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1. Introduccion

dMotivacion del Proyecto dConceptos Basicos

Virtual.Lab & AMESIm sSoft-Real-Time Simulation.

® =l

=Sistema Multidisciplinar.

e = =Resolucion monolitica. Co-
P — Simulacion.

»Resolucion monolitica LENTA
»Co-Simulacion INESTABLE
Matlab Code
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2. Descripcion del modelo
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The Essential Tool for Mathematics and Modeling
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2.1. Sistema Hidraulico

dpP, _ Bass
dt  (4,(x)+ Vdead,
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dPy .Igs-ff . Pr
= A I
dt  Ag(l —x) + Vdeady (@5 + Qreaic +% 45 Pu}

Actuador con piston simple de doble
camara unido a servo-valvula de 4 vias y
3 posiciones.

{ \ 1 H \ / ®
¥ Leading Pfartn?r in ) | | . <l (| | M S
Test &Mechatronic Simulation 6 Copyright LMS International -+ <G T ——




2.2. Sistema Mecanico

Ec. Lagrange en coordenadas
dependientes.
DAE

M+ ¢IA = Q I

S

Baumgarte

Mg + GIA = Q

¢ +2fwd+ 0?'p=0

\ Penalizadores

Mg+ ¢ A=Q
A=a(d+ 2twd+ w’d)
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2. Descripcion del modelo

T s (@~ Quoa —% 4,2)
ECUACIONES HIDRAULICA ‘ dt  (Ag(l—x) + Vdeady) ek “ o
dPB — ﬁsff . P‘_g
dt _AE{I—K}+VdeadE Qe + Qreare % Aapu}

Mg+ oA =Q

b +2twdp+ wip=0

ECUACIONES MECANICA —

Mg+ oA =Q
r=a(d+2twd+ o’d)

Vut1r = Vn T RF(x07,) ki = f(xuy)
1 1
k, = f(x:- +-hy +-k h)
Forward Euler ) Vi1 = ¥ + R(ky) : i i !
Runge Kutta Il . ky = f(x:- +§h,y!- +Ekzh)
Runge Kutta IV Vass = Yo R (ke + 2Ky + 2K + k)

kg = f'[x! +h v, + kah}
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3. Resolucion del problema

S¥ 1))
X
Cx=f(x) Resolucion Monolitica
e ) 4
fl %}
Cixy = f1(x4) Cx; = fr(x,) Paralelo (J aCObi)
Vi = g1(xg0y) V2 = g2 (%2.15) Co-Simulacioén

f Serie (Gauss-Seidel)
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3.1. Co-simulacion

@ comunicacion

| | = f(x) x; = vector de estados
u; = vector de entrada
| [ T |
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@ integracion
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3.1. Co-simulacion

Gauss-Seidel scheme

Subsystem 1
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Subsystem 1
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3.2. Resumen de resoluciones

FORMULACION
SIMULACION MECANICA COORDENADAS INTEGRADOR

* Resolucion * Baumgarte » Cartesianas » Forward Euler
monolitica
* Runge Kutta Il
 Co-simulacion « Penalties + Relativas
* Runge Kutta IV
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3.3. Maniobras realizadas

DESPLAZAMIENTOS DADOS PARA COMPARAR RESULTADOS

Displacement of the valvel vs time
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Displacement of the valve2 vs time
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VIDEOS SIMULACIONES

* Funciones de desplazamientos de la valvula dadas: clip0005.avi

» Mediante joysticks:Video13.mov
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clip0005.avi
Video13.mov

3.4. Resultados distintas simulaciones

. . PASO DE
SIMULACION Formulacion INTEGRADOR T. INTEGRACION . TIEMPO CPU
INTEGRACION
Runge Kutta IV 5s 0,002 s 5.4600 s
Baumgarte
M litico | Runge Kutta Il 5s 0.0008 s 8.2525 s
onolitico
benal Runge Kutta IV 55 0,002 s (5.16369)
enalties
Runge Kutta Il 5s 0.0008 s 7.6908 s
Runge Kutta IV 5s 0,001 s 13.2425s
Baumgarte Runge Kutta Il 5s 0,001 s 8.0809 s
) » ) Forward Euler 5s 0,001 s 5.4756 s
Co-Simulaciénserie
Runge Kutta IV 5s 0,001 s 12.5113 s
Penalties Runge Kutta Il 5s 0,001 s 7.5348 s
Forward Euler 5s 0,001 s 5.1792
Runge Kutta IV 5s 0,001 s 12.9169 s
Baumgarte Runge Kutta Il 5s 0,001 s 7.7376 s
Co-Simulaciénsin Forward Euler 5s 0,001 s 5.1324 s
interpolacion/extrapolacion Runge Kutta IV 5s 0,001 s 12.6361 s
Penalties Runge Kutta Il 5s 0,001 s 7.3632 s
Forward Euler 5s 0,001 s 4.6956
T_Step_1=0,0001 s
Runge Kutta IV 5s 130.4201s
] B ) T_Step_I11=0.0002s
Co-Simulacion paralelo Penalties
T_Step_I=0,00001 s
Runge Kutta IV 5s 248.2131s
T_Step_I1=0,0001s
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4. Conclusiones y trabajo futuro

EFICIENCIA ESTABILIDAD

Co-simulacion i Co-simulacion ==
Paralelo = Serie+ Paralelo == Serie+
Monolitico == Monolitico +
']‘ Orden del polinomio == ']‘ Orden del Polinomio ===
Baumgarte == Penalties + Baumgarte = Penalties =
Cartesianas === Relativas + Cartesianas= Relativas =
FE + R.K I RKIV == FE = R.K I R.K IV +

* TRABAJO FUTURO:
= Definicion problema mecéanico integramente en Matlab.
= Simulacion de contactos en el cazo y maniobras de excavacion.
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