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Getting Started Using UM: UM Durability Module

This manual leads you through an example of using UM Durability module. It is supposed
that you already have studied the gs_UM.pdf* manual, which is devoted to basics of UM model-
ing and know how to create a new model, add new bodies and joints, generate and compile equa-
tions of motion (UM Input) and simulate mechanical systems (UM Simulation), as well as
gs_UM_FEM.pdf?, which is devoted to introducing flexible bodies into UM models.

In this manual we will consider all steps of an example of stress loading and durability analy-
sis in Universal Mechanism. We will run some simulations of dynamics of this system and then
having results of these simulations will estimate its stress loading and life time.

The example of analysis of stress loading and durability properties of the vibration table il-
lustrates the general sequence of operations with the help of UM Durability module. In this ex-
ample the common S-N method for durability prediction is used.

Compatibility

Before coming to the rest part of the manual please check if UM Durability 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.

Copyright and trademarks

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

Copyright © 2016 Universal Mechanism Software Lab. All rights reserved.

All trademarks are the property of their respective owners.

! www.universalmechanism.com/download/90/eng/gs um.pdf
2 www.universalmechanism.com/download/90/eng/gs um fem.pdf



gs_um.pdf
gs_um_fem.pdf
http://www.universalmechanism.com/download/90/eng/gs_um.pdf
http://www.universalmechanism.com/download/90/eng/gs_um_fem.pdf
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1. Introduction

The present paper describes the CAE-based durability analysis that is being implemented in
Universal Mechanism software to predict the fatigue damage of parts of mechanical systems.
The dynamic simulation of parts is performed using Universal Mechanism. Flexible body repre-
sentation is considered using external finite element (FE) software. The present version of UM
supports two FE software — ANSYS and MSC.NASTRAN. The final durability post-processing
analysis is performed using the UM Durability module.

The analysis starts with the dynamical hybrid model in Universal Mechanism. The flexibility
characteristics of the structural parts are incorporated into UM model using a modal formulation
based upon component mode synthesis. Basically, this method represents the part’s flexibility
using a modal basis, which is optimized to account for constraint and force locations. The mode
shape displacements and stresses are calculated using the finite element programs ANSYS or
MSC.NASTRAN.

The UM Durability module combines the stress time history information generated during
series of numerical experiments in UM and the material fatigue strength characteristics to gener-
ate the predicted life distribution in the part.

Any durability analysis relies on three key inputs:

e stress loading data — time history of the stresses;

e material data — how the material reacts to repeated stress application at various stress lev-

els;

e durability parameters calculation method.

By employing the full finite element representation of the component in the UM model, the
local stresses are directly obtained as result of the UM solution. In the UM FEM module, flexible
body deformations are modeled as a linear combination of mode shapes. As long as the number
of mode shapes selected adequately the modal superposition will model deformations accurately
and efficiently.

The idea that the deformation of a flexible body can be represented by the sum of a number
of mode shapes, scaled by appropriate factors, can be extended to stresses in the body as well.
These factors, or modal coordinates, can be used as the scaling factors on the stress solution of
each mode shape and the superposition of these scaled stresses represents the body’s instantane-
ous stress state. If the superposition is performed at every node in the finite element model, for
every time step in the UM solution, the stress time history is defined at every location.

Using the UM FEM tools the modal coordinate time history can be saved for every numerical
simulation in UM. Based on this modal time history and file with orthonormalized mode shapes
from ANSYS or MSC.NASTRAN the stresses at every node can be obtained.

When UM Durability is started, the user is prompted for the location of modal coordinate
time history files and orthonormalized mode shapes files, then the type of analysis required and
the material data to be used.

With all of the parameters set, UM Durability performs the stress at every node, and then
proceeds to multi channel peak/valley extraction and rain flow cycle counting, followed by the
damage sum.
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UM Durability post
processing
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Figure 1.1. Workflow
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2. Platform

Creating UM-model of the considered system is discussed in details in the Sect. 3 of
gs_UM_FEM.pdf and consists of an electric motor and an elastic platform. Only questions of
fatigue analysis are considered here. Please download the ready-to-use model we will work with
and extract it into any directory. Use the following Ilink to download:
www.universalmechanism.com/download/90/eng/vibrostand.zip®. In this manual we will address
the directory with this model as {UM Data}\ SAMPLES\Durability\Vibrostand.

*In comparison with the model described in the Sect. 3 of gs_UM_FEM.pdf this model has refined FE-mesh for
more accurate results


gs_um_fem.pdf
http://www.universalmechanism.com/download/90/eng/vibrostand.zip
file://///UMSTORAGE2/public/Projects/UM%20Manual/Samples/Durability/Vibrostand/input.dat
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2.1. Model description

The object of this research is an elastic platform, used by the support of the electric motor,
see Figure 2.1. The aims of investigation are stress loading parameters calculation (such as stress
values, stress amplitudes, etc.) and an estimation of fatigue strength of the elastic platform.

This FEM model of the elastic platform includes 3456 elements of SHELL63 type. Width of
all elements is 5 mm. 24 static modes and 10 eigenmodes are used for the motion description.

The motor and platform suspensions consist of 8 viscous-elastic and 8 dissipative linear forc-
es.

Figure 2.1. Vibration table model

2.2. Workflow

According to Figure 1.1, having the prepared UM hybrid model we need to run number of
numerical experiments and then based on their results obtain estimation of damage sum and life
prediction.
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2.3. Dynamical analysis

To obtain results for further durability analysis we need first to perform some numerical ex-
periments with this model.
Start UM Simulation program and load the Vibrostand model that you just extracted from
the downloaded archive.
The model includes three modes: speeding up, stable work and braking operation regimes of
the vibration table. Angular velocity of the rotor of the motor is changed according to the law,
shown in 2. Basic model parameters are presented in Tablel.

()
omega__ _______
| |
| |
| |
| |
| |
| |
| | t
C Y_/\ ~ JI\ ~— /I\ ~ J
tstart  tspeeding_up tworking tbraking
Figure 2.2. Angular velocity of the rotor
Tablel
Basic model parameters
Model Comment Value
Nu Nominal angular velocity of the rotor (r.p.m.) 1620
omega Nominal angular velocity of the rotor, rad/sec 169.6
tstart Time before speeding up, sec 0.5
tspeeding_up  Time of speeding up mode, sec 2
tworking Time of working mode, sec 3
tbraking Time of braking mode, sec 4

Now we will run one numerical experiment and save stress data for the further durability
analysis.

