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Preface

Power electronic systems are widely used today to provide power processing for
applications ranging from computing and communications to medical electron-
ics, appliance control, transportation, and high-power transmission. The
associated power levels range from milliwatts to megawatts.

Modeling and simulation are essential ingredients of the analysis and design
process in power electronics. They help a design engineer gain an increased
understanding of circuit operation. With this knowledge the designer can, for
a given set of specifications, choose a topology, select appropriate circuit com-
ponent types and values, estimate circuit performance, and complete the design
by ensuring that the circuit performance will meet specifications even with the
anticipated variations in operating conditions and circuit component values.

Power electronics systems are nonlinear variable structure systems. They
involve passive components such as resistors, capacitors, and inductors, semi-
conductor switches such as thyristors and MOSFETsS, and circuits for control.
The analysis and design of such systems presents significant challenges. Fortu-
nately, increased availability of powerful computer and simulation programs
makes the analysis/design process much easier.

PLECS® (Piecewise Linear Electrical Circuit Simulation) is one of the mod-
ern circuit simulators developed by Plexim® (www.plexim.com). Using
PLECS, simulation of power electronics converters can be done easily in a
user-friendly environment. PLECS has a rich component library. Its library
contains electrical components (resistors, inductors, capacitors, semiconductor
switches, OP-AMPs, electrical machines, etc.), magnetic components (mag-
netic cores, air gap, winding, mmf source, etc.), thermal components (heat sink,
thermal resistor/capacitor, thermometer, etc.), mechanical components (force/
speed/position sensor, mass, spring, mechanical loads, etc.). PLECS simulation
runs quite fast, as well. PLECS has another nice aspect: the trial version of
PLECS can be used free of charge for period of 1 month.

PLECS comes in two versions: standalone and Simulink® versions. Standa-
lone version uses its own solver and it can run independently. Simulink version
(as the name suggests) runs under the Simulink program and uses the Simulink
solver. The Simulink version has a big advantage: when you use the Simulink
version of PLECS, you can use all the Simulink blocks in your simulations. This
can simplify the simulation considerably. For example, when you want to sim-
ulate a power electronics converter, which uses fuzzy logic controller, there is
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no need to implement the controller block from ground up. You simply use the
ready-to-use fuzzy logic controller block of Simulink.

This book tries to show you how simple you can simulate the power elec-
tronics converter circuits in PLECS environment. The prerequisite for this book
is a first course on power electronics. The studied examples are selected among
the most basic circuits of power electronics. All the details are shown, so you
can follow the examples easily. It is highly recommended to do some hand cal-
culations for the given examples and compare the results with the one produced
by PLECS. Try to find the source of discrepancy if hand analysis and simulation
results are not the same. This helps you to learn the concepts deeply. For
instance, the voltage drop of diodes is neglected in hand analysis. So, the hand
analysis result (which ignores the voltage drop of diodes) and simulation result
(which considers the voltage drop of diodes) are not the same.

We want to acknowledge the Plexim for providing the access to PLECS
during the writing of this book. We hope that this book will be useful to the
readers, and we welcome comments on the book. Enjoy the world of PLECS!

Farzin Asadi
Kei Eguchi
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Introduction

This chapter gives you a brief introduction about the PLECS and this book.

1.1 What is PLECS?

PLECS (Piecewise Linear Electrical Circuit Simulation) is a software tool for
system-level simulation of electrical circuits developed by Plexim [1].
Working with PLECS is quite easy. It has a powerful component library to
let you simulate almost every circuit. Your simulation can contain electrical
blocks (for instance, semiconductor switch), thermal blocks (for instance, heat
sink), magnetic blocks (for instance, a magnetic core), control blocks (for
instance, PI controller) and mechanical blocks (for instance, gearbox).
Fig. 1.1 shows the available libraries inside the PLECS. We will study these
libraries in future chapters. PLECS do the simulations quite fast as well.
PLECS comes in two versions:

e Standalone version,
e Simulink® version.

As the name suggests, the standalone version works independently. You can run
it without MATLAB®/Simulink. Simulink version of PLECS uses the Simulink
solver as its solver, while the standalone version uses GNU Octave as its numer-
ical engine in place of Simulink. When you work with the Simulink version, all
the MATLAB/Simulink blocks are accessible to you. So, you have the power of
Simulink behind you.

Plexim provides a free trial version of PLECS, which can be downloaded
from https://www.plexim.com/trial. You can use it for a period of 30days
(Fig. 1.2).

Simulation of Power Electronics Converters Using PLECS®. https:/doi.org/10.1016/B978-0-12-817364-0.00001-1
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1.2 What is this book?

This book tries to teach you how simply you can simulate a power electronics
converter in PLECS. We strongly suggest you to turn on your computer and
regenerate the book examples. Here is a quick review of future chapters:

Chapter 2 shows you the basic skills required to simulate any type of circuits
in PLECS. This chapter makes the basis for Chapter 3.

Chapter 3 studies simulation of different power electronics converters. It is a
good idea to do some pencil-and-paper analysis for the examples given in this
chapter and compare the results with the ones given by PLECS.

Chapter 4 does not gives you fish but teaches you fishing! We suggest you
some ways to learn more about the world of circuit simulation using PLECS.

References

[1] PLECS user manual available online at, https://www.plexim.com/download/documentation.

Further reading

[2] Allmeling, J.H., Hammer, W.P. (July 27, 1999). PLECS—piece-wise linear electrical circuit
simulation for Simulink. Proceedings of the IEEE 1999 International Conference on Power
Electronics and Drive Systems. Vol. 1: 355-360.
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Introduction

This chapter studies the fundamental skills one must have when using PLECS
standalone to simulate circuits. We show the required techniques using simple
circuits such as resistive voltage divider and first-order RC circuit. No power
converter is studied in this chapter. Power converter circuits are studied in
Chapter 3.

2.1 Example 2.1: Resistive voltage divider

In this example, we analyze the simple circuit shown in Fig. 2.1. We want
to find the resistor R2’s voltage and the current drawn from the 10-V source.
Using basic circuit theory, one can find the answer easily,

Simulation of Power Electronics Converters Using PLECS®. https:/doi.org/10.1016/B978-0-12-817364-0.00002-3
© 2020 Elsevier Inc. All rights reserved.
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1
| I—

R1=1000

L T

C 10V R2=2200|:

FIG. 2.1 Schematic of example 1.

Vro :% x10V=6.87Vand/ :m: 3.12mA. We want to obtain

these results using PLECS.

2.1.1 Preparing the simulation

After running the standalone version of PLECS, windows shown in Figs. 2.2
and 2.3 appear. We use the window shown in Fig. 2.3 to select the blocks that
are required to the simulation.

In order to open a new model, click on “New model” as shown in Fig. 2.4.
You can make a new model by clicking the File menu and selecting the “New
model” in the Library Browser window as well.

PLECS open a new window for you. Circuit diagrams are drawn in this win-
dow (Fig. 2.5).

ﬂ

Welcome to plegs 4.1
Open Recent Create
&5 Open... New model
Browse
Getting started
Documentation
Demo models
[ Dorit show again plexim

FIG. 2.2 PLECS start page.
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> Electrical

> Thermal

> Magnetic

> Mechanical

FIG. 2.3 PLECS Library Browser.

ﬁ

Welcome to plegs 4.1
Open Recent Create
5 Open... New model
Browse
Getting started
Documentation
Demo models
[] Donit show again plexim

FIG. 2.4 Creating a new model.



8 Simulation of power electronics converters using PLECS®

2 untitled - O X

File Edit View Simulation Format Window Help

FIG. 2.5 Schematic editor window.

It is a good practice to save the simulation file before starting drawing the
schematic (Fig. 2.6). To do this, use the File >Save menu to save the file.

We use the name of firstCircuit for this simulation. PLECS save the files
with .plecs extension (Fig. 2.7).

