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B PMSM_FOC HAFIE F 77, - LAFE T PIC32MKMCF (1] EEH LA iR 7
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(=)  ERiFHR
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1. MPLAB X IDE il Harmony 3 [f13E A #7715
2. FEREATIR N G/ iR 2 L0

(=) FrELA
R
1. MCLV-2 & FE AL 6l EPAR

2.

3. PMSM HiAL (Hurst DMA0204024B101)



https://www.microchip.com/DevelopmentTools/ProductDetails/DM330021-2
https://www.microchip.com/DevelopmentTools/ProductDetails/DM330021-2
https://www.microchipdirect.com/product/MA320024
https://www.microchipdirect.com/product/MA320024
https://www.microchip.com/DevelopmentTools/ProductDetails/PartNo/AC300022
https://www.microchip.com/DevelopmentTools/ProductDetails/PartNo/AC300022
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4. MPLABICD 4 iR 2%

5. MPLABICD 4 B4 &t

A

1. MPLAB X IDE: v5.40 B 5§ A

2. MPLAB XC32 ¥ it v2.41 BEE Bt A

3.  MPLAB Harmony 3 Configurator (MHC) v3.4.0 {5 ki As
4. MPLAB Harmony 3 framework

cspv3.7.1

dev_packs v3.7.0
mhcv3.4.1
motor_control v3.5.0


https://www.microchip.com/Developmenttools/ProductDetails/DV164045
https://www.microchip.com/Developmenttools/ProductDetails/DV164045
https://www.microchip.com/developmenttools/ProductDetails/ac102015
https://www.microchip.com/developmenttools/ProductDetails/ac102015
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—. PMSM_FOC 244 B F 5 i
i F PMSM_FOC 2148 Bl B AT L3 R 7 I 20 SR G R B o

WtEA: Vshn PMSM_FOC ZH4E 5 MHC T H S .

T PLB A W1 ADC, PWM, QEI 55

BB PMSM_FOC @44 IEFEHML, EFEEIMR, Rl mI 5%,
BiE McU 5 fESIIECE S, fee s ol .

A ARE

B main.c LA 7E while(1) 783 A0 U F 4 € BRI

LR T DUk, IF B4 BT A s A AR AR
(—) Wk
B4, ¥ Harmony 3 framework JHZ 2l “MEIR” T $E 2 I RRCA

$RJ5, 1E MPLAB X IDE T FFEE Bt —A Harmony 3 T H, FF H AZIiH T
MHC.

7E Available Components Fr25H, R E|FH X PMSM_FOC, B34 H 4 2|
Project Graph #RZ5H1,

r_pic32_mk_mef_mch2... | Navigator a [ StartPage x|y MPLABXStore x| Packs x| ProjectGraph® | (O
i X CRERE 4| ®| view: | Root

' Board Support Packages (BSPs)

# Bootloader [ syscem | =5

@ Graphics Peripheral Library

“ Harmeony
&= Input
- Libraries

= Motor Control
~ PMSM FOC
+ Peripherals

@ Third Party Libraries
- Tools

- Validation

B X2C

(=) #E#Erus A
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MHC H AT ARE PR T K82 10 (dependency) FlREJIH:
(capability) o #&KHHE D ERIEAEEERLM, Rz b+ He .
Re N BoRTEAFEIE AN, FRonZamae SR e At

PMSM_FOC A UMK #iPERZ . ADC, PWM, QDEC CIERR AL B fi#tfig s ) , X2CScope
CRAOWFRTE) o FH RO FER PLB I Project Graph #nZ5Hr, 3 HAER B

(RIRE S #: O 5 i DR R

[ startPage = @ MPLABXStore x| Packs x| ProjectGraph®

X OBRERE4+| &

Device Family Pack (DFP)

