screw it in place

1 Connect the AC Power Cord to [Mal?]

M Don’t ¢ oPowee Gotdo ACHviains yet!

Note: If you source auxiliary power from the external 15V DC power supply you can program the
controlCARD and check its boot-up and operation without being connected to AC Mains. Hooking
this development kit up to AC Mains should only be done with the protective lid screwed on.

Power through DC Power supply

1 Set power supply output to zero

1 Connect [MainBS5 to DC power supply

1 Connect [MainBS6 to ground

T Don’'t apply DC Bus poweaal until expressively to

Note: This guide will not show operation through DC Bus Power. For information about how to do
this follow the instructions for the incremental build levels in Sensored Field Oriented Control of 3 -
Phase Induction Motors  available here or locating ACI: FOC Sensored documentation in the
controlSUITE Desktop.

© 2010 Crosshairs Embedded Page | 14
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Setting up the virtual serial ports

After installing the High Voltage Motor Control and PFC Developer’s [txpsioo chane A Properties
Kit on your system and connecting the Motor Control board to the || G i seed [over [oasi]
computer using the USB cable, connect the auxiliary power supply
and power the on the board by [M6] SW1. When the board has
been turned on and connected to the computer, new USB devices
should appear on your system. These are the virtual JTAG/Serial
ports available via the USB-connection. Open the Windows Device fdond vcr
Manager. Expand the Universal Serial Bus Controllers section and "
find the two TI XDS100 entries (Channel A and Channel B.)

TIXDS5100 Channel A

Configuration

Use these settings to ovemide nomal device behaviour,

For both entries, open the Properties dialog and select the Advanced tab. Click to enable “Load
VCP” as shown in the screenshot. This enables the virtual serial port for the device.

After enabling VCP for both channels, unplug and replug the USB-cable for the High Voltage Motor
Control and PFC Developer’s Kit. You should now see two new COM-ports in your Device Manager
under the Ports (COM & LPT) section.

© 2010 Crosshairs Embedded Page | 15
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Working with CCS4

After successfully installing Code Composer Studio 4 and completing the Requirements section
above, please start CCS4.

Configuring your workspace

When you start CCS4, you will by default be prompted to select the i [ |
workspace you would like to use. Select a folder you would like to
use and click OK. Please note that if you are an existing CCS4 user,
you might want to create a new workspace, for example
C:\crosshairs_examples.

When CCS4 loads using an empty workspace, a welcome screen is
presented. Click the cube in the top-right corner to access the CCS
Workbench.

Importing example project

With a clean workspace, open the File menu and select almpert.. ?"Bg”;:‘mm

-5 Breakpoints

Expand the General folder and select Existing Projects into Workspace g
and click Next. - -

In the next step, we browse for a project folder. Set the root directory to Documents \ Crosshairs
Embedded\ crosshairs[commros] \ TMS320F28xxx \ Examples \ CCS4 Commros_v2.2_regular_| ogger_ HVACI_Sens
ored

Note that by default, CCS4 does not make a copy of imported projects % tmport
into your workbench. Rather than editing the original files, we Import Projects
. . . Select a directory to search for existing Eclipse projects.
recommend checking the Copy projects into workspace checkbox
before CliCking FInISh @) Select root directory:  1ros v2.2_regular_logger PFC-MotorControlKit Brow:

) Select archive file:

Bl
5 |[8 J
‘[ﬁ =

Projects:
Commros_v2.2_regular_logger_PFC-MotorControlKit Select All

Deselect All

Copy projects into workspace

© 2010 Crosshairs Embedded Page | 16
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Understanding the example
HVACI_Sensored In the C/C++ Projects tab, you

will now see the Motor Control example. A B C/- Proects 13 @B £ 70
. . . EE=" Commros_v2.2_regular_logger HVACI Sensored [Active - F2803x_FLASH]
description of the files follows below: - Binaries

-2 Includes
- @ C:/Program Files/Texas Instruments/ccsvld/tools/compiler/c2000/include

