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PaccMOTpeHBI OCHOBHBIE TpUEMbI pabOTHl ¢ POCCHICKON CHCTEMON MOJIENbHO-
OpPHEHTHPOBAaHHOTO npoekTrpoBanus SimInTech. OcHOBHOE BHUMaHUE yIEICHO H3yde-
HUIO CIEIHATM3UPOBAHHBIX OMOIMOTEK, 00ECIIEUNBAIONIUX MOJICTHPOBAHUE DIICKTPH-
yeckux cxeM. [IpencraBieHsl onucanus J1abOpaTOPHBIX PadOT MO0 MOJACTMPOBAHUIO 1ie-
nei MOCTOSIHHOTO M MEPEMEHHOT0 TOKa, TpeX(a3HbIX Liernei, MepexoqHbIX MPOILECCOB
B JINHEWHBIX JIEKTPUUECKUX LEMAX, a TAK¥KE 10 MOJAEINPOBAHUIO YACTOTHBIX XapaKTe-
puctuk. Bce onmcanusi cHaGKeHbI METOIMYECKUMHU YKa3aHHUSIMH, COJIEP)KALIUMHU He-
00XOAMMBIA TEOPETUYCCKUN MaTepuaj MO0 COOTBETCTBYIOIIEH TEMaTHKE, U CIIHMCKOM
KOHTPOJIBHBIX BONPOCOB.

W3nanue moarotoBieHo Ha Kadenpax «DJIEKTPOIHEPTETUKA U BJIEKTPOTEX-
Huka» U «MHpOopMalIMOHHO-U3MepUTEIbHA TeXHUKA U MeTpojorus» [1I'Y u npenna-
3HAYEHO AJIs JIaOOpaTOPHBIX M MHAUBUAYAIbHBIX 3aHATUNA 1O KypcaM «KommbroTep-
Hble TexHojorum» u «KoMmbploTepHOE MOENUpOBaHHE» Mg O0y4aroumxcs 10
HanpasieHuto noArotoBku 13.03.02 «DnekTposHepreTUKa U MEKTPOTEXHUKAY.

The methodological guidelines for laboratory work cover the basic techniques
of working with the Russian model-oriented design system SimInTech. The main focus
is on the study of specialized libraries that provide modeling of electrical circuits.
Descriptions of laboratory work on modeling direct current and alternate current
circuits, three-phase circuits, transients in linear electrical circuits, as well as on
modeling frequency characteristics are presented. The textbook is provided with
methodological guidelines containing the necessary theoretical material on the relevant
topic and a list of control questions.

The publication was prepared at the Department of Electric Power Engineering
and Electrical Engineering of Penza State University and is intended for laboratory and
individual classes in the course “Computer technologies in electrical power
engineering” for English-speaking university students majoring in 13.03.02 “Power
and Electrical Engineering”.
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INTRODUCTION

The purpose of these guidelines is to teach students how to use the
modern Russian model-oriented design system SimlInTech for modeling
electrical circuits when performing laboratory work, term papers, term papers,
final qualifying papers and when conducting scientific research.

Solving the problem of analyzing and modeling an arbitrary electrical
circuit in a thermal power plant course includes the following main steps:

1) the transition from the basic electrical circuit to its replacement
circuit, consisting only of idealized passive and active elements;

2) selection of a system of independent variables characterizing the
processes in the circuit under consideration and compilation of electrical
equilibrium equations;

3) solution of electrical equilibrium equations and presentation of the
results.

For a long time, computers were used inefficiently only to perform the
third of the listed stages, which required a large amount of preparatory work
performed manually.

Modern methods of machine (automated) circuit analysis involve the
widespread use of computers not only to solve electrical equilibrium
equations, but also to form these equations according to a given circuit
replacement scheme, or to draw up a circuit replacement scheme and the
corresponding electrical equilibrium equations according to a given schematic
electrical circuit. This allows not only to significantly reduce the analysis
time, but also to significantly improve its accuracy.

Modern circuit machine analysis programs are part of modern CAD
systems and are conditionally divided into two large groups:

— general-purpose programs designed to solve a wide range of circuit
analysis tasks of various types;

— specialized programs focused on solving certain specific analysis
tasks, such as studying the time or frequency characteristics of linear circuits,
finding working conditions, checking of nonlinear elements, determining the
sensitivity of the circuit to changes in the parameters of the elements, etc.

Regardless of their purpose, they consist of several main blocks
corresponding to the main stages of circuit analysis:

— a block for preparing initial data;

—a block for forming electrical equilibrium equations;

—a block for solving electrical equilibrium equations;

— a block for presenting analysis results.
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Modern software products for modeling electrical circuits include such
as Micro-Cap, OrCAD, NI Multisim, LabVIEW, Simulink, as well as
domestic Delta Design, Symica and SimInTech systems.

On December 15, 2016, the SimInTech system was included in the
Unified Register of Russian Programs for Electronic Computers and
Databases. The copyright holder is “3B SERVICE LLC”.

The SimInTech system can be used for functional and dynamic
modeling of various systems: military-industrial complex / defense industry
facilities, energy facilities, nuclear facilities, oil and gas facilities, aerospace
facilities, transport facilities, and others. In addition, the SimInTech system
allows you to develop algorithms and control interfaces, as well as
automatically generate code for programmable controllers and graphic
displays [1].

Models in the SiminTech system are created from standard blocks
placed in various libraries. The following libraries are currently included in
SimInTech for modeling electrical circuits:

— electrical equipment for the analysis of electrical circuits in current
values;

—electrical equipment for the analysis of electrical circuits in
instantaneous values;

— electric drives.

SimInTech has an open interface for developing its own libraries and
for connecting third-party software modules in various programming
languages (C, Pascal, Fortran, and others).

