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Analysis on the Effect of Wire Density on Wire Sweep

Student: Wei-Ti Chien Advisor: Prof. Ching-Hua Hung

Institute of Mechanical Engineering

National Chiao Tung University

Abstract

Because the electric products trend to become lighter, thinner, smaller and
multi-functional, semiconductor industry has to focus on IC chip scale-down.
Meanwhile, IC packaging technology must also become more advanced to be
compatible with this trend: Wires- weep. is- one of the important issues in
packaging technology. With the size-decreased chips and the number-increased
I/Os, the problems due to wire sweep become more and more serious and often
reduce the yield of products; so to ‘control the amount of sweep within an
acceptable range become one of the key points in advanced packaging
technology. Currently, the most cost effective solution to predict and correct
wire sweep is to use numerical simulation to obtain the optimum process
parameters and mold cavity design.

A new simulation scheme for wire sweep analysis evolved from traditional
methods was be discussed in this research. A comparison of results from both
simulation methods was conducted for different wire distribution densities. The
change of the wire sweep behavior according to the wire distribution density

was concluded and discussed.
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wire data file

calculating wire loop

I— I

Hypermesh
establish field grid

Y

export grid data file "+ udm" file

— ¢

Moldflow
grid redefine
molding process setting

Y

Moldflow solver

|
A

Y

Y

produce Hypermesh marco file
(wire surface grid)

v

Hypermesh
establish field grid

L

export grid data file "*.udm" file

v

Moldflow
grid redefine
molding process setting

'

Moldflow solver

v

export grid data file "udm"
export velocity field result file

produce AQAQUS input file
(mesh only)

export viscosity filed result file

Y

calculate drag force
(Sherman formual)

S

export grid data file "% udm'
export velocity field result file
export viscosity filed result file
export pressure filed result file

;

calculate drag force
(mathematical formual

vy ¥

add loading information
to ABAQUS input file

1 Complled C++ Program
— Gobal flow

— Advanced analysis with the effect of wire upon flow field
— Traditinal analysis without the effect of wire upon flow field

.

ABAQUS/Standard
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Export Moldflow grid,velocity field and viscosity field data

v

Read field grid information
Read velocity and viscosity filed data

v

Find the grid node which has shortest distance
between the medium of one wire element

v

Find n field grids including that gird node

Dose the medium of wire
element locate on grid |

Calculate velocity and viscosity at the
medium of wire element by interpolation

v

Calculate Drag force by Sherman formula
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Export Moldflow grid, pressure distribution,
velocity field and viscosity field data

Read field grid information
(*.udm)

Find field grid nodes and then the grid
on the wire surface

v

Calculate the center of the finded grid

v

Find three field grid nodes (pl, p2, p3) which are nearest by the center

v

Read pressure, velocity and viscosity at nodes on the
wire surfacefrom Moldflow exported data

v

Calculate pressure, velocity and viscosity at the center

v

Read velocity at pl, p2 and p3 from Moldflow exported data

v

Calculate dewviatoric stress

v

Calculate drag force
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-
NO. % - #&%rii% (pitch=1mm) | % = #&%rd & (pitch=0.6mm)
X y z X y z
1| 8.7713 | 10.2213 | 0.3418 | 12.5023 | 12.5523 | 0.672
2 | 87713 | 11.2213 | 0.3418 | 12,5023 | 13.1523 | 0.672
3 | 87713 | 12.2213 | 0.3418 | 12.5023 | 13.7523 0.672
4 | 8.7713 | 13.2213 | 0.3418 | 12.5023 | 14.3523 0.672
5| 87713 | 14,2213 | 0.3418 | 12.5023 | 14.9523 0.672
6 | 8.7713 | 15.2213 | 0.3418 | 12.5023 | 15.5523 0.672
7 | 87713 | 16.2213 | 0.3418 | 12.5023 | 16.1523 0.672
8 | 87713 | 17.2213 | 0.3418 | 12.5023 | 16.7523 0.672
9 | 8.7713 | 18.2213 | 0.3418 | 12.5023 | 17.3523 0.672
10| 8.7713 | 19.2213 | 0.3418 | 12.5023 | 17.9523 0.672
11| 8.7713 | 20.2213 | 0.3418 | 12.5023 | 18.5523 0.672
12| 8.7713 | 21.2213 |+0.3418 4. 12.5023 | 19.1523 0.672
13| 8.7713 | 22.2213 |, 0.3418".| 12.5023 | 19.7523 0.672
% e
NO. % — #%ri & (pitch=0.85mm)|% = #&%rA & (pitch=0.51mm)
X y z X y z
1| 87713 | 11.1213 | 0.3418 | 12.5023 | 13.0923 0.672
2 | 87713 | 11.9713 | 0.3418 | 12.5023 | 13.6023 0.672
3 | 87713 | 12.8213 | 0.3418 | 12.5023 | 14.1123 0.672
4 | 8.7713 | 13.6713 | 0.3418 | 12.5023 | 14.6223 0.672
5| 87713 | 145213 | 0.3418 | 12.5023 | 15.1323 0.672
6 | 87713 | 15.3713 | 0.3418 | 12.5023 | 15.6423 0.672
7 | 87713 | 16.2213 | 0.3418 | 12.5023 | 16.1523 0.672
8 | 87713 | 17.0713 | 0.3418 | 12.5023 | 16.6623 0.672
9 | 87713 | 179213 | 0.3418 | 12.5023 | 17.1723 0.672
10| 8.7713 | 18.7713 | 0.3418 | 12.5023 | 17.6823 0.672
11| 8.7713 | 19.6213 | 0.3418 | 12.5023 | 18.1923 0.672
12| 8.7713 | 20.4713 | 0.3418 | 12.5023 | 18.7023 0.672
13| 8.7713 | 21.3213 | 0.3418 | 12.5023 | 19.2123 0.672
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5= e

NO.| % - #&%r& & (pitch=0.7mm) | % = &% & (pitch=0.42mm)
X y z X y z
1| 87713 | 12.0213 | 0.3418 | 12.5023 | 13.6323 | 0.672
2 | 8.7713 | 12.7213 | 0.3418 | 12.5023 | 14.0523 | 0.672
3 | 8.7713 | 13.4213 | 0.3418 | 12.5023 | 14.4723 0.672
4 | 8.7713 | 14.1213 | 0.3418 | 12.5023 | 14.8923 | 0.672
5| 87713 | 14.8213 | 0.3418 | 125023 | 15.3123 | 0.672
6 | 8.7713 | 15.5213 | 0.3418 | 12,5023 | 15.7323 | 0.672
7 | 87713 | 16.2213 | 0.3418 | 12.5023 | 16.1523 0.672
8 | 87713 | 16.9213 | 0.3418 | 12.5023 | 16.5723 | 0.672
9 | 8.7713 | 17.6213 | 0.3418 | 12.5023 | 16.9923 | 0.672
10| 8.7713 | 18.3213 | 0.3418 | 12.5023 | 17.4123 0.672
11| 8.7713 | 19.0213 | 0.3418 | 12.5023 | 17.8323 | 0.672
12 | 8.7713 | 19.7213 | 0.3418 | 12.5023 | 18.2523 | 0.672
13| 8.7713 | 20.4213+ 0.3418 |-12.5023 | 18.6723 | 0.672
¥ T
NO. | % - &% & (pitch=055mm)| % = #&%rA & (pitch=0.33mm)
X y z X y z
1 | 87713 | 12.9213 | 0.3418 | 12.5023 | 14.1723 | 0.672
2 8.7713 | 13.4713 | 0.3418 | 12.5023 | 14.5023 0.672
3 | 87713 | 14.0213 | 0.3418 | 12.5023 | 14.8323 | 0.672
4 8.7713 | 145713 | 0.3418 | 12.5023 | 15.1623 0.672
5 | 87713 | 15.1213 | 0.3418 | 12.5023 | 15.4923 | 0.672
6 8.7713 | 15.6713 | 0.3418 | 12.5023 | 15.8223 0.672
7 | 8.7713 | 16.2213 | 0.3418 | 12.5023 | 16.1523 | 0.672
8 | 8.7713 | 16.7713 | 0.3418 | 12.5023 | 16.4823 | 0.672
9 8.7713 | 17.3213 | 0.3418 | 12.5023 | 16.8123 0.672
10 | 8.7713 | 17.8713 | 0.3418 | 12.5023 | 17.1423 | 0.672
11 | 8.7713 | 18.4213 | 0.3418 | 12.5023 | 17.4723 | 0.672
12 | 8.7713 | 18.9713 | 0.3418 | 12.5023 | 17.8023 | 0.672
13 | 8.7713 | 19.5213 | 0.3418 | 12.5023 | 18.1323 | 0.672
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%

% I

‘p

NO. | % - £&% A& & (pitch=0.4mm) | % = #&%rd & (pitch=0.24mm)
X y z X y z
1 8.7713 | 13.8213 | 0.3418 | 12.5023 | 14.7123 | 0.672
2 8.7713 | 14.2213 | 0.3418 | 12.5023 | 14.9523 | 0.672
3 8.7713 | 14.6213 | 0.3418 | 12.5023 | 15.1923 0.672
4 8.7713 | 15.0213 | 0.3418 | 12.5023 | 15.4323 | 0.672
5 8.7713 | 154213 | 0.3418 | 12.5023 | 15.6723 | 0.672
6 8.7713 | 15.8213 | 0.3418 | 12.5023 | 15.9123 | 0.672
7 8.7713 | 16.2213 | 0.3418 | 12.5023 | 16.1523 0.672
8 8.7713 | 16.6213 | 0.3418 | 12.5023 | 16.3923 | 0.672
9 8.7713 | 17.0213 | 0.3418 | 12.5023 | 16.6323 | 0.672
10 | 8.7713 | 17.4213 | 0.3418 | 12.5023 | 16.8723 0.672
11 | 8.7713 | 17.8213 | 0.3418 | 12.5023 | 17.1123 | 0.672
12 | 8.7713 | 18.2213 | 0.3418 | 12.5023 | 17.3523 | 0.672
13 | 8.7713 | 18.6213+} 0.3418 4.12.5023 | 17.5923 | 0.672
¥ > A
NO. % — #&%ra & (pitch=0.25mm) | % = #&%r & (pitch=0.15mm)
X y 4 X y 4

