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1. Getting Started Using UM: Simulating Hybrid Models

The UM FEM additional module gives the user a possibility to create models of
mechanical systems that include both rigid and elastic bodies, so called hybrid
systems. Elastic displacements assumed to be rather small and describable by finite
element method and linear theory.

This manual helps you to study main features of creating and analyzing hybrid
systems using Universal Mechanism software. Detailed information about
UM FEM you can find in the 11_UM_FEM.pdf of UM user’s manual, which is
available in the {um_root}\manual directory and in the Internet via this link:
http://www.umlab.ru/download/50/eng/11_um_fem.pdf.

It is supposed that you already studied the gs_UM.pdf' manual, which is
devoted to basics of UM modeling and know how to create new model, add new
bodies and joints, generate and compile equations of motion (UM Input) and
simulate mechanical systems (UM Simulation).

The modal approach is used for simulation of dynamics of elastic bodies. This
approach consists in presentation of elastic deformations with the help of a set of
eigenmodes and static modes®. The approach assumes describing elastic bodies in
terms of finite-element method in ANSYS software with subsequent export that
data to UM. Thus, the necessary condition of using UM FEM is availability the
ANSYS software for some preliminary analysis and calculations.

Every elastic body is considered as a separate subsystem. Data file of the elastic
subsystem is a binary input.fss file. This file may be created with the help of
ANSYS UM.EXE program or with the help of Wizard of elastic subsystems in
the UMInput.exe. In the latter case ANSYS_UM.EXE creates intermediate
uminput.fum, that contains input data for the Wizard.

After ANSYS_UM.EXE creates input.fss or input.fum files the subsequent
preparing of the model is fulfilled with the help of Universal Mechanism. Since the
data files about elastic body is exported from the ANSYS software and prepared
by ANSYS_UM program ANSY'S software is not used any more. Complete data
flow from ANSYS to UM is shown in the eleventh part of UM user’s manual
(partll.pdf). Thus using UM FEM module is possible if ANSYS software is
available on the user’s computer.

! http://www.umlab.ru/download/50/eng/gs_um.pdf
2 Please find more detailed information about static modes and eigenmodes in the eleventh part of UM user’s manual
(11_UM_FEM.pdf)
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Note. (1) Before coming to the rest part of the manual please check if the
UM FEM module is available on your computer. Run UM
Simulation and from the Help menu select About. The list of
available modules is shown in the Configuration section.

(2) Please also check if the ANSYS software is available on your
computer. If you do not have ANSYS on your computer you will
have to leave some parts of this lesson, where working under ANSYS
environment is considered. But nevertheless you will be able to
complete the lesson using files prepared in advance.

Copyright and trademarks

This manual is prepared for informational use only, may be revised from time to
time. No responsibility or liability for any errors that may appear in this document
IS supposed.

Copyright © 2008 Universal Mechanism Software Lab. All rights reserved.

All trademarks are the property of their respective owners.
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2.Slider-crank mechanism

Here the example model of the slider-crank mechanism (see Fig.2.1) is
considered. There is Slider_crank_all model in the {um_root}\Samples\Flex
directory. This model includes three slider-crank mechanisms. The difference
between these models is in the way of representation of the con-rod. There are
following cases:

e con-rod as a rigid body;

e con-rod as a system of eleven rigid bodies interconnected by revolution joints
with damping and elasticity;

e con-rod as an elastic body according to UM FEM methodology, see Sect. 11.1.

4

e i

Figure 2.1. Slider-crank mechanism: 1 — base, 2 — crank, 3 — con-rod, 4 — slider.

The process of creating and simulating a hybrid model of the slider-crank
mechanism with elastic con-rod is discussed in this section.
Preparing the model consists of the following steps:
1) describing FEA-model of the con-rod in ANSYS;
2) calculating elastic modes of the con-rod, saving data in UM format;
3) creating graphical objects;
4) describing bodies: crank and slider;
5) adding elastic con-rod;
6) creating joints and forces.
Steps 1-2 are done in under ANSYS environment, 3-6 — in UM.

Note. UM uses subsystem technique to introduce elastic bodies into the
model. Every elastic body are represented as a separate subsystem
of Linear FEM subsystem type.
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Create a directory for the future models. Within this section we address this
directory as «.\». This directory will include two subdirectories:
o flexbeam for an elastic beam data;
e slider_crank fem for the hybrid model.

You can read this manual more or less detailed. Please note the following
remarks.

e If ANSYS software is available on your computer and you want to study all the
data flow in details you should read this manual sequentially.

o |f ANSYS software is not available or you want to omit the step of preparing
data in ANSYS you can directly start from the sect. 2.2.2 of this manual. Before
that you should copy the {um_root}\Samples\Flex\flexbeam\input.fum to the
\flexbeam directory.

e You can omit all the steps of elastic body data preparing. Before that you
should copy {um_root}\Samples\Flex\flexbeam\input.fss to the .\flexbeam
and start reading from the sect. 2.3 of this manual.
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2.1. Preparing ANSYS environment

We will use ANSYS software for preparing data for simulation of dynamics of
elastic body. After creating FEA model a calculation of the static and eigen-modes
starts. Macro um.mac is used for such a calculation. Then ANSYS_UM program
starts. This program translates data, that are produced by um.mac into UM format.

Copy the um.mac file from {um_root}\bin to ANSYS default directory for

macros. It is usually the .\docu directory in ANSYS 5.0, \apdl in ANSYS 7.0-9.0

root directory. Otherwise you need to set search path with the ANSYS command
/PSEARCH,Path_to _macro

After preparing data the um.mac macros runs the external ansys_um.exe program
for subsequent analysis of obtained data. The ansys_um.exe is situated in the
{um_root}\bin directory. You need to open the um.mac in any text editor and edit
the path to the ansys_um.exe program in the last line of the macros. Set full path
to the ansys_um.exe as the parameter of the /sys command. For example,

/sys,c:\um\bin\ansys_um.exe

Note 1. If the full path to the ansys_um.exe program contains space(s) then

use inverted commas. For example,
/sys,”’c:\universal mechanism\bin\ansys_um.exe”

Note 2. Path to the ansys_um.exe program should contain the Latin letters
only.
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2.2. Preparing con-rod as an elastic beam

As it mentioned above, preparing data for introducing elastic bodies into hybrid
models contains the stage of solution of eigen-values problem. There are two
possible mathematical formulations of this problem:

e with diagonal mass matrix;
e with consistent mass matrix.

The {um_root}\Samples\Flex\flexbeam\input directory contains two
subdirectories: lumped and consistent. The first one includes an ANSYS
command file for the case of diagonal mass matrix, the second one — for consistent
mass matrix.

In the manual we will consider the case with diagonal mass matrix.

2.2.1. Working under ANSYS environment

1. Copy the flexbeam&mass21.ans file from the
{um_root}\Samples\Flex\flexbeam\input\lumped directory to the .\flexbeam
directory. This file is the ANSYS command file, uses APDL language and
describes the process of ANSYS model creation. This file also contains
comments that explain every step of the process.

2. Run ANSYS Interactive and select the .\flexbeam directory as working
directory and set Working directory to .\flexbeam, for example
d:\models\flexbeam.

3. Run ANSYS. From the File menu select Read Input from and choose
\flexbeam&mass21.ans. Steel beam of 2 m length and square cross section
with 2 cm width is created. Finite element model consists of 100 elements of
BEAM4 type and 200 elements of MASS21 type. Two end nodes are
automatically selected as interface nodes'. If you made all setting ANSYS
environment correctly then the um.mac macros is started automatically and
calculates 12 static modes and 10 eigenmodes of the beam.

4. If you changed path to the ansys_um.exe program in um.mac properly then
um.mac runs ansys_um.exe automatically. Otherwise run the
{um_rootf\bin\ansys_um.exe manually. The main window of ansys_um
appears, Fig. 2.2.

