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ENGINE WITH PORPELLER TUTORIAL (PROFESSIONAL)

Chapter

Getting Started

Objective
In this tutorial, you will learn how to:

= Import geometry that was created by using a CAD system

= Organize the imported geometry into the bodies needed for the simulation
= Define translational and rotational spring forces

= Define scopes that display a model output within a floating window in the modeling
environment

You will also practice skills that you learned in the previous tutorial, 3D Slider Crank:

= Constraint modeling to connect the left and right blades with the propeller hub and to
connect the propeller hub to the engine

= Running a simulation, animating the model, and plotting
the results

In all, you will:

= Create a simple model of an aircraft engine with an
attached propeller

= Study the relationship between the motion of a point at
the tip of the propeller and the motion of the drive shaft

= Express model outputs in the form of plots and
animations
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Audience

This tutorial is intended for new users of RecurDyn. All new tasks are explained carefully.

Prerequisites

Users should firstly work through the 3D Slider Crank Tutorial or the equivalent. We
assume that you have a basic knowledge of physics.

Procedures

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

Procedures Time
(minutes)

Simulation environment set up and geometry 15

import

Organizing the geometry 20

Joint/motion creation 15

Force creation 10

Analysis 5

Scope and force display creation 10

Design study 15

Plotting/Animation 10

Total 100

= ;
=’ Estimated Time to Complete
100 minutes
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Chapter

Creating the Initial Model

Task Objective

You will begin this tutorial by learning how to set up the simulation
environment, including setting units, materials, gravity, and the
working plane. In addition, you will learn how to import the CAD
geometry that models the propeller blade, propeller hub, and engine
housing.

BN

<’ Estimated Time to Complete

15 minutes
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Starting RecurDyn

To start RecurDyn and create a new model:

é 1. On your Desktop, double-click the RecurDyn icon.

RecurDyn

RecurDyn starts up and the Start RecurDyn dialog box appears.

Start RecurDyn X
~ New Model
Name | Engine_Propeller [
Unit | MMKS[Millimeter/Kilogram/Newton/Second) || | setting |
. g
oK

Open Model Erowse

Recent Models

Show 'Start RecurDyn’ Dialog when starting

2. In the model Name text box, enter the name of the new model as Engine_Propeller.
3. Set Gravity to —=Z and leave the defaults for all the other options.
4. Click OK.

Tip: Allowed Characters for Entities
You cannot use spaces or special characters in the model name or in any RecurDyn entity. You
can use the underscore character to add spacing to improve the readability of the name.




ENGINE WITH PORPELLER TUTORIAL (PROFESSIONAL)

Importing the CAD Geometry

Now you will import the CAD geometry for the propeller blade, propeller hub, and engine
housing. This is a typical way you would use RecurDyn. Create the modeling geometry in a
CAD program and import the CAD geometry into RecurDyn for analysis.

To import the propeller blade geometry: “i OB g
From the File menu, click Import.
2. In the Import window that appears, set Files of type to % Mew — Ctri=N
ParaSolid File (*.x_t,*.x_b ...).
. . c Open Cirl+0O
3. In the EngineWithPropeller folder of the RecurDyn
installation, select the file: Prop_Blade.X_T. Please note that _
the default location of this folder is <Install Dir> \Help @; RecentFile ¥
\Tutorial \Professional \EngineWithPropeller
4. Click Open. The CAD Import Options window appears. Clear s Close
the Assembly Hierarchy checkbox and click the Import
button. l"‘l Save  (Ctrl=5
A CAD Import Options x N Save As
iassembly Hierarchy:
EBody Subsystem Q Import
CAD Hierarchy Dialog Q Export
Import | | Cancel

Notice that the blade geometry appears in the Working window and the body names
ImportedBody1 and ImportedBody2 appear in the Database window.

5. Select both ImportedBodyl1 and ImportedBody2 and enter the Multi-Property dialog

of them.
6. Set the Layer from 1 to 2 in the General tab.

2 entities [ Current Unit : N/kg/mm/s/deg ]

General | Graphic Property | Body
MName | |
Unit
Faorce | newton | - | MES
Mass [Kilogram [+] [ mmks
Length |mi||imeter |v|
Time |5econd |v| IPS
Angle |degree |V|
Comment

tayer |2 || |
| OK | | Cancel | | Apply |

7. Click OK.
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Tip: How to display the Property dialog box for an entity

You can modify parameters of entities at the Property dialog of selected ones.

Here are 3 methods below to open the Property dialog.

Click Property at the Pop-up menu after clicking right mouse button on a desired
entity.

Click Property at the Pop-up menu after clicking right mouse button on selected
entity in the Working window.

Press ‘P’ Key which is a shortcut for the Property on keyboard after selecting a
desired entity in either Database or Working Window.

How to open Multi-Property dialog

Open dialog by above 3 methods after selecting several entities either on Data
Base or in the Working Window.

There indicate how many entities are selected at the title of Multi-Property dialog as
shown below figure.

|Database

ST B4 | 2 entities [ Current Unit : N/kg/mmy/s/deg 1

A Engine_Propeller [ General | Graphic Property| Body

..... % Contacts Automatic

B] Requests

Mass ‘ |
| 2] o | |
|
|

w | &l = |

Cut Ctri+X | o] o |

Property N

Delete L\} D

e

Copy Ctrl=C

Center Marker

Wireframe x

Inertia Marker

Delete Del

Shade Initial Condition | Initial Velocity
Each Rendering F

Shade With Wire

= | Fleperiss|N F

Tip: Apply Layer Setting to the modeling

Layer is a tool for controlling Graphic Rendering of the entity on the Working Window. You
can arrange the entities and simplify the complicating ones by using Layer. Well-arranged
Layer can be On/Off in Layer Settings dialog.

