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Chapter

Getting Started

Objective
In this tutorial, you will automate three RecurDyn processes using ProcessNet. ProcessNet

is used to develop automated procedures for model building, analysis, and plotting. The
three processes are:

= Automate the creation of a series of contacts.
= Create a custom dialog box that provides user control of the contact.

=  Automatically check the contact force outputs and only plot the contact forces that have a
non-zero output.

You simulate a pair of hoses on a 4WD loader, as shown on the cover of the tutorial. The
hoses connect the hydraulic pump at the rear of

the vehicle to the cylinders of the loader linkage . . 7
at the front of the vehicle. The loader steers by T
articulation. The hoses bend as the two sections
of the frame articulate and may contact each
other.

W

It is important to understand the contact to
predict any binding or wear problems. The
motion is not trivial—it is hard to predict the
motion of the hose and the contact location. You
want to know where the contact occurs and the magnitude of the contact force. Therefore,
you need to define contacts between many of the segments of the two hoses (see the figure
below). It would be a tedious job to do manually and you could make some mistakes. An
automated process would be much more efficient
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Approach

You will start with a loader model that includes all of the mechanical components, including
the hoses and the motion controls for the model. The hoses were defined using the RFlex
Beam Group, using two points and 50 segments. The front attachment points of the hoses
are moved backwards during the first 0.18 seconds of the simulation to develop the proper
slack in the hoses. Another motion input articulates the frame by lengthening one of the
steering cylinders.

The initial set of contacts will be defined between corresponding segments of the two hoses,
as shown in the figure below:

Audience

This tutorial is intended for intermediate users of RecurDyn who previously learned how to
create geometry, joints, and force entities. All new tasks are explained carefully.

Prerequisites

You should first work through the 3D Crank-Slider and Engine with Propeller tutorials,
or the equivalent. We assume that you have a basic knowledge of physics.

You will need a license for the RFlex module in order to run this model because the hoses are
defined using the RFlex Beam Group.

Procedures

The tutorial is comprised of the following procedures. The estimated time to complete each
procedure is shown in the table.

Procedures Time (minutes)
Opening model and Initializing ProcessNet 10
Automating Contact Definition 35

Adding a Dialog Box and Message Output 20

Automating Plot Creation 20
Total 85
Estimated Time to Complete

This tutorial takes approximately 85 minutes to complete.
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Chapter

Opening the Model and
Initializing ProcessNet

Task Objective

Learn how to open a mechanical model in preparation for using ProcessNet and learn how
to initialize ProcessNet.

g
Estimated Time to Complete

10 minutes
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Starting RecurDyn
To start RecurDyn and open the Start RecurDyn x
initial model: ~New Model
Name  |Modell |
1. On your Desktop, double-click the Unit [ MMKs{Millimeter/Kilogram/Newton/Second) [+] [ setting |
RecurDyn icon. _
Gravity |-‘r’ |V|
2.  When the Start RecurDyn dialog
box appears, close this because
you will not be creating a new
model but using an existing one. Opcalpinge
oA Rdg @ || Recent Modes
3. From the Quick Access Toolbar,
click Open. .
4. Select the file
4WD_Loader_Start.rdyn. _
Modell.rdyn

Show 'Start RecurDyn' Dialog when starting

(Thefilelocation: <InstallDir>/Help/Tutorial/ProcessNet/VSTA/4WDLoader).
5. Click Open.

Your model should look like the following.

The red lines are the hydraulic hoses that you will study.

Tip: Note that this view is shown in the # (Render Each Object) viewing mode so that
you can see past the components on the bottom of the vehicle that might obscure your view
of the hoses. If you have difficulty seeing the hoses, you may want to check if you are in the
Shaded viewing mode. If so, change back to the Render Each Object viewing mode.
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Initializing ProcessNet

To start ProcessNet and perform initialization:

1.

To enter the Integrated Development Environment (IDE), from the ProcessNet(VSTA)
group of the Customize tab, select PNet.

e oonEBRd - -RE]- RecurDyn VOR1 - [4WD_Loader Startrdyn]

Qe Q

Run Maodity Helper

» ¥

Run  RegirterDiL

»

Run  RegisterDdL

ProcessNet(vsTA) ProcesiNet[Ganersl) eTemplate

A small window appears that tells you that RecurDyn is Initializing ProcessNet. It
may take a few minutes to perform the entire initialization process if this is the first time
that the ProcessNet IDE is used after the RecurDyn installation. Otherwise, the
initialization takes 10 to 15 seconds.

When the initialization is complete, a new window appears with the heading ProcessNet -
RecurDyn, as shown below.

|>(0q|oo_|_.}{.

@ Processiet - Recurlyn

Eile Edit View Project Build Debug Data Tools Window Community Help
FFE-0F BB EE(9-0- b 0= ®[3% | QFER G

B @@

e Proceset]

5} (2 Properties

B |= References

| - i8] ThisApplication.cs

Project Explorer

ﬂ Project Explorer 'ﬁoata Sources
Properties ~ 1 x

Error List

ProcessNet Project Properties -
31X

[@ 0trrors| [ i\ 0 Warnings| [(©) 0 Messages| =3

Project File ProcessNet.csproj

Description File Line Project Folder Ci\Users\eunyi313\Documents)

Column Project

Message WIndow Project WIndow

Project File
The name of the file containing build, configuration, and
other information about the project.

Ready

It contains four areas that let you:

= Project Editor Window - Write and edit code and design interface objects.

Project Explorer - Get an organized view of your project and its files.

Properties window - View and edit the properties of objects you selected in the
Project Editor window or Project Explorer

Message window - View information that is generated as you build and run your
code, such as errors in your code.
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The Project Explorer should contain a Recurdyn folder, with

ThisApplication.cs, as shown in the figure on the right.

= If this is what you see, continue to Step2 below.

= If the contents of the window are different, it may be
because the default Project directory was used by

Project Explorer

=2 2=

_E ProcessNet

E . Properties

© L. @) Assemblylnfo.cs
- (4 Resources.resx

_] Settings.settings

- '#] Settings.Designer.cs

another user. If so, create your own Project space. .  Refeences

E [= Recurdyn

- L res

S | ThisApplication.cs

- '#] Resources.Designer.cs

Note: The location of the default Project directory is in the ProcessNetProject directory in
the RecurDyn installation directory. The name of the default Project Directory is ProcessNet.

a. Make a copy of the ProcessNet directory and place it anywhere on your computer.

You can name the directory as you would like.
b. Return to the ProcessNet IDE application.

c. From the File menu, select Close Project.

d. Select Open Project and select the ProcessNet.csproj file in your new directory

that you created in Step a.

e. Delete any items in the Project Explorer window that are not in the figure above.

2. In the Project Explorer window, double-click the file ThisApplication.cs to open it.

The content of the file appears in the Project editor window.

