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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 displace-
ments 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 Chap-
ter 11, file 11 UM _FEM.pdf of UM user’s manual, which is available in the {UM Da-
ta\MANUAL directory and in the Internet via this link:
www.universalmechanism.com/download/90/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 con-
sists 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 us-
ing UM FEM is availability the ANSYS software for some preliminary analysis and calcula-
tions.

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 flexible subsystems in the UM Input. In the latter case AN-
SYS_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 ANSY'S software and prepared by ANSYS_ UM program ANSYS software
is not used any more. Complete data flow from ANSYS to UM is shown in the eleventh part of
UM user’s manual (11 _um_fem.pdf). Thus using UM FEM module is possible if ANSYS soft-
ware is available on the user’s computer.

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 Input or 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 ANSY'S on your computer you will have to leave some parts of
this lesson, where working under ANSY'S environment is considered. But never-
theless you will be able to complete the lesson using files prepared in advance.

! www.universalmechanism.com/download/90/eng/gs um.pdf
? Please find more detailed information about static modes and eigenmodes in the eleventh part of UM user’s
manual (11_um_fem.pdf)



../11_um_fem.pdf
../11_um_fem.pdf
../11_um_fem.pdf
../../eng
../../eng
http://www.universalmechanism.com/download/90/eng/11_um_fem.pdf
gs_um.pdf
http://www.universalmechanism.com/download/90/eng/gs_um.pdf
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1. Slider-crank mechanism

Here the example model of the slider-crank mechanism (see Figure 1.1) is considered. There
is Slider_crank_all model in the {UM Data}\SAMPLES\Flex directory. This model includes
three slider-crank mechanisms. The difference between these models is in the way of representa-
tion 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. 1.1.

1 4

< e

Figure 1.1. 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:

describing FE model of the con-rod in ANSYS;

calculating elastic modes of the con-rod, saving data in UM format;

creating graphical objects;

describing bodies: crank and slider;

adding elastic con-rod,

creating joints and forces.
Steps 1-2 are done in under ANSYS environment, 3-6 — in UM.

o gk wbdpE

Note. UM uses subsystem technique to introduce elastic bodies into the model. Every
elastic body is represented as a separate subsystem of Linear FEM subsystem

type.

Create a directory for the future models, for example {UM Data}\My Models or D:\models.
Within this section we address this directory as «.\». This directory will include two subdirecto-
ries:

e flexbeam for an elastic beam data;
e slider_crank_fem for the hybrid model.


../../SAMPLES/Flex

Universal Mechanism 10 6 Getting Started: UM FEM

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.

e If ANSYS software is not available or you want to omit the step of preparing data in AN-
SYS you can directly start from the Sect. 1.2.2 of this manual. Before that you should copy
the {UM Data}\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
Data}\SAMPLES\Flex\flexbeam\input.fss to the .\flexbeam and start reading from the
Sect. 1.3 of this manual.



../../SAMPLES/Flex/flexbeam/input.fum
../../SAMPLES/Flex/flexbeam/input.fss
../../SAMPLES/Flex/flexbeam/input.fss
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1.1. Preparing ANSYS environment

We will use ANSYS software for preparing data for simulation of dynamics of elastic body.
After creating FE model a calculation of the static and eigenmodes 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}\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 subse-
quent analysis of obtained data. The ansys_um.exe is situated in the {UM}\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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1.2. Preparing con-rod as an elastic beam

As it mentioned above, preparing data for introducing elastic bodies into hybrid models con-
tains the stage of solution of eigenvalues problem. There are two possible mathematical formula-
tions of this problem:

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

The {UM Data}\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.

1.2.1. Working under ANSYS environment

1. Copy the flexbeam&mass21.ans file from the UM Da-
ta}\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
Aflexbeam&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 el-
ements 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 au-
tomatically 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}bin\ansys _um.exe manually. The
main window of ansys_um appears, Figure 1.2.

5. Point to the General tab. The ANSYS results file (*.rst) set to .\flexbeam\flexbeam.rst,
Target directory set to .\flexbeam, see Figure 1.2.

! More detailed information about interface nodes you can find in the eleventh part of UM User’s Manual


../../SAMPLES/Flex/flexbeam/input
../../SAMPLES/Flex/flexbeam/input/lumped
../../SAMPLES/Flex/flexbeam/input/lumped
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Creating data set for simulation of flexible body

General I Options ]

ANSYS results file [*.rst):

ID:\rnc-deIs\ﬂexbeam\llexbearﬂ.rsl
T arget directory:

ID:\simulation\lIexbeam g‘?,

Process:

Create | Close |

Figure 1.2. Main window of the ANSYS_UM program.

6. Point to the Options tab and turn off the normalize modes check box, Figure 1.3. This case
corresponds to creating the intermediate input.fum file. On the successive step we will use
the Wizard of flexible subsystems to convert the data into UM-compatible form.

Creating data set for simulation of flexible body

General Options |

¥ | exclude rigid body modes
frequemnsy IEI_EEIEI m

Process:

| Create I Cloze |

Figure 1.3.

Note. Using the Wizard of flexible 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 creat-
ed. Please read eleventh part of UM User’s Manual for more detailed infor-

mation.

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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1.2.2. Wizard of flexible subsystems

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

Note. Using the wizard of flexible subsystems data is not an obligatory phase. Prepar-
ing 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, Figure 1.3. 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 subsystems data.

1.  Run UM Input program (uminput.exe).
2. Click the Tools | Wizard of flexible subsystems menu item. The main window of the wiz-
ard of flexible subsystems data appears.

3. Click the = and select a file for the Data file, Figure 1.4, Figure 1.5.
Sellect datafile |
Data file:

ID:‘-,models\,ﬂexbeam\input.fum J

Figure 1.4.

Wizard loads and shows the data, Figure 1.6. The General tab shows summary information
about elastic subsystem, see Figure 1.6.

The Position tab (see Figure 1.7) 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 re-
ally 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 Figure 1.7.
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=~ Read FEM model of object
Scan directary: Data imported from pragram: ANSYS9.0 *I
Ditodelsiflexbeam), E‘?I Marme of solution: flexbeam

= E': DModelsylexbean, :&JEI:.ILLEFI;]%EB:ED:%, Flexible beaam with

= Finite elerments: 300

Degrees offreedom: OB

Marmal modes: 10

Staticmodes: 12

Computation with lumped mass matrix
bin. natural frequency: 26.67

bz natural frequency: 35587
Generalized mass matrix: present
Generalized stiffness matrix present

q o

Diddodelsiflexbeartinput fum
(0] Cancel |

Figure 1.5.

General |PDsitiDn| Image | SDIutiDnl

Drata file:

ID:'\deeIs\,ﬂexbeam\,input.fum

—Subsystemn infarmation
Data prepared:

AMSYS9.0
MName of solution:
flexbeam

Header of solution (comments):;
16.11.2005, 23:50:48, Flexible heam with
mass21 element for definition torsion ineria

mormert

Modes: 101
Finite elements: 300
Degrees of freedom: BOG
Mormal modes: 10
Static modes: 12
Marmalization: Mo

Figure 1.6.
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General Position ||mage I Su:ulutiu:unl

—Raotation

| j|u.uunnunnu

| =lfo.0oooooooo

| =lfo.0ooooooo

—Shift after rotation

<

|

: |

Figure 1.7.

Getting Started: UM FEM

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 Figure 1.8.
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Generall Position  Image |S|:|Iuti|:|n|
—Image
" simplified = full
—Image parameter
[T Draw nodes
W Diraw finite elements
[T Cortour
[T Bounds are not visible
—Size
Maode image: 3 !
Beam curve width: 4 b

Single node FE:

—Color

—izual element
" MNodes
" Single node elements
¥ Beam elements
i~ Shell and plate elements
" Sclid elements
" Polygons

.Diffuse

. Emizzive

.Specular

..-'-‘-.mbient

Additional... |

Figure 1.8.

Getting Started: UM FEM

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.

The Solution tab gives you a possibility to animate modes of elastic subsystem. To start an-
imation you should click the Animate button, see Figure 1.9. 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 correspond-
ing 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 be-
tween 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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General | Position | Image  Solution |
Data set
& [rignal
€ Transformed

Modes | Rigid body | Inteiface nodes |
10 normal modes, 12 static modes

Selected normal modes: 10
Selected static modes: 12

v ~
2. nomal,  26.668
3. nomal, 73512
V! 4 nomal, 73512
VI 5 nomal, 144112
6. normal, 144112
Wl 7. nomal, 238.224
8. nomal, 238.224
V] 9. nomal, 355.866
W 10. normal,  355.866 T
V] 11. static
12. static
V] 13. static
V] 14. static
V] 15. static Ll
—Animation of modes
Amplitude Rate
— |
Frame per 1/4 period: lﬂ
Animate I
~Transformations
Modes | Shift SC | Tuming of SC |
[V exclude rigid body modes
frequency:  [0.300 *
Transform ] Save as |

Figure 1.9.

Getting Started: UM FEM

9. Turn on the Transformations | Exclude rigid body modes (Figure 1.9).
10. Set Transformations | Frequency to 0.3 (Figure 1.9).
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 Figure 1.10.
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U - Object data input

& rigid body modes are deleted from the fransformed data set

Figure 1.10.

