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26. UM Module for simulation of monorail trains

26.1. General information

Program package Universal Mechanism includes a specialized module UM Monorail Train
for analysis of 3D dynamics of both single vehicle and trains. The module includes additional
tools integrated into the program kernel.

The module is available in the UM configuration if the sign + is set in the corresponding line
of the About window, the Help | About... menu command, figure 26.1.

“E'_F Universal Mechanism
Simulation program

Version 7
All rights reserved (c), 1993-2013
Computational Mechanics Ltd.

Configuration
UM BASE wveeeecenenenen (+)
UM Control Panel .... (+)
UM Training Ground .. (+)
UM Subsystems ......... (+)
UM Butomotlive ......... (+)
UM Monorail Trail ..... (+) |
UM Caterpillar ........ (+]
UM LOCO «ewcnsocecncenen= (+)
UM DE1veling..v.ueeuee.- (+)
UM Rail\Wheel Wear .... (+)
UM TEBITL « e ecemennnnenn (+)

www.universalmechanism.com

e-mail: um@universalmechanism.com

Figure 26.1. UM Monorail Train module is available

UM Monorail Train contains the following main components:
e tools for generation and visualization of guideway structure (bridge) geometry;
e tools for generation and visualization of guideway roughness (irregularities);
e mathematical models of tire forces (tire/road contact forces);
e set of typical dynamic experiments.

UM Monorail Train allows the user to solve the following problems:
estimation of vehicle vibrations due to irregularities;
estimation of vehicle dynamic performances on curving;
parametric optimization of vehicle elements according to various criteria;
longitudinal forces and vibrations for trains.
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26.2. Base system of coordinates

Figure 26.2. Base system of coordinates (SCO0)

Inertial system of coordinates (SC0) in UM Monorail Train meets the following requirements

(figure 26.2).

e Axis Z is vertical, axis X coincides with the vehicle longitudinal axis at its ideal position at
the moment of motion start; direction of X axis corresponds to the motion direction of the
vehicle.

e Origin of SCO lies at the centerline of the ideal upper surface of track beam, i.e. the surface
for driving wheels.
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26.3. Development of vehicle model

The user develops the vehicle model in UMUmput.exe program. The model consists of bod-
ies, joints and force element. We recommend to start the model development with studying the
model delivered with UM {UM Data}\Samples\Monorail\Monorail vehicle.

26.3.1. Monorail identification

% Object Bogiel

o

[54 5
vargbes | curves | Atrbutes | i (S 3
General Options I Sensors/LSC « §y Special forces
= = - = © OriveTre_FL
[ Transform into subsystem } © OriveTre FR
Path D:\UM70_WORK\Tests\Monorail\Test © OriveTire_RL
Object identifier © DriveTre_RR
UMObject © stabTire_L
| © stabTire_R -
Comments © GuideTire_FL
Monorai © GuideTire_FR
© GuideTre_RL
Train 30 : © GuideTre_RR
Generation of equations i e s s =
Symbolic =
Q@ Numeric-iterative
Direction of gravity 5
| ex: C
| : Name: DriveTire_FL f L s S
ey: c Comments/Text attribute C
€z: -1.0 c
Body1: Body?2:
Characteristic sze: 1.00 A Base0 v | Drivewheel FL. |
| Scene image: (no) - Type: © Tyre v

Figure 26.3. Text attribute ‘Monorail’. Special forces ‘Tires’

UM identifies the model as a monorail vehicle or a monorail train if the following two re-
quirements are met in the model description:

e The standard text comment ‘Monorail’ must be set in the Comments box on the General
tab of the data inspector, figure 26.3, left;

e  Special forces of the Tire type are assigned to the wheels, figure 26.3, right.
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26.3.2. Modeling wheels

Figure 26.4. Model of a wheel as a body

A wheel in the UM model of a vehicle is a usual rigid body with assigned image and inertia
parameters, figure 26.4. The following special features distinguish the wheel from other bodies
in the model.

e Center of mass is located at the origin of the wheel-fixed system of coordinates (SC).

e  Wheel rotation axis coincides with the Y-axis of the wheel-fixed SC.

e A special force element of Tire type should be created for each of the wheel, figure 26.3,
right.

e The wheel should be connected to the vehicle by a rotational joint; increment of joint co-
ordinates must correspond to the motion of the vehicle ahead.