@ ProcessMet - RecurDyn ®
Ede Edit  View PBefactor Project Build Debug Dats Tock Wiedsw Comenunity Help
SZEH-d @ & D BI=EZ k (3 LT i ol
nE ThisApplcation.cs = ¥ Project Exploser « 0 %
T
i enshlat T T Apir 5t ' o g esn et " ad _a ‘ﬂ .:_:
-l 7 ProcessNet A
-
& Properties
£ Assernbhyinfoocs
namespace ProcessNet .csorod i Resources.rem
I
public partial cless TF at ~ :_;I“P:;F':;l::':sl!ﬂ!rﬂ
] shigE, sEth
public woid Hel loProcesshet( ) &) Settings.Designerds
i ) . 4 =g References
Sappl icat astiangd at IniBializel ) such a )
Frappl i cat : R&cur ,l pelicat ion a |.'.i.'J III":. B _..'an-:ur:hn
appl icat ion, PflntHE‘E-'FJ'EE': Hello Processhet ™ ] Thishpplication.cs
apel icat ion.PrintMessagel sppl iCak |on. Processietyversion: £ [ res b
y
public void CreateBodyExamplel] ) Froperties * 1 x
i
mod | Docpment  Hode |IPraperty  UseEravity = ruo E
-l::l?lll]u-:,l.l?nt Mode IPraperky. erltrt = §5; 1 (5]
! e |Oocument . Mode IProperty. Bravityd = -9806,68; e =
lu::jell:lu-'l.-ent Mode IProparty . Gravityy = -9805.65 + 2
wisde | Document . Mode IFroperty @ravityZ = -9806.65 « 3
H
public woid IParamétricyalwsl )
i
Dnru-etrlcﬂluel = wodel GreateFaramet ricYaluel |
J.reEnuullf weter ic¥aluefyYl™, parametric¥alus) . Neme):
.i.reEuuulilu r:er!.-etruch'aluﬂ.h'alue];
v
i s ab o alre Faiafl — mmdad sl sk o aths Laad = 1
< »
Ready Lnl Cal 1 Chi 5

You are now ready to start developing your first ProcessNet application.

3. From the File menu, Select Save All as 4WD_Loader.
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Chapter

Automating Contact Definition

Task Objective

In two steps, you will create a ProcessNet application that creates a set of contacts between
the segments of the hoses. You will learn how to:

» QObtain the necessary information to create a RecurDyn entity.
» Use the ProcessNet help in RecurDyn.
= Work in the IDE to develop an application.

You will then run a simulation, view the results, update your application, and rerun the
simulation to observe the improved results.

Estimated Time to Complete

35 minutes

10
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Understanding the Contacts to be Created

Chapter 1 explained that each of the two hoses have 50 segments, as shown in the figure
below. The hoses are separated at the mounting locations at each end. The centerline of the
vehicle runs between the hoses. When articulation occurs one hose tends to be stretched
more and the other hose stretched less. With the curving of both hoses being different, they
can make contact in the middle of the span of the hose.

For your first ProcessNet application, you will create 11 contacts in the middle of the span of
the hoses as shown in the figure below.

NININIANIANIANININININIAN

11
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Using the ProcessNet Help Examples

In this section, you will learn what kind of information is available to help you create your

ProcessNet application.

To open the basic ProcessNet help window:

1. Open the RecurDyn Help located end of the main tab.

2. Select ProcessNet Help.

A help window appears as shown below.

-
Af RecurDyn Online Help

AZ RecurDyn Help
1? RecurDyn Support

I w? Processhet Help

# HomePage
A sbout RecurDyn

L’;) RecurDyn V9R4 ProcessNet Documentation

o] © O o o7
Hide Locate Stop  Refresh Home Print  Options

Contents | Index | Search ‘ Favorites |

& @ Examples BNP

Q Examples.Chain

# Q Examples Chart

@ Examples Control

= Q Examples. Durability

# Q Examples.FFlex

Q Examples.Flexible

# Q Examples.Flexinterface

& @ Examples MMS

Q Examples MTT2D

& @ Examples MTT3D

@ Examples Particlelnteface

& @ Examples. R2R2D

# Q Examples RFlex

Q Examples.Tire

#= Q Examples. TrackHM

# Q Examples. TrackLM

Q FunctionBay.RecurDyn ProcessNet

# Q FunctionBay.RecurDyn ProcessNet. AutoDesign
Q FunctionBay.RecurDyn ProcessNet. BNP

3] Q FunctionBay.RecurDyn.ProcessNet. Chain

# Q FunctionBay.RecurDyn ProcessNet Chart

Q FunctionBay.RecurDyn ProcessNet. Control

(] Q FunctionBay.RecurDyn.ProcessNet. Durability
Q FunctionBay.RecurDyn ProcessNet.FFlex

Q FunctionBay.RecurDyn ProcessNet.Flexible

= Q FunctionBay.RecurDyn.ProcessNet.Flexinterface
Q FunctionBay.RecurDyn ProcessNet. MMS

= Q FunctionBay.RecurDyn.ProcessNet. MTT2D

# Q FunctionBay.RecurDyn.ProcessNet. MTT3D v

® Q Examples *

RecurDyn VI9R4 ProcessNet Documentation

Examples Namespace

4aClasses

Class

g4

¢ _HowToUseExample

§ _Utility

‘% |Animation

"% |AnimationScaling

"% |Application

IArmnlir~tinnCAattinae

<

- O X

Description

How to use example

Utility method,
GetlmportFile

IAnimation Examples

IAnimationScaling
Examples

|IApplication Examples
v

IAnnliratinnCattinac

Here, you will find various code examples. If you are developing basic RecurDyn macros
without using the specialized toolkits, you will find the following namespaces most

useful:

= Examples Namespace - Contains actual examples of all or a portion of basic
ProcessNet applications, as well as examples of creating basic RecurDyn entities

and parameters.

= Examples.Plot Namespace - Contains examples of creating RecurDyn plots.

3. See one of the examples, by expanding:

Examples Namespace - IBody Class > IBodyExamples Method (Tip: You can

also select the link with the same name in the window to the right.)

This particular method contains examples of how to create basic RecurDyn bodies such
as spheres, boxes, and cylinders, and how to modify their parameters.

12
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Tip: As you develop your own macros, you can use the 3 cgn, ~ tool on the right side of
the screen to copy entire sections of example code.

4. Close the ProcessNet Help window.

Using the ProcessNet Template

Before you start coding, take a look at the existing code which is part of the RecurDyn
ProcessNet template for Visual C#. There is a sample macro called HelloProcessNet().
This is a simple program which outputs “Hello ProcessNet” to the RecurDyn message window.

Pressing on the + signs on the left side of the screen expands code enclosed in sections. Use
this method to expand the RecurDyn generated code, further below the HelloProcessNet()
macro. You will see that there are several commonly used variables which are declared, and
some of them are initiated in the Initialize() method. This code makes it convenient for
you, as the developer, to easily use these variables in your own code without having to
declare and initialize them.

—||" (3 4WDLoader

ol | & Properties

. ¢ Assemblylnfo.cs

20 Resources.resx

EE] Resources.Designer.cs
=] Settings.settings

Bnamespacy

= namespace _WOLoader

public partial class Thisépplication

@ public woid HelloPracessiet( ¥ .| .. 9 Settings.Designer.cs
. . -] References
=] public void CreateBodvExamplel ) & Recurdyn

i ] ThisApplication.cs
L res

refFramel = modelDocument . CreateReferenceFramel );
refFramel. SetOrigin{100, O, O}

refFrame2 = modelDocunent . CreateReferenceFranel )
refFramez. Set0Origin{0, z0d, O}

|Body bodyl = model .CreateBodyBox "body1”, refFramel, 150, 100, 100
application.PrintMessagel body1. Name )

|Body body2 = model.CreateBodySpherel "body2”, refFrame2, 503 Properties I x
application.PrintMessagelbody?. Name )
B } 9 .
|
< > o
Error List + 1 x

|o 0 Err0r5| |_ﬁ DWarningsl | i) 0 Messages

Description File Line Column Project

Creating the Base Application

You will now develop the application to create the hose contacts.