Know

a.

how to use Layer Setting dialog.
Set the Layer number at the General Tab in the A Layer Settings x
Property dialog.
(®) Select Entity () Highlight Entity

(The Layer number is automatically made in the
Working Layer when the entity is created) [ ] Show User-Defined Layer
Layer Settings dialog will be on the display after Loyer | 0n | — |
clicking Layer Settings at Render Toolbar. v 2]

2 |

3 v

You can hide or display desired entities on the Working Window by checking Layer
On tab as On/Off individually.

10
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Know what the functions there are in Layer Settings dialog.

Layer Type: There are two type: Select Entity, Highlight Entity

= Select Entity: If this type is checked, the entities in a current subsystem are
selected except subsystems when layers are selected in grid. This is very
useful to open property pages for the entities whose layer number is same.

= Highlight Entity: If this type is checked, the entities are highlighted on
Working Window only when layers are selected in grid.

Show User-Defined Layer: 255 layers are used in a model. If this option is
checked, the only layer used by entities on the grids is shown.

= Refresh: Layers can be changed during opening Layer Setting dialog box.
But layer information in the dialog box is not updated automatically. This
function updates layer information in the dialog box.

Layer: The working layer is highlighted by blue in the dialog box. If the highlighted
layer is turned off, the created entity cannot be displayed in the working window.

On: The user can set the visibility of the layer in the On checkbox. And the user
can select or deselect all checkbox by clicking the top of On column.

Name: The user can set layer names by brief descriptions. If user sets the Name,
that layer name will be displayed in the property page of entity.

* Note: Cannot change the layer name in the property page of entity.
Shortcut: The user can toggle the visible status of a layer using the shortcuts.

*»  Shortcut of Layeri~Layer9: Ctrl + 1~9 keys

»  Shortcut of Select All Layer: Ctrl + 0 key

Tl

A Layer Settings ®
® select Entity O Highlight Entity 2 entities [ Current Unit : N/kg/mm/s/deg ]
General |GraphicProperty Body
[ show User-Defined Layer Name | |
Layer On | Mame | E ::Jﬂit | | |
orce hewton —————___ [RARETS
1 g Mass |ki|ogram |'| IMI
-3 |7 Length |mi||imeter |'| ILI
2 |7 Time |second |'| ILI
. |7 Angle |degree |'| FPs
& g Comment
7 v
g | |v
s | v
" |7 Layer IZ I |
n | v
— i
v o [ o]

11
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To import the remaining geometry:

1.

Follow the instructions above, but this time,
select the file, Prop_Hub.X_T, from the
same EngineWithPropeller folder of the
RecurDyn installation.

Notice the hub geometry appears in the
Working window and the body names
ImportedBody3 and ImportedBody4 appear
in the Database window.

Change the Layer number of
ImportedBody3 and ImportedBody4 into
3.

Follow the instructions above, but this time,
select the file, Engine.X_T, from the
EngineWithPropeller folder of the
RecurDyn installation.

Notice the engine geometry appears in the
Working window and eight new body names
appear in the Database window.

Change the Layer number of newly imported eight bodies (ImportedBody5 ~
ImportedBodyl1l and NONE_4) into 4

The Working window should display the imported geometry as shown in the figure on
the right.

To Modify Layer Settings dialog

1.

Click Layer Settings at Render Toolbar. A Layer Settings x
Layer Settings dialog will be indicated.

Check Show User-Defined Layer in order to R @A

see defined model’s layer only.

Change the name of layers like following. [Zshow UserDefined tayer] | Refresn

= Name of Layerl: Working Layer I
= Name of Layer2: Body Prop_Blade Iﬁ

2

On Mame

Working Layer

Body Prop_Blade
Body Prop_Hub
= Name of Layer4: Body Engine Bady Engine

= Name of Layer3: Body Prop_Hub

Confirm whether Layer is matched well with each
body by checking and unchecking the On
checkbox.

Click Close.

12
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Adjusting the Icon and Marker Size

You are now going to change the icon and marker size to 20 pixels, so the icons do not
obstruct the view of the model.

To change the icon and marker size:

1. Display the Icon Control dialog box by clicking the Icon lcon Control x
Control tool in the toolbar. ~Icon On/OfF
. =[] All Icons
The Icon Control dialog box appears. J;;irﬂ;
- - [+] Contact
Set Icon Size and Marker Size to 20. [¥] sensor
[+] Parametric Point
Clear the selection of All Markers. [¥] nitial Velocity
(W] Wall / Vessel
. R =[] Al Markers
Close the Icon Control dialog box. (use the x in the upper [] Center Marker
. (<] | Mark:
rlght Corner) IErti:r:er:ere:cre:rame

Ican Size 20, H
Marker Size IZD—‘E
Marker Z-Axis Width
Initial Velacity Width

The graphics display changes from the one shown on the
previous page to the one shown below.

Marker Icon Display Off

Tip: How to turn on/off the marker display
In addition to changing the size of marker and other entity icons, you can turn off the display
of the icons.

Saving the Model

To save your model:

Take a moment to save your model before you continue with the next chapter.
1. From the File menu, click Save.

2. Enter a name and location for the file.

3. Click Save.

13
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Chapter

Organizing the Geometry

Task Objective

When you often import CAD geometry, RecurDyn translates it into a number of bodies that
correspond to separated solids in the CAD model. However, these separate solids actually
move together and should be merged together as a single body in RecurDyn.

For example, in Chapter 1, the import of the propeller blade resulted in the creation of two
bodies and the import of the propeller hub resulted in the creation of two additional bodies.
The two bodies from the propeller blade correspond to the blade supports and blade
surface. The two bodies from the propeller hub correspond to the hub itself and a shaft.

