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33. UM module for simulation of flexible tire dynamics

33.1. General information about UM FETire

About... X

Universal Mechanism
Lq‘ Simulation program
Version 10.0.0.30 64bit

All rights reserved (c), 1993-2024
Computational Mechanics Ltd.

Configuration
UM Driveline .....cceceensccccscncssnncannnnnns (+)
UM Pneumatic SYSLEMS ...ceveccvcsccncsssncnnss (+)
UM ANCF Bodi€8 ....ccccecscecscscscscssscssaas (+)
UM ANCF Bodies/Air Spring Bellows .......... (+)
CE Bodiea/Beam (£
Im{ FETATE eeveneesenenensenenenneneneenenenas ]
M EXPEriments ....ccsscccsssccscsscccsnnsssss (+) ‘
[ e e e (+)
TR s e O (X)
PR 30 w12 coooooaoooanooanaonaaconncc (+)
UM Matlab CoSimulation ...cccccccscscsscsess (+)

www.universalmechanism.com

e-mail: um@universalmechanism.com

[ Close |

Fi g83éi sUMmddul es in O0Aboutd windo

The UM FETire module contains tools fatevelopmentand using finite element models of
flexible tires. Theflexible tire can be useth simulation of dynamics of road vehicleaonorail
trains, and airplane landing gear.

To check whether the current version of UM includes this module, rivithi@put program,
select the menu commahtklp | About... and check that in the window that appears there is a (+)
sign after the name of the UM FETire module.

The development i flexibletire model requires the user to have a detailed description of the
parameters of the tire's multilayer material.

The current version of UM offers the useadfiexibletire in the following main areas:

A Cal cul ati on roabslessireenodel wsed ie standadimulationef the dy-
namics of a wheeled vehicle (tabular model and TMEasy);

A Use for model i n g-standatd sitodtians: hityng acorb, biting & stone) o |
driving through a damaged part of the road, etc.;

A The movement of arsink&ggV on the ground wi

A Modeling of tire wear.
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33.2. Fundamentals of mathematical modeling of a flexible
tire in the UM FETire module

33.2.1. Single plate finite element model

In the UM, aflexible tire is modeled by a shell using a trapezoidal finite element. The mathe-
matical model of the element was developed by the authors of the module and is described in dete
in the paperq1] [2]. The papersare in the public domain and can be obtained via Ipdged,
papeP. The finite element model takes into account the rtayter nature of the tire materid].

Fi g3R&inite epleantenti mfal@msol ute coor

The shell is modeled by flat finite elements (FE), in our case, trapezoidak tensider a FE
mode| Figure33.2. Four nodes are placed at the vertices of the trapezaah node is associated
with a coordinate system (SCi in the figure) that has six degrees of freedom relative to the inertia
coordinate system (SCO0): three coordinates of the origin (viettamd three orientation angles of
SCi relative to SCO (angle vector). A sequence of rotations 3,1,2 is usedet the orientation.
These are the stalled absolute coordinatesofthemdes. Thus, a free FE
freedom.

Along with absolute coordinates, CréB@ampton coordinates are introduddgl For this pur-
pose, arbitrary spatial motion of the FEdEscomposethto motion as a rigid body together with
the floating coordinate system (SCFjgure33.2) and small elastic displacements relative to the
SCF, specified by elastic forms of the FEF has 6 degrees of freedom: three coordinates of the
origin (vectori ) and three orientation angles (angle vettdr Thus, there are 246 = 18 elastic
modes, which are the natural modes of free oscillations of the FE and are calculated using mas
andstiffness matrices constructed using the classical finite element mé&timdoordinates cor-
responding to the elastimodesof the element are designatedais Examples of bendingodes
of free vibrations of a trapezoidal finite element are showigare33.3.


https://www.researchgate.net/publication/352545937_THE_TRAPEZOIDAL_FINITE_ELEMENT_IN_ABSOLUTE_COORDINATES_FOR_DYNAMIC_MODELING_OF_AUTOMOTIVE_TIRE_AND_AIR_SPRING_BELLOWS_PART_I_EQUATIONS_OF_MOTION
https://www.researchgate.net/publication/337824666_PARALLEL_COMPUTATIONS_AND_CO-SIMULATION_IN_UNIVERSAL_MECHANISM_SOFTWARE_PART_II_EXAMPLES
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Fi g3®B8An exampl emomde benBEngorresnpade&i hgeteovi
tions

The equations of motiofor eachof thefinite elemeng are constructed in accordance with the
CraigBampton methog4] in the CraigBampton coordinates

ad 4" - 0 om0
a*e o b T 1 0 (3 3)
00 O 00 - Yq mYR Tm im ¥) O]
o 0 ©

Here®h h are the acceleration of the origin, angular acceleration and angular velocity of the
SCE Y1 are the elastic modal coordinates of the plate relative to the SEF are the mass,

the matrix of the inertia tensor and the radius vector of the center of mass of the plate relative t
the SCFEH is the matrix of the coefficients of the elastic modes of thenffi are the diagonal
matrices of theaturalfrequencies of the FE and their squares.

Equation(33.1) uses the matrix form of writing equations and relations of kinematics. You can
get acquainted with the features of this style in the §5pkrhe book can be downloaded from
thelink.

The termm Y1 in the third equation of system corresponds to the elastic forces arising during
deformation of the element, and the tefnm T m Y1 introduces internal dissipation into the
element. Two types of internal dissipation are taken into accthentlissipation proportional to
the stiffness matrixs set bythe parametehb, andthe parameteil specifes the damping ratio for
each of the elastic modes of the elem&ht assignment of valués this parameter is discussed
later. Here we only note tHat p, T L psec Finally, thevectorw] includes the inertial forces

depending omhe angular velocity of the wheel.


https://www.researchgate.net/publication/333921084_VVEDENIE_V_MODELIROVANIE_DINAMIKI_SISTEM_TEL
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After this, the transition from the CralBampton variables to absolute nodal coordinates is
carried out. The number of Cragampton coordinates and absolute nodal coordinates is the same.
They are connected by a system of nonlinear algebraic equatibicé, should be solved with
respect to the CraiBampton variables for given absolute nodal coordinates at each step of inte-
grating the equations of motion

i i 6 “ ” oO6ho O
o 6 “ 6 0O B3
Q p&B
Herei I arethe radius vector of the origin and the matrix of direction cosM&LCi relative
to SCO

The first and second derivatives of these equations with respect to time give equations for the
relationship between the absolute velocitigs and acceleration®h of nodesandthe veloc-
ities and accelerations of the Crddgmpton variables.

O U "0 & "0 Yq
1 6 6 0 Yy

® & " 6- b6 0O¥M 11086 " 6 g b6 O
- - 5 60OY] 1 061 6 6 'O Yn
Q px&E

Eliminating the accelerations i fYrj from equation$33.1) using these relations, we obtain
theequations of motion of an individual FE in absolute nodal coordinates
b RAf D, )

wherek is the elemenindex 1 is the vector of absolute coordinates of nodes of siz&xd,
are the columns of inertial forces and generalized fotcess themassmatrix of the finite ele-
ment of size 2424 relative to the inertial coordinate system.

33.2.2. Use of relative node coordinates

The equations of motion of a separate finite eler(@h8) are written in absolute coordinates
of the nodes, i.e. in coordinates that determine the position of the nodes' SC relative to the inertiz
SCO0. When modeling the dynamics of a tire, i.e. in the process of integrating the equations o
motion, it is more #ective to use the node's coordinates relative to an absolutely rigid wheel

Letsi FB“ be the vectors of the node displacement and the rotation angles of the node SC
during tire deformation relative to the wheeh SC, i.e. these valueme equal to zero in the
undeformed state of the tire. Then the position SCi of the node relative to the inertial SCO is de:
termined by the equations

[ 0 i 3 h
0 6 6 3 h
wherei ,0 are the radius vector and the matrix of direction cosines of the coordinate system
associated witlherigid wheelrim; i is the radius vector of the node relative to the SC of the
wheelrim in the undeformed statd the tire Wealsopresenexpression$or thevelocities
O 0O 1 6 1 sl 6 3l h
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1 1 01 8
Hered h  are thevelocity of the wheekenterand its angular velocity, is the angular ve-
locity of SCirelative to the wheeim.

33.2.3. Multilayer finite element

33.2.4. Model of wheel with flexible tire (FE tire)

Fig3¥&Example of a curve of a flat sect

The wheel is modeled by an absolutely rigid whigelith six degrees of freedom, with which
a finite element model of an elastic shekkinectedFE tire) Since the shell in the undeformed
state is a surface of revolution, the Feshingis performed by rotating a plane section around a
horizontal axis of symmetrg. segments (generally speaking, of variable length) are introduced
on the section curvéhe tire profile)and, accordinglye +1 nodesFigure33.4. The section ro-
tates¢ times around the axis of symmetry by a constant agigle ¢“j € forming a uniform
meshinto ¢ € equilateral trapezoidsr finite elementsFigure33.5. The number of nodes is

€ p € . The boundary nodes of the shell are rigidly connected to the wheel rim on both sides.

The remainingeé  p € nodes have six degrees of freedom each, as described in the previous
section. In each of the sections, the nodes are numbered sequentially alongehmofile

P & pQp8p & pQ
wherei is the section numbé&R p8 ¢ .
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Fi g3i®A car wheel with an elTastpiexz otiidrad ifn ntit
highlighted

The equations of motion of the elastic shell are formed using the equatioaadiorof the
elementg33.3) in a standard manner for FEM.

Complete equations of motion for a wheel with an elastic tire include equationthéngd
rim and shell:

on Qnm 0, (33

whereqis a coordinate column of sigeg ~ p € @, M is the mass matrix of the wheel model,
andk, Q are columns of generalized inertial and active forces.

To improve the profile of the model matrices, ihe@icesof the six coordinates corresponding
to therigid rim are located at the end of the list of coordinates.

33.2.5. Contact interaction of tire with road

Fi g3 &xamples of a brush model of whe
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A brush model is implementddr contact interactiormf the tire with the road surfac&he
contact surface of the tire is represented by a set of eftaatislesbristles One end ofa bristle
is connected to thEE and the otheonecan come intdhe contact with the supporting surface
realizing elastialissipative interaction in the radial direction and frictionthe tangentone
Examples of a brush model for a wheel of a hedwty and passenger car are showrig-
ure33.6. The yellow dots correspond to the ends of the bristles making contatis Aee from
the picture, the bristles allow taky into account the tire tread pattern.

ke

w2 | !

e ng

Fi gB3¥%8rush contact model

Let us consider a mathematical model of the forces of interaction between a bristle and the
road, Figure33.7. The normal forceN depends on the magnitude lmiistle compression in the
normal directiors- and on its time derivative :

0 Q3 Q3h (3 %)

whereQHQ arethelongitudinalstifiness of the bristles and the dampaugstant

The fiction forceF has two modes: sliding arsticking,
) "OHO1 EAET C 3 )
O s 0s WIOOEAEET C
Here ®iQare the sliding and static friction coefficierds is the deviation of the end of the bristle
from the undeformed state in the tangential direcfl@fiQ arethe shear stiffness of the bristle
and the dampingonstant

Fi g3 B®ependence of the fsididtiingnvedeofcf it
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The sliding friction coefficient depends on the slidingjocity 0 in accordance with the

Stribeck formulaFigure33.8):
MM Q. Q QQ Tooo 3 3)

where

"CHQ arethe coefficientof friction valuesat zeroandinfinite sliding velocities

0o g% the Stribeck velocity, which determines the value of the velocity interval at which the
Stribeckeffect of an exponential drop in the friction coefficient takes place

1 N T@®hp istheempirical exponent depending on material

33.2.6. Tire pressure

The air pressure in the tire is taken into account for €&an the form of a distributed load
perpendicular to the element. A compensating force and moment are applied to the wheel rim s
that the total force and moment from the pressure for the wheel as aamdedial to zero.

