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MV-8100: Tire Modeling

Introduction

The tire models describe the interface between the wheel and the road. For this tire
interface, the tire parameters and properties are set by a Tire Property File with the
extension (.tir) while the road interface is described by a Road Property File with the
extension (.rdf). One Body, one Point, and two Marker connections are needed to
define the tire interface. In addition, physical properties of the tire such as the unloaded
radius, aspect ratio, width, mass, and moment of inertia's that need to be specified. The
purpose of this tutorial is to show the process of how to build a tire model in the
MotionView interface and to interpret the results. In this tutorial, you will learn how to:

e Launch MotionView and load the MBD-Vehicle Dynamics Tools preference file
e Build a Tire model
e Run the model in MotionSolve

e View the simulated results

Step 1: Launching MotionView.

To build an AutoTire entity, you must first load the MBD-Vehicle Dynamics Tools
preference file in MotionView. Once loaded, HyperWorks remembers and automatically
loads the MBD-Vehicle Dynamics Tools preference file each time you start
HyperWorks. To load the MBD-Vehicle Dynamics Tools preference file follow the steps
below.

1. Start a new MotionView session.
The MotionView window is displayed.
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2. Click File > Load > Preference File from the MotionView Menu bar.

File  Edit View Vehicle Tools SolverMode Model Analysi

& y g
[ MNew Ip.{w. r _:ﬂ D"
- 13 E F 3 z : - -

¢ Open D:_TLLEQ,E'HQ‘&,{,
[ Save b
2 seve As L4 | Varname| ID| Colnrl Mesh|

3 the_madel ]

Subscnbe
o Import 3

Orarlay »
f:'ILDB.d i FEsults -
:EP Fun [ 3 2 User Profile

| . Freference File
& Export 9l e
i Sokver Template

g Print 3
@ Fublish y | Fl Metadata Table

Recent Sessions ¥

Recent Files »

Exit

The Preferences dialog is displayed.

3. From the Preferences dialog, select MBD-Vehicle Dynamics Tools and click

Load.

° Preferences

Registered Preferences

- Multi-Disciplinary Tools

- Wehicle Safety Tools

-~ NWH Utilities

- HyperForm Utilities

- MBD-Vehicle Dynamics Tools
- MD Plugin

- Model Identification Tool

- Aerospace Tools

- HyperWorks(defaulf)

Register

Unregister Load

Cancel
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Step 2: Building a Tire Model.
Follow the steps below to create a tire model in the MotionView interface.
Adding a Point to the Model

1. Create a point for the model by right-clicking the Points folder in the Project
browser. Click on the Add Point option from the context menu.

Session  Project =

Objects | 1I.farr1.34m+ez| D | l:olnr| Me&h|
S&l © Model| the_model 4
& Bodies (1)

G- Dote Sets (2)

5B Markers (1)

915 Weog  Expand All Children
SHEl ¢ Mii  Collapse All Children g

Filter Lising Toolbar
Shone Paints Onky

Actwvate

Deaciivate

Fenamea F2
® Add Foint..

Dealete Del

Cut Chrl+x
% Find,, Chrl+F

The Add Point or PointPair dialog is displayed.
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2. Enter wheel cM as the Label and p_wheel cm as the Variable and click OK.

Farent System | Model
Label: Wheel CM
ariable: p_wh Bel_crrl

Type:
 Single
" Fair

Comment (Optional):

ok_| apply | concel|

"\ Add Point or PointPair n

The Wheel CM point is added in the Project browser.

Objects ] Varname | ID[ Cn!nr| Meshl

2 & & Model thie_miodel
G- Bodies (1)
H-] Data Sets (2)
-0 Markers (1)

g Foints (2)
() Global Origin F_Global_Origin - 0
Q

H-E] Wedors (3)

E-# O Misc BYE_misc

below.

g_\’ p_wheel_cm AL
Froperies

% _Messure o ginates

x| 00000
v 00000
z| 3130000

Get coondinates from node;

Enter the value of 313 for Z coordinate in the Properties tab as shown in the image

Mode | Unresobsed

Diatm Sumenany... I
=
i

z
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Adding a Body to the Model

4. Create a Hub body by right-clicking the Bodies folder in the Project browser. Click
on the Add Body option from the context menu.