For this model, you want the two imported bodies of the propeller blade to move together
as a single RecurDyn body, and the respective imported bodies of the propeller hub and the
engine to move as one. In this chapter, you will merge the imported bodies together to
develop a RecurDyn model that you can work with efficiently.

W

4

<’ Estimated Time to Complete

20 minutes

14
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Merging the Imported Geometry

The table below shows the relationship between the bodies that you are going to work with
in the RecurDyn model and the imported bodies. You will merge imported geometry to
form the engine body, the propeller hub body and the propeller blade body. Each merged
body has the combined mass properties of all of the solid geometry of the corresponding
imported geometry.

Body Name Imported Geometry

Prop_Blade ImportedBody1, ImportedBody?2

Prop_Hub ImportedBody3, ImportedBody4

Propeller
Hub Body

Engine ImportedBody5, NONE_4,
ImportedBody6,
ImportedBody7,
ImportedBody8,
ImportedBody9,
ImportedBody10,
ImportedBody11

Propeller
Blade Body

To merge the propeller blade geometry:

The merge process consists of two steps. First you will select the bodies that are to be
merged (Source Bodies). Second you will select the Target Body which will become the
merged body that will contain all of the geometries of the Source Bodies as well as the
geometry it previously had. It is allowable for the Target Body to be one of the Source
Bodies and is typically convenient for that to be the case. Often the easiest method for
selecting the Source Bodies is to draw a box that included the Source Bodies in the model
window or Layer Setting dialog

1. Select the YZ working plane from the Toolbar.
2. Open Layer Settings dialog by clicking Layer Settings at Render Toolbar.

3. Check On of only the Layer2 in order to see body which will be defined as Propeller
blade.

4. Draw a box in the Working window that covers the left half of the propeller blade bodies
or click Layer2 in Layer Settings as shown below.

A Layer Settings x

(@) Select Entity () Highlight Entity

Show User-Defined Layer Refresh ‘

15
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5. The names of the bodies ImportedBody1 and ImportedBody2 will be selected in the
Database window.

(i 6. From the Tools group in the Home tab., click Merge.

Merge
The Merge Body dialog box appears. ImportedBody1 Merge Body x
and ImportedBody2 are selected. ~ Source Body
MName
ImportedBody1
ImportedBody2
|:| ImportedBody3
|:| ImportedBodyd
[ ImportedBodys
|:| ImportedBodys
|:| ImportedBody?
|:| ImportedBodyd
[ importedBodyd E
[ w | D]
7. Click the B button in order to choose the Target Body. [ SelectAll | [ Deselect All |
8. To select the Target body, do one of the following: [ Target Body
= In the Working window, click on the propeller. As
you see ImportedBody2 will be selected, but it LJuser input in Material Input
doesn’t matter if ImportedBody1 is selected [ ok | [ concel | [ Apow |
instead.
OR
=  From the Database window, drag the name A w
! Mavigation Targ...
ImportedBody2 into the Navigation Target window g g
which appears in the upper-right corner of the modeling Drop here from database !
window.
9. Click OK.

To merge the propeller hub geometry:

1. Activate On check of Layer3 only to see body which will be defined as a Propeller hub.

2. Select the hub and the shaft geometry as shown in the figure. The names of the bodies
ImportedBody3 and ImportedBody4 will be selected in the Database window.

A Layer Settings X
(®) Select Entity (O Highlight Entity
[ sShow User-Defined Layer ‘
Layer | On Name
[ Working Layer

2 Body Prop_Blade
v Body Prop_Hub

AN
4|\ Body Engine

16
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As before, select the Merge tool. The Merge Body
dialog box appears. ImportedBody3 and
ImportedBody4 are selected

Click the B button.

For the Target Body, select the propeller hub
geometry (ImportBody3).

Click OK.

To merge the engine geometry:

Merge Body

—Source Body

Mame

[ | ImportedBody2
ImportedBody3
ImportedBodyd

ImportedBody5
ImportedBody6
ImportedBody7
ImportedBodyd
ImportedBody®
MOMNE_4

oooOodno

[v]

~]

e

| [

[ selectan | | Deselect Al |

—Target Body

|| ImportedBody3

|:| User Input in Material Input

| QK || Cancel ||

Apply

Activate On check of Layer4 only to see body which will be defined as Engine.

Draw the selection box around the engine geometry as shown in the figure. The names
of the bodies ImportedBody5 through ImportedBody11 will be selected in the

Database window.

A Layer Settings x
(®) Select Entity O Highlight Entity |
- ‘
Layer | On Name

[ Working Layer
2 [~ Body Prop_Blade
3 [~ Body Prop_Hub
NI 1 Body Engine

As before, select the Merge tool. The Merge Body
dialog box appears.
ImportedBody5~ImportedBody1l1l and NONE_4
are selected.

Click the B button.

For the Target Body, select the lowest geometry on the
engine (ImportedBody11).

Click OK.

Active all of On checks in Layer Settings dialog to see
entire entities.

Close Layer Setting dialog.

Merge Body

~ Source Body

MName

ImportedBody2
ImportedBody3
ImportedBodys
ImportedBodys
ImportedBody?
ImportedBodyd
ImpaortedBody®
MOMNE_4
ImportedBody10
ImportedBody11

SREERERE sl.

[ selectan | | DeselectAll |

r—Target Body

| mportedBady11

DUser Input in Material Input

| K || Cancel ||

Apply

17
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Notice that the number of markers is reduced because when the bodies were separate,
they had one marker individually defining the center of their mass. Now that they are
merged, there is only one body and one marker at the combined center of mass for each of

the three remaining bodies, as shown in the figure below.

Before Merge After Merge

Renaming the Bodies

Now you will change the names of the three bodies so that you can
more easily identify them.

To change their names:

In the Database window, right-click ImportedBody?2.
From the menu that appears, select Rename.

Type in the name Prop_Bladel.