In SimInTech, it is possible to develop both simple models that describe
in detail the behavior of a system (for example, an RLC circuit with a power
source), and complex models that partially describe not only the system itself,
but also control algorithms, protection, control interface, etc. To organize
synchronous data exchange between calculation schemes, a database of
signals is used - a structured repository of variables used in one or more
projects that are part of a complex model [1].

The SimInTech program can be downloaded for free at
https://simintech.ru.

These guidelines describe the application of the SimInTech system for
modeling direct current (DC) and alternate current (AC) electrical circuits in
steady-state and transient modes.



Laboratory work Ne 1

Fundamentals of SimInTech Modeling

The purpose of the work: familiarization with the basic rules of the
SimInTech system for creating electrical circuits.

Work assignment

1. Launch the SimiInTech program.
As a result, the main window with the SimInTech interface appears on
the screen, shown in Figure 1.1 [2].
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Figure 1.1

The first line of the main window contains the Menu area of the main
window (1), from which, in particular, you can control the creation, editing
and modeling modes of created models, which are called calculation schemes
in SiminTech.

The second line of the window contains the Button Panel area (2),
with grouped sets of buttons that invoke the most frequently used commands.

The third line of the window contains the Block Palette area (3), where
the blocks corresponding to the selected calculation scheme appear on the
tabs.

2. To solve a specific engineering problem, an appropriate calculation
scheme with a solver and its own settings should be selected.

To create a calculation scheme, use the command File — New
Project, after selecting which it is necessary to indicate the appropriate
calculation scheme in the drop-down list.

Select the calculation scheme Control system diagram. As a result, a
schematic window of the project will open (Figure 1.2).
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Save the project as a file by selecting the File command in the main
window menu Save project as... and specifying the access path and file name
as directed by the teacher.

From Figure 1.2, it can be seen that the title of the project window
contains the file name Control system diagram and the default file extension
prt.

The button panel at the top of the project window contains the tools for
configuring the project Layers and managing the calculation Calculation
(Figure 1.2).

At the bottom of the projects window there is a line for displaying
calculated information Calculation Information display line.

In the center of the project window is a Workspace in which, using
blocks selected from a palette of blocks, you can create and edit previously
created calculation models, create your own blocks, etc.

In the area of the Block Palette (see 3 on Figure 1.1), you can find
many block tab for modeling various systems.

SimInTech includes a set of specialized libraries that provide modeling
of electrical circuits.



The EC - Static v.2.0 library contains models that provide calculation
of the effective values of current, voltage and power (Figure 1.3).
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Figure 1.3

The EC - Dynamics library contains models that provide the
calculation of instantaneous values of AC circuits in steady-state and transient

modes (Figure 1.4).
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Figure 1.4

Save your project as a file named Sample with the extension prt.
In this laboratory work, the circuits created from the blocks of the EC —
Dynamics library from the bookmarks shown in Figures 1.5-1.8 will be

modeled.
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3. Open the EC — Dynamics library and left-click (LMB) to select the

following blocks:
— Voltage source block from the Sources tab;

— the Zero potential block from the Topology Elements tab;
— the RLC-circuit block from the Electrical component tab;
— the Perfect voltmeter block from the Sensors tab.

After selecting the required block, move the cursor to the project
window and click the LMB to indicate the place where the block is inserted
(Figure 1.9). If necessary, you can move the blocks by clicking on its image
and dragging it to the desired location without taking your finger off the

button.

4. Select the RLC-circuit block, right-click and select the command
Rotate = 90 degrees clockwise from the context menu that appears

(Figure 1.10).
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5. Block properties are set via the Properties window, which is either
selected in the context menu for the selected block, or opens by double-
clicking on the selected block. Select the RLC-circuit block, right-click and
select Object Properties from the context menu that appears (Figure 1.11).
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Figure 1.11

In the Properties window for the RLC-circuit block, on the Properties
tab, set the values of its parameters shown in the Figure 12.
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Figure 1.12
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In the Properties window for the Voltage source block on the
Properties tab, set the values of its parameters shown in the Figure 1.13.
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Figure 1.13

6. Add to the schematic window of the project:

— the second block of the RLC-circuit;

— the Graph of time block from the Output of data tab.

Set the parameter values shown in the Figure 1.12 in the Properties
window for the second RLC-circuit block.

7. The blocks can have ports for forming both electrical connections of
the design electrical circuit and mathematical connections for transmitting
control signals.

To connect the two blocks located in the diagram, move the cursor to
the output port of one block, click the LMB and, releasing the button (the
cursor will turn into an arrow of the type 1), extend the communication line to
the input port of the other block, and then repeatedly click the LMB [2].

Connect the blocks together as shown in the Figure 1.14.

To make wire from the line, select it in the desired location, right-click
and select the command «Actions — Add wire in the context menu that
appears (Figure 1.15).
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As a result, a new point will appear on the line, which must be
connected to the input 2 of the RLC-circuit block. Similarly, connect pin 1 of
the RLC-circuit block to the upper line. To delete a line, you need to select
the paintwork and press the Delete key.

Add a caption to the block Graph of time by moving the cursor under it
and finding the cursor position at which it will change its shape to an arrow
with a question mark. After that, double-click the LMB. Move the cursor to
the text input window that appears, click LMB and enter Output.

Connect the Perfect voltmeter and Graph of time blocks together as
shown in the Figure 1.16.

8. Before starting the electric circuit model, it is required, based on the
parameters of the electric circuit, to set the required values of the calculation

parameters. To do this, click the Simulation properties button #* of the
schematic project window. As a result, the Project properties dialog box
opens.