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, Figure 1.11.

Data set
|7f" Original

& [Trensformed

Figure 1.11.

13. Click the Save as button. In the dialog set Path to subsystem data and click the Save but-
ton, see Figure 1.12. Please, note, that the latter directory will further serve as a subsystem
name.

Save flexible subsystem data

Fath to subsystem data

Dimodels\flexbeam EI

Sawve Cancel
| |

Figure 1.12.

Preparing the data for flexible subsystem is done.
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1.3. 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;
translational joint between slider and BaseO.
Create a new model. Point the File | New object menu command or click the button. New
constructor window appears.
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1.3.1. Creating graphical objects

1. Load a graphical object from the {UM Data}\graph\Basel.umi file using & putton or Ed-
it | Read from file... menu item. Element «NoName» will be added to the list of graphic el-
ements, see Figure 1.13.

E-&3 Object ~
..... ﬂ Object

oLy Subzyztemns

|:_:|...-

e 5 MNaMame
Bodies
g Joints

Figure 1.13.

2. Select this element and set name to BaseO in the data inspector (Figure 1.14).

4|
Marme |Base[l |a§f f"i'i}" =t

"Eammentsﬂ ext attribute

Figure 1.14,

3. Repeat these actions for Crankl1.umi and Sliderl.umi files, which are located in the direc-
tory {UM Data}\graph. Set the names Crank and Slider to created graphical objects corre-
spondently.

Thus, three graphical objects are created.

]|

= & Object -

-, Object

-8 Subspsterns

El% Images

- B @ Basel

- @ Slder

Figure 1.15.

4. Select Object item in the tree of elements and set Scene image to BaseO, see Figure 1.16.
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Vaiables | Curves | Atibutes
General | Options | Sensors/LSC

Transform into subsystem |
Path C:\Program Files\UM Software Lab\Ur
—Object identifier
[UMObject |

—Comments

I~ Train 3D
—Generation of equations
" Symbolic

(+ Numeric-iterative

—Direction of gravity
ex
ey
ez |-1.0

L

L

L

Characteristic size |1 .00 %]

Scene image |Baseﬂ j

Figure 1.16.

Getting Started: UM FEM
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1.3.2. 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 Figure 1.17.

1%

Nome ok % (Z 8% .5

=0l-n  =l-x
"Eummentsﬂ et attribute ———

Oriented pointz II Wectors I 30 Contact I

Pararneters Pasition I Faints
Go to element [ 1
Image: v “izible
IErank j

¥ Compute automatic

rlnertia parameter
Mass |7.403 C|
|nertia tensar
0.00471300C | c C|
[1.33271 ] C|
Added masz matrix [Fiore] _|
rCoordinates af center of maz
05 3| °] ]

Figure 1.17.
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1.3.3. Creating elastic subsystem

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

o

1. Select the Subsystems item of the tree of elements and create new subsystem using the —
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 (Figure 1.18).

After reading elastic subsystem data inspector looks like the wizard of flexible subsystem da-
ta described in the Sect. 2.1.4. There are following differences between wizard of flexible sub-
system 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 con-
trast to wizard of flexible subsystem where Position tab influences on the graphical repre-
sentation of the body.

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

14
Mame |E|:|n-r|:u:| FE R4 | i

Type IE Linear FER subzvztem j

"Eummentsﬂ ext attribute

Figure 1.18.
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1.3.4. Creating joints

Let’s create the first joint — revolution joint between Base0 and the crank.
1. Select Joints item of the tree of elements. Add new joint.
2. Rename the joint to jBase0_Crank. Select Rotational type for the joint and set Y axis as
Joint vectors, see Figure 1.19.

Namehﬁaseﬂ_ﬂrank | PR S .
Body1 Body2
|Ease[l ;|| |Erank ;||
Type I& Ratational j

Geometry | Descriptiunl Joirt fu:uru:el

—Joint paint

Bazel EE@

I I I
Crank EE@

[ I
—Jloint wectar
Basel I awis " [0.1.0] j
[0 "

4

E L

Figure 1.19.
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Select the Joint force tab, set Joint torque to Expression and in the field Description of force

set F= torque-cdiss_crank*v, see Figure 1.20. Press Enter. The window Initialization of
values for new identifiers appears. Set identifiers value as follows: torque = 100,

cdiss_crank = 10.

Geometry | Description  Joint force |

Jaint tarque

Ia+b E =pression

=l

Dezcription of force
Pazzal/C expression: F=Fxwt]

Example:
-cghiff[R-#0]-cdize™s+amplsin[om?t]

== lorque-cdiss

Figure 1.20.
4. Add the rest three joints as it is shown in the figure 1.21.

1 %] 1 %] 1 %]
el Coviod ] #UF 7 | NonefEorrod sidn | A HE 7 2 | Nanefprciotin | € 7
Body1 Bodb2 | Body BodvZ | Bodyl Bodv2
[Crank = || [Con-rod FEM.flexb = || | [Eon-od FEM.flexb > || [Slider = | [Bas=n x| [stider =1
Type I& Rotational j Type Iq% Rotational j Type Iﬁ Translational j
ieometry | De&criptionl Jaint fnn:el [ieametry | De&criptinnl Jaint fnn:el [igometry | De&criptionl Jaint fu:uru:el
—Jaint point: rJaint paint: rJaint paint
Crank T& flexbeam T@ Bazel T@
[ i i N i i M i i i
flexbearn [['& Slider T& Slider [EE
K i i i L i i i | i i |
rJoint vector rJaint wechor rJaint wector
Crank fasisv (010 ||| [flesbeam [asisv:@rm x| [BaseD fasiso:om v
B " "o i " "o i "o "o "
Hlexbeam favisv: 01D <] Slider [asisv:mrm  ~] Slider favis®:(10m <]
E i "o i i "o i "o "o "

Figure 1.21.
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1.3.5. Preparing for simulation

1. Save the model as Slider_crank_fem (File | Save as... menu command), see Figure 1.22.

Fath (including ohject name)

Id:\mDdels\slider_crank_fem| E"I

Save I Cancel |

Figure 1.22.

2. Please check that numeric-iterative method of generation of equations is selected (see
Object | General tab).

Now the model is ready for simulation.
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1.4. 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 jCrank_Con-rod and jCon-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, Figure 1.23. 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 Figure 1.23 set the anchors manually.

-,
5. Make sure that the Autocalculation of constraint equations mode is turned on (the = =
button should be pressed), otherwise press this button. Then calculate the initial conditions

by clicking the = ©  button. Animation window shows the current position of the mecha-
nism, Figure 1.24.
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Su:nlverl Identifiers  Initial conditions I Object variahlesl S I Infu:nrmatin:nnl FEM sul:ns_l,lstemsl Toolz I
Coordinates I Constraints for initialz I
T o=-00ed
Islider_u:rank_fem.Eu:un-ru:ud FEM. j

o | v |Eu:n:un:|inate |Vel-:u:it_l,l |Eu:umment [
21 2 1] Jaint 1] 1 |-
a9 0 0 Jaint [t] 2
23 0 1] Jaint [t] 3
24 0 1] Jaint [a] 1
258 1] 1] Joint [a) 2
26 0 1] Joint [a] 3
27 d;- 0 1] kMode 1
28 | O 0 Mods 2
29 d;- 0 1] kMode 3
210 -gi;- 1] 1] Mode 4
21 !;IJ' 0 1] kode &
212 by 0 0 Mode &
213 | O 0 Mods 7 -

M eszage | d:-:=| N a da=| 0 E
Integration | Meszage | Cloze
Figure 1.23.

[y Animation window =]

B -

B @ % O B[] S

Figure 1.24.

6. Open new graphical window (Tools | Graphical window menu command).

7.  Run Wizard of variables and create variables to determine absolute values of reaction forc-
es in joints jJCrank_Con-rod jCon-rod_Slider (Figure 1.25) and drag them to the graphical
window.
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Wizard of variables @
Variables for group of bodies | Joint forces I Angular var, I Linear war. I Expression
User variables | Reactions | Coordinates I Solver parameters I All forces I Identifiers
=1- (] slider_crank_fem Selected
[ iBase0_crank (Based, Crank) jCon-rod_slider
[] jcrank_con-ed (Crank, flexbeam) Type
jCon-rod_slider (fexbeam, Slider) @ Force ") Torque

[] jBasen_slider (Basen, Slider)
=[] Con-rod FEM Component
[] jBasen_flexbeam (Based, flexbeam) X Y ez @ vl oV

Resolved in 5C of body

Base0 J

Acts on...
@) body 1: flexbeam
) body 2: Slider
jRFm{jCon-rod_slider) Reactive force for joint jCon-rod_Slider, magnitude
jRFm(jCrank_Co...
JRFm{jCon-od_...
Figure 1.25.

8. Select the Object simulation inspector and point to the Solver tab. Set the following pa-
rameters:

e Solver = Park,

e Type of solving = Range Space Method,

e Simulation time = 2.0.

e  Step size for animation and data storage = 0.001.

e Errortolerance = 1E-7.

e Computing Jacobian matrices = on (always default).
e Block-diagonal matrices = off.

