#i ncl ude "RAPID. H'

#i ncl ude <i ostream h>
#i ncl ude <i omani p. h>
#i ncl ude <fstream h>
#i ncl ude <stdlib. h>
#i ncl ude <nmat h. h>

#i ncl ude <string. h>

#def i ne pi 3. 1415926535897932

| ong int bf acets, nfacets;

i nt bcount =0, ncount =0, contact _set=1, |oop_chk=0, third_pt = O;
i nt base=0, nsurf=0, n_edge=0, counter=0, flush_true;

double mdpoint[3], xc, yc, zc, nbz, nnz, b_cos_z, n_cos_z;

double di, d2, x_t[2], y_t[2], z_t[2];

double C2_bolt[3],C2 fixed[3], @3][3], U3], step=1.0, xroll=0.0;
double x[2],y[2],2z[2],P[3][3], pointX 5], pointY[5], pointZ5];
double BW _i, BW_j, BW_k, NW _i, NW_j, NW_k;

double Com Norm.i, ComMNormj, ComNormk, B1[3][3], S[3];

double gamma, M 3][3], C3_bolt[3], C3_fixed[3], XP[3][3];

double BM _i, BM_j, BM_k, BFt_i, BFt_j, BFt_k;

double CN b_i, CN b j, CN b k, NBt_i, NBt_j, NBt_k;

double 1loc_xc, loc_yc, loc_zc, rate, psi_step, psi, g1, g2;

double TP[] ={ 0, 0, 0 };

doubl e al pha=0.0, beta=0.0, phi=0.0, R 3][3], pX_ f, pY_f, pZ_f;;
double pX pO, pY_pO, pZ pO, RI[3][3], T1[3], B2_fixed[3];

/1 Function Prototypes
void stl _reader(int, int, float (*array_bolt_tri)[13], float (*array_nut_tri)[13],
RAPI D _nodel *bolt, RAPID nobdel *nut);

doubl e init_collision_detect(double RL_b[][3], double T1 _b[], RAPID nodel *bolt_one,
double R2_n[][3], double T2_n[], RAPID nodel *nut_one, int, float (*pb_init_tri)[13]);

doubl e contact_point(int, double array[][3], double array2[], float (*array_b)[13],
float (*array_n)[13]);

doubl e bolt_surf(double array[][3], double, double, double, double, int);

doubl e nut _surf(doubl e, double, double, int);

voi d second_nodel _i nput (doubl e Rlb_2[][3], double Tib_2[], RAPID nodel *bolt_two,
float (*pb2_tri_2)[13], float (*pb_tri_2)[13], RAPID nodel *nut_two, float
(*pn2_tri_2)[13], float (*pn_tri_2)[13]);

double mult_contact(int, double array R[][3], double array T[], float (*array_b2)[13],
float (*array_n2)[13], double Rl1_bolt[][3], double);

doubl e tang_to_fixed(double vec_array[]);

doubl e tang_to_bol t (doubl e vec_arrayB[]);

doubl e pi vot _axes_t heo(doubl e phi);

voi d third_nodel _input(double fix R ][3], double fix_T[], RAPID nodel *bolt3, float
(*pb3_tri)[13], float (*pb_tri_3)[13], RAPID nodel *nut3, float (*pn3_tri)[13], float
(*pn_tri_3)[13], double);

voi d special _third(double fx_sp_R[][3], double fx_sp T[], RAPID nodel *bolt3S, float
(*pb3S_tri)[13], float(*pb_tri_3S)[13], RAPID nodel *nut3S, float (*pn3S_tri)[13],
float (*pn_tri_3S)[13], double, double);

doubl e contact _group(int, float (*b3_ctct _tri)[13], float (*n3_ctct _tri)[13]);
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doubl e mi ni nun{doubl e, doubl e, double);

doubl e pivot_to_fixed(double, double, double);

doubl e pivot_to_bol t(doubl e, double, double);

doubl e blt_vector(doubl e, double, double);

doubl e nut _vector (doubl e, doubl e, double);

doubl e common_nor mal (doubl e, doubl e, double, double, double, double);
doubl e fixed_to_bolt(doubl e, double, double, double RT[][3]);

doubl e bolt_to_fixed(double, double, double);

doubl e bolt_to_pivot(doubl e, double, double);

doubl e bolt_to_FI XED(doubl e, doubl e, double);

int main()

[/ Establish Initial RAPID nodels
RAPI D _nodel *bolt = new RAPI D _nodel ;
RAPI D_nodel *nut = new RAPI D _nodel ;
cout << "Loading tris into RAPID nodel objects..." << flush;
/] Declare input file streamns
ifstreambolt_file;
ifstreamnut_file;
/1 Open files in binary node
bolt_file.open("bv7.stl",ios::in|ios::binary);
nut _file.open("nv6.stl",ios::in|ios::binary);
if (bolt_file.bad()) {

cerr << "Unable to open bv7.stl\n";

exit (8);}
if (nut_file.bad()) {

cerr << "Unable to open nv6.stl\n";

exit (8);}

/1l Skip (seekg) 80 bytes fromthe beg of the file
bolt_file.seekg(80, ios::beg);

/] Cet the nunber of facets
bolt_file.read((char*)&bfacets, sizeof(long int));

bolt _file.close();

//Create an 2D array in nenory where bfacets

//is the #rows, & 13 is the #of colums

float (*pb_tri)[13] = new float[bfacets][13];

nut _file.seekg(80, ios::beg);
nut_file.read((char*)&nfacets, sizeof(long int));
nut_file.close();

float (*pn_tri)[13] = new float[nfacets][13];

//Store Binary .STL files into nenory pointers pb_tri & pn_tri
stl _reader(bfacets, nfacets, pb_tri, pn_tri, bolt, nut);

/1 The following arrays locate bolt with 3 DOF. W assune RCC corrects
//the bolts lateral errors. Nut is fixed in space and is not altered.
double R2[3][3], T2[3];

R2[0][0] = R2[1][1] = R2[2][2] = 1.0; //Rotation of Nut
R2[0][1] = R2[1][0] = R2[2][0] = 0.0;
R2[0][2] = R2[1][2] = R2[2][1] = 0.0;
T2[0] = T2[1] = T2[2] = 0.0; [/ Transl ation of Nut
T1[0] = T1[1] = T1[2] = 0.0; [/ Transl ati on of Bolt

/1 This Loop Interates through all possible orientations
TIETELELErnnr i rrrrn
for (int tilt=-20; tilt <=20; tilt=tilt+5) {
for (int pitch=-20; pitch <=20; pitch=pitch+5) {
for (int phase=0; phase <=359; phase=phase+1) {
if ((tilt '=0) || (pitch I=0)) {
al pha= (double)tilt*(1.0/5.0)*pi/180.0;
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beta = (double)pitch*(1.0/5.0)*pi/180.0;

phi = (doubl e) phase*pi / 180. 0;

[/ Transformation Matrix -- We already took the Transpose of [R]
R1[0][ 0] = cos(beta)*cos(phi);

R1[ 0] [ 1] = sin(al pha)*sin(beta)*cos(phi)-cos(al pha)*sin(phi);
R1[0][2] = cos(al pha)*si n(beta)*cos(phi)+sin(al pha)*sin(phi);
R1[1][ 0] = cos(beta)*sin(phi);

R1[ 1][1] = sin(al pha)*sin(beta)*sin(phi)+cos(al pha)*cos(phi);
R1[1][2] = cos(al pha)*sin(beta)*sin(phi)-sin(al pha)*cos(phi);
R1[2][0] = -sin(beta);

R1[ 2] [ 1] = sin(al pha)*cos(beta);

R1[ 2][2] = cos(al pha)*cos(beta);

[/ This function |owers the bolt onto the nut in dinishinging steps

//the step size begins at 0.001 inches and terminates at 1 micro inche
T1[2] = init_collision_detect(Rl, T1, bolt, R2, T2, nut, bcount, pb_tri);
/1 This function calls the collision detection library and it returns
//the ID# s of the contact pairs

RAPI D_Col i de(R1l, T1, bolt, R2, T2, nut, RAPID ALL_CONTACTS);

/1l Store the contact pairs into bolt and nut nmenory matrices
float (*bolt_facet_stor)[13] = new float[ RAPI D_num contacts][13];
float (*nut_facet_stor)[13] = new fl oat[ RAPI D_num contacts][13];
for (int k=0; k < RAPI D _num contacts; k++) {
for (int n=0; n <= 12; n++) {
*(*(bolt_facet_stor+ counter) + n) =
*(*(pb_tri +RAPI D _contact[Kk].idl)+n);
*(*(nut_facet_stor + counter) + n) =
*(*(pn_tri+RAPI D _contact[Kk].id2)+n);
}

count er ++;

}

cout << setw(2) << alpha*180.0/pi << " " << setw(2) << beta*180. 0/ pi
<< " " << setw(3) << phi*180.0/pi << "\t" << counter << endl;

// btain the initial contact point -- needed to convert to CO Ref Frame
/I NOTE -- we do not check to see if there are nultiple contacts at the
/lintial config because that situation occurs only once
/'l -- when al pha=-1,-2,0r-3, beta=0, phi=0
contact _point(counter, Rl, T1, bolt_facet_stor, nut_facet_stor);
Xc = mdpoint[O0];
yc m dpoi nt[1];
zc m dpoi nt[ 2] ;
I/ The follow ng | oop checks to see the facets normal vector
/1lf it is pointing down, a base tri on the bolt is involved in contact
[/11f it is pointing up, a surface tri on the nut is involved in contact
for (int bck=0; bck <= counter-1; bck++) {
nbz = (doubl e)*(*(bolt_facet_stor + bck) +3);
nnz = (doubl e)*(*(nut _facet_stor + bck) +3);
b _cos_z = acos(nbz)*180. 0/ pi ;
n_cos_z = acos(nnz)*180. 0/ pi;
if ((b_cos_z >= 170.0) && (b_cos_z <= 190.0)) {
base = base + 1,

}
if ((n_cos_z >=0.0) & (n_cos_z <= 10.0)) {
nsurf = nsurf + 1;

if ((n_cos_z <0.0) || (nh_cos_z > 10.0)) {
n_edge = n_edge + 1;
}

}
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/1 This neans that the interior edge of the NUT is in contact
if (n_edge !'=0) {

bolt _surf(R1, xc, yc, zc, T1[ 2], base) ;

nut _surf (xc, yc, zc, nsurf);

comon_normal (BW i, BW _ j, BW _k, NW i, NW _j, NW _Kk);
} else if (n_edge == 0) {

/1 This occurs when the BOLT contacts the surface of the NUT

Com Norm.i = 0.0;
Com Normj = 0.0;
Com Normk = 1.0;
//We still need to call bolt_surf so we can determne the C0 frane

bol t _surf(R1, xc, yc, zc, T1[ 2], base) ;
doubl e zet a=0. 0;
//Here we find the dir. cosines for a vector tang. to the nut surface
/ I when contact does not involve the interior edge of the nut.
if ((xc >=0.0) & (yc >= 0.0)) {//Quadrant |
zeta = atan(yc/xc);
NW _i cos(pi/2.0 + zeta);
NW _j cos(zeta);
} elseif ((xc <0.0) & (yc >= 0.0)) {//Quadrant |1
zeta = atan(fabs(xc/yc));
NW _i cos(pi - zeta);
NW _j cos(pi/2.0 + zeta);
} else if ((xc <0.0) & (yc < 0.0)) {//Quadrant |11
zeta = atan(fabs(yc/xc));
NW _i cos(pi/2.0 - zeta);
NW _j cos(pi - zeta);
} elseif ((xc >=0.0) & (yc < 0.0)) {//Quadrant |V
zeta = atan(fabs(xc/yc));

NW i = cos(zeta);

NW _j = cos(pi/2.0 - zeta);
}
NW_k = 0.0;

}

cout << "INITIAL CONTACT PO NT" << endl;

cout << "X\t" << x¢ << "\tYN\t" << yc << "\tZ\t" << zc << endl;
cout << "T1[2]\t" << T1[2] << endl;

base=0; nsurf=0; n_edge=0; counter=0;

delete [] bolt_facet_stor;

delete [] nut_facet_stor;

TIEEETEEE i r i rr il
/1 This is where we convert BOLT and NUT vertices to the reference frane defined//

/'l by the tangent vector to the NUT paranetric equation. It is a first approx. //
/'l as to the orientation of the axis by which the BOLT will rotate due to the I
/'l influence of the RCC. The tangent vector is |labelled as the X-axis, and /1
/1 it is directed CCW The Y-axis points towards the center of the NUT I

NN NN

/1 The followi ng expressions determ ne the transformation
//fromthe BOLT to the Q) frane

NBt i = RL[O][O] *NW i + RI[1][O]*NW _j + R1[2][0]*NW _k;
NBt j = RI[O][1]*NW i + RI[1][1]*NW _j + R1[2][1]*NW _k;
NBt _k = RI[O][2] *NW _i + RI[1][2]*NW _j + R1[2][2]*NW _k;

if (((xc<=0.0) && (yc>0.0)) || ((xc<=0.0) && (yc<=0.0))) {
//Quadrant Il or IIl requires negative Z-axis rotation

gl = -acos(NBt _i/sin(acos(NBt_Kk)));
} elseif (((xc>0.0) && (yc>0.0)) || ((xc>0.0) && (yc<=0.0))) {
//Quadrant | or IV requires positive Z-axis rotation

gl = acos(NBt _i/sin(acos(NBt_k)));
}
g2 = acos(NBt_k) - pi/2.0;
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B1[ 0] [ O] cos(g2)*cos(gl); B1[ 0] [ 1] cos(g2)*sin(gl);

B1[O][2] = -sin(g2); BI[1][0] = -sin(gl);

B1[ 1][1] = cos(gl); B1[ 1][2] = 0.0;

B1[2][0] = sin(g2)*cos(gl); B1[2][1] = sin(g2)*sin(gl);
B1[2][2] = cos(g2);

S[0] = R1[0][0] *xc + R1[1][0]*yc + R1[2][0]*zc - R1[2][0]*T1[2];
S[1] = R1[O0][1]*xc + RI[1][1]*yc + R1[2][1]*zc - R1[2][1]*T1[2];
S[2] = R1[0][2]*xc + RI[1][2]*yc + RI[2][2]*zc - R1[2][2]*T1[2];

//dl is a rot. about the Z-axis of the fixed frame
/land d2 is a rotation about the nodified Y-axis
//The two rotations line up the X-axis with a general vector in space.
if (((xc<=0.0) && (yc>0.0)) || ((xc<=0.0) && (yc<=0.0))) {
// Quadrant Il or Ill requires negative Z-axis rotation
dl = -acos(NW _i/sin(acos(NW _k)));
} else if (((xc>0.0) && (yc>0.0)) || ((xc>0.0) && (yc<=0.0))) {
//Quadrant | or IV requires positive Z-axis rotation
dl = acos(NW _i/sin(acos(NW _Kk)));

}

d2 = acos(NW _k) - pi/2.0;

Q0][0] = cos(d2)*cos(dl); O][1] = cos(d2)*sin(dl); dO0][2] = -sin(d2);
d1][0] = -sin(dl); Q1][1] = cos(dl); d1][2] = 0.0;
Q2][0] = sin(d2)*cos(dl); Q2][1] = sin(d2)*sin(dl); d2][2] = cos(d2);
U o] = xc;

U1] = yc;

Uz = zc;

/1 Declare New Mbdels for the 2nd contact point analysis

RAPI D_nodel *bolt2 = new RAPI D_nodel ;

RAPI D nodel *nut2 = new RAPI D nodel ;

float (*pb2_tri)[13] = new float[bfacets][13];

float (*pn2_tri)[13] = new float[nfacets][13];

I/ Create New Model of BOLT & NUT worigin at tangent ref frane
second_nodel _i nput (R1, T1, bolt2,pb2_tri, pb_tri, nut2, pn2_tri, pn_tri);

//**********************************I/

I/ Perform 2nd Contact Point Analysis//

//**********************************//

double R3[3][3], R4[3][3], T3[3], T4[3];

i nt aa, qq, run_num=0;

R4[0][0] = 1.0; R4[O][1] = 0.0; R4[0][2] = 0.0;
R4[1][0] = 0.0; R4[1][1] = 1.0; R4[1][2] = 0.0;
R4[2][0] = 0.0; R4[2][1] =0.0; R4[2][2] = 1.0;
T4[0] = 0.0; T4[1] = 0.0; T4[2] = 0.0;

T3[0] = 0.0; T3[1] = 0.0; T3[2] = 0.0;

i nt | oop_chk=0;
/1 This guys checks to see if BOLT is flush with the NUT surface
flush_true = 0;
while (contact_set == 1) {
/1 Transpose of the rotation matrix about the X-axis of the CO frane

R3[0][0] = 1.0; R3[O][1] = O.0; R3[0][2] = 0.0;
R3[1][0] = 0.0; R3[1][1] = cos(xroll); R3[1][2] = -sin(xroll);
R3[2][0] = 0.0; R3[2][1] = sin(xroll); R3[2][2] = cos(xroll);
[/ Original rotation matrix about the X-axis of the C frane
MO][O0] =1.0; MO]J[1] = 0.0; MO][2] = 0.0;

M1][0] =0.0; M1][1] = cos(xroll); M1]1[2] = sin(xroll);
M2][0] =0.0;, M2][1] = -sin(xroll); MZ2][2] = cos(xroll);

RAPID Col | ide(R3, T3, bolt2, R4, T4, nut2, RAPID ALL_CONTACTS);
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//Store Tri Contact Pairs
float (*bolt2_contact_tri)[13] = new fl oat[ RAPI D_num contacts][13];
float (*nut2_contact _tri)[13] = new float[ RAPI D num contacts][13];
for (gg=0; qgg < RAPID numcontacts; qq++) {
for (aa=0; aa <= 12; aa++) {
*(*(bolt2_contact_tri + qq) + aa) =
*(*(pb2_tri +RAPID contact[qq].idl) + aa);
*(*(nut2_contact_tri + qq) + aa) =
*(*(pn2_tri +RAPID contact[qq].id2) + aa);
}
}
//Determine if nultiple contacts exi st
nmul t _contact (RAPI D num contacts, R3, T3, bolt2 contact _tri,
nut2_contact_tri, R1, phi);

delete [] bolt2 contact _tri;
delete [] nut2_contact_tri;
}//1End of "2nd Contact Point" \Wile Loop

del ete bolt2;
del et e nut 2;
delete [] pb2_tri;
delete [] pn2_tri;

double rad_to_Cl, rad_to_C2, stor_x, stor_y, stor_z, stor_x_t, stor_y_t;
double stor_z_t, TX TY, TZ, CMAG, PTx, PTy, PTz, t P1, t P2, xf, m
if (flush_true !'=1) {//We naintain the first contact point
/! Rearrange the contact information so X0, YO, ZO
//represent the origin of the CO frame
rad_to Cl = sqrt(powmx_t[0],2) + pow(y_t[0],2) + powm(z_t[0],2));
rad_to_C2 = sqrt(pow(x_t[1],2) + pow(y_t[1],2) + pow(z_t[1],2));
if (rad_to Cl > rad _to_C2) {
stor_x_t x_t[0];
stor_y_t y t[0];
stor_z_t z_t[0];
stor_x x[ 0] ;
stor_y = y[0];
stor_z z[ 0] ;
x_t[0] x_t[1];
y_t[0] =y_t[1];
z_t[0] z_ t[1];
x[ 0]
y[ 0]
z[ 0]
x_t[1]
y_t[1]
z_t[1]
x[ 1]
y[ 1]
z[ 1]

oo
<
—
=

stor_x_t;
stor_y t;
stor_z t;
stor_x;
stor_y;
stor_z;

/1 Conpute the direction cosines of the X-axis in the PO frame
CVAG = sqrt(pow(x_t[1],2) + pow(y_t[1],2) + pow(z_t[1],2));

PTx = x_t[1]/CVAG
PTy = y_t[ 1]/ CVAG
PTz = z_t[ 1]/ CVAG

} else if (flush_true == 1) {
//We are flush with surface and | ose our first contact point

TX = x[1] - x[0];
TY = y[1] - y[O];
TZ = z[1] - z[O0];

CMAG = sqrt(pow(TX, 2) + pow(TY,2) + powm(TZ 2));
PTx = TX/ CVAG
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PTy
PTz

TY/ CVAG
TZ/ CVAG,

}

/1 These two paranmeters are used to deternmine the direction of rotation
m = (y[1] - y[0])/(x[1] - x[O]);

xf = x[0] - y[0]/m

if (flush_true == 1) {//W lose first contact point
if ((x[0] >=0.0) & (y[0] >=0.0)) {//CPO is in Quadrant |
tP1 = -acos(PTx/ (sin(acos(PTz))));
if (xf >=0.0) {//Xp intersets pos Xf
if (m<0.0) {//slope of Xp line is neg
if ((x[1] < 0.0) & (y[1] >=0.0)) {//CP1 is in Quadrant Il
tP1 = acos(PTx/(sin(acos(PTz))));

}

}

}
} else if ((x[0] <0.0) & (y[0] >= 0.0)) {//CPO is in Quadrant 11
tP1 = -acos(PTx/ (sin(acos(PTz))));
if (xf <0.0) {//Xp intersects the neg Xf
if (m>=0.0) {//slope of Xp line is pos
if ((x[1] >=0.0) && (y[1] >= 0.0)) {//CP1l is in Quadrant |
tP1 = acos(PTx/(sin(acos(PTz))));
}

}

}
} elseif ((x[0] <0.0) & (y[0] < 0.0)) {//CPO is in Quadrant |11
tP1 = acos(PTx/(sin(acos(PTz))));
if (xf <0.0) {//Xp intersects the neg Xf
if (m<0.0) {//slope of Xp line is neg
if ((x[1] >=0.0) && (y[1] < 0.0)) {//CP1 is in Quadrant IV
tP1 = -acos(PTx/ (sin(acos(PTz))));
}

}

}
} elseif ((x[0] >=0.0) & (y[0] < 0.0)) {//CPO is in Quadrant |V
tP1 = acos(PTx/(sin(acos(PTz))));
if (xf >=0.0) {//Xp intersects the pos Xf
if (m>=0.0) {//slope of Xp line is pos
if ((x[1] >=0.0) & (y[1] < 0.0)) {//CP1 is in Quadrant IV
tP1 = -acos(PTx/ (sin(acos(PTz))));
}

}
}

} else if (flush_true I'=1) {//We maintain initial contact point
//Calculate the two rotation angles to line
[lup the X-axis of the CO frane with the X-axis of the PO frane.
if (PTx == 0.0) {
if ((acos(PTy) > 0.0) && (acos(PTy) < pi/2.0)) {
tP1 = pi/2.0;
} else if ((acos(PTy) > pi/2.0) && (acos(PTy) < pi)) {
tP1 = -pi/2.0;

}
} elseif (PTx !'=0.0) {
if (acos(PTy) > pi/2.0) {
tP1 = -acos(PTx/ (sin(acos(PTz))));
} else if (acos(PTy) <= pi/2.0) {
tP1 = acos(PTx/(sin(acos(PTz))));
}

}

}
tP2 = acos(PTz) - pi/2.0;



P[0][0] = cos(tP2)*cos(tPl); P[0][1] = cos(tP2)*sin(tPl);
P[O][2] = -sin(tP2); P[1][0] = -sin(tPl);

P[1][1] = cos(tPl); P[1]1[2] = 0.0;

P[2][0] = sin(tP2)*cos(tPl); P[2][1] = sin(tP2)*sin(tPl);
P[2][2] = cos(tP2);

/'l Create new nodel s that define the current position
//of the BOLT and NUT as viewed fromthe PO franme
RAPI D _nodel *bolt3 = new RAPI D _nodel ;
RAPI D_nodel *nut3 = new RAPI D_nodel ;
float (*pb3_tri)[13] = new float[bfacets][13];
float (*pn3_tri)[13] = new float[nfacets][13];
if (flush_true == 1) {
//We are flush with the surface, hence TANG frame is not preserved
special _third(Rl, T1, bolt3, pb3_tri, pb_tri, nut3, pn3_tri, pn_tri,
xroll, phi);
} elseif (flush_true I'= 1) {
//We are not flush with the surface, hence TANG frane is preserved
third_nodel _i nput (Rl, T1, bolt3, pb3_tri, pb_tri, nut3, pn3_tri,
pn_tri, xroll);

}
TEETETEEEr i rrrrrrrrrirrnd
/ /Wl come to the Pivot Axis Direction of Rotation Al gorithn/
TEETETEEErr i rrrrrrrrrrnd
rate = 0.01;//Rate of rotation about the X-axis of the PO frame per step
if ((x[0] >=0.0) & (y[0] >= 0.0)) {//CPO is in QUAD I
if (xf >=0.0) {//Xp-Axis INT POS Xf-Axis
if (m<0.0) {
/1Sl ope of Xp-Axis is negative as viewed fromthe FIXED-frame
if ((x[1] <0.0) & (y[1] >= 0.0)) {//NEG rot about the Xp-Axis
psi_step = -rate;
} elseif ((x[1] >=0.0) && (y[1] < 0.0)) {
/1 PCS rot about the Xp-Axis
psi _step = rate;

