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CHAPTER 6 : Simscape Electrical

6.1. Introduction

Power System Blockset (PSB), now known as Simscape Electrical (formerly
SimPowerSystems), is a SIMULINK extension specifically designed for modeling and
simulating electrical and electronic systems. It provides a wide range of blocks that can be
used to represent electrical components, machines, distribution networks, and associated
control systems. This chapter will allow you to explore the key features of Simscape
Electrical and apply them to a case study, improving your ability to model and analyze

complex electrical systems.
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Figure 6.1: Simscape and Electrical library

After studying this chapter, you should be able to:
¢ Understand the key features and applications of the Simscape Electrical library.
e Perform simulations of electrical power systems.
e Study the behavior of electrical systems under various operating conditions.

e Use tools to solve real-world engineering problems related to power systems.

6.2. Introduction to Simscape Electrical

Simscape Electrical and Specialized Power Systems provide powerful modeling and
simulation tools for electrical networks, power electronics, and electromechanical systems.
These tools enable accurate analysis, system optimization, and integration with control
systems, making them essential for power engineers, researchers, and industrial

applications.
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Simscape Electrical provides a comprehensive library of electrical components and

specialized blocks for accurate and efficient simulation of electrical systems.
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Figure 6.2: Simscape Electrical library

6.2.1. Key Features of Simscape Electrical

1. Electrical System Modeling:

(@]

Electronic Circuits: Model analog, digital, and mixed circuits, as well as
power electronics using components such as resistors, inductors, capacitors,
diodes, transistors, and operational amplifiers.

Electrical Networks: Simulate power distribution and transmission
networks, including transformers, transmission lines, loads, power sources,

and protection devices.

2. Power Systems:

(@]

Simscape Electrical allows the modeling of power generation, transmission,
and distribution systems.
Supports DC and AC systems, as well as power converters such as inverters,

rectifiers, and DC-DC converters.

3. Electromechanical Systems:

(@]

Model and simulate electric machines, such as motors, generators, and
actuators.
Includes blocks for synchronous machines, DC machines, and

asynchronous machines.
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4. Control Systems:
o Integrate control systems to regulate electrical processes, such as motor
speed control or voltage regulation in electrical networks.
o Compatible with classical (PID) controllers as well as advanced control
algorithms.
5. Power Quality Analysis:
o Analyze phenomena such as harmonics, voltage drops, overvoltages, and
other disturbances in electrical networks.
o Crucial for network optimization and stability.
6. Extensive Component Library:
o Offers a wide range of components, including passive elements, sources,
semiconductors, sensors, actuators, and protection devices.
7. Interoperability with MATLAB/Simulink:
o Simscape Electrical models can be integrated with Simulink and other
Simscape domains.
o Enables multi-domain simulations, combining electrical, mechanical,

thermal, and hydraulic systems.

6.2.2. Example Applications
1. Modeling an Electric Motor:
o Develop a DC motor model, including windings, power supply, and
mechanical load.
o Simulate motor response under different operating conditions and analyze
performance.
2. Simulating a Power Distribution Network:
o Model a distribution network with transformers, transmission lines,
loads, and protection devices.
o Simulate fault scenarios, overloads, and voltage variations to evaluate
network stability.
3. Analyzing a DC-DC Converter:
o Model a buck, boost, or buck-boost converter using passive components and
semiconductors.
o Simulate converter behavior under varying load and input voltage conditions.
4. Designing a Motor Control System:
o Develop a PID controller to regulate the speed of a DC motor.
o Simulate the closed-loop system and optimize controller parameters for

optimal performance.
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6.2.3. Advantages of Simscape Electrical
e Accuracy: Provides highly detailed models for electrical components and systems.
o Efficiency: Enables complex system simulations without the need for physical
prototypes.
» Flexibility: Supports a wide range of applications, from circuit design to large-
scale power system simulation.
o Integration: Easily connects with MATLAB/Simulink, enabling multi-domain

simulations that include mechanical, thermal, and control elements.

6.3. Introduction to Specialized Power Systems

Specialized Power Systems is an advanced library within Simscape Electrical, designed for
modeling and simulating large-scale power systems. It is particularly valuable for engineers
working in power generation, transmission, distribution, and energy management. The
library enables realistic simulations of electrical networks, including transient dynamics and

power quality phenomena.
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Figure 6.3: Specialized Power Systems library
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6.3.1. Key Features of Specialized Power Systems
6.3.1.1. Electrical Network Modeling
o Power Generation Systems:
o Model synchronous and asynchronous generators, widely used in power
generation.
o Includes detailed models representing the internal dynamics of machines.
o Transmission Lines:
o Simulate power transmission lines with accurate resistive, inductive, and
capacitive parameters.
o Supports long-distance transmission modeling, accounting for losses and
propagation effects.
e Transformers:
o Model voltage conversion between different parts of the network.
o Includes detailed transformer characteristics, such as losses, magnetic

leakage, and multiple connections (Y, A configurations).

6.3.1.2. Protection Systems
e Protection Relays:
o Model and simulate protective relays, including overcurrent, differential,
and directional relays.
o Evaluate network response to faults and abnormal events.
e Circuit Breakers:
o Simulate circuit breaker operations in response to fault conditions.

o Integrate protection devices into the system to ensure network safety.

6.3.1.3. Power Conversion Systems
o Power Converters:
o Simulate power converters, including inverters, rectifiers, and DC-DC
converters.
o Essential for renewable energy systems such as solar power and DC
microgrids.
o Power Factor Compensation:
o Model power factor correction systems to reduce harmonics and stabilize

networks.
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6.3.1.4. Transient Simulations
e Transient Phenomena:
o Simulate transient events in power networks, such as line switching, short
circuits, and transformer energization.
o Captures fast dynamics and transient overvoltages.
o Power Quality Analysis:
o Analyze power quality issues, including harmonics, voltage variations,
and service interruptions.

o Essential for designing stable and robust electrical networks.

6.3.1.5. Industrial Electrical Systems
e Modeling Industrial Loads:
o Simulate complex industrial loads, such as high-power electric motors,
electric furnaces, and industrial equipment.
o Helps optimize energy management and network impact analysis.
e Control System Integration:
o Implement advanced control strategies for voltage regulation, power flow

management, and network stability.

