O J oy U W

dJ O OO UTUIUTUTUIUTUTUTUTUTED D BB DSBS DEDSEDEDWWWWWWWWWWNNNOMNNNNNOMNNNNRE R PR PR e
P O WO -JdJoUurd WNREFP OWWJITOHUI D WNDEFEFOWOLOWJIJoYUrd WNRFPOWOWOJOYU D WNE OWOWIToYUd> WNE O WOLJo Uld WNEFEL O W

ERFD - Effective Robot Forward Dynamics
Authors: Vladimir Kvrgic and Jelena Vidakovic
February, 2019

Input:

The current values of joint positions and joint accelerations

t prev[0], t prev[l], t prev[2], t prev[3], t prev[4], t prev[5], t prev[6],

w prev([0], w prev[l], w prev[2], w prev[3], w prev[4], w prev[5], w prev[6],

the given values of Jjoint positions for the next At calculated in the path planner
t{o], t[r11, trz2y, tl31, tlr4l, tisl, tlel,

robot configuration, link masses,

mass center positions and inertias of the links in the robot base frame,

external forces, joint-friction coefficients, gear ratios,

geometric coupling effects, and actuator capabilities.

Output:

Feasible value of joint accelerations and joint positions
wl(0], w[l], w[2], w[3], w[4], w[5], wl[6]

t[o01, tl1l, tl21, ti(3], tl4], tI5], t[6]

at the end of the next interpolation cycle.
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#include <cmath>

#include "libs.h"

#include "myclibs.h"
#include "myilibs.h"
#include "myirlibs.h"
#include "parameters 115.h"
#include "all funcs.h"
#include <iostream>
#include <fstream>

#include "libx1-3.1.0 /include cpp/libxl.h"
#include <iomanip>

#include <vector>

#define g 9.80665

//

The external force components

#define f7x 100 // [N]
#define f7y 100
#define £7z -150

//

The position of the link i1 centre of mass in the base coordinates

#define rxlcm -0.086 // [m]
#define rylcm -0.1875
#define rzlcm -0.00012
#define rx2cm -0.4454
#define ry2cm 0.0283
#define rz2cm 0.0033
#define rx3cm 0.00225
#define ry3cm 0.00017
#define rz3cm -0.7223

#define rxdcm O
#define rydcm 0.212
#define rzdcm 0.00082
#define rx5cm 0O
#define ry5cm 0.027
#define rz5cm 0.007
#define rx6cm O.
#define ryécm 0
#define rz6cm 0.195
#define p7xcm 0.12
#define p7ycm 0.12
#define p7zcm 0.35

//

The masses of the links

#define ml 252. // [kg]
#define m2 86.2
#define m3 81.

#define m4 45.

#define mb5 4.5

#define mé6 11.

//

The moments of inertia around the x, y and z axes

#define Iylcm 19. // [kgm2]



72 #define Ix2cm 1.157
73 #define Iy2cm 21.185
74 #define Iz2cm 21.75
75 #define Ix3cm 45.

76 #define Iy3cm 45.1
77 #define Iz3cm 0.478

78 #define Ix4cm 2.691
79 #define Iydcm 0.23

80 #define Izdcm 2.7

81 #define Ixb5cm 0.014
82 #define Iyb5cm 0.008
83 #define Iz5cm 0.011
84 #define Ixocm 0.466
85 #define Iy6cm 0.466

86 #define Izo6cm 0.016
87 // The coefficients of the static and viscose frictions
88 #define misl 0.22

89 #define mis2 0.22
90 #define mis3 0.22
91 #define mis4 0.22
92 #define mis5 0.35
93 #define mis6 0.21
94 #define fvl 0.00025
95 #define fv2 0.00025
96 #define fv3 0.00025
97 #define fv4 0.002
98 #define fv5 0.003
99 #define fve 0.002

100 // The motors maximum torques

101 #define ulmax 17.8 // [Nm]

102 #define u2max 38.6

103 #define u3max 17.8

104 #define udmax 3.47

105 #define ubmax 3.47

106 #define uobmax 3.47

107 // The moments of inertia of the rotors and gearboxes elements reduced to the rotors
108 #define TIal 0.0042 // [kgm2]

109 #define Ia2 0.0090
110 #define Ia3 0.0042
111 #define Ia4 0.0008
112 #define Iab5 0.001
113 #define Ia6 0.0007

114

115 double wl kv, w2 kv, w3 kv, w4 kv, w5 kv, w6 kv,

116 double wlw2, wlw3, wlwd, wlwb5, wlwb6;

117 double w2w3, w2w4d, w2wb5, wW2w6;

118 double w3w4d, w3wh5, w3wo6;

119 double widwh5, widwo6;

120 double wbwo6;

121 double vlcmx, vlcmy; //double vlcmz;

122 double Flxu, Flyu, Flzu;

123 double v2cmx, v2cmy, v2cmz;

124 double F2xu, F2yu, F2zu;

125 double v3cmx, v3cmy, v3cmz;

126 double F3xu, F3yu, F3zu;

127 double v4cmxl, v4dcmyl, vd4cmzl, vbScmxl, vbcmyl, vbcmzl, vocmxl, vécmyl, vécmzl,
vdcmx, vdcmy, v4cmz;

128 double Fé4xu, Fdyu, Fédzu,

129 double vbcmx2, vbcmy2, vbcmz2, véecmx2, vé6cmy2, vécmz2, vbcmx, vbcmy, vbcmz;
130 double F5xu, FbSyu, Fbzu;
131 double vécmx3, vécmy3, vocmz3, vécmx, vb6cmy, vV6CmMZ;

132 double Fé6xu, Fé6yu, F6zu;

133 double Nlzu; //double Nlxu, Nlyu=0;

134 double N2xu, N2yu, N2zu;

135 double N3x1, N3yl, N3z1l, N3xu, N3yu, N3zu;

136 double N4x1, N4yl, N4zl, N4x2, N4y2, N4z2, N4xu, N4yu, Nizu;

137 double Nb5x1, Nb5yl, N5z1, N5x2, N5y2, N5z2, N5x3, Nb5y3, N5z3, N5Sxu, NbSyu, N5zu;

138 double N6x1, N6yl, N6z1l, N6x2, No6y2, N6z2, N6x3, Noy3, N6z3, N6x4, N6y4, No6z4, Noxu,
Néyu, No6zu;

139 double f6x, f6y, f6z;

140 double fbx, fby, f5z;



141 double f4x, fdy, f4dz;

142 double f3x, f3y, f3z;

143 double f2x, f2y; //double f2z, flx, fly, flz;
144 double n6x, né6y, no6z;

145 double nb5x, nby, nbzj;

146 double n4dx, ndy, nédz;

147 double n3x, n3y, n3z;

148 double n2x, n2y, n2z;

149 double nlz;

150 //double nlx, nly;

151 double ulnap, u2nap, u3nap, udnap, ubnap, ubnap,
152 double Flxa, Flya, Flza;

153 double F2xa, F2ya, F2za;

154 double F3xa, F3ya, F3za;

155 double F4xa, Fdya, Fdza;

156 double Fb5xa, Fbya, Fbzaj;

157 double Fé6xa, Fo6ya, Fb6za;

158 double mllz;

159 double Nlza, N2xa, N2ya, N2za;

160 double N3xa, N3ya, N3zaj;

161 double N4xa, N4dya, N4za;

162 double N5xa, Nbya, Nbza;

163 double N6xa, Noya, N6za;

164 double ulap, u2ap, u3ap, udap, ubap, ubap;
165

166 extern void ispisc(char*,double);

167

168 int signfun(double v){

169 return v > 0 ? 1 2 (v<07?-1:0);
170}

171

172 void dinamika robota(double *t, double *t prev, double *w, double *w prev){
173

174 double accl[6];

175 short iu[6],1i;

176 for (i=0;i<6;++i) {

177 *(w+i)=C*(t+1) - *(t_prev+i))/t inter;
178

179

180 // Step 1

181 // Maximal angular velocity of the links [rad/s]
182 if (C*w>omml 15) *w=omml 15;

183 it (Cw<-omml 15) *w=-omml 15;

184 it C(w+l)>omm2 15) *(w+l)=omm2 15;

185 it (*(w+l)<-omm2 15) *(w+l)=-omm2 15;

186 it (C(wt2)>omm3 15) *(w+2 )=omm3 15;

187 it (C(wt2)<-omm3 15) *(w+2)=-omm3 15;

188 it C(w+3)>omm4 15) *(w+3)=omm4 15;

189 it (*(w+3)<-omm4 15) *(w+3)=-omm4 15;

190 it (C(wt4)>omm5 15) *(w+4)=omm5 15;

191 if (*(wti)<-omm5 15) *(w+i)=-omm5 15;

192 it C(w+5)>omm6_15) *(w+5)=ommé6 15;

193 it (C*(w+5)<-omm6 15) *(w+5)=-omm6 15;

194 // Step 2

195 for (i=0;i<6;++1i) {

196 *(acc+i) = (*(w+i) - *(w_prev+i))/t inter;
197 }

198 // Step 3

199 ispisc("wl.txt", w[0]);

200 ispisc(w2.txt", wl[11);

201 ispisc('w3.txt", w[2]1);

202 ispisc("wi.txt", w[3]);

203 ispisc("w5.txt", wl4]);

204 ispisc("wo.txt", w[51);

205 ispisc("tl.txt", t prev[0]/krad);

206 ispisc("t2.txt", t prev[l]/krad);

207 ispisc("t3.txt", t prev[2]/krad);

208 ispisc("t4.txt", t prev[3]/krad);

209 ispisc("t5.txt", t prev[4]/krad);

210 ispisc("t6.txt", t prev[5]/krad);

211 double sl=sin(*t prev); if(sl <= 1.0e-13 && s1 >= -1.0e-13) s1 = 0.0;
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double cl=cos(*t prev); if(cl <= 1.0e-13 &&
double s2=sin(*(t_prev+1)); if(s2 <= 1.0e-13 &&
double c2=cos(*(t_prev+1)); if(c2 <= 1.0e-13 &&
double s3=sin(*(t_prev+2)); If(s3 <= 1.0e-13 &&
double c3=cos(*(t prev+2)); 1F(c3 <= 1.0e-13 &&
double psil=(C*t prev)+(*(t_prev+l));

double sl2=sin(psil);

double cl2=cos(psil);

double psi=(*(t prev+1))+(*(t_prev+2));

double s23=sin(psi);

double c23=cos(psi);

double s4=sin(*(t_prev+3)); if(sd4 <= 1.0e-13 &&
double c4=cos(*(t prev+3)); 1f(cd <= 1.0e-13 &&
double s5=sin(*(t_prev+4)); if(s5 <= 1.0e-13 &&
double c5=cos(*(t_prev+4)); iT(c5 <= 1.0e-13 &&
double s6=sin(*(t_prev+5)); iT(s6 <= 1.0e-13 &&
double cé6=cos(*(t prev+5)); 1F(c6 <= 1.0e-13 &&
double slkv=sl*sl;

double clkv=cl*cl;

double s2kv=s2*s2;

double c2kv=c2*c2;

double s23kv=s23*s23;

double c23kv=c23*c23;

// Conventional inverse dynamics (NE algorithm)

wl kv=*w_prev*
wlw2= *w_prev*
wlw3= *w_prev*
wlwd= *w _prev*
wlwb= *w_prev*
wlwée= *w_prev*

*w_prev;

*(w_prev+l);
*(w_prev+2);
*(w_prev+3);
*(w_prev+4);
*(w_prev+b);

w2 _kv=*(w_prev+1)*
w2w3= *(w_prev+l1)*
w2wid= *(w_prev+l)*
w2w5= *(w_prev+1)*
w2w6= *(w_prev+1)*
w3 kv=*(w_prev+2)*
w3wd= *(w_prev+2)*
w3w5= *(w_prev+2)*
w3w6= *(w_prev+2)*
w4 kv=*(w_prev+3)*
wiw5= *(w_prev+3)*
wiwo= *(w_prev+3)*
w5 _kv=*(w_prev+4)*
whw6= *(w_prev+4)*
w6 _kv=*(w_prev+5)*

*(w_prev+l);
*(w_prev+2);
*(w_prev+3);
*(w_prev+4);
*(w_prev+5);
*(w_prev+2);
*(w_prev+3);
*(w_prev+4);
*(w_prev+5);
*(w_prev+3);
*(w_prev+4);
*(w_prev+b);
*(w_prev+4);
*(w_prev+5);
*(w_prev+b);

// Conventional inverse dynamics
double rxl=cl*rxlcm+sl*rzlcm;
double ryl=sl*rxlcm-cl*rzlcm;

//double rzl=rylcm;

double bllx=-(al 15 d*sl+ryl);
double blly=al 15 d*cl+rxl;

//double bllz=0;

double blllx=-blly;

double bllly=bllx;
//double bll1z=0;

// Conventional inverse dynamics
vliemx=bllx* *acc-blly*wl kv;
vliemy=blly* *acc+bllx*wl kv;

//double vlcmz=0;
Flxu = ml*vlcmx;
Flyu = ml*vlcmy;
Flzu =-ml*g;

(NE algorithm)

(NE algorithm)

cl >= -1.0e-13)
s2 >= -1.0e-13)
c2 >= -1.0e-13)
s3 >= -1.0e-13)
c3 >= -1.0e-13)
s4 >= -1.0e-13)
cd >= -1.0e-13)
s5 >= -1.0e-13)
ch5 >= -1.0e-13)
s6 >= -1.0e-13)
c6 >= -1.0e-13)
- part 1

- end of part 1

- part 2

// double Flu=sqgrt (Flxu*Flxu+Flyu*Flyu+Flzu*Flzu) ;
// Conventional inverse dynamics

double
double
double
double
double
double

r2pom=s2*rx2cm+c2*ry2cm;
rx2=-cl*r2pomtsl*rz2cm;
ry2=-sl1*r2pom-cl*rz2cm;
rz2=c2*rx2cm-s2*ry2cm;
v13=s2*aa2 15 d;
vl4=c2*aa2 15 d;

(NE algorithm)

- end of part 2
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double v5=al 15 d-v13;
double v6=-rz2-vl14;

double v7=v13-sl*ry2-cl*rx2;
double v8=-cl*s2;

double v9=-s1*s2;

double v10=2*rz2;

double vl1l=rz2-vl4,;

double b21x=-sl1*v5-ry2;

double b2ly=cl*v5+rx2;

double b21z=0;

double b22x=cl*v6;

double b22y=sl1*v6;

double b22z=-v7;

double b211lx=-b2ly;

double b211ly=b21x;

double b211z=0;

double b212x=v8%*aa2 15 d+s1*v10;

double b212y=v9*aa2 15 d-cl*vl0;

double b212z=0;

double b222x=cl*v7;

double b222y=sl1*v7;

double b222z=vl1l;

// Conventional inverse dynamics (NE algorithm) - part 3
v2cmx=b21x* *acc+b22x* *(acc+1)+b2llx*wl kv+b2l2x*wlw2+b222x*w2 kv;
v2cmy=b2ly* *acc+b22y* *(acct+1)+b21lly*wl kv+b212y*wlw2+b222y*w2 kv;

v2cmz= b22z* *(acc+l) +b222z*w2_kv;
F2xu = m2*v2cmx;
F2yu = m2*v2cmy;

F2zu = m2*(v2cmz-g);

// double F2u=sqgrt (F2xu*F2xu+F2yu*F2yu+F2zu*F2zu) ;
// Conventional inverse dynamics (NE algorithm) - end of part 3
double vl1=cl*s23;

double v2=cl*c23;

double v3=sl*s23;

double v4=sl1*c23;

double rx3=-vl1*rx3cmtsl*ry3cm+v2*rz3cm;
double ry3=-v3*rx3cm-cl*ry3cm+v4*rz3cm;
double rz3=c23*rx3cm+s23*rz3cm;

double v12=c23*a3 15 d+s23*d4 15 d;
double v31=d4 15 d*c23-s23*a3 15 d;
double v29=cl*v31;

double v30=sl1*v31l;

double b39=sl*ry3+cl*rx3;

double b31l=rz3+vl4;

double b32=v12+b31;

double b33=v31+b39;

double b34=2*(v12+rz3);

double b35=s1*b34;

double b36=cl*b34;

double b37=v13-b33;

double b38=v12-rz3;

double v0=v5+v3l;

double v80=sl*c2-s12;

double v90=cl2-cl*c2;

double v81=v80*aa2 15 d;

double v91=v90*aa2 15 d;

double X6=cl*v0;

double Y6=s1*VvO0;

double b31lx=-Y6-ry3;
double b31ly=X6+rx3;
//double b31z=0;
double b32x=-cl*b32;
double b32y=-s1*b32;
double b32z=b33-v13;
double b33x=-cl*b34;
double b33y=-s1*b34;
double b33z=b33;
double b311x=-b3ly;
double b311y=b31x;



354 //double b311z=0;
355 double b312x=b35+v81;
356 double b312y=-b36+v91l;
357 //double b312z=0;
358 double b313x=b35;
359 double b313y=-b36;
360 //double b313z=0;
361 double b322x=cl*b37;
362 double b322y=s1*b37;
363 double b322z=b38-v14;
364 double b333x=-cl1*b33;
365 double b333y=-s1*b33;
366 double b333z=b38;
367 double b323x=2*b333x;
368  double b323y=2*b333y;
369 double b323z=2*b333z;
370 // Conventional inverse dynamics (NE algorithm) - part 4
371 v3cmx=b31x* *acc+b32x* *(acc+1)+b33x™*
*(acc+2)+b311lx*wl kv+b312x*wlw2+b313x*wlw3+b322x*w2 kv+b323x*w2w3+b333x*w3 kv;
372 v3cmy=b31ly* *acc+b32y* *(acc+1)+b33y*
*(acc+2)+b31ly*wl kv+b312y*wlw2+b313y*wlw3+b322y*w2 kv+b323y*w2w3+b333y*w3 kv;

373 v3cmz= b32z* *(acc+1)+b33z* *(acc+?)
+b322z*w2_ kv+b323z*w2w3+b333z*w3_ kv;
374 F3xu = m3*v3cmx;

375 F3yu = m3*v3cmy;

376 F3zu = m3*(v3cmz-g);

377 // double F3u=sqgrt (F3xu*F3xu+F3yu*F3yu+F3zu*F3zu) ;

378 // Conventional inverse dynamics (NE algorithm) - end of part 4
379 double v15=-vl*c4-sl*s4;

380 double vl16=sl*c4-vl1*s4;

381 double v17=cl*s4-v3*c4;

382 double v18=-v3*sd4-cl*c4;

383 double v19=c23*c4;

384 double v20=c23*s4;

385 double rx4=vl15*rxdcm-v2*rydcm+vl16*rzdcm;
386 double ry4=vl17*rx4dcm-v4*rydcmt+vl18*rzicm;
387 double rz4=vl19*rxdcm-s23*rydcm+v20*rzdcm;

388 double b49=sl*ryd+cl*rx4;
389 double bdl=rz4+vl4,
390 double b42=v12+b4l;
391 double b43=v31+b49;
392 double b44=2*(v12+rz4);
393 double b45=s1*b44;
394 double b46=cl*b4d4;
395 double b47=v13-b43;
396 double b48=vl12-rz4;
397

398 double b4lx=-Y6-ry4;
399 double b4ly=X6+rx4;
400 //double b4lz=0;

401 double b42x=-cl*b42;
402 double b42y=-s1*b42;
403 double b42z=b43-v13;
404 double b43x=-cl*b44;
405 double b43y=-s1*bd4;
406 double b43z=b43;

407 double b4llx=-b4ly;
408 double bdlly=b4dlx;
409 //double b411z=0;

410 double b412x=b45+v81;
411 double b41l2y=-b46+vIl;
412 //double b412z=0;

413 double b413x=b45;

414 double b413y=-b4d6;
415 //double b413z=0;

416 double b422x=cl*b47;
417 double b422y=s1*bd7;
418 double b422z=b48-v14;
419 double b433x=-cl*b43;
420 double b433y=-s1*b43;
421 double b433z=b48;
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double b423x=2*b433x;

double b423y=2*b433y;

double b423z=2*b433z;

// Conventional inverse dynamics (NE algorithm) - part 5
vdcnx1=b41lx* *acc+bd2x™* *(acc+1)+b4d3x*

*(acct+2)+bdllx*wl kv+b412x*wlw2+b413x*wlw3+b422x*w2 kv+b423x*w2w3+b433x*w3 kv;
vdcmyl=b4ly* *acc+bd42y* *(acc+1)+b43y*

*(acc+2)+b4lly*wl kv+b4l2y*wlw2+b413y*wlw3+b422y*w2 kv+b423y*w2w3+b433y*w3 kv;
vdcmzl= b42z* *(acct1)+bd43z* *(acct?)

