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I I T T
/I This Program use to compute Mass, Stiffness and Damping Matrix //
THHHTTTETHI T T T T

#include <stdio.h>
#include <conio.h> -

~ #include <math.h>
FILE *fp1,*fp2,*fp3;

/*Declare variable™/
const double Pl = 4.0*atan(1.0); // Define Pl
const double Ixx = 4.45, // Inertia Matrix's coefficient
lyy =5.27, {/ Edit here
I1zz = .14.05
m =142.3.0;
double k[3][3]; // Stiffness coefficient in Principle axis
double ¢[3][3]; // Damping coefficient in Principle axis
double p[3][3]; / Mbunting position from Center of mass of Body
long Be[3][9]; / Direction of cosine
double co[3][9]; // Value of cosine
double kxx[3],kxy[3],kxz[3],kyy[3],kyz[3],kzz[3]; // Stiffness coeficient in Orthogonal axis
double sum_kxx = 0.0,sum_kyy = 0.0,
sum_kzz = 0.0,sum_kxy = 0.0,
sum_kxz = 0.0,sum_kyz = 0.0;



double cxx[3],cxy[3],cxz[3],cyy[3],cyz[3],czz[3]; // Damping coefficint in Orthogonal

axis

double sum_cxx = 0.0,sum_cyy = 0.0,
sum_czz = 0.0,sum_cxy = 0.0,
sum_cxz = 0.0,sum_cyz = 0.0;

double c11,c12,c13,c14,c15,¢16,c22, // Damping Matrix's coefficient
c23,c24,c25,c26,c33,c34,c35,
c36,c44,c45,c46,c55,c56,c66;

double k11,k12,k13,k14,k15,k16,k22, // Stiffness Matrix's coefficient
k23,k24,k25,k26,k33,k34,k35,
k36,k44,k45,k46,k55,k56,k66;

/*End declare variable*/

/"Declare protatype*/

void Open_File();

void Set_Param();

void Compute_Stiffness_Component();

void Compute_Damping_Component();

void Compute_Stiffness_Matrix();

void Compute_Damping_Matrix();

int Covert_To_Code(char a);

double Cal_Elements1(double temp1 l].double' temp2[],char a,char b);

double Cal_Elements2(double temp1[],double temp2[], |
double temp3[],double temp4[],
char a,char b,char c,char d,
char e,char f,char g,char h);

void Show_Matrix();

void Write_File();

/*End declare prototype*/

Z . i

int main()



}

/
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printf("This program is to compute Damping matrix and Stiffness matrix\n\n");

Open_File();

printf("##### BEGIN PROGRAM #####\n"),
Set_Param();

Compute_Stiffness_Component();
Compute_Dampihg;Component();
Compute_Stiffness_Matrix();
Compute_Damping_Matrix();

Show_Matrix();

Write_File();

printf("\n###### END OF PROGRAM #####\n\n");

fclose(fp1);
fclose(fp2);
fclose(fp3);
getch();

return 0;

I

void Open_File()

{

fp1 = fopen("C:\\mass.txt","w+t");
fp2 = fopen("C:\\stiff.txt","w+t");

A}
fp3 = fopen("C:\\damp.txt","w+t");

if( fp1 == NULL )

printf("Cannot Create File mass.txt!!\n");



}

I

else
printf("Can Create File mass.txt\n");

if( fp2 == NULL )

printf("Cannot Create File stiff.txt!'\n");
else

printf("Can Create File stiff.txt\n");
if( fp3 == NULL )

printf("Cannot Create File damp.txt!'\n");
else

printf(*Can Create File damp.txt\n");

return;

I

void Set_Param()

{

printf("#####Please enter Stiffness coefficient#####\n\n");

for(inti=0;i<3;i++)

{
for(intj=0:j<3;j++)
{
switch (j)
{
case0:
printf("kx%d .:",i+1 );
scanf("%If" &K{il[j]);
break;
case 1:

printf("ky%d :",i+1);
scanf("%If", &k[il();
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break;

default :

printf("kz%d :",i+1);
scanf("%If, &K[il[1);

Mor(inti=0;i<3;i++)

{
for(intj=0:j<3;j++)
printf("%.1\n" K[1({D);
¥/
printf("\n");

printf("#####Please enter Damping coefficient#####\n\n");

for(inti=0;i<3;i++)

{
for(intj=0;j<3;j++)
{
switch (j)
{
case0:

printf("cx%d :",i+1);
scanf("%If", &c[illj]);

break;
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case 1:
printf("cy%d :",i+1);
scanf("%If, &c[il[j));
break;

default :

printf("cz%d :",i+1);
scanf("%If", &c[il[i));

printf("\n");
printf("#####Please enter Position vector###\n\n");

for(inti=0;i<3;i++)

