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Remark: It is recommended to check first the file containing the
model for one single cable in order to better understand the
| computation procedure.

Initialisation

|:> restart :

|:> with (VectorCalculus)) :
|:> with (LinearAlgebra) :
|:> with(CodeGeneration) :

Model parameters selection

|:> ne = 3: Choose the number of cables
|:> N:=1: Choose the number of displacement modes

Creation of empty matrices used for the model

[> M= Matrix((N+ 1) - nc+2): Kinetic Energy Matrix

[ > Mp = Matrix((N+ 1)-nc+2): Derivate wrt time of Kinetic Energy
| Matrix

| > gp = Matrix((N+ 1)-nc+2,1): Generalized velocities vector

| > gpp = Matrix((N+1)-nc+2,1): Accelerations vector

| > CC = Matrix((N+1)-nc+2,1): Centrifugal and Coriollis forces matrix
| > U= Matrix((N+1)-nc+2,1): Potential energy matrix

| > gammal = Matrix((N + 1)-nc+ 2, nc): Applied forces jacobien

| > A= Matrix(2-ne, (N+1)-nc+2)): Geometrical consttraints Matrix

| > Ap == Matrix(2-nc, (N+1)-nc+12)): Derivate wrt time of Constraints Matrix



Loop code to full the model matrices - based on computation
presented in one single cable code

> for i from 1 to nc do

oylli=0:
wVN ||i:=0:
wWVN ||i:=0:
EcaN ||i:=0:
forj from 2 to N do
Sylli == &y i+[V‘j ij-xj:
end do:
déydx||i :== diff (ov||i, x) :
1
ox||i:= —?-int((d@/dxﬂi)z,xzo..x):

X1 ‘ [ = simpli]ﬁ/(x + Ox

/)

i ((xzni)-cos(q:ni) (1)) sin(0l]1)) + XA

I:

Yl‘izzéy

i:

Y2|li == ((X1||i)-sin(0||i) + (YI||i)-cos(d|li)) + YA|i:

Eplli = p-gint(Y2|i,x=0.1|i):
for j from 2 to N do

dx2dv || jlli = diff (X2||i, V|| j||i) :
dX2dx||i == diff (X2||i, x) :

dXqu)‘ i= diff (X2 |4, 0|7) :

dYZdV’j = diff (Y2||i, V|| ji) :

dY2dx

i = diff (Y2||i, x) :




dy2de||i == diff (Y2||i, ¢||i) :

VN ||i == wVN i+dX2dVHj i-VHij i:
wWVN ||i == wVN i+dY2dVHj i-VHij i:
dEpdl| i = diff (Ep||i, []|1);

dEpdVHj i= diﬁ[Ep i,VHj i):

dEpd¢||i == diﬁ‘(Ep i,(])‘ i]:

end do:

vx||i== wVN|li+ dX2dx||i-lp||i + dX2d¢||i-@p||i:
wili== wVN|i+ dY2dx||i-lp||i + dY2do||i-¢p||i:
v2| i 5= simplify( (]| i)* + (wll)?) -

Ecl

o= peint(2[i =0 (I]1)) :

Ecl

i == simplify(Ecl ||i) :

p-(Lt - 1]]7)
2

1 i\
= Simphﬁ/[E-JHi‘(pT) ]:

i := simplify(Ecl ||i + Ec2||i) :

Ji:=Jo+ R

Ec?