Simulation process parameters | Solver optionz I

Solver Type of solutior—————
" BDF
i~ ABM = Mull zpace methad [MSH]
f* Park method
" Gear 2

 Rk4 {+ Range space method [FS5]
" Park Parallel

Simulation time 2.000 A
Step zize for animation and data storage  |0.007
Erar talerance

[ Delay ta real time simulation

¥ Computation of accelerations and reaction forces
¥ Computation of Jacobian

[ Block-diagonal Jacobian

[ Keep decomposition of iterative matris

Figure 1.26.
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9. Select the FEM Subsystems | Simulation tab and set up all options according to Fig-
ure 1.27.

Object simulation inspector Object simulation inspector
Solver I |dentifiers I |nitial conditionz | Dbject waniables Solver I | dentifiers I |mitial conditions | Object wanablesz
A, I Infarmation FEM subspstems | Toals A I I rfarmiation FEM subspstems | Toolz
Subsyztern:  Con-rod FEM Subgyztern:  Con-rod FER
General  Simulation | Image I Su:ulutiu:unl General  Simulation | Image I Su:ulutiu:-nl
Optians | Damping | Options  Damping |
General - Damping
¥ Gravity v Internal dissipation
[~ Switch off all flesible modes —Type of definition
Calculation of initial condition 2 Llnear. m':'de_l
¥ Fix modal coordinates " Damping ratio for each mode
—Staring ~Linear model
[ Store values of modal coordinates D=ebe
—Destinatior a |I:I.I:IEI'I nl b ||:I n
% fdemany = File
_ _ _ Dramping ratio for each mode
Files I|:|:"uml:u:lels"xsllder_crank_fem"d:l:un-n:nd FEM.IFﬂI Caloulate |
i |Frequenu:_l,l [Hz] |Damping ratio =
4 3
Integration I Meszage I Claze Integration I Mezzage I Claze

Figure 1.27.

10. Start simulation (Integration button).

You can see movement of the mechanism in the animation window (see Figure 1.28) and os-
cillograms of reaction forces in the graphical window (see Figure 1.29).

BB %O B[] -

Figure 1.28. Animation window
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[~ Plots - Reactions forces in joints

Warniables
. IRFmfCrank_Con-rod] - Abzolute value of reaction force in joint [Crank_Con-rod
. iRFmCon-rod_Slhider] - Abzolute walue of reaction force in joint [Con-rod_Slider
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Figure 1.29. Graphical window

In order to estimate the influence of the elastic con-rod instead rigid one, open the {UM Da-
ta\SAMPLES\Flex\Slider_crank_all model. Graphs of the reaction force are shown in the Fig-
ure 1.30.

|~ Plots - Reactions forces in joints

" ariables
. BFmjCor-rod nigid_Slider1] - Abzolute walue of reaction force in joint [Con-rod rigid_Slider]
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Figure 1.30. 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 veloci-
ties of all cranks.
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2. 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, Figure 2.1.

Figure 2.1.

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 connect-
ed with the help of four visco-elastic linear force elements, Figure 2.1. 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:
forces in the force elements;
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.
operating duty;
stop way — decreasing angular velocity of a rotor till ®=0.
Preparing the model includes the following steps:
preparing data of the elastic platform;
introducing FE 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.
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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,
e \Vibrostand\Platform for elastic platform.
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2.1. Preparing elastic platform

In terms of Universal Mechanism software every elastic body is considered as a separate sub-
system 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 FE model of the platform in ANSYS 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:

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

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

There are three files in the {UM Data\SAMPLES\Flex\platform: input.fss, input.fum and
platformshell63.ans.

e If you want to omit the step of preparing the data in ANSYS but familiarize yourself with
Wizard of flexible subsystems you should copy the {UM Data}\Samples\Flex\input.fum
file to the .\platform directory and go to the Sect. 2.1.4 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 DataP\SAMPLES\Flex\platform\input.fss file to the .\platform directory and
go to the Sect. 2.1.4 of this manual.
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2.1.1. Working under ANSYS environment

Before you come to the next step please repeat all the steps from the Sect. 1.1.
Now we will create the FE model of the platform and export the data for the subsequent us-
ing them under UM environment.

5. Copy the platformshell63.ans file from the {UM Data}\SAMPLES\Flex\platform directory
to the .\platform directory. This file contains APDL commands that automatize creating the
FE model of the platform.

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

7. Run ANSYS.

8. From the File menu select the Read Input from 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 4224 elements of SHELL63 type. Width of all elements is

5 c¢cm. You can open platformshell63.ans in any text editor and change some of parameters of

the FE 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. 1.1. As a result of the um.mac exe-
cution 24 static modes and 10 eigenmodes are calculated.

9. If the path to the ANSYS UM.EXE in the um.mac is set correctly (see Sect. 1.1), AN-
SYS_UM.EXE starts automatically. Otherwise run ANSYS_UM.EXE manually from the
{UMM}Dbin directory.

10. Transform data according the 5-8 items of the Sect. 1.2.1.
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2.1.2. Working under ANSYS Workbench environment

Run a PlatformShell63Demo.ans macro in APDL language to create a FE-model of a plat-
form for a vibrostand in a classic ANSYS (Mechanical APDL) program. In a Workbench envi-
ronment it is impossible to perform such a macro that is why to create a model of platform in
ANSYS Workbench you should take the following steps.

11. Create a model in ANSYS Mechanical APDL (see Sect. 1.2.1. "Working under ANSYS en-
vironment"”, p. 8). Before running the PlatformShell63Demo.ans macro, delete all the
commands intended for import in the UM software:

NSEL,s,,, ALL

ESLN,s,0,ALL

CM,ESTRS,ELEM

ESEL,ALL

NSEL,ALL

KSEL,S,,,5

KSEL,A,,,11

KSEL,A,,,105

KSEL,A,,,111

NSLK,S

UM,10,1,1,1

Save changes. Run the changed macro using File->Read Input From commands. Create a
file with the Preprocessor -> Archive Model -> Write archive. In the appeared Write Geome-
try/Loads for Archiving window choose the view of the archived information and a name of the
file with the archive, Figure 2.2.

A Write Geometry/Loads for Archiving

Data to Archive

|DB All finite element information M

Solid Model Format
& |IGES

= ANSYS Neutral File

Archive file

|Platf0rrn_cdb J
IGES file

|Plate_diss iges J

0k | Cancel ‘ Help ‘

Figure 2.2. Creating an archive of a platform model



Universal Mechanism 10 35 Getting Started: UM FEM

12. In the ANSYS Workbench environment on the taskbar in the Component Systems section
choose Finite Element Modeler by double-clicking on it.

An empty object will appear in Finite Element Modeler in the Project Schematic window.
Right-click on the Model->Add Input Mesh->Browse menu item. Choose a file with .cdb ex-
tension, created in the previous step, Figure 2.3. Refresh the model, right-click in the Model
field then choose the Update in the dropdown list.

13. Choose a Model field of the scheme project then choose the name of the imported file
(Platform.cdb) and choose Sl system in the Unit System properties field, see Figure 2.4.

Project Schematic R X
- A
1 —— Finite Element Modeler
2 . Model =
Finite Elem @ e
Manage Input Meshes
| Add Input Mesh ] ‘ ] Browse...
53 Duplicate 1 D:\Waorkbench_files\vibrostand_files\Platform. cdb
Transfer Data From New 4 2 D:\Workbench_files\MAC_ANSYS'Platform.cdb
Transfer Data To New 4 3 D:\Workbench_files\MAC_ANSYS\file_MKS.cdb
F  Update 4 D:\Workbench_files\MAC_ANSYS\Platform 1.cdb
Update Upstream Components
Clear Generated Data
j Refresh
Reset
Rename
Properties
Quick Help
Add Mote

Figure 2.3.
Outline of Schematic A2: Model o x
A
1 B §# Assembly Mesh
2 Platform
Properties of Qutline A2: UserInputMesh * o X
A B
Property Value

Mesh File Name Platform.cdb
Mesh File Format | Mechanical APDL Input

= portatio
Unit System Metric (kg,mm,s,C,mA,MN,mV} -

Body Grouping ST (kg,m,s,K,A,N,V)
" Metric (kg,m,s,2CA,MNV)
I Handing Metric (tonne,mm,s,>C,m&,N,mV)

[T ICNVI - VO [ R (O (U Y R ey

U.5.Customary (Ilbm,in,s,*FA,Ibfy)
U.5.Engineering (Ib,in,s,R,A4,Ibfv)
Metric{g,cm,s,°C,A,dyne, V)

Metric (kg,mm,s,2C,ma,N,m\V}

Metric (kg,pm,s,>C,ma,uN,v)

Metric (decatonne,mm,s,*C,ma,N,mV}
U.5.Customary (Ibm,ft,s,=FA,Ibfv)
Consistent CGS

Consistent NMM

Consistent pMKS

Consistent BIN

Consistent BFT

DesignModeler Unit System (m, degres)

Figure 2.4. Choosing Sl system
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14. Create a project of modal analysis by double-clicking on a Modal component in the taskbar,
Figure 2.5.

o x
v A v B
T
2 @ Model v 2 @ EngineeringData

Finite Element Modeler 3 @ Geometry ?.
4 @ Model

5 a Setup

6 @ Solution

7 @ Resuts
Modal

o)

:C,:
A

og)

Figure 2.5.