33.2.7. Reduced tire models

Since the model described above has a large number of degrees of freedom (usually sever
thousand), thenportanttask is to reduce this number in ordespeed uphe simulation.
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UM implements twaeducedtire models that have a significantly smaller number of degrees
of freedom than the full model described above: a model with a redpped part (Figure33.9)
andside parts(Figure33.10). Both approaches use the same idea: to express the linear and angulat
displacements, velocities and accelerations of nodes included in the reduced regions through tf
displacementsvelocities andacceleratios of interface nodes Thus, the degrees of freedom of
the reduced nodes can be excluded from the equations of n{88@h In the figures above,
interface nodes are marked with bold yellow dots. In the first case, the reduced area is defined b
two angles of the left and right sections relative toviixgical ( ¢ o Kiai Jacontaining interface
nodes; the valuesf the angles 5 o Rexg &an be different, for examples g 4 0@ ™Ia7 4 T LSJ
In the case of reduction of the side patihe interface nodesrelocatedalong the border of the
side walls.

The CraigBampton method applied to the reduced areas of thestiusedfor the practical
implementation of reducing the number of degrees of freedtw® equations of motion of the
reduced areas are expressed through the coordinates of the interface nodes and the wheel rim. T
is possible because the interface nodes and the wiheflrm a continuous boundary of the re-
duced aread/Ve use only static forms of interface nodeshe CraigBampton method.

A
S

oy
a0

S5

)
=T

Fi gBBédReduced upper part of tire
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Let us consider the implementation of the idea in a highly simplified form.

Consideran example ifFigure33.11 thatshows the reduced upper aredld tire. Letusfix
the wheel rimandlinearize the equations of motion of the tire relative to the equilibrium pasition
Using the stiffness matrix, calculate the stadigplacementsf the reduced nodes with a unit in-
crement of each coordinate of the interface n@ggsmratelyln matrix form, these dependencies
can be written as follows:

31° "@&AEh (3 B)

I.e. the displacement®sf the reduced nodesr]olinearly depend orthoseof the interface nodes

anE!

Please note that this relationship was obtained for displacements relative to the wheal rim as
rigid body. Nextwe acceptsimilar relationshipdor relativevelocitiesandaccelerations

an° enffen® el (3 )

After that he absolute coordinates, velocities and accelerations of the reduced nodes can be e
pressedvia the coordinates, velocities and accelerations of the interface nodes and the wheel rim
This leads to theonstrucion ofthe equations of motion of the reduced regioterms ofcoordi-

nates of the interface nodes dadheexclusion ofthe reduced!.o.f.from the equations of motion

(33.4).

Note 1.

Note 2.

Note 3.

Note 4.

The described approach is approximate, as in any case of using th&a&rgitpn
procedure. The user, having the opportunity to use théireibinodel along with

the reduced ones, can evaluate the difference in the modeling results due to the
introduced simplifications.

Reducing theupper part of the tire makes it possible to reduce the number of
degrees of freedom several timesibbias significant disadvantages: when the tire
rotates, the equations ardudt after turning by an angle ¢“j & (the angle
between adjacent sections), which leads to an additional loss of accurady-and
crease of théntegration stegize When hitting a high step, the contact may go
beyond the area dlfie activenodes, which will lead to incorrect modeling results.

For this reason, this type of reduction is recommended for use in static problems
when the wheel does not rotate, in casdswispeedriving or in cases where the
accuracy of the simulation does not play a special role (for example, when calcu-
lating tire wear).

The tire model with aeduced sidewallshasincreased rigidity in load deflection

tests at rated and increased loads. A modified model has been implemented tha
eliminates this problensect 33.3.13.4.4&valuaion ofthe parameters of a modi-

fied tire model with a reducesidewall

To identify the model type, abbreviations are often used in directory and file
namesf{ (full - full model),ru (reduction upper)s (reduction side).
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33.2.8. Estimation of the influence of damping proportional to the stiff-
ness matrix on eigenvalues

Let us consider the linearized equations of a wheel avitlexible We fix the wheel rim to
eliminate zero frequencies.

At the first stage of the study, we set the pressure equal to zero. In this case, the stiffness matr
0 of the model is symmetrical and the linearized equations with external forces turned off have
the form

on O v T

whereQOis the damping matrix

Considerthedampingproportionalto the stiffness matrix

O 108

The damping coef f i equatiamg of ebseparate BEtheshHell(3B&) dndhas t h
the timeunit.

Considertheeigenvalugroblem

0} fTul v U T B33P

Here,) iQarethe eigenvalue and eigenvector to be determined. Along with this problem, consider
the problem of calculating the natural frequencies of the model, which is written as follows:
v 05 Q m
w h e r earethe natural frequency and the corresponding natural mode of vibration.
Let the problem of calculating frequencies be solvediQRQ plgH8 is theset of frequen-
cies, ordered in ascending order, that is,is the lowest natural frequency of thee. Since the
wheelrim is fixed, there are no zero frequencies corresponding to movement as a rigid body.
v 05 Q T8
Let us present an important propertynatural modeswhich consists in their orthogonality in
the norms of the mass and stiffness matrices:

~ N ~

Qb0 a mhQ % . Q mQ Q
v Mo Q v Mo Q
Q
L Y—
o

We will look for eigenvectors of proble(83.10) in the form of atmodeexpansion

0 a0

with complexcoefficients,

w01 101 0 Q ™
Multiplying this equation on the left B andtaking into account the properties of orthogonality
of modes we obtain scalar quadratic equations
a1l Q1 Q m
or
1Sl o) i)
The solution to this equation has the form
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[N [

= h v

c 18 Gay

Let us introduce the critical frequenicy at which the radical expression becomes zero:

1° 58 (3 3 2
f
For all eigenfrequencies greater than the critical one, the eigenaatuesgative real numbers
(33.11), that is, frequencies that are higher than the critical frequency are completely damped ant
do not appear in the dynamic simulation.

For frequencies below the critical one we have two complex conjugate roots

Herei is the imaginary unit
Let us introduce an indicator of the degree of frequency damghi@gtamping ratio
24 111 4 333

LT T

Then the complex eigenvaluare given by the formula

& 11 M p 1 8
In this expression, the imaginary part determines the frequency of damped oscillations
lee1 p 1 18 CER

Now letus discuss the effect of pressure. Instead of the stiffness matrix, it is now more correct
to talk about the matrix of positional fordéssince the pressure forces are4gonservative (non
potential) and the matriX of linearized forces independent of velocitieadssymmetric,

O U 3 N8
Here30 n is anonsymmetric addition to the matrix from pressprdn addition, damping in
the tire model is constructed using thematrix without taking into account the influence of pres-
sure. Forthese reasons, the previous analysis can only be considered an approximation. Howev
the studies below show the importance of these estimates for understanding the damping rate
thetire model when using damping proportional to the stiffness matrix.

Based on the research results, the following conclusion can be drawn. Damping proportiona
to the stiffness matrix has an important positive effect: it eliminates the influence of high frequen-
cies. For e xsfrequéndes abave thédcsiti@al 0 © &t OFAO o p Y ar&sup-
pressedThe dampingatiois easily assessed by the frequency using for(@34a3). These prop-
erties make it possible to use this type of damping as the main one when modeling the dynamic
of a wheel with an elastic tire.
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33.3. Development and study of flexible tire model

Fi gB3@Templ ate of a wheel with flexibl

To create flexibletire andto study its properties, a standard template is used contained in the
TireTestRig templateodel.In fact, the template is a virtual model of the tire test rig.
The model is located in the directdipata UM \Sample¥-ETirdTireTestRigtemplate
To create a newire model, you must create a copy of the templaee ¢opy this directory),
rename it according to thiee name and make the necessary adjustments to the model, first in the
input program and then in tisamulationprogram.
A tire template is a model of a virtual tire tegtand is used
1 to create atire by specifying geometric data, parameters of the multilayer material, descriptior
of the tread,

1 to study some properties of the model (natural frequencies, datepeigdeflection in the
vertical, longitudinal and transverse directions depending on the corresponding load, etc.),

1 to calculate the curves of theasslessire model used in standard modeling of the dynamics
of a wheeled vehicle (tabular model and TMEasy),

{1 tocreatethereducedire models

1 to create a finite elemetite modelwhich can bencluded in the model of a wheeled vehicle
(car, monorail, motorcycle, etc.).

The main problem when creating models is that the parameters of the tire material, as a rule
are not publicly available and can be obtained from the tire manufacturer.

The template contains a standard wheel subsystemaviigixibletire, a hub and an auxiliary
bodyGround, which specifies the movement of the supporting surface under the wheel. The con-
nection of the wheel rim with the hub is modeled Hyuahingelement. Thgoint, which sets the
position of the hub relative to CKO, allows perfangnbasic tests with the tire model including
setting the valuesf the toe and camber angles, setting rotations according to the desired law, anc
SO on.
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33.3.1. Tire template in UM Input program

Consider the elements included in tire template in thé&JM Input program.

33.3.1.1. Wheel with flexible tire as a standard subsystem

5
Name: Tire =+ i
Type: @5 ANCF flexible body v
- Comments,Text attribute C
v -[@ Object
v @'- Object General  positi ntifiers
. ngd Curves
6 Variables ype Wheel with fiexible tire
3P Attributes
Profile | Number of points: 29 I |
Tire rim GO

> 'm Rim

> -557 Bodies

’ R ants Parameter  Value

,,’»)’ Bipolar forces

-G+ Scalar torques Thickness  0.02

= Linear forces Np 10

~@® Contact forces Nalpha nalpha

> - @) TForces )

> % Spedal forces m mrim

i@ Connections Ix irimx

-3 Indices I iri

L.FF Qiwmmary y o

Fi gB38Whewilfthexiitwdeest asmudbasrydst em

To create a wheel withfinite element tire, you should add tABICF flexible body subsystem
and set its type t@vheel with flexible tire, Figure33.13. An external subsystem is added to the
model, which includes one absolutely rigid bedy wheel rim.Theflexible tire is added to the
wheel in thdJM Simulationprogram, but in the input program it is represented onlysbynage
The tireimageas a surface of rotation is specified by the section (profile) using the | E]on
Figure33.14.

up

s Curve editor - Shell of revolution profile = m] X
+ 4+ @ e ‘|le=B R %z -~
m No ) Y Type Smoothing
=l Curve 1
1 -0.0895... -0.2761... Line
2 -0.0978... -0.2972... Cubicsp...
3 -0.1102... -0.3109... Cubicsp...
4 -0.1277... -0.3312... Cubicsp...
S -0.1391... -0.3526... Cubicsp...
6 -0.1431... -0.3704... Cubicsp...
7 -0.1431... -0.3915... Cubicsp...
8 -0.1377... -0.4083... Cubicsp...