To create the base application:

1. Copy the following code, and insert it after the HelloProcessNet() macro, as shown

below.
public void ProcessNetTutorialCreateSolidContact()
{
b

13
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You have now created a stub for your macro. If you were to compile your code now, the
method would show up in the list of available macros to run in RecurDyn, although it would
not do anything.

2. Next, insert the following variable declarations into the macro stub you just created
(below the opening curly brace, and above the closing curly brace):

int BodyNumStart = 20; // Start creating contacts with body 20
int BodyNumEnd = 30; // Continue until body 30
int BodyInterval = 51; // Interval between body number on hose 1
// and corresponding body's humber on
// hose 2 is 51

Note that each variable is followed by an explanation, preceded with two forwards
slashes, //. In C#, any characters after these two slashes are ignored by the compiler
and can be used as comments in the code, for documentation purposes.

Note: Comments in C# can be preceded by two slashes, //.

3. After the variable declarations you just added, add the following for loop:

public void ProcessNetTutorialCreateSolidContact()
{
int BodyNumStart = 20; // Start creating contacts with body 20
int BodyNumEnd = 30; // Continue until body 30
int BodyInterval = 51; // Interval between body number on hose 1
// and corresponding body's number on
// hose 2 is 51
for (int i = BodyNumStart; i <= BodyNumEnd; i++)
{
b
¥

= The code placed inside the for loop will repeat. For the first loop, the index i will be
equal to BodyNumStart. Then i will be incremented by 1, and the next loop will
execute. This will repeat while the condition i < BodyNumEnd is true.

= Note that i is declared within the for loop statement, meaning that it will be valid
only for code within the for loop.

= Also note that, in C#, the syntax i++ means to incrementi by 1, ori =i+ 1, after
it has been used in the loop.

14
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4. Within the for loop you just added, insert the following code:

public void ProcessNetTutorialCreateSolidContact()

public void ProcessNetTutorialCreateSolidContact()
{
int BodyNumsStart = 20; // Start creating contacts with body 20
int BodyNumEnd = 30; // Continue until body 30
int BodyInterval = 51; // Interval between body number on hose 1
// and corresponding body's number on
// hose 2 is 51

for (int i = BodyNumStart; i <= BodyNumEnd; i++)

int j = i + Bodylnterval; // jis the index for the
// corresponding bodies on hose #2
// Do the contact for corresponding bodies

IBody baseBody = model.GetEntity("BeamBody" + i.ToString()) as IBody;

IGeometry baseGeom = baseBody.GetEntity("HollowCircularBeam1") as IGeometry;

IBody actionBody = model.GetEntity("BeamBody" + j.ToString()) as IBody;

IGeometry actionGeom= actionBody.GetEntity("HollowCircularBeam1") as IGeometry;

IContactSolidContact solidContact= model.CreateContactSolidContact("solidContact"
+ i.ToString(), baseGeom, actionGeom);

An explanation of this code block is as follows:

intj =i + Bodylnterval; //jis the index for the
// corresponding bodies on hose #2

In the code above:
= jisthe index for the bodies in hose 1, and j is the index for the bodies in hose 2.

» To make sure that the bodies correspond, the value of j will always be equal to i +
bodylInterval.

= Also, note that j is being declared inside the for loop, and therefore will not be valid
outside the for loop.

IBody baseBody
= model.GetEntity("BeamBody" + i.ToString()) as IBody;

The code above retrieves the body that we want to use as the base body by its name:
* The + character is used to join two strings.
= The ToString() method is used to convert the integer value of i to a string.

= Therefore, the GetEntity() method looks for bodies by the names “"BeamBody20”,
“BeamBody21”, etc.

= Because the GetEntity() method can return any generic entity, the call must be
explicitly casted as IBody to tell the compiler what type to return.

15
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IGeometry baseGeom
= baseBody.GetEntity("HollowCircularBeam1") as IGeometry;

The above code retrieves geometry of the base body by its name, “HollowCircularBeam1”.
This geometry will be used to create the solid contact.

The previous two steps are repeated for the action body.

IContactSolidContact solidContact
= model.CreateContactSolidContact("solidContact"
+ i.ToString(), baseGeom, actionGeom);

Finally, the command above creates the solid contact, naming it “solidContact20” (or
“solidContact21”, “solidContact22”, etc.). The command uses the base and action geometry
we defined in the previous steps.

Coding Using IntelliSense

Up to this point, you may have been cutting and pasting code directly from this tutorial.
Once you start writing your own macros, however, you will be manually typing in code. A
feature of the ProcessNet IDE which helps you code faster is called IntelliSense, and you will
now explore how to take advantage of this while also accomplishing the following task.

If compiled, the macro should now create a contact with the default properties. But the
default stiffness and damping values for the Solid Contact are too high. You will now set
these contact parameters to lower values.

To modify the contact parameters using IntelliSense:

1. After the last line of code, you entered in the previous steps, begin typing the character

\~7

s’. You should see a popup list display as shown below:

[ContactiolidContact solidContact
= model.CreateContact3olidContact! "solidContact”
| + i.Tostring( ), baseGeom, actionGeoml
5
=F SizelripStyle ~
== sizeof
r ; = SizeType
“i¥ SolidBrush
i solidContact |
m pub | iz SolverPriority

“i¥ SortedDictionary<>
i VSTA 4% SortedList

“I¥ SortedList< =
=] Recur

=F SortCrder W
- 1

B [bzsert Utility Clasg

H Attribute
L}

The list contains all of the valid things you could possibly type next, including names of
variables accessible at this part of the code, methods you could call, etc.

2. From the IntelliSense list, locate solidContact.

16
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Select solidContact by double-clicking on it or by pressing Enter.

3.

4. Next, type the period character (.).

5. Select ContactProperty from the IntelliSense list.
6.

Continue this procedure until you have typed:

solidContact.ContactProperty.StiffnessCoefficient.Value =1000;
7. Repeat this procedure to type the next line:
solidContact.ContactProperty.DampingCoefficient.Value = 0.1;
In the end, the method should appear in its entirety as shown below:
public void ProcessNetTutorialCreateSolidContact()
{
int BodyNumStart = 20; // Start creating contacts with body 20
int BodyNumEnd = 30; // Continue until body 30
int BodyInterval = 51; // Interval between body number on hose 1
// and corresponding body's number on
// hose 2 is 51
for (int i = BodyNumStart; i <= BodyNumEnd; i++)
{
int j = i + BodyInterval; //jis the index for the
// corresponding bodies on hose #2
//Do the contact for corresponding bodies
IBody baseBody = model.GetEntity("BeamBody" + i.ToString()) as IBody;
IGeometry baseGeom = baseBody.GetEntity("HollowCircularBeam1") as IGeometry;
IBody actionBody = model.GetEntity("BeamBody" + j.ToString()) as IBody;
IGeometry actionGeom = actionBody.GetEntity("HollowCircularBeam1") as IGeometry;
IContactSolidContact solidContact = model.CreateContactSolidContact("solidContact"
+ i.ToString(), baseGeom, actionGeom);
solidContact.ContactProperty.StiffnessCoefficient.Value =1000;
solidContact.ContactProperty.DampingCoefficient.Value = 0.1;
b
b

There should be no errors or warnings in the Error List window at the bottom of the IDE
window.

