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CHANGES TO THE SEGPAL DOCUMENT

Description Version
Previous version 2.3
&~ scilab versions 2025.1 and 2026.0 have a bug that prevents the correct display of values
entered in SegPal function boxes. This bug should be fixed in Scilab version 2026.1. This issue
can be tracked at the following address:
https://gitlab.com/scilab/scilab/-/issues/17505
The CLRseg, DerFil, and PSB components also have an Auto mode that allows for automatic initialization based on their
input values.
3.0.0

Thus, in Auto mode:
e  The output of the CLRseg and PSB low-pass filters is automatically initialized to the component's input value
e  The output of the DerFil derivative filter is automatically initialized to 0
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Figure 2 : List of main HYDROTUR documents
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FOREWORD

The HYDROTUR product essentially brings together three software components created to help simulate rotating machines in the field
of hydroelectricity and is based on the study of hydraulic turbines of the FRANCIS, KAPLAN, PELTON type.
Thus, HYDROTUR includes the following products:
e  SEGPAL, an extension library for the graphical components of Scilab-Xcos
e  HydroStab, dedicated to calculating the stability of a speed regulator controlling a hydroelectric machine, and carried out
with linear simulations in small motion of the processes to be analysed.
e HydroSim, an extension of the HydroStab product, is characterized by non-linear simulations of the processes studied, in all
operating modes of the turbines.

These components are written in the Scilab-Xcos environment and are all available and downloadable as ATOMS library modules for
Scilab.

PPe HYDROTUR — SEGPAL :- Graphics components library for XCOS — Reference Guide Draft Version 3.0.0
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1 INTRODUCTION

SEGPAL represents an additional library of XCOS graphics components.

SEGPAL harmoniously complements the standard XCOS tool palettes, and has been specially designed to improve the ergonomics and
relevance of HYDROTUR-HydroSim schematic libraries and simulators.

SEGPAL is initially dedicated to the HydroSim project, simulators for FRANCIS, PELTON, KAPLAN hydraulic turbines entirely produced
under XCOS but can be used in any other XCOS program as soon as the SEGPAL library has been loaded.

Some components are designed to enable steady-state simulations of processes and therefore avoid undesirable transient conditions
at the start of the simulation.

Functional Block Diagram of the Hydraulic Turbine Generating System

7 — Turbine Control Dynamics
1 * | ‘ —_—— Turbine Dynamics r Rotor Dynamics
Z + Z Error —D-[D-r Gate p ~ Torque -
Speed L = . ' i » : J > L J
Reference L - -
Pressure Flow
e .. N P .
= 1 L=
i S— T
L= Electrical Torque
Compensation p i
Conduit Dynamics Elestrical Sywtem
1 E i
1 : Generator
2. Network

PPe 2016.08.11 3. Load

Figure 3 : General functional diagram of a hydroelectric control system
& If SegPal is not loaded, it is not possible to use the simulated turbine models, or to run the demonstration programs
integrated in this delivery.
This document describes all the components present in the SEGPAL library.
Each component is associated with a basic XCOS test program, giving an example of its use.
The table below summarizes the main components developed within this library:

Component Meaning SegPal\demos
CLRseq First order low pass filter with initialization at t=0 CLRseg.zcos

CLRseg_Auto.zcos

DerFil Filtered derivative with initial condition DerFil.zcos

DerFil_Auto.zcos

DiracSync Generation of a Dirac's comb synchronized to a start date DiracSync.zcos
EdgeTrigger Edge detector of an input square wave EdgeTrigger.zcos
GainVar Variable gain - Adaptation to the simulation of multi-jet PELTON machines GainVar.zcos

GainVar_V.zcos

GeneBF Low frequency signal generator - Signal disruptor GeneBF.zcos
Hysteresis_H Multivariable hysteresis Hysteresis_H.zcos
Interpin_H Multivariable linear interpolation Interpln_H.zcos
IntLim Pure integrator with reset and external saturations IntLim.zcos
IntSPE Special integrator with initial conditions and quick desaturation IntSPE.zcos
Memo Pure delay Memo.zcos

PPe HYDROTUR — SEGPAL :- Graphics components library for XCOS — Reference Guide Draft Version 3.0.0
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Pow Raising a positive number to the power Pow.zcos
PSB 1st order low-pass filter with reset and external saturations PSB.zcos
Rampe Integrator ramp with reset and external saturations Rampe.zcos
Relais_H Multiple relays in parallel on a 1x1 input signal Relais_H.zcos

Repartiteur_jetsl.zcos

Repartiteur_jets2.zcos

RELATIONALOP_H | Multi-form relational operations RELATIONALOP

multivariables.zcos

Satur Multivariable external saturations Satur.zcos

Satur n lignes.zcos

SinuSync Sine function with synchronization at the start time SinuSync.zcos

Sinus amorti.zcos

Step2 Double programmable duration step Step2.zcos
TempoTrig Retriggerable timer TempoTrig.zcos
Time_Delay Input time offset Time_Delay.zcos

Figure 4 : SegPal Library Components

2 SUPPLY

2.1 Installing SegPal
The HYDROTUR-SegPal project is provided from a “SegPal.zip” file, which must be unzipped.

The package can be installed in different ways:

Mode Method

1. Using the Scilab ATOMS module installer, pointing to HYDROTUR-SegPal in the "Xcos-Palettes" module

2. By entering the command atomsinstall("SegPal") in the Scilab console

3. Manually, by placing and extracting the ZIP file into a user-defined directory, such as "HYDROTUR\SegPal\" for example
(accessible at https://atoms.scilab.org/toolboxes/SegPal/3.0.0 )

demos

+= SegPal.zip
docs Test programs

etc

Seghal @——> help HMI interface functions of the components
images
jar

SegPal ZIP file LS i i -
g Calculation functions — C programming language
RAC coding of components — C source code

& builder.sce

SegPal Directory

."_‘;." changelog.txt

L. cleaner.sce

") DESCRIPTION

1;' license.txt

,’L." loader.sce SegPal loader
.’L‘, readme.txt

.E‘_'.' unloader.sce

Figure 5 : SEGPAL directory organization
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Content
Set of demonstration programs illustrating each SegPal component

Docs Documentation and installation guides (English/French):
Etc Initialization (SegPal.start file) and finalization (SegPal.quit file). Scripts used to load the SegPal module (loader.sce)
or unload it (unloader.sce).
Help Bilingual online help for each component Online help can be accessed by right-clicking on a component in the library
(Frangais/English)
macros Macros (Files with the ".sci" extension)
Set of source files written in Scilab, describing the GUI interface of the components
src\c The complete set of source files written in C language.
Execution code for each component.
builder.sce Main builder of the SegPal module.
changelog.txt SegPal version change history
cleaner.sce Delete the compiled ".bin" and ".0" files in the "macros" and "src\c" directories.
Use this with any rebuild using the "builder.sce" utility.
DESCRIPTION Brief description of SegPal. Used when loading SegPal locally. For Designer use only.
licence.txt Declaration of conformity to the CeCILL license Version 2.1
loader.sce Loading SegPal into Scilab.
This file is created automatically when the SegPal library is regenerated using the "builder.sce" constructor.
readme.txt Recommendation for installing SegPal on the computer

unloader.sce

Unloading HydroSim into the Scilab platform. This file is automatically created when the HydroSim library is
regenerated using the "builder.sce" constructor.

Figure 6 : Main files in the SegPal directory

2.2  Uninstalling SegPal

In mode 1 or 2 (see Figure 5), SegPal can be uninstalled by clicking on the Scilab ATOMS icon.

, or by typing the command

atomsGui() in the Scilab console, then selecting the SegPal module:

MinGw toolbox 10.3.1
= Dynamic link with MinGW for Scilab on Windows d
SCIHOME |atoms|x64 |mingw|10.3.1

Additional graphics components library for XCOS 3.0.0
&= User manual in console + Advanced documentation features
SCIHOME|atoms|x64|HYDROTUR SEGPAL|3.0.0

Chargé

au démarrage
Chargé /
3u démarrag!

rAdditional graphics components library for XCOS

Version
3.0.0

Auteur(s)
Pierre PERRICHON

Description

SEGPAL represents an additional library of XCOS graphics components.

SEGPAL harmoniously complements the standard XCOS tool palettes,

and has been specially designed to improve the ergonomics

and relevance of HYDROTUR schematic libraries and simulators.

SEGPAL is initially dedicated to the HYDROTUR project,

simulators for FRANCIS, PELTON, KAPLAN hydraulic turbines entirely produced under XCOS,
but can be used in any other XCOS program as soon as the SEGPAL library has been loaded
Some components are designed to enable steady-state simulations of processes

and therefore avoid undesirable transient conditions at the start of the simulation.

Chargement automatique t Supprimer Précédent

Figure 7 : Uninstalling SegPal
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3 CONSTRUCTION AND LOADING OF THE SEGPAL LIBRARY

3.1 Foreword

The construction of the SegPal library requires a good understanding of the book [2]*.

Its use requires only knowledge of this manual “HYDROTUR - SEGPAL - Reference Guide”, and the components it incorporates.