AFECD
Peripheral Library
ADC <

(=)
BC B B

& PMSM_FOC A4

I

DO

QMSIS Pack

PWHMO g
Peripheral Library ~
PwM < SSEEE

View: |Root £

EFC
Peripheral Library

PMSM FOC
Motor Contral Algarithm

B, mTPLEEE MCLV2. MCHV3. BT EINR . #& MCLV2 B MCHV3, FEA4MH

RSH, Bl R, BRE RS,
i 2 B AT R A RS HUE

SRIG, ARPEMEE R UEC B MCU ) PWM FRER
Ja, WRPEMEAEAEC E MCU [ ADC AEbt,

~HAMEL . ARALEHR, B
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E-Board Parameters
é--SeIect Board |(MCv2

~Max Board Current (&) 4415

-DC Bus Voltage (W) 2415

-DC Bus Yoltage Divider Ratio 0.0625 =

- Start/Stop Switch RG1

- Direction Togagle Switch RC7

- Direction LED RF5

-Fault LED RG15 w

- ®EEE Configure above selected pins in the Pin Manager ****

=-PMSM FOC
= PWM Configurations
PWM Frequency (Hz) 20,000 -5
PWM Phase U Channel 15
PWM Phase V Channel 2
PWM Phase W Channel 35
Dead Time (uS) 15
PWM Fault FLT15 ~

EI DC Configurations

E Select ADC Resolution 12
Phase U ADC Module

Phase W ADC Module
Potentiometer ADC Module

F-DC Bus voltage ADC Module

el e =

Ak A Ak 4K

e & Hpl

A PLIE$EE MCHP 1B 548 7€ FEHL: Hurst DMA0204024B101.
Hurst DMB0224C10002 . Leadshine EL5-M0400-1-24, B{E &AL,

e BT iR E AN, AR S B A EL . el emil, Bamr e
BTN B HE.
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=-Mator Parameters
EI Select Motor |Hurst DMAQ2040248101 (with Hall, with Quadrature Encoder) (LV) ~

- Motar Connection STAR

- Phase Resistance (ohms) 0.284999 |5
- Phase Direct Axis Inductance Ld (Henry) 0000319 15
~Phase Quadrature Axis Inductance Lg (Henry) 0.000319 5
- Motar Pole Pairs 515
- Motor BEMF Constant (Wpk L-L/KRPM) 7.239999 =
- Motor Fated Speead (RPM) 2,804 =
- Motor Max Speed (RPM) 3,500 =
-~ Mawx Maotor Current (&) 4=

B B R AL R 1 T

A HERC B RS SRIBCEN L NG B B 5%, FALRE e G
PI3AL BTN AR, CEARIEERERIR) T3R5, %5,

[;".l Control Strategy
-Select Position Feedback SENSORLESS - PLL Estimator

Select Current Measurement Method | Dual Shunt ~

Run in Open Loop? O
Run in Torque Contral? Il

--Enahble Field Weakening? O

é}--CDntrDI Parameters
£ Startup Parameters

E’----Select Startup Alignment Method Forced Alignment
%----Select Alignment Axis Q Axis
%----Alignment Lock Time (sec) 2E
%----Open Loop Ramp Time (sec) 5-
E’----Open Loop End Speed (RPM) 500 =
E‘----Open Loop Ref Quadrature Current (&) 0.4-=

BCE R, EEEHIER
FITERCRIN d Bl g il FE AT S AT EE P SR 0 S H
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QD)

[i}-Current Loop

~Kp
= Ki
ke
- May Output

—Kp
= Ki

~Ke

-~ Max Output
E-Speed Loop

~Select Speed Ref Input | Potentiometer Analog Input

£+ Speed PI Parameters
Kp
- Max Output (2)

-~ gykn Calcualte PI Parameters? [
E-Direct current (Id) PI Parameters

0.019999

ERLINE N

0.000098
0.5

LR ANE N

0.98

E-Quadrature current (Ig) PI Parameters

0.019999
0.000098
0.5

-
-
-
-
-
-
-
-

0.98

0.004559
0.000019
0.5
4.4

4 F 4k Ak

2 & mcu 3|

ES|ITC & (Pin Configuration) FLHiH, W& 75 EH B ATA 51 .