17
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Building and Running the Macro

To build and run the macro:

1. If there are any errors or warnings, check the listing and make any corrections.

2. From the Build menu, select Build ProcessNet.

@ ProcessMet - RecurDyn
File Edit View Refactor Project | Build | Debug Data Tools Window Community Help

S - a| & G Build Processhlet N B
R S~

3. Return to RecurDyn, and from the ProcessNet(VSTA) group in the Customize tab,
click Run..

4. Select ProcessNetTutorialCreateSolidContact from the list of macros.

|||||I
w1
Il

41

Its name is loaded in the field next to the Run button.

@ 5. Click Run.
E"
Run Fun ProcessMet(VSTa) x

ProcessMet Project / Assembly

| rshingyuiDocuments\RecurDyn\Projects\ProcessMet\ProcessMet.csproj "II | Reload |

|F‘rncessNetTut::uriaICreatESnIianntact || Run || Edit |

EI|E| ProcessMet
E---c_,d Processhet

------ in CreateBodyExample
i fin HelloProcesshet

- gy FrocessMetTutorialCreateSolidContact

Eleven contacts are added to your model.
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Running a Simulation

You are now ready to run a simulation.

To run a simulation:

L 1. From the Simulation Type group in the Dynamic/Kinematic Analysis
EHJ Analysis tab, click General | Parameter | Initial Condition
pynvn Dynamic/Kinematic.
i . Py
2. Set the simulation to run for 2.0 e me B :: |
seconds with 300 steps and a Plot Step D Py |
Multiplier Step Factor of 5 as shown Plot Multplier Step Factor |3 I[7]
in the figure on the right. [ 0utput File Name | |
3. Click Simulate. The simulation will run ~ Include
in 3-4 minutes, depending on the speed [ static Analysis
Of your ComPUter' DEigenuaIue Analysis
[ state Matrix
DFrequency Response Analysis
|:| Hide RecurDyn during Simulation
[ pisplay Animation
Gravity
’7 X [o. | v [980665 | z [0 | [Gravity]
Unit | Mewton - Kilogram - Millimeter - Second |
simulate | | QK | | Cancel |
Viewing the Resuits
To view the results:
1. Set up the model so you are looking at a bottom view of the vehicle with the Render
g Each shading mode turned on.

[ 2. In the Simulation toolbar, in the animation controls,
click the Play button.

At the end of the simulation the hoses are deformed
as shown in the figure to the right.

3. Turn on the action force display of all of the contacts
by:

= Selecting the first Solid contact in the Database Window.
»  While holding down the Shift key, select the last Solid contact in the Database Window.
= Click the right mouse button and select Property.

» In the dialog box that appears, click on the Solid tab. At the bottom of the dialog box use
the pulldown menu to set the Force Display to Action.

» Click OK.
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Play the animation again and you will see that the forces are slightly erratic.

As you watch the motion you can see that the hoses slide with respect to each other. It
may not be enough to have contact between corresponding segments. Contact with
neighboring segments may also be required. This is shown in the figure below.

S
>

<
-
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Adding Additional Contacts

To add additional contacts:

1.

Modify the code as shown below:

b

IContactSolidContact solidContact = model.CreateContactSolidContact("solidContact"
+ i.ToString(), baseGeom, actionGeom);
solidContact.ContactProperty.StiffnessCoefficient.Value = 1000;
solidContact.ContactProperty.DampingCoefficient.Value = 0.1;

// Do the contact for body i+1 and body j

solidContact = model.CreateContactSolidContact("solidContact" + i.ToString() + "a",
(model.GetEntity("BeamBody" + Convert.ToString(i + 1)) as IBody).
GetEntity("HollowCircularBeam1") as IGeometry,

(model.GetEntity("BeamBody" + j.ToString()) as IBody).GetEntity("HollowCircularBeam1")
as IGeometry);

solidContact.ContactProperty.StiffnessCoefficient.Value = 1000;
solidContact.ContactProperty.DampingCoefficient.Value = 0.1;

// Do the contact for body i and body j+1

solidContact = model.CreateContactSolidContact("solidContact" + Convert.ToString(i) + "b",
(model.GetEntity("BeamBody" + i.ToString()) as IBody).GetEntity("HollowCircularBeam1")

as IGeometry, (model.GetEntity("BeamBody" + Convert.ToString(j + 1))

as IBody).GetEntity("HollowCircularBeam1") as IGeometry);

solidContact.ContactProperty.StiffnessCoefficient.Value = 1000;

solidContact.ContactProperty.DampingCoefficient.Value = 0.1;

¥

Here, two more contacts are created for each loop through the code. The contact between
the i+1% segment on hose 1 and the j% segment on hose 2 is named with an “a” suffix (i.e.
“solidContact20a”). Similarly, the contact between the between the if" segment on hose 1
and the j+1 ™ segment on hose 2 is named with a “b” suffix (i.e. “solidContact20b”).

Note: Contact creation will not happen if a contact with the same name already exists.

You might notice that the syntax for creating these additional contacts is in a more
compact, efficient form. For example, retrieving the action body and geometry are all
done within the CreateContactSolidContact() method, whereas earlier separate
temporary variables were declared and assigned to store the value of each. This syntax
makes it more efficient to code, but you need to make sure that you cast the return
object of the methods explicitly with the as clause (i.e. as IBody or as IGeometry).
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Repeating the Build, Simulation, and Viewing Processes

Repeat the earlier steps to determine the effect on the model from the changes you just
made.

To repeat the processes:

1.

Ensure there are no errors or warnings in the Error List window at the bottom of the IDE
window. If there are, check the listing and make any corrections. From the Build menu,
select Build ProcessNet.

Return to RecurDyn and delete all of the contacts that were defined for the previous run.
From the ProcessNet(VSTA) group in the Customize menu, select Run.

Click Run.

33 contacts are added to your model.

Rerun the simulation with the same parameters as the previous run. With the additional
contacts the simulation will run in 4-5 minutes.

Turn on the action force display of all of the contacts using the same procedure that was
described earlier.

In the Simulation toolbar, in the animation controls, click the Play B button, again
looking at a bottom view of the vehicle with the Render Each shading i mode
turned on. ’

You will see that the contact forces are now much smoother.
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Chapter

Adding a Dialog and Message
Output

In this chapter, you will create a dialog window that will allow the user to control which
segments to create contacts between. This will include designing the layout of the dialog and
adding code to the existing subroutine to call the new dialog.

Task Objective

Learn how to increase the flexibility of your application by creating a dialog window that will
allow the user to control how the hose-to-hose contacts are created. Also, learn how to
display a message to the user in the RecurDyn message window.

Estimated Time to Complete

20 minutes
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Designing a Dialog
To design a new dialog window:
1. Return to ProcessNet IDE.
2. From the Project menu, select Add Windows Form.
3. Inthe Add New Item dialog box, select Windows Form, as shown below.
Add New Item - ProcessMet ? *
Templates: HE)
Visual Studio installed templates
4 o =- -— | . "‘J
2> N B B8 3 U &
Class Interface Code File Windows |User Control  Inherited Inherited saL DataSet
Form Form User Control  Database
9 2 8 O B @ 38 8 @
XML File Text File Assembly  Application  Resources  Settings File  MDI Parent  AboutBox  Debugger
Informati.. Cenfigurat... File Visualizer
A blank Windows Form
Marne: IFDrm'I.c5| I
Add Cancel

4. Accept the default name Form1.cs.
5. Click Add.
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The design window for Form1, Form1.cs [Design], appears in the IDE Project Editor window.

