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1. UM Experiments module

1.1. Introduction

UM Experiments module is developed to help the researcher to analyze dynamical behavior
of models at various conditions automatically. Manual running a number of numerical experi-
ments is a quite time-consuming and laborious process where researcher has to control many dif-
ferent parameters of a model, save outputs and change inputs for so many experiments that often
leads to mistakes. UM Experiments automatize running hundreds and thousands of numerical
experiments and finally implements the idea that "machines should work; people should think".

UM Experiments module is built in the UM Simulation program and includes the tool for
describing and executing scanning projects (scanning) and extra service of distributed calcula-
tions that helps to use computational capacity of computers available in your local network.

UM Experiments is entirely included into UM Simulation program. Every module in UM
software is licensed separately. To use scanning projects the UM Experiments module should
be available. To check if you have the UM Experiments module run UM Simulation program
then select Help | About main menu item and make sure that you have '+' sign for UM Experi-
ments, see Figure 32.1. If you use a trial UM license, your UM configuration already includes
UM Experiments. If you are a registered user you can request for a free trial 3-month license
via um@universalmechanism.com.

Configuration
Ml IEEEl Bl Gooooo0o000000000000000000000000000 {+) LS
UM Flexible Wheel3tt ...ccciecsncssssnnsnasnnnnmns {+)
UM Drilling seeecesemsasssnsmmmsanasnmnnsssssss {+})
UM DEivelinge ...cccevnensnsssnananssnnamasnnnnms {+)
UM Pneumatic SYSLEMNS cvieeivenassnssnnannsnnnnmns (-}
el (EEFE0IT] socoooocoocoocoooCoDoo000000000Oo00C (-]
M Experimenta/CIngter ..cecncnccnsacnsnecnesn {+)
Ml RS 0000000000000 000000R0000000000000000 {+)
UM Control/Matlab IMDOFE cvueeevccsmanscsannmns {+)
M Control/Matlab CoSimulation .....ceecceeae-- (+1) h

Figure 1.1. UM Experiments in the UM configuration

In the everyday engineering practice it is often required to carry out series of numerical ex-
periments, for example to analyze dynamical behavior and sensitivity of mechanical system or to
find out optimal parameters of the system. UM Experiments includes a set of tools (scanning,
service of distributed calculations) for advanced analysis of dynamics of mechanical systems.

Scanning project automates fulfillment of series of numerical experiments and save results of
experiments on a hard disk for posterior analysis. Thus, an engineer is released from monotonous
execution of series of numerical experiments "manually” what saves working time and removes
errors, which people unfortunately usually do. In other words, the researcher defines the design
of experiments for scanning, and then the project is started and executed automatically. Current
process statistics is available during the execution: number of executed experiments, time left.
Series of numerical experiments are resistant to shut-down of power supply. In that case all re-
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sults are saved on a hard disk and only results of the latter experiments that are being calculated
at the time of shut-down will be lost.

There is a possibility to plot an oscillogram of any saved performance of dynamical behavior
of a mechanism. Moreover, the engineer can plot so-called summary graphs and surfaces. Scan-
ning project has no limitation in number of parameters. In other words, it is multi-parametrical.
Dimensions of projects are set by the engineer so as to solve the specified problem. But on the
other hand the designer has to take into account calculating efforts that are necessary for the pro-
ject and find a compromise between them.

There is a special extension of the module — service of distributed calculations named
UM Cluster. It allows using all computational powerful of a network for execution of series of
numerical experiments that decreases time efforts correspondingly. This possibility is very easy
and effective to use in computer centers and laboratories. Server of distributed calculations is
based on using TCP/IP that allows employing for the needs of your project any computer not on-
ly in local or corporate network, but also in Internet.

1.2. Overview

Scanning of the design space is the most simple and reliable method to find the optimal solu-
tion or analyze dynamical behavior of the system. Scanning gives the researcher a clear idea
about a response surface and the global optimum. However practical application of scanning is
limited up to 3-4 parameters due to dramatically increasing the number of numerical experi-
ments:

N = mk, where

k is the dimension of the problem,

m is the number of levels for each parameter.