}
} elseif (m>=0.0) {

if (y[1] <0.0) {
psi _step = rate;

}
} else if (xf <0.0) {//Xp-Axis | NT NEG Xf-Axis
if (m>=0.0) {
if (x[1] < 0.0) {
psi_step = -rate;

}

}
} elseif ((x[0] <0.0) & (y[0] >=0.0)) {//CPO is in QUAD II
if (xf >=0.0) {
if (m<0.0) {
if (x[1] >= 0.0) {
psi_step = rate;

}
} elseif (xf <0.0) {
if (m<0.0) {
if (y[1] < 0.0) {
psi_step = -rate;

} elseif (m>=0.0) {
if (x[1] < 0.0) {
psi_step = -rate;
} elseif (x[1] >= 0.0) {
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psi _step = rate;
}
}

}
} else if ((x[0] <0.0) & (y[0] < 0.0)) {//CPO is in QUAD III
if (xf >=0.0) {
if (m>=0.0) {
if (x[1] >= 0.0) {
psi _step = -rate;
}

}
} elseif (xf <0.0) {
if (m< 0.0 {
i f ((_x[l] < 0.0) & (y[1] >=0.0)) {

psi _step = rate;
} elseif (y[1]] <0.0) {
psi _step = -rate;

}
} elseif (m>=0.0) {
if (y[1] >= 0.0) {
psi_step = rate;

}

}
} else if ((x[0] >=0.0) & (y[0] < 0.0)) {//CPO is in QUAD IV
if (xf >=0.0) {
if (m<0.0) {
if (y[1] >=
psi _step
}

} elseif (m>=0.0) {
if ((x[1] >=0.0) && (y[1] >= 0.0)) {

I o

.0) {
-rate;

psi_step = -rate;
} elseif (y[1]] < 0.0) {
psi_step = rate;

}

}
} elseif (xf <0.0) {
if (m< 0.0 {
if (x[1] < 0.0) {
psi _step = rate;
}

}
}
}

//**********************************I/

[/ Perform 3rd Contact Point Analysis//
//**********************************I/
double TP[] ={ 0.0, 0.0, 0.0 };
psi = 0.0;
while (third_pt == 0) {

psi = psi + psi_step*pi/ 180.0;

/W already took the transpose of XP

XP[0][0] = 1.0; XP[0O][1] = 0.0; XP[0][2] = 0.0;
XP[1][0] = 0.0; XP[1][1] = cos(psi); XP[1][2] = -sin(psi);
XP[2][0] = 0.0; XP[2][1] = sin(psi); XP[2][2] = cos(psi);

RAPI D Col lide(XP, TP, bolt3, R4, T4, nut3, RAPID ALL_CONTACTS);
//Store Tri Contact Pairs

float (*bolt3_contact_tri)[13] = new fl oat[ RAPI D_num contacts][13];
float (*nut3_contact _tri)[13] = new float[ RAPI D_num contacts][13];
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for (gg=0; qq < RAPID num contacts; qg++) {
for (aa=0; aa <= 12; aa++) {
*(*(bolt3 contact _tri + gqq) + aa) =
*(*(pb3_tri +RAPI D _contact[qq].idl) + aa);
*(*(nut3_contact _tri + qgq) + aa) =
*(*(pn3_tri +RAPI D_contact[qq].id2) + aa);
}

/1 Group the triangle sets for the 3 Contact Points
contact _gr oup( RAPI D_num cont act s, bol t 3_contact _tri,nut3_contact_tri);
delete [] bolt3 _contact _tri;
delete [] nut3_contact_tri;
}/1End of Wiile Loop

del ete bolt3;
del ete nut 3;
delete [] pb3_tri;
delete [] pn3_tri;

/1l Reset our contact point flags for the next iteration
contact_set = 1;

xroll = 0.0;
step = 0.1;
third_pt = 0;
}//end of IF |oop that checks to see if TILT=PI TCH=0
} // PHASE
} //PITCH
} I/TILT

delete [] pb_tri;
delete [] pn_tri;
del ete bolt;

del ete nut;
return O;

}

doubl e m ni mun(doubl e A, double B, double C

doubl e m n=0;

if ((A<=B) && (A <= 0) {

mn = A

} elseif ((B<A & (B<0) {

mn = B;

} elseif ((C<A & (C<B) {

mn = C

}

return mn;
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voi d stl _reader(int bfacets, int nfacets, float (*pb_tri)[13], float
(*pn_tri)[13], RAPID nodel *bolt, RAPID_nodel *nut)
{

float xb[3],yb[3],zb[3],xn[3],yn[3],zn[3];
float nxb, nyb, nzb, nxn, nyn, nzn;

ifstreambolt _file;
ifstreamnut _file;
bolt_file.open("bv7.stl",ios::in|ios::binary);
nut _file.open("nv6.stl",ios::in|ios::binary);
bolt file.seekg(80, ios::beg);
bolt _file.seekg(sizeof(long int), ios::cur);//Skip bfacets val ue
nut _file.seekg(80, ios::beg);
nut_file.seekg(sizeof(long int), ios::cur);//Skip nfacets val ue
LELEEEEErrrr bbbl
/1 Bolt Facet Input Areal//
LELEEEEErrrr bbbl
bol t - >Begi nModel () ;
for (int a=0; a <= (bfacets-1); a++) {
bolt _file.read((char*)&nxb, sizeof(float));
bolt_file.read((char*)&nyb, sizeof(float));
bolt file.read((char*)&nzb, sizeof(float));

for (int b=0; b <= 2; b++) {
bolt _file.read((char*)&xb[b], sizeof(float));
bolt_file.read((char*)&b[b], sizeof(float));
bolt _file.read((char*)&zb[b], sizeof(float));
}
bolt_file.seekg(2, ios::cur);// Blank read the next 2 bytes so
/1l we can skip to the next facet
if ((zb[0] <= 0.0375) && (zb[1l] <= 0.0375) && (zb[2] <= 0.0375)) {
/1 Each pX[3] is a vertex
doubl e pO[ 3] { xb[O0], yb[O], zb[O] };
doubl e p1[ 3] { xb[1], yb[1], zb[1] };
doubl e p2[ 3] { xb[2], yb[2], zb[2] };

bol t - >AddTri (p0, pl, p2, bcount); /] Adding facet to RAPID

*(*(pb_tri+bcount)+(0)) (float)bcount;// Triangle |D#

*(*(pb_tri+bcount)+(1)) = nxb; /1 Normal X
*(*(pb_tri+bcount)+(2)) = nyb; /1l Normal Y
*(*(pb_tri+bcount)+(3)) = nzb; /'l Normal Z

int e = 3;

for (int d=0; d <= 2; d++) {
*(*(pb_tri+bcount) +(1+e)) xb[d]; // *(pb_tri+a) is the row

*(*(pb_tri+bcount) +(2+e)) yb[d]; // and (1+e) is the colum

*(*(pb_tri+bcount) +(3+e)) zb[d]; // initially *pb_tri points to

e += 3; /'l row zero.

}

bcount ++;
}

}

FELEEEEEEEr b rrrnd

/1 Nut Facet Input Area //

LELELEEEErr b rrnnd

nut - >Begi nMbdel () ;

for (int f=0; f <= (nfacets-1); f++){
nut _file.read((char*)&nxn, sizeof(float));
nut _file.read((char*)&nyn, sizeof(float));
nut_file.read((char*)&nzn, sizeof(float));
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for (int g=0; g <= 2; g++){
nut _file.read((char*)&n[g], sizeof(float));
nut file.read((char*)&yn[g], sizeof(float));
nut _file.read((char*)&n[g], sizeof(float));
}

nut _file.seekg(2, ios::cur);

if ((zn[0] >= 0.025) &&% (zn[1] >= 0.025) &&% (zn[2] >= 0.025)) {
doubl e p3[ 3] { xn[0], yn[0], zn[O] };
doubl e p4[ 3] { xn[1], yn[1], zn[1] };
doubl e p5[ 3] { xn[2], yn[2], zn[2] };

nut - >AddTri (p3, p4, p5, ncount);
*(*(pn_tri+ncount)+(0)) (float)ncount;// Triangle |D#

*(*(pn_tri+ncount)+(1)) = nxn; /1 Normal X
*(*(pn_tri+ncount)+(2)) = nyn; /'l Normal Y
*(*(pn_tri+ncount)+(3)) = nzn; /'l Normal Z

int j = 3;
for (int d=0; d <= 2; d++) {

*(*(pn_tri+ncount)+(1+j)) = xn[d];
*(*(pn_tri+ncount)+(2+j)) = yn[d];
*(*(pn_tri+ncount)+(3+j)) = zn[d];
=3

}

ncount ++

}
}

cout << "done\n" << flush;

cout << "Bolt has " << bfacets << " and the Nut has " << nfacets
<< " facets\n" << flush;

cout << "Building hierarchies..." << flush

bol t - >EndMbdel ()

nut - >EndMbdel () ;

cout << "done.\n" << flush

cout << bcount << " " << ncount << endl

bolt _file.close();

nut_file.close();
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double init_collision_detect(double Ro[][3], double Th[], RAPID nodel *bolt,
double Rn[][3], double Tn[], RAPID nodel *nut, int
bcount, float (*pb_tri)[13])

{
doubl e ep=0.01, ZM N=1.0, zl1, z2, z3;
for (int row=0; row <= bcount-1; row++) {
z1 = *(*(pb_tri+row)+(4))*Rb[2][0] + *(*(pb_tri+row)+(5))*Rb[2][1] +
“(*(pb_tri+row +(6))*Rb[2][2];
z2 = *(*(pb_tri+row)+(7))*Rb[2][0] + *(*(pb_tri+row)+(8))*Rb[2][1] +
“(*(pb_tri+row) +(9))*Rb[2][2];
z3 = *(*(pb_tri+row)+(10))*Rb[2][0] + *(*(pb_tri+row)+(11))*Rb[2][1] +
“(*(pb_tri+row) +(12)) * Rb[2][2];
if ((z1 <= z2) && (z1 <= z3) && (z1 <= ZMN)) {
ZMN = z1;
} else if ((z2 <z1) && (z2 <= 23) && (z2 <= ZMN)) {
ZMN = z2;
} else if ((z3 <1z1) && (z3 < z2) && (23 <= ZMN)) {
ZM N = z3;
} }
Tb[2] = 0.050001 - ZMN; //Solve for T1[2] in transformati on equation
//Find translation in the pos. Z-axis that nmininzes the # of contact pairs
for (int i=0; i<=3; i++) {
ep = ep/10.0;
RAPI D _Col I'i de(Rb, Tb, bolt, Rn, Tn, nut, RAPI D _FI RST_CONTACT);
whil e (RAPI D numcontacts == 0) ({
Tb[2] = Tb[2] - ep;
RAPI D _Col I'i de(Rb, Th, bolt, Rn, Tn, nut, RAPI D _FI RST_CONTACT);
}
Tb[2] = Tb[2] + ep;
Tb[2] = Tb[2] - ep;
return Tbh[2];
}
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doubl e contact _poi nt(int counter,

{

float (*nut)[13])

double R[][3],

h++) {//start at O,

NUT ref.

+ 4+ 4+ +++ 4+

frame
zlenp*R{ 0] [ 2]
z2cnp*R{ 0] [ 2]
z3cnp*R[ 0] [ 2]
zlenp*R{ 1] [ 2]
z2cnp*R{ 1] [ 2]
z3cnmp*R[ 1] [ 2]
zlenp* R 2] [ 2]
z2cnmp*R[ 2] [ 2]
z3cnmp* R 2] [ 2]

double T[],

+ 4+ 4+ +++ 4+

float (*bolt)[13],

x1lcnp, x2cnp, x3cnp, ylcnp, y2cnp, y3cnp, zlcnp, z2cnp, z3cnp;

b icrd, b_jcrd, b_kcrd, MAGL, MAG, MAG3, MAGCL, MAGC2, MAGC3;
n_kcrd, nMAGL, nMAG2, nMAG3, nMAGC1, nMAGC2, nMAGC3;
line_magl O,line_mag2_0,line_magl 1,1ine_mag2_1, bolt_nag;

Xi , Zi , Kb, Kn, MK, My, Mz, BCX[ 2], BCY[ 2], BCZ[ 2], NCX[ 2], NCY[ 2] , NCZ[ 2] ;

is the #of contact pairs

so we end at counter-1

T[0];
T[O];
T[0];
T[1];
T1];
T[1];
T 2];
T[2];
T 2];

vector to the Bolt and Nut via Cross Product

( BY3- BY1) * ( BZ2- BZ1) ;
( BX2- BX1) * ( BZ3- BZ1) ;
( BX3- BX1) * ( BY2- BY1) ;

(NY3- NY1) * (NZ2- NZ1) ;
( NX2- NX1) * ( NZ3- NZ1) ;
( NX3- NX1) * ( NY2- NY1) ;

doubl e BX1, BX2, BX3, BY1, BY2, BY3, BZ1, BZ2, BZ3;
doubl e NX1, NX2, NX3, NY1, NY2, NY3, NZ1, NZ2, NZ3;
doubl e
doubl e
double n_icrd, n_jcrd,
doubl e
double Ilc_thetal_O,lc_theta2_0,lc_thetal_1,lc_theta2_1;
doubl e
doubl e XC1, YC1, ZC1, XC2, YC2, ZC2, XC3, YC3, ZC3;
doubl e nXCl, nYC1, nZCl, nXC2, nYC2, nZC2, nXC3, nYC3, nZC3;
doubl e nl1Mk, n2MK, N3MK;
double <c_theta_1,c_theta_2,c_theta_3;
double nc_theta_1,nc_theta_2,nc_theta_3;
doubl e mi dpoi nt_x=0. 0, ni dpoi nt _y=0. 0, ni dpoi nt _z=0. 0;
i nt numtri=counter;//counter
for (int h=0; h<=counter-1;

xlcnp = *(*(bolt + h) +4);

ylcmp = *(*(bolt + h) +5);

zlcnmp = *(*(bolt + h) +6);

x2cnp = *(*(bolt + h) +7);

y2cnmp = *(*(bolt + h) +8);

z2cmp = *(*(bolt + h) +9);

x3cnmp = *(*(bolt + h) +10);

y3cnmp = *(*(bolt + h) +11);

z3cnp = *(*(bolt + h) +12);

/1 Convert BOLT tri coords into the

BX1 = x1cnmp*R[0][0] + ylcnmp*R[0][1]

BX2 = x2cnp*R[0][0] + y2cnp*R{ 0] [1]

BX3 = x3cmp*R[0][0] + y3cnmp*R[ 0] [ 1]

BY1 = xlcmp*R[ 1][0] + ylcnp*R[1][ 1]

BY2 = x2cmp*R[ 1][0] + y2cnp*R[ 1] [ 1]

BY3 = x3cmp*R[ 1][0] + y3cnp*R[ 1] [ 1]

BZ1 = x1lcmp*R[2][0] + ylcnp*R[ 2][1]

BZ2 = x2cmp*R[2][0] + y2cnp*R[ 2][ 1]

BZ3 = x3cmp*R[2][0] + y3cnp*R[ 2][1]

NX1 = *(*(nut + h) +4);

NY1l = *(*(nut + h) +5);

NZ1 = *(*(nut + h) +6);

NX2 = *(*(nut + h) +7);

NY2 = *(*(nut + h) +8);

NZz2 = *(*(nut + h) +9);

NX3 = *(*(nut + h) +10);

NY3 = *(*(nut + h) +11);

NZ3 = *(*(nut + h) +12);

[/ Qbtain the normal

b_icrd = (BY2-BY1l)*(BzZ3-BZ1) -

b_jcrd = (BX3-BX1)*(Bz2-BZ1) -

b_kcrd = (BX2-BX1)*(BY3-BY1) -

n_icrd = (NY2-NY1)*(NZ3- NZ1) -

n_jcrd = (NX3-NX1)*(NZ2- NZ1) -

n_kcrd = (NX2- NX1) * ( NY3- NY1) -

/1 Sonme constants to nmake |ife easier

Kb = b_icrd * BX1 + b_jcrd * BYl + b_kcrd * BZ1;
Kn = n_icrd * NX1 + n_jcrd * NY1 + n_kcrd * NzZ1;
/| Conponents of the direction vector M
b_kcrd * n_jcrd;
b_icrd * n_kcrd;

M = b_jerd * n_kecrd -
b_kcrd * n_icrd -

Ny:
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M = b_icrd * njcrd - b_jerd * n_icrd;

/I More constants -- yet life isn't any easier

Zi (n_icrd*Kb - b_icrd*Kn)/ M;

Xi (b_kcrd*Kn - n_kcrd*Kb)/(n_icrd*b_kcrd - b_icrd*n_kcrd);

/1 The 3 contact points that occur between the edges of the BOLT tri and //the
line. Also known as bcl, bc2 and bc3
ZC1 = ((M*(BZ3-BZ1))/ ( Mk*(BZ3-BZ1) - Mz* ( BX3- BX1))) *

(Zi + (Mz/ MK)*(BX1- Xi - BZ1* ( BX3- BX1) / ( BZ3- BZ1) ) ) ;

YCL = BYL + (BY3-BY1)*(ZCl-Bz1)/ (BZ3- BZ1);
XCl = BX1 + (BX3-BX1)*(ZCl-Bz1)/(BZ3- BZ1);
ZC2 = ((MK*(BZ3-BZ2))/ ( Mk*( BZ3- BZ2) - Mc* ( BX3- BX2))) *
(Zi + (Me/ MK)*(BX2- Xi - BZ2* ( BX3- BX2) / ( BZ3- BZ2))) ;
YC2 = BY2 + (BY3-BY2)*(ZC2- BZ2)/ (BZ3- BZ2)
XC2 = BX2 + (BX3-BX2)*(ZC2- BZ2)/ (BZ3- BZ2);
ZC3 = ((MK*(BZ2- BZ1))/ ( Mk*( BZ2- BZ1) - Me* ( BX2- BX1))) *

(Zi + (Me/ MK)*(BX1- Xi - BZ1* ( BX2- BX1) / ( BZ2- BZ1))) ;
YC3 = BY1l + (BY2-BY1)*(ZC3-Bz1)/ (BZ2- BZ1);
XC3 = BX1 + (BX2-BX1)*(ZC3-Bz1)/(BZz2-Bz1);
/1 Magni tudes of the vectors that nmake up each side of the bolt tri
MAGL = sqrt(pow( (BX3-BX1),2) + pow((BY3-BY1),2) + pow (BZ3-BZz1),2));
sqrt (pow (BX3-BX2),2) + pow( (BY3-BY2),2) + pow (BZ3-BZ2), 2));
sqrt (pow (BX2-BX1),2) + pow( (BY2-BY1),2) + pow (Bz2-Bz1), 2));
/1 Magni tudes of the vectors parallel to the side of the bolt tri
//but drawn to the intersection point, be it bcl, bc2, or bc3

;

MAGCL = sqrt(pow (XCl-BX1),2) + pow( (YCl-BY1l),2) + pow((ZCl-BZ1), 2));
MAGC2 = sqrt (pow( ( XC2-BX2),2) + pow( (YC2-BY2),2) + pow (ZC2-BZ2),2));
MAGC3 = sqrt(pow ( XC3-BX1),2) + pow(YC3-BY1l),2) + pow((ZC3-BZ1), 2));

!/ The angl e between the side of the bolt tri and the intersection point

/1'lf c_theta * is zero, the intersection point occurs in the sane

//direction as the vector which defined the side of the BOLT tri

c_theta_1 = ((BX3-BX1)*(XCl-BX1) +( BY3- BY1) *( YC1- BY1) +( BZ3- BZ1) *( ZCl1- BZ1))
!/ (MAGL* MAGCL) ;

c_theta_2 = ((BX3-BX2)*(XC2- BX2) +( BY3- BY2) * ( YC2- BY2) +( BZ3- BZ2) * ( ZC2- BZ2) )
/| (MAR* MAGC2) ;

c_theta_3 = ((BX2-BX1)*(XC3-BX1) +( BY2- BY1) * ( YC3- BY1) +( BZ2- BZ1) * ( ZC3- BZ1) )
/ (MAG3* MAGC3) ;

/1 The intersection point nay not be on the boundary of the BOLT tri

int i=0, line_check=0;

/1 Check magni tudes of the vectors to isolate the two intersection points.
//Only two points are valid, so line check will be equal to at least 1
/1if there is a nunerical error, line_check is increnented past 1 and this
/ltriangle is dropped fromthe list of contact pairs.

if ((c_theta_l >= 0.0) && (MAGL >= MAGCL)) {

BCX[i] = XCI;
BCY[i] = YCI;
BCZ[i] = ZCl;
i ++:

} elseif ((c_theta_l < 0.0) || (MAGL < MAGCL)) {
| i ne_check++;

}

if ((c_theta 2 >= 0.0) &% (MAG >= MAGC2)) {
BCX[i1] = XC2;
BCY[i] = YC2;
BCZ[i] = zC2;

i ++;
} elseif ((c_theta_2 < 0.0) || (MA& < MAGC2)) {
| i ne_check++;

}
if ((c_theta_3 >= 0.0) &% (MAG3 >= MAGC3)) {
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BCX[i] = XC3;
BCY[i] = YC3;
BCZ[i] = ZC3;
i ++;

} else if ((c_theta_3 <0.0) || (MA& < MAGC3)) {
I i ne_check++;

}

if (line_check >= 2) {
numtri = numtri - 1;
} else if (line_check < 2) {
/1 NUT REDUCTI ON //
if (fabs(Me) >= le-17) {
//We had to check the Z-conponent of the nut tri, because if the //contact
occurs at the surface, NzZ3-Nz1=0 and we will wi nd up
/1dividing by zero
if (fabs(Nz3-Nz1l) <= 1.0e-17) {

nzZCl = Nzi;
NXCL = Xi + (Mk/ M) *(NZ1-Zi);
NYCL = (1.0/(Me*(NX3- NX1)))*( Mz* ( NX3- NX1) *NYL + (NY3- NY1)*

(Mz* ( Xi - NX1) +Mk* (NZ1-Zi )) ) ;
} else if (fabs(Nz3-Nz1) > 1.0e-17) {
nZCl = ((Mk*(NZ3-NZ1))/ ( Mk* (NZ3- NZ1) - Mz* (NX3- NX1) ) ) *(Zi + ( M/ Mk)
*(NX1- Xi - NZ21* ( NX3- NX1) / (NZ3- NZ1)) ) ;

nYCL = NY1 + (NY3-NY1l)*(nzZCl-Nz1)/ (Nz3-Nz1);
nXCL = NX1 + (NX3-NX1)*(nZCl-Nz1)/(Nz3-Nz1);
}
if (fabs(Nz3-Nz2) <= 1.0e-17) {
nZC2 = NZ2;
nXC2 = Xi + (M/ M)*(NZ2-Zi);
nYC2 = (1.0/(Mz*( NX3-NX2)))*( Mz*( NX3- NX2) *NY2 + ( NY3- NY2)*

(Mz*(Xi - NX2) +Mk* (NZ2-Zi)));
} else if (fabs(Nz3-Nz2) > 1.0e-17) {

nZC2 = ((M*(NZ3-Nz2))/( Mk*( NZ3- NZ2) - Mz* (NX3-NX2))) *(zZi + (Mz/ W)
*(NX2- Xi - NZ2* ( NX3- NX2) / (NZ3- Nz2))) ;
nYC2 = NY2 + (NY3-NY2)*(nZC2-NZ2)/ ( NZ3- NZ2) ;
nXC2 = NX2 + (NX3-NX2)*(nzC2-Nz2)/ (Nz3- Nz2);
}
if (fabs(Nz2-Nz1) <= 1.0e-17) {
nZC3 = NZ1;
nXC3 = Xi + (M/M)*(NZ1-Zi);
nYC3 = (1.0/(Mz*( NX2- NX1)))*( Mz* (NX2- NX1) *NY1 + ( NY2- NY1)*

(Mz*(Xi - NX1) +Mk* (NZ1-Zi)));
} else if (fabs(Nz2-Nz1) > 1.0e-17) {

NZC3 = ((MK*(NZ2- NZ1))/ ( Mk* ( NZ2- NZ1) - Mz* (NX2- NX1) ) ) *(Zi + (Me/ MK)
*(NX1- Xi - NZ1* ( NX2- NX1) / ( NZ2- NZ1) ) ) ;

nYC3 = NY1 + (NY2- NY1)*(nZC3- Nz1)/ ( NZ2- NZ1) ;

NXC3 = NX1 + (NX2- NX1)*(nZC3- Nz1) / ( NZ2- NZ1) :

