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I Motivation

Photos: www.technik-handel.com, Bosch

vehicle brakes

shaft seals
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» steady-state stability
 linear perturbation equations

usually: « FE-models

e structural models
—> perturbation equations
—> specific formulations

- - general results
train wheels grinding tools 7 - further effects
. - parameters
Ve )
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abstract system

generic perturbation equations

for

» systems of continua
» sliding friction contacts

 spatially fixed contact zone
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I System description ﬂ(“'
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Hamilton‘s Principle ! N
(for open systems) / {ﬂ‘ + 5W’r;:p - 5fnc + 52‘”&: } dt =0 L=T-U
0
normal contact tangential contact, sliding friction

final
_____ - = configuration
. - material X 'I
Spatial description reference ’ ' 7

W e e o - o - —

~___Intermediate
“~ configuration

* Eulerian coordinates of intermediate configuration x = x (X, t)
* rigid body motion relates x = X + vt
e small vibrations w; = r; — r'1; about rigid body motion - Linearization

N
0 =Z /5155(.!‘541[’{51] + ’PL[IE,,] + Q; [iﬁt]) d't}—l—e {(SHQ}—& {5W[*0j—& {{SWHP}
=1g,

AV
{

Pi = D; + vri;Gij linearized contact contributions
Q; = K; +vri;Ni; + UTijUTikIC;kjk
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I Contact ﬂ(“'
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Kinematics

i
surface normal é(N) \

gap vector \

G =7 =7 = (Frj—7Tri) + (@ — @)

normal distance

g0 Z ) i) Z gl | A gD AgU) = &0 . A
59\ =&y - g
friction direction  €p = Tper/|Uret| =
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| Contact SAT

N Karlsruhs Institute of Technology
[u =3 [ (Ml + Pili) + @il dv{a {oTlc}-A {ﬁwn.-}}& {gux,,_,,}]

=g Ay ={}-{}],
Normal contact
A b p A{éllc} = /r(“) 07 |kceén ® én|,Agda
8 C
% gn 10
N
gn
Friction We = /(”) 0g - epupn da
r.’

—A{oWc} = /Fm 0g - ([MpN]OAf?F + [uép]OApN) da
C

:/ 55,([MPN]OA§+ [MPN}O(VT 0w _V;i(?wq;) _ [Mkc(f?F@éN)]oAg) da
r

2 Vyel Urel 17 ox ox

orientation of friction vector contact pressure
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Contact contributions ﬁ(“‘
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N
= Z /JIE; (M;[T.E;] 9= P;[ﬁr] + Qi [‘iﬁ,]) dU'I' & {51-[(} _ﬁ {EIWD: ] _& {5““,”_” }]

i=1g

A{STIc} — A{6Wr, )

= /( )59 ( [kc(gN %Y 5N)}OA§ <«— normal contact frictional contact
ri /
—l—[ } AG + [ } Vo —V — |\pkc(€r ® € A )da
Vrel g Vrel ( T3 ax T ax) |:ILL C( F N)]O g
4 _ — : : )
- normal contact -« stiffness = friction ¢ damping and ,stiffness”
e symmetric, e damping: symmetric,
pos. semidefinite positive semidefinite
grows with 1/v
 stiffness: non-symmetric )
e . . .
parameters i, k¢, PN, Urels L ] no discretization
9 * no structural model
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I Example: rotating Timoshenko ring g(“'
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rotating circular Timoshenko beam
friction pads as Winkler foundation
Eulerian description

simple model for brake squeal

0=+ 08

data: xk=5/6, R=0.12m, h = 0.0lm, b = 0.1m, pg = 7/8,
cp =8-10°Pa/m, h, = 0.02m, k, =5 - 10! Pa/m,
E =2.1-10"Pa, v = 0.33, o = 7800kg/m?
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I Stability of steady-state AT
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N é
Z /5w@ < i + QGi[W;] + Dgi[w;] + Ks @[’w,]) dvHA {dlls}—A {JWpcj—A {Whp}
Ritz- s - 1Po
discretization l7 Z /m) (kc En ®EN)AF + ——AG + pkc (EF ® En) Ag)

w; ~ Pq; () \ j
\
¥

[ Mgq + (QG + Dg + S R1) q+ (Ks + kcKyn -l-pkghRg)q 0 ]

R; =R/ Ky =K Rs3=Rj]
®» circulatory system o zses/
2564 : :

2563

0 0.2 04 0.6 0.8 1

o flutter instability
» extremely sensible to damping and
gyroscopic terms

RE{\}

unstable
_> 5

®» depends on

Ly kC7pN7 Q? FC
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I Stability: damping & gyroscopic terms

, Friction damping“ and gyroscopic terms ’
1.5

z

— 1

Mi+( +Ds ) a+ (K + pkohRs) q = 0 =

0.5

0

2

.. HPo . _
M+ ( + Do+ 2Ry ) a+ (K + phchRs) a = 0

®» friction contribution to damping
Important at low relative speeds
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0.6 0.8 1

/
KPo

Mg + (QG + DS+?R1) q+ (K + pkchRs) g = 0

B gyroscopic terms have significant effect

\p Theorem of Thomson&Tait does not apply to circulatory systems! o

0.2

0.4

L

0.6 0.8 y
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I Contact stiffness AT

M -+ (QG+D5+%OR1) o+ (K+3)q= 0

short pad
long pad

®» strong influence of contact stiffness

®» more than a sheer ,penalty parameter”
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I Tribology / Constitutive contact law ﬁ(“'
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Greenwood-Williamson

* rough surface

* here: Gaussian distribution for asperity heights,
std. deviation o D

* |local deformation: Hertz-theory

3 _
— {p(gN) = poe‘z”(gN QNO)} v =~(hy) &~ 1..2 =-=8 >

20

m | pressure distribution po = po(sﬁ)

e usually v~ 4/3...6/3

) fffffffffffffff ngy [ kc(p,0) =~ 1”0([‘0)% }
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p(gno + Agn) = po + po—’Y] gy + O(2) Po - steady-state contact pressure




I Stability: Contact pressure & topography g(“’
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CCazw v@) n_,
¥ \ p \ max
P = Do P = Pmazx COS(%Z;%)
A

P

; unstable -
15F e ‘
- ] ]
— . .
=1 o
stable ‘

05 0=10-10"%m

O i i
0 0.2 0.4 0.6 0.8 10=5-10"%m

Experimental data

new z
(disk brake squeal) (silent)

(Sherif: Investigation on effect of surface topography...on squeal generation, Wear, 2004 )
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IConcIusion
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/Abstract problem

generic form of perturbation equations
physical meaning of the contributions
no discretization / no structural model

\ » systematic way to formulate contributions

\_

Example: moving Timoshenko-Ring

rotating timoshenko-ring

strong influence of transport motion and

Jriction damping”

contact stiffness shows strong influence

—> microcmechanics of contact need to be considered

[ Thank you for your attention!
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