SIrc commros (1= /packages/ti/xdais
=28 @ C/ Tl controlSUITE/ device_support/f2803x/v121/D5P2803x_headers/include
q commros_regulah (2 C/TlfcontrolSUITE/device_support/f2803x/v121/DSP2803x_common/include
. @ Ci/ Tl controlSUITE/ libs/math/AQmath/v15b/include
0 |nC|Ude fOf the regular version Of {8 Cy/TlcontrolSUITE/development kits/~SupportFiles/F2803x_headers
. . @ C:/Tl/ controlSUITE/libs/app_libs/maotor_control/math_blocks/fixed_v1.1
Commros. This version of Commros (B C4/Tl/controlSUITE/libs/app_libs/motor_control/drivers/f2803x 111
. . . 1= Commros_v2.2_regular_logger HVACI Sensored/src commros
includesDatalogger functionality & ~Docs
-[7= F2803x_FLASH
1 Commros_user.h/.c @ e comns
. . . commros_regularh
0 Userspecific Commrosonfigurations > B Common e
- ProcessorDependent.h
9 ProcessorDependent.h 5[] Commios_userc
i i [n dlogdch-HVACI Sensored.h
o Defines known data sizes. [B HYAC Sensored.n

- [ HVACI_Sensored-Settings.h
-5 DLOG4CHC.asm

HVACI_Sensored .c holds the entry point of the [51 DsP2803x CodeStartBranch.asm
- - IE! DSP2803x_GlobalVariableDefs.c
application. [§] DSP2803«_ usDelay.asm

- €] HVACI Sensored.c
E HVACI Sensored-Devinit_F2802x.c [Excluded from Build]

OtherS -[€] HVACI_Sensored-Devnit_F2803x.c
. . . . o % DSP2803x_Headers_nonBIOS.cmd

The rest of the files in this project are command ) F28035_FLASH_HVACI Sensored.CMD
1 ili H H . [ F28035_RAM_HVACI Sensored.CMD [Excluded from Build]
files to facilitate placing the code in flash on a "Bl Grapht graphProp
F28035, various assembly snippets for processor !u%! Graph2.graphProp

e . . . . I0math.lib
specific functionality, IQMath library and finally the =, commros.28_c_regularib
commros_28xx_c_regular.lib Il macrosini

There are references to headers, assembly snippets and command files from the controlSUITE
installation in the project. As long as the controlSUITE has been installed to the default location
these references should be resolved automatically in the project.

For a simpler example of integrating Crosshairs [commros] to an empty application, please look at
the user-guide for the F2803x Piccolo Experimenter’s Kit.

© 2010 Crosshairs Embedded Page | 17
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Crosshairs [commros] integration

Integration overview

1 Theoriginal HYACI_Sensorexkamplefrom Tlhas been modified to integrate the Crosshairs
[commros] library.

91 Serial Interface ASCIAGPIQ of the Motor Control Kit has been dedicated to Crosshairs
[commros].

1 Probe points have been configuléor onboard high resolution data logging.

1 Calls to service routines for Crosshfgoemmros]and the DataLoggdravebeen added to the
original example codéHVACI_Sensorgd

9 The Crosshairs [commros] regular version library is added to the project.

The Crosshairs [commros] user manual

Before proceeding, please read the Crosshairs [commros] User Guide that is installed with all
Crosshairs products. This is found in the Crosshairs Embedded program group on the start menu.

Crosshairs [commros] configuration (Commros_user.c)

Two probe-points for the data-logger have been defined, together with a buffer where logs from
the data-logger are stored on-board.

struct LoggerVarStruct loggerVars[4];
struct  LoggerProbeStruct probes[2];

#define  SIZE_OF_BUFFER 0x800
unsigned char buffer[SIZE_OF_BUFFER];

The serial port is configured and activated in SetupSerialPort

The functions SCITransmitByte , SCIReceiveByte and SClDataAv ailable point to where data can be
read from or written to using the serial port.

probes[0].pName = "Mainloop" ;
probes[0].sampleTime = 1.0;
probes[1].pName = "MainISR" ;

probes[1].sampleTime = 0.00010;