HYDROTUR - SEGPAL
Simulator for Hydraulic Turbines

Graphics components library for xcos
Reference guide - Version 3.0.0

Il. MODELISER ET SIMULER AVEC XCOS

il SCILAB
DE LA THEORIE A LA PRATIQUE

Yvon Degré, Serge Steer

Figure 8 : « Modéliser et simuler avec XCOS » book

3.2 Prerequisites — Installation of the MinGW compilation toolchain in Scilab — ATOMS modules

The source code for the executables related to the functional boxes is mainly written in C language and is available in the directory

SegPal\scr\c.

Therefore, it is necessary to have a GNU C/C++ compiler installed on the user's machine.
To do this, launch the ATOMS module manager in Scilab and select the MinGW module from the list of modules:

Applications 7
# SciNotes

2 Xeos
Matlab to Scilab translator
Variable Browser
Command History
File Brewser

Import Data

Icon access to the “ATOMS Module Manager”

B scilab 2024.1.0 Console
File Edit Control Applications

BE A0 % &
Fie Browser

@ % =8

Figure 9 : Access to ATOMS Modules in Scilab libraries

1This book can be ordered online from D-Booker publishers.
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1. Click on the "All modules" icon to access the "Main categories" view.

MicroDAQ Toobox
= - — Microwave Toolbox
& Main categories - ATOMS Emm bix 4 & MinGW
File 7 _-—_" Accsum Minphase
Al maodules Matlab/Octave Compatibity toolbox
Contributed Sciab builds 1 Click =i Modbus
2. Inthe drop-down list sorted alphabetically, select the "MinGW" component:
& Al madules - ATOMS - O
MinGw toolbox
by MinGW installer under Scilab
Author(s)
Allan CORMET
Description

MinGW Compller support for Sciab on Windows

You need to nstal MinG\W gcc package distributed by Equation Solution first
(subsequent versions of gcc should work as well).

Both 32 and 64 bit versions of the MinGW goc package (goc-10.3.0-32.exe and
gee-10.3.0-64.exe files) can be found in the “Fes” saction of the
MinGW Tookox page at

After instaling the MinGW package, lagout/login your Windows session and @
finally install the MnGW Sciab toobox. The first time you load the toobox,

Scilab will rebuild some goc lbraries. The process may take a mnute or more 50

please be patient and wat unti Sciab retuns control to the command prompt.

Figure 10 : MinGW installer under Scilab

3. Retrieve the 64-bit MinGW compiler in the version indicated in CD and install it in the directory chosen by the operator:

| 6CC 1030 [64-bit]

Directory C:\Users\User_Name

Figure 11 : Installing the gcc compiler

—. HYDROTUR — SEGPAL :- Graphics components library for XCOS — Reference Guide Draft Version 3.0.0
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Generally, unless the operator is modified, a default directory is created on "C:\Users\User_Name".
At the end of the installation, you can check that "gcc" is correctly installed:

e Open a new Scilab session
e Enter the command powershell("gcc --version") in the Scilab console.

Figure 12 : Checking the installation of the GCC compiler-linker, version 10.3.0 64-bit

4.  Finish the MinGW installation by clicking on "Install", as indicated in ® on Figure 10
5. Close the Scilab session and start a new session to complete the installation.

3.3 The builder.sce constructor

The script builder.sce file, located in the SegPal directory, creates the SegPal library and provides all the files necessary for its use:
e Compiling all .sci macros associated with the macros subdirectory of SegPal\macros

e Compiling all the C source code associated with the function boxes, in the SegPal\src\c directory

e Creation of help files in French and English, allowing online help on each component by simply right clicking on a component.
In addition, the builder.sce constructor provides and adds the following files to the SegPal directories:

e cleaner.sce Cancels and deletes all files created by the builder.sce constructor
e loader.sce Loading the SegPal library in Scilab.

e unloader.sce Unloading the SegPal library into Scilab

A listing, obtained by screenshot after launching the builder.sce in Scilab, is provided in Appendix A.

3.4 The loader « loader.sce »

The loader.sce is created by the builder.sce interface, as shown in §3.3.
Running this script loads the SegPal library into Scilab.

If successful, the Scilab console displays a list of the operations performed:

Version 3.0.0 : Additional components for XCOS graphi

0
}
1=
o
H
w
]
<

Load palette
Load simulations functions
Load help

Figure 13 : Loading the SegPal library into Scilab — Using the loader.sce file

3.5 Direct access to the SegPal installation directory

To directly access the Segpal installation directory, shown in Figure 5, enter the following two instructions in the Scilab console:

global SCI_SegPal
chdir(SCI_SegPal)

PPe HYDROTUR — SEGPAL :- Graphics components library for XCOS — Reference Guide Draft Version 3.0.0
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« Busy.zcos
« CLRseg.zcos
. DerFil.zcos

demos @— | T DiracSynczcos
. EdgeTrigger.zcos

~ GainVar.zcos

« GeneBF.zcos

- Intlim.zcos
~ IntSPE.zcos
« Memo.zcos
. Pow.zcos

w POW2.2COS

- GainVar_V.zcos

« Interpin_H.zcos

~ Hysteresis_H.zcos

PSB.zcos

» Rampe.zcos
» Relais_H.zcos
. RELATION_OP multivariables.zcos
. Répartiteur_lets1.zcos

. Répartiteur_Jets2.zcos

. Satur n lignes.zcos

. Satur.zcos

Sinus amorti.zcos

. SinuSync.zcos
. Step2.zcos
. TempoTrig.zcos

. TimeDelay.zcos

Figure 14 : Overview of the SegPal library's unit testing programs

Selection and configuration of the Runge-Kutta XCOS solver

Solver Selection

This device is described in the HYDROTUR installation and operating manual, and can be checked by accessing the Simulation=»Setup
menu of XCOS

The configuration here sets a maximum simulation time of 10 s.

4.1.2

Set Parameters
Final integration time
Real time scaling
Integrator absolute tolerance
Integrator relative tolerance
Tolerance on time
Max integration time interval
Solver kind
Maximum step size (0 means no limit)

Set Context

|t.oE08
0.0E00

1.0E-06

1.0E-10

1.00001E05

RK45 - Runge-Kutta 4(5)

0.0E00

Cancel

/

Default

Figure 15 : Runge-Kutta solver settings

Simulation time settings

The actual simulation duration is adjusted in each program using the TSim variable (via Simulation=» Set Context menu).
This variable is used in each END block associated with each test program.

PPe
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You may enter here scilab instructions to define symbolic
parameters used in block definitions using Scilab
instructions.
These instructions are evaluated once confirmed (i.e. you H
dick on OK), and every time the diagram is run.

TSim=20 // Simulation duration (s)

- Scilab Multiple Values Request X

B setfinal simulation time

Final simulation time TSim

[5] | oo

Ok Cancel

Figure 16 : TSim simulation time setting
4.2 Graphic outputs

4.2.1 Principle of numbering graphics windows

Each test program includes a multiplexed graphical output:

Scilab Multiple Values Request s

B  SetScope parameters

Color (>0) or mark (<0) vector (8 entries)

23569111315

Output window number (-1 for automatic) round{200000%rand())
Output window position ]
Qutput window sizes [600;400]
Ymin -L.2
Ymax .5
Refresh period TSim
MUX Buffer size 1024
Accept herited events 0/1 1]
Name of Scope (abelédd) IntLim

Cancel

Figure 17 : Principle of numbering graphics windows
To ensure the uniqueness of each graphics window, when launching a test program, the window numbering is generated from the

calculation of a random number, based on the formula "round(200000*rand())", i.e. the integer rounded to the nearest value of the
floating-point number 200000*rand().

4.2.2 Managing legends associated with a graphics window

A legend is automatically inserted into the graphics window of a test program at the end of each simulation run.

This device is generated at time t=TSim, by a sequence of graphical instructions in XCOS, adapted to the test program:

Event at
time TSim

/ Double-click to access the "Processing Scope"
programming windows.

Tratement Scobe

Figure 18 : Principle of legend insertion in test programs

PPe HYDROTUR — SEGPAL :- Graphics components library for XCOS — Reference Guide Draft Version 3.0.0
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The programming of the “Scope Processing” function is accessible by double-clicking in the “Function” component, and is summarized

in the table below:

B Youmay do whatever needed to finish :
File or graphic dosing...,
as function(s) of

- Scilab Multiple Values Reguest X
B setsafunc_block parameters @
only regular blocks supported B scilab Input Value Request > @
input ports sizes 0
B Define function which computes the output
output port sizes [1,1]
input event ports sizes [ Enter Scilab instructions defining
y1 (size: 1)

output events ports sizes 0 as a functions of t,n_evi,

initial continuous state 1] y1=0

initial discrete state 0

e

System parameters vector ] o =

initial firing vector (<0 for no firing) 0

is block always active (0:no, 1:yes) [i]

[E] e
l Scilab Input Value Request @ % B scilab Input Value Request @ x
S You may define here functions imposing contraints

B Youmay do whatever needed for initialization : N T T S =

File or graphic opening..., Note: these functions may be called more than once

as function(s) of

| Enter Scilab instructions defining:

-output y1 (size : 1)
as a function of
Cancel | y1=0
Cancel

B sciiab Input Value Request @  Graphical instruction sequence %

|xgrid(2)
|datatipManagerMode ('on')

ilegr:r.ds (["IncLim"; "Integral m"; "Integral f£"; "STEP"],[2,3, 5, 6],with box=%g;,opt="1x")

conce

Figure 19 : Programming windows for the "Scope Processing" function— IntLim Component

Window @ provides the instructions necessary to generate a legend in the graph plot window:

xgrid(2)

Add a grid to the blue graphics window

datatipManagerMode(“on”)

Automatic startup of datatips mode in the graphics window

legends(...) Displayed channels names; Display colours
with_box=%t addition of a box surrounding the legend
opt="Ir" — Legend position. Here, the legend is located at the bottom (l) right (r) of
the graph.
(=

Scilab” in a web search engine.