5. Point to the General tab. The ANSYS results file (*.rst) set to
\flexbeam\flexbeam.rst, Target directory set to .\flexbeam, see Fig. 2.2.

! More detailed information about interface nodes you can find in the eleventh part of UM User’s Manual
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Creating data set for simulation of Alexible body

General | I:Iptignsl
AMSYS resulks file [ rat):

ID:'\mDdels'\fle:-:beam'\fle:-:beam. rat

Target directony:
ID:'xsimuIatiu:un'xer:-:I:ueam Iﬁ'-l
Process:

Create I Cloze |

Figure 2.2. Main window of the ANSYS_UM program.

6. Point to the Options tab and turn off the normalize modes check box,
Fig. 2.3. This case corresponds to creating the intermediate input.fum file. On
the successive step we will use the Wizard of elastic subsystems to convert the

data into UM-compatible form.

Creating data set for simulation of Alexible body

General Options |

¥ | exclude rigid body modes
frequEmzL IEI_EEIEI M

Process:

Create I Cloze |

Figure 2.3.
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Note. Using the Wizard of elastic subsystems is not necessary step of the
creation of the model. However it seems to be very important for
your understanding UM that you go through the Wizard.

It possible to prepare all necessary data with the help of
ANSYS_UM program only. To do this you should turn on modes
normalize and exclude rigid body modes check boxes and set
frequency. In this case the input.fss file will be created. Please read
eleventh part of UM User’s Manual for more detailed information.

7. Click the Create button. Calculations will take some time. The
\flexbeam\input.fum file will be created as a result.
8. Click the Close button.
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2.2.2. Wizard of elastic subsystems

During the next step we will use the wizard of flexible subsystem data. It is a
tool for animation of elastic modes, and exclusion of some of them.

Note. Using the wizard of flexible subsystem data is not an obligatory
phase. Preparing the data can be fulfilled with the help of ansys_um
program. To do this point to the Options tab and turn on the
normalize modes and exclude rigid body modes check boxes and
set frequency value, Fig. 2.3. Nevertheless now we will use the
wizard of flexible subsystem data in order to familiarize you with it.

The intermediate input.fum file contains static modes and eigenmodes. To
finish preparing data it is necessary to orthogonalize modes. It may be done
directly in the ansys_um program and if necessary with the help of wizard of
flexible subsystem data.

1. Run UM Input program (uminput.exe).
2. Click the Tools/Preparing flexible subsystems menu item. The main window
of the wizard of flexible subsystem data appears.
3. Click the -l and select a file for the Data file, Fig. 2.4, 2.5.
Belectdatafls ]
Datafile:

Dymodelsiflexkbeamtinput.fum J

Figure 2.4

Wizard loads and shows the data, Fig. 2.6. The General tab shows summary
information about elastic subsystem, see Fig. 2.6.

The Position tab (see Fig. 2.7) is used for setting position and orientation of the
elastic body. These transformations influence on the representation of the elastic
body in the animation window of the wizard. Flexible body in the starting position
coincides with X-axis that is not really comfortable to watch. Now we will shift the
beam along Z axis with 0.3 m.

4. Point to the Position tab.
5. Set Shift/zto 0.3, see Fig. 2.7.
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=~ Read FEM model of object
Scan directary: Diata imported from program: AMSYS9.0 *I
OArodelsi\flexbearm, E’:I Mame of solution: flexbeam

= LT—_“': DiModelsylexbeant :\dﬁlz.lyéip;]giﬁﬁﬂ:dlﬁ, Flexible bearm with

= Finite elerments: 300

Degrees of freedom: BOG

Marmal modes: 10

Static modes: 12

Computation with lumped mass matrix
bdin. natural frequency: 26.67

bdax. natural frequency: 35587
Generalized mass matrix present
Generalized stiffness matrix present

YR o

Divddodelsiflexbeamiinput fum
Ik Cancel |

Figure 2.5

General |PDsitiDn| Image | SDIutiDnl

Data file:

ID-\mUdE|5\f|EXbEﬁm\.lnpUT-fum General Position |Image | SDlutiDnl
—Subsystem infarmation —Shift

Data prepared: o I n
AMNSY5E9.0 .
Name of solution: < I

flexbearn z ID-3| L
Header of solution (comments): ———

16.11.2008, 23:50:48, Flexible bearm with
mass21 element for definition torsion ineria I jID'DDDUDDDU

bA
mament | =|[o.onoooono A
bA

MNodes: 10
| | [n.ooooooon
Finite elements: 300
—Shift after rotation
Degrees of freedarm: kG I m
*

Iormal modes: 10 -
Static modes: 12 4 I

T
Mormalization: Mo z I

Figure 2.6 Figure 2.7
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Using the Image tab we can change graphical representation of the FE-model.
There are two modes of such a representation: simplified and full. During the full
model status line shows the information about nodes and finite elements when
mouse cursor is on it. However the full mode takes more CPU time to animate.

6. Set Image to full.
7. Turn off the Image parameters/draw nodes check box.
8. Set the rest parameters according to the Fig. 2.8.

Generall Position ~ Image ISDIutinnI
—Image
" simplified & full
—Image parameter
[T Draw nodes
¥ Diraw finite elements

[T Cortour

[ Bounds are not vizible

—Size
Node image: 3 t

Beam curve width:

4 1
Single node FE: 1] *Z

~Calar
—Wizual element
" Nodes

" Single node elements
{+ Beam elements

" Shell and plate elements
" Solid elements

" Polygons

.Diffuse . Emizzive
.Specular .Aml:.ient

Additional... |

Figure 2.8

Note. Single node finite elements of the MASS21 type are used for
setting moment of inertia of the body relative to the longitudinal
axis. Set Sizes/Single node FE to 0 in order to hide such elements
and make the image clearer.
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The Solution tab gives you a possibility to animate modes of elastic subsystem.
To start animation you should click the Animate button, see Fig. 2.9. You can
control this animation with the help of Amplitude and Rate track bars.

You can include/exclude any form from the final set of modes turning on/off
the corresponding check boxes in the Modes tab. The more modes you include in
the final solution and the more frequency these modes have the more accurate and
time-consuming subsequent numerical integration you have. Generally it is
recommended to turn on/off modes to keep a balance between solution accuracy
and time efforts for it.

Thus, you can fulfill the only calculation in the ANSYS software with the
maximum modes you will ever use (10 in this example) and then form various sets
of modes with the help of the Wizard of flexible subsystems data.

Leave the initial set of modes without any changes.
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Generall F'u:usitiu:unl Image ~ Salution |
[rata zet
% Driginal
£ Tiransformed

Modes | Rigid body | Interface nodes

10 nomal rodes, 12 static modes
Selected normal modes: 10
Selected ztatic modes: 1

. normal,
. hormal,
. hormal,
. hormal,
chomal, 144112
chomal, 144112
chomal, 238224
chomal, 238224
chomal, 355 866
10 normmal, 355866
11. static

12, static

13 ztatic

14, ztatic

15, static |

[ R I ey I TR R 8

KEEEEEEEEEEE
o

—Animation of mode
Amplitude Fate

— ! )
Frame per 1/4 period: I a *ZI
Animate |

— Transformation
Modes | Shift SC | Turming of SC |

v exclude rigid body modes
frequency: IEI.SEIEI ﬂ

Transfarm | Save as |

Figure 2.9

Getting Started: UM FEM
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9. Turn on the Transformations / exclude rigid body modes (Fig. 2.9).
10.Set Transformations / Frequency to 0.3 (Fig. 2.9).
11.Click the Transform button and confirm this action in the subsequent dialog.