9 -0.1267... -0.4304... Cubicsp...
10 -0.1109... -0.4463... Cubicsp...
11 -0.1035... -0.4488... Cubicsp...
12 -0.0771... -0.4540... Cubicsp...

2 000000000000

Cancel

Fi gB3R3dTir e-sercdd 0(np rcoufriviee )
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v -[@ Object
v -3} Object

y": Curves

L-Ft) Variables

L8P Attributes

v (B sybsystems

Pl Tire

v g Images
5

» - Joints

:f)’ Bipolar forces
(2 Scalar torques
--Z Linear forces
--@® Contact forces
> @) TForces

> -% Spedal forces

Lo.mn Cannactinne

Fi g3&déeGraphic wheel r

object for

A graphicobject (GO)of a wheel rim is assigndd the subsysterm theTire rim GO section
(Figure33.15) by selecting a preliminary created Gdgure33.13. When creating a specifitce,
the user can use his own GO, created in one of the CAD systems. In the template, we propose
simplified parameterized GO that can be used withtia@gize,Figure33.16. Identifiersareused
to parameterizéhe GO

r_rim_outi outer radius of rim

r_rim_in71 inner radius of rim

w_rim_outi maximal width of rim

w_rim_in T minimal width of rim

u& Curve 2D — O X
+ 4+ [ | e =B8R 2 -~
v = ' Mo. X Y Type Smoothing
1 1 =l Curve 1
; ; 1 w_rim_in/2 0 Line a
2 w_rim_outf2  r_rim_out+_rim_in-0.03 Line a
: : 3 w_rim_out/2 r_rim_out+_rim_in Line (]
! 008 ! . . . .
: : 4 w_rim_out/2 r_rim_out+_rim_in Line (]
; ; 5 a_rim_outf2  r_rim_outs_rim_in-0.03 Line (-]
! ! 6  -w_rim_in/2 0 Line a
7 w_rim_in/2 0 Line []
E 0041 E
1 ; Il 1
Y 0 on4 od
A 0d oK Cancel
FigBldéParameterization of simplified

Flexibletire parameters specified in the input progam listed belowKigure33.13).
Npis the number of finite elements in the tire section. Used only in the input program for the

tire GO. Ignoredn the simulationprogram
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NAlphais the main parameter that specifies the number of finite elements around the circum-
ference of the tire. Must be parameterized with an identifier for possible modification.

m, Ix, lyT inertial parameters of the wheel rirmass, moments of inertia relative to the lon-
gitudinal (x) and transverse axis of symmetty)( In the standard template, these parameters are
specified by the identifiensirim, irimx, irimy.

33.3.1.2. Bodies and joints

The model additionally includes two bodies: a hidblf) and an auxiliary bodground, sim-
ulating a rotating roller of a tegg that simulates the movementtbewheel on the road.

33.3.1.2.1. Hub
B
Name: hub + 4a ]
Comments/Text attribute C
Oriented points Vectors 3D Contact
Parameters Position Points

Coordinates (PP):  Quaternion

Go to element [l
Image: visible

Hub

) Compute automatically
Inertia parameters

Mass: mhub

Inertia tensor:
ihubx e = 2
ihuby C 2
ihubz

Added mass matrix: (none)

Coordinates of center of mass
C C C

Fi gB3&oddywbnd its inertia paramet

The inertial parameters of the hub are specified by identifiegsye33.17. The position and
movement of the hub is determined by jgitib of the generalized type. In particular, joent
introduces three degrees of freedom: movement in the longitudinal direction and vertically, as well
as rotation around the axis of the wheel.

Considerseven elementarytransformations(ET) including in the joint descriptignFig-
ure33.18.

1) TCzi constant shift along Z axis

The shiftspecifies the position of the center of the hub and rim above the road surface using
the wheel radius identifianveel and theadditionalshift identifier hO. Additional displacement
allowsthe useto obtain the initial position of the wheel above the road.
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F

Name: jHub =+ i +
Body1: Body2:

Base0 » hub -
Type: %% Generalized

TCz  Tvx Ty Tvz RTz RTx|*]*
@ Enabled + +: i |

ET type: & tc (translation constant)
Comments,Text attribute C

Translation vector
ax:

ey:

ez: rwheel+ho

Fi gB38Li st of el ementary
vertical

TCz TVx Ty TVz RTz RTx

@ Enabled + +: i |

ET type: 2 tv (translational d.o.f)
Comments/Text attribute C

t T Gicsofnosrt naantt i

di

RVy

Transformation vector
axis X : (1,0,0)

ex: 1

ey:0

ez: 0

Coordinate Force/Torque

a+b Expression

Description of force /fmoment
Pascal /C expression: F=F(x,v,t)
Example:

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

F= K _x®(x-2_t)d_x*v

Fi gB3 6t hseeca&mMdVikdegr ee

2) TVx i degrees of freedom along X axis

of

Chapter33. UM FETire

rect.

freedom.i

on

osrhsi .f t

n | ong

This ET implements the displacement of the hub in the longitudinal direction in accordance
with the law specified by the_tidentifier. To implement the displacement, a linear elatiisi-
pativejoint force is introduced, specified by the expressionk*(x-x_tyd_x*v, Figure33.19. In
this expressiork_x, d_xare the stiffness and dissipation coefficierts, the longitudinal coordi-
nate of the hub. When the tidentifier value is zero, the force blocks the longitudinal displace-
ment of the wheeMhenvaluesof identifiersk_x, d_xare zeradhe wheel can move freely in the

longitudinal direction.

Changeof thex_tidentifier valuein standard wheel tests used to determine the tire's longi-

tudinal stiffness.
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Tz Tvx TTY  Tvz RTz RTx Ry

@ Enabled + +: i |

ET type: X tt (translational t-function)
Comments/Text attribute C

Transformation vector
axis Y : (0,1,0)

ex: 0 L
ey: 1 L

ez 0 L

Type of description

© Expression (O Fie
) Function O curve
) Time-table

y_t

Fi gB326Thtehi EMOTYyshi hateirradzds i @anfunction of

3) TTy i shift along Y axis as a function of time
This ET implements the hub displacement in thteraldirection’ Th shift isspecified by the
identifiery_t Thechange in thg_tidentifierin standard wheel tests is used to determine the tire's
lateral stiffness.

TCz TVx TTy vz RTz RTx | * |
@ Enabled + +: fil
ET type: A tv (translational d.o.f) Coordinate Force/Torque

CommentsText attribute C Y, Linear

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

. C
axis 2 : (0,0,1) - Force (FO): -

ex: 0 L Stiffness coef. (c): k_z C

- I =

ey: 0 Coordinate (x0): 0 L

ez: 1 n S

Damping coef. (d): d_z E

Coordinate  Force/Torque C

: Amplitude (Q): 0 E

Value of coordinate -

x0: 0000000000000 %]  Frequency (w): - i

Initial phase (a): 0 L

Fixed

Fi gBRaT hfeouETITWNZ degree of freedom i n ver

4) TVzi degrees of freedom alon@ axis

The vertical degree of freedom is used to implement a given tire load parameterized by the
tireload identifier. The lineajoint force introduces an elastissipative force with stiffness and
damping coefficients specified by the identifiers, d_zFigure33.21. A non-zero value of the
stiffness coefficient is used solely to block the vertical degree of freagloich isnecessary when
calculating frequencies and when constructing reduced models. Otherwise, this idsiztgier
The dissipation coefficient usually has a rr&mo value, except for the test with free fall and wheel
rebound when analyzing the degree of damping of the tire m8del,33.3.13.3Estimation of
internal damping by coefficient aéstitutionof boundng tire.
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TCz Tvx Ty Tvz RTz  RTx Rwy

@ Enabled + +: i |

ET type: »' rt (rotational t-function)
Comments/Text attribute C

Transformation vector
axis Z: (0,0,1)

ex: 0 L
ey: 0 n
ez: 1 L

Type of description

© Expression O File

(O Function O curve

O Time-table

alpha*=dtor t

Fi gB®2ET hfei ETRTEZIr ot atbiotulvee r taix@ &1 u n catiiome

5) RTz i rotation about Z axis as a function of time

The angle of rotatiomboutthe vertical axis is specified by the alpha identifier in degrees,

Figure33.22. The standard identifiettor="/180converts degrees to radiai$ierotationis used
in tests mainly to set the lateral slip of the tire.

TGz Tvx TTy Tvz RTz (RTx )

[] Bicnioueno + +: i}

Tun 3M: | ¥ 1t (Bpawar. diyHKUMA EpeMern) v
KomMeHTapui/ Tekcroewlid atpubyT C

BexTop npeoBpasoBaHus

ock X : (1,0,0) ~
ex: |1 “|
ey: |D n|

ez |D “|

Tvn zagaHna dyHKLMK

(®) Boipaerue (O daiin
(O ©YHKUMA (O Kpueas
() Pacnncanme

|gamma*dt0r tl

Fi gB3®28T hei EfTRTkXxr ot ati on about atshentongnt odi

6) RTx T rotation about X axis as a function of time

The angle of rotationbeut the longitudinal axisetsthe camber angle in degrees with the
gammaidentifier, Figure33.23. The standard identifiettor="/180converts degrees to radians.
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TCz TVx TTy TVz RTz RTx RVy
@ Enabled + +: i |

ET type: » rv (rotational d.o.f)
CommentsText attribute C

Transformation vector
axis Y : (0,1,0)

ex: 0
ey: 1 n
ez 0 n
Coordinate Force/Torque

2-b Expression

Description of force /moment

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

Example:

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

F= -k_ay*(x-angle_y)-d_ay*(v-om_y)+traction_torque P

Fi g32dTheev &EaNfT Rydegr ee ocforfrreesepdoommdi ng t o th
about i1 ts axis

7) RVy i degree of freedom corresponding to the wheel rotation about its axis
Features of using this degree of freedom are determined myinh®rque(Figure33.24)
-k_ay*(xangle_y}d_ay*(+om_y)+traction_torque
This expressiomtroduceghe linear elasticlissipative moment with the stiffness coefficiknay
and damping coefficientd_ay as well as the tractiotorque specified by the identifietrac-
tion_torque

Thejoint torqueallows implemering the following modes of wheel rotation

1 Free rotation, including application of atraction torqueby the identifiertrac-
tion_torque In this mode, the stiffness identifikr ayshould be set to zero, and the
identifier d_ay (at zeroom_y) approximately determines the steady angular velocity
traction torqued_ay.

1 Blocking of wheel rotation, identifiersangle_yom_y traction_torqueare zero, stiff-
ness and dissipation coefficients are+zeno.This mode is used when calculating fre-
guencies andeneratingeducedire models.