1| 87713 | 14.7213 | 0.3418 | 12,5023 | 15.2523 | 0.672
2 | 87713 | 149713 | 0.3418 | 12.5023 | 15.4023 | 0.672
3| 87713 | 15.2213 | 0.3418 | 12.5023 | 15.5523 | 0.672
4 | 87713 | 154713 | 0.3418 | 12.5023 | 15.7023 | 0.672
5 | 87713 | 15.7213 | 0.3418 | 12.5023 | 15.8523 | 0.672
6 | 87713 | 159713 | 0.3418 | 12.5023 | 16.0023 | 0.672
7 | 8.7713 | 16.2213 | 0.3418 | 12.5023 | 16.1523 | 0.672
8 | 87713 | 16.4713 | 0.3418 | 12.5023 | 16.3023 | 0.672
9 | 87713 | 16.7213 | 0.3418 | 12.5023 | 16.4523 | 0.672
10| 8.7713 | 16.9713 | 0.3418 | 12.5023 | 16.6023 | 0.672
11| 8.7713 | 17.2213 | 0.3418 | 12,5023 | 16.7523 | 0.672
12| 8.7713 | 17.4713 | 0.3418 | 12,5023 | 16.9023 | 0.672
13| 8.7713 | 17.7213 | 0.3418 | 12,5023 | 17.0523 | 0.672
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#include <iostream.h>

#include <fstream.h>

#include <stdlib.h>

#include "dforce.cpp"

#include "wire.cpp"

#include "ABAQUS_gen.cpp"

int main(){
flow fl;
wires wi;
fl.fnodege("cavity.udm"); //read cavity grid data from Moldflow export file
wi.getwire("wire.txt", 0.1, 0.025 ); //read wire informations for prepared file
ABAQUS_MODEL_GEN(wi,"wiresweep.inp","property.txt"); //output wire FEM mesh data to ABAQUS input file

Illread wire property from prepared file and output to input file

wi.search_element(fl); // Haedle mesh configuration:
/Iread Moldflow calculated velocity and viscosity at|0ne.time, calculate drag force, and then output to inp file.
ABAQUS_STEP_GEN(wi,fl,"velocity.nod.001","viscosity.nod.001","wiresweep.inp");
ABAQUS_STEP_GEN(wi,fl,"velocity.nod.002","viscosity.nod.002", "wiresweep.inp");
ABAQUS_STEP_GEN(wi,fl,"velocity:nod.003*;"viseosity:ned.003","wiresweep.inp");
ABAQUS_STEP_GEN(wi,fl,"velocity.nad:004""viscosity.nod.004", " wiresweep.inp");
ABAQUS_STEP_GEN(wi,fl,"velocity.nod.005%,"viscosity.nod.005","wiresweep.inp");
ABAQUS_STEP_GEN(wi,fl,"velocity.nod.006","viscosity.nod.006","wiresweep.inp");
ABAQUS_STEP_GEN(wi,fl,"velocity.nod.007","viscosity.nod.007","wiresweep.inp");
ABAQUS_STEP_GEN(wi,fl,"velocity.nod.008","viscosity.nod.008","wiresweep.inp");
ABAQUS_STEP_GEN(wi,fl,"velocity.nod.009","viscosity.nod.009","wiresweep.inp");
ABAQUS_STEP_GEN(wi,fl,"velocity.nod.010","viscosity.nod.010","wiresweep.inp");
ABAQUS_STEP_GEN(wi,fl,"velocity.nod.011","viscosity.nod.011","wiresweep.inp");
ABAQUS_STEP_GEN(wi,fl,"velocity.nod.012","viscosity.nod.012","wiresweep.inp");
ABAQUS_STEP_GEN(wi,fl,"velocity.nod.013","viscosity.nod.013","wiresweep.inp");
ABAQUS_STEP_GEN(wi,fl,"velocity.nod.014","viscosity.nod.014","wiresweep.inp");
ABAQUS_STEP_GEN(wi,fl,"velocity.nod.015","viscosity.nod.015","wiresweep.inp");
ABAQUS_STEP_GEN(wi,fl,"velocity.nod.016","viscosity.nod.016","wiresweep.inp");
ABAQUS_STEP_GEN(wi,fl,"velocity.nod.017","viscosity.nod.017","wiresweep.inp");
ABAQUS_STEP_GEN(wi,fl,"velocity.nod.018","viscosity.nod.018","wiresweep.inp");
ABAQUS_STEP_GEN(wi,fl,"velocity.nod.019","viscosity.nod.019","wiresweep.inp");
ABAQUS_STEP_GEN(wi,fl,"velocity.nod.020","viscosity.nod.020","wiresweep.inp");
return O;

El2 44537

#include <math.h>
class fnode

{
public:
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2

int lab; //The label of flow nodes.
double x[3]; //The coordinates of flow node.
double ve[3], vi;//The velocity and viscosity on node.

class element

{

2

class flow

{

+

public:
int node_lab[4];

public:
int num; //the number of fnode.
int elnum; //the number of element.
int nofnsearch(fstream &);
int fnodege(char *);
fnode *n;
element *el;
int velocityread(char *);
int viscosityread(char *);
float time;
~flow(){
delete [] n;

2

int flow::nofnsearch(fstream &input){

char command[200];
int tmp;
while(linput.eof()){
input.getline(command,200);
if(check("SUMR{\0",command)==1){
while(linput.eof()){
tmp=input.tellg();
input>>command;
if(check("NOND{",command)==1){
input.seekg(tmp+8,ios::beg);
input>>num;
break;
¥
¥
while(linput.eof()){
tmp=input.tellg();
input>>command;
if(check("NOT4{",command)==1){
input.seekg(tmp+8,ios::beg);
input>>elnum;
break;

¥
break;

2

return O;
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int flow::fnodege(char *ifile){
inti,j;
char command[200];
int tmp;
double ftmp;
fstream input;
input.open(ifile, ios::in);
if(linput){
cerr<<"Can't open flow node input file!!"<<endl;
exit(1);
3
/I Search the number of nodes.
nofnsearch(input);
cout<<"The number of flow node is "<<num<<endl;
cout<<"The number of flow element is "<<elnum<<endl;
n=new fnode[num];
el=new element [elnum];
/I read the coordinates of flow nodes.
while(linput.eof()){
tmp=input.tellg();
input.getline(command,200);
if(check("NODE{",command)){
input.seekg(tmp,ios::beg);
break;
¥
¥
for(i=0;i<num;i++){
input.get(command,6);
input>>n[i].lab>>tmp>>tmp>>tmp>>ftmp;
input>>n[i].x[0]>>n[i].x[L}>>n[i].x[2];
input.getline(command, 2);
¥
/I read the coordinates of flow nodes.
while(linput.eof()){
tmp=input.tellg();
input.getline(command,200);
if(check("TET4{",command)){
input.seekg(tmp+6,ios::beg);
for(i=0;i<elnum;i++){
input>>tmp>>tmp>>tmp>>tmp>>command>>tmp>>tmp;
input>>el[i].node_lab[0]>>el[i].node_lab[1]>>el[i].node_lab[2]>>el[i].node_lab[3];
input>>command>>command;

¥
break;
¥
¥
cout<<"fnode is dernerated!!\n";
return O;
¥
int flow::velocityread(char *ifile){
int lab;
char null[80];
int tmp;
intij;

fstream input;
for(i=0;i<num;i++){
for(j=0;j<3;j++)
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n[i].ve[j]=0;

¥

input.open(ifile,ios::in);

if(input){
cerr<<"Can't open the velocuty input file"<<endl;
exit(1);

¥

while(linput.eof()){
tmp=input.tellg();
input>>null;
if(null[0]>="0' && null[0]<="9"){
input.seekg(tmp,ios::beg);
input>>time;
input>>null;
break;
3
¥
input.getline(null,80);
input.getline(null,80);
input.getline(null,80);
while(linput.eof()){
input>>lab;
input>>n[lab-n[0].lab].ve[0]>>n[lab-n[0].lab].ve[1]>>n[lab-n[0].lab].ve[2];
input.getline(null,80);
¥
input.close();
cout<<"velocutyread is done!'\n";
return O;

b

int flow::viscosityread(char *ifile){
int lab;
char null[80];
inti;
int tmp;
fstream input;
for(i=0;i<num;i++){
n[i].vi=0;
¥
input.open(ifile,ios::in);
if(linput){
cerr<<"Can't open the viscosity input file"<<endl;
exit(1);
¥
while(linput.eof()){
tmp=input.tellg();
input>>null;
if(null[0]>='0" && null[0]<='9"){
input.seekg(tmp,ios::beg);
input>>time;
break;
¥
¥
input.getline(null,80);
input.getline(null,80);
input.getline(null,80);
while(linput.eof()){
input>>lab;
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input>>n[lab-n[0].lab].vi;
input.getline(null,80);

¥

input.close();

cout<<" viscosityread is done!"\n";

return O;
¥
double volume(double *n1, double *n2, double *n3, double *n4){
double v1[3],v2[3],v3[3];
double vol;
inti;

for(i=0;i<3;i++){
v1[i]=(n2[i]-n1[i]);
v2[i]=(n3[i]-n1[i]);
v3[i]=(n4[i]-n1[i]);
¥
vol=0;
for(i=0;i<3;i++){
vol=v1[i]*(v2[int(fmod(i+1,3))]*v3[int(fmod(i+2,3))]-v2[int(fmod(i+2,3))]*v3[int(fmod(i+1,3))])+vol;

¥
vol=sgrt(pow(vol,2));
return vol;
¥
class node
{
public:
double x[3];
double fn[3],ft[3];
int FN[4]; //Flow node where wire element:mids-locate.
double shape[4];
double EPS;
¥
class wire
{
public:
char null;
int nu;
int NOWN;
double p1[3],p2[3];
double I,H;
node *n;

int cal(double);

int read(fstream &);

double funcl(double x){
double y;
y=-2*H*pow(x,3)/pow(l,3)+3*H*pow(x,2)/pow(l,2);
return y;

¥

double pfuncl(double x){
doubley;
y=-6*H*pow(x,2)/pow(l,3)+6*H*pow(x,1)/pow(l,2);
return y;