Ecc

for j from 2 to N do

M| ((N+1)-i—N), (N+ 1)~i—N)l:= 2-coeff (Ecc||i, (Ip||i),2);
M[((N+1)-i=N+j—1), (N+1)-i—N+j—1)]= 2-coeff (Ecc||i, (V|2 i),
2);

M| ((N+ 1)-i), ((N+ l)-i)l: 2-coeff (Ecc||i, (op|i),2);

EcaN

i == simplify (EcaN

~f (el

end do:

i+ %-M[((N+l)-i—N+j—l), (N+1)-i=N+j




Eca i)z

i == simplify (Ecc

i— %-M[((N+1)-i—N),((N+1)~i—N)}-(lp

i)z);

— EcaN

1
= M (N 10 (V)0 |- (o
for j from 2 to N do

i == coeff [Eca

EcVij

I (Vlljllplli),lj;

J

M[((N—i—1)-i—N),[(N+lj-i—N—I—j—ljl: coeﬁ"[EcV A (1p||i),1];
M[((NJF 1)-i—N+j— 1),((N+1)'i—N)l== M[((N+1)-i—N),([N+1)-i
—N-I—j—lN;

J

i,(¢p||i),1);
M[[(N+1)-i—N+j—1),((N+l)-i)l:= M[((N+l)-i),((N+lJ-i—N+j

)

for £ from (j—i— 1) to Ndo

M[((N+1)-i=N+j—1),(N+1)-i—=N+k—1)]:= coeff (EcV |[j||i, (V| |k
12111), 1);

M[([N—I—lj-i—N—i-k—1),[(N+1].1—N+j—1H== Ml[(N—i—l]-i—N
+j—1J,[[N+1]-i—N+k—1N;

end do:

i= coeﬁr(Eca

M[((N-i— 1)-i),[(N+l]-i—N+j—th= coeﬁ[EcV

Ecl

i, (Ip]l1), 1);

M[((N—i— 1)-i—N), (N + 1)-1‘)]:: coeﬁ"[Ecl

z;(¢p||i),1);
M[((N-i— 1)-i),((N+l)'i—N)l== M[((N-l—l)'i—N), ((N+ 1)-1')];

dMdl||i == (map (diff, M, 1||i));

i = (map(diff, M, V|| j||©) );

)

|

Mp = Mp + [deVHj
end do:

o



Mp == Mp + [dez i-lp

)

qp[((N—l—l)'i—N) 1]== Ip|li;

qp[( N+1) l op||i

qpp[ (N+1) 1]:= Ipp || i;
qpp[ (N+1) l opp || i

for j from 2 to N do

qp[((N-i—l)-i—N-I—j—l) ll:=V

qpp[((NJrl) i—N+j—1), l H pr i

CC[((N+ 1)-i—=N+j—1), 1l:= simpliﬁ/( qp/TdeVH

lqp)

CCH (N+ 1) i=N+j—1):= CC[((N+1)~i—N+j—1),ll;
CC||((N—|—1) i—N+j—1D||((N+1)-i=N+j—1):=CC||[(N+1)-i—N+j
D[, 1];
CC[((N+1) i—N+j—1),1]=CC||(N+1)-i—=N+j—1)|[|((N+1)-i—N
+j—=1);

U

((N-l—l)-i—N—i—j—l),ll:: dEpdV || j||i;

end do:

1 0
cc[ (N+1)-i—N), 1]: simphﬁ(? qp” . dMdl

cC

CC‘

U[((N-i— 1)-i—N), 1]: dEpdl | i;

U[(NH].,.,I]:_

gammall((N-I— 1)-i—N),il::-

wxl

cC

i-qp);
‘((NJrl)-i—N) = CC[((N+1)~1’—N),1];
((N+1)-i—N) H((N—i—l)-i—N) = CCH((N—i—l)-i—N)[l,ll;

((N+1)-i—N),ll:= CCH((NJrl)-i—N) H((N+1)-i—N);

1.
R’

i = subs(x=1||i,vx||i);



vyl‘ i i= subs (x=1]|i, wl|i):

Al

i = simplify ((xnp — wl||i));

A2 ||i == simplify( (ynp — wl||i));

A[[z-i— 1), ((N+ 1)~i—N)l== diff (4114, Ip||i);

= diff (A11]1, gp||7);

Al[2-i—l),((N+l)-i)
[( ,_1] ([N+1j nc+1N== i (AT | mp):
Al[2 q— 1) [(N—I— 1] nc-I—ZN:: diff (A1 ||i, ynp);
A[[ ] N+ 1) >]== i (42111 p )
(2], (v+ 1) >]== af (4219011

