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EXCAVATOR TUTORIAL (RFLEX)

Chapter

Getting Started

Objective

In this tutorial, you will learn how to simulate a model which has a flexible body. You will
start with an existing model which has all rigid bodies and replace one of them with a
RecurDyn RFlex body. RecurDyn RFlex uses a modal approach to represent flexible bodies, by
using the superposition of the body’s natural modal shapes and constraint modes at the
attachment points. This approach is ideal when the flexible body has only fixed connection
points to other bodies. If it has sliding or rolling contact, RecurDyn FFlex should be used,
which takes a nodal (or mesh-based) approach to represent the body.

Approach

You will start with an excavator model, shown below, that includes all of the mechanical
components. All the bodies in this model are rigid. The model is set up so that the excavator
goes through a digging and unloading motion, with the cab rotating around the vertical axis.

You will then import a RecurDyn RFlex Input (RFI) file, which represents a flexible boom. One
way to create an RFI file is by using NX Advance Simulation to mesh the boom geometry,
export the simulation to a Nastran bulk data file, and then use NX Nastran to read the bulk
data file and create the RFI file.

The RFI file is supplied with this tutorial. For information on how to create the RFI file from a
Nastran bulk data file, see the appendix.
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Rigid Boom to be
Modeled as Flexible

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 of RecurDyn.
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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 the Initial Model 10
Importing and Connecting the RFlex Body 20
Plotting the Results 5
Creating a RecurDyn RFlex Input (RFI) File 10
Total 45
<’ Estimated Time to Complete

This tutorial takes approximately 45 minutes to complete.
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Chapter

Opening the Initial Model

Task Objective

Open the initial model, run a simulation, and observe the digging/unloading motion.

<’ Estimated Time to Complete

10 minutes
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Starting RecurDyn

To start RecurDyn and open the initial Start RecurDyn

model: ~New Model
Name |Model1
1.

= On your Desktop, double-click the Ut [MMKOATmeterRlogramemtor/Second

Setting

|
RecurDyn icon. )

Gravity [y [~]
2. When the Start RecurDyn dialog box

Setting

. . oK
appears close it because you will not [ o |
be creating a new model but using an
existing one. Open Model
From the File menu, click Open. Recent Models

From the RFlex tutorial directory,
select the file
RD_Excavator_Start.rdyn. (The
file location: <Install Dir> \Help
\Tutorial \Flexible \RFlex \Excavator,
ask your instructor for the location of

the directory if you cannot find it).
5. Click Open.

Show "Start RecurDyn’ Dialog when starting

Your model should look like the following.

The boom indicated above, between the cab and the dipper stick, is the rigid body in this
model which you will later model as a flexible body.

Rigid Boom to be
Modeled as Flexible
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To save the initial model:

1. From the File menu, click Save As.

2. Save the model different directory, because you cannot simulation in tutorial directory.
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Running an Initial Simulation with the Rigid Boom

You will now run an initial simulation of the model to understand the motion that it will go

through.

To run an initial simulation:
1. From the Simulation Type group in the
Analysis tab, click Dyn/Kin.

The Dynamic/Kinematic Analysis
dialog window appears.

2. Define the End Time and Step values as

follows:
= End Time: 3.0
= Step: 200

=  Plot Multiplier Step Factor: 5

3. Click Simulate. The simulation will run in
about 10 seconds, depending on the speed
of your computer.

Viewing the Resuits

To view the results:

Dynamic/Kinematic Analysis

General | Parameter | Initial Condition

End Time E! 7]
Step [ 200, [ev]
Plot Multiplier Step Factor 5.
|:| Output File Name

rInclude

|:| Static Analysis
DEigenvaIue Analysis
[ state Matrix

|:| Frequency Response Analysis

|:| Hide RecurDyn during Simulation

DDispIayAnirnation

Gravity
( x [o | v [o | z [-os06.65  |[Gravity]
Unit | Mewton - Kilogram - Millimeter - Second |
Simulate || OK || Cancel |

- From the Animation Control group in the Analysis tab, click Play/Pause.

You should see the excavator rotate about the vertical axis, and then goes through a digging
and then unloading motion. This is being driven by motion input to the revolute joint around
which the cab rotates, and translational joints in the hydraulic cylinders.

10
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Chapter

Swapping In the RFlex Body

Task Objective

In this chapter, you will learn how to import the RFlex body representing the flexible boom.
Using RFlex’s “flexible body swap” functionality, you will also replace the rigid body in the
same step. You will then run a simulation with the new flexible boom body and view a stress
contour plot.

