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User Manual 1 Introduction

1 Introduction

1 What is DSHplus?

DSHplus is a simulation software tool that has been developed to sup-
port a design engineer with virtual engineering functionality throughout
the development of complex fluid technical systems.

To stay competitive new products have to be developed in the shortest
possible time. For that reason, errors have to be determined in an early
state of the development process, so that cost-consuming iteration
loops in the product development are avoided.

With the help of a simulation-based design in the beginning of the
product conception it is possible to get new products faster to the mar-
ket - with a benefit in quality and at lower costs.

But the computer-based simulation not only shortens the expense for
prototypes and testing cycles. With the usage of simulation the devel-
opment process for the whole product life cycle can be optimized.

DSHplus is designed in a way to support the user comfortably from the
first design of the system until the start-up of the system's operation.

Programs such as DSHplus contribute in a valuable way in securing
one's own market position and open up new ways to enlarge it. The
program therefore has been developed in the past few years into an
indispensable working tool for system design.

What are the features of DSHplus?

As a graphic oriented program, DSHplus places the functional unit
,component® in the centre of the modelling concept when describing the
system. Libraries which contain both hydraulic and pneumatic as well
as electrical, control engineering and mechanical elements, are avail-
able to this effect. The circuit diagram analogy thus achieved enables a
simple and convenient structure of the respective simulation model and

© FLUIDON® GmbH 2008 11
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guarantees that the user immediately feels familiar with the simulation
tool DSHplus.

A prerequisite for accepting simulation in the industrial practice is the
simple parameterization of components. Catalogue data of the manu-
facturers therefore form the basis for modelling the components in
DSHplus. The open mathematical description of the system as C++
Source Code enables the user in addition to include his own ap-
proaches into the component description and makes it possible to use
the program in conjunction with other simulation tools.

Which possibilities does DSHplus offer?

With DSHplus, the system developer disposes of a design tool which
offers planning safety already in an early project stage. The circuit dia-
grams and simulation results of the concept draft can also be used for
communication between the project partners.

DSHplus enables to develop alternative system solutions and circuit
concepts and to comfortably evaluate them. The result is a system de-
sign which is adapted in an optimum way to the technical problem. The
reduction of the prototype expenditure thus achieved is also responsi-
ble for a considerable saving of time in planning or revision of the sys-
tems.

Another result of the dynamic system evaluation with DSHplus is the
optimum component selection when converting the system solution de-
veloped. The use of DSHplus not only leads to an optimization of the
costs for the manufacturer but also at the same time guarantees the
user that the plant is optimized with regard to operating costs.

DSHplus simulation models can even be used as reference during
commissioning and for training of the plant personal as the experience
of well-versed users has shown.

12 © FLUIDON® GmbH 2008
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Working with DSHplus

The manual on hand will provide the user with a practical introduction in
DSHplus and show how the program can be used for solving fluid-
technical problems.

The system developer will appreciate very quickly the efficient and
easy-to-use environment which enables him to carry out the numeric
calculation of the system interactively and to visualize it.

With all these advantages, however, one may never forget that behind
the circuit diagram displayed on the screen, a complex system of dif-
ferential equation is hidden for which the individual program functions
of DSHplus are only a comfortable handling tool.

The quality of the calculations made with DSHplus thus largely de-
pends on a useful model structure for which the system developer is
responsible. In order to achieve a stable numerical calculation, realistic
data have to be available or be worked out for the parameterization of
the components.

© FLUIDON® GmbH 2008 13
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2 Structure of the user manual

Three types of manuals are supplied with DSHplus, a user’'s manual,
component manuals, and a module manual.

The user’s manual is made up of the following chapters:

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Appendix A

Appendix B
Appendix C

Appendix D

is this introduction chapter.

carries out hardware and software requirements for the
operation of DSHplus and explains the installation of
DSHplus.

provides a brief introduction to DSHplus. It explains the
program elements which have to be carried out to run a
simulation.

complements this introduction with detailed information on
all program functions. Their knowledge helps to use the
comfortable possibilities of DSHplus and to carry out opti-
mum simulation projects according to the individual re-
quirements of the users.

describes the technical and mathematical principles of
DSHplus.

describes the programming of new components. The func-
tions presented here go beyond the simple use of the pro-
gram. Their use requires programming knowledge from the
user.

contains an explanation of the nodes by which the individ-
ual components are linked.

contains a description of the component BLACKBOX
contains simulation examples

installation of the compiler, etc..

14
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Index enables the user to use the manual as reference book.
At the end of each individual chapter, numerous reference is made to

thematically linked chapters. These should facilitate the user to find a
solution to individual cross-chapter questions.

3 Typographical conventions
In order to facilitate reading the test, significance and categories which
repeat are optically marked. The following fonts are used in this man-

ual:

MENUS, MENU POINTS and KEYS in the dialogs are stressed by bold type
and small capitals.

Names of Dialogs, Fields and Lists of the individual dialogs are
marked in bold type.

Source text is keyed in grey, indented and marked with its own type
matter and type size.

This is an example for formatting a source code in the manual

4 Mouse procedures

In DSHplus the left mouse key is intended as primary key, the right
mouse key as secondary key. The descriptions in the manual always
refer to this designated function. Please mind that the primary and sec-
ondary function will be reversed if you have adjusted your mouse by
hand, e. g. for left-handed operation.

The left mouse key offers you the following possibilities:

Showing: place the mouse pointer on a certain element of the screen

© FLUIDON® GmbH 2008 15
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Clicking:  press the mouse key briefly and release it immediately
again without moving the mouse

Drawing keep the left mouse key pressed while shifting the mouse
pointer

Marking:  click on a single object with the left mouse key or draw the
mouse over several objects

The right mouse key offers you the following possibilities

Clicking:  press the right mouse key briefly and the so-called CON-
TEXT MENU is opened. For further information about context
menus please see chapter 4, 8 Context menus.

5 Indications to the other manuals

The second manual type —the component manual (consisting of tech-
nology specific parts) — contains the documentation of all components
and nodes that are available in DSHplus.

In the third manual — the module manual — the analysis functions and
the program interfaces that are available in DSHplus are documented
and illustrated by examples of application.

16 © FLUIDON® GmbH 2008
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2 Installation of the program

1 System requirements

Operation of DSHplus demands specific minimum requirements to the
computer hardware resources. This minimum configuration can be
enlarged by extensions which facilitate the work with DSHplus espe-
cially in interaction with other Windows applications. Some of these
hardware requirements are determined by the platform used - Windows
NT/2000, XP or Vista -, others are specific for DSHp/us. The minimum
required computer configuration recommended for an efficient and uni-
versal use is listed in the following.

Minimum computer configuration:

e Windows NT/2000 SP3
e Resolution 1024*768 pixels
e 150 MB free hard drive capacity

DSHplus should in any case be operated with a graphic oriented input
device. The usual devices supported by Windows such as mouse, track
ball or touch pad can be used.

All the printers and plotters supported by Windows can be used as out-
put devices.

Use of DSHplus in a network

e DSHplus is not especially designed for multi-user deployment in a
network environment. Although it also works via a network in most
of the cases. However, not more than one user at a time should ac-
cess a model directory. The appendix explains how DSHplus has to
be configured for use in a network.

© FLUIDON® GmbH 2008 17
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2 Install DSHplus
Preparations
e Make sure that you have administrator rights to install the program.

e Make sure that there is at least 150 MB free hard drive capacity is
available on the disk on which you want to install DSHplus.

Installation

e Insert the DSHplus-CD into the CD drive.

e This application starts automatically. If there is no Autostart function
please run "setup.exe" from the CD-ROM.

e The DSHplus welcoming screen is displayed.

%53 Setup - DSHplus 3.6 (=)
Welcome to the DSHplus 3.6
Setup Wizard
Thiz will inztall DSHplus 36.1.7 on your computer
Itiz recommended that you close all other applications befare
continuing.
Click Mext to continue, or Cancel to exit Setup

Welcoming screen of DSHplus

e Follow the instructions of the installation program. An installation
guide is available on the program CD

18 © FLUIDON® GmbH 2008
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3 Uninstall DSHplus

In order to uninstall DSHplus completely, open the DSHplus folder from
the start menu and run the DSHplus uninstall entry. You also can use
the software de-installation function of the operating system.

© FLUIDON® GmbH 2008 19
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3 Basic program functions

This chapter is an introduction to the handling of DSHplus. In this chap-
ter, the functions, which are absolutely necessary to perform a simula-
tion, are explained.

Among others it is, creating and managing of projects, the graphic
structure of the simulation model, the generation of an operational
model, simulation calculation, and evaluation of the results.

The sub-chapters are arranged in the order in which the steps de-

scribed are to be used. Thus, users can take the structure of the chap-
ter as a guideline for working with DSHplus.

1 Start DSHplus

Depending on the selected installation options, DSHplus can be started
in the following ways.

e DSHplus is started with the DESKTOP ICON

e DSHplus is started with the QUICK LAUNCH ICON in the START
MENU.

e DSHplus is started form the DSHplus program group, that is lo-
cated under PROGRAMS in the START MENU.

During the start of DSHplus a splash screen shows the type of licence
that is invoked.

© FLUIDON® GmbH 2008 21
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=3 DSHplus 3.6.1 =JoEd
Project Model Parameters Simulation Modules Window Extras Help
B& i - =)
< ’_»
Surface of DSHplus
Title bar

The title bar indicates besides the program name and the version the
name of the project if a project is open.

(ﬁ DSHplus 3.6.1 : New_project E]@W
Title bar

Menu bar

The menu bar contains the call of all functions with which DSHplus is
operated. Operation and design is subject to the Windows guidelines.

Project Model Parameters Simulation Modules  Window Extras  Help

Menu bar
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Toolbar

The toolbar is situated below the main menu line on the upper edge of
the DSHplus main window. The control spaces in this line symbolize
frequently needed menu commands. It is possible to call these func-
tions by simply clicking on the mouse without opening the menus them-
selves.

=R Gga@cee 8 hDhasad » Higlhe R bRemcE o -3 L1

Toolbar

When the mouse pointer points onto a control space of a function line,
a small quick info window with the name of the corresponding function
is displayed after a short time.

The significance of the individual control space is explained in the ap-
pendix.

Status bar

The status line on the lower edge of the DSHplus window takes over
information tasks.

‘ Set the parameters for simulation resttime: 08 ke 1.7114E-04 | rectangular signal

Status bar

e Indications to the menu function you have selected are displayed in
the left display space.

e During simulation, the progress of calculation is displayed in the
control window. When the progress bar occupies the entire field,
simulation is finished.

e The field on the right next to the progress bar displays the current
simulation step size and remaining term.
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e The field on the right displays the name of the currently loaded pa-

rameter set.

Drawing area

The space between the function line and the status line is the drawing
area. It is used for designing and processing the model.

Context menus

The main menu is complemented by context menus which contain
commands available only for a specific application or a window and
which only relate to this specific application. Context menus can be
opened by a mouse-click with the right mouse key on the object or the
area that is to be edited.

Insert node k |

Create protecked Element ..
Save
Prink

Copy
Insert
Delete
Select all
Eroup
Ungroup
Align to grid

hrydraulical
prieumatical
signal
kranslational
rotational

heydraulical I

thermao brydraulical

Copy parameters
Paste parameters
Copy variables

Paste variables

Refresh

Context menu

24
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2 Creating a new project

Within the scope of a project, the model is designed using
the component libraries, the component parameters are adjusted, and
the dynamic behaviour of the model is calculated by DSHplus.

At first a new project has to be created. There are two possibilities to do
this:

e A empty project is created by the menu point New in the Project
menu. That a new project was created is visible by the fact, that
the component library is open. The program is in the design
mode.

e By means of the menu point New from Template a project tem-
plate is used to create a new project by means of. To edit the
model, the library has to be opened manually.

For further information on: Please see:

Creating of projects Chapter 4, 1.1 New
Chapter 4, 1.2 New from Tem-
plate

Opening of projects Chapter 4, 1.3 Open

Store projects under different name  Chapter 4, 1.7 Save as
Importing and exporting of projects  Chapter 4, 1.4 Import

Files of a project Chapter 5 Model structure, 2.1
Files of the projects

3 Drawing models in the design mode

After a project has been created, the program is in the input mode. This
mode can be seen by the fact that the component library is open.

In the input mode, the simulation models are graphically designed on
the drawing area. To this effect, components from the component li-
brary are placed onto the drawing area and linked.
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The following chapters describe how to design models.

For further information on: Please see:

Designing and processing of models Chapter 4, 2 Model

3.1 The component library

In the component library, depending on the licence version DSHplus
provides hydraulic, pneumatic, mechanic, and thermal-hydraulic as well
as components of the automatic control engineering which simulate the
technical behaviour of real components by means of mathematical
functions.

The component library consists of several categories which on their
part are subdivided in different component assemblies. In these com-
ponent assemblies, either component subassemblies or the individual
components can be found.

The category names are displayed on the upper edge of the compo-
nent library. The component assemblies, subassemblies and compo-
nents are displayed in the library window as symbols.
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Mechanics ] Cantral ]
Thermalbpdraulics ] Mizcellaneous ]
utra-Libs ] Selection ]
1 Preumatics ]

Fumps

O

Motars

Directional vahes

FlowC ontroller

j@_

Fressure wahres

Component library (full license version)

View hydraulic category

In the following the most important categories, component assemblies
and subassemblies are listed for example:

Categories Component assem- Component sub-
blies assemblies
Hydraulics Pumps
Motors Rotational motors

Directional valves

Resistors

Flow controller
Pressure valves
Check valves
Accumulators

Lines and reservoirs

Linear motors

2-x-valves
3-x-valves
4-x-valves
Miscellaneous valves

Automotive lines

© FLUIDON® GmbH 2008
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Categories Component assem- Component sub-
blies assemblies
Hydro2signal
Fluidsensor
Pneumatics Motors Linear motors
Rotational motors
Directional valves 2-x-valves
3-x-valves
4-x-valves
5-x-valves
Check valves
Pressure valves
Resistors
PneuAccumulator
Pneusensor
Pneu2Signal
pT2pneu
Mechanics Masses
Spring-damper com-
ponents
Drive technology
Miscellaneous
ThermalHydraulics
Control Sources FunctionGenerator
Constant

Mathematical func-
tions

OnlineDatalmport
TrackCurve345

Timebase

28
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Categories

Component assem-
blies

Component sub-
assemblies

Functions and tables
Transfer functions

Time discrete transfer
functions

Nonlinear functions
Extras
Digital signals

Logic elements

Extra-Libs

Miscellaneous

Nodes

Steering components

For further information on:

Miscellaneous

Please see:

Components

Mathematical principles of compo-

nents

Component manual

ciples

Chapter 5, 1 Mathematical prin-

3.2 Select components from the component library

In order to design a simulation model graphically the required compo-
nents have to be selected from the component library and to be placed
on the drawing area on the left next to the library.

© FLUIDON® GmbH 2008
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How to proceed:

6.

If you click on the category name in the headline of the component
library, the corresponding component assemblies are displayed in
the library window.

Click onto the symbols of the component assemblies and subas-
semblies until the assembly with the component required is opened.

Select the component by clicking it on. The mouse pointer transfers
into a cross.

Click onto the space in the drawing area on which the component is
to be placed.

When you have clicked on the drawing area the dialog MODIFICA-
TION OF SYMBOL is opened. A name which consists of the type des-
ignation and a number is registered in the field name automatically.
You are able to maintain this name or to allocate a definite name of
your own choice. This name must not be allocated to another com-
ponent in the same project.

-

Modification of symbol

Marme Symbol

| Purnp]
Type ar

Purnp
Connectars ¥ Show name " "

[pT i
[P

[ volumeFlow

aT

& | O

nP

0K I Cancel | Help | zoominl Zoom aut

Component dialog

If you click on OK, the selected component is displayed on the
drawing area.

30
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For any further component which is to become part of the model, re-
peat steps one to six.

If you click on another category after selecting a component assembly,
but you have not selected a new component assembly yet, it is possible
to open again the last selected component assembly by clicking on SE-
LECTION in the headline of the component library.

For further information on: Please see:
Assignment and connections of Chapter 4, 2.1.3 Adapt compo-
components nent alignment and component

connections

3.3 Connection of components

The components now placed on the drawing area have different con-
nections. The same connections of different components can be linked
by lines.

Survey of component connections and their corresponding nodes:

e Hydraulic connections are marked as small blue dots. In general,
they are linked by hydraulic nodes (HYDRAULICAL).

e Signal connections are marked as small black arrows. They are
linked by signal nodes (SIGNAL).

e Pneumatic connections are marked as small dark blue dots. They
are linked by pneumatic nodes (PNEUMATICAL).

e Mechanic connections for translatory movements are marked as
dark gray arrows. They are linked by mechanical-translatory nodes
(TRANSLATIONAL).
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e Mechanic connections for rotation movements are marked as light
grey arrows. They are linked by mechanic-rotatory nodes (ROTA-
TIONAL).

e Thermal-hydraulic connections are marked as dark red points.

e Hydraulic connections without volume are marked as lilac points.

Signal-digital connections are marked as dark green points.

In order to link the components via the respective nodes, proceed as
follows:

1. Use the left mouse key to click on a component connection and
keep the key pressed.

2. Draw the mouse pointer to a component connection of the same
type of another component.

Please see that only outputs can be connected to inputs and not
outputs to outputs or inputs to inputs. DSHplus checks the connec-
tion logic and avoids wrong connections.

EEE =] & Dl v wl ~|E Be

2 Hydraulics ] Pheumatics I

Mechanics I Cantral I
Thermalhydraulics I

Mizcellaneous I Modules I

Extralibs  Selection

i ”~
Sultching'alve2? Swite

node '\N[ i
Name of component Swiite
|\u"ﬂ|ume1\
L e
Pump1 ey
£ 4 uj v i

DSHplus in the input mode with an active node dialog

3. If you release the mouse pointer exactly on the second component
connection, the suitable node is automatically created and the node
dialog is displayed.
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In this dialog you have to allocate a definite name to the node or to
confirm the proposed name.

The dialog is closed with OK and the name allocated is displayed
on the drawing area below the connection node.

Repeat steps one to five for all components you want to connect.

Note:

It is possible to abort the connection process by ESC.
The model can be stored while it is designed.

You can use the undo function in order to undo steps of the model
design.

If you insert names for the nodes by hand, a unit and a value range
according to the pre-settings for the initial letters are allocated to
these nodes. The pre-settings can be done under OPTIONS in the
menu EXTRAS on the file-card Graphics Options in the area Spe-
cial

For further information on: Please see:

Deletion of connection nodes Chapter 4, 2.1.8 Deleting of
components and links

Extension of connections Chapter 4, 2.1.2.1 Connection
links

Connect several components with a Chapter 4, 2.1.2.2 Link of several
component connection components

Component connections Chapter 4, 2.1.3 Adapt compo-

nent alignment and component
connections
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3.4 Terminate model design

After the simulation circuit has been designed graphically the input
mode has to be closed in order to generate the simulation model.

How to proceed:
1. Click on STOP EDIT in the MODEL menu.
2. Click on YES in the Save changes dialog.

The input mode is closed now. In order to be able to simulate with the
model, the model creation of the source code has to be carried out, so
that the graphic model can be transferred into a mathematical model.
This is done automatically if the standard program configuration has not
been changed.

If a new model wasn’t saved before, the Projects save as Dialog will
open to do so.

Note:

e The YES key in the Save changes dialog means that the current
model configuration is stored. NO means that the changes are re-
jected after they have been last stored and the old circuit diagram is
loaded again.

4 Model creation

The following steps are only required, if the standard program configu-
ration has been changed on the Other options page of the Options
dialog.

How to proceed:

1. Open the dialog Status model build up in the menu MODEL with
CREATE MODEL.
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2. By clicking on Create + Compile in the dialog, the source code of
the model is created and compiled.

The lists indicate the process of creating and compiling.

3. When creating and compiling is terminated, click on CLOSE.

Note:

55 Status model build up
In progress
File: DSH_1__1.P&R ~
wiriting 1

Model build up successfully

call of the compiler...

Compiling/linking successful

v
Meszages, enors and warnings

open signal port:  Controller Klex ~
open signal port:  Controller KDex |
open signal port: Controller. Tex

open signal port:  MominalD ata. lnput

open signal port.  MominalD ata. Frequencyl nput

open signal port: Cylinder. Load

open signal port:  Cylinder MechHozex

open zignal port: Cylinder MechHozey

open hydraulic prezzure port: Pump.pT

Compiler output
Borland C++ 5.3 for Win32 Copyright (] 1993, 1993 Barland Interational

CADOKUME ~14Bs\LOKALE “1\T empheylinder_contral_000S02E24DSH_1__1.CPF:
Turbo Link Yersion 2.5.0.0 Copyright [2] 1993,1998 Borland Intemational

Ereateiﬁompile| Create | Cornpile | Edit | Help |

Dialog for status of model formation

The files required for the calculation of the system behaviour are now
created. The program is in the simulation mode.

For further information on: Please see:
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Creating a model Chapter 4, 2.3 Stop edit

5 Simulation mode

After model formation, the program is in the simulation mode.
In this mode, the following steps are to be carried out:

1. Input of component parameters.

2. Input of starting values or variables.

3. Input of the calculation period and the simulation step size.
4. Calculation of the dynamic behavior of the model.

5. Evaluation of the simulation results.

6. Repeating steps one to five.

The following chapters describe how to carry out these individual steps.

5.1 Set parameters and starting values of the nodes and com-
ponents

The parameters and variables of the components and nodes are set in
the respective dialogs. In these dialogs, the parameters and variables
are preset with standard values which are changed according to indi-
vidual requirements.

The dialogs are opened by double clicking on the respective compo-
nent. When the desired changes have been made they are confirmed
by clicking the OK button. The dialog closes again. The names of the
components whose parameters have not been edited yet, are coloured
violet. After the processing of the parameter set the name of the com-
ponent is displayed in black.
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Function generators, hydraulic and pneumatic nodes have their own
dialog types in which every single parameter has its own input line for
putting in a value and the unit, if necessary. For further details on the
parameters, please see the component manual.

Settings of the other nodes and components are carried out in stan-
dardized dialog types. In order to change variables and parameters,
proceed as follows:

HydNode
Yolurne |1 |I ﬂ
Initial pressure |U |bar ﬂ
Temp. difference |D |K j
T — Bulk-moduluzs calculation
(* |ook-up table " explicit by equation
Type Constant =
. | J I™ Manual zetting of basic bulk-modulus
TEquUENC
E v ||_ | J Bulk-modulus | | J
external Frequenc
- - 4 J | | J Iv Caommon comection of bulk-rmodulus
358 S Characteristics of air
Amplitude |D | j Prop. undissokved air 0.1 b4
Offset |D | j Polytropic exponent 1.1
Look-up table | J J
Time elapsed Characteristics of hoses
Start |D |S j Charge of volume |0 4
Duration |889 |S j Reference pressure |1UD |bar j
Mumber of repetitions 1
Conditions Options
Switching ’m r Maw. gradient |1E+93 | barts |
Threshold [ | J Cavitation threshold |-1 |bar j
End = -
Ok | Cancel | Load | Save | Delete | Optiohs | Help | QK | Cancel | Load Gave | Delete | Dpti0n| Help

PneuMode
Yolume |‘I |I ﬂ
Initial values
Pressure |'| |bar ﬂ
Temperature |293 |K ﬂ
I™ Constart pressure source

,Tl Cancel| Load | Save | Delete | Dptions| Help |

On the left the parameterization dialog of a function generator, on the
right the dialog of a hydraulic node, below the dialog of a pneumatic
node

1. Open the dialog by double clicking on the component.
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Cylinder
Mame Yalug Uriit
PistonDiameter |53 T j j
Commet:
Pararmeter
PistanDiameter 63 T A
RodDiameter] 1} i
RodDiameter2 20 i
strokemas 500 mm
strak emin 1] mm
DeadStokel 0 mm v
‘ariables
ChamberPressurel G bar
ChamberPressure2 4] bar
ChamberTempl 29315 K
ChamberTemp2 29315 K
strake i} mm
welocity i} s
ak | Cancel | Load | Save | Delete | Help |

Parameterization dialog of a cylinder

If you click on an entry in the list Parameter or the list Variables,
this entry is displayed in the input field.

The parameters indicate the component specific characteristic val-
ues which remain constant during simulation. The starting values of
the variables at the beginning of a simulation are shown under
Variables.

If you want to change the unit of a parameter, click on the arrow of
the drop down list with the units and select the unit desired. This list
mentions all units belonging to the same unit group as the one
originally mentioned.

If the desired unit is not in the list, click on the + button. All the units
made available by DSHplus are now displayed in the drop down list.
The number in the Value field is converted to the suitable unit.

Put in the desired numerical value in the input field Value.

If you put in the value first and then adjust the unit, the value is
adapted to the new unit.

Repeat steps one to four until all parameters and variables have the
desired unit and the desired value.

38
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7. If you click on OK, the parameterization dialog is closed. The set-
tings are used in the following simulations.

These steps also have to be carried out for setting the other compo-
nents.

Cylinder
Mame Walue Unit
FistonDiameter |?D mm ﬂ j
Camment:

Pararneter

PistanDiameter 70 i A
RodDiameter] 50 mm ]
FodDiameter2 50 mm

shrokemax 200 T

strokermin -200 i

Mazz 500 kq bl
Variables

velocity 1] md's

stroke 0 mm

Look-up T ables

|n0 look-up table ﬂ H

no look-up table

LoadT able1

(04 | Cancel | Load | Save | Delete | Option | Help |

Parameterization dialog of a component with look-up tables

If the component contains look-up tables, an extended dialog is used.
The parameterization dialog contains an additional list with look-up ta-
bles which can be allocated to the look-up tables parameters.

The selected look-up tables in the look-up tables editor is opened by
the E key.

For further information on: Please see:
Individual parameters Component manual
Save component parameters Chapter 4, 3.2 Save
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For further information on:

Please see:

Load component parameters

Look-up tables editor

Chapter 4, 3.1 Load
Chapter 4, 3.11 Look-up tables

5.2 Set simulation parameters

The numeric limiting conditions of the simulation calculation are set in
the dialog Parameters of Simulation .

To do this, proceed as follows:

1. In order to open the Parameters of Simulation dialog, click on PA-
RAMETERS in the SIMULATION menu.

Simulation parameter
Sirulaticn tirme
Start 000000004 Sample Frequency |500
End 1.00000000 Graph factor 1
Stored walues 500 Frequency range  min = 1.953 Hz
max = 249 Hz
Integrator options
tethod
{* wariable " fined |DDE45 [rkE[4]Em) j
Initial step size 1.00000E-04 relative error 1.00000E-03
man. step size 1.00000E-02 abzalute emar 1.00000E-03
min. step size 1.00000E-07
0K | Cancel ‘ Options ‘ Help ‘

Dialog for simulation parameters
2. Make the desired settings.
3. Click on OK in order to take over the settings for the simulation.
Now, you have determined the numeric limiting conditions of the simu-

lation. The values adjusted are used when calculating the dynamic be-
havior of the model and are also saved in the parameter set.
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For further information on:

Please see:

the individual parameters
Save simulation parameters

Load simulation parameters

5.3 Fluid options

Chapter 4, 4.4 Parameters
Chapter 4, 3.2 Save
Chapter 4, 3.1 Load

In the dialog Fluid Options the specifications of the employed oil type
and the environment temperature can be set.

For setting the fluid options please proceed as follows:

1. Select the point FLUID OPTIONS in the menu PARAMETERS.

Fluid options E]@
Fluid parameter
Start temperature of  Pressure in
Fluid name the spstem in C bar
Cocd | Jipss i
Help Wizcosity in e s
E-Oil in bar
Erwironment Base density in ka/m*
temperature of the P
syshem in T Heat capacity in J gk
’T Yolume extenzion coefficiant in 14K,

Dialog for Fluid options

2. Make the desired adjustments for the oil specification and the envi-

ronment temperature.

3. Click on OK.

Now you have made the settings for oil type and environment tempera-

ture.
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For further information on: Please see:

Fluid Options Chapter 4, 3.12 Fluid options
Save Simulation Parameters Chapter 4, 3.2 Save

Load Simulation Parameters Chapter 4, 3.1 Load

5.4 Save parameters

Component parameters, variables and simulation parameters can be
saved together and provided with an identifiable comment. To do this,
proceed as follows:

1. Click on SAVE As in the PARAMETER menu in order to open the dia-
log Parameters save as.

Parameters save as
|constant sighal (1] 4 |
rectangular signal Cancel
sinuzoidal signal
Help

Dialog Parameters save as

2. Put in a comment in the input line or select a comment already
available from the list below the input line and click on OK.

3. If you have entered a new comment, you have thus created a new
parameter set and saving is now terminated. If you use a comment
already available, a dialog with the note The set of parameters ex-
ists opens. In this dialog, it is possible to choose between OVER-
WRITE and NEW. With OVERWRITE the old parameter set to which the
comment has already been allocated, is deleted and replaced by
the new set. NEW means that the new parameter set has the same
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comment as the already existing one. In all parameter set lists, the
comment can then be found several times.

For further information on: Please see:

Save parameter set Chapter 4, 3.2 Save
Load parameter set Chapter 4, 3.1 Load
Delete parameter set Chapter 4, 3.4 Delete

5.5 Start and abortion of calculation

Calculation of the dynamic behaviour of the model is started with START
in the SIMULATION menu.

Calculation of the model is based on the adjusted parameters. Calcula-
tion of the variables begins with the starting values adjusted. The calcu-
lation period and the numeric limiting conditions of the calculation de-
pend on the settings of the simulation parameters.

The blue progress bar in the status line on the lower edge of the pro-
gram window shows the progress of the simulation. The simulation is
interrupted automatically if the setting of one or several components is
defective. In that case the name of the defective components is marked
in red. In addition the dialog Messages is opened. In this dialog you
find information about the question which defect occurred in which
component.

If a warning for a certain component occurs the name of this compo-
nent turns violet. The simulation is not interrupted by warnings. The dia-
log Messages is not opened automatically. Via the menu SIMULATION
and the sub-point MESSAGES the dialog can be opened in order to get
detailed information about the warning.
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With STOP in the SIMULATION menu, calculation can be aborted before
the adjusted simulation time has elapsed.

5.6 Control of simulation data during calculation
DSHplus enables to see the data on the model dynamic behaviour al-
ready during calculation. The data can be represented in a graphical

manner as well as in a numerical one.

This gives the possibility to judge the development of variable values at
an early stage and to abort simulation, if necessary.

5.6.1 Graphical control

By means of the Graphics window, the values of the variables can be
put out graphically during calculation over the simulation time.

2 Pressure E]@

Common  Zoom Options Help

S HEDE Dk E DE R @

ol Pressure a to 200 ar
Vold Pressure 0 te 200 bar

Simulation graphics

Proceed as follows in order to call and to configure a simulation graph-
ics:

1. Open a new graphic window by selecting GRAPHIC->NEW WINDOW
in the SIMULATION menu.
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¢ Graphics g@

Common  Zoom Options Help

S EDE § e OER] e
Time / 2

New simulation graphics
Repeat this step if you want to open further simulation graphics.

2. By double clicking on the grid in the simulation graphics window,
the dialog Graphics Settings is opened.

Graphics Settings
] PresertStoke Value »| Colors
|:| [1_walvad Value . . . . .
|:| Sefvaluealue
|:| ShokeDitference.V alue = E E E E
] alve, Stroke
5w i
[+ VOB Pressue LB [Ol] (=]
[+ WolP. Pressure - El
fram |D b |2E“3 bar

ak. | Cancel | Help | exchange |

Dialog Graphics settings

3. Under GRAPHICS SETTINGS mark the variables which are to be
shown.

4. In order to distinguish them better, the variables are shown in dif-
ferent colours which are preset in series. It is also possible to allo-
cate other colours to these variables by selecting another colour
under Colours. The selected colour is allocated to the variable
which is marked.
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5. In addition, markers can be allocated to the variables. They can be
selected under Symbol. The selected marker is allocated to the
variable which is marked.

6. Certain value ranges are allocated in series to the individual vari-
ables. These value ranges can be adapted to your requirements in
the input fields from and to. In these fields, the variable which is
marked is always processed.

7. Click on OK when you have made all adjustments.

Your selection and your settings are taken over for the individual simu-
lation graphics. For every graph of a variable, the names and the value
range are shown in the same colour in the simulation graphics window.

If you want to revise the settings of a certain variable, double click on
these settings in the caption. By doing this, you open the Graphics
Settings dialog. In this dialog, the variable which has previously been
selected by double clicking, is automatically marked so that this vari-
able can be processed immediately.

In DSHplus, up to ten simulation graphics can be shown at the same
time. In every simulation graphics, up to eight variables with different
colours and markings as well as their own value ranges can be shown.
By means of the configuration of a simulation graphics, display of the
variables can be made very clearly. A simulation graphics can be called
and configured prior to, during or even after a calculation has been
made.

Note:

e The time controlled resolution of the graphical display depends on
the setting factor graphics. This setting is determined under PA-
RAMETERS in the SIMULATION menu.

e The units of the variables cannot be changed by means of the
Graphics window. If a unit is to be allocated to a variable or a vari-
able is to be displayed in another unit, this change has to be ef-
fected under INITIAL CONDITIONS in the PARAMETERS menu or in the
parameterization dialog of the component.
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e Presetting of the colours is determined in the options dialog.

For further information on: Please see:
Simulation graphics Chapter 4, 4.6 Graphic
Adapt simulation graphics Chapter 4, 4.6.2 Adapt simula-

tion graphics

Animation of simulation results Chapter 4, 4.13 Play animation

5.6.2 Numeric control

The current simulation data are numerically displayed in the current
values window. In this window, the current values of all variables or
only of the selected variables are displayed.

__current values [Z]
Time 0.000 &
Conl.F BE1ZN
Conl.w -0.007 més
Conl.x -19.945 mm
ConZ F aA12H
ComZ.w 0007 mdx
ConZ.x -19.945 mm
Controller.| 0.000
Contraller PT1 0.000
Cylinder. ztroke -19.945 mm
Cylinder. welocity 0.000 mds
M azz. stroke -19.945 mm
b azs. welocity 0.0071 més
W aminalStroke Walue -20.000 rmm
PresentStroke.alue -19.945 mm
[J_walvad Value D117 min
St alue ' slue 0011
StokeDifference. Value -0.055 mm
Walve Stroke -0.007 mm
Walve Velocity 0.000 mss
Wold Pressure 95,884 bar
WolB Pressure 95.832 bar
WaolP.Pressure 191.734 bar

select

Display of current values

Proceed as follows in order to call the current values window:

1. Click on CURRENT VALUES in the SIMULATION menu in order to open
the current values window.
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For further information on: Please see:

Current values Chapter 4, 4.7 Current values

5.7 Save simulation results

In order to process the simulation results further by means of other
program functions, they have to be saved.

Under SAVE RESULTS in the menu SIMULATION the Result save Dialog

opens. In this dialog the storage place, file name and type of file can be
set.

For further information on: Please see:

Process simulation results Chapter 4, 4.9 Save results

6 Close a project

When the work on a project is terminated, close the project by clicking
on CLOSE in the PROJECT menu.

Prior to closing, the project is checked for data that have not yet been
stored. If necessary, a dialog is called in which the data can be saved.

Afterwards, you can start a new project or continue an old project.

Note:

e The project is also closed when a new project is created, another
project is opened or DSHplus is terminated.
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e The project which has been processed at last within a project direc-
tory is marked as pre-selection in the dialog Open project.

For further information on: Please see:

Creating of projects Chapter 4, 1.1 New
Opening of projects Chapter 4, 1.3 Open
Save projects with another name Chapter 4, 1.7 Save as

Importing and exporting of projects  Chapter 4, 1.4 Import

7 Exit DSHplus

Select EXIT in the PROJECT menu in order to quit DSHplus. If a project
is still open, it is now closed.
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4 The individual functions

This chapter contains detailed information on all program functions.
Their knowledge helps to use the comfortable possibilities of DSHplus
completely and to carry out optimum simulation projects depending on
the individual requirements. This chapter is structured as per the struc-
ture of the menus of DSHplus. Every menu is allocated a subchapter in
which the related menu points are described. Furthermore, functions
are described in the following which, however, are not mentioned in the
menus as menu point but whose content is related to the menu to
which they are allocated.

1 Project

Within DSHplus, all data belonging to a simulation model are managed
via a project. A project is defined via its name and releases the user
from handling the files.

The files which are created while working with a simulation model are
automatically inserted into the project and marked via a comment put in
by the user. The functions for project management can be seen in the
PROJECT menu.

Praoject
Mew...
Mew from Template...
Open...
Import. ..
Close Cril F4

Save F2
Save as...

Info...
Print... r Model. ..

Online graphics...
Exit Alt F4 Parameter...

Main menu Project
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For further information on: Please see:

Create projects Chapter 3, 2 Creating a new pro-
ject

Close projects Chapter 3, 6 Close a project

1.1 New

You make a new PROJECT over the menu item NEW project in the
menu project.

.ESDSleus 3.6.1 : New_project E]@
Project Model Parameters Simulation Modules ‘Window Extras  Help
DE & ] & TRl 8| i w0 HE e
b Mechanics } Conbrol
Thermalhydraulics
Iiscellaneous ] M odules

ExtrarLibs I Selection
Hpdraulies | Preumatics

:
= o @
:

£

~
<
!%m

El

resttime: 38 ko 1.9797E-03

New project ,untitled”

You have created a new project without name and the program is in the
design mode. This mode can be identified by the fact that the compo-
nent library is open. Additional project-relevant information such as ti-
tles, Author and model information is questioned when storing for the
project the first time.

1.2 New from Template

If you want to create a new project from template open the dialog
Template Selection by means of the menu point NEW FROM TEMPLATE
in the PROJECT menu.
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rﬁ Template Selection E]@W
Efg = EE

Aukhar;
created:
modified;

simple_hwdraulic_mo. ..

Project Informakion:

Dialog Template Selection

In the dialog all available project templates are displayed. Stored infor-
mation about the chosen template is printed on the right next to the se-
lection window.

For further information on: Please see:

Creating of projects Chapter 3, 2 Creating a new pro-
ject

1.3 Open

A project which has been created and saved at an earlier stage can
again be called for processing by OPEN under PROJECT.

