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Block Parameters: Permanent_Magnet_Sync
an

Permanent Magnet Synchronous Motor S

This block represents a permanent magnet on.

Right-click on the block and select Simscap F'ermanent_l'u‘lagnet_Synchronous_Mutor; of this block.

Settings

Main Initial Conditions

Number of pole pairs: | pmsm.Polepairs | compile-time
Permanent magnet flux linkage: | pmsm.FluxLinkage | [wb ~| | compile-time +
Stator parameterization: | Specify Ld, Lg, and LO -
Stator d-axis inductance, Ld: | pmsm.InductanceLd | [H ~| Compile-time ~
Stator g-axis inductance, Lq: | pmsm.Inductancelq | [ ~| | Compile-time ~
oosor zerorsequence InduCtance, [ msm. InductanceL0 | [ ~| compile-time ~
Stator resistance per phase, Rs: | pmsm.StatorPhaseResistance | |ohm | compile-time ~
[ ok ] cancel || Help | Apply
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Example - Import IPMSM Flux Linkage Data from ANSYS Maxwell
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Field-Oriented Control of Permanent Magnet Synchronous Machine

System Test Bench
Copyright 2010-2013 The MathWorks, Inc.
System
Inputs
System
Analysis
Processor
Inverter and Motor
Embedded Processor
Model Description: Field-Oriented Control of Permanent Magnet Synchronous Machine
Demonstrates a Field-Oriented Control algorithm with Space Vector Modulation for a Permanent Magnet Synchronous Machine (PMSM).
The test bench can be used to evaluate the system performance. Examples include turning the motor on, searching for a valid rotor pasition,
@ transitioning to closed loop operation, and changing speed and lorque during closed loop control
The Embedded Processor subsystem contains the controller algorithm (which supports C code ) as well as si models of
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& ¥ Simufink Root ! SpecifiedDT ProposedDT Accept SimMax ) ) )
" [£ Data Objects P — = 3 oo y — = | fxpdemo_imulIMU with Analog JIMUIDrift D puts Roll
= [F] fxpdemo_imu L, o4 il o s 2 2 = Pitch Error/Cross Product?/Add3 : Output
e s fixdt(1,16,7) fixct(1,16.7) 0 -139.44568071048365 | 138,.93418405450709
[ MU wath Anslog Intedaca NN | ‘ ‘ ‘ P Data Type §
L 1 Quatemnions to Ratation Angles  [1& | IMUIDAt Detection/C. .. | Ranges(Double) fixdt(1,16,14) fixdt(1,16,14) (] roposed YIS SUIOTY,
3 IMUIDr#Rt Dstection/C... Ranges(Doubs I fixdt(1,16.6) [ fixdt(1,16.6) =] [ | J| |Propey ProposedDT  SpecifiedDT
{3 | IMUIDIift Detection/C... Rz |inherit auto nia ’ ‘ |DataTyps fixc(1,16,8) fixd(1.16.8)
3 IMUIDAh DotectionC... Inhert: aulo nla | Minirm 128 e
2 IMUIDrift Datection/C... double fixdt(1,16,6) fixct(1,16.6) (m] 210.0865387400286 | 428.09521570334935 {Maximunn 12799609375 |127.99%609375
3 IMUIDift Datection/C... Ra fixct(0,16.16) | fixct(0,16,16) O [ | | Erecksion 003008 U000
'3 IMUIDAR Detection/C... | double fixdit(1,16,14) [fixe1(1.16,14) ] 1-0.01702417633696107 | 0,14590587006183134
| | ! ! 2 | Bt x | ! Ranges used for proposal
'@ IMUIDrift Datection/C.... | Inherit: Inherit via int... |n/a
43 [ IMUIDrift Detection/C... doubia fixdt(1,16,14) fixc(1,16,14) ] 0.776332475997941 | 0.9671061156496036 Property Minimum Maximum
B IMUIDN DetestionC .| (intent: Inberit via nt... |nfa Shered SSnckstion Y S2.01 36170001902 RRLTGO98TT 00706
D IMUIDrift Datection/C... double fixdt(1,16,14) fixc(1,16,14) m] 0.25190863861900006 |1 Stk [52.613817656 155134 H 78, 87378V L1 UL356,
43 IMWDrift Detection/C.... | \Innenit: Inherit viaint... wa [ [ [
| Visualization of Simulation Data
3 IMUID Detestion/C .. | double fixdt(1,16,16) fixdi(1,16,16) ] 10,02133542434651853 | 0,006930073716176334 :
3 IMIDrR Datection/C... | doubls fixdt(1,16,16) | fixct(1.16.16) (] |-0.012739467663192... |0.07546593994707085 "
= 13 IMUIDA#R Datection/C... | Rar doubie fixdt(1,16,16). | fixdi(1,16,16) =] |0.48182626640380504 |0.3865835406962762  ~ "
ij o ° P $
[[Joousieoverige @ Histograms of all results in the model = G- = o e =
(= Lo o
Ranges(Double) |17
EIRangesiDoutie) (6] — v v y v 4 Y v ) ¥ v Potential In-Range Potential
P Overflows Underflows
Posilve Vaes (L] W76/ CE]
Negative Values %0 %1082 182
2 Number of times zero occumed: 11
2 Proposal Details
@
e » The data type of this result is controlled by ‘esror_rollpilch_out’,
§ » To view the result for ‘eor_rolipitch_out’, select 'Data Objects’ in the 'Model
i 19 Herarchy’ pane.
Ea « There is a requrement for the data type of this result to match the data
type of other resuits.
L e
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“ ¢ Find:
Contents