<’ Estimated Time to Complete

20 minutes

11
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Swapping In the RecurDyn RFlex Body

You will now import the RecurDyn RFlex Input (RFI) file, which represents the flexible boom.
In the same step, you will replace the corresponding rigid body.

To swap in the RFlex body:

1. From the RFlex group in the Flexible tab, click Import RFI.
2. Set the Creation Method to Body in Command Toolbar.

3. In the Working window, select
the Rigid_Boom body.

4. In the RFLEX Body Import window,
to the left of the Import button, click
the browse button (...). RecurDyn RFlex File

EFI File Mame |C:\Program Files\FunctionBay, InC\RecurD)"II

RFlex Body Import

5. Select the file named
boom_tet_mesh_rfi_0.rfi, in the Body(Swapped) | Rigid_Boom |

RFlex tutorial E:Iirectory: and click Reference [Rigid_Boem -]
Open. (The file location: <Install
Dir> \Help \Tutorial \Flexible \RFlex :

| Ok | | Cancel | | Options |

\Excavator, ask your instructor for the
location of the directory if you cannot
find it).

6. Click OK to import the body.

The RFlex boom body should now have replaced the rigid boom body, as shown below (may
be a different color than green). By checking in the Database window, you should notice
that the rigid boom body is no longer in the model.

12
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ke

Important: In the next step, it is important to save the model using a different filename, as
the results from the new file will be compared with the old.

7. Save the model as RD_Excavator_RFlex.rdyn.

8. Run a new simulation. This should take ~2 minutes, depending on the speed of your
computer

13
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Viewing Stress Contour Plots
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(RFLEX)

You can now use RecurDyn to view the areas of high stress within the flexible boom as it

goes through the digging/unloading motion.

To view a stress contour plot:

1. From the RFlex group in the Flexible tab, click Contour.

2. In the lower left region of the Contour Dialog, select the checkbox next to Enable

Contour View.

3. Under Contour Option, to the right of Type, select Stress.
4. Select SMISES from the list.
5. Under Min/Max Option, click the Calculation button.

This will determine the minimum and maximum stress that occurs during the simulation
within the flexible boom. The values for Min and Max should be updated as shown below.

A Contour

— Contour Option
Animation Status

Type Stress v

Component

[] Display Vector 195.540699152376
[] Uniform _| Simple

[] Contact Surface Only

®) User defined contact surface

Contact patches only

—Band Option
Legend Type

Location

Band Level(10~50)

r—View / Reference Node / Reference Marker —

X

[+ || [set]  ®oay

| Node D |

| sel |

l = l [7 Rigid_Boom 1

Show Text Legend

10]

~ Min/Max Option
[smisEs ]
Type IDisplay |v|
I[ Calculation ]I
Calc. Result User Defined

[] User Defined Max Color

r— Style Option
Color Option

Colors
Style
Text Color

Exceed Max Color

Less than Min Color | Min Color =

Edit — Contour Data Trace

JLI Sel Body

[~]

Text Color v
, Max Color v

T

Delete

—~ Contour Element Set Selection

Contour Part

[C] User Defined Min Color [JMesh Lines Line Color ][] Add ] [ Delete |
Enable Contour View
ok [ cance ][ awmy |

6. Now adjust the maximum value so that the contour display will show stresses at a lower

range:

= Change the Type to User Defined.

= Type in 200 for the Max value.
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= (Click the checkbox next to Show Min/Max.

= Click the checkbox next to User Defined Max Color.

= Change Exceed Max Color to red.

A Contour X
— Contour Option ~Band Option —View / Reference Node / Reference Marker ——
Animation Status Legend Type [ Display [*]| | I'set] Body |MNoded| |sel]
- v i
e wan [oon [7] || | e
Component Show Text Legend
[Tl Display Vector Band Level(10~50) I 10]
[»]
— !

[Juniform  [[] Simple o
M Cootac = stace Oy Color Option Edit ~ Contour Data Trace

(®) User defined contact surface

A Colors ISpedvum l'l Sel Body Node ID
() Contact patches only
Style | Stepped I v |
—Min/Max Option
[smisEs |

Type I User Defined

lvl

I I Calculation

o

Calc. Result User Defined
[

Max 5141.43 200}

Show Min/Max  [_] Enable Log Scale

Min I

User Defined Max Color I

Exceed Max Color

[ Add

Delete

— Contour Element Set Selection
Contour Part

[J User Defined Min Color [JMesh Lines [ tinecotor -] ||| Add | | Delete |
Enable Contour View
T T T