Use the Library Browser window to drag and drop the block named Voltage
Source DC to the working area (Fig. 2.8).

After drag and drop, working area look likes that shown in Fig. 2.9.

Use the Library Browser to add a resistor to the schematic (Figs. 2.10
and 2.11).

You can rotate the resistor R1 by clicking on it and pressing the Ctrl+R on
your keyboard (Fig. 2.12).

As another method, you can rotate R1 by right clicking on it selecting the
Rotate (Fig. 2.13).

Add another resistor to the schematic (Fig. 2.14).

Next step is connecting the parts together. When you bring the mouse
pointer near to the parts terminals, mouse pointer changes to a “+” sign. You
push down the mouse left button at the source terminal and release it at the
desired destination terminal (Fig. 2.15).

We can now set the components values. To do this, double click on the com-
ponent and enter the desired value. When you check the small box behind the
input text boxes, PLECS shows the value entered to that text box in the sche-
matic. For example, if we check the small box behind the Voltage: box (see
Fig. 2.16), we will see the schematic shown in Fig. 2.17.

We set the values of remaining parts (Figs. 2.18 and 2.19). After setting the
components values, schematic looks like that shown in Fig. 2.20.
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£ untitled = O X
File Edit View Simulation Format Window Help

New... L4

Open... Ctrl+O

Open Recent 4
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Close Ctrl+F4

Save as...
Export schematic... Ctrl+Shift+E

Circuit permissions...

Print... Ctrl+P
Page setup... Ctrl+Shift+P

PLECS Preferences...

PLECS Extensions...

Quit PLECS

FIG. 2.6 Saving the schematic.

] save File X
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4 Windows (C:)
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FIG. 2.7 Specifying a path for saving the simulation file.
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[ Library Browser ~— — O X

File Window Help
Q, search components
> System

> Assertions

» Control

v Electrical

v Sources

(%) Voltage Source (Controlled)

(%) Voltage Source DC

(’:f; Voltage Source AC

'@ Voltage Source AC (3 phase)

Ci) Current Source (Controlled)

(i) Current Source DC N

Voltage Source DC
Generate a constant voltage.

FIG. 2.8 DC voltage source block.

B firstCircuit - 0

File Edit View Simulation Format Window Help

O

FIG. 2.9 Placing the voltage source to the schematic.
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[ Library Browser — — | X
File Window Help

Q search components

> System

> Assertions

> Control

™ Electrical

> Sources

> Meters

Vv Passive Components

Resistor
Inductor

—t
i

§
|

Capacitor

Wwindings)

g Mutual Inductor (3

g Mutual Inductor (2
I Windings) v

Resistor
Ideal resistor.

FIG. 2.10 Resistor block.

FIG. 2.11

£ firstCircuit ™

— O

Edit View Simulation Format Window Help

Ovse  [Ju

Placing the resistor block on the schematic.
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B firstCircuit - 0 X

File Edit View Simulation Format Window Help

R

FIG. 2.12 Rotating the resistor.

B firstCircuit * — O X

File Edit View Simulation Format Window Help

v_de g

R1 Cut Ctrl+X
Copy Ctrl+C
Delete Del
Format D Flip Left/Right  Ctrl+F
Create subsystem Ctrl+G Flip Up/Down Ctrl+|

Rotate Ctrl+R
Parameters...
Help ¥ Show name Ctrl+Shift+N
————————————

FIG. 2.13 Rotating the resistor.

In order to measure the output voltage, we must add a voltmeter to the sche-
matic (Figs. 2.21 and 2.22).

Output of voltmeter must be connected to a display to see the waveform. We
use a scope block to observe the resistor R2 voltage (Figs. 2.23 and 2.24).

You can ground the circuit by adding a “Electrical Ground” block to your
schematic. It is a good practice to use the Electrical Ground block in all of your
simulations. “Electrical Ground” can be found in the system menu (Fig. 2.25).
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) firstCircuit * - O X

File Edit View Simulation Format Window Help

of o

R1
V_dc

FIG. 2.14 Placing the resistor R2 on the schematic editor.

B firstCircuit ™ - O X

File Edit View Simulation Format Window Help

R1

V_de
R2

FIG. 2.15 Connecting the parts together.

Assume that you forgot the place of “Electrical Ground” block. PLECS con-
tains hundreds of blocks and it is not possible to memorize each blocks place.
You can use the “Search components” box of Library Browser. Just type name
of the block you need. For example, if you forgot the “Electrical Ground,” place
just type “ground” in the “Search components” box and press the Enter key on
your keyboard (Fig. 2.26).

After adding the “Electrical Ground,” schematic looks like that shown in
Fig. 2.27.
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] Block Parameters: firstCircuit/V_dc X
Voltage Source DC
Generate a constant voltage.

Parameters Assertions

Voltage:
10 L &2

o] [ o | [ [

FIG. 2.16 1If you check the small box behind the textboxes, PLECS shows that value on the
schematic.

Bl firstCircuit * — 0 X

File Edit View Simulation Format Window Help

| |
L J
R1
V_dc
V: 10

R2

FIG. 2.17 PLECS shows the DC voltage source value (10V) on the schematic.

Our schematic is ready for simulation now. Before simulating the schematic,
we must do some settings (Fig. 2.28). For instance we must tell PLECS to use
which type of solver, how accurate results must be, simulation length, etc. These
types of settings are done with the aid of “Simulation parameters...”
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[ Biock Parameters: firstCircuit/R1 X
Resistor
Ideal resistor.
Parameters Assertions
Resistance:

[1000 &2

FIG. 2.18 Specifying the value of resistor R1.

) Block Parameters: firstCircuit/R2 X
Resistor
Ideal resistor.
Parameters Assertions

Resistance:

[2200] IO

[oc J[ concel |ty || heo |

FIG. 2.19 Specifying the value of resistor R2.
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E] firstCircuit * - (]

File Edit View Simulation Format Window Help

X

| |
—J
R1
V_dc R:1000
Vi 10 R2

R: 2200

FIG. 2.20 Schematic editor after specifying the parameter values.

FIG. 2.21
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2 firstCircuit * - [m] X

File Edit View Simulatien Format Window Help

—
1
R1
v_dc R: 1000 &
Vi 10 R2 vm1

R: 2200

FIG. 2.22 Connecting the voltmeter to the circuit.
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FIG. 2.23 Scope block.
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3 firstCircuit - =

File Edit View Simulation Format Window Help

—
I,
R1
v_de R: 1000 L3
V: 10 R2 Vmi

R: 2200

FIG. 2.24 Connecting the scope block to the output of voltmeter.
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FIG. 2.25 Electrical Ground block.



Basics of circuit simulation with PLECS Chapter | 2
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Electrical Ground
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Controlled Temperature
(Grounded)

Constant Temperature
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Thermometer (Grounded)
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File Window Help
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v System
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FIG. 2.26 Searching for block.
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1
7
R1
v_dc R: 1000 +
V: 10 R2 Vm1
R: 2200
Scope

FIG. 2.27 Grounding the circuit.
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[ firstCircuit * - m]
File Edit View | Simulation Format Window Help
Start Ctrl+T
Pause Space
Simulation parameters.,  Ctrl+E
Analysis tools... Ctrl+Shift+Y
v_de Simulation scripts... Ctrl+Shift+T
Vi 10 s YTy
R: 2200
Scope

FIG. 2.28 Simulation parameter is used to specify the simulation setting (i.e., stop time, solver

type, max step size, etc.).

In this example, we want to ask PLECS to simulate the circuit for an interval
of length 1s. To do this, after clicking the “Simulation parameter,” we set the
“Stop time:” box to 1.0 as shown in Fig. 2.29. Leave the other settings

unchanged.

To simulate the schematic, click on “Start” or press the Ctrl+T on your key-

board (Fig. 2.30).