¥

double func2(double x){
double y;
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class wires

{

double L;

L=sqrt(pow((p2[0]-p1[0]),2)+pow((p2[1]-p1[1]),2));

y=(p2[2]-p1[2])+(H-(p2[2]-p1[2]))*sqrt(L-pow((x-1)/(L-1),2));

if(x==I)
y=H;
else if(x>L)
y=p2[2]-p1[2];

else
return y;

¥

double pfunc2(double x){
double y,yp,xp;
double slop;
xp=x*(1+1e-5);
y=func2(x);
yp=Ffunc2(xp);
slop=(yp-y)/(xp-x);
return slop;

3

~wire(){
delete [] n;

3

public:

wire *wi;

int NOWI,

double time;

double radius;

int getwire(char *, double, double );
int dforce(flow &, char *, char *);
int search_element(flow &);

int moldflowvbs(char *);

int wire::read(fstream &input ){

2

input>>nu>>null;
input>>null>>p1[0]>>null>>p1[1]>>null>>p1[2]>>null>>null;
input>>null>>p2[0]>>null>>p2[1]>>null>>p2[2]>>null>>null;
input>>H>>null>>l;

return O;

int wire::cal(double esize){

double x,y,xp,yp,slop;

inti;

int lab;

double tmp;

fstream pout,inp;
pout.open("tmp",ios::outlios::trunc);
NOWN=0;
x=sqrt(pow((p2[0]-p1[0]),2)+pow((p2[1]-p1[1]),2));
y=p2[2]-p1[2];

xp=0;

pout<<NOWN<<" "<<0<<" "<<0<<endl;
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NOWN++;
while(1){
slop=pfuncl(xp);
tmp=esize/sqrt(pow(slop,2)+1);
slop=pfuncl(xp+tmp/2);
tmp=esize/sqrt(pow(slop,2)+1);
slop=pfuncl(xp+tmp/2);
tmp=esize/sqrt(pow(slop,2)+1);
Xp=xp+tmp;
if(xp>I){
Xp=Xp-tmp;
break;
3
yp=Ffuncl(xp);
pout<<NOWN<<" "<<xp<<" "<<yp<<endl;
NOWN++;
¥
xp=l;
yp=Ffuncl(xp);
pout<<NOWN<<" "<<xp<<" "<<yp<<endl;
NOWN++;
while(1){
slop=pfunc2(xp);
tmp=esize/sqrt(pow(slop,2)+1);
slop=pfunc2(xp+tmp/2);
tmp=esize/sqrt(pow(slop,2)+1);
slop=pfunc2(xp+tmp/2);
tmp=esize/sqrt(pow(slop,2)+1);
Xp=xp+tmp;
if(xp>x){
Xp=Xp-tmp;
break;
3
yp=func2(xp);
pout<<NOWN<<" "<<xp<<" "<<yp<<endl;
NOWN++;
¥
XP=X;
yp=func2(xp);
pout<<NOWN<<" "<<xp<<" "<<yp<<endl;
NOWN++;
pout.close();
n = new node[NOWNT;
inp.open(“tmp",ios::in);
do{
inp>>lab>>xp>>yp;
n[lab].x[0]=xp*(n2[0]-p1[0])/x+p1[0];
n[lab]. x[1]=xp*(p2[1]-p1[1])/x+p1[1];
n[lab].x[2]=yp+p1[2];
Jwhile(tinp.eof());
inp.close();
return O;

2

int wires::getwire(char *ifile, double esize, double rad){ /"NOWN" is the number of nodes of each wire
radius=rad;
time=0;
char null;
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float tmp;

int wn=0; //the number of wires.

inti;

fstream input,output;

/Icheck the number of wire from "wire.txt".
input.open(ifile,ios::in);

do{
input>>tmp>>null;
if(null!=""{
cout<<"Wire input file error!"\n"<<endl;;
exit(0);
¥
input>>null>>tmp>>null>>tmp>>null>>tmp>>null>>null;
if(null!=""){
cout<<"Wire input file error!"\n"<<endl;
exit(0);
¥
input>>null>>tmp>>null>>tmp>>null>>tmp>>null>>null;
if(null!=""){
cout<<"Wire input file error!"\n"<<endl;
exit(0);
3
input>>tmp>>null;
if(null!=""){
cout<<"Wire input file errort\n*<<endl;
exit(0);
3
input>>tmp;
wn++;
input>>null;
if(null=="*"){
break;
3

input.seekg(-1,ios::cur);
Jwhile(tinput.eof());
input.close();
NOWI=wn;
cout<<"Number of wire ="<<NOWI<<endl;
wi=new wire[wn];
/I Reading each wire data
input.open(ifile,ios::in);
for(i=0;i<NOWI;i++){
wi[i].read(input);
¥
input.close();
cout<<"wire data reading is done\n";
/I Calculating the coordinates of nodes of each wire.
for(i=0;i<NOWI;i++){
wi[i].cal(esize);
¥
cout<<"Calculation of coordinates of node is done!'\n";
output.open(“wire.scr", ios::out);
intj;
for(i=0;i<NOWI;i++){
output<<"spline\n";
for(j=0;j<wi[i]. NOWN;j++){
output<<wili].n[j].x[0]<<","<<wi[i].n[j].x[1]<<","<<wi[i].n[j].x[2]<<end];

2
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output<<endl<<endl<<endl;
¥
output.close();
return O;

+

int wires::dforce(flow &fl, char *velocity, char *viscosity){
inti,j,k,m;
double p1[3],p2[3];
double vi, ve[3], vt[3], vn[3];
double shape[4];
double tmp,tmp1;
int s[4];
fstream out;
fl.velocityread(velocity);
fl.viscosityread(viscosity);
out.open(“report.msg",ios::out|ios::app);
out<<"\n\nAt Time = "<<fl.time<<endl;
for(i=0;i<NOWI;i++){
for(j=0;j<wi[i]. NOWN-1;j++){
for(k=0;k<3;k++){
p1[K]=wili].n[i].x[K];
p2[K]=wi[i].n[j+1].x[K];
3
1=0;
for(k=0;k<3;k++)
I=pow(p2[k]-p1[k};2)*l;
I=sqrt(l);
EPS=l/radius;
for(k=0;k<3;k++){
ve[k]=0;
vi[k]=0;
¥
for(k=0;k<4;k++){
s[K]=wili].n[j].FN[K];
shape[k]=wi[i].n[j].shape[K];
¥
Vvi=0;
for(k=0;k<4;k++)
vi=shape[k]*fl.n[s[K]].vi+vi;
for(k=0;k<3;k++){
for(m=0;m<4;m++)
ve[k]=shape[m]*fl.n[s[m]].ve[k]+ve[K];
¥
out<<"\tAt wire "<<i<<"| element "<<j+1<<":";
tmp1=0;
for(k=0;k<3;k++){
tmpl=ve[K]*(p2[K]-p1[K])/I1+tmpl;
b3
for(k=0;k<3;k++){
vi[K]=tmp1*(p2[K]-p1[K])/I;
vn[k]=ve[K]-vt[K];
¥
out<<"\t\tViscosity = "<<vi<<endl;
out<<"\t\tTangent velocity = "<<sqgrt(pow(vt[0],2)+pow(vt[1],2)+pow(vt[2],2))<<endl;
out<<"\t\tNormal velocity = "<<sqrt(pow(vn[0],2)+pow(vn[1],2)+pow(vn[2],2))<<endl;
for(k=0;k<3;k++){
wili].n[j].ft[k]=4*3.1416*vi*vt[Kk]/(2*log(EPS)-1)/1000;
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if(log(EPS)<=1){
cerr<<"wire element length too short!"\n";
wili].n[j].ft[k]=0;
>
wi[i].n[j].fn[k]=8*3.1416*vi*vn[K]/(2*log(EPS)+1)/1000;
>
out<<"\t\tTangent force =
"<<sqrt(pow(wili].n[j].ft[0],2)+pow(wi[i].n[j].ft[1],2)+pow(wi[i].n[j].ft[2],2))<<endl;
out<<"\t\tNormal force =
"<<sqrt(pow(wili].n[j].fn[0],2)+pow(wi[i].n[j].fn[1],2)+pow(wi[i].n[j].fn[2],2))<<endl;
¥
¥
out.close();
return O;

2

int wires::search_element(flow &fl){
double delta=0;
double mid[3];
double p1[3],p2[3];
double vol[5];
inti,j,k,m,[l;
int *smallest,step;
int s[4];
double tmp;
int itmp;
double *rp;
double max_residual;
cout<<"Elements containing wire element mid point is searching..\n;
smallest=new int[fl.num];
rp =new double[fl.num];
for(i=0;i<NOWI;i++){ [/ Tor each wire.
for(j=0;j<wi[i]. NOWN-1;j++){* JJ/ for each wire.element.
/I Define the mid of wire efement.
for(k=0;k<3;k++){
p1[k]=wi[i].n[j].x[K]/1e3;
p2[k]=wil[i].n[j+1].x[k]/1e3;
mid[K]=(p2[K]+p1[K])/2;
¥
max_residual=pow(pow(p1[0]-p2[0],2)+pow(p1[1]-p2[1],2)+pow(p1[2]-p2[2],2),3.0/2.0)/1€5;
/I Calaulate the distances of each flow node to wire element mid.
for(k=0;k<fl.num;k++){
rp[k]=0;
for(m=0;m<3;m++)
rp[K]=rp[k]+pow(mid[m]-fl.n[k].x[m],2);
rp[KI=sart(rp[KI);
b3
/I Search the three nearest flow node of the wire element mid.
for(k=0;k<fl.num;k++)
smallest[k]=k;
for(k=0;k<50;k++){
for(m=fl.num-1;m>k;m--){
if(rp[smallest[m]]<rp[smallest[m-1]1){
itmp=smallest[m];
smallest[m]=smallest[m-1];
smallest[m-1]=itmp;
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¥
step=1;
here:
delta=max_residual/1000*step;
for(1=0;1<50;1++){
for(k=0;k<fl.elnum;k++){
if(fl.n[smallest[l]].lab==fl.el[k].node_lab[0]]|
fl.n[smallest[I]].lab==fl.el[k].node_lab[1]||
fl.n[smallest[I]].lab==fl.el[k].node_lab[2]||
fl.n[smallest[I]].lab==fl.el[k].node_lab[3]){
for(m=0;m<4;m++)
s[m]=fl.el[k].node_lab[m]-fl.n[0].lab;
vol[0]=volume(fl.n[s[0]].x,fl.n[s[1]].x,fl.n[s[2]].x,fl.n[s[3]].X);
vol[1]=volume(fl.n[s[3]].x,fl.n[s[1]].x,fl.n[s[2]].x,mid);
vol[2]=volume(fl.n[s[0]].x,fl.n[s[3]].x,fl.n[s[2]].x,mid);
vol[3]=volume(fl.n[s[0]].x,fl.n[s[1]].x,fl.n[S[3]].x,mid);
vol[4]=volume(fl.n[s[0]].x,fl.n[s[1]].x,fl.n[s[2]].x,mid);
tmp=vol[0]-(vol[1]+vol[2]+Vol[3]+VolI[4]);
if(tmp>=-delta){
cout<<"For wi["'<<i<<"], node["<<j<<"]: ™
cout<<"Residual size="<<tmp<<endl;
cout<<"Wire element mid
point:"<<mid[0]<<","<<mid[1]<<","<<mid[2];