6.3.1.6. Interface with Other Tools
e Co-Simulation with Other Software:
o Enables co-simulation with specialized electrical engineering software for
multi-domain network analysis.
e MATLAB/Simulink Interoperability:
o Integrate power system models with control algorithms developed in
MATLAB/Simulink.

o Facilitates the design of smart and optimized electrical systems.

6.3.2. Example Applications of Specialized Power Systems
6.3.2.1. Simulation of a Distribution Network
e Model a medium-voltage distribution network, including generators,
transformers, transmission lines, and loads.
e Simulate fault scenarios to analyze the response of protection systems and

optimize network configuration.
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6.3.2.2. Stability Study of an Interconnected Network

Develop a model of an interconnected power system with multiple synchronous
generators and long transmission lines.
Simulate events such as generation loss or line switching and assess network

stability in response to these disturbances.

6.3.2.3. Energy Management System Design for a Microgrid

Model a microgrid incorporating renewable energy sources, energy storage
systems, and critical loads.
Use Specialized Power Systems tools to optimize energy management and ensure

continuous power supply in case of main grid failure.

6.3.2.4. Power Quality Analysis in an Industrial System

Simulate an industrial power system with heavy loads such as electric motors and
variable frequency drives.
Analyze the harmonic effects generated by these devices on power quality and

propose compensation solutions.

6.3.3. Advantages of Specialized Power Systems

High Accuracy: Provides detailed and realistic simulations of power systems,
including transient dynamics and complex power quality phenomena.
Versatility: Applicable to a wide range of scenarios, from local distribution
networks to large-scale transmission systems.

Robustness: An essential tool for power system stability analysis and evaluation
of fault responses.

Optimization: Aids in the design of optimized protection and energy conversion

systems, ensuring network reliability and efficiency.

6.4. Specialized Power Systems: Passive Components

Passive components play a fundamental role in electrical system modeling as they influence

current and voltage behavior in a network based on their intrinsic properties (resistance,

inductance, and capacitance).

Below is an overview of the main passive components available in the Specialized Power

Systems library.
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6.4.1. Key Passive Components
1. Resistors
o Resistor: Represents a pure linear resistance in a circuit, dissipating electrical
energy as heat according to Ohm’s law:
Ve =R-1I
Parameters:
o Resistance (R): Value in ohms ().
o Initial Current (for some models): Initial current in the resistor at the

beginning of the simulation.

2. Inductors
o Inductor: Represents a pure inductance, storing energy in a magnetic field. The

voltage across its terminals is proportional to the rate of change of current:

— dl,
L= at

Parameters:
o Inductance (L): Value in henrys (H).

o Initial Current: Initial current through the inductor.

3. Capacitors
o Capacitor: Represents a pure capacitance, storing energy in an electric field. The

charge on the capacitor plates is proportional to the voltage:

Q=C-V, I=C=E

¢ Parameters:

o Capacitance (C): Value in farads (F).

o Initial Voltage: Initial voltage across the capacitor.

4. Passive Transmission Lines
e PI Section Line: Models a transmission line using a Pl-section representation with
distributed inductance and capacitance.
e Used for long-distance transmission where capacitance and inductance effects
are significant.
Parameters:
o Line Resistance per Unit Length (R)
o Line Inductance per Unit Length (L)
o Line Capacitance per Unit Length (C)
o Line Length
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5. Passive Transformers
o« Two-Winding Transformer: Models an ideal or lossy transformer (including copper
and iron losses) with two windings, commonly used for power transmission and
distribution.
Parameters:
o Nominal Power
o Primary Voltage / Secondary Voltage

o Winding Resistance and Reactance

6. Simple Transmission Lines
e RL Line: Models a transmission line using a simple series resistance (R) and
inductance (L) representation.
Parameters:
o Resistance (R)

o Inductance (L)

7. Passive Loads
e Series RLC Branch: Represents a series RLC branch with a resistor, inductor, and
capacitor connected in series.
Parameters:
o Resistance (R)
o Inductance (L)
o Capacitance (C)
o Initial Conditions (initial current and voltage for inductor and capacitor).
o Parallel RLC Branch: Represents a parallel RLC configuration, where the

components are connected in parallel.

8. Passive Cables
e (Cable: Models an electrical cable using distributed resistance, inductance, and
capacitance.
o Useful for underground or submarine power networks.
Parameters:
o Cable Resistance
o Cable Inductance
o Cable Capacitance

o Cable Length
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6.4.2. Applications of Passive Components
Passive components are commonly used for:
1. Transient Analysis:
o Studying network responses to voltage surges, startup conditions, or short
circuits.
2. Transmission Network Modeling:
o Simulating transmission lines and cables under different load and fault
conditions.
3. Filter Design:
o Creating filter circuits to eliminate specific frequencies in power systems,
such as harmonics.
4. Resonance Phenomena Studies:
o Analyzing RLC circuit resonance conditions and their impact on system

stability.

6.5. Specialized Power Systems: Electrical Machines

The Specialized Power Systems library in Simulink offers a wide range of components for
modeling and simulating electrical machines and power sources. These tools allow engineers
to analyze machine performance, evaluate power system stability, and optimize control
strategies for real world

This library provides a comprehensive set of blocks for simulating different types of

electrical machines, including motors, generators, and AC/DC machines.
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Figure 6.4: Specialized Power Systems: Electrical Machines
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6.5.1. Main Types of Electrical Machines in Specialized Power Systems
1. Induction Machine (Asynchronous Machine)
e Squirrel-Cage Induction Motor: Models an industrial induction motor known for
its robustness and low cost.
e« Wound-Rotor Induction Motor: Used in applications requiring smooth startup or
speed control.
Parameters:
e Nominal Power: Rated power of the machine.
« Stator/Rotor Resistance and Inductance: Electrical properties of the stator and
rotor.
e Pole Pairs: Determines synchronous speed.
o Initial Conditions: Initial current, speed, and rotor position.
Applications:

e Used in propulsion systems, pumps, fans, and other industrial machinery.