E simulation Parameters: firstCircuit

Solver  Options  Diagnostics  Initialization

Simulation time

Start time: 0.0

Solver
Type: |Variable-step
Solver options

Max step size: |le-3

RSO —

Circuit model options

Relative tolerance: |le-3

Initial step size: Absolute tolerance: |auto ]

Diode turn-on threshold: [0

Cox ]

Cancel

Apply Help

FIG. 2.29 Simulation Parameter window.
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B firstCircuit - O X

File Edit View Simulation Fermat Window Help

Start Ctrl+T
Pause Space
Simulation parameters... Ctri+E
Analysis tools... Ctrl+Shift+Y
Simulation scripts... Ctrl+Shift+ T

e VT
‘T[R: 2200

FIG. 2.30 Starting the simulation can be done by clicking the Start.

&8 firstCircuit/Scope = O X

File Edit View Window Help

) ©QAQ 0 -8B = & O

FIG. 2.31 Simulation result (R2 voltage).

To see the resistor R2 voltage, double click the scope block. Fig. 2.31 shows
the result.

2.1.2 Adding title to the scope

As shown in Fig. 2.31, axes have no titles. In order to add titles to the scope,
click on “Scope parameters” icon. After clicking the icon, the window shown
in Fig. 2.32 will appears.

Go to the “Plot 1” tab (Fig. 2.33).

Enter the desired title and axis label into the “Title:” and “Axis label:” boxes
(Fig. 2.34). After clicking the “OK” button, PLECS adds the entered texts to the
graph (Figs. 2.35 and 2.36).
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B8 firstCircuit/Scope =7 O X

File Edit View Window Help ‘
eoQ@d f-m xm = @

Scope parameters :

FIG. 2.32 Scope parameters icon.

B8 Scope Parameters: firstCircuit/Scope X

Parameters

ar

Number of plots: Ill
Sample time: [1 ‘
] Limit samples: 100000

Time axis Plot 1

Display time axis: |Bottom plot only v

Time axis label:

Time range: ® Auto
(O custom:
Scroling mode:  |paged -

[ ok | conce Apply Help

FIG. 2.33 Scope parameters window.

2.1.3 Setting the axis limits

You can set the axis lower/upper bound by double clicking on them. For exam-
ple, if we double click on the Y axis, the windows shown in Fig. 2.37 appears,
which lets us to enter the lower and upper value for the Y axis.
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8 Scope Parameters: firstCircuit/Scope X
Parameters
Number of plots: |1 &l
Sample time: [« |
O Lﬁtwooo

| Tmeas | Plot1
Tite: | |

Ydimits: (@) Auto [] Keep baseline: o

O Ymin: 0 Y-max: 1

[k ][ concel || oy | rneb |

FIG. 2.34 Plot 1 tab of Scope parameters window.

B Scope Parameters: firstCircuit/Scope X
Parameters
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FIG. 2.35 Specifying the desired title and axis label.
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FIG. 2.37 Y-Axis Zoom window.

2.1.4 Change the properties of the shown waveform

You can change the properties of the waveform shown in the scope by right
clicking on the scope screen and select the “Edit curve properties.”
(Figs. 2.38 and 2.39)

2.1.5 Reading the values using cursors

You can read the waveform values easily with the cursors (Fig. 2.40).
After clicking the cursors, two cursors are added to the scope. You can bring
them to the desired places (Fig. 2.41).
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FIG. 2.38 “Edit curve properties” is used to specity the desired curve properties.
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Restore Defaults| | ok Cancel

Apply

FIG. 2.39 Specitying the desired curve properties.

Using cursors one can measure the time difference between two cursors,
minimum/maximum/average/RMS/THD of waveform captured between two
cursors. To do such measurements, you must click the small triangle behind
the cursors icon. After clicking the small triangle, a menu will appear

(Fig. 2.42).

For example, assume that we want to find the time difference between the
two cursors. We must click the “Delta” (see Fig. 2.43) to find the time differ-
ence. After clicking the “Delta,” PLECS shows the time difference.

Note the lock icon shown in Fig. 2.43. It is an open lock meaning that you

can slide each cursor independently (Fig. 2.44).



26 Simulation of power electronics converters using PLECS®

B firstCircuit/Scope
File Edit View V Help

0QQ 0 H¥-m wm & ©

FIG. 2.40 Cursor icon.
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Name Cursor 1 Cursor2
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FIG. 2.41 After clicking the cursor icon, 2 cursors are appear.

If you click on the lock icon it will change to a close lock. In this case, you
can slide either of cursors, but the other one moves as well, i.e., two cursors are
dependent. The difference between two cursors is constant and (in this example)

is equal to 0.333s (Fig. 2.45).

2.1.6 Zoom in/out

Use the magnifier icon to zoom in/out the waveform shown in the scope

(Fig. 2.46).
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FIG. 2.42 Menu appeared after clicking the small triangle.
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FIG. 2.43 Difference (both time difference and voltage difference) is calculated and shown on the
Data window.

For example if you want to see the [0.4S, 0.6S] time interval with more
detail, use the @)\ icon. After clicking the Q icon, left click around the

0.4 S and move the mouse pointer toward the 0.6 S. After reaching the desired
destination, release the mouse button. After releasing the mouse button, PLECS
zoom into the selected region (Figs. 2.47 and 2.48).
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FIG. 2.44 Open lock.
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FIG. 2.45 Closed lock.

Application of Q icon is not limited to horizontal zooming. You can use it
to do vertical zooming as well (Figs. 2.49 and 2.50).

PLECS memorizes the settings of scope each time you do zooming. Use the
Q and @ icons to move between different views. For example, if you do
zooming and you are not happy with the new view, you can return to previous
view simply by clicking on the return icon ( ) ) (Fig. 2.51).
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FIG. 2.46 Zoom icons.
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FIG. 2.47 Selecting the 0.4-0.6s interval.

2.1.7 Exporting the scope block waveforms

You can simply export the waveform shown in the scope by clicking “Export”
and select the desired format (Fig. 2.52).

If you want to write a report and show the obtained waveforms, use the “as
Bitmap...”. It makes a .bmp file for you, which you can put it easily into your
report. After clicking the “as Bitmap...,” the window shown in Fig. 2.53 will
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FIG. 2.48 PLECS zoom into the selected region.
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FIG. 2.49 Zooming the Y axis.

appear. Enter the desired width and height into the “Width” and “Height” boxes.
Use the “Image settings” section to set the produced image quality. Generally,
“Resolution (dpi): 72” and “Quality (0-100): 80 is good for most applications,
but you can increase them at the cost of produced larger file. For instance, while
“Resolution (dpi): 72 and “Quality (0—100): 80 produces only 8 KB, “Res-
olution (dpi): 600 and “Quality (0—100): 80” produces a 152-KB file.

You can copy the waveform shown in the scope into the Windows clipboard.
This capability is useful when you want to edit the obtained waveform in a
graphic software. In order to copy the waveform into the clipboard, click
The “Copy...” (Fig. 2.54).
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FIG. 2.50 Zoomed Y axis.
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FIG. 2.51 Using the arrows, you can move between the different views.

After clicking the “Edit...,” the window shown in Fig. 2.55 will appear. Do
the desired settings and click on the “Copy to Clipboard” button.

2.1.8 Exporting the drawn schematic

You can export the drawn schematic easily with the “Export schematic...”
(Fig. 2.56).

After clicking the “Export schematic...,” the window shown in Fig. 2.57
will appear. Select the desired resolution and press the “OK” button. After



32 Simulation of power electronics converters using PLECS®

[ B8 firstCircuit/Scope - a X

File Edit View Window Help
Load trace data...

Save trace data...

Scope parameters...

Page setup... Ctrl+ShiftsP
Print... Ctrl+P

Export »

PLECS Preferences... 2s Bitmap...

