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I3 (pcos@—O0psin @)+ I35, —yr(I15,dcos6+ I Opsin @) — M ;hg sin ¢
(;j—\”\—;ﬂ\)

+ M Ahgsing+M A, (e+C,cost +hgcosfp) =0.

50+ 15, (cosO—Qpsind) + IS, ($sind + gcosO) +yr(I° deosd+I5,0)
+M A, (C, +C, cos@+ hgcosdcosg)
+M A, (e—C, cost+hgcosfcosp) — M hgsinOsing+a(F . + Fp.)=0.

(=Y =dh)

1y + 1,0 - I (¢sin6 — Gpcosd) =—b(Fy, sind, + F,, sind ;)
(% W) (Fy +Fy,)sind, — (% W) (F oy sind,, + F, sind,, )
(O & W)

+a(Fy, +Fyg)coso, —(D)(Fy, co86,, +F, €080, )

Ry
1 1

_(E wf )(Ffo +Fﬂx)COSé‘j +(§ Wr )(FrRx COSé‘rR _F;Lx COSé‘rL)

—a(Fy, +Fyp)sino, —MgAhsing+ M A, (b)(C, + Ccost + hcos).

Mbgjjsywjydujw)bwbéwbﬁéuﬁ %;A{IrJIfQT)Js

90057 (Seelus e s el eslanal gl melyl uslie V=l J g

M,=1000 (kg)

M,=100 (kg)

a=1.233 (m)

b=1/34 (m)

hgor = 0/6 (m)

E = 0/0945 (m)

H,, = 0.55 (m)

H,, = 0.3 (m)

I,= 600(kgm?)

I°x =200 (kgm?)

ISXZ = ISXY =0 (kgmz)

I%y =500 (kgm®)

Kausr = 45000 (N/m)

Keusr = 64000 (N/m)

Ciusr= 3600 (N/m)

Csusf: 3800 (N/m) Hsusf = 'hsusr: 0/2 (m) BFr = BF] =85
BrR:BlL:7-9 D=128 E=-1
£=0.014 Ry = 0.3 (m) Ci=C, = 0.026 (m)
Y.
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_ 5FYfR oF YL
- da g =0
oan, " oa 50,0
C = _5FY/‘R oFy,, (M-alh
r 5a fR 561/1‘ =0 56[ . o

2l s Ea A A sl & S (A=) bl Sl (6,8 Gl
(FV-dl) gdslas Sy 0 g 31 SO ja OUS Jbas S ol (V=) gk,
.Jsjfda dewsl>es

C, =D(ByF+B,F,)

*v-4I)
Cr = D(BrRF;rR + BrLFer)
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S5 a8 slaaal

RPNV

dda S lwang by V-0

format short eng
disp('*************************************************** ')

disp ('"* in the name of god *'")

disp('*************************************************** ')

disp ('Bees Algorithm');

disp ('**************************‘),-

varnume=38;

nn=80;

m=50;

e=30;

ne=50;

ns=30;

Maxitr=30;

pp=nn-m;

VarRange (1, :)=[440 480];
VarRange (2, :)=[400 600];
VarRange (3, :)=[400 480];
VarRange (4, :)=[160 260];
VarRange (5, :)=[550 760];
VarRange (6, :)=[100 240];
VarRange (7, :)=[520 760];
VarRange (8, :)=[350 600];

YYY
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VarRange (9, :)=[-pi/2 pi/2];
VarRange (10, :)=[-pi/2 pi/2];
VarRange (11, :)=[-pi/2 pi/2];

for io=1:varnume
Pop(:,10)=VarRange (io, 1)+ (VarRange (io0,2)-VarRange (io, 1)) *rand(1l,nn);
end

for kkk=1l:Maxitr

% w=(0.9-0.2)* ((maxitr-kk)/maxitr)+0.2;
Fit3=zeros(15,14);
ngh= (Maxitr-kkk)*[10 10 12 15 17 11 10 13];

Fitpopl (iiiii, :)=funcll (Pop(iiiii,:));
end

Fitpopl;

[Fitpopl, indxl]=sort (Fitpopl, 'descend’');
Beez=Pop (indx1, :);

