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1Barrel Vaults

2- Membrane Systems

3- Foldable Structures

4- Tensegrity Structures
5- self stressing
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1 - Heuristic Algorithms.
2- Search Space

3- Fitness.

4- Genetic Algorithm.

5 - Simulated Annealing.
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1- Tabu Search.

2- Ant Colony Optimization.
3 - Particle Swarms Optimizer.
4- Initial population.

5- Generation..

6- Offspring.

7- Antibody.

8- Objective Function.

9- Antigene.

10- Artifitial ants.
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1-Self adaption.
2-Fluctuation.
3-Positive feedback.
4-Negative feedback.
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2-Exploration.
3-Exploitation.
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1- Discrete variables.

2- Objective Function

3- Constrained problems.
4- Unconstrained problems
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1-Convergence.

1-Ting Yu Chen.

2-Chung Chen.

3-Passive design variables.
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1- Chen.

2- Cross over.

3- Genetic Algorithm.

4- Leap Frog Animated Algorithm.
5 - Simulated Annealing.

6- Tabu Search.

7- Memetic Algorithm.

8- Ant Colony Optimization.

9- Cultural Algorithm.

10- Particle Swarms Optimizer.
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1- Darwin.

2- Fraser.

3- Biological system.
4- John Holland..

5- Dejong.

6- Choromosom.

7- Decode.
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1-Selection.
2-Cross over.
3-Mutation.
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1-Pheromone.
2-Marco Dorigo.
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Editory file name : figure

Drawpad

S oo ool K0

721 hrs R52009

R=61);

m=12;

n=12:

Top=rmid(m/2n/2.2 2)[lamid(1,1)[1.0,1; 0,1.1];

Bot=rinid(m/2.n/2.2.2)|{[2.2.0: 0.2.0].12.0.0: 2.2.0]}#

rin(1,m/2,2)][2,0,0; 0,0,0]#rn(2,n/2,2)|[0,2,0; 0,0,0];

Webp=rinid(m/2.n/2.2.2)|{0.2.0: 1.0.1#
mid(m/2,n/2.2 2)[[2,0,0; 1.21]#
rmd(m/2,n/2,2,2)|[0,0,0; 2,1,1] #
rinid(m/2.n/2.2 2)[]2.2.0: 0.1.1]:

Webt=rinid(m/2,n/2,2,2)[0,0,0: 1,0,1]#
rinid(m/2.0/2.2.2)[[2.0.0: 2.1.1]#
nud(m/2,n/2,2,2)([2,2,0; 1,.2,1] #
rinid(m/2.10/2.2 2)[[0.2.0: 0.1.1]:

Tens=Top#Bot#Wcbt:

Comp=Webp.

Grd=Tens#Comp:

use & . vm(2). vi(2).
vh(3*R.5*R,-5*R,0,0,0,0,1,R);

clear:

use hw(.2) , ¢(1.2); draw Tens;

use lw(.95) . ¢(1.23): draw Comp:
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/- Formian 2

Current folder : E:\tensegrity-2\formian-fainding
| Fle Edit Llist Tra

Ols(als E| " =l ol@| c|p|F|c| m| ®|
Editory current file : figure

R=60;

m=12;

n=12;

Top=rinid(m/2,n/2,2,2)lamid(1, 1)I[1,0,1; 0,1,1];

H Bot=rinid(m/2,n/2,2,2)1{[2,2,0; 0,2,01[2,0,0; 2,2,0]}#

rin(1,m/2,2)([2,0,0; 0,0,0}rin(2,n/2,2)I[0,2,0; 0,0,0)

Webp=rinid(m/2,n/2,2,2)[0,2,0; 1,0, 1}#

rinid(m/2,n/2,2,2)I[2,0,0; 1,2, 1]

rinid(m/2,n/2,2,2)I[0,0,0; 2,1,1] #

rinid(m/2,n/2,2,2)I[2,2,0; 0,1,1];

Webt=rinid(m/2,0/2,2,2)[[0,0,0; 1,0, 1]#

rinid(m/2,n/2,2,2)I[2,0,0; 2,1, 1}

rinid(m/2,n/2,2,2)I[2,2,0; 1,2,1] #

rinid(m/2,n/2,2,2)1[0,2,0; 0,1,1];

Tens=Top#Bot#Webt Reformat Formex File 3
Comp=Webp;

B|s

Drawpad

[x]

Grid=Tens#Comp; Reformat Formes file: Use format:
use & , vm(2), vi(2), B

o frx
vh(3*R,5*R,-5*R,0,0,0,0, LR} |Comp.frax
clear; ?'id"',""
use lw(.2), c(1,2); draw Tens; Tonhii

