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ABSTRACT

The C2000™ Motor Control SysConfig Tool makes it easy to implement motor control functionality into a C2000
software project. The Universal Motor Control Lab (UMCL) along with all the supporting motor control libraries
are supported. The tool is based on top of the C2000 SysConfig tool so device resources are presented as

well. This application report focuses on the UMCL including its capabilities and features all while showcasing the
Motor Control SysConfig Tool. The content presented is based on the F28002x device with a Motor Control SDK
version 4.02 and a Code Composer Studio™ (CCS) version 12.2.
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1 Introduction

The Motor Control SysConfig Tool has many benefits:

* One-Click Addition of Libraries: When a library is added, the required header, source, and library files are
added as well as any predefines needed.

» Device Resource Management: The tool provides a great graphical interface that showcases what
resources have been utilized and how much more the device has. This is specific to the device being used
and its pin-count.

» All of the SysConfig Benefits: For a full list of SysConfig benefits, see Speed Up Development With C2000
Real-Time MCUs Using SysConfig.

Specifically with the UMCL, the code size is smaller. Generated code is based on the user settings, so if a
control algorithm is not being used or a library is not required, the tool does not include the content/files within
the project- effectively reducing the code size. Additionally, all settings required to be changed are housed within
one view, instead of having to navigate through multiple files to change a setting.

Figure 1-1 shows the layout of the Motor Control SysConfig tool with the addition of the UMCL. On the left hand
side are all of the motor control libraries and system resources. Libraries and or resources used have a green
check mark next to the name as well as the amount being used. The middle pane contains all of the main, motor,
and device settings for the UMCL. On the right hand side is all of the generated files, reference files, and device
pin view. The rest of the application note walks through each of the sections individually.

Universal Motor Main Generated
Control Lab Settings Files

RESTART

ABOUT

FILE

= & > Software » Universal Motor Control [ORSE OB
Universal Motor Control (1 of 1 Added) = REMOVE ALL
CONTROL - ¢ ) L @ Problems 2
pﬁg | __UoiversalMotorcontrol 1 & ) | | @ myumco [s] There are no problems in the current design.
[ MOTOR CONTROL LIBRARTES (3)
B |~ controL () Name myumco o s
Generated Files
DCLINK_SS ® ||l uit options for system check-out DMC_LEVEL_1 v
Fwe ® HAL Mode (locked settings/pinmux Demo Mode (Locked PinMux and Peripheral Settings) - Filter: all -
MTPA
o ° % Configuration DRV8323RH - File name Category include in build
e @ || pepvoreatures CPUTIME_ENABLE, TEST_ENABLE - Rhotor CorfrciBokliions ° a
VS_FREQ @@ || command interface s
Motor Control Solutior
VSF Y] Number of Motors 1 - cprterm St ® 8
v FILTER (3) Motor Control Solutions ® %]
CTRL ® Motor 1 Settings N
| @ _ Motor Control Solutions ® 3]
;i‘: FO) o \5 Control Algorithm FAST -
SET ®
t t Teknic_M2310PLNO4K - Motor Control Solutions )
v OBSERVERS (13) Motor Selected eknic_! °
ENCODER ® DCLINKSS ] Motor Control Solutions ® B8
ESMO ® Features d
EST Y] D mesdk_solutions.h Motor Control Solutions ® a8
Motor 1 v
EST.LIB 2® oo D sre_board/user_mtr.c Motor Control Solutions ® 8
FAST (IO}
HALL ® User Definitions A s ard/user_mtr1 h Motor Control Solutions o B
1SBLDC D
@ Motor Control Solutions [ ) B
MPID 96 SW Resources )
SLIP ® Motor Control Solutions ® 5]
SPEED_OBSERVER ® °
c Motor Control Solutions ]
SPEEDCALC ® Device Resources Hardware Abstraction Layer ~
SPEEDFR ® Motor Control Solutions ® )
SSIPD ®
 TRANSFORMS (5) Otier Dopendéiiolis Motor Control Solutions ® 8
CLARKE QG
PR ° 2\ Motor Control Solutions ) =]
®
PARK Q> Motor Control Solutions o 5]
SVGEN [ O]
voLTs ® Motor Control Solutions ® 2
v UTILITIES (10) K Motor Control Solutions o 8
ANGLE_GEN %2® Motor Device
CPU_TIME 9 . Motor Control Solutions ® 5]
S50 ® Settings Resources
DIAGNOSTIC ® Motor Control Libraries ® a
MATH_BLOCKS ® Motor Control Motor Control Libraries o 5]
MOD6CNT o — L .
QUEUE ® Libraries Motor Control Libraries [ ] =]

Figure 1-1. Motor Control SysConfig Tool

In order to use the UMCL lab, a launchpad, boosterpack, and motor are required. Follow the instructions in the
following document to setup the hardware correctly: Motor Control SDK Universal Project and Lab.