In order to open a project, proceed as follows:

1. Open the dialog Open project via the menu point OPEN in the PRO-
JECT menu. Under search in the last used directory is displayed.
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=3 Open project
Search in: Projects:

| wge Lokaler Datentrager [C:) j Titel | D atum |
. = - i_tank.dzz 01,04, 2008 035000
“en Lokaler Datentrager [C:) B z 29,07 2003 14-27-45
) Programme diezel_engine_with_pump.dsz 01.04.2008 03:50:00
) FLUIDON digital_cplindercontral.dsz 01.04.2008 03:50:00
) DSHplus3 F double_motor_as_hydro-transformer.dsz - 01.04. 2006 03:50:00
- drive_unit.dsz 07.04. 2008 03:50:00

P L —

—_.’, Em'el.C; mecharical_dive_urit dsz (01,04, 2005 03:50:00
gl position_contiol_of_a_cylinder dsz (1104, 2006 0% 50:00
prezsure_controller dsz 07.04. 2006 03:50:00

Directory Information:

< Ed

Project Infarmation

Title: |cy|inder_contro|

Authar: | Ikfo:
Created: |
Modified: |

Canhicel

dild

Help

Dialog Open project
2. Select the directory which contains the project that is to be opened.
3. Under Projects choose the project you want to open.

Under Project info information which facilitate the identification of a cer-
tain project is displayed.

4. Click on OPEN.

Now you have opened a project and you are able to continue the proc-
essing.

For further information on: Please see:

Creating of projects Chapter 3, 2 Creating a new pro-
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ject

Saving of projects Chapter 3, 6 Close a project
1.4 Import

Projects which have been built with program versions prior to Version
3.4 can be imported with the Import project dialog.

Projects, which have been built with program version 3.4 or higher, will
be converted automatically during OPEN.

Project files both existing in original format and condensed in Zip-
format can be imported.

The imported projects are sorted in the existing project list and the files
are renamed if necessary.

=8 Im port project

Search ir: Projects:

| < Lokaler Datertriger (D] | Zvlindemegebing mit Handsteusnung LaHI:
Zylinderegelung DSH_1__1.05H

% Lokaler Datentrager [D:) Dig. Zylinderregelung mit K.ennfeld DSH_2
: Fahrantrieb DSH_3 1.05H

J Demomodels V3.3 Doppelmator ale: Hpdrotansformer DSH_4_ 1

Diezelmator mit Pumpe DSH_5_1.05SH

Mechanizcher Antriebsstrang DSH_E_ 1.05

Be-/Entliiftung eines Behaelters DSH_7_1.1

Lageregelung mit dreizchleifigem Regler Sk

Drruckregler DSH_9  1.D5H

Directom [nformation:

Froject Information

Title: |Z_I.Jlinderregelung mit Handzteuerung
Author.  |FLUIDON Info:
Created: | Wemwendung der Interakbiven

Simulationzsteuerung [151]

Modified: |

Impart-/Expart Settings

T arget folder: |C:'\F'n:ugramme\FLLllDDN&DSHpIuﬂ_E'&F‘rDiectS g

Farmat; f¢ DSH 3.3-Project " Archive [*£1F]
Language: (" German {* English ﬂ
O ptiors: | withiout results Help

Dialog Import project (DSHplus 3.3 format)
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In order to import a project existing in original format, proceed as fol-
lows:

The dialog Import project is opened by means of IMPORT in the
PROJECT menu. Under search in the last used directory is dis-
played.

Select the directory containing the project that is to be imported.

In the field target folder put in the directory into which you want to
import the project(s). You can also click on the opposite button and
determine the target directory in the dialog Path selection.

If you mark without results under options, the results are not im-
ported.

Mark under Format the option DSH 3.3-Project.

In the upper part of the right side of the dialog you now see the field
Projects, in the lower part of the right side of the dialog the field Di-
rectory info.

Under projects select that project or the projects that are to be im-
ported. Multiple selection is possible by means of the shift or the
control key.

Click on Ok in order to transfer the selected projects into the target
directory.

In order to import projects that are stored in a standard Zip-format-
archive, proceed as follows:

1.

Follow steps 1 to 5 for the importing of projects in the original for-
mat.

Mark under Format the option Archive (*.ZIP). In the upper part of
the right side of the dialog you now see the field import file and be-
low the field projects.
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3. In the field import file click on the Zip-files which contain the pro-
jects you want to import. In the field Projects all DSHplus projects
existing in the clicked Zip-files are displayed.

4. Click on IMPORT in order to import all displayed projects into the tar-
get directory.

5. If you have completed the importing procedure close the dialog by
clicking on CLOSE.

When a project has been imported, it can be opened by means of OPEN
in the PROJECT menu.

1.5 Close

The entry Close in the menu Project ends the currently open project
without the main programme to close.

Prior to closing, the project is checked for data that have not yet been
stored. If necessary, dialogs are called to save the data.

1.6 Save

The open project is stored over the entry SAVE in the menu PROJECT
with the current attitudes.

All project relevant files are archived in the DSZ-project-file. The old
DSZ-project-file is changed into a BAK file.

1.7 Save as

A project can be duplicated by means of the option SAVE AS in the
PROJECT menu.

The old project is maintained, the duplicate is allocated a new Name, a
new Author and new Info.
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=3 Project save as
Searchin; Frojects:
| wge Lokaler Datentrager [C:) ﬂ Titel | [ atum |
- m - charging_of_an_air_tank.dsz 07.04. 2008 034841
%@ Lokaler Datentrdger [C) cylinder_control.dsz 29.07.2008 14,2458
= Programme diesel_engine_with_pump.dsz 1004, 2006 0345 41
I FLUIDOMN digital_cplindercontral.dzz 01.04.2008 034241
) DSHplus3 6 double_motor_as_hedro-transformerdsz - 01,04, 2008 03:4841
- drive_unit.dsz 07.04. 2008 034841
P t —
—_.’, Em'el.C; mecharical_dive_urit dsz 001,04, 2005 03 45:41
gl position_contiol_of_a_cylinder dsz (1104, 2006 03 48: 41
preszure_controller dsz 07.04,2006 032: 4241
Directary Information:
< >
Project Infarmation
Title: |tesl_cy|inder_contro|
Author: |FLU|DDN Infa:
Created: | Parameter testing
Modified: | Cancel
Wersion |DSHpIus 35 j Help

Dialog Project save as

The application of SAVE As is useful if a new model is to be created on
the basis of an existing model and the old model shall be maintained.

The option Version allows you to convert your project to older DSHplus
versions. This is necessary, because the parameter file format of a cur-
rent release is not downwards compatible to older releases.

1.8 Info

The dialog PROJECT INFORMATION is opened by the menu point INFO in
the PROJECT menu. It displays the information which the user has given
when creating a new project (Project title, Author, Remarks). The in-
formation can be changed if necessary.

In addition the dialog contains information about date and time the pro-
ject has been created and date and time of the last model change.
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Project Information

Froject Hame: |c_l,l|inder_cnntrnl

Author: |FLUIDON

created; 17.08.1938 1356

modified: 30.01.20068 18:13

Infa: pozition contral cylinder

120 wectar: na 140 elements in the curment model

Cloze

Dialog Project Information

If the project contains input or output components for DSHplus-STC the
dialog also displays a mapping list of those elements to the input and
output vector of the simulation model.

For further information on: Please see:

Create project information Chapter 3, 2 Creating a new pro-
ject

1.9 Print

The menu point PRINT offers three options, to print the simulation
model, the opened online graphics and the current parameters of the
model.

Besides the parameters, the printout also contains the indications
which are displayed in the info on the current project and the names of
the parameter set.
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Before starting the printout, the settings for the current printer are dis-
played in the printer dialog. With the first printout, the settings of the
standard printer are taken over by Windows, then the changes you
made are maintained. Printout is started by OK.

1.10 Exit

To end the DSHplus session click on EXIT in the PROJECT menu.
2 Model

After creating a new project, the DSHplus is in the design mode in
which the simulation model is designed. In the menu MODEL, functions
related to the design mode of the model management and model crea-
tion as well as a call for the source code editor are located.

Besides these menu points, this chapter describes a number of func-
tions for the model design which are not to be found in the MODEL
menu.

Model
Edit
Save
Stop edit

Library wiew r Symbaols
Graphic elements List

Refresh F3
Select all

Copy

Paste

Undo Alt+Back
Redo

Create model, ..
Compile model
Edit maodel source. ..

Main menu Model
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For further information on: Please see:

Designing of models Chapter 3, 3 Drawing models in
the design mode

2.1 Edit
The function EDIT in the MODEL menu is used to transfer from the simu-

lation mode to the design mode. Transfer can be recognized by the fact
that the component library is open.

2.1.1 Select and place components

For designing a model, components are selected from the component
library and placed on the drawing area.

DSHplus is using “pick” and “place” technique for selecting and placing
the components.

2.1.2 Drawing functions

The functions described here are used for designing the model.

2.1.2.1 Connection links

The link between two component connections is created in the simplest
case by direct link.

In order to link two components via additional intermediate points, pro-
ceed as follows:

1. Use the left mouse button to click on a component connection and
keep the key pressed.

2. Draw the mouse pointer to any direction on the drawing area but
not to a second component connection.
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3. If you release the left mouse button here, a black line is formed with
a small circle at the end.

.‘E’JDSleus 3.6.1 : cylinder_control g@

Project  Model Parameters Simulstion Modules ‘Window Extras  Help
ORE & (H Bl K i i -3 =@
s

. Mechanics ] Control I
Sy linder Thermalhydiaulics I
Miscellaneous ] odules I
ExtrarLibs } Selection I
Hydraulies | Preumatics I

A

Wold % Fumps
Q_walvad O
- Motors

1 * 4
PT2

ARl

o
A
¥ Valve I3

<
"
T

FlowCantnller,
i
PLY

Pressure wates
Pump 3 :‘

¥ Ched vales
< > —

Steps

Link of two connectors by intermediate points
4. From this circle, it is possible to draw the line in any direction.

5. You can pass as many intermediate points as you want until you
produce the link with the second component.

6. It is possible to abort the generation of a link at any time by means
of the EScC key.

For further information on: Please see:
Link of components Chapter 3, 3.3 Connection of
components
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2.1.2.2 Link of several components

If you link two components or their connections, a node is automatically
added. For linking further components, draw a line from a connection to
an existing node.

.ESDSleus 3.6.1 : cylinder_control g@

Project Model Parameters Simulstion Modules ‘Windaw Extras  Help
DEE & $EE D H i R S =

Cylinder techanics ] Control I

Thermalhydraulics ] Miscellaneous I
Modules I ExtraLibs } Selection I
Hydraulics ] Preumnatics I

wold ValB Fumps

G_walvad hatars

Y X
4 d Directional wahes
T T P12 /\!
¥ Valve Resttors

Steps

Draw an additional link to the node

Nodes can also be placed individually on the drawing area in order to
be able to create all links from the elements. You can find the nodes as
well as the other components in the component library under Miscella-
neous. A further possibility is to insert a node by means of INSERT
NODE in the context menu. The new node is inserted at the position of
the mouse.

Please note, a link line, starting from a node, is not possible as this
may cause logical errors. Instead of creating a link line, the node is dis-
placed.
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For further information on: Please see:
Link of components Chapter 3, 3.3 Connection of
components

2.1.3 Adapt component alignment and component connections

The symbol for a component shown in the library is only one possible
view. After taking over a component from the library to the drawing
area, put in the name of the new component in the dialog Modification
of symbol.

This name is only the displayed name of the component and can be
changed later on. DSHplus is assigning unmistakable component
names for the model source code automatically.

Via selection on the options page Other options, the system is forced,
to accepted only unmistakable identical component names. For the
model source code and the display name.

It is also possible to change the appearance of the symbol. Which
views of the symbol are shown depends on the fact which views are
stored in the library. This varies from component to component. A cyl-
inder for example is shown as synchronous cylinder and as differential
cylinder in four different positions each. The signal element symbols,
however, are only shown in two views, first with the signal flow from left
to right and then with the signal flow from right to left.
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Modification of symbol

Mame Syrmbal

|Culinder =
Type

Cylinder

Connectors v Shnwnama = I

[ JLoad

[ ]5troke

[ ]velocity
[JAcceleration @
[V Mech

D MechHoze

ez |
[Ap1

0k I Cancel | Help | Z00m in | 200m0ut|

Dialog Modification of symbol (example: Cylinder)

Select the component connections you need in your model from the list
of connections. The designations of the connections are masked out in
series. The name of the marked connection is masked in by means of
SHOW NAME.

During model input, it is possible at any time to open the dialog Modifi-
cation of symbol by double clicking on the component and to carry out
changes.

For further information on: Please see:

Dialog Symbol modification Chapter 3, 3.2 Select compo-
nents from the component library

2.1.4 Marking of components

Selection of components for common processing can be carried out in
different ways.

1. Marking of individual elements
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An individual element is marked by clicking it on by means of the
mouse.

Marking of several elements

Several elements can be marked by means of a rectangle. Draw
the rectangle round the desired elements when the left mouse but-
ton is pressed. If you draw beyond the window frame, the repre-
sented section follows.

Marking of individual additional elements

Individual elements are taken up into the selection by keeping the
shift key pressed and clicking them on at the same time.

Marking of all elements
All elements which are on the drawing area (also those which are

outside the visible range) are marked by means of SELECT ALL in
the MODEL menu or by SELECT ALL in the context menu.

2.1.5 Displacing of components

In the design mode, components which are already located on the
drawing area can be displaced .

First mark the components which are to be displaced. Then, these ele-
ments are displaced while keeping the left mouse button pressed at the
same time.
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k",-’DSleus 3.6.1 : cylinder_control g@

Frojeck  Model Parameters Simulstion Modules  Window Extras  Help

DEE & =6 Tl Wl i} wE &d =@
Cylinder Mechanics ] Control I
Thermalhydraulics ] Miscellaneous I

% Modules I ExtraLibs } Selection I
Hydraulics Preumnatics I

wold ValB Fumps

G_walvad hatars

| L b
4 d Directional w;
>< ‘" N l h
,J; T P12

[ ] *
Valve Resttoms

Steps

Displacing of marking to SELECT ALL

For further information on: Please see:
Marking of components Chapter 4, 2.1.4 Marking of
components

2.1.6 Copying and inserting

In the design mode, components already located on the drawing area
can be copied and inserted again into the model or another project.

Proceed as follows, in order to copy an individual component:
1. Mark the component you want to copy.

2. Select CopPY from the context menu.
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3. Open the context menu again and select INSERT and the copied
symbol is inserted onto the drawing area at another place than the

original.

4. The symbol modification dialog in which you have to give the com-
ponent a definite name, is displayed.

5. OKterminates the copying process.

Proceed as follows in order to copy several components at the same

time:

1. Mark the desired components you want to copy.

2. Select CopY and INSERT in the context menu one after the other as
with copying an individual component.

.‘E’JDSleus 3.6.1 : cylinder_control

METX)

DOB & $aG

Cylinder

Wold WVolB

Q_walvad

fid * 4

ARL I s

L] WValve

Project  Model Parameters Simulation  Modules  Window Extras  Help

Y o

- —

Group

e 2| =@

MName of component

Cancel

Steps

Mechanics ] Cortrol I
Thermalhydraulics ] Iiscellaneous I
Modules I ExtraLibs } Selection I

Hydraulics ] Preumnatics I

5 -

Copy of two elements and Dialog Group

3. Now, the dialog Group is displayed. The name you put in here is
placed before the names of the initial components so that the new
components get a definite name.
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4. When clicking on OK, the copied components with the new name
are placed onto the drawing area.

5. The copied elements are combined to a group.
In order to insert copied elements into another project, close the current

project after copying, open the project in which the elements are to be
inserted and insert the copied elements.

For further information on: Please see:

Cancellation of groups Chapter 4, 2.1.10 Group and un-
group

Marking of components Chapter 4, 2.1.4 Marking of
components

2.1.7 Copy in clipboard

The model can be copied in the clipboard of Windows as a Windows-
Metafile. The model is taken over in its current state, i.e. with all the
changes you have made since your work has been last stored when
DSHplus is in the design mode. The model itself is not changed be-
cause of copying.

Calling is made by means of COPY in the MODEL menu or the design
mode by means of COPY from the context menu.

From the clipboard, it is possible to take over the model for further
processing into other Windows applications such as text processing
programs or drawing programs for example. The graphics can also be
changed or complemented at a later date in a graphics program.

Please note, it is not possible to paste a Windows-Metafile into a
DSHplus simulation model. However, it is possible to use Windows-
Metafiles as icon templates in the DSHplus Component Editor.
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2.1.8 Deleting of components and links
In the design mode, individual or several elements can be deleted.

First, the elements which are to be deleted, have to be marked. The
selection is deleted by means of the DEL key or by means of DELETE in
the context menu.

When you delete a node, all the links made between the node and
other elements are deleted. An individual link can be deleted by mark-
ing an intermediate point of the link first and then by deleting the mark-
ing by means of the DEL key or by DELETE in the context menu.

For further information on: Please see:
Marking of components Chapter 4, 2.1.4 Marking of
components

2.1.9 Undoing and restoring of component design

By means of the function UNDO in the MODEL menu single steps of the
model design can be undone in the design mode.

The undoing of input steps can be revoked by the function REDO in the
MODEL menu.

2.1.10 Group and ungroup

In the design mode, components can be combined into a group. The
elements of the group are treated as one unit when being further proc-
essed, e.g. all elements are displaced together when displacing is car-
ried out and the arrangement of the group remains the same.
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Proceed as follows in order to create a group:
1. Mark the components you want to group.
2. Select GROUP from the context menu.

Formation of groups can be effected on several levels, i.e. it is possible
to combine a group with other components to a new group, etc.

Formation of groups can be cancelled by UNGROUP from the context
menu. This means that only one group level is released, the groups
within the level below are maintained.

For further information on: Please see:

Marking of components Chapter 4, 2.1.4 Marking of
components

2.1.11 Align elements at the grid

In the design mode, marked components can be aligned at a grid. The
grid size can be modified on the options page Other options. The
function ALIGN TO GRID is located in the context menu.

For further information on: Please see:

Setting of grid Chapter 4, 7.1.5 Other options

Marking of components Chapter 4, 2.1.4 Marking of
components
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2.1.12 Refresh model graphics

The model graphics can be drawn again by means of the F3 key or by
REFRESH in the context menu or in the Model menu. This is useful if,
for example residues of deleted lines remain on the drawing area.

2.2 Save

While creating a simulation model, save your work from time to time.
This is done either by means of the menu point SAVE in the MODEL
menu or by means of SAVE from the context menu. The function save is
only active if a modification has been made since the work has been
last stored.

On the options page Other options, there is also the possibility to
switch on an auto-save mode.

2.3 Stop edit

When you have graphically created a simulation model, close the de-
sign mode by means of the menu point STOP EDIT in the MODEL menu.

Should you not have saved the input, DSHplus asks you whether you
want to save the last changes. If you select YES, your input is saved. If
you select NO, the changes you made since you last stored your work,
are rejected, the last status of the model is restored and the design
mode is terminated. With CANCEL you cancel the termination of the de-
sign mode and remain in this mode.

If the design mode is left, the model is automatically created and com-
piled. This function can be disabled on the options page Other op-
tions.

If compilation was successful, the simulation model is loaded immedi-
ately after closing the dialog. If errors occur while the model is created
or compiled, they are displayed in the window Messages, errors and
warnings.
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For further information on: Please see:

Setting of grid size Chapter 4, 7.1.5 Other options

Marking of components Chapter 4, 2.1.4 Marking of
components

2.4 Library view

In the design mode two possibilities for the representation of the library
are available.

Besides the symbolic standard view a classic text based list view is
also available. If the mouse pointer is put over a component name, then

the accompanying component symbol is displayed.

The view change is carried out via the function LIBRARY VIEW in the
menu MODEL.

2.5 Graphic elements

A simple drawing function and a text-field are available for the identifi-
cation and highlighting of single components or assemblies.

The dialog is called over the field GRAPHIC ELEMENT in the menu
MODEL.
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With color underlayed simulation model

Attributes like filling area colour and text field parameter can be
changed.

2.6 Refresh
The model graphics can be drawn again by means of the F3 key or by

REFRESH in the context menu or in the MODEL menu. This is useful if,
for example residues of deleted lines remain on the drawing area.

2.7 Select all
During the input mode all elements which are on the drawing area (also

those which are outside the visible range) are marked by means of SE-
LECT ALL in the MODEL menu.

2.8 Copy

With this function the highlighted components are inserted in the clip-
board.
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2.9 Paste

With this function the copied components are inserted from the clip-
board into the drawing area.

2.10 Undo

By means of the function UNDO in the MODEL menu single steps of the
model design can be undone in the design mode.

The number of available Undo step is specified on the options page
Other options.

2.11 Redo

The undoing of input steps can be revoked by the function REDO in the
MODEL menu.

2.12 Create Model

When a model is created, the until this time pure graphical model is
transferred into a simulation model.

At this stage the descriptions of the individual components are loaded
from the library, the model-specific set of differential equations is gen-
erated and the resulting source code is compiled to a simulation model.
At the same time, a parameter set is created which contains the base
parameters of all components.

After calling the CREATE MODEL in the MODEL menu, the corresponding
dialog is displayed only, if the Automatically model build function is
disabled on the option page Other options. Otherwise the simulation
model is created automatically.

In case there are errors the dialog will appear even if the Automati-
cally model build function is enabled on the option page Other op-
tions.
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When the model is created, messages on the individual steps which
are processed, are displayed in the upper window of the dialog.

In the middle window, messages, errors and warnings are displayed
which occur when the graphical model is created or transferred into an

operational program.

The bottom window displays the compiler output.

5 Status model build up

In progress

Meszsages, emore and warmings

Compiler output

Createicnmpilel Lreate ‘ D:umpile| Edit | Help | Cloge |

Dialog Status model build up

The combination of creation and compilation can be called by CRE-
ATE + COMPILE. The model creation is started first.

If this was successful, DSHplus automatically calls the compiler.
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=8 Status model build up
In progress
File: DSH_1__1.P&R ~
Wiiting R |

Model build up succesziully

call of the compiler...

Compilinglinking successful

w
teszages, enors and warnings
open zighal port: Controller Kl ex ~
open zighal port, Controller KDes R |
open zighal port, Controller. Tex
open zighal port MominalD ata. lnput
open zighal port MominalD ata Frequencolnput
open zignal port;, Cylinder. Load
open zignal port, Cylinder MechHozes
open zignal port, Cylinder MechHogzew
open hpdraulic preszure port. Pump.pT
w

Compiler output

Borland C++ 5.3 for Win32 Copyright [c] 1333, 1338 Borland International
CADORUME ~14Bs\LOKALE = 14T empheylinder_contral_000502E 24D5H_1__1.CFF;
Turbo Link, Yerzion 2.5.0.0 Copyright 2] 1993,1938 Borland [ntermational

Ereateil:nmpile| LCreate ‘ Compile | Edit | Help |

Dialog Status model build up after successful model create + compile

If compilation was successful too, the simulation model is loaded im-
mediately after closing the dialog.

The button CREATE, initiates a manual creation of the model source
code and the parameter set. The compiler is not yet called in this step.
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=8 Status model build up
In progress
Creating UpdateFlag reset )

Creating Differential equations
Creating Differential equations
Creating Limitation function
Creating [ata function

File: DSH_1__1.P&R
Wiriting

Model build up successiully

w
teszages, enors and warnings
open zighal port: Controller Kl ex ~
open zighal port, Controller KDes R |
open zighal port, Controller. Tex
open zighal port MominalD ata. lnput
open zighal port MominalD ata Frequencolnput
open zignal port;, Cylinder. Load
open zignal port, Cylinder MechHozes
open zignal port, Cylinder MechHogzew
open hpdraulic preszure port. Pump.pT
w

Compiler output

Create + D:umpile| LCreate ‘

Edit | Help | s |

Dialog Status model build up after successful model creation

2.13 Compile Model

Starting of the compiler and the linker is effected by means of the Com-
PILE button. This function is useful when you have changed the model
source code and want to takeover the modification into the simulation
model.

The model source code can be accessed by means of the EDIT button.
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g Status model build up
It progress
call of the carnpiler... il

Compiling/linking succeszsful

Messages, emors and wamings

Cormpiler output
Borland C++ 5.3 for Win32 Copuright (o) 1992, 1993 Borland International

CADOKUME~T4B A LOKALE ~1\T emphoylinder_control_000502E2%05SH_1_ 1.CPF;
Tuwrbo Link erzion 2 5.0.0 Copyright [c] 1993,1333 Borland Intermational

Eleateiﬁompile‘ Create | Compile | Edit |

Dialog Status model build up after successful model compile

2.14 Edit model source

The mathematical models of the simulation models are stored as C++
source code.

It is possible to see and edit this source code. To do this, select EDIT
SOURCE of the MODEL menu.

If you carry out any changes at the source code, the model has to be
re-compiled so that the changes can be effective.

The selection of the editor that is assigned to the DSHplus source code
can be changed on the option page Other options.
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For further information on:

Please see:

Structure of source code

Selection of the editor

Creating a model

3 Parameters

Chapter 5, 3 Structure of the
source code of a component

Chapter 5, 6 Structure of the
source code of a simulation
model

Chapter 4, 7.1.5 Other options
Chapter 4, 2.12 Create Model

Each model is in principle characterized by its mathematical description
which is made out of its graphical structure. Furthermore, by the set-
tings of the individual component parameters the model behaviour is

adapted to that of a real system.

In DSHplus, difference is made between three parameter types: com-
ponent parameters, simulation parameters and starting values. The
functions with which a parameter set, the general name for the quantity
of all the parameters, are processed, are located in the menu PARAME-

TERS.

80
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Parameters
Load...
Save Shift+F2
Save as...
Delete...

Shaow. .,
Show favorites. ..
ASCII-Import...

ASCII-Export... Parameterization finished
Statue » Parameterization not finished
Protection *| Protect parameters. ..

Look-up tables. .. Reset protection

Fluid options Hide all
Write protect all
Reset protection settings

Parameter selection...
Main menu Parameters

For processing the individual component parameters, functions are
available in the respective component dialogs which can be opened by
double clicking on a component.

Component parameters

Component parameters are the constant (geometric or physical) values
which characterize a component.

Examples are diameter, length or mass.

Component parameter set

This is the sum of all parameters that are required for the components
description or determine the boundary conditions of nodes. The values
are adjusted in dialogs that open by double-clicking on the respective
component.

Component parameter sets can be archived into a database for a later
reuse.
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Short view of component parameters

If in the simulation mode the mouse is placed on a component, a yellow
flyer appears which displays the individual component parameter set.

The flyer also display the source code class name of the component
and the internal automatically assigned component name.

The flyer can be turned on or off on the Other options page in the dia-
log Options.

Initial values

Starting values are the initial values of the systems state variables.
Two different kinds of variables are calculated:

1. Variable values are obtained from the integration of differential
equations. The starting values represent only the initial variable val-
ues at the beginning of the simulation.

2. Algebraic values are calculated according to a set of algebraic, non
integrated function (process values). The calculation of the individ-
ual values is independent from the starting value. Therefore the ini-
tial values do not have any effect on the calculation.

Parameters of Simulation

The simulation parameters define the boundary conditions of the calcu-
lation (start and end time) and the numeric procedure with which the
simulation model is calculated.

For further information on: Please see:

Significance and function of the indi- Component manual
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vidual component parameters
Individual simulation parameters

Setting of component parameters

Setting of starting values

Setting of simulation parameters

Loading of parameter sets

Loading of component parameter
sets

Saving of parameter sets

Saving of new component parameter

sets

Chapter 4, 4.4 Parameters

Chapter 3, 5.1 Set parameters
and starting values of the nodes
and components

Chapter 4, 3.3.2 Component pa-
rameter set

Chapter 3, 5.1 Set parameters
and starting values of the nodes
and components

Chapter 4, 4.15 Initial conditions

Chapter 3, 5.2 Set simulation
parameters

Chapter 4, 3.1.1 Parameter set

Chapter 4, 3.1.2 Component pa-
rameter set

Chapter 4, 3.2 Save

Chapter 4, 3.3.2 Component pa-
rameter set

Transfer of parameters and variables

In the simulation mode the parameter sets and variable values of a
component can be transferred with drag and drop to an other compo-
nent.

In order to do this, click with the left mouse button on the component
whose parameters shall be transferred. Keep the button pressed until a
P-symbol is displayed. Then drag the pointer onto the component onto
which the parameters are to be transferred. When the mouse pointer is
positioned on this component release the mouse button. The parameter
transfer is complete.
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The transfer of parameters can also be done by means of the functions
CoPY PARAMETERS and PASTE PARAMETERS. These functions are in the
context menu which is opened when a component is clicked on with the
right mouse button.

To copy variable values press the Strg key and the left mouse button.
Instead of the P-symbol a V-symbol appears.

The transfer of variable values can also be done by means of the func-
tions COPY VARIABLES and PASTE VARIABLES. These functions are in
the context menu which is opened when a component is clicked on with
the right mouse button.

3.1 Load

The loading functions for parameter assign stored values to the model .
There are complete parameter sets and component specific parameter
sets.

3.1.1 Parameter set

A parameter set represents the entire quantity of component parame-
ter, initial values, and simulation parameters of a model. An alternative
names for a parameter set could be “solution set”.

Both parameters sets of the current project and those of other projects
can be loaded.

Typically a project contains numerous parameter sets. By means of the
menu point LOAD in the menu PARAMETERS these parameter sets can
be re-assigned to the model.

A specific parameter set can be selected and loaded through the dialog
LOAD PARAMETER.
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-

Load Parameter - position_control_of_a_cylinder

rectangular zignal k.
ginuzoidal signal

Cancel

Show

Projectz

Fik kg

Help

Dialog Load parameter

If a parameter set of another project is to be loaded, the PROJECTS but-
ton is actuated. The project from which the parameter set is to be
loaded can be selected in the dialog Open project.

=3 Open project
Search in; Projects:
| wge Lokaler Datentrager [C:) ﬂ | [ atum |
“ee Lokaler Datentrager [C:] gégggggg 10322103
= Programme ylinder_contral_ 07.08.2008 171938
) FLUIDON cylinder_control_test.dsz 07.08.2008 13:43:43
) DSHplus3_F diezel_engine_with_pump.dsz 07.04. 2006 03:50:00
) Projects digital_cylindercontrol. dzz 01.04, 2006 035000
= Engish double_motor_as_hydro-transformer.dsz - 07.04.2006 03:50:00
ngs drive_unit.dsz 01104, 2006 03:50:00
mechanical_drive_unit. dsz 07.04. 2006 03:50:00
pogition_control_of_a_cylinder.dsz 06,08, 2008 09.712:40
prezsure_controller dsz 07.04. 2006 03:50:00
Directony Information:
<] 2]
Project Infarmation
Title: |cy|inder_c-:-ntro|
Author: | Info:
Created: |
Modified: | Cancel
Help
Dialog Open project

A parameter set of the selected project is now loaded in the dialog
Load parameter.

Simulation parameters, component parameters and component vari-
ables are loaded (= Starting values). If the structure of the selected pa-
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rameter set differs from the current parameters — this can be possible if
a model has been enlarged by one component for example — only pa-
rameter values of such parameters are loaded whose name is identical
in both parameter sets. Identity has to be available both for the compo-
nent and for the parameter. All other parameters are not changed.

3.1.2 Component parameter set

It is also possible to load component parameter sets of individual com-
ponents if they

e have been archived by a component dialog first of the current pro-
ject or another project

e and belong to a component which is based on the same initial com-
ponent class as the component for which the parameterization is to
be loaded.

Double-click on the component for which the parameter is to be loaded.
Then actuate the LoADp key in the specific component dialog. A compo-
nent specific parameter set can now be selected and loaded in the Pa-
rameter dialog.
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Mame Walue LInit
PizstonDiameter 70 mm ﬂ j
Cornment:
Parameter
PistanDiameter ¥0 mm ~
FodDiameter] a0 mm
RodDiameter? 50 mm
ztrokemas 100 mm
strokemin -100 mm
Mass a0 ka hud
Warniables
velocity 0 mis
stioke 0 mm

Parameter

Element Cylinder

Clazz Culinder

Set of parameters J
Look-up Tab| [Model ZK35 dzhi36_stdiib

Standard dzh36_ztdlib
o look-up t3 —L| ﬂ
FrictionChars

Load | Cancel |
Ok | Cancel | Load | Save | Delete | Option | Help |

Component dialog with dialog for loading of parameters

Note:

e The component parameterization dialogs are only available in the
simulation mode.

e The parameter values of standard DSHplus components are stored

into the ASCII-file “dsh36_stdlib.spa” that is located in the user Ii-
brary folder.

For further information on: Please see:

Saving of component parameter sets Chapter 4, 3.3.2 Component pa-
rameter set

3.2 Save

In order not to loose any parameterizations, they have to be saved.
Both parameter sets and individual component parameter sets can be
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saved. Only saved parameter sets and component parameter sets can
be loaded and used for parameterization of other models or individual
components.

Clicking on OK in the various parameterization dialogs for components,
starting values and simulation parameters means that the adjusted pa-
rameters are used in the current simulation set. This does not mean
that the new settings are automatically saved. Changes of parameters
thus are lost if the project is closed without saving the parameter set.

The parameterization changes are saved by means of the function
SAVE in the PARAMETERS menu under the current parameter set. This
function is only active when changes have been made in the current
work session.

On the OTHER OPTIONS page of the OPTIONS dialog there is also the

possibility to switch on an auto save mode with a three minutes saving
interval.

3.3 Saveas

3.3.1 Parameter set

In order to save the parameter set and to provide it with an identified
comment, proceed as follows:

1. Click on the menu point SAVE AS in the PARAMETERS menu in order
to open the dialog Parameters save as.
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¥ o

Parameters save as
||:c:nstant sighal 1] 4 |
rectangular signal Cancel

zinuzoidal signal

Help

Dialog Parameters save as

2. Put in a parameter set name in the input line or select an already
available comment from the list below the input line and click on
OK.

3. If you have entered a new comment, you have thus created a new
parameter set that is automatically the active parameter set. If you
use a comment already available, a dialog with the note “... exists.
Overwrite? Yes/No/Cancel”

Note:

e |f a parameter set is saved after Final values as initials has been
selected at the end of a simulation, DSHplus saves the calculated
variable values and not the starting values originally set.

3.3.2 Component parameter set

The parameters saved for an individual component are available for all
components based on the same component class, e.g. for all pumps
based on the type PumpRotationalSpeed of the group Pumps.
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Mame Walue Linit
VolumeFlow 30 Vi =l -+
Cornmett;
Parameter
YolumeFlow an it
Intemall eakage 0.o01 | mmie A bnar
Euternalleakage I} |t bvar
CavitationPressure 0.5 bar
Parameter
Warniables
Element Pump EE——
Clazs Purnp
Set of parameters |Pump Prototyp 2K 11 ﬂ

=l &

] | Carncel | Load | Save | Delete | Dptinn$| Help |

Component dialog with dialog for saving of parameters

Saving of the parameterization of the individual component is made in
the input dialog of the component parameters which is opened by dou-
ble-clicking on the respective component. The Parameter dialog is
opened by means of the key SAVE.

The parameter set of the specific component is allocated a name in this
dialog and saving is carried out by means of SAVE.

Note:

e Saving of parameters is only possible in the simulation mode, not in
the design mode.

e The parameter values of standard DSHplus components are stored
into the ASCII-file “dsh36_stdlib.spa” that is located in the user Ii-
brary folder. This guarantees that the sets are maintained even af-
ter an update of the library has been made.

3.4 Delete

For deleting a parameter set, the menu point DELETE has to be selected
under PARAMETERS.
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-

..
Delete parameter files
constant zignal Delete
rectangular signal \—I
sinusoidal signal
Cloze
Show
Help

Dialog Delete parameter files

One or several items are selected in the list with the parameter sets.
They are deleted by clicking on the DELETE button. If only one parame-
ter set is selected, it can be seen by means of SHOw. In this way you

can control if the selected parameter set is actually to be deleted.

The active parameter set of a project cannot be deleted even if it is se-

lected.

3.5 Show

The dialog Show parameters is opened by means of SHOW in the PA-

RAMETER menu.

Show parameters - position_control_of_a_cylinder
conztant zighal Cloze
rectangular signal
ginugoidal signal Help

Show
Print
Compare

Dialog Show parameters

This dialog combines several functions which are described in the fol-

lowing.
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Show:

This function displays a selected parameter set. Direct printout can be
effected from the display dialog.

sinusoidal signal
I Include submaodel parameters

b Walued5 0.3 -~

Cylinder

PigtonDiarneter B3 T

RodDiarneter] 0 T

RodDiameter2 20 mm

strokemay 500 T

strokemin 0 T

DeadStrakel 0 mm

DeadStroke2 0 T

Mazs 51 kg

Origntation 90 deg
M Amm
M Amm
i

SpringStiffnesz]
SpringStifiness2
SpringLengthl

[ T s T Y s N o s

SpringLength2 mm
Alpha ] W 20K,
TDifference K
lBlrleak_gwa_ll,JFo_lceF'e_rLgngth ] Wmm w
(1] | Cancel | Frint | Help
Show of parameters

If several parameter sets are marked in the dialog Show parameters,
the function SHOw cannot be used.

Print:

The PRINT function enables to print all parameter sets which are
marked in the dialog Show parameters. If several parameter sets are
marked, they are printed out one after the other.

3.6 Show favourites

Parameters which are frequently changed can be included in a favour-
ites list. This dialog makes it possible to quickly change parameters
without calling the corresponding parameter dialogs.