(f)

% wforel Packs x| ProjectGraph | PinDiagram x| PinTable x| PinSeftings x| EIEE
Order: Table View
I3 MPLAB X IDE 5.40 - pmsm_foc_encoder_sam_eT0_mehv2 : m Nomber  PNID Custom Name Functien Direction | Latch | Open Drain

File Edit MHC View Navigate Source Refactor Production 102 PAD TCO_TIOAD e nja nfa ] A
E Save State B ¢ Imdv2_sam_e70_pim | i Al TED_TIOBO h i nfa O
Save State As 53 PA2 Available “[ o nfa [m]
= | Proj (e~ En jes | Active Co... % o1 PA3 Available v In nfa [m]
B x 77 PA4 Available ~ In nfa O
g Impost [ 73 PAS Available ) n nfa O
a Export 114 PAG Available [ = nfa ]
3 Preferences. 5 35 PAT Available ~ In nfa O
E' ack (DFP) ﬂ 3% PAS Available ~ n nfa O
g ST 75 PAS UARTO_ URXDO = | nfa ]
L) Tools AFEC0 Configuration % PAI0 UARTO_UTXDO N T EE O
g T Clock Configuration 64 PA11L PWMO_PWMHO v nfa nfa O
_ DMA Configuration 68 PA12 PWMO_PWMH1 v nfa nfa O
% Exit MPU Configuration a2 PAL3 PWMO_PWMH2 nfa nfa ]
E ~UARTO NVIC Configuration 51 PA14 Available & Tn nfa O
& |~ X2CScope Pin Cmiﬁgulz!iw ) PALS Available < In nfa O
¥ 45 PA1S Available ~ In nfa O
25 PAL? | AFECO_ADS v nfa nfa [m]
24 PAIS |L_areco _an7 g o= nja O
23 PA1S Available v In nfa ]
22 PA20 Available ~ In nja O
52 PA2L Available ~ In nfa [m]

37 PA22 Available ~ In nfa O )

AR KRR
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i A AR TR R, MHC AR MRS, Hrp s 17X PMSM #E4T FOC
FRE Al BT 7 1) 56 A XA

T8 P-2-T-QB- 1 ABY

E .20 9 MPLAB X Store x | Packs x| Project Graph™
I o

& (g Header Files o [i) SourceFiles
EI% config (—]% config
@ E & mae

L@ definifionsh {8 exceptionsc

@ initialization.c
----- interrupts.c
----- libc_syscalls.c
&1-{g5) motor_control
=[] pmsm_foc
& mc_control_Joop.
B mc_curmeasurement.c
mec_errorhandler.c
@ mc_generic_lib.c
@) mc_picontrolh me_lib.c
B mc_pmsm_foch - me_picontrol.c
me_pmsm_foc_commonh @ mc_pmsm_foc.c

@ mc_pwmh - @] me_pwm ¢
mc_rotorposition.h

mc_rotorposition.c

mc_speedh =
h @ mc_userparams.h me_speed.c
.48 mc_voltagemeasurementh B me_voltagemeasurement.c

ARSI S ¥ B HAMPESCA R R 2 R B s

Configurations PMSM FOC Application

Configurations and
derived parameters

Interfaces like
Interrupt:

Control Library

e Software Library — FOC,
me ioe_| mepume] . svrum

Control Middleware
S ——— Input & Output
| Processing

mc_hal.h Peripheral abstraction

PLIBs 1

% Peripheral code




e\

MICROCHIP

YR HR o LI R 55 S fE ADC A i AR 55 o8 B30 4 IV E AT s T A v el
R85 B IIAEST, 1E while(D)IEHA AT EATHITRE BRI s .

ADC Interrupt Main task

Slow loop counter Yes
expired?

No l Yes |

Read phase current e i K Read Potentiometer
ADC values p Fag o ADC value
Clarke and Park
Transform

Angle and Speed
Estimation

Slow loop flag
is set ?