Note
Not all features may be supported in initial releases of this lab. Please refer to the example within the
MCSDK for support capabilities offered.
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2 Project Import

The UMCL project can be imported into CCS by going to Project -> Import-> <Path to Project - as seen in the
image below> and clicking on the respective project.

G0 Import CCS Prajects O *
. Fas?
Import CCS Projects 4
Import existing CCS Projects or example CCS Projects, / i
-
(®) Select search-directory: C:\ti\cEDDD\CEDDDWare_MUtorCUntroI_SDK_4_D'I_DD_DEi\SD|utions\uni\rersaI_mDtnrcontml_syscfg\fZBDDEx\CCS | Browse...
() Select archive file: Browse...
Discovered projects:
|5 universal_motorcontrol_syscfg [universal_motorcontrol_syscfg.projectspec] ‘ Select All

Figure 2-1. UMCL Project Import Within CCS

After importing the project, double click on the 'C2000.syscfg' file in order to open up the Motor Control
SysConfig Tool. An instance of the Universal Motor Control Lab is added by default. After building the project
(Project -> Build Project) the Generated Source folder will contain all of the generated files from the tool. The
referenced files will be located within the 'Referenced Source’ folder.

I Project Explorer X S Y 8§ = B $§ c2000syscfg X
g :
M ”"'EE’EE.' "‘Zt:'w"tm' syscfg; = X « & - Software » Universal Motor Control
v o)l Generated Source e —
i i — s B v
SysConfig Generated Files ¢ SysConfig [c2000.syscfg] MOTOR CONTROL SOLUTION.. Universal Motor Control (1 of 1 Added)
Referenced Files — R eTerenced Cource v UNIVERSAL MOTOR CONTR...
4% Binaries Universal Moto... (V] @ myuMco
@) Includes v MOTOR CONTROL LIBRARIES...
(= CPU1_FLASH ~ CONTROL (7) Name
. & device DCLINK_SS ® Build options for System check-out
If using LaunchPad, set T TrgetConnigs A %o ’
the LaunchPad target +—— %) TMS320F280025C_LaunchPad.coxml [Active] i %6 HAL Mode (locked settings/pinmux)
vi
conﬁguration active il TMS320FZBQDZISC.(c%mI 5 ) Configuration
| & f28002x _flash_lib_is_eabi.cmd D E 2
PID ® ebug Features
L 15 c2000.syscfg 1
= driverlib.lib 1 VS_FREQ Qe Command Interface

Double click to open
SysConfig GUI

Figure 2-2. UMCL Project Structure

To run the project, click on the Debug button within CCS. To setup the watch expression variables, use the
instructions outlined in the Motor Control SDK Universal Project and Lab.
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3 Main Settings

All of the general settings for the UMCL are located within the center pane of the Motor Control SysConfig tool.
The first is the build level. The build levels progresses from one to four, each adding more functionality to the
project. For a full explanation on what each of the build levels does, see the Universal Motor COntrol Project and
Lab User's Guide.

DMC_LEVEL_1

I Build options for System check-out

-

HAL Mode (locked settings/pinmux) DMC_LEVEL_1 nMux and Peripheral Sett.. ~
. : DMC_LEVEL_2

Configuration v
DMC_LEVEL_3

Debug Features sT_ENABLE v

DMC_LEVEL_4

Figure 3-1. Build Levels

The next setting is for the HAL Mode. There are two settings for this, 'Demo’ and 'Custom’. Within the 'Demo’
view, all device resources are locked. This mode is meant to be used for evaluation purposes. All configurations
in this mode have been tested. The 'Custom' mode un-locks all of the device resources. Within this mode,
settings for the peripherals or device resources can be altered to meet specific hardware/application needs.

required resources are
locked in ‘Demo Mode’