AddProbes(&commros.m_datalogger,probes,?2);
AddLoggerVariableBuffers(&commros.m_datalogger,loggerVars,4);

DataloggerSetBuffer(& commros.m_datalogger,buffer,SIZE_OF_BUFFER);

In InitCommros the Crosshairs [commros] instance is initialized and the probe points are
configured and activated. There are two probe points. One probe point configured to run in the
main-loop slated to sample of every second. One probe-point is configured to run in the Main
Interrupt Service Routine (MainISR), slated to sample every 0.00010 seconds.
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Changes to the original HVACI_Sensored.c example code

Changes (additions) to the original code are shown in snippets where the additions have been
emphasized in yellow.

An include for the Crosshairs [commros] library has been added to HVACI_Sensored.c

#include  "PeripheralHeaderIncludes.h"
#include  "IQmathLib.h"

#include  "HVACI_Sensored.h"

#include " HVACI_Sensored - Settings.h"
#include  <math.h>

#include  "Commros_user.h"

Commented out the while - loop that waits for EnableFlag to be set from CCs
watch - view .

#endif  //(FLASH)// Waiting for enable flag set

/lwhile (EnableFlag==FALSE)
1

/I BackTicker++;

I}

/I Timing sync for background loops

Initialization of Commros has been added before the Main loop.

/l Enable CNT_zero interrupt using EPWM1 Time - base
EPwm1Regs.ETSEL.bit.INTEN = 1; /I Enable EPWML1INT generation
EPwm1Regs.ETSEL.bit.INTSEL = 1; /I Enable interrupt CNT_zero event
EPwm1Regs.ETPS.bit.INTPRD = 1; /I Generate interrupt on the 1st event
EPwm1Regs.ETCLR.bit.INT = 1; /I Enable more interrupts

InitCommros();

/I Enable CPU INT3 for EPWM1_INT:

IER|= M_INT3;

/I Enable global Interrupts and higher priority real - time debug events:
EINT; // Enable Global interrupt INTM

ERTM; /I Enable Global realtime interrupt DBGM

A call to run the Crosshairs [commros] service routine has been added in the Main-loop.
A call to run the datalogger with the first probe-point has been added to the Main-loop.

for (i) /linfinite loop

{ //, State machine entry & exit point
?fAIpha_State_Ptr)(); /l jump to an Alp ha state (A0,BO,...)
/éerviceRoutine(&commros);

} Datalogger(&commros.m_datalogger,0);
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A call to run the Datalogger with the second probe-point has been added to the MainISR function.

/I Call the PWMDAC update macro.

PWMDAC_MACRO(pwmdac1)

/I Call the DATALOG update function.

dlog.update(&dlog);
Datalogger(&commros.m_datalogger,1);

#f (DSP2803x_DEVICE_H==1) 11(DSP280 x_DEVICE_H==1)
/I Enable more interrupts from this timer

Changing build level

The build-level is currently set to level 5 in this project. This can be changed if the user of the
project wants to incrementally add the sub-systems of the functionality in the phases 1 through 5.
To change the build-level edit the line highlighted in yellow to one of the five levels listed in the

legend.
/*
Follo wing is the list of the Build Level choices.
*/
#define LEVEL1 1 /I Module check out, duty cycle waveforms and PWM update
#define  LEVEL2 2 /I Verify ADC, park/ clarke, calibrate the offset
#define  LEVEL3 3 /I Two current Pl regulator and speed measurement test
#define LEVEL4 4 /I Verify current model
#define  LEVEL5 5 /I Sensored closed - loop FOC
/*
This line sets the BUILDLEVEL to one of the available choices.
*/
#define BUILDLEVEL LEVEL5

You need to recompile the project and flash the controlCARD each time you change the build-level.
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Compiling

Unless you want to change the build level or tweak the default running parameters of the motor,
there should be no need to change any of the code in this project. Just compile the example by
right-click on the Project and select Build Project or open the Project menu and select Build Project
from there. If there are compile errors, please contact support@crosshairsembedded.com

The out-file and be generated in the folder F2803x_FLASH.

