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OaData and Information Collection

Wlass moment of inertia : I:%pﬂ{(rﬂ)z—rz}zw

of tire : p=1000 kg/m®
— Thickness €
jent betweenroad and tire : »=0.8
_ =63513N-m
D0.305 m/s




OaDefinition of Design Variables

der radius of tire (radius of wheel) : r (m)
Of tire : w (m)
— Thickness &




dentification of Constraints
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BaSolution by MATLAB (pattern search)

[0.1;0.1;0.1]

r=0.276m,t=0.1m,w=0.333m *©O*
= 0.068 m3

Ele  Help
| Problem Setup and Results Options Quick Reference
P~ " Pall
Ohbjective function: | @fun [ =]
) Pattern Search Solver
Start poirt: [0.581] This tool corresponds to the
atterngearch function.
) Pattern Search Corstiaits: Poll method 3PS Positive basis 24 &
. Linest inecuslities: A= b= Objective function (required) is the
File Edit “iew Insert Tools Deskop Window  Help 'u Linear equalities: Aeg = beq = function you want to minimize. Specify the
Complete pal. Off < function as an anonymous function or a5 a
. Biounids: Lowver = | [0;0;0] Upper = .
Best Function “alue: -0 05E336 function handle oft.he form Bobjfun,
] Monlinear constraint function: | @nonlcon where objfun.mis an M-file that returns
Palling arder: Consecutive - a scalar function value
o Ptz . . -
5 0oz Start peint (required) is the initial point for
© Plat interal: 1 the pattern search
z [ @ Search ]
= -0.04 b V| Best function valus Mesh size Function count Constraints
B
c V| Best point Mtz constraint Plat Functions
S -0.06 Bt Functions
+ + * Custom function: [ @ Mesh ] Run soler
-0.03 1 1 1 1 1 1 1 1
0 0.5 1 1.5 2 25 3 3.5 4 Fun solver Options
[taration [ ] Spleufy options for the Pattern Search
i Algarithm settings solver,
Current Best Point
0.4 T T T Currert teratior; | 4 Poll
o Status and resuts;
= Search
o [ [+ Cache ]
o
5 Pattern search running, 1 Mesh
a
= . .
= Pattern search terminated, Algorithm settings
@ Objective function walue: -0,06833563551203856 [ Stopping critetia ]
= Optimization terminated: mesh size less than options, Talk Cache
L&} and constraint vialation is less than options, TolCon, . I
3 Stopping criteria
1 2 3l ! > [ = Output function ] Output function
Mumber of variables aw
& Display to command window
Final point: .
Vectorize
[ [= Display to comimand winciow ]
Inlex Valie More Information
1 027627 For a description of the algorithrms and
2 01 ) options, their relative advantages, and
3 0.33334 Level of display:  Off A situations that would require their use, see
the psearchioal function section of the
! ' Genetic Algorithm and Direct Search
Toolbox documentation.
[ [+ Vectarize ]
4 »




BaSolution by MATLAB (pattern search)

L 1 =0.255m,t=0.120 m, w = 0.402 m *®*

B = 0/ =IC




SaSolution by MATLAB (fmincon)

;0.1]
r=0.194m, t=0.182 m, w = 0.606 m *®s
01 97 m3 ‘E ation Tool

Problem Setup and Results

Options

=1 Stopping criteria

Quick Reference

Solver frincan - Constrained nonlinear minimization < fmincon Solver
Ma: terations: © Use defautt: 400 Find & minimum of a
constrained nonlinear
Algorithm: Medium scale - * Specity: | multivariable function

Max function svalustions: © Uss defautt 100 numberOfvariables Click to expand the sect

Sr—— Froblem below corresponding to

) Optimization PlotFens S belg n IRCEY

File Edit Miew Insert Tools Desktop ‘Window Help A Objective function:  @fun -

Problem Setup
¥ Solver and Algarithm

Current Point Derivatives: Approvimated by solver #: . :
it s il b Eunction to Minimize
0.8 T T T t T e e
Start point [010.501] ¥ Constraints
< 0B Canstreints: X tolerance: © Use defaul: 1 00208 » Bun salver and view re
= Linear inequalities: A b: ,
= ; Specify: Options
= 0.4 Linear equalties: Ay bey ) ¥ Stopping criteria
o Funiction tolerance: © Use default 1.00s-06
E Bounds: Lower: | [0;0;0] Upger: i B E i i e
& 02 Nanlinear constrsint function: | @nanican ~ Spexify: y R
b Usersupplied derivatiy
Norinear constraint tolerance: (@ Uss default 1.00s-06
0 Derivatives: Approximated by solver = i b Approximated deriati
Specify:
1 2 3 b Algorithm settings
i o Run salver and view results
Number_of variables: 3 [ Funetion valus check ] ¥ Inner iteration stoppin
Current Function alue: -0.19764 criteria
0 : Blot functions
Current teration: |12 Clear Resutts T ] VR
2 005 & + ® o ¢ Optimization running. + Qutput function
= Qptimization terminated, e e ) g
= Objective function value: -, 1976417371 6354028 (e + Display to commandy
S 01 Optimization terminated: first-order optimality measure less 2
2 & than aptions, TolFun and maximum constraint violation is less More Information
o than options, TalCan, [ Algarthm seftings: ) » Optimization Tool Che
=] o T . .
& 015 & Optimization running, * Function Eguivalent
L 3 Optimization terminated,
) ) ) X + & & & Objective function value: -0,197641 73716354028 [ Muliobzctive profiem setings ]
s w e Optimization terminated: first-order optirnality measure less
2 4 G g 10 12 than options, TolFun and maximum constraint violation is less
lteration than options, TalCon, [ Inmer teration stopping criteria |