15. Drag the Model field of a project in Finite Element Modeler on the Model field of modal
analysis, created in the previous step, Figure 2.6.

Project Schematic * o X

v A v B
. T
2| @ Model o 2 @ EngneeringData v
Finite Element Modeler 3 9 Model & 4
4 @ setwp B
5 @ Sohution T4
6 @ Results ? 4

Modal

Figure 2.6.

Refresh the model in the project of modal analysis. Right-click on the Model field and
choose Update in the dropdown list. Click File->Save to save the project.

16. Open the Modal project model by double-clicking on the Model field. The Mechanical
module will be run, see Figure 2.7.

17. Add the Commands field in the project tree Modal->Insert->Commands. Set the com-
mands in APDL language. For the downloaded model it is recommended to use the follow-
ing commands:

NSEL,s,,, ALL
ESLN,s,0,ALL
CM,ESTRS,ELEM
ESEL,ALL
NSEL,ALL
NSEL,s,,,2435
NSEL,A,,,730
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NSEL,A,,,2659
NSEL,A,,,958

UM,10,1,1,1
In these commands 2435, 730, 2659 and 958 are the numbers of the interface nodes, situated

in the points with numbers 5, 11, 105 and 111, position of which is set in the Plat-
formShell63Demo.ans file. If the parameters of FE-mesh were changed, the numbers of the in-
terface nodes can be different too.

There is more information about APDL language commands in the Chapter 11, which you

can download using the following link:

www.universalmechanism.com/download/90/eng/11 um fem.pdf.

- oM

B : Modal - Mechanical [ANSYS Multiphysics]

(M)
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#t [eReset ExplodeFador  f—————————— ascembly Center - H Ml EdgeColoing v g~ 4~ A= A~ A~ A Pl I+l Thicken Annotations

Model | S Construction Geometry | @ Virtual Topology | (ds Symmetry | ©, Remote Point | @ Connections | @pFracture | @ Mesh Edit & Mesh Numbering | [ Solution Cormbination | £8Named Selection
File Edit View Units Tools Help

Outline C

| Filter: Name - PARC N |
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-] Modal (84)
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|Graphics Annotations
[Text Timestamp
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Selection Information

|J Coordinate System: Global Coordinate System + | 3 | Show Individual and Summary =
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Messages. Graphics Annotations

Figure 2.7. Mechanical module window with the model of platform

18. Run the solution process Solution->Solve. As a result the .rst, .free solution files will be
situated in the folder of a PROJECT_NAME\dpO\SYS\MECH working project.
19. Run ANSYS_UM.exe, choose a file with .rst extension, create the input.fum file.


file://///umstorage2/public/Projects/UM%20Manual/eng/11_um_fem.pdf
http://www.universalmechanism.com/download/90/eng/11_um_fem.pdf

Universal Mechanism 10 38 Getting Started: UM FEM
2.1.3. Preparing elastic platform data in FIDESYS software

In the UM program, each elastic body corresponds to a Linear FEM subsystem . The data file
of the elastic subsystem is a binary file input.fss. Preparation of elastic platform data includes
several steps described below: description of the platform by the finite element method in the
FIDESY'S program and creation of files for the import in the UM software; creation of an in-
termediate input.fum file with the FIDESYS_UM.exe program and the subsequent data trans-
formation using the Master of data preparation of elastic subsystems, which is an integral part
of the UM Input program. It provides the ability to view the calculated elastic forms of the sub-
system, as well as exclude some forms from the resulting data set stored in the input.fss file.

The finite element model (FE model) prepared in the FIDESYS software is stored in a file
with the .fds extension. The data on the FE model prepared using the FIDESYS program for im-
port into the UM software are contained in the geometry.vtk files (contains data on the geome-
try of the object, the FE mesh), res.com (native and static forms), M_CCS.hb (mass matrix),
K_CCS.hb (stiffness matrix).

The geometry.vtk, res.com, M_CCS.hb, K_CCS files are located in the {UM Da-
taP\SAMPLES\Flex\vibrostand\platform directory, they are created to import data into the
UM software, and the platform.fds file, containing all the information about the platform's
FE model in the FIDESYS software, which should be used depending on the completeness of
the study of this manual.

If the user wants to skip the stages of development and preparation of the FE model in the
FIDESYS software, you can use the ready-made geometry.vtk, res.cbm, M_CCS.hb,
K_CCS.hb files and go to Sect. 2.1.3.4.

The steps of creating a FE model in the FIDESYS program interface are presented in 2.1.3.1,
the method of creating this FE model on the basis of FIDESYS software commands is shown in
2.1.3.2.

If the user wants to skip the steps of creating a FE model in the FIDESY'S software, you can
use the ready-made platform.fds file, which contains information about the FE model and inter-
face nodes. In this case, you can go straight to Sect.2.1.3.3.
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2.1.3.1. Working in the FIDESYS program interface

In the FIDESYS program, we will create a model of a steel platform consisting of two
beams 1 m long, having an I-beam section, and a shelf that connects these beams. The width of
the upper and lower shelves of the beam sections is 10 cm, the height of the sections is 6 cm. The
length and width of the connecting shelf is 40 cm.

We will create the geometry of the model based on the plates. There are several options for
creating planes in the FIDESY'S program, for more information, see the user manual on the pro-
gram's website’. In this manual, one of the ways is considered - the creation of a plane based on
vertices. Select on the command panel Mode - Geometry, Entity - Vertex, set Coordinates in
the drop-down list, enter the X, y, z coordinates of the four vertices of the future surface ([ 0.5;
0.3;0.06], [ 0.5; 0.25;0.06], [0.5; 0.25;0.06], [0.5; 0.3;0.06]), click Apply (Figure 2.8).

Command Panel g x

Mode - Geometry

SerEes
¢4

Action - Create

|{ Coordinates v‘

X Coordinate 0
Y Coordinate 0
Z Coordinate 0
Create On

Curve @ Surface
Burface ID

Pick Color... | default
2

©

Figure 2.8

As a result, 4 points will appear in the animation window. Then select Entity - Surface, Ac-
tion - Create, in the drop-down list - Vertex 1D(s), enter 4 vertices, click Apply (Figure 2.9). As
a result, the first surface is created.

! https://cae-fidesys.com/documentation/
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Command Panel F x
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surface 1

Select
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©) Node ID(s)

[] On Surface
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Project
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Figure 2.9

By entering the coordinates of two more vertices [-0.5;-0.25;0] and [0.5;-0.25;0], we will
create surface 2 (Figure 2.10).

surface 1

< g

surface 2

Figure 2.10

Using the method described above, you can create all the surfaces of the model, and to sim-
plify the work, you can use copying, rotating and moving an already created surface (Figure
2.11). Create a surface 3 by copying with moving along the Z axis by -0.06 m of surface 1
(Mode - Geometry, Entity - Surface, Action - Create, Copy and Transform, Move, in the z
coordinates field we specify z = -0.06), and the surface 4 by copying with rotation around the
curve 2 by 180 degrees of the surface 1, the surface 5 by copying with the movement of the sur-
face 4 (Figure 2.12).
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curve 2

surface 1

surface 3

surface 2

surface 4

surface 5

Figure 2.11
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Figure 2.12. Creating a surface by copying and moving

At this stage, one of the two beams of the I-beam section has been obtained. Let's create a
second beam (Figure 2.13) by copying the surfaces 1, 2, 3, 4, 5 of the first beam along the Y axis
by 0.5 m (Mode - Geometry, Entity - Surface, Action - Create, Copy and Transform, Move,
in the coordinates field we specify y = 0.5).
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Figure 2.13

Let's create the middle surface of the platform by its 4 vertices (Figure 2.13). Select Mode -
Geometry, Entity - Vertex, Action - Create, set Coordinates in the drop-down list, enter the X,
y, z coordinates of each vertex of the future surface ([-0.2;-0.2;0.06], [0.2;-0.2;0.06],

[0.2;0.2;0.06], [-0.2;0.2;0.06]), click Apply. Then select Entity - Surface, Action - Create, in
the drop-down list - Vertex list, enter 4 created vertices (Figure 2.14).

9 TH

EIE MR
elrl-las
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] === 5%]e
x|d|

4pply.

Figure 2.14

To get the desired mesh, combine several surfaces into one. To do this, select Mode - Geom-
etry, Entity - Surface, Action - Boolean on the command panel, select Unite, specify the num-

bers of the middle surface of the platform (11) and two neighboring surfaces (6 and 4), click
Apply (Figure 2.15).
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Figure 2.15

The result of the merge will be a surface 4 (Figure 2.16).

Figure 2.16

To exclude duplicated curves from the geometric model, the presence of which is caused by
copying planes, combine the repeating curves Mode - Geometry, Entity - Curve, Action -
Merge, in the Curve I1D(s) field, type all, click Apply (Figure 2.17). The geometric model is
ready.
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Figure 2.17
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Let's create a material named Steel. On the command panel, select Mode - Material, object -
Material Management. Let's give it the Young's modulus properties 2el1l Pa, Poisson ratio
0.3, Density 7850 kg/m3. Click Apply, the created material with the name Steel (Figure 2.18)
should appear in the list of materials.