2. Synchronous Machine
e Synchronous Machine (Salient Pole and Round Rotor): Used primarily for
electricity generation.
e Permanent Magnet Synchronous Machine (PMSM): Commonly used in electric
vehicles and high-efficiency applications.
Parameters:
e Nominal Power: Machine’s rated power.
o Stator Inductance and Resistance: Electrical characteristics of the stator.
o Field Excitation: Defines field voltage or current characteristics.
e Mechanical Parameters: Includes rotor inertia and friction coefficient.
Applications:

e Generators in power plants, variable-speed drive systems, and electric vehicles.

3. DC Machine

« DC Motor: Models a separately excited, series, or shunt DC motor.

o DC Generator: Used in small-scale power generation applications.
Parameters:

e Nominal Power

e Armature Resistance and Inductance

o Field Resistance and Inductance (for separately excited and shunt motors).

o Initial Speed: Starting rotor speed.
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Applications:
o Precision speed control, high-torque applications at low speeds, and small

power generation systems.

4. Universal Machine
e Universal Motor: Operates on both AC and DC, commonly used in household
appliances.
Parameters:
o Stator/Rotor Resistance and Inductance
e Nominal Voltage and Speed
Applications:

e Hand tools, vacuum cleaners, mixers, and other household appliances.

5. Permanent Magnet Machines
e« Permanent Magnet Synchronous Motor (PMSM): Designed for high energy
efficiency in electric vehicles and renewable energy systems.
e Brushless DC Motor (BLDC): Used in applications requiring precision and low
maintenance.
Parameters:
o Pole Pairs: Determines synchronous speed.
o Stator Resistance and Inductance
o Back-EMF Waveform: Defines the electromotive force shape (sinusoidal or
trapezoidal).
e Inertia and Friction: Mechanical properties of the rotor.
Applications:

e Electric vehicles, drones, and high-efficiency appliances.

6.5.2. Simulation and Analysis
1. Startup and Operating Conditions
e Simulate machine startup to analyze inrush currents and variations in torque and
speed under different loads.
e Observe how synchronous machines synchronize with the grid and the effect of
field excitation.
2. Vector Control and Direct Torque Control (DTC)
e Evaluate vector control and DTC strategies for induction and synchronous

motors under various operating conditions.
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3. Transient Analysis and Fault Conditions
o Study startup transients, faults (e.g., short circuits, phase loss), and machine
response to sudden load variations.

o Simulate voltage surges, unbalanced loads, and protection mechanisms.

6.6. Specialized Power Systems: Sources
The Sources category includes blocks that provide electrical power to modeled systems.
These blocks represent voltage and current sources, including DC, AC, single-phase, and

three-phase sources.

6.6.1. Main Source Blocks
1. Voltage Sources
o ACVoltage Source: Models a sinusoidal AC voltage source.
o Parameters:
o Amplitude (V)
o Frequency (Hz)
o Phase (degrees)
o DC Voltage Source: Models a constant DC voltage source.
o Parameter:
o Voltage (V)
o Controlled Voltage Source: Generates voltage based on an external input signal.
o Parameter:

o Input Signal: Determines output voltage.

2. Current Sources
e AC Current Source: Models a sinusoidal AC current source.
o Parameters:
o Amplitude (A)
o Frequency (Hz)
o Phase (degrees)
e DC Current Source: Provides a constant DC current.
e Parameter:
o Current (A)
e Controlled Current Source: Generates current based on an external control
signal.
Parameter:

o Input Signal: Determines output current.
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3. Three-Phase Sources
o Three-Phase Source: Models a balanced three-phase voltage source.
o Parameters:
o Line Voltage (V)
o Frequency (Hz)
o Phase Shift for the first phase.
e Three-Phase Programmable Voltage Source: Allows programmable voltage
profiles, useful for simulating voltage variations or fault conditions.
o Parameters:
o Initial Voltage
o Final Voltage

o Ramp Time (transition time from initial to final voltage).

4. Programmable Sources
e Programmable Voltage Source: Allows dynamic voltage variation during
simulation.
o Parameters:
o Voltage Profile (time-dependent).
o Initial and Final Values.
e Programmable Current Source: Provides time-dependent current variations.
o Parameters:
o Current Profile (time-dependent).

o Initial and Final Values.

5. Power Supply Units (Ideal Sources)
o Ideal Voltage Source: An ideal voltage source with no internal resistance.
o Parameter:
o Voltage (V)
e Ideal Current Source: An ideal current source, independent of the connected load.
o Parameter:

o Current (A)

6.6.2. Applications in Simulations
o Power Supply for Systems: Provides the necessary energy for modeled systems.
o« Dynamic Response Testing: Evaluates system behavior under different energy

sources, voltage fluctuations, or power interruptions.
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o Transient Analysis: Uses programmable or controlled sources to simulate
conditions such as voltage surges, dips, and sudden power losses, and analyzes their

impact on the system.

6.7. Specialized Power Systems: Sensors and Measurements

Sensors and measurement blocks play a crucial role in observing, analyzing, and controlling
electrical systems. These blocks allow for the measurement of various electrical quantities,
such as voltage, current, power, frequency, and other essential parameters for evaluating the
performance of electrical and electronic systems.

Sensors and measurement blocks in Specialized Power Systems provide critical insights into
electrical system performance. These tools allow engineers to monitor, analyze, and
optimize electrical networks, enabling real-time control, fault detection, and energy

efficiency improvements.
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Figure 6.5: Specialized Power Systems: Sensors and Measurements

6.7.1. Key Sensors and Measurement Blocks
1. Current Sensors
e Current Measurement: Measures the current flowing through a wire or a circuit
branch.
Output:
o Simulink Signal: Provides an output signal representing the measured
current in amperes (A).
e Three-Phase Current Measurement: Measures currents in a three-phase system,
capturing all three-phase currents simultaneously.
Output:

o Simulink Signal: A vector containing the three-phase currents.
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2. Voltage Sensors

o Voltage Measurement: Measures the voltage between two points in an electrical
circuit.
Output:

o Simulink Signal: Provides a voltage reading in volts (V).

o Three-Phase Voltage Measurement: Measures phase-to-neutral or phase-to-
phase voltages in a three-phase network.
Output:

o Simulink Signal: A vector containing the three-phase voltages.