The reader will obtain further information on the “legends” function by entering ‘help legends’ in the Scilab console, or “legends

PPe HYDROTUR — SEGPAL :- Graphics components library for XCOS — Reference Guide Draft Version 3.0.0




B intlim = O X
File Tools Edit ?

B RGOV O

g
' '
' '
' '
- ?
' I
' '
' '
u .
¢ i
' '
1 '
> 3 F :
T 1 ' '
[ ' 7 '
. ' v
a i r= v ntLim d
i G S '
' ' ' v ' ntegral_m |
e I W 0k -m
e e e \
. v o@w . B W 4 e E i Integral_{ [}
g oM PR B 4 o4 e 8 g b g '
' ' ' ' il 1 il ' i ' ' i |—— STEP '
15 . T T T L. A =T |
o 5 10 15 20 25 30 35 40 45 50 55 80 @65 70 75 60

Left click on the curve creates a datatip and right click on the datatip

Figure 20 : Graphical window of the test program associated with the IntLim component

4.3 Launching a test program
A test program can be run as soon as it has been loaded into an XCOS window.

To do this, position the Scilab file manager in the utilities directory, double-click on the test program to display its contents in an XCOS
window:

. Navigateur de fichiers

Fichier ?
Navigateur de fichiers 2 2 X Console Scilab branch-6.1 28 x
[B |cerep-sdan v [ &
ry ~—> xcos ("C:\PPe\0 - Scilab\0 - Xcosé\20 - SEGPAL\Tests unitaires\IntLim.zcos')
Nom
—>
E 1;5‘; usitaes \i] IntLim (C\PPe\0 - Scilab\0 - Xcos6\20 - SEGPAL\Tests unitaires\IntLim.zcos) - Xcos — O x
Fichier Edition Vue ion Format Outils 7

CEREE G ®erar-0aHee®

IrfLim (C¥PPeD - Sclahil) - KeosE120 - SEGPALTests unitairss\rtLim zcos) - ¥cos

intLim
integrateur aves condition Initials

- ot

aturstons axtarass

¥ Répartiteur _Jets1.zcos
8 Répartiteur_Jets2.zcos
8 Satur n lignes.zcos

Figure 21 : Loading and running a test program

Unlike launching HydroSim's turbine simulators, which generally runs from a "sce" file, the test program runs directly by clicking the
dedicated tool in the XCOS menu bar:

|§ *IntLim (CA\PPe\0 - Scilab\0 - Xcos\20 - SEGPAL\Tests unitaires\IntLim.zcos) - ... — O X
File Edit View Simulation Format Tools ? F' Test program launch icon

CEEE S P aerQIPONCE &O

*intLim (C. PP - Scilsbl0 - Xcos\20 - SEGPALTests untsiresiniLim zcos) - Xcos.

Figure 22 : Test program launch icon
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5 SPECIFIC COMPONENTS OF THE SEGPAL LIBRARY

5.1

View Simulation Format Tools ?

Panoramic view of the additional HYDROTUR- SegPal components

Zoomn
Zoom Qut

P8PH

Normal 100%

Diagram browser

Viewport
Details

Ctrl=NumPad +
Ctrl+NumPad -

Fit diagram or blocks to view Ctrl+Space

MY

Ealette bruwserl

Figure 23 : Accessing the SegPal palette in an XCOS graphics window

|5 Palette browser - Xcos

Palettes View

Ty

e00000000OOOOIOIOOIOOOOOLES

Palettes

Recently Used Blocks
Continuous time systems
Discontinuities

Discrete time systems
Lookup Tables

Event handling
Mathematical Operations
Matrix

Electrical

Integer

Port & Subsystem

Zero crossing detection
Signal Routing

Signal Processing

Implicit

[ WsegPal

N

—

CLRseg

CE—

» Interpin_

Interpin_H

SEmm—

P RELAIS_HP

—

Relais_H

7

Q

< p

RELATIONALOP...

e
fuce s}
i

EdgeTrigger

> némo P
0

Memo

R T

L

GeneBF

GainVar

=

Step2 TempoTrig

—

> HYSTH »

——

Hysteresis_H

2 A

Ramp :
12048 >

v vy,

Rampe

SegPal Palette

5.2

Figure 24 : Panoramic view of the additional HYDROTUR- SegPal components

Description of components

PPe
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CLRseg

Block Screenshot

Description

Parameters

Alternative forms
Interfacing function
Computational function

Test program

19/59

First order low-pass filter with filter initialization at t=0

CLRseg
The CLRseg block represents a first-order low-pass filter.
The initial value of the block is programmable

. In normal mode, the CLRseg filter is initialized based on the initial value indicated
in its function box.

e Inautomatic "Auto" mode, the filter is automatically initialized according to its
input value and maintains its output equal to its input value.

‘ Scilab Multiple Values Request X

IB Ctrseg - Low pass fiter parameters

Filter time constant (s) Tau

Filter initial value or Auto at t=0 Auto

Cancel

SegPal\macros\CLRseg.sci

SegPal\src\c\CLRsegC.c

® SegPal\demos\CLRseg.zcos

S 1 L
- |14 T?ur,&_r

CLRseq - Palette SegPal

CLR - Palette XCOS

p e e T A e Y esipast ATy 8
—— Step2 : : } : E ¥ : X 3
1+ CLRseg SegPal SR
1|— CLR XxcoOS W
0.8+ T i T j "\
e e <fes safs <o FME s < ks v
H e i i : .  ——
L R I i S o SIS IO SR It P
0-2";"':
18
0_."F. ......................
02 e T PO e b o S s i e e M S S e B ey e s
o 10 20 30 40 50 80 70 80 20 100 110 120

Figure 25 : CLRseg.zcos test program

PPe
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® SegPal\demos\CLRseg_Auto.zcos

1
S ‘ﬁ S
14+ Tau2p

Mode Auto

Auto CLRseg

1+ Taud.p

Auto CLRseg

Auto CLRseg
1

1+ Taulp

1
14 Taul *s

CLR

07
— Input
Tau3
06
— Tau2
—— Tau1SegPal
05 ~—— TaulCLR
04
03 =
/4” —
02 - ' |
"
01 ,‘
.,/
0
01
0 2 40 60 80 100 120 140 160 180 200
Figure 26 : CLRseg.zcos_Auto test program
Notes The CLRseg block is, for example (see HydroSim), used
‘ in REGxx models of the cruise control system to filter
Fraquenes Groupa the speed of the group.
;(T%ﬁ} Depending on the state of the circuit breaker, the
FG ) ]*—W"Q initial value is 0 if the group is stopped, or the nominal
Fitrage tachymétrique /3| ye if the simulation starts with the circuit breaker
closed and the group connected to the network.
This device allows the simulation to be launched
smoothly and in a steady state.
See also PSB, DerFil
Components
with Auto
Mode
DerFil

Block Screenshot

DerFil Filtered derivative with initial condition

Tdp
| + T/ Kd.p

DerFil

Description The DerFil block represents a filtered derivative. The time constant Td and the gain Kd of
the differentiator are programmable. If known, it is possible to program the initial input of
the filter to t=0 to obtain a zero derivative at the start of the simulation.

PPe HYDROTUR — SEGPAL :- Graphics components library for XCOS — Reference Guide Draft Version 3.0.0
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With the following remark:

T.p _ K,Tp
i.p Kd+Td'p

1+
d
, the derived action can be cancelled by programming =~ ¢ Tif necessary.
Parameters i i
l Scilab Multiple Values Request X

B DerFi - Fitered derivative parameters

Derivative time constant Td (s) Td
Derivative gain Kd Kd
Initial filter input at t=0 or Auto Auto

Alternative forms

Interfacing function SegPal\macros\DerFil.sci
Computational function SegPal\src\c\DerFilC.c
Test program SegPal\demos\DerFil.zcos , SegPal\demos\DerFil_Auto.zcos

DerFil - Dérivée filtrée

Tratement Scope

Espace détat
xd = Ax+Bu

I g
y = Cx+Du D%
— E=p—
Td.p

\ 14+ Td/Kd.p

DerFi

~
KiTds ) [y =

CLR

— Step
—— Etat
DerFil
— CLR

08

06 t

A

REE 4

o 5 0 15 20 25 30 35 40 45 50 55 60 65 70 75 80
t

0.2

04

Figure 27 : DerFil.zcos test program
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Frequence Groupe

Ti.p

(DT,
14 ﬂ'_u,_;:_r

G ittt & L
Fittrage tachymetrigue

14 Td/Kd.p|

Dérivateur Accéléro-Tachymétrigue

Ins. 1.e-4
’/_/'
DER

Figure 28 : Accelerometer-tachometer in HydroSim governor module

The DerFil block is for example used in the REGxx models of a speed governor to represent

the accelerometer-tachometer derivative, allowing phase advance to be obtained in the

adjustment of the regulation loop.