© Materials management

2]

Properties “ || Material ID Imported material

« Elasticity Steel 1 Steel
4 Hook Material Enter the name of the material Steel GOST 4543-71 (Russia)
Young's modulus Rubber
Poisson ratio Kevlar
Lame modulus Titanium
FarrTraTh Rl 5 x Shear modulus Soil
Mode - Material > Mooney-Rivlin Materia Paorous sail

PN P
t=0 =
EIEIMEYCIEY e e
Entity - Materials Management \nsversely Isotropic Materia Properties |gSigese(Siunio)
Material properties Value
@ 4 General
a
Density Steel
. - 4 Hook Material
Damping coefficient
~ . Young's modulus 2e+1l
Mass damping coefficient
. . - Poisson ratio 0.3
Stiffness damping coefficient
4 General
> Strength
. Plasticity Density 7850
> Hardening
> Thermal
> Geomechanic
[ acpy |

Creating a block with the inclusion of all created surfaces in it, select Mode -Blocks, Entity -
Block, Action - Add, select Surface from the list of entities, type all (Figure 2.19) in the Entity
ID(s) field.
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[] Allow Blacks to Contain Duplicate Elements

©) e

Figure 2.19

Now you need to assign shell properties to the created block (Figure 2.20). Select Mode -
Blocks, Entity - Block, Action - Block properties/parameters, select the created block, Cate-
gory - Sell, Order 1, click Set Shell Properties (Figure 2.20 on the left). In the appeared win-
dow Set Shell Properties (Figure 2.20 on the right), enter Thickness 0.005 m and select the
Steel material, click Apply. Then click Apply in the window for setting block properties (Figure
2.20 on the left).
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Figure 2.20

Let's set the grid construction scheme. When creating a finite element scheme of the plat-
form, nodes are provided at the attachment points of the force elements, through which the elec-
tric motor is located. In order to get the desired FE grid, we determine the size of the finite ele-
ment by specifying the number of elements for each curve (Figure 2.21).

Figure 2.21
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Select Mode - Mesh, Entity - Curve, Action - Mesh, put the cursor in the Select Curves
field, then select the desired curves in the graphical window, select Equal in the drop-down list,
set Approximate Size, enter the desired number of partitions in the Approximate Size field
(Figure 2.22 - Figure 2.25).

Commana Panel s x

aA9< IH

sPH B0 a

Dol we

Mesh

Figure 2.22
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Figure 2.23
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Figure 2.25

To create a surface FE grid with the specified scheme, select Mode -Mesh, Entity - Surface,
Action - Mesh, select 4 meshing scheme SubMap for the combined surface, click Apply
Scheme, Mesh, for the remaining surfaces (1, 2, 3, 5, 7, 8, 9, 10) choose the meshing scheme
Map, then click Apply Scheme, Mesh. (Figure 2.26).
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Figure 2.26

As a result, we obtain a finite element model including 4224 elements of the SHELL type,
the thickness of all elements is 5 mm.

4 nodes are selected as interface nodes at the points of attachment of the platform to the base.
The definition of the idea and description of the purpose of interface nodes are given in Chapter
11 of the UM User Manual (11_UM_FEM.pdf). Create a set of interface nodes Mode - Manage
Set, Entity - Nodeset, Action - Create nodeset, enter NodesetName, select interface nodes
(Figure 2.27).


file:///C:/Users/Krugovova/AppData/Roaming/Microsoft/11_um_fem.pdf
file:///C:/Users/Krugovova/AppData/Roaming/Microsoft/11_um_fem.pdf
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Figure 2.27

Finite element model of the platform is ready.
2.1.3.2. Working in the FIDESYS software using command-line commands

The operation of the FIDESYS program is also controlled by entering commands in the
command line (Figure 2.28).

Wodet Tree | Power Tooks ‘/t
Propertes Page O ~r
Gommand Line & x

Fidaays> |

\_Commanas /i Enror /Y Hisiory Camman: aPaned | MEM

Figure 2.28

Thus, all the actions described in 2.1.3.1 can be performed by a set of commands. Below
there is a list of commands that specify the creation of a finite element model of the platform
with interface nodes. If you want to quickly create a platform model, copy and paste the follow-

ing commands into the command line window (you can copy and paste all the lines at once).

create vertex -0.5 -0.3 0.06
create vertex -0.5 -0.25 0.06
create vertex 0.5 -0.25 0.06
create vertex 0.5 -0.3 0.06

create surface vertex 1 2 3 4
create vertex -0.5 -0.25 0

create vertex 0.5 -0.25 0

create surface vertex 5 2 3 6
Surface 1 copy move z -0.06
Surface 1 copy rotate 180 about vertex 2 3 nomesh
Surface 4 copy move z -0.06 nomesh
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Surface 1 2 3 4 5 copy move y 0.5 nomesh

create
create
create
create
create

create
modify
modify
modify
modify

vertex
vertex
vertex
vertex

-0.2 -0.2
0.2 -0.2 0
0.2 0.2 0.
-0.2 0.2 0

0.06
.06
06
.06

surface vertex 41 42 43 44
unite surface 4 11 6
merge curve all

materi
materi
materi
materi
materi

al
al name '
al set pr
al set pr

al 1 set pr

e e

Steel'

operty 'MODULUS' value 2e+ll
operty 'POISSON' value 0.3
operty 'DENSITY' wvalue 7850

set duplicate block elements off
block 1 add surface all

create shell properties 1

modify shell properties 1 layer count 1

modify shell properties 1 layer 1 thickness 0.005
modify shell properties 1 layer 1 material 1
modify shell properties 1 layer 1 angle O

modify shell properties 1 layer 1 cs 1

modify shell properties 1 eccentricity 0.5
modify shell properties 1 layer direction normal
modify shell properties 1 thickness change on
block 'Block 1' element shell order 1

block 'Block 1' shell properties 1

curve 46 47 48 45 interval 24

curve 46 47 48 45 scheme equal

curve 2 22 32 12 4 36 40 28 8 20 interval 80
curve 2 22 32 12 4 36 40 28 8 20 scheme equal
curve 42 44 interval 32

curve 42 44 scheme equal

curve 13 1 17 21 33 37 25 29 9 5 11 19 7 3 15 23 35 39 27 31 interval 4
curve 13 1 17 21 33 37 25 29 9 5 11 19 7 3 15 23 35 39 27 31 scheme equal

surface 4 submap smooth off

surface 4 scheme submap

mesh surface 4

surface 9 10 2 51 7 8 3 scheme map
surface 9 10 2 5 1 7 8 3 scheme map
mesh surface 9 10 2 5 1 7 8 3
nodeset 1 add vertex 28 6 25 5
nodeset 1 name "InterfaceNodes"

As a result of executing the commands, a finite element model of the platform with interface
nodes will be created, which can be prepared for import, according to 2.1.3.3.

2.1.3.3. Preparing the model for import into the UM software.

To prepare a model for import click Mode - Calculation Settings, Calculation Settings -
External Integration MBD, choose Number of eigenmodes - 10, set OutputFormat - Binary,

naxxumaem Apply, then Start Calculation (Figure 2.29).
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Command Panel & X

[C] use mPI

Settings

Number of eigenmodes 10

@ Lowest

©) Target 0.0

© Interval All values

00 - |00

("] Preload model

Output Format
O Text @ Binary

Data output

@ Forall nodes Only for internal nodes

Figure 2.29

Specify the path to save the task (Figure 2.30).

Save Result File

lookin: [ L. Calemp OO0 0@EE
W My Computer || Name B Size Type  DateModified
& Ol
Flename:  fidesys01pvd
Files of type: [ParaViewDaEFormat{‘.pvd) v][ Cancel ]
Figure 2.30

After the calculation is completed, files with the results will be received with the resuts: ge-
ometry.vtk, res.com, M_CCS.hb, K_CCS.hb containing 24 static forms and 10 eigenforms
corresponding to 10 lower eigenfrequencies, mass and stiffness matrices.

Then run FIDESYS_UM.exe.

2.1.3.4. Data exchange with FIDESYS software

Run the FIDESYS_UM.EXE converter program to create input.fum file. Select the geome-
try.vtk file in the task directory and specify the save directory for the input.fum file.
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It's important! Files res.com, M_CCS.hb, K_CCS.hb must be located in the same direc-
tory as the geometry.vtk file. Assignment of all fields of the FIDESYS_UM.EXE program
window is clear by their names (Figure 2.31).

&) Data import from FIDESYS program *

Geometry file from FIDESYS data directony = vtk

[ ixdding origin directary

Saving data directoty

| =

Create Cloze

Figure 2.31

Perform the data conversion with the Create button. If successful, the input.fum file will be
created in the directory specified in the Directory to save data field.
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2.1.4. Wizard of flexible subsystems

Working with the Wizard of flexible subsystems is described in the Sect. 1.2.2. Now you
should repeat all the instructions from the Sect. 1.2.2. Use the .\platform\input.fum as an input
file for the Wizard. Please, note, that the .\platform\input.fss file should be created after all.

2.2. Creating the model and analyzing its dynamics

Now we will create a new model. From the File menu select New object or click the D
button.