1. Load configuration file of the model Vibrostand-configuration.icf (File—>Load configura-
tion)

2. Select the tab FEM | Simulation | Settings, check the field Save modal coordinates and se-
lect a location for the results file storage (.tmc and .imc files). By default, the selected direct
tasks and flexible subsystem name (Platform.tmc and Platform.imc).
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Object simulation inspector

| Solver I Identifiers I Initial conditions I Ohbject variables I KA I Information | FEM subsystems | Tools
Subsystem:  Mnatdopma

[ General | Smulation | fmage | Solution
Options | Damping
General

Gravity

|| switch off all flexible modes

Calculation of initial conditions

|| Fix modal coordinates

Storing
Store values of modal coordinates

Destination

) Memory i@ File

File: locumentsium software lab'universal mechanism\g\samples\wibrostand \Platform,imd]

=l (F

’ Integration " Message ][ Close

Figure 2.3 Saving history of changes of modal coordinates

3. Select Solver tab and start Integration®. During the numerical simulation Platform.imc and

Platform.tmc files will be written to the directory of the model.

4. Click Interrupt in the Pause inspector and Close in the Object simulation inspector.

To make simulation process faster minimize animation window.
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2.4. Stress loading analysis

1.
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From the Tools menu select Durability wizard.... Stress loading and durability analysis

wizard main window appears, see Figure 2.4. An empty project will be created automatical-
ly.

X Stress loading and durability analysis wizard

= B R

General | Stress loading analysis I Durability analysis |

Project: | Stress loading and durability analysis project

o & s

Creation data: 02.09.2016 12:44:58
Last save: 02.09,2016 12:44:58

Close

Figure 2.4. Durability wizard window
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2.4.1. Load cases description

Operational conditions of the object can be described with the 3 load cases, which can be
picked out from the results of the previous dynamics analysis.

Select the Stress loading analysis | Source data | Loading regimes tab.

2. Click the ¥ button to add the Platform.tmc file three times, see Figure 2.5. The first loading
of the file will take more time than further ones, due to flexible subsystem loading time
study.

X Stress loading and durability analysis wizard =N SR ===
= B. =

General | Stress loading analysis | Durability analysis |

Source data |5ensor aroups I Settings I Calculation I Results|

Data source type [Modal coordinate file(s), {*.tmc) i

Object | Loading regimes | Realizations | Limits

+ ]
Mo Caption Directory File name
1 EPIatFarm.h‘n | Cr\Users'Public\DocumentsiUM Software Lab'Universal Mechanism\8\SAMPLES \Vibrostand),  Platform. tme

2 Platform.tmc  C:\Jsers'Public\Documents UM Software LabUniversal Mechanism'\8\SAMPLES\Vibrostand,  Platform. tmc
3 Platform.tmc C:\Users\Public\DocumentsUM Software Lab\Universal Mechanism\8\SAMPLES \Wibrostand,  Platform.tmc

Close

Figure 2.5. Adding of load cases
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Load cases captions editing

Let us edit load case captions to make them more definite and clear.

1. Edit captions of load cases in the directly grid as it is shown in Figure 2.6 or load captions
from the LoadCasesCaptions.lcc file using the context menu, see Figure 2.6.

X Stress loading and durability analysis wizard (=5
= B B #

General | Stress loading analysis |Durabilitp analysis|

Source data |Sensor aroups I Settings I Calculation I Results|

Data source type [Modal coordinate file(s), (*.tmc) i
| Object | Loading regimes |Realizations | Limits
+ i

Mo Caption Directory File name
: C:\Wsers'\Public\Documents UM Software LabYJniversal Mechanism'\8\SAMPLES Wibrostandl,  Platform. tmc

2  Stable work  C:\Users‘\Public\Documents{UM Software Lab\Universal Mechanism'\8\SAMPLES \Wibrostandl,  Platform. tmc

3  Braking C:\Wsers'\Public\Documents\UM Add... Ins \Vibrostand Platform.tmc

Copy
Delete

Lead values from file...

Save values to file...

Cloze

Figure 2.6. Load cases captions editing
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Inspecting the object to analyze

1. As soon as you load at least one load case you can see your FEM object at the
Stress loading analysis | Source data | Object tab, see Figure 2.7.

X Stress loading and durability analysis wizard =N EoR ™<=
= B.| =

General | Stress loading analysis |Durability analysis|

Source data |Sensor aroups I Settings I Calculation I Results|

Data source type [Modal coordinate file(s), {*.tmc)

Object |Loading regimes IReaIizaﬁons |Limits |

253} ‘ @.\ [{g -{R ‘ Q‘F @ (;I? B= R ‘ @ - ‘| |GeneraI|Position| Image |So|ution|

Image
() Simplified @ Full

Options | Color

Image parameters
[| Draw nodes

Draw finite elements
|:| Contour

|| Bounds are not visible

[ braw local coordinate system
|:| Draw coordinate systems

Sizes

MNode image: 3 Z]
Beam curve width: 3 "_A]
Single node FE: 5 Z]
= Length of local axes: 1.00 "'_A]

Cloze

Figure 2.7. FEM model of the frame
Stress time history plotting

Stress histories, used in description of the load cases, must be representative. Let us plot
stress time history at the nodes 3773 and 259°, for example, see Figure 2.8.

1. Select Stress loading analysis | Source data | Realizations tab.
2. Select Unsigned von Mises by principle stresses on the left.

3.  Set Node number to 3773 and Calculate. The field % below becomes enable as soon as
you calculate stress time history to show.

4. Open a new graphic window and just drag the right bottom field to the graphic window.
5.  Repeat 3-4 for 259 node.

> Lately we will observe that nodes 3773 and 259 are placed in the most loaded areas of the frame
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X Stress loading and durability analysis wizard (=R
= BE.| =

General | Stress loading analysis |Durability analysis|

Source data |Sensor groups I Settings I Calculation I Results|

Data source type [Modal coordinate file(s), (*.tmc) -

| Object | Loading regimes | Realizations | Limits |

Select stress combination fou can evaluate and plot stress time histories at any
Ab . sensor for the defined load case.