00000000 o 0 o 000000000000000000000
$%%%%%%%%%%%% pso added %%%%%%%%%5%%%%5%%5%5%%%5%%

o o

O 000 o [}
size (Beez,?2);
99009000000000000000000000000000000000000000000000000000000000000000000
OO0OO0OOO0ODO0OOOODOOODODOOODOOODODOODODOOODODOODODODOODODODOODODODODODODOODODOODODODOODODOODODOOODOOODOOOODOO™O
99000
OO0
for k=1l:e
for g=1l:ne

for j=l:size (Beez,?2)
Bestl(q,Jj)=(Beez(k,J)-ngh(3j))+((Beez(k,Jj)+ngh(j)) - (Beez(k,J)-
ngh(j))) *rand;

if Bestl(qg,j)<VarRange(j,1l) || Bestl(qg,j)>VarRange (j,2)
Bestl (g, j)=VarRange (j, 1)+ (VarRange (3, 2) -
VarRange (j,1)) *rand;
end
end

end

Bestll=[Bestl;Beez(k,:)];

for d=1l:size (Bestll, 1)

Fitpop2(d, :)=funcll (Bestll(d, :));

end

$fitpop2;

[Fitpop2, indx2]=sort (Fitpop2, 'descend') ;
Fitl=Bestll (indx2, :);
Bestel (k, :)=Fitl (1, :);

for w=e+l:m
for r=1:ns
for j=l:size (Beez,?2)

Best2(r,j)=(Beez(w,Jj)-ngh(j))+((Beez(w,Jj)+ngh(j)) - (Beez (w,]) -
ngh (j))) *rand;

if Best2(r,j)<VarRange(j,1l) || Best2(r,Jj)>VarRange (j,2)

YY¥
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Best2 (r, j)=VarRange (j, 1)+ (VarRange (j,2) -
VarRange (j,1)) *rand;
end
end

end

Best22=[Best2;Beez (w, :)];

for v=1l:size (Best22,1)

Fitpop3 (v, :)=funcll (Best22 (v, :));

end

sfitpop3;
[Fitpop3,indx3]=sort (Fitpop3, 'descend') ;
Fit2=Best22 (indx3, :);

Beste2 ((w-e), :)=Fit2(1,:);

popll=[Bestel;Beste2];

for yy=1l:size (popll, 1)

Fitpop4 (yy, :)=funcll (popll (yy, :));

end

sfitpop4;
[Fitpop4,indx4]=sort (Fitpop4, 'descend’');
Fit3=popll (indx4, :);

mmm=size (Fit3) ;

Xbest (kkk, :)=Fit3(1,:);

Fbest (kkk, :)=funcll (Fit3(1,:));

DD (kkk, :)=kkk;

disp(['Itration ' num2str (kkk) ' best fitness ='
num2str (Fbest (kkk)) 1) ;

for iir=1:varnume
pop22 (:,iir)=VarRange (iir, 1)+ (VarRange (iir,2) -
VarRange (iir, 1)) *rand(1l,pp);

Pop=[popll;pop22];
BBestpop (kkk, :)=Fit3(1,:);

Fbest;

plot (DD, Fbest) ;

hold on

for HH=1l:size (BBestpop,1)

Fitpop22 (HH, :)=funcll (BBestpop (HH, :) ) ;

end

$fitpop2;
[Fitpop22,indx22]=sort (Fitpop22, 'descend') ;
Fitll1=BBestpop (indx22,:);
Bestpop=Fitl11l (1, :);
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Bestfit=funcl (Fitl111(1,:))
RunTime=toc; ;

% Results

disp(' ");
disp(['Total Run Time: ' num2str (RunTime) ' second(s)']);
disp(' ");

BAs h lwang r.g,,ist Y-

$close all;

format short eng
disp(|***************************************************‘ );

disp ('"* in the name of God *'")

disp('***************************************************'),-

disp ("Multi Objective Bees Algorithm');

disp('***************************************************' );

%% Problem Definition

CostFunction=@Q (x) funcllll (x) ;
varnum=8

nPop=80

m=50

ne=40

Maxitr=450;

VarRange (1, : 440 480

’