PLECS Extensions...

|Dah

| Name Cursor 1 Cursor 2 Delta

{ Time 0.413781 0.746781 0.333 &
™ Plot 1 l

| Vm1 ~~ 6.875 6.875 0o

FIG. 2.52 Exporting the scope graphs as Bitmap(.bmp) file.
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FIG. 2.53 Page Setup window.
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FIG. 2.54 Copying the scope graphs into the Windows clipboard.
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FIG. 2.55 Page Setup window.
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FIG. 2.56 Exporting the schematic as graphic file.
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FIG. 2.57 Bitmap Properties window.

pressing the “OK” button, you must specify a place to save the file. Exported
schematic is shown in Fig. 2.58. You can use the exported graphic file for the
purpose of documentation.

You can even copy the schematic to Windows clipboard. To do this, use the
“Copy as image.” You can paste the image in the graphical or word processor
software (Fig. 2.59).

R1

R: 1000 *
V_de R2 vm1

R: 2200
1

FIG. 2.58 Exported graphic file.

Scope
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FIG. 2.59 Copying the schematic into the Windows clipboard.

2.1.9 Display block

DC quantities can be displayed easily with the aid of “Display” block (Figs. 2.60
and 2.61).

2.1.10 Changing the block names

Selection of meaningful names for components is an important issue since it
simplifies the understanding of circuit. You can change the default components
names easily by double clicking on their name and writing the new name
(Figs. 2.62 and 2.63).

2.1.11 Hiding the block names

You can ask PLECS not to show the component name if you prefer to do so. To
hide the component name, simply right click on the component and uncheck the
“Show name.” After unchecking the “Show name,” the components name will
be hidden (Figs. 2.64 and 2.65).

2.1.12 Adding text to the schematic

You can add text to the schematic by double clicking on the schematic and writ-
ing the desired text into the appeared box (Fig. 2.66).
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FIG. 2.60 Display block.
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FIG. 2.61 Adding the display block to the schematic.



Basics of circuit simulation with PLECS Chapter | 2 37

B firstCircuit * - ] X

File Edit View Simulation Format Window Help

===+ R: 1000 +
N de! R2 vmi 7—|§|
R: 2200

Scope

FIG. 2.62 Renaming the components.
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FIG. 2.63 Schematic with new names.

2.1.13 Ammeter block

You can add an ammeter to the circuit in order to see the circuit current. To do
s0, first click on the wire connecting the source to the resistor R1. Press the key-
board “Delete” key to remove that wire (Figs. 2.67 and 2.68).

After wire has been removed, add an ammeter in its place. Connect the out-
put port of ammeter to a scope in order to see the waveform (Figs. 2.69-2.71).

It is a good practice to select meaningful names for scopes. This makes the
understanding of circuit easy. You can change the scope labels easily by double
clicking on the current label (“Scope” and “Scopel” in Fig. 2.72) and writing
the new label in the opened box.

If we run the simulation we obtain the result shown in Fig. 2.73.
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FIG. 2.64 Show/hide the block names.
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FIG. 2.65 Input source name is hided.

If we use the Q icon, we can obtain a closer look of the current waveform.
As expected, result is 3.12mA (Fig. 2.74).

2.1.14 Wire colors

Power electronics converters are composed of a power circuit and a control
algorithm. PLECS shows the power circuit components in black and control
(or measurement) signals in green (Fig. 2.75).

You cannot connect components designed for power circuit to control (or
measurement) signals (Fig. 2.76).
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FIG. 2.68 Remove the selected wire by pressing the Delete key on keyboard.
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FIG. 2.69 Ammeter block.
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FIG. 2.70 Adding an ammeter block to the schematic.
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FIG. 2.73 Current scope waveform.
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FIG. 2.74 Zooming the Current scope waveform. Circuit current is about 3.12mA.
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FIG. 2.76  You cannot connect power circuit components to control signals.
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FIG. 2.77 Moving Average block.

Green signals (control or measurement signals) can connect to blocks, which
can process them. For example, you can connect output of a voltmeter to a
“Moving Average” block since it can process the measured voltage but you can-
not connect the output of a voltmeter to a capacitor (Figs. 2.77 and 2.78).

2.2 Example 2.2: RC circuit analysis

We want to simulate a simple RC circuit as our second example.

2.2.1 Preparing the simulation

Assume the schematic shown in Fig. 2.79. Capacitor can be found in Electri-
cal >Passive Components as shown in Fig. 2.80. Used components settings
are shown in Figs. 2.81-2.83.

We want to simulate the circuit for an interval of length 10 ms (Fig. 2.84). To
do this, we click the “Simulation parameters...” and in the appeared window,



44 Simulation of power electronics converters using PLECS®

] firstCircuit * - O x

File Edit View Simulation Format Window Help

— —

R: 1000 . Moving Average
R: 2200 vm1i 6,-

Qutput Voltage

— +

CIT

{4

Moving Averagel
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FIG. 2.79 Schematic of the RC circuit.

set the “Stop time:” text box to 10e-3 as shown in Fig. 2.85. Do the other setting
like that shown in Fig. 2.85.

After running the simulation, the waveform shown in Figs. 2.86 and 2.87
will be obtained. As you see, the waveforms are not very smooth, they seem
to be piecewise linear.

Close the scopes and click the “Simulation parameters...” again (see
Fig. 2.84). Reduce the “Max step size:” box to le-6, which means 10~°
(Fig. 2.88).

If we run the simulation, we obtain the waveforms shown in Figs. 2.89
and 2.90. This time the waveforms are more smooth (But simulation takes more
time to complete).

Lt}
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FIG. 2.80 Capacitor block.
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FIG. 2.83 Capacitor settings.
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FIG. 2.85 Simulation settings.

Circuit differential equation (which is a continuous-time equation) must be
discretized to be solvable by a digital computer. When you discretize the equa-
tion with smaller values (smaller value in “Max step size:” box in Fig. 2.88), you
increase the accuracy of response but you increase the required computations as
well. You can decrease slightly the “Max step size:” value when you obtain
piecewise-like waveforms.

There is no need to change the “Solver” section (see Fig. 2.88) for normal
applications. See [1] for more information about the solver.
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FIG. 2.86 Capacitor voltage waveform.
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FIG. 2.87 Circuit current waveform.

2.2.2 Specifying the initial condition

You can simulate the circuit with the desired initial conditions. Just double click
the capacitor and set the “Initial voltage” box (Figs. 2.91 and 2.92). Here we
assume the capacitor initial voltage is 2V. The capacitor has a terminal
shown with a + sign. When you enter “2” in the “Initial voltage:” box, it means

Vthe terminal with+sign — Vthe terminal without+sign =2V.
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FIG. 2.88 Max step size text box.
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FIG. 2.89 Capacitor voltage.

If we run the simulation, we obtain the result shown in Fig. 2.93 for capacitor
voltage. Note that the voltage starts to increase from 2'V.

You can set the initial current of inductors as well, if your circuit contains
any inductors. Just double click on the inductor you want and set its “Initial cur-
rent:” box. Inductors contain a small arrow, which shows the positive direction.
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FIG. 2.91 Setting the capacitor initial voltage to 2'V.

Initial current considers positive when it is in the direction of small arrow
(Fig. 2.94).

2.2.3 Showing two or more waveforms simultaneously
on the same axis

In PLECS, you can see two or more waveforms on the same axis. This makes
comparison possible. The process of showing different waveforms on the same
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FIG. 2.93 Capacitor voltage waveform.

axis is shown with the aid of an example. Consider a schematic like that shown
in Fig. 2.95. The RC circuit is stimulated with a sinusoidal voltage source. We
want to see both the input voltage source and capacitor voltage on the same axis.
Input sinusoidal voltage source place and settings are shown in Figs. 2.96
and 2.97, respectively.

Add two voltmeters to the circuit as shown in Fig. 2.98.