7. Click OK.

8. Play the animation.

You should see the contour plots on the flexible boom (animation frame 14 is shown below)

15
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h
v ¥ .
X L

Yon Mises stress (Mpa)
Max at Node 5370 time;2,850000
Mdipiat Mode 1 time:0.000000

0.00e+00  2.00+01 4.00e+01 6.00e +01 8.00e+01 1.00e +02 1.20e+02 1.40e +02 1.60e +02 1.60e+02 2.00e+02

9. If the animation plays slowly on your computer, you may want to do one of the

following:
= Use the Fast Play IE' button to display every fifth frame.
= Record the animation to an avi file and view the animation with the Windows Media
Player.

16
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Chapter

Plotting the Resuits

In this chapter, you will plot results to see the influence of adding flexibility to the model.

Task Objective

Learn how to plot and compare results from different models and observe the influence of
modeling the boom as a flexible body.

,,
Estimated Time to Complete

5 minutes

w ™

17
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Plotting the Dipper Stick’s Out-of-Plane Tilt

As the excavator cab rotates around the chassis, the mass of the bucket and dipper stick
cause the dipper stick to tilt out of plane, as shown below. Note that although all of the
bodies are rigid in the base excavator model, the bodies are connected with bushings,
resulting in a certain amount of flexibility in the model.

In the figures below, the dipper stick is shown in yellow, and the plane, which follows the cab,
is shown in green. The more flexible the boom and joints (bushings) are, the greater this tilt
will be.

Plane
(fixed w.r.t. cab)

b \

Dipper
stick Y

Out-of-plane tilt
of dipper stick

To plot the out-of-plane tilt:

Ek. 1. From the Plot group in the Analysis tab, click Plot Result.

Result The current model’s results are automatically loaded into the Database window on the
right. You will now load the old rigid-body-only model’s results.

2. In the File Menu click Import file and select the file RD_Excavator_Start.rplt.

The old model’s results should now appear in the Database window, under
RD_Excavator_RFlex.

3. Plot the following results:

18
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= RD_Excavator_RFlex — Request — Expressions - ExRql —
F1(Ex_dipperStickTilt)

= RD_Excavator_Start — Request — Expressions — ExRql —
F1(Ex_dippersStickTilt)

Note: The Request items appear in the Plot Database window because a request to create
plot data for an expression was created in the model. If you were to go back into the model,
you would see an expression called Ex_dipperStickTilt which has the following form:

= AX(DipperStick.CM, Cab.CM)

This expression measures the rotation of the dipper stick’s center of mass marker around the
X-axis of the cab’s center of mass marker.

4. You should now see a plot similar to the one shown below.

— F1{Ex_dipperStickTill) - ExRa1— F1(Ex_dipperStckTill - ExRqt
RD_Excavator_Start_RFlex

/N Va

_—

)
/
/
=

150
Time (s)

The plot shows that the amplitude of tilt with the flexible boom is much higher than with the

rigid boom, and the system natural frequency (as reflected by the time interval between
some of the peaks) is lower as well.

To make more sense of this plot, you will now add the rotational acceleration of the cab --
the motion input which causes the dipper stick’s out-of-plane tilt. But first, you will create an

extra Y-axis so that both tilt and acceleration data can be displayed on the plot with similar
scales.

19
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To plot the rotational acceleration of the cab:

» Plot the following result:

RD_Excavator_RFlex — Joints — Rev_Cab_Frame — Accl_Relative

You should now see a plot similar to the one shown below.

== F1({Ex_dipperStickTilt) - ExRa1 F1(Ex_dipperStickTilt)- ExRql
RD_Excavator_Start_RFlex

== Acc1_Relative- Rev_Cab_Frame (rad/s"2)

A

B —
L
h { Z:;Sfﬁé}) uaqma‘iaoa\;‘r‘mnﬁluv

D D B D D D D -80.00
.25 1.50 1.75 2.00 2.25 2.50 2.7
Time (s)

You can now see the motion input and the response of the flexible and rigid boom to that
input. From 0.5 to 2.0 sec, the flexible boom’s transient response takes much longer to die

out than the rigid boom’s response. The plot clearly shows the importance of including the
flexibility of the boom in this excavator model.

Note that there is some noise in the rotational acceleration curve of the cab. The noise is the
result of using the STEP function with a small humber of integration steps. The noise will be
almost totally eliminated by decreasing the Maximum Time Step under the Parameter tab of
the Dynamic/Kinematic Analysis dialog box. However, with this change the simulation will

take 2-3 times as long to solve. Therefore, for purposes of this tutorial (fast simulations) the
default solver parameters will be used.