Button Polling

Reset slow loop flag

Speed PI Controller

D & Q Current Pl
Controller

Inverse Park
Transformation

SVPWM Calculation
and Update

(73) B main.c X

£ while(1)7E¥£ 1, W PMSM_FOC_Tasks() B %, 40 H 45 218 ] X2CScope H 1A
W LH, HAIEEF R X2CScope_Communicate()B& %

int main ( woid )
{

Initialize all mod

5Y5_Imitialize ( NULL });

while ( true )

{
Maintain state machines of all polled MPLAB Harmony modules. */
5Y5 Tasks ( ):
PMSM FOC_Tasks();
¥2C5cope Communicate ()
}

E¥ecution should not come Nere during normal operation

return ( EXIT_FAILURE ):

12
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=. FIH PMSM_FOC 4T PIC32MKMCF BT/ B2. FoC #i)
BF

Az TEA R — M. R PMSM_FOC 4B B3E T PIC32MKMCF f oA A 2%
FOC =2 . Harmony3 f¥] motor_control FH fT$2 4L ) 51 7
mclv2_pic32_mk_mcf_pim.X il 2 X FEFF &K

(=) PR
% PIC32MKMCF PIM FlI External Op_amp configuration EI#i 2235 51 MCLV2 [
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B HHLIKIEN 1 ERE R MCLV2 R M1, M2, M3 Fis,

¥ “USB 5 RS2327 ZZ5 1K) USB uiEE S FAIAL; KEH RS232 HiEREE MCLV2 1)
110 4 5 .

(=) RIEWH
7E MPLAB X IDE 77, s File -> New Project; fEF Wi H M S& L, &k 32-
bit MPLAB Harmony Project”; £ F—2 1, &4 Harmony 3 Framework f{1#%1% .

B, WATH RS TUH SCHERAAFR TiH 445K

14
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}a MNew Project

.

Steps Name and Location
1. Choose Project
2, Framework Selection Location: E:'\Harmony3'motor _control {Trainingipmsm_foc
3. Project Settings
4. Configuration Settings Folder: pmsm_foc_pll_estimator_pic32mk_mcf_mdv2
MName: pmsm_foc_pll_estimator_pic32mk_mecf_mdw2
Path: E:\Harmony3'motor_control {Trainingpmsm_foc\firmware\pmsm _foc_pll_estimator_pic32mk_mcf_mdva2.x

Show Visual Help

)5, &P HFR MCU SN PIC32MK1024MCF100.

}Ei Mew Project

Steps Confi tion Settings

1. Choose Project

2. Framework Selection Mame: mdv2_pic32mk_mcf_pim

3. Project Settings

4. Configuration Settings
Device Family: All w Target Device: 1C32ME1024MCF 100 w
Device Filter: pic32mk

Show Visual Help

(=) #THF MHC

At Tools -> Embedded -> MPLAB Harmony Configurator; ffiiAEi4i A\ Harmony 3
Framework [#%1%; EFEERIAN) DFP FI CMSIS BE1% .

15
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: melv2_same70_pim

Team Tools Window Help

T Embedded 1B xacscope |

Licenses 32 MPLAB® Harmony 3 Content Manager |

[Page | packs 2 MPLAB® Harmony 2 Configurator |
e H Apply Diff Patch.. [ L‘gv EEX-FI1C

Templates
DTDs and XML Schemas

Plugins

Plugins Download

I¥
T:

Options

2 MPLAB Harmany Launcher

Active Project Information:
Name: mchv2_same0_pim

Select an option to se for the launch paths for the MPLAB Harmony Framework tool suite:

@ MPLAB ath that i
Harmony Path: E:Harmony3
() MPLABX Path - The MPLABX thvough Tools->Options->Harmony)
Harmony Path: EilHarmony3

DefaultLaunch Action: | Prompt For Path Selection (This Dialog)

(Configurable through Tools->Options->MPLAB Harmony)

Reconfigure Paths

'}% Configuration Database Setup

Canfigure Device Family and CMSIS Pack Paths:

DFP: \dev_packs Microchip\SAME7D_DFP\4.3.73\same 70b \atdfATSAME 70Q2 18 atd|

CMsIs: +\ev_padks\arm\CMSIS\5,7.0

(M EEAMN

# PMSM_FOC A AT PLIB 4LAE N Project Graph & v, ¥ el 1iEREE
Sk, WTFER. &, BT PMSM_FOC BRI\E BRI s hl ik, ik HAK

iz 11 3 AL FE QDEC,

I+ Project Graph™

XCREARE 4|

Device Family Pack (DFP)

ADCHS
Peripheral Library
ADC

MCPWM
Peripheral Library
PWM

UART2
Beripheral Library
UART

() HEE pmsm_Foc A

Configuration Options* | Help |
View: |Root ==

E-PMSM FOC

--ADC Configurations
--Control Strategy
--Motor Parameters
--Board Parameters
--Control Parameters

PMSM FOC
Motor Contral Algorithm

--PWM Configurations

16




e\

MICROCHIP

it PMSM_FOC @AM S BEEIRCN MCLV2; 3R HLY Hurst DMA0204024B101;
WAL B R 715N SENSORLESS — PLL Estimator .

E-Board Barameters— —

<.,5L§_eile_ct Board MCL/2 L-—f-:)
Max Board Current (&) 44 f = Motor P T ————
e Bus Veltage () . = B, ﬁelet’c Motor | Hurst DMAD2040248101 (with Hall, with Quadrature Encoder) (LV))
DC Bus Voltage Divider Ratio 0.06251% —
Start/Stop Switch RGL - Moter Cammettion——————————— s
" Direction Tagale Switch RC7 ~ i Phase Resistance (ohms) 0.284999 =
. Direction LED RF5 i Phase Direct Axis Inductance Ld (Henry) 0.000319
| Fault LED RG15 v Phase Quadrature Axis Inductance Lg (Henry) 0.000319 -5
Lovwnn Configure above selected pins in the Pin Manager **** i Mator Pole Pairs 5-
Motor BEMF Constant (Vpk L-L/KRPM) 7.239999
= Control Strategy o Maotor Rated Speed (RPM) 28045
@Iéét:ﬂ:u;tian Feedback SENSORLESS - PLL Esﬁ;;tm} Motor Max Speed (RPM) 3,500 %
Select Current Measurement Method Dualshunt v| Max Motor Current (4) 45
Run in Open Loop? (]
Run in Torque Control? O
Enable Field Weakening? (]

(73)  EE mcu 3|

Riii MHC -> Tools -> Pin Configuration. FTH 75 28 ) 51 JIER DA F S & . 1%
IR, BCEASIE.

RA11 Phase V Current
RE15 AN15 Potentiometer
RA4 AN24 Phase U Current
RA12 AN10 DC bus voltage

RB14 PWM1H PWMHO

RB12 PWM2H PWMH1

RB10 PWM3H PWMH2

RB15 PWM1L PWMLO

17
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RB13 PWM2L PWML1
RB11 PWM3L PWML2
RB4 FLT15 Fault pin
RG1 GPIO Switch S2
RC7 GPIO Switch S3
Switches and LED
RF5 GPIO (output pin) LED D17
RG15 GPIO (output pin) LED D2
RC8 U2RX UART_Rx
RB9 U2TX UART_Tx

B> AR

USER_ALL

= o =
- . F2 « ) B (D &) ffib ool

T8 P-2-2-9B- 1B ) oo

B | ..age[# MPLABXStore x| Packs x| Project Graph® Generate Codel]

(Mewsse over o property for detailed help)
2. View Warri

Tipe Desmption
«?3 Modified Configuration

Current configuration has been modified. Do you want to sawe it before file generation?

s

3. Click Generate

V) B main.c XX
B UL ARIS & ) 2] while(1)7E3H .