{
for(intj=0;j<3;j++)
{
switch (j)
{
case0:
printf("px%d :",i+1);
scanf("%If", &pil]):
break;
case 1:

printf("py%d :",i+1);
scanf("%lIf", &p[il(j));



break;

default :
printf("pz%d :",i+1);
scanf("%If", &plillil);

}
printf("\n");
printf("#####Please enter Direction of cosine of each principle axis###H##\n\n");

printf("##### Please Enter in degree (Integers) '#1##1&#");

for(inti=0;i<3;i++)
{
for(intj=0;j<9;j++)
{
switch (j)
{
case 0:
printf("coxX%d :",i+1);
scanf("%Id",&Belil[j]);
break;
case 1:
printf("coxY%d :",i+1);
scanf("%Id",&Beli][]]);
break;

case 2 :

printf("coxZ%d ",i+1);
scanf("%Id",&Belil(j]);
break;
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case 3:
| printf("coyX%d :",i+1);

scanf("%ld",&Befil(i]);
break;

case4:
printf("coyY%d :",i+1);
scanf("%Id",&Belil[j]);
break;

case5:
printf("coyZ%d :",i+1);
scanf("%Id",&Belil[j]);
break;

case6:
printf("cozX%d :",i+1);
scanf("%ld",&Beli][j);
break;

case7:
printf("cozY%d ",i+1);
scanf("%Id",&Belillj]);
break;

default :
printf("cozZ%d :",i+1);
scanf("%Id",&Be[il[j]);

} ;
coli][j] = double(cos((P1/180.0)*double(Befil[j])));

return;
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void Compute_Stiffness_Component()
{
for(inti=0;i<3;i++)
{
/*Find Stiffness of each component*/
kxx[i] = k[i][0]*coli][0]*colil[0] + K(il[1]*colil[3]*colill3] +
k[il[2]*colil[6]*colil[6l;
kyyli] = K[i][0]*colil[1]*colil[1] + K[il[1]*coli][4]*coli][4] +
KGl[2) colil71"colill7];
*kzzli] = KIill0J*colil[2)*coli][2] + KLil[1]"colil[5]"colills] +
k[il[2]*colil[8]*coli](8];
kxy[i] = k[i[0*colil[0]*coli][1] + K(il[1]*colil[3]*colil[4] +
k[il[2]*colil[6]*coli](7];
| kxz[i] = K[iJ[0]*colil[0]*coli)[2] + K[il[1]*coli[3]*colill5] +
k[il[2]*coli][6]*colil[8];
kyz[i] = k[i][0]*colil[1]*colil[2] + K[il[1]*colil[4]*colil[5] +
Klil[2)*colil[7]*colill8);

/*End Find Stiffness of each component*/

/*Find summation of Stiffness component®/
sum_kxx = kxx[i] + sum_kxx;

sum_kyy = kyy[i] + sum_kyy;

sum_kzz = kzz[i] + sum_kzz;

sum_kxy = kxy[i] + sum_kxy;

sum_kxz = kxz[i] + sum_kxz;

sum_kyz = kyz[i] + sum_kyz;

/*End Find summation of Stiffness component*/

}

return;
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void Compute_Damping_Component()
{
for(inti=0;i<3;i++)
{
/*Find Damping of each component®/
exx(i] = c[il[0]*coli][0]*coli][0] + c[il[1]*coli][3]*colil[3] +
clil[2])*coli][6]*colil(6];
cyylil = c[il[0])*colil[1]*colil[1] + c[il[1]*coli][4]*colil[4] +
clill2]*colil[7]colil[7];
czz[i] = c[il[0]*coli][2]*cofil[2] + c[il[1]*coli][5]"colill5] +
clil[2]*colil[8]*colil[8];
cxyli] = clil[0J*colil[0]*colil[1] + c[i]{1]*coli][3]*coli][4] +
clil[2])*colil[6]*colil[7];
cxzli] = clil[0]*coli)[0]*coi][2] + c[il[1]*coli][3]*coli](5] +
clili2}*colili6Tcolil8}; |
cyzlil = cli[0}coll1Fcoli2) + clll1]*colilf4)colil5] +
clil[2)*coli]{7]*colil(8];

/*End Find Damping of each component®/

/*Find summation of Damping component™/
SUM_CXX = cxx[i]. + SUM_CXxx;
sum_cyy = cyy[i] + sum_cyy;
sum_czz = czz[i] + sum_czz;
sum_cxy = cxy[i] + sum_cxy;
sum_cxz = cxz[i] + sum_cxz;
sum_cyz = cyz[i] + sum_cyz;