A new project was created in the SimInTech environment based on the
calculation scheme Control system diagram.
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View 5Scale Meode Editing
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100 Ohm i
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U 100 Ohm

Figure 1.16

On the Calculation Parameters tab of the Project properties window,
you need to set the values shown in the Figure 1.17.
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For the Method of integration parameter, leave the default value — the
Euler method, which can only use a fixed step, and all other methods can be
used both with a fixed step and with automatic step selection.

The Final calculation time should be set to 0.02, which corresponds to
one period of harmonic voltage in seconds of the Voltage source with a
frequency of 50 Hz.

We will choose the Minimal step, which sets the restriction from below
on the integration step, 100 times less than the Final calculation time.

Keep in mind that in the SimInTech system, the integer part of the
number must be separated from the fractional part by a dot, so the
Minimum step value in the Calculation Parameters window should be set
in seconds as 0.0002 (see Figure 1.17).

The Maximum step for the Euler integration method should be equal
to the Minimal step (see Figure 1.17).

The default Relative error (accuracy) is 0.0001. Do not set this value to
greater than 0.01 or less than 1e-10.

The Absolute error default is 1e-6. It has a significant impact on the
choice of the step size only in cases where the values of some variables are
close to zero.

The Initial step of integration is set to 0 by default, which means that
it is set automatically.
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9. To start the simulation process, click on the Start button ¥ on the
Toolbar or on the F9 key.

At the end of the calculation, an inscription should appear in the line of
the calculation information display of the Schematic window: End time
(time=0.02), otherwise an error has been made in the diagram.

The simulation results can be seen on the screen of the Graph of time
block in the form of time dependence by double-clicking on it (Figure 1.18).
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Figure 1.18

10. To zoom in on the desired part of the graph, hover the cursor over it
and, while holding down the LMB, move the mouse in the «right-up» or
«right-down» direction.

To restore the original graph view, it is required to repeat the same
procedure, only to move the pressed LMB in the «left-up» or «left-down»
direction. The visible part of the graph is moved by moving the mouse with
the right mouse button pressed [2].

Use the graph to determine the amplitude value of the voltage by
increasing the desired part of the graph and making sure that it is 7 V. Set the
original graph view.

11. Move the cursor to the central part of the graph window and make a
right-click. As a result, a context menu will appear (Figure 1.19), in which
you can select commands for copying to the clipboard, exporting to a file,
printing and saving graphics images to a text file, etc.

If you select Cursor in the context menu, a crosshair will appear next to
the cursor, which can be moved to the point to calculate its coordinates
(Figure 1.20). To cancel the command, open the context menu again and
disable this command.

16



&2 Graph - O >
Graph
;
5
4 Properties
_ ; Reset zoom
E 1D Multi scales mode
=
E -1 Divide axises by height
-2
B Cursor
': Copy to clipboard
-G Export to file
7 Print
o .00 Tir'a.n Save to text file
Graphic Data analysis H]
Set window client size
Stay on top
Figure 1.19
G Graph — O bt
Graph
6 | 0
5 A:0.005034432759
4 ¥:7
2 |
= 2 i
= 1 !
s 0 :
T -] 1
- 2 |
-3 :
4 :
-5 ;
-ﬁ !
0 0.005 0.01 0.015 0.02
Timet s
Graphic
Figure 1.20

17




The Properties item in the context menu open a dialog box with the
title Plot properties (Figure 1.21), which on the tab Charts and axes sets
settings for such parameters as: graph name and type; line style and width;
various settings on the Axes X and Axes Y, graph title, etc.

Change the names by Axes Y as shown in the Figure 1.21.
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Figure 1.21

If the Show legend checkbox is selected on the Common tab of the
Plot properties dialog box (Figure 1.22), then you can set its location (Left,
Right, Top, Bottom). It is advisable to use a legend if more than one graph is
displayed on the Graph of time block screen. In the Figure 1.22, the Show
legend checkbox is unchecked.
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Figure 1.22

In addition, on the Common tab of the Plot properties dialog box, you
can change the title of the graph. Change the heading of the graph by
selecting the LMB Graph area and entering u(t) = 7 sin(314 t) from the
keyboard.

¥

and

Open the Font editor window by selecting the LMB area Lf
format the title by setting the font Bold.

Figure 1.23 shows how the screen of the Graph of time block will
change after the changes are made.
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Figure 1.23

Set the amplitude and frequency values of the Voltage
source block and the resistance of the RLC circuit blocks
equal to the variant number for the model in the Figure 1.16.

Set the final calculation time to one period of the harmonic signal at the
output of the Voltage source block. Run the simulation process and see what
changes on the dependency graph on the Graph of time block screen.

Insert the resulting project window into the laboratory report, indicating
the parameter values for your version, as well as the resulting dependency
graph on the screen of the Graph of time block.

Control questions

1. Which libraries in the SiminTech system are used for modeling
electrical circuits and how do they differ?

2. What is the sequence of building a model in the projector window in
the SimInTech system?

3. How are blocks inserted into the project window?

4. How are the blocks rotated in the project window?

5. How are the block properties set in the project window?
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6. How are the blocks connected in the project window?

7. How do you make the same signal reach several blocks?

8. How can you delete a block or a link between blocks?

9. What calculation parameters are set to perform the simulation?

10. For what reasons is the simulation time chosen?

11. How is the step value selected when choosing a fixed-step
simulation?

12. How is the simulation run performed in the SimInTech system?

13. What is the Graph of time block for?

14. How can you enlarge a graph fragment?

15. How can you copy to the clipboard, export to a file, print and save
images of the Graph of time block in a text file?

16. How can you determine the coordinates of the specified points on
the graph?

17. What settings exist in the Plot properties: Graph window?



Laboratory work Ne 2

Simulation of Direct Current Circuits
in the SimInTech System

The purpose of the work: familiarization with the main features of the
SimInTech system for modeling DC electrical circuits.