As a result the transformed set of modes of elastic body is created. In the case
of successful execution of the transformation the following message appears, see
Fig. 2.10.

ur - Object data input

& rigid bady maodes are deleted from the transformed data set

Figure 2.10

Note. The initial set of modes includes rigid body modes, which should
be excluded according to the used approach for simulation. Rigid
body modes theoretically correspond to zero frequencies, but in fact
because of using numerical methods and round-off errors these
frequencies are small and close to zero but not exact zero.

In fact the Transformations / Frequency field indicates the
threshold value and all frequencies that are less than this value are
supposed to correspond to rigid body modes.

Now we need to save the transformed data set.

12.Point to Transformed in the Data set group, Fig. 2.11.
Data set
i~ Original
@ Transformed

Figure 2.11

13.Click the Save as button. In the dialog set Path to subsystem data and click
the Save button, see Fig. 2.12. Please, note, that the latter directory will further
serve as a subsystem name.
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Save flexible subsystem data

Fath ta subsystem data

DAmodelsiflexbeam il

Save I Cancel |
Figure 2.12

Preparing the data for flexible subsystem is done.
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2.3. Creating the model

The hybrid model of the slider-crank mechanism includes two rigid bodies, one
elastic body and four joints.

Bodies:
e crank, 1 m length;
e con-rod, 2 m length;
e slider.

The crank and the slider are rigid bodies, con-rod is elastic subsystem (in terms
of UM).

Joints:

e revolution joint between Base0O and the crank, crank and the con-rod, and the
con-rod and the slider;

e translational joint between slider and BaseO.

1. Create a new model. Point the File/New object MBS menu command or click

the ' button. New constructor window appears.
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2.3.1. Creating graphical objects

1. Load a graphical object from the {um_root}\bin\graph\Basel.umi file using

= putton or Edit | Read from file... menu item. Element «NoName» will be
added to the list of graphic elements, see Fig. 2.13.

E-& Object -
..... d\ Object

A S bsystems
Bodies
Jaints

Figure 2.13

2. Select this element and set name to BaseO in the data inspector (Fig. 2.14).

1|
MName |Base[l | = 'ﬂ’d']"ﬂ’ S
"Eumments.-"Te:-ct attrbute —

Figure 2.14.

3. Repeat these actions for Crankl.umi and Sliderl.umi files, which are located
in the directory {um_root}\bin\graph. Set the names Crank and Slider to
created graphical objects correspondently.

Thus, three graphical objects are created.

e

& Object -
+-*%, Object
-8 Subsystems
El % Images

Bazel

Slider
Flgure 2.15

HHH
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4. Select Object item in the tree of elements and set Scene image to Base0, see

Fig. 2.16.

%]

SensorzdL5C | W anables I Curves
Object | O ptions

Path  D:hhdodelzhzlider_crank_fem

rComment

rObject type
% General
" Rail vehicle

—E quation generatior
" Spmbaolic
o Mumeric-|terative

—Luirection of gravity

=H]
=
ez |-1.0 =

Characteristic size 1.00 ﬂ
Scene image IEaseI:I j

Figure 2.16
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2.3.2. Creating rigid bodies

Here we create slider and crack as rigid bodies, set graphical objects for them
and set their inertia parameters.

1. Select Bodies in the tree of elements.

2. Add two new bodies.

3. Rename bodies with Slider and Crank and set the correspondent graphical
objects (Slider and Crank).

4. Select the Parameters tab and turn on the Compute automatic flag for the
both of bodies. Inertia property of the bodies are computed automatically, see
Fig. 2.17.

%]

Nome & FEE o

"Eammentsﬂewt attribute:

Oriented pointz || Wechors I A0 Contact I

Farameters Pogition I Faints
Go to element =
Irnage: [+ “isible
IErank j

¥ Compute automatic

rInertia parameter
Mass  [7.403 C|
Inertia terzor
0.00471300E ] c C|
[1.53271 ] C|
Added masz matrix [Fiane] _|
rCoordinates of center of maz
05 ] 3| ]

Figure 2.17.
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2.3.3. Creating elastic subsystem

Now we introduce the elastic con-rid in the model. Every elastic body within a
hybrid model is represented as elastic subsystem.

1. Select the Subsystems item of the tree of elements and create new subsystem

using the r= button.

2. In the Type select «Linear FEM subsystem» and choose the .\flexbeam
directory in the open dialog window.

3. Set Name to Con-rod FEM (Fig. 2.18.).

After reading elastic subsystem data inspector looks like the wizard of flexible
subsystem data described in the sect. 2.2. There are following differences between
wizard of flexible subsystem and the window of elastic subsystem data.

e You cannot changes set of modes in the window of elastic subsystem data since
all data is already prepared.

e The Position tab influences to the real position and orientation of the elastic
body in contrast to wizard of flexible subsystem where Position tab influences
on the graphical representation of the body.

Elastic modes of the subsystem you can see using the Solution/Modes tab.

1
M ame |E|:|n-r|:u:| FE | o

Type IE Linear FEM zubzvstem j

"Enmmentsﬂe:-ct attribute:

Figure 2.18.
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2.3.4. Creating joints
Let’s create the first joint — revolution joint between BaseO and the crank.

1. Select Joints item of the tree of elements. Add new joint.

2. Rename the joint to Base0 Crank. Select Rotational type for the joint and set
Y axis as Joint vectors, see Fig. 2.19.

1|
Name|iEaSED_Erank | S = x
By Eedy2 .
|EE"S'E’|:I ;Il |Erank l||
Type I& Fotational j

Geometry | Descriptinnl Jaint fu:urcel

—Joint point

Bazel %

| i 1 ]
Crank, EE@

I I
—Jaint vector
Bazel I awiz v [0.1.0] j
E " "o "]

o L

Figure 2.19.
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3. Select the Joint force tab, set Joint torque to Expression and in the field
Description of force set F = torque - cdiss_crank * v, see Fig. 2.20. Press Enter.
The window Initialization of values for new identifiers appears. Set identifiers
value as follows: torque = 100, cdiss_crank = 10.

Genmetr_ul Description  Jaoint force |

Joint torque

I‘f"fb E wpression

=

D ezcription of force
Fazcal/C expresszion: F=F[x,wt]

E wample:
-cabiff[-0]-cdizz™w+ampl*zin[om*t]

== L orque-cdizs

Figure 2.20.

4. Add the rest three joints as it is shown in the Fig. 2.21.

Body1 Body2 Body1 Bodv2 Body Bodv2
[Crank || [Corod FEM.flesby =] | [Eon-od FEM flesbi = || [Slider =l | [Basen || [Slider =l
Type Iﬁb Rotational | | Tvpe I& Rotational | | Type Iﬁ Trarelational =
Geometry | Descliptiunl Joint folcel Geometry | Descliptianl Joint farcel Geometry | Descriptionl Jaint forcel

—Joint paint: rJoint point —Jaint point

Crank Ef% flexbzan EEE Bazel EEE

|.| ] " ] ” ] :| |1 i " T " ] :| | T " T " T :|
flexbearn EES Slider EE.? Slider Ef;g

E i i i i i | i i 1
—Joint vectar. rJoint wector rJaint wector

Crank. Ia:.:ig\(': [0,1.0] j flexbeam Ia:.:is\r‘ - 10,1.0] vl Bazel IaHisX: [1.0.0) j
[0 " "o BIHE " "o BRI "o "o ']
flexbeam [adsvmim x| Slider Ia:-cix voolm ) Slicer faisr: .00 x|
[0 " "o Bl(HE " "o Bl "o "o ']

Figure 2.21.
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2.3.5. Preparing for simulation

1. Save the model as Slider _crank fem (File/Save as menu command), see
Fig. 2.22.

Fath (including object name)

Id:\models\slider_c:rank_fem| E"‘I
Save I Cancel |
Figure 2.22.