4. Following the procedure in Steps 1 - 3, change the name of

body ImportedBody3 to Prop_Hub, and change the name of

body ImportedBody11 to Engine.

The list of bodies in the database window appears as shown at
right:

B8v
| [
A Model3 -
- Al Groups
-1 ‘ Bodies
P Ground
]
Properties
Edit
..... q peete
..... P'
_____ % | Rename
..... L '@ Apply Cutting Plane
""" El Create Scope
..... A
_____ & Automatic
..... a Wireframe
""" L. Shade
""" E"B' Shade With Wire
I
|Database WX
A Engine_Propeller

P Ground
P Prop_Bladel
P Prop_Hub

18
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Creating a Second Propeller Blade

Now you will create a second propeller blade by copying the first blade.

To create a second propeller:

1. To copy the propeller in place, check and make sure the Shift when pasting option is
turned off:

General

-

a. From the Settings group in the Home tab, click General. The General Setting
dialog box will appear.

b. Make sure the Shift when pasting check box is not checked.
c. Click OK
2. Rotate the image to get a front view of the propeller as follows:
Select Change to XY.

3. In the Working window, select Prop_Bladel. Tip: You can also place the cursor over
the Prop_Bladel name in the Database window and click.

Now you can copy and paste the blade to create the second propeller blade. RecurDyn
is @ Windows application that supports several methods for copying and pasting.

4. To copy the blade:
= Type Ctrl-C on the keyboard.
OR
m =  From the Clipboard group in the Home tab, in, click Copy.

OR
Copy

*

= In the Working window, right-click and from the menu that

appears, click Copy. V| cut Crl=

5. To paste the propeller, use the same techniques you used for [
copy (Ctrl+V, click Paste or use the same menus as explained
Faste above).

-

Copy Ctrl+C

You will not see the new blade because it shares the space of the X Delete L

original blade. However, there will be a new body entry in the Each Rendering *
Database window, C1_Prop_Bladel. Notice that in the Database
window RecurDyn prepends C1_ to the name of the original body
to form the name of the new body. Froperties P

Mesh

19
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Rotating the New Blade

You need to rotate the new blade, so it is on the opposite side of the engine axle from the
original blade.

On the toolbar, click the Basic Object Control tool to display the Basic Object Control

To rotate the blade:

1.
dialog box. The Translate tab is active.

2. Be sure the C1_Prop_Bladel body (the
new propeller) is selected.

3. Click the Rotate tab in the Basic Object
Control dialog box.

4. Change the value of the Degree field to
180.

5. Click one of the Z Rotation tools to rotate

the blade 180 degrees (either direction
yields the same result.)

Basic x

Translate | Rotate | Tra/Rot

(®) Scalar Rotate () align Markers

Reference Frame

Ground.InertiaMarker

Your model should appear as shown in the figure.

Tip: How to rotate about different coordinate systems

The default in the Object Control Panel is to rotate an object about the global coordinate system
(the default for the Reference Frame text box). If you need to rotate an object about an axis
in a different reference frame, then click the M button and select the marker of interest.

6. Close the Basic Object Control dialog box (use the x in the upper right corner).

7. Change the information of C1_Prop_Bladel like following configuration by opening

the General tab in Property dialog.
= Name: Prop_Blade2
= Layer: 2

20
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Saving the Model

Take a moment to save your model before you continue with the next chapter. (Tip: From
the file menu, click Save, or click the Save icon in the quick access toolbar at the top of
the RecurDyn window.)

21
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Chapter

Creating Joints

Task Objective

In this chapter, you will create several joints. You will create:

* One revolute joint to attach each propeller blade to the propeller
= One cylindrical joint to attach the propeller hub to the engine

* One fixed joint to fix the engine to ground

You will also define the rotation of the propeller.

3
4

./ Estimated Time to Complete

15 minutes
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Attaching the Blades to the Hub with Revolute Joints

In this section, you will use revolute joints to attach the propeller blades to the propeller
hub. You will first set the working plane and adjust the grid size. A grid size of 10 in each
direction will make it convenient to use the grid and to locate some of the joints that you
will define.

To set the working plane:

Set the working plane to the YZ Plane.

To change the grid size:

From the Working Plane group in the Home tab, set the following:

1. XGridSize: Input 10 and press the Enter key sGridsize | 10

2. YGridSize: Input 10 and press the Enter key ¥GridSize | 10

Coordinate (Car |~

To attach Prop_Blade1 to the propeller hub: Working Plane

From the Joint group in the Professional tab, click Revolute.
2. Set the Creation Method toolbar to: Body, Body, Point

i|Body, Body, Point - o

Click the Prop_Hub geometry.
Click the Prop_Bladel geometry (on the left).
In the Input Window toolbar, enter the point -5, =31, 6. (type the values, hit Enter key)

: \Body, Body, Point *|-5,-31, 6 v _

To attach Prop_Blade2 to the propeller hub:

Click Revolute again.

Keep the Creation Method toolbar as: Body, Body, Point
Click the Prop_Hub geometry

Click the Prop_Blade2 geometry (on the right).

SIS

In the Input Window toolbar, enter the point -5, 31, 6.

You should see the joint icons as shown in the figure below.
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Attaching the Propeller Hub to the Engine

To attach the Prop_Hub body to the engine body with a cylindrical joint:

\ 1. From the Joint group in the Professional tab, click Cylindrical.
2. Set the Creation Method toolbar to: Body, Body, Point, Direction
Cy”n:jrical 3. Click the Engine geometry.
4. Click the Prop_Hub geometry.
5. Click the point 0, 0, -40 in the Working window or enter 0, 0, -40 in the Input Window

toolbar.

6. To set the direction, click the Z-axis of the inertia reference frame (the yellow arrow
pointing up in the middle of the propeller hub).

