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voltage range from 4.9 to 18V. It featuresa
MC9S08SU16a device boasting a maximum operating
frequency of 40 MHzup to 16 KB Flash, 768 Bytes
Ramsize and numerous analog and digital peripherals.
The GDU is the highlight of this MCU. lintegrateghe
pre-driver anddecreasgthebill of mateiial (BOM)

cost.

The ESGMC9S08SU1l6ncludesadebug adapter
known ashackground debug modBDM). This circuit
offersserial communications, flash programmjiagd
run-control debugging.

The software development took ESQ MC9S08SU16
is Codewarrior10.71t suppors theuser inprogranming
and debuging.

This application demonstratEsv-power 3phase
brushless DC (BLDC) motor drive software. It is
focused on a simple and easy to understand control
approach to BLDC in a timeritical application.This
includesa £nsorless BLDC drive which usback
electromotive force(BEMF)ensing for psition
recognition It serves as an example of a BLDC motor
control system for drone ESC applications
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Warnings

2. Application platform

The following fgure showsthe entireapplication platform.

Figure 1. Application platform

3.Warnings

CAUTION

The reference boarf@atures power components that can reach
temperatures hot enough to cause burns. To facilitate safe opettaion,

input power range depesidnthemot or 6s rated voltage, whic
come from a DC power supplyhoselimited current is not greater than
15A.

Keep the following points in mind while following the instructions in this guide:

Before moving scope probes, majioonnections, and so gmpweroff the reference board.

It is advisable to usa heavy shial to cover the motor with blad#uring operationin power

electronicdab.

1 Do not conneca USB cable to the demo while power is applied to the reference board.
Connecting a USB cable to the reference board will cause damage to the MC9S08SU16 MCU
and other systems.

1 Check and confirm thahe blade isifmly fixed andscreweddownto the bae ofthe motor.If it

is not,it may cause damage tesersor to laboratory guipment

1
1
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Warnings

3.1. Set-up guide

The hardware board ghown in the following two figures
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Figure 2. Hardware board

A Connect the motathreeconnector to the reference board.

A To debug the demo via FreeMASTER, connect a USB Multilink universal between the hardware
board and the USB port of your computer.

A Connectaribbon cable between the target debug he6t8, BDM interface) and PORT C on
the multilink. Confirm the pin number ahetarget debug headdncorrect connectiomay
damage both thearget MCU as well athe multilink.

A Install FreeMASTER.O.
A Install Codewarrior10. Hevelopment studio.
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Warnings

To To o Do

NOTE

Codewarrior10.7 installation is advisable. If you h#iwesource code of
this project, you can debug it on CodewartiOr7. If youdo nd havethe
source code and only hatre .absfile, you can directlprogram it tothe

target.

Open the project usingddewarrior107.

Open the FreeMASTER project inEMSTRSU16E_Drone.pmp.

Connectthe 14V supply voltage to reference board ().

Setupthe communication tab in FreeMASTER project optipas shown itthe following three

figures.

E SU16-E_Drone - FreeMASTER
: File Edit View Scope Erojecﬂ]mms Help

2 W@ 5 | Variabes. E - o T
Project Tree Commands... —
ESC SUle Reload Symbal File Ctrii+M |
=2 Velocity| Select Symbol File... L
= BLDC _state 5
% Commutation Resource Files... L
)
1# New Recorder W Ctri+T ||
— 3
5|
14
o_| 1 1 1
107

Figure 3. FreeMASTER options
Options M‘

Comm | MAP Files | Pack Dir | HTML Pages | Demo Mods | Views & Bars

—Communication
€ DisctRS232  Port [COMs  ~]| |

Speed IBEUU 'I Timeouts..

(@ Plug-in Module: IFreeMASTER BDM Communication Plug-in (HCS08/12, CoIdFireLI

Connect string Idrv=0‘ptype=3:pnum=1:devid=PE5655392:devL| Configure

[¥ Save settings to projectfile [ Save settings to registry. use it as default

— Communication state on startup and on project load
! (" Open port at startup ||
@ Do notopen port at startup

" Store port state on exit. apply it on startup

| Store state to projectfile. apply upon its load Advanced..
| 0K I Cancel | Apply | Help | :
Figure 4. FreeMASTER Comm configuration
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I Options @

Comm MAP Files l Pack Dirl HTML Pages I Demo Mode I Views & Bars }

Mote: The file selected in the listwill be used as default symbol file
when the projectis opened

On Load
M
[¥ Synchronize variables each time the symbol file loads
[v Listerrors (variables using undefined symbols)
@ Always (" Except after projectload

PEENE LR \FLASH\SU16_Edrone_BLDC abs| .
File format ‘Bmary ELF with DWARF2/DWARF4 dbg format. ﬂ Edit

List of all valid _\FLASH\SU16_Edrone_BLDC abs New..
symbolfiles:
Del
View

0K Cancel | |

Figure 5. FreeMASTER MAP Files configuration

Warnings

1 Start communication in FreeMASTERS shown in the redonin the following figure:

E SU16-E_Drone - FreeMASTER

File Edit View Scope Project Tools Help

=3 = | 7)) DI 2

j —

= ESC_SU16
B ciocny

-48% BLDC _state

¥ Commutation
Figure 6. FreeMASTER communication start

A There are two methods to control this application. One is using FreeMASTER e dety
command, the other is usitige knob switch, which generate¢hepulse width signato setthe

dutycommand. © use FreeMASTER to contrtiletarget, the macro
APPM_SPEED_REGULATION ,

it should be reserved.

The itemcannd be modifiedthroughFreeMASTER. Ifthe user ward to

NOTE

changethe control modejt must be modifiedn the source code.
A WhenusingFreeMASTERtosghed ut y command,

is located orthe variable watch tab of FreeMASTER, can be modified in the range of 300 to

2400.

t he

var.i

w h i tlkkelpp inish file,should be removed. Otherwise

abl

A Whenusing theknob switch to generatiine pulse width to contrathe application, JP20(pin 2,
PWTOINO) andIP19(pin 1, GND) are the interface ftie external switch signal.

A Whenusing theexternalswitch to drive the applicatioand cable connection i®mplete the
throttle calibration function is integrated in this application. faotherdetails,refer toSection6
AThrottle calibration.

A If the motor does rtarun, check the status of the application in FreeMASTER. If the overcurrent
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FreeMASTER control

fault has occurred, check tbeercurrent limit. If the overvoltage fault has occurred, ctibek
supply voltage. If overcurrent limit and supply voltage is normal, checkatvarecomponent
on the board.

4. FreeMASTER software installation

FreeMASTER softwarean be installedia theNXP FreeMASTER webpage under t he ndoy
section.

5. FreeMASTER control

After launching the application and perfang all settings described above, click the scope: Velocity
item in the project tree window, as shown in the following figure.

Figure 7. FreeMASTER user interface

Description of variables:

A uw16DutyCycleReq:this variable serves for entering the required duty conehad the motor.
You can modify this variable from 300 to 2400. Any otbkettingswill be ignored.

uw16DutyCycle: this variable igheactual duty cycle.
uwl6VelocityAct: this variable igheactual motor speed.

eBldcStatelndex:this variable ighe enunerationtype variable, and manifest the current state
machine.

To To I
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http://www.nxp.com/products/power-management/wireless-charging-ics/freemaster-run-time-debugging-tool:FREEMASTER