Depending on the circuit breaker status, the initialization value is 0 if the unit is stopped, or

the nominal value if the simulation starts with the circuit breaker closed, unit coupled to

the network.

This device allows the simulation to be launched smoothly, and in steady state.

The example shown in Figure 27 illustrates three possible constructions of the same differentiator filter. The state representation in
matrix form (A, B, C, D) is calculated in the preamble before the simulation is launched. (Simulation = Set Context) :

TSim=80 // Temps de simulation

Td=5 // Constante de temps du dérivateur
Kd=2 // Gain du dérivateur

U=0.5 // Valeur initiale du filtre

s=%s;
A=0;B=0;C=0;D=0;X0=0;

if Kd<>0 then

H=Kd*Td*s/ (Kd+Td*s)

Sys=tf2ss(H) // Transfer to state-space

A=Sys.A
B=Sys.B
C=Sys.C
D=Sys.D
X0=-D*U/C // Conditions initiales

end
1

// Matrice d'éctat (A,B,C,D)

Figure 29 : Context of the DerFil.zcos test program

The state representations and the DerFil derivation filter produce an identical result, with, in particular, an initialization to 0 of the

derivative action.

Scilab's standard CLR function does not allow us to obtain this result, hence a non-zero derivative at t=0.

A

Derivative input Filtered derivative

Kd.e A

K,

e
2.718
> t

>—<
Td/Kd

See also Components with Auto Mode

e CLRseg
e PSB
DiracSync

Block Screenshot

Figure 30 : Reminder of the principle of the filtered derivative

Generation of Dirac comb synchronized to a start date

DiracSync

DiracSync

PPe
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-
)

Description The DiracSync block allows the generation of a Dirac comb, generally used as a speed signal
disruptor, to test or quantify the performance of the speed regulation.

Parameters
. Scilab Multiple Values Request X

B SetDracsync

Start time (s) tDirac tDirac
Amplitude ADirac ADirac
Period (s) PDirac PDirac

Pulse Duration(s) DDirac DDirac

Symmetry (0 or 1) SDirac SDirac

Cancel

Alternative forms -

Interfacing function SegPal\macros\DiracSync.sci
Computational function SegPal\scr\c\DiracSyncC.c
Test program SegPaI\demos\_DiracSync.zcos

DiracS } D1
racSync 5

Peigne de Dirac

(05—
MU DiracSync

‘E | D2
DiracSync +
Voir aussi GeneBF zcos

Peigne de Dirac

B

DiracSync

05

R — R —]

i ek il
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o
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T
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|
[
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i
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Figure 31 : Test program DiracSync.zcos

Notes The "Symmetry" option allows the direction of the Dirac delta function to be reversed at
each sampling period (channel D1 in the graph above).
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The DiracSync block is like the PULSE block — , standard in the XCOS Sources
Palette.

The interface is simplified here and adapted to the HydroSim project.

EdgeTrigger Edge detector of an input square signal
Block Screenshot
EdgeTrigger
Description The EdgeTrigger block allows the counting of edges detected on an input square signal, and provides the

output dating of the recorded events.
It also provides a resynchronization signal at the appearance of each event.

The function counts, depending on the programmed option, the rising or falling edges of the input signal,
or all edges.

Parameters
- Scilab Multiple Values Request X

B SetEDGETRIGGER block parameters

Rising (1), Falling (-1), Both (0), Inhibit. (2) 1
Dating : no (0) yes (1) 1

I OK | Cancel

Alternative forms

Edge Trigger -1 Edge Trigger 0 .! Edge Trigger 1 F Edge Trigger 2

-1 : Falling Edge 0 : Both Edge 1: Rising Edge 2 - Inhibit
Interfacing function SegPal\macros\EdgeTrigger.sci
Computational SegPal\scr\c\EdgeTriggerC.c
function
Test program SegPal\demos\EdgeTrigger.zcos

PPe HYDROTUR — SEGPAL :- Graphics components library for XCOS — Reference Guide Draft Version 3.0.0
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Figure 32 : EdgeTrigger.zcos test program
An application of the EdgeTrigger block function is also shown in the Busy.zcos test

program.
HYDROTUR — SEGPAL :- Graphics components library for XCOS — Reference Guide

Notes
PPe




Sinus amorti

m—u—‘ Survitesse RV2

Scope

D—D

Busy.zcos

8

Détecteur Front montant

TBusy mémorise la date de lévénement

Figure 33 : Busy.zcos test program (1/2)

L »< TBusy >
1 ST T (Voir aussi Systéme copiant du vannage SYSCOPV) 7y
Scope v
< TBus
> Busy >
Sémaphore d'accés
Bascule SR
Détecteur de stabilté Tempo >
O réeaait Slactr e SN Détecteur de passage a 0
Tempo Trig.
TPStab (s) Scope
— . S 0-Cross < SinA —p
Temporisktih TPStab
< Tempo p—p .
J\ Busy >—+ 01—
g o EL : Busy
v 05 ( RV2
' MUX

The “Busy.zcos” test program represents a pre-study allowing the detection of instability on the network frequency, following a
disturbance of the speed signal, itself generated by a load step on the network.

n this program, a damped sinusoid sinus(x)/x is generated at the input. During the transient, a "Busy" RS flip-flop is armed as long as
oscillations persist in a programmable band.

Busy

1
]
L m l omy e e T Triimiindt Gndteaiindi pilede i 7 e i 1
[ | [l |
] i ] i
T i ¥ 1
1 | 0 [
[ | [ 1
g e e (g e e g i S e e s e | el =) e 1
1 ] | [ |
1 ] I ] [
1 1 | [ 1
[ [ ' ] 1
[l ] I [ i
_____ O . T a R (PR |

1 | ]

] I ]

] I [

] | ]

1 | [

T I T

140 180 180

Figure 34 : Test program Busy.zcos (2/2)

The RS flip-flop is reset to 0 when the network is again detected stable, with the programmable tolerance.

& See also TempoTrig, Syncl Resynchronization Relay
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GainVar

Block Screenshot

Description

Parameters

Alternative forms
Interfacing function
Computational function

Test program

Commutateur
| 2
— 20

seconde

Sci iab
27/59

Jets dispatcher - Switching ramp applied to the position setpoint of an injector for a multi-
jets PELTON machine.

GainVar

t=1(s) sr

The GainVar component is dedicated to PELTON vertical axis turbines, when the programmable
option RepOnOff=1 engages the dispatching function. Otherwise, the jet dispatcher is inoperative.

The principles of the jet distributor and its operation are described in document [10], (Jet distributor
for PELTON machines page 73/240), as well as in the document “HydroSim - Programming guide”

. Demande de plusieurs valeurs Scilab X

‘ Paramétres de RampJet :

Temps de commutation (s) 1

Valeur initiale du gain variable & t=0 0

(2] e

SegPal\macros\GainVar.sci
SegPal\scr\c\GainVarC.c

SegPal\demos\GainVar.zcos et GainVar_V.zcos

GVT = Gain final
GVi = Gain initial

a—
i Gv1 1x1
Y (1x1) GainVar {1x1)
> i | (1x1) (3x1)
e t=TCommut (s) sr . > »
SR1 (1x1) -] -
> —
4 i Test_GainVi
Dynamic MUX
p— -
i Gv2 1x1
7 (1x1). Gainvar (1x1)
-’J!’- t=TCommut (s) sr
SR2
> (1x1) (3x1) | Function:

y1=Set TOR(u1)

(1x1) |
N
i GvV3
7 (1x1) GainVar
-’i" t=TCommut (s) sr = MUX
[I] R —

PPe
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Gains variables

5 G\
2 G2
m
2 6\v3
P
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I
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o
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Q
Commandes T.OR
4 : : : : : SR1
SR2
= 4
I : SR3
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e . l ;
D2 o - :
= : :
5 :
e e P e e e e
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Figure 35 : GainVar.zcos test program — Monovariable Implantation

o H Commutateur
seconde E '{j

0 g - oy

= GainV. (3x1) =
= nvar
—* p— v g

t=TCommut(s) sr|
GVT = Gain final Dynamic > Test_GainVar
GVi = Gain initial y1=Set_TOR{(u1)
> MUX
>
1

REAN
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Figure 36 : GainVar_V.zcos test program — Multivariable implementation

Notes

time, with a constant flow (or power) constraint.

4 needles

5 needles 6 needles

When switching jets, the objective of the GainVar component is to adapt and guarantee the
time constants of the injector operating laws, so that they open or close in an identical

()  Main needle

Figure 37 : Principle of jet switching, with respect to the calculations of radial forces on the PELTON wheel

In the HydroSim diagrams of PELTON turbines, the variable gain modulates the injector setpoint in the SYSCOP copying systems of the

positioners.