}
} else if (fabs(M) < le-17) {
nlvk = (NX3-NX1);
if (fabs(nlMk) <= 1.0e-17) {
NYCL = (My/ (My* ((NX3- NX1) - Mk* (NY3- NY1) ) ) * ( NYL* ( NX3- NX1) +( NY3- NY1)

“(Xi-NX1));
nXCl = Xi + (M/ My)*nYCL;
nZCl = NZ1;
} else if (fabs(niMk) > 1.0e-17) {
nYCl = (My/ ( My* (NX3- NX1) - Mk* ( NY3- NY1) ) ) * ( NY1* ( NX3- NX1) +( NY3- NY1)
*(Xi-NX1));
nNXClL = Xi + (M/ My)*nYCL,;
nZCl = NZ1 + ((NZ3-NzZ1)/ (NX3-NX1))*(nXCl- NX1);

}
n2Mk = (NX3- NX2);
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}

if (fabs(n2Mk) <= 1.0e-17) {
nYC2 = (My/ ( My* (NX3- NX2) - Mc* (NY3- NY2) ) ) * ( NY2* ( NX3- NX2) +( NY3- NY2)

“(Xi-NX2));
nNXC2 = Xi + (M/ My)*nYC2;
nZC2 = NZ2;
} else if (fabs(n2M) > 1.0e-17) {
nYC2 = (My/ (My* ((NX3- NX2) - Mk* (NY3- NY2) ) ) * ( NY2* ( NX3- NX2) +( NY3- NY2)
*(Xi-NX2));
nxXc2 = Xi + (M/ My)*nYC2;
NZC2 = NZ2 + ((NZ3-Nz2)/ (NX3-NX2))*(nXC2- NX2);

}
n3Mk = (NX2- NX1);
if (fabs(n3MWk) <= 1.0e-17) {
nYC3 = (My/ ( My* (NX2- NX1) - Mk* ( NY2- NY1) ) ) * ( NY1* ( NX2- NX1) +( NY2- NY1)
“(Xi-NX1));
nXC3 = Xi + (M/ My)*nYC3;
nZC3 = NZ1;
} else if (fabs(n3Mk) > 1.0e-17) {
nYC3 = (My/ ( My* (NX2- NX1) - Mk* ( NY2- NY1) ) ) * ( NY1* ( NX2- NX1) +( NY2- NY1)
“(Xi-NX1));
nXxC3
nZC3

Xi + (Mk/ My)*nYC3;
NZ1 + ((NZ2- Nz1)/(NX2- NX1))*(nXC3- NX1);

}

// Magni tudes of the vectors that make up each side of the NUT tri

nMAGL
nMAG2

sqrt (pow (NX3-NX1),2) + pow( (NY3-NY1),2) + pow((NZ3-Nz1), 2));
sqrt (pow (NX3-NX2), 2) + pow( (NY3-NY2),2) + pow((NzZ3-Nz2), 2));

NnMAG3 = sqrt (pow (NX2-NX1),2) + pow( (NY2-NY1),2) + pow((NZ2-Nz1), 2));
// Magni tude of the vectors parallel to the side of the NUT tri but
//drawn to the intersection point

NMAGCL = sqgrt(pow (nXCl-NX1),2) + pow( (nYCl-NY1),2) +

nMAGC2

pow (nZCl-Nz1), 2));
sqrt (pow (nXC2- NX2),2) + pow( (nYC2-NY2),2) +
pow( (nZC2-Nz2), 2));

nMAGC3 = sqrt (pow (nXC3-NX1),2) + pow(nYC3-NYl),2) +

pow (nZC3-Nz1), 2));

/1 Angles that |ocate the orientation of the intersection point and the
/lvector which defines the side of the NUT tri (sane as BOLT anal ysis).
nc_theta_1 = ((NX3-NX1)*(nXCLl-NX1) + (NY3-NY1)*(nYCLl-NY1l) + (NZ3-Nz1)

*(nZCl- Nz1) ) / (nMAGL* nMAGCL) ;

nc_theta 2 = ((NX3-NX2)*(nXC2- NX2) + (NY3-NY2)*(nYC2-NY2) + (NZ3-NZz2)

nc_theta 3

*(nZC2- Nz2) ) / (nMAG2* nMAGC) ;
((NX2- NX1) * (nXC3- NX1) + (NY2- NY1)*(nYC3-NY1) + (Nz2- Nz1)
*(nZC3- Nz1) ) / (nMAG3* NMAGC3) ;

int j=0;
//Only two points will be valid, thus one of these statenents will fail

if

((nc_theta_1 >= 0.0) && (nMAGL >= nMAGCL)) {

NCX[j] = nXcCi,
NCY[j] = nYC1;
NCZ[j] = nZCi,
j ++;

((nc_theta_2 >= 0.0) && (nMA& >= nMAGC2)) {

NCX[j] = nXcz;
NCY[j] = nYC2;
NCZ[j] = nzCz;
j ++;

((nc_theta_3 >= 0.0) && (nMAG3 >= nMAGC3)) {

NCX[j] = nXCs;
NCY[j] = nYC3;
NCZ[j] = nZCs;
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j ++;
}

[/ Magni tude of the |line segment bounded by the sides of the BOLT tri
bolt _mag = sqrt (pow (BCX[ 1]-BCX[0]),2) + pow (BCY[1]-BCY[0]),2) +
pow( (BCZ[ 1] - BCZ[0]), 2));
/1 Defines the mag. of the vector drawn frombcl to ncl
line_magl_0 = sqgrt(pow((NCX[0]-BCX[0]),2) + pow (NCY[O]-BCY[0]),2) +
pow( (NCZ[ 0] - BCZ[ 0] ), 2));
/I Defines the mag. of the vector drawn frombcl to nc2
line_mag2 0 = sqrt(pow((NCX[ 1]-BCX[0]),2) + pow((NCY[1]-BCY[0]),2) +
pow( (NCZ[ 1] - BCZ[0]), 2));
/1 Angl e between the vector frombcl to ncl and vector frombcl to bc2
lc_thetal 0 = ((BCX[1]-BCX[ 0])*(NCX[0]-BCX[0]) + (BCY[1]-BCY[0])
*(NCY[ 0] -BCY[0]) + (BCZ[1]-BCZ[0])
*(NCZ[0]-BCZ[0]))/ (bol t _mag*li ne_magl_0);
/1 Angl e between the vector frombcl to nc2 and vector frombcl to bc2
lc_theta2_0 = ((BCX[1]-BCX[ 0])*(NCX[ 1]-BCX[0]) + (BCY[1]-BCY[0])
*(NCY[ 1] -BCY[0]) + (BCZ[1]-BCZ[0])
*(NCZ[ 1] -BCZ[ 0] ) )/ (bol t _mag*l i ne_mag2_0);
/I Defines mag of the |line segnent drawn frombc2 to ncl
line_magl 1 = sqrt(pow((NCX[0]-BCX[1]),2) + pow((NCY[0]-BCY[1]),2) +
pow( (NCZ[ 0] - BCZ[ 1] ), 2) ) ;
/1 Defines mag of the line segnent drawn frombc2 to nc2
line_mag2_1 = sqrt(pow( (NCX[1]-BCX[1]),2) + pow (NCY[1]-BCY[1]),2) +
pow( (NCZ[ 1] - BCZ[ 1]), 2));
/1 Angl e between the vector frombc2 to ncl and vector frombcl to bc2
lc_thetal 1 = ((BCX[0]-BCX 1])*(NCX[0]-BCX[1]) + (BCY[O0]-BCY[1])
*(NCY[ 0] -BCY[1]) + (BCZ[0]-BCZ[1])
*(NCZ[0]-BCZ[ 1] ))/ (bol t _mag*l i ne_magl_1);
/1 Angl e between the vector frombc2 to nc2 and vector frombcl to bc2
lc_theta2_1 = ((BCX[0]-BCX[ 1])*(NCX[ 1]-BCX[1]) + (BCY[0]-BCY[1])
*(NCY[ 1] -BCY[1]) + (BCZ[0]-BCZ[1])
*(NCZ[ 1] -BCZ[ 1] ))/ (bol t _mag*l i ne_mag2_1);

/1 The following mnimzes the length of the |line segnent
//First up is the Type |I BOLT/NUT contact configuration
if ((lc_thetal 0 <= 0.0) && (lc_theta2_ 0 > 0.0)) {
if ((bolt_mag >= line_mag2_0)) {
m dpoi nt _x = midpoint_x + (NCX[1] + BCX[0])/2.0;
m dpoint_y = midpoint_y + (NCY[1] + BCY[0])/2.0;
m dpoint_z = midpoint_z + (NCZ[1] + BCZ[0])/2.0;

}
} elseif ((lc_theta2_ 0 <= 0.0) & (lc_thetal 0 > 0.0)) {
if ((bolt_mag >= line_magl 0)) {
m dpoi nt _x = midpoint_x + (NCX[0] + BCX[0])/2.0;
nm dpoi nt _y m dpoint_y + (NCY[0] + BCY[0])/2.0;
nm dpoi nt _z m dpoint_z + (NCZ[0] + BCZ[0])/2.0;

}
} elseif ((lc_thetal 1 <= 0.0) & (lc_theta2_1 > 0.0)) {
if ((bolt_mag >= line_mag2_ 1)) {
m dpoi nt _x = midpoint_x + (NCX[1] + BCX[1])/2.0;
nm dpoi nt _y mdpoint_y + (NCY[1] + BCY[1])/2.0;
nm dpoi nt _z mdpoint_z + (NCZ[1] + BCZ[1])/2.0;

}
} elseif ((lc_theta2_1 <= 0.0) & (lc_thetal 1 > 0.0)) {
if ((bolt_mag >= line_magl 1)) {
m dpoi nt _x = midpoint_x + (NCX[0] + BCX[1])/2.0;
nm dpoi nt _y m dpoint_y + (NCY[0] + BCY[1])/2.0;
nm dpoi nt _z m dpoint_z + (NCZ[0] + BCZ[1])/2.0;

}

}
/1 Type Il BOLT/ NUT contact configuration
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if ((lc_thetal 0 > 0.0) && (lc_theta2 0 > 0.0) &&
(bolt_rmag >= line_magl_0) && (bolt_mag >= line_mag2_0)) {
m dpoint_x = midpoint_x + (NCX[0] + NCX[1])/2.0;

m dpoint _y = midpoint_y + (NCY[0] + NCY[1])/2.0;
mdpoint_z = midpoint_z + (NCZ[0] + NCZ[1])/2.0;
}
/1 Type 11l BOLT/NUT contact configuration

if ((lc_thetal 0 < 0.0) & (lc_theta2_0 > 0.0) &&
(lc_thetal 1 > 0.0) & (lc_theta2_1 < 0.0)) {

m dpoi nt _x = midpoint_x + (BCX[0] + BCX[1])/2.0;
m dpoint_y = midpoint_y + (BCY[0] + BCY[1])/2.0;
m dpoint_z = midpoint_z + (BCZ[0] + BCZ[1])/2.0;

} else if ((lc_thetal 0 > 0.0) & (lc_theta2_ 0 < 0.0) &&
(lc_thetal 1 < 0.0) & (lc_theta2_1 > 0.0)) {

m dpoi nt _x = midpoint_x + (BCX[0] + BCX[1])/2.0;
m dpoint_y = midpoint_y + (BCY[0] + BCY[1])/2.0;
m dpoint_z = midpoint_z + (BCZ[0] + BCZ[1])/2.0;

}
[/ Type |V BOLT/ NUT contact configuration
if ((lc_thetal 0 > 0.0) && (lc_theta2_ 0 > 0.0) &&
(lc_thetal 1 < 0.0) & (lc_theta2_1 < 0.0)) {

m dpoint_x = midpoint_x + (BCX[0] + BCX[1])/2.0;
m dpoi nt _y = midpoint_y + (BCY[0] + BCY[1])/2.0;
mdpoint_z = midpoint_z + (BCZ[0] + BCZ[1])/2.0;

} elseif ((lc_thetal 0 < 0.0) & (lc_theta2_0 < 0.0) &&
(lc_thetal 1 > 0.0) & (lc_theta2_1 > 0.0)) {
m dpoi nt _x = midpoint_x + (BCX[0] + BCX[1])/2.0;
m dpoint_y = midpoint_y + (BCY[0] + BCY[1])/2.0;
m dpoint _z = midpoint_z + (BCZ[0] + BCZ[1])/2.0;

}// end of else if in line_check
} I/ end of for |oop
//Store the midpoint of the |ine segnment in menory
nm dpoi nt[ 0] = nidpoi nt_x/(double)numtri;
m dpoi nt[1] = midpoint _y/ (doubl e)numtri;
m dpoi nt[2] = midpoint_z/(double)numtri;
return O;
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doubl e bolt_surf(double R1[][3], double xc, double yc, double zc, double zb,
int b)
{

doubl e b_max 0. 12445, rr=0.005, crr=0.0025;//MAX BOLT radi us

double b_mn 0.12445 - 5.0*%(0.05)*sqrt(3.0)/16.0;//M N BOLT radi us
double K = sqgrt(3.0)*0.05/(2.0*pi), L = 0.05/(2.0*pi);//Constants

double Tb_ i, Tb_j, Th_k, mag_Tb;//Vector Conponents of BOLT tangent vector
double theta, angle, ang_ini, theta_ini=0.0;

/I First, convert contact point into the BOLT reference frane

| oc_xc = R1[0][ 0] *xc + R1[1][0]*yc + R1[2][0]*zc - R1[2][0] *zb;
loc_yc = R[0][1]*xc + R1[1][1]*yc + R1[2][1]*zc - RL1[2][ 1] *zb;
loc_zc = R1[0][2] *xc + RI[1][2]*yc + R1[2][2]*zc - R1[2][2]*zb;

/1 Conput e the angul ar | ocation of the contact

if ((loc_xc >=0.0) && (loc_yc >= 0.0)) { /1 Quadrant |
angl e = atan(loc_yc/loc_xc);

} elseif ((loc_xc < 0.0) & (loc_yc >=0.0)) { /1l Quadrant 11
angle = pi + atan(loc_yc/loc_xc);

} else if ((loc_xc < 0.0) & (loc_yc < 0.0)) { /1l Quadrant 111
angle = pi + atan(loc_yc/loc_xc);

} else if ((loc_xc >= 0.0) & & (loc_yc < 0.0)) { /1 Quadrant |V
angle = 2.0*pi + atan(loc_yc/loc_xc);

if (b ==0) { // Contact occurs above the base of the bolt
cout << "No BASE triangles" << endl;
/I Rotate cross-section of the BOLT counter-cl ockw se
/] because we are going up a right-handed thread
angle = angle + | oc_zc*2. 0*pi /0. 05;
if (angle > 2.0%*pi) {
angle = angle - 2.0*pi;

}
Th_k = 0.05/(2.0%pi);

} elseif (b !=0) {//Contact occurs at an edge with includes the Base
Tb_k = 0.0;

}

/ /Wl come to the tangent vector determ nation based on the cross sections
//defined in Chapter 2

theta = angl e*180. 0/ pi ;

if ((theta >= 0.0) && (theta <= 34.14202146)) {//+ Fl ank

ang_ini = 62.76952127*pi/180. 0;

Tb_i = -K*cos(angle) - (b_nmax - 0.5*crr - K*(angl e+ang_ini))*sin(angle);

Tb_j = -K*sin(angle) + (b_max - 0.5*crr - K*(angl e+ang_ini))*cos(angle);

} else if ((theta > 34.14202146) && (theta <= 65.31893600)) {//+ Root Fillet

ang_ini = 34.14202146*pi/ 180. 0;

Tb_i = -(L*(sqrt(3)*rr/2.0 -L*(angl e-ang_ini))*cos(angle))/sqrt(powrr, 2)-
pow((sqrt(3)*rr/2.0 -L*(angle-ang_ini)),2)) - (b_mn + rr —
sqrt(powmrr,2)-pow (sqrt(3)*rr/2.0 -L*(angl e-

ang_ini)),2)))*sin(angl e);

Tb_j = -(L*(sqgrt(3)*rr/2.0 -L*(angle-ang_ini))*sin(angle))/sqrt(powrr, 2)-
pow((sqrt(3)*rr/2.0 -L*(angle-ang_ini)),2)) + (b_mn + rr —
sqrt(powrr,2)-pow(sqrt(3)*rr/2.0 -L*(angl e-
ang_ini)),2)))*cos(angle);

} elseif ((theta > 65.31893600) && (theta <= 113.74971662)) {// Root

Tb_i = -b_m n*sin(angl e);

Tb_j = b_min*cos(angle);

} else if ((theta > 113.74971662) && (theta <= 144.92663116)) {//- RF

ang_ini = 113.74971662*pi/180. 0;

Th_i = (powL, 2)*(angl e-ang_ini)*cos(angle))/sqrt(powmrr, 2)

-pow(L, 2) *pow( (angl e-ang_ini),2)) - (b_mn + rr - sqgrt(pow(rr,2) —
pow( L, 2) *pow (angl e-ang_ini), 2)))*sin(angle);

Tb_j = (powM L, 2)*(angl e-ang_ini)*sin(angle))/sqrt(powmrr, 2)-
pow(L, 2)*pow (angle-ang_ini),2)) + (b_mn + rr - sqgrt(powrr,2) —
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pow( L, 2) *pow (angl e-ang_ini), 2)))*cos(angl e);
} else if ((theta > 144.92663116) && (theta <= 241.83817389)) {//- Flank
ang_ini = 144.92663116*pi/ 180. 0;
Tb_i = Kr*cos(angle) - (b_min + 0.5*rr + K*(angl e-ang_ini))*sin(angle);
Tb_ j = K*sin(angle) + (b_mn + 0.5*rr + K*(angl e-ang_ini))*cos(angle);
} else if ((theta > 241.83817389) && (theta <= 257.42663116)) {//- CF
ang_ini = 241.83817389*pi/ 180. 0;
Tb_i = (L*(sqgrt(3)*crr/2.0 -L*(angl e-ang_ini))*cos(angle))
I'sgrt(pow(crr,2)-powm (sqrt(3)*crr/2.0 -L*(angle-ang_ini)),2)) -
(b_max - crr + sqgrt(pow(crr,2)-pow(sqrt(3)*crr/2.0 -L*(angl e-
ang_ini)),2)))*sin(angl e);
Tb_j = (L*(sqgrt(3)*crr/2.0 -L*(angle-ang_ini))*sin(angle))
/sqgrt(pow(crr,2)-pow((sqgrt(3)*crr/2.0 -L*(angle-ang_ini)),2)) +
(b_max - crr + sqrt(powcrr,2)-powm (sqrt(3)*crr/2.0 -L*(angl e-
ang_ini)),2)))*cos(angle);
} else if ((theta > 257.42663116) && (theta <= 281.64202146)) {// Crest
Tb_i = -b_max*sin(angle);
Tb_j = b_max*cos(angle);
} else if ((theta > 281.64202146) && (theta <= 297.23047873)) {//+ CF
ang_ini = 281.64202146*pi/ 180. 0;
Tb_i = -(pow(L, 2)*(angl e-ang_i ni)*cos(angle))/sqrt(powcrr, 2)
-powm L, 2) *pow( (angl e-ang_ini),2)) - (b_max - crr + sqrt(powcrr, 2)
- pow(L, 2)*pow (angl e-ang_ini), 2)))*sin(angle);
Tb_j = -(pow(L, 2)*(angl e-ang_ini)*sin(angle))/sqrt(powcrr, 2)-
powm L, 2) *pow (angl e-ang_ini),2)) + (b_max - crr + sqrt(powcrr, 2)
- pow L, 2)*pow((angl e-ang_ini),2)))*cos(angl e);
} else if ((theta > 297.23047873) && (theta <= 360.0)) {//+ Flank
ang_ini = 297.23047873*pi/ 180. 0;
Tb_i = -Kr*cos(angle) - (b_max - 0.5*crr - K*(angle-ang_ini))*sin(angle);
Tb_j = -K*sin(angle) + (b_max - 0.5*crr - K*(angle-ang_ini))*cos(angle);

}

mag_Th = sqgrt(pow(Th_i,2) + pow(Tb_j,2) + pow(Tb_k, 2));

/ /' Normal i zed Tangent Vector Conponents, a.k.a. direction cosines
BM i = Tb_i/mag_Tb;

BM _j Tb_j / mag_Tb;

BM _k Th_k/ mag_Thb;

/1 Convert Direction Cosines to FIXED frane

BW i = R1[0][O]*BM _i + R1[0][1]*BM _j + R1[O0][2]*BM _k;
BW j = R1[1][0]*BM _i + R1[1][1]*BM _j + R1[1][2]*BM _k;
BW _k = R1[2][0]*BM _i + R1[2][1]*BM _j + R1[2][2]*BM _k;
return O;
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doubl e nut _surf(doubl e xc, double yc, double zc, int ns)

{

double n_max = 0.125, rr=0.0025, crr=0.005;//MAX NUT radius
double n_mn =0.125 - 5.0*(0.05)*sqrt(3.0)/16.0;//MN NUT radius
double K = sqgrt(3.0)*0.05/(2.0*pi), L = 0.05/(2.0*pi);//Constants
double Tn_i, Tn_j, Tn_k, mag_Tn;//NUT Tangent Vector Conponents
doubl e theta, nang, ang_ini

/1 Conpute the angul ar location of the contact as viewed in the NUT frane
if ((xc >=0.0) & (yc >= 0.0)) { /1 Quadrant
nang = atan(yc/ xc);
} elseif ((xc <0.0) & (yc >= 0.0)) { /1 Quadrant 11
nang = pi + atan(yc/xc);
} elseif ((xc <0.0) & (yc < 0.0)) { /1l Quadrant 11
nang = pi + atan(yc/xc);
} else if ((xc >=0.0) & (yc < 0.0)) { /1l Quadrant |V
nang = 2.0*pi + atan(yc/Xxc);

if (ns == 0) {//Contact occurs below the surface of the NUT
cout << "No SURF triangles" << endl
// Rotate cross section of the NUT cl ockw se
// because we are goi ng down a right-handed thread
nang = nang - (0.05-zc)*2.0*pi/0.05
if (nang < 0.0) {
nang = nang + 2. 0*pi

}
Tn_k = 0.05/(2.0%pi);

} elseif (ns !'=0) {//Contact occurs at an edge OR on the surface of the NUT
Tn_k = 0.0;

}

/I Equations for the conmponents of the vector tangent to the NUT
theta = nang*180. 0/ pi
if ((theta >= 0.0) && (theta <= 60.27536811)) {//- Flank

ang_ini = 36.63617462*pi/180. 0;

Tn_i = K*cos(nang) - (n_min + 0.5*crr + K*(nang+ang_i ni))*sin(nang);

Tn_j = K*sin(nang) + (n_mn + 0.5*crr + K*(nang+ang_i ni))*cos(nang);

} else if ((theta > 60.27536811) && (theta <= 75.86382538)) {//- Root Fillet

ang_ini = 60.27536811*pi/180. 0;

Tn_i = (L*(sqgrt(3)*rr/2.0 - L*(nang-ang_ini))*cos(nang))/sqrt(powrr, 2)-
pow (sqrt(3)*rr/2.0 -L*(nang-ang_ini)),2)) - (n_max - rr +
sqrt(powmrr,2)-powm (sqrt(3)*rr/2.0 -L*(nang-
ang_ini)),2)))*sin(nang);

Tn_j = (L*(sqrt(3)*rr/2.0 - L*(nang-ang_ini))*sin(nang))/sqrt(powrr, 2)-
pow (sqrt(3)*rr/2.0 -L*(nang-ang_ini)),2)) + (n_max - rr +
sqrt(powmrr,2)-powm (sqrt(3)*rr/ 2.0 -L*(nang-
ang_ini)),2)))*cos(nang);

} else if ((theta > 75.86382538) && (theta <= 100.07921568)) {// Root

Tn_i = -n_max*sin(nang);

Tn_j = n_nmax*cos(nang);

} else if ((theta > 100.07921568) && (theta <= 115.66767295)) {//+ RF

ang_ini = 100.07921568*pi / 180. 0;

Tn_i = -(pow(L, 2)*(nang-ang_ini)*cos(nang))/sqgrt(pow(rr, 2)-
pow(L, 2) *pow (nang-ang_ini),2)) - (n_max - rr + sqrt(powrr, 2)-
pow( L, 2) *pow ( nhang-ang_ini), 2)))*si n(nang);

Tn_j = -(pow(L, 2)*(nang-ang_ini)*sin(nang))/sqrt(pow(rr, 2)-
pow L, 2) *pow (nang-ang_ini),2)) + (n_max - rr + sqrt(powrr, 2)-
pow( L, 2) *pow ( nang-ang_ini), 2)))*cos(nang);

} else if ((theta > 115.66767295) && (theta <= 212.57921568)) {//+ Fl ank

ang_ini = 115.66767295*pi / 180. O;

Tn_i = -K*cos(nang) - (n_max - 0.5*rr - K*(nang-ang_ini))*sin(nang);