Summary
Subsystem Report

focZyngC

Disabled

Mode
Select
Open
Loop

[of:111+¢:11]
Encoder

4 ¥ Match Case

| Static Code Metrics Report

The static code metrics report provides statistics of the generated code. Metrics are estimated from static
analysis of the generated code using the C data types specified in the 'Device details' section of the

Coc
-1 Main file
ert_main.g
- Mode! file:
foczyngC.

E

foczynaC.
focZynqgC

Code Interface Report
Traceability Report
Static Code Metrics Repor

Code Replacements Report

Generated Code

=1 Main file
ert_main.c

-1 Model files

foczynqC.c

foczyngC.h

f 0 rit h

foczynaC_types.h

Data files

focZynqC_data.c

“1 Utility files (7)

1 Interface files (1)
1 Other files (2)

C >

x AL

Controller_Mode

Controller Algorithm

ADC_Count

5

Encoder_Index_Found

Encoder_Count

pane: char 8, short 16, int 32, long 32, float 32,

double 64, pointer 32 bits. If your model contains a Variant block, the Static Code Metrics Report does not

contain data for the inactive variant. Actual object code metrics might differ due to target specific compiler ®

Current
Convert

Position
Veloc!

focZyngHdl

Current
Control

Delay1
-1

Volt
Convert

P Code Generation Report

»—]
encoderCountPerRevolution —

Terminator1

encoderAlsadsB
Teminator2
>
pemCountarMax
Terminator3
pwmDeadTimeCaount
inverterEnable Tarminatord

pwmCampare

Inverter_Enable

PWM_Compare
phaseCurrentA .

»—
phaseCurrents Terminators
rotorPosition Terminator6
P »—]

~ & Find: w V¥ Match Case

Contents

Summary

Clock Summary

Code Interface Report
Timing And Area Report

garithm_HDL

|

and platform settings. Consult the Code Generation Advisor @ for options to improve code efficiency.