cout<<endl;
cout<<"flow element is "<<k+1<<endl<<endl;
goto there;
b3
¥
¥
3
if(k>=fl.elnum){
step++;
cout<<step<<endl;
if(step>1000){
cout<<"Can't find any flow element containing the wire element mid.=>\n";
cout<<"wire number:"<<i<<";"<<"node_lab:"<<j<<endl;
exit(1);
3
goto here;
¥

there:
for(k=0;k<4;k++){
wili].n[j].FN[K]=s[K];
wi[i].n[j].shape[k]=vol[k+1]/vol[0];

¥
¥
fstream out;
out.open(“'check.cmf",ios::out);
k=0;
for(i=0;i<NOWI;i++){
for(j=0;j<wi[i]. NOWN;j++){

out<<"*createnode("<<wi[i].n[j].x[0]/1e3<<","<<wi[i].n[j] x[1]/1e3<<","<<wili].n[j].x[2]/1e3<<",0,0,0)\n";
k++;
¥
¥
for(i=0;i<NOWI;i++){
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for(j=0;j<wi[i]. NOWN-1;j++){

out<<"*createnode("<<fl.n[wi[i].n[j].FN[0]].x[0]<<","<<fl.n[wi[i].n[j].FN[0]].x[1]<<","<<fl.n[wi[i].n[j].FN[0]].x[2]<<",0,0,0)\n

out<<"*createnode("<<fl.n[wi[i].n[j].FN[1]].x[0]<<","<<fl.n[wi[i].n[j].FN[1]].x[1]<<"

out<<"*createnode("<<fl.n[wi[i].n[j].FN[2]].x[0]<<","<<fl.n[wi[i].n[j].FN[2]].x[1]<<"

out<<"*createnode("<<fl.n[wi[i].n[j].FN[3]].x[0]<<","<<fl.n[wi[i].n[j].FN[3]].x[1]<<"

m<<fl.n[wii].n[j].FN[L]].x[2]<<",0,0,0)\n

m<<fl.n[wii].n[j].FN[2]]. X[2]<<",0,0,0)\n

m<<fl.n[wii].n[j].FN[3]].X[2]<<",0,0,0)\n

out<<"*createlist(nodes,1) "<<k+1<<" "<<k+2<<" "<<k+3<<" "<<k+4<<endl;

k+=4;
out<<"*createelement(204,1,1,1)\n";
¥
¥
out.close();
delete [] rp;
return O;

int ABAQUS_MODEL_GEN(wires w, char *ifile, char *pfile){

inti,j,k;
char null[200];
int lab;
fstream out;
fstream in;
out.open(ifile,ios::out|ios::trunc);
in.open(pfile,ios::in);
out<<"*HEADING"<<endl;
/INODE;
out<<"*NODE"<<endl;
for(i=0;i<w.NOWI;i++){
for(j=0;j<w.wi[i]. NOWN;j++){
lab=i*100+j+1;
out<<lab;
for(k=0;k<3;k++)
out<<","<<w.wili].n[j].x[Kk];
out<<endl;
¥
¥
//ELEMENT
out<<"*ELEMENT, ELSET=WIRE, TYPE=B31"<<endl;
for(i=0;i<w.NOWI;i++){
for(j=0;j<w.wi[i]l. NOWN-1;j++){
lab=i*100+j+1;
out<<lab;

out<<" "<<i*100+j+1<<","<<i*100+j+2<<endl;

¥
¥
/INODE SET
for(i=0;i<w.NOWI;i++){

out<<"*NSET, nset=wire"<<i<<", generate"<<endl;
out<<i*100+1<<""<<i*100+w.wi[i]. NOWN<<",1"<<endl;

2
/[ELEMENT SET
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for(i=0;i<w.NOWI;i++){
for(j=0;j<w.wi[i]. NOWN-1;j++){
lab=i*100+j+1;
out<<"*Elset,\telset=el"<<lab<<endl;
out<<lab<<endl;

¥

/I Material

out<<"*MATERIAL, NAME=gold-wire";
while(lin.eof()){

out<<endl;
in.getline(null,200);
out<<null;

¥

/ISECTION

out<<"*BEAM SECTION, SECTION=CIRC, Elset=WIRE, Material=gold-wire\n";
out<<w.radius<<endl;
/lInitial Boundary Conditions.
/IFixed at wire ends.
out<<"*BOUNDARY\n";
for(i=0;i<w.NOWI;i++){
out<<i*100+1<<", 1, 6\n";
out<<i*100+w.wi[i]. NOWN<<", 1, 6\n";
¥
out.close();
in.close();
return O;

void ABAQUS_STEP_GEN(wires &wi, flow &fl; char *velacity, char *viscositysichar *ifile){

inti,j;
double time;
wi.dforce(fl, velocity, viscosity);
time=fl.time-wi.time;
fstream out;
out.open(ifile,ios::out|ios::app);
out<<"*Step, Amplitude=RAMP\n";
out<<"*Static\n";
out<<time/5<<","<<time<<","<<time/100000<<","<<time/5<<endl;
out<<"*DLOAD\n";
for(i=0;i<wi.NOWI;i++){
for(j=0;j<wi.wi[i]. NOWN-1;j++){
if(wi.wili].n[j].ft[0]+wi.wi[i].n[j].fn[0]!=0)
out<<"el"<<i*100+j+1<<""<<"PX"<<" "<<wi.wi[i].n[j].ft[0] +wi.wi[i].n[j].fn[0]<<endl;
if(wi.wili].n[j].ft[1]+wi.wi[i].n[j].fn[1]!=0)
out<<"el"<<i*100+j+1<<""<<"PY"<<" "<<wi.wi[i].n[j].ft[1]+wi.wi[i].n[j].fn[1]<<endl;
if(wi.wili].n[j].ft[2]+wi.wi[i].n[j].fn[2]!=0)
out<<"el"<<i*100+j+1<<""<<"PZ"<<" "<<wi.wi[i].n[j].ft[2]+wi.wi[i].n[j].fn[2]<<endl;
b3
¥
for(i=0;i<wi.NOWI;i++){
out<<"*Node Print, nset=wire"<<i<<" frequency=1000"<<endl;
out<<"U"<<endl;
¥
out<<"*END STEP\n";
out.close();
wi.time=fl.time;
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#include <iostream.h>

#include <fstream.h>

#include <stdlib.h>

#include "wire.cpp"

int main(){
wires wi;
wi.getwire("wire.txt", 0.1, 0.025,8,4);//read wire informations for prepared file
ABAQUS_MODEL_GEN(wi,"wiresweep.inp","property.txt"); /foutput wire FEM mesh data to ABAQUS input file

/Iread wire property from prepared file and output to input file

wi.hypermeshcommend(“wire.cmf"); //output Hypermesh command file to build wire surface grid
wi.wireelement(“cavity.udm","wire.udm"); //handle flow grid configuration.
/lread Moldflow calculated pressure, velocity and viscosity at one time, calculate drag force, and then output to inp file.
wi.dforce("pressure.nod.001","velocity.nod.001","viscosity.nod.001","wiresweep.inp");
wi.dforce("pressure.nod.002","velocity.nod.002","viscosity.nod.002","wiresweep.inp");
wi.dforce("pressure.nod.003","velocity.nod.003","viscosity.nod.003","wiresweep.inp");
wi.dforce("pressure.nod.004","velocity.nod.004","viscosity.nod.004","wiresweep.inp");
wi.dforce("pressure.nod.005","velocity.nod.005","viscosity.ned:005","wiresweep.inp");
wi.dforce("pressure.nod.006","velocity.ned.006","viseosity.nod.006"","wiresweep.inp");
wi.dforce("pressure.nod.007","velocity:nod.007", viscosity.nod.007";" wiresweep.inp");
wi.dforce("pressure.nod.008","velocity.nod:008","viscosity:nod.008","wiresweep.inp");
wi.dforce("pressure.nod.009","velocity.nod.009","viscosity.nod.009", “wiresweep.inp");
wi.dforce("pressure.nod.010","velocity:nod.010%;"viscosity.nod.010" *wiresweep.inp");
wi.dforce("pressure.nod.011","velocity nod.011%*viscosity.nod.011™,"wiresweep.inp");
wi.dforce("pressure.nod.012","velocity.nod.012";"viscosity.ned.012","wiresweep.inp");
wi.dforce("pressure.nod.013","velocity.nod.013""viscosity.nod.013","wiresweep.inp");
wi.dforce("pressure.nod.014","velocity.nod.014","viscosity.nod.014","wiresweep.inp");
wi.dforce("pressure.nod.015","velocity.nod.015","viscosity.nod.015","wiresweep.inp");
wi.dforce("pressure.nod.016","velocity.nod.016","viscosity.nod.016","wiresweep.inp");
wi.dforce("pressure.nod.017","velocity.nod.017","viscosity.nod.017","wiresweep.inp");
wi.dforce("pressure.nod.018","velocity.nod.018","viscosity.nod.018","wiresweep.inp");
wi.dforce("pressure.nod.019","velocity.nod.019","viscosity.nod.019","wiresweep.inp");
wi.dforce("pressure.nod.020","velocity.nod.020","viscosity.nod.020","wiresweep.inp");
return O;

