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MATLAB EXPO

Matlab/Simulink w symulacjach oraz testach 
energoelektronicznych systemów przekształcania energii

Presented by: Miłosz Szarek, Head of Power Electronics Development, SMA Magnetics sp. z o.o.
Kraków, 11.06.2026
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Agenda

1
2
3
4
5
6

Engineering Areas of SMA Solar & Magnetics

New PE system – how to start?

Selection of PE converters and EMI filtering stage

Rapid Control Prototyping in PE systems
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Products portfolio
Energy convertion systems development and manufacturing

Home

Business

Large Scale
P = 2.6 – 9.2 MW

P = 25 – 180 kW

P = 1.5 – 25 kW
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Products portfolio
Magnetic components development and manufacturing

Chokes for

DC-AC and DC-DC 

power converters

ElectromagnetsChokes for resonant

converters

Power and signal

transformers

PCB mounted

magnetics

Common-mode

chokes

Special solutions

Current

transducers
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EMEA

Offices: 9

AMERICAS

Offices: 5

APAC

Offices: 5

With around 4,000 employees in 

19 countries on 6 continents, we 

serve customers in more than 190 

countries and every place from 

Alaska to the desert. 

SMA worldwide - global strength through local roots

SMA Magnetics 
Modlniczka

SMA Solar Technology
Niestestal
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Our locations

SMA Magnetics sp. z o.o.

Modlniczka, Poland

SMA Solar Technology AG

Niestetal, Germany

Products development and manufacturing

Magnetic components, solar inverters (HBS class), backup systems and EV chargers

Solar inverters (C&I and Large Scale class), grid forming and storage solutions

R&D Departments, test laboratories and production

Development  Departments, test laboratories and production
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AFCI

DC

AC

L1

L2

PV4+

PV4 

PV2+

PV  

PV3+

PV  

BAT+

BAT 

Hybrid INV US/MOW/JP
11.5kVA

48A @ 230/2x120V

30A, 550V

PV1+

PV  

4xPV CM\DM filtering stage

DC

DC

DC

DC

15A, 600V

103kHz, SiC 

103kHz, SiC 

103kHz, SiC 

DC

DC

DC

DC

DC

DC

CMC AC1 CMC AC2

PV energy flow

BAT energy flow

AC energy flow

L1

L2

CMC SPS

GRID

SPS

BAT CM\DM filtering stage

L CMC PV

L DC PV

L DC BAT
SPS energy flow

L CMC BAT

Design power electronic energy conversion system
Model-Based Design of 1-phase Hybrid Inverter Platform

• Main parameters:

• Single-phase hybrid inverters platform 

• Pac = 3.6, 4.0, 5.0, 6.0, 7.7, 11.5kVA

• 4x 15A @ 600V PV inputs

• 1x 30A @ 550V Battery input

• 1x 48Arms @240/2x120Vrms AC input

• 1x 16Arms SPS

• SiC MOSFETs based technology

• 103kHz switching frequency

• High-level integration, mono-board solution

• Compliant with CE, IEC/UL 62109-1/2, UL1741,

EN 62920:2018 Class B, IEC61000-2-2, FCC Part 15

Sunny Boy Smart Energy
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Selection of PE system topology
MATLAB-based calculations via SMA Opti-Tool – macro scale analitycal modeling

• Determination of the optimal DC-DC converter concept based on SMA Opti-Tool framework

Cloud of specific DC-DC conv. concepts: 2-level, 3-level, FC, NPC, ANPC, interleaved, etc.

DC-DC topologies 
and their 

configurations, 
semiconductors, 

capacitors & 
choke models

Determine pareto-optimum 
combination(s) of fsw and L DC

PE system requirements and constraints
(V, I, fsw, mass, cost, size, semicond. 

tech., operation points, etc.)

Perform sweep over possible 
combinations of the selected components

Choose the solution(s)

OptiTool framework – MATLAB script

Prepare output data 
(mass, size, cost, nb of components, 

power losses, operation conditions, etc.)