3. Power Sensors

o Active & Reactive Power Measurement: Measures both active power (P) and
reactive power (Q) in single-phase or three-phase systems.
Output:

o Active Power: Power measured in watts (W).
o Reactive Power: Power measured in volt-amperes reactive (VAR).

e Three-Phase Power Measurement: Measures active (P), reactive (Q), and
apparent (S) power in a three-phase system.
Output:

o P, Q, S: Simulink signals representing the active, reactive, and apparent

power in the system.

4. Frequency Sensors
o Frequency Measurement: Measures the frequency of an AC signal. This sensor is
crucial for  synchronization in  generators and power  grids.
Output:

o Simulink Signal: Frequency measurement in hertz (Hz).

5. Speed and Position Sensors
 Rotational Speed Sensor: Measures the angular velocity of a rotating shaft,
typically in radians per second (rad/s) or revolutions per minute (RPM).
Output:
o Simulink Signal: Rotational speed measurement.
e Rotational Position Sensor: Measures the angular position of a shaft, useful for
position control in motorized systems.

Output:
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o Simulink Signal: Angular position in radians or degrees.

6. Temperature Sensors
e Temperature Sensor: Measures temperature at a specific point in the system,
essential for monitoring heat dissipation in electrical components.
Output:

o Simulink Signal: Temperature in degrees Celsius (°C).

7. Instantaneous Power Sensors
o Instantaneous Power Measurement: Measures the instantaneous power in an AC
circuit, useful for power waveform analysis and harmonic studies.
Output:

o Simulink Signal: Instantaneous power in watts (W).

8. Measurement Processing Blocks

e RMS (Root Mean Square) Measurement: Calculates the RMS value of an AC signal,
crucial for determining the real power delivered or consumed in electrical systems.
Output:

o Simulink Signal: RMS value of the input signal.

o FFT (Fast Fourier Transform) Analyzer: Performs frequency analysis of a signal,
helping identify harmonic components and frequency distortions.
Output:

o Spectrum: Amplitude of different frequency components.

9. Custom Sensors
o Custom Sensor Block: Enables users to design personalized sensors by combining
multiple measurements or applying custom logic.
Parameters:
o Input Signals: Signals from which the sensor derives its output.

o Custom Logic: User-defined processing for measurement signals.

6.7.2. Applications of Sensors and Measurements
v Real-Time Monitoring

o Sensors provide real-time data on voltage, current, power, and frequency during

simulations.

v Closed-Loop Control
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e Measurements serve as feedback signals for control systems, ensuring that electrical

parameters remain within the desired operational range.
v Fault Detection

e Sensors help identify abnormal conditions such as overcurrents, overvoltages,
and frequency variations, critical for protecting electrical systems.

v Performance Analysis

« Power and efficiency measurements assist in evaluating system performance,

particularly in energy optimization studies.

6.8. Simscape Electrical Specialized: Power Grid Elements

Power grid elements are fundamental components for modeling and simulating distribution
and transmission systems. These elements allow the construction of power network models
to analyze system performance under different conditions of load, generation, and faults.
Power grid elements in Simscape Electrical Specialized allow engineers to simulate, analyze,
and optimize electrical networks, improving grid stability, fault protection, power quality,

and system efficiency in generation, transmission, and distribution systems.
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Figure 6.6: Simscape Electrical Specialized: Power Grid Elements

6.8.1. Key Power Grid Elements
1. Transmission Lines
e Pi Section Line: Models a transmission line using a m-section representation,

commonly used for long-distance transmission lines.
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o Parameters:
o Resistance (R): Resistance per unit length (ohms/km).
o Inductance (L): Inductance per unit length (H/km).
o Capacitance (C): Capacitance per unit length (F/km).
o Length: Total line length (km).

Applications:
o Used for high-voltage transmission line simulations, considering the
effects of resistance, inductance, and distributed capacitance.

o Distributed Parameter Line: Represents a transmission line with distributed
parameters, enabling a more precise modeling of transient phenomena, such as
wave reflections.

Parameters:
o Line constants: Propagation and attenuation parameters for distributed
modeling.
Applications:
o Used in high-frequency transmission modeling and transient stability

studies.

2. Transformers

e Two-Winding Transformer: Models a two-winding transformer, a key component
for voltage level adaptation in a power network.
Parameters:

o Rated power: Transformer power rating (VA).

o Primary and secondary voltages: Nominal voltages (V).

o Leakage inductance: Transformer leakage inductance (H).

o Core resistance and inductance: Magnetic core parameters.
Applications:

o Used for voltage transformation in distribution and transmission
networks and for isolating different network sections.

e Three-Winding Transformer: Models a transformer with three windings,
commonly found in substations to connect multiple voltage levels.
Parameters:

o Winding configurations: Star (Y), Delta (A), and other configurations.

o Coupling coefficients: Magnetic coupling factors between windings.
Applications:

o Used in substations for voltage level interconnection between

transmission networks.
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3. Generators
e Synchronous Machine: Models a synchronous generator, typically used for large-
scale power generation.
Parameters:
o Nominal power: Rated generator power (VA).
o Nominal voltage: Rated output voltage (V).
o Pole pairs: Number of pole pairs.
o Inertia: Rotor inertia.
Applications:
o Used in power plants, grid stability studies, and synchronization analysis.
e Asynchronous Machine: Models an induction machine, which can be used as both
a motor and a generator in various applications.
Parameters:
o Slip: Defines the rotational speed difference relative to the grid frequency.
o Rotor and stator resistances: Electrical resistances of rotor and stator
windings.
Applications:
o Usedin wind power generation, small hydroelectric plants, and industrial

motors.

4. Loads
e Constant Power Load: Models a fixed power load, consuming a constant amount of
power regardless of voltage variations.
Parameters:
o Active and reactive power: Load power in watts (W) and VARs.
o Nominal voltage: Rated operating voltage.
Applications:
o Used to model industrial and commercial loads with specific power
demands.
e RLC Load: Represents a load composed of resistances (R), inductances (L), and
capacitances (C), typical for residential or lighting loads.
Parameters:
o Resistance, inductance, capacitance: RLC component values.
o Frequency: Operating frequency (Hz).
Applications:
o Used in harmonic studies and frequency response analysis of electrical

loads.
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5. Compensation and Filtering Components
e Shunt Capacitor: Models a shunt capacitor, used to compensate for inductive
reactance and improve power factor.
Parameters:
o Capacitance: Value of the capacitor (F).
o Nominal voltage: Rated voltage (V).
Applications:
o Used in reactive power compensation and voltage stabilization in
distribution networks.

e Series Reactor: Models a series-connected inductor, used to limit short-circuit
currents and control power flow.
Parameters:

o Inductance: Reactance value (H).

o Nominal current: Rated current capacity (A).
Applications:

o Used for short-circuit protection and power flow control in transmission

lines.