2.2.1. Introducing elastic platform

1. Select Subsystems item in the tree of elements. Create a new subsystem by 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 (Figure 2.32).

24

Name:  Platform + ﬁi
Type: |ﬁ Linear FEM subsystem 'l
Comments,Text attribute C

Figure 2.32.

2.2.2. 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.



Universal Mechanism 10 54 Getting Started: UM FEM
2.2.3. 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 ¥ button.
3. Set name of the new GO to Dampfer (Figure 2.33).

[Lx]

Mame: Dampfer + ﬁ
Comments,Text attribute C
Figure 2.33.

4. Click the button and select parameters of Bipolar GO (Figure 2.34)

b=

Name: Dampfer + ﬁi

Comments,Text attribute C

GO pasitian | Eipolar GO

Figure 2.34

5. Add a new graphic element (GE) by clicking the * at the lower panel (Figure 2.35).

=
Name: Dampfer ,’z’f + ﬁi

Comments/Text attribute C

Description | GO position
Type: +

Figure 2.35.

6. Select Spring type in the pull-down menu (Figure 2.36).
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Mame: Dampfer

Comments/Text attribute C

Description | GO paosition

]

Z + [# G

(none)

Type: |:I + i}
Comme W Polyhedron
@ Elipse
W Box
10 Helix
@ Elipsoid
Jl Cone
F{=:' Parametric
& Profiled
i Z-surface
i Spring
& Link
P Plate
& GO

Figure 2.36.

7. Set Spring parameters as in Figure 2.37.

Mame: Dampfer

Zl+ @ @

Comments,Text attribute C

Description | GO pasition | Bipolar GO

LR

Spring

Type: 3 Spring - + m
[ Do not stretch
Comments Text attribute C

Parameters |Co|ors I GE pasition | Materia||

O Left ® Right

Radius: 0.015 £

Height: 0.05 &

Bar diameter (d): 0,005 c

Mumber of coils: 5 i

Coil discretization: 20 pA|

Bar discretization: 10 pA|
Figure 2.37.
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8. Add a new GE to the GO. Set its type as Cone and parameters as in figure 2.38a.
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B 5
Name: Dampfer + ] Mame: Dampfer + i
Comments Text attribute C Comments,Text attribute C
Description | GO position | Bipolar GO Description | GO pesition | Bipalar GO
Spring Caone Spring Cone Cone
Type: /& Cone - =+ m Type: /A Cone + =+ ﬁ
[7] Do not stretch [C]Do nat stretch .
Comments/Text attribute C Comments/Text attribute C
Parameters | Colors | GE position | Material | Parameters | Colors | GE position | Material|
i : C
Radius (R2):  0.005 c Radius (R2): 0.01
0 : C
Radius (R1): 0,005 c Radius (R1): 0.01
i : C
Height (h): 0.05 C Height (h): 0.02
Number of points Mumber of points
| - +
Bottom dircle: 10 f_/;] Bottom circle: 10 A]
i +
Generatrix: 2 f_A] Generatrix;: 2 A]
. 1 +
Angles: 0.00 A | Angles: 0.00 ] 0.0 M
Closing: ’[none) - ] Closing: [(none) - ]

Figure 2.38. a), b)
9. Add the second GE Cone and set its parameters as in Figure 2.38b. Go to the GE position

tab of the second GE Cone (Figure 2.39) and shift the element on 0.015 along Z axis (the
Translation | z box).

Mame: Dampfer

F+@ @

CommentsText attribute C

Description | GO pesition | Bipolar GO

Spring Cone Cone
Type: /b Cone - + ]
] Do not stretch

Comments,Text attribute C

Translation

X! c
¥ E
z 0,015 £
Rotation

LEE

C
Shift after rotation
x c
¥: £
F & c
Figure 2.39.

10. Set the diffuse and specular components of the Cones color by Diffuse and Specular but-
ton on the Color tab (Figure 2.40a - first Cone, Figure 2.40b - second Cone).
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Mame: Dampferl + fii Name: Dampferl + fii
Comments/Text attribute C Comments/Text attribute C
Description | GO position I Bipolar GO Description | GO pesition | Bipolar GO

Cane Cone Spring Cone Cane Spring

Type: /b Cone - =+ fi Type: /A Cone - + i}

[T Do not stretch [7] Do not stretch

Comments/Text attribute Comments/Text attribute C

| Parameters | Colors | GE position | Material | Parameters | Colors | GE position | Material |

[ Hide Assign to all GE [[]Hide Assign to all GE

. Diffuse . Emissive . Diffuse . Emissive

. Specular Il Arbient Specular [l Ambient

Assign color from list: Assign color from list:

l [ || -

Shininess: | 4 3 Shininess: | < 3

Visible side Visible side

Both @ Front Back _) Both @ Front _ Back
[ wired [ wired
Width of curves: 1 f_A] Width of curves: 1 f_A]
a b
Figure 2.40.

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

Let us introduce several identifiers to set the attachment points:

BeamLength — the length of platform beams;

WidthShelf — the width of connecting shelf;

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 ¥ button.
3. Rename it as Dampfer_FL (forward, left), set element type Viscous-elastic, interacting
bodies BaseO Platform.Platform as well as the Spring_Dampfer GO (Figure 2.41).
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 (Figure 2.43)
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, Figure 2.41:
BeamLength/2, WidthShelf/2 WidthBeamShelfLow/2, 0.
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6. Select Body2 tab. Set coordinates of element attachment points to the second body Plat-
form.Platform (Figure 2.42):
BeamLength/2, WidthShelf/2 + WidthBeamShelfLow/2, O;

Jame: IDaI‘nprF_FL L anar =

—Comments Text attribute C

Jody1:

Body2:

|BaseD

j IPIatForm.pIatForm

Type: I E viscous-elastic

GO IDampfer

Pasition | Parameters

Compute for the 2nd body
[~ Automatic computation for 2nd body

Body1 |Body2|
System of coordinates at pt. A (SCA)

% IBeamLength,.’Z

L I'L"u'idﬂﬁShEIf,.’ZHﬁfidﬂ'uBeamShelﬂ_nw,."Z L I—D.DS

| x| o.00000000

| =] Jo.00000000

| =| |n.unnnnnun

] R

Point B1 - the end of element:

% IBeamLengﬂﬁfz

‘Body1 Body2 |
System of coordinates at pt. B2 (SCE2)

L IWidﬁ'lShEIf,.’z-H"'.n'idﬂ'uEieamShelﬂ_nw,.’z L |

Figure 2.41.
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Figure 2.42.

el [
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x
Mame:
Expression: |1 =
Comment; ILengm of beam of platform
Apply Cancel
Figure 2.43.

7. Let us introduce a stiffness matrix of the element. Select Parameters tab. Click the 1 but-
ton in the Stiffness matrix box (Figure 2.44), set diagonal elements of the matrix corre-
sponding to the translational degrees of freedom (Figure 2.45), and click OK. Set the fol-
lowing identifier values: cxx=1e+6, cyy=1e+6, czz=1e+6 (N/m).

' Position Parameters |

—Stationary force
C I C I C
% Linear " Bilinear
Stiffness matrix: I{DFESEHtEd}I _I
Damping matrix: I{presented} _I
Figure 2.44.
x
_'I:I'EIIIEIIi.b
roordinate-coordinate coordinate-angle
IE C I C I C I C I C I C
[ ® ey a3l S c | a3 5
I T | — — —
—angle-coordinate angle-angle
! - | “ | =0 “ | - | -
! Bl “ | = “ | Bl -
| - “| = “| - -

QK | Cancel

Figure 2.45.

The elastic part of force element is described.

Now let us describe damping part of the front left element.

Let us set dissipative matrix of the element. Select Parameters tab (Figure 2.44). Click the
1 button in the Dissipative matrix box, set the diagonal elements of the matrix corresponding
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to the translational degrees of freedom dxx, dyy, dzz , and click OK ( Figure 2.46). Set the fol-
lowing identifier values dxx=1E3, dyy=1E3, dzz=1E3 (Ns/m).

x|
—Elements
—coordinate-coordinate coordinate-angle
[ I C I [ I [ I C I [
| T favy a3l 2 a3l a3l 5
— —— | E— — —
—angle-coordinate angle-angle
| - | - | =l - | - | -
| - | - | = - | - | -
| - - | =l - - -
OK | Cancel
Figure 2.46

Damping part of element is described.

Create the rest three pairs of force element quite similar to the previous ones. Use the
button to copy the description. Do it in the following manner.
8. Select previously described element of the necessary type, e.g. Spring_Dampfer_FL in the
case of a new elastic element.

9. Click the button to create a copy.
10. Rename the copy, e.g. Dampfer_FR (forward, right).
11. Correct coordinates of attachment points. For the Dampfer_FR 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 (Figure 2.41).
Thus, the full list of force elements connecting the platform with the base must include the
following elements: Dampfer_FL, Dampfer_FR, Dampfer_BL, Dampfer_BR.
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2.2.5. Model of electric motor

We shall not create the model but use the ready model of an electric motor located in the
{UM Data\SAMPLES\Flex\electricmotor directory.