Tn_j = -K*sin(nang) + (n_max - 0.5*rr - K*(nang-ang_ini))*cos(nang);

} else if ((theta > 212.57921568) && (theta <= 243.75613022)) {//+ CF

ang_ini = 212.57921568*pi / 180. 0;
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Tn_i = -(L*(sqrt(3)*crr/2.0 -L*(nang-ang_ini))*cos(nang))/sqrt(pow(crr, 2)-
pow (sqrt(3)*crr/2.0 -L*(nang-ang_ini)),2)) - (n_mn + crr —
sqrt(powmcrr,2)-pow (sqrt(3)*crr/2.0 -L*(nang-
ang_ini)), 2)))*sin(nang);

Tn_j = -(L*(sqrt(3)*crr/2.0 -L*(nang-ang_ini))*sin(nang))/sqrt(pow(crr, 2)-
pow (sqrt(3)*crr/2.0 -L*(nang-ang_ini)),2)) + (n_mn + crr —
sqrt(powmcrr,2)-pow (sqrt(3)*crr/2.0 -L*(nang-
ang_ini)), 2)))*cos(nang);

} else if ((theta > 243.75613022) && (theta <= 292.18691084)) {// Crest

Tn_i = -n_m n*si n(nang);

Tn_j = n_m n*cos(nhang);

} else if ((theta > 292.18691084) && (theta <= 323.36382538)) {//-CF

ang_ini = 292.18691084*pi/ 180. 0;

Tn_i = (pow L, 2)*(nang-ang_i ni)*cos(nang))/sqrt(powcrr, 2)

-powm L, 2) *pow (nang-ang_ini),2)) - (n_mn + crr - sqrt(powmcrr, 2)
- pow L, 2) *pow( (nang-ang_ini), 2)))*si n(nang);

Tn_j = (powm(L, 2)*(nang-ang_i ni)*sin(nang))/sqrt(powmcrr, 2)-
pow(L, 2) *pow (nang-ang_ini),2)) + (n_mn + crr - sqgrt(pow(crr,2) —
pow L, 2) *pow( (nang-ang_i ni), 2)))*cos(nang);

} else if ((theta > 323.36382538) && (theta <= 360.0)) {//- Flank

ang_ini = 323.36382538*pi/180. 0;

Tn_i K*cos(nang) - (n_min + 0.5*crr + K*(nang-ang_ini))*sin(nang);

Tn_j K*sin(nang) + (n_min + 0.5*crr + K*(nang-ang_ini))*cos(nang);

}
mag_Tn = sqrt(pow(Tn_i,2) + pow(Tn_j,2) + pow(Tn_k, 2));
/1 Normal i zed components of the vector tangent to the NUT edge

NW _i = Tn_i/nmag_Tn;
N¥ _j = Tn_j/mag_Tn;
NW _k = Tn_k/ nag_Tn;
return O;
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voi d second_nodel _i nput (double R1[][3], double T1[], RAPID nodel *bolt2, float
(*pb2_tri)[13], float (*pb_tri)[13], RAPID_nodel *nut2,
float (*pn2_tri)[13], float (*pn_tri)[13])

i nt mm nn, bl t _cnt =0, nut _cnt =0;

float fixed_ID;

double xf_bl,yf bil,zf bl, xf_n2,yf _n2,zf n2;

double xt_b1[3],yt_bl[3],zt_bl[3],xt_n2[3],yt_n2[3], zt_n2[3];
double theta_X, theta Y, theta_Zz

/1 BOLT2 Facet Input Area
bol t 2- >Begi nMbdel () ;
for (nmmeO0; mmx=bcount-1; mm++) {
/1 Convert BOLT dir cosines fromthe BOLT (b) frane to the FIXED (F) frane

fixed_ID = *(*(pb_tri+blt_cnt)+(0));

theta_ X = *(*(pb_tri+blt_cnt)+(1)) * RI[O][0] + *(*(pb_tri+blt_cnt)+(2))
* RI[O][1] + *(*(pb_tri+blt_cnt)+(3)) * RL[0][2];

theta Y = *(*(pb_tri+blt_cnt)+(1)) * RI[1][0] + *(*(pb_tri+blt_cnt)+(2))

* RI[1][1] + *(*(pb_tri+blt_cnt)+(3)) * RL[1][2];
theta_Z = *(*(pb_tri+blt_cnt)+(1)) * R1[2][0] + *(*(pb_tri+blt_cnt)+(2))
* RI[2][1] + *(*(pb_tri+blt_cnt)+(3)) * RL[2][2];
/1 Convert BOLT dir cosines fromthe FIXED (F) frame to the CO (tang) frane
*(*(pb2_tri+blt_cnt)+(0)) fixed_I D
*(*(pb2_tri+blt_cnt)+(1)) (float)(theta_ X * @dO0][0] + theta Y * O0][1]
+ theta_Z * QO0][2]);
(float)(theta X * @ 1][0] + theta Y * 1][1]
+ theta_Z * Q1][2]);
(float)(theta X * @d2][0] + theta Y * 2][1]
+theta_ Zz * q2][2]);

*(*(pb2_tri+blt_cnt)+(2))

*(*(pb2_tri+blt_cnt)+(3))

int ee=3;
for (nn=0; nn<=2; nn++) {

// Convert BOLT coords fromthe BOLT (b) frame to the FIXED (F) franme

xf_bl = (*(*(pb_tri+blt_cnt)+(1+ee))) * RI[O][O] +
(*(*(pb_tri+blt_cnt)+(2+ee))) * RL[O][1] +
(*(*(pb_tri+blt_cnt)+(3+ee))) * RL[0][2] + T1[O];

yf_bl = (*(*(pb_tri+blt_cnt)+(1+ee))) * RI[1][0] +
(*(*(pb_tri+blt_cnt)+(2+ee))) * RI[1][1] +
(*(*(pb_tri+blt_cnt)+(3+ee))) * RL[1][2] + T1[1];

zf _bl = (*(*(pb_tri+blt_cnt)+(1+ee))) * RL[2][0] +
(*(*(pb_tri+blt_cnt)+(2+ee))) * RL[2][1] +

(*(*(pb_tri+blt_cnt)+(3+ee))) * RL[2][2] + T1[2];

/1 Convert BOLT coords fromthe FIXED (F) frame to the C (tang) frane
xt_bil[nn] = xf_bl * dO0][0] + yf_bl * QO]J[1] + zf_bl * O][2] -
(AOo][o]*yo] + Qqoj[i]*y1] + qoj[z1*uzy);
yt_bil[nn] = xf_bl * Q1][0] + yf_bl * q1][1] + zf_bl * g1][2] -
(Ad1][0]*yo] + qiJ[1]1*y1] + q1j[21*uzj);
zt _bl[nn] = xf_bl * d2][0] + yf_bl * 2][1] + zf_bl * 4q2][2] -
(d2][0]*uo] + q2][1]1*U1] + q2][2]*U2]);
*(*(pb2_tri+blt_cnt)+(1+ee)) = (float)xt_bil[nn];
*(*(pb2_tri+blt_cnt)+(2+ee)) (float)yt_bil[nn];
*(*(pb2_tri+blt_cnt)+(3+ee)) (float)zt_bil[nn];

ee += 3;

}

doubl e b1p0[3] = { xt_bl[0], yt_bl[O0], zt_bl[O0] };
doubl e blpl[3] = { xt_bl[1], yt_bi[1], zt_bi[1] };
double blp2[3] = { xt_bl[2], yt_bil[2], zt_bil[2] };
bol t 2- >AddTri (b1p0, blpl, blp2, blt_cnt);

bl t _cnt ++;

}
bol t 2- >EndModel () ;
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/1 NUT2 Facet |nput Area

double Ntheta_X, Ntheta_Y, Ntheta_z,

float Nfi xed_ID;

nut 2- >Begi nhodel () ;

for (nmmeO; mmx=ncount-1; mm++) {
Nfixed_ID = *(*(pn_tri+nut_cnt)+(0));

Ntheta X = *(*(pn_tri+nut_cnt)+(1));
Ntheta Y = *(*(pn_tri+nut_cnt)+(2));
Ntheta Z = *(*(pn_tri+nut_cnt)+(3));

*(*(pn2_tri+nut_cnt)+(0)) = Nfixed_ID

*(*(pn2_tri+nut_cnt)+(1)) = (float)(Ntheta_X * QO0][0] + Ntheta_Y *
qO0][1] + Ntheta_Z * QO0][2]);

*(*(pn2_tri+nut_cnt)+(2)) = (float)(Ntheta X * @1][0] + Ntheta_ Y *
QA 1][1] + Ntheta_Z * d1][2]);

*(*(pn2_tri+nut_cnt)+(3)) = (float)(Ntheta X * d2][0] + Ntheta_Y *
d2][1] + Ntheta_Z * d2][2]);

int ef=3;
for (nn=0; nn<=2; nn++) {
[/ NUT coords are given in the FI XED frane

xf_n2 = *(*(pn_tri+nut_cnt)+(1+ef));
yf _n2 = *(*(pn_tri+nut_cnt) +(2+ef));
zf _n2 = *(*(pn_tri+nut_cnt) +(3+ef));

/1 Convert coords fromFIXED (f) to CO (tang) franes

xt_n2[nn] = xf_n2 * dO0][0] + yf_n2 * QO]J[1] + zf_n2 * JO][2] -
(dojfoj*yo] + qojrij=yi] + qoj[zj*uzj);

yt_n2[nn] = xf_n2 * Q1][0] + yf_n2 * Q1][1] + zf_n2 * 4d1][2] -
(d1j[oj*yo] + qijrij=yi] + q1j[2]*yzj);

zt_n2[nn] = xf_n2 * d2][0] + yf_n2 * d2][1] + zf_n2 * Q2][2] -
(d2][0]*uo] + q2][1]*U1] + q2][2]*U2]);

*(*(pn2_tri+nut_cnt)+(1+ef)) (float)xt_n2[nn];

*(*(pn2_tri+nut_cnt) +(2+ef)) (float)yt_n2[nn];

*(*(pn2_tri+nut_cnt) +(3+ef)) (float)zt_n2[nn];

ef += 3;

}

doubl e n2p0[3] = { xt_n2[0], yt_n2[0], zt_n2[0] };
double n2p1[3] = { xt_n2[1], yt_n2[1], zt_n2[1] };
doubl e n2p2[3] = { xt_n2[2], yt_n2[2], zt_n2[2] };
nut 2- >AddTri (n2p0, n2pl, n2p2, nut_cnt);

nut _cnt ++;

}
nut 2- >EndModel () ;
}
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double nmult_contact(int numctacts, double R[]1[3], double T[], float

{

(*bolt)[13], float (*nut)[13], double R1[][3], double phi)
FIEPEEETEEE b r e i bbb r i bbb rrrirrrr
/1 This is where we divide contact pairs into multiple contact points//
THEPEEETEEE b r e bbb r i i rr b rrr
double X1, X2, X3, Y1,VY2,Y3, fixB thetaX, fixB_thetay, fixB_thetaz
doubl e BthetaX, BthetaY, Bthetaz;
double X avg, Y_avg, ct_cos;
doubl e ep=10.0*pi/180.0;//ep allows +/-5 deg. of error in angular |ocation

doubl e del ta[1000]; /'l each delta is the average angle |ocation of tri

i nt pts, cntr=0; /Il cntr determines the # of non-base tri’s

i nt f_rowf 500]; Il f_rowretains the row# in the facet store

i nt cycl e=0; /1l This keeps track of the # of contacts

i nt found=-1, k, jj, kk;

i nt FLUSH=0; /'l Flag for case when BOLT is flush with NUT surface
i nt resort_req = 0; // Don't resort delta' s unless you are required

i nt rowct[6] ={ 0,0,0,0,0,0 };// This guy tracks the rows of each

/1 contact location array
/1 Its value stores the nost recent row numnber
/1bc_loc Allows for 4 contacts, 200 tri’'s each
double control[6], bc_loc[4][200][13];
double nc_loc[4][200][13];
doubl e Xcontact[6], Ycontact[6], Zcontact|[6];

for (pts=0; pts<=numctacts-1; pts++) {
/1 Convert dir cos of Normal vector fromthe CO frane to the BOLT (b) frane
//To determine if there are any Base tri’s involved in the contact
fixB_thetaX = *(*(bolt + pts) +1) * QO][0] + *(*(bolt + pts) +2) *
q1][0] + *(*(bolt + pts) +3) * (Q2][0];

*(*(bolt + pts) +1) * QO]J[1] + *(*(bolt + pts) +2) *
q1][1] + *(*(bolt + pts) +3) * (2][1];

fixB_ thetaZz = *(*(bolt + pts) +1) * JO][2] + *(*(bolt + pts) +2) *

Q1][2] + *(*(bolt + pts) +3) * Q2][2];
BthetaX = fixB thetaX * RL[0][0] + fixB_ thetaY * R1[1][0] + fixB_thetaz *

fixB_thetaY

R1[2][0];

BthetaY = fixB thetaX * R1[0][1] + fixB_thetaY * R1[1][1] + fixB_thetaz *
R1[2][1];

BthetaZ = fixB thetaX * R1[0][2] + fixB_thetaY * R1[1][2] + fixB_thetaz *
R1[2][2];

if (Bthetaz < -1.0) {
Bt hetaz = -1.0;
}

ct_cos = acos(BthetaZz);

if ((ct_cos <=pi - ep) || (ct_cos >= pi + ep)) {// Base tri check
f_rowfcntr] = pts;
/1 Convert coordinates fromthe CO (tang) to the FIXED (F) frane

X1 = *(*(bolt + pts) +4) * IO0][0] + *(*(bolt + pts) +5) * 1][0] +
*(*(bolt + pts) +6) * G 2][0] + xc;

Y1 = *(*(bolt + pts) +4) * IO0][1] + *(*(bolt + pts) +5) * 1][1] +
*(*(bolt + pts) +6) * Q2][1] + yc;

X2 = *(*(bolt + pts) +7) * O0][0] + *(*(bolt + pts) +8) * 1][0] +

*(*(bolt + pts) +9) * d2][0] + xc;

Y2 = *(*(bolt + pts) +7) * QO][1] + *(*(bolt + pts) +8) * 1][1] +
“(*(bolt + pts) +9) * I2][1] + yc;

X3 = *(*(bolt + pts) +10) * dO][0] + *(*(bolt + pts) +11) * 1][0] +
*(*(bolt + pts) +12) * d2][0] + xc;

Y3 = *(*(bolt + pts) +10) * dO][1] + *(*(bolt + pts) +11) * q1][1] +
“(*(bolt + pts) +12) * I2][1] + yc;

X avg = (X1 + X2 + X3)/3.0;

Y avg = (Y1 + Y2 + Y3)/3.0;

[/ Conpute the avg angul ar | ocation of the contact in the FIXED frane

if ((Y_avg >= 0.0) && (X avg >= 0.0)) { /1 Quadrant |
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delta[cntr] = atan(Y_avg/ X avg);

} elseif ((Y_avg >= 0.0) && (X avg < 0.0)) {// Quadrant II
delta[cntr] = pi + atan(Y_avg/ X avg);

} elseif ((Y_avg < 0.0) & (X avg < 0.0)) { // Qadrant II1
delta[cntr] = pi + atan(Y_avg/ X avg);

} elseif ((Y_avg < 0.0) && (X _avg >= 0.0)) {// Quadrant |V
delta[cntr] = 2.0*pi + atan(Y_avg/ X avg);

}
cntr ++;
}
}
//\We need to sort the delta’s first (frommn to max)
i nt ptr, first, G

doubl e hold, holdB[13], holdN 13];
for (k=0; k<=cntr-2; k++) {
ptr = k;
first = k+1;
for (int I=first; I<=cntr-1; |++) {
if (delta[l] < delta[ptr]) {
ptr =1;
}

}

hol d = delta[K];

/1 Must sort vertex info along with delta's

for (G0; &x=12; G++) {
holdB[G = *(*(bolt + f_rowk]) + §;
holdNNG = *(*(nut + f_rowk]) + §;

}

delta[k] = delta[ptr];

for (G0; &=12; G++) {
*(*(bolt + f_rowk]) + G
*(*(nut + f_rowk]) + G

*(*(bolt + f_rowptr]) + G;
*(*(nut + f_rowfptr]) + Q;

}

delta[ptr] = hold;

for (G=0; G<=12; G++) {
*(*(bolt + f_rowfptr]) + Q
*(*(nut + f_rowfptr]) + G

(float)hol dB[ G ;
(float)hol dN G ;

}

}
[/ Must Alter Delta’s when contact tri’'s occur on the border of Quad | and IV
if ((delta[0] <= 3.0*pi/180.0) && (delta[cntr-1] >= 357.0*pi/180.0)) {
delta[0] = delta[0] + 2.0*pi;
for (k=1; k<=cntr-1; k++) {
if (((delta[k] + 2.0*pi) - delta[k-1]) <= 3.0*pi/180.0) {
delta[k] = delta[k] + 2.0*pi;

}
resort_req = 1,
}
// Resort the Delta’s if the delta angles were re-cal cul at ed
if (resort_req == 1) {
for (k=0; k<=cntr-2; k++) {
ptr = k;
first = k+1,
for (int I=first; l<=cntr-1; |++) {
if (delta[l] < delta[ptr]) {
ptr =1;
}

}
hold = delta[Kk];
/1 Must sort vertex info along with delta’'s
for (G=0; G<=12; G++) {
holdB[G = *(*(bolt + f_rowk]) + §;
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hol dANNG = *(*(nut + f_rowk]) + O

}

delta[k] = delta[ptr];

for (G=0; G=12; G++) {
*(*(bolt + f_rowk]) + G
*(*(nut + f_rowk]) + §

*(*(bolt + f _rowfptr]) + Q;
*(*(nut + f_rowfptr]) + §;

}

delta[ptr] = hold;

for (G=0; G<=12; G++) {
*(*(bolt + f_rowptr]) + Q
*(*(nut + f_rowfptr]) + §

}

(float)hol dB[ G ;
(float)hol dN[ G ;

}

/I Now we check for continuity
int delta_flush=0;
for (k=0; k<=cntr-2; k++) {
if (fabs(delta[k+1l] - delta[k]) < ep) {
delta_fl ush++;
}

}

if ((delta_flush == cntr-1) && (fabs(delta[cntr-1]*180.0/pi —
del ta[ 0] *180.0/pi) >= 45.0)) {
if (step == 0.0001) {
cout << "Flush with surface" << endl;
FLUSH = 1;
flush_true = 1;
contact_set = 2;
} else if (step !'= 0.0001) {

xroll = xroll + step*pi/180.0;
step = step/10.0;
xroll = xroll - step*pi/180.0;

}
} else if ((delta_flush I'=cntr-1) &% (step == 0.0001)) {
for (int ii=0; ii<=cntr-1; ii++) {
if (cycle == 0) {//Is this the first time in this function?
for (jj=0; jj<=12; jj++) {
bc_loc[O][row ct[O]][jij]
nc_loc[O][row ct[O]][jij]

*(*(bolt + f_rowii]) +j);
*(*(nut + f_rowii]) +j);

control[ii] = delta[ii];
cycl e++;
row_ct[ 0] ++;
} elseif (cycle '=0) {
for (kk=0; kk<=cycle-1; kk++) { // Check Against Known Delta's
if (fabs(delta[ii] - control[kk]) <= ep) {
found = kk; // Set the contact |ocation #

}

if (found !'= -1) {//Sanme contact point, store in contact loc # array
for (jj=0; jj<=12; jj++) {
bc_l oc[ found][row ct[ kk-1]

10jj] bolt + f_rowfii]) +j);
nc_loc[found] [row ct[kk-21]][j]]

*(*(
*(*(nut + f_rowfii]) +j);

row_ct [ kk- 1] ++;

found = -1,
control [kk-1] = delta[ii];
} else if (found == -1) {//New contact point, store in new |loc array

for (jj=0; jj<=12; jj++) {
bc_loc[kk][row ct[kk]][jil
nc_loc[kk][row ct[kk]][jj]
}

*(*(bolt + f_rowii]) +j);
*(*(nut + f_rowfii]) +j);
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}
Y1

control [kk] = delta[ii];
cycl e++;
contact_set++; //dobal variable to track # of contact points
row ct[kk] ++; //kk was increnented by 1 at end of kk loop, so it is
} /lequal to one greater than the ending val ue
/li.e. Oto Ois actually O0to 1
end of FOR | oop

} else if ((delta_flush == cntr-1) && (fabs(delta[cntr-1] - delta[0]) <

45. 0% pi / 180. 0)) {

xroll = xroll - step*pi/180.0;
} else if ((delta flush !'=cntr-1) && (step !'= 0.0001)) {
xroll = xroll + step*pi/180.0;
step = step/10.0;
xroll = xroll - step*pi/180.0;

}/1 end of FLUSH if |oop

/1 NOW QUTPUT THE CONTACT PO NT LOCATI ONS
if ((contact_set > 1) && (FLUSH == 0)) {

I
for

Nunber of contacts
(jj=0; jj<=cycle-1; jj+4)
float (*bolt_split)[13] = new float[500][13];
float (*nut_split)[13] = new float[500][13];
for (int I1=0; Il<=row_ct[jj]-1; Il++) {
for (int pp=0; pp<=12; pp++) {
*(*(bolt_split + 11) +pp) = (float)bc_loc[jj]
*(*(nut_split +11) +pp) = (float)nc_loc[jj]I
}
}
/I Determine the current contact point
/1 Contact points are given in the CO (tang) frame
contact _point((rowct[jj]), R T, bolt_split, nut_split);
Xcontact[jj] = mdpoint[0];
Ycontact[jj] m dpoi nt[1];
Zcontact[jj] m dpoi nt[ 2] ;
//Use the CO (tang) frame coordinates to define the PIVOT axis
x_t[jil Xcontact[jj];
y_t[iijl Ycontact[jj];
z_ t[jjl Zcontact[jj];
[/ Convert to FIXED (f) frane
tang_to_fixed(m dpoint);
/1 Convert to BOLT (b) frane
tang_t o_bol t (m dpoint);
//\We are isolating which of the contact points are at the origin of the
/1CO franme. The value of 0.0048 is the allowable error to deviate from
//the initial contact point
it ((pow(x_t[jj],2)+pow(y_t[jj],2)+pow(z_t[jj],2)) <= 0.0048) {
x[jj] = xc;
yljjl = yc;
z[jj] = zc; B B B
} else if ((pow(x_t[jj],2)+pow(y_t[jj],2)+powmy_t[jj],2)) > 0.0048) {
X[jj] C2_fixed[0];
ylijl C2_fixed[1];
z[jil C2_fixed[2];

}
delete [] bolt_split;
delete [] nut_split;

}

} else if ((contact_set > 1) &% (FLUSH == 1)) {//Flush with NUT surface
cycle = 2;
pi vot _axes_t heo(phi);

}//end of contact point output |oop

return O;
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doubl e tang_to _fixed(double c_point[])//c_point[] is given in the C (tang) frame

{

}

/] Convert New Contact Point Into Fixed Reference Frane
C2_fixed[0] = c_point[0]*QJO][0] + c_point[1]*Q 1][0] +c_point[2]*{ 2][0] +xc;

C2_fixed[1] ; c_point[0]*Q0][1] + c_point[1]*Q 1][1]+c_point[2]*Q 2][ 1] +yc;
C2_fixed[2] = c_point[0]*Q0][2] + c_point[1]* 1][2]+c_point[2]*( 2][2] +zc;
return O;

doubl e tang_to_bolt(double c_point[])//c_point[] is given in the CO (tang) frane

{

}

double xb_nt,yb_nt,zb_nt;
/'l Preserve the orientation of the BOLT vertices,
//we are converting fromthe Cl to the C frane

xb_m = c_point[0]*MO][0] + c_point[1]*MO][1] + c_point[2]*MO][2];
yb_m = c_point[0]*M1][0] + c_point[1]*M1][1] + c_point[2]*M1][2];
zb_m = c_point[0]*M2][0] + c_point[1]*M2][1] + c_point[2]*M 2][2];

/'l Transfer fromthe CO (tang) to the BOLT (B) frane

C2_bolt[0] = xb_nt*B1[0][0] + yb_m*B1[1][0] + zb_m*B1[2][0] + S[0];
C2_bolt[1] = xb_nm*B1[0][1] + yb_m*B1[1][1] + zb_m*B1[2][1] + T 1];
C2_bolt[2] = xb_nt*B1[0][2] + yb_m*B1[1][2] + zb_m*B1[2][2] + T 2];
return O;

doubl e bolt_to_FI XED(doubl e poi nt X, doubl e pointY, double pointZz)

{

double pX f,pY_f,pZ_f,pX.cl, pY_cl,pZ cl,bX c0,bY_cO0,bZ cO;