2. Generate and compile equations of motion. Click the Object/Generate
equations menu item. The new dialog window appears. Turn on the Compile
equations flag. Change the Output language if necessary and click the
Generate button (Fig. 2.23.).

Deriving and compiling of equations

Pararneters | Protocol I

Farmalizm for equation generation—Language far output files—
" Autodetection &+ Pascal

% Direct

" Composite body method " Ce+

Fecommended method: Diirect

[V Compile equations

™ Fun simulation module

Generate all Cloze

Figure 2.23.

Generate

Now the model is ready for simulation.
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2.4. Simulation

1. Use the menu command Object/Simulation to run UM Simulation program.
Main window of the UM Simulation program appears.

Let’s obtain reaction forces in the joints Crank_Con-rod and Con-rod_Slider.

2. Open new animation window.

3. From the Analysis menu select Simulation. Object simulation inspector
appears. Select the FEM subsystems/Image tab to set up animation parameters
of the elastic con-rod as you want.

Now we will calculate initial conditions.

4. In the Object simulation inspector select the Initial conditions tab. Select the
Con-rod subsystem in the drop down list, Fig. 2.24. An anchor sign means that
the correspondent degree of freedom is frozen. In this example it means that the
elastic degrees of freedom will not be changed during calculation of initial
position.

Note. If the Initial condition tab differs to the Fig. 2.24 set the
anchors manually.

5. Make sure that the Autocalculation of constraint equations mode is turned on

(the "% putton should be pressed), otherwise press this button. Then calculate

u]

the initial conditions by clicking the button. Animation window shows the
current position of the mechanism, Fig. 2.25.
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Solver I Identifiers  Initial conditions | Object wariables I ety I Information I FEM zubsystems I Toolz I
Coordinates | Conztraints for initialks I
T o =P-00 &
Islider_u:rank_fem.Eu:un-ru:ud FER. j

I | v ||:|:u:-ru:|inate |"-"e||:u:it_l,l |E-:umment (=9
21 2 0 Joink (1] 1 L
22 0 0 Jaint [t] 2
23 1] 1] Joint [t] 3
24 0 0 Jaint [a] 1
75 0 0 Jaint (2] 2
26 0 0 Joint [a] 3
27 ';I,f 0 0 b ode 1
28 ‘I,f 0 0 Mode 2
29 ';Ip 0 0 tode 3
210 nif 0 0 Maode 4
211 -;I,f 1] 1] Mode &
212 |y O 0 Mode 6
213 ‘I,f 0 0 Maode 7 -

Mezzage I u:I:-:=| 0.1 a u:Ia=| 0.1 a
Inkegration | Meszage | Cloze
Figure 2.24.

Gy Animation window [_ O]

B @ 0% Bl b

|
Figure 2.25.

6. Open new graphical window (Tools/Graphical window menu command).
7. Run Wizard of variables and create variables for reaction forces according to
Fig. 2.26 and drag them to the graphical window.
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g5E Wizard of variables

El@ slider_crank_fam Uszer | Expression Allforces | Jointforce
o Basel_Crank
Crank_Con-rod
Con-rod_Slider Joint
B Base_Slider Conrod Slider
#-& Con-rod

Coordinates | Angularvar. Feaction F | Lingar war.

—Type of variable

& Farce  Moment
—Component

X oy rz G| O
Resolved in SCofbody:  |3C0 =]
Acts on bochy ICDn—de.flexbeam j

IFFm({Caon-rod_Slider) «{]]”Reactivefl:lrcefDerintCDn-de_Slider,magr «—{nl i Y
IRFrm(Crank_Con-rod) IRFmi(Corrrad_Slider)

Figure 2.26.

8. Select the Object simulation inspector and point to the Solver tab. Set the
following parameters:
e Solver = Park,
e Type of solving = Range Space Method,
e Simulation time = 2.0.
e Step size for animation = 0.001.
e Error tolerance = 1E-7.
e Computing Jacobian matrices = on (always default).
e Block-diagonal matrices = off.

Simulation process parameters | S olver optionz |

Solver Type of solving
i~ EDF
" Mull Space Method
© ABM P
f* Park
~ GZ;Q f+ Range Space Method

Sirnulation time 2.000 EI

Step size for animation and data storage {0,001

Error tolerance 1E-7

[T Compliant cut joints

v ‘Computation of Jacobiar:

[T Block-diagonal Jacobian

Figure 2.27.
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9. Select the FEM Subsystems/Simulation tab and set up all options according to
Fig. 2.28.

Object simulation inspector Dbject simulation inspector
Solver I |dentifiers I | ritial conditions | Obiject variables S olver | | dentifiers | Initial conditions | Dbject wariables
A, I [rfarmation FEM subspstems | Tools Ay I I rfarmation FEM subspstems | Toals
Subsystern:.  Con-rod FEM Subsyster:  Canerod FER
General  Simulation | Irmage I Su:ulutiu:unl General  Sirmulation | Image I Su:ulutiu:unl
Optians |Damping| Optians  C'amping |
General ~Damping
V¥ Gravity v Internal dizsipation
[ Switch off all flesible modes —Twpe of definition
Calculation of initial condition o Llnear. m':'de_l
¥ Fix modal coordinates {~ Damping ratio for each mode
—Storing ~Linear model
™ Store values of modal coordinates L=all il
—Destinatiorn = |':'-':”:"I 1-'L| b |':' n
% tdemany = File

—Dramping ratio for each mode

Files |d:'xmn:ndels"-.sllder_c:rank_fem'ﬂ:n:nn-rn:u:l FER.ir ﬂl Caleulate |
i |Frequenu:_l,l [Hz] |Damping ratio =
4 3
|ntegration Mezzage Cloze |ntegration I Mezzage I Cloze
Figure 2.28.

10.Start simulation (Integration button).

You can see movement of the mechanism in the animation window (see
Fig. 2.29) and oscillograms of reaction forces in the graphical window (see
Fig. 2.30).

BB %O B[] -

=

Figure 2.29. Animation window
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[ Plots - Reactions forces in joints

W ariables
. [REmljCrank_Con-rod] - Abzolute value of reaction force in joint [Crank_Con-rod
. [RFm(jCon-rod_Shder] - Abzolute walue of reaction force in joint [Con-rod_Slider

I | | Ey=3 | 4
Figure 2.30. Graphical window

In order to estimate the influence of the elastic con-rod instead rigid one, open
the {um_root\Samples\Flex\Slider_crank_all model. Graphs of the reaction
force are shown in the Fig. 2.31.

" Plots - Reactions forces in joints
WVarniables

. RFmijCor-rod ngid_Shderl) - Absolute value of reaction force in joint [Con-rod ngid_Shder
. [BFmijbearn]_Shder3)] - Absohute value of reaction force in jomt jbeam1_Shder3

2

#qp3

! ! | Ey=3 | 4

Figure 2.31. Reaction force in the Con-rod _Slider joint
1 —con-rod is a rigid body, 2 — con-rod is an elastic body.
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Configuration file example.icf, which is situated in the Slider_crank_all
directory, contains graphical windows with reaction forces in the rest joints of the
model, as well as angular velocities of all cranks.
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3. Electric motor on elastic platform

Let us consider step by step dynamical analysis of a mechanical system that
consists of an electric motor and an elastic platform, Fig. 3.1.

Figure 3-.-1.

The elastic platform is connected to a ground with the help of four visco-elastic
linear force elements. The electric motor is included to a model as an external
subsystem and is also connected with the help of four visco-elastic linear force
elements, Fig. 3.1. An eccentric is attached to a rotor of the electric motor. This
eccentric produces forced oscillations of the platform.

Basic features of the description of the model and its dynamical analysis is
considered in this section.

During the simulation we will analyze the following dynamical properties of the
system:

e forces in the force elements;
o vertical displacements and accelerations of the platform in the center part
under the motor.