2.2.6. Adding motor to object as a subsystem

1. Select the Subsystems tab in the element list. Add a new subsystem by the * button.
2. Select its type Included and open the {UM Data}\SAMPLES\ Flex\electricmotor model
(Figure 2.47).

x|
Scan the forder: # |
IC:‘-,IJsers‘n,Public‘n,Documents‘n,UM Software LabUniversal Mechanism\ 7\SAMPLES \flex \electricmotor E?IE‘

9l C: Wsers\PubliciDocuments\UM Software Lab\Universal Mechanism\7F\SAMPLES \flex\electricmotor

C:\Users\Public\Documents UM Software LabUniversal Mechanism\ 7\SAMPLES \flex\electricmotor,

0K I Cancel Accept as default

Figure 2.47.

3. Rename the subsystem as Electricmotor.
4.  Set the subsystem location as in Figure 2.48.


../../SAMPLES/Flex/electricmotor
../../SAMPLES/Flex/electricmotor

Universal Mechanism 10 62

Mame:  Electricmotor -+ ﬁ_?i

Type: [ included - ]
Comments/Text attribute C

’ Edit subsystem ]
| General | Position |Identiﬁers
Translation
Xt c
y: -0.0148 c
= 0.13 c
Rotation

-90,00000000 pA|

[:] 0.00000000 %l
E] 0.00000000 |

Translation after rotation

M ¢
y: £
. ¢

Figure 2.48.

Getting Started: UM FEM
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2.2.6.1. Setting angular velocity of the rotor

Let us set the law for angular velocity of the rotor as it shown in Figure 2.49. 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 Figure 2.49.
The law from Figure 2.49 is parameterized with the help of six identifiers, see Table 1.

Q)
omega_________
| |
| |
| |
| |
| |
| |
| | t
C Y_/\ ~ N— ~— A ~ J
tstart  tspeeding_up tworking tbraking
Figure 2.49. 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 tbraking Time of braking mode, s
1. Click the Edit subsystem button to edit the Electricmotor subsystem, see Figure 2.48. 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
(Figure 2.50.) This time function is set as time-table of 5 rows, see Table 2 and Figure 2.50.

Table 2
Time-table for the rotor
Ne | Time interval Expression
1 | Tstart 0
tstart+tspeeding_up (omega/tspeeding_up)*sqr(t-tstart)/2
tstart+tspeeding_up+tworking (omega/tspeeding_up)*sqr(tspeeding_up)/2+ ome-
ga*(t-tstart-tspeeding_up)
4 | tstart+tspeeding_up-+tworking+ (omega/tspeeding_up)*sqr(tspeeding_up)/2+ ome-
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tbraking

ga*tworking+omega*(t-tstart-tspeeding_up-
tworking)-(omega/tbraking)* sgr(t-tstart-
tspeeding_up-tworking)/2

5 | 100

(omega/tspeeding_up)*sqr(tspeeding_up)/2+
ga*tworking+omega*(tworking)-
(omega/tbraking)*sqr(tbraking)/2

ome-

MName: jRotor-=Body

Body1:
Rotor

Body2:

j Body j

Type: [ % Generalized

1€ |rRey |RT™ |1

Enabled

ET type: [ )I rt (rotational t-function)

Comments,Text attribute C

Transformation vector

[ais %= (1,0,0)

ex: 1

ey: 0

ez 0

Type of description
() Expression

() Function

@ Time-table

A=

T

tstart

tstart+tspeeding_up
tstart+tspeeding_up+twarking

100

4.

Function of time
1]
{omega/tspeeding_up) *sqr{t-tstart)/2

(omega/tspeeding_up)*sgr{tspeeding_up)/2 +omega*{t-tstart-tspeeding_up)
tstart+tspeeding_up-+tworking+tbraking  (omega,tspeeding_up) *sar (tspeeding_up) /2 +omega *tworking +omega *(t-tstart-tspeeding_up-tworking)-{omega/tbraking) *sar (t-tstart-tspeeding_up-twarking) /2
(omega/tspeeding_up)*sqr{tspeeding_up),2 +omega*tworking +omega *{tworking)-{omega/tbraking) *sqr{tbraking)/2

() File
() Curve

Figure 2.50.

Close the constructor window of the Electricmotor and come back to the composite model.
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2.2.7. 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 Figure 2.51.

=4
Mame: Dampfer_Motor_BL + ﬁ
Comments,Text attribute C
Body1: Body2:
Electricmotor . Body ﬂ Platform.platform j
Type: | = viscous-elastic v|
GO: |Dampfer - |
Position | Parameters
| Compute for the 2nd body
Automatic computation for 2nd body
Bodyl | Body2
System of coordinates at pt. B2 (SCB2)
Ty -0.0875 £ 0.075 C .08 &
X v | -80.00000000 pA|
- | 0.00000000 bA
~ | 0.00000000 pA|
Figure 2.51.

Table 3 contains coordinates of attachment points of elastic and damping force elements real-
izing the coupling.

Table 3.
Force element Electricmotor.Body Platform.Platform
X Y 4 X Y Z
DamperMotorFL, 0 0.05 -0.06 0 0.075 0.06
DamperMotorFR 0 0.05 -0.06 0 -0.075 0.06
DamperMotorBL -0.0875 0.05 0.0899 -0.0875 0.075 0.06
DamperMotorBR -0.0875 0.05 0.0899 -0.0875 -0.075 0.06

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 (Figure 2.51), 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 (a) and dissipative matrix of the element (b)
as it is shown in Figure 2.52.
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x

_'I:I'Elllclli.b

—coordinate-coordinate coordinate-angle

(SR | gl S | ol c

| c Iu:Sﬁf'ﬁl::ngimdil': | c | c | c | c

I C I C Iu:Sﬁf'ﬁateraI C I C I C I C

—angle-coordinate angle-angle

! - - = - - -

! Bl Bl = Bl Bl -

| “| “| = “ “ -
oK | Cancel |

a)
x
_'I:I'EHIEHL:}
—coordinate-coordinate coordinate-angle
cdisslateral kS I c I C I C I C I =
I £ chisslnngimdir': I £ I C I C I C
I E I E chisslateral E I C I C I C
—angle-coordinate angle-angle
! > > = - | - | -
! - - = - - -
| “| “| = “ “ :
K | Cancel
b)
Figure 2.52.

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

2.2.8. 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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2.2.9. Simulation

Let us compute the vertical components of forces in force elements coupling the electric mo-
tor 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 displace-
ments and accelerations of a center of plate under the electric motor as well.

Run the UM Simulation with the F9 key or by clicking the b button on the tool panel.
Open a new animation window to visualize the simulation process,

Tools | Animation window....

Use the Analysis | Simulation... menu command to open the Object simulation inspector.
Use the FEM Subsystems | Image tab of the Object simulation inspector to change the
flexible platform image if necessary.

o bk w0
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2.2.9.1. 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 Static and linear analysis... or press the F8 key. Window

of linear analysis appears.

3. Select the Equilibrium tab. Start the calculation by the Run computations button, Fig-

ure 2.53. Calculation process might take some time.

@ Static and linear analysis

Q| &8 B E &

Equilibrium |Frequendesfﬁgenvalues I Root lacus I Linear vibrations I Identifiers I Initial conditions I Options I

- (0] ]

Dependence on parameter = A Eﬂ - |=i“| =X Name Ivibrnstand
Identifier I j Ho name |
Limits I 0 Mame | Comment |
| 0
Count |1 _ﬁ
[~ skip animation during computation of equilibrium
Figure 2.53.

Now we need to save current coordinates, which correspond to the found equilibrium posi-

tion, to a file of initial conditions.

4. Select the Initial conditions tab. Click the = button 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 equilibri-

um position.
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5. Select the Frequencies/Eigenvalues tab. Natural frequencies of the model are calculated

after selecting button < Figure 2.54. You can change Amplitude and Rate of the anima-
tion of vibrations.

@ static and linear analysis H=] E3
o > g8 E %
'Equilibrium Frequencies/Eigenvalues |Root|ocus I Linear vibrations I Identifiers I Initial conditions I Options I

[¥ Frequencies and modes [~ Eigenvalues

f(Hz) | = | ¥ Use zero velodities

1 21.832 __| I skip damping matrix

2 IFrequencw’Damping ratio j
B 28.6932 ISu:urt by: frequency j
4 53,4893

5 56.1035

6 69,3638

7 71,2595

3 73,1127

9 93.8619

10 107

11 121,751

12 123.682

13 127.068

14 133.4

15 155.04

16 186,267

17 195,353

18 196,268

19 210,048

-

Animation of modes <“—>

Amplitude | |

Rate | |

Figure 2.54.

6. You can see eigenmodes of the model in the animation window. To see an eigenmode just

[ 3

select it in the list and click the Run button . Now you can see that the animation win-
dow shows any selected eigenmode of the model. For example, animation of second
eigenmode, 24.0617 Hz is shown at Figure 2.55. To stop animation click the Stop but-

n
ton
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IE Animation window

=] 5
@Wi[o;a\@@mbmﬁ\@ N t’:i|;|’%| ® | @

\
|
|

Figure 2.55. Animation of second eigenmode, 24.0617 Hz

Close the window of Linear analysis.