Z-axis of the inertia
reference frame
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Attaching the Engine to Ground with a Fixed Joint

To attach the engine body to ground with a fixed joint:
From the Joint group in the Professional tab, click Fixed.

Set the Creation Method toolbar to: Body, Body, Point
To select ground, click anywhere in the Working window where there is no geometry.

-

Fixed

Click the Engine geometry.

Click the point 0, 0, =120 in the Working window or enter 0, 0, =120 in the Input
Window toolbar.

S C R S

You should see the joint icons as shown in the figure below.

Defining the Rotation of the Propeller

You will now define a constant acceleration of the propeller that begins 0.1 seconds after
the simulation starts.

To define the rotation of the propeller:

|Database AT 4

1. Display the Properties dialog box of the Cylindrical Joint.

A Engine_Propeller
: Groups

odies

§ Ground

P Prop_Bladel
P Prop_Hub
P Engine

@i Prop_Blade2

& Joints

Revloint2

| Property
Delete

Rename

Inactive
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Check Include Rotational Motion.

Click Rotational Motion.
The Motion dialog box appears.

Set the menu labeled Displacement (time) to
Acceleration (time).

Click EL.

The Expression List dialog box appears.

General I Connector | Joint

Properties of Cylindricall [ Current Unit : N/kg/mm/s/deg ]

Type |Cy|indrica|

~Maotions

|:| Include Translational Motion

Translational Motion

I Include Rotational Motionl

I‘ Rotational Motion |I

r~ Initial Conditions

Position

Velocity

Translation |0.

| [e |

Rotation (PV:R) | 0.

| ®m [o |

D Include Conditions

D Strict Initial Conditions

[~ Friction
e [7]
o 1t | [ ooy

Click Create.

The Expression dialog box appears.

Insert

Mation
Motion
Tpe  |standara Motion [~]
Initial disp. Initial velocity
| Acceleration ftime) - I|0.0 |E| |0.0 "El
— Expressi
e | =]
Exprassion
]
[+]
oK | ‘ Cancel ‘ | Apply
Expression List
Mo Mame Expression Value Comment :

1«

| OK

|| Cancel H Apply
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7. To define a rotational acceleration
of 10w radians/sec2 after 0.1
seconds of simulation time, enter
the following expression in the
large text box:

IF(TIME-0.1: 0, O, 10*PI)

Expression

Name |Ex1

IFTIME-0.1: 0, 0, 10*P1)

Available

Argument List

1:- ~Jb Simulation constants
+- g Displacement

- & Velocity

- Acceleration

+E.h Generic force

- g Specific force

* -Jdt System element E'

M w ] D]

=] P Function expressions -
+-Fyy Fortran 77 Functions

D Entity

[ aga ] [ Delete

[ o

| Cancel | | Apply |

8. Click OK to exit the Expression dialog box.

9. Click OK to exit the Expression List dialog box.

10. Click OK to exit the Motion dialog box

11. Click OK to exit the Cylindrical Joint Property dialog box.

Saving the Model

Take a moment to save your model before you continue with the next chapter. (Tip: From

the File menu, click Save)
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Chapter

Creating Forces

Task Objective

In this chapter, you will learn to create forces controlling the translation of the propeller and
the local rotation of the propeller blades.

3
4

./ Estimated Time to Complete

10 minutes

28



ENGINE WITH PORPELLER TUTORIAL (PROFESSIONAL)

Controlling the Translation of the Propeller

To create a translational spring force between the Prop_Hub and the engine:

& 1. From the Force group in the Professional tab, click Spring.
S'er 2. Set the Creation Method toolbar to: Body, Body, Point, Point
pring

- 3. Click the Engine geometry.

Click the Prop_Hub geometry.

oo

Click the point 0, 0, -80 in the Working window or enter the point 0, 0, -80 in the Input
Window toolbar.

6. Click the point 0, 0, -40 in the Working window or enter the point 0, 0, -40 in the Input
Window toolbar.

Controlling the Local Rotation of the Propeller Blades

To control the rotation of the propeller blades, you will create two rotational springs.

To create a torsion (rotational) spring between Prop_Hub and Prop_Blade1:

@“) 1. From the Force group in the Professional tab, click Rotational Spring.

fot <o 2. In the Creation Method toolbar, select Joint.
ot.5pring
- 3. Click the Revolute Joint (Rev]ointl) at Prop_Bladel (on the left).

Revolute joint
to select

To create a torsion (rotational) spring between Prop_Hub and Prop_Blade2:

\{.'é]) 1. Select the Rotational Spring tool again.

fot o 2. Click the Revolute Joint (Rev]oint2) at Prop_Blade2 (on the right).
ot.5pring

-

Revolute joint
to select

You should see the new force icons as shown in the next figure, as well as new joint and
force entries in the Database window.
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|Database WA ox

- .4 Groups
Saving the Model @ e (&

-4 Prop_Bladel
Take a moment to save your model before 5@ Prop Hub

you continue with the next chapter. (Tip:
From the File menu, click Save.)

P Engine

P Prop_Bladel
=& Joints

2§ Revlointl
7§ Revloint2
& Cylindricall
2 Fixedl !
=-F Forces
+F Spring1

#-J RotationalSpringl

=

=

+}T RotationalSpring?
..... %y Couplers
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Chapter

Performing Analysis

Task Objective

In this chapter, you will run a simulation of the model you just created. You will rerun the
simulation several more time later in the tutorial as you experiment with some changes to
some of the model parameters.

L)

> ¢

"/ Estimated Time to Complete

5 minutes
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Performing Dynamic/Kinematic Analysis

You will run a dynamic/kinematic analysis to view the effect of forces and motion on the

model you just created.