6. Circuit Breakers and Switches
e Circuit Breaker: Models a circuit breaker, a protection device that opens or closes
a circuit in response to fault conditions.
Parameters:
o Opening and closing times: Operating delay times (s).
o Thresholds: Trigger levels based on voltage or current
Applications:
o Used for network protection, fault simulation, and power restoration
scenarios.
e Switch: Models an electrical switch, used to connect or disconnect network
sections.
Parameters:
o State: Initial switch state (open or closed).
o Control signal: External signal for state switching.
Applications:
o Used for network isolation, recovery maneuvers, and fault condition

testing.
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7. Power Quality Compensation

e STATCOM (Static Synchronous Compensator): A power electronic device for
reactive power compensation, helping to regulate voltage levels.
Parameters:

o Control mode: Voltage or reactance control.
o Nominal voltage: Rated operating voltage (V).
Applications:
o Used for voltage stabilization, reactive power compensation, and power
factor improvement.

e SVC (Static Var Compensator): A reactive power compensation system using
controlled capacitors and reactors to stabilize voltage.
Parameters:

o Capacitance and inductance values: Reactance settings.

o Control strategy: Voltage or reactive power regulation method.
Applications:

o Used in power stability enhancement and voltage fluctuation control in

transmission networks.

8. Protection and Relays
e Overcurrent Relay: Models an overcurrent protection relay, essential for
protecting electrical equipment from excessive currents.
Parameters:
o Pickup current: Current threshold for activation.
o Time delay: Response delay before tripping.
Applications:
o Used in transformer protection, transmission line protection, and
generator safety.
« Differential Relay: A protection relay that compares input and output currents
in a component to detect internal faults.
Parameters:
o Pickup level: Activation level based on current difference.
o Time delay: Response time setting.
Applications:

o Used for transformer and synchronous machine protection.
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6.9. Simscape Electrical Specialized: Power Electronics

Power electronics devices are essential for converting, controlling, and conditioning

electrical energy across a wide range of applications, from renewable energy converters to

power supplies for consumer electronics.

Power electronics play a crucial role in modern electrical systems, enabling efficient energy
conversion, renewable energy integration, motor drives, and power conditioning. Simscape

Electrical provides a comprehensive set of tools for modeling, simulating, and analyzing

power electronics systems, from basic circuits to advanced industrial applications.
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Figure 6.7: Simscape Electrical Specialized: Power Electronics

6.9.1. Overview of Power Electronics

Power electronics systems are primarily composed of switching devices such as:

These components are widely used in converters, inverters, rectifiers, and other energy-

Diodes

Thyristors (SCRs)

Insulated Gate Bipolar Transistors (IGBTSs)
Metal-Oxide-Semiconductor Field-Effect Transistors (MOSFETS)

Passive components like inductors and capacitors

processing devices.
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6.9.2. Key Power Electronics Blocks in Simscape Electrical
Simscape Electrical Specialized Power Systems provides a comprehensive set of blocks for
modeling power electronics circuits and systems.
1. Semiconductor Devices
o Diodes: Models semiconductor devices that allow current flow in one direction,
including characteristics such as forward voltage drop and reverse recovery time.
Applications:
o AC-DC rectification
o Freewheeling diodes in converters
o Thyristors (SCRs): Four-layer semiconductor devices used for controlled switching,
such as phase-controlled rectifiers and power regulators.
Applications:
o Phase-controlled rectifiers
o ACvoltage regulators
e IGBT (Insulated Gate Bipolar Transistor): A high-power switching device that
combines MOSFET and bipolar transistor advantages.
Applications:
o Motor drives
o Renewable energy converters
o Electric vehicle powertrains
e MOSFET (Metal-Oxide-Semiconductor Field-Effect Transistor): High frequency,
low-power switching transistors used in switching power supplies.
Applications:
o DC-DC converters

o Switching regulators

2. Power Converters
e DC-DC Converters: Models different types of DC voltage conversion circuits,
including Buck, Boost, Buck-Boost, and Cuk converters.
Applications:
o Battery-powered systems
o Power supply regulation
e AC-DC Converters (Rectifiers): Converts AC voltage to DC, including half-wave, full-
wave, and bridge rectifiers.
Applications:
o Power supplies

o Industrial DC distribution systems
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e DC-AC Converters (Inverters): Converts DC voltage into AC, commonly used for
motor drives and renewable energy integration.
Applications:
o Solar inverters
o Variable frequency drives (VFDs)
e AC-AC Converters: Converts AC voltage from one frequency or amplitude to another,
including cycloconverters and matrix converters.
Applications:
o AC motor drives

o Frequency regulation

3. Power Modules
o Half-Bridge and Full-Bridge Modules: Used in converters, inverters, and rectifiers.
Applications:
o Motor drives

o High-power converters

4. Control Techniques
e PWM (Pulse Width Modulation) Generator: Generates PWM signals to control
power electronic devices.
Applications:
o Motor speed control
o Voltage regulation in converters
e Hysteresis Control: Maintains output within a  specified range.
Applications:
o Current control in inverters

o Noise reduction in switching converters

5. Filters
e LC Filters: Inductor-capacitor networks for harmonic filtering and voltage
smoothing.
Applications:
o Reducing DC voltage ripple
o Harmonic mitigation in inverters
o Active Power Filters: Uses control algorithms to cancel unwanted harmonics.
Applications:
o Industrial power quality improvement

o Harmonic suppression in power grids
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6. Energy Storage and Management
o« Battery Model: Simulates battery charge and discharge dynamics.
Applications:
o Renewable energy storage
o Electric vehicles
e Supercapacitor Model: Models high-power energy storage devices for fast
charge/discharge cycles.
Applications:
o Energy buffering in power systems

