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Getting Started Using Universal Mechanism:
Railway Vehicle Dynamics

This manual leads you through the basic possibilities of Universal Mechanism software in
simulation of railway vehicle dynamics. It assumes that you studied the gs_um.pdf* chapter,
which is devoted to general concepts of simulation using Universal Mechanism, and know how
to fulfill simple operations: create a new model, add graphical objects, bodies and joints, gener-
ate and compile equations of motion.

Firstly, example of the simulation of a single wheelset is discussed, and then creating a mod-
el of a two-axel rail car is shown. The last section is devoted to creating a scanning project for
evaluation of the critical speed of the rail car.

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



gs_um.pdf
http://www.universalmechanism.com/download/90/eng/gs_um.pdf
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1. Simulation of a single wheelset dynamics

1.1. Creating the model

Create new object to simulate
1. Select the File | New object menu command in the UM Input program.
Adding new wheelset

Wheelset is the one of the standard UM subsystems. The following steps are necessary to
create a new wheelset.
2. Select the Subsystems item in the Tree of elements.

3. Add a new subsystem by the * button in the Inspector.
4. Select the type of the subsystem — Wheelset.

3
Mame: SubS1 + ﬁi‘

Type: [? Type: {none) v]
Comme ! Type: {none)

[&] induded

|

= external

@ Linear FEM subsystem

ﬁ Ballast
5 Caterpillar
T Flexible Railway Track

Note. The v0 parameter (speed of the vehicle) is added automatically to the identifier
list after adding the wheelset subsystem type.
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Now you can see the wheelset in the animation window, see Figure 1.1.

Figure 1.1. Animation of the wheelset

5. Rename the wheelset. Set the Name parameter to Wheelset.
6. Save the model with the name WSet by the File | Save as... menu command.

The model is ready to be loaded in the simulation program UM Simulation.

7. Run simulation program. From the menu Object select Simulation... or use the &) button.
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1.2. Simulation of the wheelset dynamics

1.2.1. Preparing environment for the simulation of railway vehicle dy-
namics

To perform the simulation of a rail vehicle, it is necessary to set the following data: wheel
and rail profiles.

The following profiles are set by default:
e the new Russian locomotive wheel profiles, the newlocow.wpf file;
e the Russian R65 new rail profile, the r65new.rpf file.

Setting wheel and rail profiles

1. From menu Analysis select Simulation or use the F9 key. Object simulation inspector
appears.

2. Select the Rail/Wheel tab.
3. Point to the Profiles and then Rails tabs, see Figure 1.2.
4. For Left rail and Right rail load one the desired *.rpf file.

Object simulation inspector

Solver Identifiers Initial conditions  Object variables  RailMheel wya  Information
=B %o | ¥

Track Profiles Contact Forces Speed

Wwheelz Rails  Contact options  Wheel forms

Left rail | C:\Users\Public\Documents{UM Software Labniversal Mechanism'aYyrwprfiyyaSnew. rpf @ﬂ
Right rail | C:\Users\Public\Documents{UM Software LabYniversal Mechanism'ayrwprfiyr s Snew. rpf @ﬂ
Set of rail profiles
+
[ ]Profile evaolution
Contraol points: left rail Contral points: right rail
Track Profile Track Profile

Integration Message Close

Figure 1.2. Rail and wheel profiles
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5.
6.

Point to the Wheels | Profiles tab, see Figure 1.3.
Click the = button (add profile to list) and select the desired *.wpf file, for example new-
wagnw.wpf.

Ohbject simulation inspector

Solver Identifiers Initial conditions Object varisbles  Rail/Wheel xva  Information

=By 2

Track Profiles Contact Forces Speed

Wheels Rails  Contact options  Wheel forms

Profiles  Radii difference
theel profiles

ﬁ Add profile(s) to the list

Figure 1.3. Rail and wheel profiles

Click the right mouse button on the just added profile and select Assign to all, see Fig-
ure 1.4.

Click the e button. Window with rail and wheel profiles appears.

Object simulation inspector

| Solver | Identifiers | Initial conditions | Object variables | Rail \Wheel |X'l.|'.ﬁ. I Information

=B Y% |2
Track | Profiles |Cnn13ct | Forces I Speed|
Wheels |F'.ai|s | Contact options | Wheel Forms|

Frofies |Radi difference

Set of wheel profiles

i} +  Add wheel profile
il Delete selected profiles

Assign to all
W5  Leftwhee [ Copy file path Right wheel
1 newlocow Show file in folder newlocow, wpf

Open in profile editor...

Figure 1.4. Rail and wheel profiles
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1.2.2. Simulation of the motion

Set ideal even way

Set Track type to Even.

ok 0=

Set Track type to Tangent.

Animation of rail/wheel contact

Point to Macrogeometry tab.

8  Getting Started: Railway Vehicle Dynamics

Select Object simulation inspector, you can also use F9.
Point to Rail/Wheel | Track | Irregularities tab.

Open the window for animation rail/wheel contact forces and turn on animation of contact

forces.

1. To open the window for rail/wheel animation use the Tools | Animation of contact menu
command. The rail/wheel contact window appears.

2. Turn on the Animation of forces and N1 check boxes, see Figure 1.5. In order to get quite
large-scale vectors of forces we need to change scale of vectors.

3. Set Scale to 10 (kN/m).

Note. Forces are shown after the simulation of wheelset dynamics starts.

L$J Animation window

| Animation of forces

Scale 10.0

Parameters of vector animation

WMl

Z] KM/m

QOrientation...
horizontal

@ vertical

Figure 1.5. Animation of contact

Stationary motion

Before simulation starts we need to set parameters of the numerical method.
1. Select Object simulation inspector, F9.

2. Point to the Solver tab.
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3. Set Solver to Park.
4. Set Error tolerance to 4E-8.
5. Click Integration.

If all coordinates are zero, a stationary regime of motion occurs: the wheelset does not move
in the lateral direction and does not rotate about the vertical axis. The contact forces are constant.

6. After simulation finishes Pause window appears. Click Interrupt.
Perturbed motion

Now we’ll shift the wheelset from the steady state and analyze its dynamics.

1. Select Object simulation inspector.
2. Point to the Initial conditions | Coordinates tab, see Figure 1.6.
3. Setsecond (1.2) coordinate to 0.001 (m). Press Enter.

g =

Ohbject simulation inspector
Solver Identifiers Initial conditions  Object variables  Rail/Wheel  xva Information

Coordingtes  Constraints on initial conditions

=B|(@®0 v ¥
|wset. ﬂ|
Jdr ¥ Coordinate Velodity Comment

1.1 0 0 Wheelset, jWset 1c

1.2 0,001/ 0 Wheelset.jivSet 2c

1.3 0] 0] Wheelset, jWset 3c

1.4 0] 0] Wheelset,jWset 4a

1.5 0 0 Wheelset,jWset 5a

1.6 i i Wheelset, jWSetRotat 1a

< >

Message d}(=| 0.1 El l:|E|=| 0.1 E|

Mumber of d.o.f. =6

Integration Message Close

Figure 1.6. Initial conditions

4. Start simulation. Make sure that the wheelset is instable — a small perturbation of initial po-
sition leads to self-excited vibrations.