DRV

LDC

CDC IN CDCL

DRV

LDC

CDC IN

CDCL

DRV

DRV

LDC

CDC IN CDCL

DRV



10SMA Solar Technology

CMC L1

Boost 

Converter

PV+

PV  

C1x
DC-Link

C2y

R1
C1y

C3x C4x C5x

C3y

R2

C2x

LAFCI

Shielding

C4y

Design of EMI filtering stage (DM, CM) 
Co-simulations of Mathworks MATLAB and ANSYS Simplorer

• Define the general DM and CM filter structure and values range of the parameters

2-Level Booster:
80 µH @  03 kHz

0… 0 Ω

CMC L1= 200 µH … 1 mH
(Stray Inductances: 2.5 µH … 5 µH)

 , /4,7/6,8 µF

  …  .  nF

 0 …    nF

470 nH

0 µF 0 …  µF

8/ 0/ 5 µF

8x   0 µF

 0 …    nF

  …  .  nF0… 0 Ω

MLCC: 100 nF …  90 nF
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Design of EMI filtering stage (DM, CM) 
Co-simulations of Mathworks MATLAB and ANSYS Simplorer

• Model filter structure in ANSYS Simplorer with variable-type parameters of the selected components

• Example of the switched-type model for EMC simulations

PV-LISN
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Design of EMI filtering stage (DM, CM) 
Co-simulations of Mathworks MATLAB and ANSYS Simplorer

• Model filter structure in ANSYS Simplorer with variable-type parameters of the selected components

• Example of the passive components-type model for frequency sweep analysis
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X-caps, Y-caps, 
E-caps, Foil caps, 
Resistors, Chokes

Reading and posprocessing of the data. 
Comparison with the EMC limit levels. 
Plot and storage of the characteristics

Configuration of the simulation model
(filter structure, range of each comp. 

variation, operation points, EMC limits, 
etc.)

Prepare set of the components based on 
the repository

Choose the solution(s)

MATLAB script simulation

Run the simulation based on Simplorer 
model of the filter structure

Calculate the PWM pattern based on the 
operation point

Frequency responce

Impedance frequency sweep 

Surge impulse voltage response

Design of EMI filtering stage (DM, CM) 
Co-simulations of Mathworks MATLAB and ANSYS Simplorer

• Run MATLAB script tool and select the combinations which fulfill the EMC limits (consider the Z(f) and surge voltage waveforms) 
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Design of EMI filtering stage (DM, CM) 
Co-simulations of Mathworks MATLAB and ANSYS Simplorer based on 1-phase Hybrid Inverter

• Using similar approach for design and simulations the complete set of magnetics were specified, developed and manufactured

DC stage BAT booster choke

DC stage PV booster chokes

4xPV input CM choke

BAT input CM choke

AC input CM chokes

SPS input CM choke

AC stage power chokes

AFCI  transformer



15SMA Solar Technology

Rapid Control Prototyping (RCP) systems
Review and selection

dSpace MicroLabBox

dSpace SCALEXIO LabBox OpalRT OP4200

Plexim RT Box

speedgoat real-time target machine

Typhoon HIL
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Rapid Control Prototyping (RCP) 
imperix B-Box 3.0 (4.0)

Processor

SoC: AMD Xilinx Zynq Z-7030, 1 GHz

CPU: 2 CPU Cores (2xARM Cortex A9 1GHz 1GB DDR3)

FPGA
AMD Xilinx Kintex 7 125K (user programmable)
AMD Xilinx Artix 7 35T (auxiliary)

IO
PWM outputs: 16x POF, 32x electrical (4ns resolution)

Analog inputs: 16x 16bit @ 500ksps

User high-speed Ios: 36x electrical

Digital outputs: 16x electrical

Digital inputs: 16x electrical

Fault inputs: 16x electrical, 2x interlocks

Communication: 1x CAN, 1x ETH, 3x SFP

Simulink Coder Support

User editable FPGA area

Additional functions
+ Tailored for control of power electronics converters

+ High control frequency even with CPU-executed code 

(350 kHz for simple boost, 160 kHz for inverter with boost)

+ Direct access to 32 FPGA signals for high-speed IO

+ POF-PWM outputs

+ Configurable fast HW-level protection of analog input signals (blocking PWM signals)

+ 4 analog outputs with BNC connectors

+ Extensive documentation (datasheets)