20
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Chapter

RFlex Body Review and Tuning

Task Objective

In this chapter, you will learn how to examine the mode shapes of the RFlex body, and also
learn how to improve simulation performance.

Estimated Time to Complete

20 minutes

21
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Examining the RFlex Body

As mentioned earlier, RFlex relies on the linear superposition of the modal shapes of the
flexible body, which are obtained from an FEA modal analysis. Specifically, two types of
modes are used. Constrained Normal Modes are the normal modes that result when all of
the attachment nodes are held fixed. Constraint Modes, or Craig-Bampton Modes, on the
other hand, are those obtained by applying a unit displacement at each attachment node in
the direction of each of the six degrees-of-freedom, while holding all the other attachment
nodes fixed. The constraint modes are needed to provide an accurate component response
to loads and displacements applied to the attachment nodes.

RecurDyn then applies an orthonormalization pass to the normal and constraint modes.
Because of this, as you review the modes of the flexible body in RecurDyn, the mode shapes
may not correspond exactly to the Constrained Normal Modes and Constraint Modes
mentioned above. However, one can still apply some engineering intuition to the
appearance of the mode shapes when deciding whether or not to include the mode in the
solution or not.

Before examining the modes of the flexible body, it will be helpful to isolate it in its own layer
so that it can be viewed by itself.

To isolate the flexible body to its own layer:

Return to the Modeling window Properties of Rigid_Boom [ Current Unit : N/kg/mm/s/deg ]
i . A Body FEInfo. RFlex Mode Scope
2. Brlng up the Propertles window for General Graphic Property Origin & Orientation
Rigid_Boom, the flexible boom body. Name [Rigid_6oom |
3. Under the General tab, set Layer Number to Unit
2' Force |new’tor‘| |v| MEKS
Mass [Kilogram [=] [nmiks
4. Click OK. Length [ millimeter [-] [ ces
Time [second [-] IPS
Angle |degree |v| FPS
Comment
Layer IZ || |
5. Click Layer Setting in the Toolbar, make the - A Layer settings "
following settings: 1 ||« .
‘ (®) Select Entity (O Highlight Entity ‘
* Layer Setting: Checking On about 2,
Checking out about 1 and Show All. ‘Dsnuwum—mrmmm ‘
The flexible boom body should now be the only body e  MNeme |
displayed. > [V
With only the flexible body displayed, you are now : |—
ready to examine the modes of the flexible body > |[
more easily. T
s | [
9 |[
w | [
1 [ <]
| [ show All I Close

22
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To examine the modes of the RFlex body:

1. Br|ng up the Properties W|nd0W for Rigid_Boom Properties of Rigid_Boom [ Current Unit : N/kg/mm/s/deg ]
i | General | Graphic Property I Origin & Orientation |
aga in. Body FE\:fn‘ T RFlex 1 Mode Scope
The modes are listed along with their frequencies -‘R““'Dv"f““'"p“weNm ‘
and critical damping ratios. The first six modes are e e
rigid body modes and are not included, by default. Sea el | 1R Damping Ratio -
4 0.00 1.e-002 =
2. Select mode 7, as shown at right. 2 [ |ow o002
3 |[ oo 1.e-002
3. Click the Play button. 4 [[ oo 1e002
s [ oo 1.e-002
6 || 000 1.e-002
n W 2408 1.2-002
IR Teo02 -
O Mode (®) Animation () Damping
Animation
Mode Seq Frequency(Hz) |:| Show Undeformed
You should see an animation of mode 7, as shown saieretor 1 ] =D :
belOW. "Mass Invariant .
Partial Full
‘ Scope ‘ oK H Cancel H Apply ‘

Reviewing the low frequency modes will reveal which parts of the structure are the weakest
and most prone to vibration.

4. Select mode 68 and click the Play button.

23
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The mode should appear as shown below.

Notice that the areas of highest deformation are much localized, and the structure is highly
distorted. Also, the frequency of this mode is quite high, at 1007.28 Hz. If this mode does
not appear realistic based on experimental results for similar parts, it would be reasonable to
throw this mode out of the solution to increase simulation performance.

Also notice that the Damping Ratio for this mode is 1, which is relatively high. The Damping
Ratio controls how much a particular mode contributes to the overall behavior of the flexible
body. Ifitis set to a low value, the mode will substantially contribute to the overall
behavior. If the damping is set high, the mode will be damped out quickly and will not
substantially contribute to the overall behavior. Starting at mode 7, the Damping Ratio is
0.01. For mode 13 (107.46 Hz), the Damping Ratio increases to 0.1. Finally, at mode 68
(1007.28 Hz), the Damping Ratio increases to 1, meaning that as is, mode 68 will not
contribute much to the overall behavior of the structure.