In case of guiding and stabilizing wheels, the last requirements can be met if one of the joint
vectors has opposite directions for the left and right wheels because the wheels rotate in different
directions. Examples of rotational joints for the left and right guiding wheels are shown in fig-
ure 26.5, figure 26.6. Bogie-fixed joint vector for the left wheel is directed downwards whereas
for the right wheel it is directed upwards.
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[
Mame:jBogie_GuideWheel FL % ®F T 1
Body1: Body2:
Frame LI GuideWheel FL LI
Type: £ Rotational -
Geometry |Descripljon | Joint foroe|
Joint points
Frame [[f@
¥_guide_v ¢ vy _guide_v c -Z_guide_\ c
GuideWheel_FL T
[ [ [
Joint vectors
Frame laxis Z:(0,0,1) ~ ]
a w0 -1 i
GuideWheel_FL  |axis Y : (0,1,0) v |
0 noq no0 n
Figure 26.5. Joint for the left guiding wheel
[
Name: jBogie_GuideWheel_FR f 4&!’ A5 T
Bodyl: Body2:
Frame LI GuideWheel_FR LI
Type: < Rotational -
Geometry | Description | Joint force |
Joint points
Frame T&
X_guide_v ¢ -y_guide ' c -z_guide. c
GuideWheel_FR Ty
C C C
Joint vectors
Frame [axis Z:(0,0,1) A l
[:l n [:l n n
Guidewhee FR  [axis Y : (0,1,0) -
0 nol o0 n

Figure 26.6. Joint for the right guiding wheel

We could recommend the following method for verification the correctness of joint descrip-
tion, figure 26.7.
e Set the contour type of graphics in the animation window by the LI button in the top of the
window.
e  Open the Description tab in the data inspector. Change the value of the coordinates 1,2,3...
degrees and watch the direction of the wheel rotation.
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e If the direction is false, change the direction of the bogie-fixed joint vector on the Geome-

try tab.
3
Name: jBogie_Guidewheel FL & %% .5 3!
Body1: Body2:
Frame ﬂ Guidewheel_FL ﬂ
Type: < Rotational - [
Description | Joint force !
Configuration i
Rotation: 0.000000000000 Z] [
Transiation:  0.000000000000 VA

Joint coordinate
Prescribed i.un.ﬁpn of time

Value: 1_| Z]

Figure 26.7. Increase of the joint coordinate

26.3.3. Suspension springs and shock absorbers

Linear suspension springs can be modeled by the generalized linear force elements
(Chapter 2) if a stiffness matrix describes their stiffness properties.

Both linear and nonlinear bipolar springs and shock absorbers can be modeled by bipolar
force elements (Chapter 2).

26.3.4. Air springs

Figure 26.8. Simplest model of air spring

The simplest model of an air spring in shown in figure 26.8. A bipolar force element of the
Expression type describes this model, the expression is

—C*(x—x0)—D=*v

. . XA .
where C, D are the stiffness and damping constants, ~ 0 is the undeformed length of the element.


02_um_technical_manual.pdf
file://UMSTORAGE2/public/Projects/UM%20Manual/eng/02_um_technical_manual.pdf
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G

Figure 26.9. Nishimura model of air spring

The known Nishimura model of an air spring (figure 26.9) is created as a bipolar force ele-
ment ‘List of forces’ with two subelements: linear elastic and viscous-elastic (Chapter 2).

The stiffness and damping constants for the model are calculated according to the following
formulas:

2 po 2 po dAe
Ci=MA 5 Co=nA v, Ca=(P—Pa)
r
2
D=R{ APy
Here Ae is the effective area of the spring, Po: Py are the initial absolute pressure and the

_ V_V . . . . :
atmospheric one, "'~ a are the reservoir and the air bug volumes, X is the coordinate, g is the

3
| R, =0126/d> | d
gravity acceleration, S is the flow resistance coefficient, S is the diameter of
the surge pipe. The number n is frequency dependent, N =1 for low frequencies (<0.1Hz) and

n=14 ¢ higher frequencies (>3Hz).

26.3.5. Bushings

UM supports both linear and nonlinear bushings. The mathematical model of bushings is de-
scribed in Chapter 2, Sect. Special forces/Bushings. Input of the element parameters see in Chap-
ter 3, Sect. Data Input / Input of force elements / Special forces / Bushings.


file://UMSTORAGE2/public/Projects/UM%20Manual/eng/02_um_technical_manual.pdf
file://UMSTORAGE2/public/Projects/UM%20Manual/eng/02_um_technical_manual.pdf
03_um_data_input_program.pdf
03_um_data_input_program.pdf

Universal mechanism 7.0 26-10 Chapter 26. Simulation of monorail

26.3.6. Longitudinal velocity control

=
Name:jBogie_Drivewheel_FL ¥ &F .7 3
Body1: Body2:

Frame ﬂ DrivewWheel_FL ﬂ
Type: & Rotational hd
| Geometry | Description | Joint force \—
++: Expression v

Description of force

Pascal/C expression: F=F(x,v.t)

Example:

-cstiff*(x-x0)-cdiss*v+ampl*sin(om*t)

F= MLongitudinalControl P

Figure 26.10. Joint torque for longitudinal velocity control

To make possible a control of the vehicle longitudinal velocity, the model of a vehicle needs
a special traction joint torque. In the simplest case the torque is introduced in the driving wheel
joint, which is a rotational joint connecting the driving wheel, figure 26.10. The model of the
control torque is described as a joint torque of the Expression type by one and the same identifier
for all of the driving wheels. The default identifier is (recommended)

MLongitudinalControl

The user may introduce another name of identifier.
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26.4. Track macro profile and roughness

Guideway geometry is composed of two components: macro profile, and roughness.