Name myumMco Name myUMCO
Build options for System check-out DMC_LEVEL_1 v Build options for System check-out DMC_LEVEL_1 v
HAL Mode (locked settings/pinmux) Demo Mode (Locked PinMux and Peripheral Settings) - | HAL Mode (locked settings/pinmux) Custom Mode| v I
: J
onTguration 12is R o e — =
Debug Features CPUTIME_ENABLE, TEST_ENABLE - Debug Features CPUTIME_ENABLE, TEST_ENABLE -
Command Interface v Command Interface -
Number of Motors 1 v Number of Motors 1 >
Motor 1 Settings v Motor 1 Settings v
I Control Algorithm ENC - Control Algorithm ENC -
Motor Selected Teknic_M2310PLNO4K ~ Motor Selected Teknic_M2310PLNO4K ~
DCLINKSS (] DCLINKSS (m]
Features v Features -
Motor 1 ~ Motor 1 ~
Device Resources Hardware Abstraction Layer v Device Resources Hardware Abstraction Layer v
Motor 1 EPWM U Motor 1 EPWM U EPWM1 -
Motor 1 EPWM V Motor 1 EPWM V EPWM2 -
Motor 1 EPWM W Motor 1 EPWM W EPWM3 -
Motor 1 CMPSS U Motor 1 CMPSS U CMPSS1 -
Motor 1 CMPSS U Comparator Select Motor 1 CMPSS U Comparator Select Comparator High -
Motor 1 CMPSS U Signal Mux Selected Motor 1 CMPSS U Signal Mux Selected A11/C0 -
Motor 1 CMPSS V Motor 1 CMPSS V CMPSS3 -
Motor 1 CMPSS V Comparator Select Motor 1 CMPSS V Comparator Select Comparator High -
Motor 1 CMPSS V Signal Mux Selected Motor 1 CMPSS V Signal Mux Selected A14/C4 -
Motor 1 CMPSS W Motor 1 CMPSS W CMPSS1 -
Motor 1 CMPSS W Comparator Select Motor 1 CMPSS W Comparator Select Comparator Low -
Motor 1 CMPSS W Signal Mux Selected Motor 1 CMPSS W Signal Mux Selected A15/C7 -
Motor 1 ADC IU Motor 1 ADC IU ADCA -
Motor 1 ADC IU Channel Motor 1 ADC IU Channel ADCIN11 is converted -
Motor 1 ADC IU Signal Source Selected Motor 1 ADC IU Signal Source Selected
Settings for the Settings for the required

resources are un-locked in
‘Custom Mode’

Figure 3-2. Demo vs. Custom Mode

C2000 Motor Control SysConfig Tool
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There are multiple motor drive evaluation boards that can be used for the UMCL. The configuration option
allows the selection of the evaluation boards. If a board is chosen that conflicts with other settings of the lab,
errors/warnings are provided by the tool.

I Configuration DRVB323R| -~
Debug Features DRV8323RH ILE Y
& it DRV8323RS

ommand Interface DRVS8353RS L
Number of Motors DRV8329RS L -
DRVB316RT
Motor 1 Settings BOOSTXL-3PHGANINV ~

TMDSHVMTRINSPIN

Figure 3-3. Motor Drive Evaluation Board Selection

Next are the debug features. These features, once checked, enable the check of different parameters and
settings within the project as another means of debugging. Options that are not applicable based on the motor
drive evaluation board become disabled. If required libraries or supporting files are needed when a debug
feature is added, the tool automatically adds that into the project.

I Debug Features CPUTIME_ENABLE, TEST_ENABLE X A
Command Interface CPUTIME_ENABLE | -
Number of Motors TEST_ENABLE -
[] DATALOGF2_EN C

Motor 1 Settings [J STEP_RP_EN A
[[] EPWMDAC_MODE
[T] DAC128S_ENABLE

Device Resources Hardware Abstraction Layer [[] SFRA_ENABLE -~

Figure 3-4. Debug Features

There are multiple command interfaces that can be used to change the reference speed of the motor or
start/stop the motor. These options are listed within the command interface setting. Similar to the debug features,
if a command interface is added and requires supporting libraries or resources, the tool automatically adds them.

I Command Interface @_
Number of Motors [CJ cMD_POT_EN | -
[C] cCMD_CAP_EN
Motor 1 Settings [] CMD_SWITCH_EN v

[J CMD_CAN_EN

Figure 3-5. Command Interfaces

Lastly, the number of motors can also be selected to fit application needs. Note, the number of motors can be
constricted due to device resources, especially on lower pin count devices.
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4 Motor Settings

Right underneath the main settings for the UMCL are the motor specific settings. The first option is to chose a
control algorithm. There are multiple control algorithms and some can be used in conjunction with others. If an
option is not supported, the tool throws an error or warning describing the incorrect configuration.

Motor 1 Settings e
I Control Algorithm FAST] X a
Motor Selected (] HALL 4K -
DCLINKSS FAST
[] ESmMO
Features [JENC e
[] ISBLDC

Figure 4-1. Control Algorithm

Next is the selection of a motor. There are only a few supported motors in the lab. The tool already contains
default parameters for each of the motor options provided and locks the parameters in place. If a custom
motor is desired, select the 'Custom' option. This option unlocks the motor parameters. The parameters can be
changed to fit the criteria of the custom motor.