Work assignment

1. Assemble a DC circuit in the SimInTech system project window
(Figure 2.1). In, A

A

10V >
In A Rn=100 Pn, W

\Y Munv

r0=100 0

Figure 2.1

To do this, select the following blocks from the EC — Dynamics
library:

— Voltage source block from the Sources tab;

— two RLC-circuit blocks from the Electrical elements tab;

— The Ideal Voltmeter and Ideal Ammeter blocks are from the
Meters tab.

Add The Multiplier block from the Operators library and three
Output Port blocks from the Substructure library.

2. Set the parameter values shown in the Figures 2.2-2.4 in the
properties window for the Voltage source and RLC circuit blocks.

For the Output Port blocks, set the Values of the submodel port
names in accordance with Figure 2.1 by double-clicking on them.
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&2 Properties: ac_LN

Properties Common Ports  Visual layers

Search by caption, name, formula, value

Caption Name Expression Value
- Amplitude, V Um 0
- Constant component, V Udc 10
- frequency Hz f 0
- Phase, electrical. fi 0
= Source resistance
Type of source resistance circuit ~ TypeOfCircuit R
: Active resistance, Ohm R 0.01
EI Extra options
Name on the scheme 5C_name 10V
External signal U_in [no
Figure 2.2
€2 Properties: Z1 O >

Properties Parameters Common

Portz  Visual layers

Search by caption, name, formula, value v Q-
Caption Name Expression Value
= Main settings
| Type of circuit Type R
: Resistance, COhm R_ [100]
EI Extra options
Name on the scheme SC_name r0=100 Ohm
Show chain view VisType mnemaonic
Parameters displayed in ports  out_ports
Figure 2.3
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&2 Properties: Z2 — [ x

Properties Parameters Common Ports  Visual layers

Search by caption, name, formula, value v Qo

Caption Name Expression Value

= Main settings

Type of circuit Type R
. Resistance, Ohm R_ [100]
o Extra options
. Name on the scheme sC_name Rn=100 Ohm
Show chain views VisType mnemaonic

- Parameters displayed in ports  out_ports

Figure 2.4

3. Click the Simulation properties button #* | of the schematic project
window and set the Final calculation time in seconds to 1, and set the
Minimum step and Maximum step to 0.01.

Start the simulation process by clicking on the Start button.

After the following message appears in the calculation information
display line of the Schematic window: End time (time=0.01), press the Show

. Ly
values on wires key | :

Figure 2.5 shows the simulation results for the resistance value of the
right block of the RLC-circuit — Rn =100 Ohm.

4. Conduct a simulation for the circuit Figure 2.5, setting the constant
component of the source voltage in volts equal to the number of the variant,
and the value of the internal resistance r0O and the load resistance Rn in ohms
equal to the number of the variant plus 50.

Insert the contents of the received project window into
the laboratory report, indicating the values of all parameters

for your option on the diagram.
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[0.0499975]

10 V »
Pn, W
U In, A Rn=100 Ohm [0.249975]
3 \\ . Un, V
\% [4.99975] P
r0=100 Ohm
Figure 2.5

5. Assemble DC circuit in the project window of the SimInTech system
to remove the volt-ampere characteristic (VAC) (Figure 2.6).

4RV
0..10 V Rn=100 Ohm A

Vv

r0=100 Ohm

Figure 2.6

To do this, select from the EC — Dynamics library:

— the Voltage source block from the Sources tab;

—two RLC-circuit blocks from the Electrical component tab;

— the Perfect voltmeter and Ammeter perfect blocks are from the

Sensors tab.

Add the Phase Portrait block and the Graph of time block

to the schematic window of the project from the Output of data

palette.
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The mathematical communication ports for the output of the
instantaneous current value i of the Ammeter perfect block and the voltage u
of the Perfect voltmeter block are connected to the inputs of the Phase
Portrait block as shown in the Figure 2.6.

6. Set the property values in the properties window on the Properties
tab for RLC-circuit blocks in accordance with Figures 2.3, 2.4.

7. In the properties window on the Properties tab for the Voltage
source block, set the properties value in accordance with Figures 2.7.

€2 Properties: ac_U

Properties Common Ports  Visual layers

Search by caption, name, formula, value

Caption Name Expre... Value
- Amplitude, V Um 0
- Constant component, V Udc 0
-~ frequency Hz f 0
- Phase, electrical. fi 0
= Source resistance
Type of source resistance circuit TypeOf... R
Active resistance, Ohm R 0.01
=l Extra options
Name on the scheme SC_name 0...10V
External signal U_in [“]ves
Figure 2.7

As a result of setting the parameter value, Extra options —» External
signal > Yes, the us mathematical communication port will appear on the
left of the Voltage source block, designed to control the voltage value of the
source.

As an external signal for the Voltage source block, use the Linear

Source : block from the Sources library, the output signal of which is
also applied to the Graph of time block.
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The Linear source block generates the value of the output signal as a
function of time as

y(t)=a+b-t
Set the following property values for it on the Properties tab:
— Free member - a=0;

— Coefficientat t — b=10.

8. Click the Simulation properties button “* of the schematic project
window and set the Final calculation time in seconds to 1, and set the
Minimum step and Maximum step to 0.2, so that the number of points for
modeling is equal to five, not counting the starting point;

Run the resulting model for simulation, press the Show values on wires

button L. As a result, the mathematical communication ports of the

ammeter and voltmeter will display the values of current and voltage at the
load resistance Rh (Figure 2.8).

A

[0.0499975]

0..10V Rn=100 Ohm

[4.99975]

r0=100 Ohm

Figure 2.8

Double-click the graphical windows of the Phase Portrait and Graph
of time blocks and view the modeling results in them.