1 The mode of rotation of the wheel, specified by the dependence of the angular
velocity on time The angular velocity isetby theom_yidentifier, and the rotation
angle is specified by thengle_yidentifier. Since the angle of rotation is equal to the
time integral of the angular velocity, the variabteggle y tequal to the integral of the
identifierom_yis added to the list of model variabléggure33.25. In some of the tests
described below, this variable is assigned to the idenéfigle_yin the UM Simula-
tion programusing the identifiecontroltool.
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v -[@ Object
v -3} Object
. engd Curves
General Options Sensors/LSC Variables Curves Attributes
i..ab .
i ¢ Attributes =
> -2 Subsystems + +: ﬁ
> -fgt Images
[] )
T
y . 9 Bodies ype Name Expression
v - Joints var Yaw yaw("Tire. ANCFBody.LSC")
Lo R jHub . . .
£ iGround ft) step_function step(t, tstart, sstart , tfinish , sfinish)
,’?)ﬂ Bipolar forces dyfdt=var angle_y_t integral(om_y) I
iewCs Scalar torques
= Linear forces ft) osdillations ampl*sin(Freq*2*pi*t)
I ViR - . . "

Fig3d®26éLi st of variables in the wheel

33.3.1.2.2. Auxiliary body Ground

B
B .
Name: jGround L o i +
Mame: Ground [+
ame roun + -h ﬁ Body1: Body2:
Comments/Text attribute C Base0 v Ground -
Type: % Generalized
Oriented points Vectors 3D Contact X
Parameters Position Points _
W cnabled ++ 6
Coordinates (PP):  Quaternion
Er . t . Y .
Go to element . type: 2 tt (translational t-function)
Comments/Text attribute C
Image: @ visible
Mo
[C] Compute automatically Transformation vector
Inertia parameters axis X : (1,0,0)
Mass: c ex: 1 L
Inertia tensor: ey: 0 n
C C C
ez: 0 L
[ C
- Type of description
L © Expression () File
) () Function () Curve
Added mass matrix: (none) =
() Time-table
Coordinates of center of mass
C C C 0%t t
Fi g326Auxi | i &ry umady

The auxiliary bodyGround must beincludedin the template model (tesg). This body sim-
ulates a rotating roller of the tagj. For this body, inertial parameters and a graphic image are not
specified,Figure33.26 left. The jointin Figure33.26 on the right introduces the motion of the
body along the X axis at a n@ero speed, given by the identifi€r. When the speed is positive
themotionis directed against the X axis. The contact interaction of the tire in the template model
is carried out with the Ground body. When this body moves, the wheel begins to rotate, althougt
the wheel axis does not move in the longitudinal direction, as iceteof the tesig.
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33.3.1.3. Coupling wheel with hub

-[2 Subsystems
- Images

557 Bodies

- Joints

:{}’ Bipolar forces
s Scalar torques
-Z Linear forces
~-@® Contact forces
> - T+orces

VOW W W

~123 Indices
¥ Siwnenzes

3325 Chapter33. UM FETire
[
Name: Hub coupling + m
Comments/Text attribute C
hub_coupling
Body1: Body2:
hub = Tire. ANCFBody -

Type: @ Bushing i

() Autodetection
Position Description
Type: Linear w

X k_hub

o kb

€z  k_hub

CAX ka_hub

CAY ka_hub

CAZ  ka_hub

DX  d_hub

DY d_hub

Dz  d_hub

DAX  da_hub

DAY da_hub

DAZ da_hub

Fi g3i2&dWheel / hub coupling

To attach the wheel to the hub, a spefmate elementHub coupling is used, which is of the
bushingtype, Figure33.27. Thestiffnessand campingcoefficients are specified by identifiers.

33.3.1.4. Wheel load

B
Name: StaticLoad + ]
Comments/Text attribute C
v -[@ Object
e @;t;ject Body1: Body2:
Curves
: Basel v hub -
F6) Variables =
L..8P Attributes Reference frame Base0 -
> -2 Subsystems Reduction point : hub
> -0 Images c L £
> P Bo_dles Type of description
? B! ants © Expression OFile
:{}’ Bipolar forces
.&. Scalar torques Force: .
= Linear forces
g Contact forces p
- 0 T-Forces | -TireLoad P
> -% Spedal forces B
i@ Connections :
123 Indices
L.FF Qiwmmary p
Fi gB®285etting wheel | oad

The vertical load on the wheel is set by th#oiice StaticLoad and parameterized by thiee-
load identifier. This vertical force is applied to the hub.
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33.3.1.5. List of identifiers
The list contains all the identifiers listed above as well as some auxiliary identifiers that are

used in the simulation program, including for parameterizing the tire material. Auxiliary identifiers
will be discussed below, s&ect.33.3.13Main testsfor studyingtire properties

(3

+
=8|+ @y
Geometry Material Shifts S func
Whole list Mesh Inertia Locking B

*+ e =

Name Exresson  Vae =B+ 8 e
vo 0 | Whole list Mesh Inertia Locking
tireload 0 Geometry Material Shifts S func
traction_torque 0 Name Expression Value
eg -1 ] !
np_tread 10 r_roling0d 0.309
np_sidewall 5 SX 0
nalpha 60 om_y vOfr_roling0*(1+sx/100) O
mrim 7 gamma 0
irimx 0.1 x t 0
irimy 0.15 y_t ]
mbuth 2

Fi g32OLiscttdenti fiers

For ease of usepme ofidentifiers are included in groups by type of use. For example, a group
of identifiersis shown in Figure33.29 on the right which areresponsible for the position and
rotation of the hub, lateral sliplpha) and longitudinal slip of the tiresx).

Note. When creating aewtire model, it is recommended to rename the identifiers re-
lated to the geometric dimensions and inertial parameters of the tire (for example,
rwheel mrim and others) and the finite elemenéshing(nalphg. This will sim-
plify the use of saved test configuratioSe¢t 33.3.13.1.4Jse of preliminary
created configurations since when reading the parameters file, these identifiers
will be changed to valudsr anothettire, and this will lead to the need for addi-
tional adjustments.

33.3.1.6. List of variables

v -[@ Object
v -} Object
. ngd Curves B
- [Fed Variables | General Options Sensors|SC Variables Curves Attributes
i..ab -
: ¢ Attributes =
D Subsystems + += m
&) Images [
[] )
- T MName Expression
=3J Bodies vpe ad
v @& Joints var Yaw yaw("Tire. ANCFBody.LSC")
» B jHub
£ iGround ft) step_function step(t, tstart, sstart , tfinish , sfinish)
& Bipolar forces dy/fdt=var angle_y_t integral{om_y)
5+ Scalar torques
= Linear forces f(t) oscillations ampl*sin(Freq*2*pi*t)
- - . .

Fi g3BOLi st dofewar.i
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The list includes the following variables

tire_yaw 1 a kinematic function that takes duritige simulationthe value of the angle of
rotation of the tire around the vertical gxige.the angle of lateral slip in radians.

step function T time function for a smooth transition from one numerical value to another
O O AfrtiQtuphQp, Figure33.31; the function is parameterized by four identifiers placed on a
separate taB func. The function is used isimulationtests to manage identifiers, s&ect.33.3.13
Main testsfor studyingtire properties

angle_y ti time integral of identifieom_y it is used to automatically calculate the tire rota-

tion angle when specifying its angular spessk Sec33.3.13.7Dependence of longitudinal force
on slippage

. i i >
D2 fmm oo

»
>
54
= B8 + @
Beck cmcok. - Mesh Inertia  Locking
Geometry  Material  Shifts S func
K1 : : : [ BipameHie 3H
tstart u]
: sstart ]
-0.2 t A 4 t L. e
. . tfinish 0
sfinish 0

Fi g3®B84St épnction and identifier

t
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33.3.1.7. Development of wheel model for database

o Car|Wheels
"ﬂ UM - Object data input - TireTestRig template
File Edit Object Add Tools Help

O = E{ 5;? @ 53 |E d 2;,; % @ UMComponen
% «| b

- [ N O N A T e b

U& Object TireTestRig template

~ @ Object |O\EQZQ ‘imll @Wlﬂ“l l}|i@‘
~ -} Object

. ogd Curves

| F6) Variables

i..ab 4 -

i Attriby
v -8 Subsystems
L T
> g Images
> 537 Bodies
» - Joints
£¥ Bipolar forces
G+ Scalar torques
‘ Z Linear forces
¥ g Contact forces
v - TForces
| L-{y StaticLoad
» <% Spedial forces
\.-@d Connections
Leca™a Tndimae

5%

=8+ 6/ memEm
Figure 33.32. Creatinga file with main elementsof flexible tire

It is recommended to create a file containing the main elements tfelier each ofthe
developed-E tire model This file is included in the database and allows you to simplify and speed
up the process of addiriigxible tires to a wheeled vehicle mod8kect.33.4.3AddingFE tireto
wheeled vehicle modeBollow the stepsbelow.

1 Openatemplateof flexible tire in UM Input program.
1 Go to theflexible wheel subsystem tabigure33.32.

f UsethebuttonES on thetool panelor theEdit | Copy to file menu commantb save

the subsystem in filfName ofsubsysterhsbsin the tire model directoryThe file
contains the following elements

- subsystem with flexible tite
- graphic object for the wheel rim
- theforceelementHub coupling whichwill beusedfor couplingof thewheel rim

with the corresponding wheel of a wheeled vehi@&ect 33.4.3 Adding FE tire to
wheeled vehicle models

- identifiersparameterizinghelistedelements
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33.3.2. Structure of a tool for setting parameters and studying tire
properties in UM Simulation program

Object simulation inspector
Solver Identifiers Initial conditions
Object variables XVA Information Tools  FETires
@ Use threads Number of threads (<=20) [6 l]
(] Tire test rig mode
Tire
= B
FE options  Tire Testrig
Discretization of FE image L i{] =
Parameters
Name Identifier  Value
Damping factor B (s) 0.002
Damping ratio (%) 0
Error tolerance 1E-6
Drilling DOF fictitious frequency (Hz) 2500
Drilling DOF stiffness factor 0.1
Accuracy weight for rotational DOFs 0.01
| Integration Message Close ‘

Fi g3®B&8Talh o«dre v e | capnnde nstif U e W ii dmbee e |

After creaing a model template for a specific tithe useshould open it ithe UM Simulation
program. The main tools for setting parameters and studying the propethesi@ are located
on theFE Tires tab of the ObjecsimulationinspectorfFigure33.33. Letuslook atthefunctions
of tabs

FE options. Thetabincludesparameterspecifyingthedampingparameters, some parameters
of the finite element model and solver

Tire/Parameters.The page contairnsbs for setting

- tire geometry

- material properties

- tire pressure

- tire/road contagbarameters

- some additiongbarameters.

Tire/Models. Here a model from database can be assighddere are reduced models, the
type is specifiedtull, upper or side reduction

Tire/Reduction. Tool for developent of full and reduced tire models asal/ing to files for
tire database.

Test rig. The parameters of the virtual test are sehereand the results of standard virtual
tire tests are displayed: the dependence ofatieeal longitudinal force andaligningmoment on
the corresponding slips, etc.
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Object simulation inspector
Object variables XVA Information Tools FE Tires
Solver Identifiers Initial conditions
List of identifiers Identifier control
=8+ @
Identifier Comment
(] tireload Step
[Jvo
CJ x_t
Oyt
@ Apha
[ sx
() angle_y
[:] traction_torque
Integration Message Close

Fi gBBdToblordentoni eol

Chapter33. UM FETire

The Identifiers | Identifier control tabis an important tool for enabling various tire testing
modes It allows settingdepenéncieson the time of lateral, longitudinal shift, lateral slip, load,

speed, etc.