+b422z*w2 kv+b423z*w2w3+b433z*w3_ kv;

// Conventional inverse dynamics (NE algorithm) - end of part 5
double v21=v15*c5-v2*s5;

double v23=v17*c5-v4*s5;

double v25=v19*c5-s523*s5;

double ax6=v15*s5+v2*c5;

double ay6=vl7*s5+v4*c5;

double az6=v19*s5+s23*c5;

double rx5=v21*rx5cmt+vl6*ryScm+ax6*rz5cm;

double ry5=v23*rx5cmtvl18*ry5cmtay6*rz5cm;

double rz5=v25*rx5cmtv20*ry5cmtaz6*rz5cm;

double b59=sl*ry5+cl*rx5;

double bbl=rz5+vl14;

double b52=v12+b51;

double b53=v31+b59;

double b54=2*(v12+rz5);

double b55=s1*b54;

double b56=cl*b54;

double b57=v13-b53;

double bb58=v12-rz5;

double b51x=-Y6-ry5;

double b51ly=X6+rx5;

//double b51z=0;

double b52x=-cl*b52;

double b52y=-s1*b52;

double b52z=b53-v13;

double b53x=-cl*b54;

double b53y=-s1*b54;

double b53z=b53;

double b511x=-b51y;

double b511y=b51lx;

//double b511z=0;

double b512x=b55+v81;

double b512y=-b56+v91l;

//double b512z=0;

double b513x=b55;

double b513y=-b56;

//double b513z=0;

double b522x=cl1*b57;

double b522y=s1*b57;

double b522z=b58-v14;

double b533x=-cl*b53;

double b533y=-s1*b53;

double b533z=b58;

double b523x=2*b533x;

double b523y=2*b533y;

double b523z=2*b533z;

// Conventional inverse dynamics (NE algorithm) - part 6
vhemx1=b51x* *acc+b52x* *(acc+1)+b53x* *(acc+2)+b511x*wl kv +b512x*wlw2+
b513x*wlw3+b522x*w2 kv+b523x*w2w3+b533x*w3 kv;
v5emyl=b51y* *acc+b52y* *(acc+1)+b53y* *(acc+2)+b511ly*wl kv +b512y*wlw2
+b513y*wlw3+b522y*w2 kv+b523y*w2w3+b533y*w3 kv;
vbemz1=b52z* *(acc+1)+b53z* *(acc+2) +b522z*w2 kv +b523z*w2w3+b533z*w3_ kv;
// Conventional inverse dynamics (NE algorithm) - end of part 6
double nx6=v21*c6+v16*s6;

double ny6=v23*c6+v18*s6;

double nz6=v25*c6+v20*s6;

double ox6=vl16*c6-v21*s6;

double oy6=v18*c6-v23*s6;

double 0z6=v20*c6-v25*s6;

double rx6=nx6*rx6cmtox6*ry6cmtax6*rzeocm;



488 double ry6=ny6*rx6cmtoy6*ry6cm+ay6*rz6cm;

489 double rz6=nz6*rx6cmtoz6*ry6cm+az6*rz6cm;

490 double p7x=nx6*p7xcmtox6*p7ycmtax6*p7zcm;

491 double pT7y=ny6*p7xcmtoy6*p7ycm+ay6*p7zcm;

492 double p7z=nz6*pTxcmtoz6*piycmtaz6*p7zcm;

493 double b69=sl*ry6+cl*rx6;

494 double b6l=rz6+vl4;

495 double b62=v12+bo6l;

496 double b63=v31+b69;

497 double b64=2*(v12+rz6);

498 double b65=s1*b64;

499 double b66=cl*b64;

500 double b67=v13-b63;

501 double b68=v12-rz6;

502

503 double b6lx=-Y6-ry6;

504 double b6ly=X6+rx6;

505 //double b61z=0;

506 double b62x=-cl*b62;

507 double b62y=-s1*b62;

508 double b62z=b63-v13;

509 double b63x=-cl*b64;

510 double b63y=-s1*b64;

511 double b63z=b63;

512 double b61llx=-b6ly;

513 double b611ly=b6lx;

514 //double b611z=0;

515 double b612x=b65+v81;

516 double b6l2y=-b66+v91l;

517 //double b612z=0;

518 double b613x=b65;

519 double b613y=-b66;

520 //double b613z=0;

521 double b622x=cl*b67;

522 double b622y=s1*b67;

523 double b622z=b68-v14;

524 double b633x=-cl*b63;

525 double b633y=-s1*b63;

526 double b633z=b68;

527 double b623x=2*b633x;

528 double b623y=2*b633y;

529 double b623z=2*b633z;

530 // Conventional inverse dynamics (NE algorithm) - part 7

531 vecmx1=b61x* *acc+b62x* *(acc+1)+b63x* *(acc+?)
+b611x*wl kv+b612x*wlw2+b613x*wlw3+b622x*w2 kv+b623x*w2w3+b633x*w3 kv

532 vecmyl=b61ly* *acc+b62y* *(acc+1)+b63y* *(acc+?)
+b611ly*wl kv+b612y*wlw2+b613y*wlw3+b622y*w2 kv+b623y*w2w3+b633y*w3 kv;

533 vecmzl= b62z* *(acc+1)+b63z* *(acct+?)
+b622z*w2 kv+b623z*w2w3+b6332z*w3_ kv;
534 // Conventional inverse dynamics (NE algorithm) - end of part 7

535 double b410=v4*rz4-s23*ry4;

536 double b4ll=s23*rx4-v2*rz4;

537 double bdl12=v2*ry4-vi4*rx4;

538 double b413=v3*rx4-vl*ryi4;

539

540 double b44x=b410;

541 double b44y=b41ll;

542 double bd44z=b4dl2,;

543 double b41l4x=-2*b411;

544 double b414y=2*b410;

545 //double b414z=0.;

546 double b424x=c23*ryd-cl*b412+vi*v9;
547 double b424y=-c23*rx4-s1*b412-v2*v9;
548 double b424z=b413+s1*b411+cl*b410;
549 double b434x=b4d24x;

550 double b434y=b424y;

551 double b434z=b424z;

552 double b444x=v4*b412-s23*b411l;

553 double b444y=s23*b410-v2*b412;

554 double bd444z=v2*pb411-v4*b410;

555 // Conventional inverse dynamics (NE algorithm) - part 8
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vicmx=vicmx1+b44x™* *(acc+3)+b4lix*wlwd+bd24x*(w2wi+w3wd)+bd44x*wld kv;
vicmy=vicmyl+bddy* *(acc+3)+bdliy*wlwl+bd24y*(w2wi+w3wl)+bd4dy*wl kv;
vdcmz=vicmzl+b44z* *(acc+3) +b424z*(w2wi+w3wd)+bd44z*wd kv;
F4xu = m4*vicmx;

Fdyu = md4*vidcmy;

F4zu = m4*(vdcmz-qg);

// double Fdu=sqgrt (F4dxu*Fdxu+F4dyu*Fdyu+Fdzu*Fdzu) ;

// Conventional inverse dynamics (NE algorithm) - end of part 8
double b510=v4*rz5-s23*ry5;

double b511=s23*rx5-v2*rz5;

double b512=v2*ry5-v4*rx5;

double b513=v3*rx5-v1*ry5;

double b54x=b510;

double b54y=b511;

double b54z=b512;

double b514x=-2*b511;

double b514y=2*b510;

//double b514z=0.;

double b524x=c23*ry5-cl*b512+v4*v9;

double b524y=-c23*rx5-s1*b512-v2*v9;

double b524z=b513+s1*b511+cl1*b510;

double b534x=b524x;

double b534y=b524y;

double b534z=b524z;

double b544x=v4*b512-s23*b511;

double b544y=s23*b510-v2*b512;

double b544z=v2*b511-v4*b510;

// Conventional inverse dynamics (NE algorithm) - part 9
vhcmx2=v5cmx1+b54x* *(acc+3)+b51l4x*wlwd+b524x*(w2wi+w3wl)+b544x*wd kv;
vhemy2=v5cmyl+b54y* *(acc+3)+b51l4y*wlwd+b524y*(w2wi+w3wd)+b544y*wd kv;
vhcmz2=v5cmz1l+b54z* *(acc+3) +b524z*(w2wi+w3wd)+b544z*wd kv;
// Conventional inverse dynamics (NE algorithm) - end of part 9
double b610=v4*rz6-s23*ryo6;

double b611=s23*rx6-v2*rz6;

double b612=v2*ry6-v4*rx6;

double b613=v3*rx6-vl*ry6;

double b64x=b610;

double b64y=b6ll;

double b64z=b612;

double b614x=-2*b611;

double b614y=2*b610;

//double b614z=0.;

double b624x=c23*ry6-cl*b612+vi*v9;

double b624y=-c23*rx6-s1*b612-v2*v9;

double b624z=b613+s1*b611+cl1*b610;

double b634x=b624x;

double b634y=b624y;

double b634z=b624z;

double b644x=v4*b612-523*b611;

double b644y=s23*b610-v2*b612;

double b644z=v2*b611-v4*b610;

// Conventional inverse dynamics (NE algorithm) - part 10
vecmx2=vocmxl+b64x* *(acc+3)+b6lix*wlwd+b624x*(w2wi+w3wd)+b644x*wd kv;
vecmy2=vecmyl+b64dy* *(acc+3)+b6liy*wlwd+b624y*(w2wi+w3wd)+b644y*wd kv;
vecmz2=vecmzl+tb64z* *(acc+3) +b624z*(w2wi+w3wd)+b644z*wld kv;
// Conventional inverse dynamics (NE algorithm) - end of part 10
double b514=v16*ry5-v18*rx5;

double b515=v20*rx5-v16*rz5;

double b516=v18*rz5-v20*ry5;

double b517=v20*(s1*rx5-cl*ry5);

double b55x=b516;

double b55y=b515;

double b55z=b514;

double b515x=-2*b515;
double b515y=2*b516;
//double b515z=0.;
double b514pom=-2*b514;
double b525x=cl*b514pom;
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double b525y=s1*b514pom;

double b525z=b517-c4*rz5;

double b535x=b525x;

double b535y=b525y;

double b535z=b525z;

double b545x=2*(v4*b514-s23*b515);

double b545y=2*(s23*b516-v2*b514);

double b545z=2*(v2*b515-v4*b516);

double b555x=v18*b514-v20*b515;

double b555y=v20*b516-v16*b514;

double b555z=v16*b515-v18*b516;

// Conventional inverse dynamics (NE algorithm) - part 11

vhemx=v5cmx2+b55x* *(acc+4)+b515x*wlw5+b525%x* (w2w5+w3w5)+b545x*wdw5+b555x*w5 kv;
vhemy=v5cmy2+b55y* *(acc+4)+b515y*wlw5+b525y* (w2w5+w3w5)+b545y*widw5+b555y*w5 kv;

v5cmz=v5cmz2+b55z* *(acc+4) +b525z* (w2w5+w3w5)+b545z*wdw5+b555z*w5 kv;
F5xu = m5*vbcmx;
F5yu = m5*v5cmy;

F5zu = m5*(v5cmz-qg);

// double F5u=sqgrt (F5xu*F5xu+F5yu*F5yu+F5zu*F5zu) ;

// Conventional inverse dynamics (NE algorithm) - end of part 11
double b614=v16*ry6-v18*rx6;

double b615=v20*rx6-v16*rz6;

double b616=v18*rz6-v20*ry6;

double b617=v20*(s1*rx6-cl*ry6);

double b65x=b6l6;

double b65y=b615;

double b65z=b614;

double b615x=-2*b615;

double b615y=2*b616;

//double b615z=0.;

double b6l4pom=-2*b614;

double b625x=cl*b6l4pom;

double b625y=s1*b6l4pom;

double b625z=b617-c4*rz6;

double b635x=b625x;

double b635y=b625y;

double b635z=b625z;

double b645x=2*(v4*b614-523*b615);

double b645y=2*(s23*b616-v2*b614);

double b645z=2*(v2*b615-v4*b616);

double b655x=v18*b614-v20*b615;

double b655y=v20*b616-v16*b614;

double b655z=v16*b615-v18*b616;

// Conventional inverse dynamics (NE algorithm) - part 12
vecmx3=vocmx2+b65x* *(acct+4)+b615x*wlw5+b625x* (w2w5+w3w5)+b645x*wiw5+b655x* w5 kv;
vecmy3=vecmy2+b65y* *(acc+4)+b615y*wlw5+b625y* (w2w5+w3w5)+b645y*widw5+b655y* w5 kv;
vecmz3=vecmz2+b65z* *(acc+4) +b6252z* (W2w5+w3w5)+b645z*widw5+b655z*w5 kv;
// Conventional inverse dynamics (NE algorithm) - end of part 12
double v35=ay6*rz6-az6*ry6;

double v36=az6*rx6-ax6*rzo6;

double v37=ax6*ry6-ay6*rx6;

double v38=-cl*v20;

double v39=-s1*v20;

double v40=sl1*v18+cl*vle6;

double v41=v4*v20-s23*v18;

double v42=s23*v16-v2*v20;

double v43=v2*v18-v4*vle6;

double v44=-cl*az6;

double v45=-sl1*az6;

double vd6=sl*ay6+cl*ax6;

double v47=vi4*az6-s23*ay6;

double v48=ax6*s23-az6*v2;

double v49=ay6*v2-ax6*vi;

double v50=az6*v18-ay6*v20;

double v51=ax6*v20-ay6*vl16;

double v52=ay6*vl16-ax6*v18;

double v6l=v4*v37-s23*v36;

double v62=s23*v35-v2*v37;

double v63=v2*v36-v4*v35;

double v64=—(v18*ay6+v20*az6)*rx6;



698 double v65=—(v20*az6+vl6*ax6)*ryo6;

699 double v66=-(v16*ax6+v18*ay6)*rz6;

700 double v67=ay6*v37-az6*v36;

701 double v68=az6*v35-ax6*v37;

702 double v69=ax6*v36-ay6*v35;

703 double v70=s1*v36+cl*v35;

704 double v71=(v20*rz6+v18*ry6)*ax6;

705 double v72=(v16*rx6+v20*rz6)*ay6;

706 double v73=(v18*ry6+vl16*rx6)*az6;

707

708 double b66x=v35;

709 double b66y=v36;

710 double bb66z=v37;

711 double b6l6x=-2*v36;

712 double b6l6y=2*v35;

713 //double b616z=0.;

714 double v37pom=-2*v37;

715 double b626x=cl*v37pom;

716 double b626y=sl*v37pom;

717 double b626z=v70;

718 double b636x=b626x;

719 double b636y=b626y;

720 double b636z=b626z;

721 double b646x=v48*rz6-v49*ry6+vel;

722 double b646y=v49*rx6-v4T7*rz6+ve62;

723 double b646z=v47*ry6-v48*rx6+ve63;

724 double b656x=2*(v71+v64)+v67;

725 double b656y=2*(v72+v65)+v68;

726 double b656z=2*(v73+v66)+v69;

727 double b666x=v67;

728 double b666y=v68;

729 double b666z=v69;

730 // Conventional inverse dynamics (NE algorithm) - part 13

731 vecmx=v6cmx3+b66x™
*(acc+5)+b616x*wlwo+b626x* (W2w6+w3w6)+b 64 6x*WiAw6+b656x*WSwo+b666x*W6 kv ;

732 vecmy=vecmy3+b66y™*
*(acc+5)+b6loy*wlwe+b626y* (W2wo+w3w6)+b646y*widwe+b656y*whwe+b666y* w6 kv,

733 vecmz=v6cmz3+b66z* *(acc+b)
+06262z*(W2w6+w3w6)+b646z*wiw6+b6562*w5wo+b6662z* W6 kv;

734 Féxu = m6*vecmx;

735 Foyu m6*vécmy;

736 Fézu = m6*(vecmz-qg);

737 // double Fo6u=sqgrt (Féxu*Foxu+Foyu*Foyut+Fezu*F6zu) ;

738 // Conventional inverse dynamics (NE algorithm) - end of part 13

739 double Izl=Iylcm;

740 //double dl1x=0;

741 //double d11ly=0;

742 double dllz=Izl;

743 // Conventional inverse dynamics (NE algorithm) - part 14

744 //double N1xu=0;

745 //double Nlyu=0;

746 Nlzu=dllz* *acc;

747 // double Nlu=Nlzu;