Repeat the simulation to obtain plots for coordinate Y of the wheelset and for the angle of ro-
tation about Z axis.

5. Open a new graphical window (from Tools menu).
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6. Open Wizard of variables (from Tools menu).
7. Inthe Wizard of variables select the Coordinates tab.
8. Select Wheelset | JWSet | 1.2 and 1.4, see Figure 1.7.
9. Clickthe to create the variable and set it to the container of variables.
10. Drag variables to the graphical windows.
11. Start simulation of motion.
Plots of the lateral position of the wheelset and its turning angle relative to the vertical axis
are shown.
Wizard of variables @
ﬁ Variables for group of bodies I P Joint forces | Y)'f Angular variables I \4)_ Linear variables
b Expression I H-_'jJ Rail \heel I ;’ Track coordinate system I L& Railway vehide | H Wheelsets
", Reactions | %, Coordinates | a|=>g Solver variables | *% All forces I [ Identifiers
= ] wset » | Selected (total 2)
= [m] Subsi 1.2, 14
- [E] jwset Type of variable
11
12 | @ Coordinate ) Velodty ) Acceleration
13 1
1.4
s
=[] jwsetRotat
[ 1e -
%12, ... Coordinate
¥1.2
¥1l4
Figure 1.7. Wheelset coordinates
Note. If you have too many open windows use List of windows, menu command Win-
dows | List of windows.
Set initial speed of the vehicle and simulation time.
1. Select Object simulation inspector, point to Identifiers tab.
2. Set Expression for the vO to 20 m/s.
3. Select the Solver tab, set Simulation time to 20 seconds.
4. Start simulation of motion. You see that the wheelset is unstable as well but the period of
oscillation increases, see Figure 1.8.
Note. Lateral displacement and angle of attack (hunting) are quite small. Use Full view

button to tune the window scales, see Figure 1.8.
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= e )
DCESSC=TE |
E?i:i:i:::ﬂ:z:: m__ewl _______ . 1] ﬂ M“ MH |
| : @ |
ML A
i

Figure 1.8. Wheelset coordinates
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2. Creating the model of railcar

Here we consider the development of a simplified model of a railcar. The main simplification
is absence of the traction engines. You can find this model in the
{UM Data}\SAMPLES\Rail_Vehicles\AC4" directory.

2.1. Basic elements of model

Figure 2.1. UM model of the ac4 railcar

Inclined frictional
damper

Suspension
spring

Lateral damper

Figure 2.2. Basic elements of the model

! Model is also available at www.universalmechanism.com/download/90/ac4.zip



../../SAMPLES/Rail_Vehicles/AC4
http://www.universalmechanism.com/download/90/ac4.zip
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5 7
% !
' !

— NI

-= ® @ =

Figure 2.3. Basic element of the model

The model consists of the following elements.

1. Two standard UM subsystems — wheelsets.

2. Four graphic objects (car body, damper, spring, traction rod).

3. Five bodies — a car body and four axle-boxes.

4. One joint introducing car body coordinates, and for rotational joints for axle-box/wheelset
pairs.

5. Twelve bipolar force elements (4 inclined and 4 lateral dampers, 4 traction rods).

6. Eight special force elements of the spring type as suspension springs.
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2.2. Creating new object

1.

2.
3.

Run UM Input program.

Create new object by clicking the D button or by the File | New object menu command.
Save the empty object by clicking the File | Save as... menu command.

[ Save as.. lﬁj

Path (induding object name):

bl missareal Marhamiem @i madaleized 2l -

ChUsersh PublichDocumentst UM Software Lab\Universal Mechanism'\&8'\My modelshacd

[ Save ]| Cancel |||

Figure 2.4. Save dialog

Select a desirable directory including the object name (ac4, Figure 2.4). Any letters in the

path are allowed except the object name where Latin letters and digits can be used only. The
terminal directory in the path (with the object name, ac4) will contain all information about the
model as well as working files.

While describing the object elements, use the / b button in the toolbar of the anima-

tion window to switch the object image modes: full object mode and separate element mode.

2.3. Creating wheelsets

General information about a wheelset as a standard subsystem can be found in Chapter 8,

Sect. Wheelset and single wheel.

1.

Select Subsystems in the element tree (Figure 2.5, left) and add a subsystem by clicking the

* putton on the data inspector, rename it to WheelSet1 and choose the type of the subsys-
tem — Wheelset (Figure 2.5, right). Wheelset appears in the animation window and the data
in inspector reflect its current geometrical and inertia parameters. Some of the wheelset pa-
rameters can be corrected right here, see Figure 2.6. If necessary, here you can change semi
base and the running radius.

Set the wheelset position relative to the center of the vehicle. Select the Position tab and set
Position | x to Lengthl. Press Enter and input Lengthl = 3.29 m. The identifier appears in
the list of identifiers together with the standard identifier vO (initial vehicle speed). You can
modify values of identifiers in the list any time you wish.

On the next step the user can decide where the origin of the reference frame (SCO) is locat-
ed: either on the rail head level (recommended) or on the wheelset axle level (obsolescent).
In this example we will go through the recommended way. Set Position | z to rwheel, press
Enter and then input rwheel = 0.525 m.


../08_um_loco.pdf
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4-[@ Object

----- {af Bipolar forces
--(z# Scalar torgues
----- = Linear forces
----- #® Contact forces
----- D TForces

----- % Spedial forces
@D Connections
----- 123 Indices

Wns: SubS1

[

+ ¥ @

Tun: [? Type: {(none)

V]

Kommer 7 Type: (none)
included
[[m=]
= external

Linear FEM subsystem
Flexible beam
ﬁ Ballast
&g Caterpillar
" Flexible Railway Track
n MonankHas Ganka

A summary

Figure 2.5. Adding a standard subsystem — “wheelset”

FE
Identifiers Inertia parameters
Name: Wheelsetl + ﬁ General Position
Type: [H Wheelsat v] Translation
. C
CommentsText attribute C X |LEI-'E":h:l M |
z |rwheel E:|
’ Edit subsystem ]
Identifi Inerti tel i e h
ENULETs nerta parélﬁe = s Initialization of valy }s ﬁ
General Position b
Identifier: Subs1 Identifier Value Comment
Inertial rail length1 3.29 -
[ Testrig
Type of wheelset
1@ Standard Add to the s fet: v
() Independent rotation N ————— ———————
() Single wheel (left)
() single wheel (right) o b5
() Flexible wheelset = E [ = i
Whole list
Radius: 0.525 n
Semibase: 0.79 T Name Exprel on Value
v0 20
Axle length: 2.2 n
length1 3.29

Figure 2.6. Wheelset parameters

Inertia data of wheelset

Select the Identifiers tab and modify inertia parameters as follows, see Figure 2.7.
Set wheelset mass mwset = 3650 kg.

Set moments of inertia relative to X and Z axes ixwset = 1000 kg-m?.