Let us consider basic features of the scanning how it realized in UM. The researcher can
unite several models within on scanning project, see Figure 1.2. Set of numerical experiments is
generated automatically. For each model the researcher describes default values of parameters,
initial conditions, problem-specific parameters (road vehicles, railway vehicles, and flexible bod-
ies), finish conditions, parameters of numerical method and list of variables that will be saved for
each numerical experiment.

List of calculated variables can include all kinds of dynamical performances: coordinates, ve-
locities, accelerations, components and modules of applied forces and moments etc.' Read
<Sect. 4.3.3. List of variables> for details.

Finish conditions are formulated as follows:

<Variablel><logical operation1><Valuel> OR

<Variable2><logical operation2><Value2> ..., where

<Variable i> is time or any UM variable.

! Practical experience shows that the list of variables can contain up to several decades and even hundreds differ-
ent variables.
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After fulfillment of all numerical experiments their results are available for analyzing, see
Figure 1.4. It is possible to get plots for any variable from the list of variables as well as sum-
mary graphs, surfaces and tables.

Let us consider below usual work flow.

e The researcher adds all necessary models to the project and set all parameters for them, see
Figure 1.2.

e Alist of numerical experiments is generated automatically.

e The researcher runs the scanning project and all numerical experiments are finished auto-
matically, possibly with the help of UM Cluster, see Figure 1.3.

e  When the project is finished simulation results are available for analysis, see Figure 1.4.

i scan2 - scanning =) I\EI
General Alternatives Evolution Run  Results
+ ﬁ Finish conditions Variables Integration Tools External libraries
] ) Hierarchy of parameters Tree of alternatives Identifiers Initial conditions
Family of alternatives ‘
List of parameters
Caption =@ v & osdllator
Free vibrations . Stiffness ~ & Whale list
Resonance { w . c[100; 150; 200; 250; 300] LB m=10
- 100 Y a=
- 150 omega=10
200 c=250
i 250 : |0=0.4
5 300 . B mu=5
 -Damping
-mu [0; 10; 20; 30; 40; 50; 60; 70; 80; 90; 100]
Figure 1.2. Scanning: hierarchy of parameters
i scan2 - scanning =) I@
General Alternatives Evolution Run Results
* ‘ = Running processes
o - —
- | | =
Count of processes -
Event log m
30,12,2019 - 19:24:59 ~ 73% - Free vibrations; c=150; mu=10
Family of alternatives: Free vibrations _ —
id—EFDtDﬁErLSL:— 100 73% - Free vibrations; c=150; mu=20
=100; mu=
Experiment succeed _ —
44%% - Free vibrations; c=150; mu=30
30,12,2019 - 19:25:01 _
Family of alternatives: Free vibrations —
Tdentifiers: Free vibrations; c=150; mu=40
c=150; mu=0
Experiment succeed
]
Continue Stop Distributed calculations
[] Turn off computer when project done
Done 39%: (28/71) Time left 26 sec

Figure 1.3. Running the scanning project
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Figure 1.4. Scanning: processing results

1.3. Remarks

Project structure

The root directory of the scanning project includes subdirectories with models that are con-
sidered in this project. Once a model is added to the scanning project its source files are copied
to the project directory as a subdirectory. Then all numerical experiments are fulfilled for this
copy. All changes in the original model are ignored.

Portability

To copy/move the project it is necessary to copy/move its root directory. Such copying does
not break the integrity of the project, you will be able to start/continue numerical experiments
and analyze results.

Save as

Carrying out applied researches it is often necessary to fulfill the same scanning project with
some small differences. The simplest way to do that is to save the project to another directory,
modify the project and finally run it. There is the Include simulation results check box in the
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dialog window, see Figure 1.5. Turn it on to save the scanning along with the preliminarily cal-
culated simulation results. In such a case you the new and source projects will be totally same.

Data files

Save as ..