; : Webp.
use lw(.95), c(1,23); draw Comp; Wzﬁ":‘:

ASCI (-]
AutaCad (“du)
Binary [* bin)
HPGL <l
Metafile (~wf)
PostScipt (%ps)

Place reformated file in

E:Mensegiity-2\formianair

Drive: |E: v
_ Relama| Undt the name:

Close

For Help, press F1
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AutoCAD Mechanical - [E:Mtensegrity-2\formian-fainding\Grid. dxf]
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Drawing 2
Model e
|74
58
)

&35 x>Uds

QHWETEFES

Epecify second point or [Exit/Undo] <Exit>: *Cancelx ~
PY

Command: _u CO! v
Comnand < >
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e Select List Plot PlotCtis WorkPlane Parameters Macro MenuCtrls  Help
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ANSYS Taolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH|

ANSYS Main Menu ®|

[ preferences lLIhTES
Preprocessor y
Solution TTEE I
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ROM Tool

Design Opt

Prob Design
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[ session Editor

[ Finish
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clear all;

clc;

[

% barname vorudihaie morede niaz ra migirad

o\

in vorudi ha shamele parametrhaie algorithme genetic va shamele

o

parametrhaie sazeie tensigrity mibashad

o

UST- uss- denss-denst-U-kA-kB-kC-1loA-1loB-1oC

o

medol: medole elastisiteie maghate

o\

UST: tanashe mojaze kablha

oe

USS: taneshe mojaze mileha

oe

denss: chegalie marboot be mileha

o

denst: chegalie marboot be kablha

oe

UST=14000;

UsSsS=3000;

denss=.01;

denst=.01;

rl=1;

r2=1;

filename = input ('Enter Output Filename:test.txt ') ;

mystring = input('Enter Message String:Test Results ') ;

fp = fopen(filename) ;

fprintf (fp, '%s\n', mystring) ;

U=900;

kA=70;

kB=70;

kC=70;

1loA=22;

1loB=22;

loC=22;

medol=2e6;
a=[0,0,07;

b=[90,0,01;

c=[46,96,0];

d=[

e=|

21.865,-14.473,135.07;

91.291,25.778,135.071;
f=[22,65.425,135.0];

LA: toole mileie A

oe
oe
oe

oe
oe
oe

LB: toole mileie B

o\°
o\°
o\°

LC: TOOLE MILEIE c

oe
oe
oe

LA=sqgrt (sum( (e-a) ."2));
LB=sqgrt (sum( (f-b) ."2));
LC=sqgrt (sum((d-c).”2));

F=force(a,b,c,d,e, f);
[w,1]=length (U, kA, kB,kC,F,a,b,c,d,e, f,10A,10B,1cC);

o\

EMKAN PAZIRIE SAZE BAYAD SANJIDE SHAVAD

\'E



o\

% YANI AYA IN SAZE AZ NAZARE FIZIKI EMKAN PAZIR AST???

% DAR INJA BAYAST DAR DAKHELE KABLHA NIROOIE KESHESHI IJAD GARDAD
CHERA KE

o\°

KABLHA NIROOIE FESHARI TAHAMOL NEMIKONANAD

o
o

o

for i=1:11
if F(i)<=0
if i==

disp('The Structure May Not Be in Tensegrity!
fB is Not in Tension!!!")
else 1if i==
disp('The Structure May Not Be in
Tensegrity! fC is Not in Tension!!!")
else if i==
disp ('The Structure May Not
Be in Tensegrity! FA is Not in Compression!!!")
else if i==
disp ('The Structure
May Not Be in Tensegrity! FB is Not in Compression!!!")
else if i==
isp ('The
Structure May Not Be in Tensegrity! FC is Not in Compression!!!"')
else if i==

disp('The Structure May Not Be in Tensegrity! T1l2 is Not in
Tension!!!")
else

if i==

disp('The Structure May Not Be in Tensegrity! T23 is Not in
Tension!!!")

else if i==

disp('The Structure May Not Be in Tensegrity! T13 is Not in
Tension!!!")

else if i==

disp('The Structure May Not Be in Tensegrity! T45 is Not in
Tension!!!")

else if i==10

disp('The Structure May Not Be in Tensegrity! T56 is Not in
Tension!!!")

else if i==11

disp('The Structure May Not Be in Tensegrity! T46 is Not in
Tension!!!")