Set the values of the following parameters in the properties window for
graphical windows: line style and thickness, type of points on the graph, the
name of the axes on the Graphics and axes tab, as well as the name of the
graph on the General tab in accordance with the Figures 2.9, 2.10.
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Figure 2.9
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Volt-ampere characteristic
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In(t), A
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Figures 2.10
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9. Conduct a simulation for the circuit Figure 2.8, setting the resistance
values r0 and Rn in ohms equal to the option number plus 50.

Insert the contents of the resulting project window into
the laboratory report, indicating on the diagrams the values of

all parameters for your variant, as well as the contents of the graphical
windows Graph of time and Phase portrait with the current modeling
results for your variant.

Analyze the obtained graphs and draw conclusions about the linearity of
the VAC.

Based on the results of the experiment, determine their coordinates for
any two points on the graph and conclude that Ohm's law is fulfilled.

10. In the SimInTech project window, assemble a DC circuit to obtain
the dependences Un and Pn for the given Rn from the current In flowing
through it.

The scheme includes the blocks shown in the Figure 2.11.

r0=100 Q

inport_1 3}
inport_2 >

} !

Figure 2.11

Select from the EC — Dynamics library:

— the Voltage source block from the Sources tab;

— the RLC-circuit block from the Electrical component tab;

— the Generalized chain block from the Developer Items tab (in the
R-L-C

palette ), which is used as a variable load resistance Rn (highlighted in
the Figure 2.11).
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Add a Multiplier block from the Operators library, a Saw block from
the Sources library, and two Phase Portrait blocks from the Data of Output
library.

11. Set in the properties window:

— for the Voltage source block, the property values are in accordance
with the Figure 2.2;

— for the RL.C circuit block, the property values are in accordance with
the Figure 2.4;

— for the Phase Portrait and Generalized chain blocks, the Block
Signature property values on the General tab in accordance with the
Figure 2.11.

In the properties window for the Generalized chain block, set the
following property values shown in Figure 2.12.

For the Type of chain element property, select the value R from the
drop-down list. For the Element resistance, Ohms property set the value in
ohms to 1000.

To select the required Parameters set from ports in the properties
window of the Generalized circuit block, hover the cursor in this row over

the right side of the Value column before the button appears and click on
it (Figure 2.13).

As a result, the Select objects from the list window opens, in which
you can select the required Sources (in the Figure 2.14 Resistance is
selected).

Similarly, you can select the required Parameters displayed in ports
(Figure 2.15).

This opens the Select Objects from the list window, where you can
select the required Sources (Current and Voltage are selected in the
Figure 2.16).
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€2 Properties: RLCI1

Properties Parameters Common Ports Visual layers

Search by caption, name, formula, value

Caption Name Ex... Value
Type of chain element el_type v
Element resistance, Ohm R 2
Imaginary resistance, ohm R_im RC

RLC
Current source, A Isrc

WaeansHan 34C
Imaginary current source, A  Isrc_im MaeansHbli TOK

RL napannensHan
Voltage Y RC napannenbHas v
Imaginary voltage, V U_im [0]

Figure 2.12

&2 Properties: RLCT — O

Properties Parameters Common Pors Visual layers

Search by caption, name, formula, value e
Caption Mame Expression Value

Type of chain element el_type R

Element resistance, Ohm R [1000]

Imaginary resistance, ochm R_im [0]

Current source, A Isrc [0]

Imaginary current source, A Isrc_im [0]

Voltage U [0]

Imaginary voltage, V U_im [0]

FParameters set from ports in_ports =
Parameters displayed in ports out_ports

Figure 2.13
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-

»elect objects from list

Filter Destination
" Resistance
Source
Capacitor resistance
Capacity
Frequency

Imaginary resistance
Imaginary source cument
Imaginary voltage
Inductance

Shunt resistance
Source cument

ALY £ €F |

Voltage Ef]
N,
[«] Alfa-sort & Ok & Cancel
Figure 2.14
&2 Properties: RLC1 — O by
Properties Parameters Commeon Ports  Visual layers
Search by caption, name, formula, value v Q-
Caption Name Expression Value
Type of chain element el_type R
Element resistance, Ohm R [1000]
Imaginary resistance, ohm R_im [0]
Current source, A Isrc [0]
Imaginary current source, A Isrc_im [0]
Voltage U [0]
Imaginary voltage, V U_im [0]
Parameters set from ports in_ports Resistance;
Parameters displayed in ports  out_ports |2

Figure 2.15
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Fitter Destination
- Current
YWoltage
Source
Cumrent
Cument amplitude E>
Imaginarny cument [
Imaginary stress N
Woltage amplitude 43
)
] Afa-sort =) o Ok & Cancel
Figure 2.16

As a result, three mathematical ports will appear to the left and right of
this block:

— R — for resistance control in ohms;
— Ire — to output the real value of the current flowing through the unit;
— Ure - to output the real value of the voltage applied to the block.

Set the parameter values shown in the Figure 2.17 in the properties
window for the Saw block.

&2 Properties: Pila_source_1 — [l >
Properties Common Ports  Visual layers
Search by caption, name, formula, value v | QL
Caption Name Expression Value
Swipe Y [1000]
Period, s t [10]
Bias dy [0.1]
Phase (advance), s dt [0]

Figure 2.17
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12. Connect the blocks together in accordance with the Figure 2.18.

r0=100 Ohm

Rn=(1..1000 Ohm)

|

+ %
ENE .

Figure 2.18

Un(In)
)

1 i )
L ;r'\_,-*'

The R port of the Generalized chain block is connected to the output
of the Saw block.