- Max. Abs. principle stress Select stress type, load case and node number and
(") Max. principle stress drag the marked field to graphical windows.

in. prindple stress

@ Unsigned von Mises by principle stresses

. Load case:
() Unsigned von Mises by normal and shear stresses .
() X normal stress ’1- Speeding up -
) ¥ normal stress Sensor number:
() Z normal stress 3773 ‘m Calculate

() %-¥ shear stress
() ¥-Z shear stress

%l To plot the stress time history drag over
() Z-X shear siress

this field to a graphic window

Stress time history evaluation algoritnm
(@ mean values from finite elements

() finite element with maximum RMS

Figure 2.8. Stress time history for node 3773 plotting
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You can clearly see well-defined stages of speeding up, stable work and braking modes on
the plots, Figure 2.9.

Button Face =N ===

Variables

7] llMode 3773; SEQV1;Platform. tme
.Node 259; SEQV 1;Speeding up

L ' . T
L |||.||I. : ”Ill”liu“”
bV ' TN
Figure 2.9. Stress time history at the nodes 3773 and 259
Time intervals of stress histories setting
1. According to Figure 2.9 let us define time intervals for load cases as it is shown in Fig-

ure 2.10.
2. You can input values manually or load from the Timelntervals.int file, Figure 2.10.
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Ca5 10a0

=B B

ES|

General | Stress loading analysis |D|_.rd_ﬂt\ranalvss|

Source data | Sensor groups | Settings | Calculation | Results |
Data source type [Modal coordinate file(s), (*.tmc) kA
| Object | Loading regimes [ Realizations | Limits |

Ma Caption Left bound (seconds) Right bound (seconds)
1 Speeding up 0.5 2.801

2 Stable wark 5.5

3 Braking 5.5 10

Save values to file...

Load values from file...

Set current values for all load cases

Figure 2.10. Time intervals
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2.4.2. Sensor groups initialization

As soon as quantity of finite elements of the frame scheme is not great let fulfill stress load-
ing analysis for all FE-nodes. Therefore, let create sensors at every node of the flexible platform.

1. Select the Stress loading analysis | Sensor groups. Node group All FEM nodes was creat-
ed by default, see Figure 2.11.

General | Stress loading analysis | Durability analysis |
Source data | Sensor groups | Gettings | Calculation | Results |

+ 0]
Group caption Sensor count Stress combination
All FEM nodes 4749 21MOn

Add sensor group... Ins

Group properties...

Remove sensor group Del

Figure 2.11. Sensor group All FEM nodes initialization

2. Double click on the All FEM nodes caption in the list or select the Group properties...
item of the group popup menu, see Figure 2.11.

3. Sensor group properties window will be opened. Select the Node list tab to look at node list
of the group, see Figure 2.12.

Node group [All FEM nodes] =28
| Properties | Mode list |5tress mmbinaﬁun|

Group node list

Mode 1 Mode 14 Mode 27 Mode 40
Mode 2 Mode 15 Mode 23 Mode 41

Mode 3 Mode 16 Mode 29 Mode 42

Mode 4 Mode 17 Mode 30 Mode 43

Mode 5 Mode 18 Mode 31 Mode 44

Mode & Mode 19 Mode 32 Mode 45

Mode 7 Mode 20 Mode 33 Mode 46

Mode 8 Mode 21 Mode 34 Mode 47

Mode 9 Mode 22 Mode 35 Mode 43

Mode 10 Mode 23 Mode 36 Mode 49

Mode 11 Mode 24 Mode 37 Mode 50

Mode 12 Mode 25 Mode 38 Mode 51

Mode 13 Mode 26 Mode 39 Mode 52

4 [ b

| ok || cancl

Figure 2.12. Node/sensor list of the All FEM data group



Universal Mechanism 10 18 Getting Started: UM Durability
Stress combination
4.  Select the Stress combination tab, see Figure 2.13.

5. Set the Select stress combination field to the Unsigned von Mises by principle stresses.
6. Set Stress time history evaluation algorithm® to the mean value from finite elements.

Node group [All FEM nodes] &J

| Properties | Mode Iistl Stress combination |

Select stress combination

() Max., Abs. principle stress
(7 Max. principle stress
(71 Min. princple stress
@ Unsigned von Mises by principle stresses
(71 Unsigned Misec by normal and shear stresses
(7 % normal
(7)Y normal
7 Z normal
(7 X-Y shear
(71 ¥-Z shear
) Z-¥ shear

Stress time history evaluation algaorithm
@ mean values from finite elements
() finite element with maximum RMS

Adjust for all node groups

Ok ] ’ Cancel

L A

Figure 2.13. Stress combination setting for All FEM nodes group of sensors

7. Click Ok to save changes to Node group [All FEM nodes] description.

6 Every node of FE mesh generally can belong to several finite elements. This option indicates how to calculate
stresses in nodes when they belong to several finite elements



Universal Mechanism 10 19 Getting Started: UM Durability

2.4.3. Stress load evaluation settings

1. Select tabs Stress loading analysis | Settings | General and Stress loading analy-

sis | Settings | Settings for carriage-building method, and set the following evaluation op-
tions, see Figure 2.14.

X Stress loading and durability analysis wizard
= B. =
General | Stress loading analysis | Durability analysis |

| Source data I SEensor groups | Settings |Calculatior| I Results|

General | Additional

[o s

Filtration

[T Loading process filtering Set filter parameters

Schematization

Schematization algorithm [Rainﬂow method w7 ]
Distribution calculation method [#.utodetecﬁon of a stress interval width V]
Stress interval width (MPa) 0.00001

Interval count 32ﬂ

[ 1gnore cydes with amplitudes less than half a stress interval width

X Stress loading and durability analysis wizard
= B. =
General | Stress loading analysis | Durability analysis |

| Source data I SEensor groups | Settings |Calculatior| I Results|

Additional

Central frequence evaluation
By count of intersections with average value

[o s

[ Estimation by integral over spectrum:
Top frequence for integral (Hz) 25 _@

Figure 2.14. Stress loading evaluation parameters
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2.4.4. Save project to file

1. Use the ¥ bottom in the top left corner of the Stress loading and durability analysis
wizard to save project to file.
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2.4.5. Stress loading data calculation

1. Select Stress loading analysis | Calculation tab.
2.  Click the Calculate button.

Source data verification will be fulfilled automatically. Then the stress loading evaluation
will start.

Progress bar indicate stages of the calculation process, see Figure 2.15. It might takes about
10-30 minutes depending on computational power of your computer’.