The Dialog FAVOURITE PARAMETERS is called via the function SHOW FA-
VORITES in the menu PARAMETERS.
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-~

Favorit parameters

=,

b azz b azz

Walue

Lnit

200

kg =] =

M parameters

Mazsz
bazz 200 kg
BreakawayFrictionF orce ]
izedFrictionForce 10

Controller
kP 0023 emm

A integrationparameter

Cloze

Print |

Help

Dialog Favourite parameters

To include component parameters in the list, you proceed as follows:

1. Open the component parameter dialog of the component.

2. The button Options opens the PARAMETER SETTINGS dialog.

=3 Parameter settings

F arameter

global
value

global
comment

write:
protected

hidder | faworite | |a

FistonDiameter
FodDiameter]
RodDiarmeter?
strokemnan
strokemin
Mass
Orientation

Break awayFrictionForce

iwedFrictionForce

Canicel

Help

Dialog Parameter settings

3. Mark the desired parameters in the column favourite.
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4. With OK the highlighted parameters are inserted in the favourites
list.

To include simulation parameter in the list, open the dialog SIMULATION
PARAMETER and execute the steps 2 to 4 mentioned above.

3.7 ASCIl-Import

By means of the function ASCII-IMPORT in the PARAMETERS menu, pa-
rameters, existing in a specific ASCIlI-format, can be imported into a
current project. The easiest way to get a parameter set file in the right
ASCII-format, is to export a parameter set via the ASCII-EXPORT dialog.

If you want to import ASCII-files, proceed as follows:
1. Open the project into which the parameters are to be imported.
2. Select in the PARAMETERS menu the point ASCII-IMPORT.

3. Import the ASCII-file containing the parameters by means of the
dialog Open Import File.

It is also possible to import only partial parameter set files.

This is helpful if the files are generated automatically by external pro-
grams. However, all parameter section headlines, indicated through "//"
characters, have to be included into the file. Even if the corresponding
parameter section is empty.

Parameter set name
DSHplus Version X.y

// Parameter

component namel.Parameter namel value Unit
Component namel.Parameter name2 value Unit
Ccomponent name2.Parameter namel value Unit
Component name2.Parameter name2 value Unit

// Variablen

// Integrationsparameter
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There is also the possibility to have an automatically parameter update,
previous of an individual simulation run. To activate the automatic pa-
rameter update select AUTOMATICAL UPDATE OF PARAMETERS on the
Other options page of the Options dialog.

Note:

e The ASCIl-parameter file for the automated parameter update
must have the same name as the DSHpl/us simulation model.

3.8 ASCII-Export

With -> FILE, the parameter sets are written in files in the ASCII-Format.
The parameter sets thus exported can be transferred into a text proc-
essing program for example. Furthermore they can be imported via
ASCII-IMPORT in the PARAMETER menu into a DSHplus project.

If FILE is clicked on, the dialog Output of parameter into file opens.
The target file can directly be put in the file or determined by SEARCH.

Qutput of parameters into file

Destination

| Search

Cutput

{* with digtributed parameter names

" with complete parameter names [component. narne)
" Model expart

[ with Factors of units

-

values in Sl-unitz

aF. | Eanu:el| Help |

Dialog Parameter output into file

Output of parameters can be selected between the alternatives with
distributed parameter names and with complete parameter names
(component.name).

The alternative with distributed parameter names means that the
component name is put out above and the related parameters are put
out below and indented:
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Parameter set name

// Parameter

Component namel

Parameter namel value unit
Parameter name2 value unit
Component name2 )
Parameter namel value unit
Parameter name2 value unit

On the other hand, with complete parameter names (compo-
nent.name) means that component name and parameter name are
always completely indicated:

With Model export the whole parameter set of the model is exported
as follows.

Parameter set name

// Parameter

Component namel.Parameter namel value Unit
Ccomponent namel.Parameter name2 value Unit
Component name2.Parameter namel value Unit
component name2.Parameter name2 value Unit

Alternatively to the adjusted units, all values can also be indicated in Sl
units. Furthermore, the conversion factors of the units can be put out.

3.9 Status

The menu point STATUS in the PARAMETERS menu provides the two
functions PARAMETERIZATION FINISHED and PARAMETERIZATION NOT FIN-
ISHED. These functions are intended to support the user setting the pa-
rameters.
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Parameters

Load...

Save Shift+F2
Save as...

Delete...

Shaw, .,
Show favarites. ..

ASCII-Import...

ASCIT-Export...

Status » Parameterization finished
Protection » Farameterization not finished

Look-up tables. ..
Fluid options

Parameter selection...

Menu Parameter Status

The names of the components containing parameters which have not
been processed are coloured violet. When the processing of the com-
ponent parameter set is completed the component name is presented
in black. If all components are to be processed again the colouring of
the components can be changed back into violet by means of the func-
tion PARAMETERIZATION NOT FINISHED. Thus you can always see which
components have been processed already and which have not. Click-
ing on PARAMETERIZATION FINISHED actuates that all component names
are displayed in black.

3.10 Protection

The function PROTECTION in the menu PARAMETER activates and deac-
tivates the parameter protection functions.
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Parameters
Load...
Save
Save as...
Delete...

Show. ..

Show favorites. ..
ASCII-Import...
ASCIT-Export...

Status
Protection

Look-up tables. ..
Fluid options

Parameter selection...

Shift+F2

4 Protect parameters...
Reset protection

Hide all
Write protect all
Reset protection settings

Menu Parameter Protection

By means of PROTECT PARAMETERS ... the protection is activated, after
a password has been assigned. This password is questioned at
changes of the parameter attitudes and at the termination of the protec-

tion.

Parameters that are marked as "hidden" are not listed in the component
dialogs as well as under parameter advertisements. Parameters that
are marked as "write protected" are visible but can not be changed.

=3 Parameter settings

F arameter

global global it hidden | fawvarite ||a
walue | comment | protected

FistonDiameter
FodDiameter]
RodDiarmeter?
strokemnan

strokemin

Mass

Orientation

Break awayFrictionForce

iwedFrictionForce

"
"

=

=

=

Cancel Help

Dialog Parameter settings: Hidden and write protect

By means of RESET PARAMETERS ... the protection is deactivated after
the password inquiry was answered successfully.
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The sub-menu function HIDE ALL changes all parameter setting to the
status hidden.

The sub-menu function WRITE PROTECT ALL changes all parameter set-
ting to the status write protected.

By means of RESET PROTECTION SETTINGS all parameter settings are
reverted to standard status.

Note:

e Protection attitudes refer to the current project and not to the cur-
rent parameter set. All attitudes are stored with the project.

e The function RESET PROTECTION SETTING resets only the attributes
of the component parameters. Protection attributes of the simulation
parameters remain unchanged and must be removed manually in
the simulation parameter attributes dialog.

e Protection settings are kept active if the project is converted into a
DSHplus sub-model.

e [f the project is exported via DSHplus-STC hidden parameters are
included directly into the compiled model. Thus these parameters
cannot be made visible in the target programs.

3.11 Look-up tables

In practice, a number of components are used whose physical behav-
iour can only be described with mathematical functions which take a lot
of time. In order to integrate such components, however, in the simula-
tion with less expenditure, DSHplus offers the possibility to characterize
their physical behaviour by means of look-up tables.

Look-up tables form the link between one to three inputs and one out-
put .

The editor for processing the look-up tables is called by means of
LOOK-UP TABLES in the PARAMETERS menu.
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=,

Look-up table editor

Mew Load.,. Save Save as... Delete... Impork.. Export Close

Mame unnamed

Submodel name

Mumber
+  dimenzionat " 2 dimenzional 3 dimenzional
(Input 1 | E dit Cutput Edi
D ezcription D ezcription

[ write pratected [ hidden

Dialog Look-up table editor
The look-up table editor is used for creating, changing, loading, delet-

ing, exporting, importing and managing one, two, or three dimensional
characteristics.

3.11.1 Creating of look-up tables
Proceed as follows in order to create look-up tables:

1. Select the dimension you want to use. The number of inputs (chan-
nels) increases according to the dimensionality selected.

2. From the drop down list select the input which is to be edited.

3. Open the dialog for setting the values and the unit of the input by
means of the EpiT button on the left of the dialog.
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unnamed
Dezcription |pnsitinn cylinder [=-axis]
It |mm j
|5| Append
1] Delete
0.5
1
1.5
2 |rmpart
28 DIA-FPC
2 _DiaPe |
ah ASCI
4
45
. oK.
Cancel
Help

Edit input

4. Put in a description in the first two fields and select a unit for the
input.

5. The third field is used for putting in the values. If you have put in a
value in this field and click on ApPEND, this value is added to the list.

Repeat this step until all required values are put into the list.

If you have inserted a wrong value, click onto this value and delete
it by means of DELETE.

The values are automatically sorted. Only inputs which monoto-
nously increase can be created.

6. Processing of the input is terminated by OK.
7. Repeat steps two to six for every input dimension you use.

8. The parameterization of the Output channel is done by similar editor
that opens after pressing the Epit Button in the field Output.

9. Put in a description in the first two fields and select a unit for the
output.
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unnamed
Dezcription |c|in|:|er load [p-axiz]
Uit M |
pozition cylinder  Output value
1] -400
0.5 =200
" 0 Graph
15 200 | rport
2 400 DlA-PC
2.5 200
ASC
3 I Q
3.5
4
;'5 Cancel
Help
Edit output

10. The values for the inputs are shown in the list. In order to allocate
output values to the inputs, click on a line in the list and put in a
value in the field for the output values. If you click on a line in the list
then, the output value is taken over. By clicking on OK, editing of
the output value as well as creating a look-up tables is terminated.

11.

A graphical representation of an one-dimensional look-up table can
be achieved by clicking on the Graph button.

unnamed

8%

cylinder load [M]
400

300
200
100
0
-100
-200
-300

-400
0 1

Cloze

2

3

4

pozition cylinder mm]

Frint

Graphical representation of a one-dimensional look-up table
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12. In order to be able to use the look-up tables for parameterization of
components, you have to save it in the LOOK-UP TABLES menu by
means of SAVE or SAVE As.

With multi-dimensional look-up tables, the data of the last input are
combined with every value of the previous input. The same is done for
every further input channel. A combination of 53 = 125 output values is
thus formed from a three-dimensional field with 5 input values in each
dimension.

Note:

e The units can be selected in the editing dialogs for inputs and out-
puts even after the values have been put in without converting the
values. This is very useful when values are imported.

3.11.11 Import measured values in look-up tables

If the values of the look-up tables inputs and outputs are available in
the form of measured value files, they can be imported as DIA-PC and
ASCII files via the corresponding keys in the dialogs for putting in the
inputs and outputs. To do this, the following formats have to be made
available:

For loading the DIA-PC files, the data have to be stored in a 32 Bit for-
mat (R32) channel by channel or block by block. The number of values
per channel is limited to 6000.

The individual data channels in the ASCII files have to be created in
columns.

Import DIA-PC

A DIA-PC file can be loaded in a look-up tables by clicking on the con-
trol space DIA-PC in the editing window of the respective input and
output in the look-up tables editor. A dialog window for selecting the file
is displayed.
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As soon as a file has been selected, another dialog field with the chan-
nel designations of the DIA-Header is displayed.

-

Steps

-

Channel

c
C
C
c
c
C
C

tirne

onl.F
onl.w
onl.x
onZ.F
on.
one.x
ontraller.|

Contraller.PT1
Cuylinder. ztroke
Cylinder. velocity

(] 8 | Eanu:el| Help |

W

DIA Header

Here, it is possible to select the corresponding channel and to allocate
it to the look-up tables channel by means of the control space OK. The
values of the file are now displayed in the editor window of the look-up
tables where they can be adapted at a later date.

Import ASCII

If you want to load an ASCII file, actuate the control space ASCII in the
editing window of the respective input or output. A dialog window for
selecting a file is displayed. As soon as an ASCII file has been chosen,
the dialog Import from ASCII file opens.

Import from ASCII-file
File Chaninel
1 #  Project cylinder_control A | Zeit ~
28 Author  FLUIDOM Conl.F
I8/ Info pasition control cyliv Cand .«
4 8 Parameter Set Mame; Conl.=
[T Size of data field: 23 Con2 F
E Zeit Conl.F Conly Conl.s Caonz.w
7 Zeit Conl.F Conlw Conl.s ConZ =
g M més A Cantroller.]
9 0.000000E +00 -0.000000E +00 «| |Controller PT1
P i DA A Culinder. stroke
< b4 Culinder sealnritn i
Channel names [rom) E Factar [Channel = Factar] |1
Breqin of Data [row) 3 Offzet [Channel + Offzet] |0
] I Cahcel | Help |

Channel assignment of ASCII file
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The line in which the channel names are to be displayed is adjusted
under channel names (row). A blank is used as separation between
the channel names which means that the names themselves are not to
have any blanks. The list with the look-up tables names is automatically
updated after a change.

The first line of the column the data which are used for the respective
input or output, is adjusted under Begin of Data (row).

Under Factor (Channel * Factor), a factor is put in with which all val-
ues of a channel are multiplied.

Under Offset (Channel + Offset), a constant is put in which is added to
every value of the channel.

When you click on OK in the dialog Import from ASCII file, the chan-
nel values are put in the respective input dialog. The values can be fur-
ther processed here.

3.11.2 Load look-up tables

Already existing look-up tables can be loaded by means of the LOAD
function in the menu look-up tables in the look-up tables editor and
processed at a later date, if required.

Load Look-up table
LoadTable_Step Mo
LoadCylinder Mo 2
Purnp Moo 0

F'ru:uiec:ts| curent | Cancel |

Dialog Load look-up table

A look-up table can be imported from another project. A project list can
be called by means of the control space PROJECTS. If a project is se-
lected from that list, the related look-up tables are listed.
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The look-up tables of the current project are again displayed in the list
by means of CURRENT.

In general, the look-up tables can be changed at any time. The proce-
dure corresponds to the procedure used for creating new look-up ta-
bles. If the dimensional number is reduced by one channel, the channel
with the highest number is no longer taken into account.

Note:
e Changes to a look-up table that is assigned to a component of the

model are affecting directly the behaviour of this component during
the next simulation run.

3.113 Save
The data which have been put in for the current look-up tables are
saved by means of SAVE in the Look-up TABLES menu. If a new look-up

table is saved for the first time, SAVE corresponds to the function SAvVE
AS.

3.11.4 Save as

SAVE As in the Look-up TABLES menu offers the possibility to save
changes carried out at the current look-up table under a new name.

3.11.5 Delete

Look-up tables belonging to the current project are deleted by means of
DELETE in the LOOK-UP TABLES menu.
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Delete look-up table
LoadT able Step Mo 1
LoadCylinder Mo 2
Purmp Moo 0

Delete | Cloze | Help |
Dialog Delete look-up table

Mark the look-up tables which are to be deleted. Then click on DELETE.

3.12 Fluid options

In the dialog Fluid options the specifications of the employed oil type
and the environment temperature of the system are adjusted.

In order to set the fluid options, proceed as follows:

1. Select FLUID OPTIONS in the PARAMETER menul.

L o

Fluid options g@

Fluid parameter

Start temperature of  Pressure in
Fluid name the systemin 'C bar

_tancel | [P = Jo <o =

Help Yizcogity in mnfds

E-Oil in bar

Erwvirarment B aze denzity in kgdne
temperature of the -

system in °C Heat capacity inJ gk

IT Yiolume extension coefficient in 14K

Dialog Fluid options

2. Make the desired settings for the oil specification and the environ-
ment temperature.

3. Click on OK.
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Now, you have made the settings for oil type and surrounding tempera-
ture.

Note:

e The parameter Start temperature of the system in °C represents
the tank temperature in a conventional hydraulic system. Physically
modelled components that use fluid property values during the cal-
culation do have a special parameter TDIFFERENCE to adjust the
temperature difference between tank temperature and temperature
at the component.

e A change of the pressure in the dialog only influences the values
displayed in the dialog. If one of the values is varied, the specific oil

values are adjusted automatically and the changes of the parame-
ters during the simulation can be estimated.

3.13 Parameter selection

Via the function PARAMATER SELECTION in the PARAMETER menu indi-
vidual parameters of a parameter set can be exported into a ASClI-file.

Please proceed as follows:

1. Choose PARAMATER SELECTION in the PARAMETER menu in order to
open the dialog Parameter selection.

-

Parameter selection - CoSimu_Steering_System

default Cloze
Wariatiar 1
Wariation 2 Help
Wariation 3

[ i)

Dialog Parameter selection
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2. Choose one or more parameter sets.

3. Click on SELECT.

-

Parameter selection - position_control_of_a_cylinder
Cylinder. RodDiameter2 i ~ Cloze
Cylinder. strokemax T
Cylinder. strokemin T Help
Cylinder.DieadStrokel mm
Cylinder.DeadStrokez i
Cylinder.kazs kg Parameter
Cylinder. Orientation deq
Cylinder. SpringStiffness1 M/mm -» File
Cylinder. SpringStiffness2 M/

Culinder.SpringLengthl T
Cylinder.5pringLength2 mm ¥
< r

Dialog Parameter selection

4. Choose the parameters you want to export. Multiple selection is
possible by means of the control- and shift keys.

5. Click on -> FILE in order to open the saving dialog.

6. Putin a file name and choose a folder and a format to save as.

7. Click on SAVE.

Now, you have exported individual parameters. If you do not want to

continue the exporting procedure, you can close the dialog Parameter
selection.

4 Simulation

The functions which directly depend on the calculation of the dynamic
system behaviour are summarized in the SIMULATION menu.
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Simulation

Start Crid s
Start continuously
Stop CriT

Parameters...
Messages

Graphic k Mew window
Current values Cri A Save all into file
Animation F5

Save results. ..

Load results. ..

Create report. ..
Create ePLAN report...
Play animation...

Final values as initials
Initial conditions. ..
Selection of variables. ..

Main menu Simulation

Here, the functions for starting and stopping the calculation, for setting
the boundary conditions of the simulation calculation, for the graphic
and numeric control of the simulation process and for saving the simu-
lation data as well as a function with which the calculation of the final
point of the previous simulation can be continued, are available

4.1 Start

Calculation of the dynamic behaviour of the model is started with START
of the SIMULATION menu.

Progress of simulation can be seen at the progress bar in the status
line. Process of the simulation can be seen in the graphic windows and
the window Current values as these windows are currently up-dated
during simulation.

4.2 Start continuously

The function START CONTINUOUSLY in the SIMULATION menu, initiates a
simulation run in endless mode.
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In this case the simulation time specified in the simulation setting dialog
is used as time interval for the x-axis scaling of the online graphic.

4.3 Stop

With STOP in the SIMULATION menu, calculation can be aborted before
the adjusted simulation time has run out.

The values calculated up to the time of abortion, can be saved like the
results of a simulation which has been completely carried out. Simula-
tion results are saved in the SIMULATION menu under the menu point
SAVE RESULTS.

4.4 Parameters

The boundary conditions of the numerical calculation can be adjusted
in the Simulation Parameters dialog. This dialog is opened in the
SIMULATION menu with PARAMETERS.

¥ -1

Simulation parameter

Sirulation tirne
Start |':'-':":”:":":":”:":I S ample Frequency |'||:||:||:|
End |1 0.00000000 Graph factor |'I
Stored values 10000 Frequency range  min = 01221 Hz

max = 493 Hz
Integrator optionz

bl ethod
™ fined implicit B adau ﬂ
Initial step size | 1.00000E-04 relative erar | 1.00000E -04
max. step size | 1.00000E-03 absolute emror | 1.00000E -04
max. arder |1 2
k. Cancel Options | Help |

Dialog Simulation parameter
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The simulation parameters define the boundary conditions of the calcu-
lation and the numeric procedure with which the simulation model is
calculated.

The dialog Parameters of Simulation is divided into two sections:

- Simulation time

- Integrator options
Within the Integrator options you can choose between variable and
fixed methods. The initial selection is variable. If, however, you choose
fixed, the list of the simulation procedures in the drop-down list

changes and the input possibilities within the calculating options are
reduced to Initial step size.

¥ 1

Simulation parameter
Sirulation tirne
Start |':'-':":”:":":":”:":I S ample Frequency |'||:||:||:|
End |1 0.00000000 Graph factor |'I
Stored values 10000 Frequency range  min = 01221 Hz
max = 493 Hz
Integrator optionz
bl ethod
(" wariable { fiwed |EIDE4 [Runge-k.utta) ﬂ

Initial step size 1.00000E -04

ok i Cancel Option: Help

Dialog for fixed simulation parameters

In the procedures with variable step size the step size is automatically
adjusted to the model dynamic during simulation. The following meth-
ods are at your disposition:

e ODEZ23 (rk2(3) RK) parameter ID.-No. = 200
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e ODEA45 (rk5(4)6m PD 45) parameter ID.-No. = 201

e Dormand-Prince 45
e Euler implicit
e Rosenbrock implicit

e Radau implicit

parameter ID.-No. = 202
parameter ID.-No. = 203
parameter ID.-No. = 204

parameter ID.-No. = 205

In the procedures with fixed step size the step size is maintained con-
stant throughout the simulation. The following methods are at your dis-

position:

e ODE1 (Euler-Cauchy) parameter ID.-No. = 100

e ODE2 (Heun)
e ODE3 (RK)

e ODE4 (Runge-Kutta)

parameter ID.-No. = 101
parameter ID.-No. = 102

parameter ID.-No. = 103

e ODES5 (Prince-Dormand) parameter ID.-No. = 104

e ODE4 (Runge-Kutta

RCH) parameter ID.-No. = 105

e ODES5 (Prince-Dormand RCH)  parameter ID.-No. = 106

The following parameters
rameters.

are determined in the dialog simulation pa-

Parameters Function
e Start Starting time of simulation.
e Stop Ending time of simulation.

Sample frequency

Graph factor

Determines the time interval in which the result data
is stored.

Indicates which value of the indicated number of
memory values is actually displayed in the graphics.
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Parameters

Function

¢ |nitial step size

* max. step size

® min. step size

e relative error

e absolute error

e max. order

For further information on:

If the parameter five is selected for example, only
200 of the indicated 1.000 values are put out.

Time interval with which the integration procedure
starts/works. With the variable step-size procedures,
the interval is automatically varied during the simula-
tion run.

Largest possible interval with the interval-controlled
procedures with which calculation is made.

Smallest possible interval with the interval-controlled
procedures with which calculation is made. This limit
avoids that the procedure can get into an endless
loop because of intervals which are too small.

This evaluation criteria for the interval-controlled
procedures states the relative faults which can be
made at every simulation step.

This evaluation criteria for the interval-controlled
procedures states the absolute faults which can be
made at every simulation step.

Determines the maximal order the integration pro-
cedure can select

Please see:

What are Simulation parameters Chapter 4, 4.4 Parameters

Handling of the simulation parame-  Chapter 3, 5.2 Set simulation

ters dialog

parameters

Explanation of the integration proce- Chapter 5, 1.2 Calculation

dures

method of DSHplus
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45 Messages

The dialog Messages is opened with MESSAGES in the SIMULATION
menu. In this dialog errors and warnings occurring with respect to the
setting of the component parameters as well as the simulation process
are recorded.

e -1

—| Messages E]

Wed dug 20 1203710 2008 Start

Wed dug 20 1203712 2008 state variable ro of rejected
wied Aug 20 12:03:12 2008

Wed Adug 20 12:0312 2008 WolP Pressure 24

Wed sug 20 12:03712 2008 Vol Pressure 1265

Whed Aug 20 12:03:12 2008 WolB . Pressure 1418

Wied Aug 20 12:03:12 2008

Whed Aug 20 120312 2008 Average step size J.8239E-05
Wed dug 20 120312 2008 Stop

Whed Aug 20 120312 2008 Time user mode: 1578 ¢

Wed dug 20 120312 2008 Time kernel mode; 0.297 =

(" Emor © “Waming: ¢ Simulation infog & Al Stop | Cloze I

Dialog Messages

At the bottom of the dialog it is possible to determine whether errors,
warnings, and the simulation process are displayed singly or simulta-
neously.

Besides information about the model, the type of error or the type of the
warning, the record also reveals which component the respective mes-
sage relates to. On the drawing area the name of a component featur-
ing an error is presented in red. The name of a component with a warn-
ing at issue is presented in dark violet.
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4.6 Graphic

The Graphic window in which the simulation data are graphically put
out during calculation is opened by means of GRAPHICS in the SIMULA-
TION menu. Up to ten Graphics can be opened at the same time.

For further information on:

Please see:

Starting values

Set starting values

4.6.1 Selection of graphs

Chapter 4, 4.15 Initial conditions

Chapter 3, 5.1 Set parameters
and starting values of the nodes
and components

Selection of the graphs displayed in the simulation graphics is made

with the following steps:

1. By double clicking on the grid in the graphics window, the dialog

GRAPHICS SETTINGS is opened.

-

Graphics Settings

PrezentStroke W alue
[_walvad Value
SetvalueValue
StrokeDifference.’ alue
Walve Stoke

Walve Welocity

b/ olt, Pressure

B/ olB Pressure

YolP Pressure

20208

o |200

g
=
[=]

:

Cancel |

bar

Help |

P

W

Colors

HEENCO
m| |. |
HEC WO

Symbaol

LIE@lla][e]
[FI+e][E]

exchange |

Dialog Graphics settings

2. Under GRAPHICS SETTINGS mark the variables which are to be

shown.
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3. In order to distinguish them better, the variables are shown in dif-
ferent colours which are preset in series. It is also possible to allo-
cate other colours to these variables by selecting another colour
under Colours. A selected colour is allocated to the variable which
is marked.

4. In addition, markers can be allocated to the variables. They can be
selected under Symbol. A selected marker is allocated to the vari-
able which is marked.

5. Certain value ranges are allocated in series to the individual vari-
ables. These value ranges can be adapted to your requirements in
the input fields from and to. In these fields, the variable which is
marked is always processed.

6. Click on OK when you have made all adjustments.

Your selection and your settings are taken over for the individual simu-
lation graphics. For every graph of a variable, the names and the value
range are shown in the same colour in the simulation graphics window.

If you want to revise the settings of a specific variable, double click on
these settings in the caption. By doing this, the Graphics settings dia-
log is opened. In this dialog, the variable which has previously been
selected by double clicking, is automatically marked so that this vari-
able can be processed immediately.

Note:

e The time controlled resolution of the graphical display depends on
the setting factor graphic. This setting is determined under PA-
RAMETERS in the SIMULATION menu.

e The units of the variables cannot be changed by means of the
Graphics window. If a unit is to be allocated to a variable or a vari-
able is to be displayed in another unit, this change has to be done
under INITIAL CONDITIONS in the SIMULATION menu or in the parame-
terization dialog of the component.
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e Presetting of the automatically chosen colours is determined on the
Graphics options page of the Options dialog.

4.6.2 Adapt simulation graphics

The dynamic behaviour of the model can be controlled and judged dur-
ing simulation by means of the simulation graphics.

For an optimum control of the individually relevant data, DSHplus offers
a number of possibilities to adapt the Graphics:

e Zoom: In order to zoom a section of the graphics, a frame is to be
drawn round the corresponding section by means of the mouse. Af-
ter the key is released, the selected section is enlarged. This step
can be repeated several times.

¢ By means of the Shift-key in combination with the left mouse button
the zoomed section can shifted in the graphic window. Pushing
down the ctrl-key the y-axis will be kept constant and only the x-axis
is scrolled.

e Selection of a different X-axis: By double-clicking with the left
mouse-key directly beneath the X-axis the dialog X-Axis Settings
is opened.

x-Axis Settings

Tirme A
Conl.F

Canl.y

Cotrl.x

Can2F

ConZw

CanZ.=

Contraller. |

Controller. FT1

Cylinder. stroke

Cylinder. velocity
bd azs chenk s

from |0 to |2 s

K | Eancel| Help |

Dialog x-Axis Settings

e In this dialog a different X-axis can be selected.
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All other adoption possibilities have to be carried out by means of the
menus Common, Zoom and Options or by the context menu.

-

.
¢ Simulationsgrafik E]@
Common  Zoom  Options  Help
BEDE # 0 EE noke
Show values
Freeze |
Aukn scale |
b Select curve —-}'—_b—
Print. .. |
o Copy cri+C | & 5 10
=
wolp|  FFT to 200 bar
YolE FFT-Options. .. to 200 bar
Wil to 200 bar
Save...
Cpkions ¥ Leaend visible
Help v Menu visible
v Tool bar wvisible
Set title. .,
Y-awis |laberal
arid. ..
v Thick lines

Context menu of the graphic window
The following functions are available:

e SHOW VALUES is used for displaying and tracking the values along
the time axis. If this option is selected, a point on the time axis can
be fixed by the mouse for which the values of the selected variables
are displayed.

e FREEZE effects that the graph of the last simulation is not deleted by
the following simulation but is still displayed. Thus, the direct com-
parison of two simulations is possible.
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e AUTO SCALE effects that the indicated area is adjusted to the maxi-
mal values during simulation so that the total graph is always visi-
ble.

e SELECT CURVE opens the graphic settings window.

e PRINT is used for printing the active simulation graphic.

e CoPY copies the graphic into the clipboard.

e SAVE allows to save the graphic as Windows Meta File (*. WMF).

e FFT performs a Fast-Fourier-Transformation.

e FFT-OPTIONS opens the dialog for the processing of the Fast-
Fourier-Transformation settings.

e 1:1 cancels the zoom. The initial size is restored.
e PREVIOUS cancels the zoom. The zoom selected before is restored.

e LEGEND switches the legend on or off. The section for the grid is
enlarged or reduced.

e TITLE BAR switches the title line on or off. The section for the grid is
enlarged or reduced.

¢ MENU switches the menu on and off

e SETTITLE... opens a dialog to assign a title to the graphic window

e Y-AXIS LATERAL is used to display the y-axis nhames and scaling
right and left at the y-axis in the graphic. In standard setting y-axis
names and scaling is displayed below the graphic windows.

e GRID... opens a dialog to adjust the grid of the graphic window

drawing area. Permanent changes to the grid can be made on the
Graphics options page of the Options dialog.
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e THICK LINES increases the thickness of the displayed curves.

For further information on: Please see:

Change units of the variables Chapter 3, 5.1 Set parameters
and starting values of the nodes
and components

Chapter 4, 4.15 Initial conditions

4.6.3 Copy simulation graphics into the clipboard

Simulation graphics can be inserted into graphics or text processing
programs by means of the clipboard. Graphics can be copied into the
clipboard in two different ways:

1. Selection of COPY from the context menu of the simulation graphics,

2. By means of the key combination Crtl-C, the active window is cop-
ied into the clipboard.

With the key combination Crtl-V or INSERT, the graphics is inserted into
the target applications.

4.7 Current values

The window current values in which the simulation data are numeri-
cally shown during calculation, is opened by means of CURRENT VAL-
UES in the SIMULATION menu.
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Proceed as follows in order to call the current values window and to
make a selection of variables:

1. Click on the menu point CURRENT VALUES in the SIMULATION menu
in order to open the current values window.

__current values E]
Time 0.000 s
Conl F BE1ZN
Conl.w -0.001 ms
Conl.x -19.945 mm
Con2F R
Conz. v -0.001 m/s
ConZ -19.5945 mm
Controller.| 0.000
Controller. PT1 0.000
Cylinder. strake -19.945 mm
Cylinder. velocity -0.001 m/s
bl azz ztroke -19.5945 mm
t azz. welocity 0.007 mds
Maminals troke M\ alue -20.000 mm
PrezentStroke.Value -19.945 mm
[_wvalvad Value 0,117 1min
Setyalue Y alue 0011
StrokeDifference Value -0.055 mm
Walve. Stroke -0.007
Walve Welocity 0.000 mds
Wold, Pressure 95,884 bar
WolB Prezsure 95,832 bar
WalP.Pressure 191.734 bar

zelect

Display of current values

If you want to observe all of the values, no further settings are re-
quired here and the following steps can be dispensed with.

2. If you only want to observe some of the values, click on SELECT in
the current values window. The Selection dialog is thus opened.

Select the variables those current values you want to have dis-
played. Selection of some or of many variables is accelerated by
means of the keys Select none and Select all.
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Selection
[+ Cont.v
[+ Cont.x
[+#Canz F
[+#AConz.»
[+ Con2 x Exchange
[+ Contraller.]
[+ Cortraller PTA select al
[+ Cylinder. stroke =
E Cylinder. velocity - zelect hone

Selection of the sizes displayed

Click on OK so that your selection in the current values window is
used.

3. It is possible to stop up-dating the values during calculation. Click
on FREEZE in the current values window in order to freeze the val-
ues. Calculation is, however, not stopped by this action. The key
name changes into CONTINUE.

Click on CONTINUE in order to display the current values again.

4.8 Animation

With ANIMATION it is possible to switch on and off the animation of the
signal lines and the additional information displayed at the nodes. The
initial settings for the animation can be made on the Graphic options
and the Other options page of the Options dialog.

© FLUIDON® GmbH 2008 123



4 The individual functions DSHplus

I-'SDSH lus 3.6.1 : cylinder_control 3
p £

Project  Model Papameters Simulation  Modules  ‘Window Extras  Help

DA R FEE @ O ¥ dEEE DEERODE kR EOE W -0 e

-
Cylinder 3
-8.512 M -)‘_—/\/\Ilj\tl(- 85120

H TEFFTIIFIRIIIT
Connection
Mass

-19.945 mm

i
> 2
LR -20.000 rrien 3 Comparison

-0.117 Umin MominalData

95.8 br 95.49 har

L BN}

¢
Al s =~

-0y
WValve

1948 har

<>Pump b

resttime:  Og h: 1.0000E-05 | Steps

Model with animated value and thickness

Line animation is intended to visualize the signal flow during the simula-
tion run in the following way.

e For fluid power variables the thickness of the line indicates the
pressure level of the associated fluid power node.

e For mechanical variables the thickness of the line indicates the
force or torque level of the associated mechanical node. For posi-
tive values the grey line color is changing slightly into red and for
negative values it is changing slightly into blue.

e For signal variables the thickness of the line indicates the value of
the associated process-variable node. For positive values the green
line color is changing slightly into red and for negative values it is
changing slightly into blue.

4.9 Save results

Under the point SAVE RESULTS in the SIMULATION menu the calculated
simulation data can be saved. The Result save Dialog is opened. In
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this dialog the storage place, file name and type of file can be set. The
following type are at your disposition:

e DiaPC (*.dat)

e Text (*.dat)

e Excel (*.xls)

e TextSI (*.ixt)

e Excel SI (*.xls)

e Matlab (*.mat)

e Text with Blanks (*.txt)

e Text with cont. No. (*.txt)

A pre-selection of the favourite result format can be made in the Other
options page on the Options dialog.

For further information on: Please see:

Use and management of simulation Chapter 4, 4.10 Load results
results

4.10 Load results

Stored simulation results can be reloaded to the simulation model for
further analysis with the post processing tools, for animation during a
result presentation or simply as frozen reference for the next simulation
run.

The following type are at your disposition:

e DiaPC (*.dat)

e Text (*.dat)
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e TextSI (*.ixt)

4.11 Create report

By means of the CREATE REPORT function a HTML-based report is gen-
erated from the presently active simulation results. The report is based
on a HTML-template that is located in the standard library folder and
represents the following information.

e Project Title: All information that is assigned to the Info dialog of
the Project menu is printed into this section.

¢ Simulation Model: A screen-shot of the simulation model is shown
in this section.

e Simulation Graphics: A screen-shot for each open simulation
graphic is shown in this section. Please make sure that the windows

do not overlap before making the report!

e Legend: Parameters names and values of parameters that are in-
dicated as FAVORITE PARAMETERS are printed into this section.

After creation the report is directly displayed with the standard browser.
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Report of a Simulation

4.12 Create ePLAN report

Similar functionality as Create report but the report is not opened. In-
stead the system tries to open the EPLAN-project linked to the simula-

tion model.
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4.13 Play animation

By means of the PLAY ANIMATION function the presently active or stored
simulation result are represented. The animation is done on real-time
basis but with a scaling factor it is possible to adjust a time lapse in or-
der to quicken or slow down the representation.

55 Animation Player E]@

3

1]

'uumF B rooo %

Dialog Animation Player

A sliding bar is available to move through the animation manually.

4.14 Final values as initials

Should simulation be continued beyond the adjusted period of time or
a steady state meant to be used as starting condition, the menu point
FINAL VALUES AS INITIALS can be selected under SIMULATION. This
means that the next simulation starts with the final values and not with
the starting values of the previous simulation. The time interval of the
subsequent simulation is as long as that of the previous one.

Note:

e When the end time of the simulation becomes the starting time, this
can influence the time-dependent functions of function generators
for example. With some elements which refer to values before the
simulation end, the state cannot be stored completely and thus
cannot be used as starting state (e.qg. idle time).

For further information on: Please see:

Starting values Chapter 4, 4.15 Initial conditions

Chapter 3, 5.1 Set parameters
and starting values of the nodes
and components
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4.15 Initial conditions

The starting values of variables cannot be set in the individual compo-
nent dialogs only but also under the menu point INITIAL CONDITIONS in
the SIMULATION menu.

P o

Initial values
Walue Lk
WalP. Preszure |E1 bar ﬂ j
Conz.F 1] M .
Cond.w 0 s
Cond.w 0 Y
Contraller. | 0
Controller. PT1 0
Cylinder.stroke 0 Y
Cylinder. velocity 1] 'z
b azs stroke 0 Y
bl azz. velocity 1] s
MarminalStroke Value 0 MY
PrezentStroke ' alue 0 Y
[ _valvabd VMalue 1] Irriry
SetvalueValue 0 i
StrokeDifference Valle 0 Y
Yalve Stroke 0 YT
Walve Welocity 0 s
Wold, Prezssure 1] bar
YalB Prezsure ] bar
YaolP Prezsure 0 bar w
oK I LCancel | Lenerate initial values | Help

Dialog Initial values

For setting the starting values of the variables in the INITIAL VALUES
menu, proceed as follows:

1. Click on the menu point INITIAL CONDITIONS in the SIMULATION menu
in order to open the INITIAL VALUES dialog.

2. Click on a variable in the list. The name of the selected variable is
displayed in the display field.

3. Click on the arrow of the drop down list for selecting the desired unit
and then on the desired unit.

If the desired unit is not in the list, click on the “+”-key. All the units
made available by DSHplus are now displayed in the drop down list.
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6.

Put in the initial value in the input field Value.

Only put in the value after having adjusted the unit. Otherwise the
value is converted into the new unit.

Repeat steps two to four until all variables have the desired unit and
the desired value.

Click on OK and close the parameterization dialog.

The initial values are saved together with the parameter set in which
they have been assigned.