E3 A #3775

#include <math.h>
#include "matrix.cpp"

/I check if two characters are the same
int check(char *a, char *b){

int j=0, n=0;

inti;

while(int(a[n])!=0){
n++;

¥
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for(i=0;i<n;i++){

if(a[i]==b[i1){
i+

¥
¥
if (j==n}{

return 1; //if char a = char b, return 1 (true)
¥
return O;

2

/lcalculate the volume of tetrahedral element according four nodes
double volume(double *n1, double *n2, double *n3, double *n4){
double v1[3],v2[3],v3[3];//the vectors of the three edges of tetrahedral element
double vol; //volume of tetrahedral
inti;
/lcalculate the vectors of the three edges of tetrahedral element
for(i=0;i<3;i++){
vi[i]=(n2[i]-n1[i]);
v2[i]=(n3[i]-n1[i]);
v3[i]=(n4[i]-n1[i]);
¥
vol=0;
for(i=0;i<3;i++){

vol=v1[i]*(v2[int(fmod(i+1,3))]*v3[int(fmod(i+2,3))]-v2[int(fmod(i+2,3))]*v3[int(fmod(i+1,3))])+vol;

¥
vol=sqrt(pow(vol,2));
return vol;
¥
/I one class of flow field grid node
class fnode
{
public:
int num;
double x[3];//the coord. of node in globe system
double vel[3]; // the velocity in three coord. of this node
fnode(){
vel[0]=0;
vel[1]=0;
vel[2]=0;
¥
¥
/lthe class of node on the interface between flow and wire
class snode
{
public:
int num;
double x[3]; //the coord. of node in globe system
int neb[50]; //the nebor point coordinates used to determine shear force;
double vel[3]; // the velocity in three coord. of this node
double vis; // the viscosity of this node.
double p; //the hydro-dynamic pressure.
double shear; // the shear force
int readdata(fstream &);
¥
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// the class of node of wire FEM beam element

class node

{
public:

2

double x[3]; //the coord. of this node

double F[3]; //the drag force at this node.

double area; //the area of grid on the interface between
/flow and wire.

node(){
area=0;
F[0]=0;
F[1]=0;
F[2]=0;
3

/I the class of each wire

class wire

{
public:

char null;

int nu; // the number of wire

int NOWN;

int stp; // the end ignored node at wire mesh when buliding flow grid.

double p1[3],p2[3]; //the first and secondbond.point

double I,H; //I: the distance between'the highest paint of wire and p1.
/IH: the height.of the highestpoint of wire

node *n;

int cal(double); // the function which calculates wire curve

int read(fstream &); // the function which.read wire information data file

double funcl(double x){ //wire curve'math-function; 1
double y;
y=-2*H*pow(x,3)/pow(l;3)+3*H*pow(x,2)/pow(l,2);
return y;
¥
double pfuncl(double x){ //the partial of function 1
double y;
y=-6*H*pow(x,2)/pow(l,3)+6*H*pow(x,1)/pow(l,2);
return y;
¥
double func2(double x){//wire curve math function 2
double y;
double L;
L=sqrt(pow((p2[0]-p1[0]),2)+pow((p2[1]-p1[1]),2));
if(x==I)
y=H;
else if(x>L)
y=p2[2]-p1[2];
else

y=(p2[2]-p1[2])+(H-(p2[2]-p1[2]))*sqrt(1-pow((x-N/(L-1).2));

return y;
¥
double pfunc2(double x){//the partial of function 2
double y,yp,xp;
double slop;
Xp=x*(1+1e-5);
y=func2(x);
yp=func2(xp);
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class selement

{

2

class wires

{

public:

public:

slop=(yp-y)/(xp-x);
return slop;

3

~wire(){
delete [] n;

¥

int num;
int wirenu;
int welement;
int node[4];
double normal[3],binormal[3],tangent[3];
double **shape;
double integratepoint[3];
double norpoint[3],tangpoint[3],bipoint[3];
int norelem([3];
double area;
double dforce[3];
int readdata(fstream &);
int calnormal(snode *);
int findnorelement(snode *,fnode *);
int findbelongelement(wire &,int);
int caldforce(snode *,fnode *);
selement(){
shape=new double *[4];
for(int i=0;i<4;i++)
shape[il=new.double-[4};
3
~selement(){
for(int i=0;i<4;i++)
delete [] shapel[il;
delete [] shape;

wire *wi;

snode *sn;

fnode *fn;

selement *selem;

int NOWI,

double radius;

int cirsep;

intdn;

double time;

int getwire(char *, double, double,int,int);
int wireelement(char *, char *);

int hypermeshcommend(char *);

int dforce(char *,char *,char *,char *);
int readvelocity(char *, double &);

int readviscosity(char *, double &);
int readpressure(char *, double &);
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int readshear(char *, double &);
int ABAQUS_MODEL_GEN(char *,char *);
int ABAQUS_STEP_GEN(char *,double);

wires(){

2

~wires(){

dn=150;// "dn" means the density of element on wire;
cirsep=8;
time=0;

delete [] wi;
delete [] sn;
delete [] fn;

int snode::readdata(fstream &input) {

b

int tmp;

double ftmp;

inti;

char command[200];

input>>command>>num>>tmp>>tmp>>tmp>>ftmp;
input>>x[0]>>x[1]>>X[2];

input>>command,;
return O;

int selement::readdata(fstream &input){

2

int tmp;

double ftmp;

inti;

char command[200];

input>>command>>num>>tmp>>tmp>>tmp>>eommand>>tmp>>tmp;
input>>node[0]>>node[1]>>node[2];

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

node[i]=node[i]-1;

input>>command;
return O;

int selement::findnorelement(snode *n, fnode *fn){

double rp,c;

double cl[3]={1,1,1};

double **a;
intij,k;

double T;

a=new double *[4];

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

a[i]=new double [4];

T=pow(normal[0],2)+pow(normal[1],2)+pow(normal[2],2);
for(i=0;i<3;i++)

norelem[i]=-1;

for(j=1;j<50;j++){

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

rp=0;

c=0;

for(k=0;k<3;k++){
rp=normal[K]*(fn[n[node[i]].neb[j]].x[k]-n[node[0]].x[k])+rp;
c=pow((integratepoint[k]-fn[n[node[i]].neb[j]].x[Kk]),2)+c;
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2

c=sqrt(c);
if(rp>T){
if(c<cl[0]){
cl[2]=cl[1];
cl[1]=cl[0];
cl[0]=c;
norelem[2]=norelem[1];
norelem[1]=norelem[0];
norelem[0]=n[node[i]].neb[j];
}
else if(c>cl[0]&&c<cl[1]){
cl[2]=cl[1];
cl[1]=c;
norelem[2]=norelem[1];
norelem[1]=n[node[i]].neb[j];
}
else if(c>cl[1]&&c<cl[2]){
cl[2]=c;
norelem[2]=n[node[i]].neb[j];
}
else{
continue;
3
¥
¥
¥
if(norelem[0]==-1|Inorelem[1]==-1|Inarelem[0]==-1)
return O;

for(i=0;i<3;i++){
for(j=0;j<3;j++){
a[il[j]=fn[norelem{il}.x[j1;
¥
¥
for(i=0;i<3;i++)
a[3][i]=integratepoint[i];
for(i=0;i<4;i++)
afil[3]=1;
INVERSE(a,shape,4,4);
return 1,

int selement::findbelongelement(wire &wi, int wino){

intij;
double v1[3],v2[3];
double dot,null;
for(i=wi.stp;i<wi.NOWN-1;i++){
dot=0;
null=0;
for(j=0j<3;j++}{
v1[jl=wi.n[i+1].x[j]-wi.n[i].x[j1;
v2[j]=integratepoint[j]*1000-wi.n[i].x[j1;
b3
for(j=0j<3;j++}{
null=v1[jl*vi[j]+null;
¥
null=sgrt(null);
for(j=0j<3;j++}{
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dot=v1[j]*v2[j]}/null+dot;

¥
if(dot>=0&&dot<null){
wirenu=wino;
welement=i;
return O;
¥
3
return 1,
3
int selement::calnormal(snode *n){
double v1[3],v2[3];
inti,j;

double distancel=0;
double distance2=0;
double T=0;
for(i=0;i<3;i++){

v1[i]=n[node[1]].x[i]-n[node[0]].x[i;

v2[i]=n[node[3]].x[i]-n[node[0]].x[i;
¥
area=(pow(v1[0],2)+pow(v1[1],2)+pow(v1[2],2))*(pow(v2[0],2)+pow(v2[1],2)+pow(v2[2],2));
area=area-pow(v1[0]*v2[0]+v1[1]*v2[1]+Vv1[2]*Vv2[2],2);
area=sqrt(area);
T=(sqrt(pow(v1[0],2)+pow(v1[1],2)+pow(v1[2],2))+sqrt(pow(v2[0],2)+pow(v2[1],2)+pow(v2[2],2)))/10;
normal[0]=v1[1]*v2[2]-v1[2]*V2[1];
normal[1]=v1[2]*v2[0]-v1[0]*Vv2[2];
normal[2]=v1[0]*v2[1]-v1[1]*V2[O0];
for(i=0;i<3;i++){

distancel=distancel+pow(normal[i],2);

distance2=distance2+pow(v1[i],2);
¥
distancel=sqrt(distancel);
distance2=sqrt(distance2);
for(i=0;i<3;i++){

normal[i]=normal[i]/distancel;

tangent[i]=v1[i]/distance2;
¥
binormal[0]=normal[1]*tangent[2]-normal[2]*tangent[1];
binormal[1]=normal[2]*tangent[0]-normal[0]*tangent[2];
binormal[2]=normal[0]*tangent[1]-normal[1]*tangent[0];
for(i=0;i<3;i++){

normal[i]=normal[i]*T;

tangent[i]=tangent[i]*T;

binormal[i]=binormal[i]*T;
¥
/I determind first order gauss integrate point
integratepoint[0]=(n[node[0]].x[0]+n[node[1]].x[0]+n[node[2]].x[0]+n[node[3]].x[0])/4;
integratepoint[1]=(n[node[0]].x[1]+n[node[1]].x[1]+n[node[2]].x[1]+n[node[3]].x[1])/4;
integratepoint[2]=(n[node[0]].x[2]+n[node[1]].x[2]+n[node[2]].x[2]+n[node[3]].x[2])/4;
for(i=0;i<3;i++){

norpoint[i]=integratepoint[i]+normalli];

tangpoint[i]=norpoint[i]+tangent[i];

bipoint[i]=norpoint[i]+binormal[i];
¥

return O;
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int selement::caldforce(snode *n,fnode *fn){

inti,j;

double T;

double dot1,dot2;

double vn[3],vt[3],vb[3];

double **xn,**xt,**xh,**v,**tmp,**tmp1;

double vis=0,p=0,tshear=0,bshear=0;

double pressure[3],sf[3];

xn=new double *[1];xn[0]=new double [4];

xt=new double *[1];xt[0]=new double [4];

xb=new double *[1];xb[0]=new double [4];

v=new double *[4];for(i=0;i<4;i++) v[i]=new double [1];

tmp=new double *[4];for(i=0;i<4;i++) tmp[i]=new double [1];

tmpl=new double *[1];tmp1[0]=new double [1];