The Ire port of the Generalized chain block is connected to the upper
input of the Phase Portrait block and to the input of the Multiplier block.

The Ure port of the Generalized chain block is connected to the lower
input of the Phase Portrait block (Un(In)) and to the input of the Multiplier
block.

The output of the Multiplier block is connected to the lower input of
the Phase portrait block (Pn(In)).

o)

13. Click the Simulation properties button of the schematic
project window and set the Final calculation time in seconds to 10, and set
the Minimum step and Maximum step to 0.001.

Run the resulting model for modeling and view the simulation results in
graphical windows.

Set parameter values in the properties window for graphical windows:
line style, axis name, and graph name in accordance with the
Figures 2.19, 2.20.

14. Perform a simulation for the circuit in the Figure 2.18 by setting the
value of the constant voltage component for the Voltage source block in volts
equal to the option number plus 10.

34



@2 Phase portrait — O >
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Figure 2.19
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Figure 2.20

Insert the contents of the resulting project window into
the laboratory report, indicating the values of all parameters
for your variant on the diagrams, as well as the contents of
the Phase Portrait graphical windows with the current
modeling results for your variant.

Analyze the graph of the load line and explain the decrease in voltage

Un with an increase in current In, taking the resistance rO for the internal
resistance of the VVoltage source.
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Analyze the Pn(In) graph. Determine at what resistance Rn value the
maximum power from the VVoltage source is transmitted to it.

15. Replace the Saw block in the model in the Figure 2.18 with a
Piecewise Constant block from the Sources library (Figure 2.21), which
generates an arbitrary multi-stage output signal.

r0=100 Ohm

Rn=(1..1000 Ohm) . -,

Jea

p [
U)ov Pn(In)
= Jea
> A

>

Figure 2.21

This will allow you to set a number of discrete values of the resistances
Rh and plot graphs for these values Figures 2.19, 2.20.

Set the eight parameter values shown in the Figure 2.22 in the
properties window for the Piecewise constant block.

16. Click the Simulation properties button of the schematic project
window and set the Final calculation time in seconds to 10, and set the
Minimum step and Maximum step to 1.

Run the resulting model for simulation and view the simulation results
in graphical windows (Figures 2.23, 2.24).

€2 Properties: PolyStep_source 1

Properties Common Ports  Visual layers

Search by caption, name, formula, value

Caption Mame Value

Array of time intervals t M,1,1,1,1,1,1,1]]

Array of Values ¥ [[0.1,25,50,100, 200,400,700 ,1000]]
Figure 2.22
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Figure 2.24

17. Perform a simulation for the circuit Figure 2.22 by setting the values
of the internal resistance r0 in ohms equal to the option number plus 50.

In the properties window for the block, set the Piecewise constant eight
parameter values to an Array of — y values equal to ohms:

0,1-r0; 0,25-r0; 0,5-r O; r0; 2-r0; 4-r0; 7-r0; 10-rO0.
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Insert the contents of the resulting project window into
the laboratory report, indicating the values of all parameters for
your variant on the diagrams, as well as the contents of the
Phase Portrait graphical windows with the current modeling
results for your variant. Compare the graphs obtained with

similar graphs obtained when performing clause 14. Draw
conclusions.

Control questions

1. In which library is it located, what are the main properties and the
purpose of The Multiplier block?

2. In which library is it located, what are the main properties and the
purpose of the Output Port block?

3. In which library is it located, what are the main properties and the
purpose of the Linear Source block?

4. What is the Phase Portrait block for?

5. In which library is it located, what are the main properties and the
purpose of the Saw block?

6. In which library is it located, what are the main properties and the
purpose of the Piecewise Constant block?

7. In which library is it located, what are the main properties and the
purpose of the Generalized Chain block?

8. What is the purpose of the External signal port in the Voltage
source block?

9. How can you set the block signature in the required format?



Laboratory work Ne 3

Simulation of Alternate Current Circuits
in the SimInTech System

The purpose of the work: familiarization with the main features of the
SimInTech system for modeling AC electrical circuits.

Work assignment

1. Assemble a dynamic model of the 1st-order inertial link in the project
window of the SimInTech system when a harmonic signal is applied to its
input (Figure 3.1).

Um=100 V, =50 Hz P2 ™"

C=0.0001 F

N \Y%

Figure 3.1

O

Select the following blocks from the EC — Dynamics library:

— the Voltage source block from the Sources tab;

—two RLC-circuit blocks from the Electrical elements tab;

— Three Perfect voltmeter blocks from the Sensors tab.

Add the Graph of time block from the Output of data library.

2. Use the Properties window to set the following properties:

— for the Voltage source block, the value of the property Amplitude,
V, is equal to the option number, the value of the property frequency, Hz, is
equal to the option number multiplied by 10, and the value of the property
Active resistance, ohm is 0.01;

— for the upper block of the RLC-circuit, the value of the property
Resistance, ohm, equal to 100 is divided by the option number;

39



— for the right block of the RLC-circuit, the value of the property
Capacity, F, is equal to 0.0001.

3. Click the Simulation properties button of the schematic project
window and set:

—the Final calculation time equal to three input voltage periods (for
the diagram in Figure 3.1, this value is 0.06 s);

— the Minimum step (Maximum step) is 100 times less than the final
simulation time (for the scheme in the Figure 3.1, this value is 0.0006 s)

Leave the other settings as default.

4. Run the scheme for simulation. At the end of the calculation, when

LY

you click on the Show values on wires button , the instantaneous voltage
values at the end of the simulation will be indicated on the mathematical
outputs of the voltmeters in volts (Figure 3.2):

— at the input of the circuit, equal to — 0.0089993859 V;

— at the resistance, equal to 44.99693 V;

— at a capacity equal to —45.005929 V.