/*End Find summation of Damping component™/

return;
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int Convert_To_Code(char a)

{

int status = 0;

switch(a)

{ |
case 'x': {}
case'X':

status = 0;
break;
case'y': {}
case'Y':
status = 1;
break;
default :
status = 2;
}
return status;
}

i

T~
ey

double Cal_Elements1(double temp1[],double temp2[],char a,char b)

{

double result = 0.0;

int code1 = 0,code2 = 0;
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codel = Conveﬂ_To_Code(a);
code2 = Convert_To_Code(b);
for(inti=0;i<3;i++)
result = (temp1[i]*plil[code1]-temp2[i]*plillcode2]) + result;

return result;

double Cal_Elements2(double temp1[],double temp2[],
double temp3[],double temp4([],
char a,char b,char c,char d,

char e,char f,char g,char h)

double result = 0.0;
int code1 = 0,code2 = 0,code3 = 0,code4 = 0,
codeb = 0,code6 = 0,code? = 0,code8 = 0;
code1 = Convert_To_Code(a);
code2 = Convert_To_Code(b);
code3 = Convert_To_Code(c);
code4 = Convert_To_Code(d);
code5 = Convert_To_Code(e);
code6 = Convert_To_Code(f);
code7 = Convert_To_Code(g);
code8 = Convert_To_Code(h);
for(inti=0;i<3;i++)
result = (temp1[i]*plil[code1]*p[il[code2] +
temp2[il*p[il[code3]*plil[code4] -
temp3[il*plillcode5]*plil[codeb] -
temp4[i]*plillcode7]*plil[code8]) +
result;

return result;



I

void Compute_Stiffness_Matrix()

{

}
it

k11 = sum_kxx;

k12 = sum_kxy;

k13 = sum_kxz,

k14 = Cal_Elements1(kxz,kxy,'y",'z");

k15 = Cal_Elements1(kxx,kxz,'z",'x);

k16 = Cal_Elements1(kxy,kxx,'x',"y");

k22 = sum_kyy;

k23 = sum_kyz;

k24 = Cal_Elements1(kyz kyy,'y','z');

k25 = Cal_Elements1(kxy,kyz,'z",'x");

k26 = CaI_EIements1'"(kyy,kxy.'x','y');

k33 = sum_kzz;

k34 = Cal_Elements1(kzz, kyz,'y','z);

k35 = Cal_Elements1(kxz,kzz,'z",'x');

k36 = Cal_Elements1(kyzkxz,'x",'y");

k44 = Cal_Elements2(kyy.kzz,kyz.kyz,'z"'z','y".y'. "Y', '2'.'y'.'2);
k45 = Cal_Elements2(kxz,kyz kzz kxy,'y','z','x,'z','X','Y",'Z",'2");
k46 = Cal_Elements2(kxy,kyz kyy kxz,'y','z','x",'y",'x",'2",'y",'y");
k55 = Cal_Elements2(kxx,kzz kxz kxz,'z','z','x','x','x','z','X','2");
k56 = Cal_Elements2(kxy,kxz,kxx,kyz,'x','z",'x",'y",'y",'z",'’X','X');

k66 = Cal_Elements2(kxx,kyy,kxy,kxy,'y",'y",'x",'x",'x",'y",'x",'y");

return;

void Compute_Damping_Matrix()

{

c11 = sum_cxx;
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}

!

c12 = sum_cxy;
c13 = sum_cxz;
c14 = Cal_Elements1(cxz,cxy,'y','2');
c15 = Cal_Elements1(cxx,cxz,'z','x');
¢16 = Cal_Elements1(cxy,cxx,'x’,'y");
€22 = sum_cyy;
c23 = sum_cyz,
c24 = Cal_Elements1(cyz,cyy.'y','z);
c25 = Cal_Elements1(cxy,cyz,'z','x');
¢26 = Cal_Elements1(cyy,cxy,'x",'y");
€33 = sum_czz,
c34 = Cal_Elements1(czz,cyz,'y','z");
¢35 = Cal_Elements1(cxz,czz,'z','X);

