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Topics to be Covered

= Motivation for real-time with power electronics
= Capturing power electronics switching events utilizing FPGAs

= How to create a power electronics real-time simulation
— Demo — Solar inverter

— Automatically converting models for deployment to FPGAs (New feature 2018b)
= How to convert circuit model to FPGA code (HDL)

— Perform all tasks from a single environment: Simulink
= Biggest selling point of this workflow
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What is Our Goal?

= Primary goal is to design power electronics hardware and controllers

Hardware (Plant)

MATLAB EXPO 2018



4\ MathWorks

What is Our Goal?

= Primary goal is to design power electronics hardware and controllers
— Hardware in the loop (HIL) testing can improve this process

Hardware (Plant
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What is Hardware in the Loop (HIL) Testing

= HIL replaces the power electronics hardware with a virtual simulation

Controle

MATLAB EXPO 2019 -



4\ MathWorks:

What is Hardware in the Loop (HIL) Testing

= HIL replaces the power electronics hardware with a virtual simulation
— Controller can operate as if in the real system

Virtual Simulation

Controller (Plant)

o
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Advantages of Hardware in the Loop (HIL) Testing

Can replace prototypes or production hardware with a real-time system
Easier to automate testing and test fault conditions

Safer than most power electronics hardware
Start many design/test tasks earlier

Virtual Simulation
Controlle (Plant)
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Why are FPGAs Important for Real-time

= Certain issues make running a model real-time challenging

— Model complexity
— Specialized solvers
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Why is are FPGAs Important for Real-time

= Itis all about time step
— Thermal — seconds
— Mechanical — milliseconds
— Power Systems — sub-milliseconds

— Power Electronics — microseconds

— Radar — nanoseconds

= Typical real-time CPU based solutions run in the sub-millisecond range

= FPGA based solutions run in the microsecond range
— bordering sub-microsecond for specific applications
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The Need for Small Time Step Simulations

= High sample rates (small time steps) are required to capture fast transients

In systems like power electronics Resolution: microseconds
Resolution: milliseconds ™t

Resolution: seconds
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Path to FPGA Accelerated Real-time: Simscape

1. Create a model of the system
— Often called ‘Desktop Simulation’
— Can combine Simscape with Simulink

2. Convert model to HDL
— Allows model to run on an FPGA
— Ultilize Simscape to HDL Advisor

3. Program real-time machine with custom bitstream

— Bitstream is the program on the FPGA
— Combine with standard Simulink model on a CPU
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MathWorks Supports Many Power Electronics Applications
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Solar Inverter for Real-time Testing
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Solar Inverter for Real-time Testing

$ .

—mK;‘—»: 3

MATLAB EXPO 2019
14



Solar Inverter for Real-time Testing
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Step 1: Create a Model (Desktop Simulation)

Controller

[Eeip——sVboost

Inverter_U

Boost_U

Controller

Solar Panel Inverter Lamp
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Inverter
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Inverter and Boost Converter Model
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Simscape Model - Boost Converter and Full Bridge Inverter
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Inverter and Boost Converter Model

Simscape Model - Boost Converter and Full Bridge Inverter

Boost Converter Inverter (H-Bridge)

Need to convert continuous models to discrete
models appropriate for an FPGA
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Convert to HDL: Simscape HDL Workflow Advisor
New Feature 2018b

Run ‘sschdladvisor’ on model

I HDL Advisor
v @ Simscape HOL Workdlow Advisor i
W ‘@ Code generation compatibility Madel Advisar
5] check solver configuration Analysis
=] ~Check switched finear Simscape HDL Workflow Advisor
w~ ‘Efil State-space conversion "
=] Get state-space parameters Run All
N @ Implementation model generation
2] Generate implementation model [ Show report after run
Report
Report: w\report_1503.htmi | SaveAs.. |
Date/Time: 04-Mar-2019 19:37:57
Summary: 0 Pass: 0 o Fail: 0 & Warning: 0 [=] Mot Run: 4

To automatically run all tasks within a task folder until a task fails, select the folder and click "Run All".

To manually run a task, select the task and click "Run This Task". You must run tasks in order, therefore "Run This Task™ is not available if you have not
run a previous task.

To automatically display the report after processing the tasks, select "Show report after run”.
To display the last report generated, dick the "Report” path fink.

For more information, right-click a task and select "What's This?".