Y, UM - Simulation - c:\um10_work\models\tire t295-75r22,5

File Analysis

1 Simulation...

Scanning Tools

Windows

Help

/e @[3 B

P 7
EI Static and linear analysis... F8 —
N %MALIaﬁl!]n@ BEouwe

T

"& Static and linear analysis

1]
5

< )

8 Frequendies and modes
Method of analysis
© Lanczos algorithm

Number of freque{300 }’_{]

(O QR algorithm

[[) save matrices to file

Fi gBB8&8Computation

Equilbrium Frequencies/Eigenvalues Rootlocus Linear vibrations Identifiers Initial conditions Options

B Eigenvalues

B set zero velocities
@ Skip damping ;

Frequency/Damping ratio

Sort by module

Number of frequendies for reduction: 300

A

of natur al

frequenc

The calculation ofire frequencies and eigenvalu@s estimate damping) is carried out in the
static and linear analysis tool, accessible through the main menu corAmalydis | Static and

Linear Analysis, Figure33.35.
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| Object simulation inspector

Solver Identifiers Initial conditions
Object variables XVA Information Tools FE Tires
B Use threads Number of threads (<=20) IZ}_I,{
[or
Tire
= B8

FE options  Tire Testrig

Fi g3B6Enabl imiggpdest

Tire dynamicmodeling is performed in two modes:

1 mode of standard integration of equations of motion for giadmesof identifiers and
other parameters;

1 testrig mode, in which curves of the dependence ofrtdad interaction forces on slip-
page, statistiffnesses in different directiorend other indicators are calculated. To
enable this mode, use the corresponding key ofrh&ires tab, Figure33.36. The
main parameters of the mode are set ot rig tab.

| Object simulation inspector

Solver Identifiers Initial conditions
Object variables XVA Information Tools FETires

B Use threads Number of threads (<=20) |6 }_If

FE options  Tire Testrig

= B8

Parameters Results Model generator

Table
TMEasy

I Model types for generation
1
|
|
)
1
|
| TMEasy model parameters

| Name Value

! Mominal load (kM) 27.500
5 Mz power factor (1 or 2) 2

E sGx (%) 30.00
i sGy (deg) 40.00

Generate

Fi gBB&Generator of massless tire

A generator of simplifiednassless tirenodels (tabular and TMEasy) becomes availaftéx
performing calculations in testy mode.
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33.3.3. Setting tire geometry and material

Object simulation inspector

Salver Identifiers Initial conditions
Object variables KA Information Tools FE Tires
Lse threads Mumber of threads (<=20) |6 *_A]
[Jire test rig mode
= B

FE options Tire  Testrig
Parameters  Models Reduction

Geometry/Materials  General Tirefroad contact

Tire profile

|P0ints: 41; materials: 3; sections: 5 Id |
Tread

Tread profile | Number of curves: 2 T |
Tread pattern geometry | Mumber of curves: 3 T |

Number of instances 0 "‘_A]

Overall diameter (mm) 654

Fi gaaBB&8Tab for tire geometry and m:

The tabTire | Parameters | Geometry/Materialss used¢ set the tire geometry and material
Figure33.38.

33.3.3.1. Tire profile and material
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33.3.3.2. Setting tread geometry

Tread
Tread profile | Mumber of curves: 2 T |
Tread pattern geometry | Mumber of curves: 3 T |

Mumber of instances 0 E]

Overall diameter {mm) 654
Fi g3iB8Tread geometry description

Thetreadgeometryis describedn theTread group,Figure33.39.

Tpomexmop

{ KStt

Fi gBd®é&Boundary curves of tread ma

Tread profile curves. Two boundarycurvesof treadmaterialare specifiedFigure33.40:
1 contact curve, which is the outer curve of the tread and defines the contact; surface
1 initial curve, which is the boundary of the breaker

Ug{ Curve editor - Tread profile - O x

X ¥ Type Smoothness

-0.073... 0.0092... Line (]

0.065... 0.0058... Cubicsp...

-0.056... 0.0041... Cubicsp... (]

0.048... 0.0028... Cubicsp... []

-0.039... 0.0018... Cubicsp... (]

0.033... 0.0013... Cubicsp... (]

-0,025... 0,0009... Cubicsp... [ ]

€0.016... 0.0005... Cubicsp... (]

9 -0.008.. 0.0002.. Cubicsp... ]

10 0 0 Cubicsp... (]

11 0.0084... 0.0002... Cubicsp... [ ]

m 12 0.0168... 0.0005... Cubicsp... /]

H

o B4 003 oK Cancel

Fi g3#d4Setting contact and initial c
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Curves are set using the curve editor by clicking on the b pRigure33.41. Coordinates
of pointsare specified in meters. Unlikggure33.40, the ordinate axis is directed upward from
the contact curve, so that the initial curve is above the contact curvearigire of system of
coordinatedor defining curves i¢ocatedat the center of the contact curve.

TheOverall diameter of tire specifies the position of central point of the contact curve relative
to the wheel center. In fact, this parameter is the maximal diameter of the tread surface for tire
with zero internal pressure.

Tread pattern.

Two styles have been developedset the tread pattern, typical examples of which are shown
in Figure33.42.

Thefirst style has a structuref surfacerevolutionwith grooves running along the entire con-
tact surface of the tird-igure33.42 left. To define such a treathe usershould specify a set of
segments on the abscissa axis with breaks correspondinggmtwes Figure33.43. The value
of theNumber of instancesparameter in this case should be zero, &gunre33.47.

Thesecond styleassumes a periodic structure of the tread pattern along the surfacéref the
Figure33.42right. The period is specified by tihumber of instancesparameter, in the example
of buses irFigure33.43 this number is equal to 29. One period of drawings is created using the
curve editorFigure33.44. To helpin creaing this type of pattern, a rectangle is automatically
drawn in the windowThe height otthe rectangles equal to the period taking into account the
radius of the tire shell.

Fi g3 & @Examples of two tread pattern styles
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| U& Curve editor - Tread geometry - (m] X
+ 4+ 0
i m N2 X Y Type Smoothness
| ! =} Curve 1
[ SRt Fososoeos- i 1 00732 0 Line [
| | 2 -0.025 0 Line
= Curve 2
3 1 0.015 0 Line -]
. m 2 0.015 0 Line [ -]
L I i
ofos 0,04 0 0.04 ops | = Curves
. 1 0.025 0 Line 2
2 00732 0 Line (]
Bt R T 1 ) ¥ TP PP RS
OK Cancel
Fi g3#8Settitnrgeaadhgratmedmnrry of the f
"& Pegakrop kpuebix - [eoMeTpNA NpoTekTopa — O *
. , + 4 @ | =Bn a2
: M : N@ X Y Tun MmagKkocTe
' . = Kpus... ~
1 0.2 0 MpamMas
20,1991 0.072 TMpsmas
3 0.1616 0.0892 TMpamas
40,1423 0.0313 TMpaman
5 0.2 0 Mpsamas
= Kpue...
10,1513 0.101 Tpsmas
2 0,082 0.1435 [Mpsvas
3 0.0845  0.0871 [Mpsvas
4 0.1319 0.042 Mpsmas
5 0.1513 0.101 MMpsamas
= Kpue...
1 0. 1008 0.1572 Tpsamas
2 00622 0.1999 [pamas o
MpHMEHKMTE OTMEHWTE

Fi g3®3dSett itnrge aadhgratnted mrsye cotfg @ eh e

rst
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33.3.4. Setting finite element parameters

| Object simulation inspector

Solver Identifiers Initial conditions
Object variables XVA Information Tools FETires
B Use threads Number of threads (<=20) |6 u“

| [DTire test rig mode

Tire

= A

FEoptions Tire  Testrig
|

Discretization of FE image 0 A
! I
i Parameters I
! Name Identifier  Value —
i options
i Damping factor B (s) 0.002 o Tire Test rig
i
| for) | +
| Damping ratio (%) 0 Discretization of FE image 0 _‘]
{ Error tolerance IE-6 . Jacobian matrix type

Drilling DOF fictitious frequency (Hz) 2500 © Approximate ) Exact
| Driling DOF stiffness factor 0.1
Ti i i

1 Accuracy weight for rotational DOFs 0.1 rapezoid shape function type
i () conformal © Non-conformal

Fi g3 éePar amett ieirEs

Some parameters of tire finite elemeats set on thEE optionstab, figure 33.45. Auxiliary
parameters are hidden and accessible by clicking the k¥ ton

AP L
B it e b o T
g el S LA A
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Pl . 4
o < i of 3
5 o AV AN 5 -
A £ il 2
& PN N e e 1
B ) e G o i (/m
o o NEabi A
* | 4
%
NN N i &l 7
0% A= [
’\A ¢ A A | FTNZ
) T, T £z =,
. ., E
]

3 N O O
'l

qf
Fi gB®éDi scretization of FE i mage

The parameteDiscretization of FE imageaffects only thdire image in the animation win-
dow. With a zero value of the parameter, the trapezoidal FE is drawn with two triangles, with a
value of 1- eight, 2- eighteen, etc. The parameter does not affect the mechanical properties of the
model.

The Parametersgroupcontainsnumericalvaluesof someFE modelsparameters, which can
be parameterized by identifiers if necessary.
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Damping factor b , T thee main parameter of the internal damping of the tire, proportional to
the stiffness matrixsee Sect33.2.8Estimation of the influence of damping proportional to the
stiffness matrixon eigenvalues

Damping ratio (%) 7 anauxiliary damping in equation(83.1). Thel parameter allows you
to setthe damping ratio within each of the elemefiise disadvantage of such a damping is its
dependence on theeshing as well aseak influence on higtire frequencies. For this reason, it
is not recommended to use this parameter without special research for a specific tire model an
mesh This parameter has a noticeable effect on the properties of the tire atofahe®erder of
100% and above.

Error tolerancei specifies the accuracy of solving equati¢®3.2) in computation of the
CraigBampton coordinatesn the giverabsolute coordinates of nodes to within a finite element
when constructing equations of motion (33.1). The equations are solved for each FE at each inte
gration step. Increasing accuracy entails slowing dowsithelationprocess.

Drilling DOF fictitious frequency (Hz), Drilling DOF stiffness factori auxiliary parame-
ters for theconstruction ok nondegenerate FE stiffness matrixishotrecommendetb change
thedefaultvalues

Accuracy weight for rotational DOFsT reduces the influence of the angular degrees of free-
dom on the automatmontrolof the integration stegize With a value less than 1, it allows speed-
ing up thesimulationprocess due to an acceptable loss of accuracy. Recommendedavalires
the range [0.01, 1]. When specifying reduced accuracy, a comparison of the simulation results wit|
the value 1 is required.

Two additionaloptionshiddenby default

Jacobianmatrix type 1 specifies the method for solving H§3.2).