end

ATAD



end
end

end

end
end
end
end
end
end
end
end
end

fprintf (fp, '\nFinal Results:\n') ;

fprintf (fp, '\tLength of Strut A = %8.5f\n', LA) ;
fprintf (fp, '\tLength of Strut B = %$8.5f\n', LB) ;
fprintf (fp, '\tLength of Strut C = %8.5f\n', LC) ;
fprintf (fp, '\tLength of Tie A = %8.5f\n', 1(1)) ;

fprintf (fp, '\tLength of Tie B

%8.5f\n"', 1(2)) ;
fprintf (fp, '\tLength of Tie C = %8.5f\n', 1(3)) ;

fprintf (fp, '\tThe Equivalent Wrench = %8.5f\n', w(l)) ;

o\°

fprintf (fp, '\t %8.5f\n', w(2)) ;

o\°
[e0]

fprintf (fp, '\t .5f\n', w(3)) ;

oe
oo

fprintf (fp, '\t CS5f\nt, w(4)) ;

o\°
[e0]

fprintf (fp, '\t .5f\n', w(5)) ;

oe
oo

fprintf (fp, '\t L5f\n', w(6)) ;

status = fclose('all')

oe

fA niroo dar kable A

oe

fB niroo dar kable B

oe

fC niroo dar kable C

o° oo

FA niroo dar mileie A

VY



% FB niroo dar mileie B

o\

FC niroo dar mileie C

o\°

o\

fA=sqrt (2*U*kA*kB*kC/ (kB*kC+kA*kC*F (1) "2+kA*kB*F (2) "2)) ;
fB=F (1) *fA;

fC=F (2) *fA;
FA=F (3) *fA;
FB=F (4) *fA;
FC=F (5) *fA;

=[-fA;-fB;-fC;FA;FB;FC];

detl=det ([1
det2=det ([1
det3=det ([1
detd=det ([a
detbS=det ([a
detb6=det ([a
t

[
[
[
[
[
[
coll=[detl;

le. Ne N

et6]/sqrt (detl”2+det272+det3"2) ;

det7=det (
det8=det (
det9=det (
detl0=det

;det12]/sgrt (det7"2+det872+det9"2) ;

detl3=det
detld=det
detl5=det
detlo=det
detl7=det
detl8=det
col3=[det
~2);

P~~~ ~ ~ ~

Q.‘—“—“—‘
~
~

detl9=det
det20=det
det2l=det
det22=det
det23=det
det24=det
cold=[det
~2);

P~~~ ~ ~ ~

t23;det24]/sqrt (detl972+det20"2+det21

det25=det
det26=det
det27=det
det28=det
det29=det
det30=det
colb=[det
~2);

(

N~~~ ~ —~ —~

t29;det30]/sqgrt (det25%2+det26"2+det27

VY



det3l=det ([1 c(1);1 d(1)]1):
det32=det ([1 c(2);1 d(2)1);
det33=det ([1 c(3);1 d(3)1):
det34=det ([c(2) c(3);d(2) d(3)1);
det35=det ([c(3) c(1);d(3) d(1)1);
det36=det ([c (1) c(2);d(1l) d(2)]1);
col6=[det31;det32;det33;det34;det
~2);

j=[coll col2 col3 col4 col5 coléb6];
w=j*v;

o)

% taghier tool fanarha
delA=fA/kA;
delB=fB/kB;
delC=fC/kC;

% toole kable A B C:

1A total=sgrt(sum((d-a).”2));
1B total=sqgrt(sum((e-b)."2));
1C total=sgrt(sum((f-c)."2));

© o o o o o o o o o o o o o o o o o o o
© © © © © © © © © © © © © © © © © © © ©

1A=1A total-loA-delA;
1B=1B total-loB-delB;
1C=1C total-loC-delC;

1=[1A;1B;1C];
% tavajoh konid ke

% 1A, 1B and 1C toole kablha hastand

oe

LA, LB and LC toole mileha hastand

$tabe F=force(a,b,c,d,e, f)

% F=force niroo ha ra dar saze be dast midahad

o

in niroo ha niroo haie saze haie tensigrity hastand

% a,b,c,d,e, f moadele noghate gerehi 1,2,3,4,5,6.