¢36 = Cal_Elements1(cyz,cxz,'x','y");

c44 = Cal_Elements2(cyy,czz,cyz,cyz,'2\'2"y".y."Y.'2.'Y",'2);

c45 = Cal_Elements2(cxz,cyz,czz,cxy,y','’z,'x','z','X','y",'2','2"),

c46 = Cal_Elements2(cxy,cyz.cyy.cxz,y','z'.'x.'y".'x",'2",'y",'y');

c55 = Cal_Elements2(cxx,czz,cxz,cxz,'2','z','x','x','x','2','x",'2");

c56 = Cal_Elements2(cxy,cxz,cxx,cyz, X'’z 'X.'y".'y",'z','X','x);

c66 = Cal_Elements2(cxx,cyy,cxy,cxy,y, 'y, x,'x','x",'y",'x",'y");

return;

f}’(

void Show_Matrix() -

{

/*Show Mass-Inertia Matrix*/

pHNC%.1f  %.Af  %Af  %.1f
printf("%.1f  %.1f  %.1f  %.1f
printf("%.1f  %.1f  %.1f  %.1f
printf("%.1f ~ %.1f  %.1f  %.1f

%.1f
%.1f
%.1f
%.1f

'%.1f\n",m,0.0,0.0,0.0,0.0,0.0);

%.1f\n",0.0,m,0.0,0.0,0.0,0.0);
%.1f\n",0.0,0.0,m,0.0,0.0,0.0);
%.1f\n",0.0,0.0,0.0,1xx,0.0,0.0);

98



}
i

printf("%.1f %.1f  %.1f
printf("%.1f %1Af  %.1f

/“End Mass-Inertia Matrix™/
printf("\n\n");

/*Show Stiffness Matrix™/
printf("%.1f %.1f  %.1f
printf("%.1f  %.1f  %.1f
printf("%.1f  %.1f  %.1f
printf("%.1f  %.1f  %.1f
printf("%.1f  %.1f  %.1f
printf("%.1f - %Af %.1f
/*End Stiffness Matrix*/

printf("\n\n");

/*Show Damping Matrix*/

printf("%.1f  %.1f  %.1f
printf("%.1f ~ %.1f  %.1f
printf("%.1f  %.1f  %.1f
printf("%.1f %.1f  %.1f
printf("%.1f - %.1f  %.1f
printf("%.1f %.1f  %.1f

/*End Damping Matrix*/

return;

%.1f
%.1f

%.1f
%.1f
%.1f
%.1f
%.1f
%.1f

%.1f
%.1f
%.1f
%.1f
%.1f
%.1f

%.1f
%.1f

%.1f
%.1f
%.1f
%.1f
%.1f
%.1f

%.1f
%.1f
%.1f
%.1f
%.1f
%.1f
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%.1f\n",0.0,0.0,0.0,0.0,lyy,0.0);
%.1f\n",0.0,0.0,0.0,0.0,0.0,1zz);

%.1f\n",k11,k12,k13,k14,k15,k16);

.%.1A\n" k12,k22,k23,k24,k25,k26);

%.1f\n" k13,k23,k33,k34,k35,k36);
%.1f\n" k14,k24,k34,k44,k45,k46);
%.1f\n" k15,k25,k35,k45,k55,k56);
%.1f\n" k16,k26,k36,k46,k56,k66);

%.1f\n",c11,c12,c13,c14,c15,c16);
%.1f\n",c12,c22,c23,c24,c25,c26);
%.1f\n",c13,c23,c33,c34,c35,c36);
%.1f\n",c14,c24,c34,c44,c45,c46);
%.1f\n",c15,c25,c35,c45,c55,c56);
%.1f\n",c16,c26,c36,c46,c56,c66);

]![

void Write_File()

{



/*Write Mass Matrix to mass.txt*/
forintf(fp1,"%.1f %.1f  %.1f
%.1f\n",m,0.0,0.0,0.0,0.0,0.0);
fprintf(fp1,"%.1f %.1f  %.1f
%.1f\n",0.0,m,0.0,0.0,0.0,0.0);
forintf(fp1,"%.1f %.1f  %.1f
%.1f\n",0.0,0.0,m,0.0,0.0,0.0);
fprintf(fp1,"%.1f %.1f  %.1f
%.1f\n",0.0,0.0,0.0,1xx,0.0,0.0);
fprintf(fp1,"%.1f %.1f  %.1f
%.1An",0.0,0.0,0.0,0.0,lyy,0.0);
fprintf(fp1,"%.1f %.1f  %.1f
%.1f\n",0.0,0.0,0.0,0.0,0.0,1z2);
f‘*En;:i Write Mass Matrix*/

[*Write Mass Stiffness to stiff.txt*/
fprintf(fp2,"%.1f %.1f  %.1f
%.1f\n"k11,k12,k13,k14,k15,k16);
fprintf(fp2,"%.1f % f  %.1f
%.1f\n",k12,k22,k23,k24,k25,k26);

fprintf(fp2,"%.1f %.1f  %.1f
%.1f\n" k13,k23,k33,k34,k35,k36);
fprintf(fp2,"%.1f %Af %.1f

