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A 0 nz v
Physical Properties Metric
Density 2.7 glec
Mechanical Properties
Hardness, Rockwell B 60
Hardness, Vickers 107
Ultimate Tensile 310 MPa
Strenath
Tensile Yield Strength 276 MPa
Elongation at Break 12 %
Modulus of Elasticity 68.9 GPa
Poisson's Ratio 0.33
Fatigue Strength 96.5 MPa

6061 T6 Aluminum Alloy
Yielding Strength : 276 MPa

Fatigue Strength : 96.5 MPa
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Table 3.2 Load case - defined load cases

Load case

Forces

Vertical impact

Fyz=978548 N

Cornering outside wheel

Fy 7 = 6523.65 N
Fyy = 6523.65N

Cornering inside wheel

Fywy = —3261.83 N
Fyz =326183N

Braking front wheel

Fy.zs = 6523.65 N

Fwxps = 489274 N

Braking rear wheel

Fwzr=326183N
F xbr = 2609.46 N

Acceleration rear wheel

Fyzr = 5871.29N
Fu xa = 489274 N

T Fywz

Fig. 3.4 Load case - “Vertical impact”
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Fig. 3.6 Load case - “Braking”
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Measure Inel

rtia

Definition
% qu Selection : PartBody...Part3.1

Result

Calculation mode - Exact

Type : Volume
Characteristics

| [volume 0.002m3
Area 0.533m2
Mass 5181kg
Density  2710kg_m3

Center Of Gravity (G)
Gx  1181e-005mm
Gy 112201mm
Gz 1.805e-005mm

Inertia / G
Inertia Matrix / G

IoxG  0.066kgxm2 loyG  0.104kgxm2

IyG -1.654e-024kgxm2 IxzG  Okgxm2
Principal Moments / G

M1 L 2 M2

Inertia / O | Inertia /P | Inertia / Axis

Inertia / Axis System

lozG  0.066kgxm2
IyzG  Okgxm2

M3 0.104kgxm2

[ Keep measul

re []only main bodies _ Create geometry | Export I Customize. |

@ ok | @cancel]

— Tire Rotational Inertia

Enter tire size: Section width (imm) /| Aspect ratio (%) R Diameter (in)

175 /|60 Rl14 r
Mass 6.7 Units  Kilograms v

Tread to sidewall thickness ratio 2
| Compute tire RI |

Rolling Radius is: |0.28280 | m

Sidewall Inertia is: [0.12270 | kg-m?

Tread face Inertia is: [0.35996 | kg-m?
Total Rotational Inertia is: |0.45266
Tire equivalent mass is 12.735

kg-m? per tire
kg per tire
Equivalent mass ratio 190

Wheel & Tire inertia : 0.8 -> 0.104 + 0.48 = 0.6 kgm2
mass : 6.7 -> 5.181kg
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_EJ—l' o= 88 24 7=
Physical Properties Metric
Density 2.7 glee
Mechanical Properties

* Z|CH von mises &5 < 276 Mpa Hardness, Rockwell B 60
Hardness, Vickers 107
Ultimate Tensile 310 MPa

_ - Strength

* 96.5MPa Ol él' OEI [[H 5e8 cycIe9| —'?— Ol_l'—JF %:I %!‘Eﬁengile Yield Strength 276 MPa
Elongation at Break 12 %
Madulus of Elasticity 68.9 GPa

« Modal 1st frequency >350 Hz
Poisson's Ratio 0.33
Fatigue Strength 96.5 MPa
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80.65 MPa

978548 N




» A E 2|5 HHY
153.477 MPa
6523.65 N

6523.65 N
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Yo
+4.93442e+001
%o
+4,38750e+001
%o
+3.84057e+001

* HsAl HE
489274 N 65.752 MPa
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6523.65 N




B tvpe C type D type
No. . ) : .
Natural | Natural | Damping | Natural | Damping | Natural | Damping
frequency | [requency [ ratio | frequency | ratio |[frequency | ratio
| [H] %) [Hz) (%) [Hz) (%]
Ist 312 0.213 326 0.268 311 0.186

A Wheel 15t frequency
352.25 Hz

=Ll 29| 1st frequency
311 - 372 Hz

20
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Bounce Test

@ [Carsim822_Data] CarSim Run Control; { * * Vehicle Structure } * Test

Eile Edit Datasets Libraries GoTo View Tocls Help

Run302

12-08-2018 03:55
Lib Tool  Parsfile Dielete

Test Specifications Run Control: Built-ln Solvers

ATTENTIOM *ALL" CarSim USERS: Please take »

Sidebar Refresh  Help

Rezults (Post Processing)

Quick Start Guide Bounce Sine Sweep Test -

The Quick Start Guide will shaw you how to make
new databazes, create and change vehicle data,
make rung, and view results using the Animator

and Plotter. It takes about an hour to cover the
baszics and another hour to cover additional

features

-

q. Azimuth,

ehicle: Assembly: * Test
Frocedures: Bounce Sine Sweep Test

4 ]

carsim

MECHANICAL SIMULATION.