o High-power transient energy storage

7. Renewable Energy Interfaces
o Photovoltaic (PV) Array Model: Simulates solar panel electrical characteristics,
including Maximum Power Point Tracking (MPPT).
Applications:
o Grid-connected solar systems
o Off-grid PV systems
e Wind Turbine Model: Represents the mechanical and electrical characteristics
of wind turbines.
Applications:
o Wind energy conversion systems

o Hybrid renewable energy systems

6.9.3. Typical Power Electronics Applications
Power electronics is a key technology in many modern applications. Some examples of
Simscape Electrical simulations include:
o Switched-Mode Power Supplies (SMPS):
o Uses DC-DC converters to regulate voltage from a variable input source.
o Includes MOSFET switching circuits and LC output filters.
e« Renewable Energy Systems:
o Simulates solar inverters converting DC power from PV panels into AC for
the grid.
o Includes MPPT algorithms for optimizing solar panel performance.
o Electric Motor Drives:
o Models AC-DC and DC-AC converters for controlling motor speed and torque.
o Used in industrial automation and electric vehicles.
o Battery Chargers:
o Uses DC-DC converters for efficient charging with precise voltage/current

management.
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6.9.4. Simulation Examples
e Buck Converter Model:
o Simulates step-down DC-DC conversion with MOSFET switching and LC
filtering.
o Three-Phase Inverter Simulation:
o Designs an industrial three-phase inverter, using IGBT switching and
voltage adaptation via transformers.
« Harmonic Analysis of a Bridge Rectifier:
o Examines the harmonics generated by a diode bridge rectifier and applies

filtering techniques.

6.9.5. Advanced Analysis Tools
Simscape Electrical also provides tools for analyzing and optimizing power electronics
systems:
o FFT Analyzer:
o Performs frequency-domain analysis to identify harmonic distortion.
o State-Space Representation:
o Enables dynamic system analysis for control optimization.
o Thermal Modeling:

o Models heat dissipation and losses in power electronics devices.

6.10. Specialized Power Systems: Utilities

In Simscape Electrical, "Utilities" refer to tools and blocks that assist in the configuration,
simulation, and analysis of electrical systems. These utilities help with tasks such as
measuring electrical quantities, setting up simulation parameters, and managing

interactions between different components within a model.
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Figure 6.8: Simscape Electrical Specialized: Power Electronics
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6.10.1. Measurement Blocks
o Voltage Measurement: Measures the voltage between two circuit nodes.
Usage:
o Insertthe block between two points where voltage measurement is required.
e Current Measurement: Measures the current flowing through a circuit branch.
Usage:
o Place this block in series with the circuit component where current
measurement is needed.
o Power Measurement: Calculates the instantaneous power consumed or generated
by a component.
Usage:
o Used in conjunction with voltage and current measurement blocks to

compute power across different circuit sections.

6.10.2. Simulation Configuration Utilities

o Solver Configuration: Defines solver settings for Simscape models, ensuring
accurate and efficient simulations.
Parameters:

o Solver type: Choose between variable-step and fixed-step solvers.

o Tolerance settings: Adjust simulation accuracy.
Applications:

o Usedin every Simscape model to ensure proper solver selection for the type
of simulation being executed.

e PS-Simulink Converter: Converts physical signals from Simscape blocks into
Simulink signals, enabling interaction between both environments.
Usage:

o Required when a Simulink block processes data from a Simscape model.

o Simulink-PS Converter: Converts Simulink signals into physical signals for use in
Simscape blocks.
Usage:

o Used to input Simulink-generated data (such as control signals) into

Simscape models.
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6.10.3. Initialization and Logging Utilities

o Initial Condition Settings: Allows users to specify initial conditions for simulation
variables, crucial for starting the simulation from a known state.

o Usage:

o Used to initialize capacitor charge, inductor flux, or switch states.

o Data Logging and Visualization: Tools such as oscilloscopes, "To Workspace"
blocks, and recorders capture and visualize simulation results for analysis.
Usage:

o Oscilloscopes provide real-time signal visualization, while "To

Workspace" blocks store data for post-simulation analysis.

6.10.4. Model Configuration and Management

o Configuration Reference: Allows defining and managing global parameters across
multiple models or components.

o Usage:

o Useful for managing simulation time, solver settings, and data
import/export parameters in large-scale or collaborative projects.

e Powergui: A specialized block for managing and configuring power system
simulations, particularly when using Specialized Power Systems blocks.
Features:

o Load Flow Analysis: Performs power flow calculations on electrical
networks.

o FFT Analysis: Conducts harmonic analysis of waveforms using Fast Fourier
Transform (FFT).

o Steady-State Analysis: Determines the steady-state operating conditions

of power systems.

6.10.5. Control and Logic Utilities

o Logical Operator: Performs logical operations (AND, OR, NOT) on input signals,
commonly used in control systems and decision-making processes.

Usage:
o Useful in simulations that require switching between states or controlling

power electronics operation.

o Switch: Acts as a conditional switch between different signals or states in a model.

Usage:
o Used to toggle connections or control signals based on specific conditions

during simulation.
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6.10.6. Advanced Utilities

Model Reference: Allows integrating one Simulink model within another, enabling
modular design and simulation.
Usage:

o Useful in large systems where different subsystems are developed separately

but need to be simulated together.

Variant Subsystem: Manages multiple versions of a subsystem within a model,
enabling easy switching between different design options or configurations.
Usage:

o Essential for testing various design scenarios or developing models that

must adapt to different operating conditions.

6.11. Specialized Power Systems: Powergui

The Powergui block is a central component in Simulink’s Specialized Power Systems library,

essential for configuring electrical simulations, performing analyses, and visualizing results.

It provides users with various tools to manage simulation settings, machine initialization,

harmonic analysis, and network visualization.

The Powergui and Control blocks in Specialized Power Systems provide critical

functionalities for power system simulation, stability analysis, and control strategy

implementation. These tools enable:

Accurate transient and steady-state analysis.
Efficient power quality evaluation (THD, harmonics, power flow).

Advanced control strategies for voltage, frequency, and power management.