I Motor Selected eknic_M2310PLN04K| -

DCLINKSS Teknic_M2310PLNO4K

Estun_EMJ_04APB22_A
Features et

Anaheim_BLY172S_24V
Anaheim_BLWS235D

Motor 1 v
Custom

Figure 4-2. Motor Selection

There are multiple motor features supported. Each of these features enhances the performance of the motor
control. To test the different features select the desired features.

I Features -
[] BREAK
(] MTPA
User Definitions [Jovm A
[] ssIPD
[] VOLRECT

Figure 4-3. Motor Features
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User Definitions are grouped together. These are settings that can be changed and control multiple parts of
the control loop and functionality of the lab. Some of the grouped settings include 'Offset Parameters', 'Fault
Protection Parameters', and 'Timing Parameters.

Offset Parameters ~
Fault Protection Parameters -
Timing Parameters -~
Motor Specs e

Type

Number of Pole Pairs

Rr [Ohm]

Rs [Ohm]

Lsd[H]

LsqH]

Rated Flux [VpHz]

RES EST Current [4]

IND EST Current [A]

Figure 4-4. User Definitions

Depending on the settings being inputted into the tool, the specific settings that require calculations are
automatically calculated by the tool. This includes any conversions of units as well.

Motor 1 h
User Definitions v
DC Nominal Bus Voltage [V] 48
Number of Current Sensors 3
Number of Voltage Sensors 3
Voltage Filter Pole [Hz] 680.4839
Voltage Filter Pole [RPS] Ii
Max Negative ID REF Current [A] -2
Direct Voltage Scale Factor 0.95
Max Vs Mag [PU] 0.576
Calculated Values
Vs Ref Mag [PU] 0.528 Based on User Inputs
ADC Maximum Input Voltage [V] 3.3
Voltage Sample Resistor [kohm] 4.99
Voltage Divide Resistor 1 [kohm] 82
Voltage Divide Resistor 2 [kohm] 0 [}
Voltage Divide Resistor 3 [kohm] 0
ADC Full Scale Voltage [V] Ii
Current Sample Resistor [kohm] 0.007

Figure 4-5. Calculated Values

The presented settings also changed based on the control algorithm and motor selected. This reduces the
amount of configurable options to be only the ones that pertain to the specific setup of the application.
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Speed Force [Hz]
Acceleration Start [Hzps]
Acceleration Max [Hzps]

Speed FS [Hz]

Encoder Poistion Max

Encoder Postition Offset

Rs Online Wait Time [sec]

Rs Online Work Time [sec]

Motor specifications hide/show
depending on the Control
Algorithm chosen

Figure 4-6. Tailored Settings
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5 Device Resources

The Device Resources section contains all of the required device resources for the UMCL. Additionally, the
panel on the left hand side can also show the resources used. Upon clicking any of the device resources, the
configured parameters are shown. More device resources can be added by simply clicking the '+' icon next to
the resource desired. This allows for an easy integration of further capabilities.

I SYSTEM (18) Control Algorithm ENC v
Ao ® Motor Selected Teknic_M2310PLN04K v
BGCRC ®
CLB INPUTXBAR INPUT @ DCLINKSS o
CLB OUTPUTXBAR ® Features -
CLBXBAR ®
CPUTIMER @ Motor 1 ~
DCC ®
EPWMXBAR 26 Device Resources Hardware Abstraction Layer A
ERAD ®
FLASH ®
GPIO Q0 Other Dependencies v
HIC ®
INPUTXBAR INPUT VIO Motor 1 EPWM U ~
MEMCFG ®
OTHER ® Motor 1 EPWM V ~
OUTPUTXBAR ®
SYSCTL ® Motor 1 EPWM W ~
WATCHDOG ®

[+ ANALOG (4) Motor 1 Gate Enable GPIO ~
ADC (V]
ANALOG PinMux (V]
ASYSCTL ) Motor 1 Gate Mode GPIO ~
CMPSS VIO)
I CONTROL (5) Motor 1 Gate Gain GPIO ~
CLB ®
ECAP @ Motor 1 Gate CAL GPIO A
EPWM (VIO)
EQEP 9@ Motor 1 Power Module nFault GPIO ~
SYNC Q
System resources utilized Device Resources view shows
based upon user settings allocated resources
Figure 5-1. Device Resources
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6 Generated Code

One of the key benefits of using SysConfig is the auto-generated code. The right-hand side of the tool show-
cases all of the files SysConfig generates based on the settings chosen. Upon changing a setting within the tool,
the files that are modified change icons to signify a modification made. This provides an easy way to identify
which files are modified for certain functionality. If you desire not to use one or all of the generated files, toggle
the 'Include in build' switch to remove the generated files from being included in the build.