Full path

ped

": sers'Public\Documents\UM Software Lab ni'u'ersall"ﬂ

[ indude simulation results

Cancel

Figure 1.5. Save as dialog

After fulfillment every numerical experiment several data files are saved. Time history for
every variable from the list of variables is saved, see Sect. 1.5.6. "Variables", p. 1-13. The more
variables in the list of variables and the more simulation time the more size of data files. Practi-
cal experience shows that data files can reach Gigabytes. So if you have no enough free disk
space you have to find compromise between the number of variables in the list of variables, sim-
ulation time and size of data files of the scanning project.

Deleting data files

To delete all data files you can click Remove simulation results button on the General or
Run tabs. You also can delete data files for some numerical experiments to recalculate them. Se-
lect these numerical experiments in the list of experiments (see Figure 1.16) on the Results tab
and select Clear results from a context menu, see Figure 1.6.

Position

o [E ]

Mame Comment

r:z{Brick)

Coordintes of the point (0,0,0) of the body Brick, ...

K-values

|T|me

A

i scan - scanning
General Alternatives Evoluton Run  Results
Families \Wizard of graphs  Wizard of surfaces  Wizard of tables  Fatigue = PBS analysis
Free vibrations  Resonance
Hierarchy hd -@%periments s
] v (B c=100
Stﬁ‘nn_ess v mu=0
Damping L ey mu=10
----- W mu=20
..... W mu=30 W
Index Stiffness  Damping  Data file G
Wl =100 mu=0 .Nosdllator ...
: Selectall  Ctrl+A E
Run XVA latori4....
latorls....
Cl lts
£ar resu tor'6....
Show file in folder lator'7....
u—s wepsenlator3.... w

Figure 1.6. Deleting simulation results for some experiments
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Project modification

You can modify the project at any stage of its fulfillment. For example, after fulfillment the
project you can add a new model to a project. In this case to finish the project it is necessary to
fulfill numerical experiments for the new model only.

You can also add some new levels for parameters for any model (family of alternatives). All
already calculated experiments will keep their results. It gives a possibility to add new points in
design space and thus specify dynamical behavior of the models step by step if necessary.

Also please note that all numerical experiments for every family are fulfilled with the same
initial conditions, identifiers, parameters of numerical method, railway, road and other parame-
ters. If any changes in any family settings are found the program shows dialog and asks the user
saves these changes with or without clearing data files. Normally you are recommended to clear
data files and fulfill all numerical experiments again.
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1.4. Describing a new scanning project

Use the menu command Scanning | New project... to create a new scanning project. Every
project should be placed in a separate directory. Therefore it is necessary to point out the directo-
ry when you create new scanning project, see Figure 1.7.

i scan - scanning = @
General Alternatives Evolution Run Results
Directory: C:\Users\Public\Documer*-11"m1 €ofbumun t shllinhoucsl Mochanigm {8\ SAMPLES\ TUTORIAL \scan2

Copy path to clipboard
Status:  No calculations done

Comments Open directory

Figure 1.7. New scanning projects

1.5. Alternatives

A tab for description design parameters is shown in Figure 1.2. Family of alternatives is a
group of alternatives generated by one model. Use Add/Delete/Duplicate family buttons or con-
text menu (see Figure 1.8, Figure 1.9) to set up the project. It is necessary to describe hierarchy
of parameters for each family. Hierarchy of parameters can be compare to nested loops. It means
that for each value of upper level all values of lower level will be tabulated. Within a level, the
parameters are changed jointly; number of iterations is determined by number of values of the
first parameter at the level. If the number of iterations in the first parameter is less than ones of
other parameters then final extra values are ignored, else the values of other parameters are taken
over again.

Possibly it might be more suitable not to add new families and set all their parameters but just
duplicate families and change their settings.