Set the moment of inertia relative to Y axis to iywset = 500 kg-m?.

e
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[
| Name: Wheelsetl + fii
Type: [H Wheelset v]
CommentsText attribute C
[ Edit subsystem ]
| General I Position
Identifiers | Inertia parameters
Whaole list
Mame Expression Value
w0 20
mwset 1500
iowset 1200
iywset 300
axlelength 2.2
v_axlebox 1.05
hrail 0.18

Figure 2.7. Inertia parameters of wheelset base and gyrostat
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Creating the second wheelset

To create the trailing wheelset, copy the leading wheelset by clicking the button.
Change the Name to WheelSet2 and identifier of the new wheelset to WS2. Set the wheel-

set location on the Position tab as -Length2, where Length2 = 3.71 m. Use the expression -
Length2 (minus Length?2) to set the negative coordinate.

5
Mame: |Wheelset2 | o+ fiii
Type: | #+ Wheelset W
Comments,Text attribute C

Edit subsystem

Identifiers Inertia parameters
General Position
Translation
N |-I_Eﬂg|ﬂ'|2 c |

z |rwheel c |

2. Description of the wheelsets is complete. Save the object using the File | Save menu com-

mand.
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2.4. Creating graphical objects

It is important to remember that one graphic object (GO) can be assigned to any number of
elements having the same image. For instance, a GO ‘spring’ is assigned to four suspension
springs as their image. The same statement is valid for dampers and traction rods.

At present, CAD programs are often used for creating images of bodies. UM allows import
of graphic objects from many of the CAD programs as well as from STEP and IGES formats. By
development of the current model, we will use several preliminary created GO imported from a
CAD program (car body, axle-boxes, traction rods).

Use the Images item of the list of elements to get GO in the inspector, Figure 2.8. So far the
list is empty.

a -1} Object

b Curves

-Fi Variables

. 8P Attributes

+ (8 Subsystems

16 Images

- 57 Bodies

- JB, Joints Mame: | Spring &+ ]

45 Bipolar forces

24

...... (+ Scalar torques Comments,Text attribute C
----- = Linear forces
----- #® Contact forces
-3 T-Forces

. -9 Spedal forces
----- &2 Connections
----- 123 Indices

----- E Summary
T, Coordinates

Description | GO position

Type: +

Add new graphical element (GE]|

Figure 2.8. List of images. Buttons and their functions
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2.4.1. Creating image of spring

FS

Mame:  Spring ?f + ﬁ

Comments,Text attribute C

Description | GO position

Spring
Type: & spring + ﬁi’i
Comments Text attribute C
GE position Material
Parameters Colars
) Left @) Right
Radius: 0.1 c
Height: 1 £
Bar diameter (d): 0.04 c
Mumber of coils: 7 '_/j]
Coil discretization: 20 '_/j]
Bar discretization: 10 '_/j]

Figure 2.9. Image of spring

1.  Add new GO to the list be the upper * button, and change its name to Spring.

2. Select the Spring type from the drop-down list. Set spring radius 0.1 m and number of
coils 7, Figure 2.9.

Note. Note that images of force elements in the simplest case have 1 m length along the
Z-axis. Program manages its length and orientation automatically.



Universal Mechanism 10 20  Getting Started: Railway Vehicle Dynamics
2.4.2. Add images from files

The button &= on the tool panel as well as the Edit | Read from file... menu command al-
low the user to add preliminary created elements from files, in particular, GO (file extension
*.img). All the GO, which we will add to the railcar model, are located in the directory {UM Da-
taj\rw\Images.

Read sequentially the following files:

e AC4 _CarBody;

e AC4 TractionRod_F (the front rod);

e AC4 TractionRod_R (the rear rod);

e AC4 AxleBox LF (the left axle-box of the leading wheelset);
e AC4 AxleBox LR (the left axle-box of the trailing wheelset);
e  Damper.

All of these images except the damper are imported from one of the CAD software, Fig-
ure 2.10.

Note that the car body image consists of several graphic objects. Images of axle-boxes and
rods are similar but differ in some details.

il

B

Figure 2.10. Images from files

2.4.3. Images of right axle boxes

Images of the left axle-boxes were read from files. GO for the right axle-boxes are created
from the left ones by the rotation on 180 degrees about the vertical axis.

e Create anew GO by the * button. Rename it as Axle-box RF — (R)ight, (F)ront.
e Add a graphic element (GE) by the lower button ¥ .


../../rw/Images
../../rw/Images
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e Assign the GO type to the new GE, i.e. a reference to one of the existing GO. Select the
Axle-box LR GO from the drop-down list, Figure 2.11, Left.

e In the GE position tab, rotate the image on 180 degrees about the Z-axis, Figure 2.11,

right.
Parameters I Color ~ GE position I
Mame:  Axle-box RF g + fii —Translation
Comments,Text attribute C M I c
y: | =
Description | GO pesition
- C
| z |
Tyoe: & 6o i+ i Rotation -
Comments Text attribute C I2 ;I I:I'B':I
[ =l .
Parameters | Calars | GE position I I I o
-
Element iz a graphic object
| Axie-box LR =)= [F) —Shift after rotation
Bottom body - . C
Prajector X I
CarBody
Traction Rod F ¥ I C
Traction Rod R E '
Axle-box LF T ©
F I
Darmper i

Figure 2.11. Creating image for the right front axle-box by rotation of the left rear axle-box

In the same way, a GO for the right rear axle-box with the name Axle-box RR can be created
by the rotation of image of the left front axle box.
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2.5. Adding axle-boxes to the model

F5

Mame: Axle-box LF + 'h ﬁi

Comments/Text attribute C

| Qriented points | Vectors I 3D Contact
Parameters | Positien | Points

4 -3 Object Coordinates (PP): [Quaternion V]
-3 Object
PR Go to el t
H 95 Curves 0 0 elemen 1
{ Fbd Variables Image: [¥] visible
i i.ab i
: © Attributes ’Axle-box LF ']
» (18 Subsystems
- B Images [ compute automatically
. g Bodies Inertia parameters
- - B Joints Mass: M_AxleBaox c
+ - 4% Bipolar forces Inert

~ nertia tensor:

-2+ Scalar torques - - = -
= Linear forces IX_AxleBox
- @® Contact forces IY_AxleBox £ £
4§ T-Forces
H H c
il GFrel 17_AxleBox
» % Spedal fo
g Cz:i:cﬁornc:s Added mass matrix: {none) J
123 Indices Coordinates of center of mass
X summary [ [ [
- Jig, Coordinates

Figure 2.12. Adding a body: the left front axle-box

Adding each of the axle-boxes is made in two steps. Firstly, a body is created and then a rota-
tional joint introducing a rotational degree of freedom of the axle-box relatively to the wheelset
base.

e  Open the empty list of bodies, Figure 2.12, left.

e Add abody by the * button.

e Rename it as Axle-box LF — (L)eft(F)ront.

e Assign the GO of the same name from the drop-down list.

e Set the moment of inertia relative to the lateral Y-axis by the identifier
IY_AxleBox = 3 kg-m.