Session  Project x

6107 Dal  Expand All Children
9 Ma Collspse All Children

Objects | vamame | ID] Color| Mesh |
& © Moder the_model o
B mm

=g Poi

&0 Wet

BIE & §  Actheate
Deactvate
Rename

Q Filter Using Toolbar 0
Q@'  ShowBodies Only ]

w Add Body..
Delata

Cut

€ Find...

D&l
Carl 4

Cl+F

The Add Body or BodyPair dialog is displayed.

5. Enter Hub as the Label and b_hub as the Variable and click OK.

”\ Add Body or BodyPair

Farent System | Model

Label: Hub
Wariable: b_hul:l

Type:

# Single |Eiud5.-'
T Pair

Camment (Optional):

ok | apply | cencel|
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6. The Hub body is added in the Project browser.

Session  |Frojedt x

Objects | Vamame | IDJ Eﬂ|0r| Mesh|
& Model® the_rmadeal o
@ Bodies (2)
~ g Ground Body B_Ground 0 W g
B 2 e
B[ Data Sets (2)
20 Markers (1)
= Points (%)
) Global Crigin FP_Global_Origin 0
O Whesl CM p_wheel_cm 1]
E-00 Wectors (3)
EEl O Misc SyS_misc ]

7. Click on the CM Coordinates tab of the Hub body to use the wheel center as the
center of this body. Select the Use center of mass coordinate system check box.

&l x|v14

Froperies [
CM Coordinates |
B nenia Coordsys

W Use certer of mass coordinate system |1—-

_Body Coordsys |
Initial Condiions |'.'.II'IEI'11 Wi BeEs ﬂ
Origin: 2 s
Prount I Unresaobead ﬂ DDz | 0,000 0000, 1.000
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8. Double click the Point collector button in the panel area.

Pz 2l [ Use center of mass coordinate system

CM Coordinates
Ineria Coordsys
Body Coordsys
Inttial Condiions

— Paint nresohed

| COrient two axes ﬂ

IZ.ﬂms

'~ | DxDyDz [0.000. 0.000.1.00

The Select a Point window opens. Select the Wheel CM point and click OK.

|p_whee|_|:m

¥ Only show entities within valid scope

- [ Option Date
& O Points

#- [ Bodies

- 2] Markers

# vectors

- [ Data Seis
- [Fal Misc

ER=1hiodel] Gilobal Crigin
4 ) Filename Data

The wheel center is used as the center of the hub body.

Fropertias

CM Coordinates
Inertia Coardsys
Body Coordsys
Intial Condiions

¥ Use centar of mass coordinale system

| Orient two axes ~|

Origin:
= Point |Wheel Ci

2 Az
~ || DxDyDz | 0.000, 0.000. 1
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Updating Mass and Inertia Properties of the Hub Body

9. From the Properties tab enter the following data as shown in the image below to
set the mass and inertia of the hub body.

g b_hub XA
Froperties .
[~ Flex Bady (CMS) [T GetPropenias from assocated Graphic(s)
CH Coordinates
B retia Coordsys
Body Coordsys Ineria proparties:
Initial Conditions b | 100002414 bey | 0.0000
by | 200002414 b | 0,0000
Mass: 350.0000 Iz | 1.00002+14 b | 0.0000

Setting Initial Conditions to the Hub Body

10. Enter the following data in the Initial Conditions tab as shown in the below image
to set the initial conditions.

il bbb X[ 4|

P Trarelational valoemy Fatabanal wslociby: ™ Lsa M T ————
| e @ v [ 20000ee0d @ Wi 0.0000 :

| r— Coondsys ™ Use'wi Unnesahasd

Booy Coordeys P v 10000000 Wy §5.0000
Initied Conditions P Vi 00000 W We 0.0000

Note These initial conditions applied at the Hub body represent a tire+rim with
an initial forward velocity Vx of 20000mm/s and rotating at 65rad/s.