Setting considered in Sect. 1.5.1-1.5.7 are valid for active (current) family only. You should
go through these steps for every family that you introduced in the project.
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iiif scan? - scanning ?@

General Alternatives Eyolution Runm  Results

+ m Finish conditions Variables Integration Tools External libraries
Family of alternatives Hierarchy of parameters Tree of alternatives Identifiers Initial conditions
List of parameters

Caption E_]"‘ m hd 5 oscillator (1)
Free vibrations ‘ -omega 5 Whole list
Resonance

+  Add family

i Delete family

Duplicate family

Rename F2

Figure 1.8. Family of alternatives: context menu

1.5.1. Hierarchy of parameters

You can use tool bar or context menu to add/remove levels of hierarchy or model parameters,
see Figure 1.9. Double click onto any parameter from the List of parameters adds that parame-
ter to current level of hierarchy. For example, the hierarchy in Figure 1.9. consists of two levels:
Stiffness and Damping. Stiffness level consists of one parameter ¢ having values [100, 150,
200, 250, 300]. Damping level consists of one parameter mu with values [0, 10, 20, 30..100].

i scan? - scanning = @
General Alternatives Evolution Run  Results
-+ m Finish conditions Variables Integration Tools External libraries
Family of alternatives Hierarchy of parameters Tree of alternatives Identifiers Initial conditions
List of parameters
Caption Iml m v @ osdllator
Free vibrations . Stiffness v Whole list
Resonance ¢ »-c[100; 150; 200; 250; 300] m=10
- Damping a=0
-mu [D_; 10 o T T s W [ O O T Tu T w Ta PO R Tl Dmega:ln
Add group of parameters c=250
E 10=0.4
Rename group of parameters... g

Delete group of parameters

Add parameter
Edit parameter...

Delete parameter

Figure 1.9. Hierarchy of parameters
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1.5.2. Tree of alternatives
After description of hierarchy of parameters the full list (tree) of alternatives is generated au-

tomatically (see Figure 1.10). Tree of alternatives is on the top and list of alternatives is on the
bottom.

i gean? - scanning = @
General Alternatives  Evolution Run Results
+ ‘ﬁi Finish conditions Variables Integration Tools External libraries
Family of alternatives Hierarchy of parameters Tree of alternatives Identifiers Initial conditions
Cantion “ - Alternatives -
P v =100
Free vibrations { e mu=0

Resonance

mu=<] L¥)

Index  Stiffness  Damping 2
c=100 mu =0

c=100 mu=10

c=100 mu=20

c=100 mu=30

c=100 mu=40

c=100 mu=50

c=100 mu=&0

c=100 mu=70 v

L T = T B o R

Figure 1.10. Tree of alternatives

1.5.3. Identifiers

Here you can find all of the system identifiers (see. Sect. 4.4.2.4). These values of identifiers
will be used as default values for numerical experiments. The values are loaded before each nu-
merical experiment. Of course, if an identifier changes as a design parameter then such an identi-
fier will be redefined with the correspondent value.

1.5.4. Initial conditions

Here you can describe initial conditions each numerical experiment starts with
(see Sect. 4.4.2.5).

1.5.5. Finish conditions

Here you can describe finish conditions for each numerical experiment in the current family,
see Figure 1.11, Figure 1.12. Finish conditions are formulated in the following way: “Interrupt a
numerical experiment if finish conditions are satisfied”. For example, the default finish condi-
tions in Figure 1.11 means “Interrupt a numerical experiment if simulation time is more than 10
seconds”. Simulation time in this sense is the model time, not the real time of the user.
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You can use time and any other variables as criteria for finish conditions. Create the neces-
sary variable in the Wizard of variables (see Sect. 4.3.2. Wizard of variables) and drag it to the

correspondent field, see Figure 1.12. Use = button to set time as a criterion again.

Buttons / 5 are used to brace two conditions in brackets to change the priority of calcu-
lation. Example, that is given in Figure 1.12, means Interrupt any numerical experiment, if

(Time > 1.27 AND a:z(Brick) > 1) OR v:z(Brick) < 2.

The first button braces the first and the second finish conditions; the second button brac-
es the second and the third finish conditions. It has no sense to turn on two buttons simultaneous-
ly — it makes no difference in calculation of finish conditions.

Please note that the logical operator AND has higher priority than the OR operator.