748 // Conventional inverse dynamics (NE algorithm) - end of part 14

749 double il=s2kv*Ix2cm+c2kv*Iy2cm;

750 double 1i2=s2*c2*(Iy2cm-Ix2cm);

751 double Ix2=clkv*il+slkv*Iz2cm;

752 double Iy2=slkv*il+clkv*Iz2cm;

753 double Iz2=c2kv*Ix2cm+s2kv*Iy2cm;

754 double Ixy2=-sl*cl*(il-Iz2cm);

755 double Ixz2=-cl*i2;

756 double Iyz2=-s1*i2;

757

758 double dl=clkv-slkv;

759 double d21=Ix2*sl+Ixy2*cl;

760 double d22=Ixy2*sl+Iy2*cl;

761 double d23=Ixz2*sl-Iyz2*cl;

762 double d24=Ix2+Iy2-1z2;

763 double d25=Ixz2*cl+Iyz2*sl;

764 double d26=s1*c1*(Ix2-1y2);

765
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double d21x=-Ixz2;

double d21ly=-Iyz2;

double d21z=Iz2;

double d22x=d21;

double d22y=-d22;

double d22z=-d23;

double d211x=Iyz2;

double d211y=-Ixz2;

double d211z=0;

double d212x=cl*d24;

double d212y=sl1*d24;

double d212z=-2*d25;

double d222x=c1*d23;

double d222y=s1*d23;

double d222z=d1*Ixy2+d26;

// Conventional inverse dynamics (NE algorithm) - part 15
N2xu=d21x* *acc+d22x* *(acc+1)+d211x*wl kv+d212x*wlw2+d222x*w2 kv;
N2yu=d21ly* *acc+d22y* *(acc+1)+d21ly*wl kv+d212y*wlw2+d222y*w2 kv;

N2zu=d21z* *acc+d22z* *(acc+1l) +d212z*wlw2+d222z*w2_ kv;
// double N2u=sgrt (N2xu*N2xu+N2yu*N2yu+N2zu*N2zu) ;
// Conventional inverse dynamics (NE algorithm) - end of part 15

double i3=s23kv*Ix3cm+c23kv*Iz3cm;
double 14=s23*c23*(Iz3cm-Ix3cm);
double Ix3=clkv*i3+slkv*Iy3cm;
double Iy3=slkv*i3+clkv*Iy3cm;
double Iz3=c23kv*Ix3cmt+s23kv*Iz3cm;
double Ixy3=-sl*cl*(i3-Iy3cm);
double Ixz3=-cl*i4;

double Iyz3=-s1*i4;

double d31=Ix3*sl+Ixy3*cl;
double d32=Ixy3*sl+Iy3*cl;
double d33=Ixz3*sl-Iyz3*cl;
double d34=Ix3+Iy3-Iz3;

double d35=Ixz3*cl+Iyz3*sl;
double d36=sl1*cl*(Ix3-1Iy3);

double d31x=-Ixz3;

double d3ly=-Iyz3;

double d31z=1z3;

double d32x=d31;

double d32y=-d32;

double d32z=-d33;

double d311x=Iyz3;

double d311ly=-Ixz3;

double d311z=0;

double d312x=cl1*d34;

double d312y=s1*d34;

double d312z=-2*d35;

double d322x=cl1*d33;

double d322y=s1*d33;

double d322z=d1*Ixy3+d36;

// Conventional inverse dynamics (NE algorithm) - part 16
N3x1=d31x* *acc+d32x* *(acc+1)+d31llx*wl kv+d312x*wlw2+d322x*w2 kv;
N3yl=d31ly* *acc+d32y* *(acc+1)+d31ly*wl kv+d31l2y*wlw2+d322y*w2 kv;
N3z1=d31z* *acc+d32z* *(acc+l) +d312z*wlw2+d322z*w2_ kv;
// Conventional inverse dynamics (NE algorithm) - end of part 16
double Ix4=v15*v15*Ix4cm+v2*v2*Iydcm+v]1e*v16*Iz4dcm;

double Iy4=v17*v17*Ixdcm+v4*vi*Iydcmtv18*v18*Izdcm;

double Iz4=v19*v19*Ix4cmts23kv*Iydcmtv20*v20*Iz4dcm;

double Ixy4=-v17*v15*Ixdcm-v2*v4*Iydcm-v16*v18*Izdcm;

double Ixz4=-v15*v19*Ixdcm-v2*s23*Iydcm-v16*v20*Iz4cm;

double Iyz4=-v17*v19*Ix4cm-v4*s23*Iydcm-v18*v20*Izdcm;

double d41=Ix4*sl+Ixyd*cl;
double d42=Ixy4*sl+Iyd*cl;
double d43=Ixz4*sl-Iyz4*cl;
double d44=Ix4+Iy4-I1z4;

double d45=Ixz4*cl+Iyz4*sl;
double d46=sl*cl*(Ix4-1y4);



837 double d41x=-Ixz4;

838 double d4ly=-Iyz4;

839 double d41z=TIz4;

840 double d42x=d41;

841 double d42y=-d42;

842 double d42z=-d43;

843 double d411lx=Iyz4,

844 double d41ly=-Ixz4;

845 double d411z=0;

846 double d412x=cl1*d44;

847 double d412y=sl1*d44;

848 double d412z=-2*d45;

849 double d422x=c1*d43;

850 double d422y=s1*d43;

851 double d422z=d1*Ixy4+d46;

852 // Conventional inverse dynamics (NE algorithm) - part 17

853 N4x1=d41x* *acc+d42x™ *(acc+l)+d4llx*wl kv+d41l2x*wlw2+d422x*w2 kv;
854 N4dyl=d4ly* *acc+d42y* *(acc+1)+d4lly*wl kv+ddl2y*wlw2+d422y*w2 kv;
855 N4z1=d41lz* *acc+d42z* *(acc+1)+d4llz*wl kv+d4l2z*wlw2+d422z*w2 kv;
856 // Conventional inverse dynamics (NE algorithm) - end of part 17
857 double Ix5=v21*v21*Ix5cm+v16*vl16*Iy5cmtax6*ax6*Iz5cm;

858 double Iy5=v23*v23*Ix5cm+v18*v18*Iy5cmtay6*ay6*Iz5cm;

859 double Iz5=v25*v25*Ix5cmtv20*v20*Iy5Scmtaz6*az6*Iz5cm;

860 double Ixy5=-v23*v21*Ix5cm-v16*v18*Iy5cm-ax6*ay6*Iz5cm;

861 double Ixz5=-v21*v25*Ix5cm-v16*v20*Iy5cm-ax6*az6*Iz5cm;

862 double Iyz5=-v23*v25*Ix5cm-v18*v20*Iy5cm-ay6*az6*Iz5cm;

863

864 double d51=Ix5*sl+Ixy5*cl;

865 double d52=Ixy5*sl+Iy5¥*cl;

866 double d53=Ixz5*s1-Iyz5*cl;

867 double d54=Ix5+Iy5-I1z5;

868 double d55=Ixz5*cl+Iyz5*sl;

869 double d56=sl*cl*(Ix5-1y5);

870

871 double dblx=-Ixz5;

872 double dbly=-Iyz5;

873 double dblz=Iz5;

874 double d52x=d51;

875 double d52y=-d52;

876 double d52z=-d53;

877 double d511x=Iyz5;

878 double d511ly=-Ixz5;

879 double d511z=0;

880 double d512x=cl*d54;

881 double d512y=s1*d54;

882 double d512z=-2*d55;

883 double d522x=c1*d53;

884 double d522y=s1*d53;

885 double d522z=d1*Ixy5+d56;

886 // Conventional inverse dynamics (NE algorithm) - part 18

887 N5x1=d51x* *acc+d52x* *(acc+1)+d511lx*wl kv+d512x*wlw2+d522x*w2 kv;
888 N5yl=d51y* *acc+d52y* *(acc+1)+d511ly*wl kv+d512y*wlw2+d522y*w2 kv;

889 N5z1=d51z* *acc+d52z* *(acc+l) +d512z*wlw2+d522z*w2_ kv;
890 // Conventional inverse dynamics (NE algorithm) - end of part 18
891 double Ix6=nx6*nx6*Ix6cmtox6*ox6*Iy6cmtax6*ax6*Izocm;

892 double Iy6=ny6*ny6*Ix6cm+oy6*oy6*Iy6cmtay6*ay6*Iz6cm;

893 double Iz6=nz6*nz6*Ix6cmtoz6*0z6*Iy6cmtaz6*az6*Iz6em;

894 double Ixy6=—-nx6*ny6*Ix6cm-ox6*oy6*Iy6cm-ax6*ay6*Iz6cm;

895 double Ixz6=-nx6*nz6*Ix6cm-ox6*oz6*Iy6cm-ax6*az6*Iz6cm;

896 double Iyz6=-ny6*nz6*Ix6cm-oy6*oz6*Iy6cm-ay6*az6*Iz6cm;
897

898 double d61=Ix6*sl+Ixy6*cl;
899 double d62=Ixy6*sl+Iy6*cl;
900 double d63=Ixz6*sl-Iyz6*cl;
901 double d64=Ix6+Iy6-1z6;

902 double d65=Ixz6*cl+Iyz6*sl;
903 double d66=sl1*cl*(Ix6-1y6);
904

905 double d6lx=-Ixz6;

906 double d6ly=-Iyz6;

907 double d6l1z=I1z6;



908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978

double do62x=d61l;

double d62y=-d62;

double d62z=-d63;

double d6llx=Iyz6;

double d6lly=-Ixz6;

double d611z=0;

double d612x=cl*d64;

double d612y=sl1*d64;

double d612z=-2*d65;

double d622x=cl*d63;

double d622y=s1*d63;

double d622z=d1*Ixy6+d66;

// Conventional inverse dynamics (NE algorithm) - part 19
N6x1=d61lx* *acc+d62x™ *(acc+1)+d6llx*wl kv+d6l2x*wlw2+d622x*w2_ kv;
N6yl=d6ly* *acc+d62y* *(acc+1)+d6lly*wl kv+d6l2y*wlw2+d622y*w2 kv;
N6z1=d6lz* *acc+d62z* *(acc+1)+d6llz*wl kv+d6l2z*wlw2+d622z*w2 kv;
// Conventional inverse dynamics (NE algorithm) - end of part 19
double d33x=d32x;

double d33y=d32y;

double d33z=d32z;

double d313x=d312x;

double d313y=d312y;

double d313z=d312z;

double d323x=2*d322x;

double d323y=2*d322y;

double d323z=2*d322z;

double d333x=d322x;

double d333y=d322y;

double d333z=d322z;

// Conventional inverse dynamics (NE algorithm) - part 20
N3xu=N3x1+d33x* *(acc+2)+d313x*wlw3+d323x*w2w3+d333x*w3_ kv;
N3yu=N3yl+d33y* *(acc+2)+d313y*wlw3+d323y*w2w3+d333y*w3 kv;
N3zu=N3z1+d33z* *(acc+2)+d313z*wlw3+d323z*w2w3+d333z*w3_kv;
// double N3u=sqgrt (N3xu*N3xu+N3yu*N3yu+N3zu*N3zu) ;

// Conventional inverse dynamics (NE algorithm) - end of part 20
double d43x=d42x;

double d43y=d42y;

double d43z=d42z;

double d413x=d412x;

double d413y=d412y;

double d413z=d412z;

double d423x=2*d422x;

double d423y=2%*d422y;

double d423z=2*d422z;

double d433x=d422x;

double d433y=d422y;

double d433z=d422z;

// Conventional inverse dynamics (NE algorithm) - part 21
N4x2=N4x1+d43x* *(acc+2)+d413x*wlw3+d423x*w2w3+d433x*w3_ kv;
N4y2=N4yl+d43y* *(acc+2)+d413y*wlw3+d423y*w2w3+d433y*w3 kv;
N4z2=N4z1+d43z* *(acc+2)+d413z*wlw3+d423z*w2w3+d433z*w3_ kv;
// Conventional inverse dynamics (NE algorithm)- end of part 21
double d53x=db52x;

double d53y=d52y;

double d53z=d52z;

double d513x=d512x;

double db513y=d512y;

double d513z=d512z;

double d523x=2*d522x;

double d523y=2*d522y;

double d523z=2*d522z;

double d533x=d522x;

double d533y=d522y;

double d533z=d522z;

// Conventional inverse dynamics (NE algorithm) - part 22

N5x2=N5x1+d53x™>*
N5y2=N5y1+d53y™*
N5z2=N5z1+d53z*
// Conventional

*(acc+2)+d513x*wlw3+d523x*w2w3+d533x*w3 _kv;
*(acc+2)+d513y*wlw3+d523y*w2w3+d533y*w3 kv;
*(acc+2)+d513z*wlw3+d523z*w2w3+d533z*w3_kv;
inverse dynamics (NE algorithm) - end of part 22

double d63x=d62x;
double d63y=d62y;
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double
double
double
double
double
double
double
double
double

d63z=do62z;
d6l3x=d6l2x;
d613y=d6l2y;
d613z=d6l2z;
d623x=2*d622x;
d623y=2*d622y;
d623z=2*d622z;
d633x=d622x;
d633y=d622y;
d633z=d622z;

// Conventional inverse dynamics (NE algorithm) - part 23

N6x2=N6x1+d63x* *(acc+2)+d613x*wlw3+d623x*w2w3+d633x*w3 kv;
N6y2=N6yl+d63y* *(acc+2)+d613y*wlw3+d623y*w2w3+d633y*w3 kv;
N6z2=N6z1+d63z* *(acc+2)+d613z*wlw3+d623z*w2w3+d633z*w3 kv;

// Conventional inverse dynamics (NE algorithm) - end of part 23
double d47=Ix4*v2-Ixy4d*v4-Ixz4*s23;

double d48=Iy4*v4-Ixyd*v2-Iyz4*s23;

double d49=Iz4*s23-Ixz4*v2-TIyzd*vi4;

double d410=Ixz4*v4-Iyzd*v2;

double d411=Ix4*v1-Ixy4*v3-Ixz4*c23;

double d412=Iy4*v3-Ixy4*vl1-Iyz4*c23;

double d413=Iz4*c23-Ixz4*v1-Iyz4*v3;

double d44x=d47;

double d44y=d48;

double d44z=d49;

double d414x=2*Tyz4*s23-v4*d44;

double d414y=v2*d44-2*Ixz4*s23;

double d414z=2*d410;

double d424x=d411+v4*d43+s23*d42-c1*b49;
double d424y=d412+v2*d43+s23*d41-s1*d49;
double d424z=d413-v4*d41-v2*d42+s1*d48+c1*d49;
double d434x=d424x;

double d434y=d424y;

double d434z=d424z;

double d444x=v4*d49+s23*d48;

double d444y=s23*d47-v2*d49;

double d444z=v2*d48-v4*d47;

// Conventional inverse dynamics (NE algorithm) - part 24

N4xu=N4x2+d44x* *(acc+3)+d4lix*wlwd+d424x*(w2wi+w3wd)+d444x*wd kv;
N4yu=N4y2+d44y* *(acc+3)+d4l4y*wlwd+d424y*(w2wid+w3wd)+d444y*wd kv;
N4zu=N4z2+d44z* *(acc+3)+ddliz*wlwd+d424z*(w2wi+w3wl)+dd44dz*wd kv;
// double N4u=sqgrt (N4dxu*N4xu+N4yu*N4yu+N4zu*N4zu) ;

// Conventional inverse dynamics (NE algorithm) - end of part 24
double d57=Ix5*v2-Ixy5*v4-Ixz5*s23;

double d58=Iy5*v4-Ixy5*v2-Tyz5*s23;

double d59=I1z5*s23-Ixz5*v2-Iyz5*v4;

double d510=Ixz5*v4-Iyz5*v2;

double d511=Ix5*v1-Ixy5*v3-Ixz5*c23;

double d512=Ty5*v3-Ixy5*v1-Iyz5*c23;

double d513=Iz5*c23-Ixz5*v1-Iyz5*v3;

double d54x=d57;

double d54y=d58;

double d54z=d59;

double d514x=2*Iyz5*s23-v4*d54;

double d514y=v2*d54-2*Ixz5%s23;

double d514z=2*d510;

double d524x=d511+v4*d53+s23*d52-c1*b59;
double d524y=d512+v2*d53+s23*d51-s1*d59;
double d524z=d513-v4*d51-v2*d52+s1*d58+c1*d59;
double d534x=d524x;

double d534y=d524y;

double d534z=d524z;

double d544x=v4*d59+s23*d58;

double d544y=s23*d57-v2*d59;

double d544z=v2*d58-v4*d57;

// Conventional inverse dynamics (NE algorithm) - part 25

N5x3=N5x2+d54x* *(acc+3)+d514x*wlwd+d524x*(w2wi+w3wd)+d544x*wd kv;
N5y3=N5y2+d54y* *(acc+3)+d51l4y*wlwd+d524y*(w2wi+w3wl)+d544y*wd kv;
N5z3=N5z2+d54z* *(acc+3)+d51l4z*wlwd+d524z*(w2wi+w3wd)+d544z*wd kv;
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// Conventional inverse dynamics (NE algorithm)- end of part 25

double
double
double
double
double
double
double

double
double
double
double
double
double
double
double
double
double
double
double
double
double
double

d67=Ix6*v2-Ixy6*v4-Ixz6*s23;
d68=Iy6*v4-Ixy6*v2-Iyz6*s23;
d69=Iz6*s23-Ixz6*v2-Iyz6*v4;
d610=Ixz6*v4-Iyz6*v2;
d611=Ix6*v1-Ixy6*v3-Ixz6*c23;
d612=Iy6*v3-Ixy6*vl-Iyz6*c23;
d613=Iz6*c23-Ixz6*v1-Iyz6*v3;

d6dx=do67;

d64y=d68;

d64z=d69;
d614x=2*Iyz6*s23-v4*d64;
d61l4y=v2*d64-2*Ixz6*s23;
d614z=2*d610;
d624x=d611+v4*d63+s23*d62-c1*b69;
d624y=d612+v2*d63+s23*d61-s1*d69;
d624z=d613-v4*d6l1-v2*d62+s1*d68+cl1*d69;
d634x=d624x;

d634y=d624y;

d634z=d624z;
d644x=v4*d69+s23*d68;
d644y=s23*d67-v2*d69;
d644z=v2*d68-v4*d67;