DSHplus also offers the possibility to calculate initial values automati-
cally. In order to do this, proceed as follows:

1.

Click on the button GENERATE START VALUES in the dialog Ini-
tial values. In order to generate initial values numerically the values
of the independent state variable of the system must be set manu-
ally. DSHplus automatically recognizes the independent variables of
the system. They are displayed in the dialog Independ-
ent state variables.
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-

Independent state variables
W alue Unit
Cylinder. stroke 29 i
Cylinder. stroke 1] 111
Mazz. ztroke 1] 7]
YWalve Stroke 1] i

]S Cancel | Help

Dialog Independent state variables

2. Putin adequate values for the independent state variables.

3. Click on OK.

If DSHplus is able to create adequate stating values these are now dis-
played in the dialog initial values. Otherwise the message

=,

rWar ning

& skatic solution can nok be Found

is put out.

Note:

e The variable values, displayed in the simulation graphics, are dis-

played in the unit which has been allocated to the starting value of
the variables.
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4.16 Selection of variables

By means of the SELECTION OF VARIABLES dialog it is possible to de-
termine whether a variable is available to be displayed in the online
graphic, in the current values dialog, or stored into the result file.

Selection of variables

Wigible £ it rezult / in numerical output

Select all
“ Deselect all

Dialog Selection of variables

Especially at large simulation model with a high sampling rate it is rec-
ommended to reduce the number of saved variables.

If a variable, that is already used in an online graphic, is deselected by
the SELECTION OF VARIABLES dialog, the system requires a confirmation
in order to preserve the current graphic layout.

P o

Confirmation

YWolG.Pressure wil be erased! Surer?

Warning dialog at variable selection
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5 Modules

The menu MODULES contains the DSHplus-Virtual-Engineering-Lab
modules, a number of tools to analyze simulated and measured signals
in the time and frequency domain.

Modules

Variation of parameters...
Batch simulation. ..
Optimization...

Waterfall plot...
Frequency analysis. ..
System identification. ..
System eigenvalues

Editors k Companent editor

Fluid data editor
Export model...

Create submodel...
Import S-model 4 Embedded. ..

] Differential equation. ..
Four pole analysis. ..

Main menu Modules

In addition to these functionalities this menu also contains the
DSHplus-STC-model export, the S-Function import and the sub model
functionality.

The availability of the listed modules is subject to the end-users licence
condition. This online program manual is only intended to provide a
brief survey of the module functionality. For further information it is re-
ferred to the corresponding module manual.

5.1 Variation of parameters

The module VARIATION OF PARAMETERS is one of the core modules of
the DSHplus-Virtual-Engineering-Lab.

The dialog contains all the systems component parameters in alpha-
betical order with their current value. For each parameter a variation
interval or explicit parameter values can be determined. Several meth-
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ods are available to combine the chosen parameters. Even an execu-
tion of DoE-matrixes is possible.

¥ h

Yariation of Parameters

Camparizon.Factarl |

curr, value + unit Fange [BeginEnd: Step]
Comparizon. Factarl -1 ~
Comparizon. Factar
Caomparnizon Factard
Connection.Damping
Connection. InitialStrok ecompenz ation
Connection. S pringPretensioningForce 1] M
Connection.SpringStiffness 2000 kM /mm
Contraller. Irmas 1E+33 w

kMe/m

—_

Tatal: 0 Single walues or ranges have to
Sofar 1] be separated by zemicolons

Current:

Comrment |

v Save results f" Combine selection &utornatic Optimization |

[ Save graphics (" Calculate zelection successively
[ Print directy " Design of Experiment |

[ Create parameter sets only [ Create repart after simulation

Start | LCancel | Cloze | Help | Load | Save |

Dialog Variation of Parameters

The module is designed to evaluate the operating range of systems, to
test abstract (over dimensioned) demands, and test new designs with
changed geometric or physical characteristics (spring stiffness, bore
diameter, etc.).

Only a few steps are required, to run a variation.

Mark a parameter in the list and set the range in the input field Range
(Begin:End:Step) to vary. The number of the parameters is not limited,
but should but selected wisely for sensible calculations.

Yariation of Parameters

Caonnection. S pringPretenzioningF orce |EI:2EIEIEI:2EIEI

curr. value + unit Range [Begin:End:Step)
Connection. S pringPretensioningF orce 0 M ~
Connection. SpringStiffness 2000 kM mom

Parameter selection and input of the values/ranges

The actual parameter value is shown in the middle column of the main
window.
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The following combination of values and ranges is possible:

Single values are separated with a semicolon (1;3;5, ...). The
decimal places are separated with a point (1.5; 2.6;...).

Value ranges are separated with a double dot (100:250:50). The
first value indicates the starting value of the parameter, the mid-
dle value indicates the end value, and the third value represents
the step size of the variation.

With Save, the prepared configuration can be saved into a *.pmo-file,
which is saved together with the simulation project. Load invokes a file
open dialog to reload the settings.

The following settings are available:

Save results stores the result of each simulation run. An abbre-
viation for each modified parameter will be part of the file name.

Save graphic stores the online graphic after each simulation run
in Windows Meta File format. An abbreviation for each modified
parameter will be part of the file name.

Print directly generates a print-out of the online graphic win-
dows according to the setting on the Printing page of the Op-
tions dialog.

Create parameter sets only generates parameter sets for all
specified modifications. The simulation will not start. It is intended
to use the parameter sets in the Batch simulation mode.

Create report after simulation generates a html-bases report
page for each simulation. Model and online-graphic as well as
favourite parameters and model information are included into the
report. More detailed information is available in the section 4.11
Create report.
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The button Automatic Optimization loads a configuration file, gener-
ated by the OPTIMIZATION module, that enables an optimization for each
parameter set run by the VARIATION OF PARAMETERS module.

5.2 Batch simulation

The BATCH SIMULATION is designed to automatically process several
pre-defined parameter sets in a row.

To start the batch run the user merely selects the parameter sets and
presses the start button. By means of the BATCH SIMULATION it is pos-
sible to run the simulation overnight and directly start with the analysis
the next morning.

L T

Batch ¥ariation

Setz of parameters

rectangular signal
zinuzoidal signal

Total: 0 Automatic Dptimization
Sofar:

Current:

[w Save results [ Print directly

[ Create repart

Start | LCancel | Cloze | Help

Dialog Batch Variation

The following settings are available:

e Save results stores the result of each simulation run. An abbre-
viation for each modified parameter will be part of the file name.

e Print directly generates a print-out of the online graphic win-
dows according to the setting on the Printing page of the Op-
tions dialog.
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e Create report after simulation generates a html-bases report
page for each simulation. Model and online-graphic as well as
favourite parameters and model information are included into the
report. More detailed information is available in the section 4.11
Create report.

The button Automatic Optimization loads a configuration file, gener-
ated by the OPTIMIZATION module, that enables an optimization for each
parameter set run by the BATCH SIMULATION

5.3 Optimization

The module OPTIMIZATION is designed to optimize one or more parame-
ters of the simulation model in order to minimize a user defined target
function.

Optimization

p_rod. Volume |

Curr. walue + unit R ange [minirmurm;: masimem|
| »

p_rod Vaolume
p_rod.Source
p_bottom W alume
p_bottam. Source
p_SupplyYalume
p_Supply. Source
Sum_Controller. Factor
Surm_Contraller Factors

e O O =

Criterion ||:|_r|:||:|_|:|ressure ﬂ [ Save best zet of parameters

Method | Evolution ﬂ Options...

Comrment |

Best quality: M ax number:
Cuality of last simulation: So far 1]

Start | LCloze | Help | Load | Save

Dialog Optimization

The most important precondition for an optimization is the proper qual-
ity criterion in the simulation model. Therefore, the control elements li-
brary provides under the sub-section mathematical functions the com-
ponent QualityCriterion. This elements includes four standard integral
algorithm to calculate a numerical value, which represents the quality
value of the model and that is minimized by the optimization algorithms.
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For the use of the component itself, please have a look at the compo-
nent help.

The OoPTIMIZATION module offers two different optimization methods. An
evolution method and gradient search algorithm (Hooke and Jeeves).

The parameter range, available for the modification, is limited by a
minimum and a maximum value. It is possible to optimize one or more
parameters, if necessary. To set the range, chose the parameter in the
list and define its range in the field Range with minimum and maxi-
mum value separated by a colon.

-

Optimization
Controller KP 0110
Curr. walue + unit R ange [rminirnurn; masirmLnm)
Controller. kP nz WA .
Controller. kI 1] 1/
Contraller kD 1] 3

Range setting

The defined configuration can be saved as *.OMO file together with the
simulation project.

The calculated best parameter values are saved temporarily. It has to
be saved as parameter after the optimization.

With Options you can set the method specific parameters to vary the
algorithm precision and number of iterations respectively the number of
parents, descendants and the maximum number of generations.

An additional COMMENT helps to identify the saved results.

5.4 Waterfall plot

The WATERFALL PLOT is intended to support an order-analysis of meas-
ured or simulated values. Aim is to visualize the change of eigenfre-
guencies (natural frequencies) of a system due to the change of a cer-
tain input signal (usually time or rotational speed).
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Dialog Waterfall Plot

In the current version there is only a 2D-plot available (analysis page).
X-axis is the selected input signal, Y-axis is the frequency, and the col-
or change is symbolizing the amplitude height. In the lower part of the
analysis page there is a graphic that is representing a cut through the
2D graphic and that can be used to isolate the amplitude range of a
certain system order in respect to the input signal.

5.5 Frequency analysis

The FREQUENCY ANALYSIS module computes the frequency response of
a system. The resulting transfer function is subsequently displayed in a
bode diagram depicting amplitude and phase shift.
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Dialog Frequency analysis

Inputs or output may be any state or variable in the model or external
data such as measurements of a real system that can be easily im-
ported into DSHplus.

By means of two boundary lines a data interval suitable for calculation
can be chosen.

Adjusting the parameter Max. Sample Block Size and Over-
lap of Calculations the FREQUENCY ANALYSIS is able to perform a slid-
ing analysis of the data.

If the data is not periodic a weighting function - Hanning, Blackman
Harris - can be assigned to improve the calculation.

Besides the FREQUENCY ANALYSIS it is also possible to calculate the
frequency spectrum of a variable directly in the ONLINE GRAPHIC. Fur-
ther information is available in section 4.6.2 Adapt simulation graphics.
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5.6 System identification

The LINEAR SYSTEM IDENTIFICATION calculates the time discrete transfer
function of a simple linear single input/output system using data vectors
containing time samples of the system’s input and output values.

Linear System Identification
Input Model Quali: 1 Output I adel Model Parameter
1,00 1 ﬂvil.v A : HU_AI*.V SR - ; “Uil\v Lo Lo Sampling Time: 0,000 s
] U : : : : : [ [ Poles: 2
0.50 : : : : E Losa  Foso Zeros: 2
i i : : i Delay: 0
DDD__ _____-i-___-_ ____"i______ _____-i______ -____i_-____ _____i- ______ __DDD __DDD A Yalues B Yalues
. . i i . 7 =
1 : : : : : - - -1,997450.., | 2,08812695. ..
-0.50 080 080
] | | : : | [ [ 0,9974695,..  1,85474143...,
1 un—: ----- - hanl e Al — —1 o —1 o | | ’
'- IR A T 0 0
-
0.0 1.0 20 a0 40 5.0 0 0
Time in &
Opkions 0 0
Input Signal Output Signal Identification Method 0 0
Input. Yalue ﬂ |Out|3ut.\l'alue ﬂ |.C\ut0ident ﬂ 0 0
1] 1]
Calculate | Save | Load Help |

Dialog Linear System Identification

Inputs and outputs may be any state or variable in the model or exter-
nal data such as measurements from a real system that can be easily
imported into DSHplus by means of the ONLINE DATA IMPORT compo-
nent.

The default Autoident setting tries to identify the model with the lowest
numerical order that at the same time fits best to the chosen data. The
weighting criteria for this is an quadratic error function.

Subsequent to a calculation of the time discrete transfer function model
the natural frequencies and the gain of the identified linear system can
be calculated by means of the button Parameters.
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Information

L The Parameters of the PT2-Swstem are:
\1‘4) (3ain: 1
Matural Frequency: 31,4159 Damping: 0.2
Matural Frequency: 31,4159 Damping: 0.2

Dialog Identification

With Save the identified model is stored as a configuration file and with
Load it is reloaded into the system identification dialog.

Using the DSHplus Discrete Transfer Function Component the configu-
ration file is included into the DSHplus simulation model.

If a linear identification cannot achieve a sufficiently accurate represen-
tation of the dynamic behaviour of the system the DSHplus Neural Net-
work Module using neural network techniques probably can do!

5.7 System eigenvalues

The SYSTEM EIGENVALUES module calculates the system eigenvalues
on the basis of the results fn the last simulation run. For a maximum of
1000 stored simulation time step the system of differential equation is
re-initialized and numerically linearized to achieve the Jacobian-matrix
of the system.

Calculation the eigenvalues of the Jacobian-matrix for each simulation
time step and printing them into a diagram displays how the eigenval-
ues of the system change depending on the current dynamic situation
respectively simulation time. This way the analysis can quickly point out
where a drift or a variation in a system state such as cylinder or valve
position could adversely affect the stability, and often provides answers
to where a more detailed analysis is necessary.
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System Eigenvalues
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Dialog System Eigenvalues

The root loci diagram can be zoomed, copied to the Windows clip-
board and stored as WMF-file. The calculated root loci can be saved
to a TXT-file or XML-file.

A horizontal scroll bar is available, to navigate through the calculated
time steps. The Jacobian matrix of the presently selected time step,
indicated by the red dots for the zeros (PT1) and red Xs for conjugated
poles (PT2) can be saved into a TXT-file.

5.8 Editors

DSHplus comes with a set of editors, that are intended to provide sup-
port functionality to specific program modules.

5.8.1 Component Editor

The COMPONENT EDITOR is a graphical based development tool for new
equation-based DSHplus components and a a tool to graphically edit
the appearance of sub-module icons.

© FLUIDON® GmbH 2008 143



4 The individual functions DSHplus

i'-iEDSleus 3.6 - Component Editor E]
i =
Tt +
4]
|

e
FLUIDON

S es allschaft T0r Fluldtachnk mbH

3 o

Dialog Component Editor

The editor is working in two different modes:

Sub-module mode: In this mode, the grey automatically gener-
ated icon of a DSHplus sub-module can be exchanged against a
user-specific icon. The new icon has to be a vector graphic file in
WMF-file format. It is also possible to rearrange the position and
the text alignment of the automatically placed component con-
nections.

Model mode: In this mode, it is possible to create a new DSHplus
component, inclusive source code template and default parame-
ter set. The template for the new icon has to be a vector graphic
file in WMF-file format. The different types of component connec-
tions can freely be placed. For each input and output there will be
a corresponding function included into the component source
code. Only the user-specific equations have to be added. The
syntax is directly checked by the DSHplus compiler.

144
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5.8.2 Fluid Property Editor

The FLUID PROPERTY EDITOR allows the administration of fluids avail-
able in the fluid options dialog of DSHplus.

Z8 DSHplus 3.6 - Fluid Property Editor (=[]
Fluid Ligt l 20 -Yisualization 30 - Visualization
Awailable Fluids SR
Fluid Pentasin CHF 11 5 - Temperature axis:
-40°C to +100°C
Reference pressure in bar 50,00 H Pressure axis
Reference temperature in “C 50,00 it <> 0 batto 2000 b
Fluid Properties e -l':m\sp':iscnsity
Densityin kg/m? i ( Bulk Modulus
~ ;
Viscosity in oSt Z 5 DEI?SILI,.I
axis S_callpg iz
Bulk maduluz in bar Z logarithmic
Wigw:
Sonic speed in mds Z «-auis rotation
HE T
2-awiz rotation
2000 450 = T T T Ly
20 -40
1000 g 120100 80 0 4 20 0 20
Save
Capy
[~ Activate fluid edtor

Dialog Fluid Property Editor

By means of manufacturer data of viscosity and density the user can
add fluids available on the market. The editor compares the tempera-
ture-dependent behaviour of the fluid with the available Witt fluid types.
The chosen fluid type and additional coefficients are stored as a new
fluid data set to the DSHplus Fluid Data Base File (.fmo).

The DSHplus Fluid Data Base File contains the definition of all fluids
available in the simulation. In the simulation model a fluid is selected by
means of the FLUID OPTIONS dialog. In the standard simulation the se-
lected temperature is considered as fixed tank temperature.

In order to assign an individual operating temperature to the compo-
nents, a temperature distribution for the entire simulation model can be
defined. Temperature relevant fluid properties will automatically be ad-
justed to these temperatures. In the thermo-hydraulic simulation the
fluid properties are updated each simulation time step considering the
pressure and temperature at the component connections.
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5.9 Export model

The DSHplus-STC/RT model export provides a framework for co-
operation between separate tools from independent software vendors.

Thus, it provides the design engineer of hydraulic and pneumatic sys-
tems with a tool that meets all requirements of a company or project
wide integrated virtual engineering.

=,

DSHplus-STC/RT Model Export

T arget application b odus
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-~

MATLAR ASimulink S-Function -
ADARS

DADS Mwindows]

DADS [SGI)

“Wirtual. Lab

SIMPACE. [windowsz)
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MATLAR Simulink, C-Format

SORCUS MODULAR 4./486

SORCUS Max-PC

dSpace

PraSvz BT hl

Meszages, warnings, and errors

Start Help | Cloze |

Dialog DSHplus-STC/RT Model export

The DSHplus-STC/RT manual is providing further information, to the
currently available export targets.

5.10 Create submodel

The Sub-Model functionality is a click on the button solution to graphi-
cally model new library elements. Without writing a single line of code,
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any DSHplus model can be converted to a reusable sub-model. Vali-
dated parameter sets build a data base for the new library element.

In each case the design is basing on a combination of existing DSHplus
library elements, representing either a basic physical effect or already
existing sub-component functionality of the new element. Special sub-
model in- and output signal elements define the boundary of the sub-
model.

L o

Sub-model export
Mame of sub model [only characters and digits allowed)
|H ydraulic_Piston_Pump j

In progress

Select name of sub-rodel
analyze inputs and outputs. .
copy sub-model...

create symbal...

clazz into librany...

Ready

M eszages, ermorz and warnings

Cloze | Help

Dialog Sub-model export

The Sub-Model handling in general is similar to that of standard
DSHplus library elements. A special dialog, also displaying the original
model, handles the parameters of the sub-model. Pre-defined parame-
ter sets can be loaded out of a database and manually modified sets
can be stored as new entries.

Since Sub-Models are treated like any other library element they can
be given to colleagues, project partners or customer.
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5.11 Import S-model

DSHplus is able to import Simulink models that have been exported
with the Simulink real-time workshop (RTW). To do so, Simulink RTW
has to use a special FLUIODN-developed Simulink RTW target.

L o

Simulink model import

In progress

Build up export model...

S-Model created with MATLAB R14, DSHplus-Target version 7
analyze inputs and outputs. .

copy S-Function

clazs inta libram...

create source code

create parameters

create dialog azsignment

create symbol

Ready

< ¥

tezzages, emarz, and warhings

tMadel haz 2 inputs and 4 outputs
b odel containg 3 tunable parameter(z]
tadel cantaing 0 conbinuous states

Help |

Dialog Simulink model import
There are two possibilities to import Simulink models.

« Embedded: This way the model will be solved by the fixed step
solver that was assigned in Simulink.

« Differential equation: This way the equations of the Simulink
model will be included into the DSHplus equations and will be
solved by the DSHplus solver.

In order to change the parameter values of a Simulink model through
DSHplus, the "Tunable Parameter Functionality" has to be activated in
Simulink prior to the export of the model.
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5.12 Four pole analysis

One source of acoustic problems in hydraulic systems, the so-called
fluid-borne noise, is caused by pressure ripples which are initiated by
the pump. Self-propagating throughout the hydraulic pipes, fluid-borne
noise leads to audible noise on other places.

FLUIDON developed a test rig for investigating and quantifying the os-
cillation characteristic of branched hydraulic lines in order to gain a pre-
cise calculation/prediction of vibration and resonance characteristics.

The four-pole analysis dialog is a tool that has been especially devel-
oped to process these measurement data and to compare the meas-
ured line dynamic to the simulated line dynamic.

=8 DSHplus 3.6 - Hydraulic Line Dynamic Analysis

Test Rig Parameter | Datalnput Analisis | Resutweighting|  TestRigSewp T11 | T12 | 721 | T22 | TransmissionLoss | FFT |

FFT-Dptians 400 T11 in dB [barbar]
Weighting Function Blackran-Harris j ] j j j j . ' . . . ' . . .
[rata Black Size 4096 - BD.DD—;

[rata Block Overlap in 2 =11 it ZD.DD-f

Caorrelation Filter
" Mon + H1 " H2 (™ [H1+HZ)/2

Calculation Method Test Ibem Geometry
+ RMS3 " Symmetrical
" Peak Hold +  Unsyrarnetrical
RN RN RRRRR R R R RN N
Available Results Y L L WL AL S
B | & Moasuenent Data E00 200 1000 1200 1400
" Simulation Data 1 save load Phase Shift in *
" Simulation D ata 2 200 T T T I T T T T T T T T T

Result Options

Filz Type v Fepaort
(+ Eurek [ Resultz File with Comma
" Matlab v i dB [20°L00GT 0[] L T
200 T T
EFT-Analysis | Eour Pole Analysis | Save | o 200 400 E00 800 1000 1200 1400

Dialog Hydraulic Line Dynamic Analysis

The fields of application for measurement of hydraulic oscillation char-
acteristics is by no means limited to the classical hydraulic system.
With respect to automotive pipes the investigation can also include the
identification of pressure and temperature dependency of flexible hoses
or the generation of line fingerprints for benchmark or quality issues.
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Applicable branched pipe systems are pipes in fuel injection systems,
the supply pipes of large-scale paint-spray lines or the hydraulic pipes
in motor vehicles, such as steering system hoses.

In addition to the line test rig the DSHplus Automotive Flexible Hose
Library has been developed to support the simulation-based design
and optimization process of automotive pipe and hose units. Herewith
automotive suppliers and manufacturers possess a new tool to improve
the capability and efficiency of their NVH engineering process.

6 Window

The windows for simulation graphics and current values can be man-
aged in common under DSHplus.

Window

Minimize all
Restore all
Cascade

All standard size

Close all

Miniature picture

Main menu Window

Open result windows can be minimized and restored individually by
means of the standard Windows functions in the upper right corner of
the dialog. Furthermore, DSHplus offers the functions MINIMIZE ALL and
RESTORE ALL in the menu WINDOWS. By means of these functions all
the result windows can be minimized and restored at the same time.

The simulation graphics windows can in addition be adjusted with the
functions CASCADE and ALL STANDARD SIZE in the WINDOWS menu.

All the windows are closed by means of CLOSE ALL in the WINDOWS
menu.

150 © FLUIDON® GmbH 2008



User Manual 4 The individual functions

6.1 Miniature picture

MINIATURE PICTURE opens a new window that shows the entire simula-
tion model. Clicking into the miniature picture it is possible to pan the
model view for an easy model overview and faster component location.

L -

:

Miniature picture

The current view of the model is indicated by a the red rectan-
gle, whose size is dependent from the zoom factor of the working area.

MINIATURE PICTURE works in the edit mode and also in the design level.

7 Extras

In the menu EXTRAS, some functions which are not related to each
other from their contents, are allocated. Among others, all analysis- and
additional modules are located here. In the module manual they are
described in detail.
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Extras

Qpkions...

Select licence file. ..

Main menu Extras

7.1 Options

The menu point OPTIONS is located under EXTRAS. This menu point
opens the dialog Options. A number of program settings can be car-
ried out in this dialog.

7.1.1 Directories

Important paths for managing DSHplus are adjusted in the category
Directories in the dialog for Options:
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-

Options E]N

Directories

Companent-Librany C:5PragrammesFLUIDOMADSHplus3 B\Library Charnge
I1zer-Components C:A\Programme FLUIDOMADSHplus3_EB\LibrantJ sers

tacro files C:AProgrammehFLUIDOMNDSHpluz2 B\Macros

Sub-modelz C:AProgrammetFLUIDOMADSHpluz3 B\LibramnsSubm

Embedded madels C:APragrammehFLUIDOMADSHplus3_B\LibransSkod

Hardware interfaces C:5PragrammehFLUIDOMADSHplus3_ BhnterfacehHiWw

Sub-modelz of ePlan C:AProgrammehFLUIDOMAD SHpluz2 B\LibranysePlan

Templates C:AProgrammesFLUIDOMAD SHpluz3_B\LibrarnysTemp

ok, | .i‘-.l:ul:urechen| Hilte

Settings of paths

e Component library: This is the path to the DSHp/us standard com-
ponent library.

e User components: This is the path to the user specific library and
in which the archived component parameter sets are stored.

e Macro files: This is the path to the directory in which the macros
are stored.

e Embedded models: This is the path to the directory in which com-
ponents, that encapsulate DSHplus-RT models, are stored.

e Hardware interfaces: This is the path to the directory in which dia-
logs, that belong to special DSHplus-STC modules, are stored.

e Sub-models of PLAN: This is the path to the directory in which
EPLAN sub-models are stored.
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e Templates: This is the path to the directory in which DSHplus
model templates are stored.

7.1.2 Compiler and Linker

In the category Compiler and Linker in the dialog for Options, the
paths to the compiler and linker used by DSHplus are adjusted.

-

ertiuns E]

Directories | Compiler and Linker || Graphics Dptiu:uns] F'rinting] ather Optiohs

Files
Compiler C:A5PragrammehFLUIDOMADSHplus3 BABCHBIMSBCCSZ.E Change |
B atchifile DglBat.dzh
Compiler rezponze file comprap.dzh
Cormpiler configuration file DGLCFGR3DSH
Linker C:APragrammehFLUIDOMYDSHplus3 BSBCSBIMATLIM K S
Linker rezponze file LMKRSPIZ.0S5H
kadul definition file dzh36_dzhdgl def

Additional libraries
Additional includes
Additional objects

Directanes
[nzlude files C:AProgrammehFLUIDOMADSHpluzE_ Bhinchide;C:\Proagre
Inzlude files [16 Bit] C:AProgrammetFLUIDOMADSHplus3_Bhinchide;C:\Proagrs
Libranes C:APragrammesFLUIDOMADSHplus3_Bib:C:\Proagrarmme
CAPROGRAMMENFLUIDOMNDSHPLIS 3 BNBCANBIMABCC 32 EXE Set
ok | abbrechen | Hilfe
Setting of Compiler and Linker
Input field Explanation
Files
Compiler Compiler name with path
Batchfile Model for the batch file without path
(DglIBat.dsh)

154 © FLUIDON® GmbH 2008



User Manual

4 The individual functions

Input field

Explanation

Compiler response file

Compiler configuration
file

Linker

Linker response file

Module definition file
Additional libraries

Additional includes

Additional objects

Directories

Include files
Include files (16 Bit)

Libraries

7.1.3 Graphics Options

Model for the response file of the compiler
without path (comprsp.dsh)

Model for the configuration file of the compiler
without path. dglcfg53d.dsh is used to gener-
ate a model with debug information

Linker name with path

Model for the response file of the linker with-
out path. linkrsp32d.dsh is used to generate a
model with debug information

in series dsh36_dshdgl.def without path
Additional user specific libraries without path

Additional user specific include files without
path

Additional user specific object files without
path

Path to DSHplus and Compiler includes
Path to Compiler 16 Bit includes
Path to DSHplus and Compiler libs

The category Graphics Options in the Options dialog determines the
standard settings of the simulation graphics.
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FCI ptions E] -\

Direu:tu:uries] Compiler and Linker  Graphics Options lF'rinting] ather Optiohs

Color zettings [Init zettings
W T Basic colors General
goudve mir. walue max. value

=§ EE::Z . . . . hydraulic pressure |EI |2|:||:|

=4- Curve . |:| . |:| pheumatic pressure |EI |'IEI
B LC

13 EE::: BEC Signal N L

7. Curve . . . |:| Temperature |25|:| |35|:|

W5 Curve
Specific
D3Hplus standard | shortcut min, value  max. value  unit
_ o [0 o ez ] e
Y-anis appearance =
a 100 100 s 2 A
" beside {* hattom F 100 100 kM
b 100 100 Mm
m 100 100 1/min
Giid 100 100 Vmin
. W 100 100 rnrm.s
FeErIS 10 W 100 100 K v
iz 1 Apply | Delete |
ok | abbrechen |  Hie |
Settings of Graphics

In the area Color settings the default colors which are allocated to the
individual variables are determined. The manual settings can be re-
stored at any time to DSHplus standard.

In the area Unit settings the settings for the presentation of nodes in
the simulation graphics are made. In the sub-area General the mini-
mum and maximum values for hydraulic pressure, pneumatic pressure,
signal, and temperature are adjusted. These values are also used for
scaling of the connection line thickness during a animated simulation
run.

In the sub-area Specific, the minimal and the maximal values as well
as the units for an automatic parameterization of nodes in the simula-
tion graphics can be defined. The initial character of the node name will
be compared to the character printed in the shortcut line. Capital and
small initial letters are distinguished.
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The settings in the area Specific can be adjusted to the used demand.
In order to add a new shortcut a character has to be entered into the
field shortcut. Subsequently, the desired settings have to be made in
the fields for minimum and maximum values and in the drop down list
for the units. By clicking on APPLY NOw the new shortcut with its set-
tings is included into the list.

If you want to change the settings for a shortcut, please click on the
shortcut. Now you are able to process its settings. With APPLY NOWw the

new settings are included into the list.

If a shortcut including its settings is to be deleted, please select is from
the list and delete it by clicking on DELETE.

The shortcut list is stored into the CURRENT_USER section of the
windows registry.

7.1.4 Printing

The settings for all printing processes under DSHplus are adjusted in
the category Printing in the dialog for Options.
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i, o

Options E]

Direu:tu:uries] Compiler and Linker | Graphics Options  Printing | ather Optionz

v Murber pages

b arginz Simulation graphic

Top IE— [em] IT b IB— [em]
Eatton IE_ (el [width % height]

Lot IE_ - |—2 [araphic(z] per page
Right |2 [cm]

Logo

| Chooze. ..

ok, | .i‘-.l:ul:urechen| Hilte

Settings of printing

The following setting possibilities are located here:

e Alogo can be printed out by means of the option Logo. The corre-
sponding graphics file is selected by means of selection. The logo
has to be available in the Windows-Metafile-Format (WMF) or Win-
dow-Bitmap-Format (BMP). The logo is also used in the DSHplus-
HTML report.

e the option Print header determines whether the project, the author,
the remark to the project and the parameter set comment is printed,

¢ Number pages determines whether the pages are numbered,
¢ the side margins are fixed under Margins and

e under Simulation graphic is fixed in which size a simulation graph-
ics is printed and how many simulation graphics are to be printed
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on one page. If the graphics indicated does not fit into one page,
the remaining graphics are printed on the next page.

7.1.5 Other options

Under the category other Options auxiliary settings are combined in
the dialog for Options.

i, o

Options E]

Direu:tu:uries] Compiler and Linker | Graphics Dptiu:uns] Printing  cther Options l

Source editor |EIN D5 Hpluz3 BAE ditorkS ciTE . exe Change

Circuit dezign Language Standards for rezult files
[v with agrid ~

o Geman |ASCI1-Text |
Llr?e width |3 = English .
Grid space [ save parameters in
w60 ASCI likewize
¥ |60 Simulink, MEX-Compiler
Murnber of Undo steps |'I 0 |M'&'TL&'B LEL ﬂ

Iv Short view of parameters
I Autormatical model build
[ Auto-zave mode walue & thickness j

Iv Component highlighting

Line Animation

I Autornatical update of parameter

ok, | .i‘-.l:ul:urechen| Hilte

Other options settings

The following setting possibilities are located here:

e with Source editor, the editor with which the source code of the
current simulation model can be opened, is selected. The source
code is opened by means of EDIT SOURCE in the menu MODEL,

e under Circuit design is adjusted whether the grid is active or not
when the program is in design mode and which grating space the
grid has (Standard value 60:60),
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e under Language the language, English or German, in which
DSHplus is operated and in which the language in which the simu-
lation models are generated is adjusted,

e with Standards for result files is adjusted with which program for-
mat the created results are saved,

e with Number of undo steps is adjusted how many of the last steps
are maintained in the store during the graphic processing of the
model,

e under Simulink MEX-Compiler it is adjusted with compiler MATLAB
is using to compile the DSHplus-STC S-Function,

e with Line Animation it is adjusted which type of line animation is
preferred. Available are: Thickness, Value & name, Value, name &
thickness, Value, value & thickness.

e Short view of parameters determines whether a yellow tool tip ap-
pears if the mouse is positioned over a component or a component
connection. Parameter names and values or connection names are
displayed.

e Automatical model build determines whether the simulation
model is generated automatically or manually after the design mode
is closed.

e Auto-save mode determines whether the entire project is archived
automatically every three minutes.

e Component highlighting determines whether a component is
marked by a red frame if the corresponding variable name is se-
lected in the online graphic setting.

e Automatical update of parameter determines whether an external
parameter file is read before the simulation start. The parameter
settings in such a file overwrite internal parameters. A parameter
file template is achieved through the ASCI-export of parameter sets.
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7.2 Select licence file

Select licence file opens an open file dialog to search, select and there-

fore change the licence file.

Browse for licence file @
Look in: | [E Desktop j |‘=_“F -
5 (L4 My Documents
\_3,9 4 My Computer
My Fecent WMy Metwork Places
D°°ff"?”t3 FLUIDOM_Metz. dshiicence
Desktop
4y Documents
—
5
by Computer
‘-‘_} File name: | ﬂ Open |
i
by Metwork  Files of bwpe: |Licence Files [* dshlicence) ﬂ Cancel
Places
I Open as read-only
Dialog Browse for licence file
8  Help

The help documents to for program and library is called by means of

the menu HELP.

Help

Contents
Component library

About...
Version info...

Hotline Support

Furthermore, help to a specific dialog can be also obtained by means of
the help keys in the individual dialogs.

In the design mode, the data sheet of a component can be called by a
right mouse button click onto the component.
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8.1 Contents

Outline of the operation and all the functions of DSHplus.

8.2 Component library

Outline of all the components of the component library.

8.3 About

The INFO dialog displays the information on the current DSHplus ver-
sion and the license number.

Info

DSHplus 361

FLUIDOM Geselschaft fur Fluidtechnil. mbH
Coppright € 1934-2008. All rights reserved.

Lizenz-Mr. 1, Lid-Mr 1

Thiz program containg J%CL zource code that can be obtained from
http: / /vl sourceforge. nets

Thiz program contains the b athematical Expreszions Parser Library,
Copyright (] 2004, 2005 |hgo Berg

Thiz program contains Silk lcon Set 1.3 obtained from
hittp: £ A farnfamtam, comslabdicons A silk s

Dialog Info

Moreover the dialog gives credits to open source packages used within
DSHplus.

8.4 Version info

The dialog VERSION INFO displays the release numbers of the DSHplus
modules and libraries.
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-~

Version info

=,

File Werzion
Main program in d:hdzh_bch ”
DSHpluz36.exe 361
DSHplusCE dit36. exe 161
DSHplusFDEdit36. exe 361
DSHplusTLFANalziz36. exe 3E1
DSHplusl TG36. exe 361
dzh36_Analia.dll 6.1
dzh36_Animate. dil 361
dzh36_ASCIFilter.dl 261
dzh36_Base.dl 6.1
dzh36_BCEDialoge. dll 361
dzh36_Bib.dl 361
dzh36_Calcul di 361
dzh36_CoSimulnterface. dl 261
dzh36_Datakon.dl 3E1
dzh36_D atFilker. dll 361
dzh36_Dialoge. di 261
dzh36_DialageC. di 61

Dialog Version info

8.5 Licence info

The dialog LICENCE INFO displays which DSHplus modules and libraries
are available in the respective licence.

-

Licence Information

Cuskormer; FLUIDOMN GmbH
Cuskomer Mumber; 1
Licence Murmber: 1

Licence Type: Marmal
Authentication Type: Network Dongle

Created: 258, 10,2008 16:03:50

fvvailable Modules

AppLookupTables
AppEatchZomputation
AppParamekeryariation
AppFrequency Specktrim
AppBodePlot
AppOptimization
Appieuraltebworks
AppSubrodels
AppEigervalues
Appldentification
AppComponentEditar
AppSimulinkCoSimulation
AppSimulinkEmbedded
ApploInterfaceseleckar
AppEmbeddedComputation
ApplnterfacefDAmMS
AppInterfaceDADs
AppInterfaceSIMPACE

Dialog Licence Info
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8.6 Hotline Support

A click onto the Hotline item of the menu Help invokes the users stan-
dard email program. The used email address belongs to the FLUIDON
customer support. The FLUIIDN support system automatically gener-
ates a support ticket notification after receiving the email.

If a DSHplus model is open, the model and a compiler result text file is
enclosed to the mail.

Please make sure, to send no company confidential information!

9 Context menus
The main menu is complemented by context menus containing func-
tions which are especially available for a particular case of application
or respectively a window and which relate exclusively to this applica-
tion. Context menus are opened by clicking on the object or the area
that is to be edited with the right mouse key.
In DSHplus, three different context menus are at your disposition:

* main context menu,

e graphics context menu,

¢ and help context menu.
The main context menu is opened by clicking on the drawing area or on

a component on the drawing area by the right mouse-key. It is available
both in the design mode and in the simulation mode.
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Insert ru:n:le_ k | heydraulical

Create protected Element ... EEIE ]

Save signal

Print kranslational
rotational

Copy heydraulical «I

Insert thermao brydraulical

Delete

Select all

Eroup

Ungroup

Align to grid

Copy parameters
Paste parameters
Copy variables

Paste variables

Refresh

Context menu

The individual menu points have the following functions:

INSERT NODE opens an additional menu from which different types
of nodes can be selected. A selected node is placed on the drawing
area irrespective of a component.

CREATE PROTECTED ELEMENT converts the source code and the
component parameters of a selected component into a black box
component.

SAVE saves the changes at the model in the design mode.

PRINT prints the current model design, that is visible on the drawing
area.