Hierarchy of parameters Tree of alternatives Identifiers Initial conditions
Finish conditions Variables Integration Tools External libraries
= B

Time > v 10 @ on
[1 Time J = 10 5| oR

Time J = 10

Figure 1.11. Default finish conditions

Consider the first and
the second conditions

as braced
Hierarchy of parameters Tree of alternatives Identifiers Initial conditions
Finish conditions Variables Integration Toals External libraries
= A
[Time s | 10 @ on
[] Time ] B 10 = |or
Time J = 10
Drag&Drop variable
into this field Here you can select log-

ical operator OR or
AND

Figure 1.12. User-defined finish conditions
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1.5.6. Variables

Here you should form a list of variables (see Sect. 4.3.3), which will be stored for every nu-
merical experiment. Variables from this list will be available as results of scanning.

1.5.7. Integrator

Here you should choose integration method and set its parameters. This setting will be used
for numerical simulation (see Sect. 4.4.2.1).

1.6. Running

When you activate the Run tab (see Figure 1.13), checking the description of scanning pro-
ject is performed. You can see its results in the Event log field. If some errors are found, you
should fix them and activate Run tab again.

When scanning project starts, the following information for each numerical experiment is
available: time information, values of identifiers of hierarchy of parameters, summary infor-
mation. A progress bar shows the ratio between number of done experiments and total number of
experiments. Use the Stop button to interrupt execution. If any software or hardware breakdown
appears, the results of the scanning project are not lost and execution will go on from the last un-
fulfilled experiment.

i scan2 - scanning F= @
General Alternatives Ewvoluton Run Results
3 ‘ —_— Running processes
x L} —
| | =
Count of processes -
Event log m
30,12,2019 - 19:24:59 ~ 73% - Free vibrations; c=150; mu=10
Family of alternatives: Free vibrations P I
Identifiers: N
c=100; mu=100 73% - Free vibrations; c=150; mu=20
Experiment succeed _ —
44%% - Free vibrations; c=150; mu=30
30,12,2019 - 19:25:01 _
Family of alternatives: Free vibrations —
Tdentifiers: Free vibrations; c=150; mu=40
c=150; mu=0
Experiment succeed
W

Distributed calculations

Continue Stop
[ Turn off computer when project done
Done 39% (28/71) Time left 26 sec

Figure 1.13. Running the project
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i35 scan? - scanning

General Alternatives Evolution Run

Eueny/fug

Results

g Q| C
| B

Clear
event log

/o

Run
UM Cluster

1.7. Results

server

Running
settings

Figure 1.14. Toolbar on the Running tab sheet

Running opticns

[]save xva
External solver (multithread)

X

Figure 1.15. Running settings dialog

If at least one numerical experiment is done then its results are available in the Results tab
(see Figure 1.16). For each family of alternatives, there is the tab of the same name. There is a
list of calculated variables on the right. On the left there is the list of numerical experiments. Ful-
filled experiments are marked with the green sign, and unfulfilled ones are marked with the red

one.

Select necessary experiments (use the Shift and the Ctrl keys in a standard way) from the list
of experiments, then select necessary variables from the list and perform drag them to a graph-
ical window. Variables in the graphical window have a correspondent comment, see Figure 1.16.

The tree of experiments corresponds to the list of experiments. Selection of a branch in the
tree leads to selection the corresponding items in the list. Use the context menu of the hierarchy
to change position of its levels and, as a result, fast selection of necessary experiments.



Universal Mechanism 10 1-15 Chapter 6. UM Experiments
e
o & |[=]
General Alternatives Evoluton Run  Resulis
Families  \izard of graphs  Wizard of surfaces  Wizard of tables  Fatigue PBS analysis
Free vibrations  Resgnance
Hierarchy hd fﬁ c=100 # | Position
) P by mu=0
Stlf'f"".fss mu=10 Mame Comment
Darmping _ " z
mu=20 r:z(Brick) Coordintes of the paint (0,0,0) o...
mu=30
mu=40
mu=50 v
Index  Stiffn... Dam... Datafie &3
Wl c=100  mu=0 . \osdillator 1. tor
W 2 c=100 mu=10 ..\osdllator2. tgr
W 3 c=100 mu=20 ..\osdlator\3.tgr
@4 =100  mu=30 {none)
@5 c=100 mu=40 {none) :
?x-'uaILﬁs
@s c=100 mu=50 {none) |T I ﬂ|
@7 =100  mu=a0 {none) W |m7
Plots
Variables
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.r:z{Bridi}—Ex...