Adding a Marker to the Model

11. Right-click on the Markers folder in the Project browser and click on the Add
Marker option from the context menu.

Session Project =

Qbjects | Varname | 1D | Color| Meshl
S E © Model the_model [ ]
B Bodies (2)
10 Data Sets (2)
S [
J. G Expand All Children 1]
Foints  Collapse All Childran
Yecio
mf# © Mis  Filter Using Toolbar =]
Show Markers Onby

Achhvate
Deactvala

Rename F2

< Add Marker...
Delata Die

Lut O+

#* Find... Cirl+F

The Add Marker or MarkerPair dialog is displayed.

& | -
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12. Enter Tire Reference Marker as the Label and m _tire ref as the Variable and
click OK.

"+ Add Marker or MarkerPair “

Parent System | Model

Label: _Tire Refarence Marker
“ariable: m_tina_rei
Type:

* Single

" Fair

Comment (Optional):

ok | apply | Concel

13. The Tire Reference Marker is added in the Project browser.

Session  Project x

Objects | Varname [ [D| Cularl Mes
=@ & Model the_model ]

&0 Bodies (2)

EFE Data Sets (2)

S Markers (2)
A. Global Frame Global_Frame 0
B Tire Feferance Marker
BE-ED Points (2)
BFE] Wechors (3)
EHEl & Misc 2ys_misc |

14. Use the Body and Point collector buttons in the Properties tab in the panel area to
define the attachments for the marker by selecting the Hub as the body and Wheel
CM as the origin.

SO EGE R Floating marker | Parent

Body |Hub

Orient two sxes

Origin: |'_5r"€"-"¢Is
Point [Wheel CM  ~ | DxDyDz |0.000, 0
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Adding an AutoTire Entity to the Model

15. Right-click on the Model in the Project browser and select Add Auto Entity from
the context menu.

Seszsion  |Project =

Db-lem | Varname ID
= @ .
B B Expand All Children
Collapse All Children 0
0
D Filter Using Toolbar
% Sawve
Ma Save As.
j Rename S I g
S Poir  APply Atachment Candidates
o Add p Prgin 0
-Q A "
2@ Vag Delete Del
- q  Cut i+ 0
f; Paste crisv [ 0
0
=] Add Auto Entiby
EHE
Deata Summany... e
* F"d Cl+F
B Units Trm_l:nils '

16. The Add Entity window opens.

) T
Parent Sysdem |Hodal

Labet  |AutaSping 0

Variable: [t 0

Type:

@ Singe asaspong =
© Pai

Mede [Libersl)

o o

L]

oK pooh  |[ conca |

Proprietary Information of Altair Engineering \ Alta I r



Altair MotionView 2019 Tutorials p.11

17. Select the AutoTire entity from the drop-down menu and click OK.

"\ Add Entity

Farent: System kdodel

Labal.  |autoTire 0

Varisble: [1s_0
Type:
# Single AutaTire -
" Pair BautoReboundStap =
Mote (Literal): Wuta CTITire
o COTire j
atabdFTire
oK pply || cancel

18. The AutoTire panel is displayed in the panel area and the added auto entity is
created in the Project browser.

Session  Project x

Objects | Varmame | ID | {Zulorl Mes
EE © Mode the_model ]
g AutoTires (1)
L utoTire O s 0] 4
t- Bodies (2)
- Ground Body B_Ground 0 W e
“ iy Hub b_hub 0 o e
B Data Seats (2)
B Markers (2)
. Global Frame Global_Frame 0
A Tira Reference Marker m_tire_raf 0
B[ Paoints (2)
& Yedors (3)
EHE O Misc Sys_misc |

& | -
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19. From the Connectivity tab select the Hub Body as Hub, Wheel Center point as
Wheel CM, Tire Marker as Tire Reference Marker, and Road Marker as Global
Frame to define the tire interface as shown in the image below.

-] 0 x| 24
€ Connectivity —
) PTC\FE‘“.')" Filas | U4ﬂlﬂ}'| Huo
@B Wheel Center | [vheel Cid
Tire Marker | Tire Reterence Marker

Fioad Marker ||Global Frame Help

Note The AutoTire is defined by a Hub Body, Wheel Center, Tire Marker, and
Road Marker where:

e Hub Body: The wheel body on which the tire forces act.

¢ Wheel Center: Point where the tire will be attached, usually the wheel
center.

o Tire Marker: Reference marker which determines the direction in which
the tire forces act.