0 Processet - RecuDyn - o x
Fle Edt View Project Buld Debug Dota Fomal Tooh Windaw Communiy Hep

g -1 @ Y ’ 2G| AT @R B,
> form1.cs [Design]  ThsApplication.cs - lorer > 1 x
- e o oo ]

#] ThaApplication.cs
4 ] Formles
Emorlist w 3 X Properies -1

@ 0€nors| [ 1) 0 Wamings| (I} 0 Messages, Form1 System Windows Forms Form
Deseription Fie Line Column  Project

0000
RightToLeft N
RightToLeftLeyout Fobse
True

True
300,300

Aute
WindowsDefsultLocation

Form1

Ready

6. In the upper left of the screen, move the cursor over the Toolbox tool. 48 Toolbox

A fly-out menu appears, which contains the different elements you could add to dialog
windows and other similar controls.

7. In the Common Controls list, click Label, and File Edit WView Project Build De
g;as?g:“%t.o the upper left area of the dialog you are S E-3 3
.|| Toolbox - 0 X
5'|| @ All Windows Forms
5 || £ Common Controls
. k Pointer
Button

CheckBox

g CheckedlistBox
=4 ComboBox

T DateTimePicker
| A Label

A LinklLabel

=, ListBox

227 ListView

#-| MackedTextBox
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8. Repeat the same step as above, except drag File Edit View Project Buld Debug Data Format Tools Wir
TextBox into the dialog, to the right of the S E-da E 9 - b

Label, as shown on the r|ght_ b Form1.cs [Design]*| ThisApplication.cs
g| | o Fom = s

@ 4WD_Loader - RecurDyn

File Edit View Project Build Debug Data Format Tools  Window

9. Repeat the last two steps, twice, sothereare | - u@ &= & — .
a tOtal Of three roOws Of |a belS fO”OWGd by * Form1.cs* Form1.cs [Design]*| ThisApplication.cs
textboxes. g
g ol Form1 EI@
10. From the Toolbox, add a Checkbox below
the other elements. label1 ]
11. From the Toolbox, add two Buttons below o S
the other elements. s [
At this point, th_e dialog should appear as R
shown on the right.
Properties + 1 %
labell System.Windows.Forms.Label -
Bz |A 3 | &
12. Click labell to select it. B‘”Ld - )
13. In the Properties window in the lower right m:;ig:umm [3) g 30
corner, change the value of Text to Starting Minimumsize 5,0
Segment. Modifiers Private
Padding 0,000
Tip: The edit field for the label is small, but you Eﬁghﬂm& S:H
can edit the name more easily by clicking the |~ o
dropdown arrow to the right of the field, as shown Tag
on the right. You have a larger area to work with. | EE starting Segment v

TextAlign
UseCompatible

Starting Segmen

UseMnemonic
UseWaitCursor
Visible

Text
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14. Repeat the last step for Labels 2 and 3, the Checkbox, buttonl1 and button2, and
the Dialog, using the following table for the nhame changes:

Dialog Element Text
labell Starting Segment
label2 Ending Segment
label3 Interval to Hose #2
checkBox1 Add Offset Contacts
buttonl OK
button2 Cancel
Form1 Automated Hose
Contact

Tip: Select the dialog itself by clicking anywhere where there are no components.

15. Resize and move the dialog elements so the Eile Edit View Project Bulld Debug Data Format Tools Wind:
dialog appears as shown at below. S E- 3 g EY 9 - b

):: Form1.cs*" Form1.cs [Design]*| ThisApplication.cs

o2 Automated Hose Contact EI@

[] Add Offeet Contacts

0K Cancel

Tip: The ProcessNet IDE provides alignment guides to aid in this step.

16. From the File menu, select Save All. This will save Form1.cs as well as the project
setup.
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Defining the Behavior of the Dialog

At this point, the appearance of the dialog has been set. You now have to define its behavior,
by adding variables that will save the values users input into the textboxes, as well as the
state of the checkbox. You will add code that will initialize all these variables and will also
define what happens when the user clicks the OK button.

To define the dialog window behavior:

1. In the dialog design window, double-click any part of the dialog that is not another
component.

This displays the code of Form1l.cs in the IDE Project editor window and creates stubs
for a subroutine called Form1_Load. This subroutine will be called whenever a new copy
of the dialog box is created and loaded, so this is an ideal place to put code that will
initialize variables.

2. Insert the following block of code, which defines the variables that are used in the dialog
box:

public partial class Form1 : Form

{
public int BNumStart;
public int BNumENd;
public int BodyInterval;
public bool AddOffsetFlag;

public Form1()
{

InitializeComponent();

b

3. Insert the following block of code, which sets up the initial values that appear in the
dialog box:

private void Form1_Load(object sender, EventArgs e)

{

textBox1.Text = "20";
BNumStart = 20;
textBox2.Text = "30";
BNumEnd = 30;
textBox3.Text = "51";
BodyInterval = 51;
checkBox1.Checked = false;
b

4. Return to the dialog design window and double-click on the OK button.

5. Within the new method that was just automatically created, insert the following code as
shown below:

private void button1_Click(object sender, EventArgs e)
{
BNumStart = Convert.ToInt32(textBox1.Text);
BNumEnd = Convert.ToInt32(textBox2.Text);
BodylInterval = Convert.ToInt32(textBox3.Text);
AddOffsetFlag = checkBox1.Checked;
DialogResult = DialogResult.OK;
Close();
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6. Return to the dialog design window again and this time double-click on the Cancel
button.

7. Within the new method that was just automatically created, insert the following code as
shown below:

private void button2_Click(object sender, EventArgs e)

{
Close();
b

8. From the File menu, select Save Form1.cs.

Displaying the Dialog when Running the Macro

Now you will define when the dialog is displayed when running the macro, by creating a new
instance of it within the macro subroutine.

To display the dialog window from within the macro:
1. Copy the entire ProcessNetTutorialCreateSolidContact subroutine that you just
created.

2. Paste it into ThisApplication.cs, renaming the sub
ProcessNetTutorialCreateSolidContact_WithDialog.
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3. Make the following changes to the subroutine, as indicated below (delete the code
indicated with strikethreughs). An explanation of each change will follow.

public void ProcessNetTutorialCreateSolidContact_WithDialog()

// Create a Form
Form1 MyForm = new Form1();

// Open the Dialog
MyForm.ShowDialog();

if (MyForm.DialogResult == System.Windows.Forms.DialogResult.OK)
{

int NumContacts = 0;

int BodyNumStart = MyForm.BNumStart;
int BodyNumENnd = MyForm.BNumEnd;
int BodyInterval = MyForm.BodyInterval;

for (int i = BodyNumStart; i <= BodyNumEnd; i++)

int j =i + BodyInterval; //jis the index for the
// corresponding bodies on
// hose #2
// Do the contact for corresponding bodies

solidContact.ContactProperty.DampingCoefficient.Value = 0.1;

// Increment the number of contacts
NumContacts = NumContacts + 1;

if (MyForm.AddOffsetFlag)
{
//Do the contact for body i+1 and body j
//Do the contact for body i and body j+1

solidContact.ContactProperty.DampingCoefficient.Value = 0.1;
// Increment the number of contacts
NumContacts = NumContacts + 2;

b

application.PrintMessage(NumContacts.ToString() +
" contacts were created between the two hoses.");

b

Here you deleted code which hard-coded the values which will now be determined by user
input into the dialog.
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*» Change 2:

// Create a Form
Form1 MyForm = new Form1();

// Open the Dialog
MyForm.ShowDialog();

if (MyForm.DialogResult == System.Windows.Forms.DialogResult.OK)
{

int NumContacts = 0;

Here you created a new instance of Form1 and displayed it. The if statement tests for the
response of the user. If the user clicks OK, the code enclosed in the if statement is executed.
Also, a variable called NumContacts is declared, which keeps track of the number of
contacts that have been created. The if statement is closed in Change 5.