Figure 1.16. Processing results

1.7.1. Wizard of graphs

The Wizard of graphs (see Figure 1.17) is intended for forming dependence between a func-
tional of any calculated variable on any parameter, when other parameters are fixed. Comments
in the right bottom corner of the window will help you.

To add a summary graph you should go through the following steps.

e Choose a family, a variable to be analyzed, functional and parameter for computing depend-
ence, see Figure 1.17.
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e Optionally you can use limit for abscissa that can be used for excluding transient processes,
as well as scale factors/units and interval for abscissa.

e Click the 'l' button to plot the summary graph.

e To add new plot change the Other parameters if necessary and double click on the same or
new variable in the Criteria and variables tree.

Note. Other parameters list is enabled if only scanning project has more than one lev-
el.

Let us consider an example, see Figure 1.17. Here we can see the root mean square of the
vertical position of the 1 d.o.f. oscillation system in dependence on omega parameter. In this case
of forced oscillation omega means the frequency of the driving force. The resonance case is
clearly shown.

i scan2 - scanning = @
General Alternatives Evolution Run  Results
Familes Wizard of graphs  Wizard of surfaces  Wizard of tables  Fatigue PBS analysis
Family Resonance ~ + | = B O @ 0 ‘ ([rable 1 ~
Variables -
v & Criteria and variables variables T T T T T T T T
v & List of variables [ Mllstd_Dev(rz(... 12 ggd pag - Foom o T R S T PR EE
v 5 Paosition H H | H H H H |
Lo riz(Brick)

Interval for abscissa

[set
— J

0 10
Units
®1 O Mega O Mo
Do O mil O1fg
Filter
[use fiter Parameters
F:;:I]:na‘ Std_Dev || parameter  omega o | |Lineis ready for plotting, Use double dick or the button on the tool panel to plot the graph.

Figure 1.17. Wizard of graphs
Note. Choosing a new family of alternatives or a new parameter clears the table/graphs.

Changing variables in the Criteria and variables tree keeps the table contents
and can be used to obtain a group of dependences.

You can determine settings for Abscissa limit, Units and Filter during describing the scan-
ning project in the Variables tab. To show these processing options use the button highlighted in
Figure 1.18. In the presence of such processing options they will be used automatically.
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. L
= e
+ =l =
= B | e e[S
Paosition
Units
@ 1 O Mega O Micro
{JKilo il ) 1/g
Filter
[ ]Use filter Parameters
Functional
Table | |Eff_Freqg_o w
Mame Cornment
r:z(Brick) Coordintes of the point (0,0,0) of the body Erick, Basel, Z praoj...

Figure 1.18. Settings of the list of variables

1.7.2. Wizard of surfaces

Wizard of surfaces is intended for creating the response surface as functional of any calculat-
ed variable in dependence on two any design parameters keeping other parameters constant.
Working with Wizard of surfaces make sense if scanning has at least two design parameters.
Wizard of surfaces is quite similar to Wizard of graphs. An example of using the Wizard of
surfaces is given in Figure 1.19. Corresponding surface in Microsoft Excel is given in Fig-
ure 1.20.

Working with the Wizard of surfaces use the following work flow.

e  Select the family, calculated variable or criterion and necessary functional, see Figure 1.19.

e Then choose two parameters for the surface and fix values of other parameters if any.

e Set Abscissa limit, Units and Filter parameters if necessary.

e You can export prepared surface to text file or clipboard as text table and to the Microsoft
Excel as a diagram.
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Figure 1.19. Wizard of surfaces
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Figure 1.20. Exported surface