Here we will simulate the following sequence of operation modes:
¢ running of the rotor from »=0 up to its nominal angular velocity.
e oOperating duty;

e stop way — decreasing angular velocity of a rotor till ®=0.
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Preparing the model includes the following steps:

preparing data of the elastic platform;

introducing FEA-model of the platform into the final UM-model;

attaching the elastic platform to a ground;

creating the model of the electric motor;

introducing the electric motor into the final model as an external
subsystem;

attaching the electric motor to the platform with the help of visco-elastic
elements.

Let us consider all of the described above steps in details. At that main attention
will be put to the features that were not considered in the previous section.

It supposes that you already finished the previous section that is why some
comments here are given shortly.

Please choose an existing or create a new directory for the future model. Within
this section we will address this directory as «.\». Create two subdirectories:
e \Vibrostand for the final composite model;
¢ \Vibrostand\Platform for elastic platform.
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3.1. Preparing elastic platform

In terms of Universal Mechanism software every elastic body is considered as a
separate subsystem of Linear FEM subsystem type. Standard save file for such a
subsystem is input.fss file. Preparing the elastic platform includes the following
steps:

1) description the FEA model of the platform in ANSY'S software;
2) calculation of the elastic modes and export result from ANSYS in UM format.

There are two possible ways to fulfill the second step:

1) generate the input.fss file directly by ANSYS_UM.EXE program;

2) firstly generate the intermediate input.fum file by the ANSYS_UM.EXE and
then complete data transformations with the help of Wizard of elastic
subsystems that is a tool within the UM Input program. This wizard gives the
user a possibility to visualize calculated elastic forms and exclude some modes
from the final set of elastic modes (input.fss).

There are three files in the {um_root}\Samples\Flex\platform: input.fss,
input.fum and platformshell63.ans.

e |f you want to omit the step of preparing the data in ANSYS but familiarize
yourself with Wizard of elastic subsystems you should copy the {um_root}\
Samples\Flex\input.fum file to the .\platform directory and go to the
sect. 3.1.2 of this manual.

e You may omit all the steps of creating the data of elastic platform, in this case
you should copy the {um_root}\Samples\Flex\platform\input.fss file to the
\platform directory and go to the sect. 3.2 of this manual.
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3.1.1. Working under ANSYS environment

Before you come to the next step please repeat all the steps from the sect. 2.1.
Now we will create the FEA model of the platform and export the data for the
subsequent using them under UM environment.

1. Copy the platformshell63.ans file from the
{um_root}\Samples\Flex\platform directory to the .\platform directory. This
file contains APDL commands that automatize creating the FEA model of the
platform.

2. Run ANSYS Interactive and select the .\platform directory as a working
directory.

3. Run ANSYS.

4. From the File menu select the Read Inputfrom and open the
platformshell63.ans file. As a result a steel platform that is consists of two
beams of 1m length and a shelf between them.

This finite-element model includes 886 elements of SHELL63 type. Width of all
elements is 5 cm. You can open platformshell63.ans in any text editor and change
some of parameters of the FEA model, see comments in the body of this file. Four
nodes, where the platform is connected with the ground, are selected as interfaced
nodes. In the end the um.mac is run. If the um.mac is not run automatically you
should run it manually, see Sect. 2.1. As a result of the um.mac execution 24 static
modes and 10 eigenmodes are calculated.

5. If the path to the ANSYS _UM.EXE in the um.mac is set correctly (see
Sect. 2.1), ANSYS UM.EXE starts automatically. Otherwise run
ANSYS_UM.EXE manually from the {um_root}\bin directory.

6. Transform data according the 5-8 items of the Sect. 2.2.1.
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3.1.2. Wizard of elastic subsystems

Working with the Wizard of elastic subsystems is described in the Sect. 2.2.2.
Now you should repeat all the instructions from the Sect. 2.2.2. Use the

A\platform\input.fum as an input file for the Wizard. Please, note, that the
\platform\input.fss file should be created after all.
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3.2. Creating the model and analyzing its dynamics
Now we will create a new model. From the File menu select New object MBS
or click the = button,
3.2.1. Introducing elastic platform

1. Select Subsystems item in the tree of elements. Create a new subsystem by

G
clicking == button.
2. Set Type to Linear FEM subsystem. New open dialog appears. In this dialog
select the \platform directory.

You can see elastic modes using the Amplitude and Rate track bars on the
Solution/Modes tab.

3. Set Name to Platform (Fig. 3.2).

x
MName |P|EI|Z|:EIIITI -ﬁ!’ d'hﬂ: e

Type IE Linear FEM zubzpgtem j

"Enmmentsﬂewt attribute:

Figure 3.2.
3.2.2. Attaching the elastic platform to a base

Platform is attached to a ground with the help of four visco-elastic force
elements that are situated at the edges of the platform. Firstly we will create
graphical objects for force elements and then create force elements themselves.
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3.2.3. Creating graphical elements

Now we will create graphical object for elastic force elements.

1. Select Images in the tree of elements.

2. Add new graphic object (GO) by clicking the ri button.
3. Set name of the new GO to Spring (Fig. 3.3).

MName |S|:uring |?§>° = 'ﬂ"ﬂ"ﬂ’ S
"Eumments.-"Te:-ct attrbute

Figure 3.3.

4. Add a new graphic element (GE) by clicking the r= at the lower panel
(Fig. 3.4).

Dezcription I G0 pnsitiunl H

Figure 3.4.
5. Select Parametric type in the pull-down menu (Fig. 3.5).

Diescription I GO pu:usitiu:unl

[GET |

Polvhedran -
|: Ellipse

Box

Spiral

Ellipzoid

|Cone

3D prnflle
Z-suface
Spring =

Figure 3.5.

6. Select Spring in the list of the standard parametric GE (Fig. 3.6)
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Diescription I GO pn:nsitin:nnl

I Parametric |
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"Enmment
|
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Ring
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End
* pl=const
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[ Side Pmin

Figure 3.6.

7. Set parameter values as in Fig. 3.7

GE pozition
Parameters

| b aterial
Color

Standard I

Spring j

—E quatiar

#= |[0.015+0.002cos(p1 Feos(p2) ©
W= |[EI.EI1 5+0.002%cozpl |Fainlp) H
2= | 0.02%in(p1 }+0.031 832 H

—Parameter limit

pl 0.0000 [#4](6.2632 (2|5 (%]
p2 [0.0000 [8¢][31.41=[pg] [10n

Clozing
Add
[ Side Prain
[~ Side Pmax
I_ Cloge r Biottam
Fugure 3.7.

Let us add now a GE for the damping force element.

1. Add anew GO
2. Rename it as Damper.

3. Add a new GE to the GO.
4. Set its type as Cone and parameters as in Fig. 3.8a.

Getting Started: UM FEM
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I Cone | Cone | I Cone |
ID::ne hl lﬁfl IE':'”E d lﬁﬁi
"Enmment "Enmment
GE pozition | Matenal I GE pozition | Matenal
Farameters Colar Farameters Colar
Radius 2 |0.005 - Radius 2 [0.01 -
Radius B1 |0.005 L Radius Bl [0.07 L
Heighth |1 : Heighth  [0.4 =
MHumber of point MHumber of point
Bottam circle 10 ZI Bottam circle 10 ZI
Generatriz 2 EI Generatriz 2 EI
Angles [0 4] jooo |24 Angles 000 [34] 000 |3
Clozing I [hiane] j Clozing I [hiane] j
a) b)
Figure 3.8.