Use the ¥ bottom placed more to the right from main status bar to display bars of additional
data.

X Stress loading and durability analysis wizard - C\Users\Public\Documents\UM Software Lab\Uni... El@
= B B =
General | 5tress loading analysis | Durability analysis |

| Source data I Sensor groups I Settings | Calculation |F‘.esu|ts|

Protocol

P LB T S NI O B PO I ¥ ¥ R T St S L S

Critical errors not found v

13:15:25
Stress loading parameters evaluation processing. . .

[ Recalculate ] [Stop calculaﬁor]

Progress:

— | &

MNow in progress: Load case: [ 1. Speeding up ] Mode group: Whole part - Stress history evaluation; Mode number=3054
Additional progress data
Stress time histories evaluation for sensors:

I 7% |

Stress time histories processing for sensors:
I 0% |

Figure 2.15. Stress loading calculation

"ltis high time to have a cup of coffee, is not it?
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2.4.6. Stress loading calculation results analysis

1. Select Stress loading analysis | Results | Sensor list tab.

2. Inthe Load case select Combined stressload block.

3. To sort nodes by decreasing of maximal amplitude values click on the header of the corre-
spondent column, as it shown in Figure 2.16.

You can select list columns to display with the help of the popup menu. All columns are dis-
played by default.

X Stress loading and durability analysis wizard - C:\Users\Public\Documents\UM Software Lab\Universal Mecha... El@
=B B
- Stress loading analysis | Durability analysis
| Source data I Sensor groups | Settings I Calculation | Results |

Sensor list |Single sensor | Distributions | h'isualizah'on|

Load case ’Combined stressload block VI =] N

Mode number Min. stress (MPa)  Max, stress (MPa)  Minimal amplitude (MPa) Maximal amplitude (MPa) \%count it
35 0,477 18515 .60 31513 U
3772 0.187 157.618 0.000 78.699

3771 0,225 157,523 0.000 78.649 .

3773 0.164 156,238 0.000 76.037 Click on the column

37 0.409 155.865 0.000 71728

3774 0.234 153.427 0.000 75.597 name to Sort nOdeS by

3759 0.600 152.524 0.000 75.962 decreas'ng Of maximal

4315 0.321 151.780 0.000 75.729

4346 0.538 151,557 0.000 75.510 amp“tude values

4284 0,300 150,812 0.000 75,158

4377 0.326 149,775 0.000 74.535 (none)

3775 0.233 148,266 0.000 74.514 (none)

4253 0.355 147.943 0.000 73.794 (none)

3758 0.389 147,487 0.000 73.549 (none)

4408 0.514 145,295 0.000 72.890 (none)

4314 0.504 145,268 0.000 72,832 (none)

4345 0.717 145.802 0.000 72.539 (none) i

Figure 2.16. Results: node list

You can see that maximal stress amplitude values resulted in fatigue damage of material are
indicated at the nodes 258, 3772, 3771, 3773.
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4. Repeat steps 1-3 to display results for the particular load cases. Make sure that maximal
stress amplitude values are indicated in the following nodes:

Speeding up mode — nodes 258, 3770, 3771, 3769.
Stable work mode — nodes 258, 542, 3769, 3770.
Braking mode — nodes 258, 3772, 3771, 3773.

Let us show the position of these nodes and total stress loading parameters distribution at all
FEM nodes.

5. Select Stress loading analysis | Results | Visualization tab.

6. Set Load case to Combined stressload block.

7. Set Select data for visualization to Maximal values of stress cycle amplitudes (MPa),
see Figure 2.17.

8. Click Show. New animation window with distribution of maximal values of stresses ap-
pears, see Figure 2.18.

General | Stress loading analysis |Durability analysis|

| Source data I Sensor groups I Settings | Calculation | Results |

| Sensor list | Single sensaor | Distributions | Visualization |

Load case: [Cnmbined stressload block ']

Show
Select data for visualization: [Minimal values of stress cyde amplitudes (MPa) "]

Figure 2.17. Results: visualization
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Animation window

(=] 3]s

9.77E-01

415E+01

Full

8.21E+01

1.23E+02 1.63E+02

9.

Figure 2.18. Distribution of maximal amplitudes

Click onthe © button at the top panel of the animation window to display nodes.

10. From the context menu of the animation window select the Select FEM nodes menu com-
mand. New dialog window appears.

N: 3773 X:-0.200

¥:0.000 £:0.080

| search || add

[F=ar=n

P
Selection of nodes S
List of flexible subsystems Modes in group: 4 l
[platform vl Modes selected: 4
List of nodes:
| 1. Mode 258 ( -0.200, -0.200, 0.060)
Search node J| 2. Node 3772 ( -0.200, -0.013, 0.080
_ i _ _ I:EE | 3. Mode 3771 ( -0.200, -0.025, 0.080
@) by index (2 by coordinates 7| 4, Mode 3773 (-0.200, 0.000, 0.080]
Mode number: 3773
-0.200 0.000 0.080
Selected node

Figure 2.19. Select node to highlight

11. Select the by index option and set N to 258, see Figure 2.19.

12.
nodes.

Click Search button to find the node and then Add button to add it to the list of highlighted

13. Repeat the 10-11 steps for nodes 3772, 3771, 3773.
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14. Click Close. Selected nodes will be highlighted at the animation window with green, see
Figure 2.20. Guide cursor to point to display node number and its position.

[5] Animation window (=8 E= =
@Ak OShPe | FEwEraeé|wnasli| wo(d

Full
4.B8E-01 207E+01 4.09E-+01 B 11E+01 8.13E+01

Figure 2.20. Highlighted nodes in the animation window

Let us see, which of the load cases results in maximal amplitudes of stress cycles at node
3117.

15. Select Stress loading analysis | Results | Single sensor tab and set Node number to 258,
see Figure 2.21.
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Speeding up and Braking load cases result to the highest maximal amplitude values at the
node.