¢ Road Marker: Reference marker of the road, it is the marker with
respect to which the road is positioned and oriented for the simulation.

20. The Tire model is displayed in the MotionView graphics area.

& | -
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21. From the Property Files tab, review the tire properties.

|| 5

o &0
o 14 1M
EE e P Pl Ak T D 0L 2T heetnc cnsmeriibe s propeien Tre\ME_SWAFTAING. B e ¥ T
Propesty Flor_ P e E—— PR poitvren e OB AT U0 e T cara|
&l Uirkuded Al TS0 Whesl Mais B0 Hub st [T
: Tow'wift: B0 'Whes B4 T 7500n06 Whet! DM citiat Tgg  Mewd = erensts Boad gk
= ————————— RosdType AT
ugpect Rty TR0 "whael I AR =06 Tire Bk e w Helgs
L —  Fariion Meme
Ties S st =| whesl B2 1750018 VARSLE Srich: |

The AutoTire entity allows you to modify the tire properties as desired by editing the
Tire Property File.

The graphic tire representation can be modifying by editing the properties field, such
as Unloaded Radius, Tire Width, Aspect Ratio, and Hub Offset. Once the tire
property file is loaded, some of the fields will automatically get filled.

Note Changing the value in entry field will not change the values in tire
properties file. These entry fields are meant to create tire graphic.

If you want to make changes to the file using the Edit File button, it is
recommended that you save it with a different name and reload the file so
that the graphic attributes get automatically filled in the graphical user

interface.

Step 3: Running the Model in MotionSolve.

Once the tire model is created, it is now ready to run.

1. Save your model as Auto-Tire.mdl.

2. Click on the Run Solver toolbar icon @, and rename the MotionSolve input to

Auto-Tire.xml.

3. Select the Static + Transient option from the Simulation type drop-down menu
and enter 0.001 in the Print interval field.

x|v|A
Main = Sewwand ren cumenimoiel o : . - -
= ) i ] \Usors| swasis! Documents| Swaii| suic-Sin suo-tre ol
™ Pan MofionSobae fle -

Fun

M Sompled srulation
SamLlannn s [StmtTraraiom =] As Ahetis [
End tme Ii‘.-ﬂli'ﬂ Ecnipt .'\-'m:m'_-:-*.-r 1': I Export MOL animation fle Owpest Cigians |
Fentisrasl: [ pooig

| [ Espart MDL snapshot Simulstion Sefings |

4. Click the Run button.

5. After the MotionSolve is complete, the View Log, Animate, and Plot buttons are
enabled. These buttons allow you to plot results, look at an animation, or examine

tabular results.

7y Altair
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Step 4: Viewing the Simulated Results.
1. Click the Plot button to view the simulation results.

The plot is displayed in the second window (on the right).

Y Axis
°

A IERE x NOXRT AL PR 9-00000 ==__{o]

2. Click anywhere in the plot window and click on the Expand/Reduce button from
the toolbar.

¥ OEEA: @

| [Expand/Feducs \Window |

3. The plot window is expanded.

& | -
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4. The AutoTire entity automatically creates tire outputs based on the simulation,
which can be accessed from .plt file as shown below.

Tt i li'iﬂlrm:-‘_'mn* z o ]
5 = +] Ty g raew [ ¥ Fasgeen | Fier [ oomposam) I e [ N
My e T N R BF AumcTiok - Flert Dovabpaiechond >--w_| E =]
- l_l— REO mr*s-px ] ..‘,,.;,,..c..,I
= : TAEy73000000 a1 T O e (AL e 1yn | |
fy—  rp— - = - tima o sl - Fira e |=|

Output Plots:

Different output plots based on the simulation are explained briefly below.
e REQ/70000005 Auto TireO - Radius OmegaActual OmegaFree

o f2 - Radius - Rolling radius of the tire.

o f3 - OmegaActual - Angular velocity of the tire.

o f4 - OmegaFree - Angular velocity at which the tire will be having a zero slip
ratio.