To perform a dynamic/kinematic analysis:

1. From the Simulation Type group in the Analysis tab, click Dyn/Kin.

The Dynamic/Kinematic Analysis dialog box appears.

Define the end time of the simulation and the
number of steps:

* EndTime: 2
= Step: 200
=  Plot Multiplier Step Factor: 5

3. Click Simulate.
RecurDyn calculates the motions and forces

acting on the engine with propeller model. There

will be 1000 plot outputs stored because the
number of steps is 200 and the Plot Multiplier
Step Factor is 5.

Dynamic/Kinematic Analysis

General | Parameter | Initial C

ondition

End Time
step
Plot Multiplier 5tep Factor

|:| Cutput File Mame

3
200.
3 =]

1

Indude
DStat\cAnalyiis
D Eigenvalue Analysis

[ state Matrix

D Freguency Response Analysis

|:| Display Animation

D Hide RecurDyn during Simulation

| ¥ [o.

| z [-9806.65 |[Gravity|

Gravity
’7 x [o.

Unit | Newton - Ki

ilogram - Millimeter - Second |

Simulate H 0K H Cancel |

4. Animate the model using the Play on the Animation Control group in the Analysis
tab. Refer to the 3D Crank Slider tutorial for more information on playing an animation.

5. Click Stop to reset the model.

32




ENGINE WITH PORPELLER TUTORIAL (PROFESSIONAL)

Chapter

Creating Scopes and Setting
Force Display

Task Objective

Before you run another simulation, you will create output data scopes that let you view
analysis results in small plotting windows as you animate the model. The scopes let you
monitor angles, points, entities, and components of entities and with this model you will
use them to monitor the local rotational motion of the blades. In addition, you will use the
force display to monitor the forces at the revolute joints that attach the blades to the hub.

Estimated Time to Complete

10 minutes
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Creating Scopes of Revolute Joint Rotation

You will create two scopes that measure the:

» Rotation at Revloint1, which connects Prop_Bladel to the Prop_Hub

»= Rotation at Revloint2, which connects Prop_Blade2 to the Prop_Hub

To create a scope on a joint:

Ig 1.

Entity

-

From the Scope group in the Analysis tab,
click Entity.

The Scope Entity dialog box appears.

2. Click Et and then click the RevJoint1 icon in
the Working window, the icon for the revolute
joint on the left side of the hub that connects
Prop_Bladel to the Prop_Hub body.

The name of the selected joint appears in the
Entity Name text box.

The selection in the Component text box is
Pos1_Relative. This is the rotational angle of
the revolute joint and it is the output that you
want. You do not need to change it.

3. Change the name of the scope to
Scope_Rev_Angl1.

4. Click OK.

Scope Entity
Mame

Entity Mame
Component
Data RefFrame

Crientation

Display

| Scope_Rev_Angi

| Revloint1

| Pos1_Relative

| Base : Prop_Hub.Marker1

ok | |

Cancel

The scope plot appears with the angle rotation from the previous simulation. Note that

the total rotation is small —only 0.3 degrees.

4 Scope_Rev_Angl
= ke |G R (]

i 13{ﬁ§\ﬁ}:

= Pos1_Relative #1

vvvv
el

-l
=

vvvvv

—

. il

.............

..........................

PR R R R R
=
L

0.00 0.20 0.40 0.60 0.B0

X 99999, ¥: 0.

1.00 1.20
Time

1,20 1.80

1.80 z.00
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5.
naming the scope Scope_Rev_Ang2.

Now repeat Steps 1 - 5 with the changes needed to display the rotation of RevJoint2.,

4 Scope_Rev_Ang2
= ke G RS

30y

0 | |12 [E] &

== Pos1_Relative #1

a2

.................................

hhhhhhh

hhhhh

o)

......

« 30 -

T
"

0.00 40 0. 1.o0 1.20 1.'4p

Time

o.20 0. B0 0.BO

¥ 99999,

1.'60

1.B0 z.00

The second scope plot shows that the second revolute joint rotated the same amount as
the first, but it has the opposite sign. The first blade rotates a small amount

counterclockwise (about the Z-axis of the joint’s base marker)

due to gravity, which is a

positive rotation. The second blade rotates a small amount clockwise due to gravity,

which is a negative rotation.

Tip: How to select an entity from the Database window

The Navigation Target window appears when you click the Et button
while trying to create a scope. Rather than clicking on the entity icon
in the Working window you could also drag the name of the entity
in the database window to the Navigation Target window in order to
select that entity.

Mavigation Targ.. *

Drop here from database !
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Setting Display of Forces

In this section, you will set up the display of the force in the translational spring along the
propeller shaft during an animation.

To set up the force display of the translational spring, Spring1:

1. Display the Properties diang box for Properties of Spring1 [ Current Unit : N/kg/mmy/s/deg ]
Springl.

General | Connector | 3Pring | Graphic

The bottom item is the Force Display. Its [stiiness Coetricent |~|  [100. [#v]
default value is Inactive.

|Damping Coefficient |V| |'|- ||E|
Set Force Display to Action. [ stiffness Exponent [1. |
Click OK. [ pamping Exponent |‘I. |
You will not see any difference if your Free Length [4o. [#v]
graphics are in the shaded mode. You Pre Load lo. [ev]
need to change them to the wireframe Distance between Two Markers |40, =]
rendering to see the force vector. _ -

Force Display I|Act|or1 |' ||

4. Switch to the wireframe mode:
a. Right-click the Working window.

b. From the menu that appears, point ok || cancat | appy
to Rendering Mode, and then click
Wireframe with Silhouettes.

5. Now use the Play on the Animation Control group in the Analysis tab to run the
animation and look just above the coil spring on the propeller shaft for the force display.
It will be a blue arrow pointing up. It spikes up a small amount and then quickly settles
to a constant value (the weight of the propeller hub and blades).