Note Please note that the most effective Park Parallel solver requires that mass and
diagonal components of inertia tensor should be implemented. Otherwise Park
Parallel will not be applicable. So you may specify Y -axis moment of inertia on-
ly, as it is described above and use any solver besides Park Parallel or specify all
required fields (mass and all axis moments of inertia), Figure 2.12, and make
Park Parallel also available.
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e Set the moments of inertia relative to the longitudinal X-axis and relative to the vertical Z-
axis by the identifier IX_AxleBox = 3 kg'm?, 1Z_AxleBox = 3 kg-m.

3
Name: jWSetl_Axle-box LF + i -
Body1: Body2:
- Wheelset1.WSet | Axle-box LF |
Type: Rotational hd
Name:  Axle-box LF| + ‘h m ’ ( ]
. Geometry | Description I Joint force
Comments,Text attribute C
Joint points
Wset Ef\\g
- - E 11 3 £
| Criented points | Vectors I 30 Contact '

Parameters | Position | Points pxde-bax LF Ty
Coordinates (PP): [Quaternion A £ c £
Go to element = = Joint vectors

« Rotational c[',:v Create joint
Image: . Wset [axis ¥ : (0,1,0) ']
: £  Translational & Create GO » o 5 o
1] 1 1]
™y 6d.of.
|:| Compute auton N
Inertia parametet %% General Axle-box LF [a)us Y:(0,1,0) ']
Mazs: 7% Quaternion C 0 no ™o n

Figure 2.13. Creating a rotational joint for the axle-box

Create a rotational joint for the axle-box.
e Click on the ®=' button and select the Create joint | Rotational menu command, Fig-
ure 2.13, left. A joint is added automatically.
e  Set the first body WheelSetl.WSet from the drop-down list (the base body of the leading
wheelset), Figure 2.13, right.
e  Set lateral position of the left axle-box on the wheelset axle 1.1 m in the Joint points group.
e  Set directions of rotation axis (0, 1, 0) for each of the bodies in the kinematic pair.
Note that no image is assigned to the base body of the wheelset. To see the result of the joint

creation use the / b button to set the full object mode in the animation window,
Figure 2.14.

m k| OShw | HIew T e

@ @ [@]r |

Switch Object/Element (F4) i

Figure 2.14. Toolbox button to switch between whole object and the current element
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Figure 2.16. Leading wheelset with axle-boxes

To add the second axle-box, we recommend to use the copy operation for the body and joint
specifying the first axle-box.

e Open the list of bodies and copy the axle-box by the button. Rename the new body as
Axle-box RF — (R)ight(F)ront. Assign the GO of the same name.

e Open the list of joints and copy the rotational joint of the first axle-box. Assign Axle-box
RF as the second body. Change sign by the lateral coordinate -1.1. The result is shown in
Figure 2.16.

Create the third and the forth axle-boxes for the trailing wheelset in the same manner.

Figure 2.17. Wheelset with axle-boxes
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2.6. Adding car body

Now we will add the car body and its inertial parameters to the object. Note that creation of
the body image (the Car body GO) in the previous section does not mean that you have added
the car body itself. You have added a picture to the list of pictures, nothing more. The car body
appears in the model if you add the corresponding element to the list of bodies and set its coordi-
nates.

[
4 -[@ Object
4 -ﬁ'- Object Mame: Car body + -h m CDZ' Create joint . Rotational
i g Curves ) y -
. Varisbles Comments,/Text attribute C y Image ## Translational
. 8P Attributes CarBody )_. 6 d.of.
s (I8 Subsystems
> - O Images/ | Oriented points I Vectors I 3D Contact \i'- General
> {557 Bodies Parameters | Position I Points 9@ Quaternion
A J.Dmts Coordinates (PF): ’Quatemion v]/
> 24 Bipolar forces
G+ Scalar torques Go to element II?/ 5
----- = Linear forces . n
= Image: Visible
""" ? Contact forces Mame:  jCar body + i
>y T-Forces [CarBody ']
» %9 Spedial forces [ Compute automatically Body1: Body2:
""" &2 Connections Inertia parameters Basel j Car body ﬂ
----- 123 Indices Mass: mbod ]
..... Summary ; ¥ Type: ["\ 6d.o.f. v]
I_, Coordinates Inertia tensor:
Coordinates
et e : : [eonery
ibodyy C C Translational
degrees of freedom:
ibodyz L
X 0,000000000000 ZI
Added mass matrix: {none) J Y  0.000000000000 1-_/4]
Coordinates of center of mass 7 0,000000000000 Z‘I
£ £ 1525 £ Rotational
degrees of freedom:
Crientation angles
[Cardan (1,2,3) v]
1 0.000000000000 Z{]
2 0,000000000000 f_A]
3 0.000000000000 '_A]

Figure 2.18. Adding car body and its joint

1. Select the Bodies item in the tree of elements and add a new body by clicking the ¥ but-
ton. Rename it as Car body.

2. Fill out the inspector window like Figure 2.18: choose the corresponding image from the
list, set inertia parameters as identifiers:

mbody = 38300 kg,
ibodyx = 140000 kg-m?,
ibodyy = 626000 kg-m?,
ibodyz = 599000 kg-m?,
zbody =1.525 m.

3. Adjust a joint by clicking the ®=' button and select its type 6 degrees of freedom. The cor-
responding joint (jCar body) will be added to the list of joints. The joint assigns 6 coordi-
nates to the body: three Cartesian coordinates in SCO and three angles of orientation in the
sequence 1, 2, 3 (sequence of rotations about X, then Y and finally Z axes).
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2.7. Adding force elements

2.7.1. Springs

Getting Started: Railway Vehicle Dynamics

The simplest way to create a spring consists in using a special force element Spring
(Chapter 2, Sect. Special forces / Spring, Chapter 3, Sect. Input of force elements / Special forces

/ Spring).
[
Mame: Springll_1 -+ fii
13
Comments,Text attribute C
Mame: Springll_1 + m
- Object ’
c:,...f;zjecjbject Body1: Body2: Comments/Text attribute C
N ,395 Curves Body : {none) J Body : {none) J
‘T: Variables Type: [ -] Body1: Body2:
: (o 5': bAth—t:EUtes attac ¢ Gearing Axle-box LF j Car bady j
- ubsystems '
- Fon L i P I
. g Bodies =] Combined friction Basel
> -J® Joints @ cam ; Axle-box LF -
»-4¥ Bipolar forces Bodyz BRI Axle-box RF
e Scalar torques wld Rack Axle-box LR Ek
= Linear forces W& Bushing Axle-box RR : -
----- é Contact forces @ e i Car body 01
) 6 T-Forces = MagLev force B Bodyl %
. [% spedal forces 2 Mechanical converter of rotation > & Wheelset1 c =
-~ Connections {B Fluid coupling d 5 Wheelset2 L.025
_____ 123 Indices '@ Hydraulic torque converter
..... B summary (Z Hydrostatic drive
35, Coordinates @ Planetary gearing .

Figure 2.19. Creating spring

Select the Special forces tab (Figure 2.19, left) and add the first element corresponding to
the front spring of the front right axle-box by clicking the  button. Rename it as
“SpringlL_1”. Set its type Spring (Figure 2.19, center).

