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Fluid Structure Interaction Analysis and Optimization
On Dish antenna

Student : ChihWei Hung Adviser : Dr. Chinghua Hung

Department of Mechanical Engineering

National Chiao Tung University

ABSTRACT

Before mass-producing a new type of dish antenna, this dish antenna
must go through the survival test:of wind tunnel to make sure it can work
well under the natural wind condition. Traditionally, the design of the
strength of the dish antenna uses the method of trial and error according
to the wind tunnel tests. This procedure costs a lot of time and money.

The main objective of this research is to utilize the numerical scheme
of fluid-structure interaction, which integrates CFD and FEM, to analyze
the strength of the dish and the connecting pipe. After verified by the
results from wind tunnel test, this approach was further incorporated with
optimization software to reduce the cost of the antenna dish and the

connector.
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H > : GPa

LS-DvNA USER INPUT

Time = 74.999

Contours of Effective Stress [v-m)
max ipt. value

min=0.000530194, at elem# 3000046
max=0.0547672, at elem# 3000246

Fringe Levels
5.47Fe-02 _
4.934e-02 _I
4.392e-02 _
3.860e-02 _
3.307e-02 _
2.765e-02 _
2.222e-02 _.
1.680e-02 _|
1.138e-02

5.954e-03
5.302e-04 _

B A2 LS-DYNA di vonMises $5ci+ 4 i % 3§ AU

—_——
LE-DVMA USER INPUT . )
Time = o Fringe Leswels
Contours of Upper Surace ¥Y-strain 1 54 e-04
min=-0.000358108, a1 elem¥ 3000246 =
ma<=0, 000154162, 31 elem® 000257 1.029-04 _|

SATVe-05 _
A.0013e-07 _
50505

1.020c-04

Node 500255 e

2.044c04 _ |
255704
306904 _I
158104 _

hd

Bl A 3 LS-DYNARA Xy = b 84 5 % 3 A
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L5-DMYMA USER INFUT
Time = o e
Comours of Upper Surface Max Prin 51}
min=1,01 3904, st elemd 000984 18]
ma=0, 000042319, a1 elem I001 0405 5as.

Fringe Levels
BAZFe-04 _
7597604 _I
G.7G4e-04 _
5.930e-04 _
509904 _

A PG
FA34e-0 _
2h0Te0d _
116G 0 _

9A5Te5 _
103005 _

Node 5001552

BlA. 4 LS-DYNA X #HFETREL T E 5 0E
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LGN USER INPUT
lime = 140

Fringe Levels

Contours of Resultant Yelocity A 0RO

min=0, at nodel 5000266 'l

max=40,0774, 3t noded 14333 LE0Te+0 _

Vector of Totalwelocity

min=0, at poded SO00Z66 R 20GeHN _

ma=40,07 74, 31 neded 149533 2 B05e+01
2.405e+010 _
2.004e 401
1.603e+01
1202+
B0 Sev0D
A.008e 0D _
0.000e+ 00 _

Bl A.6 LS-DYNA &= 7% 5% & & & 7 B
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B R ik CHAENE T RS

112004.10.07
#include <iostream.h>
#include <iomanip.h>
#include <fstream.h>
#include <math.n>
double node[1297][A4]// &85 4L
intijp.c;
intelement[1264][5];/-% 7% o v*% i node s =
double center[1264][B)//z% % c@ S BE % & T (SR 4
double front[1170][4];//=+ & 4
double back[1166][4] /s /&
double x,y,z;
int count=0;
double R=15.;
void main()
{
ifstreamn input(‘node.txt”);
while(linputeof())
{

for(i=0;i<1297;i++)

for(=0; j<4;j++)
{
input->nodefi;
}
input.close();//z% 2~ node 7t
ifstream input1(‘“element.txt”);
while(tinputl.eof())
{
for(i=0;i<1264;i++)
for(=0;j<5;j++)
{
inputL>>element]i][];
}
}
inputl.close()/z% 2~ element 5L
ifstream input2(" front.txt”);
while(tinput2.eof())
{
for(i=0;i<1170;i++)
for(=0; j<4;j++)
{
input2>>front[i][j];
cout<<frontfiJ;
}
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cout<<endl;
}
}
input2.close()/f B~ = B 4 (Efeipett? BB
ifstream input3(*“back txt”);

while(linput3.eof())
¢ for(i=0;i<1166;i++)

for(=0; j<4; j++)

{ input3>>back{i][;
¥

input3.close();//3E B~ > B+ Efripti? BB
llcalculate center 2+ & 41 4efe P SBEF %
for(i=0; i<1264; i++)
{
for(p=0; p<1297; p++)
{

for(oF1,; a<5; g+)

{
f{(node[p][O]:element[l][q])
centerfi][OF+=nocep][Lf
centerfijfL+=nodep][2};
center{iJ2]+=nodefpl[3];
count++;
}
, }
center{i][O}=center{1][0}/4;
center{i][1]=center{i)[1)/4;
center{i][2]=center{i][2)/4;
cout<<count;
count=0;