Trapezoid shapefunction type i sets the choice of shape functions for FE
It is recommended to use thefaultvaluesfor these parameters.
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33.3.5. Setting tire/road contact parameters

FE options Tire Test rig
Parameters Models Reduction

Geometry/Materials General Tirefroad contact

Name Identifier  Value
Tread Young's modulus 3160000
Contact damping coeffident 0.1
Friction coeffident f0 0.8
Friction coefficent f 0.55
Stribeck velodty threshold 3

Friction power parameter 1
Discretization X contact per element 5
5

Discretization Y contact per element

Fi g33&re/lndadnt act parameters

TreadandcontactparametersreavailableonthetabTire | Parameters | Tire/road contact
Figure33.47. Here he parameters of the brush model of tire contact with the road ssees&8ect
33.2.5Contactinteractionof tire with road

Tread Youngé modulusi parameter of the material from which the protector is nidde

Contact damping coefficienti coefficientof linear damping for each of the brisfe Q
in the contact force mode(83.5), (33.6), Ng/m;

The following four parameters define the Stribeck model for the dependence of the friction
coefficient onsliding velocity(33.7)
QW Q@ Q QQ Tooo
Friction coefficient fO i static coefficient of frictionQ
Friction coefficientf 1 coefficient of frictionfor large sliding velocityQ;
Stribeck velocity threshold 0g § o
Friction power parameter .

Two parameters determine the number of rows of bristles in the longitudinal and transverse
directions for one Fivhich can ben contact with the road,

Discretization X contact per elemen{¢ )

Discretization Y contact per elemen{¢ )

Thus, the maximum number of bristles &FE is € p £ p however the actual num-
ber may be less due to grooves and channels in the tread geometry.



Universal MechanismO 3339 Chapter33. UM FETire
33.3.6. Setting numerical value of tire pressure

Object simulation inspector

Solver Identifiers Initial conditions
Object variables XVA Information Tools FE Tires
8 Use threads Number of threads (<=20) 6 l]

(] Tire test rig mode

Tire

= A
FE options Tire Test rig
Parameters Models Reduction

Geometry/Materials  General  Tirefroad contact

Name Identifier Value
Pressure (MPa) 0.22
Nominal load (kN) 3

Sidewall stiffness reduction factor 0.15

Fi g33&8ire pressure parameter

The tire inflation pressure is set on tabTire | Parameters | General The numerical value
of pressure is given in megapascals

33.3.7. Setting stiffness reduction factor for tire with reduced side-
walls

The parameters for the stiffnegsluctionof a tire with a reduced sidewalie set oithe tab in
Figure33.48: the nominal load and threductionfactor, Sect.33.2.7Reduced tire model€om-
putation of the reduction factor is described in S&813.13.4.4&valuaion ofthe parameters of a
modified tire model with a reduced sidew&lhe non-modified reduced modek usedfor zero
valueof thefactor.
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33.3.8. Settings for solver when modeling wheels with FE tire

Object simulation inspector

Object variables XVA Information Tools FE Tires
Object simulation inspector Solver Identifiers Initial conditions
Object variables XVA Information Tools FE Tires Simulation process parameters
Solver Identifiers Initial conditions Solver options Type of coordinates for bodies
Simulation process parameters Solver options Type of coordinates for bodies (] Use Assembler code for matrix computing
Solver Type of solution Park method
) BOF 7 Initial discretization 2 m
ABM _) Null space method (NSM) Minimal possible step size 1E-0012
O rark Maximal step size 0.0004
O Gear 2 © Range space method (RSM) Minimal step size 0 10
) Park Parallel Minimal N iterations 1 E]
Time tli> v 5 Maximal N iterations 1 _!_,:I
Step size for animation and data storage {0.005 Error factor (<=1) \I—I
Error tolerance Number of steps without increase|2 L]
(()Delay to real time simulation Keep decomposition 30 ’_;]
Keep system matrix decomposition () Low order prediction by step decrease
DNpU BN o BCOniEn EDF
[ Block-diagonal Jacobian Minimal step size 1E-0010
Maximal order 5 "‘_,]
Integration Message Close Integration Message Close

Fi g3®38&8ol ver settings

Typical settinggor the solveare presented iRigure33.49left. Thefollowing checkedption
IS important

Keep systemmatrix decompositioni theoptionsignificantly (up to ten times) speeds up the
simjulation process bykeepingthe system matrix and its decomposition at several integration
steps. The related paramekaep decomposition(Figure33.49, right) specifies the maximum
number of integration steps on which the madexompositnis kept A large value (about 100)
is recommended for applications wih unmovedire. Whenrunning the matrix should be recal-
culated more ofterkeepng for 10-20 steps.

Approximatelydoublespeed upof the simulationprocess can be achieved by parallelizing
calculations on mukcore processors-igure33.50. Enabling the parallel calculation mode and
settingthe number of involved cores is done onfiietire. Check heUse threadsoptionandset
the number of threads. Practice shows that it is most effective to-@skbrdadsdepending on
processor type

Also, approximately one and a half to two times speed ugs achieved by reducing the
Accuracy weight for rotational DOFsfrom 1 to 0.1Figure33.50. The limit value of this param-
eter is 0.01. In any case, the effect of decreasing this parameter on the simulation results should |
tested by comparison of simulation results with different values of this parameter
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Object simulation inspector

Solver Identifiers Initial conditions
Object variables XVA Information Tools FETires
Iﬂ Use threads Number of threads (<=20) |6 }_{I I
(] Tire test rig mode
Tire
= B
FEoptions Tire  Testrig
Discretization of FE image 0 &] -
Parameters
Name Identifier Value
Damping factor B (s) 0.002
Damping ratio (%) 0
Error tolerance 1E-6
Drilling DOF fictitious frequency (Hz) 2500
Drilling DOF stiffness factor 0.1
Accuracy weight for rotational DOFs 0.1 I

Fi g3 5 €Settings that speed up thinulationprocess

Note. In the currentUM version, the Park parallel method is not availdbiesimula-
tion of FE tires In the future, this restriction will bemoved
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33.3.9. Animation of tire-road contact forces

00w e % 14 o °
oo 4 o ® 2 e "
S -

wt T e F

AR

Fi ga®davectors of normal forces (actually p
within the el ement

When modeling the dynamics of &ik tire, the vectors of normal forces and friction forces
can bedrawnin the animation window. To ensure that the height of the force vectors does not
change when the number of bristles within éitechangeqFigure33.51), pressure vectors are
actually drawn, i.e. forces are divided by the area per bristle: the atea6E is divided by the
theoretical number of bristles within the FE including those excluded from contact due to grooves
and contact boundaries.

Modes of body images

Save animation...

Vector scales

Contact forces for flexible tire v Show normal pressure
Position of vector list Show friction

Position of the paint list Over tire

Options...
3D contact

Z-surface

Fi g3i®@€r agment of an anpom@abgnoun wi ndow

Let us look at the contact force animation settings available throughoimgomenu of the
animation windowFigure33.52. Hereis thelist of themenucommands

Show normal pressurei turns on/off the animation of normal forces in contact.

Showfriction i turns on/off the animation dfiction forces in contact
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Over tire T a mode in which force vectors are shown on top of the graphic image of the tire.
This mode is recommended when tiie is drawn insolid graphics Figure33.53, otherwise the
vectors will be hidden by the shell and you have to convert the graphic imagetwoé timo

wireframe graphics, as iigure33.52
Options i the command opens the window with optidfigure33.54.

On theScaletab, the pressure value at which the vector will have a length equal to the charac-
teristic size (usually 1 m) is indicated. On Bieetab,the useican change the radii of the vector
image and the length of the arrow in miisibility, colors T turn animation on and off, change
the style and colors of vectors. The entered parameters are written to the configuration file an

applied in all animation windows when the model is read again.
Figure33.56 showsthreevariantsof animation
- normalandfriction forcesare visible
- normal forces only,
- friction forces only

S—

—_——— ——— _—

; Vector settings X Vector settings »  Vector settings
| Scale size  Visbility, colors Scale Size  visbility, colors Scale Size  Visibility, colors
Vector scales are set in terms of “unit of measure per Data in fractions of characteristic size .
characteristicgize (c.5.)" 8 show vectors of nornal pressures
i x 1. —
Forces Radius of vector body section 000207’_1] (") Show friction vectors
; — " 4/ -
| pvPa g | }________ Radius of arrow generatrix 0.0030 j () Draw over tires
Length of arrow 0.0100 ‘Eﬂ Vector colors
v Normal pressures |. dRed
Stidking friction |. dBlue
Sliding friction ||:| dyellow
Apply ‘ Close | Apply | Close | oxly

4

‘ Close

Fi g3®dOpti omerde®rani mati on
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33.3.10. Wizard of variable: FE tire nodal variables

Y%, Wizard of variables X

9 Variables for group of bodies © TForces B Joint forces £ Angular variables
_J[: Linear variables ab Expression 8.a User variables v Reactions li Coordinates (") Solver variables
7 All forces id Identifiers Fi) Variables & Bushing Tire nodal variables €D FETires
='|_| tiretestrig template Selected
= () Tire I
_I Node 1(F) (0.000 -0.077 -0.206) Type
_J Node 2 (0.000 -0.095 -0.228) © Displacement (O velodity () Acceleration
| Node 3 (0.000 -0.101 -0.254) — — .
— ) Rot. vector (_) Ang. velodty (_) Ang. acceleration
] Node 4 (0.000 -0.094 -0.280)
| Node 5 (0.000 -0.072 -0.295) Component
) Node & (0.000 -0,043 -0.300) Ox Oy Oz Owl
| Node 7 (0.000 -0.014 -0.303)
) Node 8 (0.000 0,014 -0.303) sc R
| Node 9 (0.000 0,043 -0.300) ) Road Rim O section

] Node 10 (0.000 0.072 -0.295)
] Node 11 (0.000 0.094 -0.280)

| Riede 47 FA AAS A 4A4 A mEal

Fi gB®&Ti nedvaalr isabl e

Kinematicnodalvariabledor FE tire arecreatecbntheTire nodal variablestab of the wizard
of variables Figure33.57.

The variables refer to the elastic displacements of the nodes relative to the wheel rim. The
vector of elastic displacement, thelocity and acceleration of the node relative to the disk, as well
as the rotation vector, angular velocity and angular acceleration of the SC node relative to the
wheel disk Type group) are calculated. The variable is equal to the projection of the vector onto
the axis of one of the three coordinate syste®G droup) or the modulus of the vector. The
projection or magnitude ahe vector is specified in thitomponentgroup.

Thefollowing systemf coordinates are used

Road1 the inertial system of coordinat8€0;

Rim i SC associated with the disk rim

Sectioni CS of the section to which the node belongs. SCs of this type rotate together with
the wheel rim and form a constant anddew@the transverse axis With the rim SCn particular,
for the firstsection, the SC of the section coincides with the SC of the wheel rim. The Z axis of
the section passes through the center of the wheel.

Note. Thenodesrigidly connected to the wheel rim are marked with the letter F in the
list in Figure33.57. These nodes afixed relative to the wheel rim, and all varia-
bles for them are equal to zero.
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33.3.11. Wizard of variable: FE tire road contact variables

"ﬁ Wizard of variables

3.1 User variables 4 Reactions J_ Coordinates

= Llinear forces B Ioint forces 46)’ Bipolar forces A Angular variables 4 Linear variables b Expression

(¥) Solver variables =5 Al forces

X

id Identifiers Fi3 Variables

& Bushing 2 Gearing wli Rack and pinion % Driveline Tire nodal variables
=2 Variables for group of bodies @ PBES fD Rroad vehide €D FETires -G Scalar torgues
=[] vaz21_09_2fetire Selected (total 2)
FETire FL |FEﬁre FL, FETire FR.
FETire FR MName Comments
Fx Longitudinal force
Fy Lateral force
N Mormal force (M)
L Contact patch length (m)
FrPower Friction force power (W)
Fritork Friction force work (J)
Pmax Maximal contact pressure (MPa);
Pmean Mean contact pressure (MPa);
WearRate Distributed tire wear rate, mm/s
Wear Distributed tire accumulated wear, mm
SpedficWear Distributed tire spedfic wear mm,1000km
mWearRate Mean tire wear rate, mm/s
mWear Mean tire accumulated wear, mm
mSpedificiear Mean tire specific wear mm/1000km
Objects: FETire FL, ... Multiple selection - comments are not available [@l
Fx (FETire FL)
Fx (FETire FR)
Fy (FETire FL)
Fy (FETire FR)
M (FETire FL)
M (FETire FR)

Fi gaa®&8/ari abl es

for FE tire

Variables associated with ti tire are placed on a separate tab ofheard of vari ables

Figure33.58.

