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Approaches

Method

Solid mechanics Multibody system dynamics
pii— V-0 =pb Mg—G"A=rf
o=CE eA+g(q)=0
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Displacement u(x)

a(x) = x +ulx)
] =Vxq(x) =1+ Vyiu

Green-Lagrange strain tensor

Method
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Moving least squares (MLS) approximation of the
displacement field u (x)

Np
=) W,
j

W (x) = Py ()AL (X)p (X)W (x =, h)

Method

Ayl ZW(x—x1 R) Py (1)< (x))

p(x) =[1, x, ¥, z, yz, xz, xy, x>, y>, z2]T
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Constraint energy

Constitutive relation using Voigt notation

Method o=CE
A +2u A A 0 0 O
A A+2p A 0 0 O
c— A A A4+2u 0 0 O
- 0 0 0 u 0 0
0 0 0 0 p O
0 0 0 0 0 pn
Strain energy
1
U= -EvoCE
2
Elasticity strain tensor constraint and regularisation - 6D
9'(q) =F' e=(vC)™

Jacobian where Ky = Viuy

aqg aEy aK—m aqﬁ
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Multibody dynamics - numerical solver
Linearized varational time stepper SPOOK (Lacoursiere [2, 3])

dn+1 = qn + hqn+1

Solver

M —GT -G [dn+1 Mn + hfy
G I 0 A =-£Y9+7YGan
G o0 b A W

" z e

regularization and stabilization matrices

4 €1 €2 e = (voC) !
X =-—d _— ... 0
h2 'ag<1+4%1 1442 )
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Y = i D A
d'ag(1+4lhl’1+4lh2 )
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Nonsmooth MBD - numerical solver

Solver Including frictional contacts, impacts, joint ant motor limits
lead to limits and complementarity conditions on the solution
variables

Hz4+r=w, —w_
O<wy 1Lz—120
Oéw lu—z>20

The problem transforms from linear system to a mixed linear
complementarity problem (MLCP)
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Elastoplastic terrain model
Elastic and plastic strain components E = E€ + EP

Plastic flow rule dEP = d)\p% when yield ®(c) >0

/ N
Plastic method / ?

$.,.J)=0
¢C(II-J2‘K) =0

\@2):0

-« Ky -I5(i) I I

Capped Drucker-Prager plasticity model (Dolarevic [1])

Dy (11, ]2) L >t
D (o, k) =< D, (I1,]2) <L < IS (k) (1)
@ (11, J2, x (trEP)) Ty < If (k)
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Plastic results

Z-displacement [m]
0.125
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Elastoplastic terrain model

Drucker-Prager for cohesive soil

I
(I1,J2) = V]2 +n ( —&(d)c (2)
Plastic results Tension cap
@ (I1,)2) = (It = T+ Re)* + ) — R? (3)
Compression cap
I; —a(x))?

CDC(Il,]g,K(trsp)):%+Iz—b(l<)2 (4)

Cap variables - for compressive hardening

1 tr (eP)
= —In(1

K K0+Dl’l<+ W) (5)

where kg is the initial position of the compression cap (Dolarevic [1]).
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