2.2.9.2. Integration of equations of motion
1.

Open the Wizard of variables (the Tools | Wizard of variables menu command) and cre-
ate variables for Z components of linear force elements DamperMotorBR Figure 2.56.
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X

Expression I FE Sensors I Reactions I Coordinates I Solver parameters I All forces I Identifiers I

Variables for group of bodies

Linear forces

= [m] vibrostand_eng_edition

-] Dampfer_FrR (Basel, platfor
- [] Dampfer_FL (Based, platfor
- [] Dampfer_ER (Basel, platfor
- [_] Dampfer_BL (Based, platfor
-] DampferMotor_BR. (Body, pl
DampferMotor_EL (Body, pli
-] DampferMotor_FL (Body, pl
-] DampferMotor_FR. (Body, pl

1 |

2

Selected

Joint forces I Angular variables I Linear variables

IDampferMu:utn:ur_EiL

—Type

{* Force 8 Torgue 8 Disp-la::emar' Rotation
Component

X = Magnitude

(i ™ Vector

i~z = Dynamic ratio

—Resolved in 5C of body

Basel

Acts on...
{* body 1: Body

™ body 2: platform

IF (DampferMaotor_BL):z

"IGeneraIized linear force element (DampferMotor_BL) Force, pro tﬁ |

Figure 2.56.

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

3. Drag the created variables into the graphical window by the mouse.

4. Let us select some node of the FE 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 Figure 2.57.
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.Sul'uerl Identifiers I Initial conditions | Object variables I KVA I Information FEM subsystems |T:m|s |
Subsystem:  Platform
General I Simulation Image |50Iuﬁun|

Image
" simplified * Full

Options | Color |

—Image parameters
[¥ Draw nodes

W Draw finite elements
|_ Contour
[™ Bounds are not visible

[ Draw local coordinate system (SC)
-

rSizes

Mode image:
Beam curve width:

Single node FE;

el

Length of local axes: oo %

Integration Message Close

Figure 2.57.

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 posi-
tion and acceleration of the node 3941 with approximate coordinates (0.05; 0; 0.06), see
Figure 2.58, Figure 2.509.

Note. You can plot position and acceleration of any node you want. The only infor-
mation 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 Figure 2.58.

6. Select Wizard of variables and create variable for calculation stress component SX1 of
node 3941 with approximate coordinates (0.05; 0; 0.06), see Figure 2.60.

7. Create two new graphical windows (Tools | Graphical window...) and drag and drop just
created variables to these windows separately.
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Animation window [_[O0]

@Ak OSPen @D w|[w e a

|Node 3941 r=(0.05 : -2.0816682E-0017 : 0.06)  [Platfarm

Figure 2.58.
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B Wizard of variables X|

Expression I FE Sensors | Reactions | Coordinates I Solver parameters | All forces I Identifiers I
Variables for group of bodies | Linear forces | Joint forces I Angular variables  Linear variables

= [@] vibrostand_eng_edition | Selected |
E} Platform Ipﬂatﬁarm
: platform —Coordinates of point in the body-fixed frame of reference
=[] Electricmotor
[ Body | 0.05 | o | 0.06
,. I:l Rotor —Typ\-_-
- cover " Coordinate ™ Bipolar vector
= Velodty " Bipolar velodty
f+ Acceleration " Bipolar acceleration
_C\.ﬂllw Iclli.
x oy i z Clgv] T —
—Resolved in 5C of body
IEaseU j J
a:z{Platform.platform) "I.ﬁ.::celeratinn of point (0.05,0,0.08) of body Platform.platform r :
r:z(Flatform....
a:z(Platform....

Figure 2.59.
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Variables for group of bodies I Linear forces I Joint forces | Angular variables I Linear variables

Expression

FE Sensors |

1

00000000®00000(
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3945,
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3949
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Mode 3941
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Selected

|

Reactions I Coordinates | Solver parameters | All forces | Identifiers

|3'5I41. Mode 3941 ( 0,050, 0.000, 0,060)

Stresses | strains |

nd of solution
* podal " Elemental

Element groups: Component:

| 1. sHELL 181 (3601, 3800, 35¢ 7| [sx1

[

esolve in the system of coordinates
IL-:n:aI SC of subsystem

ISKI_N_N3941_GrDupFE3GD:l |||Cc:mpu::nent 5¥1 of stress, Platform. 3941, MNode 3941 { 0.050, 0.0(

SX1_N_N394...

e Solver = Park;
e Type of solving = Range Space Method (RSM);

Simulation time = 10.0;
Step size = 0.002;
Error tolerance = 1E-8;
Computing Jacobian Matrices = ON (always for flexible subsystems);
Block-diagonal matrices = OFF.

Figure 2.60.

Set the solver parameter on the Solver tab of the inspector as in Figure 2.61:
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Object simulation inspector

Solver |Idenﬁﬁers I Initial conditions I Object variables | KVA | Information I FEM subsystems | Tools |

 Simulation process parameters | Solver options | Type of coordinates for bodies |

—Solver ~Type of solution
" BDF
{~ ABM ™ Mul space method (NSM)
* Park method
i~ Gear 2
i RK4 {* Range space method (RSM)
i~ Park Parallel

Simulation time 10.000 ﬂ
Step size for animation and data storage
Error tolerance

[ Delay to real time simulation

| Keep system matrix decomposition
¥ Computation of Jacobian
[ Blodk-diagonal Jacobian

Integration Mezsage Close

Figure 2.61.

9. On the FEM subsystems | Simulation tab switches gravity, internal dissipation as well as
linear model should be ON. Set a=0.001, b=0 (Figure 2.62).
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Dbject simulation inspector

Salver I Identifiers I Initial conditions I Object variables | AVA | Information FEM subsystems |Tuu|s I
subsystem:  Platform

............................ o

‘General | Simulation | Image | Solution |

Options I Damping |

—General

¥ Gravity
[~ Switch off all flexible modes

Calculation of initial conditions
[T Fix modal coordinates

Dbject simulation inspector

Solver I Identiﬁersl Initial conditions | Object variables I XVA I Information FEM subsystems |Tuuls |

subsystem:  Platform

"General Simulation |Image I Solution |

Options  Damping |
Diamping

[+ Internal dissipation

~Type of definition
¥ Linear model

" Damping ratio for each mode

—Linear model
D=aC +bM

a: 0.001 LY T 0 n

—Damping ratio for each mode

Calculate
M Freguency [Hz] [ramping ratio
i | 3
Set to all
Integration | Message Close
Figure 2.62.

10. Select the Identifiers tab in the Object simulation inspector. Select the Vi-
brostand.Electricmotor from the pull-down list of subsystems. Set the following values
(Figure 2.63):

e nu=1620 (27 revolutions per second);
e tstart=0.5;

e tspeeding_up=2;

e tworking=3;
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e tbraking=4.

Note. Rotational speed of the rotor exceeds two first natural frequencies of the vi-
brostand that is why there will be resonance conditions during speeding-up the
rotor.
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Object simulation inspector
‘Splver Identifiers |Iniﬁal conditions I Object variablesl EAT:Y I Inﬁarmaﬁunl FEM subsystems I Tools I

List of identifiers |Ider11jﬁer contral |

= E | ; 5‘7 ) I}:.ril:uru:ustand_eng_ediﬁu:un.EIE::t'iU'nu:ub:ur j
Whole list |
Mame Expression Value Comment
w 1.0000000E +& Lateral stiffness of mount elen
cstifflongitudinal | 1.0000000E +6 Longitudinal stiffness of moun
cdisslateral 1000 Lateral dissipation of mount el
cdisslongitudinal | 1000 Longitudinal dissipation of mou
i 1620 Mominal angular velodty of the
omega nu=2*pifa0 169,646 Mominal angular velodty of the
tstart 0.5 Time before speeding up, s
tspeeding_up 2 Time of speeding up mode, 5
twarking 3 Time of working mode, s
tbraking 4 Time of braking mode, s
Integration Message Close
Figure 2.63.

11. Start the simulation process by the Integration button on the bottom part of the inspector.
Figure 2.64 depicts some simulation results.
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Olive - Deflections of platform points =10 =|

Variables |
.r:z[F'Iatfc:rm.pIath:rm]l - Coordinates of point (2.05,0,0.06) of body Platform. platform relative to Basel, 5C Ba...

Deflection, mm

Time, s
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=
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Variables |
.F[DampferMI:ub:ur_BR]l:z - Generalized linear force element (DampferMotor_BR) Force, projection 2
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_iBix]

Variables |
.S}{ 1 M_M3941_GroupFE3601 - Component 5X1 of stress. Platform. 3941, Node 3941 ( 0.050, 0.000, 0.0&0)...

ol
D— 1
= sl 1 o0 L o mn o o et II|...|| i | i
ur 0 z 4 £ B i i}
ul
a |E‘
=]
i
Time, s
4,453 5290000 Ey=6 | L
Figure 2.64.

To estimate the influence of the platform flexibility, the following operations could be done.
12. The option switch off all flexible modes should be on (Figure 2.62).
13. Run simulation.
14. Copy variables in graphical windows as static using popup menus (contact menu in a graph-
ical window, Copy as static variables menu item).
15. Change the option switch of all flexible modes to off (Figure 2.62).
16. Repeat the simulation.
17. Compare simulation results.