These features make Simscape Electrical an indispensable tool for power system engineers,

researchers, and industrial applications.

6.11.1. Key Features of Powergui

1. Simulation Mode Configuration

The Powergui block allows selecting from three different simulation mode:

Continuous-time simulation: Solves differential equations in continuous time,
required for high-precision transient analysis.

Discrete-time simulation: Simulates the electrical network at discrete time steps,
useful for real-time simulations or digital sampled systems (faster but less
accurate than continuous-time).

Phasor simulation: Solves equations using phasors (complex numbers) in steady-

state sinusoidal conditions, ideal for large-scale power system stability studies.
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Example:

e If analyzing transformer inrush currents, continuous-time simulation captures fast
transient effects.

o For steady-state power flow analysis, phasor simulation is preferable.

2. Electrical Machine Initialization

Powergui enables setting initial conditions for synchronous and asynchronous machines,
ensuring simulation stability, especially in transient studies.

Example:

e In a power plant simulation with multiple synchronous generators, the Powergui
initialization tool helps define initial rotor positions and stator currents, preventing
unwanted oscillations.

3. Harmonic Analysis

The harmonic analysis tool in Powergui measures voltage and current distortions, which is
crucial for power quality evaluation.

Example:

e In an industrial power network, harmonics from power converters can degrade
performance.

o Powergui’'s harmonic analysis helps quantify and mitigate these effects using
active/passive filters.

4. Total Harmonic Distortion (THD) Measurement

Powergui computes THD (Total Harmonic Distortion) for voltage and current signals, a key
metric for power quality compliance (IEEE 519, I[EC standards).

Example:

e When simulating an inverter, Powergui calculates THD in the output voltage

waveform, ensuring it meets power quality standards.
5. Power System Visualization
The network visualization tool allows plotting and analyzing voltages, currents, and power
flows across the system.
Example:
e In a renewable energy grid model, visualization helps monitor power fluctuations
from wind and solar sources and optimize energy storage placement.
6. Dynamic Power System Simulations
Powergui enables simulating dynamic events such as voltage dips, short circuits, and load
changes, essential for network stability assessments.
Example:
e If modeling a substation response to a short circuit, Powergui can simulate breaker

operations and transient fault currents.
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6.11.2. Practical Use of Powergui

1. Adding Powergui to a Model

o When creating a power system model in Simulink using Specialized Power
Systems, Powergui must be included for simulation to run.
Configuring Simulation Settings
o Open Powergui and select Continuous, Discrete, or Phasor mode depending
on the study objective.
Initializing Electrical Machines
o If using motors or generators, initialize rotor position and stator currents
to avoid instability.
Running the Simulation
o Start the simulation and observe real-time waveforms of voltage, current,
and power.
Post-Simulation Analysis
o Use Powerguitools to analyze harmonics, compute THD, and assess power

quality.

6.12. Specialized Power Systems: Control

The Control category in Simscape Electrical’s Specialized Power Systems includes

blocks for regulating power system performance, ensuring voltage stability, frequency

control, and dynamic compensation in industrial and grid applications.

6.12.1. Key Control Blocks

1. Voltage and Current Control

Voltage Regulator
o Function: Maintains a constant voltage level by adjusting system
components (transformers, generators).
o Parameters:
= Reference Voltage: Target voltage value.
= Transient Response: Defines response speed and stability.
o Applications:
* Used in distribution networks to maintain voltage levels.
Current Controller
o Function: Controls current flow by adjusting power device parameters.
o Parameters:

= Reference Current: Target current value.
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= Regulation Band: Acceptable fluctuation range.
o Applications:
= Used in motor drives and power converters for precise current

control.

2. Frequency Control
o Frequency Regulator
o Function: Maintains stable system frequency in power grids.
o Parameters:
= Reference Frequency: Typically 50 Hz or 60 Hz.
= Dynamic Response: Defines reaction speed to load changes.
o Applications:

= (ritical for interconnected power grids to prevent blackouts.

3. Power Flow Control
e Power Flow Controller
o Function: Regulates active and reactive power flow in the system.
o Parameters:
= Active Power Setpoint (P): Target active power value.
= Reactive Power Setpoint (Q): Target reactive power value.
o Applications:

» Essential for load balancing and optimal energy distribution.

4. Dynamic and Reactive Power Compensation
e STATCOM (Static Synchronous Compensator)
o Function: Provides real-time reactive power compensation to stabilize
voltage.
o Parameters:
= Compensation Capacity: Maximum reactive power
injection/absorption.
= Voltage Regulation Setpoint: Target voltage level.
o Applications:
= Used in smart grids to maintain power stability.
e SVC (Static Var Compensator)
o Function: Regulates reactive power to improve network stability.

o Parameters:
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= Compensation Capacity: Amount of reactive power controlled.
= Response Time: Speed of reactive power adjustment.
o Applications:

» Used in transmission networks to reduce voltage fluctuations.

5. Phase-Locked Loop (PLL)
o Phase-Locked Loop (PLL)
o Function: Synchronizes signals with a reference phase in grid-connected
applications.

o Parameters:
= Reference Frequency: Synchronization target (50/60 Hz).
= Response Time: Locking speed.

o Applications:
= Essential for inverters, motor drives, and renewable energy

systems.

6. Control Logic
o Control Switch
o Function: Switches system states based on predefined conditions.
o Parameters:
= Switching Conditions: Criteria for transitioning between states.
o Applications:
» Used in microgrid management, switching between grid-connected

and islanded modes.

6.13. Case Study: Simulation Example

This section illustrates the use of Simscape Electrical (or another simulation environment
such as Simulink) to model and analyze a simple electrical system. The example will guide
you through the essential steps to build, configure, simulate, and analyze an electrical

system model.

6.13.1. Objective of the Example

The goal of this simulation is to model a simple power distribution system, including a
voltage source, a resistive load, and current/voltage measurement tools. The objective
is to analyze the system's behavior and visualize simulation results.