Programming the Motor Control Kit

When the device is programmed with the onboard JTAG emulator through the USB-cable it is
possible to do this without having the high voltage modules connected to power. A requirement for
this is to source the auxiliary power from the external 15V power supply connected. We
recommend doing this for safety reasons.

A walkthrough to sourcing the auxiliary power from the external 15V power supply is described in
the chapter named Power from the PFC stage

To program the application to the High Voltage Motor Control and PFC Developer's Kit do the
following:

Configure the board and power it up:

- Check that the USBable isconnected to [M3] JP1

- Check that DC Bus power or AC mains is *NOT* connected

- Check that the 15V DC power supply is connected to [M6] JP1

- Check that jumpers [M3] J4 and [Main] J9 is populated

- Flip switch [M6] SW1 to ON

- Check the controlCARD led LD1 isvilg greenand that led LD3 is not blinkimgd.

In CCS: open the Target menu and select Debug Active Project.

‘omposer Studic (Licensed)

- . . L. Target | Tools Scripts Window H
If prompted to create a new target configuration, click Yes and Finish. In the [ yeuTarget Configuration..

target configuration, change the Connection and Device as follows: Ebugepfﬂim 3
aunc ebugger

Debug History 3

- ConnectionTexas Instruments XDS100v1l USB Emulator Debugn.
- DeviceTMS320F28035

Click Save and launch the debug session again (open the Target menu and select Debug Active
Project.)

If the debug session is launched correctly, you should now be in the Debug perspective and the
program counter should be located on the first line in the main function. To verify that the
application runs correctly, add a hardware breakpoint inside the for-loop in the main-function and
click the run-button in the debug perspective a few times and see that the reaches the breakpoint.
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Booting the High Voltage Motor Control and PFC Developer's K it from FLASH

Note: The development kit should not be sourced from AC Mains, yet. It is possible to test the
bootup of the controlCARD given that the external 15V DC Power supply is connected.

To boot the development kit from FLASH, do the following:

- Close down CCS4

- Power off the development kit by setting the switch [M6] SW1 to off

- Remove jumper [M3] J9 to enable baay from FLASH instead of waiting for JTAG
- Unplug and replug USgable in [M3] JP1

- Power on the development kit by setting the switch [M6] SW1 to on

The LED marked LD3 on the controlCARD should be blinking red after the program has started.

SK-- 2 'n‘ (10 ‘.-: " O EE T e —
é}QW?@ S B MY :
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If the LED marked LD3 isn't blinking red, the program hasn’t booted from FLASH. For issues
booting up please check that the jumper configuration is correct according to the chapters called
Setting up the switches on the TMS320F28035 controlCARD and Setting up the jumpers on the

board. If this does not help, please send a support request to support@crosshairsembedded.com or
check the FAQ section of this document.

When you’ve checked that the program is booting correctly on the controlCARD, it is time to hook
the kit up to AC Mains or DC Bus Power and boot it from flash. At this stage you are advised to put
on the clear plastic protective lid on the top of the development kit for safety reasons. Before you
put the clear-plastic protective lid on, check that the PFC power switch [M6] SW1 is set in the ON
position before you do.

The official kit documentation strongly recommends using a surge protection with an on/off-switch
between the wall socket and the power cord. We suggest that you plug the auxiliary power to this
surge protector as well, so they both are powered up at the same time.

When you power on the surge protector with both auxiliary and main power connected, the motor
should start running immediately. When this occurs it is time to test out the operation using the
Crosshairs [Debugger]. This is covered in the next chapter.

If the motor just runs for a brief moment or suddenly stops running and the controlCARD is still
blinking, check the fuse on the development kit.
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Using the Crosshairs [debugger]

For more comprehensive usage instructions, please refer to the Crosshairs [debugger] User Guide

that is installed with the product.

Creating a debug session

After launching the Crosshairs [debugger] open the File [ o [ ]
menu and select New Project. Give your project a name
. . o New project =
and provide an (optional) description. I F '
Please fill in the required data in the fields below to create a new project.