Set bodies connected by the spring: Axle-box LF and Car body (Figure 2.19, right). Assign
the GO Spring.

Set coordinates of attachment point to the axle-box (0.28, 0, 0.1) and height of the spring
under the static load 0.4 m (the Length parameter). Check the automatic calculation of the
second attachment point (the Autocomputing for 2nd body check box), Figure 2.20, left.
As a result, the spring takes its final position in the animation window. Now click the Com-
pute for the second body button, the coordinates of attachment point for the second body
are visualized (3.57, 1.1, 1.025).


../02_um_technical_manual.pdf
../03_um_data_input_program.pdf
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[

Name: Springll_1 + fii

CommentsText attribute C

Body1: Body2:

Axle-box LF j Car body j
Type: ["g Spring v]
GO: [Spring v]

Attachment points

Axle-box LF %

0.28 c £ o1 £ Attachment Parameters l
Car body T Stationary force

3.57 £ 11 C 1.025 c C | = |ﬁ1| C
Attachment | parameters .

. Type of spring

Direction .

X oy @z {" Eguivalent beam

B © ¥ ©-z & )

Attached SC Car body Experiment

: 0.00000000 Hl
— Axial stiffness (CI): ||:21

E 0.00000000 Hl

[ ~] o.00000000 pA Lateral stiffness (Cs): ||:x1
Length: 0.4 E Bending stiffness (Cphi): ||:phi1

Compute for the second bod . .

[ e Y ] Torsion stiffness (Ca): |
Autocomputing for 2nd body

Figure 2.20. Parameters of spring

4. Select the spring type Experiment and set shear (lateral) Cs, longitudinal (vertical) Cl and
bending Cphi stiffness with identifiers cx1 = 370000 N/m, cz1 = 377000 N/m, cphil =
5500 N-m/rad.

5. Set the static load for the spring. Set Z component of the Stationary force to fz1. Initialize
fz1 first by zero value.
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Whaole list

wel

Mame Expression Value

v 20

11 3.29

12 3.71 i ==
bfrc_damper_I0 0.7

bfrc_damper_r  0.07 Mame: fzi

Iy_axdebox 3 Expression: dy*9.81* Length2/{ Length1+L.ength2)/4 ©
mbody 3.8300000E+4

ibodyx 1.4000000E+5 Comment:

ibodyy &.2500000E+5 [ — ] I — ‘

ibodyz 5.9900000E+5

xl 3. 7000000E+5 %\«/—
czl 3. 7700000E+5

cphil 5500

fz1 0

Figure 2.21. Static spring force as an expression

It is quite clear that the static load for the front springs is a function of the car body mass as
| as longitudinal positions of wheels, which are set with the help of identifiers mbody,

Lengthl, Length2. Now it is possible to express the static load value in terms of these identifi-

ers

10.

11.

12.

fz1 = mbody*9.81* Length2/( Lengthl+Length2)/4.
To insert this expression instead of the value of the identifier, double click by the left mouse
button on the corresponding (fz1) row of the identifier list and write down the expression in
the appeared window (Figure 2.21).

Copy the first spring by the button. Rename it as ‘SpringlL_2’ (rear spring).
Change the sign for the X-coordinate of the spring attachment to the axle-box, -0.28 instead
of 0.28.
Copy the first and the second springs. Rename them as SpringlR_1, SpringlR_2 (front
and rear springs o the right front axle-box). Set the first body Axle-box RF.
Now create the front spring for the left axle-box of the trailing wheelset. Copy the first
spring, rename it as Spring2L_1, change the first body to Axle-box LR. Set the following
stiffness constants

¢x2 = 330000, cz2 = 370000, cphi2 = 5250.
Set the stationary force as the fz2 identifies. Initialize it to zero and then double click on the
fz2 identifier in the List of identifier and set

fz2 = mbody*9.81* Lengthl/( Lengthl+Length2)/4.
Copy the last spring three times, create the remaining springs (Spring2L_2, Spring2R_1,
Spring2R_2) and modify them like the corresponding springs of the leading wheelset, Fig-
ure 2.22.
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Figure 2.22. Suspension springs
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2.7.2. Inclined dampers

Bipolar force elements should be used to add inclined frictional dampers to the model, Chap-
ter 2, Sect. Bipolar forces, Chapter 3, Sect. Input of force elements/Input of bipolar force ele-
ments.

1. Select the Bipolar forces in the tree of elements and add the first bipolar force. Rename it to
DamperlL.
2. Set all parameters like it’s shown in the figure below.

5]
Mame: Damperil + m
Comments Text attribute C
Body1: Body2:
Axle-box LF j Car body j
GO [Damper v]
[ Autodetection
Attachment points
Axle-box LF
£z £ 017 c
Car body
I C 139 £ 1025 c
Length  0.342053
= Frictional v]
Friction force (F): 1.1e4 L
Ratio (f0/f): 1.2 C
Stiffness coef, {c): 5.0e7 c
Damping coef. {d): 1.0e4 c

Other tree dampers are added by copying, renaming and correcting attachment point coordi-
nates as well as the first body for the rear dampers.
3. The second damper (DamperlR), the first body Axle-box RF, attachment points
(0,-0.2,0.17) and (Lengthl, -1.39, 1.025).
4.  The third damper (Damper2L), the first body Axle-box LR, attachment points
(0,0.2,0.17) and (-Length2, 1.39, 1.025).
5. The last damper (Damper2R), the first body Axle-box RR, attachment points
(0,-0.2,0.17) and (-Length2, -1.39, 1.025).


../02_um_technical_manual.pdf
../02_um_technical_manual.pdf
../03_um_data_input_program.pdf
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2.7.3. Traction rods

Traction rods producing a force along the rod exclusively are modeled by bipolar force ele-
ments. Let the element length in the unloaded state be 1.5 m.
1. Add the next bipolar element; rename it to Traction rod 1L (front left rod). Set the element
type Linear.
2. Follow the figure to describe the element (c_rod = 2.5E7 N/m).

=
Name: Traction rod 1L + m

Comments Text attribute C

Body1: Body2:
Axle-box LF ﬂ Car body ﬂ

GO [Tracﬁcn RodF ']

[T Autodetection
Attachment points
Axle-box LF

0,285 c Co c

Car body
11-1.5 €11 L 0,525 c

Length 1.215
[Iﬁ. Linear vl

F=F0-c(x- x0) - d* v + Q *sin{w*t+a)

Force (FO): i}
Stiffness coef. (o) c_rod
Coordinate (x0): 1215
Damping coef. (d): i}
Amplitude (Q):

o o (o o o (o o

1]
Frequency (w): 0
1]

Initial phase (a):

Other three rods are added by copying, renaming and correcting attachment point coordinates
as well as the first body for the rear rods.
3. The second rod (Traction rod 1R), the first body Axle-box RF, attachment points
(-0.285, 0, 0) and (Length1-1.5, -1.1, 0.525).
4. The third rod (Traction rod 2L), the first body Axle-box LR, attachment points
(0.285, 0, 0) and (-Length2+1.5, 1.1, 0.525).
5. The last rod (Traction rod 2R), the first body Axle-box RR, attachment points
(0.285, 0, 0) and (-Length2+1.5, -1.1, 0.525).
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2.7.4. Lateral dampers

Description of the lateral dampers is quite analogous to the description of the frictional
dampers and the lateral traction rods.
1. Add the next bipolar force element, rename it to DamperY1L.
2. Use the figure below to describe the element (d1y = 16400 N-s/m).