26.4.1. Track macro profile

Track macro profile contains 3D information about the geometry of the centerline on the top
of guiding beam. The centerline is composed of the horizontal (X-Y) and vertical profiles, which
assumed to be independent. Both horizontal and vertical profiles are stored in *.mcg text files
located by default in the {UM Data}\Monorail\Macrogeometry directory.

The horizontal profile includes any number of tangent sections, standard curves and plane
curves specified by a set of points with optional smoothing by splines. The standard curve con-
sists of two transient sections and a steady section with constant radius. The transient sections
are the Euler’s (Cornu’s) spiral (clothoid), i.e. a plane curve whose curvature changes linearly
with the curve length. Thus, the curvature increases from zero to the given value at the start tran-
sient section, is constant within the steady section, and finally decreases to zero at the end transi-
ent section.

The horizontal profile consists of any number of sections with constant slope and sections
specified by a set of points with optional smoothing by splines. Coupling of sections with con-
stant slopes is smoothed by circles with the given radii.

To generate a macro geometry file use the Tools | Create macrogeometry... menu com-
mand in UM Simulation program. The wizard of macro geometry appears (figure 26.11).

A& Macrogeometry: chusers\public\documents\um software lab\universal mechanism\7\monorail\macro... E\@

i — ; ; ; = :9’
-200 o] m 200 400 600 800 Plane
| | | H | % = p—
Eif
s Macrogeometry XY
""""""" R N s S | Tangent; L=100.00
100 Curve{Right): R=200; H...
400 Tangent; L=10.00
410 Curve(Left): R=300; H=...
""""""" L e 710 Tangent; L=180.00
Vertical
2 R
i
s Macrogeometry Z
0 L=50.00; Oppt; R=200
50 L=100.00; 100ppt; R=300
150 L=100.00; Oppt; R=0

Figure 26.11. Wizard of macro geometry. Horizontal (upper plot) and vertical (lower plot) pro-
files
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26.4.2. Track macrogeometry in horizontal plane
The upper part of the window in figure 26.11 is used for description of the track geometry in
the horizontal plane.
4
e To add a section, click on the button and select the section type in the menu.
ﬁcc tan-;;-.e-m

Add curve
Add a point curve

Figure 26.12. Section menu

e To edit the section parameters double click on the corresponding line of the section list or
select the line and press Enter.

. . . A
e Toinsert a section before the selected one, click on the button.
e The button B removes the selected section from the list.

| j—

First derivative
g Curvature
ger Radius
Superelevation (%)
Angle

==

Figure 26.13. Additional plot information about profile

The button allows the user to get some useful information about the horizontal profile
like curvature and superelevation.

26.4.2.1. Tangent section

Section parameters lﬁ

Length 100.00

Apply ] l Cancel

e

Figure 26.14. Parameters of a tangent section

Tangent section window contains the values of section length.
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26.4.2.2. Curve section
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Curve parameters

Type of curve )
© Left ) Right
PL [50 |
s [200 |
P2 |50 |
R [300 |
H(%)[0.09 |
L 300

l Apply l l Cancel ]

Figure 26.15. Window with curve parameters

Curve parameter window includes

e type of curve (left or right);
e geometric parameters of the curve: lengths of transient sections (P1, P2), length of steady
curve section (S), radius (R), superelevation (H).

26.4.2.2.1. Point curve

uﬂg Pointwise curve

|

Curve XY | 3 J|
Superelevation (%) | 2 J|
[ MpUHATD l [ OTMEHUTb l

Figure 26.16. Point curve parameter window

Point curve can be used for the pointwise description of guideway horizontal geometry. Press
| button for editing of the curve parameter in the curve editor.

e Curve XY

Curve editor is used for setting the guide beam centerline projection in XY plane. The section

length is evaluated automatically as a length of XY curve.

The first point must have zero coordinates. The tangent to the curve at the first point
must be equal to the positive direction of X axis.

Number of points and curve length are not limited. For example, it can be measured field da-
ta or analytically computed coordinates of nonstandard transient curve section.