) =1 ]
VarRange (2, :)=[400 600];
VarRange (3, :)=[400 480];
VarRange (4, :)=[160 260];
VarRange (5, :)=[550 760];
VarRange (6, :)=[100 240];
VarRange (7, :)=[520 760];
VarRange (8, :)=[350 600];
VarRange (9, :)=[-pi/2 pi/2];
VarRange (10, :)=[-pi/2 pi/2];
VarRange (11, :)=[-pi/2 pi/2];
VarRange (12, :)=[-pi/2 pi/2];

for j=l:varnum

VarMin (j)=min (VarRange (j, :));
VarMax (j)=max (VarRange (j, :));
end

VarMin;

VarMax;
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empty individual.Position=[];
empty individual.Cost=[];
empty individual.Rank=[];
empty individual.CrowdingDistance=][];
empty_individual.DominatedCount—[];
empty_individual.DomlnatlonSet

for i=1l:nPop

pop (i) .Position=[unifrnd(VarMin (1l),VarMax (1)) ,unifrnd(VarMin(2),VarM
ax(2)),unifrnd (VarMin (3),VarMax(3)),....

unifrnd(VarMin (4),VarMax (4)),unifrnd(VarMin (5),VarMax (5)),unifrnd(Va
rMin (6),VarMax (6)) ,unifrnd(VarMin (7),VarMax (7)), ...
unifrnd (VarMin (8),VarMax(8))1;

pop (i) .Cost=CostFunction (pop (i) .Position);

end
for it=1:Maxitr
ngh=(Maxitr-it+1)*[9 9 8 9 9 9 9 9];
suml (1) =0;

% Non-dominated Sorting

[pop Fl=NonDominatedSorting (pop) ;
% Calculate Crowding Distances
pop= CalcCrowdlnngstance(pop, )

bestl=repmat (empty individual, (ne),1);

$%%%%% ezame zanborha be m makane montakhab jahate jostojoye hamsaye
sum(1l)=0;
for k=1:m

for i=1:ne
for j=l:varnum
bestl (i) .Position(j)=(pop (k) .Position(j) -
ngh (j) )+ ((pop (k) .Position (j) +ngh(j)) - (pop (k) .Position (j) -
ngh (j))) *rand;

if bestl (i) .Position (j)<VarRange(j,1)
bestl (i) .Position(j)=VarRange (j,1);
elseif bestl (i) .Position (j)>VarRange(j,2)
bestl (i) .Position (j)=VarRange (j,2);

end

end
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CostFunction (bestl (i) .Position);

bestl (i) .Cost
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ipop(k,:)1;

t=[bestl

S

0]

e oo Q

taein 1 makane bartar har hamsayegi baraye ijade nasle jadid

o
o
o
o\
o

’

’

’

’

1

best (r)
best (ne+l)

)

)

7 .

’

NonDominatedSorting (best)

(size (best,1)-1)
Calculate Crowding Distances

if best (r) .Rank

break

else

popFrontl (k
end

1
CalcCrowdingDistance (best, F)

popFrontl (k

Non-dominated Sorting

for r
end
[best F]
best
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best (F{1})

;e)

sum (k+1)

sum (k) +numel (F{1})

’

popFront ( (sum (k) +1)

sum (k+1)
popFront
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end
popFront
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[unifrnd(VarMin (1) ,VarMax (1)) ,unifrnd(VarMin (2),Var
unifrnd (VarMin (8),VarMax(8))1];

Max (2)) ,unifrnd (VarMin (3),VarMax(3)),....
CostFunction (popn (i) .Position)

(nPop-m)

repmat (empty individual, (nPop-m),1);
1

popn

popn (1) .Cost

unifrnd(VarMin (4),VarMax(4)),unifrnd(VarMin (5),VarMax (5)),unifrnd(Va
11

rMin (6) ,VarMax (6)),unifrnd(VarMin(7),VarMax (7)), ...

%jameiyate baghi mande

popn (i) .Position

popn
for 1
end
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popFront

YYA

)

2

suml (it+1)

’

NonDominatedSorting (pareto)

suml (it) +s
% Calculate Crowding Distances

popFrontl]

=[popn
size (popFront, 1)
suml (it+1)

jameiyate nasle JjADID

s
% Non-dominated Sorting

pareto ((suml (it)+1)
[pareto F1]

pop

o)
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pareto=CalcCrowdingDistance (pareto,Fl);