By default, RecurDyn assigns Damping Ratio values based on modal frequency, as follows:

= 0<f< 100 Hz: Damping Ratio = 0.01
= 100 <f< 1000Hz: Damping Ratio = 0.1
= 1000 Hz £ f: Damping Ratio = 1

This scheme works well with large structures such as those found in construction equipment
and automobiles. However, if you have a small application where high frequency modes are
important, or otherwise would like to assign the Damping Ratios yourself, the fields are
editable so that you can do that. You can also import a file containing the damping ratios for
every mode. For more information on how to do this, please see the RFlex User’s Guide.

24
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Even if a mode is not very dominant, RecurDyn must still take it into account when
determining the overall behavior of the structure and including many modes can slow down
simulation. Therefore, to improve simulation performance, we can remove modes that we

think may not be important.

To improve simulation performance:

1. Select the Mode.

2. Select Mode Range from the dropdown menu.
3. To clear the current selection of modes:

» Click the Enable All button.

* The button will change to Disable All.

» Click the Disable All button.

Enter a range of modes 7 through 67.

Click Select button.
Click OK.

7. Now run another simulation, but this time save the
output files under a different name,
RD_Excavator_RFlex_lessModes.

The simulation should now run roughly twice as fast as

before.

For this model, we will remove all modes above 1000 Hz.

Properties of Rigid_Boom [ Current Unit : N/kg/mmy/s/deg ]
General Graphic Property QOrigin & Orientation
Body FEInfa. H RFlex Mode Scope
 RecurDyn/Flex Input File Name
| al\Flexible\InputFiles\boom_tet_mesh_rfi_0.rfi
Seq | Sel | Freq. Damping Ratio | &
1 || 0000 0. =]
2 |[ o000 0.
3 |[ |oooo o
4 ’_ 0.000 1.e-002
5 |[ |eoo0 1.e-002
6 ’_ 0.000 1.e-002
7 |[v |24084 1.e-002
8 ||v |28.352 1.e-002
9 |[v |T7.026 1.e-002 E
@ Mode | (O Animation () Damping
r Mode
I|Mode Range ‘v‘ |? ‘N |57 I
[ Select | [ unselea |
Enable All
Mass Invariant
’V Partial Full
Dynamic/Kinematic Analysis x

General | parameter | Initial Condition

End Time

Step

Plot Multiplier Step Factor 5, [Pv]

[#] output File Name

ER
Er—

an_Excauatm_RFlex_\sssModss{I

[ Include

[ static Analysis

[ state Matrix

|:| Eigenvalue Analysis

D Frequency Respanse Analysis

|:|H\de RecurDyn during Simulation

[1pisplay Animation

] ¥ [o | z (930665 | [Gravity|

Gravity
’7 x [o.

unit ‘ Mewton - Kilogram - Millimeter - Second |

‘ Simulate || oK || Cancel

The results from this simulation should now be compared to the original results. If there is
no significant change, then the current selection of modes can be used for further

simulations.

25
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To compare the new and old results:

1. Return to the Plotting window.
2. Import the latest RecurDyn Plot file, RD_Excavator_RFlex_lessModes.rpit.

3. Plot the following result:

EX)

» RD_Excavator_RFlex_lessModes — Request — Expressions - ExRql —

F1(Ex_dipperStickTilt)

You should now see a plot similar to the one shown bellows.

= F1{Ex_dipperStickTilt) - ExRg1 F1(Ex_dipperStickTilt) - ExRqgl = Acc1_Relative- Rev_Cab_Frame (rad/s*2)  F1(Ex_dipperStickTilt) - ExRg1
RD_Excavator_Start_RFlex
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This plot shows that the latest results for dipper stick tilt match the original results very well

(yellow line overlays blue line). In fact, if you were to compare the values for peak tilt at

roughly 2.85 sec, you would see that the difference is less than 1%. Therefore, removing

the modes above 1000 Hz successfully reduced the simulation time while retaining good
results.

Thanks for participating in this tutorial!
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Appendix

Appendix A: Creating the
RecurDyn RFlex Input (RFI) File

In this chapter, you see how to create a RecurDyn RFlex Input (RFI) file from a Nastran bulk
data file.