& - Software » Universal Motor Control @ <> @ {9
Universal Motor Control (1 of 1 Added) [ sre_control/motor1_drive.h Motor Control Solutions ") % ]
& myumco [n] [ src_board/hal.c Motor Control Solutions [ ) B
Name myUMCO | [_:—: src_board/hal.h Motor Control Solutions . %) |
Build options for System check-out DMC_LEVEL.1 e [ src_board/hal_obj.h Motor Control Solutions o %]
HAL Mode (locked settings/pinmux Demo Mode (Locked PinMux an...  ~ .
( 9s/p ) ( D hal_data.h Motor Control Solutions . %
Configuration DRV8323RH -
CPUTIME_ENABLE, TEST_EN2 [-—: src_control/motor_common.c Motor Control Solutions [ ) %)
Debug Features - ' =
=, src_control/motor_common.h Motor Control Solutions [ ) %]
Command Interface v
D user.h Motor Control Solutions . B
Number of Motors 1 v
D user_common.h Motor Control Solutions [ ) B
Motor 1 Settings e
[-—) mesdk_libraries.cmd.genlibs Motor Control Libraries . %
I Control Algorithm ENC X &
Motor Selected [J HALL K e = mcsdk_libraries.opt Motor Control Libraries o a
DCLINKSS O FAST =» mcsdk_libraries.c Motor Control Libraries . %]
[J esmo
Features ENC e = mcsdk_libraries.h Motor Control Libraries o A
Cooin
Setting is changed Files changed based Chose to include the
upon a setting change generated file in the
will change icon build or not

Figure 6-1. Generated Files

The ".genlibs" files generated by SysConfig includes all of the paths to any ".lib" files that the project requires.
These files are automatically pulled in when the project is compiled to maintain proper linking and usage of
the libraries. Below is an example entry located within the ".genlibs" file of the motor control sdk libraries file
(mcsdk_libraries.cmd.genlibs).

‘—l"/libraries/observers/est_lib/lib/fast_full_lib.lib"

The ".opt" files includes all paths for any required header files. The content of these files is auto-generated
based on the added motor control libraries. Below is an example extry located within the ".opt" file of the motor
control sdk libraries file (mcsdk_libraries.opt).

-I"C:/ti/c2000/C2000Ware MotorControl SDK 4 01 00 00/libraries/control/pi/include"

Lastly, any reference files used are showcased within the 'Reference File' pane. These reference files are added
to the project based on the settings selected. The image below shows the "fwc.c" file being added to the project
when the "fwc" motor feature is added.
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Added Library
~ MOTOR CONTROL LIBRARIES (6) .
v CONTROL (7) Name myUMCO reienons o O
s ’ v Referenced Files
DCLINK_SS @ Build options for System check-out DMC_LEVEL_1 Linker Memory Cotlguration Info
LEwe @ D) HaL Mode (locked settings/pinmux) Demo Mode (Locked PinMux and Peripheral Settings)  + Clock Tree Summary
MTPA
o ° % Configuration DRV8323RH .
s @  DebugFeatures CPUTIME_ENABLE, TEST_ENABLE -
VS_FREQ @@  Commandinterface - heck
VSF @@  NumberofMotors 1 - Chec
v FILTER 3) Referenced Files
CTRL @  Motor1 Settings v
FILTERFO %® Control Algorithm FAST -
OFFeET ® Teknic_M2310PLNO4K
Il e Teknic_M231 -
v OBSERVERS (13) Motor Selected eknic,
ENCODER ® DCLINKSS m]
ESMO @ | reatures FWC xR
EST O] [ BREAK A o x
EST_LIB Qo Motor 1 FWC ¥ .
FAST IC) D wrea Added
HALL ® User Definitions Oowm ~ .
1SBLDC ® O ssiPo Reference File
[ voLrecT
MPID 9o SW Resources e
sLIP ®
SPEED_OBSERVER ©)]
SPEEDCALC ® Device Resources Hardware Abstraction Layer &
SPEEDFR ®
SSIPD ®

v TRANSFORMS (5)

7 Summary

Other Dependencies

Added Feature

Figure 6-2. Reference Files

This document outlines the different components to the Motor Control SysConfig tool, in particular the UMCL.
Through the use of SysConfig, the complexity of adding libraries, modifying parameters, and managing device
resources is greatly decreased. Integration of this tool within a motor control project provides the same benefits
listed.
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