// Conventional inverse dynamics (NE algorithm) - part 26
N6x3=N6x2+d64x* *(acc+3)+d6lix*wlwd+d624x*(w2wi+w3wl)+d644x*wl kv;
N6y3=No6y2+d6dy* *(acc+3)+d6ldy*wlwd+d624y*(w2wi+w3wd)+d6ddy*wd kv;
N6z3=N6z2+d64z* *(acc+3)+d6liz*wlwd+d624z*(w2wi+w3wd)+d644z*wd kv;
// Conventional inverse dynamics (NE algorithm) - end of part 26

double
double
double
double
double
double
double
double
double
double
double
double

double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double

d514=Ix5*v16-Ixy5*v18-Ixz5*v20;
d515=Iy5*v18-Ixy5*v16-Iyz5*v20;
d516=Iz5*v20-Ixz5*v16-Iyz5*v18;
d517=2*Ixz5*v20;
d518=2*Iyz5*v20;
d519=Ixz5*v18-Iyz5*vlo6;
d521=Ix5*v38-Ixy5*v39-Ixz5*v40;
d522=Iy5*v39-Ixy5*v38-Iyz5*v40;
d523=Tz5*v40-Ixz5*v38-Iyz5*v39;
d524=Ix5*v41-Ixy5*v42-Ixz5*v43;
d525=Iy5*v42-Ixy5*v41l-TIyz5*v4d3;
d526=Iz5*v43-Ixz5*v41-Iyz5*v42;

d55%x=d514;
d55y=d515;

d55z=d516;

d515x=d518-v18*d54;

d515y=v16*d54-d517;

d515z=2*d519;
d525%=v20*d52-v18*d53-c1*d516+d521;
d525y=v16*d53+v20*d51-s1*d516+d522;
d525z=s1*d515+c1*d514-v16*d52-v18*d51+d523;
d535%x=d525x;

d535y=d525y;

d5352z=d525z2;
d545x=d524+v4*d516-523*d515+v18*d59-v20*d58;
d545y=d525-v2*d516+523*d514-v16*d59+v20*d57;
d5452=d526+v2*d515-v4*d514+v16*d58-v18*d57;
d555x=v18*d516-v20*d515;
d555y=v20*d514-v16*d516;
d555z=v16*d515-v18*d514;

// Conventional inverse dynamics (NE algorithm) - part 27

N5xu=N5x3+d55x* *(acc+4)+d515x*wlw5+d525x* (w2w5+w3w5)+d545x*widw5+d555x*w5 kv;
N5yu=N5y3+d55y* *(acc+4)+d515y*wlw5+d525y* (w2w5+w3w5)+d545y*wdw5+d555y*w5 kv;
N5zu=N5z3+d55z* *(acc+4)+d515z*wlw5+d525z* (w2w5+w3w5)+d545z*wdw5+d555z*w5 kv;
// double N5u=sqgrt (N5xu*N5xu+N5yu*N5yu+N5zu*N5zu) ;

// Conventional inverse dynamics (NE algorithm) - end of part 27

double
double
double
double
double

d614=Ix6*v16-Ixy6*v18-Ixz6*v20;
d615=Iy6*v18-Ixy6*v16-Iyz6*v20;
d616=Iz6*v20-Ixz6*v16-Iyz6*v18;
d6l7=2*Ixz6*v20;
d618=2*Iyz6*v20;
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d619=Ixz6*v18-Iyz6*vl6;

d621=Ix6*v38-Ixy6*v39-Ixz6*v40;
d622=Iy6*v39-Ixy6*v38-Iyz6*v40;
d623=Iz6*v40-Ixz6*v38-Iyz6*v39;
d624=Ix6*v41-Ixy6*v42-Ixz6*v43;
d625=Ty6*v42-Ixy6*v4l-Iyz6*v43;
d626=Iz6*v43-Ixz6*v41l-Iyz6*vi2;

d65x=do6l4;

d65y=d615;

d65z=do6l6;

d615x=d618-v18*d64;

d615y=v16*d64-d6l7;

d615z=2*d619;
d625x=v20*d62-v18*d63-cl*d6l6+d621;
d625y=v16*d63+v20*d61-s1*d616+d622;
d625z=s1*d615+c1*d614-v16*d62-v18*d61+d623;
d635x=d625x;

d635y=d625y;

d635z=d625z;
d645x=d624+v4*d616-523*d615+v18*d69-v20*d68;
d645y=d625-v2*d616+s23*d614-v16*d69+v20*d67;
d6452z=d626+v2*d615-v4*d614+v16*d68-v18*d67;
d655x=v18*d616-v20*d615;
d655y=v20*d614-v16*d616;
d655z=v16*d615-v18*d6l4;

// Conventional inverse dynamics (NE algorithm) - part 28

N6x4=N6x3+d65x* *(acc+4)+d615x*wlw5+d625x* (w2w5+w3w5)+d645x*wdw5+d655x* w5 kv;
N6y4=N6y3+d65y* *(acc+4)+d615y*wlw5+d625y* (w2w5+w3w5)+d645y*wdw5+d655y* w5 kv;
N6z4=N6z3+d65z* *(acc+4)+d615z*wlw5+d625z* (w2w5+w3w5)+d645z*widw5+d655z*w5 kv;

// Conventional inverse dynamics (NE algorithm) - end of part 28
double d2=Ix6*ax6-Ixy6*ay6-Ixz6*az6;
double d3=Iy6*ay6-Ixy6*ax6-Iyz6*az6;
double d4=Iz6*az6-Ixz6*ax6-Iyz6*ay6;
double d5=-Ix6*ay6-Ixy6*ax6;

double d6=Ixy6*ay6+Iy6*ax6;

double d7=Ixz6*ay6-Iyz6*ax6;

double d8=Ix6*v44-Ixy6*v45-Ixz6*v46;
double d9=Iy6*v45-Ixy6*v44-TIyz6*vio;
double d10=Iz6*v46-Ixz6*v44-Tyz6*vid5;
double dl11=Ix6*v47-Ixy6*v48-Ixz6*v49;
double d12=Iy6*v48-Ixy6*v47-Iyz6*v49;
double d13=Iz6*v49-Ixz6*v47-Iyz6*v48;
double d14=Ix6*v50-Ixy6*v51-Ixz6*v52;
double d15=Iy6*v51-Ixy6*v50-Iyz6*v52;
double dl16=Iz6*v52-Ixz6*v50-Iyz6*v51;
double d66x=d2;

double d66y=d3;

double do66z=d4;

double d6l6x=d5;

double d6loy=d6;

double d6l6z=d7;

double d626x=d8;

double d626y=d9;

double do626z=dl0;

double d636x=d8;

double d636y=d9;

double d636z=d10;

double d646x=dll;

double d64d46y=dl2;

double do646z=dl3;

double d656x=dl4;

double d656y=dl5;

double d656z=dlé6;

double d666x=ay6*d4-az6*d3;

double d666y=az6*d2-ax6*d4;

double d666z=ax6*d3-ay6*d2;

// Conventional inverse dynamics (NE algorithm) - part 29

N6xu=N6x4+d66x™
*(acc+5)+d6lox*wlwe+d626x* (W2wo+w3w6)+d64 6x*wiaw6+d656x*Wowo+d666x* w6 kv



1191 Noyu=N6y4+de6oy™
*(acct+o)+deloy*wlwe+d626y* (w2wo+w3w6)+d646y*wiwo+d656y*whwo+d666y* w6 kv;
1192 N6zu=N6z4+d662™*
*(acc+5)+d6lez*wlwe+d626z* (w2wo+w3w6)+d6462z*widwe+d6562z*whwe+d666z* w6 kv;
1193 // double Nou=sqgrt (N6xu*N6xu+Noyu*Noyu+N6zu*N6zu) ;
1194 // Conventional inverse dynamics (NE algorithm) - end of part 29
1195 double plx=al 15 d*cl;
1196  double ply=al 15 d*sl;
1197 //double plz=0;
1198 double p2pom=-aa2 15 d*s2;
1199 double p2x=cl*p2pom;
1200 double p2y=sl*p2pom;
1201 double p2z=aa2 15 d*c2;
1202 double p3x=v29;
1203 double p3y=v30;
1204 double p3z=vl12;
1205 double 13x=p3x+rx3;
1206 double 13y=p3y+ry3;
1207 double 13z=p3z+rz3;
1208 double 12x=p2x+rx2;
1209 double 12y=p2y+ry2;
1210 double 12z=p2z+rz2;
1211 double 1llx=plx+rxl;
1212 double 1lly=ply+ryl;
1213 // double 1llz=plz+rzl;
1214
1215 // Conventional inverse dynamics (NE algorithm) - part 30
1216 fox=Foxu+f7x;
1217 fey=Foyutfiy;
1218 foz=Fozut+f7z;
1219 f5x=F5xu+fo6x;
1220 f5y=F5yu+foy;
1221 f5z=F5zu+fo6z;
1222 fadx=F4xu+fbx;
1223 f4dy=F4yu+fby;
1224 f4z=F4zu+f5z;
1225 f3x=F3xu+fix;
1226 f3y=F3yu+fdy;
1227 f3z=F3zu+fdz;
1228 f2x=F2xu+f3x;
1229 f2y=F2yu+f3y;
1230 //double f2z=F2zu+f3z;
1231 //double flx=Flxu+f2x;
1232 //double fly=Flyu+f2y;
1233 //double flz=Flzu+f2z;
1234 n6x=N6xu+try6*F6zu-rz6*Foyutp/y*f7z-p7z*fly;
1235 n6ey=N6yu+trz6*F6exu-rx6*Fezutp7z*f7x-p7x*f7z;
1236 n6z=N6zu+trx6*F6oyu-ry6*Fexutp/x*f7y-pTy*f7x;
1237 n5x=n6x+N5xu+ry5*F5zu-rz5*F5yu;
1238 n5y=n6y+N5yu+rz5*F5xu-rx5*F5zu;
1239 n5z=n6z+N5zu+rx5*F5yu-ry5*F5xu;
1240 ndx=n5x+Ndxu+ry4d*Fdzu-rz4*Fdyu;
1241 ndy=n5y+Ndyu+trz4*Fdxu-rx4*Fdzu;
1242 ndz=n5z+N4zu+rx4*Fdyu-ry4d*Fixu;
1243 n3x=n4dx+N3xu+l13y*F3zu-13z*F3yutpl3y*fdz-p3z*fiy;
1244 n3y=ndy+N3yu+l3z*F3xu-13x*F3zutp3z*fidx-p3x*fiz;
1245 n3z=n4z+N3zu+l3x*F3yu-13y*F3xutp3x*fdy-p3y*fix;
1246 n2x=n3x+N2xu+l12y*F2zu-12z*F2yu+p2y*f3z-p2z*f3y;
1247 n2y=n3y+N2yu+l12z*F2xu-12x*F2zut+p2z*f3x-p2x*f3z;
1248 n2z=n3z+N2zu+12x*F2yu-12y*F2xutp2x*f3y-p2y*f3x;
1249 //double nlx=n2x+1ly*Flzu-11z*Flyu+ply*f2z-plz*£f2y;
1250 //double nly=n2y+1llz*Flxu-11x*Flzu+plz*f2x-plx*f2z;
1251 nlz=n2z+Nlzu+llx*Flyu-11y*Flxutplx*f2y-ply*f2x;
1252
1253 // Torques calculated with conventional inverse dynamics - (NE algorithm)
1254 ulnap=nlz;
1255 u2nap=sl*n2x-cl*n2y;
1256 u3nap=s1*n3x-cl*n3y;
1257 udnap=v2*nidx+v4d*ndy+s23*ndz;
1258 uSnap=vl16*n5x+v18*n5y+v20*n5z;
1259 ubnap=ax6*n6x+tay6*né6y+taz6*n6z;



1260

1261 ispisc("Flxu.txt", Flxu);

1262 ispisc("Flyu.txt", Flyu);

1263 ispisc("Flzu.txt", Flzu);

1264 ispisc("F2xu.txt", F2xu);

1265 ispisc("F2yu.txt", F2yu);

1266 ispisc("F2zu.txt", F2zu);

1267 ispisc("F3xu.txt", F3xu);

1268 ispisc("F3yu.txt", F3yu);

1269 ispisc("F3zu.txt", F3zu);

1270 ispisc("Fidxu.txt", Fdxu);

1271 ispisc("Fdyu.txt", Fdyu);

1272 ispisc("Fdzu.txt", Fdzu);

1273 ispisc("F5xu.txt", F5xu);

1274 ispisc("FSyu.txt", F5yu);

1275 ispisc("F5zu.txt", F5zu);

1276 ispisc("F6xu.txt", F6xu);

1277 ispisc("Foyu.txt", F6yu);

1278 ispisc("F6zu.txt", F6zu);

1279

1280 ispisc("Nlzu.txt", Nlzu);

1281 ispisc("N2xu.txt", N2xu);

1282 ispisc("N2yu.txt", N2yu);

1283 ispisc("N2zu.txt", N2zu);

1284 ispisc("N3xu.txt", N3xu);

1285 ispisc("N3yu.txt", N3yu);

1286 ispisc("N3zu.txt", N3zu);

1287 ispisc("Nixu.txt", N4xu);

1288 ispisc("Ndyu.txt", Ndyu);

1289 ispisc("Ndzu.txt", Ndzu);

1290 ispisc("N5xu.txt", N5xu);

1291 ispisc("N5yu.txt", N5yu);

1292 ispisc("N5zu.txt", N5zu);

1293 ispisc("Né6xu.txt", N6xu);

1294 ispisc("Né6yu.txt", Né6yu);

1295 ispisc("N6zu.txt", N6zu);

1296

1297 // Conventional inverse dynamics (NE algorithm) - end of part 30
1298

1299 double cwll=wl kv;

1300 double cwl2=wlw2;

1301 double cwl3=wlw3;

1302 double cwld=wlwi4;

1303 double cwlb=wlw5;

1304 double cwlo=wlwb6;

1305 double cw22=w2 kv,

1306 double cw23=w2w3;

1307 double cw24=w2wi4;

1308 double cw25=w2w5;

1309 double cw26=w2w6;

1310 double cw33=w3_ kv,

1311 double cw34=w3wi4;

1312 double cw35=w3w5;

1313 double cw36=w3wb6;

1314 double cwid4=w4d kv;

1315 double cw45=w4w5;

1316 double cwido=wiwb6;

1317 double cwb5=w5_ kv;

1318 double cwbo6=wbwo6;

1319 double cw66=w6_ kv,

1320

1321 double awl=0.
1322 double aw2=0.
1323 double aw3=0.
1324 double awé4=0.
1325 double awb=0.
1326 double aw6=0.
1327

1328 // el

1329 double elx=ml*blllx*cwll;
1330 double ely=ml*bllly*cwll;



1331
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
1342
1343
1344
1345
1346
1347
1348
1349
1350
1351
1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
1375
1376
1377
1378

1379

1380

1381
1382
1383
1384
1385
1386
1387
1388
1389
1390
1391
1392
1393
1394
1395
1396

double elz=-ml*g;

// ell=ml* (bll+blll*awl)
double ellx=ml*bllx;
double elly=ml*blly;

//double ellz=ml* (bllz+2*blllz*awl) :;

//Flxa=elx+ellx* *acc;
//Flya=ely+elly* *acc;
//Flza=elz;

// e2

double e2x=m2*(b211x*cwll+b212x*cwl2+b222x*cw22);
double e2y=m2*(b21ly*cwll+b212y*cwl2+b222y*cw22);

double e2z=m2*(

// e2l=m2*b21

double e2lx=m2*b21x;

double e2ly=m2*b21ly;

double e21z=0.;

// e22=m2*b22

double e22x=m2*b22x;

double e22y=m2*b22y;

double e22z=m2*b22z;
//F2xa=e2x+e2lx* *acc +e22x*

b222z*cw22-g);

(acc+1) ;

*
//F2ya=e2y+e2ly* *acc +e22y* *(acc+l);
*

//F2za=e2z+e2lz* *acc +e22z*

// e3

(acc+l) ;

double e3x=m3*(b311x*cwll+b312x*cwl2+b313x*cwl3+b322x*cw22+b323x*cw23+b333x*cw33);
double e3y=m3*(b31ly*cwll+b312y*cwl2+b313y*cwl3+b322y*cw22+b323y*cw23+b333y*cw33);

double e3z=m3*(

// e31=m3*b31

double e31x=m3*b31x;
double e31y=m3*b31ly;
double e31z=0;

// e32=m3*b32

double e32x=m3*b32x;
double e32y=m3*b32y;
double e32z=m3*b32z;
// e33=m3*b33

double e33x=m3*b33x;
double e33y=m3*b33y;
double e33z=m3*b33z;

b322z*cw22+b323z*cw23+b333z*cw33-qg);

//F3xa=e3x+e31lx* *acc+el32x* * (acc+l)+el33x* *(acc+2);
//F3ya=e3y+e3ly* *acc+e32y* * (acc+l)+e33y* * (acc+2);
//F3za=e3z+e32z* * (acc+l)+e33z* * (acc+2);

// Fd=ed+edl* *acc+ed2* * (acc+l)+ed3* *(acc+2)+edd* * (acc+3)

// e4d
double

edx=md*(b41llx*cwll+bd12x*cwl2+b413x*cwl3+b422x*cw22+b423x*cw23+b433x*cw33+b414x*cwld+b

424x*cw24+b434x*cw34+b444x*cwidd);
double

edy=md*(b41lly*cwll+b412y*cwl2+b413y*cwl3+b422y*cw22+b423y*cw23+b433y*cw33+b414y*cwld+b

424y*cw24+b434y*cw34+bdddy*cwdd);
double edz=md*(
bd422z*cw22+b423z*cw23+b433z*cw33
// edl=m4*b4l

double ed4lx=m4*b4dlx;

double edly=md*bdly;

//double edlz=m4*bdlz;

// ed2=m4*b42

double e42x=m4*b42x;

double ed2y=mi*bd2y;

double ed42z=m4*b42z;

// e43=m4*pbd3

double e43x=m4*b43x;

double e43y=m4*b43y;

double e43z=m4*b43z;

// edd=mb*bd4

double ed4x=mi*bidix;

double eddy=mi*bddy;

double ed4z=m4*bd4z;

+b424z*cw24+b434z*cw34+bd44dz*cwidd-qg);



1397
1398
1399
1400
1401
1402

1403
1404

1405
1406

1407
1408
1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
1419
1420
1421
1422
1423
1424
1425
1426
1427
1428
1429
1430
1431
1432

1433

1434
1435

1436

1437
1438
1439
1440
1441
1442
1443
1444
1445
1446
1447
1448
1449
1450
1451
1452
1453
1454
1455
1456
1457