/'l Convert fromthe BOLT (b) to the FIXED (f) frane

pX_f = pointX*R1[0][0] + pointY*R1[0][1] + pointZ*R1[0][2];

pY_f point X*R1[1][0] + pointY*R1[1][1] + pointZ*R1[1][2];

pZ_f point X*R1[2][0] + pointY*R1[2][1] + pointZ*R1[2][2] + T1[2];

/1 Convert fromthe FIXED (f) to the Cl frane

pX_cl = pX_f*q0][0] + pY_f*QO][1] + pZ f*QO][2] - (xc*dO][O] + yc*QOJ[1]

+zc*Q0][2]);

pY_cl = pX_f*q1][0] + pY_f*Q1][1] + pZ f*Q1][2] - (xc*Q1][0] + yc*Q1][1]
+ze*Q1]1[2]);

pX_f*Q2][0] + pY_f*Q2][1] + pZ f*Q2][2] - (xc*Q2][0] + yc*Q2][1]
+ze*Q2][2]);

pZ_cl

// Convert fromthe Cl1 to the Q0 frane

bX c0 = pX_c1*MO0][0] + pY_cl*M1][0] + pZ_c1*M2][0];
bY cO0 = pX c1*MO0][1] + pY_cl*M1][1] + pZ_ci1*M2][1];
bZ cO0 = pX_c1*MO0][2] + pY_cl*M1][2] + pZ_c1*M2][2];

/1 Convert fromthe CO to the FIXED (f) frane

B2_fixed[0] = bX cO*QJO0][0] + bY_cO*Q 1][0] + bZ c0*Qq 2][0] + xc;
B2_fixed[1] = bX cO*QO0][1] + bY cO*q1][1] + bZ cO*q 2][1] + yc;
B2_fixed[2] = bX cO*Q0][2] + bY_cO*Q 1][2] + bZ c0*Qq 2][2] + zc;
return O;
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/1 This function conputes the theoretical contact points given phi

/11t is only used when the bolt is flush with the NUT surface

doubl e pi vot_axes_t heo(doubl e phi)

{
doubl e phase = phi *180. 0/ pi, p=0.05;
double TiniB, TiniN, tcl, tc2, R Kl, K2, A B, C Q RR S T, U V
doubl e D E, F, G AA BB, CC, KK, KK2;

doubl e =sqrt(3.0) * p/(2.0%pi);

doubl e L = p/(2.0*pi), a = 0.00055;

double b_max = 0.12445, n_nmax = 0.125, crrb = 0.0025;
double rrb = 0.005, crrn = 0.005, rrn = 0.0025;
double b_min = b_nmax - 5.0*sqrt(3.0)*p/ 16.0;

double n_mn = n_max - 5.0*sqrt(3.0)*p/16.0;

if ((phase >= 0.0) & (phase <= 4.78046)) {
Tini B = 297.23047873*pi / 180. 0O;
Tini N = 323. 36382538*pi / 180. 0;
tcl = 0.5*(1/ K *(b_nmax-n_m n-0.5*(crrb+crrn))+Ti ni B+Ti ni N+phi ) ;
R = (n_mn + 0.5%*crrn) + K*(tcl - TiniN);
x[0] = Rrcos(tcl);
y[0] = R*sin(tcl);
Tini B = 144.92663116*pi / 180. O;
Tini N = 115. 66767295*pi / 180. 0O;
tc2 = 0.5*(1/ K *(n_nmax-b_m n-0.5*(rrn+rrb)) +Ti ni B+Ti ni N+phi ) ;
R = (n_max - 0.5*rrn) - K*(tc2 - TiniN);
x[1] = Rrcos(tc2);
y[1] = R*sin(tc2);
} else if ((phase > 4.78046) & (phase <= 65.3663)) {
Tini B = 297.23047873*pi / 180. 0O;
Tini N = 36.63617462*pi / 180. 0;
tcl = 0.5*(1/K *(b_max-n_m n-0.5*(crrb+crrn)) +phi-2.0*pi +(Tini B-Tini N));
R = (n_mn + 0.5*crrn) + K*(tcl + TiniN);
x[0] = Rrcos(tcl);
y[ 0] R*sin(tcl);
Tini B = 144.92663116*pi / 180. 0O;
Tini N = 115. 66767295*pi / 180. O;
tc2 = 0.5*(1/K *(n_max-b_m n-0.5*(rrn+rrb)) +Ti ni B+Ti ni Ntphi);
R = (n_max - 0.5*rrn) - K*(tc2 - TiniN);
X[ 1] = Rrcos(tc2);
y[1l] = R*sin(tc2);
} else if ((phase > 65.3663) & (phase <= 70.3030)) {
Tini B = 297.23047873*pi / 180. 0O;
Tini N = 36.63617462*pi / 180. 0;
tcl = 0.5*(1/K *(b_max-n_m n-0.5*(crrb+crrn)) +phi-2.0*pi +(Tini B-Tini N));
R = (n_mn + 0.5*crrn) + K*(tcl + TiniN);
R*cos(tcl);
R*sin(tcl);
Tini B = 144.92663116*pi / 180. 0O;
Tini N = 212.57921568*pi / 180. O;

A = powmL,2) + pow(K 2);

B = -2*(pow(L,2)*Tini N + pow(K, 2)*(phi +TiniB) + K*(a + 0.5*crrn) +
sqrt(3.0)*crrn*L/2.0);

C = powL,2)*pow(Tini N 2) + pow(K, 2)*pow (phi +TiniB),2) + 2.0*K*(a +

0.5*crrn)*(phi + TiniB) + sqrt(3.0)*crrn*L*TiniN + a*(a + crrn);
tc2 = (-B - sqgrt(pow(B,2) - 4*A*Q))/(2*A);
R = (n_mn + crrn) - sgrt(pow(crrn,2) - pow((sqrt(3.0)*crrn/2.0 - L*(tc2 —
TiniN)),2));

x[ 1] R*cos(tc2);
y[ 1] R*sin(tc2);
} else if ((phase > 70.3030) & (phase <= 113.5918)) {
Tini B = 297.23047873*pi / 180. 0;
Tini N = 36.63617462*pi / 180. 0;
tcl = 0.5*(1/ K *(b_nmax-n_mn-0.5*(crrb+crrn)) +phi-2.0*pi +(TiniB-Tini N));
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R = (n_mn + 0.5*crrn) + K*(tcl + TiniN);

x[0] = Rrcos(tcl);

y[0] = R*sin(tcl);

Tini B = 113. 74971662*pi / 180. 0;

TiniN = 212.57921568*pi / 180. 0;

K1 = 2*pow(L,2)*(TiniN - (phi+TiniB) + sqgrt(3.0)*crrn/(2*L));

K2 = pow(L, 2)*(pow( (phi +Ti ni B), 2)-pow(Tini N, 2)) - 0.75*pow(crrn,2) —
sqrt(3.0)*crrn*L*Tini N - pow(a, 2);

A = powm K1, 2)/ (4*powma, 2)) + powm L, 2);

B = K1*K2/(2*pow a, 2)) -2*pow(L, 2)*(phi+TiniB);

C = powm(K2, 2)/ (4*pow(a, 2)) -pow(rrb,2) + pow L, 2)*pow( (phi+TiniB), 2);

tc2 = (-B + sqgrt(powm B, 2) - 4*A*C))/ (2*A);

R = (n_mn + crrn) - sqgrt(pow(crrn,2) - pow((sqrt(3.0)*crrn/2.0 - L*(tc2 —

TiniN),2));
x[1] = Rrcos(tc2);
y[1l] = R*sin(tc2);
} else if ((phase > 113.5918) & (phase <= 120.7590)) {
Tini B = 297. 23047873*pi / 180. 0;
Tini N = 36.63617462*pi / 180. 0;
tcl = 0.5*(1/ K *(b_nmax-n_mn-0.5*(crrb+crrn)) +phi-2.0*pi +(Tini B-Tini N));
R = (n_mn + 0.5%crrn) + K*(tcl + TiniN);
x[ 0] R*cos(tcl);
y[ 0] R*sin(tcl);
Tini B = 113.74971662*pi / 180. 0;
Tini N = 243. 75613022*pi / 180. 0;
tc2 = (TiniB + phi) + 1/L *sqgrt(pow(rrb,2) - pow((b_mn + rrb —

n_mn),2));
R = n_mn;
x[1] = Rrcos(tc2);
y[1l] = R*sin(tc2);

} else if ((phase > 120.7590) & (phase <= 126.1418)) {
Tini B = 281. 64202146*pi / 180. O;
Tini N = 36.63617462*pi / 180. 0;
Q = pow(K, 2) + pow(L,2);
RR = 2. 0*K*(K*TiniN + n_mn + 0.5*crrn - b_max +crrb)-
2*pow( L, 2) *( phi +Ti ni B-2*pi ) ;
S = powm((K*TiniN+ n_mn + 0.5*crrn - b_max +crrb),2) -powmcrrb,2) +
pow( L, 2) * pow ( phi +Ti ni B-2*pi ), 2);
tcl = (-RR + sqrt (powm(RR, 2)-4*Q*S))/(2*Q;
R = (n_mn + 0.5*crrn) + K*(tcl + TiniN);
x[ 0] R*cos(tcl);
y[ 0] R*sin(tcl);
Tini B = 113. 74971662*pi / 180. O;
Tini N = 243. 75613022*pi / 180. 0;
tc2 = (TiniB + phi) + 1/L *sqgrt(pow(rrb,2) - pow((b_mn + rrb —

n_mn),2));
R = n_mn;
x[1] = R*cos(tc2);
y[1l] = R*sin(tc2);

} else if ((phase > 126.1418) & (phase <= 142.1194)) {

Tini B = 281. 64202146*pi / 180. 0;

Tini N = 60.27536811*pi / 180. 0;

K1 = 2. 0*pow L, 2) *((phi +Ti ni B-2*pi )-Tini N-sqrt(3.0)*rrn/ (2. 0*L));

K2 = pow(L, 2)*(pow Tini N, 2) - pow( (phi +Ti ni B-2*pi ), 2)+sqrt(3.0)*rrn*Ti ni N L)

+ pow(a, 2) + 0.75*pow(rrn, 2);

T = pom K1, 2)/ (4. 0*pow a, 2)) + pow(L, 2);

U = K1*K2/ (2. 0*pow(a, 2)) - 2.0*(phi +TiniB-2.0*pi)*powL, 2);

V = powm K2, 2)/(4.0*powm a, 2)) -pow(crrb, 2)+pow L, 2)*pow( (phi +Ti ni B-

2%pi), 2);
= (-U- sgrt(powU,2) - 4.0*T*V))/(2.0*T);
R = (n_max - rrn) + sqgrt(pow(rrn,2) - powm(sqrt(3.0)*rrn/2.0 - L*(tcl -
TiniN),2));

x[0] = Rrcos(tcl);
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y[0] = R*sin(tcl);

Tini B = 113. 74971662*pi / 180. 0;

Tini N = 243.75613022*pi / 180. O;

tc2 = (TiniB + phi) + 1/L *sqgrt(powmrrb,2) - pow((b_mn + rrb —

n_mn),2));
R = n_mn;
x[1] = Rrcos(tc2);
y[1] = Rrsin(tc2);

} else if ((phase > 142.1194) & (phase <= 162.0266)) {
Tini B = 257.42663116*pi / 180. 0;
Tini N = 60.27536811*pi / 180. 0;
tcl = 1.0/L *(sqrt(3.0)*rrn/2.0 - sqgrt(powmrrn,2) - pow((rrn-a),2))) +

Ti ni N;
R = (n_max - rrn) + sqgrt(pow(rrn,2) - powm(sqrt(3.0)*rrn/2.0 - L*(tcl -
TiniN),2));
x[0] = Rrcos(tcl);
y[0] = R*sin(tcl);
Tini B = 113.74971662*pi / 180. 0;
Tini N = 243. 75613022*pi / 180. 0;
tc2 = (TiniB + phi) + 1.0/L *sqgrt(pow(rrb,2) - powm(b_mn + rrb -
n_mn),2));
R = n_mn;
x[1] = Rrcos(tc2);
y[1l] = R*sin(tc2);

} else if ((phase > 162.0266) & (phase <= 167.1732)) {

Tini B = 257. 42663116*pi / 180. 0;

Tini N = 60.27536811*pi / 180. 0;

tcl = 1.0/L *(sqrt(3.0)*rrn/2.0 - sqgrt(powrrn,2) - pow((rrn-a),2))) +

Tini N;

R = (n_max - rrn) + sqgrt(pow(rrn,2) - pow(sqrt(3.0)*rrn/2.0 - L*(tcl -
TiniN),2));

x[0] = Rrcos(tcl);

y[0] = R*sin(tcl);

Tini B = 113. 74971662*pi / 180. O;
Tini N = 292.18691084*pi / 180. 0;
K1 = 2.0*powm L, 2)*(Tini N - (phi+TiniB));
= pow L, 2) *(pow (phi +Ti ni B), 2)-pow(Ti ni N, 2)) + pow a, 2);
A = pow(K1,2)/ (4. 0*powa, 2)) + pow(L, 2);
B = K1*K2/(2.0*powm a, 2)) -2.0*powm L, 2)*TiniN,
C = powm(K2,2)/(4.0*powm a, 2)) -pow(crrn,2) + powL,2)*pow(TiniN, 2);
tc2 = (-B + sgrt(pow(B,2) - 4.0*A*C))/ (2. 0*A);
R = (n_mn + crrn) - sgrt(pow(crrn,2) - pow(L,2)*powm (tc2-TiniN), 2));
x[ 1] R*cos(tc2);
y[ 1] R*sin(tc2);
} else if ((phase > 167.1732) & (phase <= 175.3403)) {
Tini B = 241.83817389*pi / 180. 0O;
Tini N = 60.27536811*pi / 180. 0;
Kl = 2. 0*powm L, 2) *((phi +Ti ni B-2. 0*pi )-Tini N);
= powm L, 2) *(pow Ti ni N, 2) - pow( ( phi +Ti ni B-2*pi ), 2)) +
sqgrt(3.0)*L*(rrn*(Tini N-(phi +Ti ni B-2.0*pi))) - pow a, 2);

A = powm K1, 2)/(4.0*pow a, 2)) + pow(L, 2);

B = K1*K2/(2.0*pow(a, 2)) -2.0*pow(L,2)*TiniN - sqrt(3.0)*rrn*L;

C = powm(K2,2)/(4.0*powm a, 2)) -(pow(rrn,2))/4.0 + pow(L,2)*powmTiniN,2) +
sqrt(3.0)*rrn*L*Ti ni N,

tcl = (-B - sqgrt(pow(B,2) - 4.0*A*C))/ (2. 0*A);

R = (n_max - rrn) + sqgrt(pow(rrn,2) - powm(sqrt(3.0)*rrn/2.0 - L*(tcl-

TiniN)),2));
x[ 0] R*cos(tcl);

y[ 0] ; R*sin(tcl);

Tini B = 113. 74971662* pi / 180. 0;
Tini N = 292. 18691084* pi / 180. 0;
KK1 = 2.0*pow(L, 2)*(Tini N - (phi+Tini B));

KK2 ; pow(L,2) *(pow( (phi+TiniB),2)-pow(TiniN, 2)) + pow a, 2);
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AA = pow( K1, 2)/(4.0*pow(a,2)) + powL, 2);
BB = KK1*KK2/(2.0*pow(a, 2)) -2.0*pow(L, 2)*TiniN;
CC = powm KK2,2)/ (4. 0*pow(a, 2)) -pow(crrn,2) + pow(L,2)*powmTiniN,2);

tc2 = (-BB + sqrt(powm BB, 2) - 4.0*AA*CC))/ (2. 0*AA);
R = (n_mn + crrn) - sqgrt(pow(crrn,2) - pow(L,2)*powm (tc2-TiniN), 2));
x[1] = Rrcos(tc2);
y[1l] = R*sin(tc2);
} else if ((phase > 175.3403) & (phase <= 175.7867)) {
Tini B = 241.83817389*pi / 180. 0;
Tini N = 36.63617462*pi / 180. 0;
A = powm K, 2) + pow L, 2);
B = 2.0*powm K, 2)*Ti ni N + 2. 0*K*(n_ni n- b_max+crrn) —
2. 0*pow( L, 2) *(phi +Ti ni B-2*pi )-sqrt (3. 0)*crrb*L;
C=powmK 2)*pow(TiniN 2) + 2. 0*K*(n_m n-b_nmax+crrn)*Tini N + pow( (n_nm n-
b_max+crrn),2) - (pow(crrb,2))/4.0 + powm L, 2)*(phi +Tini B-2.0*pi) +
sqrt(3.0)*crrb*L*(phi +Tini B-2. 0*pi ) ;
tcl = (-B + sqgrt(powm(B,2) - 4.0*A*C))/(2.0*A);
R = (n_mn + 0.5*crrn) + K*(tcl + TiniN);
x[0] = Rrcos(tcl);
y[0] = R*sin(tcl);
Tini B = 113. 74971662*pi / 180. 0;
Tini N = 292. 18691084* pi / 180. 0;
KK1 = 2.0*pow(L,2)*(Tini N - (phi+TiniB));
KK2 = pow L, 2) *(pow (phi +Tini B), 2)-powWTini N, 2)) + powa, 2);

AA = pow(KK1, 2)/(4.0*powa, 2)) + powm L, 2);
BB = KK1*KK2/(2.0*pow(a,2)) -2.0*pow(L,2)*TiniN,
CC = powm KK2, 2)/(4.0*powm a, 2)) -powcrrn,2) + powL,2)*pow(TiniN, 2);

tc2 = (-BB + sqrt(powm BB, 2) - 4.0*AA*CC))/ (2. 0*AA);

R = (n_mn + crrn) - sgrt(pow(crrn,2) - pow(L,2)*pow((tc2-TiniN), 2));

x[1] = Rrcos(tc2);

y[1] = R*sin(tc2);

} else if ((phase > 175.7867) & (phase <= 176.1509)) {

Tini B = 241.83817389*pi / 180. 0O;

Tini N = 36.63617462*pi / 180. 0;

A = powm K, 2) + powm L, 2);

B = 2. 0*pow(K, 2)*Tini N + 2. 0*K*(n_mi n-b_nax+crrn) —

2. 0*pow( L, 2) *(phi +Ti ni B-2. 0*pi )-sqrt(3.0) *crrb*L;

C=powmK 2)*pow(TiniN 2) + 2. 0*K*(n_m n-b_nmax+crrn)*Tini N + pow( (n_m n-
b_max+crrn),2) - (pow(crrb,2))/4.0 + pow(L, 2)*(phi+Tini B-2.0*pi) +
sqrt(3.0)*crrb*L*(phi +Tini B-2. 0*pi ) ;

tcl = (-B + sgrt(pow(B,2) - 4.0*A*C))/ (2. 0*A);

R = (n_mn + 0.5*crrn) + K*(tcl + TiniN);

x[0] = Rrcos(tcl);

y[0] = R*sin(tcl);

Tini B = 144.92663116*pi / 180. O;

Tini N = 292.18691084*pi / 180. 0;

AA = powm K, 2) + pow(L, 2);
BB = -2.0*(pow(L,2)*Tini N + powm K, 2)*(phi +Ti ni B) + K*(a+0.5*crrn));
CC = powm L, 2)*pow(Tini N, 2) + pow K, 2)*pow( (phi +Tini B),2) +

2. 0*K*(a+0. 5*crrn) *(phi +Ti ni B) + pow((a+0.5*crrn),2) - pow(crrn, 2);
tc2 = (-BB - sqrt(powm BB, 2) - 4.0*AA*CC))/ (2. 0*AA);
R = (n_mn + crrn) - sgrt(pow(crrn,2) - pow(L,2)*powm (tc2-TiniN), 2));
x[1] = Rrcos(tc2);
y[1l] = R*sin(tc2);
} else if ((phase > 180.7235) & (phase <= 189.7012)) {
Tini B = 281. 64202146*pi / 180. 0O;
Tini N = 100. 07921568*pi / 180. O;
KL = 2. 0*pow(L, 2)*(phi + TiniB - 2.0*pi - TiniN);
K2 = pow(L, 2)*(pow(Tini N, 2) - pow((phi + TiniB - 2*pi),2)) - powa,?2);

A = pom K1, 2)/ (4. 0*pow a, 2)) + pow(L, 2);

B = K1*K2/(2.0*pow(a, 2)) -2.0*Tini N pow(L, 2);

C = powm(K2,2)/(4.0*powm a, 2)) - pow(rrn,2) + pow(L,2)*pow(TiniN, 2);
tcl = (-B + sgrt(pow(B,2) - 4.0*A*C))/ (2. 0*A);
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R=n_mx - rrn + sqgrt(pow(rrn,2) - pow(L,2)*pow((tcl - TiniN),2));
x[0] = Rrcos(tcl);
y[0] = R*sin(tcl);
Tini B = 34.14202146*pi / 180. 0;
TiniN = 212.57921568*pi / 180. 0;
-2.0*powm L, 2)*(phi + TiniB - TiniN;
-1.0*powm L, 2)*(powm(Tini N, 2) - pow (phi+TiniB),2)) —
sqgrt(3.0)*L*rrb*(Tini N-(phi+TiniB)) - powa, 2);
E = pow(KK1, 2)/(4.0*powm a, 2)) + pow(L, 2);
F = KK1*KK2/(2.0*pow(a,2)) - sqrt(3.0)*rrb*L - 2.0*pow L, 2)*(phi +Tini B);
G = powm(KK2,2)/(4.0*pow(a, 2)) - 0.25*powmrrb,2) +
sqgrt(3.0)*rrb*L*(phi +Tini B) + pow(L, 2)*pow((phi + TiniB), 2);
F - sqgrt(pow(F,2) - 4.0*E*GQ )/ (2. 0*E);
n+crrn - sqgrt(powcrrn,2) - pow((sqgrt(3.0)*crrn/2.0 - L*(tc2 —
TiniN),2));

)

A

[N
I

= (-
n_ni

x[1] = Rrcos(tc2);
= R*sin(tc2);
} else if ((phase > 189.7012) & (phase <= 194.8518)) {
Tini B = 257. 42663116*pi / 180. 0;
Tini N = 100. 07921568* pi / 180. 0;

<

—
[EEY

—
|

A=10;
B=-2.0¢Tini N
C: powm(Tini N, 2) + (powa,2) - 2.0%a*rrn)/powL, 2);
cl = (-B + sqrt(pow(B,2) - 4.0*A*C))/ (2. 0*A);
R= n_max - rrn + sqgrt(pow(rrn,2) - pow(L,2)*pow((tcl - TiniN),2));

x[0] = Rrcos(tcl);

= R*sin(tcl);
Tini B = 34.14202146*pi / 180. 0;
Tini N = 212.57921568*pi / 180. 0O;

KK1 = -2.0*pow(L,2)*(phi + TiniB - TiniN);
KK2 = -1.0*pow(L, 2)*(powm(Ti ni N, 2) - pow (phi+TiniB),2)) -

sqrt (3. 0)*L*rrb*(Tini N-(phi+TiniB)) - powa,2);
E = pow(KK1, 2)/ (4. 0*pow(a, 2)) + powL, 2);
F = KK1*KK2/ (2. 0*powm a, 2)) - sqrt(3.0)*rrb*L - 2.0*pow(L, 2)*(phi +Ti ni B);
G = powm(KK2, 2)/(4.0*powm a,2)) - 0.25*pow(rrb,2) +

sqrt(3.0)*rrb*L*(phi +Tini B) + powm L, 2)*pow((phi + TiniB), 2);
tc2 = (-F - sgrt(powm(F, 2) - 4.0*E*Q))/(2.0*E);
R=n_mn + crrn - sqrt(powcrrn,2) - powm(sqrt(3.0)*crrn/2.0 - L*(tc2 —
TiniN),2));
x[ 1] R*cos(tc2);
y[ 1] R*sin(tc2);
} else if ((phase > 194.8518) & (phase <= 213.9166)) {
Tini B = 257. 42663116*pi / 180. 0;
Tini N = 100. 07921568* pi / 180. 0;

A=1.0;
B =-2.0*TiniN,
C: pow(TiniN 2) + (powma,2) - 2.0*a*rrn)/pow L, 2);
cl = (-B + sqgrt(pow(B,2) - 4.0*A*C))/ (2. 0*A);
R: n_mx - rrn + sqrt(pow(rrn,2) - pow(L,2)*pow((tcl - TiniN),2));
X[0] = Rrcos(tcl);
y[0] = R*sin(tcl);

Tini B = 34.14202146*pi / 180. 0;

Tini N = 243.75613022*pi / 180. O;

D = pow(L, 2);

-(sqrt(3.0)*rrb*L + 2. 0*pow( L, 2)*(phi +Ti ni B));

sqrt(3.0)*rrb*L*(phi +Ti ni B) + pow L, 2) *pow( (phi +Ti ni B),2) + pow((rrb-
a),2) - 0.25*pow(rrb, 2);

tc2 = (-E - sgrt(powm(E 2) - 4.0*D*F))/(2.0*D);

mm
I n

R = n_m n;
x[1] = Rrcos(tc2);
y[1l] = R*sin(tc2);