X Stress loading and durability analysis wizard - C:\Users\Public\Documents\UM Software Lab\Universal Mecha.. [ = || = |[ & |
= B B
- Stress loading analysis | Durability analysis

| Source data | Sensor groups | Settings I Calculation | Results |

Sensor list | Single sensor |Di51ribuﬁons | \ﬂsualizationl

MNode number: 258 ﬁ =]

Load case Sensor group Stress type Min. stress (MPa)  Max. stress (MPa) Mean stress (M... RMS ofsiress (... Central frequen... Cor
Speeding up All FEM nodes SEQV1 0.507 163.130 (none) (none) (none) Sta
Stable work All FEM nodes SEQV1 5.550 140,563 (none) (none) (none) Sta
Braking All FEM nodes SEQV1 0.477 158.810 (none) (none) (none) Sta
Combined stres...  All FEM nodes SEQV1 0.477 163.130 (none) (none) (none) Sta

Close

Figure 2.21. Results: particular node

16. To inspect stress loading parameter distributions for the load cases at the node select
Stress loading analysis | Results | Distributions tab. Input node number and select the load
cases to display single and two-parameters distributions of amplitude and mean values in ta-
ble form, see Figure 2.22.

X Stress loading and durability analysis wizard - C:\Users\Public\Documents\UM Software Lab\Universal Mechani... E@
= B =
- Stress loading analysis | Durability analysis

| Source data | Sensor groups | Settings I Calculation | Results |

Sensor list | Single sensor | Distributions | visualization
Load case: ’1, Speeding up v] Sensor number 1 ﬂ =] E]
Two-parameter distribution | Amplitude values distribution I Mean values distribution |
Amplitude values N2 1 2 & 4 5 |+
Mean values Interval width (MPa [0.000..0.230] [0.230..0.461] [0.461..0.691] [0.691..0.921] [0.521..1.157] -
=] Interval width (MPa Value (MPa) 0.115 0.346 0.575 0.806 1.037
1 [0.152..0.387] 0.269 1.29% o] 1] o] 0
2 [0.387..0.621] 0.504 0.866 0.866 1] o] 0
3 [0.621..0.855] 0.738 67.965 1.082 1,298 0.433 0
4 [0.855..1.084] 0.972 5.628 o] 1] 1.299 0
5 [1.089..1.324] 1.207 0.866 o] 1] o] 1.299
5 I1.324..1.5581 1.441 o] o] o] o] 0 . ad

Figure 2.22. Results: stress loading parameters distributions (table form)
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17. To plot the distributions click the W putton. Specialized window includes plots of data,
shown at the tables, see Figure 2.23.

X Stress loading and durability analysis wizard - C:\Users\Public\Documents\UM Software Lab\Universal Mechani... IEIIEI
= B =
- Stress loading analysis | Durability analysis

| Source data | Sensor groups | Settings I Calculation | Results |

Load case: ’3, Braking v] Sensor numberzssif_/j] = |
Two-parameter distribution | Amplitude values distribution I Mean values distribution |
Amplitude values N2 1 2 3 4 5 a
Mean values Interval width (MPa [0.000..2.474] [2.474..4.948] [4.948..7.427] [7.422..9.896] [5.896..12.370] -
NE Interval width (MPa Value (MPa) 1.237 3.711 5.185 8.659 11.135
1 [1.290..3.867] 2.578 1.225 1] a 1] 1]
2 [3.867..6.443] 5155 4,238 1.072 0.153 1] 1]
3 [6.443..5.019] 7.731 056,922 0.766 1.685 0.613 0
4 [5.019..11.535] 10,307 o] o] 0,306 0.919 0,306
3 [11.595..14.173] 12.883 o] o] 1] 0.306 0.613
& |_ [14.172..16.7481 15.460 o] o] o] o] 0.306 - 3k

Figure 2.23. Results: stress loading parameters distributions (diagram)

The results of stress loading analysis can be used as source data for durability analysis. It can
be fulfilled in some external programs, or one can use functionality of Durability analysis in-
struments realized in the Wizard. These instruments give a possibility of fatigue strength and
durability estimation in accordance to the common machine-building and road vehicles method-
ic.

2.4.7. Save project to file

1. Use the ¥ bottom in the top left corner of the Stress loading and durability analysis
wizard to save project to file.
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2.5. Durability analysis

2.5.1. Durability analysis method initialization

1. Select Durability analysis | Evaluation method tab and set Evaluation method to S-N
method, see Figure 2.24. This method is the general method of S-N analysis realized in UM

Durability.

| General | Stress loading analysis | Durability analysis |

Evaluation method |Cor1tro| areas I Evaluation I Results|

Evaluation method | 544 method

Stress loading description | Durability evaluation parameters |

Reduced amplitude distribution

Mean stress correction method [ﬁgnore] 7

Lower-range amplitude value (MPa) i} [7] set as a part of fatique strenagth

Relative parts of the operational regimes per the selected lifetime unit
Lifetime unit User-defined lifetime unit -

Lifetime unit caption work day

Set relative parts of the operational regimes per the selected lifetime unit

Figure 2.24. Parameters setting: stress loading data description

2. Select the Stress loading description tab, see Figure 2.24.

For this first introduction to UM Durability let us ignore influence mean stress values to fa-

tigue damage.

3. Set Mean stress correction method to (ignore).

Zero Lower-range amplitude value means that all the loading cycles, independently on
their parameters values, will be taken into account in the procedure of durability parameters

evaluation.



Universal Mechanism 10 29 Getting Started: UM Durability

For the durability evaluation we will use the User defined life time unit — workday.

4.  Set Life-time unit to User defined.

5. Input workday in the Life-time unit caption box, see Figure 2.24.

6. Click «Set relative parts...» button to define number of repetitions of the previous defined
load cases per a workday.

Let the motor operates continuously in working mode 8 hours per a day, 310 days per a
year. Every day it is started one time and stopped one time.

Accordingly, repetition numbers for Speeding up and Braking load cases per a workday
equal one. Stable work load case represented with the 2.7 second stress time history (duration is
evaluated from the time interval of the load case, see Sect. 1, page 10). Eight-hour workday
means that repetition number for Stable work load case equals (8*60*60 seconds per day) / 2 =
10670. Enter repetition number values to cells of the table as it shown in Figure 2.25.

rﬂ Load cases STH repetition count per life-time unit l = | =] |ﬁj
Mo Load case Repetiion count
1 Speeding up (|
2 Stable wark 10670
3 Braking 1
Ok ” Cancel |

Figure 2.25. Repetition numbers of the load cases setting
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7. Select Durability evaluation parameters tab, see Figure 2.26.

| General I Stress loading analysis | Durability analysis |

Evaluation method |Cor|tro| areas I Evaluation | F‘.esultsl

Evaluation method ls-N method i

| Stress loading description | Durability evaluation parameters |

Probability of no-failure
0 o5
1 99.9

Parameters
Fatigue damage accumulation model Linear damage accumulation model (Palmgren-Miner rule) -
Reduction coefficdent 310
Calculate safety factor

Designed life time (year) 10

Figure 2.26. Parameters setting: durability evaluation parameters

8. Set Probability of no-failure to 95%.
9. Set Reduction coefficient to 310 (310 workdays a year).
10. Turn on Calculate safety factor control and set 10 years for Design life time value.
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2.5.2. Control area selection

Selection of control areas for the durability analysis is based on these results, see Sect. 2.4.6,
and construction features of the platform.