//Fidxa=edx+edlx* *acc+ed2x* * (acc+l)+ed3x* *(acc+2)+eddx* *(acc+3);
//Fdya=edy+edly* *acc+ed2y* * (acc+l)+ed3y* * (acc+2)+eddy* * (acc+3);
//Fdza=edz+ed2z* * (acc+l)+ed3z* * (acc+2)+eddz* * (acc+3);

/* e5 */

double
e5x=m5*(b511x*cwll+b512x*cwl2+b513x*cwl3+b522x*cw22+b523x*cw23+b533x*cw33+b514x*cwld+b
524x*cw24+b534x*cw34+b544x*cwid

+b515x*cwl5+b525x*cw25 +b535x*cw35+b545x*cwd5+b555x*cw55) ;

double
e5y=m5*(b511y*cwll+b512y*cwl2+b513y*cwl3+b522y*cw22+b523y*cw23+b533y*cw33+b514y*cwld+b
524y*cw24+b534y*cw34+b544y*cwidd
+b515y*cwl5+b525y*cw25+b535y*cw35+b545y*cwid 5+b555y*cw55) ;

double e5z=m5*(

b522z*cw22+b523z*cw23+b533z*cw33
+b524z*cw24+b534z*cw34+b544z*cwd4+b5252%cw25+b535z*cw35+b5452* cwd 5+b555z2* cw55-9) ;
// e5l=m5*b51

double e51x=m5*b51x;

double e51y=m5*b51y;

// double eb5lz=m5*b51z;

// e52=m5*b52

double e52x=m5*b52x;

double e52y=m5*b52y;

double e52z=m5*b52z;

// e53=m5*b53

double e53x=m5*b53x;

double e53y=m5*b53y;

double e53z=m5*b53z;

// e54=m5*b54

double e54x=m5*b54x;

double e54y=m5*b54y;

double e54z=m5*b54z;

// e55=m5*b55

double e55x=m5*b55x;

double e55y=m5*b55y;

double e55z=m5*b55z;

//Fbxa=ebx+eblx* *acc+eb2x* * (acc+l)+eb3x* * (acc+2)+ebdx* * (acc+3)+e55x* * (acc+4);
//F5ya=eby+e5ly* *acc+e52y* * (acc+l)+eb3y* * (acc+2)+e54y* * (acc+3)+eb5y* * (acc+d);
//F5za=e5z+eb52z* * (acc+l)+eb53z* * (acc+2)+ebdz* * (acc+3)+eb5z* * (acc+4);

// e6

double e6x=m6*(b611x*cwll+b612x*cwl2+b613x*cwl3+b622x*cw22+b623x*cw23
+b633x*cw33+b614x*cwld+b624x*cw24+b634x*cw34
+b644x*cwldd+b615x*cwl5+b625x*cw25
+b635x*cw35+b645x*cwd5+b655x*cw55+b 61 6x*cwl 6+b626x*cw26+b636x*Ccw36+b646x*Ccwi 6
+b656x*cw56+b666xX*CW66) ;

double e6y=m6*(b61ly*cwll+b612y*cwl2+b613y*cwl3+b622y*cw22+b623y*cw23
+b633y*cw33+b614y*cwld+b624y*cw24+b634y*cw34
+b644y*cwdd+b615y*cwl5+b625y*cw25+b635y*cw35+b645y*cwd5+b655y*cw55+b61 6y*cwl 6+b626y*cw
26+b636y*cw36+b646y*cwid 6+b656y*cw56+b666y*cw66) ;

double e6z=m6*(b622z*cw22+b623z*cw23+b633z*cw33 +b624z*cw24+b634z*cw34
+b644z*cwldd+b6252z*cw25+b6352*cw35+b645z*cwid5+b6552* cw55+b6262z*cw26
+b636z*cw36+b6462*cwd6+b6562* cw56+b6662*Ccw66-g);

// e6l=m6*bo6l

double e6lx=m6*b6lx;

double e6ly=m6*b6ly;

// double e6lz=m6*b6lz;

// e62=m6*b62

double e62x=m6*b62x;

double e62y=m6*b62y;

double e62z=m6*b62z;

// e63=m6*b63

double e63x=m6*b63x;

double e63y=m6*b63y;

double e63z=m6*b63z;

// e64=m6*bo64

double e64x=m6*b64x;

double e64y=m6*b64dy;

double e64z=m6*b64z;

// e65=m6*b65

double e65x=m6*b65x;



1458 double e65y=m6*b65y;

1459 double e65z=m6*b657;

1460 // e66=m6*b66

1461 double e66x=m6*b66x;

1462 double e66y=m6*b66y;

1463 double e66z=m6*b667z;

1464 //F6xa=ebx+eblx* *acc +eb62x* *(acc+l) +e63x* *(acc+2)+eb6dx* * (acc+3)+e65x*
* (acct4d) tebox* * (acc+d);

1465 //Foya=eby+e6ly* *acc +e62y* *(acc+l) +e63y* * (acc+2)+e6dy* *(acc+3)+eb5y*
* (acct4) tebby* *(acct+b);

1466 //F6za=ebz+eb62z* * (acc+l) +e63z* *(acc+2)+e6dz* * (acc+3)+e65z* * (acc+4)+e66z*
* (acctb) ;

1467

1468 // ml

1469 //double mlx=0;

1470 //double mly=0;

1471 double mlz=0;

1472 // mll= dl1

1473 // double mllx=dllx;

1474  // double mlly=dlly;

1475 mllz=dllz;

1476 //Nlza=mlz+mllz* *acc;

1477

1478 // m2

1479 double m2x=d21lx*cwll+d212x*cwl2+d222x*cw22;

1480 double m2y=d21ly*cwll+d212y*cwl2+d222y*cw22;

1481 double m2z= d212z*cwl2+d222z*cw22;

1482 // m21=d21

1483 double m21x=d21x;

1484  double m2ly=d21ly;

1485 double m21z=d21lz;

1486 // m22= d22+d212

1487 double m22x=d22x;

1488  double m22y=d22y;

1489 double m22z=d22z;

1490 //N2xa=m2x+ m2lx* *acc+m22x* * (acc+l);
1491 //N2ya=m2y+ m2ly* *acc+m22y* * (acc+l);
1492 //N2za=m2z+ m2lz* *acc+m22z* * (acc+l);
1493

1494 // m3

1495 double m3x=d31lx*cwll+d312x*cwl2+d313x*cwl3+d322x*cw22+d323x*cw23+d333x*cw33;
1496 double m3y=d31ly*cwll+d312y*cwl2+d313y*cwl3+d322y*cw22+d323y*cw23+d333y*cw33;
1497 double m3z=d31lz*cwll+d312z*cwl2+d313z*cwl3+d322z*cw22+d323z*cw23+d333z*cw33;
1498 // m31=d31

1499 double m31x=d31x;

1500 double m31ly=d3ly;

1501 double m31z=d31lz;

1502 // m32= d32

1503 double m32x=d32x;

1504 double m32y=d32y;

1505 double m32z=d32z;

1506 // m33=d33

1507 double m33x=d33x;

1508 double m33y=d33y;

1509 double m33z=d33z;

1510 //N3xa=m3x+m31x* *acc+m32x* * (acc+1l)+m33x* * (acc+2);
1511 //N3ya=m3y+m31ly* *acc+m32y* * (acc+1l)+m33y* * (acc+2);
1512 //N3za=m3z+m3lz* *acc+m32z* * (acc+1l)+m33z* * (acc+2);
1513

1514 // mé

1515 double
mé4x=d41llx*cwll+d412x*cwl2+d413x*cwl3+d422x*cw22+d423x*cw23+d433x*cw33+d414x*cwli+d424x
*cw24+d434x*cw34+d444x*cwid;

1516 double
mdy=d41lly*cwll+d412y*cwl2+d413y*cwl3+d422y*cw22+d423y*cw23+d433y*cw33+d414y*cwld+d424y
*cw24+d434y*ew34+d4ddy*cwdd;

1517 double
mé4z=d4llz*cwll+d412z*cwl2+d413z*cwl3+d422z*cw22+d423z*cw23+d433z*cw33+d414z*cwli+d424z
*cw24+d434z*cw34+d444z*cwiid;

1518 // m4l=d41l

1519 double m4lx=d41lx;



1520
1521
1522
1523
1524
1525
1526
1527
1528
1529
1530
1531
1532
1533
1534
1535
1536
1537
1538
1539

1540
1541

1542
1543

1544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1557
1558
1559
1560
1561
1562
1563
1564
1565
1566
1567
1568
1569
1570

1571

1572

1573

1574

1575

double mé4ly=d4ly;

double m4lz=d4lz;

// mid2=d4?2

double md42x=d42x;

double m42y=d42y;

double m42z=d42z;

// m43=d43

double m43x=d43x;

double m43y=d43y;

double m43z=d43z;

// mdd=d44

double m44x=d44x;

double mé44y=d4dy;

double md44z=d44z;

//Nidxa=méx+m4lx* *acc+md2x* * (acc+1l)+md3x* * (acc+2)+mddx* * (acc+3);
//Ndya=mdy+mdly* *acc+md2y* * (acc+l)+md3y* * (acc+2)+mddy* * (acc+3);
//Ndza=mdz+mdlz* *acc+md2z* * (acc+l)+md3z* * (acc+2)+mddz* * (acc+3);

// m5

double
m5x=d511x*cwll+d512x*cwl2+d513x*cwl3+d522x*cw22+d523x*cw23+d533x*cw33+d514x*cwld+d524x
*cw24+d534x*cw34+d544x*cwi il
+d515x*cwl5+d525x*cw25+d535x*cw35+d545x*cwd 5+d555x*cw55;

double
m5y=d511y*cwll+d512y*cwl2+d513y*cwl3+d522y*cw22+d523y*cw23+d533y*cw33+d514y*cwld+d524y
*cw24+d534y*cw34+d544y*cwid
+d515y*cwl5+d525y*cw25+d535y*cw35+d545y*cwd 5+d555y*cw55;

double
m5z=d511lz*cwll+d512z*cwl2+d513z*cwl3+d522z*cw22+d523z*cw23+d533z*cw33+d514z*cwld+d524z
*cw24+d534z*cw34+d544z*cwi 4
+d515z*cwl5+d525z*cw25+d535z*cw35+d545z*cwd 5+d555z*cw55;

// mb51l=d51

double m51x=d51x;

double m51ly=d5ly;

double m51lz=d51z;

// mb52=d52

double m52x=d52x;

double m52y=d52y;

double m52z=d52z;

// m53=d53

double m53x=d53x;

double m53y=d53y;

double m53z=d53z;

// mb54=d54

double m54x=db54x;

double m54y=d54vy;

double m54z=db54z;

// m55=d55

double m55x=d55x%;

double m55y=d55y;

double m55z=d55z;

//Nbxa=m5bx+m51x* *acc+mb52x* * (acc+1l)+m53x* * (acc+2)+mb4x* * (acc+3)+m55x* * (acc+4) ;
//N5ya=mby+m51y* *acc+m52y* * (acc+1l)+mb3y* * (acc+2)+m54y* * (acc+3)+m55y* * (acc+4);
//Nbza=mbz+mblz* *acc+mb2z* * (acc+1l)+mb3z* * (acc+2)+mbdz* * (acc+3)+mbbz* * (acc+4);

// mé

double
m6x=d6llx*cwll+d612x*cwl2+d613x*cwl3+d622x*cw22+d623x*cw23+d633x*cw33+d6l4x*cwli+d624x
*ecw24+d634x*cw34+doddx*cwid
+d615x*cwl5+d625x*cw25+d635x*cw35+d645x*cwd 5+d655x*cw55+d616x*cwl 6+d626x*cw26+d636x*Ccw
36+d646x*cwd 6+d656x*cw56+d666X*CwW66];

double
moy=d6lly*cwll+d6l2y*cwl2+d6l3y*cwl3+d622y*cw22+d623y*cw23+d633y*cw33+d6ldy*cwld+de24y
*cw24+d634y*cw34+d6ddy*cwi i

+d615y*cwl5+d625y*cw25+d635y*cw35+d645y*cwd 5+d655y*cw55+d6l6y*cwl 6+d626y*cw26+d636y*cw
36+d646y*cwid6+d656y*cw56+d666y*Ccw66;

double

m6z=d6llz*cwll+d61l2z*cwl2+d613z*cwl3+d622z*cw22+d623z* cw23+d633z*cw33+d6ldz*cwli+d624z
*cw24+d634z*cw34+d6ddz*cwid
+d615z*cwl5+d625z*cw25+d635z*cw35+d6452z*cwid5+d655z2%cw55+d61l6z*cwl 6+d626z* cw26+d6362z*Ccw
36+d646z*cwd6+d656z* cw56+d666z*Ccw66;



1576 // me6l=de6l

1577 double m6lx=d6lx;

1578 double m6ly=dély;

1579 double m6lz=d6lz;

1580 // m62=d62

1581 double m62x=d62x;

1582 double m62y=d62y;

1583 double m62z=d62z;

1584 // m63=d63

1585 double m63x=d63x;

1586 double m63y=dé63y;

1587 double m63z=d63z;

1588 // me64=de64

1589 double m64x=d64x;

1590 double m64y=dédy;

1591 double m64z=d64z;

1592 // m65=de65

1593 double m65x=d65x;

1594 double m65y=dé5y;

1595 double m65z=d65z;

1596 // m66=d66

1597 double m66x=d66x;

1598 double m66y=d66y;

1599 double m66z=d66z;

1600 //N6xa=m6x+m6lx* *acc+m62x* * (acc+l)+m63x* * (acc+2)+m64dx* * (acc+3)
1601 //+m65x* * (acc+4)+m66x* * (acc+5b);
1602 //Néya=m6y+m6ly* *acc+m62y* * (acc+l)+m63y* * (acc+2)+m6dy* * (acc+3)
1603 //+m65y* * (acc+4)+mo6y* * (acc+5h);

1604 //N6za=m6z+m6lz* *acc+m62z* * (acc+l)+m63z* * (acc+2)+m6dz* * (acc+3)
1605 //+m65z* * (acc+4)+m66z* * (acc+5);
1606

1607 // nc

1608 // néc

1609 double n6cx=mbéx+ry6*e6z-rz6*eby+tp7y*f7z-p7z*fly;

1610 double n6cy=mby+rz6*e6x-rx6*e6z+p7z*fIx-p7x*f7z;

1611 double n6cz=mbz+rx6*eby-ry6*ebx+p7x*f7y-p7y*fix;

1612 // nbc

1613 double nb5cx=né6cx+mbx+ry5*e5z-rz5*e5y;

1614 double n5cy=n6cy+mby+rz5*e5x-rx5*e5z;

1615 double n5cz=n6cz+m5z+rx5*e5y-ry5*e5x;

1616 // néc

1617 double ndcx=n5cx+midx+ryd*edz-rz4*edy;

1618 double ndcy=n5Scy+tmiy+rzd*edx-rxd4*edz;

1619 double ndcz=n5cz+miz+rxd*edy-ryd*edx;

1620 // n3c

1621 double Ex4=edx+ebx+ebx+f7x;

1622 double Ey4=edy+ebyteoy+fiy;

1623 double Ezd4=edz+e5z+et6z+f7z;

1624 double n3cx=ndcx+m3x+13y*e3z-13z*e3y+p3y*Ez4-p3z*Ey4;
1625 double n3cy=ndcy+m3y+13z*e3x-13x*e3z+p3z*Ex4-p3x*Ez4;
1626 double n3cz=ndcz+m3z+13x*e3y-13y*e3x+p3x*Ey4-p3y*Ex4;
1627 // n2c

1628 double Ex3=Ex4+e3x;

1629  double Ey3=Ey4+e3y;

1630 double Ez3=Ez4+e3z;

1631 double n2cx=n3cx+m2x+12y*e2z-12z*e2y+p2y*Ez3-p2z*Ey3;
1632 double n2cy=n3cy+m2y+12z*e2x-12x*e2z+p2z*Ex3-p2x*Ez3;
1633 double n2cz=n3cz+m2z+12x*e2y-12y*e2x+p2x*Ey3-p2y*Ex3;
1634 // nlc

1635 double Ex2=Ex3+e2x;

1636 double Ey2=Ey3+ely;

1637 //double Ez2=Ez3+e2z;

1638 //double nlcx=n2cx/*+mlx*/+1lly*elz-1lz*ely+ply*Ez2-plz*Ey2;
1639 //double nlcy=n2cy/*+mly*/+1llz*elx-11x*elz+plz*Ex2-plx*Ez2;
1640 double nlcz=n2cz+mlz+llx*ely-11ly*elx+plx*Ey2-ply*Ex2;
1641

1642  // nal

1643  // neal

1644 double n6lalx=mé6lx/*+ry6*e6lz*/-rz6*e6ly;

1645 double n6laly=mé6ly+rz6*e6lx/*-rx6*e6lz*/;

1646 double n6lalz=m6lz+rx6*e6ly-ry6*e6lx;



1647 double n62alx=m62x+ry6*e62z-rz6*e62y;

1648 double n62aly=mé62y+rz6*e62x-rx6*e62z;

1649 double n62alz=m62z+rx6*e62y-ry6*e62x;

1650 double n63alx=m63x+ry6*e63z-rz6*e63y;

1651 double n63aly=m63y+rz6*e63x-rx6*e63z;

1652 double n63alz=m63z+rx6*e63y-ry6*e63x;

1653 double n6dalx=m6dx+ry6*e6dz-rz6*e6dy;

1654 double n6d4aly=m6dy+rz6*e6dx-rx6*e64dz;

1655 double n64alz=m6dz+rx6*e6dy-ry6*e6dx;

1656 double n65alx=m65x+ry6*e65z-rz6*e65y;

1657 double n65aly=m65y+rz6*e65x-rx6*e65z;

1658 double n65alz=m65z+rx6*e65y-ry6*e65x;

1659 double n66alx=m66x+ry6*e66z-rz6*e66y;

1660 double n66aly=mb66y+rz6*e66x-rx6*e66z;

1661 double n66alz=m66z+rx6*e66y-ry6*e66x;

1662 /*

1663 double n6alx=n6lalx* *acc+n62alx* *(acct+l)+n63alx* * (acc+2)+n6dalx* *(acc+3)+n6dbalx*
* (acc+4)+nooalx* * (acc+b);

1664 double n6aly=n6laly* *acc+n62aly* *(acc+l)+n63aly* * (acc+2)+n6daly* * (acc+3)+n6baly*
* (acct4)+n66aly* * (acct));

1665 double n6alz=n6lalz* *acc+n62alz* *(acct+l)+n63alz* * (acc+2)+n6dalz* *(acc+3)+n6dbalz*
* (acc+4)+n66alz* * (acc+b); */