The point list can be as follows:

| x | ¥ |
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0 0 26 0.4394
2 0.0002 28 0.5488
4 0.0016 30 0.675
6
8

0.0054 32 0.8192
0.0128 34 0.9826
10 0.025 36 1.1664
12 0.0432 38 1.3718
14 0.0686 40 1.6

16 0.1024 42 1.8522
18 0.1458 44 2.1296
20 0.2 46 2.4334
22 0.2662 48 2.7648
24 0.3456 50 3.125
26 0.4394

The list is recommended to be prepared in MS Excel as a two-column table. Than it is copied
to clipboard and pasted to the curve editor (all other points must be preliminary deleted from the
curve editor list!). The curve is shown in figure 26.17. B-Spline smoothing is recommended for
the curve approximation. Automatically evaluated curve length is shown in figure 26.18.

_iol x|

SHAP Ak o oBe @ |one - vy K[E

R S S g5 5
#10d ! ! ! !
N [x v Twoe | L

; ; . . A EE 13718 L 304

: : : ; bl l22 f4e 1.8522 L 4407

; ; i |1123 |44 21296 L 4409

i S s S 24 |46 2 4334 L a1z

o 01 02 0.3 v 0.5 | {25 |48 27648 L 4414
' ' ' ' L | |[26_]50 3125 L 50T

0];8 Cancel

I 25,5 -15.4 ) Y

Figure 26.17. XY curve editor

~Flane
Ei
5 | Macrogeometny <y
0 Tangent, L=100.00
100 Curve(leftl: R=300; H=0.0...
400 L=§0.17; Pints: 26
45017 Tangent, L=100.00

Figure 26.18. Point curve length
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Figure 26.19. Direction of positive superelevation

e  Superelevation

Superelevation is a function of the XY curve length. The user may use the length data evalu-
ated in the last column in point table, figure 26.17.

The positive direction of superelevation is show in figure 26.19.

Remark. The user should take care of the continuity of superelevation function.

26.4.3. Track macrogeometry in vertical plane

The lower part of the window in figure 26.20 is used for description of the track geometry in
the vertical plane.

ir . .
e To add a section, click on the button and select the section type in the menu.

Add constant slope section
Add pointwise section

Figure 26.20. Section menu
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e To edit the section parameters double click on the corresponding line of the section list or
select the line and press Enter.

26.4.3.1. Constant slope section

il

Length, m [100.00 |
Gradient, ppt |9.DEI |
Next radius. m |25000 |

Cancel |

Figure 26.21. Constant slope section parameters

The following parameters can be set in Gradient window (figure 26.21):
e length of section (m);
e gradient in ppt (parts per thousand or meters per kilometer);
e radius of circle on smoothing the gradient change.

26.4.3.2. Point section

Point curve can be used for the description of vertical guide beam centerline coordinate as a
function of the XY curve length. Curve editor is used for description of functions, see fig-
ure 26.22. Curve editor opens when section editing starts.

_lo| x|
S e P e ke DR e H |E=-cnnamH vl oL

n : s : ;

*104 ! : ! :
! ' ! L S N |THI‘I -
i E \ ik 0 E

12 |7.9585528 018662256

0.

2 B

3_|15962263 065726565 6

|4 |24063293 1339185 B

; | |[5_|32309006 2128031 B

o o-eeoeee- ] : 2il|l8 [40.74432 28912349 B
: : 7 [49411228 35172126 B

8 |58.348458 39044734 B

t|[8_|67591341 3992086 B

|0 77171833 37662656 B

M1 |e7118638 32675424 E ¥
4 | »

i [MpKHATE | BrifiTi (cBpoc)

R

Figure 26.22. Parameters of point section
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X parameter corresponds to curve length value; Y parameter — to Z coordinate of track axis.
B-Splines are recommended for approximation.

Remarks. Use zero smoothing radius value for constant slope section if point section is next
to it, otherwise the vertical profile will have a break of tangent.
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26.4.4. Track roughness (irregularities)
Development of track roughness (irregularities) files *.irr is considered in details in

12_UM_Automotive.pdf file, Sect. Micro profile (irregularities).
Here we consider some features related to monorail trains.

e Driving wheels
Unlike the road vehicles, equal irregularities are assumed to the left and right driving wheel,

i.e. only one *.irr file is required for the vertical track roughness description.

e Guiding and stabilizing wheels

| Information | Tools | Monorail train
= = )
Resistance | Speed | Guideway structure
Units | Tires || Optoonsand Parameters | Tools | Identification

[] Use irreqularities
Macra-geometry
& C:\Users\Public\Documents\UM Software Lab\Universal Mechanism'7\Monor @

Irregularties for wheels

Driving C:\Users\Public\Documents\UM Software Lab\Univ @
Guiding (left) C:\Users\Public\Documents\UM Software Lab\Unive @
Guiding (right) C:\Users\Public\Documents\UM Software Lab\Unive @
Stabilizing (left) C:\Users\Public\Documents\UM Software Lab\Univ @
Stabilizing (right) C:\Users\Public\Documents\UM Software Lab\Univ @
Factor 0,500