(x1) _[scaLar (mx1)

Hystérésis fica 2%

Seui s0p
HYST_H

Détecteur de Grands Mouvements OR

Seuil som
HYST_H

ol E

GainVar
v

t= RampGV (9 s

-

JerToR

— WA —C ©
1) ey Ajustem ent du diaphragme
P B ~ 1 (mxt) [
4;1—2 J ) F’I\G —
(i) —— L~ tip 3
Soupape
{mxt)

1

Loi LF .
o o 2 . —
Loi g fErmatine mutipente - ™ i) 1)

Note: Lois multi-pentes sur Ia position servom oteur
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|

SYSCOP_Piiote

= [——

Figure 38 : Extract from systems copying SYSCOP_| of injectors (see PELTON diagram library) — Multivariable implementation
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GeneBF Low Frequency Signal Generator — Disturber

Block Screenshot

Description

GeneBF represents the equivalent of a SuperBlock using the STEP_FUNCTION (Xcos Scilab), DiracSyn, and SinuSync components.

Sinusoide avec retard

am—
SinuSync ||>
\

|
‘ —
BF —i EE— + > ) F:;

| Peigne de Dirac

Echelons

Figure 39 : Equivalence of the GeneBF generator with a SuperBlock
The generator (or disruptor) is used in the "Network" folios of the HYDROTUR simulations, to generate disturbances:

e Onthe unit speed signal
e Onthe load setpoint of the unit

Parameters

Selection of disturbance type
' Scilab Multiple Values Request X
B setGenesF

Disturbance mode (0=Steps 1=Sne wave) modPer

(=

Steps Sinusoid
B scilab Multiple Values Request ®

B scilab Multiple Values Request X
B SetGenesF -Steps

B 5etGenesF - Snusoid
Step 1 amphtude :dwl  dwl [

Start time () : tSinus tSinus
Time step 1 (s) = tdwl tdwl

Ampiitude ; ASinus ASinus
Period (s) : PSinus PSInus

Step 2 amphtude : dw2  |dw2

Time step 2 (s) : tdw2 tdw2

= -

Adding a Dirac comb
B scilab Multiple Values Request x

B 5etGeneSF -Dirac

Start time (s) tDirac tDrac
Amplitude ADirac ADirac
Period (s) PDirac PDwac

Puise Duration(s) DDirac DDirac

Symmetry (0 or 1) SDrac  SDwac

e

Figure 40 : GeneBF Generator Operator Interface
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e document « HydroSim - Programming » IN «HydroSim\docs\ » directory

&

The reader will also consult:

Alternative forms -

Interfacing function SegPal\macros\GeneBF.sci
Computational function SegPal\src\c\GeneBFC.c
Test program SegPal\demos \GeneBF.zcos

Low Frequency Signal Generator ™
L

T

| ! ‘! ’
GeneBF2

Sine wave with delay

SuperBlock SewSync B

=Hgil N -

f_I_' Dirac comb

Echeleons Sinusoide

| |
34 . . . . \ = .

S T T v | L | | > f“\r/"\./W\L/I’\
T T T T
0 : i 0 : { : i { z { : i {
= T ™~ } ¥
ad ad
2 T T T T T 1 2 T T T T T 1
4] 50 100 150 200 250 300 1] 50 100 150 200 250 300
t t
Figure 41 : GeneBF.zcos Generator test program
Notes Use of the GeneBF disruptor in the “Reseau” modules of HydroSim\TURBINES\ simulators
directories
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HYDROTUR

Hysteresis_H

Block Screenshot

Description
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Figure 42 : Use of the GeneBF disruptor in the “Reseau” modules of HydroSim simulators

Multivariate hysteresis

Scalaire
H ’f_rm; (Nx1) [ k
HYSTH |
—

MUX DEMUX

The Hysteresis_H component allows its outputs to switch between two specified scalar values.

When the relays are closed, they remain closed until the corresponding inputs fall below the value of the "Switch off at" parameter.

When the relays are open, they remain open until the corresponding inputs exceed the value of the parameter "Switch on at".

The block accepts a multivariable input Nx1 and generates an output of type Nx1 as well.

Parameters

Alternative forms
Interfacing function

Computational function

Test program

l Demande de plusieurs valeurs Scilab X

B Paramétres de I boite Hysteresis_H

switch on at 0.5
switch off at 0,45
output when on 1

output when off 0

Annuler

SegPal\macros\ Hysteresis_H.sci

SegPal\scr\c\ Hysteresis_HC.c

SegPal\demos)\ Hysteresis_H.zcos
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See also

HYDROTUR

33/59

Traitement Scope

h Hysteresis H
Hysteresis_H ’\A{ = > I -T
MUX J
— Test_Hysteresis_H
L -
MUX
r
[ @) @2x1)
HYST_H v:9
- = | 10
Hysteresis H
Test_Hysteresis H z
. L
—— HYST1
08— HYST2
08
= 04
02
e oo d O O
0.2
0 1 2 3 4 5 9 10
Figure 43 : Hysteresis_H.zcos test program
Figure 18
Relais_H

Interpin_H

Block Screenshot

Description

Multivariable linear interpolation

U Interpln_H S

Let XY be a space describing a set of points in the plane, with increasing abscissas, and X a set of abscissas, this function returns in
the output vector S the corresponding ordinates, calculated by linear interpolation of the input data U.

Parameters

Alternative forms

l Demande de plusieurs valeurs Scilab

B SetInterpolation block parameters

ped

X coord, X

Y coord. ¥

5] e

Vectors X and Y can be either 2 row vectors
or 2 column vectors of the same dimension.

Reminder: the abscissas X must be strictly
increasing.
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Interfacing function SegPal\macros\Interpln_H.sci
Computational function SegPal\scr\c\Interpln_HC.c
Test program SegPal\demos\Interpln_H.zcos
HYDROTUR interpoiation
— ==7
Svtorsin_
51 | — — -
" Wrono. v arisbies — Rown veciors
- Ko 00500510
———g——% ey F—v v
. - w8 & 00
Scilab imierpolation -
& - Columns vectors
Xef- 1005005109
2 Vectorized way (here 2 inputs) RN
D - . Interpin_H
| 0} 5 5
| — Vectorized interpolation

Dichotomous search for interpolation indices
180 * Phass shift

Interpint 3} | interpinz
Interpolation HYDROTUR Interpolation HYDROTUR

Interpin_H S1
Interpin_H 52

o & 10 15 20 25 30 3% 40 o 5 10 18 20 25 30 35 40

Figure 44 : Interpln_H.zcos test program
IntLim Pure integrator with reset and external saturations

Block Screenshot

T.p
IntLim
Description The IntLim block integrates its input signal. It includes, as an option, saturation control devices or event
reset.
The initial value of the block is also programmable.
Parameters : :
l Scilab Multiple Values Request X
[ Intlimintegrator settings
Integrator time constant (s) 1
Initial value of the integrator at t=0 0

With programmable reset (1:yes - 0:no) 1

With dynamic saturation (1:yes - 0:no) 1

Cancel
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Alternative forms

Interfacing function SegPal\macros\IntLim.sci
Computational function SegPal\scr\c\IntLimC.c

Test program SegPal\demos\IntLim.zcos

Step2

{2 ©

MuUX

Figure 45 : Comparison of the integrators IntLim (SepPal) and Integral_m, Integral_f (Scilab-Xcos)

IrtLim

IntLim

— Integral_m

— Integral_f
STEP

T T l

85 70 75 80

Figure 46 : IntLim.zcost test program

Notes The IntLim integrator is primarily used in the REGxx PID blocks of HydroSim speed controllers.
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Block Screenshot

Description

Parameters

Alternative forms

Interfacing function

36/59

Pl Vitesse

Statisme
Temporaire RDECL < Sync1 = DJF

£ =1

Booléen ' Ilr
Conditionnement

IF LO—ETZJ—U. t::UL Ti.p
cc cc T L | L

LimINT
@ Intégrateur Vitesse

Figure 47 : Integrator IntLim in the HydroSim speed governor
This version includes:
e  Anexternal saturation device, variable depending on the load imposed on the turbo-
alternator group (LimINT sub-block) @

. A reset mechanism upon receipt of an event: @ @
v' RDECL : Group trigger relay
v DIJF: Group circuit breaker closure
v" Syncl: Resynchronization due to significant speed difference

Special integrator with reset, external saturations, and fast desaturation

LL P

The IntSPE block integrates its input signal. It includes, as an option, saturation control devices, or
event reset.

The initial value of the block is also programmable.

The block differs from the “IntLim” block by the possibility of event-driven desaturation. The
desaturation time (reset to 0) is programmable.

When the “Desaturation” event occurs, InsSPE stores the value of the integrator and makes it tend
towards 0 in the programmed time.

