
SimElectronics™ extends Simscape™ with 
tools for modeling and simulating electronic 
and electromechanical systems. 

SimElectronics software enables you 
to include analog electronics and 
electromechanical components as physical 
networks within multidomain system 
models. It provides semiconductor, motor, 
drive, sensor, and actuator components, 
as well as building blocks that let you 
implement your own custom subsystems.  

With SimElectronics, you can develop 
impairment and plant models in the same 
environment that you use to develop and 
refine your control and signal processing 
algorithms.

SimElectronics can be used for a variety 
of automotive, aerospace, industrial 
automation, communications, and signal 
processing applications.

Model and simulate electronic and electromechanical systems

 
Key features

■ Modeling environment for building electronic and  
electromechanical systems as physical networks

■ More than 55 electronic and electromechanical components, 
including sensors, semiconductors, and actuators

■ Parameterization methods, enabling key parameter values to 
be entered directly from industry datasheets

■ Ability to convert  models to C code (with Real-Time 
Workshop®, available separately)

■ Access to linearization and steady-state calculation capabilities 
in Simscape™

Electromechanical system containing a DC motor, 
worm gear, Hall effect sensor, speed controller, 
and a motor servo-amplifier (top), the associated 
SimElectronics™ model (left), and a portion of the 
speed controller model (bottom).  The colored blocks 
in the model correspond to the components in the 
electromechanical system.

Resources 

visit 
www.mathworks.com 

technical support 
www.mathworks.com/support 

online user community 
www.mathworks.com/matlabcentral 

Demos 
www.mathworks.com/demos 

training services 
www.mathworks.com/training 

thirD-party proDucts anD services 
www.mathworks.com/connections 

WorlDWiDe contacts
www.mathworks.com/contact

e-mail 
info@mathworks.com 

Accelerating the pace of engineering and science

SimElectronics™ 1

DC Motor Hall Effect
Sensor

Worm
Gear

Speed Controller



Modeling Electronic and 
Electromechanical Systems
With SimElectronics you build a model 
of a system just as you would assemble a 
physical system. The symbols in your model 
are consistent and conventional, and you 
connect them with physical connections. 
SimElectronics employs a physical network 
approach, also referred to as acausal model-
ing, to model building: components (blocks) 
corresponding to physical devices such as 
photodiodes, transistors, and motors, are 
joined by physical connections (lines) that 
transmit power. This approach lets you 
describe the physical structure of the system 
rather than deriving and implementing the 
equations for the system.

From your model, which closely resembles 
a schematic, SimElectronics automatically 
constructs the differential algebraic equations 
(DAEs) that characterize the behavior of the 
system. These equations are integrated with 
the rest of your Simulink® model, and the 
DAEs are solved directly.

SimElectronics libraries provide more than 
55 models of electronic and electromechani-
cal components, including models of motors 
and op-amps, that you can combine to rep-
resent commercially available components. 
The blocks in SimElectronics support two 
different workflows – you can set the values 
of your parameters by pulling them directly 
from industry data sheets, or you can import 
SPICE circuits and device models directly into 
SimElectronics (currently limited to bipolar 
transistor, JFET, basic diode, sources, and 
passive SPICE components).

You can use the sensor blocks to measure any 
electromechanical variable, such as voltage, 
current, angular velocity, or torque, and then 
pass these signals into standard Simulink 
blocks. Source blocks enable Simulink 
signals to assign values to electromechani-
cal variables. Sensor and source blocks let 
you connect control or signal processing 
algorithms developed in Simulink to a 
SimElectronics network.

Modeling Sensors and Actuators
SimElectronics includes a number of sensors 
that let you incorporate the non-ideal behavior 
of sensor hardware in your model. Models of 
a shaft encoder and a proximity sensor let you 
capture the inaccuracies of sensing mechanical 
systems so that you can design that into your 
system. Similarly, models of a thermistor and 
a thermocouple let you incorporate both the 
dynamics and inaccuracies of sensing thermal 
quantities into your system design. Other 
sensors (strain gauge, photodiode) are included 
in the library to enable you to include other 
effects into your system as well.

A library of actuators is included in 
SimElectronics so that you can model 
actuation in your system. Different types of 
actuator models (such as DC motor, shunt 
motor, universal motor, and solenoid) let you 
experiment with different actuation solutions 
for your system. In addition to that, different 
drivers (for example, H-bridge or controlled 
PWM voltage) help you drive the actuation 
of the system in your model. The drivers 
allow both detailed simulation of PWM 
waveforms for actuator design and abstracted 
simulation behavior to support fast system-
level simulation. 

SimElectronics™ library of actuators and drivers for testing 
different actuation solutions.

SimElectronics™ library of sensors for capturing non-ideal 
behavior of sensor hardware.



Modeling Electronic Components
SimElectronics contains several libraries 
that enable you to incorporate electronic 
components into your model. Many types 
of transistors (such as JFET, NPN, PNP, and 
MOSFET) are included to let you include 
nonlinearities and high-frequency dynamics 
associated with these components. Models of 
integrated circuits, such as op-amps, enable 
you to design and verify circuits for analog 
amplification and control, such as a PID 
controller. The passive components library 
extends the basic Simscape library with 
models of devices such as variable capacitors 
and variable inductors which can be used 
for modeling custom components, such as 
sensors. A library of SPICE-compatible ele-
ments offers models of electronic components 
that use industry-standard SPICE parameters. 
It is also possible to include temperature 
dependence in your design using the SPICE-
compatible elements.

Extending Model Capabilities
You can generate a linear model (continu-
ous or discrete time) from your nonlinear 
SimElectronics model. You can analyze the 
linear model’s behavior about a certain opera-
tion point, or you can create a controller by 
applying linear control theory to the system. 

You can reduce simulation time by using the 
steady-state solve capability to automatically 
remove unwanted transients at the start of 
simulation. In addition, you can also convert 
your models to C code, which enables you to 
increase the simulation speed of your models 
and to create standalone simulations.

w w w. m a t h w o r k s . c o m

Audio amplifier based on an N-channel JFET (right). The frequency response 
curve (left) was generated by linearizing the SimElectronics™ model.

SimElectronics™ libraries of 
semiconductors (left), sources 
(center), and integrated 
circuits (right) for modeling 
electronic systems.



Developing Algorithms with 
Simulink® and SimElectronics™

As a physical modeling product built on 
Simscape, SimElectronics provides expanded 
capabilities for modeling electronic and 
electromechanical systems. You can create 
your physical plant model (such as a stepper 
motor and driver electronics) using physi-
cal connections, and, through Simscape 
interface blocks, connect it directly to your 
control or signal processing algorithm 
modeled with signal flows in Simulink. As a 
result, you can test your entire system within 
the Simulink environment. 

Required Products 
MATLAB®
Simulink®
Simscape™

Related Products
SimDriveline™. Model and simulate  
mechanical driveline systems

SimHydraulics®. Model and simulate  
hydraulic systems

SimMechanics™. Model and simulate 
mechanical systems

SimPowerSystems™. Model and simulate 
electrical power systems

Simulink® Parameter Estimation™. Estimate 
model parameters using test data

For more information on related products, visit 
www.mathworks.com/products/simelectronics

Platform and System Requirements
For platform and system requirements,  
visit www.mathworks.com/products/ 
simelectronics  ■ 
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SimElectronics™ model (top left) of a controlled DC motor.  
Changing the simulation mode in the Parameters dialog 
(above) balances the tradeoff of simulation speed and model 
fidelity, as seen in the graphs showing the results for simula-
tions using averaged mode (bottom left) and PWM mode 
(bottom right).