%.1f\n"k14,k24,k34,k44,k45 k46);
fprintf(fp2,"%. 1f %Af  %.1f
%.1A\n" k15,k25,k35,k45,k55,k56);
fprintf(fp2,"%.1f %Af %.1f
%.1f\n"k16,k26,k36,k46,k56,k66);
/*End Write Stiffness Matrix*/

/*Write Mass Damping to damp.txt*/

%.1f

%.1f

%.1f

%.1f

%.1f

%.1f

%.1f

%.1f

%.1f

%.1f

%.1f

%.1f

%.1f

%.1f

%.1f

%.1f

%.1f

%.1f

%.1f

%.1f

%.1f

%.1f

%.1f

%.1f
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101
fprintf(fp3,"%.1f %1f  %Af %.Af %.1f
%.1f\n",c11,c12,c13,c14,c15,c16);
fprintf(fp3,"%.1f %14  %.1f  %.Af  %.1f
- %.1f\n",c12,c22,c23,c24,c25,c26);
fprintf(fp3,"%.1f %.1f  %.1f  %.1f  %.1f
%.1f\n",c13,c23,c33,c34,c35,c36);
fprintf(fp3,"%.1f %1f  %.1f  %Af %Af
%.1f\n",c14,c24,c34,c44,c45,c46);
fprintf(fp3,"%.1f %.1f  %Af  %.1f  %.1f
%.1_f\n".c15.025.035,045.055.056);
fprintf(fp3,"%.1f %.1f  %.1f  %.1f  %.1f
%.1f\n",c16,c26,c36,c46,c56,c66);

/*End Write Damping Matrix™/

return; ’ '
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% %% % % %% % % % %% % % % % % % % % % % % % % % % % % % % %o %0 %0 %6 % % % %o %0 %070 % %

% : %
%  This pogram find Frequency response function of %
% Vibration of Engine in 6 Degree of freedom %
% by using State space model approach %
% %

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%Load data mass stiffness and damping matrix from drive C:%
load c:\mass.txt;

load c:\damp.txt;

load c:\stiff.txt;

%End Load data mass stiffness and damping matrix from drive C:%

%Define Matrix of State space A B-C D matrix%

M = mass;
C = damp;
K = stiff;

null = 0*eye(6,6);
%Find Natural frequency of system%
om = sqgrt(eig(inv(M)*K));
f = (1/(2*pi))*om; .
%End Find Natural frequency of system%
A = [null eye(6,6);-inv(M)*K -inv(M)*C];
B = [null;inv(M)];
J = [eye(6,6) null];
D = null;

%End Define Matrix of State space A B C D matrix%
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%Build State space model of system%
sys = ss(A,B,J,D);
set(sys,'outputname' {'Xc' 'Yc' 'Zc' 'Alfa’ 'Beta' 'Gamma'});
set(sys,'inputname’,{'Fx' 'Fy' 'Fz' 'Mx' 'My' 'Mz'});
set(sys, 'statename',{'Xc' 'Y¢' 'Zc' 'Alfa’ 'Beta’ '‘Gamma’ 'Xdotc' "Ydotc' Zdotc' 'Alfadot’
'Betadot' 'Gammadot'});
syso = tf(sys);

%End build State space model of system%

%Define Frequency response function%
H11 = syso(1,1);

1,2);
H13 = syso(1,3);

1,4);
H15 = syso(1,5);
H16 = syso(1,6);
H21 = syso(2,1);
H22 = syso(2,2);
H23 = syso(2,3);
H24 = syso(2,4);
H25 = syso(2,5);

H12 = syso(

H14 = syso(

H26 = syso(2,6);

H31 = syso(3,1);

H32 = syso(3,2);

H33 = syso(3,3); _

H34 = syso(3,4); .
H35 = syso(3,5);

H36 = syso(3,6);

H41 = syso(4,1);

H42 = syso(4,2);

H43 = syso(4,3);



H44 = syso(4,4);
H45 = syso(4,5);
H46 = syso(4,6);
H51 = syso(5,1);
H52 = syso(5,2);
H53 = syso(5,3);
H54 = syso(5,4);
H55 = syso(5,5);
H56 = syso(5,6);
H61 = éyso(6,1);
H62 = syso(6,2);
H63 = syso0(6,3);
H64 = syso(6,4);
H65 = syso(6,5);
H66 = syso(6,6);