Fx 1 thetotal longitudinalforce actingfrom theroadon thetire (N).

Fizi thetotal lateralforceactingfrom theroadon thetire (N).
N i thetotal normalforceactingfrom theroadonthetire (N).

L 17 lengthof the contactpatch mm.

FrPower i the total power of friction forces (watts), only the bristles in which slippage occurs

in contact with the road are taken into accounstickingmode friction force doesno work.

Frwork 1 total work of friction forces since the startsdmulation(joules); calculated as the

time integral of thevariableFrPower.

Pmax, Pmeani the maximum and average normal tire pressure on the road. The pressure is

equal to the forcdivided bythe areassociated witl bristle.
WearRate i wear rate curve of the tire material distributed alsagtion ofthe tire rolling

surface mm/s

Wear 7 accumulated tire wear curve,

mm.

SpecificVear i curve for theire wearrate related to the 1000km milggem’2000km

mWearRate, mWear, mSpecifidVear i mean values of the corresponding distributes varia-

bles
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33.3.12. Creation and assignment of files for full and reduced FE tire
models

Object simulation inspector

Solver Identifiers Initial conditions
Object variables XVA Information Tools FETires
8 Use threads Number of threads (<=20) 6 l]

(] Tire test rig mode

Tire

= B
FE options Tire Test rig
Parameters Models Reduction
Reduction type
8 Upper sector
Tire sidewall

Numeric parameters

Name Value
Alpha start (deg) 45
Alpha end (deqg) 45
MNominal angular velodty (rad/s) 50

Start equilibrium computation with zero coordinates

Directory name for created files |TRD_2, 2_50_13

Run

Integration Message Close

Figure 33.59. Tabfor developmentof full and reduced FE tiremodels

To useFE tire models in studying the dynamicswifieeled road vehicleand monorail trains,
the useshould create a file of a complete description of the tire model *.tire and, optionally, files
of reduced models *.tsr, *.tuSect.33.2.7Reduced tire model$-or this purpose, thEire | Re-
duction tab of theSimulationinspectoris used Figure33.59.
The file extensions of the reduced models are explained as follows:
* tsri tire sidereduction
*.turi tire upperreduction
Consider the workflow for development of models
1) Specify the valuesf the parameters on which the model depends:
1 Inflation pressurgSect.33.3.6Setting numerical value afé pressure
1 MaterialparametersSect 33.3.3Settingtire geometryand material
1 FE mesh parameters
Please note that material damping parameters are not taken into account when constructir
reduced tire models and can be changed wheying vehicle dynamics.

2) If necessary, change the name of the directory where the files are vBittdefault,
the directory name includeBigure33.59):
9 abbreviationTRD T tire reductiondatg
1 pressure in bai2.2 bar inFigure33.59);
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1 number of finite elementaongthe tire circumferencé0in Figure33.59);
1 number of finite elemenis thetire section(13in Figure33.59).
The created files are placed in this directory and have the same name, for example, for th.
TRD_2,2_50_13 directory the file names are:

TRD_2,2 50 _13ire, TRD 2,2 50 13sr, TRD 2,2 50 13ur.

3) Setthereduction parameters
1 Reductiontypei the reduced models being created are indicated; if no reduc-
tion type is specified, then only *.tifer the full tiremodel file is created;
1 OptionStart equilibrium computation with zero coordinates
When calculating reduced models, the tire must be in a state of equilibrium at anfiateon
pressure in the absence of contact interaction with the road. If the optisa #@racoordinates
IS enabled, the program determines the equilibrium state automatically by solving nonlinear equi
librium equations. If the program cannot solve the equations, then the user should turn off this
mode and calculate the equilibrium state of the by integrating the equations of motion: see
Sect.33.3.13.2.XComputation of equilibrium for lineanalysis subsectiorCalculation of equi-
librium by the integration method.
1 Numeric parameters
If necessarychangethe numericalparameters:
- initial and final reduction angléss o Riais Ksed when reducing the upper part of the tire
Sect.33.2.7Reduced tire models
- nominalangularvelocity i angularvelocity of the tire at the rated speed of the wheeled ve-
hicle; the parameter is used in reduced models to construct the dependence of the models on t
inertia forces associated with tire rotation.

4) Start the calculation procesA after its successful completion, check the presence of
the created filesA directory with the given name is created in the directory of the
current object. When starting the calculation, an existing directory with the same model
name is automatically deleted by the program.
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Object simulation inspector

Solver Identifiers Initial conditions
Object variables XVA Information Tools FE Tires
@ Use threads Number of threads (<=20) |6 E

(] Tire test rig mode

Tire

= A
FE options  Tire Test rig

Parameters Models Reduction

Tire models TRD_2,2_50_13
Model type
OFul () Upper reduction () sidewall reduction

Figure 33.60. Setting FE tire model

The createdire models can be assigntithe current tiren theTire | Modelstabto run tests,
Figure33.60. The *.tire description file is loaded using thge modelslist, which contains all
detectednodels in the current object directory. After loading the model, the user can set the re-
duction type if there are corresponding previously created files.
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33.3.13. Main tests for studying tire properties

33.3.13.1. Auxiliary tools

33.3.13.1.1. Macros for identifiers

} Macros for identifiers — a X
Macros cﬂ:v = @ Hub Ioddngl
Frequency computation Free falling Standard tests  Drive forward  Free rolling C[I,D

d_ay 1000 1000 1000 0 0 Iﬁ
d_x 1000 1000 1000 50 1000 —
d_z 1000 0 100 100 100

eg 0 -1 0 0 0

hO 0 0.5 0 0 0

k_ay 1000000000 1000000000 1000000000 0 0

k_x 1000000000 1000000000 1000000000 0 1000000000

k_z 1000000000 0 0 0 0

tireload 0 0 0 3000 3000

traction_torque 0 0 0 50 0

v0 0 0 0 0 4
[ Apply l Cancel

Fi g3 ®AarTo 6 locrr e aatnidn gmo di f i ¢ d tairdenn toif f imearcs o !

Use theMacros for identifiers tool to change quickly the values a group of identifiers,
Figure33.61. The tool is available via the menu commdimbls | Identifier macros Assigning

After selecting a macro, a confirmation window appears in whiehuseican exclude the assign-
ment of some identifiers or cancel it completely. For exantpketireload identifier in Fig-
ure33.62is unassignedandthe current value d2000will be left.

Object simulation inspector
XVA j Ti FE T
Object variables ) — — £ Tres up';\" Identifiers of the same name X
Solver Identifiers Initial conditions

} - B d_ay (1000) := 1000

List of identifiers  1dentifier control M dx (1(000)):= 1000
B d_z(100):=0
= A ‘ -'_t tiretestrig template - M eg(0):=-1
o B ho(0):=0.5
Latest identifi Falh Iocking > Frequency compulation B k_ay (10000000) := 1000000000
Whole lst | Mesmn e G D0s X B k_x (1E9) := 1000000000
ng Geome Free falling Mk i(]i =0
Na - ) val tireload (2000) :=0
me Xpression alue Standard tests M traction_torgue (0) := 0

vo 4 Drive forward B v(9:=0

tireload 2000 Free rolling

traction_torque 0O

eg 0 OK ] Cancel

Fi gB®B@Exampaesiogning identifiers usi
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Macros inFigure33.61 implement various methods éking the hub.Considerthe macros

with explanations

Chapter33. UM FETire

Frequency computationi all degrees of freedom of the hub are locked by fortless. case
is usedin frequencyanalysis Sect 33.3.13.2Computation of frequencies and eigenvalues
Free falling 7 only the vertical degree of freedom is unlockédis usedin test33.3.13.3

Estimation of internal damping by coefficientrestitutionof bounéng tire.

Standard testi the vertical degree of freedom is unlocked, but the vertical damping is left.
The macro is sedin moststaticandtestsdescribedelow.

Drive forward 1 three degrees of freedom of the hub are freed: vertical, longitudinal and ro-
tation around the transverse axife macro is sed in the test described$ect.33.3.13.5Vheel
rolling forward under constant torqueDamping is left in the longitudinal direction to limit the
speed of longitudinal movement.

Freerolling T two degrees of freedom of the hub are freed: vertical and rotation around the
transverse axis. A nerero load and velocity of the Ground body are specifibt macrois used

in testSect 33.3.13.6Evaluationof effectivetire radiusfor freely rolling wheel

33.3.13.1.2. List of variables for tests

| u& CAUM10_Work\Models\Tire P175-70R13\Standard variables eng.var - list of variables

= BB 5

Forces shifts

Name

N (Tire)

Fx (Tire)

Fx, Hub coupling
Fy (Tire)

Fy, Hub coupling
Mz, Hub coupling

Forces Shifts

Name

dZtire
Alpha
x_t
y_t
sX

Comment

MNormal force (N)

Longitudinal force

Spedal force Hub coupling, projection X. Bodies hub, Tire. ANCFBody
Lateral force

Spedial force Hub coupling, projection Y. Bodies hub, Tire. ANCFBody
Spedial force Hub coupling, projection Z. Bodies hub, Tire. ANCFBody

Comment

Tire deflection, mm
degree!

Shift X

shift ¥
Longitudinal slip

Fi g3d®s8Li st of standard

vari bl es

The Standard variables.vdile is opened using the menu commadrabls | List of variables

or bythe button[®. The list contains several variables that are useful when constructing graphs in
simulationtests with the wheel moddtjgure33.63.
Let us list the tests that use these variables.

N (Tire), dZTire T tire pressure on the road and tire deflection

The variables are used to plot the dependence of the static deflection of the tire on the load,
Figure33.83, Sect 33.3.13.4.Dependencef tire deflection orload Let us focus on theZTire
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variable equal to the tire deflectic@pen this variable in the wizard using the corresponding pop

up menu command by rigleticking on the variabld;igure33.64. The variable is of typExpres-
sionand is formed by two operators. The first multipliesjtiet coordinate X1.2 of the hub by

1000 changing the sign and converting to mm. The second operator determines thérectual
deflection by subtracting the absolute value of the coordinate at the moment of touching the roa
converted to mm 4.13. This last number (4.13mm) was obtained in the wheel drop test, where w
simultaneously plotted the coordinate X1.2 and the normal fbrée the moment when the force
appeared, the value of the coordinates equal t60.00413m. If the user analyzes bisnwheel

model, he must modify this expression by replacing the value 4.13 with the value corresponding
to the case being studied.