REQTODM0005 AutaTire O - Rndlusﬂrrmgaﬁ.mnl OmegaFres - 2

M
AT ! —Id‘(:l ﬂ.l'.ll.'l.ll}aﬂlmli-ll.l Hadam Omegafictusl Omegaf res - £
i\ ™
= AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY
i a0da| | _,-"I W '\_J,} W/ jl \/ \l\/‘,
E
ok
p ot
E L
Gt [ 1 15 ] 3 3 ak 4 AE &
Time
Jm:EﬂI'T-"“.:':N:Ilil'illil5 AuoTire 0 - Radius Omegadctual OmagaFree - f a"“EE.I'T-‘'l:Ililli'l)l:blllE'a AutaTira 0 - Radivs Omegafcteal OmegaFrea -
i |—|ae QTO0000E AateTire @ - ks Dmvegatonssl DmegaFees r;.l i ——— REGH OO0 AstoTire ) - Fadins Orregatetl DmeqaFies Ml
o % 1
BB
L]
3 nmll
E“ 2.,“
83
o - \
o 0B i 15 ] 5 3 3 4 45 [ " 0b 1 5 5 3 T s B
Time Time:
il RS T m BRI AL ESPEI9-00000= =Q
Bl 'ﬂ"JlrmT.. T sl gl = gy
-] ¥Teal Fiw L T— H [ S H Finar
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e REQ/70000006 Auto Tire0O - lonSlip latSlip IncAngle

The following outputs are available in both ISO and SAE co-ordinate systems. The
one shown in plots are in ISO.

o f2 - LonSlip - Slip Ratio or Longitudinal slip in percentage. In this case the tire
is rolling freely therefore the slip ratio is approximately 0.

o f3 - LatSlip - Lateral slip starts from 0.05 as lateral slip is the ratio of Vy and
Vx. In our case Vy/Vx = 1000/20000 = 0.05

o f4 - IncAngle - Inclination Angle of the tire from XZ plane.

REmmMmTlmﬂ LnnSIIp LBI,SIlp IncAngle - 12

B — T e e e
- / 1 p Latilp e
oa| /
gm II’I
oiF 3 |I
|
-1
12’0 L) 1 LEd 2 2 2 T 4 EE] o
Time
REQI70000006 AwTre 0-LonSlp Latlip noAngle 13 REGQI70000006 AuloTire 0 - LonSip LatSip ncAngle -4
| =R Ponncono0s Asstulios 11 - Lol Latsilyp incAngls - €1 EIE':J“, | R P0ON0Ne Assinlins 0 - LnaSiip LatSlip hichaghe - M
BL-DOF
AE-007
Froe oo
E.?F-mr
AL-007
GE-DO7F
T 1 I 1 8E-007
15 2 5 3 a5 4 45 b L mﬂ s 1 15 2 25 3 35 4 A5 5
Time Time
o IR o W R AILIFQPL 900000 =15}
(] [T e —rp = Aoy
T | T UCEL] P nbrin] P Viompeet 1 kX [N | Filir —
yon  Tere E _ FEQPAONG uTow o e | -
e - T - LonSlg LAt incigie ] “‘”"J‘"""l
F TR T o ]
FECH0000 AatcTir 1 - Tiow 7 Fromouns (A8 tmt = | =
- I, T 3 O . O I . ol

e REQ/70000007 Auto Tire0 - Tire CP Forces (W-Axis system)

The Tire contact patch forces are available in both W and SAE axis system. The
one shown in plots are in W-axis System.

REQ/70000007 AutoTire O - Tire CP Forces (W-Axis system) - {2

REQI0000007 AuneTie 0 - Tue CF Foroes (W Asis sysnom) - 12 |

Tire CP Forces - X

LER R

s 1 15 2 3 35 4 45 5

5‘&

50170000007 AutoTire 0 - ane CP Forces (W -Axis systom) 1 1EQY70000007 AutoTire 0 - Tire CP Forces (W-Axls syshem) 1

e REQ/P00007 Az Thrw 0 - Thrw GF* Frucas (W-Asds. systom) - 5

| e FRE Q0000007 AwtoTirm O - Tuw G Force (W-Aods system) u

A f‘ "'1 A {‘
S'\/’v[l/\ :u\'u.J[\/ VUV ..'
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BEaE8.B

Tire CP Forces - 2
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Time
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