Um=100 V, £=50 Hz P20 O

C=0.0001 F

[-45.005929]

[-0.0089993859) 4’

V)

V)

[44.99693]

Figure 3.2
Double-clicking on the Graph of time block opens a window with time

diagrams of the voltages entering its three inputs. Set the necessary settings in
the Plot properties: Graph window to get graphs as shown in the Figure 3.3.
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Figure 3.3

Insert a simulated diagram into the laboratory report
with the values of all parameters and the modeling results
for your variant, as well as a graphical window with the
corresponding time diagrams in the Graph of time block.

5. Set the Minimum and Maximum parameter values in the X axis
section of the Plot properties: Graph window so that the graphic window
displays one last period of the harmonic signal for your variant. For the
diagram in Figure 3.1, these values are 0.04 and 0.06, respectively. Also,
uncheck the checkbox for configuring Autoscale in the X axis section.

After pressing the Apply or Ok key, one period of harmonic signals will
be displayed in the window of the Time graph block (Figure 3.4).

It can be seen from the graphs that the voltage across the resistance
outstrips the voltage across the capacitance by 90°, which corresponds to the
theory.

| Insert the graph of the Figure 3.4 for your option number
into the lab report. Analyze the graphs obtained and draw
conclusions about the phase shifts between the resistance and
capacitance voltages.
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Figure 3.4

6. Assemble a dynamic model of a 1st-order inertial link in the project
window of the SimInTech system when a harmonic signal is applied to its
input and measure the total and active power in it (Figure 3.5).

Um=100V, f=50 Hz

O

R=50 Ohm [0.89993859]) C=0.0001 F
————— uc(t), v
V [-0.0089993859] [-45.005929] M
i(t), A
P T'ms [1.1944078] » ST
—p [84.49922]
P rms [70.745705] (o), W >
|r.'*.\{)"‘--
PW
—>® p avg j
L [-0.0080988947] [71.507326]

Figure 3.5

Select the following blocks from the EC — Dynamics library:

— the Voltage source block from the Sources tab;

— two RLC-circuit blocks from the Electrical components tab;
— two Perfect voltmeter blocks from the Sensors tab;

— the Ammeter perfect block from the Sensors tab;
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—two blocks RMS value for the period (rms) and block
Period average (avg) from the Controls and signal processing tab.

Add the two Multiplier block from the Operators library and two
Graph of time block from the Output of data library.

7. Set the following properties using the Properties window:

— for the Voltage source and RLC circuit blocks, the same parameter
values as in the diagram of Figure 3.1;

— for blocks RMS value for the period and Period average:

— the value of the properties Period, s, is equal to the period of the input
signal (for the scheme of Figure 3.5 - 0.02 s);

— the value of the properties Discretization step, s, when integrating
with a constant step, it is recommended to set a multiple of the integration
step (for the scheme of Figure 3.5 - 0.0006 s).

4

8. Click the Simulation properties button
window and set:

—the Final calculation time equal to three input voltage periods (for
the diagram in the Figure 3.1, this value is 0.06 s);

— the Minimum step (Maximum step) is 100 times less than the final
simulation time (for the scheme in the Figure 3.1, this value is 0.0006 s)

Leave the other settings as default.

of the schematic project

9.Run the simulation scheme and click on the button '’/ The
simulation results corresponding to the time of 0.06 s are shown in the
Figure 3.6.

At the output of the upper Multiplier unit, a value of 84.49922 is
formed, equal to the total power in volt amperes.

At the output of the block, the Period average is 71.507326, equal to
the active power consumed by the circuit from the Voltage source in watts.

Figure 3.6 shows the time diagrams uC(t) and i(t) on the screen of the
Graph of time block for the model from Figure 3.5. It can be seen from the
graphs that since there is a reactive element (capacitor) in the circuit, a
transient process takes place at the beginning of the simulation, which is
almost completed in about one period.
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Figure 3.6

Figure 3.7 shows a time diagram on the screen of the Graph of time
block for the instantaneous power p(t) and the active power P consumed by
the circuit from the Voltage source, which is equal to the average power over
the period. It can be seen from the time diagram that the active power is
approximately equal to its calculated value shown in the Figure 3.5.

()

Instantaneous power p(t) and active power P time diagram
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Figure 3.7

10. On the tab, determine the Parameters of the Properties window of
the right block of the RLC-circuit, the voltage across the capacitance at the
end of the simulation is VVoltage, V. For the circuit, Figure 3.5, this value in
volts is —45.00592903 (Figure 3.8).
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&2 Properties: Z2

Properties FParameters Common Ports  Visual layers

Search by caption, name, formula, value

Caption Mame Value

Voltage, V Ure_out [-45.00592903]

Current, A Ire _out [0.89903585928]
Figure 3.8

11. Set the value of the Initial voltage across the capacitor, V, equal
to the voltage across the capacitance in steady state for the right block of the
RLC circuit on the Properties tab of the Properties window (Figure 3.9).

&9 Properties: 72

Properties Parameters Commen Portz  Visual layers

Search by caption, name, formula, value

Caption Mame Value

= Main settings

- Type of circuit Type C
- Capacity, F C [0.0001]

= Extra options
- Name on the scheme sC_name C=0.0001F
- Show chain view VisType mnemonic
- Parameters displayed in ports out_ports

= Tnitial conditions

. HAYaNLHOR HaNpsKeHWe KoHaeHcaTopa, B UC_D [-45.00592903]

Figure 3.9

12. Run the scheme for simulation.

Figure 3.10 shows the time diagrams uC(t) and i(t) on the screen of the
Time graph blocks for non-zero initial conditions. It can be seen from the
graphs that there is no transition process in the scheme.
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&2 Graph — O x
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Figure 3.10

Insert into the laboratory report a simulated scheme with
simulation results for your variant, as well as graphs with
simulation results in the Graph of time blocks for paragraphs
6-12. Analyze the graphs obtained and draw conclusions.