6. Click Stop to reset the model.

Tip: Force Display

In the Display Setting or Force Display function, you can control for the force display on
the animation state on the Working Window. (Display Setting option is in Setting group
of Home tab, Force Display option is in Post Tool group of Analysis tab.)

This command defines a force/torque display during the playing of an animation. The force
display is as shown below.
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Force Display

Saving the Model

Take a moment to save your model before you continue with the next chapter.

37



ENGINE WITH PORPELLER TUTORIAL (PROFESSIONAL)

Chapter

Performing a Design Study

Task Objective

Your model with the default spring parameters behaves in a very stiff manner. The motion
of the propellers seems to suggest a rigid connection rather than a flexible connection. In
this chapter, you will learn how to use RecurDyn to study the effect of stiffness and
damping on the dynamic response of a mechanical system.

g
Estimated Time to Complete

15 minutes
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Adjusting the Stiffness and Damping of Rotational Springs
You will use the two springs to study two factors:

= With RotationalSpring1, you will reduce both the stiffness and damping by a factor of 100.
» With RotationalSpring2, you will reduce the damping by an additional factor of 10.

To adjust the stiffness and damping of the rotational springs:

1. Dlsplay the Properties dlalog box for Properties of RatationalSpring1 [ Current Unit : N/kg/mmjs/deg ]
RotationalSpring1. Ceneral | Conmector| Rotational Spring
2. Set the Stiffness to 100 and the [stiftness CoetricientiFL/R) | = [ 100. [ev]
Damping to 1 as shown above. (amping Cosfrcent TR <[ o]
3. Click OK. [ stiffness Exponent [+ |
[1Damping Exponent [1. |
Free Angle (PV:R) [o. [[ev ]
Pre Torque [o. [[pv]
Angle between Two Markers |0, "]
Force Display [Inactivate [~]
[ ok || canca |

4. Display the Properties dialog box for RotationalSpring2.
5. Set the Stiffness to 100 and Damping to 0.1 (the same stiffness but lower damping).
6. Click OK.
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Running a New Analysis

You are ready to run a simulation with the modified spring parameters. As you run the
simulation, you will adjust a few simulation parameters to get the best answer for this
model.

To run a new analysis with the modified spring parameters:

' 1. From the Simulation Type group in the Analysis tab, click Dyn/Kin.

L,
%H The Dynamic/Kinematic Analysis dialog box appears. Notice that the end time of the
Dyn/Kin simulation and the number of steps have the values that you set in the first simulation.
- Therefore, you need to make no changes in the first tab.

2. Click the Parameter tab and set: Dynamic/Kinematic Analysis x
= Maximum Time Step: 0.001 [General | Parameter | initial Condition
. Numerical Damping: 0.1 Maximum Time Step ||1.E-D3 "Ell
The default values for Maximum Time Step Initial Time Step [1.2-006 [pv]
and Numerlcal Damping work well for many Error Tolerance [5.0003 7]
practical problems that have many parts and
high stiffness. For this model, you change Integrator Type | ADVHYBRID M
them because: Mumerical Damping ||D.1| ||
Constant Stepsize [1.e-005 |

- Numerical Damplng iS applled at the Jacobian Evaluation for TPart |1DD. "E'

SYStem Ievel and helps a mOdel |:|Match Solving Stepsize with Report Step
simulate smoothly when there is no
damping defined for degrees of freedom
at the joints. In this model, you have [ step Condition [EL]
damping defined for each degree of
freedom and you are studying the effect
of reducing the spring damping. In this
case, it is a good practice to reduce the
Numerical Damping from 1.0 to 0.1.

Match Simulation End Time with User Input

» The Maximum Step Size is reduced

because the numerical integrator in | smuate || ok || Cancl

RecurDyn will take large steps with such
a simple model that exhibits smooth motion. A smaller maximum time step is
appropriate because you want to capture the gradual decay of the blade motion.

3. Click Simulate.

The simulation will run in a few seconds.
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some significant changes in the data shown on the two scopes. Both blades
through approximately 20 degrees of initial rotation. There is much more

oscillation in blade motion. Now is a good time to animate the model to observe the

behavior that is suggested by the plots.

4 Scope_Rev_Angl - O
=Bk |G R(RE PSS | E[E] e
== Pos1_Relative #1
20.00 -
15.00 - [\H
s ool |/
s.no-‘l‘ \-/ \‘/\/\_rx_
-“"_"'_"“u—-—--u_.—..
0.00 -
0.00 0.20 0.40 0.60 ©.80 1.00 1.20 1.40 1.50 1.B0 2.00
Time
X 99999, Y. 0.
4 Scope_Rev_Ang? - 0O x
BBk B WQEPS X EE K E
= Pos1_Relative #1
5.00
0,00 - - Fa) it f I} 3} B Nl oA Al s oa
I ARFARATAR AN WAVAYY J/\J\L
NI ARTRAWAYATAVIVA'A'AA
ool b VNV
;f L
-20.00 - \'u'/ \‘
-25.00 , : : : . . : ; .
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
Time
¥ 99999, ¥: 0.
4. Use the Animation play button on the Animation Control group in the Analysis tab to

display the animation as explained in the beginning tutorial.

5. Click Stop button to reset the model.
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Questions to Consider from the Design Study Results:

Here are a few questions. The answers are provided later.

1.

2.
3.
4

Why did the blades move through a larger displacement in the second simulation?
Why did the blades oscillate more in the second simulation?
Why did Prop_Blade2 oscillate more than Prop_Bladel?

Why does the magnitude of the average rotation of the blades decrease in the later
portions of the simulation?

How could you check for the accuracy of the solution?

Answers to the questions:

1) Reduced stiffness in the rotational springs.
2) Reduced damping in the rotational springs.
3) Reduced damping in rotational spring #2.