Maximal stress cycle amplitude values are observed in a middle part of the top plate (nodes
3773) for the Speeding up and the Braking load cases; and at the connections of the top plate
and the supporting beams (nodes 258, 542). Corners of the connections are dangerous according
to the influence of stress concentration factor to fatigue resistance of the object.

FEM of the gives fine estimation of stress shape of the middle part of the top plate, but re-
sults for connection areas can have some inaccuracy. Therefore estimation of fatigue strength of
the top plate will be fulfilled for local stresses, and fatigue strength of the connection areas will
be hold by nominal stresses.

Description of control areas and fatigue resistance properties

Let us set initialize the control areas.

1. Select Durability analysis | Control areas tab, see Figure 2.27.

| General | Stress loading analysis | Durability analysis |

Evaluation method | Control areas | Evaluation | Results
+ i

Mode group  Mode count  Material ~ Sfof the mat... Total Sfre... Sfoftheq... Variation... Safet... Safet... Resid...

Figure 2.27. Control area list

2. Add a new control area. The control area properties description form will be appeared, see
Figure 2.28.
3. Change control area caption to the «Top plate».
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Group properties [Top plate] u
Properties | Node list |
Caption Top plate
Material [ v] [ Add new material ]
Loading type [ v] [ Edit material ]

5N curve description

5M aurve type |Model Mo5 - Piecewise linear approximation [ Plot 5-M curve ]
5f0: Fatigue strength of a specimen: R=-1 {MPa) 0,001 [G=
il Kf: Total fatigue strength reduction coefficient 1 EJ [ Evaluation ]
5f:  Fatigue strength of the group: R=-1 (MPa) 0,001 [E=
SE: Coeffident of variation of the fatigue strength of the group 0 EJ Arbitrary
Mcl: Base cyde count (milions of cydes) 0,001 [
B1l: Slope of 5 curve first line 1000
B2: Slope of 5N curve second line 1000

safety factor of the fatigue strength
val 1 EJ Safety factor value is used for fatigue strength
alue evaluation which is used in durability prediction algorithm

Residual ftemperature stresses (MPa) ] EJ

IM o | [ conce

Figure 2.28. Control area properties window
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4. Select Node list tab.
5. Load node list from the file Top plate node list.nls (use the popup menu command Load
node list from file), see Figure 2.29.

Group properties [Top plate] ﬁ

| Properties | Mode list |
Group node list |
Mode 3115 Mode 3539 --[:hE ete

Mode 3502 Mode 3185
Mode 3503 Mode 3587
Mode 3116 Mode 3134
Mode 3117
Mode 3504
Mode 3113
Mode 3506
Mode 3505 Delete selected nodes Del
i| |[Mode 3119
Mode 3306
Mode 3411
Mode 3412
Mode 3305 Save node list to file
Mode 3577
Mode 3576
Mode 3307
Mode 3410
Mode 3304
Mode 3523
Mode 3413
Il Mode 3529
Mode 3183
Mode 3583

Add all nodes

Delete all nodes

Load node list from file

IM ok | [ conce

Figure 2.29. Node list initialization for the Top plate control area
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To describe fatigue resistance of the group we should define material of the platform.

6. Come back to the Properties tab and click the Add new material button (see Figure 2.28)
to define the following material properties:
Static strength properties
Sy: | Yield strength (MPa) 305
Su: | Ultimate strength (MPa) 440

Fatigue resistance properties for a standard specimen of the material

Sf: | Fatigue strength, which accords to 50 per-
centage fracture of the standard specimen 210
by base cycle count NO in case of regular
loading (MPa)
NO: Ba§e cycle count (S-N curve transition 107 = 1E+007
point)
bl: | Slope of S-N curve first line 0.125
b2: | Slope of S-N curve second line 0.020

New dialog window appears.

7. Select the Common properties tab and set parameters as it is shown in the Figure 2.30.

Material properties - Steel Nol Iﬂ

Commaon properties | 54 analysis

Caption
Steel Mol

Comment

Material of the elastic platform. Standart specmen.

Static strength parameters

Yield strength (MPa) 305
Ultimate strength (MPa) 440
Ok ] [ Cancel ]

Figure 2.30. Material properties initialization: common properties
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8. Select the S-N analysis | Bend tab to define fatigue resistance properties of the material.
9. Set S-N curve type to Model No 5 and set material properties as it is shown in Figure 2.31.

Material properties - Steel Nol [ﬁ

| Comman properties | 5-N analysis |
Bend | Stress-strain I Torsion |
SMourve type  Model Mo 5 - Piecewise linear approximation - [ Plot 5 curve
SAL Stress amplitude intercept (MPa) 574.7775
1574.7778
Bl: Slope of 5-M curve: first ine 0.125 &l
Mc1: Fatigue transition point (millions of cydes) 10 _@
B2: Slope of 5 curve: second line D.DZ_@
5f:  Endurance limit amplitude of specimen: R=-1 {MPa) 210 [
Standart error of fatigue strength (MPa) a _@
Cyde asymmetry sensitivity coeffident i EJ
[ Adijust to al ]
[ Ok ] [ Cancel ]

Figure 2.31. Material properties initialization: fatigue resistance

After initializing all properties click Adjust to all button.

10. Click Ok to save the new material and close the Material properties window. Material
field of the Control area properties [Top plate] window will be defined with the new ma-
terial caption.

11. Select Bend from the Loading type, see Figure 2.32.

12. Set Coefficient of variation... t0 0.1.
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( |

Group properties [Top plate]

|'\

Properties | Node list |

Caption Top plate

Material [Steel MNo1 Add new material ]

Edit material ]

Loading type [Bend

S curve description

S5-N curve type |Model Mo5 - Piecewise linear approximation [ Plot 5 curve ]

Sfi:
Kf:

Fatigue strength of a spedmen: R=-1 (MPa)

Total fatigue strenath reduction coefficent 1 Evaluation ]

.....