Coherent right irregularities

Parameters |

Numeric parameters

Name Value
Guiding wheel contact Y (m) 0.425
Stabilizing wheel contact Y (m) 0.425

Guideway base (m) 3.7
Bridge pilar base (m) 30
Kinetic energy for stop (1) 0.001

Figure 26.23. Parameter “Coherent right irregularities”

Description of irregularities for the left and right wheels depends on the key Coherent right
irregularities, figure 26.25. This key affects the sign of the irregularity height for the right
wheels only. If the key is checked, positive directions for the left and right irregularities are the
same. If not, the direction for the right irregularities changes to opposite one, figure 26.24.
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L7}
¥

< < —zzil

S Right wheels

C

:I
| Left whe

Figure 26.24. Positive direction of left and right irregularities for different values of the key
“Coherent right irregularities”

One of the possible ways to define the horizontal beam irregularities is to consider them as a
sum of two functions: horizontal irregularities of the beam centerline Ye(s) and deviation in the
beam width from the constant value yW(S). In this case the irregularities for the left and right
wheels are

Y1(8) = yc(8) + yw(s)/2

Yr(s) = Ye(s) —yw(s)/2
if the key Coherent right irregularities is checked and

Y1(8) = yc(8) + yw(s)/2

Yr(8) =—Yc(s)+ yw(s)/2
otherwise.

If the irregularities for the left and right wheels are independent stochastic functions, the key
value can be ignored.
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26.4.4.1. Assigning irregularities

Use the Monorail train

| Options and Parameter tab of the Object simulation inspector
to select the irregularity files for the wheels by clicking the 2| puttons (figure 26.23). Paths to

selected files are stored in the configuration file *.mrt.
Current irregularities are visualized by clicking the k4 button.

Irregularity profiles are corrected at the first two-meter distance to provide a smooth run of a
figure 26.25. Thus, the vehicle at start is always on an absolutely

vehicle on the irregularities,
even horizontal plane.

__.12.

Tt

_____ .

...........................................................

Corrected

F'atlh, m

1 2 3 4

Figure 26.25. Correction of irregularities
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26.5. Tire models

Models of tire/road interaction forces are considered in details in 12_UM_Automotive.pdf
file, Sect. Tyre models. Parameters describing the models are stored in *.tr files. The default di-
rectory for these files is {UM Data}\monorail\tire. The user may use the built-in Wizard of tire
models for changing model parameters.



file:///D:/UM70_WORK/car/tyre
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26.6. Simulation of monorail dynamics

26.6.1. Preparing for simulation

Object simulation inspector

Solver | Identifiers | Initial conditions
Object variables | XVA | Information | Tools | Monorail train
= = e

Identification | Resistance | Speed | Guideway structure
Units | Tires | Options and Parameters |  Tools

[] use irregularities
Macro-geometry
& C:\Users\Public\Documents\UM Software Lab\Universal Mech: @

Irregularties for wheels

Driving C:\Users\Public\Documents\UM Soff @
Guiding (left) C:\Users\Public\Documents\UM Soft @
Guiding (right) C:\Users\Public\Documents\UM Soft @
Stabilizing (left) C:\Users\Public\Documents\UM Soft @
Stabilizing (right) C:\Users\Public\Documents\UM Soft @
Factor |[1_5[m |

Coherent right irregularities

Parameters

J

MNumeric parameters

Name Value
Guiding wheel contact Y (m) 0.425
Stabilizing wheel contact Y (m) 0.425

Guideway base (m) 3.7
Bridge pilar base (m) 30
Kinetic energy for stop (1) 0.001
Integration H Message H Close

Figure 26.26. Object simulation inspector

The most part of the monorail specific data is entered and modified with the help of the
Monorail train tab in the Object simulation inspector, figure 26.26. Use the Analy-
sis | Simulation... menu command of the UM Simulation program to open the inspector. The
entered data can be saved in vehicle configuration files *.mrt. Use the & b buttons on the tab to
read/write data.

The monorail configuration data is saved automatically in the last.car file if the Monoralil
train configuration key is on in the options of the UM Simulation program, figure 26.27. Use
the Tools | Options... menu command to call this window.
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I Options {ﬂ_hY

Export to MS Excel | Bug reports
General Autosave | Format of numbers

Save
Configuration
Initial conditions
Identifiers
Rail vehicle configuration i

Road vehicle configuration
Tracked vehicle configuration

Wel driling configuration

Monorail train configuration

0K ] [ Cancel

Figure 26.27. Options of UM Simulation program

General information about UM Simulation program and its tools are concentrated in Chap-
ter 4.