Pros & Cons

+
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CPU 1

CPU 0

User FPGA IP
sandbox

ADC

PWM

GPI

GPO

CAN

ETH

USB Ext. 
ports

MATLAB Simulink blockset ACGimperix cockpit imperix IDE C++ SDK

*.elf

VIVADO – VHDL\Verilog\C++

*.bit

User analog signals meas. system

imperix FPGA IP

SBI SBO

User extension cards 
(analog/digital interfaces)

imperix B-Box

Rapid Control Prototyping (RCP) 
imperix B-Box + MATLAB\Simulink system toolchain

* SDK – Software Development Kit
* ACG – Automatic Code Generation
* IDE – Integrated Dev. Environment

+
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Rapid Control Prototyping (RCP) 
imperix B-Box + MATLAB\Simulink system toolchain

• Structure of the Simulink project and workfow

+

Source: www. imperix.com
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DC 
Power 
Source

/
Load

Full power 

capability

DC 
Power 
Source

/
Load

Full power 

capability

Bidirectional power flow possible (full power transfer)

CDCin

S2

DRV

S1

iLvDCin
L

DC-DC Power Stack

DRV

CDCout vDCout

DC Choke

vL

S4

S3

DRV

DRV

Bi-directional 
power flow

Rapid Control Prototyping (RCP) 
2.5MW two quadrant DC-DC converter – DC bus coupling application

• Key parameters:

• LDC = 190uH

• Fsw = 6kHz 

• VDCin MAX = 1500V

• VDCout MAX = 1500V

• IL DC MAX = ±1800Adc 

• IL MAX = 320App

• Full power capability of IN/OUT power

source and load

• SiC technology of power semiconductors

• Forced air cooling with high temp. coupling between power

modules’ heat sink and power chokes

+
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CBAT A

S2A

DRV

S1A

iLAvBAT A
LA

DC-DC Power Stack A

DRV

CDC A vDC A

vLA

S4A
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CBAT B

S2B
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S1B

LB

DC-DC Power Stack B

DRV

vDC B

S4B

S3B

DRV

DRV

vBAT B
CDC B

BAT A+ DC A+

BAT B+ DC B+

DC A-

DC B-

OUT 
BAT A

iLB

vLB

OUT 
DC A

OUT 
BAT B

OUT 
DC B

DC 
Power 
Source

High DC 
Voltage 

side Energy 
flow

Energy 
flow

Compens
ation of 
power 

losses

Buck mode

Boost mode

LBB

LBB

LBB

LBB

LBB

LBB

LPS

Rapid Control Prototyping (RCP) 
2.5MW two quadrant DC-DC converter – DC bus coupling application

• Test system plant concept and modeling in MATLAB Simulink

+
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Closed-loop control 
DC-DC BUCK converter

Analog signal

ADC samples

Closed-loop control 
DC-DC BOOST converter

S4A
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(fs=6KHz)

Rapid Control Prototyping (RCP) 
2.5MW two quadrant DC-DC converter – DC bus coupling application

• Test system closed-loop control concept and its implementation in MATLAB Simulink

+
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u_L1_buck

i_L1_buck

u_L2_boost

i_L2_boost

i_BAT

i_DCL

u_DCL_BAT

Buck start 
procedure; U_BAT  

charging
Boost start procedure Steady state operation

Unloading; boost stop 
procedure

Buck stop 
procedure; 

U_BAT 
disschargingu_L1_buck

i_L1_buck

u_L2_boost

i_L2_boost

i_BAT

i_DCL

u_DCL_BAT

Rapid Control Prototyping (RCP) 
2.5MW two quadrant DC-DC converter – DC bus coupling application

• Test system closed-loop control implementation - MATLAB Simulink + imperix B-Box 3.0

+

+
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Model-Based Design
Conclussions

• No single "right" Model-Based Development approach

• Development processes should reflect domain-, company- and product-specific requirements

• An effective workflow and tailored toolchain are key enablers of project success

• Modern tools for modeling, simulation and testing are essential for development of modern products

• Eearly validation and verification reduce a risk and highly accelerate time-to-market
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MATLAB EXPO 

SMA Magnetics sp. z o.o.

Miłosz Szarek

Head of Power Electronics Development

Milosz.Szarek@Sma-Magnetics.com

Thank you!
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