Sf:  Fatigue strength of the group: R=-1 {MPa) 210
0
Base cyde count {millions of cydes) 10 5=

0.125
0.02

SE:
Mcl:

Coefficient of variation of the fatigue strength of the group Arbitrary

Bl
B2:

Slope of 5-M curve first line

Slope of 5 curve second line

Safety factor of the fatioue strength
1 Safety factor value is used for fatigue strength

Value evaluation which is used in durability prediction algorithm

o &l

Residual ftemperature stresses (MPa)

ok || cancel |

Figure 2.32. Group properties initialization: Top plate group

13. Click Evaluation to define Total fatigue strength reduction coefficient value, see Fig-
ure 2.33. Stress concentration factor is equal to 1 as soon as we use local stresses for this ar-
ea. Click Ok when finish.

Fatigue strength reduction coefficient evaluation = [ X
Result 1.17647

Effective stress concentration factor Arbitrary 1
Surface hardening factor l.ﬁ.rbitrary v] 1
Size factor Arbitrary 1
Surface finish factor IF‘.nugh surface after rolling (0.85) v] 0.85
Multiplier 1 &l

’ Ok ” Cancel l

. F— )

Figure 2.33. Total fatigue strength reduction factor evaluation form

14. Click Ok to save Top plate control area data, Figure 2.32.
15. Add one more control area and call it Connections, see Figure 2.34.
16. Define control areas properties as shown in Figure 2.34, Figure 2.35.
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=x=)

Properties | Node list |

Caption Mo name
Material [Steel MOl v] [ Add new material ]
Loading type [Elend v] [ Edit material ]
S curve description
|
|| S5 curve type |Model Ma5 - Piecewise linear approximation - | [ Plot 544 curve ]
Sfl: Fatigue strength of a specimen: R.=-1 (MPa) 210 [&=
Kf:  Total fatigue strength reduction coefficient 2.75 EJ | Evaluation |
5f:  Fatigue strength of the group: R=-1 (MPa) 756.35636
SE: Coeffident of variation of the fatigue strength of the aroup a EJ |.-5.r|:||h'ary - |
Mcl: Base cyce count (millions of cycles) 10
Bl: Slope of 5-M curve first line 0.125 EI
B2: Slope of 5-M curve second line 0.0z EI
Safety factor of the fatigue strength
Value —1“ Safety factor value is used for fatigue strength
evaluation which is used in durability prediction algorithm
Residual/temperature stresses (MPa) 0 EJ

ok || cancl

-

Figure 2.34.

Initialization of group properties

Result |2.75

= Effective stress concentration factor
I Surface hardening factor

| Size factor

| Surface finish factor

| Multiplier

| Arbitrary -2 @ |
| Arbitrary - 1 @
|.ﬁ.rbitrary v| 1 EI
[Balish (100 Y]

Figure 2.35.

Fatigue strength reduction factor
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17. Load a node list from the file Connections node list.nls using with the help of popup menu
command Load node list from file, see Figure 2.36.
18. Click Ok to apply all changes and close the window.

. Group properties [Connections] ﬁ

Properties | Mode list |
Group node list |
Mode 2117 Mode 1642 --l::hE ete

Mode 2116
Mode 2100
Mode 3150
Mode 3149
Mode 3491
Mode 3533
Mode 2959
Mode 3023 Add all nodes
Mode 2120
Mode 2171 Delete selected nodes Del
Mode 2170
Mode 3129 Delete all nodes

Mode 3471
Mode 3470 Load node list from file
Mode 3123
Mode 1434
Mode 1459
Mode 574
Mode 646
Mode 643
Mode 5591
Mode 532
I Mode 571

Save node list to file

Figure 2.36. Load node list from text file

Fatigue resistance properties description is finished.

2.5.3. Save project to file

1. Use the B bottom in the top left corner of the Stress loading and durability analysis
wizard to save project to file.
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2.5.4. Durability parameters calculation

1.
2.

Select Durability analysis | Evaluation tab
Click Calculate, see Figure 2.37. It will take you less than a minute.

& Stress loading and durability analysis wizard - C:\Users\Public\Documents\UM Software Lab\Universal Mechanis... E@
= B =

| General I Stress loading analysis | Durability analysis |

| Evaluation methed I Control areas | Evaluation |Resu|is|

Calculate

Process:

Protocol
Pacuen goazoBedHochi SaRoHYEH -
15:58:50

Stressload data preparing begins
Stressload data preparing completed
08.09.2016 — 19:48:28

Source data verification processing. ..
Critical errors not found

19:48:28

Durability evaluation begins

Warning! 5-H method is not correct for this task! Found anplitude with wvalue ezcided the yield strength
19:48:28

Durability ewaluation completed

19:48:29

4 m b

Close

Figure 2.37. Durability parameters calculation tab

Now when durability analysis is executed we can come to analyzing its results.
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2.5.5. Durability calculation results analysis

1. Select Durability analysis | Results | Sensor list tab.
2. Set Load case to Combined stress load block. Sort nodes by decreasing of damage per a
workday, as it is shown in Figure 2.38.

Maximal damage is indicated at the node 592. One can see that life-time of this area of the
vibration table is the lowest and equals to 3930 workdays (12.667 years of work). Accordingly,
the fatigue strength of the construction is enough for the projected life-time (10 years).