Task Objective

Learn what must be added to a Nastran bulk data file so that when processed with NX
Nastran, an RFI file complete with stress contour information will be created. Note that a
similar process is followed when creating a RFI file from Ansys output. This process is
described in the RFlex documentation.

2
Estimated Time to Complete

10 minutes
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Preparing the Nastran Bulk Data File

In order to create a RecurDyn Input (RFI) file, special code must be added to the Nastran file
before processing. The two methods which can be used to do this, Component Mode
Reduction (CMR) method and the Superelement method, require different code. The following
examples show the required code for both cases.

Component Mode Reduction Method

The following code must be added to the Nastran file, before the GRID CARDS section, in
order to create an RFI file using the CMR method. See comments in red for descriptions of
key commands:

$*$$5$55$5555555555$55$55$5555$55$5%$

$*

$* EXECUTIVE CONTROL

$*

$*$35555$5555555555555$5555555555$9%%

$*

ID,NASTRAN, recurdyn_rfi_create_cmr

$ - Set the solution type to SEMODES, solving for the normal modes.
SOL 103

$ - Set the maximum CPU time to 999 sec.

TIME 999

CEND

$*

SRR AR R AR R R A S

$*

$* CASE CONTROL

$*

$*$35555$5555555555555$5555555555$$%$

$*

$ - Define a Set which contains all of the node IDs.
SET 1 = 1 THRU 9008

$ - Define a Set which contains all of the element IDs.
SET 2 = 1 THRU 4086

$ - Generate and assemble all superelements.

SEALL = ALL

$ - Assign the subcase to all superelements and loading conditions.
SUPER = ALL

$ - Turn printing of bulk data off.
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ECHO = NONE

$ - Output grid point stress and strain for all SURFACE and VOLUME commands.
GPSTRAIN=ALL

GPSTRESS=ALL

$ - Generate RecurDyn RFlex Input (RFI) file. Here, DMAP solution is turned

$ off, and grid point stress and strain are output to the RFI file.

$ - If your version of NX Nastran is 6.1 or later, use the following command:

MBDEXPORT RECURDYN FLEXBODY=YES,FLEXONLY=YES,OUTGSTRS=YES,OUTGSTRN=YES

$ - Otherwise, if your version of NX Nastran is earlier than 6.1, use this

$ command:
RECURDYNRFI FLEXBODY=YES,FLEXONLY=YES,OUTGSTRS=YES,OUTGSTRN=YES
$*

$ - Select the real eigenvalue extraction parameters for component mode
$ reduction.

RSMETHOD = 100

$ - Select the real eigenvalue extraction parameters.

METHOD = 101

$ - Output displacement of all points.

VECTOR(SORT1,REAL)=ALL

$ - Output all single-point forces of constrain
SPCFORCES(SORT1,REAL)=ALL

$ - Define Set 5 as the same as Set 2 defined above.

SET 5 = 1 THRU 4086

$ - Output stress and strain for elements defined in Set 5, above.
STRESS=5

STRAIN=5

$*

$ - Indicate beginning of surface or volume commands.

OUTPUT(POST)

$ - Define Set 6 as the same as Set 2 defined above.

SET 6 = 1 THRU 4086

$ - Set the volume for which strains and stresses are calculated. Here, direct
$ stresses and strains are requested.

VOLUME 1 SET 6,DIRECT,SYSTEM CORD 0

$ - NOTE: If shell elements are used in the mesh, the SURFACE command should

$ be used instead, as shown below:
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SURFACE 1 SET 6,FIBRE ALL,SYSTEM CORD 0

If you will be displaying contour plots, though, it is recommended that
solid meshes be used to create RFlex bodies. This is because, for shell

elements, RecurDyn only displays contour plots for midplane stress, strain,

R - S

and displacement - data for the top or bottom surfaces cannot be displayed.
$*

$*$35$35$55555555555955555555559559%%

$*

$*$$5$55$5555555555$55$55$5555$55$5%$

$*

$* BULK DATA

$*

$*$35$55$55555555555555555555555559%%

$*

BEGIN BULK

$ - Define the units of measurement to be used.
DTI,UNITS,1,KG,MN,MM,S

$

$ - Select nodes as the connection points to the flexible body. Here, nodes
$ 9001 - 9008 are all master nodes of RBE2 elements in the mesh.
$

ASET1,123456,9001,THRU,9008

$*

$*

$* SOLUTION CARDS

$*

First modal solution:

- Specify the frequency range or number of constrained normal

modes desired.

solution.
- In this solution, ASET DOF are constrained.