Instead of using two scopes to show the outputs of two voltmeter block, we
use a single scope, which has a multiplexer in its input. Multiplexer block can be
found in the “System” section of “Library Browser.” (Figs. 2.99 and 2.100)



52 Simulation of power electronics converters using PLECS®

Small arrow

Small arrow

B Block Parameters: untitled/L1
Inductor
Ideal inductor.

Parameters Assertions

Inductance:
[0.001

Initial current:
[+1

i

o ]

Cancel Apply

(B)

] Block Parameters: untitled/L1
Inductor
Ideal inductor.

Parameters Assertions

Inductance:
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FIG. 2.94 Setting the inductor initial current. (A) Initial current and the small arrow on the induc-
tor symbol have the same direction (B) Initial current and the small arrow on the inductor symbol

have opposite direction.

Double click on the multiplexer block placed in the schematic and decrease

its inputs to 2 (Fig. 2.101).

Connect the voltmeter blocks outputs to the input of multiplexer block

(Fig. 2.102).

Connect the output of the multiplexer block to a scope (Fig. 2.103).
If we run the simulation, we obtain the result shown in Fig. 2.104. As shown

the two waveforms are shown on the same axis.
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[ RCWithACinput
File Edit View Simulation Format Window Help

T+

C: 100e-6

FIG. 2.95 RC circuit with AC source.
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File Window Help
Q search components
> System

> Assertions

> Control

v Electrical
v Sources

¢ Voltage Source [Controlled)

C%) Voltage Source DC

@ Voltage Source AC

-@ Voltage Source AC (3 phase)

dP Current Source (Controlled)

(_JP Current Source DC v

Voltage Source AC
Generate a sinusoidal voltage.

FIG. 2.96 AC voltage source block.



54 Simulation of power electronics converters using PLECS®

) Block Parameters: RCWithACinput/V_ac X
Voltage Source AC
Generate a sinusoidal voltage.

Parameters Assertions

Amplitude:

[311 IO
Frequency (rad/sec):

[2#pi=s00 IO
Phase ([ad):

o IO

o] [ oo | i [ b

FIG. 2.97 Settings of the AC source block in Fig. 2.95.

[ RCWithACinput * - o X

File Edit View Simulation Format Window Help

FIG. 2.98 Adding 2 voltmeter blocks to the schematic.

2.2.4 Multiple input scope

You can display different waveform using a scope with multiple axis. Assume
the circuit shown in Fig. 2.105. We want to show output of ammeter and volt-
meter on different axis.

Double click on scope block. The window shown in Fig. 2.106 will appear.
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[ Library Browser — — (] X
File Window Help

Q search components
[V System A

Scope

XY Plot

Display

Probe | Probe

Signal Multiplexer
Signal Demultiplexer

Wire Multiplexer

I———[ | mE

o ®| Signal Selector b
. Signal Multiplexer
l Combine multiple signals into one vector.,

FIG. 2.99 Multiplexer block.

) RCWithACinput * - (m] X

File Edit View Simulation Format Window Help

- 1 -
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FIG. 2.100 Adding the multiplexer block to the schematic.



56 Simulation of power electronics converters using PLECS®

FIG. 2.101

FIG. 2.102

FIG. 2.103

[ Block Parameters: RCWithACinput/Mux X
Signal Multiplexer
Combine multiple signals into one vector.
Parameters
Number of inputs:
2 [
o ][ concel || mooty | [ e
Specifying the required number of inputs.
] RCWithACinput * = D
File Edit View Simulation Format Window Help

R: 10 +
V_ac cL- L+

3d
C: 10066 ‘l‘ v

vm2

Connecting the voltmeter outputs to the multiplexer block.

() RCWithACinput * - [m]
File Edit View Simulation Format Window Help
~—
—
A R1
R: 10
vm2 + +
V_ac C1._1t
- C: 10006 | VM

Connecting the multiplexer block to the scope block.
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FIG. 2.104 Simulation result (input source voltage and capacitor voltage).
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File Edit View Simulation Format Window Help
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Scope
FIG. 2.105 Scope block can be turned into a multiple input block.
B RCWithACinput/Scope - X

File Edit View Window Help

00Qgo -m = = @

Scope parameters |

FIG. 2.106 Scope parameters icon.
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B8 Scope Parameters: RCWithACinput/Scope X

[] Limit samples: | 100000

Time axis Plot 1 Plot 2

Display time axis: | Bottom plot only i
Time axis label: I
Time range: ® Auto
(O Custom:
Scroling mode: | paged %

[ ]| conce Aosly Helo

FIG. 2.107 Scope parameters window.

FIG. 2.108

Click on “Scope parameters” icon (see Fig. 2.106). After clicking the icon,
window shown in Fig. 2.107 will appear. Increase the “Number of plots:” to 2

] RCWithACinput * - m}

File Edit View Simulation Format Window Hel_p

A

s =

Am1 R1
R: 10

+

V_ac C1 Ji " 3

a C: 10026 i EI
Scope

Scope turned into a multiple input block.

and click “OK” button.
The scope has 2 inputs now (Fig. 2.108).
Connect the ammeter and voltmeter to the scope (Fig. 2.109).

If we run the simulation with settings shown in Fig. 2.110, we obtain the

waveforms shown in Fig. 2.111.
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] RCWithACinput * - [m] b4

File Edit View Simulation Format Window Help

FIG. 2.109 Connecting the measurement outputs to the scope.

1 simulation Parameters: RCWithACinput X

Solver  Options  Diagnostics Initialization

Simulation tme

Start time: (0.0 | stop time: [25e-3

Solver

Type: Variable-step ¥ | Solver: DOPRI (non-stiff) -
Solver options

R — T

N — T
e

Circuit model options

Diode turn-on threshold: [0

Coc 10 con [ sl He

FIG. 2.110 Simulation parameters window.

2.2.5 XY scope block

The scope block shows a waveform in terms of time, i.e., f{). You can show a
waveform in terms of another waveform. Using this capability, you can see the
Lissajous curves. Consider the schematic shown in Fig. 2.112. We want to draw
the capacitor voltage in terms of input source voltage.
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B RCWithACinput/Scope — [m] X

File Edit View Window Help
oQqQb -8 xm & ©

FIG. 2.111 Simulation result.

Bl X¥Scope * — 0 b

File Edit View Simulation Format Window Help

I+

Vm1l

FIG. 2.112 You can show a waveform in terms of another waveform using XY Plot block.

Add an “XY Plot” block to the schematic. You can find the “XY Plot” block
in “System” section of Library Browser (Figs. 2.113 and 2.114).
“XY Plot” block has two inputs. Lower input (Y axis) is drawn in terms of

upper input (X axis) (Fig. 2.115).
Connect the voltmeters to the “XY Plot” block (Fig. 2.116).
If we run the simulation with settings shown in Fig. 2.117, we obtain the

waveforms shown in Fig. 2.118.
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] XyScope* - (m] b
File Edit View Simulation Format Window Help

! e |
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R1
. R: 10 Ik )
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Qw2 ()v'u coee T V(> D
XY Plot

1

FIG. 2.113 Adding the XY Plot block to the schematic.
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File Window Help

Q search components
Vv System ~
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Display
probe
I Signal Multiplexer
I Signal Demultiplexer
I Wire Multiplexer
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Signal Selector v

XY Plot
B Displays the measured inputs in an X/Y
Plot.

FIG. 2.114 XY Plot block.
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X axis .
Y axis
XY Plot

FIG. 2.115 XY Plot block inputs. Upper one controls the X axis and the lower one controls the
Y axis.

B xvScope * - a )

File Edit View Simulation Format Window Help

| |
I
R1
> R: 10 "
Vwmz (Ovac N G a

1

FIG. 2.116 Connecting the output of measurement devices to the XY Plot block.
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FIG. 2.117 Simulation settings.
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=] XYScope/XY Plot — (m] e

File Edit View Window Help
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FIG. 2.118 Simulation result.