((
Al 2 [(N—I—l] nc+1jl==dlﬁ(z‘l2lll}xnp);

Al 21 [N ]nc+2)l:: diff (A2 ||i, ynp);
for]fr0m2t0Nd0
[2-1'—1),((N+1)-i—N+j—1)]== diff (A11]i, V1| 1| p111):

A

A[(Z-i), (N+ 1) i=N+j— 1)l’= diff (42115, V|| jll p119);

i:= (map(diff, 4, V| jlli));

dAdVH

Ap == simplify(Ap + (dAdV || jl|i- V| jllp i) );
end do:

dAdl||i :== (map(diff, 4, 1)|i));

dAde||i == (map(diff, 4, /i) );

Ap = simplify(Ap + (dAdl||i-Ip||i + dAdg||i-dp||i));
_ end do:

| > w2 = xnp2 + ynp2 :

1
> FEcn = 5MI’IW12



VVV VYV VY

v

\ 4

\ 4

Ec = simplify(Ecc + Ecn) :

M[((N+1)nc+ 1), ((N+1)nc+1)]:= 2-coeff (Ec,xnp,?2) :

M[((N+1)nc+2),((N+1)nc+2)]:= 2-coeff (Ec,ynp,2) :
U((N+ 1) nc+2),1]:= Mn-g:

gp[((N+ 1)nc+1),1]:=xp:

gl

( 1]

((N+1)nc+2),1]=)p:
grp[((N+1)-nc+1),1

[((N+1)nc+2),1

¥ Obtention of vectors and matrices

Potential Energy Matrix U
> U,
| dEpdil
dEpdopl
dEpdi2
dEpdo2
dEpdI3
dEpd¢3
0
Mng
Kinetic Energy Matrix M
> M;
000000 O O
000000 O O
000000 O O
000000 O O
000000 O O
000000 O O
000000 M 0
000000 0 Mn

(5.1.1)

(5.2.1)



dMdll Ipl +

S O O O O o o O
S O O O O o o O
S O O O O o o O

S O O O O o o O

V¥ Generalized velocities vector
> qp;

V¥ Accelerations vector
> qpp;

> CG;

S O O O O o o O

S O O O O O o O
S O O O O o o O

7lp]—

opl
Ip2
op2
Ip3

op3
xp

| op

_lppl_

¢ppl
Ipp2
¢pp2
Ipp3
¢pp3
xpp

| opp

S O O O O o o O

+ dMdI2 Ip2 + dMdI3 Ip3

¥ Centrifugal and Coriollis forces matrix C

(5.3.1)

(5.4.1)

(5.5.1)



0
0
0

0

-dX2dx3
-dY2dx3

0
0
0

0

0
1
0

-dX2d¢3 1
-dY2d¢3 0

amdil (ep1” + ip1?)
2
0
amdi2 (opl” + op2° + IpI* + ip2*)
2
0
amdi3 (epl” + p2° + @p3° + pI” + p2* + p3°)
2
0
0
0
¥ Applied Efforts Matrix I’
> gammal,
1
00
0O 0 0
1
0 & 0
0O 0 0
1
0 0 -
0 0 0
0O 0 0
0O 0 0
¥ Constraints Matrix A
> 4;
[ -dX2dx] -dX2d¢l 0 0
~dY2dx] -dY2dgl 0 0
0 0  -dX2dx2 -dX2d¢2
0 0 -dY2dx2 -dY2d¢2
0 0 0 0
0 0 0 0

(5.6.1)

(5.7.1)

(5.8.1)



d/dt (A)
> Ap = simplify (Ap);

(5.9.1)

oS O o o o O
S O o o o O
S O o o o O
oS O O o o O
oS O O o o O
S O o o o O
oS O O o o O

0N
AN
|
© o o o o o

>

Generation of Matrix [M A”T; A 0] (Matrix MMA for future
identification)