[l Piot functions )

[V/] Currert paint [] Function count  [V/] Function value
ol ’ ] | Max constraint Current stsp
-~ [ First arder optimslity
Final ol Custom function
Inclex

utput function ]

q » [ Display to commane window: )




SaSolution by MATLAB (fmincon)

L 1=0.194m,t=0.182m, w=0.606 m *©*




olution by MATLAB (genetic algorithm)

~

r=0.196m, t=0.179m, w = 0.594 m *@*

- 0.1 92 m3 :?a ‘Genetic Algorithm Tool

/él éﬁ A' [:Il'EI' %_' . 7 Problem Setup and Results
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Help

Options Quick Reference

[ Population &

Genetic Algorithm

Fitness function:

Mumber of variables: 3 Solver
= T Popultion type: .
II. I. = * ® * oS EESRRLTEERY Do vectel This taol corresponds to the
Linear inequalties: A= b= Ropdatonoze: 2t R
; ’ Fitness function (required)
. Linear ecualiies:  Aet= b = Lrestarlnction)  Unifotth is the objective function you
n Genetic Algorrthm Bounds: Loweer = [0,000] Upper = wrant ;U tnl;”mfmlzf. You can
- - - specify the function as a
File Edit “iew Insert Tools Deskiop Wndow Help Monfingar constraint function,  @nonicon nitsl populstion:  [) function handle of the form
Bobjfun, where ohjfun.m
- (LT I is an W-file that retums a
Best: -0.19598 Mean: -0.13193 Current Best Individual He i
D D B Initial range: [o;11] 3
-4 = T Plat irfetval: 1 .
+  Bastfitness g Num_her qfvanahles
=, ) Best finess ) Best inclividual || Distance Fitress scaling {required) is the number of
= 0.1 +  Mean finess = D& independent variables for the
= -g Expectation Genealagy \«/) Range fithess function
= * e i . Selection
w _D 2 * e D 4 Scare diversity Scores |8/ Selection b Constraints
{ig 7 o
i o ; ; .
-.5 E Stopping Mz constraint Reproduction + Plot Functions
w03 5 g 02 Custom function: » Bun solver
=
Mutatian i
0.4 - o iU g;?et;\‘;;;ptions for the
0 50 100 1 2 3 Use random states from previous run Genetic Algorithm solver
Generation Mumber of variables (3) B sy
. . Start  Population
Best, Warst, and Mean Scores Selection Function j )
04 1 Current generstion. 5 Migration b Fitness scaling
= Status and resufts: Clear Status b Selection
o ;
02 = 05 GA running, " [ Algorihin seftings » Reproduction
=
Q GA terminated,  Mutation
] 5 ] Fitness function value: -0,19200617374460235 Hhtid function
i Optimization terminated: average change in the fitness value + Crossover
3 and cansfraint vialation is less than options, TalCon, 5
0.2 g 05 = Stopping criteria + Migration
= o + Algorithm settings
0.4 = . ! Output function . .
. Finial poirt - » Hyhrid function
20 40 B0 B0 100 12345678910
i o 1 2 3 + Stopping criteria
Stop Pause Generation Indvidual T R sl A =lopping criteria
 Output function
Vectorize ¢ Display to command

window




OaSolution by Excel solver

S 0 |

Design variables
Inner radius of tire
Width of tire
Thickness of sidewall

Value
0.557867

Objective function
Maximize volume of tire

Parameter Symbol Value Constranints

inequality

Density of tire

-3227.351 <=0

Friction coefficient

6.404E-07 <=0

Maximum torque

0 <=0

Maximum speed

-548.8665 <=0

Dimension

Angular velocity

0 <=0

Angular acceleration Dimension

-0.376271 <=0

Acceleration Dimension

—-1.254236 <=0

Mass of car

Minimum mass of tire
Minimum oblateness
Mass moment of inertia
Gravity

— 1 gt0| 4t lower limit 0] &= SHI&E M @
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Cplomparison

Pattern . Genetic Excel
Fmincon ) Reference
search algorithm solver
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