Table of Contents
1. File Information
2. Global Variables
3. Function Information

1. File Information [hide]

-1 Summary (excludes ert_main.c)

E

Delay2

Delay3

Number of .c files : 5
Number of .h file: 9
Lines of code 901
Lines : 2116
-1 File details
File Name Lines of Code Lines Generated On
focZynqC.c 417 883 04/19/2017 9:48 PM
focZyngCh 130 347 04/19/2017 9:48 PM

cc 210 nnfra/aniT oo o

ok | mep |

71 e
[

Delay4

File: focZynqHdl.vhd
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i &Y Code Generation Repart =10 =]
Report
Optimization Report = - —
Distributed Pipelining ={ HDL Code Generation Report Summary for focZyngHdl K]
treaming and Sharing
Delay Balancing
Adaptive Pipelining Code interface Report Summary
Traceability Report Timing And Area Report
High-level Resource Report Model focZyngral|
Optimization Repert Madel version 1388
Distributed Pipelining HDIL Coder version 310
Generated Source Files 5":‘3’""‘_5 2nd Sharing HDL code generated on 2017-04-21 14:19:09
focZynaHdl_pkg.vhd Delay I}a.an:lnlg HOL code generated for TocZynghdi
i e M e 1S Target Language VHDL!
SR el e o | Target Directory hdl_prj\hdlsrc
r T i
L] m—( Lrjil— Non-default model properties
Generated Source Files CIEREATR PRI O] o
Enableprefix oversampledClockEnable
facZyngHd_ip_src_forZyngHdl o |0 foczynatdl
focZyngHd_ip_src_ADC_Counl T ModulePrefix facZynqHd_ip_src_
focZyngHd_lp_src_Mod Two_P| OptimizationReport an
facZyngHd_ip_sre_Encoder_Co Oversampling 2000
locZunakid 1o src Wrop Neg pi | | REierEnceDesign Motar Control Reference Design
focZyngHd_tp_stc Wi NegPL - | g cerType Synchronous,
focZyngHd_jp_stc_Rotar_Positiol  pesourceReport i
Ip_sr I ScalarizePorts an
|chEn?Hd lﬁ stc_Rotor_Positiop=] | SynthesisTeol Hilinx Vivado
B 3 SunthesisTralChinFamily 7unnl =l
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&) HDL Workflow Advisor - focZyngHdl

File Edit Run Help

Find: | v|<a

MATLAB® and Simulink® )
Algorithm and System Design v @@ HDL Workflow Advisor
v IGg 1. Set Target
o ~1.1. Set Target Device and Synthesis Tool
Q ~1.2. Set Target Reference Design
Q ~1.3. Set Target Interface
v |:a 2. Prepare Model For HDL Code Generation
@ 2.1. Check Global Settings
Q' ~2.2. Check Algebraic Loops
Q ~2.3. Check Block Compatibility

. Q‘ ~2.4. Check Sample Times
Vivado SW Interface v (G 3. HDL Code Generation

Integration Model Generation v 58 3.1. Set Code Generation Options

@ 3.1.1. Set Basic Options

o 3.1.2. Set Advanced Options

o 3.1.3. Set Optimization Options
Q ~3.2. Generate RTL Code and IP Core

v |Ej~] 4. Embedded System Integration

|| 4.1. Create Project
| 4.2. Generate Software Interface Model
] 4.3. Build FPGA Bitstream
.| 4.4. Program Target Device

HDL IP. Core
Generation

FPGA Bitstream SW Build

v

Zynq Platform

External Mode
PIL <€
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1.1. Set Target Device and Synthesis Tool
Analysis (" Triggers Update Diagram)

Set Target Device and Synthesis Tool for HDL code generation

Input Parameters

Target workflow: IP Core Generation <

Target platform: |ZedBoard and FMCMOTCON2 o mee e

1.3. Set Target Interface

Synthesis tool: |Xilinx Vivado Analysis (~Triggers Update Diagram)