‘ Scilab Multiple Values Request X

B IntSPE integrator settings

Integrator time constant (s) Ti
Initial value of the integrator at t=0 0
Desaturator time constant (s) 1

With dynamic saturation (1:yes - 0:no) 1

Cancel

m

LL -

SegPal\macros\IntSPE.sci
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Computational function SegPal\scr\c\IntSPEC.c

Test program SegPal\demos\IntSPE.-zcos

Event at Event at
time 30 time 80

Reset Event

Quick Desaturation Event

Reset value

! IntSPE

Upper Limiter

Lower Limiter

‘.LJ

IntERE
MUX
Figure 48 : IntSPE Leak integrator
INtSPE ?
15
1_
/
05 e
/
> 0
05
1
—— IntSPE
15 ——— Setpoint N
0 10 20 30 40 50 860 70 80 90 100 110 1
t
Figure 49 : IntSPE.zcos test program
Notes The time constant of the desaturation cannot be less than 0.1 s.
l SegPalError - IntSPE X
'Q ...Undefined variable(s) or Wrong value(s)
) The time constant of the desaturator must be greater than or equal to 0.1s
STOP
Figure 50 : IntSPE Integrator Desaturation Time Control
Memo Pure delay
Block Screenshot Mema
a}
Memo
Description The Memo block delays its input by one solver sampling period.
The initial value(s) of the block are programmable, and displayed in the XCOS component
PPe HYDROTUR — SEGPAL :- Graphics components library for XCOS — Reference Guide Draft Version 3.0.0
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Alternative forms

Interfacing function

Computational function

Test program
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-
/

l Scilab Multiple Values Request x

Set memory block parameters Memo

Initial condition 0

SegPal\macros\Memao.sci
SegPal\scr\c\MemoC.c

SegPal\demos\Memao.zcos

Mémo

W

TSim=2
(mx 1) Init=[0;0.5,-0.5]

Pur delays

matrix formmx 1

Pure delays initialization

Notes

Pow

Block Screenshot

2

-
TN yd

A\

sl
N N

8 1 12 14 16 18
t

Figure 51 : Memo.zcos test program

Memo

a1 _ini
Y

The Memo block is used in the TURBADDUC block of the FR5 model (HydroSim), to initialize

the initial flow rate when launching the simulation at t=0's.
This device allows the simulation to be launched smoothly and in steady state.

|
|

Initial unit flow rate

Raising a positive number to the power

a0

u

Pow
Description The Pow block raises its positive input "u" to the power of "a".
The numeric or symbolic value of the exponent is displayed in the block interface.
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Parameters

Alternative forms
Interfacing function
Computational function

Test program

Notes
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B scilab Multiple Values Request

IB Pow : Raising to the power u*a

Exponent value

nq

Cancel

SegPal\macros\ Pow.sci

SegPal\scr\c\ ExponentC.c

SegPal\demos\ Pow.zcos - Pow2.zcos

u=0

Figure 52 : Pow.zcos test program

The Pow block is used in the TURBADDUC block of the FR2 or PELTON (HydroSim) models
to give an image of the Flow/Opening relationship with an approximation factor nq=0.7

\ MAX
VAN (eps p—»

Loi LQO

Interp

swi

1 L)

Figure 53 : Approximation of the Flow/Opening law in TURBADDUC model FR2 (HydroSim)
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PSB 1st order low-pass filter with reset and external saturations
Block Screenshot
PSB
Description The PSB block represents a first-order low-pass filter. It includes, as an option, saturation
control devices or event reset.
The initial value of the block is also programmable.
. In normal mode, the PSB filter is initialized according to the initial value indicated
in its function box.
e Inautomatic "Auto" mode, the filter is automatically initialized according to its
input value and maintains its output equal to its input value.
Parameters
‘ Scilab Multiple Values Request X
B PsBLow Pass Filter Parameters
Low-pass filter time constant (s) 1
Low-pass filter initial value at t=0 or Auto Auto
With programmable reset (1:yes - 0:no) 1
With dynamic saturation (1:yes - 0:no) 1
Cancel
Alternative forms (
> -l— in ;
14+ Tau.p nt 1+ Taup |
P —
in
+ fau.p U9 & Thup
i 1+ Tau.p
Interfacing function SegPal\macros\ PSB.sci
Computational function SegPal\scr\c\ PSBC.c
Test program SegPal\demos\ PSB.zcos

in

Eventat
time 60
1

05 init PSB
1 w1+ Taup
A, -1 LL
12
T 1 =
Step2
— > PSB
1 CLR
> MUX
14+ Tau=s
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PSB
2—’__'-‘___4__'1'______r__'I___F__T___I___T___I___F__'I___F__T___I
SR lee ¥ 0§ 0 i k4 @ & % A i F i
L2 S BN N N (O S S R N T (B
fp=— mrem s o
RS T O O L0 1 O
05H--4mct-m -1 e R S s B
BE R TR EER
o f i i t f ] T t i
o 5 55 80 85 70 75 B0
Figure 54 : PSB.zcos test program
Notes The PSB component improves upon its CLR equivalent insofar as PSB starts at a steady filter
operating temperature.
See also Components with Auto Mode
e CLRseg
e  DerfFil
Ramp Integrator ramp with reset and external saturations
Block Screenshot
Description The Ramp component generates an incremental signal, parameterized by its time constant,

which is the time defined to increase the output signal from 0% to 100% of its value.

Parameters
' Scilab Multiple Values Request X

IB Ramp Box Settings

Time constant (s) Tr
Initial value of the ramp at t=0 0
With programmable reset (1:yes - 0:no) 1

With dynamic saturation (1:yes - 0:no) 1

Cancel

l

Alternative forms

Ramp :
Tr.(s)

N ramp:
init Tr.(s)

|

»in Ramp -
Tr. (s)

hJ
=

|
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Interfacing function SegPal\macros\ Rampe.sci

Computational function SegPal\scr\c\ RampeC.c

Test program SegPal\demos\ Rampe.zcos
Event at

time 140 @
Step2 P {—» in
- }—hinl Ramp :

ur Tr(s)

P LL

N— s MUX
Ramp

()
‘;> in

P Max SATUR out

HT

Rat:np Scilab
Min
| EEee———
2
—— Step2
Ramp
1.5 | —— Ramp Scilab
> 1 >
//
r 4
' g
yd
05 2
0
0 20 40 60 80 100 120 140 160 180 200
t
Figure 55 : Rampe.zcos test program
Notes Figure 56 illustrates the use of the Ramp component in the load loggers of the HydroSim
models.

This is accessible from the Speed Regulator block (REGxx), then in the CC load module.

The Ramp block output is limited to 0 by lower value. The upper value is a function of the
LO opening limitation imposed on the group (see HydroSim : LO opening limiter module).

The “in” input of the load setpoint in the Ramp block is zero if the group circuit breaker is
open (DJF=0).

At the time the circuit breaker closes (event input DJF, circuit breaker closing date —
parameter TDJF), the Ramp block is reset according to the value of the TDJF time:

e If TDJF=0, the simulation is launched with the unit on the network (DJini=1). In
this case, the ramp directly equals its setpoint. This device is specially designed to
avoid generating a transient regime when launching the simulator.

e If TJF>0 (DJini=0), the ramp will apply to circuit breaker closing, from the zero
value, up to the setpoint value.
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Figure 56 : Extract from the load recorder in HyDroSim models
Relais_H Multiple relays in parallel on a 1x1 input signal
Block Screenshot > RELAIS_H
Description This component allows the management of N relays connected in parallel on a monopolar

input signal. It therefore provides an output (Nx1) representing the states of all of these
relays, according to the following equivalent diagram:

Input (1x1) Zb—-{
(1x1)

T‘ Output (Nx1)
T (hx1)

MUX

Relais N

Figure 57 : Principle of the Relay_H component

Parameters
‘ Scilab Multiple Values Request X
B RELAIS_H box parameters
switch on at TH
switch off at L
output when on 1
output when off 0
Sampling (0=No 1=Yes) 1

e  TH: Matrix (Nx1) representing a table of high state switching thresholds
e  TL: Matrix (Nx1) representing a table of low state switching thresholds
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Alternative forms @

RELAIS_H

4

Forme continue
RELAIS_H

Forme échantilionnée
The discretization of the component, in its sampled form, makes it possible to improve the
response time of the global simulation of a simulated process, when the variation of the
RELAIS_H input is relatively slow.

Interfacing function SegPal\macros\ Relais_H.sci
Computational function SegPal\scr\c\ Relais_HC.c
Test program SegPal\demos)\ Relais_H.zcos, Répartiteur_Jetsl.zcos, Répartiteur_Jets2.zcos

7
|
@

i Y Function: _—3
@ = REUNENP—® ™ yi=Set_TORMW1) [
/ . Relais_H
namic

Mux

LT

SUMMATION Block ——

Relais_H 2
Relayage
10 - : : : . - : : : R2
1 5 : H . : : 1 3 |
F : i : 4 R4
] - I = 2 3 . .
= +— T H 3 ; | i ; ; RS
5_;- AR R R . ..— RS
] : — 7
: RE
Bl : — RO
0 T T T T T T T T T 1 R10
0 1 3 4 5 8 7 8 o 10
t
Signal
n/NbRelais
] 1 : T T ¥ T T I T T 1
0 1 2 3 4 5 Gl 7 8 9 10
t
Figure 58 : Relais_H.zcos test program
Notes The Relais_H component is particularly well suited to the management of jet distributors

for PELTON machines, allowing an efficient reduction of representation graphs
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©

SUMMATION Block
¥ s
Function: Function: [
T y1=Repartiteur(u1 NbRelais,iPilote, OnOff) y1=Set_TOR(u1) ﬂ
Répartiteur de jets
Répartiteur_Jets
Répartiteur_Jets 7
PELTE - Injecteurs

: ; § [ —"'' |
& S o e [ - e R i g LR e o
=
il mm i ey | ey inj4
P ' : : £ ¥ 1 : } ; — Injs
i 3 : ; £ 3 : E P Inif

24 H b T G LG e, : Y 3

0 T . T T T T T T . i

o 10 20 3o 0 50 80 70 80 a0 100

t

Signal
niNbJets

Figure 59 : Répartiteur_Jetsl.zcos Jets Dispatcher test program

Répartiteur_Jets2

Gains variables

SUMMATION Block

Gainvar

Function: b
y1=Repartiteur(u1 NbRelais, iPllote, OnOff)

-} Function:
Répartiteur de jets
Dynamic
Répartiteur_Jets.
NbRelais
MUX
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Répartteur_Jets 2
PELTE - Commandes Injecteurs

E— i1

Répartiteur_Jets2 ?