Mprint the center(][] information
ofstream output3;
output3.open("center.bt’);
for ( 170; I<1264; i++)

{

¥
output3.close();

[ s S B E RS 6
count=0;
for(i=0; i<1264; i++)
{

output3<<center{i][0]<<setw(15)<<centerfi][1}<<setw(15)<<centerfi][2}<<endl;

for()=0; j<1170; j++)
{
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x=center{i][O}-front][O];
y=centerf][L]-frontG][L];
z=centerfi][2]-front][2];
IfOx+Hy*y+7*72<R*R)
{
center[1][3]+=frontj][3];
count++;

}

centeri][3]=center{i][3}/count;
cout<<endl<<count;
count=0;
}
count=0;
for(i=0; i<1264; i++)
{
for(=0; j<1166; j++)
{
x=center{i][0]oackfj][C];
y=center{i][1}-back[j][1];
z=center[1][2]-backf][2];
IfOx+Hy*y+2*72<R*R)

{
centeri][4F+=backfjj{3;

count++;

}

center{i][4]=center[i][4]/count;
count=0;
} //ﬁﬁjﬂ:@ 48
ofstream outpuit;
outputopen(“Pfrontt’);
for ( 1I=0; i<1264; i++)
{

}

output.close();

ofstream outputl,
outputl.open(’'Phack.txt”);
for ( iF0;i<1264; i++)

{

¥

outputL close();
Hhvoid main()

output<<center{i][3]<<endl;

outputl<<center{i][4]<<endl;
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4C  MOST  Input C 33 #235% Bt 405
#include <math.n>
#include <stdio.h>
#include <stdlib.h>
#include <iostream.h>
cusermf (x,f,nv;nobj,kk)
int nvinobjkk;
double x[],*f;
L
intier =0;
double w1=28;/*the price of steel plate™/
double w2=30;/*the price of stell pipe*/
double pi=3.1415926;
double Aconnect=12000;/*connector's area™/
double Aradius=pi*(46*46+82.5*82.5),/* Ja k L j T = e ™/
doulbole Anew=pi*(pow(X[0], 2 +pow(fabs(X[LIX[3])/2 )z ek 1Rl e A%
double Adish=214366;/*Area of dish*/
double d=7850.0/12000000000.0;/* kg/my*3*/

if(x[4]<0.6)
w2=32;

*f = Aconnect*(Anew/Aradius)*c*w1+Adis X4 d w2,
nobj=nobj;  /*neverused*/
nv=nv; < never used */
Kk=Kk; * never used */
retum ier;

}

cusercf (x,g,nv;negl,nc,kk)

int nv;neql,nc,kk;

double x[].g[l;

{

int iem=0;

double mises=0;/*frequency™/
FILE *opentile;

intijkm;

double center[1264][3];

int element{1264][5];

double node[1297][4];

char s[99];

double check;/*use for check*/
double xxyy,y;/*distance between two nodes*/
int number;/*save node's number*/

int fix[4][4];

X[2]=X[0];let the X[2]=X[0]*/
Frenewthe dish_for_abaqus.inp™/
system(*'del dish_for_abagus.inp™);

system(*'copy backup.inp dish_for_abaqus.inp”);
Fread the center element data™/
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opentfile=fopen("centertxt”,"'r");
for(i=0; i<1264; i++)

for(=0; j<3; j++)

{
fscanf(openfile, %S s);
center(1][j]=atof(s);

}

}

fclose(opentile);
Fread the element data™/
openfile=fopen(“element.txt”,"r);
for(i=0; i<1264; i++)

for(=0;j<5; j++)
{

fscanf(openfile,"%s"s);
element[i][j]=atof(s);
}

}

fclose(opentile);

Fread the node data™/
openfile=fopen("node.bdt™,r");
for(i=0; i<1297; i++)

{
for(=0; j<4; j++)
fscanf(openfile,"%s");
, node(T][j]=atof(s);
}
fclose(opentile);

F<search for the nearest element with {X[0] and X[ 1]} and {-1*x[0] and X[ 1]}*/
Fwith {x[2] and X[3]} and {-1*x[2] and X[3[}*/
for(k=0; k<2; k++)
{
for(=0;j<2; j++)
{
check=1000000;/*use for check*/
for(i=0; i<1264; i++)
{
if(=0)
{
xx=center{i][0]-x[0+2*K];
y=center[I[1]-x[1+2*K];

}
ifj=1)
{

xx=center[i][0]-(-1)*x[0+2*K];
y=center{I][1]-[1+2*K];
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¥