= Change 3:

int BodyNumStart = MyForm.BNumStart;
int BodyNumENnd = MyForm.BNumEnd;
int BodyInterval = MyForm.BodyInterval;

Here you replaced the code where the segment number variables were hard-coded. The new
code assigns these variables with the values the user enters in the dialog.

= Change 4:

// Increment the number of contacts
NumContacts = NumContacts + 1;

if (MyForm.AddOffsetFlag)

{
// Increment the number of contacts
NumContacts = NumContacts + 2;

NumcContacts is updated appropriately. Also, the if statement tests for whether or not the
user checked the Add Offset Contacts checkbox. If the user did, the code enclosed by the if
statement is executed.

= Change 5:

application.PrintMessage(NumContacts.ToString() +
" contacts were created between the two hoses.");

b

An output message is displayed to the user within the RecurDyn message window, which
confirms how many contacts were created. Also, the outermost if statement is closed (see
Change 1).

4. From the File menu, select Save ThisApplication.cs.
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Test the Dialog Box

Repeat the earlier steps to build the macro and test it with the changes you just made.

To repeat the processes:

1.

Ensure there are no errors or warnings in the Error List window at the bottom of the IDE
window. If there are, check the listing and make any corrections. From the Build menu,
select Build ProcessNet.

Return to RecurDyn and delete all of the contacts that were defined for the previous run.
From the ProcessNet(VSTA) group in the Customize tab, click Run.

You will see that there is a new item in the list,
ProcessNetDialogCreateSolidContact_WithDailog. Select that item.

Its name is loaded in the field next to the Run button.

Click Run. 85 Automated Hose Cont... - 0 x

The dialog box shown on the right appears.

Starting Segment |ﬂ |

Click OK to use the default values.

You should now see in the RecurDyn Database
window that 11 contacts have been created. A
confirmation message in the RecurDyn

Ending Segment 30 |

message output window also states that 11 Interval to Hose #2 |51 |
contacts were created.

Delete the contacts that were just created by [] Add Offset Contacts

clicking on the Undo arrow in RecurDyn, and

run the macro again, but this time select the oK Cancel

Add Offset Contacts checkbox.

You should see that 33 contacts are added to
your model, and again there will be a confirmation message in the RecurDyn message
output window.

Restore the results from the simulation that was run earlier. Click on the File menu and
select the Import command. Use the pull-down menu to change the file type to
RecurDyn Animation Data File (*.rad). Select the file 4WD_Loader.rad and click
Open.

Close the Run ProcessNet window.
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Chapter

Automating Plot Creation

In this chapter, you will make two plots in a multi-window plot:

» The first plot will display the force magnitudes of the individual segment-to-segment
contacts. Contacts that do not experience any force will be excluded, so the plot contains
only data of interest. The first plot will be enhanced with improved formatting, addition of
labels, and scaling of the X-axis to focus on the time of hose contact.

* The second plot will display the total hose-to-hose contact force, broken into X, Y, and Z
components. Both plots will be labeled and formatted.

Task Objective

Learn how to use ProcessNet commands to automate plotting. This will include:
» Importing a plot data file.

» Intelligently determining which data to display.

* Processing and then plotting the data on a multi-window plot.

*» Formatting the chart based on the data.

Estimated Time to Complete

20 minutes
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Creating a Dialog

To determine which data to plot, another dialog window that reads user input will be needed.
This dialog will be very similar to the first dialog you created, so start by copying that dialog.

To create the new dialog window:

1. In the Project Explorer window on the right, right-click Form1.cs, and select Copy
(refer to the diagram below for the next several steps).

Right-click ProcessNet and select Paste.
Click Copy of Form1.cs to highlight it, and then click again to edit its name.

Change the name to Form2.cs.

Step1l Step2 Step3
Project Explorer Project Explorer - Processhet Project Explorer
R FEEE TEEE
5l ProcessNet
=4/ Properties E’ﬂmmm e E‘ﬂ ProcessNet
g References " = Prope &2 =d| Properties
- [ Recurdyn - [ Refer - i [ References
L ] ThisApplication.cs - [ Recu Add » 7
: AT EI | Recurdyn
- Open 3 res Add Reference... #] ThisApplication.cs
Open With =~ [E] Form Add Web Reference... B [ res
[Z View Code - ar Debug ' Bl Copy of Formics
LW F B [E] Forml.cs
I} View Designer %] Form1.Designer.cs
Exclude From Project |l_ﬂ,| Paste | EE‘ Eorm1.resx
#  Cut Rename
|"‘é Copy | ‘== Properties
>( Delete
Rename
= Properties
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To adjust the new dialog window:

1.

Double-click Form2.cs to open it.
The dialog design window appears.
From the View menu, select Code to display the code window.

In the code, perform a search for "Form1”. Replace all instances with “Form2"”. There

should be 3 instances of this, as shown below:

namespace ProcessNet.csproj

{
public partial class Ferm* Form2 : Form

{
public int BNumStart;

public int BNumENd;
public int BodyInterval;
public bool AddOffsetFlag;

public Ferm* Form2()
{

b

private void Fermi—tead Form2_Load(object sender, EventArgs e)
{

InitializeComponent();

textBox1.Text = "20";
BNumStart = 20;

4. In the Project Explorer window, right-click on Project Explorer
Form2.Designer.cs and select Open, as shown 2REEE
at rlght' (=¥ ProcessMet

b Properties

- [:3] References

- | Recurdyn

- ] Thishpplicatio

- | res

=] Forml.cs

EQ Form1.Design

- Eﬁ FormT.resx

£l ] Form2.cs

n.cs

ErCE

" %) Form2uresx [ Open

Open With...
[Z] View Code
>( Delete

iz= Properties
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5. Again, perform a search for "Form1”. Replace all instances with “Form2”. There should
be 2 instances of this, as shown below:

partial class Fermt Form2
{
private void InitializeComponent()
{
this.Load += new System.EventHandler(this.Fermi—tead Form2_Load);
this.Resumelayout(false);
this.PerformLayout();
b
6. Abovt_e the IDE Project Editor window, click Form2.cs o v 1x
[Design] tab. :
Form2 System.Windows.Forms.Form ~
7. Select the dialog window itself (not any of its individual =T
g wind (not any of its | :
components), by clicking on any part of the dialog which = _
is not a component. Minimumsize 0, 0 ~
Opacity 100%
8. In the Properties window (lower-right of screen), change Padding 0,0,0,0
the Text to Automated Hose Contact Plotting. RightToLeft Mo
RightToLeftLaye False
Showlcon True
ShowlnTaskbar True
Size 300, 300

SizeGripStyle  Auto
StartPosition  WindowsDefaultLc

Tag

Text Offset Contacts L
TepMaost False
TransparencyKe l:l

UseWaitCursor False
WindowState  MNormal

Text
The text associated with the control.

9. 1In the IDE Project Editor window, click and drag the right side of the dialog window to
resize it so the new title is fully displayed.