CoPY copies marked elements into the clipboard.
INSERT inserts the contents of the clipboard into the model.
DELETE deletes marked objects.

SELECT ALL selects all objects on the drawing area.
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GROUP combines all marked components to a group.
UNGROUP cancels the grouping of components.
ALIGN TO GRID aligns all components at the matrix of the grid.

COPY PARAMETERS copies the parameters of the clicked component
into the DSHplus internal clipboard.

PASTE PARAMETERS transfers the parameters existing in the
DSHplus internal clipboard onto the clicked component.

COPY VARIABLES copies the variables of the clicked component into
the DSHplus internal clipboard.

PASTE VARIABLES transfers the variables existing in the DSHplus
internal clipboard onto the clicked component.

REFRESH removes graphic faults from the drawing area.

The help context menu opens by clicking on a component or a group of
components in the component library with the right mouse-key. Via this
context menu you are able to call the component related help page.

The graphics context menu is explained is section 4.6.2 Adapt simula-
tion graphics.
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5 Model structure

The simulation model which is created for each simulation task includes
the mathematical description of the technical system which is to be ex-
amined, as source code in C++. It is composed of the description of the
individual components which form the model as well as the system of
differential equations.

In order to show the functioning of the system calculation of DSHplus
and the structure of the components and models arising from it more
clearly, the principles on which the calculation of the systems is based
are explained in the following.

First of all, the mathematical principles are described and the imple-
mentation into DSHplus is explained. In the following sections, the im-
portant files for the user are mentioned. The project and library files,
among which especially the parameter and unit files, are described and
the structures of the source code of a component as well as of a com-
plete model are explained.

This is to give the user an outline of the program structure. It enables
him/her to program his/her own components.

1 Mathematical principles

The behaviour of simple technical systems can in general be well-
assessed and estimated. With increasing complexity, however, it is be-
coming more and more difficult to make reliable statements on the be-
haviour of a system. One needs to create models and to assess the
system behaviour by means of simulations. Should the simulations be
carried out on a digital computer, it is a first necessity for the model
formation to describe the components of the systems by mathematic
equations.

The following chapters explain the way in which technical systems are
mathematically described and how transfer of the mathematics is ef-
fected in DSHplus.
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1.1 Mathematical description of technical systems

The dynamic behaviour of a technical system can be described by a
differential equation of the n" order or by n differential equations of the
first order. Description by n differential equations of the first order is,
however, more suitable for simulations on a digital computer as it cor-
responds to the programming requirements for numeric calculation.

The parameters of the system components and the starting values of
the variables lead to an initial value problem with n ordinary differential
equations of the first order and the relating initial conditions:

with

and

By solving this system of differential equations and integration of the
results within the simulation time, the variables of the technical system
can be calculated for the next time step.

In order to guarantee numeric solubility, the technical systems in
DSHplus are only to be described with differential equations of the first
order. This means that differential equations of a higher order have first
to be transferred into a system of differential equations of the first order,
if necessary.

A PT2 element for example cannot be described direct with its transfer
function

but has to be first transferred into an equivalent system of differential
equations with differential equations of the first order:
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X, =k@’u-2Dwx, — @°x,

This equation system forms the basis for implementation into DSHplus.

1.2 Calculation method of DSHplus

Calculation of the dynamic behaviour of technical systems is effected
by forming and solving nonlinear differential equations for the different
variables of the system. In the following, an explanation is made of how
the differential equations for the variables are created in DSHplus.

1.2.1 Calculation of hydraulic variables

In DSHplus, the hydraulic components of a system are modelled by
means of the components stored in the library. In the first modelling
step, the hydraulic pipes between the components are shown as hy-
draulic nodes. (Modelling of hydraulic pipes by means of specific piping
components is explained at a later stage.)

This model structure results from the basic node-oriented calculation
method of DSHplus: Pressures are calculated in the nodes from the
balance of the entering and leaving volume flows and transferred to the
components. Volume flows, however, are calculated in the compo-
nents from the difference of the pressures applied to the connections.

The following illustration shows the basic calculation method of
DSHplus:
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Node 1 Component Node 2
P P P2 P>
] - < —
h=r0 0= f(ap) =X
S — < > ————
QO Q1 Q1 Qz
pressure volume flow pressure
calculation calculation calculation

Calculation method of DSHplus

The starting variable of the nodes is the pressure which is calculated by
integration of the pressure build-up equation:

1 E,
p:C_h.ZQ:M_ZQ

v

The input variables of a node are the entering and leaving volume flows
of the components. The volume flows are calculated in the components
from flow equations or other mathematical relations.

The node-oriented calculation method of DSHplus also leads to the
plus/minus sign definition of the volume flows: The volume flows flow-
ing to a node are positive and the volume flows leaving a node are
negative. This means that — contrary to the common definition — the
volume flows flowing to the components are negative and those leaving
the components are positive.

In DSHplus, the nodes are treated as ideal capacity and resistance and
inertia of masses are not taken into account or added to the compo-
nents connected. The oil volume included in a node is composed of the
volume of the hydraulic pipe and the idle volumes of the components
connected. If elements with variable volumes (e.g. cylinders) are con-
nected to a node, the variable volume is automatically added to the
volume of the node.

If in a second modelling step, the hydraulic pipes of the system are
shown by means of pipe components, resistance and inertia of masses
of the pipes can also be taken into account. The basic calculation
method of DSHplus, however, is not changed as the pipes are also
connected to the components by means of the nodes.
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1.2.2 Calculation of the pneumatic variables

The most important pneumatic values are pressure p and temperature
T. A further variable which reflects the relation between mass flow and
volume flow is density p. If air is considered as ideal gas, however, it is
calculated from the pressure and the temperature as per the ideal gas
equation.

_P_

P=T R

1.2.2.1 Pressure change

In order to describe the pressure change of a pneumatic system, the 1°
axiom of thermodynamics for open systems as well as the ideal gas
equation are used. Pressure change is therefore additively composed
of three parts: pressure change because of mass flows, heat transfer
and volume change.

P =P+ Py — Py -

The variable p, describes the energy exchange which is effected by
the mass flows at the components connected.

R (M Ty )+ D (M o) |-

>0 <0

pmz

<|=®

Furthermore, the energy exchange with the environment in the form of
heat flow has to be taken into account.

. -1
Puws ="7~ a (T, -T) A].

This is characterized by the heat transmission coefficient a and the
temperature difference between the housing and the airflow within the
balanced volume.

The third term describes the work of the volume change at the bal-
anced system
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1.2.2.2 Temperature change

Calculation of the temperature change is effected by resolution of the
ideal gas equation as per the temperature T
p-v

T="—
m-R

and the following partial differentiation as per all time-dependent vari-
ables.
% R-T?

T=P1:l 1 _m.
p v p-V

In order to minimize the time needed for calculation, the pressure
change p is calculated first in the simulation and then the result is used
for determining the temperature change 7.

1.2.3 Calculation of the mechanic variables

Calculation of the mechanic variables which are calculated by means of
integration, is effected in the same way as the calculation of hydraulic
variables: The derivations of the variables which are integrated into the
node, are calculated in the components. The illustration shows the ba-
sic calculation method of DSHplus for mechanic variables.

Component Node

X,

\i

I )'CA:f('xE) xA:ij —

calculation of the integration
derivative of x,

Calculation method of DSHplus for mechanic variables

In the components, the equations for accelerations (x) as per the New-
ton axiom are formed at a mass from the equilibrium of forces:
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X =

2F

The same is true for angular accelerations (&) with rotary masses
which are calculated from the rule of angular momentum:

Accelerations or angular accelerations are integrated at the node from
which result the speeds (v) and stokes (x) as well as the angular
speeds (@) and the angles (¢):

v=J')'€dt and x:'[vdt
or

m:ja'fdt and go:jafdt.

1.3 Numeric integration
The system of differential equations shown in chapter 1.1 describes the
derivatives of all the variables in every operating point. In same in-
stances, it can be explicitly solved. For calculation of the initial value
problem on a digital computer, however, a numeric solution is required.
To do this, the integration interval [t,t,] is first reduced into a grid

t, <t <t, <..<t,

with local step size h;=t;,,-t;fori=0.. n-1.

Approximate values y(t) at the discrete grid points are obtained from
the relation

tig
y(t.,)=y(t)+ [f(t,y(t)adx withi=0..n-1,
ti
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which can be solved by numeric methods.

yA

Yi

i+1 ti+2 t

Numerical integration

An error (discretisation error) results from the approximate numerical
integration which occurs with every integration step. In order to mini-
mize this error, discretisation of the integration interval should be as
fine as possible. Discretisation has its limits, however, as on the one
hand any fine subdivision of the integration interval leads to a large
number of calculation steps and thus to a highly increasing calculation
time, on the other hand the number of numeric rounding errors in-
creases.

In DSHplus, both one-step methods and multiple step methods are
used for solving system of differential equations. “One-step methods”
means that the approximate values y(t) at the time t; can be completely
calculated from the previous result y(t;,) at the time t.; and the interval
h;=t,, - t. Multiple step methods, however, also use much older re-
sults, t.,, tz, ...

Explicit as well as implicit one-step methods are implemented. Explicit
means that the new value is calculated exclusively from old values. The
implicit solution, however, includes the new value into the calculation,
thus iteration is necessary.

If the number of discretisation errors which occur do not increase when
the number of increments increase, an integration procedure is numeri-
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cally stable. The stability field of the explicit methods is larger than that
of the implicit methods. This means that implicit methods can lead to
inexact results when the simulation step size is too large without getting
instable at any case while explicit methods rather tend to instability.

If the inherent values of a system of differential equations are extremely
different, mathematical stability is high. system of differential equations
with which hydraulic systems are described are in general very stable
because the individual systems considerably differ in their dynamic be-
havior. This means that the occurring volumes, masses or moments of
inertia are extremely different. The mathematical stability can also ex-
tremely change in the course of the simulation. In such cases, it is use-
ful to carry out the calculations with the variable step size h.

An automatic step size control is provided in DSHplus in order to
achieve optimum results with systems with a large number of non-
linearity’s and high mathematical stability. With every calculation step, it
is checked whether the preset error tolerance is met and the step size
is adapted accordingly. An step size control does not necessarily mean
a reduction of the total calculation time.

The following variable step size integration methods are available in
DSHplus:

e ODEZ23 (rk2(3) RK) parameter ID.-No. = 200
e ODEA45 (rk5(4)6m PD 45) parameter ID.-No. = 201
e Dormand-Prince 45 parameter ID.-No. = 202
e Euler implicit parameter ID.-No. = 203
¢ Rosenbrock implicit parameter ID.-No. = 204
e Radau implicit parameter ID.-No. = 205

In the procedures with fixed step size the step size is maintained con-
stant throughout the simulation. The following methods are at your dis-
position:
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ODE1 (Euler-Cauchy) parameter ID.-No. = 100
ODEZ2 (Heun) parameter ID.-No. = 101
ODES (RK ) parameter ID.-No. = 102
ODE4 (Runge-Kutta) parameter ID.-No. = 103
ODES5 (Prince-Dormand) parameter ID.-No. = 104
ODE4 (Runge-Kutta RCH) parameter ID.-No. = 105

ODES5 (Prince-Dormand RCH)  parameter ID.-No. = 106

Subsequent are some general information about the setup of some of
the integration algorithms.

Euler-Cauchy

Euler-Cauchy calculates the integration as per Euler's point slope
method of the first order. The explicit method calculates with a fixed
simulation step size. The equation system is only calculated once
for every integration step. This simple method is suited to blind out
numeric effects in the solution which are possibly caused by the in-
tegration procedure. Apart from that, the method is used rather sel-
dom.

Heun

With Heun the differential equation system is called twice. This
method is more precise than the Euler-Cauchy method.

Runge-Kutta |
The Runge-Kutta-I-procedure is designed according to the principle

of the Runge-Kutta method and is of the third order. The differential
equation system is called three times per step.
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e Runge-Kutta

With Runge-Kutta the integration is calculated as per the classic
Runge-Kutta method of the fourth order with a fixed simulation step
size. The explicit method for every integration step is called four
times all together. Because of the higher quote of error the step size
can be set 10 times higher than with the Euler method given the
same error.

e  Prince-Dormand

Prince-Dormand is also a method of the type Runge-Kutta. Contrary
to the classic Runge-Kutta-method, however, it is of fifth order and
thus reaches a higher quote of error. Whereas the accuracy in-
creases the speed decreases due to the greater number of evalua-
tions. Nevertheless, this method is a good compromise between
accuracy and speed.

e Jteration

The iteration serves for the static solution of the differential equation
system (determination of initial value). The system is solved in
every point in such a way that it is in balance. The variables which
are dependent only on another variable (e.g. strokes) are calculated
from one time to another with an Euler step and determine the mar-
ginal conditions for a new solution.

e Runge-Kutta 2/3

Runge-Kutta 2/3 is a method of 2./3. order. The system is solved
respectively with a method of second and third order. A measure for
the step size adjustment is obtained from the tolerance of the two
results. Because the solution is calculated with so-called embed-
ding formula it is not necessary to calculate the equation system
five times altogether but only four times. One evaluation point is
used by both methods.
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e Runge-Kutta 4/5

The variable Runge-Kutta is the step size controlled version of the
4™ and 5™ order. Like Runge-Kutta 2/3 this method uses embedding
formula in order to reduce the total of nine points to six evaluations.

e Variable Prince-Dormand

The variable Prince-Dormand is the step size controlled version of
the Prince-Dormand-method of 4" and 5™ order. Like Runge-Kutta
2/3 this method uses embedding formula in order to reduce the total
of nine points to six evaluations.

e Variable implicit Euler, Rosenbrock, and Radau

This method is based on the implicit Runge-Kutta. Apart from the
step size also the order of the method is adjusted.

More information about integration methods is offered in various nu-
meric books.

2 Description of the most important files

The files of the projects and the library are described in the following
two sections. In general, all project files are automatically created by
DSHplus, but an outline of the files in which the project data are saved
is used for better understanding the system. Thorough knowledge of
the library files is needed if user-defined components are to be pro-
grammed.

2.1 Files of the projects

All the files in which project data are saved are managed internally by
DSHplus. The files are archived into one single file with the extension
".dsz". At each save operation the previous ".dsz"-file is converted into
a ".bak"-file
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Internally the DSHplus project consist of several files that are briefly
explained in the following section.

The names of the files are in general dshpp _ 1.*, pp designating the
project number and ,** a file specific extension (dsh, cpp, dll, grf, sgr,
str or ken). (If the project number is only one-digit, the first digit is re-
placed by an underline: dsh p  1.%)

Files in which parameter or result sets are saved, are designated by
dshppnnn.*, n designating the number of the parameter set or the
number of the result and ,** designating a file specific extension (par or
erg). (If the number of the parameter set or the number of the result are
only one-digit or double-digit, the first digits are replaced by underlines:
dsh _p _nn.*)

In general, the projects are only processed via editors so that it is not
necessary for the user to have any thorough knowledge of the structure
of the file management and the structure of the files.

Only in specific applications such as a new programming of the com-
ponents for example, the user needs further knowledge on data man-
agement of DSHplus. Thus, the contents of the individual files is de-
scribed in the following sections.

e projects.inf

The file projects.inf is a text file containing information about the
current directory. This information is displayed in the project dialogs
and can be edited there.

e projects.dsh

The file projects.dsh is the management file for all the projects
which have been stored in a directory. It contains a list of all the
projects with their project number. Furthermore, the title, additional
remarks to the project, the author, the date and the time of the crea-
tion of the project and the date and the time of the last change are
saved in the file projects.dsh.
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DSHplus creates a projects.dsh file for every directory in which the
projects are stored.

dshpp 1.dsh

The file dshpp __1.dsh is a management file for all the files of a pro-
ject. It contains a list of all the files which belong to a project.

Furthermore, the connections between the parameter and result
files are saved in the file dshpp 1.dsh (also see chapter 4, 4.6
Save result).

DSHplus creates a dshpp _ 1.dsh file for every project.

dshpp __1.cpp

The file dshpp __ 1.cpp contains the source code of the entire model.
It is created during model formation from the source code of the
components and the connections of the circuit diagram. A direct in-
tervention into the source code of a model can be useful under cer-
tain circumstances, a more detailed description of its structure can
be seen in chapter 6.

dshpp__1.dll

The file dshpp__1.dll is a dynamic link library of a project. It is cre-
ated from the cpp file. The user is not able to make changes in this
file.

dshpp__ 1.grf

The file dshpp _ 1.grf contains the graphic description of the model,
i.e. in this file the arrangement of the components and their connec-

tions are saved. It is automatically created from the circuit diagram
of the model when the model input is terminated.

dshpp__1.sgr
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In file dshpp _1.sgr, all the information on the configuration of the
on-line graphics and the result graphics are saved. It is always up-
dated when a project is terminated so that the configurations are
again available the next time the project is opened.

e dshpp_ 1.str

All the information on the connections of the components are saved
in the structure file dshpp _ 1.str. It is created from the graphical
connections of the components after the model has been put in.

e dshppnnn.par

The files dshppnnn.par contain the parameter sets which have been
saved for the model with the project number pp, nnn representing
the number of the parameter set. The number of parameter files in
one project correspond to the number of result sets and parameter
sets saved.

e dshppnnn.erg
The files dshppnnn.erg contain the simulation results, nnn repre-
senting the number of the result set. The number of result files in
one project correspond to the number of results saved.

e dshpp_ 1.ken
If look-up tables are used in one project, they are saved in the file

dshpp__1.ken. The look-up tables file is always created, even if no
look-up tables are used.

2.2 Files of the library
The component models in DSHplus are composed of three parts
e Mathematical description,

e Standard parameter set and
e Component symbol
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and are allocated to different assemblies and subassemblies. These
files are stored in the library files. The following table contains a list of
the library files with their contents.

File

Contents

dsh36_StdLib.daz

dsh36_StdLib.par

dsh36_StdLib.ein

dsh36_StdLib.vg

dsh36_StdLib.grb

dsh36_StdLib.html

dsh36_StdLib.fmo

dsh36_StdLib.dia

AnyName.dat

AnyName.par

AnyName.ein

AnyName.vg

AnyName.gru

AnyName.dia

Mathematical descriptions of the DSHplus
specific components (cannot edited)

Standard parameter sets of DSHplus specific
components. ASCI-text file that should not be
edited by the user.

List of the standard units. ASCI-text file that
should not be edited by the user.

Symbols of the DSHplus specific components
(cannot be edited)

Sub-division of the DSHplus specific compo-
nents in assemblies and subassemblies
(cannot be edited)

Template file for HTML-based reports. Can
be edited but will be overwritten by a library
update.

Data sets of the fluids

A file, that includes links to special parameter
dialogs.

Mathematical descriptions of the user-defined
components

Standard parameter sets of the user-defined
components

List of the user-defined units

Symbols of the user-defined components
(cannot be edited)

Allocation of the user-defined components to
assemblies and subassemblies

A user file, that includes links to special user
specific parameter dialogs.
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File | Contents

User.ken ‘Central look-up tables library

The structure of the important files for the user is described in the fol-
lowing chapters.

3 Structure of the source code of a component

The mathematical description of the components forms the basis of
modelling. The equations describing the dynamic behaviour of the com-
ponents are stored as source code. In the following chapters, the struc-
tural design of the component descriptions is explained.

Every component description is organized as per the same formal
structure which is used with every element. It contains the following
points:

e Definition of category

e Definition of parameters

e Definition of variables

e Definition of auxiliary parameters

e Definition of auxiliary functions

e Definition of exit functions

e Definition of functions

e End designation of component description

The following sections give a more detailed description of the individual
points.

Note:
e Both the compiler and DSHplus take capital and small initial letters

into consideration. Thus it is absolutely necessary to adhere to the
given notation (this also true for capital letters in a word.
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3.1 Definition of category

Every component is created as category. The name of the category
corresponds to the name of the component and is placed at the begin-
ning of every component description behind the keyword class. A
comment which can be used for information on the component can fol-
low. The definition of the category ends with public:.

Example:

c1ass Servo22HydraulicCharacteristics {

___________________________________________________________ "‘/
& 2/2 directional control valve (Stroke>Strokemin P->A)*/
JE Field of characteristics for the aperture /)
*  cross-section of the metering edge hydraulic spool */
/*  control */
/ ___________________________________________________________ 7’:/
public:
Note:

e The key word class, the class name, and the brace { have to stand
in one line.

3.2 Definition of parameters

The definition of the category is followed by the definition of the pa-
rameters with their file types. After the keyword // Parameters, all the
parameters characterizing the component are listed.

Please see that the parameters are only defined here. Assignment of
the parameters with numerical values is only effected when initializing
the model.

Example:

// Parameter
LDOUBLE Strokemax;
LDOUBLE Strokemin;
LDOUBLE PistonMass;
LDOUBLE PistonDiameter;
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LDOUBLE BreakawayFrictionForce;
LDOUBLE MixedFrictionForce;
LDOUBLE SpeedMixedFriction;
LDOUBLE Viscousbamping;
LDOUBLE Springstiffness;
LDOUBLE SpringPretensioning;
LDOUBLE AlphaDPA;

LDOUBLE Epsilon;

LDOUBLE Rho;

LDOUBLE OverlapStrokePA;

int CharacteristicEdgePA;

Explanations to the example:

In general, only LDOUBLE, int and PTCharacteristic are used as vari-
able types in DSHplus. Component parameters are defined as LDOU-
BLE, integral numbers (serial numbers, numbering, plus/minus signs,
etc.) as int and look-up tables as PTCharacteristic. LDOUBLE and
PTCharacteristic are simplified spellings which have been determined
in DSHplus.

Note:

e The line comment // of C++ is used as marking of keywords in the
DSHplus models. In order to avoid any errors when creating a
model, it is not to be used for program comments. They have to be
marked line by line with /*... */.

3.3 Definition of auxiliary parameters

Additional values which are only to be used internal to the categories,
are defined under // Auxiliary Parameters. Auxiliary parameters can be
allocated with the results of constant terms which result from the con-
nection of component parameters and which are often used in the dif-
ferential equations. Calculation of the auxiliary parameters is made in
the auxiliary function which is called once at the beginning of a simula-
tion run after assignment of the component parameters. This procedure
increases clarity of the models and minimizes the calculation time.

Calculation of the auxiliary parameters is not to contain any variable! If
an auxiliary value is needed the calculation of which also contains vari-
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ables, another method has to be chosen which is described in chapter
6, 2.1.

Example:

/7 AuxiliaryParameter
char* ElementName;
char* ParameterName;
PTCharacteristic CharPA;
LDOUBLE KPA;

LDOUBLE Q;

Int Calculated;

LDOUBLE Area;

LDOUBLE Strokeoffset;

LDOUBLE Acceleration;

LDOUBLE Foutside;

LDOUBLE FlowForceCoefficient;

Explanations to the example:

With an hydraulically controlled valve, the cross-sectional area of the
valve spool is needed for calculation of the spool acceleration. As it is
not directly given as parameter, the auxiliary parameter Area is defined
here which is determined from the existing values in the auxiliary func-
tion.

Note:

e |t is imperative that the auxiliary parameters char* ElementName
and char* ParameterName are included as the two first parameters.

3.4 Definition of variables

Under // Variables, definition of the input values and variables as well
as the hydraulic, pneumatic and mechanic connections of the compo-
nent are made.

Chapter 6, 1.3 gives an exact description of the variables which have to
be listed in the variable list.
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Example:

// variablen
LDOUBLE *pP;
LDOUBLE *pA;
LDOUBLE *pcControll;
LDOUBLE *pControl2;
LDOUBLE *Stroke;
LDOUBLE *Velocity;

Note to the example:

e Variables are in general defined as pointer variables.

3.5 Definition of auxiliary function

The auxiliary function is called at the beginning of a simulation run. Un-
der // Auxiliary Function, the auxiliary parameters which have to be cal-
culated only once from the component parameters when starting the
simulation, are determined. If dynamically assigned memory (e.g. for
look-up tables) is needed for the component, the procedure to allocate
it is called here.

Calculation of the auxiliary parameters must not contain any variable! If
the calculation of an auxiliary value contains also variables, another
method has to be chosen which is described in chapter 1.3.

Example:

// AuxiliaryFunction
void AuxiliaryFunction (SIMSTRUCT* S)
{

if (Rho)

KPA = A]phaDPA * SQRT (2 / Rho);
else

KPA = 0;

(*MessageBox) (Error, ElementName, "KPA <= 0");

Calculated = 0;

CharPA = new TCharacteristic (CharacteristicEdgePA,
S->Model1pPfad);
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Notes to the example:

Under // AuxiliaryFunction, a plausibility test of critical parameters is
carried out. If for example the wrong input of a parameter causes a di-
vision through zero, this is retained here. The user is shown a message
in a message box.

3.6 Definition of exit function

The exit function is called at the end of a simulation run. Under
// ExitFunction, dynamically assigned memory is released here. If dy-
namic variables have been created in the auxiliary function as it is the
case with establishing an auxiliary category for look-up tables for ex-
ample, they have to be released after the simulation run has been ter-
minated. For this purpose, the function Exitfunction is provided.

Examples:

// EXTtFunction
void ExitFunction(SIMSTRUCT* S)

free (Inputold);

// EXTtFunction
void ExitFunction(SIMSTRUCT* S)

delete (CharprA);

// EXTtFunction
void ExitFunction(SIMSTRUCT* S)
{

FreerRing2 (WritePtr);
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Notes to the examples:

Dynamic memory which has been previously allocated with the func-
tions malloc, new, CreateRing1 or CreateRing2, is again released with
the functions free, delete, FreeRing1 or FreeRing2. The memory is to
be released again in order to avoid any unnecessary memory loss.

3.7 Definition of functions

The most important element of the mathematical component descrip-
tion is to be found under // Functions. The calculation specifications for
the model are defined here.

The functions start with a line comment which contains the designation
of the connection (e.g. / pP) or the variable (e.g. / Stroke). The desig-
nation of the connection of the component has to correspond for its part
to the designation of the symbol as otherwise the program is not able to
allocate a function to this connection.

Then, the function is defined with LDOUBLE Function name. Descrip-
tion of the secondary and main calculations the result of which is re-
turned to the system of differential equations with return, is placed in
braces.

In principle, all the function values which are returned to the DGL sys-
tem with return, are integrated. The output value is thus integrated from
the time derivation which is calculated in the function. An exception are
functions in the line comment of which the keyword algebra is used
(e.g. // Volume flow algebra). They are not integrated but used as alge-
braic values.

During simulation, the functions are not called one after the other so
that their sequence is not important for the function definition section.
The result of this is, however, that with some components operational
parts have to be programmed for every variable.

In total, difference is made between four different functional types and
different additional functions:
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e Functions allocated to hydraulic pressure connections

First of all, the functions allocated to a pressure connection have to
be mentioned. They supply the volume flow entering or leaving the
connection. For pressure variables, not the entire differential equa-
tion is formed but only the volume flow leaving the component as
the differential equation is allocated to the connected node. The
nodes sum up the volume flows of the connections linked to each
other and use them for calculating the pressure build-up.
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Example:

// PP
LDOUBLE Vo1FlowP(SIMSTRUCT* S)

Calculated = 1;
return (- (Q = (*CharpPA) (*Stroke - OverlapStrokePA)
* KPA * psqrt (*pP - *pA)));

e Functions allocated to pneumatic pressure connections

Formation of the differential equations for the description of the
pressure build-up and the temperature change is effected in the
node as with the hydraulic values. The equation parts necessary
are defined in the components (see chapter 5, 1.2.2). These are
terms for dV/dt, dm/dt, Tdm/dt and dQ/dt. If individual equation
parts are not applicable to the component (as they are zero for ex-
ample), they can be omitted.

Example:

// PNI dv/dt
LDOUBLE PN1lvolumeChange(SIMSTRUCT* S)

if (ShockAbsorberlAaktiv(s))

return ( *velocity * DampingAreal);
else

return ( *velocity * PistonAreal);

}
/7 PN1 dm/dt
LDOUBLE MassFlowl(SIMSTRUCT* S)

return (AuxiliaryMassFlowDampingl);

// PN1 Tdm/dt
LDOUBLE MassFlowl_multiplied_temperature(SIMSTRUCT* S)

return (MassFlowl(S) * TMassFlowDampingl);
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// PN1 dqQ/dt
LDOUBLE HeatFlowl(SIMSTRUCT* S)

Féfurn (HeatFlow (Alpha, wallArea,
wallTemperature, *T1));

e Functions for calculation of component internal variables

Differential equations for component internal values represent a
second functional type. The variable allocated to this function has to
be mentioned in the variable list at the beginning of the component
description. It has, however, not in any case to be put out as com-
ponent output.

These functions are used for example with volumes inside the com-
ponent which do not have any connection to other components or
with calculations of stoke and speeds.

Example:

// Velocity _ _
LDOUBLE VelocityDeriv (SIMSTRUCT* S)

Acceleration = ( (*pControll - *pControl2) * Area
- *Velocity * ViscousDamping
+ SpringForce
- FlowForceCoefficient * (awl + aw2))
/ PistonMass;

if (((*stroke >= Strokemax) && (Acceleration >=
|| ((*stroke <= Strokemin) && (Acceleration <=
return (0.);
return (Acceleration);

(el
AN
(AN
—

e Integration functions allocated to signal outputs

Another type are the functions calculated by means of integration
and allocated to a signal output, that means that the variable is not
mentioned under //Variable. As integration is effected in the con-
nected node, the functions of this type are not calculated unless this

192 © FLUIDON® GmbH 2008



User Manual 5 Model structure

connection is used. If the output is not connected, the function is not
calculated.

Example:

class Integrator {

// Functions
// output
LDOUBLE Out(SIMSTRUCT* S)

return (*Input * Ki);

};
// End

If the variable is to be calculated in any case and is to be put out to
a connection without disappearing as internally mentioned variable
an additional variable is introduced. For reasons of simplicity, both
have the same name but are differentiated by capital or small initial
letters. The function allocated to the output is of the type algebra
and its return value is the variable.

Example:

class Integrierer {

// variablen
LDOUBLE *exit;

// Funktionen
/7 exit )
LDOUBLE outPoint(SIMSTRUCT* S)
return (*input * Ki);

// output algebra
LDOUBLE Out(SIMSTRUCT* S)

return (¥output);

}
2
// End
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Algebraic functions

A last type are the functions which are not used for calculation of a
differential equation but for an algebraic function. These functions
are marked by means of the keyword algebra behind the allocated
variable name comment. They are allocated to the mechanical con-

nections and signal outputs which are not calculated by means of
integration.

Example:

/7 Volumefiow algebra
LDOUBLE VOlFlow(SIMSTRUCT* S)

if (calculated)
return (Q);
else

return (Q = (*CharPA) (*Stroke - oOverlapStrokePA)
%* KPA %* psql"t (f:pp _ *pA)),

Additional functions

Additional functions are functions which are frequently required in
the component but which have to be calculated only once. They are
in general directly placed behind // Functions (The normal stan-
dards of C++ apply). Additional functions have to be placed in front
of the position in the source code at which they are called.

Example:

// Functions

LDOUBLE LaminarfFriction (SIMSTRUCT* S, LDOUBLE
*VolumeFTow)

Re = FABS (ConductanceRe * *VolumeFlow) ;

if (Re < 2300.)
return (*volumeFlow * Conductance * 64);
if (Re < 2400.)
return ( *VolumeFlow * Conductance
* (=994 + 0.46 * Re));
if (Re < 7100.)
return (*volumeFlow * Conductance
* (39.53191 + 0.0293617 * Re));
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if (Re < 21000.)
return ( *VolumeFlow * Conductance
* (88.63309 + 0.022446 * Re));
if (Re < 65000.)
return ( *VolumeFlow * Conductance
* (206.81818 + 0.01681818 * Re));
return (*volumeFlow * Conductance * 0.02 * Re);

/! p1

e Limit function

The limit function is an additional function to the differential equation
of a variable with which the effects can be taken into account when
the variable exceeds its limit value.

If for example the piston of a directional valve gets to its limit stop
(Stroke = Strokemax), the stroke is limited to its limit value Stroke-
max. Achieving this limit stop also has its effects on the speed of
the piston which has to be set to zero although the limit value has
not been exceeded (see illustration).

Stroke A
Strokemax
Time
Velocity A
Time

Stroke and velocity when a limit stop is achieved

If achieving the limit value of one variable affects another variable, a
second function to this variable is defined which describes its be-
haviour when the limit value is exceeded. A limit function is called
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with the variable name to which the ending Limit() is added. The re-
sult of the limit function returned with return is not integrated.

If a variable exceeds a limit value, it is checked whether a limit func-
tion exists and can be called, if necessary.

The following illustration shows the integration of limit functions into
the simulation process.

Initializing,
load start values

Yes

\

Call of the
differential equation

Y

Integration
Limit value Yes
exceeded? *
Call limitation function,
No set limits

Save integration
results

!

Simulation time No
exceeded?

A

Yes

Call exit funkcion

Simulation process in DSHplus

Example:

/7 velocity ) o
LDOUBLE veloci tyLimi t(SIMSTRUCT* S)

if (((*stroke >= strokemax) & (*velocity >= 0.)) ||
((*stroke <= strokemin) & (*velocity <= 0.)))
return (0.);

else
return (*velocity);
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}

e Volume correction function

The volume correction function is an additional function to hydraulic
connections. If the volume belonging to a pressure variable is vari-
able (e.g. with a cylinder), adjustment of the volume is required in
the node with which the pressure connection is linked. Similar to the
limit function, a second function to this variable is defined which cor-
rects the volume of the node. This function is called by the variable
name to which the ending VolumeCorrection is added. The result of
the volume correction function returned by return is not integrated.

If the status equation of a variable is formed, it is checked whether
a correction function to this variable exists and can be called, if

necessary.

Example:

class Cylinder

// Functions

// pl1
EDOUBLE volumflowl(SIMSTRUCT* S)

}
/7 pl -
LDOUBLE plvolumeCorrection(SIMSTRUCT* S)

{

return ((*stroke - strokemin) * Areal);

3.8 End of component description

The keyword // End marks the end of the component description:

// End
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4 Standard parameters and standard starting values

All component parameters and variables have to be pre-allocated with
values prior to the simulation start. In the StdLib3.par file or in the
User3.par file, standard values for every component parameter and
standard starting values for every variable are stored with which the
parameters and variables of the components can be pre-allocated after
creating the model.

Furthermore, the units which are to be allocated in series to the respec-
tive parameters and variables as well as the related conversion factors
to the Sl-unit are determined in the *.par files.

The lists of the parameters and variables of the components in the *.par
files is made up as follows:

element Component Name
// Parameter _ _
Parameter Standard value Conversion factor Standard unit

// variables ) )
variable Standard value Conversion factor Standard unit

./ End
Notes:

The conversion factor is calculated from

_ Standard unit
Conversion factor = —————

SI unit
Example:

element Servovalve22P

// Parameter
volumeFTow 30. 1.66666667E-5 1/min
PressureDifference 35. 1.E5 bar
Strokemax 1. 1.E-3 mm
Strokemin 0. 1.E-3 mm
overlap 0. 0.01 %
InputMax 1. 1.
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// Variables

pP 0. 1.E5 bar
pA 0. 1.E5 bar
Input 0. 1.
// End
5 Unit file

In DSHplus, all the parameters and variables can be put in and put out
in any possible unit. The units available in series in DSHplus are ar-
ranged in subassemblies in the Sl unit together with their conversion
factors and stored in the dshplus.ein or dsheplus.ein file (excerpt):

/* File dsheplus.ein */

//Group unit Factor
Length m 1
Length dm 0.1
Length cm 0.01
Length mm 0.001
Length microm 0.000001
Length in 0.0254
Velocity m/s 1
velocity mm/s 0.001
Velocity in/s 0.0254
Acceleration m/sA2 1
Acceleration mm/sA2 0.001
Note:

e The conversion factor into the Sl unit is calculated from

i Standard unit
Conversion factor =———
ST unit

6 Structure of the source code of a simulation model

DSHplus offers the user the possibility to see an existing model on the
level of the source code and to intervene there. This enables adapta-
tion of the model variants pre-set by the component library to the re-

© FLUIDON® GmbH 2008 199



5 Model structure DSHplus

quirements of the respective user or can be used for better understand-
ing the system by trying to understand the model mathematics. In con-
trast to the extension of the component library, intervention into the
source code of a model requires further knowledge on the model struc-
ture as the user now has to process functions which run in the back-
ground when the model is automatically created by means of DSHplus.

Input of simulation models in DSHplus is effected in the input mode
which is activated by the menu point NEW... in the PROJECT menu or by
the menu point PROCESSING in the MODEL menu. In the input mode,
the component library is open which enables the user to create new
simulation models in the form of a circuit diagram. This circuit diagram
forms the basis of the further automatic creation of a model.

The model source code established by DSHplus is subdivided into two
large zones which on their part are also subdivided into smaller func-
tional units. The first zone includes the descriptions of the individual
components used in the way they are stored in the library (see chapter
6, 3). The second zone includes all the functions created for the calcu-
lation of the entire simulation model. These are in particular the com-
ponent definition, initialization, the exit function, the limit values, the dif-
ferential equation function, the limits and the data function.

I
———
1 2
: @
Pipe1i
L 4
Pipe2
1 1
W /¢ g —
/ ><C TT % < -
Signal ® O @0
Valve ;
Functiongenerator
- ® . — Lo
PressurelLine
§PRV
Pump

Circuit diagram of the example model
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The individual sections of the model source code are described in detail
in the following by means of the sample model shown on the right.

A cylinder is actuated by means of a 4/3 way proportional valve con-
trolled by a function generator. The pressure supply which is secured

by a pressure relief valve, is effected by a pump.

The following sections describe the source code which is generated
from the graphic structure of the model on the drawing area.

6.1 Header of the model source code

The most important information to the model and the Include files can
be seen from the header of the source code of a model.

Example:
/) Title: Example model
// Author: FLUIDON GmbH
/7 Info: Example model for the user manual
/7 Datum: 26.07.1999 10:32

#include "dgltool.h"

Explanations to the example:
The include file dgltool.h includes the function prototype declarations

for the library functions. If required, more include files are added.