PFl=pareto(F1{1});
PF1Costs=[PF1l.Cost];
sfigure (1) ;
plot (PFlCosts (1, :), (PFlCosts(2,:)+.7), ")
xlabel ('Effectivness');
ylabel ('Total Anuual Cost');

disp(['Iteraion ' num2str(it) : Number of Fl Members = '
num2str (numel (PF1)) 1) ;
9090000000000000000000000000000000000000000000000000
OO0OO0OO0OOOOOOODODOOODODODODODOODODOOODODODOODODOODODODOODODODODODOOODODOODODODOODO©O™O

)7
disp(['Total Run Time: ' num2str (RunTime) ' second(s)']);
] ] )

99000000000000000000000000000000000000000000000000000000000000000
OOO0OO0OO0OOOOOODOOODOOOOODOOODOOODOODOOODOOODOOOOOOODODOOODOOOOODOOODODOODODOODOOOOODOODO
Q

% MATLAB Code for

o

o

N : .

% Non-dominated Sorting

function flag=Dominates (x,Vy)

if isfield(x, 'Cost'")
x=x.Cost;
end

if isfield(y, "Cost")
y=y.Cost;

end

flag=all (x<=y) && any(x<y);

end
©00000000000000000000000000000000000000000090000000000900000000000
C0000000000000000000000000000000000000000000000000000000000000000
Q

% MATLAB Code for

o

o

° . .

% Non-dominated Sorting

function [pop F]=NonDominatedSorting (pop)

Y4
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nPop=numel (pop) ;
F{1}=[1;

for i=1l:nPop
pop (i) .DominatedCount=0;
pop (i) .DominationSet=[];

for j=[1:i-1 i+1:nPop]

if Dominates (pop (i) ,pop(j))
pop (1) .DominationSet=[pop (i) .DominationSet j];

elseif Dominates (pop(7j),pop(i))
pop (1) .DominatedCount=pop (i) .DominatedCount+1;

end
end

if pop (i) .DominatedCount==
F{1}=[F{1} i];
end

while true

Q=117

for i=F{k}
for j=pop (i) .DominationSet
pop (j) .DominatedCount=pop (j) .DominatedCount-1;

if pop(]j) .DominatedCount==
Q=[Q JjI1;
end
end
end

if isempty (Q)
break;
end

F{k+1}=0Q;
k=k+1;

end

for k=1:numel (F)
for i=F{k}
pop (i) .Rank=k;
end
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end
end
99000000000000000000000000000000000000000000000000000000000000000
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o
% MATLAB Code for
%
N : )
% Crowding Distance

function pop=SortPopulation (pop)

[

% Sort according to Crowding Distance
=[pop.CrowdingDistance];

[CD CDSO]=sort (CD, 'descend") ;

pop=pop (CDSO) ;

% Sort according to Rank
R=[pop.Rank];
[R RSO]=sort (R, 'ascend'");
pop=pop (RSO) ;

end
©0000000000000000000000900000000000000000090000000009000000000000
C0000000000000000000000000000000000000000000000000000000000000000
Q

% MATLAB Code for

o

o

° . .

% dominated Sorting

function flag=Dominates (x,Vy)

if isfield(x, 'Cost'")
x=x.Cost;
end

if isfield(y, 'Cost")

y=y.Cost;
end

flag=all (x<=y) && any(x>y);

end
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Abstract : In order to improve handling and stability features in automobile, in this survey has been
concerned on optimization of handling system in automobile with type of double wishbone for back axis of
automobile. For this reason, kinematic of above double wishbone suspension has drawn with 5
independent parameters and change in roll angle of automobile. In order to improve stability and
handing measures, one can define two class of cost function distinct from automobile, parameters of
wishbone suspension with connected goals to function of suspension such as camber angles and
transverse distance in wheels were optimized and in connected cost function to automobile, stability
and handling features in automobile consider directly as target functions. Thus, it considers effect of
automobile specifications for optimizing of suspension system. At final, optimized mechanisms with
various goals and high attention were implemented on automobile model in Adams/car soft ware
and then obtained result. In order to optimize considered cost functions, it has been used one and
multi objective Bees Algorithm. The results indicate that connected cost function to automobile in
optimization lead to obtain more optimized results. Advantage of progressive survey in comparison
to previous surveys, kinematic analysis of suspension mechanism and also optimization of suspension
in automobile by using connected cost functions to cinematic in suspension and connected cost
functions to automobile is synchronous.
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