This matrix is used to solve the system of linear equations with respect to qpp and A. It is necessary to
invert this matrix in order to solve the equations, in this case, the inversion will be done online during
the computation in matlab.

| > MMA = Matrix(((N+3)-nc+2), ((N+3)nc+2)):
> forifrom 1 to nc do
for j from 2 to N do
MMA[((N+ 1) i=N),(N+1)-i—=N)]:==M[(N+1):i—N),((N+1)-i
—N)
MMA[((N+ 1) i—=N+j—1),((N+1)-i—N+j—1)]=M[((N+ 1) i—N+j
1), ((N+1)-i—=N+j—1)];
MMA[((N+ 1)), (N+ 1)-i)] = M[((N+ 1)), (N+ 1)) ];
MMA[((N+1)i—=N),(N+1)-i—=N+j—1)]=M[((N+1)i—N), ((N+1)
“i—=N+j—1)];
MMA[((N+ 1) i—=N+j—1),((N+1)i—N)]==M[((N+1)-i—N+j—1),
((N+1)i—=N)J;

MMA[((N+ 1) i—N),((N+1)i)]==M[((N+1)i—N), (N+1)0)];
MMA[((N+ 1)), ((N+ 1)-i—=N)]:==M[((N+1)i8), (N+1)i—N)];
MMA[((N+1) i—N+j—1),(N+1)i)]=M[((N+1)-i—=N+j—1), ((N
+ 1))
MMA[((N+ 1)), (N+ 1) i—N+j—1)]=M[((N+1)i),(N+1)-i—N+j
-0}
MMA[((N+ 1) nc+ 1), (N+ 1) nc+ 1) ]==M[((N+1)nc+1), ((N+1)nc
+1)];
MMA[((N+ 1)-nc+2), (N+ 1) nc+2)]:=M[((N+1)nc+2),((N+1)nc
+2)

MMA[(2-i+ 1+ (N+ 1)nc), (N+1)i—N)]=A[(2:i—1), (N+1)-i—N)];

MMA[(2-i+ 1+ (N+1)nec), (N+1)-i—=N+j—1)]:=A[(2-i—1), (N+1)-i
—N+j—=1)]

MMA[ (2-i+ 1+ (N+ 1)-nc), (N+ 1)-i)] = A[(2i— 1), (N+ 1)-i)];

MMA[(2i+ 1+ (N+1)-nc), (N+ 1)nc+1)]:=A[(2:i—1), (N+ 1

)onc+1)];



\ 4

\ 4

MMA|

MMA[ (2-i+2+ (N+1)-

MMA[(2-i+2+ (N+1)-
+j=1)]

(2ii+ L+ (N4 1)one), (N+1)ne +2)] = i—1), (N+1)nc+2)];
), (N+1)-i=N)]:=A[(2:]), (N+1)i=N)]
), (N+1)-i=N+j—1)]=A[(2:]), (N+1)-i—N

S S

MMA[(2i+2+ (N+1)nc), (N+1)-1)]:=A[(2:7), (N+1)-i)];
MMA[(2'i+2+ (N+ 1)nc), (N+ 1) nc+1)]:=4[(2:i), (N+1)nc+1)];
MMA[ (2:i+2+ (N+ 1)nc), (N+1)nc+2)]:=A4[(2:7), (N+1)- nc+2)]
MMA[((N+1)-i—N), (2:i+1+ (N+1)nc)]=4[(2i—1),((N+1):i—N)];
MMA[((N+ 1) i—=N+j—1), 2 i+ 1+ (N+1)nc)]:=A4[(2-i— 1), (N+1)-1i

—N+tj—1)]
MMA[((N+ 1)), (2i+ 1+ (N+1)nc)]:=A4[(2:i—1), (N+1)-0)];
MMA[((N+ 1)nc+1),(2i+1+ (N+1)nc)]==4[(2i—1), (N+ 1) nc+1)];
MMA[((N+1)nc+2) (21+1+(N+1)nc)] = A[(2:i— 1), ((N+1) nc+2)];
MMA[((N+1)i—=N), (2-i+2+ (N+ 1)nc)]:=A[(2:0), (N+1)i—=N)];
MMA[((N+ 1) i—N+j—1),2i+2+ (N+ 1)nc)]:=A[(20), ((N+1)-i—N