B XYScope/XY Plot

File Edit View Help
o0l wn K &

FIG. 2.119 “Time range” icon.

If you want to see the steady-state curve, only click on the “Time range”
icon. The “Time range” section will appear (Fig. 2.119).

Bring the appeared left sliders to the steady-state parts of the graph, i.e.,
toward right (Figs. 2.120 and 2.121).

The steady-state Lissajous curve will appear as shown in Fig. 2.122.

You can copy the curve into the Windows clipboard by clicking the
“Copy...” (Fig. 2.123).
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B XvScope/XY Plot - (=] X

File Edt View Window Help
O 0Qad o ¢ il 7 )

FIG. 2.120 Use the slider to see only the steady-state part of graph.

B XYScope/XY Plot = [m] X
File Edit View Window Help

B REH

G©O©Q M

FIG. 2.121 Move the left slider toward right to obtain the steady-state Lissajous curve.
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File Edit View Window Help

SQQH v | &

FIG. 2.122 Steady-state Lissajous curve.

XYScope/XY Plot

Edit Window He

Ctrl+C

View

Copy...

FIG. 2.123 Copying the obtained graph into the Windows clipboard.
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FIG. 2.124 Page setup window.

After clicking the “Edit...” the window shown in Fig. 2.124 appears, which
can be used to obtain the desired image settings.

2.2.6 Simulation of control systems

PLECS can simulate both continuous time and discrete time control systems.
Related blocks are shown in Figs. 2.125 and 2.126.

Assume that we want to simulate the block diagram shown in Fig. 2.127.
Place of blocks required for this system is shown in Figs. 2.128-2.130.

Draw the schematic shown in Fig. 2.131.

Double click on the “Step” block and do the setting as shown in Fig. 2.132.

In order to obtain the H(s) = s> the “Plant” block settings must be
done as shown in Fig. 2.133.
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FIG. 2.125 Continuous time blocks.
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FIG. 2.126 Discrete time blocks.
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FIG. 2.127 A simple closed-loop system.
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FIG. 2.128 Transfer function block.

After setting the “Plant” coefficients, the schematic changes to that shown in
Fig. 2.134.

If we run the simulation with settings shown in Fig. 2.135, we obtain the
waveform shown in Fig. 2.136.



FIG. 2.129  Step block.
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FIG. 2.130 Summation block.
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FIG. 2.131 Drawing the close loop system.
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FIG. 2.132 Step block settings.
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FIG. 2.133 Plant block settings.



Basics of circuit simulation with PLECS Chapter | 2 71

E] ControlSystems * - (m} X

File Edit View Simulation Format Window Help

1
574657455 |§|
Plant Scope

FIG. 2.134 Ready-to-use simulation schematic.

] Simulation Parameters: ControlSystems X

Solver Options. Diagnostics Initiakzation

ytion tme
Start time: [0.0 ] Stop time: [10 ]

Solver

Type: |Variable-step ~ | Solver: |DOPRI (non-stiff) X

Solver options

Max step size: |le-3

Initial step size: [auto Absohute tolerance: [auto ]
Refine factor: |1 |

Circuit model options

Diode turn-on threshold: |0

[ (=R =

FIG. 2.135 Simulation settings.
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FIG. 2.136 Simulation result.



72 Simulation of power electronics converters using PLECS®

2.2.7 Getting help in PLECS

PLECS has a powerful help system. For example, assume that you need some
information about a block you placed in the schematic (Fig. 2.137). Simply right
click on the block and select the “Help.”

The block information window will appear (Fig. 2.138).

) xvScope* - [m] X

File Edit View Simulation Format Window Help

T Cut Ctrl+X
Copy Ctrl+C
Delete Del
Format 2

Create subsystem Ctrl+G

Parameters...

Hep.

FIG. 2.137 You can see a block documentation by right clicking on it and selecting the Help.
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Sample time
The block sample time used to sample the input signals. The default is -1 (inherited). Other valid
settings are 0 (continuous) or a valid fixed-step discrete sample time pair (see Sample Times).

Limit samples
If this option is selected, the XY Plot will only save the |ast n sample values during a simulation. It can
be used in long simulations to limit the amount of memory that is used by PLECS. If the option is

FIG. 2.138 Online Help for XY Plot block.
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You can access the help system by clicking the “PLECS Documentation” as
well (Fig. 2.139).

You can access to plenty of sample simulations by clicking the menus in the
left of the appeared window (Fig. 2.140).
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File Edit View Simulation Format Window Help
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FIG. 2.139 PLECS documentation.
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FIG. 2.140 Demo models provided by Plexim can be a good reference to learn the art of
simulation.
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output. This helps you to understand the power electronics concepts very well.

3.1 Example 3.1: MOSFET with resistive load

In this example, we will simulate a MOSFET driving a resistive load.

3.1.1

Assume a simulation such as that shown in Fig. 3.1. The MOSFET block can be
found under the “Power Semiconductors” section of Library Browser (Fig. 3.2).

FIG. 3.1

Preparing the simulation

] MOSFET_Resistive_Load *

= m] X

File Edit View Simulation Format Window Help

MOSFET with resistive load.
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FIG. 3.2 MOSFET block.

Assume that the drain-source resistance is 40mQ. With this assumption,
double click the MOSFET block and do the settings as shown in Fig. 3.3.

] Block Parameters: MOSFET _Resistive_Load/FET1 X
MOSFET
The MOSFET is dosed while a non-zero gate signal is applied.
It conducts current in both directions.

Parameters  Thermal Assertions

On-resistance Ron:

I 40e-3| %] I
Initial conductivity:
o O

o 11 concl [ [ oy [ veb

FIG. 3.3 Specifying the On-resistance of the MOSFET.
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Assume that the MOSFET is triggered with the pulse shown in Fig. 3.4.

Duty ratio = 0.75
On

Off S
T=0s T=40ps

FIG. 3.4 The MOSFET gate signals.

To obtain the gate signal shown in Fig. 3.4, we change the schematic to that
shown in Fig. 3.5. Added blocks places are shown in Figs. 3.6-3.8. “Triangular
Wave” settings are shown in Fig. 3.9.

] MOSFET_Resistive_Load * - [u] X
File Edit View Simulstion Fermat Windew Help

vk
¥: 100

FIG. 3.5 Adding the PWM generation blocks to the schematic.
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FIG. 3.6 Constant block.
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FIG. 3.7 Triangular Wave Generator block.
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FIG. 3.8 Comparator block.
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El Block Parameters: MOSFET_Resistive_Load/Triangu... X
Triangular Wave Generator
Output a triangular or sawtooth waveform. The duty cycle
spedifies the ratio of the rise time to the period length. A duty

cyde of 0 or 1 will produce a sawtooth waveform, If the
phase is set to 0, the waveform begins at the rising edge.

Parameters Assertions

Minimum signal value:

] [m]
Maximum signal value:

1 ]
Frequency [Hz]:

|25000 (]
Duty cyde [p.u.]:
P =
Phase delay [s]:

0 [

[oc 11 comeel |1 osh rep

FIG. 3.9 “Triangular Wave Generator” block settings.

Using the “Triangular Wave Generator” block, one can obtain saw tooth or
triangular waveforms. See Figs. 3.10-3.12 for more information on this block
setting.

T=40ps
1v

ssee

' . ! v t

0 T 2T 3T

FIG. 3.10 Output of a “Triangular Wave Generator” block with Minimum signal value: 0,
Maximum signal value: 1, Frequency: 25000, Duty cycle [p.u.]: 1.

T=40ps
1Vv

0 T 2T 3T

FIG. 3.11 Output of a “Triangular Wave Generator” block with Minimum signal value: 0,
Maximum signal value: 1, Frequency: 25000, Duty cycle [p.u.]: 0.5.
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1V T=40ps

-1V

FIG. 3.12 Output of a “Triangular Wave Generator” block with Minimum signal value: —1,
Maximum signal value: 1, Frequency: 25000, Duty cycle [p.u.]: 0.5.