6.2 Component descriptions in the model source code

The section Component description includes the descriptions of all the
components used in the simulation model. They correspond to the
source code of the components stored in the component library.
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/* 4/3 directional control valve (Stroke>0 P->A B->T,

/* Stroke<Q P->B A->T)

/* Spool] stroke proportional to input signal

/* Field of characteristics the aperture cross-section of
/* each metering edge

,/f (pP, pT, pA, pB, Stroke, Input)

S e e e O

// Parameter

};
// End

Explanations to the example:

Every component is only listed once, even if it is used several times in
the model. For every component, an instance of the category is cre-
ated.

6.3 Component definition

This part of the program allocates the corresponding component de-
scriptions to the names allocated by the user (Defining an instance of
the class).

Example:
*_______7____7_7_7___________________'T_T_T ________ v
/* Bauteildefinitionen / component definition #/
. ____ :.‘/
HydroNode PressureLine;
SignalNode Signal;
Pump Pump;
FunctionGenerator Functiongenerator;
CylinderwithFriction Cylinder;
Servovalve43PCharacteristics valve;

LDOUBLE *null;
LDOUBLE *TNO rm;
LDOUBLE *EinBarAbs;
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Explanations to the example:

The component designation is written on the right and the name allo-
cated by the user on the left.

6.4 Initialization

In the Initialization section, every component is allocated its specific
component parameters. All the parameters used in the model are listed
and the related value is called from the parameter file.

Furthermore, the auxiliary functions are called here as far as auxiliary
functions have been defined in the component descriptions of the ele-
ments. In this way, the values which have only to the updated once per
simulation run, are calculated in advance.

Example:
"L_____.__.___.__.___________,","_."".""""""""""L/
/* Initialisierung / Initialization ?;
¥oid Initialisierung (DATA *dat, SIMSTRUCT *S)
if (Inull)
null (LDOUBLE *) malloc (sizeof (LDOUBLE));

*null 0;

}

valve.oOverlapBT

LoadParameter(dat, "valve.OverlapBT");
valve.InputMax

LoadParameter(dat, "valve.InputMax");

Pipe2.AuxiliaryFunction(S);
Pipel.AuxiliaryFunction(S);
PRV.AuxiliaryFunction(s);
Pump.AuxiliaryFunction(S);
Functiongenerator.AuxiliaryFunction (S);
Cylinder.AuxiliaryFunction(S);
valve.AuxiliaryFunction (S);
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Explanations to the example:

The syntax for the designation of the parameters is ,,Component-
Name.Parameter”.

After the parameters have been loaded, the auxiliary functions are

called. The auxiliary functions are designated by ,Componentl-
Name.AuxiliaryFunction()*.

6.5 Exit function
If dynamic variables are created in a model, they have to be released
again in the exit function. They are called after termination of the simu-

lation run.

The exit function is designated by ,ComponentName.EXxitFunction()*.

Example:
et */
/* ExTtFunktion / Exit function #/
____________________________________________________ :.‘/

¥oid ExitFunktion (SIMSTRUCT *S)
}f (null)

free (null);
) null = NULL;

Functiongenerator.ExitFunction(S);
valve.ExitFunction(S);

6.6 Limit values

The minimum and maximum values of all variables are listed in the limit
values function. If an upper limit or lower limit of a variable exists, these
values are listed here. Otherwise, -1 bar is indicated as lower limit for
pressure variables and +/- 1.E99 (+/- 1.E99 corresponds to infinite) for
other variables.
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After every integration step, it is checked whether the limit values are
exceeded. If a limit value is exceeded, the exceeded value is limited
and the function Limitations is called.

Example:
/* Grenzwerte / Limits *
S :5‘/
void Limitations (GRENZWERT *yGrenz, )
yGrenz[0] .Min = -1E5;
yGrenz[0] .Max = 1.E99;
yGrenz[1l] .Min = -1E5;
yGrenz[1] .Max = 1.E99;
yGrenz[2] .Min = -1E5;
yGrenz[2] .Max = 1.E99;
yGrenz[3].Min = -1.E99;
yGrenz[3] .Max = 1.E99;
yGrenz[4] .Min = Cylinder.strokemin;
; yGrenz[4] .Max = Cylinder.strokemax;

6.7 Reset update flag

This is an auxiliary function that will be used together with future pro-
gram functionality.

Example:

void ResetUpdateFlag (SIMSTRUCT *S)
{

6.8 Differential equations

The function differential equations is the central element of the simula-
tion model and also includes, besides the actual differential equations,
the algebraic equations. First of all, the current status values are allo-
cated to the variables. This includes also external inputs to the simula-
tion model, that are taken from the simulation input vector (&Simin([i]).
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Then, all the algebraic values are updated and the differential equa-
tions are called afterwards. Finally, the derivations are transferred to
the derivation vector. The current time, the status values and the deri-
vation vector form the connection elements to the integrator.

In the differential equation part, allocation of the values is effected to
the variables from the central integration program. t represents the cur-
rent integration time, *y is the pointer of the variables and *f includes

the

pointer to the derivation values of the variables.

Example:

206
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/* Differentialgieichungen / Differential equations */

S g g g S g S S U 2

void Dgl (LDOUBLE t, _LDOUBLE *y, LDOUBLE f, LDOUBLE h,
LOUDLBE *SimIn, SIMSTRUCT *S)

{
// Rlicksetzen des Updateflags / reset of updateflag
ResetUpdateFlag(S);

// Initialisierung der Kknoten / Initialisation of nodes

PressureLine.Pressure =Yy; //0
Pipe2.Pressure = ++y; //1
Pipel.Pressure = ++Y; //2

/7 Initialisierung integrierte variablen
// Initialisation of integral variables
// Zuweisungen Knoten-Element / assignment node-element

PRV.pT null;
PRV.pP PressureLine.Pressure;
Pump . pP PressureLine.Pressure;
Pump.pT null;
Functiongenerator.Input null;

Pipel.Pressure;

Cylinder.pl
Pipe2.Pressure;

Cylinder.p2

Cylinder.velocity = ++Y; //3
Cylinder.stroke = ++Y; //4
Cylinder.Load = null;

Cylinder.MechF = null;

valve.pP = PressurelLine.Pressure;
valve.pA = Pipel.Pressure;
valve.pB = Pipe2.Pressure;
valve.pT = null;
SignalEingang.Inputl = &SimIn[0];
SignalEingang.Input?2 = &SimIn[1];
SignalEingang.Input3 = &SimIn[2];

// Initialisierung algebraische Knoten
/7 Initialisation of algebraic nodes
Signal.value = ++y; //5

// Initialisierung algebraische Vvariablen
/7 Initialisation of algebraic variables
valve.Input = Signal.value;

// Ausgabe algebraische Berechnungen
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// output of algebraic calculations
*Signal.value = Functiongenerator.output (S);

// Ausgabe fluidische Gleichungen / output of fluid equations
PressureLine.PressureDeriv = PressurelLine.EOi1(S)
/ PressureLine.Volume
*( PRV.VolumeFlowP (S)
+ Pump.VvolumeFlowP(S)
+ valve.vVolumeFlowP (S));

Pipe2.Correctionvolume = Cylinder.p2volumeCorrection(s);
Pipe2.PressureDeriv = Pipe2.E0il(S) /
Pipe2.Actualvolume(s)
*( cylinder.volumeFlow2(S)
+ valve.volumeFlowB (S));

Pipel.Correctionvolume = Cylinder.plvolumeCorrection(s);
Pipel.PressureDeriv = Pipel.EOil(S) /
Pipel.Actualvolume(s)
*( valve.volumeFlowA ()
+ Cylinder.volumeFlowl(S));
// Ausgabe der sonstigen Integrationsgleichungen
// output of other integral equations

// Ausgabe der Ableitungen / oOutput of derivations
f[Of PressureLine.Pdot(S);

f[1] = Pipe2.Pdot(S);

f[2] = Pipel.Pdot(S);

f[3] = cylinder.velocityDeriv(Ss);
f[4] = cylinder.strokeberiv(s);

Explanations to the example:

The allocation list of the variables is started with the volume node which
is followed by the variables of other components and the signal nodes.
Every variable of a component is either allocated a pointer to a variable
of a node or a function number for the derivation vector. The pointers
are constantly incremented. For orientation, the serial number is shown
as comment in the same line. If a variable is not connected, it is allo-
cated the value O (e.g. Valve.pT = zero).

Then, the values of the pointers are updated, the derivations of the
pressures in the nodes are calculated and the derivations are allocated
to the return vector which is integrated.
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6.9 Output function

in the Output-function section, the algebraic value are updated, before
the values to the DSHplus simulation output vector (SimOut[i]) will be
assigned.

Example:

O e e e e e e ) e e e e e e e e e ey e e e e e e e e e e e

void output (LDOUBLE t, LDOUBLE *y, LDOUBLE h, LDOUBLE
*SimIn, LDOUBLE *SimOut, SIMSTRUCT *S)

{

// Riicksetzen des Updateflags / reset of updateflag

ResetUpdateFlag(s);

// Initialisierung der Knoten / Initialisation of nodes

volume9.Pressure =Y; // 0
volume8.Pressure = ++Y; // 1
volume7.Pressure = ++y; // 2

// Initialisierung integrierte Vvariablen / Initialisation of

integral variables

// Zuweisungen Knoten-Element / assignment node-element
Constantl.Input null;
Hydro2signal4.pA Volume4.Pressure;
Hydro2signal4.Q null;

// Initialisierung algebraische variablen / Initialisation of

algebraic variables
sum5.Input3
Sum5.Inputl

upper_sSignal5.value;
upper_Signal4.value;

// Ausgabe algebraische Berechnungen / output of algebraic

calculations
*upper_Signal5.value
*upper_sSignal4.value

FuncGen5.0utput (S);
FuncGen4.output (S);

éimOut[OJ = SignalAusgangl.EingangsFunktionl (S);
Simout[1] = SignalAusgangl.EingangsFunktion2 (S);
= SignalAusgangl.EingangsFunktion3 (S);

Simout[2]
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6.10 Limitations

In the Limitations section, the value limitations of the variables which

are integrated are updated.

Example:

O e e e e e e ) e e e e ey e ey e e e e e e e e e e

void Limitations (LDOUBLE *y, SIMSTRUCT *S)
{

Cylinder.velocity = &y[3];
Cylinder.stroke = &y[4];
Cylinder.Load = null;
Cylinder.MechF = null;

y[3] = cylinder.velocityLimit(S);

6.11 Data

Dimensioning of the variable fields is effected in the Data section. The
number of hydraulic nodes as well as the total number of variables and

the total number of integrated variables are mentioned here.

Example:

O e e e e e e e ) e e e e e e ey e e e e e e e e e e e O

O e e e e e e e ) e e e e e e ey e e e e e e e e e e e O

VARDATA* Data()
{

VARDATA *Pointer;

Pointer = (VARDATA *) malloc (sizeof (VARDATA)),

Pointer- >Hyd roknotenCounter

// Anzahl der Hydrau11kknoten

// number of HydroNodes
Pointer->YCounter = 6;
// Gesamtzahl der Vvariablen
// total number of var1ab1es
Pointer->IntKnotenCounter 5;

// Gesamtzahl der 1ntegr1erten variablen
// total number of integrated variables

return (Pointer);
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6 Programming of new components

The previous chapter explained the basic functioning of DSHplus and
the basic structure of the component and model source code. The fol-
lowing chapters are to show how the user of DSHplus can program
new components and add them to the library by him/herself. Therefore,
the DSHplus specific definitions and functions and the possibility of in-
tegrating external functions is explained. And finally, the necessary set-
tings for the compiler and the linker are explained in detail.

1 Extension of the component library

The following sections give an explanation of the creation of a new
component. First of all, the programming language and the most favor-
able procedure with programming of new components are described,
and then the rules which have to be taken into account when program-
ming new components are shown.

1.1 Programming language of the component library

The components of the component library are stored as C++ source
code in DSHplus. A corresponding syntax is used which is integrated
into a DSHplus systematic. Mathematical functions are used according
to the definitions in deftyp.h or as per the C standard.

1.2 Programming of new components

The best way for programming a new component is to adapt a compo-
nent from the DSHplus specific library which is similar to the new com-
ponent. In this way, the program structure and perhaps also the pa-
rameters and variables and already existing functions and algorithms
can be used.

No modifications should be carried out in the files of the DSHplus spe-
cific library! These libraries are updated with a program update and this
means that the data of the modified components would be lost. It is
therefore recommended to copy the components which have to be
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modified into the files for user-defined components (AnyName.*) at any
case and to carry out the modifications there.

Proceed as follows in order to modify a component:

1. Copy the source code of the component which you want to modify
in your AnyName.dat file. You can get the source code from the
source of the simulation model in which you have used the pattern
component.

2. Change the component name (class NewComponent) of the com-
ponent copied into the file AnyName.dat and in the comment lines,
give a short description of your new component or the modifications
made with regard to the old component.

3. Make the adaptation of the source code.
4. Save the changes made in the AnyName.dat.

5. Open the file StdLib3.par (library path) and copy the parameters of
the component which is used as model into the file AnyName.par.

6. Change the component name (element NewComponent) of the
component copied into the file AnyName.par.

7. Under // Parameters, enter the parameters of the new component,
their standard values, the conversion factors, and the standard units
(separated by tab stops) and delete unnecessary parameters.

element NewComponent
// Parameter _
Parameter Standard value Factor Standard unit

// variables .
variable Standard value Factor Standard unit

./ End

Proceed in the same way with the variables: Under // Variables, en-
ter the variables of the new component, their standard values, the
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10.

11.

12.

conversion factors and the standard units (separated by tab stops)
and delete unnecessary variables.

Save the AnyName.par file.

If some units are required for your new component which are not
yet included in the StdLib3.ein file, include them into your user3.ein
file. To do this, into the AnyName.ein file enter the unit group to
which you want to allocate your new unit, the unit and the conver-
sion factor to the Sl unit (separated by tab stops). If for example
Decimetre had been entered as new unit, it would have been allo-
cated to the unit group length. The conversion factor would be Me-
ter 0,1 relative to the Sl unit.

Example:
Length > dm > 0.1
//Group unit Factor
Unit group Unit Conversion factor

Save the AnyName.ein file.

Call the component editor of DSHplus for designing a new symbol.
Create a symbol for the new component and allocate it the compo-
nent name NewComponent. Allocation of the component to a group
is also effected in the component editor.

For controlling the new component, create a test model in DSHplus
which enables you to check the functioning of the new component.

Create and compile the model with the program function Create +
Compile in the dialog Status model build up which is called by
means of the menu point Create model... in the Model menu.

If error messages are displayed in the compiler window or if the
new component does not yet show the behaviour required in the
test simulations, correct the source code of the component in your
user3.dat file.

214

© FLUIDON® GmbH 2008



User Manual 6 Programming of new components

13. Save the AnyName.dat file after the modifications have been made.

14. Repeat steps 12 and 14 as long as all error messages are reme-
died and the component shows the behaviour required in the test
simulations.

Notes:

e If the editor you use has a compiler or the compiler is accessible
from the editor, it is recommendable to compile the source code of
the new component first and eliminate programming errors before
checking the behaviour of the component in a test model in
DSHplus.

e Under certain circumstances it can be useful to carry out debugging

in the source code of the entire model. This procedure is described
in chapter 6, .

1.3 Programming rules

Observe the following rules when programming a new component:

e The name of the component is not to have any blanks.

e With parameters, variables and auxiliary parameters, observe the
use of small and capital initial letters (Stroke and stroke are different
variables!).

e Only block comments are to be used in the component description
(/* Comment */)). Line comments (/ Comment) are not permitted as
/" is reserved for marking of keywords.

e No comments are to be made in the parameter file.

e Please see that a blank is made between // and the keyword.

e The parameters for the limit values of a variable consist of the vari-

able name to which min or max is added (e. g. Strokemin, Stroke-
max).
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Output values are only declared as variables if they are used for
calculation of other output values.

With the component INTEGRATOR, the variable Output is not re-
quired in another component function. It is therefore not listed under
variables but only as function comment.

Examples:

class Integrator

// variables
LDOUBLE *Input;

// Functions
// output )
LDOUBLE OutputFunCt10n(SIMSTRUCT *S)

return (*Input);

If the output variable is used in a component function, it is also to
appear in the variable list. This is the case with the PT1 component
as the variable Output is used for calculation of the output signal it-
self.

class PT1 {

// variables
LDOUBLE *Input;
LDOUBLE *OQutput;

// Functions

// output )
EDOUBLE outputbDeriv(SIMSTRUCT *S)

return ((Kp * *Input - *Output) / T);

N
-
-
m
>
o

Algebraic values are not to be listed as variables.
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Hydraulic connections have to be marked with names starting with
0. The related pressure variables have the same name as the hy-
draulic connection.

e Pneumatic connections have to be marked with names starting with
,PN*. The related pressure variables have the same name as the
connection, the temperature variable is composed of a ,T* and the
name of the connection without ,PN“ (PN1, T1).

e The designations of signal connections are not subject to any rule.
The related variables need to have the same names in the source
code.

e The names of the mechanic connections can also be chosen freely.
With the designation of the three components of a mechanical con-
nection, however, some particularities have to be observed (see fol-
lowing item).

e The variables of the three components of a mechanical connection
are marked with the name of the connection to which, for transla-
toric signals, ,x“ is added for the stroke, ,v* for the velocity and ,F*
for the force. With rotary signals, ,phi“ is added for the angle,
womega“ for the angular velocity and ,M“ for the moment.

¢ In the DSHplus specific library, mechanical connections are desig-
nated with ,Mech“ or ,Mech1“ and ,Mech2“. This, however, is not
absolutely necessary.

Note:

¢ In the variable list of the components, only components of mechani-
cal connections which are input variables, may appear.

2 DSHplus specific definitions and functions

For creating of components, different definitions and functions have
been stored in DSHplus which are to facilitate programming. They are
part of the link library dsh36 DSHTools and they are defined in the
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header files deftyp2.h, dglstruc.h, dgltool.h, dglthermotools.h,
dglpipes.h, pneutools.h and meldung.h.

These definitions and functions are shown in the following chapters.

2.1 General

Integration of the simulation time into the source code

The current simulation time t can be integrated as variable into the
source code of a component. The function can be called as follows:

// Functions
// output algebra
LDOUBLE OutputFunction (SIMSTRUCT *S)

Simulationtime = S->t;

Integration of the step size into the source code

The current simulation step size h of the integrator can be transferred
as functional parameter. The function can be called as follows:

// Functions
// output algebra
LDOUBLE OutputFunction (SIMSTRUCT *S)
{
StepSize = S->h;

3

Stage of the integration method

The stage (first or other) of the integration method can be called as
function parameter. The function call is:
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// Functions

// output algebra

LDOUBLE OutputFunction (SIMSTRUCT *S)
}f (S->Flags.FirstStep == true)

}

else

FirstStep is true if the differential equation is called in the first stage of
the integrator, in other cases it is false.

Auxiliary function dependent on starting values

Should certain functions which depend on the variables are only to be
carried out at the beginning of the simulation, they cannot be carried
out under // AuxiliaryFunction as the variables have not yet been as-
signed. They have to be calculated by a function which is only be car-
ried out once at the beginning of the simulation.

How to proceed:

1. Define the auxiliary parameter FirstRun.

// AuxiliarypParameter
1nt FirstRun;

2. Initialize the auxiliary parameter in the auxiliary function to 1.

// AuxiliaryFunction
void AuxiliaryFunction(SIMSTRUCT *S)

FirstRun = 1;
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3. Have the function only calculated if FirstRun = 1 and then set Fir-

stRun to 0.

// Functions

// variableName )
LDOUBLE VariableNameFunction(SIMSTRUCT *S)

}f (FirstRun)

FirstRun = 0;

1

2.2 Deftyp2.h

The file deftyp2.h contains macros and definitions that allows an inde-
pendence of different compilers and a simplification of modifications.

2.2.1 Data format depending functions

In order to avoid compatibility problems with different data formats
(80 Bit or 64 Bit), the most important mathematical functions have been
newly defined in DSHplus. These functional macros should be always

used.

#define LDOUBLE Tong double

#define SIN
#define ASIN
#define cos
#define ACOS
#define TAN
#define ATAN
#define ATAN2
#define HYPOT
#define SQRT
#define EXP
#define LOG
#define LOG10
#define PoOw
#define POw10
#define CEIL
#define FLOOR

#define FMOD

sin
asinl
cos|
acos|
tanl
atan]
atan2]
hypot
sqrtl
expl
Togl
Togl0T
pow]l
powlQT
ceill
floor]

fmod1
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#define MODF modf1

#define FABS fabs1

#define STRTOD _strtold
#define ATOF _atold

#define EPSILON LDBL_EPSILON
#define EPS FLT_EPSILON
#define EPS100 100 * EPSILON

Example:

In the source code of a component, the definition of a Parameter of the
data type long double is:

// Parameter
LDOUBLE Parameter;

The function for calculation of the absolute value of a Variable of the
data type long double is:

Absolutevalue = FABS (variable);

2.2.2 Mathematical constants

Furthermore, fixed numeric values are allocated to frequently used
constant values - especially constant terms from the constants zand e.
Calculation time can be saved in this way as the values have not to be
calculated again with every calculation step.

.71828182845904523536
.44269504088896340736
.434294481903251827651
.693147180559945309417

#define M_E
#define M_LOG2E
#define M_LOG1OE
#define M_LN2

#define M_LN10 .30258509299404568402
#define M_PI .14159265358979323846
#define M_PI_2 .57079632679489661923

ORPRWNOORLN

#define M_PI_4 .785398163397448309616
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#define M_1_PI
#define M_2_PI
#define M_1_SQRTPI
#define M_2_SQRTPI
#define M_SQRT2
#define M_SQRT_2

Explanations:

Constant

M E
M_LOG2E
M_LOG10E
M_LN2
M_LN10
M_PI

M Pl 2
M Pl 4
M 1 Pl
M 2 Pl
M_1_SQRTPI
M_2_SQRTPI

M_SQRT2
M_SQRT 2

0.318309886183790671538
0.636619772367581343076
0.564189583547756286948
1.12837916709551257390
1.41421356237309504880
0.707106781186547524401
Mathematical |Value
notation
e 2.71828182845904523536
log, e 1.44269504088896340736
log e 0.434294481903251827651
In2 0.693147180559945309417
In 10 2.30258509299404568402
T 3.14159265358979323846
z 1.57079632679489661923
: 0.785398163397448309616
% 0.318309886183790671538
% 0.636619772367581343076
1 0.564189583547756286948
Jr
2 1.12837916709551257390
Ix
J2 1.41421356237309504880
g 0.707106781186547524401
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Example:

The formula for the calculation of the cross-sectional area of a cylinder
piston from the parameter Piston diameter in the source code of a
component is:

Area = M_PI_4 * sqr (PistonDiameter);

2.2.3 Mathematical functions

In addition, some functions suitable for hydraulics and which do not be-
long to the standard functions of C++, have been defined and are avail-
able to the user with programming (Macro definitions).

/* File deftyp2.h */

#ifdef __cplusplus
#define max(x,y) (((x
#define min(x,y) (((x
#endif

#define sign(x)
#define psqrt(x)
#define sqr(x)

((x <0 ?-1:1D
(s
i (C
#define cub(x) EE
¢

RT (FABS (x))'* sign (x))
) * (X))

% *(x) * (X))
)

#define h4(x)
#define h5(x)

FOx) F(x) *Fo(x)
FOOOF )T F (X))

—/

Explanations:

Function call Mathematical notation
max(x,y) Max(x,y) = x for x>y

max(x,y) =y for x<y
min(x,y) min(x,y) = x for x <y

min(x,y) =y forx >y

sign(x) sign(x) = -1 forx <0
sign(x) =0 forx=0
sign(x) =1 forx>0

psqri(x) psart(x) =sign(x)-y[[x|
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Function call Mathematical notation
sqr(x) sqr(x) = x*?

cub(x) cub(x)=x°

h4(x) h4(x)=x*

h5(x) h5(x)=x°

Note:

e The function psqrt (x) is required for calculation of the Bernoulli
equation in order to be able to find the roots of negative pressure
differences.

2.3 dgistruc.h

The header file dglstruc.h defines some structures that are used in the
simulation model and for the transfer of data from DSHplus to the simu-
lation model.

Since the structures are used just in the automatic functions and not in
user defined components, they will not be explained in detail.

2.4 dgltool.h

With the header file dgltool.h the user has a number of functions that
are often used in the hydraulics and in the DSHplus simulation models.
These functions can be called while programming new components,
they need not to be newly implemented every time.

2.4.1 Hydraulic functions

Coefficient of an orifice

The coefficient of an orifice can be calculated from its parameters Vol-
ume flow and Pressure difference by means of the function CalcCoeffi-
cient. The function can be called as follows:
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Value = CalcCoefficient (VolumeFlow, PressureDifference);

Note:

The function CalcCoefficient is calculated as per the formula

VolumeFlow
\/ PressureDifference

Value =

Coefficient of an adjustable orifice

The coefficient of an adjustable orifice can be calculated from its pa-
rameters Volume flow and Pressure difference by means of the func-
tion CalcAdjustCoefficient. The function can be called as follows:

value = CalcAdjustCoefficient (volumeFlow, _
PressurebDifference, Signal);

Note:

The functional parameter Signal is the maximum input signal of the
function. The coefficient refers to the maximum opening of the orifice.

The function CalcAdjustCoefficient is calculated as per the formula

VolumeFlow

Value =

\/ PressureDifference - Signal

Conductance of a throttle

Conductance of a throttle can be calculated from its parameters Vol-
ume flow and Pressure difference by means of the function CalcCon-
ductance. The function can be called as follows:

value = CalcConductance (VolumeFlow, PressurebDifference);
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Note:

The function CalcConductance is calculated as per the formula

VolumeFlow

Value = -
PressureDifference

Conductance of an adjustable throttle

Conductance of an adjustable throttle can be calculated from its pa-
rameters Volume flow and Pressure difference by means of the func-
tion CalcConductance. The function can be called as follows:

value = CalcAdjustConductance (volumeFlow, _
PressureDifference, Signal);

Note:

The functional parameter Signal is the maximum input signal of the
function. The conductance refers to the maximum opening of the throt-
tle.

The function CalcAdjustConductance is calculated as per the formula

VolumeFlow

Value =
PressureDifference - Signal

Conductance of a technical resistor

Conductance of a technical resistor can be calculated from its parame-
ters Volume flow and Pressure difference by means of the function
CalcConductanceExpo. The flow characteristics is adjusted by means
of the exponent (Expo). The function can be called as follows:

value = calcConductanceExpo (VolumeFlow, PressureDifference,
EXpo) ;
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Note:

The function CalcConductanceExpo is calculated as per the formula

VolumeFlow

Value = —
(Pr essureDiﬁ‘erence) ”

The exponent is in the range of Expo = 0,5..1.

Conductance of an adjustable technical resistor

Conductance of an adjustable technical resistor can be calculated from
its parameters Volume flow and Pressure difference by means of the
function CalcAdjustConductanceExpo. The flow characteristics is ad-
justed by means of the exponent (Expo). The function can be called as
follows:

value = CalcAdjustConductanceExpo (VolumeFlow,
PressurebDifference,
Signal, Expo);

Note:

The functional parameter Signal is the maximum input signal of the
function. The conductance refers to the maximum opening of the resis-
tor.

The function CalcAdjustConductanceExpo is calculated as per the for-
mula

VolumeFlow

Value = —
(Pr essureDiﬁCerence) . Signal

The exponent is in the range of Expo = 0,5..1.

Volume flow through variable orifice

The function VarFlow calculates the volume flow through a variable ori-
fice with stroke offset (overlapping) from its parameters Coefficient and
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Stroke Overlapping and from the variables Pressure difference and
Stroke. The function can be called as follows:

value = varFlow (Coefficient, PressureDifference, Stroke,

Notes:

Strokeoverlapping);

The volume flow through the orifice is calculated with every simulation
step. The function is used for flow calculation with valves.

Volume flow through a circular section or triangular section

For realizing volume flows through specific area sections (triangle, cir-
cle), a particular category exists. In DSHplus, the function TFlow-
ThroughArea is available with which volume flows and the arising flow
forces can be calculated by means of circular and triangular sections.

If this function is to be used in a component, the following rules have to
be taken into account when creating the source code:

1. The parameters which are to remain variable after model formation
have to be declared in the parameter list.

// Parameter

int TriangleCircle

int Quantity

LDOUBLE
LDOUBLE
LDOUBLE
LDOUBLE

LDOUBLE

AlphabD
Rho
Height
width

Epsilon

e E TR E R Y

* Triangle: TriangleCircle = 1 *
* Circle: TriangleCircle = 0
* Number of triangular or
* circular cross sections
* Flow coefficient

* Density of the fluid

* Triangle: Height

* Circle: Diameter

* Triangle: width

* Circle: width = 0)

* flow angle for the flow
* force calculation

o

s sk S

*

E R IRt

e
NN N

*
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2. In the list of the auxiliary parameters, a Special section of the type
PTFlowThroughArea is defined for every specific section.

// AuxiliaryParameter ) )
PTFlowThroughArea SpecialCrossSection;
LDOUBLE FlowForce;

3. In the list of the variables, the pressure in front of the special sec-
tion (pP), the pressure behind the special section (pA) and the
stroke have to be defined as variables.

// Variables
LDOUBLE *pP;
LDOUBLE *pA;
LDOUBLE *Stroke;

4. For every volume flow through a specific section, create an instance
of the type TFlowThroughArea to which the parameters are trans-
ferred in the auxiliary function by means of the function new.

// AuxiliaryFunction
void AuxiliaryFunction (SIMSTRUCT *S)

SpecialCrossSection = new TFlowThroughArea

(TriangleCircle, Quantity, AlphaD,
Rho, Height, width, Epsilon);

5. This instance has to be released again in the exit function (delete).

// ExXTtFunction
void ExitFunction(SIMSTRUCT *S)

delete (SpecialCrossSection);
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6. The functions for the volume flow and the flow force are called in
the functional part of the component descriptions:

// Functions
// output algebra
LDOUBLE oOutputvValue(SIMSTRUCT *S)

return ((*SpecialcCrossSection) (*Stroke, *pP - *pA));

}

// velocity )
LDOUBLE veloci tyDeri V(SIMSTRUCT "‘S)

FlowForce = SpecialCrossSection->FlowForce (*Stroke,
'«'pr - ‘c"‘pA);

Note:

e The designations TFlowThroughArea and TFlowThroughArea*
are identical.

Compression modulus of the fluid

Dynamic calculation of a fluid power system is done in DSHplus using a
variable pressure dependent compression module of the fluid (re-
placement compression module). For pressure calculation in the node,
a compression module is used which is dependent on the portion of
undissolved air, on the percentage of the volume change with a refer-
ence pressure and on the pressure.

Up to a limit of 0.01 mbar, an expansion of undissolved gas in oil is cal-
culated, then the compression module is kept constant.

The following illustrations show the dependence of the compression
module.
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Compression module of fluid in the range of 0 to 40 bar

Note:

Internally, DSHplus calculates with relative pressure as is customary in
hydraulics and not with absolute pressure. Thus, the lower limit of the

pressure is -1 bar. (pDSleus = Pabsolute - pAtmosphere)

The functions EOelCorrection and EOel Correction are available for
integration of the compression module of the fluid into the source code
of the components.
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The function EQOel _Correction calculates the replacement compression
module of the fluid depending on the pressure and the portion of undis-
solved air. The function can be called as follows:

value = EOel_Korrektur (EOil, PartundissAir,
PolytropicExponent, *Pressure);

The function EOelCorrection calculates the replacement compression
module of the fluid only depending on the pressure. The function can
be called as follows:

Value = EOelKorrektur (EOil, *Pressue);

A combination of both functions is generally used.

Viscous friction inside a tube

The function CoefficientOfFriction calculates the coefficient of viscous
friction inside a tube in dependence of the reynolds number (Re) and
the relative roughness (relRoughness) of the tube.

value = CoefficientOofFriction (Re, relRoughness, epsilonf);

Note:

The return value is calculated with an iteration. epsilonf is a parameter
for the accuracy of the iteration.

Laminar factor

The function LaminarFactor calculates a correction factor depending on
the pressure difference. This factor limits the gradient of the orifice flow
for low pressure differences. Thus the numerical stability of the system
and the function of the step size control increase.
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Value = LaminarFactor (DeltaP);

Note:

The use of the function is just useful in combination with an orifice flow.
With laminar flow the function has no effect.

2.4.2 Other functions

In DSHplus, a number of general functions are available which are
constantly used. They can be called when new components are pro-
grammed and do not have to be re-implemented every time. These
functions are explained in the following sections.

Velocity dependent friction

Velocity dependent friction can be calculated by means of the function
StribeckFrictionForce according to the Stribeck graph.

Friction force

Breakaway force

Mixed friction force

A

Viscouse damping

Speed mixed friction Velocity'

Stribeck graph

The function can be called as follows:

Value = StribeckFrictionForce (*velocity, FOutside,

BreakawayFrictionForce,
MixedFrictionForce,
SpeedMixedFriction,
ViscousbDamping) ;
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Notes:

The course of the Stribeck graph is defined by means of the parame-
ters BreakawayForce, MixedFrictionForce, SpeedMixedFriction and
ViscoseDamping. FOutside is the sum of all external forces. It is used
as reference force in the calculation of the velocity dependent friction
as the friction forces can never be higher than the forces applied.

Look-up tables

Look-up tables indicate the relations between two or more variables
which cannot be described by a mathematical function or can only be
described with difficulty.

In DSHplus, one-dimensional, two-dimensional and three-dimensional
look-up tables are available as signal transmitting elements or as in-
strument for parameterization of components.

A look-up tables is put in via the look-up tables editor which is de-
scribed in chapter 4, 3.11.

If you want to use look-up tables in a component, some rules have to
be complied with when creating a source code:

1. Declare the numbers of the look-up tables in the parameter list as
parameters (FieldOfCharacteristicsVariableName). The parameter
names for the numbers of the look-up tables have to include the
word FieldOfCharacteristic.

Look-up tables are allocated by names in the model, however, in-
ternally managed by numbers. Thus, an int value is indicated as pa-
rameter.

// Parameter o )
int FieldofcharacteristicsVariableName;
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2. In the list of the auxiliary parameters, declare a FieldOfCharacteris-
ticsinternalName of the type PTCharacteristic for every look-up ta-
bles.

// AuxiliarypParameter o
PTCharacteristic FieldofCharacteristicsInternalName;

3. The input values of the look-up tables have to be defined as vari-
ables in the list of variables.

// Variables
LDOUBLE *Input;

4. For every look-up tables in the auxiliary function generate an in-
stance of the type TCharacteristic by means of the function new to
which the name and the look-up tables data are transferred (Datin
is a file handle which is automatically transferred to the auxiliary
function).

// AuxiliaryFunction
void AuxiliaryFunction (SIMSTRUCT *S)

FieldofcharacteristicsInternalName

= new TCharacteristic (FieldofCharacteristics
VariableName, S->ModellpPfad);

5. This instance has to be released again in the exit function (delete).

// Exitfunction
void Exitfunction(SIMSTRUCT *S)

delete (FieldofcharacteristicsInternalName);

6. Look-up tables are called by their FieldOfCharacteristicsinternal-
Name in the functional part of the component descriptions:
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// Functions
/7 output algebra
LDOUBLE oOutputvValue(SIMSTRUCT *S)

return ((*FieldofcCharacteristicsInternalName) (*Input));

Notes:

e The designations PTCharacteristics and TCharacteristics* are iden-
tical.

e The procedure for two-dimensional and three-dimensional look-up
tables is effected in the same way. Two-dimensional look-up tables
are called as follows:

Value = (*FieldofcharacteristicsInternalName)
(*Inputl, *Input2);

Three-dimensional look-up tables are called as follows:

value = (*FieldofcharacteristicsInternalName) (*Inputl,
*Input2, *Input3);

Ring memory

In DSHplus, data structures and access functions for pointed lists with
one value (TRing1) and with two values (TRing2) are available which
can be used for idle times, for example.

The pointed lists TRing1 or TRing2 are structures the elements of
which include the simulation time, one or two variables, one pointer to
the previous element and one pointer to the subsequent element.

If you want to use a pointed list TRing1 in a component, some rules
have to be complied with when creating a source code:
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1. In the parameter list, declare the IdleTime or the parameters from
which the idle time is calculated.

// Parameter )
LDOUBLE IdleTime;

2. In the list of the auxiliary parameters, a read pointer (ReadPtr) and
a write pointer (WritePtr) of the file type PTRing1 have to be de-
fined. The auxiliary parameter Distance is defined for the number of
memory elements between the read pointer and the write pointer.
The auxiliary parameter FirstRun has to be defined for initialization
of the ring memory when simulation is started.

// AuxiliaryParameter
int Distance;
PTRingl ReadPtr;
PTRingl WritePtr;
int FirstRun;

3. In the list of the variables, declare the current values of the function
as input variables.

// variables
LDOUBLE *Input;

4. In the auxiliary function, initialize the ring memory with the function
CreateRing1 to which the read pointer and the write pointer are
transferred.

// AuxiliaryFunction
void AuxiliaryFunction(SIMSTRUCT *S)

1;
CreateRingl (&ReadPtr, &WritePtr);

FjrstRun
Distance
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5. In the exit function release the ring memory again by means of the
function FreeRing1.

// ExitFunction
void ExitFunction(SIMSTRUCT *S)

FreeRingl (writePtr);

6. In the functional part of the component description, the values
which are behind the current simulation time t by the time interval
IdleTime, are called by means of the function Ring1Read. The aux-
iliary parameter Distance is calculated by means of the function
Ring1Write. When starting the simulation, the pointed list has to be
initialized by means of the function /nitRing1.

// Functions
// output algebra
LDOUBLE Output (SIMSTRUCT *S)
if (FirstRun)
{
InitRingl (ReadPtr, S->t, *Input);
FirstRun = 0;
Distance = Ringlschreiben (&ReadPtr, S->t,
*Input, Distance);

return (RinglLesen (&ReadPtr, S->t, IdletTime,
3 &Distance));

1

Note:

e The designations PTRing1 and TRing* are identical.

e The procedure with a ring memory with two values is the same.