Family: |Zyng Set target interface for HDL code generation
Input Parameters

Package: |Gigd64 Processor/FPGA synchronization: |Free running

Project folder: |hd|_Pl'j Target platform interface table

Port Name Port Type Data Type Target Platform Interfaces Bit

Run This Task IP_ADC_A_Count Inport  uintl6  IP_ADC_PhaseCurrentA [0:15] - [0:15]
IP_ADC_B_Count Inport uintl6 IP_ADC_PhaseCurrentB [0:15] ~ [0:15]
IP_Encoder_Index_F... Inport boolean IP_ENC_IndexFound ~[0]
IP_Encoder_Count Inport uintl6 IP_ENC_Count [0:15] ~ [0:15]
AXI_Enable_Inverter Inport boolean AXI4-Lite - x"100"
AXI_Phase_Voltage_A Inport sfix16_E... AXI4-Lite - x"104"
AXI_Phase_Voltage_B Inport sfix16_E... AXI4-Lite - x"108"
AXI_Phase_Voltage_C Inport sfix16_E... AXI4-Lite - x"10C"
AXI_Enable_Closed_... Inport boolean AXI4-Lite ~ x"110"
AXI_Current_Comm... Inport sfix16_E... AXI4-Lite - x"114"
AXI_Encoder_Offset  Inport sfix16_E... AXI4-Lite v x"118"
IP_Encoder_Count_... Outport ufix15 IP_ENC_Count_Per_Revolution [0:1¢ ~ [0:14]

AXI Interface Library

Library created on 26-Apr-2018 11:15:57

AX|_Enable_Inverter

AX|_Phase Voltage A

AX|_Phase Voltage B

AX|_Phase_Voltage_C

AX|_Enable_Closed_Loop

AX|_Current_Command

AX|_Encoder Offset

AX|_Phase_Current_A

AX|_Phase Current B

AX|_Electrical_Position

AX|_Rotor_Position

AX|_Rotor_Velocity

AX|_Encoder_Index_Found

AX|_Overcurrent_Error

AX| Interface

4\ MathWorks
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Input_Source
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velocityCommand (rad/sec)
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Field-Oriented Control of Velocity

Zyng ARM Deployment for AD-FMCMOTCON2

Copyright 2015-2016 The MathWorks, Inc.
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Command_Mode
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Sne_Wave

Select_Source

controllerMode

lommand TypeEnum M AXI_Enable_Inverter AX] Phase_Current_A
tommandType> i Mode
Select AXI_Phase_Voltage_A AX|_Phase_Current_B
d
Heloc d L
e anéz S AXI_Phase_Voltage_B AXI_Electrical_Positicn
sfix16_En12 AXI_Phase_Voltage_C AXI_Rotor_Position f———
ncador JOr=osl II'I
sfix16 En5 ——l—b AX|_Enable_Closed_Loop AXI_Rotor_Velocity
- Veloclty rotorvel
Control
5 _I—b AXI|_Current_Command AX|_Encoder_Index_Found
boolean - - - - -
AX|_Encoder_Offset AXI_Overcurrent_Error
Hoolean -\
Algorithm_C
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=" Jo

|I Fal |L"'
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File Edit View Display Diagram Simulation Analysis Code Tools Help

SN "ok M=MIC ORI 7 S i = ejfoMT

( focZyngArmDeployment |

® ﬁ:n-cZ'y'nqArmDeplwment 4 v

% Field-Oriented Control of Velocity
Zyng ARM Deployment for AD-FMCMOTCON2

|i'pu|5¢u'mEnJ|'

inputScurceEnum. StandAloneTest | Cuﬂyl‘ight 21 E5-2016 The MathiWarks. Inc.