1666  // nbal

1667 double n5lalx=m51x/*+ry5*e5lz*/-rz5%e51y;

1668 double n5laly=mbly+rz5*e51x/*-rx5*e51lz*/;

1669 double n5lalz=mb5lz+rx5*e51ly-ry5*e51lx;

1670 double n52alx=m52x+ry5*e52z-rz5*e52y;

1671 double n52aly=m52y+rz5*e52x-rx5*e52z;

1672 double n52alz=m52z+rx5*e52y-ry5*e52x;

1673 double n53alx=m53x+ry5*e53z-rz5%e53y;

1674 double n53aly=m53y+rz5*e53x-rx5*e53z;

1675 double n53alz=m53z+rx5*e53y-ry5*e53x;

1676 double n54alx=m54x+ry5*e54z-rz5%e54y;

1677 double nb54aly=mb54y+rz5*e54x-rx5*e54z;

1678 double n54alz=m54z+rx5*e54y-ry5*eb4dx;

1679 double n55alx=m55x+ry5*e55z-rz5*e55y;

1680 double n55aly=m55y+rz5*e55x-rx5*e55z;

1681 double n55alz=m55z+rx5*e55y-ry5*e55x;

1682 double nx5lal=n5lalx+n6lalx;

1683 double nx52al=n52alx+n62alx;

1684 double nx53al=n53alx+n63alx;

1685 double nx54al=nb54alx+n6dalx;

1686 double nx55al=n55alx+n65alx;

1687 double nyb5lal=n5laly+n6laly;

1688 double nyb52al=n52aly+n62aly;

1689 double ny53al=n53aly+n63aly;

1690 double nyb54al=n54aly+n6daly;

1691 double ny55al=nb55aly+n65aly;

1692 double nz5lal=n5lalz+n6lalz;

1693 double nz52al=n52alz+n62alz;

1694 double nz53al=n53alz+n63alz;

1695 double nz54al=n54alz+nocdalz;

1696 double nzb55al=n55alz+né6b5alz;

1697 /*

1698 double nbalx=nx5lal* *acc+nx52al* * (acc+1l)+nx53al* * (acc+2)+nx54al* *(acc+3)+nx55al*
* (acc+4)+n6obalx* * (accthH);

1699 double nbaly=nyb5lal* *acct+nyb52al* *(acc+l)+ny53al* * (acc+2)+nyb4al* *(acc+3)+nybbal*
* (acct4)+nebaly* * (acc+b);

1700 double nbalz=nz5lal* *acc+nz52al* * (acc+1l)+nz53al* * (acc+2)+nz54al* *(acc+3)+nz55al*
* (acct+4)+n66alz* * (acc+b); */

1701 // ndal

1702 double nd4lalx=mdlx/*+ryd*edlz*/-rzd*edly;

1703 double nd4laly=mdly+rzd*edlx/*-rxd*edlz*/;

1704 double nd4lalz=m4lz+rx4*edly-ryd*edlx;

1705 double nd2alx=md2x+ryd*ed2z-rz4*ed2y;

1706 double nd2aly=md2y+rzd*ed2x-rx4*ed2z;

1707 double nd42alz=md2z+rx4*ed2y-ryd*ed2x;

1708 double n43alx=m43x+ryd*ed3z-rz4*ed3y;

1709 double n43aly=m43y+rz4*ed3x-rx4*ed3z;

1710 double n43alz=m43z+rx4*ed3y-ryd*ed3x;

1711 double nddalx=mddx+ryd*eddz-rz4*eddy;



1712 double nddaly=mddy+rz4d*eddx-rxd*eddz;
1713 double nddalz=mddz+rxd*eddy-ryd*eddx;
1714 double nx4lal=nd4lalx+nx5lal,;
1715 double nx42al=nd42alx+nx52al;
1716 double nx43al=n43alx+nx53al;
1717 double nx44al=nd44alx+nx54al;
1718 double ny4lal=n4laly+ny5lal;
1719 double ny42al=n42aly+ny52al;
1720 double ny43al=n43aly+ny53al;
1721 double ny44al=n44aly+ny54al;
1722 double nz4d4lal=nd4lalz+nz5lal,;
1723 double nz42al=nd42alz+nz52al;
1724 double nz43al=n43alz+nz53al;
1725 double nzd44al=nd44alz+nz54al;

1726
1727 /*
1728 double ndalx=nx4lal* *acc+nx42al* *(acc+l)+nx43al* * (acc+2)+nx44al* *(acc+3)+nx55al~*

* (acc+4)+nooalx* * (acc+b);

1729 double ndaly=nyd4lal* *acc+ny42al* *(acc+l)+nyd43al* * (acc+2)+nyddal* *(acc+3)+ny55al*
* (acct4)+n66aly* * (acct));

1730 double ndalz=nz4lal* *acc+nz42al* *(acc+l)+nz43al* * (acc+2)+nzddal* *(acc+3)+nz55al*
* (acc+4)+n66alz* * (acc+b); */

1731 // n3al

1732 double n3lalx=m31x/*+13y*e31lz*/-13z%e31y;

1733 double n3laly=m31ly+13z*e31x/*-13x*e31z*/;

1734 double n3lalz=m31lz+13x*e31y-13y*e3lx;

1735 double n32alx=m32x+13y*e32z-13z*e32y;

1736 double n32aly=m32y+13z*e32x-13x*e32z;

1737 double n32alz=m32z+13x*e32y-13y*e32x;

1738 double n33alx=m33x+13y*e33z-13z*e33y;

1739 double n33aly=m33y+13z*e33x-13x*e33z;

1740 double n33alz=m33z+13x*e33y-13y*e33x;

1741 double nx3lal=n3lalx+nx4lal;

1742 double nx32al=n32alx+nx42al;

1743 double nx33al=n33alx+nx43al;

1744 double ny3lal=n3laly+ny4lal;

1745 double ny32al=n32aly+ny42al;

1746 double ny33al=n33aly+ny43al;

1747 double nz3lal=n3lalz+nz4lal;

1748 double nz32al=n32alz+nz4d2al;

1749 double nz33al=n33alz+nz43al;

1750 // double n3alx=nx3lal* *acc+nx32al* * (acc+l)+nx33al* * (acc+2)+nx44al*
* (acc+3)+nx55al* //* (acc+4)+n66alx* * (acc+b);

1751 // double n3aly=ny3lal* *acc+ny32al* * (acc+l)+ny33al* * (acc+2)+nyddal*
*(acc+3) +ny55al* //* (acc+d)+n66aly* * (acc+h);

1752 // double n3alz=nz3lal* *acc+nz32al* * (acc+l)+nz33al* * (acc+2)+nzddal*
* (acc+3)+nzb55al* //* (acc+4)+n66alz* * (acc+b);

1753 // n2al

1754 double n2lalx=m2lx/*+12y*e2lz*/-12z%e2ly;

1755 double n2laly=m2ly+12z*e2lx/*-12x*e21z*/;

1756 double n2lalz=m2lz+12x*e2ly-12y*e2lx;

1757 double n22alx=m22x+12y*e22z-12z%*e22y;

1758 double n22aly=m22y+12z*e22x-12x%*e22z;

1759 double n22alz=m22z+12x*e22y-12y*e22x;

1760 double nx2lal=n2lalx+nx3lal;

1761 double nx22al=n22alx+nx32al;

1762 double ny2lal=n2laly+ny3lal;

1763 double ny22al=n22aly+ny32al;

1764 double nz2lal=n2lalz+nz3lal;

1765 double nz22al=n22alz+nz32al;

1766 // double n2alx=nx2lal* *acc+nx22al* *(acc+l)+nx33al* * (acc+2)+nx44al~*
* (acc+3) +nx55al* * (acc+4)+n6oalx* * (acc+b);

1767 // double n2aly=ny2lal* *acc+ny22al* * (acc+l)+ny33al* * (acc+2)+nyddal*
* (acct3) +ny55al* * (acct+4)+n6b6aly* *(acc+b);

1768 // double n2alz=nz2lal* *acc+nz22al* *(acc+l)+nz33al* * (acc+2)+nzddal~*
* (acc+3)+nz55al* * (acc+4)+n6oalz* * (acc+b);

1769 // nlal

1770

1771 double nllalx=/*mllx+1lly*ellz*/-11z*elly;

1772 double nllaly=/*mlly*/+11z*ellx/*-11x*ellz*/;

1773 double nllalz=mllz+llx*elly-1ly*ellx;



1774
1775
1776
1777
1778

1779

1780

1781
1782
1783
1784
1785
1786
1787
1788
1789
1790
1791
1792
1793
1794
1795
1796
1797
1798
1799
1800
1801
1802
1803
1804
1805
1806
1807
1808
1809
1810
1811
1812
1813
1814

1815

1816

1817
1818
1819
1820
1821
1822
1823
1824
1825
1826
1827
1828
1829
1830
1831
1832
1833
1834
1835
1836
1837
1838

//double nxllal=nllalx+nx2lal;

//double nyllal=nllaly+ny2lal;

double nzllal=nllalz+nz2lal;

// double nlalx=nxllal* *acc+nx22al* * (acc+l)+nx33al* * (acc+2)+nx44al*
* (acc+3) +nx55al* * (acc+4)+n6oalx* * (acc+b);

// double nlaly=nyllal* *acc+ny22al* * (acc+l)+ny33al* * (acc+2)+nyddal*
* (acct+3) +ny55al* * (acct+4)+n6b6aly* * (acc+b);

// double nlalz=nzllal* *acc+nz22al* * (acc+l)+nz33al* * (acc+2)+nz44al*
* (acc+3)+nz55al* * (acc+4)+no6oalz* * (acc+b);

// na?2

// 1=3, k=1,7j=4,5,6
double Ex4l=edlx+teblx+e6lx;
double Ey4l=e4d4ly+eSlytebly;
//double Ez4l=e4lz+e5lz+e6lz;
// 1=3, k=2,3=4,5,6
double Ex42=ed2x+eb2x+e62x;
double Ey42=e42y+eb2y+e62y;
double Ez42=ed42z+eb2z+e62z;
// 1=3, k=3,j=4,5,6
double Ex43=e43x+eb3x+e63x;
double Ey43=e43y+e53y+e63y;
double Ez43=e43z+eb53z+e63z;
// 1=3, k=4,3=4,5,6
double Ex44=eddx+ebidx+e64dx;
double Ey44=ed4dy+ebdytetdy;
double Ez44=ed4dz+ebdz+ecdz;

double n3la2x=/*p3y*Ez41*/-p3z*Ey4l;
double n32a2x=p3y*Ez42-p3z*Ey42;
double n33a2x=p3y*Ez43-p3z*Ey43;
double n34a2x=p3y*Ez44-p3z*Ey44;

double n3lal2y=p3z*Ex41/*-p3x*Ez41%*/;
double n32a2y=p3z*Ex42-p3x*Ez42;
double n33a2y=p3z*Ex43-p3x*Ez43;
double n34a2y=p3z*Ex44-p3x*Ez44;

double n3la2z=p3x*Ey41-p3y*Ex41;

double n32a2z=p3x*Ey42-p3y*Ex42;

double n33a2z=p3x*Ey43-p3y*Ex43;

double n34a2z=p3x*Ey44-p3y*Ex44;

// double n3a2x=(n3la2x)* *acc+(n32a2x)* *(acc+l)+(n33a2x)* *(acc+2)+(n34a2x)*
* (acc+3);

// double n3a2y=(n3lal2y)* *acc+(n32a2y)* *(acc+l)+(n33a2y)* *(acc+2)+(n34a2y)*
* (acc+3);

// double n3a2z=(n3la2z)* *acc+(n32a2z)* *(acc+l)+(n33a2z)* *(acc+2)+(n34a2z)*
* (acc+3);

// 1=2, k=1,3=3,4,5,6

double Ex31=Ex41+e31x;

double Ey31=Ey4l+e3ly;

//double Ez31=Ez4l+e3lz;

// 1=2, k=2,3=3,4,5,6

double Ex32=Ex42+e32x;

double Ey32=Ey42+e32y;

double Ez32=Ez42+e32z;

// 1=2, k=3,3=3,4,5,6

double Ex33=Ex43+e33x;

double Ey33=Ey43+e33y;

double Ez33=Ez43+e33z;

double n2la2x=/*+p2y*Ez31*/-p2z*Ey31;
double n22a2x=p2y*Ez32-p2z*Ey32;
double n23a2x=p2y*Ez33-p2z*Ey33;

double n2lal2y=p2z*Ex31/*-p2x*Ez31%*/;
double n22al2y=p2z*Ex32-p2x*Ez32;
double n23al2y=p2z*Ex33-p2x*Ez33;

double n2la2z=p2x*Ey31-p2y*Ex31;



1839
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double n22a2z=p2x*Ey32-p2y*Ex32;
double n23a2z=p2x*Ey33-p2y*Ex33;

double nx2la2=n2la2x +n3la2x;
double nx22a2=n22a2x +n32a2x;
double nx23a2=n23a2x +n33a2x;

double ny2la2=n2lalZy +n3la2y;
double ny22a2=n22al2y +n32a2y;
double ny23a2=n23al2y +n33aly;

double nz2la2=n2la2z +n3lalz;
double nz22a2=n22a2z +n32a2z;
double nz23a2=n23a2z +n33a2z;

// double n2a2x=n3a2x+ (p2y*Ez31-p2z*Ey31)* *acc+ (p2y*Ez32-p2z*Ey32) *
*(acctl) + (p2y*Ez33-p2z*Ey33) * * (acct+2);
// double n2al2y=n3aly+ (p2z*Ex31-p2x*Ez31)* *acc+ (p2z*Ex32-p2x*Ez32) *
*(acctl) + (p2z*Ex33-p2x*Ez33) * * (acct+2);
// double n2a2z=n3a2z+ (p2x*Ey31-p2y*Ex31)* *acc+ (p2x*Ey32-p2y*Ex32) *
*(acctl) + (p2x*Ey33-p2y*Ex33) * * (acct+2);

// i=1, k=1,3=2,3,4,5,6

double Ex21=Ex31+e2lx;

double Ey21=Ey3l+e2ly;

//double Ez21=/*Ez31+*/e2lz;

// i=1, k=2,3=2,3,4,5,6

double Ex22=Ex32+e22x;

double Ey22=Ey32+e22y;

/*

double Ez22=Ez32+e22z;

double nla2x=(n3la2x)* *acc +(n32a2x)* *(acc+l) +(n33a2x)* *(acc+2)+(n34a2x)*
+(n2la2x)* *acc +(n22a2x)* *(acc+l)+(p2y*Ez33-p2z*Ey33)* * (acc+2)
+(nlla2x)* *acct (ply*Ez22-plz*Ey22)* *(acc+l);

double nla2x=nz2az2x+ (ply*Ez21-plz*Ey21)* *acc+(ply*Ez22-plz*Ey22)* *(acc+l);

double nlaZy=n2a2y+(plz*Ex21-plx*Ez21)* *acc+(plz*Ex22-plx*Ez22)* *(acc+l);

double nla2z=n2a2z+ (plx*Ey21l-ply*Ex21)* *acc+ (plx*Ey22-ply*Ex22)* * (acc+1l);*/

// double nllal2x=ply*Ez21-plz*Ey21;
// double nl2al2x=ply*Ez22-plz*Ey22;

// double nllaly=plz*Ex21-plx*Ez21;
// double nl2aly=plz*Ex22-plx*Ez22;

double nlla2z=plx*Ey21-ply*Ex21;
double nl2a2z=plx*Ey22-ply*Ex22;

double nzlla2=nlla2z+nz2la?2;
double nzl2a2=nl2a2z+nz22a2;

/* na3 */

/* 1=3, k=5,j=5,6, k=6,j=6 */
double Ex55=e55x+eb65x;

double Ey55=e55y+e65y;

double Ez55=e55z+e65z;

// double n3a3x=(n35a3x)* * (acc+4)+(n36a3x)* * (acc+5);
// double n3a3y=(n35a3y)* * (acc+4)+(n36a3y)* * (acc+5);
// double n3a3z=(n35a3z)* *(acc+4)+(n36a3z)* *(acc+5);
double n35a3x=p3y*Ez55-p3z*Ey55;
double n36a3x=p3y*e66z-p3z*ec66y;
double n35a3y=p3z*Ex55-p3x*Ez55;
double n36a3y=p3z*e66x-p3x*e66z;
double n35a3z=p3x*Ey55-p3y*Ex55;
double n36a3z=p3x*e66y-p3y*e66x;

/* i=2, k=4,j=4,5,6, k=5,3=5,6, k=6,j=6 */

// double n2a3x=n3a3x +n24a3x* * (acc+3) +n2b5a3x* * (acc+4) +n26a3x* * (acc+5);
// double n2a3y=n3a3y +n24a3y* * (acc+3) +n25a3y* * (acc+4) +n26a3y* * (acc+h);
// double n2a3z=n3a3z +n24a34* *(acc+3) +n25a3z* * (acc+4) +n26a3z* * (acc+b);
double n24a3x=p2y*Ez44-p2z*Ey44;

* (acc+3)



1907 double n25a3x=p2y*Ez55-p2z*Ey55;

1908 double n26a3x=p2y*e66z-p2z*ec66y;

1909

1910 double n24a3y=p2z*Ex44-p2x*Ez44;

1911 double n25a3y=p2z*Ex55-p2x*Ez55;

1912 double n26a3y=p2z*e66x-p2x*eb66z;

1913

1914 double n24a3z=p2x*Ey44-p2y*Ex44;

1915 double n25a3z=p2x*Ey55-p2y*Ex55;

1916 double n26a3z=p2x*e66y-p2y*e66x;

1917

1918 double nx25a3=n25a3x+n35a3x;

1919 double nx26a3=n26a3x+n36a3x;

1920

1921 double ny25a3=n25a3y +n35a3y;

1922 double ny26a3=n26a3y +n36a3y;

1923

1924 double nz25a3=n25a3z+n35a3z;

1925 double nz26a3=n26a3z+n36a3z;

1926 /* i=1, k=3,j=3,4,5,6, k=4,3=4,5,6, k=5,3=5,6, k=6,j=6 */

1927 // double nla3x=n2a3x+ (ply*Ez33-plz*Ey33)* *(acc+2)+(ply*Ez44-plz*Ey44)*
*(acct3)+ (ply*Ez55-plz*Ey55) * * (acc+4)+ (ply*ebb6z-plz*ebby)* *(acc+b);