10. Click the Add Offset Contacts label.
11. In the Properties window, change the text to Offset Contacts Used.

12. From the File menu, select Save All.
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Plotting the Contact Forces

You will now create a new subroutine in the ThisApplication class.

To create a new subroutine:
1. Copy the following code block (including code on the next page) and insert it into the

ThisApplication class. (Tip: Make sure that this code is inserted within the class but
not within another subroutine.)

public void ProcessNetTutorialPlotData()

{
// Create an auto contact plotting dialog
Form2 MyForm = new Form2();

// Open the dialog
MyForm.ShowDialog();

// If the user clicked OK:
if (MyForm.DialogResult == System.Windows.Forms.DialogResult.OK)
{
// Get the TIME data
double[] TIME = plotDocument.GetPlotData("4WD_Loader/TIME");

// [I11111] Plot individual contact forces ||]||]|]]

// Active upper-left plot window
plotDocument.ActivateView(0, 0);

for (int bodyIndex = MyForm.BNumStart;
bodyIndex <= MyForm.BNumEnd; bodyIndex++)
{

// Load up the contact name number array
String[] contNum = {bodyIndex.ToString(), "", ""};

if (MyForm.AddOffsetFlag)
{
contNum[1] = bodyIndex.ToString() + "a";
contNum[2] = bodyIndex.ToString() + "b";
}

for (int contNumIndex = 0; contNumIndex < contNum.Length;
contNumIndex++)
{

if (String.Compare(contNum[contNumIndex], ") != 0)

// Get the contact data for this segment

double[] contact = plotDocument.GetPlotData(
"4WD_Loader/Contact/Solid Contact/solidContact"
+ contNum[contNumIndex] +
"/FM_SolidContact");

// Plot vs. TIME
plotbocument.DrawPlot("Contact"
+ contNum[contNumIndex], TIME, contact);

The first two commands create a new Form2 window and display it to the user:
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// Create an auto contact plotting dialog
Form2 MyForm = new Form2();

// Open the dialog
MyForm.ShowDialog();

The following if statement tests whether or not the user clicked the OK button, and executes
the enclosed code if the user did:

// If the user clicked OK:
if (MyForm.DialogResult == System.Windows.Forms.DialogResult.OK
{

The following code obtains the plot data for TIME from the imported file and saves it to a new
array.

// Get the TIME data
double[] TIME = plotDocument.GetPlotData("4WD_Loader/TIME");

The following command activates the upper left plotting window:

// Active upper-left plot window
plotDocument.ActivateView(0, 0);

The following code loads up an array of strings which will contain partial names of the data to
plot. The array is loaded according to what the user entered into the dialog. For example, if
the user set the Starting Contact to 20 and selected the “Offset Contacts Used” checkbox,
then during the first loop the array will contain the strings {"20”, “20a”, “20b"}.

for (int bodyIndex = MyForm.BNumStart;
bodyIndex <= MyForm.BNumEnd; bodyIndex++)
{

// Load up the contact name number array

String[] contNum = {bodyIndex.ToString(), ", ""};

’

if (MyForm.AddOffsetFlag)

{
contNum[1] = bodyIndex.ToString() + "a";
contNum[2] = bodyIndex.ToString() + "b";
¥

for (int contNumIndex = 0; contNumIndex < contNum.Length; contNumIndex++)

if (String.Compare(contNum[contNumIndex], "") !'= 0)

{

This next command retrieves plot data by the name of the data. The name is the same as
that seen from the plotting database window, using the “/” character as a separator:

// Get the contact data for this segment

double[] contact = plotDocument.GetPlotData(
"4WD_ Loader/Contact/Solid Contact/solidContact"
+ contNum[contNumlIndex] + "/FM_SolidContact");
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Finally, the next command draws the data in the plot window.

// Plot vs. TIME
plotbocument.DrawPlot("Contact"
+ contNum[contNumIndex], TIME, contact);

2. Save the file. a5l Automated Hose Contact Plotting - B x
3. From the Build menu, select Build ProcessNet. Starting Segment
To test the edited subroutine with plotting: Ending Segment
1. Return to the RecurDyn modeling window with the Interval to Hose #2
current loader model loaded and open a plotting
window. Offset Contacts Used
2. From the ProcessNet(VSTA) group in the OK Cancel
Customize tab, click Run.
From the list, select ProcessNetTutorialPlotData.

Select Run.

In the Dialog2 dialog window that appears, accept the default segment numbers, and
check Offset Contacts Used.

You should see the following plot (as adjusted to the size of your RecurDyn Plot Window):

Contact20 — Contact20a= Contact?0b— Contact2i — Contact?a— Contact21b— Contact?? = Contact?2a— Contact??b— Contact23 = Contact23a  Contact23b— Contact24 — Contact24a— Contact24b— Contact?§ — Contact26a
Contact26b— Contaci2§ — Confact2éa— Contact26b— Contaci2? — Contact27a— Contact27b— Contact28 — Contaci28a- ntaci28b  Contact29 — Contact29a— Contact29b— Contact30 — Contact30a— Contact30b

W N A

1.25 1.50 1.75 2.00 2.5 2.50
X

Above, all 33 contacts have been plotted, but only a fraction of the curves contain non-zero
values because the contact between the hoses is restricted to several segments on each
hose. Also, all the contact occurs at the last third of the simulation, but the plot shows the
entire timeline of the simulation.
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Improving the Contact Force Plot

The plot can be improved so it focuses on the interesting behavior, by:
*= Only plotting non-zero contacts.

» Reducing the timeline (or range of the X-axis) so it only contains non-zero contact
behavior.

You will start by only plotting non-zero contacts. Some of the logic for reducing the timeline
will be introduced but formatting the X-axis will come later.

To plot only non-zero contact forces:

1. Make the following changes to the code:

public void ProcessNetTutorialPlotData()

{
// Create an auto contact plotting dialog
Form2 MyForm = new Form2();

// Open the dialog
MyForm.ShowDialog();

// If the user clicked OK:
if (MyForm.DialogResult == System.Windows.Forms.DialogResult.OK

// Get the TIME data
double[] TIME = plotDocument.GetPlotData("4WD_Loader/TIME");

// Initialize variables for X-axis limits
double timeAtFirstContact = TIME[TIME.Length - 1];
double timeAtLastContact = 0;

// [111111] Plot individual contact forces ||]|||]]

// Active upper-left plot window
plotDocument.ActivateView(0, 0);

for (int bodyIndex = MyForm.BNumStart;
bodyIndex <= MyForm.BNumEnd; bodyIndex++)
{
// Load up the contact name number array
String[] contNum = {bodyIndex.ToString(), "", ""};

if (MyForm.AddOffsetFlag)
{
contNum[1] = bodyIndex.ToString() + "a";
contNum[2] = bodyIndex.ToString() + "b";
}

for (int contNumIndex = 0; contNumIndex < contNum.Length;
contNumIndex++)
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if (String.Compare(contNum[contNumIndex], ") != 0)

{
// Get the contact data for this segment
double[] contact = plotDocument.GetPlotData(
"4WD_Loader/Contact/Solid Contact/solidContact"
+ contNum[contNumIndex] + "/FM_SolidContact");

7 7 7

// Check for non-zero contact data, and determine
// time at first contact

int j;

bool madeContact = false;

for (j = 0; j < contact.Length; j++)

if (contact[j] > 0)
{

madeContact = true;

if (TIME[j] < timeAtFirstContact)
timeAtFirstContact = TIME[j];
break;

b

// Determine time at last contact
j = contact.Length - 1;
while (j > 0)

if (contact[j] > 0)
{

if (TIME[j] > timeAtLastContact)
timeAtLastContact = TIME[j];
break;
b
i
b

// If non-zero contact data found, then plot vs. TIME
if (madeContact)
plotDocument.DrawPlot("Contact"
+ contNum[contNumIndex], TIME, contact);

N

The code now contains logic that goes through the data, now in the form of an array, and
searches for non-zero values. This code also records the first and last time the contact was
non-zero.