After clicking OK, you are taken to the Connection
configuration screen. This is where the connection to
the Crosshairs [engine] and, in turn, the hardware is
established.

Project name
HVALCI Sensored

Description

High Voltage Digital Motor Contral Kit and PFC Developer's Kit connected to a 3 Phase AC
motor with GEP

If you are connecting to an engine running on your
local computer, leave the Engine Connection settings as
they are and click the Connect to Engine button. If
prompted to start the engine, click Yes.

In the Targets list, expand the C2000:28x Piccolo - ’
Series and select Piccolo 28035.

Select Commros Serial as the transport and select the correct COM-port in the Connection method
properties pane. Set the QMath value to 24 for this project.

Next, select the Application file (out-file) by clicking the [..] button in the lower right corner.
Browse to the \F2803x_Flash folder of the CCS4 project that was created in the previous sections.
Once everything is configured properly, click the Connect button.

Mew cannection | Recent connections

Engine connection

Host name or IP address Fort number
127.00.1 60000 Remote connection
Usemame Password
[] Connection authentication
Targets Transports and Connection Methods ~ Connection Method Properties
=) ARM Cortex M3 : 9000 - = @ Commros Transport Name - Description SelectedV
& I:_] C2000 : 28x Delfino Floating-point = serial a QMathv  Default value for QMathfor 24
& E__g €200 : 28 Fised-poit Serles @ Ethernet @ rort Serial port identifier comis
=I5 €2000; 28x Piccalo Series 3 Q Baudrate Serial port baudrate 115200
T Piccolo 28035
T Piccolo 23022
T Piccolo 28023
T Piccolo 28026
T Piccolo 280200
T Piccolo 28020
T Piccalo 28021
T Piccolo 23032
T Piccolo 28033
T Piccolo 28034 B
—
L | »
Application file (@ Symbols only {no download) ) Bootload
\Workspace HVACI_Sensored\Commros_v2 2_regular_logger_HVAC|_Sensored\F2803x_FLASH\Commros_v2.2_regular_logger_HVACI|_Sensored out E
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If the connection fails, please refer to the FAQ contact support@crosshairsembedded.com for

assistance.
Debugging the application with the Real-time Monitor & symbols view 2
Once the connection is established, you will be in the Monitor module of the Crosshairs | Seach-. b
[debugger]. - i) pwm1 R

_’---ﬁ,‘ pwmdacl
On the left side, you will find the Symbols View. Variables to be watched or edited can be a PwmDacChl
dragged into the Watch and Edit view from the Symbols View. U PwmDacCh2

i@ PwmDacCh3
Some values of interest: - PumDacChd

ﬂ' qepl
SpeedRef Reference speed of the motor (between 0 and 0.48) i@ re_tmp
speedl.Speed Actual speed of the motor ﬁ rel
speedl1.SpeedRPM Actual RPM of the motor g rg1

- Sector

- @ SerialCommsTime

Add these variables to the Watch/Edit view by either dragging them to the view, or right-

‘---ﬁ' speedl
clicking and selecting Add to Watch View. @ ElecThets
The variables should now be visible in the Watch/Edit View. The leftmost column of the ; Z:;::::z:
Watch/Edit view is used to control which variables are graphed once updating is turned on. @ Speed
In this example SpeedRel and speedl1.Speed is checked for graphing: @ BaseRpm
O Watch/Edit View : @ K1

Graph Graph Scaled  Name Type Address Value ScaledValue  QValue ScaleFact UpdateTimer - @ K2 15
] @ K3
speedlSpeedRpm  long  Ox0DOD9BLO 864 864 A 1 o W @ SpeedRpm
v speedlSpeed ] 0x00009B06 0.240376549310303 0.24037694931030 24 1 10
v SpeedRef ia 0x00009428 {0, 9 0239999499320 24 1 10 il speed2