1928 // double nla3y=n2a3y+ (plz*Ex33-plx*Ez33)* * (acc+2)+ (plz*Ex44-plx*Ez44) *
*(acct3) + (plz*Ex55-plx*Ez55) * * (acct+4) + (plz*ebbx-plx*e66z)* * (acc+b);

1929 // double nla3z=n2a3z+ nl3a3z* *(acc+2)+ nlda3z*
* (acc+3) + nl5a3z* *(acct+4)+ nloca3z* *(acc+5);

1930

1931 // double nl3a3x=ply*Ez33-plz*Ey33;

1932 // double nlda3x=ply*Ez44-plz*Ey44;

1933 // double nl5a3x=ply*Ez55-plz*Ey55;

1934 // double nl6a3x=ply*e66z-plz*e6by;

1935

1936 // double nl3a3y=plz*Ex33-plx*Ez33;

1937 // double nld4al3y=plz*Ex44-plx*Ez44;

1938 // double nl5a3y=plz*Ex55-plx*Ez55;

1939 // double nlo6aldy=plz*e66x-plx*e66z;

1940

1941 double nl13a3z=plx*Ey33-ply*Ex33;

1942 double nld4a3z=plx*Ey44-ply*Ex44;

1943 double nl5a3z=plx*Ey55-ply*Ex55;

1944 double nl6a3z=plx*e66y-ply*e66x;

1945

1946 double nzl4a3=nld4a3z +n24a3z;

1947 double nzlb5a3=nlb5a3z +nz25a3;

1948 double nzl6a3=nl6a3z +nz26a3;

1949 // n

1950 // 1=3

1951 double c¢31x=nx3lal+n3la?2x;

1952 double c¢32x=nx32al+n32a2x;

1953 double ¢33x=nx33al+n33a2x;

1954 double c34x=nx44al+n3d4a2z2x;

1955 double ¢35x=nx55al+n35a3x;

1956 double c36x=n66alx+n36a3x;

1957 // double n3xa=n3cx+c31lx* *acc+c32x* * (acc+l)+c33x* * (acc+2)+c34x* * (acc+3)+c35x*
* (acc+4)+c36x* *(acc+b);

1958 double c3ly=ny3lal+n3lal2y;

1959 double c32y=ny32al+n32aly;

1960 double ¢33y=ny33al+n33aly;

1961 double c34y=ny44al+n34aly;

1962 double c¢35y=ny55al+n35a3y;

1963 double c36y=n66aly+n36a3dy;

1964 /*

1965 double n3ya=n3cy+c3ly* *acc+c32y* *(acc+l)+c33y* *(acc+2)+c34y* * (acc+3)+c35y*
* (acct4) +c36y* *(acc+b);

1966 double c31lz=nz3lal+n3la2z;

1967 double c¢c32z=nz32al+n32a2z;

1968 double c¢c33z=nz33al+n33a2z;

1969 double c34z=nz44al+n34a2z;

1970 double c¢35z=nz55al+n35a3z;

1971 double c36z=n66alz+n36a3z;

1972 double n3za=n3cz+c3lz* *acc+c32z* *(acc+l)+c33z* *(acc+2)+c34z* *(acc+3)+c35z*
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*(acc+4)+c36z* * (acc+b);*/
// 1i=2
/*double n2cx=n3cx+m2x+12y*e2z-12z*e2y+p2y*Ez3-p2z*Ey3;

double n2cy=n3cy+m2y+12z*e2x-12x*e2z+p2z*Ex3-p2x*Ez3;

double n2cz=n3cz+m2z+12x*e2y-12y*e2x+p2x*Ey3-p2y*Ex3; */
/*double n2alx=nx2lal* *acc+nx22al* * (acc+l)+nx33al* * (acc+2)+nx44al*
* (acc+3)+nx55al* * (acc+4)+n6o6alx* * (acc+5);
double n2aly=ny2lal* *acc+ny22al* * (acc+l)+ny33al* *(acc+2)+ny44al* *(acc+3)+ny55al*
* (acct4)+n66aly* * (acct));
double n2alz=nz2lal* *acc+nz22al* * (acc+1l)+nz33al* * (acc+2)+nzd44al* *(acc+3)+nz55al*
* (acc+4)+n6o6alz* *(acc+5);
double nz2a2x=n3a2x+ (p2y*Ez31-p2z*Ey31)* *acc+ (p2y*Ez32-p2z*Ey32) *
*(acctl) + (p2y*Ez33-p2z*Ey33) * * (acct+2
double n2aly=n3a2y+ (p2z*Ex31-p2x*Ez31
*(acctl) +(p2z*Ex33-p2x*Ez33) * * (acc+2
double n2a2z=n3a2z+ (p2x*Ey31-p2y*Ex31

)

)

) *acct (p2z*Ex32-p2x*Ez32) *

)

)
*(acctl) + (p2x*Ey33-p2y*Ex33) * * (acct+2)

+

+

+

!
* *acct (p2x*Ey32-p2y*Ex32) *
double n2a3x=n3a3x+(n24a3x) * (acc+3)
double n2a3y=n3a3y+(n24a3y)

double n2a3z=n3a3z+ (n24a3z)
/*

(n25a3x) * *(acc+4)+ (n26a3x)* *(acc+5);
(n25a3y)* *(acc+4)+ (n26a3y)* * (acc+5);
(n25a3z) * *(acc+4)+ (n26a3z)* * (acc+5);*/

acc+3)

*
*
* (acc+3)

*
*

(
(

double n3a2x=(n3la2x)* *acc+ (n32a2x)* *(acc+l)+(n33a2x)* *(acc+2)+(n34a2x)* *(acc+3);
double n3al2y=(n3la2y)* *acc+ (n32a2y)* *(acc+l)+ (n33a2y)* *(acc+2)+ (n34a2y)* *(acc+3);
double n3a2z=(n3la2z)* *acc+(n32a2z)* *(acc+l)+ (n33a2z)* *(acc+2)+(n34a2z)* *(acc+3);
double n3a3x=(n35a3x)* *(acc+4)+(n36a3x)* *(acc+5);
double n3a3y=(n35a3y)* *(acc+4)+(n36a3dy)* *(acc+b);

( ) *

double n3a3z=(n35a3z * (acc+4)+ (n36a3z)* *(acc+5);*/

double c2lx=nx2lal+nx2la?2;

double c22x=nx22al+nx22a2;

double c23x=nx33al+nx23a2;

double c24x=nx44al+nx24a2+n24a3x;

double c25x=nx55al+nx25a3;

double c26x=n66alx+nx26a3;

// double n2xa=n2cx + c2lx* *acc + c22x* *(acc+l) + c23x* *(acc+2) + c24x* *(acc+3)
+ c25x* *(acc+4) + c26x* *(acc+bh);

double c2ly=ny2lal+ny2laZ2;

double c22y=ny22al+ny22a2;

double c23y=ny33al+ny23a2;

double c24y=ny44al+ny24a2+n24a3y;

double c25y=ny55al+ny25a3;

double c26y=n66aly+ny26a3;

// double n2ya=n2cy+c2ly* *acc+c22y* * (acc+l)+c23y* *(acc+2)+c24y* * (acc+3)+c25y*
* (acct4) +c26y* * (acc+b);

double c2lz=nz2lal+nz2la2;

double c22z=nz22al+nz22a2;

double c¢23z=nz33al+nz23a2;

double c24z=nz44al+nz24a2+n24a3y,;

double c¢c25z=nz55al+nz25a3;

double c26z=n66alz+nz26a3;

double n2za=n2cz+c2lz* *acc+tc22z* *(acctl)+c23z* *(acc+2)+c24z* *(acc+3)+c25z*
*(acct+4)+c26z* *(acctbH);*/

// i=1

/*

double nlalx=nxllal* *acc+nx22al* *(acc+1l)+nx33al* * (acc+2)+nx44al* *(acc+3)+nx55al~*
* (acct4) +tnb66alx* * (acc+bh);

double nlaly=nyllal* *acc+ny22al* * (acc+l)+ny33al* *(acc+2)+ny44al* *(acc+3)+ny55alx*
* (acct4d) +no66aly* * (acct+));

double nlalz=nzllal* *acc+nz22al* *(acc+1l)+nz33al* * (acc+2)+nzd4al* *(acc+3)+nz55al~*
* (acct4)+tn66alz* *(acc+5);*

/*

double nla2x=nz2az2x+ (ply*Ez21-plz*Ey21)* *acc+(ply*Ez22-plz*Ey22)* *(acc+l);

double nlaZ2y=n2a2y+(plz*Ex21-plx*Ez21)* *acc+(plz*Ex22-plx*Ez22)* *(acc+l);

double nlaZ2z=n2a2z+ (plx*Ey2l-ply*Ex21)* *acc+ (plx*Ey22-ply*Ex22)* *(acc+l);

double n2a2x=n3a2x+ (p2y*Ez31-p2z*Ey31)* *acc+ (p2y*Ez32-p2z*Ey32) *
*(acctl) + (p2y*Ez33-p2z*Ey33) * * (acct+2)
double n2a2y=n3a2y+ (p2z*Ex31-p2x*Ez31)
)
)

* N

*acct (p2z*Ex32-p2x*Ez32) *

*(acctl) + (p2z*Ex33-p2x*Ez33) * * (acct+2
double n2a2z=n3a2z+ (p2x*Ey31-p2y*Ex31

* N

*acct (p2x*Ey32-p2y*Ex32) *
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*(acctl) + (p2x*Ey33-p2y*Ex33) * * (acct+2);

double n3a2x= (n3la2x)* *acc+(n32a2x)* *(acc+l)+(n33a2x)* *(acc+2)+(n34a2x)*
* (acc+3);
double n3aly= (n3la2y)* *acc+(n32a2y)* *(acc+l)+(n33a2y)* *(acc+2)+(n34a2y)*
* (acc+3) ;
double n3a2z= (n31la2z)* *acc+(n32a2z)* *(acc+l)+(n33a2z)* *(acc+2)+(n34a2z)*
* (acc+3);

*

double nla3x=nZa3x+ (ply*Ez33-plz*Ey33
*(acc+3) + (ply*Ez55-plz*Ey55) * * (acc+4
double nla3y=n2al3y+ (plz*Ex33-plx*Ez33
*(acct3) +(plz*Ex55-plx*Ez55) * * (acct+4
double nla3z=nZa3z+ (plx*Ey33-ply*Ex33

) *(acct2)+(ply*Ez44-plz*Ey44

)

)

)

)
*(acct3) + (plx*Ey55-ply*Ex55) * * (acc+4)

+

+

+

*

+(ply*e66z-plz*eb6by)* *(acc+5
* *(acct2)+ (plz*Ex44-plx*Ez44
+(plz*e6b6x-plx*e66z)* *(acc+b
*
¥
(
(
(

* Ne

* Ne

)
) ;
)
) 7
*(acct2) + (plx*Eyd4d-ply*Ex44)

(plx* e66y—p1y*e66x)* * (acc+5) ;
*

*

*

+

double n2a3x=n3a3x+ (n24a3x)* *(acc+3)+(n25a3x)* *(acc+4)+(n26a3x)* (acc+5) ;
double n2a3y=n3a3y+(n24a3dy)* *(acc+3)+ (n25a3y)* *(acc+4)+(n26a3y)* (acct+b) ;
double n2a3z=n3a3z+ (n24a3z)* *(acc+3) n25a3z)* *(acc+4)+ (n260a3z)* (acc+b) ;
double n3al3x= (n35a3x)* *(acc+4)+(n36a3x)*
* (acctb) ;

double n3a3y= (n35a3y) * *(acc+4)+(n36a3y) *
* (acc+5) ;

double n3a3z= (n35a3z)* *(acc+4)+(n36a3z)*
* (acctb) ;

double cllx=nxllal +nlla2x +nx2laZ2;

double cl2x=nx22al +nl2a2x +nx22a2;

double cl3x=nx33al +ply*Ez33-plz*Ey33 +nx23a2;

double cli4x=nx44al +ply*Ez44-plz*Ey44 +nx24a2;

double clb5x=nx55al +ply*Ez55-plz*Ey55 +nx25a3;

double cl6x=n66alx +ply*eb66z-plz*eb66y +nx26a3;

double nlxa=nlcx+cllx* *acc+cl2x* *(acc+l)+cl3x* *(acc+2)+cldx* *(acc+3)+clbx*
* (acct4) +cléex* * (acc+b);

double clly=nyllal +nlla2y +ny2la2;

double cl2y=ny22al +nl2al2y +ny22a2;

double cl3y=ny33al +plz*Ex33-plx*Ez33 +ny23a2;

double cldy=ny44al +plz*Ex44-plx*Ez44 +ny24a2;

double cl5y=ny55al +plz*Ex55-plx*Ez55 +ny25a3;

double cl6y=n66aly +plz*ebbx-plx*e66z +ny26a3;

double nlya=nlcy+clly* *acc+cl2y* * (acc+l)+cl3y* *(acc+2)+cldy* *(acc+3)+clby*
* (acct4)+cley* *(acct+b);

*/

// Torques calculated with modified NE algorithm

double all=nzllal + nzllaZ2;

double al2=nz22al + nzl2a2;

double al3=nz33al + nz23a2 + nl3a3z;

double ald4=nz44al + n34a2z + nzl4a3;

double al5=nz55al + nzlba3;

double al6=n66alz + nzl6a3;

double pl=nlcz;

ulap=pl+all* *acc+al2* *(acc+1)+al3* *(acc+2)+ald* *(acc+3)+al5* *(acc+4)+ale™
*(acct5);

double a2l=sl*c2lx-cl*c2ly;

double a22=sl*c22x-cl*c22y;

double a23=sl1*c23x-cl*c23y;

double a24=sl*c24x-cl*c24y;

double a25=sl1*c25x-cl*c25y;

double a26=sl*c26x-cl*c26y;

double p2=sl*n2cx-cl*n2cy;

ul2ap=p2+a2l1* *acc+a22* *(acc+1)+a23* *(acc+2)+a24* *(acc+3)+a25* *(acc+4)+a26*
*(acct+5);

double a31=sl*c31lx-cl*c3ly;
double a32=sl1*c32x-cl*c32y;
double a33=s1*c33x-cl*c33y;
double a34=sl*c34x-cl*c34y;
double a35=sl1*c35x-cl*c35y;
double a36=sl*c36x-cl*c36y;
double p3=sl*n3cx-cl*n3cy;
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ul3ap=p3+a31* *acc+ta32* *(acc+t1)+a33* *(acc+2)+a34* *(acc+3)+a35* *(accti)+al36*
*(acc+5);

double adl=v2*nx4lal+v4*nydlal+s23*nzdlal;

double ad2=v2*nx42al+vd4*ny42al+s23*nzd2al;

double ad43=v2*nx43al+v4*ny43al+s23*nz43al;

double a44=v2*nx44al+vid*ny44al+s23*nzddal;

double ad45=v2*nx55al+v4*ny55al+s23*nz55al;

double ad6=v2*n66alxt+vd*n66aly+s23*n66alz;

double pd= v2*ndcx+vd*ndcy+s23*ndcz;

udap=p4+adl* *acc+ad2* *(acc+l1)+ad3* *(acc+2)+add* *(acc+3)+ads5* *(acc+i)+ade™
*(acct+b);

double a51=vl16*nx5lal+v18*ny5lal+v20*nz5lal;

double a52=v16*nx52al+v18*ny52al+v20*nz52al;

double a53=v16*nx53al+vl18*ny53al+v20*nz53al;

double a54=v16*nx54al+v18*ny54al+v20*nz54al;

double a55=v16*nx55al+v18*ny55al+v20*nz55al;

double a56=vl16*n66alx+vli8*n66aly+v20*n66alz;

double p5= v16*n5cx+v18*n5cy+v20*n5cz;

ubap=p5+a51* *accta52* *(acct1)+a53* *(acc+2)+a54* *(acc+3)+a55* *(accti)+a56*
*(acc+5);

double abl=ax6*n6lalx+ay6*n6lalytaz6*n6lalz;

double a62=ax6*n62alx+ay6*n62alytaz6*n62alz;

double a63=ax6*n63alx+ay6*n63alytaz6*n63alz;

double a64=ax6*n6dalx+tay6*n6daly+taz6*no6dalz;

double a6b5=ax6*n65alx+ay6*n65alytaz6*n65alz;

double a6b6=ax6*n66alx+ay6*nc6alytaz6*n66alz;

double p6 =ax6*n6cxtay6*n6ecytaz6*nécz;

ubap=p6+a6l* *acc+a62* *(acct+1)+a63* *(acc+2)+a6d* *(acc+3)+a65* *(acc+i)+a66™
*(acct+b);

ispisc("ulap.txt", ulap);
ispisc("u2ap.txt", ulap);
ispisc("u3ap.txt", u3ap);
ispisc(udap.txt", udap);
ispisc(ubap.txt", ubap);
ispisc(ubap.txt", ubap);

/*

ual=(l+misl*signfun (*w)*ulap) /rl+rl*(Ial* *acc+fvl* (*w_prev+ *acc*t inter));
ua2=(l+mis3*signfun (* (w+l)) *u2ap) /r2+r2* (Ia2* *(acc+l)+£fvl* (* (w_prev+l)+
*(acct+l) *t inter));

uad=(l+mis4*signfun (* (w+3)) *udap) /rd+rd* (Iad* * (acc+3)+fvl* (* (w _prev+3)+

* (acc+3) *t_inter));*/

pl=(pl+misl*signfun(*w)*ulap)/rl+rl*fvl™* *w prev;
p2=(p2+mis2*signfun(*(w+1))*u2ap)/r2+r2*fv2* *(w_prev+1l);
p4=(p4+misd*signfun(*(w+3))*udap)/rd+rd*fvd* *(w _prev+3);
all=all/rl+r1*(Tal+fvli*t inter);

a22=a22/r2+r2*(Ia2+£fv2*t_inter);

a44=a44/r4+r4*(Tad+£fva*t_inter);

/* ua3=(l+mis3*signfun (* (w+2) *ul3ap) /r3+r3* (Ia3* (* (acc+l) +

* (acc+2) ) +fv3* (* (w_prev+l) + *(w_prev+2)+(* (acct+l)+ *(acc+2))*t inter));

*/

p3=(p3+mis3*signfun(*(w+2))*uldap)/r3+r3*fv3*(*(w_prev+l)+ *(w_prev+2));
double poml=r3*(Ia3+fv3*t inter);

a32=a32/r3+poml/r2;

a33=a33/r3+poml;

/* uab=(l+mis5*signfun (* (w+4)) *ubap) /r5+ (Iab* (r5* * (acc+4)+r54*

*(acc+3) ) +fv5* (r5* (* (w_prev+4)+ *(acc+4)*t inter)+r54* (* (w_prev+3)+

* (acc+3) *t_inter));