%End Define Frequency response function%

%Define Frequency response function matrix%
Hmat = [H11 H12 H13 H14 H15 H16;
H21 H22 H23 H24 H25 H26;
H31 H32 H33 H34 H35 H36;
H41 H42 H43 H44 H45 H46;
H51 H52 H53 H54 H55 H56;
H61 H62 H63 H64 HE5 H66];
I=[00000 1],
Y = Hmat*l;

%End Define Frequency response function matrix%

%Find Bode plot of system%
bode(Y(1));

figure;
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bode(Y(2));

figure;

bode(Y(3));

figure;

bode(Y(4));

figure;

bode(Y(5));

figure;

bode(Y(6));

%End Find Bode plot of system%

%This algorithm uses to compute damping ratio%

rt = eig(A);

re_tmp = abs(real(rt));

re = [re_tmp(1,1);re_tmp(3,1);re_tmp(5,1);re_tmp(7,1);re_tmp(9,1 )y;re_tmp(11,1)];
rtcon = conj(rt);

ww_tmp = rt.*rtcon;

WW =
[ww_tmp(1,1);ww_tmp(3,1);ww_tmp(5,1);ww_tmp(7,1);ww_tmp(9,1);ww_tmp(11,1 IR
w = sqrt(ww);

ft = (1/(2*pi))*w;

damp = fe.fw;

%End algorithm for computing damping ratio%

: o ar 1] ar ] J . .
2.2) Madaesdnsnisdaimuusslusignuiuezasiagld Simulink 1 MATLAB
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function Forces = Compute_Forces (State_Pos,State_Vel,Cosine1 ,Cosine2,Cosine3
,Pos1 ,Pos2 ,Pos3)
% This block supports an embeddable subset of the MATLAB language.

% See the help menu for details.
d2r = pi/180.0;%Factor covert degree to radian

%Poj1 represent Position of X.
- %Poj2 represent Position of Y.

%Poj3 represent Position of Z.

Po11 = Pos1(1);
Po12 = Pos1(2);
Po13 = Pos1(3);
Po21 = Pos2(1);
Po22 = Pos2(2);
Po23 = Pos2(3):
F:031 = Pos3(1);
P032 = Pos3(2);
Po33 = Pos3(3);

%Sp1 or Sv1 represent of xc
%Sp2 or Sv2 represent of yc
%Sp3 or Sv3 represent of zc
%Sp4 or Sv4 represent of alfa
_%SpS or Sv5 represent of beta

%Sp6 or Sv6 represent of gamma

Sp1 = State_Pos(1);



Sp2 = State_Pos(2);
Sp3 = State_Pos(3);

(2)
(3)
Sp4 = State_Pos(4);
Sp5 = State_Pos(5);

(6)

Sp6 = State_Pos(6);

Sv1 = State_Vel(1);
Sv2 = State_Vel(2);
Sv3 = State_Vel(3);
Sv4 = State_Vel(4);
Sv5 = State_Vel(5);
Své = State_Vel(6);

%coj1 represent p<X
%co0j2 represent p<Y
%co0j3 replresent p<Z
%coj4 represent g<X
%coj5 represent q<Y
%coj6 represent g<Z
%coj7 represent r<X
%c0j8 represent r<Y

%coj9 represent r<Z

co11 = cos(d2r*Cosine1(1));
co12 = cos(d2r*Cosine1(2));
co13 = cos(d2r*Cosine1(3));
co14 = cos(d2r*Cosine1(4));
co15 = cos(d2r*Cosine1(5));
co16 = cos(d2r*Cosine1(6));
co17 = cos(d2r*Cosine1(7));

co18 = cos(d2r*Cosine1(8));
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co019 = cos(d2r*Cosine1(9));

co21 = cos(d2r*Cosine2(1));
c022 = cos(d2r*Cosine2(2));
c023 = cos(d2r*Cosine2(3));
c024 = cos(d2r*Cosine2(4));
c025 = cos(d2r*Cosine2(5));
c026 = cos(d2r*Cosine2(6));
€027 = cos(d2r*Cosine2(7));
c028 = cos(d2r*Cosine2(8));
c029 = cos(d2r*Cosine2(9));

co31 = cos(d2r*Cosine3(1));
co032 = cos(d2r*Cosine3(2));

c033 = cos(d2r*Cosine3(3));
co34 = cos(d2r*Cosine3(4));

L

c035 = cos(d2r*Cosine3(5)