FZ

Mame: DamperYill + ﬁ

Comments Text attribute C

Body1: Body2:
Axle-box LF ﬂ Car body j
GO:  |Damper - |

Autodetection
Attachment points
Axle-box LF
C o3z C C

Car body

11 R W C 0.525 c
Length 0.28
|1Z. Linear hd
F=F0-c*x- x0) - d*v + Q@ *sin{w*t+a)

Force (FO): a c
Stiffness coef, (c): a L
Coordinate (x0): ] c
Damping coef. (d): diy c
Amplitude (Q): a c
Frequency (w): 0 L
Initial phase (a): i} c

3. The second lateral damper (DamperY1R) , the first body Axle-box RF, attachment points
(0,-0.32, 0) and (Lengthl, -1.7, 0.525).

4. The third lateral damper (DamperY2L), the first body Axle-box LR, attachment points
(0,0.32, 0) and (-Length2, 1.7, 0.525).

5. The last lateral damper (DamperY2R), the first body Axle-box RR, attachment points
(0,-0.32, 0) and (-Length2, -1.7, 0.525).
The model of the railcar is ready.
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3. Scanning: implementation to railway vehicle
dynamics

Here we discuss how to create and fulfill scanning project and then to analyze the obtained
results. As an example, scanning project for railcar AC4 ({UM__ Da-
taP\SAMPLES\Rai_Vehicles\ac4) is used.

Creating the AC4 model is considered in details in the previous section, see. Sect 2.

Scanning tool is a component of the UM Experiments module. To check if your UM instal-
lation has UM Experiments module please select the Help | About... menu command. The
About dialog appears. There you can find the list of the installed UM modules.

Before starting scanning project please make sure that a model of the railcar AC4 is on your
computer. You can find it in the {UM Data}\SAMPLES\Rail_Vehicles\ac4 directory, download
it from the Internet (www.universalmechanism.com/download/90/ac4.zip) or create the model
like it’s shown in the previous section.

Completely described scanning project, which is considered in this section, is available here:
www.universalmechanism.com/download/90/scanl.zip.



../../SAMPLES/Rail_Vehicles/AC4
../../SAMPLES/Rail_Vehicles/AC4
../../SAMPLES/Rail_Vehicles/AC4
http://www.universalmechanism.com/download/90/ac4.zip
http://www.universalmechanism.com/download/90/scan1.zip
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3.1. Creating scanning project

Here a scanning project for railcar AC4 is considered. The aim of this scanning project is to
determine the critical speed of the railcar.

3.1.1. Preface

There are lots of criteria that engineers take into account during carrying out researches and
optimization of parameters for railway vehicles. Stability of the railway vehicle is the one of the
most important criteria of dynamical properties of the vehicle. Nowadays the most common es-
timation of the stability of the railway vehicle is its critical speed.

Here the approach, which helps us to estimate the critical speed of the vehicle numerically
with the help of series of computer experiments, is shown. We will run the railcar with the vari-
ous velocities on the even track with the single lateral irregularity at the beginning of the track.
Amplitude of the irregularity is 20 mm and its length is 10 m. Then we will analyze lateral oscil-
lations of the vehicle and will see if the single irregularity leads to stable or instable motion.

One of the informative characteristics is the lateral position of a wheelset relative to track ax-
is or rather power of the lateral oscillation of the wheelset that can be estimated as standard devi-
ation of the process.

Plots of lateral position of the first wheelset of the rail car are shown for vO = 30 m/s (see
Figure 3.1, in black) and 90 m/s (in green). It is obvious that the railcar is stable for vO = 30 m/s
and instable for 90 m/s. Standard deviation of the lateral oscillations of the first wheelset depend-
ing on vehicle speed is shown in the Figure 3.2. One can see stable, transition and instable zones
there.

ootz - i il
0.008F--

0.004f--f-1{--

Lateral oscillation, mm

-0.004

Path, m

Figure 3.1. Lateral oscillation of a wheelset
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Figure 3.2. Standard deviation of lateral oscillations in dependence of vehicle speed
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3.1.2. Creating new scanning project

1. From the Scanning menu point to New project.
2. Input the full path to the scanning directory including name of the project, Figure 3.3.

- '
Open folder for a new project of scanning ﬁ

Full path
Software LabYUniversal Mechanism\8YMy projects'Scani @

Figure 3.3. Folder for a new scanning project

3. Press the OK button and confirm creation of the new directory. The window of the new pro-
ject appears, Figure 3.4.

i Scanl - scanning = @

General |.|5.Jterna1jves | Evolution | Run | F‘.esults|
B |

Directory: C\Users\Public\Documents\UM Software Lab\Universal Mechanism\B8\My projects\Scanl

Status: Mo calculations done
Comments

Figure 3.4. New scanning project
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3.1.3. Loading a model

1. Select the Alternatives tab.
2. Click the % button (add family of alternatives).
3. Inthe open dialog choose the AC4 railcar model.
The model is loaded and added to the list of Family of alternatives, Figure 3.5.

i "

i Scanl - scanning = @
General | Alternatives |Euuluﬁun I Fun IF‘.esuIts|
<+ ﬁ | Initial conditions | Finish conditions Variables I Integration I Tools
_ _ Hierarchy of parameters | Tree of alternatives | Identifiers | WheelRail
Family of alternatives
Caption rji |=:T ‘
acd List of parameters
4 18 Whole list -
..... wO=20 p
..... [1=3,79
..... |[2=3.71

----- bfrc_damper_
----- bfrc_damper_
----- iy_axlebox=3
----- mbody=3530(
----- ibodyx=1400C
----- ibodyy=62600
----- ibodyz=5290C
----- o 1=370000

----- cz1=377000

----- cphi1=5500

----- cx2=330000

----- cz2=370000

i e[ cohi2=5250
4 L| :

m

-

Figure 3.5. Scanning project: adding new model
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In this project we will scan dynamical properties of the railcar for only one parameter — speed

of the vehicle.

1. Make sure that in the program the speed unit is set as m/s. To do this, select Tools | Op-
tions... menu, in the window that appears, choose the General tab and in the Speed unit

field set the m/s.

2. Inthe List of parameters click Whole list | vO.
3. Inthe new window Properties of identifier input values from 30 up to 90 m/s with the step

is 5 m/s, Figure 3.6. Click OK.