- SpeedLoopCount

- SpeedLoopPrescal
Real-time updating can be set either by clicking the Start update button (™), or by @ SpeedRef
opening the Tools menu and selecting Start Update. @ svgen_dal
You should now see values updating as well as the graph plotting SpeedRef and speedl. @ 11
Speed. Note that if the graph plotted is too flat, click the Fit to window button on the @12
graph. - temp_svl

- temp_sv2
It is now possible to control the speed of the motor by editing SpeedRefl. You can do this @ Tmp 3
by clicking the cell under Value and inputting a value between 0 and 0.48 (or whatever the @ Tmp_fr
connected AC induction motor can handle). @ TmpD

- Tr_em
The max RPM for the AC induction motor we used is 1725. It is possible to set the speed @ Va
higher but when the RPM overshoots the highest limit operation won’t be stable. @ Vb

l’ Ve

- @ VdTesting

- WgTesting

.’---ﬁ.‘ VTimerQ

:’---ﬁ' WTimerl

:*---ﬁ.‘ WTimer2

g e

l’ Wslip

l
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Here is an example output of the speed of the motor being controlled from the Crosshairs
[Debugger]:

NO Norwegian, Bokmal (Norway) -

¢ File Edit Tools Help

@ BPIEH G NED FE.

Navigator n Symbols View 1 || watcrvedit view n
Monitor Search v Gra Graph 5§ Name Type Address Value ScaledValu QValue ScaleFacto UpdateTim
Bl Dynamic i@ TsrTicker - u
: speedlSpeedR long 0x0DO09B10 363 863 N/A 1 10
-
B Memory : & loggervars v speed1Speed g 0x0DD0IEDE 02398 02398176193 24 1 10
B Alerts l) fs v SpeedRef iq 28 0239 0. 24 1 10
&P Datalogger .g Mperiod
:--ﬁ‘ parkl =
Sl piaLid 03459 — — E
EIOR B i i
>ﬁ pidi_spd 0. } \ Iﬂ ‘3 '
b3l probes 02058 D |
b2 pwm1 |} / \ @
il pum 02857 [
>--ﬁ‘ pwmdacl f \ H
@ PwmDacChl 0.2657 \ [
@ pwmDacCh2 0.2456 \ (l
~-@ PewmDacCh3 \ |
~@ PemDacChd = 026 \ / |
>ﬁ‘ gepl 0.2055 \ / |
'U re_tmp 04355 |
b ﬂ rcl \ / |
g ro 0.1654 I
- @ Sector LA p14m3 |t
@ SerialCommsTime 66562142 2566566152, 1566570164, 0566574 174,956657815 8566587196 7566586207, 6566590218 5566594229 4566598240 356660025125
4@ speedl - SpesdRsf = speedl Speed
_________ b~ @ ElecTheta
: Output n
@ a— @ DirectionQep D
e L~ OldElecTheta + Message ‘
ﬁ IR @ Speed "] commros version 2.3.0 (Architecture: C2000) (Compiler: TexasInstruments) (Commros size: Regular) (TXBuffer: 128 bytes) (RXBuffe
> @ BaseRpm
G Program @K
@ K3 ~
@Connecteu to Piccolo 28035 @ Updates: OM @ Current License: Professional _I
-

There are a lot of tasks that can be undertaken in the Crosshairs [debugger] that are not covered
by this guide. Please refer to the User Guide installed together with the Crosshairs [debugger]
installation.

Note: When you’'ve familiarized yourself with the Crosshairs [debugger] it is possible to switch to
the Crosshairs [interface designer] and create intuitive GUI Interfaces to control and monitor the
development kit operation. The only thing required to create interactive interfaces is the same out-
file we built using this guide. For more information please see the User Guide for the Crosshairs
[Interface Designer] installed with its distribution.
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Using the Data Logger

Using the Data Logger requires integration of the regular or full version of Navigator 7
Crosshairs [commros] into the application running on the embedded target Monitor
and probe-points configured and utilized according to chapter called Crosshairs |g@ oynamic
[commros] integration.