)
c036 = cos(d2r*Cosine3(6));
co037 = cos(d2r*Cosine3(7));
co38 = cos(d2r*Cosine3(8));

c039 = cos(d2r*Cosine3(9));
%Edit Stiffness of matrix in Principle axis here%

kp1 = 14509.8;
kg1 = 10657.5;
kr1 = 881255.5;

kp2 = 14509.8,
kg2 = 10657.5;
kr2 =1018910.3;



kp3 = 3514.1;
kg3 = 40300.7;
kr3 = 3982.;

K1 =[kp1 0 0;0 kg1 0;0 0 kr1];
K2 = [kp2 0 0;0 kg2 0;0 0 kr2];
© K3 =[kp3 0 0;0 kg3 0;0 0 kr3];

%End Edit Stiffness of matrix in principle axis%

%Edit Damping of matrix in Principle axis%

cp1 = 108.8;
cql =103.5;
cr1 =914.5;

cp2 = 110.59;
cq2 = 95.69;
cr2 = 768.6;

cp3 =40.34;
§q3 = 85.4;
cr3 =70.94;

C1=[cp100;0cql10;00cril;
C2 =[cp2 0 0;0 cg2 0;0 0 cr2];
C3=[cp300;0cqg30;00cr3j;

%End Edit Stiffness of matrix in Principle axis%
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%Define Transformation matrix%
U1 = [co11 co12 co13;c014 co15 co16;co017 co18 co19];

U2 = [c021 c022 c023:c024 co25 c026;c027 co28 co29];
U3 = [c0o31 c032 c033:c034 co35 co36;c037 co38 co39];

%End define transformation matrix%

%Find K orthogonal from K principal axis%
Kor1 = U1"*K1*U1;

Kor2 = U2"K2*U2;

Kor3 = U3"*K3*U3;

%End Find K orthogonal from K principal axis%
%Find C orthogonal from C principal axis%
Cor1 = U1*C1*U1;

Cor2 = U2"*C2*U2;

Cor3 = U3"*C3*U3;

%End Find C orthogonal from C principal axis%
%Define Displacement of each support%

dx1 = Sp1 - Po12*Sp6 + Po13*Sp5;

dy1 = Sp2 - Po13*Sp4 + Po11*Sp6;

dz1 =Sp3 - Po11*Sp5 + Po12*Sp4;

dx2 = Sp1 - P022*Sp6 + P023*Sp5;
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dy2 = Sp2 - P023*Sp4 + P021*Sp6;
dz2 = Sp3 - Po21*Sp5 + Po22*Sp4;

dx3 = Sp1 - P032*Sp6 + Po33*Sp5;
dy3 = Sp2 - Po33*Sp4 + Po31*Sp6;
dz3 = Sp3 - Po31*Sp5 + Po32*Sp4;

D1 = [dx1;dy1;dz1];
D2 = [dx2;dy2;dz2];
D3 = [dx3;dy3;dz3];

%End Define Displace ment of each support%

%Define Velocity of each support%

vex1 = Sv1 - Po12*Sv6 + Po13*Sv5;
vey1 = Sv2 - Po13*Sv4 + Po11*Svs;
vez1 = Sv3 - Po11*Sv5 + Po12*Sv4;

vex2 = Sv1 - P022*Sv6 + P0o23*Sv5;
vey2 = Sv2 - Po23*Sv4 + P021*Sv6;
vez2 = Sv3 - P021*Sv5 + Po22*Sv4;

vex3 = Sv1 - P032*Sv6 + P033*Sv5:
vey3 = Sv2 - Po33*Sv4 + Po31*Sv6;
vez3 = Sv3 - Po31*Sv5 + Po32*Sv4;

Vel = [vex1;vey1;vez1];
Ve2 = [vex2;,vey2;vez2];

Ve3 = [vex3;vey3;vez3];



%End Define Velocity of each support%

%Define force at each support in each component XYZ%
F1 = Kor1*D1 + Cor1*Vet,

F2 = Kor2*D2 + Cor2*Ve2,;

F3 = Kor3*D3 + Cor3*Ve3;

%End Define force at each support%

%Define Resultant force at each support%

Fr1 = sqrt(F1"™F1);

Fr2 = sqrt(F2"*F2);

Fr3 = sqrt(F3"F3);

%End Define Resultant force at each support%
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3 geAndasy Hnuadundel

Tane Small orthogonal translations «,,v, and w, are to be used as
displacement coordinates for the spring-suspended mass in the figure. Unit vectors in
the direction of the springs are given as (where i, j,k denote unit vectors in the x, y and
z directions, respeétively) e, =0.8i-0.6j,e, =0.6—0.8k,e, = 0.6 + 0.8k . Find

natural Frequencies of the system

J o -
JUN 9.1 unuausedaszyastlom

Tasn1snImuAAN24 e1,e2 uay e3 adlu MATLAB samdadneans

el =

0.8000 -0.6000 0
>> e2=[0 0.6 -0.8]
e2=

0 0.6000 -0.8000
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>> e3=[0 0.6 0.8]
e3 =