T=sqrt(pow(normal[0],2)+pow(normal[1],2)+pow(normal[2],2));

for(i=0;i<3;i++){
xn[0][i]=norpoint[i];xt[0][i]=tangpoint[i];xb[0][i]=bipoint][i];

¥

xn[0][3]=1;xt[0][3]=1;xb[0][3]=1;

for(i=0;i<3;i++){ //for three coordinates
for(j=0;j<3;j++){ //for three normal point

Vv[jl[0]=fn[norelem[j]].vel[il;

3
v[3][0]=0;
MULTI(shape,v,tmp,4,4,1);
MULTI(xn,tmp,tmp1,1,4,1);
vn[i]=tmp1[0][0];
MULTI(xt,tmp,tmp1,1,4,1);
vi[i]=tmp1[0][0];
MULTI(xb,tmp,tmp1,1,4,1);
vb[i]=tmp1[0][0];

¥

dot1=0;dot2=0;

for(i=0;i<3;i++){
dotl=dotl+tangent[i]/T*vnli];
dot2=dot2+normal[i]/T*(vt[i]-vn[i]);

¥

tshear=(dot1+dot2)/T;

dot1=0;dot2=0;

for(i=0;i<3;i++){
dotl=dotl+binormal[i}/T*vn[i];
dot2=dot2+normal[i]/T*(vb[i]-vnl[i]);

¥

bshear=(dot1+dot2)/T;

for(i=0;i<4;i++){
vis=n[node[i]].vis/3+vis;
p=n[node[i]].p/3+p;

¥

dot1=0;

for(i=0;i<3;i++)
dotl=dotl+normal[i}/T*vn[i];

for(i=0;i<3;i++){
pressure[i]=(-p+dotl/T)*normal[i]/T;
sf[i]=vis*(tshear*tangent[i]+bshear*binormal[i])/T;
dforce[i]=(sf[i]+pressure[i])*area;

¥

for(i=0;i<4;i++){
delete [] v[i];
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delete [] tmplil;
¥
delete [] xn[0];
delete [] xt[0];
delete [] xb[0];
delete [] tmp1[0];
delete [] xn;
delete [] xt;
delete [] xb;
delete [] v;
delete [] tmp;
delete [] tmp1l;
return O;

+

int wire::read(fstream &input ){
input>>nu>>null;
input>>null>>p1[0]>>null>>p1[1]>>null>>pl[2]>>null>>null;
input>>null>>p2[0]>>null>>p2[1]>>null>>p2[2]>>null>>null;
input>>H>>null>>l;
return O;

+

int wire::cal(double esize){
double x,y,xp,yp,slop;
int i,highest=0;
double tmp;
fstream pout,inp;
pout.open("tmp",ios::outlios::trunc);
NOWN=1;
x=sqrt(pow((p2[0]-p1[0]),2)+pow((p2[1]-p1[1]);2));
y=p2[2]-p1[2];
xp=0;
pout<<0<<" "<<0<<endl;
while(1){
slop=pfuncl(xp);
tmp=esize/sqrt(pow(slop,2)+1);
slop=pfuncl(xp+tmp/2);
tmp=esize/sqrt(pow(slop,2)+1);
slop=pfuncl(xp+tmp/2);
tmp=esize/sqrt(pow(slop,2)+1);
Xp=xp+tmp;
if(xp>1){
Xp=Xp-tmp;
break;
¥
yp=funcl(xp);
pout<<xp<<" "<<yp<<endl;
NOWN++;
¥
xp=l;
yp=funcl(xp);
pout<<xp<<" "<<yp<<endl;
NOWN++;
while(1){
slop=pfunc2(xp);
tmp=esize/sqrt(pow(slop,2)+1);
slop=pfunc2(xp+tmp/2);
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tmp=esize/sqrt(pow(slop,2)+1);
slop=pfunc2(xp+tmp/2);
tmp=esize/sqrt(pow(slop,2)+1);
Xp=xp+tmp;
if(xp>x){
Xp=Xp-tmp;
break;
3
yp=func2(xp);
pout<<xp<<" "<<yp<<endl;
NOWN++;
3
Xp=X;
yp=func2(xp);
pout<<xp<<" "<<yp<<endl;
NOWN++;
pout.close();
n = new node[NOWN];
inp.open(“tmp",ios::in);
for(i=0;i<NOWN;i++){
inp>>Xp>>yp;
n[i]-x[0]=xp*(p2[0]-p1[0])/x+p1[0];
n[il-x[1]=xp*(p2[1]-p1[1])/x+p1[1];
n[il-x[2]=yp+p1[2];
¥
inp.close();
return O;

2

int wires::getwire(char *ifile, double esize, double radi, int cir, int:s){ //NOWN"is the number of nodes of each wire
radius=radi;
cirsep=cir;
char null;
float tmp;
int wn=0; //the number of wires.
inti,j;
fstream input;
/lcheck the number of wire from "wire.txt".
input.open(ifile,ios::in);

do{
input>>tmp>>null;
if(null!=""){
cout<<"Wire input file error!!\n"<<endl;;
exit(0);
¥
input>>null>>tmp>>null>>tmp>>null>>tmp>>null>>null;
if(null!=""){
cout<<"Wire input file error!!\n"<<endl;
exit(0);
¥
input>>null>>tmp>>null>>tmp>>null>>tmp>>null>>null;
if(null!=""){
cout<<"Wire input file error!\n"<<endl;
exit(0);
¥
input>>tmp>>null;
if(null!=""){

cout<<"Wire input file error!\n"<<endl;
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b

exit(0);

¥

input>>tmp;

wn++;

input>>null;

if(null=="*"){
break;

3

input.seekg(-1,ios::cur);
Jwhile(tinput.eof());
input.close();
NOWI=wn;
cout<<"The number of wires = "<<NOWI<<endl;
wi=new wire[wn];
for(i=0;i<NOWI;i++)
wili].stp=s;
/I Reading each wire data
input.open(ifile,ios::in);
for(i=0;i<NOWI;i++){
wil[i].read(input);
¥
input.close();
/I Calculating the coordinates of nodes of each wire.
for(i=0;i<NOWI;i++){
wi[i].cal(esize);
¥
cout<<" Wire loop calculation was completed!!"<<end};
return O;

int wires::wireelement(char *ifilel, char *ifile2){

char command[200];

int i,j,k,l,tmp,num,num1, nono[4];
int m;

double x[3];

double ftmp;

double *rp;

int *smallest;

cirsep=8;

fstream inp,pout;
inp.open(ifile2,ios::in);

/I cheak the number of node and element on the wire surface

sn=new snode[NOW!I*cirsep*(dn+1)];
selem=new selement[NOWI*cirsep*dn];
/Iread data of the grid on the surface of wire
while(tinp.eof()){
tmp=inp.tellg();
inp.getline(command,200);
if(check("NODE{",command)){
inp.seekg(tmp,ios::beg);

for(i=0;i<NOWI*cirsep*(dn+1);i++){

sn[i].readdata(inp);
¥
break;
¥
¥
for(i=0;i<NOWI;i++){
for(j=0;j<dn;j++){
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for(k=0;k<cirsep-1;k++){
selem[i*cirsep*dn+j*cirsep+k].node[0]=i*cirsep*(dn+1)+j*cirsep+k;
selem[i*cirsep*dn+j*cirsep+k].node[1]=i*cirsep*(dn+1)+j*cirsep+k+1;
selem[i*cirsep*dn+j*cirsep+k].node[2]=i*cirsep*(dn+1)+j*cirsep+k+cirsep+1;
selem[i*cirsep*dn+j*cirsep+k].node[3]=i*cirsep*(dn+1)+j*cirsep+k+cirsep;
3
selem[i*cirsep*dn+(j+1)*cirsep-1].node[0]=i*cirsep*(dn+1)+(j+1)*cirsep-1;
selem[i*cirsep*dn+(j+1)*cirsep-1].node[1]=i*cirsep*(dn+1)+j*cirsep;
selem[i*cirsep*dn+(j+1)*cirsep-1].node[2]=i*cirsep*(dn+1)+(j+1)*cirsep;
selem[i*cirsep*dn+(j+1)*cirsep-1].node[3]=i*cirsep*(dn+1)+(j+2)*cirsep-1;
3
3
inp.close();
cout<<"The data of nodes and elements on the interface between wire and fluid reading was compeletes!!\n";
/ladject the node number form hypermesh to moldflow udm file
inp.open(ifilel,ios::in);
while(linp.eof()){
inp.getline(command,200);
if(check("SUMR{\0",command)==1){
while(linp.eof()){
tmp=inp.tellg();
inp>>command,;
if(check("NOND{",command)==1){
inp.seekg(tmp+8,ios::beg);
inp>>pum;
break;