5. Add the second GE Cone and set its parameters as in Fig. 3.8b
6. Go to the GE position tab and shift the element on 0.3 along Z axis (the

Translation | z box).
7. Set the diffuse component of the GE color by Diffuse button on the Color tab

(Fig. 3.9)
Cone | I Cone |
Tope | @ Cone [ f ﬁ? =
"Eummentsz exk attribut
GE pozition I bl atenal |
FParameters Calor
[ Hide Aszzign to all GE |
. Diffuge . Emizsive
J Specular . Arnbient
Azsign colar frarm list:
Shininess |l| _I LI
Yizible zide
’1—' EBoth  ©* Front " Back
[ 'wired
Wwhidth of curves |1 ‘ﬁ
Figure 3.9

The images are created. Let us continue with the force elements.
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3.2.4. Force elements

Let us introduce several identifiers to set the attachment points:
e BeamlLength - the length of platform beams;
e WidthShelf — the width of connecting shelf;
e WidthBeamShelfLow — the width of lower shelf of beam section.
Let us start with the elastic element on the front left end of the platform beam.
1. Select Linear forces in the object element list.

2. Add a new force element by clicking the r= button.
3. Rename it as SpringFL (forward, left), set element type Elastic, interacting
bodies BaseO-Platform.Platform as well as the Spring GO (Fig. 3.10).
4. Set coordinates of element attachment points to the first body BaseO:
BeamLength/2, -WidthShelf/2-WidthBeamShelfLow/2, — 0.05;
Initialize values of identifiers as (Fig. 3.12)
BeamLength=1.0, WidthShelf=0.4, WidthBeamShelfLow=0.1
5. Coordinates of the element end point in undeformed state in system of
coordinates of the first body, Fig. 3.10:
BeamLength/2, -WidthShelf/2-WidthBeamShelfLow/2, 0.
6. Select Body2 tab. Set coordinates of element attachment points to the second
body Platform.Platform (Fig. 3.11):

BeamLength/2, -WidthShelf/2-WidthBeamShelfLow/2, 0;
12
M ame |5|:|ringFL | R =

"Eammentsﬂewt attribute:

B odyl Bodyd
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Getting Started: UM FEM

Figure 3.11
== Initialization of values
| dentifier " alue Comment
beamlength 1.4
Add ta the sheet: Wa'hiole iz j

Figure 3.12

5. Let us introduce a stiffness matrix of the element. Select Parameters tab. Click
the i button in the Stiffness matrix box (Fig. 3.13), set diagonal elements of
the matrix corresponding to the translational degrees of freedom (Fig. 3.14),
and click OK. Set the following identifier values: cxx=1e+6, cyy=1le+6,

czz=1e+6 (N/m).

Position,  Parameters |

—Stationary force
| “| “| “|

{* Linear " Bilinear

Stiffriess matris I[r‘u:une] [ ]
Dizzipative matrix I[r‘u:une] ]

Figure 3.13
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& ] En! ] & .
a a a [}
[n} a a [n}
] 4 | Cancel
Figure 3.14

The elastic force element is described.

Now let us describe the front left damping element.

1. Copy the linear force element by the < button.
2. Rename the new element as DamperFL (forward, left), set the element type
Dissipative and set GO to Damper (Fig. 3.15).

1%

Name |DarperFL |

"Eammentsﬂewt attribute:
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‘]

j 0.00000000

E[ 0.00000000
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R (R [R

Figure 3.15

4. Let us set dissipative matrix of the element. Select Parameters tab. Click the =
button in the Dissipative matrix box, set the diagonal elements of the matrix
corresponding to the translational degrees of freedom dxx, dyy, dzz, and click
OK. Set the following identifier values dxx=1E3, dyy=1E3, dzz=1E3 (Ns/m).

Damping element is described.
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Create the rest three pairs of force element quite similar to the previous ones.

dp op .. .- .
Use the == button to copy the description. Do it in the following manner.
1. Select previously described element of the necessary type, e.g. SpringFL in the
case of a new elastic element.

2. Click the < button to create a copy.
3. Rename the copy, e.g. SpringFR (forward, right).
4. Correct coordinates of attachment points. For the SpringFR element we have

BaseO:

BeamLength/2, WidthShelf/2 + WidthBeamShelfLow/2, —-0.05;

Platform.Platform:

BeamLength/2, WidthShelf/2 + WidthBeamShelfLow/2, 0.0;

coordinates of the element end point in undeformed state in system of

coordinates of the first body:

BeamLength/2, WidthShelf/2 + WidthBeamShelfLow/2, 0.0 (Fig. 3.10)
Thus, the full list of force elements connecting the platform with the base must
include the following elements: SpringFL, DamperFL, SpringFR, DamperFR,
SpringBL, DamperBL, SpringBR, DamperBR.
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3.2.5. Model of electric motor

We shall not create the model but use the ready model of an electric motor
located in the {um_root}\Samples\Flex\electricmotor directory.

3.2.6. Adding motor to object as a subsystem

1. Select the Subsystems tab in the element list. Add a new subsystem by the ri
button.

2. Select its type Included and open the {um_root}\Samples\Flex\electricmotor
model (Fig. 3.16).

= Open ohject
acan directony:
CAFrogram Filesy M Software Lakh, E’:I

B & CAProgram Files\U Software L
------ | =lectricmotor
------ slider_crank_all
------ slider_crank_fem
b vibrostand

< | i3
ChProgram Files\UM Software Labhumt
8]:4 Cancel | Accept as default
Figure 3.16

3. Rename the subsystem as Electricmotor.
4. Set the subsystem location as in Fig. 3.17.
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Figure 3.17
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3.2.6.1. Setting angular velocity of the rotor

Let us set the law for angular velocity of the rotor as it shown in Fig. 3.18. Here
we can see three modes: speeding up, a working mode and a braking mode. During
speeding up and braking angular acceleration is constant and angular velocity
changes linearly, see Fig. 3.18. The law from Fig. 3.18 is parameterized with the
help of six identifiers, see table 1.

®
omega ________
| |
| |
| |
| |
| |
| |
| | t
Y_/\ ~ N— ~— A ~ 7
tstart  tspeeding_up tworking tbraking
Fig. 3.18. Angular velocity of the rotor
Table 1.
Identifiers
Identifier Meaning
1 | Nu Nominal angular velocity of the rotor, revolutions per
minute (r.p.m.)

2 | omega Nominal angular velocity of the rotor, rad/s

3 | tstart Time before speeding up, s

4 | tspeeding_up | Time of speeding up mode, s

5 | tworking Time of working mode, s

6 | thraking Time of braking mode, s

1. Click the Edit subsystem button to edit the Electricmotor subsystem, see
Fig. 3.17. New object constructor for the Electricmotor appears.

2. Select Joints | jRotor->Body in the tree of elements. It is a joint of the
Generalized type.

3. In the Inspector window in the right part select the RTx elementary
transformation (Fig. 3.19). This time function is set as time-table of 5 rows, see
table 2 and Fig. 3.19.
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Table 2.
Time-table for the rotor.
No Time interval Expression
1 | Tstart 0
2 | tstart+tspeeding_up (omega/tspeeding_up)*sqr(t-tstart)/2

3 | tstart+tspeeding_up+tworking | (omega/tspeeding_up)*sqr(tspeeding_up)/2+
omega*(t-tstart-tspeeding_up)

4 | tstart+tspeeding_up-+tworking+ | (omega/tspeeding_up)*sqr(tspeeding_up)/2+
tbraking omega*tworking+omega*(t-tstart-
tspeeding_up-tworking)-(omega/tbraking)*
sqr(t-tstart-tspeeding_up-tworking)/2

5 1100 (omegal/tspeeding_up)*sqr(tspeeding_up)/2+
omega*tworking+omega*(tworking)-
(omega/tbraking)*sqr(tbraking)/2

1

Name|iHDth'>BDd}' | AFTE Ty
Bodyl Body2
|F||:utu:|r ;|| |E|:u:|_l,l ;||
Tope Iﬁl_ Generalized j

1 |Rey RTx |1 |

¥ tumed an o
ET type IE@- it [rotational t-function] j

"Enmmentsﬂe:-ct attribute:

T rangfarmation vectaor
awiz & [1.0.0]
ex |1

ey |0
(=K |E|
T ype of descriptiar

:=:=:=|L

™ Expression &+ Time-table

™ Function ™ File

T |Funu:ti-:un af hime |
tstart] 0

tetart+tspeed [omegastzpeeding_up)*sgr(t-tztart)
tztart+tzpeed [omegastzpeeding_up)*zqrtzpeedi
tztart+tzpeed [omegastzpeeding_up)agrtzpeedit
a0 [ormegastzpeeding_up)sgrtspeedit

Figure 3.19
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4, Close the constructor window of the Electricmotor and come back to the
composite model.
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3.2.7. Electric motor and platform coupling by force elements

Coupling the electric motor and the platform can be set quite similar to
attaching the platform to the base. Electricmotor.Body and Platform.Platform
are interacting bodies. An example of description of an elastic force element is
shown in Fig. 3.20.