0 0.6000 0.8000

iWeasanTlsuunsunfausesnim C++ finstlaudnsuidussaassiestszgng
nsldeu Taeld MATLAB wanudmnimeinisnsedantandliuniudyuinszsyiniuunu
[ 1r © v ] 3 J L 1 4 o ar o ar
uan X Y Z laldandesialuilivaAuaniAnaasyui el vinfuuwnu X Y Z, e2 inuunu X Y

Z uay e3 Miuunu X Y Z 1atl code 184 comang.m ausaazidaail
functiony = comang(u1,u2,u3);

vx1 = ([u1(1) u1(2) u1(3)1*[1 0 01)(sart(fu1(1) u1(2) u1(3)I*u1(1) u1(2) u1(3)1));
ax1 = acos(vx1)*180/pi;
vyl = ([u1(1) u1(2) u1(3)1*[0 1 01)Y(sart(u1(1) u1(2) u1(3)1*u1(1) u1(2) u1(3)1));
ay1 = acos(vy1)*180/pi;
vz1 = ([u1(1) u1(2) u1(3)I0 0 11')(sqrt(fu1(1) u1(2) u1(3)ITu1(1) u1(2) u1(3)1));

az1 = acos(vz1)*180/pi;

vx2 = ([u2(1) u2(2) u2(3)1*[1 0 O1)A(sqrt([u2(1) u2(2) u2(3)1*[u2(1) u2(2) u2(3)1)):;
ax2 = acos(vx2)*180/pi;

w2 = ([u2(1) u2(2) u2(3)10 1 01)(sart([u2(1) u2(2) u2(3)][u2(1) u2(2) u2(3)1));
ay2 = acoé(vy2)*180!pi;

vz2 = ([u2(1) u2(2) u2(3)I[0 0 11')V(sqrt([u2(1) u2(2) u2(3)I*[u2(1) u2(2) u2(3)1));
~ az2 = acos(vz2)*180/pi; '

vx3 = ([u3(1) u3(2) u3(3)J*[1 0 O]')/(sqrt([u3(1) u3(2) u3(3)]*[u3(1) u3(2) u3(3)1");
ax3 = acos(vx3)*180/pi;
vy3 = ([u3(1) u3(2) u3(3)1*[0 1 0T)/(sqrt([u3(1) u3(2) u3(3)]*[u3(1) ud(2) u3(3)1);
ay3 = acos(vy3)*180/pi;
vz3 = ([u3(1) u3(2) u3(3)1*[0 0 11)/(sart([u3(1) u3(2) u3(3)1*[u3(1) u3(2) u3(3)1));
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az3 = acos(vz3)*180/pi;

al = [ax1;ay1;az1]
a2 = [ax2;ay2;az2]

a3 = [ax3;ay3;az3]"
y = 'End of find angle';

Tneifintisne Command window TERsandaaallfel
~ >> comang(e1,e2,e3)
al =

36.8699

126.8699

90.0000

a2 =
90.0000
53.1301
143.1301

a3 =
90.0000
53.1301
36.8699

ans =
End of find angle
wdnhAuilalinsanaslunim c++ eglunanuan n Taelusunsuazionisatuan

\WFTN Mass, Stiffness U@ Damping

>> |oad c:\mass.txt



>> |oad c:\stiff.txt

>> mass
mass =
1 0
0 1
0 0
0 0
0 0
0 0
>> stiff
stiff =
640  -480
- 480 1080
0 0
0 0
0 0
0 0

o - ] J 3 -
TneTsunsuldAuanisnazithuemindg 6x6 usiissannsruuduwuuwvsng

] Y
3x3 TnelAldAnRe18e MATLAB fatl

>> M=mass(1:3,1:3)

1 0
0 1
0 0

>> K=stiff(1:3,1:3)

1280
0
0
0

o O o o o o

o O o o o

0

0
0
0
0
0

o o o o o o

0

o o o o o o

v B | e gl e B = Vgl = v
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K=
640 - 480 0
- 480 1080 0

0 0 1280

2 % ar 3
uazazléiAn Eigenvalues A3l

>> eigen=eig(inv(M)*K)

eigen =
1.0e+003 *
0.3320
1.3880
1.2800

(1288 @23 = 0.322k /m,1.28k /m,1.39k / m /n William Weaver , Jr. ,
VIBRATION PROBLEM IN ENGINEERING)
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