¥
break;
¥
¥
cout<<"The number of nodes in the cavity = ""<<num<<endl;
fn = new fnode[num];
rp = new double[num];
smallest=new int[num];
while(tinp.eof()){
tmp=inp.tellg();
inp.getline(command,200);
if(check("NODE{",command)){
inp.seekg(tmp,ios::beg);
break;
¥
¥
for(i=0;i<num;i++){
inp.get(command,6);
inp>>fn[i].num>>tmp>>tmp>>tmp>>ftmp;
inp>>fn[i].x[0]>>fn[i].x[1]>>fn[i].x[2];
inp.getline(command,?2);
¥
inp.close();
cout<<"The data of nodes in the cavity reading was compeletes!'\n";
/I serach the top 50 nearest node to each wire surface node
/I the nearest node will be map to that wire surface node
cout<<"Searching 50 nearest node to each interface nodes......"<<endl;
pout.open(“'step.txt",ios::out);
for(j=0;j<NOWI*cirsep*(dn+1);j++){
for(k=0;k<num;k++)
smallest[k]=k;
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for(k=0;k<num;k++){
rplk]=0;
for(i=0;i<3;i++)
rpIk]=rp[k]+pow(sn[j] x[i]-fn[k].x[i].2);
rplkl=sart(rp[K]);
3
for(k=0;k<50;k++){
for(i=0;i<num-k-1;i++){
if(rp[smallest[i]]<rp[smallest[i+1]]){
tmp=smallest[i];
smallest[i]=smallest[i+1];
smallest[i+1]=tmp;
3
3
sn[j].neb[k]=smallest[num-k-1];
pout<<sn[j].neb[k]<<"";
¥
pout<<endl;
cout<<"Node "<<j<<" completed!!"<<endl;
sn[j].num=fn[sn[j].neb[0]].num;
for(k=0;k<3;k++){
sn[j].x[k]=fn[sn[j].neb[0]].x[Kk];
3
¥
cout<<"Calulating the normal of each elements on the.interfaces"<<endl;
for(i=0;i<NOWI*cirsep*dn;i++){
selem[i].calnormal(sn);
¥
/I classify the wire surface element accrodine to wire FEM element
cout<<"Projecting the elements on the‘interfaces to the-elements ‘of wire beam elements!!"<<endl;
for(i=0;i<NOWI;i++){
for(j=0;j<cirsep*dn;j++){
tmp=selem[i*cirsep*dn#j].findbelongelement(wi[i], i);
if(tmp==1){
selem[i*cirsep*dn+j].wirenu=i;
selem[i*cirsep*dn+j].welement=selem[i*cirsep*dn+j-1].welement;

¥
¥
for(i=0;i<NOWI*cirsep*dn;i++){
wi[selem[i].wirenu].n[selem[i].welement].area=selem[i].area+wi[selem[i].wirenu].n[selem[i].welement].area;
¥
cout<<"Searching the tet4 elemets on the interfaces!!"<<endl;
for(i=0;i<NOWI*cirsep*dn;i++){
tmp=selem[i].findnorelement(sn,fn);

if(tmp==0){
cerr<<"element "<<i+1<<" eorror!!"<<endl;
Ilexit(1);
b3
¥
cout<<"Searching was completed!!"<<endl;
delete [] rp;
delete [] smallest;
return O;

2

int wires::readvelocity(char *ifile, double &time){
intij;
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flagl:

2

char null[200];

int lab;

int tmp;

double vel[3];

fstream inp;

inp.open(ifile,ios::in);

if(tinp){
cerr<<"Can't open the velocity result file "<< ifile<<endl;
exit(1);

3

while(linp.eof()){
tmp=inp.tellg();
inp>>null;
if(null[0]>="0' && null[0]<="9"){
inp.seekg(tmp,ios::beg);
inp>>time;
inp>>null;
break;
3
¥
inp.getline(null,200);
inp.getline(null,200);
inp.getline(null,200);
while(linp.eof()){
inp>>lab>>vel[0]>>vel[1]>>Vel[2];
for(i=0;i<NOWI*cirsep*dn;i++){
for(int k=0;k<3;k++){
if(lab==fn[selem[i]:norelem{k]].num){
fn[selem[i].norelem[K]].vel[0]=vel[0];
fn[selem[ij.norelem[k]].vel[1]=vel[1];
fnfselem{il-norelem[k]].vel[2]=vel[2];
goto'flagl;

¥
¥
for(i=0;i<NOWI*cirsep*(dn+1);i++){
if(lab==sn[i].num){
sn[i].vel[0]=vel[0];
sn[i].vel[1]=vel[1];
sn[i].vel[2]=vel[2];

break;
¥
b3
inp.getline(null,200);
¥
inp.close();
return O;

int wires::readviscosity(char *ifile, double &time){

inti;

char null[200];

int lab;

int tmp;

double vis;
fstream inp;
inp.open(ifile,ios::

n);
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if(tinp){
cerr<<"Can't open the velocity result file "<< ifile<<endl;
exit(1);
¥
while(tinp.eof()){
tmp=inp.tellg();
inp>>null;
if(null[0]>="0' && null[0]<="9"){
inp.seekg(tmp,ios::beg);
inp>>time;
inp>>null;
break;
3
¥
inp.getline(null,200);
inp.getline(null,200);
inp.getline(null,200);
while(linp.eof()){
inp>>lab>>vis;
for(i=0;i<NOWI*cirsep*(dn+1);i++){
if(lab==sn[i].num){

sn[i].vis=vis;
break;
3
¥
inp.getline(null,200);
¥
inp.close();
return O;
¥
int wires::readpressure(char *ifile, double &time){
inti,j;
char null[200];
int lab;
int tmp;
double p;
fstream inp;
inp.open(ifile,ios::in);
if(tinp){
cerr<<"Can't open the velocity result file "<< ifile<<endl;
exit(1);
¥

while(tinp.eof()){
tmp=inp.tellg();
inp>>null;
if(null[0]>="0" && null[0]<='9"){
inp.seekg(tmp,ios::beg);

inp>>time;
inp>>null;
break;
¥
¥
inp.getline(null,200);
inp.getline(null,200);
inp.getline(null,200);
while(tinp.eof()){
inp>>lab>>p;
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for(i=0;i<NOWI*cirsep*(dn+1);i++){
if(lab==sn[i].num){
sn[i].p=p;
break;
¥
¥
inp.getline(null,200);
¥
inp.close();
return O;

2

int wires::readshear(char *ifile, double &time){
inti;
char null[200];
int lab;
int tmp;
double shear;
fstream inp;
inp.open(ifile,ios::in);
if(tinp){
cerr<<"Can't open the velocity result file "<< ifile<<endl;
exit(1);
¥
while(tinp.eof()){
tmp=inp.tellg();
inp>>null;
if(null[0]>="0' && null[0]s="9"){
inp.seekg(tmp,ios::beg);
inp>>time;
inp>>null;
break;
3
3
inp.getline(null,200);
inp.getline(null,200);
inp.getline(null,200);
while(tinp.eof()){
inp>>lab>>shear;
for(i=0;i<NOWI*cirsep*(dn+1);i++){
if(lab==sn[i].num){
sn[i].shear=shear;

break;
¥
¥
inp.getline(null,200);
¥
inp.close();
return O;

2

int wires::dforce(char *ifilel,char *ifile2, char *ifile3,char *ofile){
double time0,time1;

intij,k;

double In,In1;

cout<<"Reading pressure data from "<<ifilel<<"...!!"<<endl;
readpressure(ifilel,time0);

cout<<"Reading velocity data from "<<ifile2<<"...!!"<<endl;
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readvelocity(ifile2,time0);
cout<<"Reading viscosity data from "<<ifile3<<"...!!"<<endl;
readviscosity(ifile3,time0);
cout<<" Data reading was completed!!"<<endl;
timel=timeO-time;
cout<<" Calculating Drag force ......"<<endl;
for(i=0;i<NOWI;i++){
for(j=0;j<wi[i]. NOWN;j++){
wili].n[j].F[0]=0;
wili].n[j].F[1]=0;
wili].n[j].F[2]=0;
¥
¥
for(i=0;i<NOWI*cirsep*dn;i++){
selem[i].caldforce(sn,fn);
for(j=0;j<3;j++)

wi[selem[i].wirenu].n[selem[i].welement].F[j]=selem[i].dforce[j]+wi[selem[i].wirenu].n[selem[i].welement].F[j];
¥
for(i=0;i<NOWI;i++){
for(j=wili].stp;j<wi[i]. NOWN-1;j++){
In=0;
for(k=0;k<3;k++)
In=In+pow(wi[i].n[j].x[K]-wi[i].n[j+1].x[Kk],2);
In=sqrt(In);
for(k=0;k<3;k++)
wili].nfjl.F[k]=wifilm[j].FIk]/In;
3
for(j=0;j<wili].stp;j++){
In=0;
In1=0;
for(k=0;k<3;k++){
In=In+pow(wifi].p1[K]-wifil:n[wi[i].stp].x[k],2);
In1=In1+pow((Wi[i].n[j]-x[K]+wi[i].n[j+1].x[K])/2-wi[i].n[wi[i].stp].Xx[K],2);
3
In=sqrt(In);
In1=sqrt(Inl);
for(k=0;k<3;k++){
wili].n[j].F[k]=wi[i].n[wi[i].stp].F[K}/In*(In-In1);
¥
3
3
cout<<" STEP output.."<<endl;
ABAQUS_STEP_GEN(ofile, timel);
time=time0;

return O;
¥
int wires::ABAQUS_MODEL_GEN(char *ifile, char *pfile){
intij,k;
char null[200];
int lab;

fstream out;

fstream in;
out.open(ifile,ios::out|ios::trunc);
in.open(pfile,ios::in);
out<<"*HEADING"<<endl;
/INODE;
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out<<"*NODE"<<endl;
for(i=0;i<NOWI;i++){
for(j=0;j<wi[i]. NOWN;j++){
lab=i*100+j+1;
out<<lab;
for(k=0;k<3;k++)
out<<" "<<wi[i].n[j].x[K];
out<<endl;
3
3
//ELEMENT
out<<"*ELEMENT, ELSET=WIRE, TYPE=B31"<<endl;
for(i=0;i<NOWI;i++){
for(j=0;j<wi[i]. NOWN-1;j++){
lab=i*100+j+1;
out<<lab;
out<<","<<i*100+j+1<<","<<i*100+j+2<<endl;
3
¥
/INODE SET
for(i=0;i<NOWI;i++){
out<<"*NSET, nset=wire"<<i<<", generate"<<endl;
out<<i*100+1<<","<<i*100+wi[i]. NOWN<<",1"<<endl;
¥
//ELEMENT SET
for(i=0;i<NOWI;i++){
for(j=0;j<wi[i]. NOWN-1;j++){
lab=i*100+j+1;
out<<"*Elset,\telset=el"<<lab<<endl;
out<<lab<<endk;