1|
M arne |Springl‘-.-1|:|t|:|rBL | .4}’ 'ﬂ’.ﬂ’ s

"Eumments.-"Te:-ct attnbute

B odyl Body:

|Electri|:m-:|t|:nr.E|:u:|y;|| |F'Iatf|:|rm.F'Iatf|:|rm ;||
Type | B Viscous-elastic j
GO |Spring j

Fozition | Parameters I

Compute for the 2nd body |

[T Automatic computation for 2nd body
Bodyl Body? |

System of coordinates at pt. B2 [SCE2]
Ty [01+0.015|- 006300 Jo0e  ©

= j -830.000a0000

~| [0.00000000 i]]
b

E[ 0,00000000

Figure 3.20

Table | contains coordinates of attachment points of elastic and damping force
elements realizing the coupling.

Table 1
Force element Electricmotor.Body Platform.Platform
X Y Z X Y Z

SpringMotorFL, 0.0156- 0.053 -0.069+ 0.0156- -0.069+ 0.06
DamperMotorFL 0.015 0.015 0.015 0.015
SpringMotorFR, 0.0156- 0.053 0.1-0.015 0.0156- 0.1-0.015 0.06
DamperMotorFR | 0015 0.015

Springl\/lotorBL, -0.1+ 0.053 -0.069+ -0.1+ -0.069+ 0.06
DamperMotorBL 0.015 0.015 0.015 0.015
Springl\/lotorBR, -0.1+ 0.053 0.1-0.015 -0.1+ 0.1-0.015 0.06
DamperMotorBR |  0-015 0.015
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Coordinates X, Z of the end points of elastic element in undeformed state
coincides with Electricmotor.Body, Y=0.07.

Please draw attention to the rotation on -90 degrees about the X axis (Fig. 3.20), to
make the orientation of SC of the force element coinciding with the SC of the
Electricmotor.Body.

Set the stiffness matrices of elastic force element as it is shown in Fig. 3.21.

—Element
ocoordinate-coordinate coordinate-angle
[csifflateral O o af | afl af ol
Ilstitflongitudin ™ 0 0 0
af OflcStifflateral 2 0 0
—angle-coordinate angle-angle
] & 91 & & .
a [u] a a a
a [u] [n} [n} [n}
(] 4 | Cancel
Figure 3.21

Initialize the identifiers as cStifflateral=1.0E6, cStifflongitudinal=1.0E6. The
corresponding values for the damping elements are cDisslateral=1.0E3,
cDisslongitudinal=1.0E3.

3.2.8. Preparing for simulation

1. Save the model as Vibrostand with the help of the main menu or the
corresponding button.

2. Generate and compile equations of motion if equations are generated in
symbolic form.

If no errors detected, the model is ready for simulation.
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3.2.9. Simulation

Let us compute the vertical components of forces in force elements coupling the
electric motor and the platform, when the rotor of the motor rotates with the
constant angular velocity nu = 1620 r.p.m. As an example consider the rear right
pair of elements. Let us compute displacements and accelerations of a center of
plate under the electric motor as well.

1. Run the UM Simulation with the F9 key or by clicking the P button on the
tool panel.

2. Open a new animation window to visualize the simulation process,
Tools/Animation window.

3. Use the Analysis | Simulation menu command to open the Object simulation
inspector.

4. Use the FEM Subsystems | Image tab of the Object simulation inspector to
change the flexible platform image if necessary.
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3.2.9.1. Calculating the equilibrium position and natural
frequencies

Let us calculate the equilibrium position of the stand.

1. If the Objection simulation inspector is active close it by the Close button.

2. From the Analysis menu select Linear analysis or press the F8 key. Window
of linear analysis appears.

3. Select the Equilibrium tab. Turn on the Keep coordinates and identifiers
check box. Start the calculation by the Compute button, Fig. 3.22.

Calculation process might take some time.

—Dependence on parameter

Identifier | =
Lirits | 0 @

| o=
Dizcretization I'I %

¥ Eeep coordinates and identifiers

I"»-"arial:ule: wvalue af identifier

Compuite
—Parameters of proces
Process:  Calculation asver e=37619E-16
Figure 3.22

Now we need to save current coordinates, which correspond to the found
equilibrium position, to a file of initial conditions.

4. Select the Initial conditions tab. Click the ™ putton and save current initial
conditions to the equilibrium.xv file.

Note. Just found values of coordinates correspond to equilibrium position
are correct for the current values of identifiers of the model only.
Any changes of identifiers will lead that found above set of
coordinates will not correspond to equilibrium position any more. In
such a case you need to repeat the calculation of equilibrium position.
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5. Select the Frequencies tab. Natural frequencies of the model are calculated
automatically, Fig. 3.23.

6. You can see eigenmodes of the model in the animation window. To see an
eigenmode just select it in the list and click the Animate button. Now you can
see that the animation window shows any selected eigenmode of the model.
You can control the Amplitude and Rate of eigenmode animation. To stop
animation click the Stop button.

7. Close the window of Linear analysis.

myLinear analysis

|nitial conditians | | dentifiers I Options

E quilibriuirn Frequencies I Fioot locus
—Compute: —&nimation of modes———
i+ Matural frequencies [Hz) -‘:"-I'I'IF'“'Z'-‘J':'E

i~ Eigerrvalues I J

24,1235
26,3353 J— |

1
2

EN

4 |R22718
5 |551522
EREET
7 718617
5 |72 7077
3 |=9.8308
10|

108.244 LI

[t I Interruptl

Figure 3.23
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i
§

Figure 3.24. Animation of second eigenmode, 24.11 Hz
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3.2.9.2. Integration of equations of motion

1. Open the Wizard of variables (the Tools | Wizard of variables menu
command) and create variables for Z components of linear force elements
SpringMotorBR, DamperMotorBR, Fig. 3.25.

B Wizard of variables

E‘@ vibrostand A0 Uzer I E xpresszion I |dentifier I Al forces I Joint force |
""" SpringFL Coordinates | Amgular var. | ReactionF | Linear var.  Linear F
..... = [ FL
_____ 5§$Z?H Generalized linear force
..... D amperFR IDamgerMntDrBH
..... SpringBL —Analyzed variable
_____ D amperEL * Force © Torgque 0 dR[V] " dPl[Omegal
----- SpringB A —Component
----- D amperB R [ vz LY
----- SpringtatorBL Y M = D.ratio
----- SpringtdatarB A .

_____ SpringMotorFR Rezalved in SC of bady: |5|:|:| j
----- SpringtatarFL Acts on body: | Electricmotar. Body =]
----- D ampertdatorEL .