B Memory

. L . . 5 Alerts
Enter into the Data logger Module by clicking Data Logger in the navigator. & Datalogger
The available probe points will be selectable in the drop down under Probe and
Variable Configuration. Select the probe-point called MainISR.
Configure the properties in the grid according to this example:
& Datalogger Configuration i
Probe and Variable configuration | Trigger configuration  Runtime
MainISR ~ Variables to log
Property Value Description Name Type Address ScaleFactor
Buffer address 0x9200 Buffer address svgen_dglTa iq Ox00003A66 1
Buffer size 0x800 MNumber of bytes available for buffer svgen_dql.Tb iq Ox00009A68 1
Max variables 4 Max number of variables supported svgen_dglTc iq Ox00009ABA 1
Mumber of samples 170 MNumber of samples to collect for each
Pretrigger count 00 MNumber of pretrigger samples to colle
Sample rate 5 Save every n'th sample, 1 means all
Probe timer (5} 0.0001 Refresh timer for the selected probe

The variables svgen_dql .Ta, svgen_dql .Th and svgen_dqgl .Tc shows the waveforms of the
switching times from the Space Vector Generator Macro (SVGEN_MACRO). These can be added for
Data Logging by either dragging them from the symbols view or selecting them, right clicking with
the mouse and select Add to variable view.

It is possible to make the Data Logger start up when certain conditions are met in the application.
These configurations can be set in the Trigger configuration, where triggering based on value-
comparison or raising or falling edges of variables is allowed. If the Data Logger is meant to trigger
at any time, there is no need to do any trigger configuration.

In the Runtime tab press the Start Logger button. This transfers the configurations to Crosshairs
[commros] where data will be logged when trigger-conditions are met. When the buffer is full, the
resulting values will be sent back and displayed in the graph-view.
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Here is an example output of Ta, Tb and TC of the SVGEN_MACRO logged by the Data Logger:

1] Crosshairs [debugger]- ff g i S s 0 e ee B .1 16 Norwegian, Bokmal (Nowiay) | - = @] =
© File Edit Tools Help

@ FIE 0O BB

[EIET

il [\
el o NN A VY Y L Y A Y ML WY A
S L A A

Fpeenensl oo I L Y A Y A T Y R W I
ey ol MW VARV ANV i
e ] Y \ \/ \/ \ \/ \/
am M " \A’ /\/\ A/\ \_/\—/\_) \_/\, /\_/
?--B'lb 000163 0.00 0.00507 000676 000845 001014 001183 001352 0.01821 00168
II. -Tﬂ T - svgen_dql.Ta - svgen_dql.Tb - svgen_dgl.Tc
2 |[@ompmercomguratin ... 7
: :2 2| prove and variabie configuration  Trigger configuration |M\
~-@ temp_svl .- Message B
--------- : ‘T:":-"’Z Auto dowrload Start datalogger wih cument setiings [ Datalogger started
(P rom 3 o i 2op ouret ggersession g Do feed D ecoes 0B
g e o e
‘ Program : :: % Datalogger ;:::; 170 records (2040 bytes) E
.(nnnec!ﬂl to Piccolo 28035 a. = @ Updates: OFF @ Current License: Professional — _ - _ —
To change the values to probe for just go back to Probe And Variable Configuration , remove

the variables in the Variables To Log grid by selecting them, right-clicking and clicking on Remove
in the context-menu. Afterward you can add different variables to log. Try adding Va, Vb and Vc
which are the three voltage phases applied to the motor:

[0 Crosshairs[debugger- 1 e e e e 0 e e e B .1 I TG o egian, Bokmal (Norwrsy) = SIS
© File Edit Tools Help