4. Rename group of parameters Groupl to vO (using popup menu).

New group of the parameters vO appears on the Hierarchy of parameters tab. Thus, 13 nu-
merical experiments will be done, Figure 3.7. Now we come to common settings for all of these

experiments.

r '\
ﬂ Properties of identifier l — | (=l |_ih]
Identifier: vD
Current value: 20
Mode Use for
i@ List of values (7 Loop V1 Wheelset1,v0 (20)
1 Add
30 . Delete
35
40 E
45
50
55
&0 i
[
0K ] ’ Cancel
A

Figure 3.6. Values of parameters
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i Scanl - scanning E'
General | Alternatives | Evolution | Run | Results |
+ ﬁ | Initial conditions I Finish conditions Variables | Integration | Tools
} _ Hierarchy of parameters | Tree of alternatives |  Identifiers |  Wheel-Rai
Family of alternatives _
Caption 40| I‘jﬁ ]
4 -0 [30; 35; 40; 45; 50; 55; 60; 65; 70; 75; 80;
Clay) w30 List of parameters
35 4 &) Whole list -
O (A A wi=20 =
w45 [1=3.29
50 [2=3.71
wBE e bfrc_damper_
N [ B bfrc_damper_| =
—BS iy_axlebox=3
N [ S mbody=33300
B T (N S ibodyx= 14001
-8 i ibodyy=6260( |
-85 ibodyz=5950C
T (N B cx1=370000
----- cz1=377000
----- cphil=5500
----- cx2=330000
----- £22=370000
----- B cohiz=5250 7
] m | 3 ] m b

Figure 3.7. Scanning project: hierarchy of parameters
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3.1.5. Railway configuration

1.

Firstly, let’s define track irregularities. Select the Alternatives | Wheel-Rail | Track | Ir-
regularities tab.

Set Track type to Uneven.

Set Type of irregularities to From file.

Open file Nolrregularities.way for vertical irregularities and g10_20.way (see Figure 3.8)
in lateral direction, see Figure 3.9.

Select the Alternatives | Wheel-Rail | Track | Macrogeometry tab. In the Track type
group choose Tangent.

Load rail profiles from the r65new.rpf file, and set newlocow.wpf profile for all wheels,
see Figure 3.10 and Figure 3.11.

Select the Alternatives | Wheel-Rail | Track | Model and parameters tab. Set Track
model to Massless rail.

Select the Alternatives | Wheel-Rail | Contact | Contact forces tab. Set Model of creep
forces to FASTSIM.

Every numerical experiment will be done with such railway configuration.

o | i i i
R e
1| SRS o —— S —— R —— A

J \ | i i . Path. m
a 40 aa 120 160

Figure 3.8. Single lateral irregularity. File g10_20.way
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i Scanl - scanning

e e

General | Alternatives | Evolution | Run | Results |

+ @i [

Family of alternatives

Caption
acd

Initial conditions I Finish conditions

Hierarchy of parameters

I Tree of alternatives I Identifiers |

Variables | Integration | Tools

Wheel-Rail

=8 w2

Track | Profiles | Contact | Forces | speed |

| Model and parameters I Macrogeometry | Irregularities |I.rr|age|

Track type

= @ Uneven
Type of irregularities

(@) From file () Deterministic

Fies | Deterministic | List of aroups

= B

Vertical irregularities

Left rail | Software LabUniversal MEmanism‘lﬁ‘l,rw‘l,l'ﬂclrregulariﬁes.way'ﬂ
Right rail | Software Lab\Universal Memanism‘lﬁ‘l,rquIrreguIariﬁes.way'@
o

Lateral irregularities

Left rail | znts UM Software Labniversal Mechanism'2'rwia m_zu.way'@
Right rail | =nts\JM Software Lab\Universal Mechanism\arwg m_zﬂ.way'@
o

Figure 3.9. Railway track irregularities

i Scanl - scanning

RN [ECR (=<5

General | Alternatives |Evolution | Run | Results|

+ i [+

Initial conditions | Finish conditions Variables | Integration I Tools |

Family of alternatives

Hierarchy of parameters I Tree of alternatives I Identifiers | Wheel-Rai

Caption
acd

Track | Profiles | Contact | Forces | Speed|

= B

b ¥

Wheels | Rails | Contact options | Wheel forms |

Left rail | nts\UM Software LabYniversal Memanism‘llﬂ‘l,rw‘li:lrf'l,rﬁnew.rpfﬂ
Right rail | nts\UM Software LabYniversal Memanism‘llﬂ‘l,rw‘li:lrf'l,rﬁnew.rpf@
Set of rail profiles
+
[ Profile evolution
Contral points: left rail Contral paints: right rail
Track Profile Track Profile

Figure 3.10. Rail profiles
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o

-

i Scanl - scanning = [[-E (S
Generall Alternatives |E~.ru|utiur1 | RN | Results|
+ Ei Initial conditions | Finish conditions I Variables | Integration I Tools |
Family of altematives Hierarchy of parameters | Tree of alternatives | Identifiers | Wheel-Rail
Caption =3 E %\ ﬁ?‘l | 'E'Z
act Track | Profiles |Cur113ct | Forces | Speed|
Wheels |Rails | Contact options | Wheel ﬁ:rm5|
Profiles |Radii difference
Set of wheel profiles
+ DocumentsiUM Software LabWniversal Mechanism {8Yyw ewlocow . wpf
o+ Add wheel profile
i il Delete selected profiles
Assign to all
. Open in profile editor -
W5  Leftwheel | B Copy file path Iel
1 newlumwlm Shﬂ‘w ﬂlE iﬂ fD|dEF prf
2 newlocow, wpf newlocow, wpf

Figure 3.11. Wheel profiles

3.1.6. Integration parameters

Select the Alternatives | Integration | Simulation process parameters tab.

In the Solver group select Park method.

Set Error tolerance to 1E-6.

Turn on check boxes Computation of Jacobian and Jacobian for wheel/rail forces.

M w DD E

Finally Simulation process parameters should look like in Figure 3.12.



Universal Mechanism 10

44  Getting Started: Railway Vehicle Dynamics

o

i Scanl - scanning

General | Alternatives | Evolution | Run | Resuits |

+ [ [+

Family of alternatives

-

Caption
acd

Step size for animation and data storage
Error tolerance

[ | Delay to real ime simulation
|:| Keep system matrix decomposition
Computation of Jacobian

Stop simulation on wheel derailment

- o ==
Hierarchy of parameters | Tree of alternatives | Identifiers I Wheel-Rail
Initial conditions |  Finish conditions | Variables | Intearation | Tools

Simulation process parameters | Solver eptions | Type of coordinates for bodies |
Solver Type of solution
() BDF
() ABM () Null space method (MSM)

@ Park

") Gear 2

() RE4 i@ Range space method (RSM)
i) Park Parallel

[| Block-diagonal Jacobian
Jacobian for wheel/frail forces

Figure 3.12. Simulation process parameters
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3.1.7. Finish conditions

Here you can describe finish conditions for each numerical experiment in the current family
(see Figure 3.13). Finish conditions are formulated in the following way: “Interrupt a numerical
experiment if at least one of the conditions is satistied”. Using scanning project you can set fin-
ish condition as

Variable [Condition] Numerical value.