13. Build a branched harmonic current circuit in the SimInTech project
window (Figure 3.11) using blocks from the EC - Statics v.2.0 library as
electrical elements.

Select the following blocks from the EC — Statics v.2.0 library:

— the Voltage source block from the Sources tab;

— three RLC-circuit blocks from the Electrical elements tab;

— the Zero potential block from the Topologies Elements tab;

— the Outline Parameters block from the Topology Elements tab.

L=3 mH R=100 Ohm

U=10 V, |f=5000 Hz

C=0.000001 F

|

L

Figure 3.11
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14. Use the Properties window to set for the Voltage source block
properties shown in the Figure 3.12.

€2 Properties: L1

Properties Parameters Commen Ports  Visual layers

Search by caption, name, formula, value

Caption = MName Value
- Real component of voltage, V Ure 10
- Imaginary voltage component, V. Uim 0
- Voltage (rms), V Urms 10
~ Angle, el.gr. fi 0
- frequency Hz f 5000

[+ Source resistance

= Additional

- Set voltage via port U_in [ INo
- Set frequency via port F_in [ INo
- Calculation Method method o
= Colour obj_colorl
_ In instantaneous values
~ Font obj_font From container settings

Figure 3.12

Please note that the Calculation Method in the Figure 3.12 is In

complex numbers.
Use the Properties window to set the parameter values shown in the

Figure 3.13 for the Outline Parameters block.
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€2 Properties: CPROPSE
Properties Parameters Commen Ports  Visual layers
Search by caption, name, formula, value

Caption Mame Value
Parameters set from ports in_ports

Mumber of skipped integration steps KofStep 0

Relative error ConturRelError 0.0001
Absolute error ConturAbsError 0.001
Integration step for calculating the initial state  h_InSt 1E-14
Maximum number of contour iterations iter_count 5

The method of calculating the initial state init_mode Asked n.u.;
The method of integration int_method Implicit trapezoid;
Basic calculation method top_method In complex numbers;
Execute on preliminary steps execallsteps Lo
Enable debug printing enable_debug_print [ Mo
Calculation on a good step F_calcGoodStep C Mo
Solution debounce F Y2 C Mo
Analysis of the need for LU decomposition F_LU ClMo

Step selection based on iteration error F_SalveErr ClMo
Integration step contral fstepcontrol []ves

All circuits are autonomous F_Avtonom []¥es
Take errors from general settings F_ErrorCommon [“]Yes
Mominal frequency of the circuit, Hz f nom [5000]

Figure 3.13

Use the Properties window to set the parameter values shown in
Figure 3.11 for RLC-circuit blocks.

A

15. Click the Simulation properties button of the schematic
project window and set:

— The Final calculation time is 0.1 s;

— The Maximum (Minimum) step is equal to 0.001 s.

Leave the other settings as default.

Run the scheme for simulation.

The simulation results in the form of currents in the branches can be
viewed in the corresponding Properties window for the RLC-circuit blocks

on the Parameters tab (see Figures 3.14-3.16) where:
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— Tox xkommiekcusblii (rms), A — displays the value in complex form
when calculated in complex numbers; the parameter value is zero when
calculated in instantaneous values;

— Tox (rms/inst), A — displays the effective value when calculated in
complex numbers; instantaneous value when calculated in instantaneous
values.

&2 Properties: Z1

Properties Parameters Common Portz  Visual layers

Search by caption, name, formula, value

Caption Mame  Value ~

ToK KoMnnekcHeld (rms), A 1 out 0.02112682031-0.1500589063i

Tok (rmsfinst), A I rms 0.151538833

Figure 3.14

C2 Properties: 22

Properties Farameters Commeon Ports  Visual layers

Search by caption, name, formula, value

Caption Mame  Value =

Tok koMmnnekcHelid (rms), A I out -0.04142718729-0.01991155904

Tok (rmsfinst), A I rms 0.04596392097

Figure 3.15

€2 Properties: Z3

Properties Farameters Common Ports  Visual layers

Search by caption, name, formula, value

Caption Mame  Value =
ToK KoMnnekcHeld (rms), A I out 0.0625540076-0.1301473473i
Tok (rmsfinst), A I rms  0.1443999164

Figure 3.16
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16. Use the Properties window for the RLC-circuit blocks to set the
values of the parameters C, L shown in the Figure 3.11, and the resistance
value in ohms equal to 100 minus the option number.

Insert the simulated circuit into the laboratory report,
indicating the parameter values for your option, as well as the

simulation results in the form of branch currents.

Control questions

1. Which libraries in the SimInTech system are used to simulate
instantaneous values of currents and voltages of AC electrical circuits?

2. What properties should be set for the Voltage source block when
modeling AC electrical circuits?

3. For what reasons is the Final calculation time selected in the
Project Parameters window, as well as the Minimum (Maximum) the
integration step?

4. How are the simulation results displayed on the communication
lines?

5. How is the required time interval of the schedule displayed in the
Graph of time blocks?

6. Which blocks are used to obtain the RMS value and the average
value over a period for a harmonic signal, and where are they located?

7. How can you display the instantaneous power value in the Graph of
time blocks?

8. How can you set the initial values of the voltage across the
capacitance and current through the inductance?

9. How can you simulate an extensive harmonic current circuit to obtain
simulation results in the form of a complex number?

10. What settings of the Circuit Parameters block should be set when
modeling a harmonic current circuit?

11. On which tab of the Properties window for the RLC-circuit blocks
can you view the simulation results and in what form?
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