VoY

35;det36]/sqrt (det3172+det3272+det33



Sl4=(d-a)/sqgrt(sum((d-a).”2));

S25=(e-b) /sqgrt (sum( (e-b) ."2));

S36=(f-c)/sqgrt(sum((f-c).”2));

S15=(e-a)/sqgrt(sum((e-a).”2));

S26=(f-b) /sqrt (sum((f-b)."2));

S12=(b-a)/sqgrt (sum( (b-a).”2));

S23=(c-b) /sqgrt (sum((c-b)."2));

S34=(d-c) /sqgrt (sum( (d-c) .”2));

S45=(e-d) /sgrt (sum( (e-d) ."2));

S56=(f-e)/sqrt(sum((f-e).”2));

S46=(f-d)/sqrt(sum((f-d).”2));

S13=(c-a)/sqgrt(sum((c-a).”2));

=[0,0,-S15(2),0,0,812(2),0,S13(2),0,0,0;
0,0,-s15¢(3),0,0,812¢(3),0,s813(3),0,0,0;
s25(1),0,0,-s26(1),0,-512(1),S823¢(1),0,0,0,0;
s25(2),0,0,-s26(2),0,-S12(2),S23(2),0,0,0,0;
$25(3),0,0,-526(3),0,-512(3),S23(3),0,0,0,0;
0,0,0,0,834(1),0,0,0,845(1),0,846(1) ;
0,0,0,0,834¢(2),0,0,0,845(2),0,846(2);
0,0,0,0,834¢(3),0,0,0,845(3),0,846(3);
0,-s36(1),0,826¢(1),0,0,0,0,0,-S56(1),-S46 (1) ;
0,-836(2),0,826(2),0,0,0,0,0,-S56(2),-S46(2);
0,-336(3),0,826(3),0,0,0,0,0,-S56(3),-S46(3)1;

% dastoore inv makusse matriss ra be dast dade ast
J_inv=inv (J);

RS=[-S14(2);-514(3);0;0;0;514(1);S14(2);S14(3);0;0;01]1;

F=J inv*RS;

oe

forces sum=-F(2)*S36-F(10) *S56-F (11) *S46+F (4) *S26;

moment=cross ((f-b),-F(10) *S56) +cross ((f-b),-F(11) *S46) +cross ((f-b), -

F(2)*S36);

o)

% pailane analiz

o)

tic % zaman ra be dast midahad

000000000000

$%%%for see evaluation$%%%%%%%%%%%

ave aff(1:20)=0; % miangine fit ha
for loop=1:1

% loop varaie iteration

ATAIA



N=100; % tedade chromosome

Pc=.5; %$crossover
L1=0.3; % cross over real chromosome baraie mesal

offl=L1*offl+L2*0ff2

L2=0.7; % for cross over real chromosome baraie mesal
off2=L1*o0ff2+L2*0ff1l

Pm=.005; %jahesh
delta=.5; % baraie ijade jahesh chegoone amal konim?

x'=x+randn*delta

1it=1000; % tedade iteration

m=6;

mem=1;%

Lo=[0].*ones(l,m); % hade paiene har moteghaier
Hi=[10].*ones (1,m); % hade balaie har moteghaier

Population=rand (N, m) ;
penaltyl=zeros (N, 1);
penalty2=zeros(N,1);

% i1jade jamiate avalie

[real val]=norm2real (Population,N,Lo,Hi);

for iteration=1:it
iteration
u=iteration;
if iteration>=90
r1=1100000;
else 1f iteration>=70
r1=990000;
else 1if iteration>=40
r1=9500;
else if iteration>=20
r1=1000;
else if iteration>=1
r1l=10;
end
end
end
end
end
if iteration>=90
r2=8000;
else if iteration>=70
r2=2000;
else i1f iteration>=40

A



r2=100;
else 1if iteration>=20
r2=10;
else i1if iteration>=1
r2=1;
end
end
end
end
end

for i=1:N

denss=.01;
denst=.01;

°

rrr=real val/pi;
rrr=(rrr).".5;

% real val jamiate avalie ( tekrare aval)

[

% real val matrise shamele sath maghta haie taghier yafte (
tekrarehaie bad az 1)

% rrr: shoae maghta

% A=pi* (r’2)

%hold on
%end

penaltyl=zeros(N,1);

o)

% penaltyl : penaltyl marboot be taneshe mileha

penalty2=zeros (N, 1);

o)

% penalty?2 : penaltyl marboot be taneshe kablha

o)

% penalty3: penalty3 marboot be lagharie aza

weight (i,1)=(denss* ((LA*real val(i, 1))+ (LB*real val(i,2))+(LC*real va
1(i,3))))+(denst* ((lA*real val(i,4))+(1B*real val(i,5))+ (1C*real val(
i,6))));

end

o)