Filter

With the class TFilter you have access to some funcions which repre-
sents a signal filter. In the component manual Control and Mechanics
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the usage of the filter class is explained in detail with the component
ButterworthFilter. Likewise the parameters of the class are explained.

If you want to use a filter in an own component you have to execute the
following steps:

1. Declare a parameter of the type TFilter in the list of auxiliary pa-
rameters for every filter.

// AuxiliarypParameter
char* ElementName;
char* ParameterName;
TFilter *Filter;
LDOUBLE result;
LDOUBLE Time;

2. Create an instance of type TFilter for the filter with the function new
inside the auxiliary function.

}f (Filterorder > 0)

Filter = new TFilter (FilterFlag,
SignalPickupTime,
FilterOorder, OmegacCl,
AmplificationC, OmegaC2);

b
else
Filter = new TFilter (FilterFlag,
SignalPickupTime,
OmegaCl, OmegaRl,
Amp1ificationC,
) AmplificationR, OmegaC2);

3. Inside the exit function this instance has to be deleted.

// EXTtFunction
void ExitFunction(SIMSTRUCT *S)

if (Filter != NULL)
delete Filter;
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4. With the parameter SignalPickupTime and the auxiliary parameter
Time equidistant points are created that are necessary for the func-
tion of the filter.

// output a]%ebra _
LDOUBLE FilterFunction (SIMSTRUCT *S)

if (Time - S->t < EPS)
{
Time = S->t;
result = (*Filter) (*input);

Time += SignalPickupTime;
return (result);

return (result);

GetParameter

The function GetParameter loads Parameter of the internal data struc-
ture of DSHplus by means of the function parameter name. The func-
tion can load values with the type LDOUBLE, int and char.

void GetParameter (DATA* Dat, char* name, LDOUBLE & value);
void GetParameter (DATA* Dat, char* name, int & value);
void GetParameter (DATA* Dat, char* name, char* & value);

2.5 dglthermotool.h

The file dglthermotool.h contains the class TFluidParameter. This class
is used for the calculation of oil data both in the thermo-hydraulic library
and in the standard hydraulic library. It is normally available in every
simulation model. The data of the class are set in DSHplus (menu Pa-
rameter / Fluid options) and transmitted to the model. Inside the model
you have access to the central values of viscosity, density, oil tempera-
ture, and environment temperature. In order to consider local differ-
ences in temperature the functions of viscosity and density have an ad-
ditional parameter for the temperature difference.
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In the source code of the model the class is initialised directly after the
header files:

#include "dgltool.h"

TFluidParameter FluidParameter;

In the initialisation function the data are loaded from the parameter list:

void Initialisation (DATA *dat, SIMSTRUCT *S)

GetParameter (dat, "FluidParameter.Typ",
FluidParameter.Typ) ;
GetParameter (dat, "FluidParameter.Name",
FluidParameter.Name) ;
GetParameter (dat, "FluidParameter.BasisNue",
FluidParameter.BasisNue);
GetParameter (dat, "FluidParameter.BasisRho",
FluidParameter.BasisRho);
GetParameter (dat, "FluidParameter.T",
FluidParameter.T);
GetParameter (dat, "FluidParameter.TUmgebung",
FluidParameter.TUmgebung) ;
GetParameter (dat, "FluidParameter.CPOAQ",
FluidParameter.CPOAO) ;
GetParameter (dat, "FluidParameter.CPOAl",
FluidParameter.CPOAl);

FluidParameter.AuxiliaryFunction (dat);

The access to the oil data inside a component looks like this:

Rho

0 ) FluidParameter.getRho (TDifferenz);
KinVviscosity

FluidParameter.getNue (TDifferenz);

2.6 dglpipes.h

The file dglpipes.h contains the classes for the calculation of tubes and
pipes. These classes are only used in special tube-/pipe-models.
Therefore they are not explained in detail here.
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2.7 pneutools.h

The header file pneutools.h defines a number of functions that are often
used in pneumatic components. They are helpful to reduce program-
ming effort.

Mass flow

The mass flow through a pneumatic resistor can be calculated with the
values pressure p and temperature T of each side and the parameters
C, b, and polytropic exponent n. The function call looks like:

value = Massflow (pl, p2, T1l, T2, C, b, n);

Heat flow

The assimilated or dissipated heat flow of a surface can be calculated
with the values temperature of the surface (TempSurface) and tem-
perature of the fluid (TempFluid) and the parameters Surface and the
value for the heat transfer (HeatTransfer). The function call looks like:

value = Heatflow (HeatTransfer, Surface,
TempSurface, TempFluid);

Calculation of gas mass

The gas mass of a volume can be calculated with the parameters pres-
sure (p), volume (Vol), and temperature (Temp). The function call looks
like:

value = MassOfGasEquation (p, Vol, Temp);
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Calculation of gas pressure

The pressure of a volume can be calculated with the parameters gas
mass (Mass), volume (Volume), and temperature (Temp). The function
call looks like:

value = PressureofGaseEquation (Mass, Vol, Temp);

Calculation of gas volume

The gas volume can be calculated with the parameters pressure (p),
gas mass (Mass), and temperature (Temp). The function call looks like:

value = VolumeOfGasEquation (Mass, p, Temp);

Calculation of gas temperature

The gas temperatur of a volume can be calculated with the parameters
pressure (p), volume (Volume), and gas mass (Mass). The function call
looks like:

value = TempofGasEquation (Mass, Vol, p);

2.8 meldung.h

The header file meldung.h is needed for the connection between the
model and the protocol function of DSHplus (menu Simulation / Mes-
sages). It contains a list of message types and a declaration of the
message function. The model is automatically connected to the proto-
col function. To achieve this a pointer to the message function is de-
clared and allocated in the initialisation function.
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#include "dgltool.h"

TFluidParameter FluidParameter;

pMessage Message;

void Initialisation (DATA *dat, char* ModellpPfad)

Message = dat—>Message B

In a component source code the message is used as following:

(*Message) (Error, ElementName, "Parameter Xy wrong");

The message types have the following meaning:

Message type Explanation

Message output of a message without opening of the mes-
sage window, for internal use

Warning output of a warning message, the color of the
component is set to warning (dark red), the mes-
sage window open not automatically

Error output of an error message, the color of the
component is set to error (red), the message
window opens automatically

sLeer output of a line, for internal use

Statistik for internal use only

SimStop immediate stop of the simulation, the message
window opens not automatically

Info output of an info message, the message window

opens automatically
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3 Modification of the source code of the model

The source code of a simulation model is automatically created by
DSHplus so that, in general, the user does not have to carry out any
modifications in the model source code. Under certain circumstances, a
lot of time can be saved, however, if corrections are directly made in
the model source code when developing a new component or when
optimizing a model.

The following two sections describe the best way to proceed and the
rules which have to be observed.

3.1 How to proceed when developing a component

If modifications in the source code of a component are not made in the
file of the user-defined components but in the source code of a test
model the model source code can be compiled after modification and
the behaviour of the component can be directly tested in the test model.
This means that the process of model creation is not to be carried out
after every modification. It is not until the component shows the correct
behaviour that the correct component description is copied into the
User3.dat file.

If you want to carry out modifications direct in the source code of a
model for a more simplified component development proceed as fol-
lows:

1. Call EDITSOURCETEXT in the MODEL menu.
Or:

2. Open the source code of the model (dshnn__1.cpp) in which you
want to adapt a component, in a text editor or in the Integrated De-
velopment Environment of Borland. The project number (nn) can be
inquired in the dialog INFO ON CURRENT PROJECT which can be
called by means of the menu point INFO in the PROJECT menu.
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3. Carry out adaptation of the component in the model source code.
Please strictly adhere to the programming rules (see chapter 6,
3.2).

4. Save the modifications and change from the editor to DSHplus.

5. Compile the model again and then correct in the source code all the
error messages shown in the compiler window.

Attention:

e You are not allowed here to use the command CREATE in the
dialog STATUS MODEL BUILD UP as otherwise all the source code
modifications you made will be overwritten.

6. If the compiler window shows any error messages or if your model
does not yet show the behaviour you desired in the test simulations
carried out after compilation correct the source code of the compo-
nent in your model file.

Save the model file after modifying the modifications.

7. Repeat steps five to seven as long as all error messages are re-
moved and the model shows the behaviour you desired in the test
simulations.

8. In order to take over the new or modified component into your user-
defined library, copy the component source code from the model file
into the AnyName.dat file via the intermediate memory and delete
the old source code of the new component.

9. If you want to give the modified component a new name, change
the category name of the component copied into the AnyName.dat
file and then carry out steps five to ten of chapter 6, 1.2, if neces-
sary.
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Note:

This method is only suitable for smaller modifications in the source
code of the new component. If there are larger modifications it is
recommendable to proceed as described in chapter 6, 1.2.

If you have included new parameters in a component of the model
they have to be inserted into the parameter list of the component by
means of the function EDIT PARAMETERS prior to a simulation run.
To do this, the parameter is entered into the list with a dot between
the component name and the parameter designation including the
standard value and the unit.

3.2 Programming rules

When carrying out any modifications in the source code of a model,
please observe the following programming rules:

If you want to include new Parameters or Auxiliary parameters
into your component, they have to be listed in the Parameter defini-
tion or Auxiliary parameter definition of the component description.
Furthermore, new parameters have to be included into the parame-
ter list in section Initialization at the end of the model file. In initiali-
zation, allocation of the parameter values is effected by means of
the function LoadParameters (ParameterName). The component
name is placed before the parameter name and separated by a dot.

CcomponentName.Parameter = LoadParameter (dat,
"ComponentName.Parameter");

If you want to include additional variables into your new component,
they have to be included into the variable definition of the compo-
nent description. Furthermore, new variables have to be listed in the
value allocation of the differential equation system under Differential
equations in the model file.

As soon as you include variables the value range of which is lim-
ited, these variables have to be mentioned with their respective up-
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3.3

per and lower limits in the Limit values section in the model file.
Limit values can also be transferred as parameters here.

If variables are included into the code which are limited by limiting
functions (variable name limitation), their value limitations have to
be constantly updated. This is done by transferring the value to the
variable which is to be limited in the Limitations section of the model
file.

If the number of variables has changed in the model, their number
has to be corrected in the File section of the model file. In general,
the Total number of variables and the Total number of integrated
variables have to change by the same value. This number of vari-
ables is extremely important as it is used for dimensioning the fields
for the variable pointers, which inevitably leads to a crash of the
simulation if the number is too small.

Programming example

The example of a pressure relief valve as component of a simple model
is used to show how a component in a model can be adapted to the
specific requirements without creating a new model.

Loy

SupplyLineg Tankline  #1 /&

gP PLY FRasistance
\"“—';':fl_i'urnp
Model structure

The model is a pressure relief valve with pilot stage which is supplied
by a constant pump and to which a resistor in the form of an orifice is
connected downstream at the side of the reservoir.
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. PilotPressure StrokePilotmin|0 | StrokePilotmax
DeadweightVolumePilotPressure +H 1

VolumeFlowControlOrifice Vg:gzﬁeg::gi
PressureDifferenceControIOrifice\ y

Mﬁlnput
\

SpringStiffnessPilot
SpringPretensioningPilot
PositioningPressure AreaX VolumeFlowPilot

DeadweightVolumePositioningPressure PressureDifferencePilot
Mass ViscousDampingPilot

FlowForceCoefficientPilot
MassPilot
DiameterPilot

pControl =

VolumeFlowPositioningOrifice
PressureDifferencePositioningOrifice

SpringStiffness
SpringPretensioning
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Velocit
elocity ™~ ViscousDamping
Strokema

0
Strokemin I:

DiameterA pP AlphaD | pT

Structure of the pressure relief valve

The pressure relief valve corresponds to the representation shown in
the illustration.

The pump pressure at the P connection acts on the main control piston.
At the same time, the spring-loaded side of the main control piston is
pressurized with the pressure at the control connection (here the pump
pressure). This means that it is almost hydraulically compensated and
is only kept closed by means of the force of the main piston spring. Fur-
thermore, the pressure is applied at the pilot piston. As soon as the
pressure exceeds the value adjusted at the pilot fields, the pilot cone
lifts up from its seat and control oil can flow off to the reservoir. A pres-
sure drop occurs at the main control piston because of the nozzle ad-
justment which leads the piston to lift off its seat and release connec-
tion from the pump to the reservoir.

Problem:

e The reservoir connection of the pilot is to be damped by a nozzle
(orifice) from the side of the reservoir. In order to do this, the source
code is to be enlarged by the functioning of this nozzle.

How to proceed:

Calculation of the pressure which appears in the pilot is effected by
means of a volume flow balance of the volume flows which enter or
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leave the idle volume by means of the pilot piston and the reservoir
nozzle:

0l

‘/idle

p=—"[(0,-0Q,, )dt.

1. Call the DSHplus editor (EDIT MODEL SOURCE CODE). The source
code of the model appears which is introduced by a commenting
model header. Look for the source code of the pressure relief valve.

s/ Title: Programming example
// Author: FLUIDON
/7 Info: Example model to describe the change of

// component source code in a simulation model.
// created: 28.05.2002 15:25

#include "dgltool.h"

/ ____________________________________________________ :5‘/
/% Component description ?;

The source code of the pressure relief valve is commented by a
short component description. It is followed by the declarations of the
parameters, the auxiliary parameters and the variables. In order to
describe the newly added nozzle in the form of an orifice, the pa-
rameter list is completed by the characterizing parameters (volume
flow and pressure drop).

In order to calculate the pressure state in the pilot, a volume flow
balance is to be made for the new volume. Furthermore, the volume
included in the pilot has to be indicated as idle volume for calculat-
ing the pressure build-up. The new parameters can be put in at any
position into the parameter list.
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class PLVpiloted {

/ _______________________________________________________ :5‘/
/*  Piloted pressure relief valve *
/:5‘ o :5‘/
Vi orificel #/
Via control---X------ 0------- Pilotvalve *#/
i |/ Pilotpressure |/ 4
S* Pressurez %/
Vi X orifice? #/
S* X new orifice */
Vi |/ PositioningPres/sure 74
/:5— _ ,UT ) :5-/
ki Mainvalve--------—--—- 0----Reservoir */
/:5‘ / :5‘/
/% controlinlet ----- 0 &7
/:5‘ :5‘/
/ pP *
/:5‘ ) :5‘/
/*  (pP, pT, Stroke, Velocity) *
/:5‘_ et :5‘/
public
// Parameter

LDOUBLE A]phaD;

LDOUBLE Epsilon;

LDOUBLE Strokemax;

LDOUBLE Strokemin;

LDOUBLE Springstiffness;

LDOUBLE SpringPretensioning;

LDOUBLE ViscousbDamping;

LDOUBLE Mass;

LDOUBLE DiameterA;

LDOUBLE AaTOAX;

LDOUBLE VolumeFlowControlorifice;

LDOUBLE PressurebDifferenceControlorifice;

LDOUBLE VolumeFlowPositioningorifice;

LDOUBLE PressurebDifferencePositioningorifice;

LDOUBLE DeadweightvolumePositioningPressure;

LDOUBLE DeadweightvolumePilotPressure;

fLDOUBLE VolumeFlowPilotReservoir; | Parameter

o

LDOUBLE PressureDifferencePilotReservoir;| new orifice

LDOUBLE DeadweightVolumePilotReservoir; | Idle volume

| pilot and
| orifice

LDOUBLE VolumeFlowPilot;

LDOUBLE PressurebDifferencePilot;
LDOUBLE StrokePilotmax;

LDOUBLE StrokePilotmin;

LDOUBLE SpringstiffnessPilot;
LDOUBLE SpringPretensioningPilot;
LDOUBLE ViscousDampingPilot;
LDOUBLE FlowForcecCoefficientPilot;
LDOUBLE MassPilot;

LDOUBLE DiameterPilot;

LDOUBLE Rho;

LDOUBLE EOil;
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A further auxiliary parameter is included for calculating the orifice
coefficient only once from the parameters.

// AuxiliaryParameter
LDOUBLE AreaX;
LDOUBLE AreaA;
LDOUBLE AreaB;
LDOUBLE AreaPilot;
LDOUBLE cCoefficient;

LDOUBLE CoefficientPilot;

LDOUBLE Acceleration;

LDOUBLE AccelerationPilot;

LDOUBLE QMain;

LDOUBLE OrificelCoefficient;

LDOUBLE Orifice2cCoefficient;

LDOUBLE Varvolume;

LDOUBLE FlowForceCoefficient;

LDOUBLE QReservoir;

/*0orifice Coefficient */

LDOUBLE OrificePilotReservoirCoefficient;

For calculation of the pilot pressure which builds up in the pilot, an
additional variable is included in the variable list. No signal outputs
such as the volume flow output of a component have to be men-
tioned in the variable list.

Calculation of the orifice coefficient is included in the declaration of
the Auxiliary functions. The term CalcCoefficient (...,...) calls a li-
brary function for calculating the orifice coefficient. As an alterna-
tive, the formula of calculation can directly be put in.

// Variablen
LDOUBLE *pP;
LDOUBLE *pT;
LDOUBLE *pcControl;
LDOUBLE *Stroke;
LDOUBLE *StrokePilot;
LDOUBLE *Velocity;
LDOUBLE *VelocityPilot;
LDOUBLE *PositioningPressure;
LDOUBLE *PilotPressure;
LDOUBLE *Input;
/* Pressure between Pilot and new orifice */
LDOUBLE *Pressurez;

// AuxiliaryFunction
void AuxiliaryFunction(SIMSTRUCT *S)
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* SQRT (2 / Rho);

CoefficientPilot = CalcAdjustCoefficient
(volumeFlowPilot,
PressurebDifferencePilot,
StrokePilotmax - StrokePilotmin);

orificePilotReservoircCoefficient =
calccCoefficient (VolumeFlowPilotReservoir,
PressurDifferencePilotReser-
voir);

orificelcoefficient =
calccoefficient (VolumeFlowControlorifice,

PressureDifferenceControlorifice);
orifice2cCoefficient =
Calccoefficient (VolumeFlowPositioningorifice,
PressureDifferencePositioningorifice);

AreaA

) M_PI_4 * sqr (DiameterA);
AreaPilot

M_PI_4 * sqr (DiameterPilot);

if (AaToAx)

AreaX = AreaA / AaTOAX;
else

AreaX = AreaA;

AreaB = AreaX - AreaA;
QMain =03
QReservoir = 0;

if (Mass <= 0)
Mass = 10;

if (MassPilot <= 0)
MassPilot = 10;

FlowForceCoefficient = Rho * COS (Epsilon)
/ (DiameterA * M_PI);

}
// EXTtFunction

Calculation of the variables is effected in the Functions declara-
tion part. The variables include for example the pressures which
build up and which are calculated from the integration of the volume
flows.

If this is a hydraulic component connection the volume flow flowing
through this connection is calculated. These volume flows are bal-
anced in the volume nodes and the pressure in the volume nodes is
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254

calculated from there (These calculations are effected in the differ-
ential equation part at the end of the file).

The calculated pressures on their part are applied on the closed
component connections. Function for the calculation of the volume
flows is started by a comment line which contains the variable to
which the pressure is to be allocated, in the form of a keyword. The
pressures pP, pT and pControl are hydraulic component connec-
tions which have always to be started with a small p. The pressures
PilotPressure and PositioningPressure are pressures which build
up in internal idle volumes. As their pressure calculation cannot be
effected in volume nodes, the pressure gradients are calculated
from the entering and leaving volume flows, integrated into the
background and transferred to the variable in the comment line.

If the reservoir nozzle is taken into account the volume flow is
changed because of the new pressure distribution at the reservoir
connection pT.

Important:

The section of the formula printed in italics is therefore re-
placed by the section printed in bold type.

/7’FUnct7ons
/7’pP,/ State variable as keyword in the comment Tine */
/* function declaration */
LDOUBLE VolumeFTowP(SIMSTRUCT *S)
/* of the flow ca1cu1at1on */
return (-(Qvain = (vVarFlow (Coeff1c1ent *pP - *pT,
) *Stroke, Strokem1n)))),

// PT
LDOUBLE VolumeF1owT(SIMSTRUCT *S)

return ( VarFlow (Coefficient, *pP - *pT, *Stroke,
Strokemin)

/* obsolete source code

/* + VarFlow (CoefficientPilot, *PilotPressure - *pT,*/

; *StrokePilot, StrokePilotmin)); */

*

; new source code

o
w

+ OrificePilotReservoircoefficient
* psqrt (*Pressurez - *pT));

}

// pControl
LDOUBLE VolumeFlowControl(SIMSTRUCT *S)
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return (-(OrificelCoefficient * psqrt (*pControl -
*PilotPressure)));

e The nozzle in the reservoir connection of the pilot is taken into ac-
count by calculating the volume flow and the pressure gradient
PressureZDot arising from it. To do this, a new function is intro-
duced which enables calculation of the pressure built-up in the new
volume between the pilot and the nozzle.

// Pressurez
LDOUBLE PressureZbot(SIMSTRUCT *S)

return ((OrificePilotReservoircoefficient
* psqrt (*pT - *Pressurez)
+ VarFlow (CoefficientPilot,
*PjlotPressure - *Pressurez,
*StokePilot, StokePilotmin))
* EFO7lCcorrection (EO7l, Pressurez)
/ DeadweightVolumePilotReservoir);

The calculation equation of the PilotPressure has also to be
adapted to the new pressure distribution as the pilot is no longer di-
rectly pressurized with the reservoir pressure pT. To do this, the
pressure pT has to be replaced by the PressureZ.

// PilotPressure
LDOUBLE PilotPressureDot(SIMSTRUCT *S)

/* QReservoir = VarFlow (CoefficientPilot,
£ *PilotPressure - *pT,
QReservoir = varFlow (CoefficientPilot,
*PilotPressure - *Pressurez,
*StrokePilot, StrokePilotmin);

oL /
3
pos /
ko

return (( orificelcCoefficient
* psqrt (*pControl - *PilotPressure)
- orifice2coefficient
psqrt (*PilotPressure - *PositioningPressure)
- QReservoir)
EOilCorrection (EOil, PilotPressure)
/ DeadweightVolumePilotPressure);}

o
=

o
x
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Calculation of the main piston acceleration which is integrated into
the central integration to the main piston speed and is allocated to
the variable velocity, is effected in the function velocityDot().

// velocity )
LDOUBLE VelocityDot(SIMSTRUCT *S)

{
LDOUBLE Flowforce;
if (*Stroke - Strokemin)
Flowforce = FlowForceCoefficient * sqr (QMain)
/ (*sStroke - Sstrokemin);
else
Flowforce = 0;
Acceleration = (- *PositioningPressure * AreaX
+ *pT * AreaB
+ *pP * AreaA
- ViscousbDamping * *Velocity
- Flowforce
- Springstiffness
* (*stroke + SpringPretensioning))
/ Mass;
if (((*Stroke>=Strokemax) && (Acceleration>=0.)) ||
((*stroke<=Sstrokemin) && (Acceleration<=0.)))
return (0.);
else
) return (Acceleration);

Movement of the piston is limited to a defined range. As soon as the
piston reaches the limit stop, speed is limited, i.e. it is set to zero.
Because of the keyword limitation, the value returned by the func-
tion is not integrated so that the speed value can directly be re-
turned to the speed variable. The piston travel is integrated from the
speed.

// velocity _ o
LDOUBLE VelocityLimit(SIMSTRUCT *S)

if (((*Stroke >= Strokemax) && (*Velocity >= 0.))
((*stroke <= strokemin) && (*Velocity <= 0.)))
return (0.);
else
return (*velocity);
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// Stroke )
LDOUBLE StrokeDeriv(SIMSTRUCT *S)
{

return (*Velocity);

The velocity of the pilot piston is calculated in the same way. The

flow force coefficient and the pressure force, however, have to be
adapted to the pilot piston.

// velocityPilot
LDOUBLE VelocityPilotDot (SIMSTRUCT *S)
{

AccelerationPilot = ( *PilotPressure * AreaPilot
- *pT * AreaPilot
ViscousbDampingPilot
* *velocityPilot
FlowForcecoefficientPilot
* FABS (*pP - *pT)
* ( *StrokePilot
- StrokePilotmin)
SpringstiffnessPilot
* ( *StrokePilot
+ SpringPretensioningPilot
+ *Input))
/ MassPilot;

if (((*strokePilot >= StrokePilotmax)
&& (AccelerationPilot >= 0.)) ||
((*strokePilot <= StrokePilotmin)
&& (AccelerationPilot <= 0.)))
return (0.);
else

return (AccelerationPilot);

// velocityPilot o
LDOUBLE VelocityPilotLimit (SIMSTRUCT *S)

if (((*SstrokePilot >= StrokePilotmax)
&& (*velocityPilot >= 0.)) ||
((*strokepPilot <= StrokePilotmin)
&& (*VvelocityPilot <= 0.)))
return (0.);
else

return (*VelocityPilot);

}

// StrokePilot )
LDOUBLE StrokePilotDeriv(SIMSTRUCT *S)
{

return (*VelocityPilot);

© FLUIDON® GmbH 2008 257



6 Programming of new components DSHplus

The keyword algebra prevents integration of the return value of the
function called.

// VolumeFlow algebra
LDOUBLE VolFlow (SIMSTRUCT *S)

return (QMain + QReservoir);

// vVolumeFlowPilot algebra
EDOUBLE VolFlowPilot (SIMSTRUCT *S)

return (QReservoir);

The other component categories of the model are not concerned by
the modification of the DBV and are therefore not listed.

The model creation area begins here, i.e. these source code sec-
tions are automatically created by DSHplus when a model is cre-
ated in the CREATE MODEL menu. In the component definition, the
component names selected by the user are allocated to the compo-
nent types (class type name). As no new component has been in-
serted, no modifications are to be made here.

,5‘__________________________________________________A‘/
/* Bauteildefinitionen / component definition 74
S :5‘/
HydroNode ReservoirLine;
HydroNode SupplyLine;
PLVpiloted PLV;
orifice Resistance;
Pump Pump;

LDOUBLE *null;
LDOUBLE *TNorm;
LDOUBLE *EinBarAbs;;
static LDOUBLE *null;

Allocation of the component parameters entered in the simulation
mode is effected in initialization. New parameters have therefore to
be entered in this list starting with the name of the component.
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void Inititialization (SIMSTRUCT *S)
if E!nu]])

null

o
w

éLDOUBLE *) malloc (sizeof (LDOUBLE));

null

if (!TNorm)

TNorm

%
w

(LDOUBLE *) malloc (sizeof (LDOUBLE));
TempO;

TNorm

if (!EinBarAbs)

EinBarAbs

o
=

PLV.
PLV.
PLV
PLV.
PLV.
PLV.
PLV.
PLV.
PLV

PLV

PLV.

PLV.

PLV.

PLV.

PLV.

PLV.

PLV.

. Strokemax

(LDOUBLE *) malloc (sizeof (LDOUBLE));
1ES;

EinBarAbs

AlphabD

LoadParameter(dat, "PLV.AlphaD");
Epsilon

LoadParameter(dat, "PLV.Epsilon");
LoadParameter(dat, "PLV.Strokemax™);
Strokemin LoadParameter(dat, "PLV.Strokemin");
Springstiffness = LoadParameter(dat,
"PLV.Springstiffness");
SpringPretensioning = LoadParameter(dat,
"PLV.SpringPretensioning");
ViscousDamping = LoadParameter(dat,
'"PLV.ViscousbDamping");
Mass = LoadParameter(dat,
"PLV.Mass");

.DiameterA = LoadParameter(dat,

"PLV.DiameterA");

.AaTOAX = LoadParameter(dat,

"PLV.AaToAX");

VolumeFlowControlorifice = LoadParameter(dat,
"PLV.VolumeFlowControlorifice");
PressureDifferenceControlorifice
= LoadParameter(dat,
"PLV.PressureDifferenceControlorifice");
VolumeFlowPositioningorifice = LoadParameter(dat,
"PLV.VolumeFlowPositioningorifice");
PressureDifferencePositioningorifice
= LoadParameter(dat,
"PLV.PressurebDifferencePositioningorifice™);
DeadweightvolumePositioningPressure
= LoadParameter(dat,
"PLV.DeadweightVolumePositioningPressure");
DeadweightvolumePilotPressure = LoadParameter(dat,
"PLV.DeadweightVolumePilotPressure");
DeadweightVvolumePilotReservoir
= LoadParameter(dat,
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PLV.
PLV.

PLV.

PLV.

PLV

PLV.

PLV.

PLV

PLV.

PLV.

PLV.

PLV.

PLV.

PLV.

volumeFlowPilotReservoir = LoadParameter(dat,
"PLV.VolumeFlowPilotReservoir ");
PressurDifferencePilotReservoir

= LoadParameter(dat,
"PLV.PressurbDifferencePilotReservoir ");
volumeFlowPilot = LoadParameter(dat,
"PLV.VolumeFlowPilot");
PressureDifferencePilot = LoadParameter(dat,

"PLV.PressureDifferencepPilot");

.StrokePilotmax = LoadParameter(dat,

"PLV.StrokePilotmax");
StrokePilotmin = LoadParameter(dat,

"PLV.StrokePilotmin");

Springstiffnesspilot = LoadParameter(dat,
"PLV.SpringStiffnessPilot™);

.SpringPretensioningPilot = LoadParameter(dat,

"PLV.SpringPretensioningPilot");
ViscousbDampingPilot = LoadParameter(dat,

"PLV.ViscousDampingPilot");
FlowForceCoefficientPilot = LoadParameter(dat,

"PLV.FlowForcecCoefficientPilot");

MassPilot ) = LoadParameter(dat,
) "PLV.MassPilot");
DiameterPilot = LoadParameter(dat,

"PLV.DiameterPilot");

Rho LoadParameter(dat,
"PLV.Rho");

EO1 1 LoadParameter(dat,

"PLV.EOil");

Next, the Auxiliary functions are called during initialization. If aux-
iliary functions are added to a component which has not had any
auxiliary functions up to now the call AuxiliaryFunction () is to be
entered here starting with the name of the component. The name of
the component can be taken from the component declaration.

ReservoirLine.AuxiliaryFunction(S);
SupplyLine.AuxiliaryFunction(S);
PLV.AuxiliaryFunction(S);
Resistance.AuxiliaryFunction(S);
Pump.AuxiliaryFunction(S);
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If new dynamic memory fields have been created when a compo-
nent has been modified, these fields have to be released again at
the end of simulation by calling the exit functions. To do this, the
exit functions have to be entered here, starting with the component
name.

. ____ %/
/*  ExXTtFunction #/
. ____ %/

void ExitFunction (SIMSTRUCT *S)

A lot of variables only exist in defined limits. These limit values are
allocated to the variables in the following list. Allocation is effected
to a pointer in which the variables have a defined position. This po-
sition is given to the variables in the declaration of the differential
equations. yLimit[0].Min = -1E5 is a Reservoir.Pressure which is
limited below with the vacuum point (internal calculation is not made
with the absolute pressure, but with the relative pressure. This
means that the limit value is -1 bar).

The variable PressureZ has been included with the extension of
PLV. This value is a pressure which has to be limited below.

#__________________________________________________@/
/* Grenzwerte / Limits *
S %/
void Limits (GRENZWERT *yGrenz, SIMSTRUCT *S)
yGrenz[0] .Min = -1E5;
yGrenz[0] .Max = 1.E99;
yGrenz[1l] .Min = -1E5;
yGrenz[1] .Max = 1.E99;
yGrenz[2] .Min = PLV.Strokemin;
yGrenz[2] .Max = PLV.Strokemax;
yGrenz[3].Min = PLV.StrokePilotmin;
yGrenz[3] .Max = PLV.StrokePilotmax;
yGrenz[4] .Min = -1.E99;
yGrenz[4] .Max = 1.E99;
yGrenz[5] .Min = -1.E99;
yGrenz[5] .Max = 1.E99;
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yGrenz[6] .Max = 1.E99;
yGrenz[7] .Min = -1.E99;
yGrenz[7] .Max = 1.E99;
yGrenz[8].Min = -1. E99
yGrenz[8] .Max = 1.E99;

L

Pointer position

In the differential equation part, allocation of the values is effected
from the central integration program to the variables. LDOUBLE t
represents the integration time, LDOUBLE h represents the inte-
gration incrementations, LDOUBLE *y is the pointer of the variables

and LDOUBLE *f comprises the derivation values of the vari

i

@pbles.

New variable

A pointer has to be allocated to the newly included variable Pres-
sureZ. This means that all subsequent pointers are displaced by

one value.

e e e e e

O e e e e e e e e e e e e e e e e e e e e e e e O

void Dgl (LDOUBLE t,

LDOUBLE *y,
SIMSTRUCT *S)

LDOUBLE

*f, LDOUBLE h,

{
/* The declaration ]ist of the state variables has to
/* be extended by the new variable. The variables 7is
/* assigned a pointer. The 1ist starts with the
/* hydronodes followed be the other variables.
// Initialisierung der Knoten
// Initialization of nodes
ReservoirLine.Pressure =Yy; //0
SupplyLine.Pressure = ++Y; //1
/* here are the other var7ab7es */

// Initialisierung integrierte Variablen

«.\.«.\.

// Initialisation of integral variables
// Zuweisungen Knoten-£Element
/// assignment node-element

PLV.pP = SupplyLine.Pressure;
PLV.pT = ReservoirLine.Pressure;
PLV.pControl = SupplyLine.Pressure;
PLV.Stroke = ++Y; //2
PLV.StrokePilot = ++Y; //3
PLV.Velocity = ++Y; //4
PLV.VelocityPilot = ++Y; //5
PLV.PositioningPressure = ++Y; //6
PLV.PilotPressure = ++y; //7
PLV.Pressurez = ++Y; //8
PLV.Input null;

Resistance.pl
Resistance.p2
Pump.pP

null;
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// Initialisierung algebraische Knoten

// Initialisation of algebraic nodes
Qt.value ++Y; //9
Qv.value ++Y; //10

// Initialisierung algebraische Vvariablen
// Initialisation of algebraic variables

// Ausgabe algebraische Berechnungen

/7 output of algebraic calculations
*Qt.value PLV.VolFlow(S);
*Qv.Value PLV.VolFTowPilot(S);

/7 Ausgabe fluidische Gleichungen

/7 output of fluid equations

ReservoirLine.PressureDeriv = ReservoirLine.EOi1(S)
/ ReservoirLine.Volume
*( Resistance.VolumeFlowl (S)
+ PLV.VolumeFlowT(S));

SupplyLine.PressureDeriv = SupplyLine.E071(S) Increase pointer
/ SupplyLine.volume

*( PLV.VolumeFlowControl(S) g position by one
+ PLV.VolumeFTowP(S)

+ Pump.VolumeFlowP(S));

The derivation functions are allocated to the derivation vector. A
derivation function has been included for calculating the new vari-
able PressureZ. This derivation function has to be entered into the
list for the same field position (here 8).

// Ausgabe der Ableitungen / Output of derivations
[ ReservoirLine.Pdot(S);
SupplyLine.Pdot(S);

PLV.StrokeDeriv(Ss);
PLV.StrokePilotDeriv(s);
PLV.VelocityDeriv(s);
PLV.VelocityPilotDeriv(s);
PLV.PositioningPressureberiv(s);
PLV.PilotPressureDeriv(s);
PLV.PressurezbDeriv(S);

N
| W—
(L L 1 T | | |

-h—h—h-h—h—h—h—h—h
e
—

The value limitations of the variables to be integrated have to be
updated after every integration. These updates are carried out here.
The value limitation for PressureZ has also to be entered here.
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/"L___________________,__,____, _________________________ :'L/
/* Begrenzungen / Limitations ?;

void __pascal Begrenzungen (LDOUBLE *y)

PLV.
PLV.
PLV.
PLV.
PLV
PLV.
PLV
PLV.

y[4]

y[5]

Stroke &y[2];
StrokePilot &y[3];
Velocity &y[4];
VelocityPilot &y[5];
.PositioningPressure
PilotPressure
.Pressurez &y[8]1;
Input null;
= PLV.VelocityLimit(S);
= PLV.VelocityPilotLimit(S);

Il i LI [ | |
Qo Ro
<<
/i
oo~
| S| -

Adapt number of variables

At this point, dimensioning of the fields of the variables is carried
out. By enlarging the DBV by one reservoir nozzle, the total number
of variables and the total number of variables to be integrated has
increased by one each. This means that the total number of vari-
ables increases from 10 to 11 and the number of the variables to be
integrated from 8 to 9.

VARDATA* Daten()

VARDATA *Pointer;
Pointer = (VARDATA *) malloc (sizeof (VARDATA));
// number of HydroNodes
Pointer->HydroknotenCounter = 2;
// total number of variables
Pointer->YCounter = 11;

// total number of integrated variables

Pointer->IntknotenCounter = 9;
return (Pointer);
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2. Save the modifications after termination of programming and
change from the editor to DSHplus.

3. Compile the model again and remove all error messages in the
source code listed in the compiler window.

Attention:

e You are not allowed to use here the command CREATE MODEL
as otherwise all the source code modifications you made are
overwritten.

4. If you have included new parameters into a component of the model
they have to be included into the parameter list of the component by
means of the function EDIT PARAMETERS. The parameter is entered
into the list with a dot between the component name and the pa-
rameter designation including the standard value and the unit.

5. Before you start working with the modified model, it is recommend-
able to check its physical correctness.

4 Integration of external functions

DSHplus offers the possibility to integrate external functions into the
source code of the components. This can be useful for example if you
have a finished digital computer which has been developed for a sys-
tem designed in hardware and you want to examine this controller to-
gether with the system in the simulation (Software-in-the-Loop).

These functions can be available as object file, as static or dynamic li-
brary (lib- or dll-File) or as C++ source code with their header files. If
the function is available as dl file, another Import library is necessary
which can be generated with the command line tool implib.exe for ex-
ample.

External functions can be integrated into the component BLACKBOX
specifically provided to this end or in any other component. The files in
which the functions are stored have only to be entered under Compiler
and Linker in the OPTIONS dialog.
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Static libraries and import libraries of the DLLs are entered under Addi-
tional Libs, Header files under Additional Includes, and object files
under Additional Objects. If the function is available as inline-defined
header file, it has only to be mentioned under Additional Includes for
integration. The paths to the files are entered under Include files and
Libs if they deviate from the paths already entered.