Inj2

T T —e——— ——— I3 PELTE - Gains variables Injecteurs

44 ST I e S R o e S o Inj4
> : P ——inj

— g}

o 50 100 150 200 250 300 350 400 450 500 =
t

Input

Signal
niNbJets

A¥

o 50 100 150 200 250 300 350 400 450 500
t

] 50 100 150 200 250 300 as50 400 460 500
t

Figure 60 : Répartiteur_Jets2.zcos Test program

See also
Hysteresis_H
RELATIONOP Multi-way relational operations
Operator=0
Block Screenshot (hex1) .
) (Nx1)
(Mx1)
Description The RELATIONOP operator performs a logical comparison on its two vectorized inputs
Parameters ] ]
l Demande de plusieurs valeurs Scilab x
B Définir les paramétres du bloc RELATIONALOP
Operator: == (0), ~= (1), < (), <=(3), >(4), >=(5) |0
Use zero crossing (no: 0), (yes: 1) 0
Datatype (1=double 3=int32...) 1
Annuler
Alternative forms Operator=0 Operator=1 Operator=2 Operator=3 Operator=4 Operator=5
{Nx1) j |
o1
Interfacing function SegPal\macros\RELATIONALOP_H.sci
Computational function e SCl/modules/scicos_blocks/src/c/relational_op.c
®  SCl/modules/scicos_blocks/src/c/relational_op_i32.c
e  SCl/modules/scicos_blocks/src/c/relational_op_i16.c
e  SCl/modules/scicos_blocks/src/c/relational_op_i8.c
e  SCl/modules/scicos_blocks/src/c/relational_op_ui32.c
e  SCl/modules/scicos_blocks/src/c/relational_op_uil6.c
e  SCl/modules/scicos_blocks/src/c/relational_op_ui8.c

Test program SegPal\demos\RELATION_OP multivariables.zcos
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MUX e
32
1
WMUX
05 e
2 | <
WUX —
32
1
WMUX
Satur

Block Screenshot

Description

Parameters

Alternative forms
Interfacing function

Computational function

Test program

©

0o
0.0

<

10
0.0
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Figure 61 : RELATION_OP multivariables.zcos test program

Multivariable external saturations

(hxt)
(1x)

MUX % (1x)

The Satur block limits input signals between specified external Max and Min scalars.

(...No interface)

SegPal\macros\Satur.sci

SegPal\scr\c\SaturC.c

SegPal\demos\Satur.zcos, Satur n lignes.zcos

SATUR

SATUR

n
LSATUR
r Maxi Max SATUR

[ini | ..M'rn (

-0.5 4

mmmpmm—— -

'
'
"
'

Saturation

SATUR

]
f}
i
[
L B e ettt ottt
v
]
'
]

Figure 62 : Satur.zcos test program
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_ MUX | Max SATUR ~out [E Max SATUR out 0210
Min MUX
E}—» Min
™ : |
= S
_ MUX =
MUX
IER
Z—
MUX
Figure 63 : Satur n lines.zcos test program
Notes . . .
The Satur (HYDROTUR) and SATURATION (Xcos-Scilab) blocks work identically.
On the other hand, the advantage of the Satur block is to offer a limitation external to the
definition box.
In this case, the saturation limits can be dynamic
SinuSync Sine function with synchronization at the start time
Block Screenshot SinuSync
SinuSync
Description The SinusSync block generates a sinusoid programmable by its period T and its amplitude A.
The signal start time to is also programmable.
y(t)=0 if t<t,
L 2*r .
y(t)=Asin (t—t,)ift>t,
T
Parameters . )
‘ Scilab Multiple Values Request X

B setSinuSync

Starting time (s) 50

Amplitude 0.5
Period (s)) 20
Cancel
Alternative forms -
Interfacing function SegPal\macros\SinuSync.sci
Computational function SegPal\scr\c\SinuSyncC.c
Test program SegPal\demos\SinuSync.zcos, Sinus amorti.zcos
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SiuSync (=]
Sinusoid with delay SinusSync
Also see GeneBF.zcos
SinusSync
1"“ _________ | bl s etd e by | sl Dl i S b S bt olorioms sl ot o e Beliaiiadiaihaliadie S Ty (]
] : ! ! : [— sinusyne |:
| T T Lo S A Rt
> 0 it e oty Tty Sk (o e b hode ol fract dod s e e Rkt U ed it o e g ol - :
e bedbocllic A suatbea it tos el s 2t
—t i
o 50 100 150 200 250 300

Figure 64 : Sinu

Q)

Damped sinusoid

Sinusoid with delay

Sync.zcos test program

=

Damped sinus wux  Damped sinus 1 [\
MAX p—b 0250——

2 - v T Y T
i H {| = Sinus |
‘ ! {| = Sinus amorti |
2 l T T T L L T 1
0 10 20 30 40 5 60 70 8 90 100 110 120

t
Figure 65 : Sinus amorti.zcos test program
See also : GeneBF
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Step2 Double programmable duration step
Block Screenshot [;}
Step2
Description The Step2 block generates two programmable steps from its interface.
Parameters
‘ Scilab Multiple Values Request X
B setster2

Starting time (s) 2

Duration (s) 5
Initial value 0.5
Amplitude 0.1

Cancel

Alternative forms -

Interfacing function SegPal\macros\Step2.sci
Computational function SegPal\scr\c\Step2C.c
Test program SegPal\demos\Step2.zcos
¥
.
>~
Step2
Step2
== b ety | ettt St sieeoaciit Potefiier i g Mo e [ 1
T T T T T T T T =
eal . T TR T ] o Vo E i
' i ‘ b v 1 : H | H i
| i 1 1 L L | ' 1 1
0.6—4L—I)L----1: ----- :»----1: ----- i ----- 1II\ : : :
[ i ] ] i i | | i ]
P I i ] i ' i i i 1 ]
I i ] i i i I i i ]
' i ' ' i i i ' 1 ]
D4 -=-=-- oo - peessyeeses P - (o - tmm—— (o = t===== 1
[ i ] i i i I i i ]
I i ] i i i I i i ]
[ i i i i i i i i ]
I i ] i i i i i i ]
024--=-= o ———— L e R I = === A O - 1
I i ] i i i i i i ]
[ i i i i i i i i ]
I i ] ] i i i 1 1 )
[ ] ] i 1 i i i ] ]
0 f f | E——— t — t t i
o 1 2 3 4 5 8 7 8 0 10

Figure 66 : Step2.zcos test program
Notes

Step 2 avoids the use of 2 Xcos-Scilab components STEP_FUNCTION 7+ + 1 adder.
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TempoTrig Retriggerable timer
Block Screenshot | Tempo Trig.
'i 60 (s) g
-TempoTng
Description The TempoTrig block generates an adjustable time delay, depending on the value of its

input or its event activation.
When this timer is armed, the output decreases from the value 1 to the value 0, within
the programmed time, if the in input is zero.

Parameters
- Scilab Multiple Values Request X

B setTempoTrig block parameters

Timeout value (s) 25

Cancel

Alternative forms -

Interfacing function SegPal\macros\TempoTrig.sci
Computational function SegPal\scr\c\TempoTrigC.c
Test program SegPal\demos\TempoTrig.zcos

&

e

MUK Tempo. Trig

Tempo Trig.
25(s)

® >—f

2) Event est déclenche

t=2s \ J
Dynamic
. Tempo.Trig est armé si:
‘J’ ’V 1) l'entrée In est non nulle

Er—
[

A 4 Le compteur Out est décrémente si In=0
Dynamic
[ R —— g g S
\ ) i | | ) v )
il i ] i ] 1 il — Input 1
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' | L | ' . L — ig |1
45 4+ ----- f s L il e B Tempo Trig H
' ! ' ! ' 1 ' ] v i
' ! ' 1 1 ' ' ' ' 1
4 ' i ' i ' i ' I ' i
e e Loty : et L Sl ) dbergrchios o | sotedbdh fhate edd s fribodic yEmAnE | Grudeieth , el ol RIANEN ]
' ! ' | ' ' ' ' ' !
' ! " ! 1 ' ' ' ' '
' | ' | ' ] ' I ' ,
BBk s i T R o o e S A e e o e 4
| ' | ' i ' ' ' )
! ' ! 1 ' ' ' ' 1
| ' | ' i ' I ' ,
_____ P PSR Crie et SRt r PR S ey R Sy SR SR e e e |
\ v h | ] h ' ] \
! ' ! ' i ' ! ' '
! ' H ' 1 ' ' v !
! ' | | i ' i ' i
B 25t g R - caatidacon bt o e - e  as o P 1
! ' h ' ! ' ! ' '
! ' i ' 1 ' ] v i
1 1 1 ] 1 l ' " 1
..... T T . e
) ' | ' i ' ! ' '
! ' | ' i ' I ' i
1 ' 1 ] 1 ] I " 1
7 1. [ (] [ | e gl _ Te o | g N L e T, R 82 = = = Y TP, Py ]
i v h | ] v ] ' i
! ' | ' i ' i ' i
1 i i ] i l I " ]
! ' | ' 1 ' ] ' '
e Encegitly Sacialiindingde Mgt iR Ais o ncheiiclh Sadeiolb i e oy - patataty Bkttt | ]
- ' 1 | ' I 1] 1
1 i i i l I " ]
1 e N ] ' + ' [ 1
D54 -1-=----- P AT - P - P |
1 ] i 1 ] Lane [} 1
I 1 | i ' ! ' i
! ' ! d ] ' ' v !
04~ 1 t 1 t t t 1 t !
o 5 10 15 20 25 30 35 0 a5 50
t