*/

p5=(p5+mis5*signfun(*(w+4))*ubap)/r5+£v5*(r5* *(w_prev+4)+r54* *(w_prev+3));
double pom2=Ia5+fv5*t inter;

ab4=a54/r5+r54*pom2;

a55=a55/r5+r5*pom2;

/* uab=(l+mis6*signfun (* (w+5)) *ubap) /r6+ (Ia6c* (r6* * (acc+5)+r64d* *(acc+3)+r65*
*(acct4) ) +fve* (r6* (* (w_prev+5)+ *(acc+5)*t inter)+r64* (* (w_prev+3)+

* (acc+3) *t_inter)+r65* (* (w_prev+4)+ *(acc+4)*t inter));

*/



2146 p6=(p6+mis6*signfun(*(w+5))*ubap)/r6+fve*(r64* *(w prev+3)+r65* *(w _prev+4)+re™
*(w_prev+b));

2147 double pom3=Ia6+fv6*t inter;

2148 a64=a64/r6+r64*pom3;

2149 a65=a65/r6+r65*pom3;

2150 a66=a66/r6+r6*pom3;

2151 al2=al2/rl;

2152 al3=al3/ril;

2153 ald=al4a/rl;

2154 al5=als5/rl;

2155 alée=alée/lrl;

2156 a2l=a21/r2;

2157 a23=a23/r2;

2158 al24=a24/r2;

2159 a25=a25/r2;

2160 a26=a26/r2;

2161 a31l=a31/r3;

2162 a34=a34/r3;

2163 a35=a35/r3;

2164 a36=a36/r3;

2165 adl=adl/r4;

2166 ad2=ad2/r4;

2167 a43=a43/r4;

2168 a45=a45/r4;

2169 ad6=ade/r4d;

2170 a51=a51/r5;

2171 ab2=a52/r5;

2172 ab53=a53/r5;

2173 ab6=a56/r5;

2174 a6l=a61/r6;

2175 a62=a62/r6;

2176 a63=a63/r6;

2177
2178 // Step 4
2179 // Desierd actuator torques (actuator saturations are not considered)

2180 double ual=pl+all* *acc+al2* *(acc+1)+al3* *(acc+2)+ald* *(acc+3)+al5* *(acc+4)+ale™
*(acct+5);

2181 double ua2=p2+a2l* *acc+a22* *(acc+1)+a23* *(acc+2)+az24* *(acc+3)+a25* *(acc+4)+a26™*
*(acct+5);

2182 double ua3=p3+a31* *acc+a32* *(acc+1)+a33* *(acc+2)+a34* *(acc+3)+a35* *(acc+4)+a3e™
*(acc+5);

2183 double uad=p4+adl™* *acc+ad2* *(acc+1)+a43* *(acc+2)+ad4* *(acc+3)+ad5* *(acc+4)+ad6™
*(acct+5);

2184 double uab5=p5+a51* *acc+a52* *(acc+1)+a53* *(acc+2)+a54* *(acc+3)+a55* *(acc+4)+a56™*
*(acc+5);

2185 double ua6=p6+a6l* *acc+a62* *(acc+1)+a63* *(acc+2)+a64* *(acc+3)+a65* *(acc+4)+ac6™
*(acct+5);

2186

2187 ispisc(ual.txt", ual);

2188 ispisc(ua2.txt", ua2);

2189 ispisc(ua3.txt", ual3);

2190 ispisc(uad.txt", uad);

2191 ispisc(ua5.txt", uab);

2192 ispisc(ua6.txt", uab6);

2193

2194 // Step 5

2195 // Actuator torques calculated tacking into account the actuators’ torque saturations
2196  for (i=0; i<6; i++) *(du+i) = 0;
2197

2198 ifT (ual>ulmax) {

2199 uval=ulmax; *(iu)=1; }

2200 if (ual<-ulmax){

2201 ual=-ulmax; *(iu)=1; }

2202 it (ua2>u2max) {

2203 ua2=ulmax; *(iutl)=1; }

2204 if (ua2<-u2max) {

2205 ua2=-u2max; *(iu+1)=1; }
2206 it (ua3>u3max) {

2207 ua3=u3max; *(1ut2)=1; }

2208 if (ua3<-u3max){
2209 ua3=-u3max; *(iu+2)=1; }
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2211
2212
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2218
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2220
2221
2222
2223
2224
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2226
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2232
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it (vad>udmax) {

uad4=udmax; *(du+3)=1; }
if (uad4<-udmax) {

uad=-udmax; *(iu+3)=1; }
if (ua5>ubmax) {

uab5=ubmax; *(diut+4)=1; }
if (uab<-ubSmax) {

uab5=-ubmax; *(iu+4)=1; }
if (ua6>ubmax) {

ua6=uébmax; *(iuts)=1; }
if (uab<-uébmax) {

ua6=-u6bmax; *(iu+5)=1; }

// Step 6

// Calculation of the real Jjoint accelerations

double yl=ual-pl;

double y2=uaz2-p2;

double y3=ua3-p3;

double y4=uad-p4,

double y5=uab-p5;

double yu6=uab-p6;

/* —a2l/all*yl=-a2l1l* *acc-(a2l/all)*al2* *(acc+l)-(a2l/all)*al3*

* (acc+2)-(a2l/all)*ald* * (acc+3)-(a2l/all)*alb* *(acc+4)-(a2l/all)*ale* *(acc+5);
y2 = az2l* *acc + a22* *(acctl) + a23* *(acc+2) + a24* *(acc+3) + azb*
* (acc+t4) + a26* *(acc+b);
-a2l/all*yl=-a2l1* *acc-(a2l/all)*al2* *(acc+l)-(a2l/all)*al3*
* (acc+2)-(a2l/all)*ald* * (acc+3)-(a2l/all)*alb5* *(acc+4)-(a2l/all)*ale* *(acc+5h);
y2-(a2l/all) *yl=(a22-(a2l/all)*al2*)* *(acc+l)+(a23-(a2l/all)*al3)~*
* (acc+2)+(a24-(a2l1/all)*ald)* *(acc+3)+(a25-(a2l1l/all)*alb)*
* (acc+4)+ (a26-(a2l1l/all) *al6)* *(acc+5);

*/

double a2lall=-a21/all;

double y2l=y2+a2lall*yl;

double a22l1=a22+a2lall*al2;

double a231=a23+a2lall*al3;

double a24l1=a24+a2lall*al4;

double a251=a25+a2lall*al5;

double a26l1=a26+ta2lall*alé6;

double a3lall=-a31/all;

double y31l=y3+a3lall*yl;

double a321=a32+a3lall*al2;
double a331=a33+a3lall*al3;
double a341=a34+a3lall*al4;
double a351=a35+a3lall*al5;
double a36l1=a36+ta3lall*alé6;

double ad4lall=-a41/all;

double y4l=y4+adlall*yl;

double a42l=a42+adlall*al2;
double ad431l=ad43+ad4lall*al3;
double a44l=a4d4+adlall*alid;
double a451=a45+ad4lall*al5;
double ad46l=ad6+adlall*als;

double ablall=-a51/all;

double y51=y5+ablall*yl;

double ab2l=a52+a5lall*al2;
double ab531=ab3+ablall*al3;
double ab541=a54+ablall*al4;
double a551=a55+ablall*al5;
double ab6l=a56+a5lall*als6;

double a6lall=-a6l1/all;
double y6l=yu6+ta6lall*yl;
double a62l=a62+a6lall*al2;
double a63l=a63+ta6lall*al3l;
double a64l=a64+a6lall*als;
double a65l=a65+a6lall*al5;
double a66l=a66taclall*al6;
/*



2276 yl=all* *acc+al2* *(acc+l)+al3* *(acc+2)+ald* *(acct+3)+aldb* *(acc+4)+ale* *(acc+b);
2277 y21=a221* *(acc+l)+a231* *(acc+2)+a24l* *(acc+3)+a251* *(acc+4)+a26l* *(acc+b);
2278 y31=a321* *(acc+l)+a331* *(acc+2)+a341l* *(acc+3)+a351* *(acct4)+al36l* *(acc+b);
2279 y41=a421* *(acc+l)+ad31l* *(acc+2)+addl* *(acc+3)+adbl* *(acct4d)+ade6l* *(acc+b);
2280 y51=ab521* *(acc+l)+ab31l* *(acc+2)+ab4l* * (acc+3)+ab5l* * (acct+4)+ab61l* * (acct+));
2281 y6l=a621* *(acc+l)+a631l* *(acc+2)+a64l* *(acc+3)+a651l* *(acc+4)+ab66l* *(acc+b);
2282 */

2283 double a32la221=-a321/a221;
2284 double y32=y31+a321a221*y21;
2285 double a332=a331+a32la221*a231;
2286 double a342=a341+a32l1la221%*a241;
2287 double a352=a351+a321a221*a251;
2288 double a362=a361+a321la221*a261;
2289

2290 double a42la221=-a421/a221;
2291 double y42=y41+ad21a221*y21;
2292 double a432=a431+a42la221*a231;
2293 double ad442=a4d4l+ad2la22l*a241;
2294 double ad452=ad451+ad42la221*a251;
2295 double a462=a46l+ad2la221*a261;
2296

2297 double ab52la221=-a521/a221;
2298 double y52=y51+a521a221*y21;
2299 double ab532=a531+a521a221*a231;
2300 double ab542=a541+a521a221*a241;
2301 double ab52=ab51+ab2la221*a251;
2302 double ab562=ab561+ab21la221*a261;
2303

2304 double a62la22l1=-a621/a221;
2305 double y62=y6l+a621a221*y21;
2306 double a632=a631+a62la221*a231;
2307 double a642=a64l1+a62la221*a241;
2308 double a652=a651+a62la221*a251;
2309 double a662=a66l+a62la221*a261;
2310 /*

2311 yl=all* *acc+al2* *(acc+l)+al3* *(acc+2)+ald* *(acct+3)+aldb* *(acc+4)+al6* *(acc+b);

)+
2312 y21=a221* *(acc+l)+a231l* *(acc+2)+a24l* *(acc+3)+a25l* *(acct4)+az26l* * (acct+bh);
2313 y32=a332* * (acc+2)+a342* *(acc+3)+a352* * (acc+4)+al362* *(acc+h);
2314 y42=a432* *(acct+2)+add2* *(acc+3)+adb52* *(acct+4d)+ad62* *(acc+d);
2315 y52=a532* *(acct+2)+ab42* *(acc+3)+abb2* * (acct+4)+ab62* *(acc+b);
2316 y62=a632* * (acc+2)+a642* *(acc+3)+a6b2* *(acc+4)+a662* * (acct)h);

2317 */

2318 double a432a332=-a432/a332;
2319 double y43=y42+a432a332*y32;
2320 double a443=a442+a432a332*a342;
2321 double a453=a452+a432a332*a352;
2322 double ad463=ad462+ad432a332*a362;
2323

2324 double a532a332=-a532/a332;
2325 double y53=y52+a532a332*y32;
2326 double ab543=ab542+ab532a332*a342;
2327 double ab553=a552+a532a332*a352;
2328 double a563=a562+a532a332*a362;
2329

2330 double a632a332=-a632/a332;
2331 double y63=y62+a632a332*y32;
2332 double a643=a642+a632a332*a342;
2333 double a653=a652+a632a332*a352;
2334 double a663=a662+a632a332*a362;
2335 /*

2336 yl=all* *acc+al2* *(acc+l)+al3* *(acc+2)+ald* *(acc+3)+aldb* *(acc+4)+al6* *(acc+b);
2337 y21=a221* *(acc+l)+a231* *(acc+2)+a24l* * (acc+3)+a251* *(acc+4)+a261l* * (acc+b);

2338 y32=a332* *(acct+2)+al342* *(acc+3)+a352* * (acct+4)+a362* *(acc+b);

2339 y43=a443* *(acct+3)+adb3* *(acc+4)+ad63* *(acct));

2340 y53=ab543* * (acc+3)+abb3* *(acc+4)+ab63* * (acc+b);

2341 y63=a643* * (acc+3)+a653* * (acc+4)+a663* * (acct+h);

2342

2343 -a543/a443*y43=-a543 * (acc+3)-(ab43/ad443) *ad53* *(acc+4)-(ab43/a443)*ad63* * (acc+b);

2344 y54=(ab553-(ab543/a443)*ad453)* * (acc+4)+(a563-(ab543/a443)*ad63 *(acc+h);
2345 */
2346 double a543a443=-a543/a443;
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double
double
double

y54=y53+a543a443*y43;

double
double
double
double
/*

a643a443=-a643/a443;
y64=y63+a643a443*y43;

yl=all* *acc+al2* *(acc+l)+al3* *(acc+2)+ald* *(acc+3)+aldb* *(acct+4)+ale* *(acctb);
acc+2)+a24l1* * (acc+3)+a251* *(acc+4)+a26l* *(acc+5);
+a352* * (acc+4)+al362* *(acc+b);

ab554=a553+a543a443*a453;
ab64=a563+ab543a443*a463;

a654=a653+a643a443*a453;
a664=a663+a643a443*a463;

)
y21=a221* *(acc+l)+a231* *(
y32=a332* *(acct+2)+a342* *(acc+3)
y43=a443* *(acc+3)+adb3* *(acc+4)+ad63* *(acc+b);
y54=a554* *(acct+4)+ab64d* *(acc+b);
y64=a654* *(acct+4)+ab664* *(acc+5);
*/

double a654a554=-a654/a554;
double y65=y64+a654a554*y54;

double a665=a664+a654a554*a564;

(acc+2)+ald* *(acc+3)+alb* *(acc+4)+al6* *(acc+b);
+a241* *(acc+3)+a251* *(acc+4)+a26l* * (acc+b);

*(acct+4) - a463* *(acct5))/a4dd3;

/*
yl=all* *acc+al2* *(acc+l)+al3* *

y21=a221* *(acct+l)+a231* *(acc+2)

y32=a332* *(acct+2)+a342* *(acc+3)+a352* * (acc+4)+a362* *(acct+b);
y43=a443* *(acc+3)+adb3* *(acc+4)+ad63* *(acc+b);

y54=a554* *(acct+4)+ab64d* *(acc+b);

y65=a665* * (acct)h);

*/

// Step 7

it (CCQutd) = 1)) *(acctb)=y65/a665;

if (CGutd) = 1)) *(acc+4)=(y54 - a564* *(acc+5))/ab54;

if (((iu+3) = 1)) *(acc+3)=(y43 - a453*

if ((FGut2) = 1)) *(acc+2)=(y32 - a342*

*(acc+5))/a332;

if ((CCGut+) = 1)) *(acc+)=(y21 -

- a261* *(acct+5))/a221;
if ((Fiu =
*(acct+4) - ale* *(acct+5))/all;

// Actuator torques calculated
double ualdd=pl+all* *acc+al2*
*(acct4)+ale* *(acctbh);
double ua2dd=p2+a2l1* *acc+a22*
*(acct+4)+a26* *(acctbh);
double ua3dd=p3+a31* *acc+a32*
*(acct4)+a36* *(acct+b);
double uaddd=p4+adl™ *acc+tad2*
*(acct+4)+ads6* *(accth);
double uabdd=p5+a51* *acc+ab2*
*(acct4)+a56* *(acct+b);
double uabdd=p6+a6l™ *acctac2™
*(acct+4)+a66* *(accth);

ispisc(ualdd.txt",
ispisc(ua2dd.txt",
ispisc(ua3dd.txt",
ispisc(uaddd.txt",
ispisc(uabdd.txt",
ispisc(ua6dd.txt",
// Step 8

double wal[¢], tal[c];
for (i=0;i<6;i++) {

ualdd);
ua2dd);
ua3dd);
naddd);
ua5dd);
ua6dd);

a231*

based on real
*(acct+1)+al3*

*(acc+1)+a23*
*(acct+1)+a33*
*(acc+1)+a43*
*(acct+1)+a53*

*(acc+1)+a63*

*(acc+3) - a352* *(accti) - a362*
*(acc+2) - a241* *(acc+3) - a251* *(acc+4)

1)) *acc=(yl-al2* *(acc+1) - al3* *(acc+2) - alds* *(acc+3) - als5*

joint accelerations

*(acct+2)+ald*
*(acc+2)+az4*
*(acct+2)+a34*
*(acc+2)+ad4d*
*(acct+2)+ab4*

*(acc+2)+a64d™

*(wa+i) = *(w_prev+i) + *(acc+i) *t inter;

}

if
if
if
if
if
if
if
if

(*wa>omml 15) *wa=omml 15;
(*wa<-omml 15) *wa=-omml 15;

(*(watl)>omm2 15) *(watl)=omm2 15;
(*(watl)<-omm2 15) *(watl)=-omm2 15;
(*(wat+2)>omm3_ 15) *(wa+2)=omm3 15;
(*(wat+2)<-omm3 15) *(wa+2)=-omm3 15;
(*(wat3)>omm4 15) *(wa+3)=omm4 15;
(*(wat+3)<-omm4 15) *(wa+3)=—omméd 15;

*(acc+3)+als*
*(acc+3)+a25*
*(acc+3)+a35*
*(acc+3)+a4sb*
*(acc+3)+ab5*

*(acc+3)+a65*
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T (*(wat+4)>omm5 15) *(wa+4)=omm5 153
f (*(wat+i)<-omm5 15) *(wa+4)=-omm5 15;
T (*(wa+5)>ommé6 15) *(wa+5)=ommé6 15;
it (*(wat5)<-ommé6 15) *(wa+5)=-ommé6 15;

for (i=0;i<6;i++) {

*(ta+i) = *(t_prev+i) + *(wa+i)

*(t_prev+i) = *(ta+i);
*(w_prev+i) = *(wati);

¥

ispisc("wla.
ispisc("w2a.
ispisc("w3a.
ispisc("wia.
ispisc("wba.
ispisc("wba.

ispisc("tla.
ispisc("t2a.
ispisc("t3a.
ispisc("tia.
ispisc("tba.
ispisc("t6a.

txt",
txt",
txt",
txt",
txt",
txt",

txt",
txt",
txt",
txt",
txt",
txt",

wal[0D);
wal[1D);
wal[21);
wal[3D);
wal[41);
wal[51);

ta[0]/krad);
ta[1]/krad);
ta[2]/krad);
ta[3]/krad);
ta[4]/krad);
ta[5]/krad);

for (i=0;i<6;i++) {
= *(ta+i);

*(tt+i)
}
}

*t inter;