% estefade az tabe jarimeie daraje 2

% ((stress mojud/stress momken)-1) "2
for j=1:N
for i=1:3

if abs(v(i,1)/(real val(j,1)*UST))<=1

AT



penaltyl (j,1)=penaltyl(j,1)+0;
else
najaf=1-(abs(v(i, 1)/ (real val(j,1)*USS)));
najaf=najaf”2;
penaltyl (j,1)=penaltyl(j,1)+najaf;
end
end
end
for j=1:N
for i=4:6
if abs(v(4,1)/(real val(j,1i)*UsSs))<=1
penalty2 (j,1)=penalty2(j,1)+0;
else
najaf=l—(abs(v(i,l)/(real_val(j,i)*UST)));
najaf=najaf"2;
penalty2(j,1l)=penalty2(j,1l)+najaf;
end
end
end
% pcr nirooie oiler

moment=(pi/4) * (rrr."4);
pcr=((pi)"2)*medol*moment;
pcr(:,4)=pcr(:,4)/(LA"2);
pcr(:,5)=pcr(:,5)/(LB"2);
pcr(:,6)=pcr(:,6)/(LC"2);
pcrm(1:100,1)=pcr(:,4)-(FA*ones (100,1));
pcrm(1:100,2)=pcr(:,5)-(FB*ones (100,1));
pcrm(1:100,3)=pcr(:,6)-(FC*ones (100,1));
penalty3=zeros(N,1);

for ttt=1:100

for 33j=1:3

if pcrm(ttt,3jjj) <0
penalty3(ttt,1l)=penalty3(ttt,1l)+pcrm(ttt,jjj)"2;

end

end

end

r3=10000;

fit=(weight+ (rl*penaltyl+r2*penalty2+r3*penalty3));
for kkkk=1:N;

fit (kkkk,1)=1/fit (kkkk,1);
end

oe

pcr=pit2*e*i/1"2

o\°

weight vazne saze

o oo

oe

fit : fit vazne eslah shode ba penaltyha

oe

i=(pi*r~4) /4

selection probablity=fit/sum(fit); % shans entekhabe har saze ya
koromozom

YOA



ave fit=mean (fit);

[min fit,min loc]=min (fit);
opt sol=real val(min loc,:);
[max fit,max loc]=max(fit);

resultt{iteration} (loop, :)=real val(min loc,:);
best sofar (iteration, loop)=min fit;
elseif min fit<best sofar(iteration-1,loop)

resultt{iteration} (loop, :)=real val (min loc,:);
best sofar(iteration,loop)=min_ fit;

else
resultt{iteration} (loop, :)=resultt{iteration-1} (loop, :);
best sofar (iteration, loop)=best sofar (iteration-1,loop):;

end
avg_fit (iteration,loop)=ave fit;

0000000000000000000000000000000000000000000000000

oe

[mating pool]=g roulette wheel (real val,N,selection probablity);

o\°

[popnew]=g crossover (mating pool, Pc,N,m,Ll,L2,Lo,Hi);

[real val]=g mutation (popnew, Pm,N,m,delta,Lo,Hi);

v nirooie mohasebe shode baraie saze

o° P o© 0P o° o°

if v(l,1)-v(2,1)<=1

for i=1:N
real val(i,2)= real val(i,1);
real val(i,3)= real val(i,1);
end
end
if v(4,1)-v(5,1)<=1
for i=1:N
real val(i,5)= real val(i,4);
real val (i, 6)= real val(i,4);
end
end

% real val=sort(real val, 'descend');
meanw (1,iteration)=mean (weight) ;

ATARY



end

% tanesh=niroo/ sathe meghta
% in mizan dar mohaseebeie penalty ha lahaz mishavad

$%%%%%%%5%%%5for see evaluation%$%%%%%%%%%%%

% offspring= .3*parent+.7 * parent

% rl: mizane penalty parametr motenazer ba penaltyl

oe

r2: mizane penalty parametr motenazer ba penaltyl

% r3: mizane penalty parametr motenazer ba penalty3
for i=1:it

best sofar kool (i,1l)=mean (best sofar(i,:));
[temp tr]=min(best sofar(i,:));
minnx bestofar (i, 1l)=min (best sofar(i,:));
b result (i, :)=resultt{i} (tr,:);

end

opt _sol=b result(it, :)
mean_best so far=mean (best sofar(it,:))

min f=min(best sofar(it, :))

T Ave fit=mean(avg fit,2);

figure (1) ,plot (best sofar kool,'-.r'),grid,title('best sofar')
hold on

figure(l),plot (T _Ave fit,'r')

hold off;

xxx=1:1t;

yyy=meanw;

figure (2) ,plot(yyy,'-.r'"),grid,title('mean weight')
hold on

figure(2),plot(yyy,'r")

hold off;

\5-
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