Stand B,
:; input_Source g I "1
Diesplay
@ Calibrate + welocily slops
ki focZymal ALk mi "
mariorDn {iegical] - o g oS m prr———
& shxld Enl
7 3 nandTy Xl Enabla_irsarier Aax| Phase Cunmnt &
mcnh-mamdn- T=valacy | T '?'mi b, e : - | pheseCiurmond
EomG T sfixtB_En sfisls_Entl
E] e A1 Phasae_Volinge A A Phasa_Cureant_B e
sing o hiaes S
prn
waloalyCommand fradkoc) cvaloctypCiommand= sfels Enil sfnlf_EniZ
A0k = 1 Phasie_Voilage_B AX1_Flactical Posiion ';; m;_ |
il = Lo
Select_Source
Sigrad_Buider Experiments Fans » A snu18 Eniz
= B AX] Phasa ollage C AX]_Rowr Position -
Enceder oo Pos o, ]
sMxls Enb
. A1 Enabla_ Closed Loop AX] Robor Walociy prrepe— = -
oy TS sfix1s_Enti
! i e * _I—.'.I'JII_CLW-WI Cormm and AX| Encodor e Found Spape
g [Pt oL ana15 ENZ wocksan
ol AX] Encoder Oftsat AXI Dvercumanl_Ermor
g =
b Adganthm_C Al _interfacs
command TypaEnum
| command TypeEnum. Velacky 71 |g
command Type Sotiean
Caommand_ode =
e
— boaksan |
1 |..|

! —M o |EreeetyCommand
=F |singla welnotyCommand
%—H
Slider_Gan

sfiatf_EnS i
2}
six16_Eni2

=

»

\View diagnostics 61%




Altera SoCHY

ISl

op

FRAEES

R T T T (s
S 1 i 2 ||

& X FF

Altera Cyclone V SoC Development Kit

Arrow SoCKit

Custom Cyclone V SoC boards

4\ MathWorks

30



STRAETRER T LTl

o
HAH

A

RRHIEN RS

Challenge

hardware testing

Solution

implement the controller

Results
= Cleanroom time reduced from weeks to days
= Late requirement changes rapidly implemented
= Complex bug resolved in one day

Design and implement a robot emergency braking system with minimal

Model-Based Design with Simulink and HDL Coder to model, verify, and A SCARA robot.

“With Simulink and HDL Coder we eliminated
programming errors and automated delay balancing,

pipelining, and other tedious and error-prone tasks.
As aresult, we were able to easily and quickly
implement change requests from our customer and
reduce time-to-market.”

Link to user story

Ronald van der Meer
3T
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https://www.mathworks.com/company/user_stories/university-college-london-improves-computational-literacy-with-online-and-onsite-matlab-training.html
https://www.mathworks.com/company/user_stories/3t-develops-robot-emergency-braking-system-with-model-based-design.html
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- MBS
— Prototyping SoC-based Motor Controllers on Intel SoCs with
MATLAB and Simulink

— How to Build Custom Motor Controllers for Zyng SoCs with
MATLAB and Simulink

- RARXE

— How Modeling Helps Embedded Engineers Develop Applications for SoCs (MATLAB Digest)
— MATLAB and Simulink Aid HW-SW Codesign of Zynq SoCs (Xcell Software Journal)

- FRENFA
— Define and Reqister Custom Board and Reference Design for SoC Workflow
— Field-Oriented Control of a Permanent Magnet Synchronous Machine on SoCs
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https://www.mathworks.com/videos/prototyping-soc-based-motor-controllers-with-matlab-and-simulink-100255.html
https://www.mathworks.com/videos/how-to-build-custom-motor-controllers-for-zynq-socs-with-matlab-and-simulink-107884.html
https://www.mathworks.com/company/newsletters/articles/how-modeling-helps-embedded-engineers-develop-applications-for-socs.html
https://issuu.com/xcelljournal/docs/xcell_software_journal_issue_1/42
https://www.mathworks.com/help/hdlcoder/examples/define-and-register-custom-board-and-reference-design-for-soc-workflow.html
https://www.mathworks.com/examples/embedded-coder/mw/xilinxzynq7000ec_product-zynq_pmsmfoc-field-oriented-control-of-a-permanent-magnet-synchronous-machine