Figure 67 : Test program TempoTrig.zcos
Notes
See also EdgeTrigger, Busy.zcos test program
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In some difficult cases (HydroSim : KAPLAN turbines Load steps at 75% of nominal power, 10% load steps), it may be necessary to
reset the speed integrator by monitoring the evolution of the speed curve using a specialized SYNC1 resynchronization circuit.

Détecteur de stabilité du réseau - Bloc de diti de lintég Vitesse Sync1 ...
(...pour Signe de fintégrateur) Condition de remise a 0 de l'intégrateur vitesse
Intégrateur vitesse Survitesse RV2 <ADScope.
Expression |
u2(ul >0) OR Détecteur Front montant TBusy mémorise la date de févénement
S S T J AN Edge Trigger 1 >
Viesse fitrée rédute u Scope. (PS : Ire u1<0) @—.@_,_. ‘
Vers Resynchronisation Sync <_ Synct

Speed Integrator Resynchronization Signal PiVitesse

Sync1 Staite Resesu - Module Systeme-Sync! Statieme

Sync2:  Synchroasaton Rampe de charge CC v

ROECL  Relass de 9é - Wodule Syste

v
(¢

DJF »  Fermeture du dajoncieur '_m
I .
v —
[+
1

n n
= F%f?
I < © W Tp -
Sync lee {cC U LL i LU INTM
Resy Ge Nntégr viesse - Module REG LimiINT N —

Resynchronisation Sync1

Sorties normalisées

:E‘(!)
1

02 T T T T T T T T T T T T T
o 50 100 150 200 250 300 350 400 450 500 550 600 650 700
— Vitesse filtrée réduite Temporisation ——— Busy

Figure 68 : Speed integrator resynchronization programs — See Syncl Resynchronization
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Time Delay Input time offset

Block Screenshot

Description The Time Delay block delays the input for a time specified in its interface. At the beginning
of the simulation, the block outputs the initial input parameter until the simulation time
exceeds the programmed delay time; then the block outputs the delayed input.

Parameters - Scilab Muitiple Values Request X

B Ssetdelay parameters

Retard pur (s) 1
Valeur initiale 0

Taille de la mémoire tampon 1024

Cancel
Alternative forms -
Interfacing function SegPal\macros\Time_Delay.sci
Computational function SCl/modules/scicos_blocks/src/c/time_delay.c (Type 4)
Test program SegPal\demos\TimeDelay.zcos
Time_Delay

Décalage temporel de l'entrée décalage=q_ini

[ Time Delay
[ 1=2'Lla (s)

Vi=g_ini

Time Delay

Time Delay

05
-
054 -
= Sinus g
— Time_ﬁelay
—— Continuous fix delay
Figure 69 : TimeDelay.zcos test program
Notes The delay time must be positive.

The Time Delay block is used in the TURBADDUC block of the

Time Detay FR2 and PELTON models, to initialize the initial flow rate when
t=2"Leglce (s) launching the simulation at t=0 s, and especially to generate
‘i=0ini the water hammer in the hydraulic pipes. This device allows

Narteay deau * the simulation to be launched smoothly, in steady state.

PPe HYDROTUR — SEGPAL :- Graphics components library for XCOS — Reference Guide Draft Version 3.0.0



Smmmas= HYDROTUR

54/59

This component is like the TIME_DELAY (Continuous fix delay) component already

present in the XCOS palette. The interest here is to display in the box, the programmed
delay and the initialization value.

The buffer represents a space in which the time values of the input signal are stored. If the
horizon is too short, error messages are displayed in the Scilab console.

It is then advisable to increase the size of the buffer to avoid any malfunction.

Figure 70 : Error reporting if Time Delay buffer size is not suitable
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6 ONLINE HELP

6.1 Get online help for each component

Each component of the SegPal library is associated with online help, accessible by right-clicking on that component and then selecting
"Online Help" from the drop-down menu displayed.

&5 *Untitled - Xcos - (] X

File Edit View Simulation Format Tools ?

CER EXE RN QAPOQQTO

8- - o
: td.p P ‘ 5
— O +
1+ td/h Block Parameters... Ctrl+B
- 1 R oo Ctri+X
} Copy Ctrl+C
& Delete Supprimer

Selection to superblock
Format >
Details

@) Block Help Ctrl+H

<<CLRseg SegPal DiracSync >>

SegPal >> SegPal > DerFil

DerFil

Dérivée filtrée avec condition initiale

Palette

td.p
1 +td/kd.p

Figure 71 : Access to online help for SegPal components

6.2 Language change

The language of the online help can be changed dynamically by entering the following commands in the Scilab console:

e  French language: setdefaultlanguage("fr")
e  English language: setdefaultlanguage("en")

Restart Scilab after a language change.
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APPENDICES
A. LISTING TYPE AFTER BUILDER'S EXECUTION.

—= exec{'C:\SegPal\bullder.sce’, -1)
Construction du fichier Toolbox_names.sce dans le répertoire \etch...

Création des macros...
-- Création de [SegPallib] (Macros) --

genlib :
genlib :
genlib :
genlib :
genlib ;
genlib :

genlib

genlib :
genlib :
genlib :
genlib :
genlib :
genlib :
genlib :
genlib :
genlib :
genlib :
genlib :
genlib :
genlib :
genlib :
genlib :
genlib :
genlib :
genlib :

Traiternent du fichier :
Traiternent du fichier :
Traitement du fichier :
Traitermnent du fichier :
Traitermnent du fichier :
Traitement du fichier :
: Traitement du fichier :
Traiternent du fichier :
Traiternent du fichier :
Traitement du fichier :
Traitement du fichier :
Traiterment du fichier :
Traitement du fichier :
Traitement du fichier :
Traiternent du fichier :
: Rampe.sci
Traitement du fichier :
Traiternent du fichier :
Traiternent du fichier :
Traitement du fichier :
Traitement du fichier :
Traiterment du fichier :
Traiternent du fichier :
Traitement du fichier :
Traiterment du fichier :

Traitement du fichier

CLRseg.sci
CheckExprs.sci
DerFil_sci
DiracSync.sci
EdpgeTrigger.sci
GainVar.sci
GeneBF.sci
Hysteresis_H.sci
IntLirm.sci

IntSPE sci
Interpln_H.sci
Memo.sci
PSB.sci

Pow.sci
RELATIONALOP_H.sci

Relais_H.sci
Repartiteur.sci
Satur.sci
SegPalError.sci
Set_TOR.sci
SinuSync.sci
Step.sci
TempoTrig.sci
Tirme_Delay.sci

Création des blocs...
Création des sources...
"...Compilateur C"
Génére un fichier loader
Génére un Makefile
Exécute le Makefile
Compilation de PSBC.obj
Compilation de ExponentC.obj
Compilation de IntLimC.obj
Compilation de RampeC.ohj
Compilation de MemaoC.obj
Compilation de SaturC.obj
Compilation de GainVarC.obj
Compilation de Step2C.obj
Compilation de EdgeTriggerC.abj
Compilation de TempoTrigC.obj
Compilation de SinuSyncC.obj
Compilation de DiracSyncC.obj
Compilation de Hysteresis_HC.obj
Compilation de Relais HC.obj
Compilation de Interpln_HC.obj
Compilation de Common.obj
Compilation de IntSPEC.obj
Compilation de GeneBFC.obj
Construit une bibliothéque partagée (Veuillez patienter)
Génére un fichier cleaner
Génération de cleaner_src.sce...
Création des fichiers d'aide...
Total files without example: 21
Total generated html files: 23
Total files without example: 21
Total generated html files: 23
Total files without example: 21
Total generated html files: 23
Genération de loader.sce...
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Génération de unloader.sce...
Génération de cleaner.sce...

Figure 1 :
Figure 2 :
Figure 3 :
Figure 4 :
Figure 5 :
Figure 6 :
Figure 7 :
Figure 8 :
Figure 9 :

Figure 10 :
Figure 11 :
Figure 12 :
Figure 13 :
Figure 14 :
Figure 15 :
Figure 16 :

Figure 72 : Listing after execution of the SegPal builder.sce constructor
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