} else if ((phase > 213.9166) & (phase <= 230.7326)) {
Tini B = 241.83817389*pi / 180. 0O;
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Tini N = 100. 07921568%* pi / 180. 0;
K1 = 2. 0*powm(L,2)*(phi + TiniB - 2.0*pi) - 2.0*pow(L,2)*TiniN +
sqrt(3.0)*crrb*L;
K2 = pow(L, 2)*powm(TiniN,2) - powm L, 2)*powm (phi + TiniB - 2.0*pi),2) —
sqrt(3.0)*crrb*L*(phi +Tini B-2. 0*pi )- (0. 75*pow(crrb, 2) +powa, 2));

A = powm K1, 2)/(4.0*powm a,2)) + pow L, 2);
B = K1*K2/(2.0*pow(a,2)) - 2.0*powm L, 2)*Tini N
C = powm(K2, 2)/(4.0*powm a, 2)) - pow(rrn,2) + powm L, 2)*pow(TiniN, 2);

tcl = (-B + sgrt(pow(B,2) - 4.0*A*C))/ (2. 0*A);

R =n_max - rrn + sqgrt(powrrn,2) - powmL,2)*powm(tcl - TiniN),2));
x[ 0] R*cos(tcl);

y[ 0] R*sin(tcl);

Tini B = 34.14202146*pi / 180. 0;

Tini N = 243.75613022*pi / 180. O;

D = powL, 2);

E = -(sqrt(3.0)*rrb*L + 2.0*powm L, 2)*(phi +Tini B));
F = sqrt(3.0)*rrb*L*(phi +Ti ni B) + pow(L, 2)*pow (phi +TiniB),2) + pow(rrb-
a),2) - 0.25*pow(rrb, 2);
tc2 = (-E - sqgrt(powmE 2) - 4.0*D*F))/(2.0*D);
R = n_mn;
x[1] = Rrcos(tc2);
y[1l] = R*sin(tc2);
} else if ((phase > 230.7326) & (phase <= 236.1158)) {

Tini B = 241.83817389*pi / 180. 0O;

Tini N = 115. 66767295*pi / 180. 0;

A = powm K, 2) + pow L, 2);

B = -(2.0*pow L, 2)*(phi +Ti ni B-2*pi ) +2.0*powm K, 2)*Tini N +
2.0%(a+0.5*rrn)*K + sqrt(3.0)*crrb*L);

C = pow(L, 2) *pow (phi +Ti ni B-2. 0*pi), 2) + sqrt(3.0)*crrb*L*(phi+Tini B-

2.0%pi) + pow(K, 2)*powm(Tini N,2) + 2.0*(a+0.5*rrn)*K*Tini N + a*(a+rrn);

tcl = (-B - sqgrt(powm(B,2) - 4.0*A*C))/(2.0*A);

R=n_mx - 0.5*rrn - K*(tcl - TiniN);

x[ 0] Rfcos(tcl);

y[ 0] R*sin(tcl);

Tini B = 34.14202146*pi / 180. 0;

Tini N = 243.75613022*pi / 180. O;

D = pow(L, 2);

E = -(sqrt(3.0)*rrb*L + 2.0*pow L, 2)*(phi +Tini B));
F = sqrt(3.0)*rrb*L*(phi +Ti ni B) + pow( L, 2) *pow( (phi +Tini B),2) + pow((rrb-
a),2) - 0.25*pow(rrb, 2);
tc2 = (-E - sqgrt(pow(E 2) - 4.0*D*F))/(2.0*D);
= n_mn;
x[1] = Rrcos(tc2);
y[1l] = R*sin(tc2);

} else if ((phase > 236.1158) & (phase <= 243.2826)) {
Tini B = 144.92663116*pi / 180. O;
Tini N = 115. 66767295*pi / 180. O;
tcl = (1.0/(2.0*K))*(n_max-b_mn -0.5*(rrn+rrb)) + 0.5*(phi + TiniB +
TiniN -2.0%pi);

R = n_max - 0.5*rrn - K*(tcl-TiniN);

x[ 0] R*cos(tcl);

y[ 0] R*sin(tcl);

Tini B = 34.14202146*pi / 180. 0;

Tini N = 243. 75613022*pi / 180. 0;

D = pow(L, 2);

E = -(sqgrt(3.0)*rrb*L + 2. 0*pow L, 2)*(phi +Tini B));

F = sqrt(3.0) *rrb*L*(phi +Ti ni B) + pow( L, 2) *pow( (phi +Tini B),2) + pow((rrb-
a),2) - 0.25*pow(rrb, 2);

tc2 = (-E - sqgrt(pow(E 2) - 4.0*D*F))/(2.0*D);
= n_mn;

x[ 1] = R*cos(tc2);

y[1l] = R*sin(tc2);

} else if ((phase > 243.2826) & (phase <= 286.5713)) {
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= 144.92663116*pi / 180. 0;
= 115. 66767295*pi / 180. 0;
tcl = (1.0/(2.0*K))*(n_max-b_mn -0.5*(rrn+rrb)) + 0.5*(phi + TiniB +
TiniN -2.0%pi);

R =n_mx - 0.5*rrn - K*(tcl-TiniN);
x[0] = Rrcos(tcl);

= R*sin(tcl);
Tini B = 34.14202146*pi / 180. 0;

= 292.18691084*pi / 180. 0;

Kl = 2. 0*powm(L,2)*TiniN - 2.0*powm L, 2)*(phi+Tini B) - sqrt(3.0)*rrb*L;

K2 pow(L, 2) *(pow (phi +Tini B), 2)-pow(Tini N, 2)) + 0.75*pow(rrb,2) +
sqrt(3.0)*rrb*L*(phi +Tini B) + powa, 2);

A = powm K1, 2)/(4.0*powa, 2)) + pow(L, 2);

B = K1*K2/(2.0*pow(a, 2)) - 2.0*Tini Npow(L, 2);

C = powm(K2,2)/(4.0*powm a,2)) - pow(crrn,2) + pow(L, 2)*pow(TiniN, 2);

tc2 = (-B - sqgrt(pow(B,2) - 4.0*A*C))/ (2. 0*A);

R=n_mn + crrn - sqrt(powcrrn,2) - powL,2)*pow((tc2-TiniN),2));

x[1] = Rrcos(tc2);

y R*sin(tc2);
} else if ((phase > 286.5713) & (phase <= 291.5081)) {
Tini B = 144.92663116*pi / 180. 0O;
Tini N = 115. 66767295*pi / 180. O;
tcl = (21.0/(2.0*K))*(n_max-b_min -0.5*(rrn+rrb)) + 0.5*(phi + TiniB +
TiniN -2.0%pi);
R = n_max - 0.5*rrn - K*(tcl-TiniN;
R*cos(tcl);
R*sin(tcl);
Tini B = 62.76952127*pi / 180. 0;
Tini N = 292.18691084*pi / 180. O;
Q=n_nmn - b max + crrn + 0.5%crrb;
powm K, 2) + pow(L, 2);
2.0*(Q*K - pow(K, 2)*(phi-TiniB) - powmL,2)*TiniN);
-2.0*Q@*K*(phi-Tini B) + pow(K, 2)*pow( (phi-TiniB),2) +
pow(L,2)*powm(Tini N, 2) - powcrrn,2) + powm Q 2);
tc2 = (-B + sgrt(powm(B,2) - 4.0*A*C))/(2.0*A);
R=n_mn + crrn - sqrt(powmcrrn,2) - powmL,2)*pow((tc2 - TiniN,2));
X[1] = Rrcos(tc2);
y[1l] = R*sin(tc2);
} else if ((phase > 291.5081) & (phase <= 360.0)) {
Tini B = 144.92663116*pi / 180. 0O;
Tini N = 115. 66767295*pi / 180. O;
tcl = (21.0/(2.0*K))*(n_max-b_min -0.5*(rrn+rrb)) + 0.5*(phi + TiniB +
TiniN -2.0%pi);

x
2
nonl

0>
I

R = n_max - 0.5*rrn - K*(tcl-TiniN);
x[ 0] R*cos(tcl);
y[ 0] R*sin(tcl);
Tini B = 62.76952127*pi / 180. 0;
Tini N = 323. 36382538*pi / 180. 0;
tc2 = (1.0/(2.0*K)) *(b_max-n_m n-0.5*(crrb+crrn)) + 0.5*(phi +Tini N-Ti ni B);
R=n_mn + 0.5%crrn + K*(tc2 - TiniN);
x[ 1] R*cos(tc2);
y[ 1] R*sin(tc2);
}

/1l Contacts occur at the surface of the NUT
z[ 0] = 0.0500;

z[ 1] = 0.0500;

return O;
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voi d third_nodel _i nput(double R1[][3], double T1[], RAPID nodel *bolt3, float
(*pb3_tri)[13], float (*pb_tri)[13], RAPID nodel *nut3,
float (*pn3_tri)[13], float (*pn_tri)[13], double xroll)

i nt mm nn, bl t _cnt =0, nut _cnt =0;

doubl e xf_b3,yf_b3,zf_b3, xf _n3, yf _n3, zf _n3;//FI XED franme decl arati ons
double xt_b3,yt _b3,zt_b3,xt_n3,yt _n3,zt_n3;//CO (tang) frane decl arations
doubl e xnt_b3,ynt_b3, znt _b3; /1 Cl frane decl arations

/1 PO (pivot) frane declarations

doubl e xp_b3[3],yp_b3[3],zp_b3[3],xp_n3[3],yp_n3[3],zp_n3[3];

[/ BOLT3 Facet |nput Area
double theta_X, theta Y, theta_Zz
double theta X t, theta_Y_t, theta Z t;
double theta_X nt, theta_Y_nt, theta_Z nt;
float fixed_ID;
bol t 3- >Begi nMbdel () ;
for (nmmeO; mmx=bcount-1; mm++) {
fixed_ID = *(*(pb_tri+blt_cnt)+(0));
/1 Convert fromthe BOLT (b) to the FIXED (F) frane
theta_X = *(*(pb_tri+blt_cnt)+(1)) * RL[O][O] + *(*(pb_tri+blt_cnt)+(2))
* RI[O][1] + *(*(pb_tri+blt_cnt)+(3)) * R1[O][2];
theta Y = *(*(pb_tri+blt_cnt)+(1)) * RL[1][0] + *(*(pb_tri+blt_cnt)+(2))
* RI[1][1] + *(*(pb_tri+blt_cnt)+(3)) * R1[1][2];
*(*(pb_tri+blt_cnt)+(1)) * RI[2][0] + *(*(pb_tri+blt_cnt)+(2))
* RI[2][1] + *(*(pb_tri+blt_cnt)+(3)) * R1[2][2];
/I Convert fromthe FIXED (F) to the C1 frame
theta_ X nt = theta X * QO0][0] + theta Y * JO]J[1] + theta Z * dO0][2];
theta_Y_m = theta_X* Q1][0] + theta_Y * Q1][1] + theta Z * Q1][2];
theta_Z nt = theta X * 2][0] + theta Y * J2][1] + theta Z * d2][2];
//Convert fromthe Cl to the CO (tang) frame
theta Xt =theta X mt*MO0][0] + theta Y m*M1][0] + theta Z nt*M2][0];
theta_Y_t =theta X m*MO0][1] + theta Y. m*M1][1] + theta_Z nt*M 2][1];
theta_ Zt =theta X m*MO0][2] + theta Y m*M1][2] + theta_ Z m*M2][2];
I/ Convert fromthe CO (tang) to the PO (pivot) frame
*(*(pb3_tri+blt_cnt)+(0)) fixed_I D
*(*(pb3_tri+blt_cnt)+(1)) (float)(theta_X t * P[O][0] + theta_Y_t *
P[O][1] + theta_Z t * P[0][2]);
*(*(pb3_tri+blt_cnt)+(2)) = (float)(theta_ Xt * P[1][0] + theta_Y_ t *
P[1][1] + theta_Z_t * P[1][2]);
*(*(pb3_tri+blt_cnt)+(3)) = (float)(theta Xt * P[2][0] + theta Y t *
P[2][1] + theta_Z_t * P[2][2]);

theta_Z

int ee=3;
for (nn=0; nn<=2; nn++) {
// Convert fromthe BOLT (b) to the FIXED (F) frame

xf_b3 = (*(*(pb_tri+blt_cnt)+(1+ee))) * RI[O][O] +
(*(*(pb_tri+blt_cnt)+(2+ee))) * RL[O][1] +
(*(*(pb_tri+blt_cnt)+(3+ee))) * RI[0][2] + T1[O];

yf_b3 = (*(*(pb_tri+blt_cnt)+(1+ee))) * RI[1][0] +
(*(*(pb_tri+blt_cnt)+(2+ee))) * RL[1][1] +
(*(*(pb_tri+blt_cnt)+(3+ee))) * RL[1][2] + T1[1];

zf_b3 = (*(*(pb_tri+blt_cnt)+(1l+ee))) * RL[2][0] +
(*(*(pb_tri+blt_cnt)+(2+ee))) * RL[2][1] +
(*(*(pb_tri+blt_cnt)+(3+ee))) * R1[2][2] + T1i[2];

/1 Convert fromthe FIXED (F) to the CL frame
xm_b3 = xf_b3 * QOJ[0] + yf_b3 * dO]J[1] + zf_b3 * QOJ[2] -
(dojfoj*yo] + Qqojfij=yi] + qoj[z1*uzj);
xf_b3 * d1]1[0] + yf_b3 * Q1][1] + zf_b3 * q1][2] -
(d1][oj*yo] + Qq1ij[i1]*yi] + q1j[2]*uzj);
zmt _b3 = xf_b3 * 2][0] + yf_b3 * d2][1] + zf_b3 * q2][2] -
(d2][0]*yo] + q2][1]*U1] + q2][2]*U2]);
[/ Convert fromthe Cl to the C (tang) frane

ynt _b3
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xt_b3 = xnt_b3*MO0][0] + ynt_b3*M1][0] + zmt _b3*M 2][0];
yt_b3 = xnmt_b3*M 0] [1] + ymt _b3*M1][1] + znt_b3*M 2] [1];
zt_b3 = xmt_b3*MO0][2] + ynt _b3*M1][2] + znt_b3*M2][2];

I/ Convert fromthe CO (tang) to the PO (pivot) frame

xp_b3[nn] = xt_b3 * P[0][0] + yt_b3 * P[0][1] + zt_b3 * P[0][2];
yp_b3[nn] = xt_b3 * P[1][0] + yt_b3 * P[1][1] + zt_b3 * P[1][2];
zp_b3[nn] = xt_b3 * P[2][0] + yt_b3 * P[2][1] + zt_b3 * P[2][2]:

*(*(pb3_tri+blt_cnt)+(1+ee))
*(*(pb3_tri+blt_cnt)+(2+ee))
*(*(pb3_tri+blt_cnt)+(3+ee))
ee += 3;

(float)(xp_b3[nn]);
(float)(yp_b3[nn]);
(float)(zp_b3[nn]);

}

doubl e b3p0[3] = { xp_b3[0], yp_b3[0], zp_b3[0] };
doubl e b3pl[3] = { xp_b3[1], yp_b3[1], zp_b3[1] };
doubl e b3p2[3] = { xp_b3[2], yp_b3[2], zp_b3[2] };
bol t 3- >AddTri (b3p0, b3pl, b3p2, blt_cnt);

bl t _cnt ++;

}
bol t 3- >EndModel () ;

/I NUT3 Facet |nput Area
double Ntheta_ X, Nheta Y, Ntheta_Z;
double N heta_X t, Ntheta_Y_t, Nheta Z_t;
float Nfi xed_ID;
nut 3- >Begi nModel () ;
for (nmmeO; mmx=ncount-1; mm++) {
[/ Extract NUT direction cosines given in the FIXED (F) frane

Nfixed_ID = *(*(pn_tri+nut_cnt)+(0));
Ntheta_X = *(*(pn_tri+nut_cnt)+(1));
Ntheta Y = *(*(pn_tri+nut_cnt)+(2));
Ntheta_Z = *(*(pn_tri+nut_cnt)+(3));

/1 Convert fromthe FIXED (F) to the C (tang) frane

Ntheta_ Xt = Ntheta_ X * QO0][0] + Ntheta_ Y * QO]J[1] + Ntheta_Z * 0][2]
- (QOoJ[o]*yo] + Qqojf1]*ui] + qojrz2y*uz]);

Ntheta_Y t = Ntheta_ X * Q1][0] + Ntheta_Y * Q1][1] + Ntheta_zZ *  1][2]
- (Q1[oj*yo] + g1yl + q1jr21*uzj);

Ntheta_Zt = Ntheta X * Q2][0] + Ntheta_Y * Q2][1] + Ntheta_Z * 2][2]
- (Q21[01*uo] + g21[1]* U1l + d2][2]*u2]);

I/ Convert fromthe CO (tang) to the PO (pivot) frame

*(*(pn3_tri+nut_cnt)+(0)) = Nfixed_ID;

*(*(pn3_tri+nut_cnt)+(1)) = (float)(Ntheta_ Xt * P[0O][0] + Ntheta_Y_t *
P[O][1] + Ntheta_ Z t * P[0][2]);

*(*(pn3_tri+nut_cnt)+(2)) = (roat)(Ntheta Xt * P[1][0] + Ntheta_Y_t *
P[l][l] + Ntheta_Z_ t PL11[2]);

*(*(pn3_tri+nut_cnt)+(3)) = (roat)(Ntheta (t * P[2][0] + Ntheta_Y_t *

P[2][1] + Ntheta_Z t * P[2][2]);

* |

int ef=3;
for (nn=0; nn<=2; nn++) {
[/ Extract NUT coordinates given in the FIXED (F) frame

xf _n3 = *(*(pn_tri+nut_cnt)+(1+ef));
yf _n3 = *(*(pn_tri+nut_cnt) +(2+ef));
zf _n3 = *(*(pn_tri+nut_cnt) +(3+ef));

/1 Convert fromthe FIXED (F) to the CO (tang) frame
xt_n3 = xf_n3 * OJ[0] + yf_n3 * QO]J[1] + zf_n3 * JQO][2] -
(QOI[0]*U0] + QoJ[1]*U1] + Q[O][2]*U[2])

yt_n3 = xf_n3 * 1][0] + yf_n3 * Q1][1] + zf_n3 * Q1][2]
(Q1][0]1*U0] + Q1][1]*U1] +q1][2]*U[2]),
zt_n3 = xf_n3 * 2][0] + yf _n3 * Q2][1] + zf_n3 * Q2][2] -

(d2][0]*uo] + q2][1]*U1] + q2][2]*U2]);
/1 Convert fromthe C0 (tang) to the PO (pivot) frane
xp_n3[nn] = xt_n3 * P[O][0] + yt_n3 * P[O][1] + zt_n3 * P[O][2];
yp_n3[nn] =xt_n3 * P[1][0] + yt_n3 * P[1][1] + zt_n3 * P[1][2];
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zp_n3[nn] = xt_n3 * P[2][0] + yt n3 * P[2][1] + zt_n3 * P[2][2];

*(*(pn3_tri+nut_cnt)+(1+ef))
*(*(pn3_tri+nut_cnt) +(2+ef))
*(*(pn3_tri+nut_cnt) +(3+ef))
ef += 3;

(float) (xp_n3[nn]);
(float)(yp_n3[nn]);
(float)(zp_n3[nn]);

}

doubl e n3p0J[ 3] { xp_n3[0], yp_n3[0], zp_n3[0] };
doubl e n3pl[ 3] { xp_n3[1], yp_n3[1], zp_n3[1] };
double n3p2[3] = { xp_n3[2], yp_n3[2], zp_n3[2] };
nut 3- >AddTri (n3p0, n3pl, n3p2, nut_cnt);

nut _cnt ++;

}
nut 3- >EndModel () ;
}
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/1 This function is only needed when the BOLT is flush with the NUT surface

voi d special _third(double R1[][3], double T1[], RAPID nodel *bolt3, float
(*pb3_tri)[13], float (*pb_tri)[13], RAPID nodel *nut3, float
(*pn3_tri)[13], float (*pn_tri)[13], double xroll, double phi)

i nt mm nn, bl t _cnt =0, nut _cnt =0;

doubl e xf_b3,yf b3,zf b3, xf_n3,yf n3,zf _n3;//FIXED (F) frane decl arations
[/ PO (pivot) frame decl arations

double xp_b3[3],yp_b3[3],zp_b3[3],xp_n3[3],yp_n3[3],zp_n3[3];

//double R[3][3]; //New rotation matrix that orients BOLT in space

[/ BOLT3 Facet |nput Area
double theta X f, theta Y f, theta Z f;
float fixed_ID;

RIOJ[0] = cos(phi); RO][1] = sin(phi); ROJ[2] = 0.0;
RI1][0] = -sin(phi); R1][1] = cos(phi); R1][2] = 0.0;
RE2][0] = 0.0; RE2][1] = 0.0; RI2][2] =1.0;

bol t 3- >Begi nModel () ;
for (nmmeO; mmx=bcount-1; mm++) {
fixed_ID = *(*(pb_tri+blt_cnt)+(0));
/1 Convert fromthe BOLT (b) to the FIXED (F) frane
theta_ X f = *(*(pb_tri+blt_cnt)+(1)) * RIO][0] + *(*(pb_tri+blt_cnt)+(2))
* RI1I[0] + *(*(pb_tri+blt_cnt)+(3)) * R2][0];
theta Y _f = *(*(pb_tri+blt_cnt)+(1)) * RIOJ[1] + *(*(pb_tri+blt_cnt)+(2))
* R[] + *(*(pb_tri+blt_cnt)+(3)) * R2][1];
theta_Z f = *(*(pb_tri+blt_cnt)+(1)) * RIO][2] + *(*(pb_tri+blt_cnt)+(2))
* R1[2] + *(*(pb_tri+blt_cnt)+(3)) * R2][2];
I/ Convert fromthe FIXED (F) to the PO (pivot) frame
*(*(pb3_tri+blt_cnt)+(0)) = fixed_ID
*(*(pb3_tri+blt_cnt)+(1)) = (float)(theta_X f * P[O][0] + theta_Y_f *
P[O][1] + theta_Z f * P[0][2]);
*(*(pb3_tri+blt_cnt)+(2)) = (float)(theta_X f * P[1][0] + theta_Y_f *
P[1]1[1] + theta_zZ f * P[1][2]);
*(*(pb3_tri+blt_cnt)+(3)) = (float)(theta X f * P[2][0] + theta_ Y f *
P[2][1] + theta_zZ f * P[2][2]);
int ee=3;
for (nn=0; nn<=2; nn++) {
// Convert fromthe BOLT (b) to the FIXED (F) frame

xf_b3 = (*(*(pb_tri+blt_cnt)+(1+ee))) * RO][O] +
(*(*(pb_tri+blt_cnt)+(2+ee))) * R 1][0] +
(*(*(pb_tri+blt_cnt)+(3+ee))) * R 2][0] + 0.000;

yf_b3 = (*(*(pb_tri+blt_cnt)+(1+ee))) * RO][1] +
(*(*(pb_tri+blt_cnt)+(2+ee))) * RI1]1[1] +
(*(*(pb_tri+blt_cnt)+(3+ee))) * R 2][1] + 0.000;

zf_b3 = (*(*(pb_tri+blt_cnt)+(1l+ee))) * RO][2] +
(*(*(pb_tri+blt_cnt)+(2+ee))) * R 1][2] +

(*(*(pb_tri+blt_cnt)+(3+ee))) R[2][2] + 0.050;

/1 Convert fromthe FIXED (F) to the PO (pivot) frane

xp_b3[nn] = xf_b3 * P[O][0] + yf_b3 * P[O][1] + zf_b3 * P[O][2] -
(PLO][O]*x[O] + P[O][1]*y[O] + P[O][2]*Zz[0]);

xf_b3 * P[1][0] + yf_b3 * P[1][1] + zf_b3 * P[1][2] -
(PL1][0]*x[O] + P[1][1]*y[O] + P[1][2]*Zz[0]);

zp_b3[nn] = xf_b3 * P[2][0] + yf_b3 * P[2][1] + zf_b3 * P[2][2] -

(PL2][0]*x[O] + P[2][1]*y[O] + P[2][2]*Zz[0]);

*(*(pb3_tri+blt_cnt)+(1+ee)) (float) (xp_b3[nn]);

*(*(pb3_tri+blt_cnt)+(2+ee)) (float) (yp_b3[nn]);

*(*(pb3_tri+blt_cnt)+(3+ee)) (float)(zp_b3[nn]);

ee += 3;

yp_b3[ nn]

}
doubl e b3p0[3] = { xp_b3[0], yp_b3[0], zp_b3[0] };
doubl e b3pl[3] = { xp_b3[1], yp_b3[1], zp_b3[1] };
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}

doubl e b3p2[3] = { xp_b3[2], yp_b3[2], zp_b3[2] }:
bol t 3- >AddTri (b3p0, b3pl, b3p2, blt_cnt);

bl t _cnt ++;