U, Wizard of variables X
52 Variables for group of bodies © TForces B Joint forces A Angular variables
=7 All forces id Identifiers F¢) Variables & Bushing Tire nodal variables D FETires
_-E Linear variables 2:b Expression 8. User variables %+ Reactions [? Coordinates () Solver variables
+|| /=[] % X1.2 X -1000
_x1 - 413
Px Py Pz |« e
sqrt | sign atan | In | exp
v cin | moe | akhel moae S
dzZtire Tire deflection, mm g @

Fi g3®dlTire deflection variabl e

33.3.13.1.3. Identifier control tool

Object simulation inspector Object simulation inspector
Object variables XVA Information Tools FE Tires Object variables XVA Information Tools FE Tires
Solver Identifiers Initial conditions Solver Identifiers Initial conditions
List of identifiers Identifier control List of identifiers  1dentifier control
G M E + m G E _g’ tiretestrig template -
Identifier Comment Latest identifier file: last.par
f® treioad Controlled by Step function Material Shifts S func
Owo Whole list Mesh Inertia Locking Geometry
|,_.‘ x_t Name Expression Value Comment
Ut vo 4 |
[_] Alpha
0 sx tireload 0 Controlied |
(] angle_y traction_torque 0
[ traction_torque eg 0
np_tread 5
np_sidewall 4
Integration Message Close Integration Message Close

Fig3d®eéel denti fier control

The dentifiercontrolprovides the main tool for performing tests of various types with a wheel,
Figure33.65. The tool allows séihg a dependency for one or more identifiers during the
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Chapter33. UM FETire

simulationprocess. The dependency can be a specified time function or a variable created usin
the Wizardof variables When a control is active, as for ttieload identifier in Figure33.65 on

the left, then the value specified on the Identifier List tab is ignored, and the identifier is marked
with theControlled comment Figure33.65 on the right). Identifiecontmols that are not checked

are not active and thesurrentvaluesfrom theidentifier list are used for the current simulation.

Considercontrols To openthe controldescription doubleclick on the corresponding line of
the list A detailed descriptionof thetool canbefoundin Chapterd, Sect.ldentifier control

”lg, Identifier control

@ Enabled

[_] Compute after kinematics
Refresh dependent elements
Identifier

tireload

MNumber of elements to refresh: 0
Assign value to identifiers with the same name

Ono DAl

Comments

Controlled by Step function

(O In subsystems

Ordinate

Type of description

(O Points © Vvariable
Assigned variable
step_function

Multiplier 1

X-coordinate
Type of description

me

Variable e

Accept Cancel

Fi ga®éContr ol

ftoirr @ ldoeand

X

M

fier

Tireload 1 the dependence of the wheel load on time is set usingtépefunctiorvariable
(Figure33.66) included in the modeh the UM Input programSect.33.3.1.6List of variables
The variable is available in the Wizaofl variable(Figure33.67) and is dragged into the corre-

spondingoboxin Figure33.66 using the mouse.

| 8, Wizard of variables X

= Variables for group of bodies © TForces B Joint forces A Angular variables
4 Linear variables ab Expression 8.0 User variables + Reactions 1? Coordinates (® Solver variables
2 Allforces id Identifiers F&) Variables & Bushing Tire nodal variables @ FETies
= [@ tiretestrig template Selected
() Yaw step_function
@ step_function
| () angle_y_t
| () osdllations
step_function User variable |‘ﬁ @

step_function

Fi ga®&var i atbd encitni owmni xar daobf es


04_um_simulation_program.pdf

Universal MechanismO 3354 Chapter33. UM FETire

Object simulation inspector
Object variables XVA Information Tools FE Tires
Solver Identifiers Initial conditions

List of identifiers  Identifier control

= B -'t .| tiretestrig template =
Latest identifier file: last.par
| Whole list Mesh Inertia Locking Geometry Material Shifts S func

Name Expression Value Comment
I tstart 0.2

sstart 0

tfinish 3

sfinish 5000

Fi gBB8Exampseéphcparoanamet er s for tore

This controlis usedin thetestff. 33.3.13.4.2Dependencef tire deflection onoad An example
of the step function parameters for tire load control is showvAgre 33.68.

x_t T time dependence of the longitudirsiift of the hub specified by theep functiorvari-
able; used to evaluate the longitudinal static stiffness of a tinetest33.3.13.4.35tatic testgor
evaluaton tire stiffness for lateral, longitudinal wheel shifts and rotatidnoat vertical axis.

y t1 time dependence of tHateralshift of the hub specified by th&tep functiorvariable;
used to evaluate thateralstatic stiffness of a tire ithe tesB3.3.13.4.3tatic testfor evaluaton
tire stiffness for lateral, longitudinal wheel shifts and rotatidnoat vertical axis.

Alphai time dependence of the hudtation about the vertical axépecified by thetep_func-
tion variable; used to evaluate thegularstatic stiffness of a tire ithe tesB3.3.13.4.35tatic tests
for evaluaton tire stiffness for lateral, longitudinal wheel shifts and rotatidnoat vertical axis.
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33.3.13.1.4. Use of preliminary created configurations

Y, UM - Simulation - c\um10_work\models\tire t295-75r22,5

File Analysis Scanning Tools Windows Help

F e 3 -
Open PR AR [ B B A | =g
Reopen >

..J“‘,.
Close siers E1EBSES| B O B O B
Load configuration > Desktop... Ctrl+R
Save configuration > Deflection vs load
ive f
Exit AlteX Drive forward
— . - Equilibrium
Free falling
Free rolling
Frequencies
Fx ws Sx
Fy, Mz vs Alpha
Fi gB®HO®EXxXample of full configurat:i

For all the tests described beldw] configurations have been preparéay(re33.69) includ-
ing *.par identifier files, *.icf desktop settings and numerical methods, *.xv initial conditions and
*. ancftire model parameters. These files can be used with direewodel developed by the user,
subject to a number of conditions.

1) The initial conditions file *.xv, as a rule, is incompatible with the niee'model and
will be automatically ignored by the program if the number of coordinates in this file
does not match the current numbeor this reason, it is advisable to create files of the
equilibrium state of the tire at the desired load vahresuse them in tests.

2) Some identifiers in the *.par file may be incompatible with the new model, for example,
the wheel radiuswvheelor identifiers that parameterize the graphic image of the wheel
rim and theFE mesht is necessary to rename such identifiers inlUMe Input pro-
gram Sect.33.3.1.5List of identifiers
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33.3.13.2. Computation of frequencies and eigenvalues

The tool forcomputation ofthe frequencies and eigenvalussthe linearized equations of
motion of the wheek available from the main menu commahailysis | Static and linear anal-
ysis Figure33.35.

To perform this calculation, the hub must be fixed and the coordinates of the tire nodes mus
correspond to equilibrium without taking into account the contact interaction of the tire with the
road. It is important to note thtte contact interaction with the road in this mode is automat-
ically disabled by the program

Note. Calculation of frequencies and natural valurea norequilibriumtire position
leads to incorrect results.

33.3.13.2.1. Computation of equilibrium for linear analysis

Y Static and linear analysis — O X

N S Rootlocus Linear vibrations Identifiers Initial conditions Options 1]
i Equilibrium | Frequencies/Eigenvalues Rootlocus  Linear vib

"L‘\‘. Static and linear analysis

General options  Parameters Forces Save to file

Dependence on parameter Equilibrium computation type
Identifier v © Solving equations () Integration of equations of motion
Start/final values Automatically compute equilibrium
Start value 0 @ set zero velodities
Final value 0 Interrupt iterations when singular Jacobian
= 8 Use LU decomposition
Discretization 1 j _/,J

|__| Skip animation during equilibrium computation
dentifiers [ Use equation of 4th order in QR. algorithm
Optimal ANCF calculation

Parallel calculation

@ Use threads

Number of threads (max 20) 8l "ﬁ

[_) skip animation during computation of equilibrium
Fi g3¥éTfrab for comput atiamd odpteigand i br

In the case when the timgflation pressure is zero, equilibrium corresponds to zero coordinate
valuesof the nodes, so you just need to set zero coordinate vaiud® initial conditions tab. If
the pressure is nezero, then two approaches can be used to calculate equilibriutheasetond
approach is used if the first method does not give a positive result, that is, the direct solution to th
equilibrium equations diverges.
Automatic computation of equilibrium.
1 Setzerovaluesof coordinate®n thelnitial conditions tab
1 Openthe Equilibrium tabandrun computation by th& button Figure33.70 left. If
the calculation completes successfully, set the automatic calculation type as the mair
oneon theOption tab,Figure33.70right.
1 If the calculation iterations do not converge, then the second approach should be use
to calculate the equilibrium
Computation of equilibrium be integration of equations of motion
1 The hub is fixed in all degrees of freedom
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1 Zerovaluefor coordinatesareset

1 If contact with the road is possible at zero coordinates, then contact interaction is disa-
bled: the number of contacts within the element is set equal to zero.

1 The standard modeling processtartedirom theSimulationinspector. To assess the
modelstate, a graph of the kinetic energy of the systambe used

Pause
Process parameters  Solver statistics

Solver options Type of coordinates for bodies
Simulation process parameters

Solver Type of solution

| ABN (_) Null space method (NSM)

[ N4 © Range space method (RSM)

Time t] > « 5 B

Step size for animation and data storage 0.005
Error tolerance 1E-6
Keep system matrix decomposition
Computation of Jacobian

() Block-diagonal Jacobian

: Continue | Save |v Interrupt
S To file -
: To file (v=0)

! As initials

| Asinitials v=0) i

Fi gBi#@FdAssigning current coordinates and :

1 After themodelreaches a position close to equilibriutime usershould use th&ave
button inthe pause mode so that using #e initials (v=0) command the current co-
ordinate valueand zero velocities are accepted as initial conditibrggire33.71.

33.3.13.2.2. Computation of frequencies

Since the tire haslarge number of degrees of freedom, the Lanczos method is used to calcu-
late frequencies, which allows calcuhat a given number of lower frequencies and modes. The
number of frequencies is indicated in the upper left part of the wirlliguw,e33.72. For the same
reason, an approximate calculation of eigenvaisiesed, based on the reduction of matrices of
linearized equations using the calculated modes; the number of frequencies and correspondir
modes is indicated in the right part of the windand cannot exceed the calculated number of
eigenfrequencies:or example both numbersn Figure33.72 are equal to 300.
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Fi gB¥%@Computoaftrieognuenci es for nonzer o t

To computethe natural frequencies of thiee in the equilibrium positiongpenthe Frequen-
cies/Eigenvaluegab. Since the stiffness matrix at Apero tire pressure isot symmetrical, the
natural frequencies are calculated approximately due to the forced symmetrization of the matrix
seeSect.33.2.6Tire pressureMore exactfrequency valuesan be obtained by calculating the
natural valuesf the tire equations with the dissipation matrix turnedfeifre33.72right). The
calculationis startedby clicking onthebutton

Asit can be seen from the calculation resultBigure33.72, the approximate naturiequen-
cies on the left side are close to their refined vabretghe right. In the absence of pressure, the
frequencies almost coincideigure33.73.

Frequencies ifigure33.72andFigure33.73are calculated for the same tire, only the pressure
differs. In the first case, p=2.2 bar, in the second p=0. Thecomparisondemonstratefiow
stronglyfrequencieslependon pressure

Fi gB&¥8Computoaftrieogouenci es for zero tir





































































































































































































































