You can use any variable from the Wizard of variables as stop criterion. By default, for the
railway vehicle the following finish condition is formulated:

Distance — Vehicle distance from the simulation start >= 600 m.

It means every numerical experiment finishes when vehicle goes 600 m.

1. Select the Alternatives | Finish conditions tab.
2. Decrease vehicle distance down to 500 m, see Figure 3.13.

Note. If you need to use any other variable as finish criterion you should create that var-
iable using Wizard of variables and drag it to the field with a variable on the
Finish conditions tab.

i Scanl - scanning [-= @
General | Alternatives |Evulutiun | Run | F‘.esults|
-+ ﬁi‘ Hierarchy of parameters I Tree of alternatives | Identifiers | Wheel-Rail
Family of alternatives Initial conditions | Finish conditions | Variables | Integration | Tools
Caption = B
act
Distance - Vehidle dis t | 500 OR
] [Time J - OR
Time J =

Figure 3.13. Finish conditions
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3.1.8. Variables to save

1. Select the Alternatives | Variables tab.

Here you should form a list of variables (see Chapter 4, Sect. List of variables), which will
be stored for every numerical experiment. Variables from this list will be available as results of
the scanning project.

=l

2. Rename the No name tab to Stability, use - button.

3. Open Wizard of variables.

4. Point to the Liner variables tab. Select the WheelSetl.Wset body in the left part, set

Component to Y (lateral direction). Create (button ) this variable and drag it into the
Stability tab.

5. Point to the Wizard of variables | Railway vehicle tab. Select Distance variable from the
list of characteristics. Create this variable and drag it into the Stability tab.

After all the Variables tab has to look like in the Figure 3.14.

6. Close Wizard of variables.

i Scanl - scanning = I@
Generall Alternatives |E'u'ulutinr1 | Run | F‘.esults|
<+ ﬁi‘ Hierarchy of parameters | Tree of alternatives | Identifiers | Wheel-Rail
) ] Initial conditions | Finish conditions | Varizbles | Integration | Tools
Family of alternatives
+ =l =
Caption =4 E | E =I-t
act Stability
Marme Comrnent
riy(Wheelsetl.... Coordinates of point (0,0,0) of body Wheelset1, Wset relative t...
Distance Vehide distance from the simulation start

Figure 3.14. Scanning project: auto save variables

Now your scanning project is ready to run.
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3.2. Running the project

1. Select the Run tab.

2. If you did not make any mistake during description the project you can see “Error not
found” message in the Event log.

3. Click the Run button.

Fulfillment of the scanning project starts. Event log outputs time of the start and finish of
every numerical experiment. The railcar model is rather simple one. That’s why every experi-

ment takes you about 2-10 seconds in dependence of the speed of your computer.

4. When project is done the message “Calculation of the project of scanning is over”.

o 1

i Scanl - scanning o =] =
| General | Alternatives | Evolution | Run |F‘.esults|
| = Running processes
= =
Count of processes 3] %
Event log
-
Error not found

4 L

StoD [ Distributed calculations

[ Turn off computer when project done

Done 0% (0/13)

Figure 3.15. Scanning project: running
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Als wi=90
‘ N s J
| Run | [ Stop [ | Distributed calculations
Turn off computer when project done
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_-_ 1

Figure 3.16. Scanning project: running
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3.3. Analyzing obtained results

3.3.1. Results of separate experiments

Now we come to the analyzing of the railcar dynamics. Our analysis is based on the results of
the scanning project we have just finished.

1. Select the Results | Families | AC4 tab, see Figure 3.17.

iiii Scanl - scanning o ([
|General |.|5.Jternaﬁves | Evolution | Run | Results |
Families | Objective function I Wizard of graphs | Wizard of surfaces I Wizard of tables I Fatigue I PBS analysis |

acd

Hierarchy 4 I Experiments || stabiity |
o w0=30

v0 g W0=35 Mame Comment
ol wD=40 || riy(Wheelsetl.... Coordinates of point (0,0,0) of ...
o v0=45 Distance Vehide distance from the simula...
o w0=50 .
o w0=55
o w0=60
,( vl =55 il

Index w0 Data ... |

o 1 v0=30 .\ac... A

o 2 v0=35 ..\ac... 1

3 v0=40 ..\ac... m

w4 w0=45 .\ac..

5 wi=50 .\ac... Lay off as absdssa

6 v0=55 ..\ac... _ | Time ]

- P 1

Figure 3.17. Scanning project: results

Let's have a look at the results of several single experiments. We will compare results for lat-
eral oscillation of the first wheelset at 30 and 90 m/s.

It is more convenient to lay Distance off as abscissa because the vehicle runs the same way
500 m with different velocities for different time.

2. Select the Distance variable in the list of variables and drag it to the Lay off as abscissa
box, see Figure 3.18.
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Lay off as abscissa
Distance - Vehide distance from the smulation start  t |

FEEEEE S

Figure 3.18. Lay Distance off as abscissa
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3. Open new Graphical window.

4. Select scanning project window again, and select the experiment “v0 = 30" on the ac4 tab.

5. Select the r:y(Wheelset1.Wset) variable in the list of variables and drag it to the graphical
window.

6. Select another experiment — “v0 = 90 and drag the same r:y(Wheelsetl.Wset) variable to
the graphical window, see Figure 3.19.

It is quite clear, Figure 3.19, those lateral oscillations that rose by singular lateral irregularity
diminish in the long run at 30 m/s, but at 90 m/s reach maximum amplitude. In other words the
railcar is stable at 30 m/s and instable at 90 m/s.

Plots E=3[EEE
Variables
.r:y{wheelset...
By (Wheelset...
19 N
|
0 100 200 L 4]

Figure 3.19. Lateral oscillations of the first wheelset in black — 30 m/s, in green — 90 m/s.
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3.3.2. Summary graphs

There are several tools for overall analysis in scanning project: summary graphs, tables and

surfaces. Here let’s plot the dependence of the standard deviation of the lateral oscillations of the

first wheelset on speed of the vehicle. Such graph is shown in the Figure 3.20.

1. Select the Results | Wizard of graphs tab.
2. Select the r:y(Wheelsetl.Wset) variable in the list of variables
3. Set Functional to Std_Dev (Standard deviation).
4. Set Parameter to vO.
5. Click ¥ linthe top of the window to create summary graph.
This summary graph clearly shows us that critical speed of the vehicle is in the 45...50 m/s
interval.

o

|General |.|5.Jternaﬁves | Evolution | Fun | Results |

iiif Scanl - scanning = @

| Families | Objective function | Wizard of graphs | Wizard of surfaces I Wizard of tables I Fatigue I PES analysis |

. ok :
Family [ac4 '] = o B M
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4 -&) Criteria and variables Variables
4 - &) List of variables .St...
4 & stability
1 r:y(Wheelset1.Wset)
b Distance
Interval for abscissa
[ set
Time
Units
@1 (7 Meqga () Micrao
) Kilo ) Mill i 1/g
Filter
Functional
[Std_De'u' Line iz ready for

v] Parameter | §v]

plotting. Use double
J dick or the button on

Mo parameters

Figure 3.20. Wizard of summary graphs