2. Save the file.

3. From the Build menu, select Build ProcessNet.
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To test the non-zero contact force plot:

Follow the same steps as before to test the new ProcessNet macro in a new Plot Window
(open a new Plot Window to begin).

You should see the following plot:

— Contact26a— Contact27a— Contact28 — Contact28a— Contact28 — Contact29a== Contact30 — Contact30a

S\

You can now see which contacts are non-zero throughout the simulation. Only 8 of the 33
contacts are non-zero.
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Improving the Plot Formatting

The last plot completed communicates more clearly than the previous versions, but there is
still room for improvement. The plot title and axis labels and titles are not descriptive, and
the timescale is still not focused on the interesting part of the simulation. You will now
perform some plot formatting using ProcessNet functions.

To improve the plot formatting:

1. Make the following code changes:

#region namespace

using System;

using Microsoft.VisualBasic;

using System.Windows.Forms; //IWin32Window
using System.IO;

using FunctionBay.RecurDyn.ProcessNet;

//For C#

using FunctionBay.RecurDyn.ProcessNet.Chart;
//using FunctionBay.RecurDyn.ProcessNet.MTT2D;
//using FunctionBay.RecurDyn.ProcessNet.FFlex;
//using FunctionBay.RecurDyn.ProcessNet.RFlex;
//using FunctionBay.RecurDyn.ProcessNet.Tire;

// If non-zero contact data found, then plot vs.

// TIME

if (madeContact) plotDocument.DrawPlot("Contact"
+ contNum[contNumIndex], TIME, contact);

b
b

// Get Chart object and format

IChart Chartl = plotDocument.ActiveChartControl;

Chart1.Title.Text = "Hose Contact Force";

Chartl.AxisX.Title.Text = "Time (sec)";

Chartl.AxisX.Min = 0.1 * Math.Truncate(timeAtFirstContact * 10);
Chartl.AxisX.Max = 0.1 * Math.Ceiling(timeAtLastContact * 10);
Chart1.AxisX.LabelsFormat.Decimals = 1;

Chartl.AxisY.LabelsFormat.Decimals = 1;

Chartl.AxisY.Title.Text = "Contact Force (N)";

Chartl.LegendBox.Alignment = LegendBoxAlignment.LegendBoxAlignment_Far;

b
b

Note that the definition of the X-axis limits Chart1l.AxisX.Min and Chartl.AxisX.Max use
the variables timeAtFirstContact and timeAtLastContact that were calculated in the
earlier section.

2. Save the file.

3. From the Build menu, select Build ProcessNet.

To test the formatting of the plot:

Follow the same steps as before to test the new ProcessNet macro in a new Plot Window
(open a new Plot Window to begin).

You should see the following plot:
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Now the plot has been fully formatted, and the X-axis has been scaled so the non-zero
contact can be seen in detail.
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Plotting the Total X, Y, and Z Contact Force

Suppose that you now want to see what the total contact force between the two hoses is,
divided into its X, Y, and Z components. The data for this plot will need to be calculated using
the existing data in the plot file. In ProcessNet, because the plot data can be stored in
arrays, you can perform mathematical operations on it. For this next plot, you will add array
data together to create the sums of the X, Y, and Z components of all the contacts.

Because you have already learned from the previous plot most of the commands to create
the new one, a single large block of code will be copied and inserted for this part of the
tutorial. Note, however, the additional data processing that sums the arrays together.

To add the second plot:

1. Insert the following code block into the location shown below, near the end of the
subroutine but within the If statement:

// Get Chart object and format

Chartl.AxisY.Title.Text = "Contact Force (N)";
Chartl.LegendBox.DockedPosition = DockedPositionType.DockedPositionType_Right;

// 1111111] Plot sums of X, Y, and Z components [|||]]]]

// Activate the lower-left plot window
plotDocument.ActivateView(1, 0);

double[] xXSum = new double[TIME.Length];
double[] ySum = new double[TIME.Length];
double[] zSum = new double[TIME.Length];

for (int bodyIndex = MyForm.BNumStart; bodyIndex <= MyForm.BNumEnd; bodyIndex++)
// Load up the contact name number array

String[] contNum = {bodyIndex.ToString(), "", ""};
if (MyForm.AddOffsetFlag)
{
contNum[1] = bodyIndex.ToString() + "a";
contNum[2] = bodyIndex.ToString() + "b";
¥

for (int contNumIndex = 0; contNumIndex < contNum.Length; contNumIndex++)
if (String.Compare(contNum[contNumIndex], "") !'= 0)

// Get the contact data for this segment

double[] contactX = plotDocument.GetPlotData(
"4WD_Loader/Contact/Solid Contact/solidContact"
+ contNum[contNumIndex] + "/FX_SolidContact");
double[] contactY = plotDocument.GetPlotData(
"4WD_Loader/Contact/Solid Contact/solidContact"
+ contNum[contNumIndex] + "/FY_SolidContact");
double[] contactZ = plotDocument.GetPlotData(
"4WD_Loader/Contact/Solid Contact/solidContact"
+ contNum[contNumIndex] + "/FZ_SolidContact");

if (contNumIndex == MyForm.BNumStart)

{
// If looping through the first contact,
// initialize the sum arrays
XxSum = contactX;
ySum = contacty;
zSum = contactZ;
b
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else
{
// Else, add this contact's array data to the
// running total
for (int j = 0; j < TIME.Length; j++)
xSum[j] = xSum[j] + contactX[j];
ySum[j] = ySum[j] + contactY[j];
zSum[j] = zSum([j] + contactZ[j];
¥
}

b

// Plot vs. TIME

plotDocument.DrawPlot("X Sum", TIME, xXSum);
plotDocument.DrawPlot("Y Sum", TIME, ySum);
plotDocument.DrawPlot("Z Sum", TIME, zSum);

// Get Chart object and format

IChart Chart2 = plotDocument.ActiveChartControl;

Chart2.Title.Text = "Total Hose-to-Hose Contact Force";

Chart2.AxisX.Title.Text = "Time (sec)";

Chart2.AxisX.Min = 0.1 * Math.Truncate(timeAtFirstContact * 10);
Chart2.AxisX.Max = 0.1 * Math.Ceiling(timeAtLastContact * 10);
Chart2.AxisX.LabelsFormat.Decimals = 1;

Chart2.AxisY.LabelsFormat.Decimals = 1;

Chart2.AxisY.Title.Text = "Contact Force (N)";

Chart2.LegendBox.Alignment = LegendBoxAlignment.LegendBoxAlignment_Far;

b
b

2. Save the file.

3. From the Build menu, select Build ProcessNet.

To test the second plot:

The second plot will be displayed in the lower-left window (in contrast, the first plot was
displayed in the upper right window), so ensure that both windows are displayed to avoid
errors.

Follow the same steps as before to test the new ProcessNet macro in a new Plot Window
except this time, from the Windows group of the Home tab, select Show Left Windows.

* You should see the following two plots:
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Thank you for participating in this tutorial!
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