$ -
$
$
$ - Frequency range should be at least 2x the range of interest in the MBD
$
$
$ - This is selected by RSMETHOD in the Case Control section, above.

$
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EIGRL 100 40 0

$
$ - Modal reduction DOFs:

A

ns >=n+ (6 + p)

where:

the EIGRL solution above)

- Extra SPOINTSs are ignored.

IDs.

R 2 T 2 2 L e i -2 S - -

SPOINT,200001,thru,200100
QSET1,,200001,thru,200100
$
$

$ - Second modal solution:

- Modal solution of the reduced system.

- Ask for at least:

$
$ - Important: ALL modes must be solved for:
$

EXCAVATOR TUTORIAL (RFLEX)

7 MASS

- Number of SPOINTSs requested (ns) should be as follows:

n = number of modes requested in first modal solution (in this case,

p = number of load cases = (number of ASET DOFs)*(number of ASET nodes)

- SPOINT DOFs need to be selected into the Q set.
- ID numbers for SPOINT and QSET should be higher than any node or element

(number of modes found in first solution) + (number of ASET DOFs)

$ - It is not a problem to ask for too many.

$ - This is selected by METHOD in the Case Control section, above.

$

EIGRL 101 1000
$*

$* PARAM CARDS

$*

PARAM  AUTOSPC YES
PARAM GRDPNT 0
PARAM K6ROT 100.0
PARAM MAXRATIO 1.0+8
PARAM POST -2
PARAM POSTEXT YES

7 MASS
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PARAM RESVEC YES

PARAM USETPRT 0
$ kS
Superelement Method

The following code must be added to the Nastran file, before the GRID CARDS section, in
order to create an RFI file using the Superelement method. See comments in red for
descriptions of key commands:
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SRR A A R R R

$*

$* EXECUTIVE CONTROL

$*

$*$$5555555555555555555555555555559%%

$*

ID,NASTRAN,recurdyn_rfi_create_se

$ - Set the solution type to SEMODES, solving for the normal modes.

SOL 103

$ - Set the maximum CPU time to 999 sec.

TIME 999

CEND

$*

SRR A A R R R

$*

$* CASE CONTROL

$*

$*$5955555559999955555559999555555599

$*

$ - Define a Set which contains all of the node IDs.

SET 1 = 1 THRU 9008

$ - Define a Set which contains all of the element IDs.

SET 2 = 1 THRU 4086

$ - Generate and assemble all superelements.

SEALL = ALL

$ - Assign the subcase to all superelements and loading conditions.

SUPER = ALL

$ - Turn printing of bulk data off.

ECHO = NONE

$ - Output grid point stress and strain for all SURFACE and VOLUME commands.
GPSTRAIN=ALL

GPSTRESS=ALL

$ - Generate RecurDyn RFlex Input (RFI) file. Here, DMAP solution is turned
$ off, and grid point stress and strain are output to the RFI file.

$ - If your version of NX Nastran is 6.1 or later, use the following command:
MBDEXPORT RECURDYN FLEXBODY=YES,FLEXONLY=YES,OUTGSTRS=YES,OUTGSTRN=YES
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$ - Otherwise, if your version of NX Nastran is earlier than 6.1, use this

$ command:

RECURDYNRFI FLEXBODY=YES,FLEXONLY=YES,OUTGSTRS=YES,OUTGSTRN=YES
$>I<

$ - Select the real eigenvalue extraction parameters.

METHOD = 100

$ - Output displacement of all points.

VECTOR(SORT1,REAL)=ALL

$ - Output all single-point forces of constraint.
SPCFORCES(SORT1,REAL)=ALL

$ - Define Set 5 as the same as Set 2 defined above.

SET 5 = 1 THRU 4086

$ - Output stress and strain for elements defined in Set 5, above.

STRESS=5

STRAIN=5

$*

$ - Indicate beginning of surface or volume commands.

OUTPUT(POST)

$ - Define Set 6 as the same as Set 2 defined above.

SET 6 = 1 THRU 4086

$ - Set the volume for which strains and stresses are calculated. Here, direct
$ stresses and strains are requested.

VOLUME 1 SET 6,DIRECT,SYSTEM CORD 0

$ - NOTE: If shell elements are used in the mesh, the SURFACE command should

$ be used instead, as shown below:

SURFACE 1 SET 6,FIBRE ALL,SYSTEM CORD 0

If you will be displaying contour plots, though, it is recommended that

solid meshes be used to create RFlex bodies. This is because, for shell

elements, RecurDyn only displays contour plots for midplane stress, strain,

R

and displacement - data for the top or bottom surfaces cannot be displayed.
$*

$*$3$359355$5$5$5559$5$555555$5$5555%%

$*

$*$3$359553$3$555559$5$5$5$59$5$5$5$%%
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$>I<

$* BULK DATA

$>I<

$*$5$5555555595$5$55555555$5$5$555599%

$*

BEGIN BULK

$ - Define the units of measurement to be used.