}
bol t 3- >EndModel () ;

/1 NUT3 Facet

| nput Area

double Ntheta_X, Ntheta_Y, Ntheta_z,
float Nfi xed_ID;
nut 3- >Begi nMbdel () ;
for (nmmeO; mmx=ncount-1; mmt+) {
[/ These guys are already in the FI XED frame

Nfi xed_I D
Nt het a_X
Nt het a_Y
Nt heta_Z
/| Convert
*(*(pn3_tr
*(*(pn3_tr

*(*(pn3_tr

*(*(pn3_tr

int ef=3;

for (nn=0;
/] These
xf_n3 =
yf _n3 =
zf _n3 =

*(*(pn_tri+nut_cnt)+(0));

*(*(pn_tri+nut_cnt)+(1));

*(*(pn_tri+nut_cnt)+(2));

= *(*(pn_tri+nut_cnt)+(3));

to the PO (pivot) frame

i +nut _cnt) +(0)) Nfi xed_I D;

i +nut _cnt) +(1)) (float)(Ntheta_X * P[0][0] + Ntheta_Y *
P[O][1] + Ntheta_Z * P[0][2]);
(float)(Ntheta_X * P[1][0] + Ntheta_Y *
P[1]1[1] + Ntheta_Z * P[1][2]);

i +nut _cnt)+(3)) = (float)(Ntheta_X * P[2][0] + Ntheta_Y *
P[2][1] + Ntheta_Z * P[2][2]);

i +nut _cnt) +(2))

nn<=2; nn++) {

guys are already in the FI XED frane
*(*(pn_tri+nut_cnt)+(1+ef));
*(*(pn_tri+nut_cnt) +(2+ef));
*(*(pn_tri+nut_cnt) +(3+ef));

/1 Convert to the PO (pivot) frame, need only to go fromFIXED to PO
xp_n3[nn] = xf_n3 * P[O][0] + yf_n3 * P[0O][1] + zf_n3 * P[0O][2] -

(PLO][O]*x[ O] + P[O][1]*y[0] + P[O][2]*z[0])

yp_n3[nn] = xf_n3 * P[1][0] + yf_n3 * P[1][1] + zf_n3 * P[1][2] -

(P1][0]*x[0] + P[1][1]*y[0] + P[1][2]*z[0])

zp_n3[nn] = xf_n3 * P[2][0] + yf_n3 * P[2][1] + zf_n3 * P[2][2] -

*(*(pn3_tri+nut_cnt) +(1+ef))
*(*(pn3_tri+nut_cnt) +(2+ef))
*(*(pn3_tri+nut_cnt) +(3+ef))

(P[2][0]*x[0] + P[2][1]*y[0] + P[2][2]*2[0]);
(float) (xp_n3[nn]);

(float)(yp_n3[nn]);
(float)(zp_n3[nn]);

ef += 3;

}

doubl e n3p0[ 3]
doubl e n3pl[ 3]
doubl e n3p2[3] =

{ xp_n3[0], yp_n3[0], zp_n3[0] };
{ xp_n3[1], yp_n3[1], zp_n3[1] };
{ xp_n3[2], yp_n3[2], zp_n3[2] };

nut 3- >AddTri (n3p0, n3pl, n3p2, nut_cnt);

nut _cnt ++;

}
nut 3- >EndMbdel () ;
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doubl e contact _group(int cpairs, float (*bolt3 contact tri)[13], float

{

(*nut3_contact _tri)[13])

double Bx1[2],Byl[2],Bz1[2], Bx2[2],By2[2],Bz2[2],Bx3[2],By3[2],Bz3[2];
doubl e D=1.0e-8, group[12][400]][26];

doubl e Adist1, Adi st2, Adi st 3, Bdi st1, Bdi st 2, Bdi st 3, Cdi st1, Cdi st 2, Cdi st 3;
double Am n,Bmn, Crin, mn_dist;

i nt BLT_id, NUT_id, blt_diff=0, nut_diff=0;

i nt BV1=0, BV2=0, BV3=0, Nv1=0, NV2=0, NV3=0, CLOSE=0, ADJ=0;

i nt bb, qq, gr _ct =0, gr _num=0;

i nt rowct[] ={ 0,0,0,0,0,0,0,0, O, O, O, O, O, O, O, O, O, O, O, O};

//\We need to sort the contact tri's first (frommn to max)
i nt k, ptr, first, G
doubl e hol dB[ 13], hol dN[ 13];
for (k=0; k<=cpairs-2; k++) {
ptr = k;
first = k+1;
for (int I=first; I<=cpairs-1; |++) {

if (*(*(bolt3_contact _tri+l)+0) < *(*(bolt3_contact _tri + ptr) + 0)) {

ptr =1;
}

}
/1 Must hold entire row of bolt3 & nut3, baby
for (G0; &x=12; G++) {
hol dB[G = *(*(bolt3_contact_tri + k) + Q;
holdNNG = *(*(nut3_contact_tri + k) + GQ;
}
// Reset original "k" row of bolt3 and nut3
for (G=0; G=12; G++) {
*(*(bolt3_contact_tri + k) + G = *(*(bolt3_contact_tri + ptr) + G;
*(*(nut3_contact _tri + k) + § = *(*(nut3_contact_tri + ptr) + Q;

}

/1Yank the old stuff out of the "hold"

for (G=0; G<=12; G++) {
*(*(bolt3_contact _tri + ptr) + Q
*(*(nut3_contact_tri + ptr) + Q

}

(float)hol dB[ G ;
(float)hol dN G ;

}

//Store the 1st contact pair into GROUP 0O

for (bb=0; bb <= 12; bb++) {
group[O0][O0][bb] = *(*(bolt3_contact _tri + 0) + bb);
group[ 0] [ 0] [ bb+13] = *(*(nut3_contact_tri + 0) + bb);

rowct[0] =1; gr_ct = 1;
//Begin iterating through all the tris involved in the contact(s)
for (qg=1; qq < cpairs; qg++) {
BLT id = (int)(*(*(bolt3_contact _tri + qq) + 0));
NUT_id = (int)(*(*(nut3_contact_tri + qq) + 0));
if (BLT_id !'= (int)(*(*(bolt3_contact_tri + (qg-1)) + 0))) {
//Set the BOLT difference flag
blt_diff = 1;

if (NUT_id!= (int)(*(*(nut3_contact _tri + (qgq-1)) + 0))) {
/1Set the NUT difference flag
nut_diff = 1;

if (blt _diff == 1) {//Current BOLT tri is different than the previous tri

//Read in the BOLT vertices (fromcurrent & PREVIQUS contact pairs)
Bx1[0] = *(*(bolt3_contact_tri + qq) + 4);
Bx1[1] = *(*(bolt3_contact_tri + (qg-1)) + 4);
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Byl[0] = *(*(bolt3_contact_tri + qq) + 5);
Byl[ 1] = *(*(bolt3_contact_tri + (qqg-1)) + 5);
Bz1[0] = *(*(bolt3_contact_tri + qq) + 6);
Bz1[ 1] = *(*(bolt3_contact _tri + (qqg-1)) + 6);
Bx2[0] = *(*(bolt3_contact_tri + qq) + 7);
Bx2[1] = *(*(bolt3_contact_tri + (qg-1)) + 7);
By2[0] = *(*(bolt3 _contact_tri + qq) + 8);
By2[1] = *(*(bolt3_contact_tri + (qqg-1)) + 8);
Bz2[0] = *(*(bolt3_contact_tri + qq) + 9);
Bz2[1] = *(*(bolt3_contact_tri + (qqg-1)) + 9);
Bx3[0] = *(*(bolt3_contact _tri + qq) + 10);
Bx3[1] = *(*(bolt3_contact_tri + (qg-1)) + 10);
By3[0] = *(*(bolt3_contact _tri + qq) + 11);
By3[1] = *(*(bolt3_contact _tri + (qg-1)) + 11);
Bz3[0] = *(*(bolt3_contact_tri + qq) + 12);
Bz3[1] = *(*(bolt3_contact _tri + (qg-1)) + 12);

/1 Check to see if BOLT vertices are coinci dent

if ((fabs(Bx1[0]-Bx1[1]) < D) && (fabs(Byl1[0]-Byl[1]) < D) &&

Bv1 = 1,

} else if ((fabs(Bx1[0]-Bx2[1]) < D) && (fabs(Byl[O0]-

BvV1 = 1;

} else if ((fabs(Bx1[0]-Bx3[1]) < D) && (fabs(By1[0]-

(fabs(Bz1[ 0] -Bz1[1]) D)) {
By2[1]) < D) &&
(fabs(Bz1[0]-Bz2[1]) < D)) {
By3[ 1]) D) &&
(fabs(Bz1[0]-Bz3[1]) D)) {

BvV1 = 1,

}
if ((fabs(Bx2[0]-Bx2[1]) < D) && (fabs(By2[0]-By2[1]) < D) &&

(fabs(Bz2[0]-Bz2[1]) < D)) {

BV2 = 1,

} else if ((fabs(Bx2[0]-Bx1[1]) < D) && (fabs(By2[0]-Byl[1l]) < D) &&
(fabs(Bz2[0]-Bz1[1]) < D)) {

Bv2 = 1;

} else if ((fabs(Bx2[0]-Bx3[1]) < D) && (fabs(By2[0]-By3[1]) < D) &&
(fabs(Bz2[0]-Bz3[1]) < D)) {

BV2 = 1,

}
if ((fabs(Bx3[0]-Bx3[1]) < D) && (fabs(By3[0]-By3[1]) < D) &&

BV3 = 1;

} else if ((fabs(Bx3[0]-Bx1[1]) < D) && (fabs(By3[0]-

BV3 = 1,

} else if ((fabs(Bx3[0]-Bx2[1]) < D) && (fabs(By3[0]-

(fabs(Bz3[0]-Bz3[1]) < D)) {
Byl[1]) < D) &&
(fabs(Bz3[0]-Bz1[1]) < D)) {
By2[1]) < D) &&
(fabs(Bz3[0]-Bz2[1]) < D)) {

BV3 = 1;

}

/] Check to see if BOLT vertices are "cl ose"
/1 To account for tri's that were present but not adjacent

Adi st 1

Adi st 2

Adi st 3

Bdi st 1

Bdi st 2

Bdi st 3

Cdi st1

= sqrt(pow((Bx1[0]-
= sqrt(pow( (Bx1[0]-
= sqrt(pow((Bx1[0]-
= sqrt(pow( (Bx2[0]-
= sqrt (pow( (Bx2[0]-
= sqrt(pow( (Bx2[0]-

= sqrt(pow (Bx3[0]-

Bx1[1]),
Bx2[1]),
Bx3[1]),
Bx1[1]),
Bx2[1]),
Bx3[1]),

Bx1[1]),

2)
2)
2)
2)
2)
2)

2)
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pow((By1[0]-Byli[1]),2) +
pow( (Bz1[ 0] -Bz1[1]), 2));
pow( (By1[0]-By2[1]),2) +
pow( (Bz1[ 0] -Bz2[1]), 2));
pow((By1[0]-By3[1]),2) +
pow( (Bz1[0]-Bz3[1]), 2));
pow((By2[0]-By1[1]),2) +
pow( (Bz2[ 0] -Bz1[1]), 2));
pow( (By2[0]-By2[1]),2) +
pow( (Bz2[ 0] - Bz2[1]), 2));
pow((By2[0]-By3[1]),2) +
pow( (Bz2[ 0] -Bz3[1]), 2));
pow((By3[0]-By1[1]),2) +
pow( (Bz3[0]-Bz1[1]),2));



Cdi st 2
Cdi st 3
//Find
Ami n
Bmi n
Cmin

sqrt(pow( (Bx3[0]-Bx2[1]),2) + pow((By3[0]-By2[1]),2) +
pow( (Bz3[ 0] - Bz2[1]), 2));

sqrt (pow( (Bx3[0]-Bx3[1]),2) + pow((By3[0]-By3[1]),2) +
pow( (Bz3[0]-Bz3[1]),2));

the m ni num di st ance

m ni mun{ Adi st 1, Adi st 2, Adi st 3);
m ni nun{ Bdi st 1, Bdi st 2, Bdi st 3);
m ni mun( Cdi st 1, Cdi st 2, Cdi st 3);
m n_di st

= m ni mun{Ani n, Bnin, Cnin);

if (mn_dist <= 0.02) {//2.9%of the circunference of the NUT ID
[/ The triangles are "cl ose"

CLOSE = 1;

}

if ((BVL ==1) || (BV2 ==1) || (BV3 == 1)) {
ADJ = 1;

}

if ((ADD ==1) || (QLOBE == 1)) {

//The tri’'s share at least 1 vertex & are adjacent
if (gr_ct ==1) {

gr_num = O;
} elseif (gr_ct '=1) {

gr_num= gr_ct - 1,

}

for

(bb=0; bb <= 12; bb++) {
group[gr_num [row ct[gr_num][bb] = *(*(bolt3_contact _tri+qq) +bb);
group[gr_nunm [row_ct[gr_nuni][bb+13] =*(*(nut3_contact_tri+qq) +bb);

row_ct[gr_num ++;
} elseif ((BV1 == 0) && (BV2 == 0) && (BV3 == 0)) {
//The tri’'s are not adjacent
gr_ct ++;
gr_num= gr_ct-1;
(bb=0; bb <= 12; bb++) {
group[gr_num [row ct[gr_num][bb]=*(*(bolt3_contact_tri + qq)+bb);
group[gr_num [row ct[gr_num][bb+13] =*(*(nut3_contact _tri+qq) +bb);

for

row_ct[gr_nunj ++;

} elseif (blt_diff !'=1) {//Current BOLT tri sanme as the previous tri
/] Store contact pair into the active group
for (bb=0; bb <= 12; bb++) {
group[gr_num [row ct[gr_num][bb] = *(*(bolt3_contact_tri+qq) + bb);
group[gr_num [row ct[gr_num][bb+13] = *(*(nut3_contact_tri+qq) +bb);

row_ct[gr_nunj ++;

Bv1=0; BV2=0; BV3=0; Nv1=0; Nv2=0; Nv3=0; CLOSE=0; ADJ=0;
bl t _di ff=0;
}//end of triangle iteration

nut _di f f=0;

/I Now let’s cal culate the contact point |ocations
if (gr_num>= 2) {
/1 This means you have at |east 3 contact points, gr_numstarts from zero
let’s make sure we have minimzed our rotation
if (fabs(psi_step) == 0.0001) {
third_pt ;
} else if (fabs(psi_step) !'= 0.0001) {
psi = psi
psi _step = psi_step/10.0;

/ | However ,

}
}

:1’

- psi_step*pi/180.0;
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if (third_pt == 1) {
of stream CPfil e("contact_point.txt",ios::out|ios::app);
of stream DATAfi |l e("points.txt",ios::out|ios::app);
CPfile << setprecision(4);
CPfile << "ROLL =\t" << al pha*180.0/pi << "\tPITCH =\t" << beta*180. 0/ pi
<< "\tPHASE =\t" << phi*180.0/pi << endl;
CPfile << "Nunber of contact locations:\t" << gr_numtl << "\t XROLL ="
<< xrol1*180.0/pi << "\tPSI =" << psi*180.0/pi << endl;
CPfile << "Contact Point Locations:" << endl;
CPfile << setprecision(6);
DATAfi | e << setprecision(8);
if (flush_true == 1) {
CPfile << "We are flush with surface, so the original 1st two points
are:\n";
CPfile << "Xit\t" << "WAt\t" << "Z\t\t" << endl;
CPfile << x[0] << "\t" << y[0] << "\t" << z[0] << endl;
CPfile << x[1] << "\t" << y[1] << "\t" << z[1] << endl;
} else if (flush_true I'=1) {
CPfile << "The original 1st two points are:\n";
CPfile << "XO\t" << x[0] << "\tYO\t" << y[0] << "\tZO\t" << z[0] <<
endl ;
CPfile << "XI\t" << x[1] << "\VtVYIVt" << y[1] << "\tZI\t" << z[1]<<
endl ;
}

CPfile << "The three conputed contact points are:\n";
CPfile << "Xit\t" << "WAt\t" << "Z\t\t" << "# Contact Pairs" << endl;
for (int jj=0; jj <= gr_num jj++) {
/1 Open up pointers so that we can store the tri’'s fromeach group
float (*blt3_tri)[13] = new float[1000][13];
float (*nut3_tri)[13] = new float[1000][13];
float (*blt_Ift)[13] new fl oat[100][13];
float (*nut_Ift)[13] new float[100][13];
float (*blt_rht)[13] new float[100][13];
float (*nut_rht)[13] new float[100][13];
for (int kk=0; kk <= row.ct[jj]-1; kk++) {
/1 Extract each group first
for (bb=0; bb <= 12; bb++) {
*(*(blt3_tri + kk) + bb)
*(*(nut3_tri + kk) + bb)

= (float)(group[jj][kK][bb]);

= (float)(group[jj][kk][bb+13]);
}

}

//What is the spread at the second point of contact?

/lVery first tri

for (bb=0; bb <= 12; bb++) {

*(*(blt_Ift + 0) + bb) = (float)(group[jj][O][bb]);
*(*(nut_Ift + 0) + bb) = (float)(group[jj][0][bb+13]);
}
//Last tri

for (bb=0; bb <= 12; bb++) {
*(*(blt_rht + 0) + bb)
*(*(nut_rht + 0) + bb)

(float)(group[jj][rowct[jj]-1][bb]);

(float)(group[jj][rowct[jj]-1][bb+13]);

}

contact _point(1, XP, TP, blt_Ift, nut_Ift);

pi vot _to_fixed(m dpoint[0], mdpoint[1], mdpoint[2]);

CPfile << C3_fixed[0] << "\t" << C3_fixed[1l] << "\t" << C3_fixed[2] <<
endl ;

contact _point(1, XP, TP, blt_rht, nut_rht);

pi vot _to_fixed(m dpoint[0], mdpoint[1], mdpoint[2]);

CPfile << C3_fixed[0] << "\t" << C3_fixed[1l] << "\t" << C3_fixed[2] <<
endl ;

/1Send extracted group to the contact |ocation function

contact _point(rowct[jj], XP, TP, blt3_tri, nut3_tri);

pointX[jj] = mdpoint[0];
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pointY[jj] = mdpoint[1];
pointZ[jj] = midpoint[2];
if ((sart(pow(pointX[jj],2) + pow(pointY[jj],2) + pow(pointZ[jj],2)))
<= 0.012) {
pointX[jj] = 0.0; pointY[jj] =0.0; pointZjj] = 0.0;

}
/] Convert coordinates fromthe PO to the FIXED (F) frane
pi vot _to_fixed(pointX[jj], pointY[jjl, pointZ[jj]);
/1 Find tangent vector to paranetric equation that defines the NUT edge
nut _vector (C3_fixed[0], C3_fixed[1l], C3_fixed[2]);
/1 Convert coordinates fromthe PO to the BOLT (b) frane
pi vot _to_bolt(pointX[jj], pointY[jj]l, pointZ[jj]);
/1 Find tangent vector to paranetric equation that defines the BOLT edge
blt_vector(C3_bolt[0], C3_bolt[1l], C3_bolt[2]);
// Comput e the common nornmal fromthe two tangent vectors
common_normal (BFt _i,BFt _j,BFt _k, NW i, NW _j, NW _K);
CPfile << setprecision(6);
CPfile << setw(9) << C3_fixed[0] << "\t" << setw(9) << C3_fixed[1] <<
"\t" << setw(9) << C3_fixed[2] << "\t" << setw(9) <<
row ct[jj] << "\t";
DATAfile << C3_fixed[0] << "\t" << C3_fixed[1l] << "\t" << C3_fixed[2]
<< "\t" << ComNormi << "\t" << ComNormj << "\t"
<< Com Normk << endl;
delete [] blIt3_tri;
delete [] nut3_tri;

if (flush_true == 1) {//Flush with the surface is a special case
bolt _to fixed(0.0, 0.0, 0.0);
CPfile << "BOLT Origin\n";
CPfile << pX_f <<"\t" << pY_f << "\t" << pZ_ f << endl;
bolt _to_fixed(0.0, 0.0, 0.05);
CPfile << "BOLT Top Surface\n";
CPfile << pX_f <<"\t" << pY_f << "\t" << pZ_f << endl;
} else if (flush_true != 1) {//BOLT maintains first contact point
bolt_to_pivot(0.0, 0.0, 0.0);
pi vot _to_fixed(pX_p0, pY_pO0, pZ_p0);
CPfile << "BOLT Origin\n";
CPfile << C3_fixed[0] <<"\t" << C3_fixed[1l] << "\t" << C3_fixed[2] <<
endl ;
bolt _to_pivot(0.0, 0.0, 0.05);
pi vot _to_fixed(pX_p0, pY_pO0, pZ_p0);
CPfile << "BOLT Top Surface\n";
CPfile << C3_fixed[0] <<"\t" << C3_fixed[1l] << "\t" << C3_fixed[2] <<
endl ;

(0 I I S e R " << endl;
CPfile.close();
DATAfi | e. cl ose();

}

return O;
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doubl e pivot_to _fixed(double pointX double pointY, double point2)
{/IpointX Y,Z are neasured in the PO (pivot) frame

double pX_ t,pY_t,pZ_t,pX pl,pY_pl, pZ pl;

I/ Convert fromthe PO (pivot) to the CO (tang) frame

pXt = P[O][0]*pointX + P[1][0] *pointY + P[2][0]*poi ntZ
pY_t = P[O][1]*pointX + P[1][1] *pointY + P[2][ 1] *poi nt Z;
pZ_t = P[O][2]*pointX + P[1][2]*pointY + P[2][2]*poi nt Z;

/I Convert fromthe CO (tang) to the FIXED (F) frane

C3 fixed[0] = @O][O0]*pX_t + Q1][0]*pY_t + Q2][0]*pZ_t + U O];
C3_fixed[1] = O][1]*pX_t + F1][1]*pY_t + d2][1]*pZ_t + U 1];
C3 fixed[2] = @O][2]*pX_t + Q1][2]*pY_t + Q2][2]*pZ_t + U 2];

if (flush_true == 1) {//Flush with the surface is a special case
/1 Convert fromthe P1 to the PO (pivot) frane

pX_pl = pointX*XP[0][0] + pointY*XP[O][1] +pointZ*XP[0][2];
pY_pl = point X*XP[1][0] + pointY*XP[1][1] +pointZ*XP[1][2];
pZ_pl = pointX*XP[2][0] + pointY*XP[2][1] +pointZ*XP[2][2];

I/ Convert fromthe PO (pivot) to the FIXED (F) frame

C3_fixed[0] = pX p1*P[0][0] + pY_pl*P[1][0] + pZ_pl*P[2][0] + x[O];
C3_fixed[1] = pX_pl*P[O][1] + pY_pl*P[1][1] + pZ_pl*P[2][1] + y[O];
C3_fixed[2] = pX p1*P[0][2] + pY_pl*P[1][2] + pZ_pl*P[2][2] + z[O];
}
return O;

}

doubl e pivot_to_bolt(doubl e pointX, double pointY, double pointZz)
{/lpoints X,Y,Z are neasured in the PO frane
doubl e pX_np, pY_np, pZ_np, pX_t, pY_t, pZ_t,pX_nt, pY_nt, pZ_nt;
double pX f,pY_f,pZ f;
I/ Convert fromthe PO (pivot) to the Pl frame
pX_np XP[0][O0] *point X + XP[1][0] *poi ntY + XP[2][ 0] *poi nt Z;
pY_np XP[O][1] *point X + XP[1][1] *pointY + XP[2][ 1] *poi nt Z;
pZ_nmp = XP[O][2]*point X + XP[1][2] *pointY + XP[2][ 2] *poi nt Z;
I/ Convert fromthe P1 to the CO (tang) frame

pX_t = pX_np*P[0][0] + pY_np*P[1][0] + pZ np*P[2][0];
pY_t = pX_np*P[O][1] + pY_np*P[1][1] + pZ np*P[2][1];
pZ_t = pX_np*P[0][2] + pY_np*P[1][2] + pZ np*P[2][2];

I/ Convert fromthe C0 (tang) to the Cl1 frame
pX_nt = pX t*MO][0] + pY_t*MO]J[1] + pZ t*MO][2];
pY_mt = pX t*M1][0] + pY_t*M1][1] + pZ t*M1][2];
pZ_mt = pX t*M2][0] + pY_t*M2][1] + pZ t*M2][2];
/'l Convert fromthe Cl to the BOLT (b) frame
C3_bolt[0] = pX_nmt*B1[0][0] + pY_nmt*B1[1][0] + pZ_nt*B1[2][0] + S[0];
C3_bol t[1] pX_m*B1[0][1] + pY_m*B1[1][1] + pZ_m*B1[2][1] + S[1];
C3_bol t[2] pX_m*B1[0][2] + pY_m*B1[1][2] + pZ_m*B1[2][2] + S[2];
if (flush_true == 1) {//Flush with the surface is a special case

