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On the influence of contact mechanics on
friction induced flutter instability

Hartmut Hetzler

» general perturbation equations for systems of elastic bodies
 linearized contact contributions o
« example: rotating Timoshenko annulus
 influence of contact properties




I Engineering Problems
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» systems of elastic continua
* relative motion

« sliding friction contacts

/
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I System Description ﬁ(“'
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Normal contact
< )
P d ~

V< - *
« Lagrange Multipliers: » Penalty formulation:
Jdeal bodies“ = kinematic constraint ,contact layer = contact stiffness
\ J
Hamilton‘s Principle (for open systems)
/{6L+6 » — Ollg + 6Wrg }dt =0 L=T-U
T \
\

normal contact tangential contact
sliding friction
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I Linearized system ﬂ(“'
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t
[ 0=/{6L+6W;,"p—6Hc+6Wpc}dt }
0

- Eulerian description 7; = 7;(x)

* transport motion relates
Eulerian to Lagrangian coordinates by x = x (X, t)

 superposition of transport motion and small vibrations
about steady state solution
- Linearization r; =7, o + W;

||Mz

/ iy (Mu[i5;) + P[] + Qilai])) dv+ A {BT1e}—A (Wi, ) —A {5V}
1, \ /
! . _

linearized contact contributions
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I Contact contributions ﬁ(“'
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Linearization

small motions

no damping in contact layer
dry friction, p =const
motion along z-axis, transport velocity vt @

é)F — 6rel/|77rel|

A{ollc} — A{oWr,}

nc
=> /59 (kp (En @EN)G + 7 G+ ppogy G+ phy (Ep @ EN) g) da
(Z])F(Cij) normal contact sliding friction
Op
agN é(l\irj) = &nj, ¢ = @ — 0 | (w) = &y (i)
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I Influence of contacts ﬁ(“'

normal contact sliding friction
orientation of change of
friction vector contact pressure
=Y [ 05 (kp(en®EN)T + “=G+ ppoo-G + pky (€r ® En) § ) da
iy - J vr Ox N )
(ZJ)P(ij) e Y
c ogn (kpgn) 0grp (kpgn)
:
|
stiffness damping stiffness stiffness
1
sym., sym., non.sym. ! non.sym.
pos.def. pos.def. |

- general form of linearized contact contributions
- no discretization so far

Contact Parameters .
modeling

!
physical Fc, kp : p()(ai), ., vt kinematics 5§ — 5§ g} 75 0
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I Example: rotating Timoshenko ring g(“'
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a E,G,I, A, 0)
Z

rotating circular Timoshenko beam
friction pads as Winkler bedding
Eulerian description

h
5 « simple model for brake squeal
data: xk=5/6, R=0.12m, h = 0.0lm, b = 0.1m, ¢y = 7/8,
cp =8-10%Pa/m, h, = 0.02m, k, = 5-10'° Pa/m,
K op; cp; Ity / E =2.1-10""Pa, v = 0.33, 0 = 7800kg/m?
o
a S Y S T
(#9)Gia) ~ N 7
C
dgrp (kpgn)

94—

777
Y9 4 feid variables /
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I Stability of steady-state AT
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%0
A K“po -,
{6} —A{oWr, } = Z/“) »(EN®EN)F + —g—l—,up g—l—,uk: (€F ® €eN) ) da

(5)
discretization ", /( /

[ M + (9G+Ds+"p°DF &+ (Ks + kK + pkyhQr) g = 0

Q

P

Flutter-type instability Gyroscoplc influence

q2b el

Q [rad/s]

RE{\}

'E &

8 O SO S ..
stable

- : ' ' : j i i i ; ' i
0 0-2 04 06 08 ,UJ[—.j o 0.1 0.2 08 04 O©5 08 C7 08 08
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I Influence of shear stiffness
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GAg — oo : Euler-Bernoulli GAgs — 0: decoupling of
w' = -V w and ¥
% 103 GAS
Euler-Bernoulli GAs 0.1GAs 0.05GAg %
1 \ / /
| ' ' : | As = kA
——
~
——
62
= ogrp (kpgn)
0 0.2 04 06 0.8 1 = 5/6, R — 0.12m, h — 0.01m, b — 0.1m,
% ['] w0 =m/8, cp =8-10%Pa/m, k, = 5-10'° Pa/m
E=21-10"Pa, v =0.33
m () Universitat Karlsruhe (TH)
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I Influence of contact stiffness k, AT
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{ Mg + (QG +Dg + %ODF) ad+ (Ks + k,Ky + pk,hQr) q = 0 }
kp # f(x)

0.2 = f, =1-101!

pad s G TECe R, S LR e e e : ]]zp i g }811

kp S5 =

beam

=
o
o

max RE{\}

UEEE

o

pad -0.05

6.2 0.25 03 0.35 04 045 05

[ —> contact stiffness has significant inﬂuence]
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I Constitutive contact law

Greenwood-Williamson

* height distribution ¢

 asperities as spherical caps, radius ﬁ

» deformation: Hertz-theory

» here: Gaussian distribution, std. deviation ¢

p(h) = snE*\/Bo> [, (s — h)*/?®(s)ds
= SnE*y/ 5U3F3/2
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h=gn/o,s=2z2/o

9p_
99~ | _ 3 F1/2(h) p(gN) :poe%’Y(gN_gNO) N
D 20 F3/2(]’L)
Po ho(po)
' 1_
= v ~=const, __Po7 | :
v =~(hg) =~ 1..2 gno  IN
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I Linear contact stiffness k, AT
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3
p(gNO + AQN) = Dpo + [po—7] AgN + 0(2) Do - steady-state contact pressure

20

‘ « pressure distribution Po = po(¢) m
* usuall ~4/3...6/3
y v~4/3..6/ J ,,,,,,,,,,,,,,, T
. ¥
k o)~ o
| heo=mer
Experimental data (Sherif: Investigation on effect of surface topography...on squeal generation, Wear, 2004 )

z “\ o~ 20 um z ;
new pad worn o~ dpum
- silent - o - noisy -
o
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I Contact pressure & surface topology AT

Experimental data -silent o ~ 20um

-squeal o ~ 5 um

[Fg =100 N (po =2 - 10* Pa )|

12

10
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_ Yo ¥o | ——o =86-006
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)
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IConcIusion
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\
Elastic bodies in relative motion
 generic form of perturbation equations
 physical meaning of the contributions
/

-
/Contact mechanics and flutter-type instability

* rotating timoshenko-ring
* incr. stability for lower shear stiffness (decoupling)

* contact stiffness shows strong influence
—> tribology of contact needs to be considered

« distribution of contact pressure

Wm

,,,,,,,,, P

[ Thank you for your attention! ]
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Contact zone

[ o =20 pm ] (new)

B g
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vo [°]

170 Hz
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