If we run the simulation with the settings shown in Fig. 3.13, we obtain the
waveform shown in Fig. 3.14.

] Simulation Parameters: MOSFET_Resistive_Load X

Sover | Optons  Diagnostes  Inifisizaton

Simulation time

Start time: 0.0 Stop time: [10e-3

Solver

Trpe: [Vaiale step = sobver: [DOPRE (orvstf) =
Solver options

Maxstepsize: [le6 | Relatie 3 ]

it siep siz: Bosolte toerance:
Remerocor 1]

Circuit model options:

Diode turn-on threshold: |0

FIG. 3.13 Simulation parameters.

B MOSFET_Resistive_Load/Vout == o x

File Edit View Window Help
ooQan - wm & O

FIG. 3.14 Simulation result (“Vout” scope).
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Use the magnifier icon in the toolbox to see the waveform better (Fig. 3.15).

B® MOSFET_Resistive_Load/Vout s a X

File Edit View Window Help

oAl H-m xm = @

FIG. 3.15 Load resistor voltage.

MOSFET gate signal is shown in Fig. 3.16. You can use the cursors to ensure
that its duty ratio and frequency.

‘ B8 MOSFET_Resistive_Load/PWM signal o a X

File Edit View Window Help

oD f-uwm 5 @

FIG. 3.16 MOSFET gate signal.

3.1.2 Measuring the average and RMS of waveforms

You can use the cursors to measure the average and Root Mean Square (RMS)
value of output voltage. To do these measurements, click on Cursors icon (the
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icon shown with circle in Fig. 3.17). After clicking the Cursors icon, the “Data”
section will appear (Fig. 3.17).

B MOSFET Resistive_Load/Vout - o *

00+
-
0
n
@
o
0~
2
i

Name

Time
v Pt 1
Vmt

FIG. 3.17 Adding cursors to the scope.

Click on the small triangle behind the 4} icon. Click the “Delta” in
appeared menu (Fig. 3.18).

B8 MOSFET Resistive_Load/Vout - D X
File Edit View Window Help

004l Him am & @

o B 8 ¥ 482 YR

Name Cursor 1
Time 000675

1=
vm1 ~ {4 0398208

FIG. 3.18 Measuring the difference between the two cursors.

A section named “Delta” will be added to the “Data” section. Move the cur-
sors until the time difference between them reaches to 40 ps. When the time dif-
ference reaches the 40ps, you capture exactly one period of output voltage
between the two cursors (Fig. 3.19).
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BB MOSFET Resistive_Load/Vout = o X
File Edit View Window Help

QO | x| = @

|pata & x|

Name Cursor 1 Cursor 2 Delta
Time 0.00679 0.00633 de-05 L]
MRt =)
vm1 - &7 0.338206 0358408 [

FIG. 3.19 Time difference between the two cursors is 4e —5=4 x 107> =40 ps and the voltage
difference is 0 V.

Click on the small triangle behind the 4§ icon and click the “Mean” in the
appeared menu (Fig. 3.20).

B MOSFET_Resistive_Load/Vout - =] X
File Edit View Window Help

QoAQE . .S e

~  Deita
Min
Max
Abz Max

RMS

| Data 8 x
Mame Curser2 Delta
Time = 000633 4008 &
eot  F
Vet~ 4 0398408 0.398408 o

FIG. 3.20 Measuring the mean value.

PLECS calculates and shows the average value of waveform captured
between the two cursors (Fig. 3.21).
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| 8 MOSFET Resistive LosdiVaut
Fie Edi View Wi Help
! (<] L &l = am S e

|oam

| Curser2 Dets Mean
. o063 005 E

v Pt

| v 0396405 o 25,2508

FIG. 3.21 Load resistor average value is about 25.3 V.

In order to calculate the RMS value of output voltage, click on the small tri-
angle behind the 4§} iconand select the “RMS” in the appeared menu (Fig. 3.22).

BN MOSFET Resistive_Lead/Vout

File Edit View Window Help

[ RENCT fra w®m & @

5
Wme  Coerl  Cumwz e e
Time. 0.00678 0.00653 4605 -
~ Pet1 E
Vmi b 0.356406 0396406 [] 25,2988

FIG. 3.22 Measuring the RMS.

PLECS calculates and shows the RMS value of output voltage (Fig. 3.23).

B MOSFET Resistive_Losd/Veut
File Edt View Window Help

o O Lo H-m =6

{
|pata |
Hame Cureor 1 Cursar2 Detta Mean RS
Tme 000678 000583 4605
fret B
vm1 ~ £7] oazesns 035805 ° 352888 so00z

FIG. 3.23 Load resistor voltage has an RMS about 50 V.
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3.1.3 Measuring the power dissipated in the load resistor

You can measure the dissipated power in the load resistor easily using the
“Probe” block (Fig. 3.24).

[ Library Browser - O X

D Scope
@ wea

Display
Probe

I Signal Multiplexer

I Signal Demuitiplexer

I Wire Multiplexer

s
Signal Selector

‘ Wire Selector

-t
- Etectrical Ground

Subsystem

i Out] Subsvstem (Configurablel i

' Probe

Output the probed signals.

FIG. 3.24 Probe block.

Add a “Probe” block to the schematic (Fig. 3.25).

[ MOSFET_Resistive_Load ™ e [e]

File Edit View Simulation Format Window Help

FIG. 3.25 Adding a probe block to the schematic.
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Double click the “Probe” block. The “Probe’ block will be opened (Fig. 3.26).

-]
[ Probe Editor: MOSFET_Resistive Load/Probe x
Probed components Comoonent sgnals
| Type Name Path
*
+
1

FIG. 3.26 Double clicking on the probe block will open the block.

Dragand drop the resistor R1 into the “Probed components” window (Fig. 3.27).

] MOSFET Resistive Load * - O %

File Edit \View Simulation Format Window Help

>]
Probed components. Component signals
—————————  OResstrvaitage
Constant = [ Type Mome Path
) |Resitor B1 MOSFET Resistie L. | L] Resstorasrent

Resistor power.
pow

=

FIG. 3.27 Drag and drop the resistor into the white region.

The “Probe” block will be changed to that shown in Fig. 3.28. Check the
“Resistor power” box since we need to measure the dissipated power in the resistor.

m Probe Editor: MOSFET _Resistive_Load/Probe BE:

Probed components Component signals
[[] Resistor voltage
] Resistor current
[ Resistor power

0 E =

[ ]| oo

FIG. 3.28 PLECS shows the measurable quantities for the dropped component.
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You can drag and drop other components (passive components, semicon-
ductor switches, electrical machines, etc.) into the “Probe” block and “Probe”
block shows you the measurable quantities based on the dropped components.
So you can use the “Probe” block with other types of components. It is not lim-
ited only to resistors.

Connect the output of the “Probe” block to a scope. We named the scope as
“Resistor power” to understand the type of waveform inside it easily (Fig. 3.29).

£ MOSFET_Resistive_Load * - 0o X
File Edit View Simulation Formst Window Help

FIG. 3.29 Connecting the probe block to a scope.

If we run the simulation, we will see the resistor power waveform
(Fig. 3.30).

B MOSFET_Resistive_Load/Resistor... — a X
File Edit View Window Help
00a0 NH-u N & O

FIG. 3.30 Resistor power waveform (‘“Resistor power” scope).

Zoom in the waveform to get a better view using the magnifier icon
(Fig. 3.31).
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B MOSFET_Resistive_Load/Resistor... — a X

File Edit View Window Help

oA - ;W & @

FIG. 3.31 Zooming the resistor power waveform.