6.13.1.1. Simulation Steps
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1. Model Creation
e Launch Simulink: Open MATLAB and start Simulink.
o New Model: Create a new model via File > New > Model.
e Add Components:
o Voltage Source: Add an AC voltage source from Simscape > Electrical >
Specialized Power Systems > Sources.
o Resistive Load: Add a resistor from Simscape > Foundation Library >
Electrical > Electrical Elements > Resistor.
o Voltage & Current Measurement: Use Voltage Measurement and Current
Measurement blocks.
o Scope: Add a Scope from Simulink > Sinks > Scope to visualize signals.
2. Component Connections
e Connect the voltage source in series with the resistive load.
e Connect the voltage measurement block across the resistor terminals.
o Connect the current measurement block in series with the resistor.
e Link measurement blocks to the Scope to display results.
3. Model Configuration
e Powergui: Add the Powergui block for simulation settings.
e Solver Configuration: Inside Powergui, choose Continuous or Discrete mode.
o Initialization: Use Powergui’s initialization tools to set system initial conditions if
necessary.
4. Running the Simulation
o Set Simulation Duration: Define the time range (e.g., 1 second).
o Start the Simulation: Click the Run button to execute.
5. Result Analysis
o View Signals: Open the Scope to observe voltage and current waveforms.
e FFT Analysis: Use Powergui’s FFT tool to analyze the frequency spectrum.
o Evaluate System Response: Identify key parameters like voltage peaks, frequency
response, and power dissipation.
6. Modification and Reanalysis
e Parameter Adjustments: Modify voltage source settings or load resistance.

e Re-run the Simulation: Observe how changes affect system behavior.

6.13.2. Example 1: Simulating a Series RL Circuit
For a more complex system, model a series RL circuit and analyze its transient response.

1. Add an Inductor:
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o Go to Simscape > Foundation Library > Electrical > Electrical Elements >
Inductor and add an inductor in series with the resistor.
2. Advanced Initialization:
o Use Powergui to initialize inductor states.
3. Transient Analysis:
o Run the simulation and observe the current response when a voltage step is

applied.

6.13.3. Example 2: Simulating a Series RLC Circuit
This example studies the transient and steady-state response of a series RLC circuit
under a sinusoidal excitation.
Simulation Steps
1. Model Creation
o Voltage Source: Use an AC sinusoidal source from Simscape > Electrical >
Specialized Power Systems > Sources.
e Circuit Components: Add resistor, inductor, and capacitor in series from
Simscape > Foundation Library > Electrical > Electrical Elements.
e Measurement Blocks: Measure voltage across the capacitor and circuit current.
e Scope: Add a Scope for waveform visualization.
2. Model Configuration
o Powergui: Add and configure the Powergui block.
e Solver: Select an appropriate solver (continuous or discrete).
3. Execution and Analysis
e Run the simulation to observe:
o Transient response (overshoot, damping effects).
o Steady-state response (sinusoidal oscillations).
« Resonance Analysis: Adjust the source frequency to find the natural resonance

frequency of the circuit.

6.13.4. Example 3: Modeling a DC Motor
This example models a DC motor under a variable load and analyzes its performance.
6.13.4.1. Simulation Steps
1. Model Creation
o DCVoltage Source: Add a DC voltage source.
o DC Motor: Use a DC motor block from Simscape > Electrical > Specialized Power

Systems > Machines.

Course : Simulation software - 146 - Dr. Ali Abderrazak TADJEDDINE



Chapter 6: Simscape Electrical

e Load: Model a mechanical load (e.g., torque proportional to speed).
e Measurement Blocks: Measure rotational speed, armature current, and torque.
e Scope: Add a Scope for visualization.
2. Model Configuration
o Powergui: Configure Powergui for dynamic simulation.
e Solver: Set a solver for motor dynamics.
3. Execution and Analysis
e Observe system behavior during start-up, steady-state, and variable load
conditions.

e Analyze transient response and motor stability under different load conditions.

6.13.5. Example 4: Modeling a Photovoltaic (PV) System
This example simulates a simple photovoltaic (PV) system to study solar energy
conversion.
6.13.5.1. Simulation Steps
1. Model Creation
e PV Panel: Add a PV array block from Simscape > Electrical > Specialized Power
Systems > Renewable Energy.
o DC-DC Converter: Add a DC-DC converter to regulate voltage.
o Load: Use a resistive load or battery storage block.
e Measurement Blocks: Measure output voltage, current, and power.
e Scope: Add a Scope to visualize results.
2. Model Configuration
e Powergui: Configure Powergui.
o Simulation Conditions: Set irradiance and temperature parameters.
3. Execution and Analysis
e Run simulation and observe PV output variations under different sunlight
conditions.
e Optimize performance using an MPPT (Maximum Power Point Tracking)

algorithm.

6.13.6. Example 5: Active Filter for Harmonic Reduction

This example models an active filter to reduce harmonics in an AC power system.
6.13.6.1. Simulation Steps

1. Model Creation

e ACVoltage Source: Add an AC source with harmonic distortion.
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e Nonlinear Load: Model a nonlinear load (e.g., rectifier) to generate harmonics.
e Active Filter: Add an active filter block to compensate for harmonics.
o Measurement Blocks: Measure harmonic current before and after filtering.
e Scope: Add a Scope for visualization.
2. Model Configuration
o Powergui: Configure Powergui.
e Solver: Select a solver suitable for filter dynamics.
3. Execution and Analysis
e Run simulation and analyze harmonic currents before and after filtering.

e Use FFT analysis in Powergui to observe harmonic reduction.

6.14. Conclusion

This chapter has provided you with a comprehensive understanding of the Power
System Blockset (PSB) in Simulink, with a focus on its application to the modeling and
simulation of power electrical systems. Through theoretical concepts and practical
examples, you have learned to analyze the behavior of electrical systems under various
operating conditions, ranging from basic circuits to complex networks.

The integration of Specialized Power Systems libraries and tools such as powergui has
enabled you to explore advanced methods for harmonic analysis, transient management,
and power flow studies. These skills are essential for electrical engineers, equipping them
with the ability to design, simulate, and optimize electrical networks with greater
accuracy and efficiency.

By mastering these techniques, you will be better prepared to address challenges related to
distribution networks, protection systems, and renewable energy, which are key areas

for the development of modern electrical infrastructures.

Through practical examples, you learned to:
o Analyze electrical systems under various conditions.
o Optimize system performance and stability.

e Apply these techniques to real-world power system engineering challenges.
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