The user should follow some definite steps to make a new created monorail model ready for
simulation.
1. Create a monorail train model in UM Input program.
2. Run the UM Simulation program.
3. Assign tire models to the wheels on the Monorail train | Tires tab. If necessary, create new

tire models.

4. Assign a preliminary created file of macro-geometry by the |, figure 26.26. Use the £
button to view/modify the macro-geometry.

5. If necessary, check the option Use Irregularities and assign irregularity files, figure 26.26.
The Factor increases (<1) or decreases (>1) assigned irregularities.

6. Set the guideway structure geometrical parameters, figure 26.26:

o Guiding wheel contact Y (m) — a half of guiding beam width on the level of guiding

wheels.

o Stabilizing wheel contact Y (m) — a half of guiding beam width on the level of stabi-
lizing wheels.

o Guideway base (m) — distance between two parallel guiding wheels, has a visual ef-
fect only.

o Bridge pillar base (m) — distance between bridge pillars in longitudinal direction,
has a visual effect only.
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7. Set the Kinetic energy for stop parameter (figure 26.26), which is used in equilibrium sim-
ulation (speed mode v=0).

26.6.1.1. Identification of longitudinal velocity control

Use the Monorail train | Identification tab of the Object simulation inspector to identify
the longitudinal velocity control parameters. Select the ‘Control V’ data type in the drop-down
menu

| Object variables | XVA | Information | Tools | Monorail train
= = e

| Units | Tires | Options and Parameters | Tools
Identfication | Resistance | Speed | Guideway structure

[Control v -

J

Parameters

Identifiers
Name Identifier
Longitudinal control torque  Bogiel.mlongitudinalcontrol

Numeric parameters
Name  Value
Gain 5000

Figure 26.28. Identification of longitudinal velocity control parameters

Identification of the longitudinal velocity control parameters of the model requires selecting
of one identifier, Sect. 26.3.6, figure 26.28:
e Longitudinal control torque
as well as one numeric values
e Control gain

Double click be the left mouse button on the corresponding table row to assign a model iden-
tifier. Use the direct input to set the gain value.

The control of the longitudinal velocity is realized to the proportional control law

M =-K(v-vg)

where M is the torque (the value of the torque identifier), K is the gain, v is the current velocity

. VvV, . . . . .
of the vehicle, and "d is the desired velocity, which can be both constant and some function of
time.
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26.6.1.2. Creating longitudinal velocity functions
Use the Road vehicle | Tools tab of the Object simulation inspector to specify the desired

longitudinal velocity functions.
Using this interface the user specifies a dependence on time or distance of the desired longi-

tudinal speed, figure 26.29.

| Object variables | XVA | Information | Tools | Monorail train
= = s
Identification | Resistance | Speed | Guideway structure |
Units | Tres | Optionsand Parameters |  Tools
= [Long'rtudinal speed history v]
Name (no)
Abscissa type
(©) Time (@) Distance
Data Input/Edit Points: 0 J

Figure 26.29. Interface for functions of time and distance

The function is a set of points with a possible spline smoothing. To set the function, the user
calls the curve editor by clicking the = button.

=lBx|
L |y

Eda dse gk N o B e Line
+ -
e — Z *
' P PN R v [ Type
L 1_0 1] L
2|1 2 L
] 3_.”] 2 L
L
e '
B e ] 0K r Cancel r
7.3 2217 4

Figure 26.30. Setting functions with the curve editor

Use the & I buttons to read/save data from/to file.

Remark. If initial speed is zero, dependence of the speed on time must be used (not on dis-

tance).
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26.6.1.3. Creating beam section profile

| Object variables | XvA | Information | Took | Monorai train

d

Figure 26.31. Tool for setting beam section

& b b
Identification | Resistance | Speed | Guideway structure
Unts | Tires | Optonsand Parameters | Tools
== lBeam section profie
Name (no)
Data Input/Edit |

Use the Road vehicle | Tools tab of the Object simulation inspector to specify the desired
guiding beam section profile. Click on the =l button to open the Curve editor. The profile is de-

scribed by a closed line be a set of points.

i I |
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AL SO VAU U S SN S| i oS 0.6 L
12 -0.425% -0.5 L i
CRRREE Pem-e- Po-e- 1 1-=dnd o --e- ERREREES A RREEE Fo-ee- Fomeoe- I [ P
|V S U
' ' T ' ' ' ' ' l QK ] [ Cancel
(045:013)
| w

Figure 26.32. Beam section description



Universal mechanism 7.0 26-27 Chapter 26. Simulation of monorail

26.6.2. Modes of longitudinal motion of monorail

i Object variables | XVA | Information | Tools | Monorai train
= = e
Tires | Options and Parameters | Tools |
Identification | Resistance | Speed
Speed mode
() Neurtal () Profie
@) v=const v=0

Figure 26.33. Longitudinal motion modes

Modes of longitudinal motion of the monorail are set on the Monorail train | Speed tab of
the inspector.