4) As propeller spins at a higher rotational velocity the centripetal acceleration increases
and tends to offset the effects of gravity.

5) Set the Maximum Time Step to 0.0001 (10x lower) and run the simulation again.
Since the results are the same you can have confidence in the accuracy of the results.

Ideas for Further Exploration:

You obtained interesting changes to the model results by changing the stiffness and
damping values of the rotational spring.

1.

How could you change the values of stiffness and damping in the coil (translational)
spring?

Think about the experimentation process. You may have a hard time to recognize which
change in which variable caused the changes of the output if you change the stiffness
and the damping at the same time.

What change in response would you expect if you changed the gravity to act in the =Y
direction? Make the change and see if you were correct.

You can change the direction of the gravity vector by using the Gravity command in the
Settings menu.
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Chapter

Plotting the Resuits

Task Objective

In this chapter, you will plot the analysis data that RecurDyn calculated in the
dynamic/kinematic simulation you ran in the previous chapter. You will plot and work with
the rotational output of the revolute joints, using the RecurDyn plotting tool. It lets you plot
and animate the results of simulations.

£
Estimated Time to Complete

10 minutes
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Creating a Plot

In this section, you'll start RecurDyn/Plot.

To start RecurDyn/Plot:
From the Plot group in the Analysis tab, click Plot Result

1.
hf—‘ The Plotting window appears with all the tools and data that you need
- o IEE

RecurDyn VGR1 - [Piot1*]

Result
'&-HD\BIB

Y ke | iLL

Mumple kses
= Engine Propeer
THE

%~

8|0 B

ot

b b2 &2

Curve Data

D]EJLc

Dalabase LeflUs;
wingows

X i ‘@ @ Uk g

SelZoo

[ mv u

Expont

import
7 ot %

3
B[Rl -2 @ P o F|@E S DE K
[ = Por 1 R Redointt 4o
Engine_Propeller

il R
@ Cylinciealt
Feed

‘\

.0 o 1o Lm0 20 |Ax“‘x ‘JY" <
s

S0 Y- Reoints - pos1_Reiatve

Wiaimia

.6 %0
Time (s)

For Hel sress £1

In the Database window, click the + in front of Joints and RevJ]oint1, and then double-
click Pos1_Relative to display the rotation of Prob_Bladel (same as the first scope).
g x|

Click RevJoint2, and then double-click Pos1_Relative to |Plot
=l Engine_Propeller

3. i ,
display the rotation of Prob_Blade2 (same as the second
scope). - TIME
[+ Bodies
- Force
E\-Joints
£} Revlaint1

Pos1 Relative

Vell_Relative
Accl_Relative
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The plot appears as shown next. It contains both curves of the two scopes in the same
plot. It would be beneficial to be able to compare the two blade rotations, but the
comparison is difficult because one curve has negative values and the other curve has
positive values. You will use the analysis capability in the plotting tool to make this

comparison easier.

— Pos1_Relative - RevJoint! {deg)— Pos1_Relative-RevJoint2 (deg)
Engine_Propeller

Ange (deg)

.00
Time (s)

Before using the Simple Math tool to draw the curves at the same

axis, check and make sure the At Current Axis option is turned on.

(Current Axis option is in Multiple Axes group of Home tap)

AtCurrent Control

x

E t SameScale

| E AtCurrent

I:—* MewPane
Lp

E L MewAxis

From the Analysis group in the Tool tab, click Math. The Data Analysis dialog box

appears.

Click on the field to the right of the Math Type field, to display the dropdown menu

button.
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10.
11.

12.

13.

14.

15.

16.

17.
18.
19.

ENGINE WITH PORPELLER

Select the Math Type to
Scale:alpha*F1

Set the Source Curvel
(F1) to the second curve,
Pos1_Relative -
RevJoint2 (deg).

Set Y Scale Factor to -1.
Click Execute.
Click Close.

TUTORIAL (PROFESSIONAL)

Data Analysis

= Simple Math
Math Type
Source Curvel (F1i)
Plot to Mew Page
Add to Database
Use Default Curve Mame
= Scale Option
f Scale Factor Type
Y Scale Factor
¥ Scale Factor Type
¥ Scale Factor
= Translate Option

%Scale : alpha * F1
2:Posi_Relative - Revloint2 (deg)

2:Pos1_Relative - Revloint2 (deg)
MNo
Mo

‘fes

User Defined Value
-1,
User Defined Value

¥ Scale Factor
Value of Scale Factor

| Execute | | Close |

A new curve (FACTOR(Pos1_Relative - Revloint2 (deg))) appears on the plot that

represents the absolute value of the Blade2 rotation.

On the plot, click on the original Blade2 rotation curve (Pos1_Relative - Revloint2
(deg), with negative values) and you should see the curve become highlighted.

Press the Delete key on your keyboard to delete the curve.

OR

From the Tools group in the Home tab, click Delete Curve.

Click Yes when prompted to confirm the deletion of the curve.

Click Fit to adjust the curves.

From the Preference group in the Home tab, click Legend. The Legend Title dialog

box appears.

Change the Legend #2 title name to Pos1_Relative - Revloint2 (deg).
Click OK. The legend title is changed.

In the legend box, right-click and from the menu that appears, click Bottom

== Paos1_Relative - RevJoint (deg)

== Paos1_Relative - RevJoint2 (deg)

Engine_Propeller

[ Left
IE‘ Top
[ Right

Fent...
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The plot should now appear as shown below.

Engine_Propeller

Andle (deg)
2

A

—

/
VELNAY:
\

A
—

=
E:
=
-

1.0
Time (s)

— Fos1_Relative- Rewloint1 (deg)— Pos _Relative-Revdoint2 (deg)|

Congratulations! Y ou have completed this tutorial and simulated a multi-body dynamiic system!
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