18
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PMSM_FOC _Tasks();

X2CScope_Communicate();

int main ( woid )

{
SYS Initialize ( NULL ):
while ( true )

{

5Y5 Tasks ( ):
PMSM FOC Tasks();

X2CS5cope Communicate():

return ( EXIT FAILURE ):

v HwEWMEEMS
EHBEMHRER OH, EHAEEBINE S, Hl Conf: [(project name)] | :

EFEHIR T E (Connected Hardware Tool) N ICD-4; JfikFE4W ¥ L H (Compiler
Toolchain) : —fXE VUL RHFTHRAN XC32.

19


conf:%5B(project

MICROCHIP

aZ oject Properties - pmsm_foc_pll_estimator_pic32mk_mcf_mch2

Categories: Configuration
General Family: Device:
File Indusion/Exdusion Al Families v | |PIC32MK1024MCF 100 v
Conf: [mchv2_pic32mk_mcf_pim]
@ PICkit 3 Connected Hardware Tool: Supported Debug Header:
5 )
Loading ICD 4-5N:JIT 180810963 | []5how Al None

@ Libraries

- @ Building
@ XC32 (Global Options)

PIC32ZMK-MC_DFP -

@ wc3Z-as

@ uc32-gec & 1280

O w32g++ & 1288

o wc3zdd gz

@ wc32-ar B 15115 v
@ Code Coverage Compiler Toolchain:

[=-¥C32

Manage Configurations...

Cancel Apply Unlodk Help

SRIG3EN Loading H3k, A)i% “Load symbols when programming or building for
production (slows process)” . IX&N T ik X2CScope 1. H 1F % TAE ) S84 .

20
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a Project Properties - pmsm_foc_pll_estimator_sam_e70_mchv2

Categories:

wo @ General

e @ F i i .
File Indusion/Exdusion L_Oad this hex fil Turn on loading symbols on production if you want to get memory information in the dashboard
= @ Conf: [mclv2_same70_pim O dist/mdv2_sam — = —SanT ETUT o 3

dist/mcdv2_same?0_pim fproductionfpmsm _foc_pll_estimator_sam_e70_mdv2.X.production.unified.hex {(merged

Simulator

Loading

Libraries

Building

¥C32 (Global Options)
@ wc3l-as

@ wc32-goc

@ wc32-g++

@ wc32dd

@ Wc32-ar

with extra loadables)

Extra loadables:

Item

Configuration Indude

Add Loadable Project...

Add Loadable File...

Duplicate

Remove

e @ Code Coverage T
p

Down

Manage Configurations... W

OK Apply Unlock Help

) BITHIE
N MCLV2 %42 DC24V HJE .

Jm P HfeS (Build and Program) Tl H % H 5 MCU.
1% S2 #AH AR B HAL.

) Gt mrds LT R TE 2.

1% S2 4 LUS I H AL

% T S3 4 DL L B U7 1)

FRAR T S2 AR B L

FIF X2CScope 1] Scope & MM A X4 /A&, #INBENEITRES. il ~ERT
N, WEE T EEHL U ALV AH LR AR S R R BE A DR

21
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[—#1: amccur o

—— #2: gMCCUR_Ox

phaseCurrents.iv — #3: gMCRPOS_O

Sample Control

T
Sample time factor: (10|
s

Sample time:

Total time:

Trigger Control
Triger Made
Trigger Level
——
v [

Trigger Enable Visi.. Source

|gMCCUR_OutputSignals phaseCurrentsu

I

olor

Gain

Offset

|laMCCUR_outputsignals phaseCurrents.iv

|gMCRPOS_OutputSignals.angle

*
o
1
2
3
4
5
3
7

O|0|0|C|O|o|C|0

SRS (U Y Y OY RV A 7

PTA SRR, 1% T S2 I LM L, IRt DC24v HE.

22
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LN S

ASCE SR T EAIRE RS T2 PLB AR N A Z AR R, RIENH
T MHC H HF B3 A SRS A T H: PMSM_FOC 1. e, V4R
Bt 7 PMSM_FOC AR — AMEAPIR. &5, Rt T —/sLplftssa s, &
I, AEAENEE PUE - F PMSM_FOC A4 FR L35 Bl .
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