DTI,UNITS,1,KG,MN,MM,S

$

$ - Define interior nodes for the superelement of the flexible component. This
$ set should include all the nodes of the flexible body EXCEPT those chosen

$ as the connection nodes. In other words, this set is the inverse of the

$ node set that would be specified in the ASET1 command if the CMR method
$ were used (see CMR example, above).

$

SESET 2 1 THRU 8999

$

$ - Modal reduction DOFs:
$ - Number of SPOINTSs requested (ns) should be as follows:

$ ns >=n+ (6 + p)

$ where:

$ n = number of modes requested in first modal solution (in this case,

$ the EIGRL solution below)

$ p = number of load cases = (humber of ASET DOFs)*(number of ASET nodes)
$ - Extra SPOINTs are ignored.

$ - SPOINT DOFs need to be selected into the Q set for the superelement.

$ - ID numbers for SPOINT and QSET should be higher than any node or element
$ IDs.

$

SPOINT 200001 THRU 200100

SEQSET1 2 0 200001 THRU 200100

$

$

$ - Superelement modal solution:
$ - Specify the frequency range or number of constrained normal modes
$ desired.
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$*

solution.

100

$* PARAM CARDS

$*
PARAM
PARAM
PARAM
PARAM
PARAM
PARAM
PARAM
PARAM

$*

AUTOSPC
GRDPNT
K6ROT

MAXRATIO

POST

POSTEXT
RESVEC
USETPRT

YES
0
100.0
1.0+8
-2
YES
YES
0

EXCAVATOR TUTORIAL (RFLEX)

- Frequency range should be at least 2x the range of interest in the MBD

- This is selected by METHOD in the Case Control section, above.

7 MASS

The Nastran file is now ready to be processed by NX Nastran, which will produce the RFI file

which can then be imported into a RecurDyn model.
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Appendix

Appendix B: Supported FE
Elements

In this chapter, you can see the supported FE elements in RecurDyn. To see more
information, refer to RFlex of RecurDyn Help

Ansys Element Library

1D Element Link1, Link8, Link10, Link11,
Beam3, Beam4, Beam23, Beam24, Beam44, Beam54, Beam188
Pipel6, Pipe20, Pipe59, Pipe288, Pipe289

Elbow290

2D Element Plane2, Plane25, Plane42, Plane82, Plane83, Plane182, Plane183
Shell28, Shell41, Shell43, Shell63, Shell91, Shell93, Shell99,
Shell181

3D Element Solid45, Solid46, Solid64, Solid65, Solid72, Solid73, Solid92,
Solid95, Solid185, Solid186, Solid187

Rigid Element Combin14, Combin37, Combin39, Combin40

Mass Element Mass 21
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MSC/NASTRAN Element Library

1D Element CBAR, CBEAM, CBEND, CONROD, CROD, CTUBE
2D Element CTRIA3, CTRIA6, CQUAD4, CQUADS, CSHEAR
3D Element CTETRA, CPENTA, CHEXA
Rigid Element RBAR, RBE2, RBE3, RROD, CBUSH, CBUSH1D, CELAS1, CELAS2
Mass Element CONM1, CONM2
I-DEAS Element Library
1D Element Rod, Linear Beam, Tapered Beam, Curved Beam
2D Element Thin Shell Linear Triangle, Thin Shell Parabolic Triangle, Thin Shell

Linear Quadrilateral, Thin Shell Parabolic Quadrilateral,

Plane Stress Linear Triangle, Plane Stress Parabolic Triangle, Plane
Stress Linear Quadrilateral, Plane Stress Parabolic Quadrilateral,

Plane Strain Linear Triangle, Plane Strain Parabolic Triangle, Plane
Strain Linear Quadrilateral, Plane Strain Parabolic Quadrilateral

3D Element Solid Linear Tetrahedron, Solid Parabolic Tetrahedron, Solid Linear
Wedge, Solid Parabolic Wedge, Solid Linear Brick, Solid Parabolic
Brick

Rigid Element Rigid, Rigid Bar, Node To Node Translational Spring, Node To Node

Rotational Spring

Mass Element Lumped Mass
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