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Motivation

Description and parameterization of the set-valued
impact law of a multi-contact-colliding finite DOF system

Impact .

Restrictions: time-independent, perfect constraints and contacts
no excitation, no bilateral contacts
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The set-valued impact law

‘kinematics: displacements and contacts

C C M admissible displacements qo =q(tg) €C
q(t) € AC(I,C) motion
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H=A{g91,""" 90}, 0<h<o0, qo€U C M open

} multi-contact collision
cCNnU=C,,N---NC, NU and g(qp) =0Vg € H

*kinematics: velocities, tangent space and cones
Te(ao) = {09 € Tpm(qo) | 0 < 69 = Vg|g- 09 Vg € H} Tangent cone

q" € Tc(qp) kinematically admissible right-velocities

Vg/z . 5(1 = ()}
T (qo) = {_ > Vg(lao) Ay | Ay > 0Vg € H} Orthogonal cone \
geH
_Vgh‘qo | _vgl‘QO
*dynamics T'(u) := |ul? := Ju - u kinetic energy /TCJ_(QO)

(gt —q ) =dRgs, +dPs,  impact equation

dPs, =0 and TT < T~ no excitation

—dR ;- 7c(qp) <0 perfect constraints T: positive measure

qt —q € -7 (q) kinetically admissible right-velocities

q"| < |q7| energetically admissible right-velocities

*set of possible right-velocities S(q™) = Ze(qo) N (4™ — 76 (qo)) N Big-1(0)

Moreau half line q - =q + Z A, Vg
geH
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induced contact

Point of maximal dissipation

\ w4 = gy
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Impact laws

echaracteristic entities and effects

Intensity p = |q7 — q |
N
A A:(A917"'7A9h)

Topology (Topologies): o= ——
Al Alp = Ay, + -+ Ay,

*Induced contacts and related one-point collisions

' Jo
Jo = Z o, g 1nduced contact | |
gEH a: topology 4" =4 +Aa Vya O g1 O 92 O
one-point collision T
Ao = |A]1 induced intensity a=(11)
Distant effect O
: ~ - disinati s A,>0{
dg € H JA: A/y, >0 antidissipative contact QO —- k ‘il
- _ -
distantESiEdr: Ty =0 Vg >0
Zc(qo) Ve =3 (15 +77)
vy =Vg-q*
@f"(@) woRdistant effects
a4 — 7 (qo)
Parametrized impact laws
S(q)

o:—Tc(qo) X P — Tym(qo)
(a,p)—q" €S(@)

*Canonical paramized impact law

P=1{h:—-7c(q0) — Tm(qo)}

o(q ,h) = ‘IS)I'()—X (h(q)

(@)

Linear parametrized impact law
P=1{h:—7c(q¢) — Zc(qo) linear}

o, (q ,h) = prox (h(q_))

a——75 (qo)
()
0§A9L(7;—7§)20 Vg € H
€ = (gg5) € Mpn(R)
. Vgi = Vg - q Frémond Matrix
9" =4q +_ AVyg N oo
geEH Vg = =, 93 Vg

Special cases

e =0 Point of maximal dissipation

e=cll, c€|0,1] Moreau half line

e = diag (e, -+ ,ep), € € |0,1] Extended Newton Impact law
Outlook

‘Implementation of measured/simulated impact laws
time-dependent constraints
-excitation, C'-constraints

*friction, non-perfect collisions

proximal point in a closed convex set