@ PIE 0 B P

02741
FH Memory > gl aepl
B aerts @ retmp [

 owe koo e . X \ /X \

e \ NI NEVIEVATA
e VN N NN T N \
S ol /A IR A / IERNA /1] \

] Dyn.anmc E i "ﬂ PwmDacChd - /\ /\
/
X

LD

@ SpeedRef Ui
> gl svgen_dat 0209 /
T / /
Pu -0.2785:
dr2
| -034
~@ temp_svl 0.00169 0.00 0.00507 0.00676 0.00845 001014 001183 001352 001521 0.0169
- @ temp_sv2
-Va -Vb -Ve
@ Tmp
@ TmpD |
Prope and Trigger Runtime
- @ Tr_am N warisr ~ Variables to log
Dva s
--------- Property + Value + Description +| Name + Type . Address . ScaleFactor
@ Home o w Buffer address 0x9200 Buffer address Va iq 0x00009A34 1
B ve Buffer size 0800 Number of bytes available for buffer | v ia 0x00009A32 1
i Monitor ~-@ VdTesting Max variables 4 Max number of variables supported Ve iq Ox00009A36 1
- @ VqTesting Number of samples 170 ‘Number of samples to collect for ea
‘ T bl VTimerd |_Jf Pretrigger count ox0 Number ofpretrigger samples to colle
b Vimery Sample rate 5 Save every n'th sample, 1 means all sa
Probe timer (s) 00001 Refresh timer for the selected probe
12 MTimer2. r
.(nnneﬂm to Piccolo 28035 @ Updates: OFF @ Current License: Professional
— = T -
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Crosshairs [interface designer]

The Crosshairs [interface designer] is available for trial download from the Crosshairs Embedded
website. When using the Crosshairs [interface designer] you have a wealth of high quality graphical
components available for your use in designing crisp, user friendly dashboards for your hardware.

For more information, please visit the following link: http://crosshairsembedded.com/interface-
designer

For trial download, please register at the following link or contact sales@crosshairsembedded.com

http://crosshairsembedded.com/free-trial

[ a5 New Project 1 L = ﬂ-‘
File  Connection Help
CROSSHAIRS | (3%
INTERFACE DESIGNER _ ]
Speed reference (in)
120 15| i 180 DC Current (A) <GaugeTitle>

6.88

Gain (in) Load (in)

V==

15,39 || l\llw
|
1207 P

8752 Ly

5434

2115

5.
60858785,0 60859785.0 608607850 608617850 608627850 608637850 608647850 608657850 608667850 608677850 608687850

072 1.00
Connected  Updates: ON

Q: Why can't I connect to the Motor Control Kit through the Crosshairs[debugger] after I've
programmed the example on the controlCARD?
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Al: (LD3 on the controlCARD is blinking red). Please ensure that the virtual communication port
has been enabled for the TI XDS100 device under Control Panel Devices, and that the COM-port(s)
for the Motor Control Kit is visible in COM & LPT (For information on how to do this please read the
chapter called: Setting up virtual serial ports). Please be sure to select the right COM-port as well.
When COM ports Channel A and Channel B have been set in VCP mode, it is normally the COM port
with the highest value that is the correct one to use.

A2: (LD3 on the controlCARD isn’t blinking) It is possible to start the Motor Control Kit from Code
Composer Studio by starting up a debug session and choosing to let the program run free. If the
Motor Control Kit is started outside from Code Composer Studio, the JTAG-emulator will prevent
the Motor Demo Kit from booting up from FLASH if certain jumpers have been populated. To
prevent JTAG from blocking FLASH boot, jumper [Main] J9 must not be populated. Please go to the
chapter called Configuring the Isolated USB emulator for information about how to enable/disable
JTAG.

Q: I downloaded the controlSUITE software from Texas Instruments but the installer failed to run
properly. Is there another way to get the controlSUITE resources installed?

A: Yes, you may also download a ZIP archive of the controlSUITE for manual install from this link:
http://www.ti.com/litv/zip/sprca85
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Customer Contact

If you have any questions regarding this document or any of the products and/or services
described herein, please do not hesitate to contact us at support@crosshairsembedded.com

All other enquiries including license sales and enterprise solutions please contact us at
sales@crosshairsembedded.com.

During business hours we may also be reached at the following phone numbers

- Sales +4884 15109
- General informationt47 736 05 906

We are committed to total customer satisfaction and a member of our team will be in touch within
one working day.

You may also find up-to-date news, company and product information on our website at
www.crosshairsembedded.com

Invaluable insight

through precise software solutions
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