26.6.2.1. Neutral

In this mode the initial speed value is set by the vO identifier, figure 26.34. The speed de-
creases due to resistance forces.

Object simulation inspector

RBailfdheel AV Information Tools
Sokver | Identifiers |Initial conditions | Ohjectwvariables
= -d 2] |ac:4. ﬂ|
whaole list |
Name |Expressian |\falue |C0mment -
] 20

Figure 26.34. Identifier of speed

26.6.2.2. v=const

Constant speed mode. The nearly constant value of the vehicle speed is supported automati-
cally by the torque applied to the driving wheel, see. Sect. 26.3.6, 26.6.1.1

M = -K(v-v0),
where VO is the desired speed, v is the current speed, and K is the amplifier.

In this mode the desired speed value is set by the vO identifier, figure 26.34.
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26.6.2.3. Profile

The speed is controlled according to a dependence on a time or distance. The control force is

similar to that in the previous mode (v=const). The & I buttons are used for reading previously
created profiles (Sect. 26.6.1.2) and for saving the current curve.

| Identification | Resistance | Speed
Speed mode
e o B
(") w=const Tlv=0

Speed profie

==y
Figure 26.35. Speed profile mode
26.6.2.4. v=0
| Identfication Resistance Speed
Speed mode
() Neurtal () profile
() v=const @ v=0
[] Automatic termination of equilbrium test

Figure 26.36. Zero speed test

Zero velocity mode.

If the key ‘Automatic termination of equilibrium test’ is checked, the simulation runs until
the kinetic energy decreases to the minimal value specified by the user, Sect. 26.6.1, the parame-
ter Kinetic energy for stop. After success of the test, the program automatically accepts the co-
ordinate values as standard ones and stored static deflections of tires and static tire loads, fig-
ure 26.37. It is recommended to run this equilibrium bests before other simulations.

If the key ‘Automatic termination of equilibrium test’ is not checked, automatic actions
are skipped. In this simulation, the user can e.g. apply periodic excitations to get the system re-
sponse.
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| Monorail train

& b b

Tires |0pﬁ0ns and Parameters | Tools | Identification | Resistance | Speed|

|| combined siip
Set of tire models

+ c:\users\public\documents\um software lab'u
c:\users\publicidocumentsium software lab'u

=

niversal mechanism\7\tire,
niversal mechanism'\7\tire)

e —

Wheel Model
monorail vehicle.Bogiel.DriveTire_FL fialamrdrived4
monorail vehicle.Bogiel.DriveTire_FF fialamrdriveD4
monorail vehicle.Bogiel.DriveTire_RlIfialamrdrived4
monorail vehicle.Bogiel.DriveTire_RI fialamrdriveD4
monorail vehicle.Bogiel.StabTire_L  fialamr_guide03
monorail vehicle.Bogiel.5tabTire_R fialamr_guide03
monorail vehicle.Bogiel.GuideTire_Flfialamr_guide03
monorail vehicle.Bogiel.GuideTire_Fifialamr_guide03
monorail vehicle.Bogiel.GuideTire_R fialamr_guide03
monorail vehicle.Bogiel.GuideTire_R fialamr_guide03
monorail vehicle.Bogie2.DriveTire_FL fialamrdrived4
monorail vehicle.Bogie2.DriveTire_FF fialamrdriveD4
monorail vehicle.Bogie2.DriveTire_RlI fialamrdrived4
monorail vehicle.Bogie2.DriveTire_RI fialamrdriveD4
monorail vehicle.Bogie2.5tabTire_L  fialamr_guide03
monorail vehicle.Bogie2.5tabTire_R  fialamr_guide03
monorail vehicle.Bogie2.GuideTire_Fl fialamr_guide03
monorail vehicle.Bogie2.GuideTire_Fi fialamr_guide03
monorail vehicle.Bogie2.GuideTire_R fialamr_guide03
monorail vehicle.Bogie2.GuideTire_R fialamr_guide03

Stat. load Deflection
17.93kN 35.9mm
17.93kN 35.9mm
17.93kN 35.9mm
17.93kN 35.9mm
3.25kN  10.0mm
3.25kN  10.0mm
3.25kN  10.0mm
3.25kN  10.0mm
3.25kN  10.0mm
3.25kN  10.0mm
17.93kN 35.9mm
17.93kN 35.9mm
17.93kN 35.9mm
17.93kN 35.9mm
3.25kN  10.0mm
3.25kN  10.0mm
3.25kN  10.0mm
3.25kN  10.0mm
3.25kN  10.0mm
3.25kN  10.0mm

Figure 26.37. Tire static deflections and loads
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26.6.3.1. Tire/road contact variables