----- DramperkdatarB R

----- D ampertdatorFR

----- D amperhd atarFL LI

IF:DamperM otarBR:z

ﬂ"ﬁeneralized linear force element [DamperMDtﬂI ﬁ

F:SpringkdatarBR:z F:DampertdotarBR: 2

Figure 3.25

2. Open a new graphical window (the Tools|Graphical window menu

command).

Drag the created variables into the graphical window by the mouse.
Let us select some node of the FEM-model where we will calculate Z

components of position and acceleration. If the animation window does not
show nodes of FE mesh, select the FEM subsystems / Image. Set Image to
full. Turn on the Image | Draw nodes check box. Set non-zero value in Node
Image, for example 3, see Fig. 3.26.
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Object simulation inspector

Solver I |dentifiers I [nitial conditions | Object variablez
Aty I Informaticr FEM subzpstems | Tools

Subgystern:  Platform

Generall Simulation Image ISDIutiDnI

—Image
" simplified £ full

—Image parameter
¥ Draw nodes
¥ Diraw finite elements

[ Contour

[T Bounds are not visible

—Size
Node image: 3 1
Beamn curve width: K] b
Single node FE: m

Figure 3.26.

Now we will plot oscillograms of a position and acceleration of some arbitrary
node of the platform.

5. Select Wizard of variables and create two variables for calculation Z projections
of position and acceleration of the node 956 with approximate coordinates
(-0.048; 0.007; 0.06), see Fig. 3.27, 3.28.

Note. You can plot position and acceleration of any node you want. The only
information you need is coordinates of the node. To get them point the
mouse to the node in an animation window and you can see its
coordinates in the status bar of the window, see Fig. 3.27.

6. Create two new graphical windows (Tools/Graphical window) and drag and
drop just created variables to these windows separately.
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M[=] k3

g gl

[of | & - |

|I"-.I|:||:|E MOSE r=(-0.04510815 : 0.006203045 : 0.06)

IPlatform

Figure 3.27.
Bz Wizard of variables
El@I vibrostand L zer I E spreszion I |dentifier I All forces | Joint force
o Basel) Coordinates | Angular var. | ReactionF  Linear var. |LinearF
El@ Platfarm -y
L e Platformn
&) Electicmotor |Platform Platform | 0048]  0.007| 0.05
—Relative o body
|sco =l
—Type— | Rezolvedin SC of body;
LG T S |5|:|:| j
Cly w2 Comporent
Wa C 2| O &GZ OO

Ia:z[F‘Iathrm]

=1 |sceeleration of paint [-0.048,0.007.0.06 of b =zn|

r:z[Platform]

a:z[Platfarm]

Figure 3.28.
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7. Set the solver parameter on the Solver tab of the inspector as in Fig. 3.29:
e Solver = Park;
e Type of solving = Range Space Method (RSM);
e Simulation time = 10.0;
e Step size =0.002;
e Error tolerance = 1E-8;
e Computing Jacobian Matrices = ON (always for flexible subsystems);
e Block-diagonal matrices = OFF.

Object simulation inspector

N, I [nformation I FEM zubsystems I T oolz
Salver | |dentifiers I Initial conditions I Object variables

Simulation process parameters | Solver options |

Solver Type of solving———
" BDF

" ABM " Mull Space kethad

% Park

" Gear 2 {* Bange Space Method

" Rk4 5P

Sirnulation time I'I 0.000 *ZI

Step size for animation and data storage  |0.002

Errar talerance 1E-0003
[T Delay ta real time simulation

¥ | Computation ofJaczobian
[ Block-diagonal Jacobian
[ Keep decomposition of iterative matrix

Irtegration | Message | Cloze

Figure 3.29

8. On the FEM subsystems | Simulation tab switches gravity, internal
dissipation as well as linear model should be ON. Set a=0.001, b=0
(Fig. 3.30).
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Object simulation inspector Object simulation inspector
Salver I | dentifiers I [ritial conditions | Object vaniables Salver I | dentifiers I [ritial conditions | Object vaniables
L I Infaormaticr FEM subsystems | Tools L I Infaormaticr FEM subsystems | Tools
Subsystern:  Platform Subsystern:  Platform
Gereral  Simulation | Image I SDIutiDnl Gereral  Simulation | Image I SDIutiDnl
Optians | Damping | Options  Damping |
—General ~Damping
V¥ Gravity [+ Internal diszsipation
[~ Switch off all flexible modes — Type of definitior
—Calculation of initial condition o Llnear. m':'de_l
™ Fix modal coordinates " Damping ratio for each mode
—Storing —Linear model
[T Store walues of modal coordinates bisl
—Destination &k |':'-':":'1 n| b |':' n
= femony = File
_ : : —Dramping ratio for each mode
Files: Id:'xn'u:ndelsWll:nrn:nstand"xl:"latfn:nrm.|n'n:: {]]I Caleulate |
i |Frequen|:_l,l [Hz] | Dramping ratio =
4 3
Integration teszage Cloze Integration | teszage | Cloze
Figure 3.30.

9. Select the Identifiers tab in the Object simulation inspector. Select the
Vibrostand.Electricmotor from the pull-down list of subsystems. Set the

following values (Fig. 3.31):

e nu=1620 (27 revolutions per second);

e tstart=0.5;

e tspeeding_up=2;
e tworking=3;

e tbraking=4.

Note.

Rotational speed of the rotor exceeds two first natural frequencies of

the vibrostand that is why there will be resonance conditions during

speeding-up the rotor.
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| nformatior | FEM zubsyztems I Tools
Solver Identifiers I Initial conditions I Object wariables I et
(= E Ivihrnstand.EIec:trin:mn:nt-:nr. ;l
whale lst |
M ame | Ewpresszion Walue Comment
cStlfflateral 1.00000E+000& Lateral stiffness of mount element of electicmaot
cStifflongitudinal | 1.00000E +000& Longitudinal stiffness of mount element of elect
cdizzlateral 1000 Lateral dizzipation of mount element of electricm
cdizslongitudinal | 1000 Longitudinal dizzipation of mount element of ele
i 1620 Frequency of rotar ratation, r.p.m.
ameda huF 2 pid B0 169.645 Angular welocity of rakar ratation
bstart nha Time of the beginning of run
tzpeeding_up | 2 Timne of run
bworking 3 Working time
tbraking 4 Time of running-out
1| | 3
Irtegration | Mezsage | Cloze
Figure 3.31.

10.Start the simulation process by the Integration button on the bottom part of the

inspector.

Fig. 3.32 depicts some simulation results.

|~ Plots - Coordinates of poinks

Warniables
. r:z[Platfarm] - Coordinates of point [-0.048,0.007 .0.06] of body

Platform. Platfarm relative to Bagel, SC Bazel, projection £
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[ 1 1 '] 1 *ll:l
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| Ploks - Accelerations of points

W ariables
. a:z[Platform] - Acceleration of point [-0.048,0.007 ,0.08] of body Platform. Platform relative to Basel, SC Basel, projection £

[ Plots - Yalues of Forces in generalized linear force elements

Y ariables
. F:SpringtdatorBL:z - Generalized linear force element [SpringbdatarBL] Force, projection £
O . F:DampertdatorBL:z - Generalized lingar force element [DampertdotarBL) Force, projection £
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[ Plots - Yalues of Forces in generalized linear force elements

Yanables
O . F-SpringtdatorBL:z - Generalized linear force element [SpringbdatarBL] Force, projection £
. F:DampertdotarBL: z - Generalized linear force element [Damperkd atarBL] Force, projection £
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Figure 3.32
To estimate the influence of the platform flexibility, the following operations

could be done.

1. The option switch off all flexible modes should be on (Fig. 3.30).

2. Run simulation.

3. Copy variables in graphical windows as static using popup menus (contact
menu in a graphical window, Copy as static variables menu item).

4. Change the option switch of all flexible modes to off (Fig. 3.30).

Repeat the simulation.

6. Compare simulation results.

o
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