IfPocxx+y*y<check)
{
number=i;
check=xcxcty™y;
}
¥
F<re write the new position™/
for(i=0; i<4; i++)
fix|j+2*K][1]~element[number][i+1];
F+find the node in this element near the (1000,1000) or (-1000,-1000) */
ifG—0)
xx=1000;
if=1)
xx=-1000;
yy=1000;
for(i=0; i<1297; i++)
if(node1][O]—=fix[+2*K][0])
check=(xx-node[1][1])(ex-nodei[1])+{yy-nodefT][2])*(yy-nodefi][2]);
number=0;
for(i=1; i<4; i++)
{
for(m=0; m<1297; m++)
if(node[m][O]==fix{j+2*K][i]
y=(ox-node[m]fa])*Gocnode]mi[L)+yy-nodemi[2])(yy-node[m][2]);
if(y<check)

{
check=y;
number=i;
, }
F*nodes are arrayed by clockwise™/
for(i=0; i<4; i++)

{
openfile=fopen("dish_for_abaqus.inp","r+");
while(check!=fix[j+2*K][number])

{
fscanf(openfile, %S );
check=atof(s);

}

Tseek(opentfile,0,1);

for(m=0; m<1297; m++)
if(node[m][0]==fix[j+2*K][number])

y=node[m][3];
if(i—0)
{
if(—=0)
check=1;
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ifj=1)

check=-1,
fprintf(opentfile,”
forintf(opentfile,”
fprintf(opentfile,”
¥
ifi=1)
{
if(=0)
check=1,
if=1)
check=-1,
fprintf(opentfile,”
forintf(opentfile,”
fprintf(opentfile,”
¥
if(i=2)
{
if=0)
check=1,
if=1)
check=-1,
forintf(openfile,”
Torintf(openfile,*
fprintf(openfile;™
¥
if(i=3)
{
if(=0)
check=1;
ifG=1)
check=-1;
fprintf(openfile,”
forintf(opentfile,”
forintf(openfile,”
¥
fclose(openfile);
number++;
if(number=—=4)
number=number-4;

F<renew the boundary condition */

openfile=fopen("dish_for_abagus.inp",'r+");

while(s[0]'="]s[1]!=NTs[2]'=S]is[13]'=0)
fscanf(openfile, %S );

Tseek(opentfile,0,1);

fprintf(openfile,\n");

for(i=0; i<4; i++)

Yo" check*x[0+2*K]);
Yof" X[1+27K]);
1%f l’>/) ;

Yo" checkX[0+2*K]+7%));
Yof X[L+2*K]+7+(-1) );
1%f l’>/) ;

%" checkX[0+2*K]-7*check);
Yt X1+ 2KL1);
Yo y);

Y6f" check*(X[0+2*K]+7*(-1)));
Yot X[1+2*K]-7%));
Yof'y);
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for(=0; j<4; j++)
forintf(opentfile,%%d,” X{T]0D;
fclose(opentile);
Fkey inthe thickness */
opentfile=fopen("dish_for_abagus.inp™,"r+";
while(s[0]'=Ms[1]!=Als[2]'=T]s[13]'=R)
fscanf(openfile,"%s");
Tseek(opentile,0,1);
foprintf(opentile,\n");
Torintf(opentfile,"%f," X[4]);
fclose(opentile);
Frun ABAQUS*/
system(“‘abaqus job=dish_for_abaqusint”);
system("del dish_backup.dat”);
system(*‘rename dish_for_abaqus.dat dish_backup.dat™);
F<del the file we never used™/
system(*'del dish_for_abaqus.com”);
system("del dish_for_abaqusil");
system('del dish_for_abaqus.msg");
system('del dish_for_abaqus.mdl™);
system('del dish for_abaqus.odb™);
system('del dish_for_abaqus.par';
system(*'del dish_for_abaqus.pes”);
system('del dish_for_abaqus.pmg");
system('del dish_for_abaqus.prt”);
system("'del dish_for_abaqussta');
system('del dish_for_abaqusstt”);
Fread the mises™/
openfile=fopen(“dish_backup.dat”,"r");
for(i=0; i<4; i++)
{
while(s[0]'=Ms[1]'=Als[2]'=X]s[6]!=M)
fscanf(openfile, %S );
fscanf(opentfile,"%es"s);
}

F<get the Mises stress from dish_backup.dat™/
mises=atof{(s);
fclose(opentile);
g[0] =mises-160/1.5;
9] =625-((O2) (O] H+LXBD*CAL3D):
nc=nc, /*neverused™/
negl=neql; /*neverused*/
kk =Kk; /* never used */
nv=nv; /* never used */
retum ierm;

}

Tk
1l 2
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D MOST #~ THUER 5

tit = Optimization of the Fix position and thickness of Dish

igrad =1

del =1.0000e-02
acs =1.0000e-02
acv. =1.0000e-01
act =1.0000e-10

x[1] =46 25 100

x[2] =-30 -185 100

x[3] =1 1 1

x[4] =-185 -185 -185

X[5] =0.70.40.8
tdv[5] = discrete 6
set[5] =0.40.50.6 0.65 0.7 0.8
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