¥

/I Material

out<<"*MATERIAL, NAME=gold-wire";
while(lin.eof()){

out<<endl;
in.getline(null,200);
out<<null;

3

/[SECTION

out<<"*BEAM SECTION, SECTION=CIRC, Elset=WIRE, Material=gold-wire\n";
out<<radius<<endl;
/lInitial Boundary Conditions.
/IFixed at wire ends.
out<<"*BOUNDARY\n";
for(i=0;i<NOWI;i++){
out<<i*100+1<<", 1, 6\n";
out<<i*100+wi[i]. NOWN<<", 1, 6\n";
¥
out.close();
in.close();
return O;
¥
int wires::ABAQUS_STEP_GEN(char *ifile,double time){
intij;
fstream out;
out.open(ifile,ios::out|ios::app);
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out<<"*Step, Amplitude=RAMP\n";
out<<"*Static\n";
out<<time/5<<","<<time<<","<<time/100000<<","<<time/5<<endl;
out<<"*DLOAD\n";
for(i=0;i<NOWI;i++){
for(j=0sj<wi[i].stp;j++){
if(wi[i].n[j].F[0]'=0)
out<<"el"<<i*100+j+1<<","<<"PX"<<", "<<wili].n[j].F[0]<<endl;
if(wili].n[j].F[1]'=0)
out<<"el"<<i*100+j+1<<","<<"PY"<<" "<<wili].n[j].F[1]<<endl;
if(wili].n[j].F[2]'=0)
out<<"el"<<i*100+j+1<<","<<"PZ"<<" "<<wil[i].n[j].F[2]<<endl;
3
for(j=wili].stp;j<wi[i]. NOWN-1;j++){
if(wi[i].n[j].area!=0){
if(wi[i].n[j].F[0]'=0)
out<<"el"<<i*100+j+1<<","<<"PX"<<", "<<wili].n[j].F[0]<<endl;
if(wili].n[j].F[1]'=0)
out<<"el"<<i*100+j+1<<","<<"PY"<<" "<<wili].n[j].F[1]<<endl;
if(wili].n[j].F[2]'=0)
out<<"el"<<i*100+j+1<<","<<"PZ"<<" "<<wil[i].n[j].F[2]<<endl;

3

¥

for(i=0;i<NOWI;i++){
out<<"*Node Print, nset=wire"<<i<<" frequency=1000"<<endl;
out<<"U"<<endl;

¥

out<<"*END STEP\n";

out.close();

return O;

2

int wires::hypermeshcommend(char *ofile){

inti,j,ln;

int line,node;

int planel,plane2;

double tmp;

int system=0;

float angel=0;

double p1[3],p2[3],p[3];

double x;

double theta;

fstream pout;

pout.open(ofile,ios::out);

line=0;

node=0;

pout<<"*collectorcreate(components,\"wires\",\"wires\",14)\n";

pout<<"*currentcollector(componenet,\"wires\")\n";

for(i=0;i<NOWI;i++){

I=node;
/l create curves of each wire;
for(j=wi[i]. NOWN-1;j>=wil[i].stp;j--){

node++;
pout<<"*createnode(";
pout<<wi[i].n[j].x[0]<<"";
pout<<wi[i].n[j].x[1]<<"";
pout<<wi[i].n[j].x[2]<<"";

83



pout<<0<<",0,0)\n";
p[0]=wi[i].n[i].x[0];
p[1]=wi[i].n[i] x[1];
p[2]=wi[i].n[i] x[2];

n=j;

if(wilil.n[j].x[2]<(wi[i].p1[2]+radius)){
break;

2

3
pout<<"*createlist(nodes,"<<1<<")";
for(j=1+1;j<=node;j++){

pout<<" "<<j;
3
pout<<endl;
pout<<"*linecreatefromnodes(1,2,0,0,180)"<<endl;
line++;

I
p1[0]=wi[i].p1[0];
p1[1]=wili].p1[1];
p1[2]=wi[i].p1[2];
p2[0]=wi[i].p2[0];
p2[1]=wi[i].p2[1];
p2[2]=wi[i].p2[2];
x=sqrt(pow((p2[0]-p1[0]),2)+pow((p2[1]-p1[1]),2));

/I calculate the angle of wire with aspect to goble coordinary system.
tmp=(p1[0]-p2[0])*(p1[1]-p2[1]);
if(tmp>0)

theta=asin((p2[1]-p1[1])/%);
else if(tmp<0){
if(p2[0]-p1[0]<0)
theta=acos((p2[0}-pL[0/9);
else
theta=acos(-1)*2-acos((p2[0]-p1[0])/x);
}
else
theta=acos(p2[0]-p1[0]);

/I create the cross section edge of wire at the first bonding point
pout<<"*createnode(";
pout<<p[0]-radius*sin(theta)<<","<<p[1]+radius*cos(theta)<<","<<p[2]<<","<<0<<",0,0)\n";
node++;
pout<<"*systemsize(1)\n";
pout<<"*systemcreate3nodes(0,"<<node-1<<" \"z-axis\","<<node-2<<"\",yz-plane\","<<node<<")"<<endl;
system++;
pout<<"*createplane(1,";
pout<<wi[i].n[n+1].x[0]-p[0]<<",";
pout<<wi[i].n[n+1].x[1]-p[1]<<"";
pout<<wi[i].n[n+1].x[2]-p[2]<<"";
pout<<p[0]<<","<<p[1]<<","<<p[2]<<")\n";

I=line;

pout<<"*createnode(";
pout<<radius<<","<<0<<","<<0<<","<<system<<",0,0)\n";

node++;

pout<<"*createlist(nodes,"<<1<<")"<<node<<endl;
pout<<"*createcirclefrompointplane(1,1,"<<360<<","<<angel<<")\n";
line++;

/I Trim lines
pout<<"*createplane(1,0,0,1,"<<p2[0]<<","<<p2[1]<<","<<p2[2]<<")\n";
pout<<"*createnode(";
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¥
for(i=0

¥

pout<<
pout<<
pout<<
pout<<
pout<<
/Ipout<

pout<<"
pout<<"
pout<<"
pout<<"
pout<<"

pout<<

pout<<p2[0]+radius*cos(theta)<<",";
pout<<p2[1]+radius*sin(theta)<<",";

pout<<p2[2]<<","<<"0,0,0)\n";

node++;

pout<<"*createlist(nodes,"<<1<<")"<<node<<endl;
pout<<"*createcirclefrompointplane(1,1,"<<360<<","<<angel<<")\n";
line++;

JIKNOW I i++){

/I drag wire surfaces

pout<<"*surfacemode(3)\n";

pout<<"*createlist(lines,1)";

pout<<" "<<i*3+2;

pout<<endl;

pout<<"*createlist(nodes,1)"<<endl;

pout<<"*createlist(lines,2)"<<1+i*3<<endl;

pout<<"*createlist(nodes,2)"<<endl;

pout<<"*createplane(1,1,0,0,0,0,0)\n";

pout<<"*linedraglinetoformsurface(1,1,2,2,1,1)\n";

/' wire surface mesh

/Isetedgemeshparams(edge index,element density,bias style, bias)

pout<<"*setedgemeshparams(0,"<<cirsep<<",0,0)\n";

pout<<"*setedgemeshparams(1,"<<dn<<",0,0)\n";

pout<<"*setedgemeshparams(2,"<<cirsep<<",0,0)\n";

pout<<"*setedgemeshparams(3,"<<dn<<*,0,0)\n";

pout<<"*setedgemeshparams(4,''<<dn<<",0,0)\n";

pout<<"*hmmeshlinedrag(0)\n*;

pout<<"*storeAMelemstodatabase(0,0)\n=;

/I front surface

pout<<"*surfacemode(4)\n*;

pout<<"*createplane(1,1,0;0,0,0,0)\n"*;

pout<<"*createmark(lines,1) %

[ffor(j=0;j<cirsep;j++){

pout<<" "<<i*3+2;

1

pout<<endl;

pout<<"*splinesurface(lines,1,1,1,0)\n";
"*collectorcreate(components,\"cavity\" \"cavity\",9)\n";
*currentcollector(componenet,\"cavity\")\n";
*createmark(systems,1) \"all\"\n";
*deletemark(systems,1)\n";
*mergefile(\"Z:/Program/cavity.hm\",1,1)\n";
<"*feinput(\"#iges\\iges\" \"Z:/Prrgram/BGA.IGS\",1,0,0.01,0,1)\n";
*createmark(surfaces,1) \"all\"\n";
*numbersmark(surfaces,1,1)\n";
*createmark(nodes, 1) \"al\"\n";
*nodemarkcleartempmark(1)\n";
*createmark(surfaces,1) \"all\"\n";
"*renumber(surfaces,1,1,1,0,0)\n";

pout.close();
pout.open(“trim.cmf* ios::out);

cout<<
cin>>p
cout<<
cin>>p
pout<<
pout<<

"Input the number of plane to be trim:\n";

lanel;

"Input the number of plane to be deleted:\n";

lane2;
"*createmark(surfaces,1) \"all\"\n";
"*renumber(surfaces,1,1,1,0,0)\n";
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pout<<"*createvector(1,0,0,1)\n";

for(i=0;i<NOWI;i++){
pout<<"*createmark(surfaces,1) "<<planel<<endl;
pout<<"*createmark(lines,2) "<<i*3+3<<endl;
/Ipout<<"*surfacemarkclipwithlines(1,2,0.01)\n";
pout<<"*surfacemarksplitwithlines(1,2,1,1,0)\n";
pout<<"*createmark(surfaces,1) \"all\"\n";
pout<<"*renumber(surfaces,1,1,1,0,0)\n";
/Ipout<<"*renumberall(1,1,0,0)\n";
pout<<"*createmark(surfaces,1) "<<plane2<<endl;
pout<<"*deletemark(surfaces,1)\n";

¥

pout.close();

return O;
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