+j—= 1)k
MMA[((N+1)-1), (2:i+2+ (N+ 1)nc)] =
MMA[((N+ 1)-nc+ 1), (2i+2+ (N+1)-nc
MMA[((N+ 1) nc+2),(2:i+2+ (N+1)-nc
end do:
end do:

¥ Generation of Matlab code

¥ Potential Energy Matrix U

> Matlab(U, resultname ="U");

Warning, the following variable name replacements were made:

dEpd&phi;l -> cg, dEpdé&phi;2 -> cgl, dEpd&phi;3 -> cg3
U = [dEpdll; cg; dEpdl2; cgl; dEpdl3; cg3; 0; Mn * g;];

Applied efforts Matrix I'

> Matlab(gammal, resultname = "gam");

gam = [-0.lel / CodeGeneration:-R 0 0; 0 0 0; 0 -0.1lel /
CodeGeneration:-R 0; 0 0 0; 0 0 -0.1lel / CodeGeneration:-R; 0
0 0; 00O0; O0O0O0;7;

d/dt (M)

> Matlab(Mp, resultname = "Mp");

Warning, precedence for Array unspecified

Mp = dMdll * 1pl + ([0 0O 0O O OO OO; OOOOOOOO; 00OO
00O0O0; 00O0O00ODO0ODODODO; 0OOODODODODODO; 00OODODODOOU O; O
0000O0O0O; 0OOOO0OOOGOO 0;]) +dMdl2 * 1p2 + dMdl3 * 1p3;
d/dt (A)

> forifrom 1 to nc do




Ap = subs(¢gp||i=phip||i, Ap);
end do:

(> Matlab (Ap, resultname = "Ap");
Ap = [0000O0O0O0OO0; 0OOO0OOOOO;

0000O0O0OO0O0O; 00O
000O0OO0O; OOOOOOOO; 00O0O0OOO0OGO0O0;1]

.
14

>

¥ Centrifugal and Corillis Forces Matrix.

> forifrom 1 to nc do
CC[((N+1):i—N), 1] := subs(op||i=phip||i, CC[((N+ 1):i—N), 1]);
for j from 2 to N do
CC[((N+1)-i—=N+j—1),1]:=subs(¢p||i=phip||i, CC[(N+1)-i— N+
—1),11]);
end do:
end do:

> Matlab(CC, resultname ="CC");

Warning, the following variable name replacements were made:
&phi;pl -> cg, &phi;p2 -> cgl

CC = [dMdll * (1lpl © 2 + phipl ® 2) / 0.2el; 0; dMdl2 * (cg *
2 +1pl ©~ 2 + 1p2 ~ 2 + phip2 * 2) / 0.2el; 0; dMdl3 * (cg "~ 2
+cgl ~ 2+ 1pl ~ 2+ 1p2 ~ 2 + 1p3 ~ 2 + phip3 " 2) / 0.2el;
0; 0; 0715

¥ Matrix MMA

> Matlab(MMA, resultname = "MMA");
MMA=[0000000O0O0O0O0O0O0OO0; 0O0O0OO0OO0O0OO0OOO0OO0O0O
0; 000OO0OO00O0ODOOOOOOO; OOOOOOOOOOOOOUO0O; O
00000O0O0O0OOOOO0OO;, OOOOOOOOOOOOOO; 00O
00000OO0O0O0OOOO; OOOOOOOOOOOOOOO; 0O0O0OOO
000000000, 0OOOOOOOOOOOOOO; 0OOOOODOO
0000000, 0OOOOOOOOOOOOOO; 0OOOOOOOOO
00000; OOOOOOOOOOOOGOO;1;
L=