Chapter 26. Simulation of monorail

Wizard of variables

4-& Wheel

----- Al wheels

----- Al driving wheels

----- All guiding wheels

----- Al stabiizing wheels

----- monorai vehicle.Bogiel.DriveTire_FL
----- monorai vehicle.Bogiel.DriveTire_FR
----- monorail vehicle.Bogiel.DriveTire_RL
----- monorail vehicle.Bogiel.DriveTire_RR
----- monorail vehicle.Bogiel.StabTire_L
----- monorail vehicle.Bogiel.StabTire_R
----- monorail vehicle.Bogiel.GuideTire_FL
----- monorail vehicle.Bogiel.GuideTire_FR
----- monorail vehicle.Bogiel.GuideTire_RL
----- monorail vehicle.Bogiel.GuideTire_RR
----- monorail vehicle.Bogie2.DriveTire_FL
----- monorail vehicle.Bogie2.DriveTire_FR
----- monorail vehicle.Bogie2.DriveTire_RL
----- monorail vehicle.Bogie2.DriveTire_RR
----- monorail vehicle.Bogie2.StabTire_L
----- monorail vehicle.Bogie2.StabTire_R
----- monorail vehicle.Bogie2.GuideTire_FL
----- monorail vehicle.Bogie2.GuideTire_FR

Fz (monorail vehicle.Bogie2.D1 <t | Vertical force

m

-

al[s]

=

Expression Identifier | Special F | All forces | Joint force
Coordinates | Angular var. | Reaction F | Linear var. | Linear F | User
TrackSC | Monoraitrain | Solver | FEA colouring scheme

Name Comments

Fx Longitudinal force

Fy Lateral force

Fz Vertical force

M Tiing torque

My Roling resistance torque
Mz Aligning torgue

s Longitudinal slip

Alpha Lateral slip

Gamma Camber angle

dz Roughness height under wheel
ddz Roughness derivative
Deflection Tire deflection

Fz (monorail vehicl... Fz (monorail vehid... Fz (monorail vehidl...
Fz (monorail vehicl... Fz (monorail vehidl... Fz (monorail vehidl..

Fz (monorail vehidl...

. Fz (monorail vehidl...

Figure 26.38. Variables related to tire/beam interaction

Variables related to the tire/beam interaction are available on the Monorail train tab of the
Wizard of variables, figure 26.38. Use the Tools | Wizard of variables... menu command to
open this window. Use other tabs of the wizard to create kinematic and dynamic variables differ-

ent from the tire variables.

By default, the train travel distance variable is the user variable number 999. It can be added
with the help of Tools | Wizard of variables | User | UserVars tab.

i Coordinates iAngular var. | Rez;ction F | I_|'rl1ear var. | Unea? F| UEEFI

UserVars

Scalar variables

Standard variables

Index of array UserVars (1..1001)

1997 - Kinetic energy + gravity energy
1998 - Total kinetic energy
1999 - Total work in contacts points-

999 %]

Chale
Vehicle distance from the simulation start

Figure 26.39. Wizard of variables: vehicle path variable

To get information about creating variables and their usage variables see Chapter 4.
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26.6.3.2. Kinematic characteristics relative to track system of coordinates

Kinematical variables of bodies should be often projected on the track system of coordinates
(TSC). The X-axis of the TSC is the tangent to the guiding beam centerline including the beam
vertical slope, Sect. 26.4.3; the Y-axis is perpendicular to the X-axis taking into account the su-
perelevation, Sect. 26.4.2.

Note that axes of the TSC and SCO in a straight track are parallel, and projections of vectors
on these SC are the same.

Wizard of variables @
44 monorai vehicle Expression | Identfier | SpecalF | Alforces | Joint force
B Basel Coordinates | Angular var. | Reaction F | Linear var. | Linear F | User
i-B CarBody Track SC | Monoraitrain | Solver | FEA colouring scheme
- & Bogiel
: ) Body
- & Bogie2
CarBody 0 0 0
Type
) Coordinate (@) Acceleration () Ang.veloc.
() velocity () Angles () Ang.accel.
Component
X @y ez
Uncompensated acceleration

Figure 26.40. Kinematic characteristics of bodies in the track SC

Use the Track SC tab of the Wizard of variables to get any kinematic variable in projection
of the TSC. To create a variable, perform the following steps:
e selecta body in the list in the left part of the wizard,;
e select the type of variable: a linear variable (Cartesian coordinates, velocity or acceleration)
or an angular variable (angles, angular velocity and angular acceleration);
e seta point in SC of the body, which coordinate, velocity or acceleration should be comput-
ed, if a linear variable is selected;
e setan axis of the TSC for projection.
For the lateral component of acceleration, either the uncompensated acceleration or the usual
acceleration is selected (figure 26.40).