E-Clasz, Hatchback 2012
{C5 B-Class }

Lock

Animate [#Set uncolor [

)

the time: to follow the Quick Start Guide to leamn ‘Wehicle configuration: lnd_Ind - todels| ¥

the basics af using CarSim 8.2 and the new { B0l H ? hback 201_2 'i [ Run Math Madel ] ;]

features introduced in this version of the software. £ [EE 0= [ 13 deg. Azimuth, Yeh, Ref
Use thiz example when you follaw the steps in the: = { Procedure v] []'write all available cutputs

Show more plots:

(Overlay animations and plots with ather runs

[ * * Reference V]
[ {No dataset selected} V]
[ {No dataset selected} V]
[ {Mo dataset selected} V]
[ {No dataset selected} ']
m [ E cho file with initial conditions V]

Reference Model
Tire inertia 0.8kgm2
Unsprung mass 60kg

Optimized Model

Tire inertia 0.6kgm2
Unsprung mass 58.5kg
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Statistics

# Data Set

Statistics

*Test-x -
minimurn; 0.000000e+000 B
rnagimum; 2. 3000002+007
mear: 1.150000e+001

ave deviation: 5.756243e+000
shd deviation: B.650353e+000

m

*Test-
mavimum: 2.7 36452e+001

ave deviation: 4.477135e+000
ztd deviation: 5.772830e+000

Show Al

il

it 0.000000e+000 B
rnarinum: 2. 300000e+001
mean: 1.150000e+001

ave deviation: 5. 75624 3e+000
std devviation: 6.650353e+000

m

** Reference - '

rnarinum: 2. 74831 7e+001

ave deviation: 4.498740=+000
std devviation: 5.804228e+000

Statistics S5
%Y Data Set
Show Al
Statistics
** Reference - % -

Performance &M

Bounce Test

Compression, L1 tire - mm

18.3 4

182

18.1

18 §

17.94

17.8 4

177 4

1767

17.5 4

17.4 4

17.3 4

17.2 4

1714

16.9 4

16.8 ]

16.7 4

16.6 4

16.5 4

16.4 4

16.3 4

7+ * Test
-=—" " Reference
2 434 436 438



« AMESIm Vehicle Model

|— dry_ice_2 - total fuel consumption [g] ‘
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300 —

200 —

100 —
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0.0 0e 04 Mme na , : 1.4
#: Time [s]

— drv_ice_2 - total fuel consurmption [g]

[a]
700 —

B00 —

500 —

Reference Model (Inertia 0.8kgm?2)
678.3685 [g]

400
300
200

Optimized Wheel Model (Inertia 0.6kgm?2)
674.6498 [g]

100 —

a

o0 o0 o4 R R
i Time [s]







1t
Y

ol Wheel2| Mass &! Inertia Zr2

HO

. m 2}

* Mass ! Inertia®Q| ZFA0f| Lo}

27




ABN  Reference

TireQ| inertia Al Al

. http://hpwizard.com/rotational—inertia.html

—t

e o= 71 5l QJAFX| M B} Reference

« Design of Automotlve Road Racing Rim with Aid of Topology Optimization Laurent MARINI Slawomir KEDZIORA Faculty of
Science, Technology and Communication University of Luxembourg, Campus Kirchberg, 6 rue Coudenhove-Kalergi

6061-T6 Aluminium Alloy S-N Curve

* https://openi.nlm.nih.gov/detailedresult.php?img=PMC4003947_sensors-14-04364f8&req=4

* Wheel Modal Analysis

« A LIGHT COMMERCIAL VEHICLE WHEEL DESIGN OPTIMIZATION for WEIGHT, NVH and DURABILITY CONSIDERATIONS 1M. YAMAN*,
1B.YEGIN 1 Ford Otosan, Turkey
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