You can measure the average value of dissipated power using the aforemen-
tioned techniques (Fig. 3.32).

| BB MOSFET Resistive_Lood/Resistor power - o x
File Edit View Window Help

lesa@o s xm = @

| Name Curzor 1 Cursor2 Mean |
Time 0.00815 0.00819
[ Piot 1 & |
Resistor power ™ -] 0 744,036

FIG. 3.32 Average (mean value) of the power waveform.

3.1.4 Subsystem block

Consider the schematic shown in Fig. 3.33. The schematic looks crowded
and complicated although it is a simple circuit. We can hide some
details and keep the schematics simple with the aid of “Subsystem” block
(Fig. 3.34).
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] MOSFET_Resistive_Load ™ - u]

File Edit View Simulation Format Window Help

Constant

=

Comparator

Triangular Wave

FIG. 3.33 Schematic seems crowded to some extent.

[l Library Browser — — m] b4
File Window Help

Q search components

IV System ~
|§| Scope
XY Plot
o Display
Probe

Signal Multiplexer

Signal Demultiplexer
Wire Multiplexer

Signal Selector

Wire Selector

Electrical Ground
Subsystem

Subsystem (Configurable)

Atomic Subsystem

Subsystem

Represent a system within a
system,

|
00+ me———f ™

FIG. 3.34 Subsystem block.
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In this example, we show how you can make a subsystem for the PWM
generation section of the simulation. To do this, left click on empty point in

the schematic and draw a rectangle around the PWM generation blocks
(Fig. 3.35).

] MOSFET _Resistive Load *

File Edit View Simulation Format Window Help

A
VY
Triangular Wave

i

PWM signal

FIG. 3.35 Selecting the PWM generation blocks.

After releasing the mouse button, the blue rectangle will disappear and the
blocks inside it will be selected (Fig. 3.36).

2] MOSFET_Resistive_Load *

File Edit View Simulation Format Window Help

Constant

Triangular Wave

FIG. 3.36 Selected blocks.

Cut the selected blocks with the aid of “Cut” (Fig. 3.37).
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] MOSFET Resistive_Load * = o X
File | Edit View Simulation Format Window Help
Undo move Constant  Ctrl+Z
Redo Cut group CtrsY
I e Clsx
Co Copy Ctrd+C
Sorious Ok,
Paste Ctrl+V [
Delete Del
Select all Crl+A Vout
Create subsystem Crl+G AL
T Subsystem
Parameters...
PWM signal
Break all library links...

FIG. 3.37 Cutting the selected blocks.

After Clicking the “Cut,” selected blocks will be disappeared from the sche-
matic and they are transferred to the Windows clipboard (Fig. 3.38).

) MOSFET Resistive_Load * - o X

File Edit View Simulstion Format Window Help

FIG. 3.38 Schematic after cutting the selected blocks.

Place a subsystem block (see Fig. 3.39) inside the schematic.

[E] MOSFET_Resistive_Load * = =] X

File Edit View Simulation Format Window Help

V_dc
V: 100

FIG. 3.39 Adding a subsystem block to the schematic.
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Double click on the placed subsystem label and rename it to “PWM Gener-
ator” (Fig. 3.40).

E) MOSFET_Resistive_Load * - a X

File Edit View Simulation Format Window Help

V. de
Vi 100

PWM signal

FIG. 3.40 Renaming the subsystem block.

Double click on the subsystem block to see inside of it. As shown in
Fig. 3.41, PLECS by default connects the input and outputs together.

2] MOSFET_Resistive_Load/PWM Generator*  — m} X

File Edit View Simulation Format Window Help

In1 Outl

FIG. 3.41 Opening the subsystem block.

Click on an empty point inside the subsystem block and draw a rectangle
around the default blocks and press the keyboard Delete key to remove them
(Figs. 3.42 and 3.43).
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) MOSFET_Resistive_Load/PWM Generat... = a X

File Edit View Simulation Format Window Help

Inl Outl

FIG. 3.42 Selecting the content of the subsystem block.

] MOSFET _Resistive_Load/PWM Generat.. — a X

File Edit View Simulati Format  Wind, Help

FIG. 3.43 Removing the content of the subsystem block.

Paste the content of Windows clipboard (the cut PWM generation circuit)
into the subsystem (Figs. 3.44 and 3.45).

] MOSFET_Resistive_Load/PWM Generat.., — [m] X
File = Edit View Simulation Format Window Help

Undo delete group Ctl+Z

Redo CtrlvY
Cut Ctrl+ X
Copy Ctri+C
Copy asimage

Delete Del
Select all Ctrl+A
Create subsystem Ctrl+G
Subsystem 4
Parameters...

Break all library links...

FIG. 3.44 Paste the PWM generation blocks to the subsystem block.
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] MOSFET_Resistive_Load/PWM Generator * - a X

File Edit View Simulation Format Window Help

Constant

=il

Comparator

Triangular Wave

m

Carrier

FIG. 3.45 Subsystem block after pasting the PWM generation blocks.

Change the schematic inside the subsystem to that shown in Fig. 3.46. Input/
output port can be found under the System section of Library Browser
(Fig. 3.47).

] MOSFET_Resistive_Load/PWM Generator * = o X
File Edit View Simulation Format Window Help

In1

Comparator

Triangular Wave

FIG. 3.46 Adding input and output port to the subsystem.
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Ol LibraryBrowser — O X

File Window Help

Q Search components

[¥ System ~

Scope

@ e

Display

[Prote |
I.
[
|

»
F
g
H

Signal Multipiexer
Signal Demultiplexer
Wire Multiplexer
Signal Selector

Wire Selector

Electrical Ground

Subsystem
Subsystem (Configurable)
Atomic Subsystem
Triggered Subsystem

| Enabled Subsystem

™8| Enabled and Triggered

C > signal inport
D signal Outport

CED  Tigger

FIG. 3.47 “Signal Inport” and “Signal Outport” blocks.

Add meaningful labels to the input/output ports(see Fig. 3.48). Close the
subsystem window and return to the main schematic. Schematic will appear
as shown in Fig. 3.49 now.

] MOSFET_Resistive_Load/PWM Generator * = a X

File Edit View Simulation Format Window Help

==
Desired Duty Ratio

FIG. 3.48 Renaming the input and output ports.
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C) MOSFET_Resistive_Load * - a 4

File Edit View Simulation Format Window Help

V. dc

[Dasived Duty Rato  PWM| Vi 100

PWM Generator

PWM signal

FIG. 3.49 Schematic with “PWM Generator” subsystem block.

Change the schematic to that shown in Fig. 3.50.

] MOSFET_Resistive_Load * - m] b 4

File Edit View Simulation Format Window Help

,_] C v de
[} —peoone mfrolBil,, e
Constant +
PWM Generator

i}

PWM signal

FIG. 3.50 Connecting the “PWM Generator” subsystem to the rest of the circuit.

The schematic shown in Fig. 3.50 is more easily understandable in compar-
ison to Fig. 3.33. Using the subsystem block inside of your simulations is sug-
gested when it is possible. There is no limitation on the number of subsystems
blocks inside your simulation.

3.1.5 Measuring the input power

You can measure the input source power in the same way you measured the
dissipated power inside the load resistor. To measure the input source power,
add a probe block to the schematic (Fig. 3.51).
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) MOSFET Resistive_Load *

File Edit View Simulation Format Window Help

'L_

usend O%%
Dt athe R 4023

Constant

PWM Generator

"“’”"’“

Probe

FIG. 3.51 Adding a probe block to the schematic.

Double click on the probe block to open it (Fig. 3.52).

L] Probe Editor: MOSFET_Resistive Load/Probe X
Probed components Component signals
I"

= | Type Name Path
T
4

[Desred Duty Ratio  PWM| ¥

(Constant.
WM Generator To probe comp
he
[Ee] e
Probe

FIG. 3.52 Opening the probe block.

Drag and drop the input DC source into the probe block. Check t