Help
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Extract State Space Parameters (Linearize the System)

« Simulation must contain all relevant switching states

Get state-space parameters

v @ Simscape HOL Workflow Advisor

W ‘Za Code generation compatibility Mty
o Check solver configuration
@ ~Check switched linear

v @ state-space conversion Simulation stop time | 0.3
o Get state-space parameters

N @ Implementation model generation
=] Generate implementation model

Extract state-space parameters and mode switching function from the Simscape model.
Input Parameters
Discrete sample time | 7=-05

Run This Task|
Resuit: Q Passed
Passed
Summary of the state-space representation

Number of states: 19
Number of inputs: &
Number of outputs: 5
Number of modes: 74
Discrete sample time: 2e-06

| Parameter | Parameter stz |

A 19x19x 74
19x6x74
19x1x74

5x19x74
Sx6xT4
SxlxT4
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Simscape HDL Workflow Advisor
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= Choose smallest number of solver iterations possible (usually 3-5)
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v ‘@ Simscape HOL Workflow Advisor

v (@) Code generation compatibility
o Check solver configuration
@ ~Check switched linear

o ‘;ﬁa State-space conversion
0 Get state-space parameters

N ‘.fa Implementation model generation

° Generate implementation model

model
Analysis

Generate the state-space implementation model.
Input Parameters

Solver method | Iterative

Floating-point predsion :single

|

— ] -

Run This Task |

Result: 0 Passed

Passed
Generated implementation model *gmStateSpaceHD

L_Gold PV_MPPT.
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Implementation Model

*—L,....‘-,..- Oiimbimian

Replaces Simscape with State-space
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Simscape Model - Boost Converter and Full Bridge Inverter it
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Compare Generated Model to Original

20,

g

|
L1t Sorrlll

§

5

@ ® b R 4 o - N oW o N & o ® B o
[ [ [ =
] § 5 §
e e s °
L.
3
I< = § T
8 s Q
g
I - o F L 3 |

g
g

]

bl
k&

[T

St

MATLAB EXPO 2019

23



4\ MathWorks:

Create Custom Bitstream for Real-time FPGA

Bitstream Model

DAC_Vboost
false > 2
51
DAC_Iboost
el T > DAC_Viny
DAC linv
falze e |
53
;  p=rCle_simPYounliage 53
= i
= _.
false o B i TTLEDAC_trigger
Null_DAC trigger
falsa i >
| PCle Vboost
15 » - | PCle. sim PV current Kl sERicost
sim_PV_curren | P _current
PCle_Viny
PCle_DAC Count
PCle_linv

FrequDATrigger

DUT_Freguency
Calc_Countervalus Trgger DA
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Create Custom Bitstream for Real-time FPGA

State-space Model . ... . o1

TTL 53

L Boost. 20A. 21 rao Analog Peripheral Scaling

- 6OV - B:1 ratio
-6a-06:1rralj

o 55
DAC_Vhoost

PCle_Vboost

: DAC_Iboost
PCle_Iboost

TTL_S4
TTL_G1

sim_PV_cumrent
PCle_sim_PV_current

sim_PV_voltage

HDL Subsystem

) DAC_Vinv
PCle_Vinv

linv S ==
DAC linv

PCle_linv

sim JlV_voltage_SS =
eltee = MM PV voltage SS

TTL_DAC_trigger

PCle_DAC_Count

DAC_Trigger
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Create Custom Bitstream for Real-time FPGA

.
Bitstream
O DAC_Vboost
false »
S1 m m
DAC_Iboost
o
et o s = DAC_Vinv
= DAC linv
false »

6
B
E

PCle sim_PV wvoltage SS
Speedgoat 10333-325k ~

[
false > FPGA IO board TTL_DAC_trigger
54 m m
Timestamp
04/01/19 15:48:00 Null DAC. trigger
td
false = » ——
8L PCle_Yboost
5 i PCle lboost
1.5 B » single PCla_sim_PV_current 2l
sim_ PV currenf @ m i

PCle Vinv

PCle_DAC_Count

PCle_linv

Fr

DUT_Frequency

Cale_CounterValue_Trigger_DA

Generated by HDL Workflow Advisor on 04-Jan-2019 15:56:21
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Combine with Simulink Model
Dashboard Real-time Interface

0 01 02 03 04 05

Bitstream Irradiance

PCle_sm PV witige 55 1 PV |
Spesdgoat 10333325k B L = L

FPGAID board

TTL_DAC wgger|

mumis)
dens)
BT T , numis) | Target Scope
ull_DAC_trgger denfs) _Boost
mum(s) Target Scape
den(s) |_Boost i 4

Irradiance

Profile = numis) Targel Scape
= = den(s) BY_vodage . 5

DUT_Fe
=Y Cale Couniervalue_Trigger DA

Boost Fawar
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Demo Recording

SLRT_Model_v4
[Pa] staT_Modei_va »

OB IE® e

Filtered Voltages
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Irradiance Power

Simulink Model - Solar Panel
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Scope Screenshot

FPGA captures the switching transients
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Inverter Current
(LC Filter)

Boost Current
(DC Cap)
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Demo Configuration Details

= Controller — C2000

= Real-time System — Speedgoat Baseline-M
— 10333 06-21 Kintext 7, 325k FPGA card expansion
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2018b Capabilities - Kintex 7 325K

= Works specifically for switched linear systems (piecewise linear)
— Supports multiple domains
— Can connect to Simulink motor models

= |deal for 2-6 switching components per converter
— Can link multiple converters for larger systems

= Typical systems run at 2 to 5 us
— Simple systems can be faster than 1 us
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Conclusions

= Real-time greatly improves embedded control design
« FPGAs are important for real-time simulation of power electronics

- Embedded control design and real-time testing can all be done in the same

environment...

Simulink!

MATLAB EXPO 2018
32