X Stress loading and durability analysis wizard - C:\Users\Public\Documents\UM Software Lab\Universal Mechanism\8\SAMPLES\Vibrostand\pr... | = || & |[=5|

=0 e =

General I Stress loading analysis | Durabiiity analysis |

| Evaluation method I Control areas I Evaluation ‘ Results |
MNode list | Separate node | Stress loading I Visualization |
Load case: [Comb\ned stressload block '] =]
MNode number Control area Stress type Maximal amplitu... Equivalent ampl... Cyde countper... Damage per W... Durability{Work day)  Life-time {years) Safety factor f... =
542 CoeanHeHHe SEQV1 70.451 56.857 1.54756E006 0.000 .920 6.635 0.664 =
3758 CoeauHeHue SEQV1 57.853 43.089 1.5529E0068 0.000 174E009 7.10239E006 710239.000 E_
565 CoeauHeHue SEQV1 50.191 40.064 1.54755E006 0.000 .21552E010 2.65017E008 2.65017E007
259 CoeamuHeHue SEQV1 44,923 35.538 1.54756E008 0.000, 3.30117E013 1.0649E011 1.0549E010
4749 CoeauHeHue SEQV1 47.899 35.355 1.5529E006 4.2479B8E013 1.37032E011 1.37032E010
2378 CoeauHerme SEQV1 45.561 E014 1.43222E012 1432228011
323 CoeauHeHe SEQV1 42.586 H 014 2.33691E012 2.33691F011
a7 Coomrewe  SEQVL wes | Clickonthe columnnameto [ Coeseoe  comiemon
322 CoeauHeHme SEQV1 37.628 - 017 1.2344E015 1.2844F014
319 Coepmerve SEQV1 35.425 sort nodes by decreaS|ng of £019 262067E017  2.62967E016
321 CoeguHeHie SEQV1 32.775 020 1.44117E018 1.44117E017
E7es) Bepxwdinmer  BEQUL 78.699 damage per a Workday £020 2470926018 2470925017
3771 BepxHMi IMCT SEQV1 78.643 020 2.55922F018 2.559228017
3773 BepxHuid nucT SEQV1 78.037 58.648 15526 7E006 0.000 1,13962E021 3.83748E018 3.83748E017
3770 BepxHMi IMCT SEQV1 77.728 57.963 1.55232E006 0.000 2.13916E021 6.90052E018 6.90052E017
4748 CoeanHeHme SEQV1 33699 24.677 1,55289E006 0.000 2.72811E021 8.80037E018 8.80037E017
3774 BepxHMi IMCT SEQV1 76.597 57.559 1.5523E006 0.000 3.03638E021 9.79475E018 9.79476E017
3769 BepxHAit nucT SEQV1 75,962 36.740 1.55284E006 0.000 6.2142E021 2.00458E019 2,00458E018
2428 CoeMHeHHe SEQV1 32,633 24,266 1.54756E006 0.000 6.35204E021 2.04204E019 2.049048018
4315 BepxHAit nucT SEQV1 75.729 36.521 1,5528E008 0.000 7.53981E021 2,4322E019 2,4322E018
434A Renynuii nucr SFOV1 75.510 56. 38R 1. 55IRIFONA 0.000 R.50033F021 2.74704F019 2.74204F01R S

Figure 2.38. Durability results: sensor list



Universal Mechanism 10 41 Getting Started: UM Durability

Let us see, which of the load cases can be preliminary called the most dangerous for this ar-
ea.

3. Select Durability analysis | Results | Single sensor tab and select node number 592, see

Figure 2.39.

Maximal damage per workday corresponds to the Stable work load case.

X Stress loading and durability analysis wizard - C:\Users\Public\Documents\UM Software Lab\Universal Mechanism\8\SAMPLES\Vibrostand\pr... EI@

=0 B

General I Stress loading analysis ‘ Durability analysis |

| Evaluation method I Control areas I Evaluation ‘ Results |
Node list | Separate node |Shess loading I \ﬂsua\izatonl
Mode number: 542 '_A] =]
Load case Control area Stress type Maximal amplitu.., Equivalent ampl... Cyde countper... Damage per W... Durability(work... Life-time (years)  Safety factor f...
PasroH CoeauHeH1e SEQV1 70,451 60.318 94,000 0.000 1.76492E006 5693.300 no data
PaBoumii pesim CoeauHeHme SEQV1 60.011 56.855 1,54715E006 0.000 2061.000 B.648 no data
OcTaHoBRS CoeauHeH1e SEQV1 ©57.098 58.455 313.500 0.000 2.53993E006 8193.330 no data
Combined stres...  CoeawHerme SEQV1 70,451 58.857 1,54756E006 0.000 2056.920 6.635 0.664

Figure 2.39. Results: single sensor

To inspect reduced amplitude distribution for the load cases at the node select Durabil-
ity analysis | Results | Stress loading tab.

Input node number 592 and select the load cases to display distribution in table form, see
Figure 2.40.
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¥ Stress loading and durability analysis wizard - C:\Users\Public\Documents\UM Software Lab\Universal M...[ = |
=B BEl=a

| General | Stress loading analysis| Durability analysis |

| Evaluation method I Control areas I Evaluation | Results |
| Node list I Separate node | Stress loading |\F|wa|izaﬁon|

Load case: [Co{“bined stressload blodk v] Sensar number 542 ﬂ =]

Mo Interval width (MPa) Median stress (...  Probability, %% Cyde count per... ||
(1 [4. 5E-0006.. 2, 2016] 1,1008021 0.016736 259.000420 i

2 [2.2016..4.40319] 3.3023872 0.000673 10.500002

3 [4.40319..6.60479] 5.5035923 0,000673 10,500002 =
4 [6.60479..8.80638] 7.7055874 0.000517 8.000001

5 [8.80638..11.008] 9.,9071825 0.000582 9,000001

5] [11.008..13.2096] 12,108773 0,000323 5.000002

7 [13.2096..15.4117] 14.310373 0.000258 4.000001

3 [15.4112..17.6128] 16.511968

9 [17.6128..19.8144] 18.713563 0.000129 2.000000

10 [19.8144..22.016] 20.915158 0.000129 2,000001

11 [22.016.,24,2175] 23.116753 0.000194 3,000000

12 [24.2175..26.4191] 25.318348 0.000065 1.000000

13 [26.4191..28.6207] 27.519943 0.000129 2,000000

14 [28.6207..30,8223] 29.721538 0.000253 4,000000

15 [30.8223..33.0239] 31923134 0.000129 2.000002 57

Close

Figure 2.40. Results: stress loading
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6. To plot the distributions click the @ putton. New graph window with plots of data appears,
see Figure 2.41.

(£ Node: 542: Load case: PaBoumi DEXUM E@

Load case=[2. Paboumit pexoam]; Node 542; Cyde count per Paboumit geqe=1547150.4000

| Stress realization I Two-parameter distribution I Amplitude value distribution | Mean value distribution | Distribution of redw * | *

Relative part ! E ]

I 1 4
IStn?ss ma)
&0 &

Ex=6

Figure 2.41. Reduced amplitudes distribution
2.5.6. Save project to file

1. Use the B bottom in the top left corner of the Stress loading and durability analysis
wizard to save project to file.