I/ Convert fromthe PO (pivot) to the P1 frame

pX_ nmp = XP[0][0] *point X + XP[1][ 0] *poi ntY + XP[2][ 0] *poi nt Z;
pY_np = XP[O][1] *point X + XP[1][1] *pointY + XP[2][ 1] *poi nt Z;
pZ_nmp = XP[O][2]*point X + XP[1][2] *pointY + XP[2][ 2] *poi nt Z;

/1 Convert fromthe P1 to the FIXED (F) frame

pX_f = pX_np*P[0][0] + pY_np*P[1][0] + pZ np*P[2][0];
pY_f = pX_np*P[O][1] + pY_np*P[1][1] + pZ np*P[2][1];
pZ_f = pX_np*P[0][2] + pY_np*P[1][2] + pZ np*P[2][2];

/1 Convert fromthe FIXED (F) to the BOLT (b) frane

C3_bolt[0] = pX f * ROJ[O0] + pY_f * R{1][0] + pZ_f * R 2][0] + 0.00;
C3_bolt[1] = pXf * ROJ[1] + pY_f * R1][1] + pZ_f * R 2][1] + 0.00;
C3 bolt[2] = pXf * ROJ[2] + pY_f * R1][2] + pZf * R 2][2] + 0.05;
}
return O;
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doubl e bolt_to fixed(double pointX, double pointY, double pointZ)
{/Ipoints X Y,Z are neasured fromthe BOLT (b) frame

double pX pl, pY_pl, pZ pl, pX pO, pY_pO, pZ po;

/I Convert fromthe BOLT (b) to the FIXED (F) frame

pX f = pointX*R[0][0] + pointY*R[1][0] + pointZ*R[2][0];
pY_f = point X*R[0][1] + pointY*R[1][1] + pointZ*R[2][1];
pZ f = pointX*R[0][2] + pointY*R[1][2] + pointZ*R[2][2] + 0.05;

/1 Convert fromthe FIXED (F) to the P1 frame

pX_pl= pX f*P[0][0] + pY_f*P[0][1] + pZ f*P[0][2] - (P[O][0O]*x[0] +
PLOJ[1]*y[O] + P[O][2]*Zz[0]);

pY_pl= pX_f*P[1][0] + pY_f*P[1][1] + pZ_f*P[1][2] - (P[1][0]*x[0] +
PL1][1]*y[O] + P[1][2]*Zz[0]);

pZ_pl= pX f*P[2][0] + pY_f*P[2][1] + pZ f*P[2][2] - (P[2][0]*x[0] +
PL2][1]*y[O] + P[2][2]*Zz[0]);

I/ Convert fromthe P1 to the PO (pivot) frame

pX_p0= pX_pl*XP[0][O] + pY_pl*XP[O][1] + pZ_pl1*XP[O][2];

pY_pO= pX pl*XP[1][0] + pY_pl*XP[1][1] + pZ_pl*XP[1][2];

pZ_p0= pX_pl*XP[2][0] + pY_pl*XP[2][1] + pZ p1*XP[2][2];

I/ Convert fromthe PO (pivot) to the FIXED (F) frame

pX_f = pX_p0*P[0][O] + pY_pO*P[1][0] + pZ_pO*P[2][0] + x[O];
pY_f = pX_pO*P[O][1] + pY_pO*P[1][1] + pZ_pO*P[2][1] + y[O];
pZ_f = pX_pO0*P[O][2] + pY_pO*P[1][2] + pZ_ pO*P[2][2] + z[O];
return O;

}

doubl e bolt_to_pivot(doubl e pointX, double pointY, double pointZ)
{/Ipoints X Y,Z are nmeasured in the BOLT (b) frame
double pX cl,pY_cl,pZ cl, pX cO0,pY_cO0,pZ cO0, pX pl, pY_pl, pZ pl;
// Convert fromthe BOLT (b) to the FIXED (f) frame

pX f = pointX*R1[0][0] + pointY*RL[0][1] + pointZ*R1[0][2];
pY_f = pointX*R1[1][0] + pointY*R1[1][1] + pointZ*R1[1][2];
pZ_f = pointX*R1[2][0] + pointY*RL[2][1] + pointZ*R1[2][2] + T1[2];

I/ Convert fromthe FIXED (f) to the C1 frame
pX_cl = pX_f*QOJ[0] + pY_f*QO][1] + pZ_f*QO]J[2] - (QQOJ[O]*U O] +
Qoj[1]*uU1] + dOo][2]*U2]);

pY_cl = pX_f*Q1][0] + pY_f*Q1][1] + pZ f*Q1][2] - (QI1][0]*U O] +
QI[1]*U1] + qij[2]*y2]);
pZ_cl = pX_f*Q2][0] + pY_f*Q2][1] + pZ f*Q2][2] - (Q2][0]*U 0] +

d2][1] U1 + d2][2]*U2]);
I/ Convert fromthe Cl to the CO (tang) frame

pX c0 = pX c1*MO0][0] + pY_cl*M1][0] + pZ_c1*M2][0];
pY_cO0 = pX_c1*MO0][1] + pY_cl*M1][1] + pZ_c1*M2][1];
pZ_cO0 = pX c1*MO0][2] + pY_cl*M1][2] + pZ_c1*M2][2];

I/ Convert fromQCO (tang) to the Pl frane

pX_pl = pX cO*P[0O][0] + pY_cO*P[0O][1] + pZ_cO*P[O][2];
pY_pl = pX_cO*P[1][0] + pY_cO*P[1][1] + pZ_cO*P[1][2];
pZ_pl = pX cO*P[2][0] + pY_cO*P[2][1] + pZ_cO*P[2][2];

[/ Convert fromthe P1 to the PO (pivot) frame

pPX_p0 = pX_pl*XP[0][0] + pY_pl*XP[O][1] + pZ_pl*XP[O][2];
pY_p0 = pX p1*XP[1][0] + pY_pl*XP[1][1] + pZ_pl*XP[1][2];
PZ_p0 = pX_pl*XP[2][0] + pY_pl*XP[2][1] + pZ_pl*XP[2][2];
return O;
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doubl e blt_vector(double | oc_xc, double |oc_yc, double |oc_zc)
{
double b_max 0. 12445, rr=0.005, crr=0.0025;
double b_min 0.12445 - 5.0*(0.05)*sqgrt(3.0)/16.0;
double K = sqgrt(3.0)*0.05/(2.0*pi), L = 0.05/(2.0%pi);
double Tb_i, Tb_j, nmag_Tb, BM_i, BM_j, BM_k;
double theta, angle, ang_ini, theta ini=0.0 ,Bi _nt, Bj _nt, Bk_nt;
double Bi_t,Bj_t,Bk_t,Bi_np, Bj _np, Bk_np, Bi _p, Bj _p, Bk_p, Bi _c1, Bj _c1, Bk_c1;

if ((loc_xc >= 0.0) && (loc_yc >= 0.0)) { I/ Quadrant |
angl e = atan(loc_yc/loc_xc);

} elseif ((loc_xc < 0.0) && (loc_yc >= 0.0)) { /1 Quadrant 11
angle = pi + atan(loc_yc/loc_xc);

} else if ((loc_xc < 0.0) & (loc_yc < 0.0)) { /1 Quadrant 111
angle = pi + atan(loc_yc/loc_xc);

} else if ((loc_xc >= 0.0) & & (loc_yc < 0.0)) { /1 Quadrant |V
angle = 2.0*pi + atan(loc_yc/loc_xc);

if (loc_zc <= 0.0) {//Contact occurs at the base edge
loc_zc = 0.0;

if (loc_zc > 0.0) {//Contact occurs above the base edge
angle = angle + | oc_zc*2. 0*pi /0. 05;
if (angle > 2.0%*pi) {
angle = angle - 2.0*pi;
}
}
theta = angl e*180. 0/ pi ;
if ((theta >= 0.0) && (theta <= 34.14202146)) {//+ Fl ank

ang_ini = 62.76952127*pi/180. 0;

Tb_i = -Kr*cos(angle) - (b_max - 0.5*crr - K*(angl e+ang_ini))*sin(angle);

Tb_j = -K*sin(angle) + (b_max - 0.5*crr - K*(angl e+ang_ini))*cos(angle);

} else if ((theta > 34.14202146) && (theta <= 65.31893600)) {//+ Root Fillet

ang_ini = 34.14202146*pi/180. 0;

Tb_i = -(L*(sqrt(3)*rr/2.0 -L*(angl e-ang_ini))*cos(angle))/sqrt(powrr, 2)-
pow((sqrt(3)*rr/2.0 -L*(angle-ang_ini)),2)) - (b_mn + rr —
sqgrt(powrr, 2)-pow((sqrt(3)*rr/2.0 -L*(angl e-
ang_ini)),2)))*sin(angl e);

Tb_j = -(L*(sqrt(3)*rr/2.0 -L*(angle-ang_ini))*sin(angle))/sqrt(powrr, 2)-
pow (sqrt(3)*rr/2.0 -L*(angle-ang_ini)),2)) + (b_mn +rr —
sqrt(powmrr,2)-pow(sqrt(3)*rr/2.0 -L*(angl e-
ang_ini)),2)))*cos(angl e);

} else if ((theta > 65.31893600) && (theta <= 113.74971662)) {// Root

Tb_i = -b_mi n*sin(angle);

Tb_j = b_m n*cos(angle);

} else if ((theta > 113.74971662) && (theta <= 144.92663116)) {//- RF

ang_ini = 113.74971662*pi / 180. O;

Tb_i = (powm L, 2)*(angl e-ang_ini)*cos(angle))/sqrt(powrr, 2)-
pow(L, 2)*pow (angle-ang_ini),2)) - (b_mn + rr - sqgrt(powrr,2) —
pow L, 2) *pow (angl e-ang_ini), 2)))*sin(angle);

Tb_j = (powm L, 2)*(angl e-ang_ini)*sin(angle))/sqrt(powrr, 2)-
powm L, 2) *pow (angle-ang_ini),2)) + (b_mn + rr - sqrt(powrr,2) —
pow( L, 2) *pow (angl e-ang_ini), 2)))*cos(angl e);

} else if ((theta > 144.92663116) && (theta <= 241.83817389)) {//- Flank

ang_ini = 144.92663116*pi/ 180. 0;

Tb_i = K*cos(angle) - (b_min + 0.5*rr + K*(angl e-ang_ini))*sin(angle);

Tb_j = K*sin(angle) + (b_mn + 0.5*rr + K*(angl e-ang_ini))*cos(angle);

} else if ((theta > 241.83817389) && (theta <= 257.42663116)) {//- CF

ang_ini = 241.83817389*pi/ 180. 0;

Tb_i = (L*(sqgrt(3)*crr/2.0 -L*(angl e-
ang_ini))*cos(angle))/sqrt(powcrr,2)-pow (sqrt(3)*crr/2.0 —
L*(angle-ang_ini)),2)) - (b_max - crr + sqrt(powcrr, 2)-
pow( (sqrt(3)*crr/2.0 -L*(angle-ang_ini)), 2)))*sin(angle);

127



Tbh_ j = (L*(sqgrt(3)*crr/2.0 -L*(angl e-
ang_ini))*sin(angle))/sqgrt(powmcrr,2)-pow (sqrt(3)*crr/2.0 —
L*(angle-ang_ini)),2)) + (b_max - crr + sqrt(powmcrr,2)-
pow (sqrt(3)*crr/2.0 -L*(angle-ang_ini)),2)))*cos(angle);

} else if ((theta > 257.42663116) && (theta <= 281.64202146)) {// Crest

Tb_i = -b_max*sin(angle);

Tb_j = b_max*cos(angle);

} else if ((theta > 281.64202146) && (theta <= 297.23047873)) {//+ CF

ang_ini = 281.64202146*pi/ 180. 0;

Tb_i = -(pow(L, 2)*(angl e-ang_i ni)*cos(angle))/sqrt(powcrr, 2)

-powm L, 2) *pow( (angl e-ang_ini),2)) - (b_max - crr + sqrt(powcrr, 2)
- pow(L, 2)*pow (angl e-ang_ini), 2)))*sin(angl e);

Tb_j = -(pow(L, 2)*(angl e-ang_ini)*sin(angle))/sqrt(powcrr, 2)-
pow(L, 2) *pow (angle-ang_ini),2)) + (b_max - crr + sqrt(pow(crr, 2)
- pow(L, 2)*pow (angl e-ang_ini), 2)))*cos(angl e);

} else if ((theta > 297.23047873) && (theta <= 360.0)) {//+ Flank

ang_ini = 297.23047873*pi/180. 0;

Tbh_i = -K*cos(angle) - (b_max - 0.5*crr - K*(angle-ang_ini))*sin(angle);

Tb_j = -K*sin(angle) + (b_max - 0.5*crr - K*(angle-ang_ini))*cos(angle);

}
mag_Tb = sqrt(pow(Tb_i,2) + pow(Tb_j, 2));
/1Dir. cosines of TANG TO EDGE vector as indicated in the BOLT (b) frane

BM _i = Tb_i/nag_Tb;
BM _j = Tb_j/mag_Tb;
BM _k = 0.0;

/I Convert fromthe BOLT (b) to the Cl1 franme
Bi _nt BM _i*B1[0][0] + BM _j*B1[0][1] + BM _k*B1[O0][2];
Bj _nt BM _i*B1[1][0] + BM _j*B1[1][1] + BM _k*B1[1][2];
Bk_nm = BM _i*B1[2][0] + BM _j*B1[2][1] + BM _k*B1[2][2];
I/ Convert fromthe Cl to the CO (tang) frame

Bi t =B _m*MO0][0] + Bj _m*M1][0] + Bk_nmt*M2][0];
Bj t =B _m*MOJ[1] + B _m*M1][1] + Bk_m*M2][1];
Bk t = Bi_nm*MO0][2] + Bj_nm*M1][2] + Bk_nmt*M2][2];

I/ Convert fromthe G0 (tang) to the P1 frame

Bi nmp = Bi t*P[0][0] + Bj t*P[0][1] + Bk_t*P[0][2];
B nmp = Bi t*P[1][0] + Bj t*P[1][1] + Bk _t*P[1][2];
Bk mp = Bi t*P[2][0] + Bj t*P[2][1] + Bk _t*P[2][2];

I/ Convert fromthe P1 to the PO (pivot) frame

Bi p = Bi _np*XP[0][0] + Bj np*XP[0][1] + Bk_np*XP[0][2]:
Bj _p = Bi _np*XP[1][0] + Bj _np*XP[1][1] + Bk_np*XP[1][2];
Bk p = Bi _np*XP[2][0] + B _np*XP[2][1] + Bk_np*XP[2][2]:

/1 Convert fromthe PO (pivot) to the CO (tang) frane

Bi _cl = Bi _p*P[0][0] + Bj_p*P[1][0] + Bk_p*P[2][0];
Bj _cl = Bi _p*P[O][1] + Bj _p*P[1][1] + Bk_p*P[2][1];
Bk_cl = Bi _p*P[0][2] + Bj_p*P[1][2] + Bk_p*P[2][2];

/1 Convert fromthe CO (tang) to the FIXED (F) frame
BFt i = Bi c1*Q0][0] + Bj _c1*Q1][0] + Bk_cl1*Q 2][0];

BFt _j ; Bi_c1*Q0][1] + Bj _c1*@ 1][1] + Bk_c1*q 2][1];
BFt_k = Bi _c1*Q0][2] + Bj_cl*@1][2] + Bk_cl*@2][2];
return O;
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doubl e nut _vector (doubl e xc, double yc, double zc)

{

double n_max = 0.125, rr=0.0025, crr=0.005;

double n_min = 0.125 - 5.0*(0.05)*sqgrt(3.0)/16.0;
double K = sqgrt(3.0)*0.05/(2.0*pi), L = 0.05/(2.0%pi)
double Tn_i, Tn_j, nmag_Tn

doubl e theta, nang, ang_ini

if ((xc >=0.0) & (yc >= 0.0)) { /'l Quadrant
nang = atan(yc/xc);

} elseif ((xc <0.0) & (yc >= 0.0)) { /1l Quadrant 11
nang = pi + atan(yc/xc);

} elseif ((xc <0.0) & (yc < 0.0)) { /1 Quadrant 11
nang = pi + atan(yc/xc);

} elseif ((xc >=0.0) & (yc < 0.0)) { [l Quadrant |V
nang = 2.0*pi + atan(yc/xc);

}
if ((zc-0.50) < 0.0) {

nang = nang - (0.05-zc)*2.0*pi/0.05

if (nang < 0.0) {

nang = nang + 2. 0*pi

}
}
theta = nang*180. 0/ pi
if ((theta >= 0.0) && (theta <= 60.27536811)) {//- Flank

ang_ini = 36.63617462*pi/ 180. 0;

Tn_i = Kr*cos(nang) - (n_min + 0.5*crr + K*(nang+ang_i ni))*si n(nang);

Tn_j = K*sin(nang) + (n_mn + 0.5*crr + K*(nang+ang_i ni))*cos(nang);

} elseif ((theta > 60.27536811) && (theta <= 75.86382538)) {//- Root Fillet

ang_ini = 60.27536811*pi/180. 0;

Tn_i = (L*(sqgrt(3)*rr/2.0 - L*(nang-ang_ini))*cos(nang))/sqrt(powrr, 2)-
pow((sqrt(3)*rr/2.0 -L*(nang-ang_ini)),2)) - (n_max - rr +
sgrt(pow(rr, 2)-pow(sqrt(3)*rr/2.0 -L*(nang-
ang_ini)),2)))*sin(nang);

Tn_j = (L*(sqgrt(3)*rr/2.0 - L*(nang-ang_ini))*sin(nang))/sqgrt(powrr, 2)-
pow((sqrt(3)*rr/2.0 -L*(nang-ang_ini)),2)) + (n_max - rr +
sgrt(powrr, 2)-pow((sqrt(3)*rr/2.0 -L*(nang-
ang_ini)),2)))*cos(nang);

} elseif ((theta > 75.86382538) && (theta <= 100.07921568)) {// Root

Tn_i = -n_max*si n(nang);

Tn_j = n_nmax*cos(nang);

} elseif ((theta > 100.07921568) && (theta <= 115.66767295)) {//+ RF

ang_ini = 100.07921568*pi / 180. 0;

Tn_i = -(powL, 2)*(nang-ang_i ni)*cos(nang))/sqrt(powrr, 2)

-powm L, 2) *pow( (nang-ang_ini),2)) - (n_max - rr + sqgrt(pow(rr, 2)-
pow( L, 2) *pow ( nang-ang_ini), 2)))*si n(nang);

Tn_j = -(pow(L, 2)*(nang-ang_ini)*sin(nang))/sqrt(pow(rr, 2)-
pow L, 2) *pow (nang-ang_ini),2)) + (n_max - rr + sqrt(powrr, 2)-
pow( L, 2) *pow ( nang-ang_ini), 2)))*cos(nang);

} elseif ((theta > 115.66767295) && (theta <= 212.57921568)) {//+ Fl ank

ang_ini = 115.66767295*pi / 180. O;

Tn_i = -K*cos(nang) - (n_max - 0.5*rr - K*(nang-ang_ini))*sin(nang);

Tn_j = -K*sin(nang) + (n_max - 0.5*rr - K*(nang-ang_ini))*cos(nang);

} else if ((theta > 212.57921568) && (theta <= 243.75613022)) {//+ CF

ang_ini = 212.57921568*pi / 180. 0;

Tn_i = -(L*(sqgrt(3)*crr/2.0 -L*(nang-ang_ini))*cos(nang))/sqrt(powcrr, 2)-
pow((sqrt(3)*crr/2.0 -L*(nang-ang_ini)),2)) - (n_mn + crr —
sqrt(powmcrr,2)-powm (sqrt(3)*crr/2.0 -L*(nang-
ang_ini)),2)))*sin(nang);

Tn_j = -(L*(sqgrt(3)*crr/2.0 -L*(nang-ang_ini))*sin(nang))/sqrt(pow(crr, 2)-
pow((sqrt(3)*crr/2.0 -L*(nang-ang_ini)),2)) + (n_mn + crr —
sqrt(powmcrr,2)-powm (sqrt(3)*crr/2.0 -L*(nang-
ang_ini)),2)))*cos(nang);
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} else

if ((theta > 243.75613022) && (theta <= 292.18691084)) {// Crest

Tn_i = -n_m n*sin(nang);
Tn_j = n_m n*cos(nhang);
} else if ((theta > 292.18691084) && (theta <= 323.36382538)) {//- CF
ang_ini = 292.18691084*pi/ 180. 0;
Tn_i = (pow(L, 2)*(nang-ang_i ni)*cos(nang))/sqgrt(powmcrr, 2)-
pow(L, 2) *pow (nang-ang _ini),2)) - (n_mn + crr - sqgrt(pow(crr,2) —
pow L, 2) *pow( (nang-ang_i ni), 2)))*si n(nang);
Tn_j = (pow L, 2)*(nang-ang_i ni)*sin(nang))/sqrt(powcrr, 2)-
pow(L, 2) *pow( (nang-ang_ini),2)) + (n_mn + crr - sqrt(pow(crr,2) —
pow( L, 2) *pow ( nang-ang_ini), 2)))*cos(nang);
} else if ((theta > 323.36382538) && (theta <= 360.0)) {//- Flank
ang_ini = 323.36382538*pi / 180. 0;
Tn_i = K*cos(nang) - (n_mn + 0.5%*crr + K*(nang-ang_ini))*sin(nang);
Tn_j = K*sin(nang) + (n_min + 0.5*crr + K*(nang-ang_ini))*cos(nang);
}
mag_Tn = sqrt(pow(Tn_i,2) + pow(Tn_j, 2));
NW _i = Tn_i/nag_Tn;
NY _j = Tn_j/mag_Tn;
NW _k = 0.0;
return O;
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doubl e comon_nor mal (doubl e BFt i, double BFt_j, double BFt_k, double NW i,

{

double NW _j, double NW _k)

double BX cos, NX_cos, CN_.i, CNj, CN_k, comnorm neg;

/1 Get the initial theta X angles for the BOLT and NUT tangent vectors

BX_cos = acos(BFt_i);

NX _cos = acos(NW _i);

/] Adj ust BX_cos & NX_cos to account for counter-clockw se measurement

//since we want the normal to point away fromthe NUT (positive direction)

[/ The order of the x-product nust be set before the X-product can be conputed

if ((acos(BFt_i) > pi/2.0) && (acos(BFt_j) > pi/2.0)) {//3rd Quadrant
BX cos = 2.0*pi - acos(BFt_i);

} else if ((acos(BFt_i) <= pi/2.0) && (acos(BFt_j) > pi/2.0)) {//4th Quadrant
BX cos = 2.0*pi - acos(BFt_i);

}

i

f ((acos(NW_i) > pi/2.0) & (acos(NW _j) > pi/2.0)) {//3rd Quadrant

NX_cos = 2.0*pi - acos(NW_i);
} else if ((acos(NW i) <= pi/2.0) && (acos(NW _j) > pi/2.0)) {//4th Quadrant
NX_cos = 2.0*pi - acos(NW _i);

/1 BX_cos & NX _cos are neasured CCW The order in the X-products is defined
/l1for the first 180 degrees (pi) of separation between BX cos & NX _cos
if ((BX_cos > NX_cos) && ((BX_cos - NX_cos) > pi)) {//BFt X NW

CNi = BFt_j*NW _K - BFt_K*NW _j;
ONj = BFt_Kk*NW _i - BFt_i *NW _k;
CN Kk = BFt i *NW _j - BFt_j*NW _i;

} else if ((BX_cos > NX_cos) & ((BX_cos - NX_cos) < pi)) {//NW X BFt

CNi = NW _j*BFt_k - NW _k*BFt_j;
CNj = NW _k*BFt i - NW _i*BFt_k;
CN k = NW _i*BFt_j - NW _j*BFt _i;
}
if ((NX_cos > BX cos) &% ((NX_cos - BX cos) > pi)) {//NW X BFt
CNi = NW _j*BFt_k - NW _k*BFt_j;
CNj = NW _k*BFt i - NW _i*BFt_k;
CNk = NW _i*BFt_j - NW _j*BFt_i;
} else if ((NX_cos > BX cos) & ((NX_cos - BX cos) < pi)) {//BFt X NW
CNi = BFt_j*NW _k - BFt_k*NW _j;
CNj = BFt_k*NW i - BFt_i*NW _k;
CN k = BFt _i*NW _j - BFt_j*NW i;
//Normalize the I, J, & K values of the commobn nornal vector

comnormmag = sqrt(pow(CN_i,2) + powm(CN_j,2) + pow(CN k, 2));

Com Norm.i = CN_i/com norm nag;
Com Normj = CN_j/com.norm nag;
Com Norm k = CN_k/com nor m nag;
return O;
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