The external functions integrated in this way can then be called in the
source code of the components.

In the following, the procedure is explained with a very easy example.

The external function is defined in the file Testfunc.cop and looks as
follows.

#include "testfunc.h"
}ong double Testfunction (long double Input)

return (Input * 2.5);

The prototype defined in the header file Testfunc.h belongs to the defi-
nition of this function.

Tong double Testfunction (long double Input);

An object file and a static library, if necessary, are now created from the
source code. In this case, the same compiler with which the DSHplus
simulation model is created, is to be used. The file can be called as fol-
lows:

bcc32 +dshdgl.cfg testfunc.cpp

The static library is then created in this way:

tlib testfunc.lib + testfunc.obj
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If you use a dynamic link library (*.dll) any programming language with
which a DLL for Windows can be created, can be used. For this case,
other functions in the source code are necessary. For further informa-
tion, please see the Compiler manual.

If the external function is now available as lib-, dll- or obj file or as C++
source code and you want to integrate it into the calculation of the
model, proceed as follows:

1. Place the component BLACKBOX at the position of your simulation
model where you want to integrate external functions.

.O.O9

Input

SignalGenerator

BlackBox

Output

Example model with BLACKBOX

2. The external functions are integrated into the model by entering the
corresponding files under Compiler and Linker in the OPTIONS dia-

log.
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Options

Directories Compiler and Linker | Graphics Options | Printing | other Options |

Files

Compiler C:WProgrammetFLUIDOMNYDSHplus3 BA\BCAEINYBCCIZE Change
B atchfile DalBat.dzh

Compiler responze file conprsp.dsh

Compiler configuration file DGELCFGE3DSH

Linker C:ProgrammetFLUIDOMNSDSHplus2 BABCAEIMATLIMEZE

Linker rezponze file LMKRSP32.D5SH

todul definition file dzh36_dzhdgl def

Additional libraries
Additional includes
Additional objects

Directaries
Include files C:AProgrammetFLUIDONSD SHplus3 Bhinclude:C:\Progre
Inciude files [16 Bit] C:WProgrammetFLUIDOMNYDSHplus2 Bhinclude:C:\Progre
Libranes CAProgrammetFLUIDONSDSHplus2 B4ib,C:AProgramme

Set

0K | Abbrechen ‘ | Hiffe

3. Create the source code of the model by means of the program func-
tion CREATE in the dialog Status model build up.

4. It is now possible to edit the source code of the mode and to enter
the calls of the external functions in the component BLACKBOX.

/) Title: BlackBox model
// Author: FLUIDON

/7 Info:

// Datum: 02.03.2001 13:32

#include "dgl.h"
#include "dgltool.h"
#include "TESTFUNC.H"

. ____ :.‘/
/* Bauteilbeschreibungen / component description #/
/: ___________________________________________________ :.‘/

______________________________________________________ :.‘/
/* Frame to insert an external function */
/% 10 Parameters, 6 Inputs, 6 Outputs, 4
/* 4 hydraulical ports, each 2 trans. Inputs/outputs, */
/% each 2 rot. Inputs/outputs 4
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public:

// Parameter
LDOUBLE Parameterl;
LDOUBLE Parameter?2;

// outputd algebra
I‘EDOUBLE Output4 (SIMSTRUCT *S)

return (Testfunction (*Inputl));

5. Then save the modifications of the model source code.

6. Simulation can be started after compilation of the model by means
of the program function COMPILE in the dialog Status model build

up.

0 0.2 0.4 0.6 0.8 1
Output.Value 0 to 5
Input.Value 0 to 5

Notes:

e After integration of the calls of the external functions in the model
source code, you are no longer allowed to select the program func-
tion CREATE in the dialog Status model build up as otherwise the
modifications made would be lost.

e External functions cannot only be called in the component BLACK-
BOX but in any other component. The procedure is the same.
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e Both variables and parameters can be transferred to the external
function.
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Appendix A Nodes

1 HydroNode

=
HwdroMode
Symbol
Connectors and Variables
Name Type | Unit Description
Pressure V bar pressure at the node
Initial pressure Vv Bar Initial pressure at the
node
Parameters
Name Value Unit Description
Volume 11 hydraulic fluid volume be-
tween the components
Temp. Difference 0 K Deviation of the global
temperature from the
global system tempera-
ture
Bulk Modulus Calcu- Calculating options
lation Calculation of the bulk-
look-up table modulus
with a look-up table
explicit by equa- equation based calcula-
tion tion
Bulk-Modulus 14000 bar bulk-modulus of the hy-
draulic fluid including the
surroundings at high
pressure
Characteristics of Air Correction of the bulk-
modulus
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Name Value Unit Description
Prop. undissolved 0.1 % proportion of undissolved
Air air
Polytropic expo- 1.1 - polytropic exponent for
nent the change of the air vol-
ume
Options Characteristics of hoses
VolumeChange 0 % volume change under
Reference (parameter for
Reference 100 bar hoses)
Pressure, relating to
VolumeChange
Limitations
Max. Gradient 1E99 bar/s gradient of maximum and
minimum pressure drop
Cavitation Limit -1 bar pressure limit, at which
cavitation occurs

Notes

The HYDRONODE represents the volume of the hydraulics liquid be-
tween the connected components. The liquid volume consists of the
volume of the lines, which connects the components, and the dead vol-
umes. The dead volumes are those volumes, which are not able to be
displaced (in e.g. valves: the volume between connection and control
edge).

The parameterization of the node is done via a specific input dialog. If
the Correction of the bulk-modulus is marked, the bulk modulus of the
hydraulics liquid is corrected depending on the pressure. Otherwise,
the bulk modulus remains constant.

The two following figures shows the influence of the correction of the
bulk modulus with default setting (E_Oil: 14000 bar, Polytropicexpo-
nent: 1,1). The second figure shows an enlargement of the range of 0
to 40 bar for different air proportions.
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15000
\
without Correction
[ with Correction
. 0,01 % UndissAir
: / / 0,1 % UndissAl
£ ,1 % UndissAir
S 7500 A
38 - 1 % UndissAir
o (e}
c " |
/<_! % VolumeChange at 100 bar
/ / 0,1 % VolumeChange at 100 bar
0
0 40 80 120 160 200
Pressure in bar
15000
E /
_Q /
£
g 7500 - //
E. /
L
/ [~ 0,01 % UndissAir
L~
AN 0.1 % UndissAir
\ 1 % UndissAir
0
0 8 16 24 32 40

Pressure in bar

Via the parameters PRESSUREGRADIENT the gradient of the pressure
raise and drop can be limited.

As many hydraulic connections as desired can be connected to a Hy-
DRONODE. If a signal input is connected to a node, this connection
works as a pressure sensor. If a signal output is connected to a hydrau-
lic node, it changes into a SIGNALNODE (in the drawing area visible by
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the green colour). The pressure in the node is determined by the signal
output.

HYDRONODES and the hydraulic lines between the components are rep-
resented in blue colour.
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2 ThermoHydroNode

-
ThermoHydroklode

Symbol

Connectors and Variables

Name Type | Unit Description
pressure Vv bar pressure at the node
T Vv K temperature of the vol-
ume
Parameters
Name Value Unit Description
Volume 11 hydraulic fluid volume be-
tween the components
Temperature 293.15 K Local temperature
Bulk Modulus Calcu- Calculating options
lation Calculation of the bulk-
look-up table modulus
with a look-up table
explicit by equa- equation based calculation
tion
Bulk-Modulus 14000 bar bulk-modulus of the hy-

draulic fluid including the
surroundings at high pres-

sure
Characteristics of Air Correction of the bulk-
modulus
Prop. undissolved 0.1 % proportion of undissolved
Air air
Polytropic expo- 1.1 - polytropic exponent for the
nent change of the air volume
Options Characteristics of hoses
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Name Value Unit Description
VolumeChange 0% volume change under
Reference (parameter for
Reference 100 bar hoses)
Pressure, relating to
VolumeChange
Limitations
Max. Gradient 1E99 bar/s gradient of maximum and
minimum pressure drop
Cavitation Limit -1 bar pressure limit, at which
cavitation occurs

Notes

The THERMOHYDRONODE represents the volume of the hydraulics liquid
between the connected components. The liquid volume consists of the
volume of the lines, which connects the components, and the dead vol-
umes. The dead volumes are those volumes, which are not able to be
displaced (in e.g. valves: the volume between connection and control
edge).

Beside the calculation of the pressure the temperature of the fluid is
calculated in the THERMOHYDRONODE. The basis for this are heat flows
that are generated or dissipated of thermo-hydraulic components.

The parameterization of the node is done via a specific input dialog.
Normally the bulk-modulus depends on the fluid that is chosen in the
central fluid parameters. It is corrected in dependence of pressure and
temperature.

If the Manual Setting of Bulk-modulus is chosen, the given bulk-
modulus is used for calculation.

If the Correction of Bulk-modulus is marked, the bulk modulus of the
hydraulics liquid is corrected depending on the pressure. Otherwise,
the bulk modulus remains constant.

Via the parameters PressureGradient the gradient of the pressure raise
and drop can be limited.

As many hydraulic connections as desired can be connected to a
THERMOHYDRONODE.
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THERMOHYDRONODES and the hydraulic lines between the components
are represented in dark red colour.
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3 HydroVLNode

|

HydroWLMode
Symbol
Connectors and Variables
Name Type | Unit Description
p Vv bar pressure
Q V | I/min flow
A Vv -
C Vv -
Parameters
Name | Value Unit ‘ Description
Notes

The component HYDROVLNODE allows the connection of special hy-
draulic components without any volume.

The HYDROVLNODE transmits the signals for pressure (p), flow (Q) and
the variables A and C between the connectors of the components. Just
two components can be connected.

The HYDROVLNODES and the hydraulic lines between the components
are represented in magenta colour.
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4 PneumatNode

=
PreumatMode
Symbol
Connectors and Variables
Name Type | Unit Description
Pressure Pneu | bar Pressure at the node
T Pneu | K Temperature at the node
Pdot V - internal auxiliary variable
Tdot V - internal auxiliary variable
Parameters
Name Value Unit Description
Volume 11 Gas volume between the
components
Source 0 - Switch for activation of
pressure source function
Notes

The PNEUMATNODE represents the gas volume between the connected
components as an ideal capacity without any resistance behaviour. The
parametrizable volume consists of the volume of the line which con-
nects the components and the dead volumes. The dead volumes are
those gas volumes, which can not be displaced (in e.g. valves, the vol-
ume between connection and control edge). Furthermore, the correc-
tion volumes are automatically added to the node. An accumulator de-
livers e. g. a constant correction volume, and a cylinder a variable cor-
rection volume.

If the parameter source is marked, the pressure source function the
node is switched on. As a result the PNEUMATNODE works as a con-
stant pressure source and both the pressure and the temperature were
adjusted over the initial values.

PNEUMATNODE and the pneumatic lines between the components are
represented in the drawing area in a dark blue colour.

280 © FLUIDON® GmbH 2008



User Manual Appendix A Nodes

5 MechTransNode

[ |
MechTransMNode

Symbol
Connectors and Variables

Name Type | Unit Description
X V - Stroke

% Vv - Velocity

F V - Force
Parameters

Name | Value Unit ‘ Description
Notes

A MECHTRANSNODE transmits the signals for a stroke (x), a velocity (v)
and a force (F) between the mechanical connections of different com-
ponents. The MECHTRANSNODE and the connecting lines between the
components are represented in the drawing area in dark grey colour.
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6 MechRotNode

MechRothlode

Symbol
Connectors and Variables

Name Type | Unit Description

phi Vv - angle

omega Vv - angular velocity

M V - torque
Parameters

Name | Value Unit ‘ Description
Notes

A MECHROTNODE transmits the signals for an angle (phi), an angular
velocity (omega) and a torque (M) between the mechanical connections
of different components. The MECHROTNODE and the connecting lines
between the components are represented in the drawing area in light

grey colour.
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7 SignalNode

Signalkode

Symbol
Connectors and Variables

Name | Type ‘ Unit ‘ Description
Value | Vv | - | transmitted signal
Parameters

Name | Value Unit ‘ Description
Notes

A SIGNALNODE transmits a signal between the signal connectors of dif-
ferent components.

As many input connectors as desired can be connected to a SIGNAL-
NODE, but only one output connector.

If a signal output is connected to a HYDRONODE, it changes into a SIG-
NALNODE. The pressure in the node is determined by the signal value.

SIGNALNODES and the connections between the components are repre-
sented in the drawing area in green colour.
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8 DigitalSignalNode

|
DigitalSignalkode

Symbol

Connectors and Variables

Name | Type ‘ Unit ‘ Description

Wert | \ | : | transmitted signal
Parameters

Name | Value Unit ‘ Description
Notes

A DigitalSIGNALNODE transmits a signal between the signal connectors
of different digital components.

As many input connectors as desired can be connected to a DigitalSIG-
NALNODE, but only one output connector.

SIGNALNODES and the connections between the components are repre-
sented in the drawing area in dark green colour.
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Appendix B  Component BlackBox

BlackBox:
Inputs Qutputs
Inputz Qutputz
Inputi outputl
mechtransind -> MechtransQut2
mechtrans Qutl * mechtransinz
Ml chratind Mechratoutz
Mle chrotout mlechrotinz
p1 ™z
p2 ® pa
\Lcu;tutc\l‘lf fT}I‘Ip/II‘tdfT\ Blackhox
outputs Inputs
outputs Inputs
Symbol
Connectors and Variables
Name Type | Unit Description
p1 Hydr | bar
p2 Hydr | bar
p3 Hydr | bar
p4 Hydr | bar
Inputi In -
Input2 In -
Input3 In -
Input4 In -
Input5 In -
Input6 In -
Outputi Out | -
Output2 Out | -
Output3 Out | -
Output4 Out | -
Outputb Out | -
Output6 Out | -
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Name Type | Unit Description
Mechtransin1 Mech | -

MechtransiniF Out | N
Mechtransinix In mm
Mechtransiniv In m/s
MechtransIn2 Mech | -
MechtransIin2F Out | N
MechtransIin2x In mm
Mechtransin2v In m/s
Mechrotin1 Mech | -
Mechrotin1M Out | Nm
Mechrotln1phi In rad
Mechrotiniomega | In | rad/s
Mechrotin2 Mech | -
Mechrotin2M Out | Nm
Mechrotln2phi In rad
Mechrotin2omega | In | rad/s
MechtransOut1 Mech | -
MechtransOut1F In N
MechtransOut1x Out | mm
MechtransOut1v Out | m/s
MechtransOut2 Mech | -
MechtransOut2F In N
MechtransOut2x Out | mm
MechtransOut2v Out | m/s
MechrotOut1 Mech | -
MechrotOut1M In Nm
MechrotOut1phi Out | rad
MechrotOut1- Out | rad/s
omega
MechrotOut2 Mech | -
MechrotOut2M In Nm
MechrotOut2phi Out | rad
MechrotOut2- Out | rad/s
omega
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Parameters

Name

Standard value/
standard unit

Description

Parameter1
Parameter2
Parameter3
Parameter4
Parameter5
Parameter6
Parameter7
Parameter8
Parameter9
Parameter10

Notes

(@)

O O OO OO o o o
1

BLACKBOX is an element for experiments with external functions (see

chapter 6, 4).
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Appendix C Examples of simulations

In this chapter exemplary simulation models are presented. In this
manner, the customer gains a feeling for the set-up of own models.
Furthermore, the contents of the component library and the broad ap-
plication spectrum of the simulation program becomes clear.

The models described here are in the demo model directory of
DSHplus which is the selected directory after installation and is avail-
able to the customer for training with the simulation software.

1 Cylinder control

The first simulation example shows an analogous position control for a
cylinder. The model consists of an unchangeable pump which supplies
a servo valve with volume flow. The desired system pressure can be
varied via the PRV. The valve controls a cylinder which is coupled with
a movable mass over a spring damper element.

Corresponding to the value set (DEMANDEDSTROKE) by the component
SETVALUE the servo valve is actuated by the output of the controller
(CONTROLSIGNAL) for so long until the actual way measured off at the
mass (PRESENTSTROKE) matches the demanded way. The controller
closes the valve again.
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Cylinder /l_f“ N

. FIFTTTFTITRTTTT
Connection
Mass
FresentStroke
Wola
;
> z
LRSI MorminalStroke 3 Camparisan
MaminalData
1 1
T T Contraller
; >< T T PT2|€ e ué
SetWValue StrokeDifference
Walve
——
= =
WdIP
PLW
Pumip

Simulation model of a closed-loop control system

By means of this model very simply held simulation model of a closed-
loop control system different effects typical for fluid power systems can
be simulated. In such a way, the increase of pressure can be consid-
ered for each individual volume node and the node characteristics can
also be influenced via its parameterization. In the picture, this is to be
recognized clearly for the rise of the supply pressure VoIP at the begin-
ning of simulation.

As further signals, the valve signal, the cylinder way and the pressure
in the cylinder chambers are displayed in the picture. That it is recog-
nized clearly that the system tends to continuous oscillations which is
caused by the controller parameters. The customer can here vary dif-
ferent control parameters in order to receive the system into a stable
operating point.
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Time/s
VolB.Pressure 0 to 200 bar
VolA.Pressure 0 to 200 bar
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Time/s
Mass.stroke -100 to 100 mm
Cylinder.stroke -100 to 100 mm
Valve.Stroke -1 to 1 mm
NominalStroke.Value -100 to 100 mm

Simulation graphics of the cylinder control

With the variation of the cylinder friction or the friction of the moved
mass the influence of solid state- and/or viscous friction to the system
cant be examined. In this manner, brake away effects which lead to
embroidery slip effects during the control cycle can be simulated.

Furthermore, it is possible to modified the spring damper element or the
valve’s flow characteristic curves or its dynamic.
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2 Digital cylinder control

The second simulation example shows in principle the same model
construction as example 1. Merely the analogous control elements are
replaced through digital components. As further innovation, the cylinder
is not burdened by mechanical interaction with the moved mass but it
burdened by a way dependent load over a look-up table.

LoadTable
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’QM‘ > § a=D |5 f |y (2
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AL ] 4 onk {} 4 of
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-
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@'ump

Simulation model of the digital cylinder control

FLW

The simulation model of the digital cylinder control provides the user
the possibility to test the influence of different resolutions of the A/D
converter and/or of settings of the sampling or CPU time on the control
effectiveness and the control characteristic of the system.
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02 04 06
Time/s
Cylinder.stroke -200 to
Valve.Stroke -0.5 to
Load.Value -10 to
NominalStroke. Value -2048 to

0.8 1

200 mm
0.5 mm
110 kN

2048

Trajectories of a step response test

Through variation of the look-up table the stroke dependent load that
affects the cylinder can be varied in a way that the working stroke of a
press e.g. can be simulated. In addition, one can bring the cylinder into
a normal position by means of the parameter ORIENTATION in the com-
ponent cylinder in order to consider the mass strengths of the tie beam.
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3 Hydrostatic drive

The third simulation model represent a strongly simplified hydrostatic
drive of an arbitrary vehicle. The upper model includes the deceleration
valve integrated into the drive as a complex component, the lower
model built up almost identically shows how the deceleration valve can
be built up of single components.

Intention of this simulation model is it to show to the user how simply it
is possible to model components with DSHplus those are not yet con-
tained at the model library by a connecting of basic components.
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Simulation model of the drive complex (above) and modular (below)
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During simulation the user has the possibility to adjust the pump vol-
ume flow via the component DEMANDEDROTATIONSPEED, the torque
applied to the engine via LOADTORQUE and by means of the function
generator VALVEEXCITATION the valve position. Different vehicle veloci-
ties and the change of the topographical profile can be represented
during the simulation by a suitable combination of these parameters.
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4 Hydro transformer

The example hydro transformer shows how it is possible to operate a
differential cylinder in the closed hydrostatic circuit with the aid of the
double engine.

Cylinder /I_LI
!

é.D.O

Sum MarminalStroke

MaminalData

HydroTransfarmer

Furnp

4 FPumpContraller Contraller

+ i 3 i3 '\._/é
w_Pump Setvalue StrokeDifference

Simulation model of the double engine as a hydro transformer

If the displacement volumes of the hydraulic motors are adapted to the
area ration of the cylinder, one can control the cylinder merely through
the change of the pump flow.
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5 Diesel engine driven pump

The simulation example of the diesel engine driven pump shows the
user, that it is now possible with DSHplus to integrate also drive tech-
nology components into the calculation.
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Simulation model of the diesel engine driven pump with testing envi-
ronment

T

N

By suitable parameter selection the user can simulate a load regulated
pump, that is driven by a diesel engine.

In addition to the calculation of the efficiencies and the input of different
speed-load-curves of the engine the speed decrease of the diesel en-
gine in the case of too much hydraulic load can be simulated.
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6 Mechanical drive train
The simulation example mechanical drive train serves a introduction of
the library of simply modulated mechanical and drive elements which is

at this time under evolution.

The model includes an asynchronous motor that drives over a clutch
and a gear an inertia, that again is coupled with a brake.
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Brake F3

Simulation model of a mechanical drive train

In the example simulation the asynchronous motor has already started.
After some time the clutch is then activated and one can see the cou-
pling effects at the acceleration of the inertia. An comparison of the
torque and of the rotational speeds before the gear and after the gear
shows the influence of the losses parameterized in the gear.
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m1.omega
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Simulation results of the drive train

200
200
200
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rad/s
rad/s
rad/s
rad/s
rad/s
rad/s
rad/s
rad/s

After the clutch again has been released, the inertia is first slowed
down by viscous friction and final slowed down to the standstill through

the break.
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7 Pressurization and ventilation of a volume

In this simulation example the course of events by pressurization and
ventilation of an accumulator is considered. This process appearing
quite trivial at first can only be very difficult computed analytically since
the mass flow via the valve changes constantly according to the accu-
mulator pressure.

Simulation model to pressurize and ventilate a volume

The simulation model exist from an unchangeable pressure source, a
spring returned 3/2 way switching valve accessed electrically, an ac-
cumulator and a function generator. The pneumatic node represents
the hose between valve and storeroom. The state variables of the ac-
cumulator can be measured off here. In order to generate the mass
flow over the valve as a simulated value the signal node MASSFLOWA is
put on.
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0 4 8 12 16 20
Time /s
Hose.pressure 0 to 10 bar
MassFlowA. Value -1 to 1 a’s

=

Simulation graphics of the pressurization and ventilation

The function generator specifies a signal to the switching valve through
what the accumulator is combined with the pressure source. After a de-
faulted space of time, the signal is put to zero. As a result, the spring
shifts the valve into the initial position and the accumulator is purged for
the environment.

Two selected state variables of the model are represented over the
simulation time in the simulation graphics.

At first the accumulator pressure (blue) increases steeply from the am-
bient starting pressure of 1 bar. The mass flow (red) is at first constant,
since the pressure before the valve is constant too and the accumulator
pressure is still low - hypercritical mass flow. After the accumulator
pressure has exceeded a specific boundary value, the mass flow be-
comes sub critical and declines. The gradient of the accumulator pres-
sure decreases correspondingly more and more and fills up asymptotic
onto working pressure from 8 bar.

In case of the ventilation of the system the accumulator pressure repre-
sents the pressure at the metering edge of the valve. For this reason,
the mass flow at first is hypercritically, however it is not constant. Con-
sequently, the storeroom pressure declines off steeply, but needs a
very long time to achieve the ambient pressure of 1 bar.
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8 Cylinder in a closed-loop control system

The next simulation example is a cylinder in a closed-loop control sys-
tem. This example clarifies the suitability of the simulation program for
design of pneumatic systems. The optimization of the system can be
carried out both at the components of the controlled system (cylinder,
valve) and by the attitudes of the automatic controller.

® +
ZetAcosisrston

H=
e
3
1%

Simulation model of the cylinder in a closed-loop control system

The simulation model consists of a differential cylinder, an constant
pressure source and a 5/3 way servo valve. The state variables of the
cylinder are measured off at the cylinder and transmitted to an auto-
matic controller with stroke, velocity and acceleration feedback. The
manipulated variables are summarized at a summer and switched to
the entry of the servo valve. The demanded stroke is applied via a func-
tion generator.
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In the next simulation graphics, the stroke of the cylinder in the case of
a sinusoidal input signal can be seen (rblue) from 100 to 400 mm at a
frequency of 0.5 Hz.

The cylinder stroke (violet) nearly achieves its demanded position after
0.6 s almost without overshooting. The green curve shows the actuator
signal which is delivered to the entry of the servo valve.

0 06 12 18 24 3
Time /s
SetValue . Value -100 to 100
CylinderStroke.Value 0 to 500 mm
IdealStroke.\Value 0 to 500 mm

Trajectory of cylinder stroke, demanded stroke and actuator signal

The pressures of the cylinder chambers calculated in the simulation are
represented in the following picture.

W
\.—/_‘-/\‘—/_——\__AJ

0 06 12 18 24 3
Time/s
p-rod.pressure 0 to 10 bar
p-bottom.pressure 0 to 10 bar

Trajectory of the pressure in the cylinder chambers

With the aid of the control system parameters the user is able to correct
the dynamics of the system. In addition, he/she can implement easily
modifications of the controlled system (bigger cylinder, smaller valves
or different working pressures) through the parameterization of the
components.

304 © FLUIDON® GmbH 2008



User Manual Appendix C Examples of simulations

9 Modelling of a pressure regulating valve

This example represents the modelling of a pressure regulating valve
(pressure governor). Although the component library of DSHplus al-
ready has two simplified pressure regulating valves, it should be shown
with this example how components more complex can be made with
DSHplus through the connection of single standard components.

The simulation model essentially consists of the pressure regulating
valve (main stage, control spool, flapper-nozzle system), a consumer
unit (hose, accumulator) and the signal chain.

The central component of the pressure governor forms the main stage,
a 3/3-way-continuous valve. The stroke of a controlling spool, a piston-
rod less spring returned cylinder, is applied to the entry of this valve.
Onto the cylinder the control pressure fitting between the nozzle and
the flapper-nozzle system is applied. If the control pressure increases,
the control spool displaces itself to the left. As a result, the main stage
connects the consumer unit with the pressure source. If the control
pressure is reduced, the return spring presses the control spool to the
right and this purges the consumer for the environment. The control
spool is in the middle in the initial position i.e. the consumer is neither
pressurized or ventilated.
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Simulation model of modelled pressure regulator

The regulation the control pressure occurred via a flapper-nozzle sys-
tem that is deflected by a voice coil in a permanent magnetic circuit
against a membrane spring. This closed-loop control system is imple-
mented with the aid of the signal components of the controller library.
Starting from the deviation between should and actual pressure, a set-
ting current is first generated via a proportional element. In the sum
with the offset current, a force proportional to the coil current results
from this. The current construction is considered by a PT1 element. If
one now forms force balance at the deflecting electrode considering the
elastic and dampening behavior of the membrane spring, the high dy-
namic behavior of the deflecting electrode can be described with the
aid of a PT2 element. In order to regard of the flow force, the control
pressure is multiplied by the active area of the deflecting electrode and
also included in the force balance. Finally the conductance of the ad-
justing nozzle is determined in dependence of the absolute distance
(flapper-nozzle) from an one dimensional look-up table.

In the first simulation, the transient of the flapper is examined for the
case that the reactance coil becomes charged merely with an offset
current(zero current). In this case, the absolute distance of the flapper
of the measuring nozzle must be chosen in such a way that the control
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spool is in the middle position after the transient and the pressurization
and ventilation connections of the main stage are locked.

The trajectories of the control pressure, of the control stroke of the
valve spool, of the coil force and of the distance (deflecting electrode
measuring nozzle) over the time are represented in the following simu-
lation graphics.

W s L i =
0 01 02 0.3 04 05
Time/s
InductorForce.Value 0 to 1 N
ControlPressure.pressure 0 to 10 bar
SetStroke.Value 0 to 200 microm
StrokeValve.Value -1 to 1 mm

Simulation graphics for the transient of the control

After the control spool centered itself in middle position, the static state
variables are stored and used as initial values for the subsequent pres-
sure regulation.

A square wave is chosen as debit pressure (red) with a jump from 2 bar
to 5 bar at a frequency of 4 Hz. One sees how the present pressure
follows the should pressure (blue) relatively fast, the required value al-
ready after 0.05 s exceeds and still requires 0.05 s in order to work out
onto the required value. At the declining flank, the pressure governor
need due to the lower pressure difference more time to achieve the de-
faulted required value, remains yet more than overshoot free. The set-
ting current is also represented (green), that is charged to the deflecting
electrode and therefore causes the change of the control pressure.
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ST

0 0.1 02 03 04 05
Time/s
PressureValue.Value 0 to 10 bar
AccumulatorPressure.Value 0 to 10 bar
ActualCurrent.Value -20 to 20 mA

Simulation graphics of the pressure regulating valve
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Appendix D Miscellaneous

1 Configuration of compiler and linker

Before the program function Making + Compiling is carried out inter-
actively in the dialog STATUS MODEL BUILD UP, the compiler and the
linker must be configured. This can be done in the register board Com-
piler and Linker of dialog Options.

The compiler and the linker are configured via response and configura-
tion files and called via a batch file. As a result, one can work with
command lines longer than most operating systems approve. In addi-
tion, the paths and options need not be entered each time anew. The
response files contain the paths necessary for compiler and linker while
the configuration files summarize the options for the compiler and the
linker.

DSHplus is prepared for use of the command line compiler BCC32 of
Borland and of the Borland linker TLINK32 however, one can work fun-
damentally with every compiler and linker that is able to create DLL’s.

The work files with attitudes for the Borland compiler and linker are in
DSHplus available as file presentations. From these presentations and
the attitudes of the register board Compilers and Linker of the input
dialog OPTIONS, the batch file, the response and configuration file of the
compiler and the response file of the linker are made. (The options for
the linker are filed in the response file of the linker together with the
paths.)

If for the work with DSHplus the Borland compiler is employed, only the
correct paths of compiler and linker must be adjusted in the register
board. It one works with another compiler, the user must make the
templates for the work files with the contents necessary for the compiler
and the corresponding syntax him/herself. Since however this depends
on the respective compiler, at this point not further help can be given
but be referred only to the manuals of the employed compiler.

In the following sections the work file templates provided by DSHplus
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and from which the work files are made for the Borland compiler are
more closely introduced.

The following table shows from which templates the work files are
made:

Denotation File template |Work file
Batch file of compiler and linker dglbat.dsh dshdgl.bat
Response file of the compiler comprsp.dsh comprsp

Configuration file of the compiler dglcfg32.dsh dshdgl.cfg
Response file of the linker Inkrsp32.dsh Inkrsp

The template files contain keywords which are printed fat in the follow-
ing source code. For the generation of the work files, these keywords
are replaced.

From the template dglbat.dsh the batch file dshdgl.bat will be derivated,
which calls the compiler and the linker:

/* Datei dglbat.dsh */

Compiler @s1\comprsp > %l\result.txt
Linker @%1\linkrsp >> %1\result.txt
@echo off

In this case, compiler becomes automatically replaced through the EXE
file of the compiler and linker through the EXE file of the linker (both
with its paths according to the information stored in Compiler and
Linker in the OPTIONS dialog).

The file comprsp.dsh is the template for the response file of the com-
piler:

/* Datei comprsp.dsh */
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+Configuration
-nPfad/Path

If the work file is made from this file, Configuration is replaced by the
name of the Configurations file of the compiler with its path. The name
of the file which should be compiled is registered in the case of
pfad/path with path (source code of the model).

The compiler options are stored in the file dglcfg32.dsh:

/* Datei dglcfg32.dsh */

-C

-V

_V-i -
-w-bei
-w-11in
-w-1vc
-w-ret
-w-nci
-w=-inl
-w-obi
-w-ofp
-w-oV |
-wpin
-wamb
-wamp
-w-par
-wasm
-wcln
-wdef
-wsig
-wnod
-wstv
-wucp
-wuse
-weas
-wpre

D_RTLDLL;_BIDSDLL;_OWLDLL;STRICT;_OWLPCH;_ _OWLALLPCH;WIN32BIT;
UNDER_WIN95

-P-.

-IInclude-Pfade/Include-Pathes
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In the work file made from the file dglcfg32.dsh is include-
pfade/include-path replaced through the paths of the include files ac-
cording to the information stored in Compiler and Linker in the OP-
TIONS dialog.

Since the linker must only be configured with few options, they are con-
tained directly in the template for the response file of the linker
Inkrsp32.dsh:

/% Datei Inkrsp32.dsh */

/Tpd/x/c/v /LLib-Pfade/Lib-Pathes +
c0d32 objectfiles

DLL-Name,

cw32 import32 Libfiles
ModulDefinitionFile

Lib-Pfade/Lib-pathes is automatically replaced while making the work
file through the directories of the Libs according to the settings stored
among Compiler and Linker in the OPTIONS dialog. Among Objectfiles
the objects of the model, made by the compiler, and if appropriate addi-
tional objects are registered. DLL-Name indicates the name of the DLL
file which should be made by the linker. Libfiles is replaced by the file
names of the additional Libs and instead of a ModuleDefinitionFile, the
module header file is entered in the work file with its path.

The module header file dshdgl32.def supplies information to the linker
about the contents and the system request of a Windows application:

/* Datei dshdgl3.def */

LIBRARY DSHDGL3 INITINSTANCE

DESCRIPTION 'Modell DSHplus 3 c 2001 FLUIDON GmbH'
CODE LOADONCALL EXECUTEREAD

DATA LOADONCALL MOVEABLE SINGLE NONSHARED

EXPORTS
@Begrenzungen$qgpg @3 ; Begrenzungen(long double *)
@aten$qv @1 ; paten()
@pg1%$qgpgt2gt25FLAGS @5 ; Dgl(long double,

Tong double*,

Tong double *,

Tong double,

Tong double *, FLAGS)
@ExitFunktion$qv @6 ; ExitFunktion()
@Grenzwerte$qp9GRENZWERT @4 ; Grenzwerte(GRENZWERT *)
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@Initialisierung$qp4DATApc @2 ; Initia1isierung(DﬁTA L
char *)

@output$qgpggt2t25FLAGS @10 ; output(long double,
Tong double*,
Tong double,
long double *,
Tong double *,
FLAGS)

@getLocalkey$qv @11 ; getLocalkey()

All files and paths necessary for the compiler and the linker must be
registered in the register board Compiler and Linker of the dialog OP-
TIONS. The following table explains the input fields of the register board,
in each case a example entry is given in brackets.

Input field Explanation
Dateien
Compiler Compiler name with path

(c:\program
files\fluidon\dshplus\bc\bin\bcc32.exe)

Batch file Template of the batch file
(DglIBat.dsh)

Compiler Response File Template of the response file of the com-

piler

(CompRsp.dsh)
Compiler Configuration Template of the configuration file of the
File compiler

(dglcfg32.dsh)
Linker Linker name with path

(c:\program
files\fluidon\dshplus\bc\bin\tlink32.exe)

Linker Response File Template of the response file of the linker
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Input field Explanation
(with options)
(LinkRsp32.dsh)

Module Definitions File Standard is dshdgl3.def
(DshDgl3.def)

Additional Libs Additional Libraries
(DSHTools3.lib)

Additional Includes Additional Include Files

Additional Objects Additional Object Files

Directories

Include files Directory of the include files
(c:\program files\fluidon\dshplus\include;
c:\program
files\fluidon\dshplus\bc\include)

Libs Directories of the lib files
(c:\program files\fluidon\dshplus\lib;
c:\program files\fluidon\dshplus\bc\lib)

Note:

Under additional libraries must the library of the mathematical one

e Under include files must both be specified the directory of the in-
clude files of the compilers and of DSHplus. In the same way the di-
rectories of the libraries of the compiler and of DSHplus must be
specified under Libraries.
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compile 64
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connect 25
connect several 53
end 160
exit function 151
functions 152
mark 55
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move 56
parameter 147
place 23
programming 175
programming rules 178
select 23
source code 146
variables 149
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connect 25
component library 20
add component 175
component programming 175
data format 183
deftyp.h 175
deftyp2.h 183
dglthermotools.h 202
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procedure 175
ring memory 198
specific definitions 180
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component-connections 25
design mode 51
differential equations 132
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exit 51
extras 120
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function line 17
functions 152
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help
component library 127
content 127
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initial conditions 132
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installation 13
uninstall 14
look-up table 82
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load 86
save 87
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menu line 17 directories 121

model 20, 51 graphic options 123
align components to grid 60 page set-up 124
compile 64 parameter 30, 67
connect component 52 component parameter 67
connect several components 53 delete 75
copy 63 display 76
copy component groups 56 load 70
copy components 56 look-up table 82
create 64 save 73
design 52 save as 73
designing 20 save component parameter 74
drawing functions 52 save parameter set 73
edit 52 setting 30
edit source code 66 simulation parameter 68
group components 59 standard values 160
group name 56 start values 68, 104
mark components 55 pneumatic nodes 25
move components 56 pressure 133
paste 63 print 50
paste component 52 print header 124
redo 64 programming rules 178
refresh 61, 63 project
save 61 author 50
select all 63 close 40
select component 52 import 46
source code modification 207 info 50
stop edit 61 name 50
undo 63 new 44

multi-user deployment 12 open 45

network usage 12 remark 50

nodes 25 save 49
hydro nodes 25 save as 49
mechanical nodes 25 template 44
pneumatic nodes 25 set print size of simulation graphics
signal nodes 25 124

number pages 124 signal nodes 25

options 121 simulation 90
compiler and linker 122 abort calculation 35
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graphics 36
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progress 90

save results 101

simulation graphics 36

simulation progress 35

start calculation 35, 90

stop calculation 91
simulation graphics

adapt 97

copy to clipboard 99

set print size 124
simulation mode 29
simulation model 131

component definition 165

data 172

differential equation 168

exit function 167

initialization 166

limitations 171, 172

limits 167

model source code 162

source code 162

source code header 163

simulation parameter 32
solvers 133
source code 131
select editor 125
standard values 160
start values 68, 104, 132
status line 18
system requirements 12
uninstall 14
unit file 161
units 161
adjusting 30
user interface
drawing area 18
function line 17
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variables 30
adjusting 30
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volume flow 133
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minimize 119
restore 119
standard size 119
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