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A Dry Friction Model to Realize Stick for Simulation of the System
with Friction and Accuracy Verification of the Friction Model
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ABSTRACT

Friction causes self-excited vibration, stick-slip vibration and any other friction-induced phenomena.
That kinds of vibrations cause chatter and squeal. In order to predict such vibrations accurately, em-
ploying an accurate friction model is very important because a dynamic behavior of a system with fric-
tion is dominantly governed by a friction model. A Coulomb friction model is the most widely known
model. Coulomb friction model is useful model to obtain analytical solutions of the system with friction
and the model gives relatively good simulation result. However, defining a friction force at a stick state
in simulation is hard because of the characteristic itself and a Coulomb friction model is discontinuous
function between a static and a dynamic friction coefficient. Therefore, applying the Coulomb friction
model to a simulation is not appropriate. In order to resolve these problems, an approximated Coulomb
friction model was developed using simple and continuous function. However, an approximated Coulomb
friction model cannot realize stick. Therefore, an approximated Coulomb friction model cannot describe
friction phenomena accurately. In order to analyze a friction phenomenon accurately, a friction model
for a simulation was proposed in this paper. A proposed friction model realizes stick and gives reason-
ably good results compared to results obtained by the simulation employing an approximated Coulomb

friction model. Accuracy of a proposed friction model was verified by comparing experimental results.
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Table 1 Properties of friction oscillator

Parameter Value Parameter Value
m(kg) 10 k(N/m) 200
¢(Ns/m) 0 NNN) 98.06
uo(m) 0 vp(m/s) 1

Table 2 Properties of friction models

Approximated Proposed
friction model Value friction model Value
parameter parameter
y78 0.50 My 0.50
e 0.25 My 0.25
vs(m/s) 0.01 Vs(m/s) 0.01
va(m/s) 0.15 elim(um) 500
- - C stick 1
- - a 15

T R E At wpErdes zhzke] wpi
wdl s}l el Table 294 #th.

Fig. 4= Al&#old Aot} Fig 4(a)< AHE
R el & AT Cuas ALHFHA] S
°] A¥}o|il Fig. 4b)= AT 1S we
ZAstolth. Fig 49X Cua S AEoHA] &S A9
A2 Aol A Kol o]8) TAslE HARTOR

A
7}

o]gH gﬁ)ﬂ}\]—o ao]-x%/ﬂo] —J—ZZH’(S}——F 7;\]——‘___,0 OE]- —,A/\
==
=

Slom 1 23} Fig 4(b)st o] FdiHem <
=2 o

e Ay S & Utk Fig. 4(b)E BH V)&
o] Alshe iR ER T Aok npERES o] &
P& A, AF el g HoAe s IRl
T At

Fig. 5% Altsl mpzERde] sigbdg e 9}
oM HH & 4 %ol e o] WS} Aite] m|X
= 9L vusAnt Cua o] W37} Avfel] n|X
© 9% Ao 2 AS & 5 9k uEA

=

>
i)
i
N
N
M
rO
oxl
ot
pou
o
My 2 o

¥2 o X
Koo

g\
2
g
Il
—_

- - - Approximated friction model — - - Approximated friction model
Proposed friction model Proposed friction model
1 1t
Q) Q)
Eo Eo}
2 2
K] ‘c
K] o
s s
-1 -1
_2 L 1 L _2 L L n L
-0.2 0.0 0.2 04 -0.2 0.0 02 0.4
Displacement(m) Displacement(m)
(a) (b)

Fig. 4 Simulation results using friction model (a)
without damping and (b) with damping

ZASNNSEEI=28/4 223 A 8=, 201241/751



EE R
2 0.020 >
—e, =10e4 ----- e, =8e-4 - — - Approximated friction model ’
e, =5e-4 —— Proposed friction model z
0.015} B
1k € e
"E e
@ g o010} e
£ [0 4
~ O 4
2 0f o -,
5 Q. Ve
o° 2 0005} ’
] (s} -,
> ’
7
7
A 0.000
0 1 2 3 4 5
Time (sec)
2 . . . . a
0.2 0.0 0.2 0.4 @
Displacement (m) - — - Approximated friction model | . < 7
(a) 0.08 || —— Proposed friction model -
rd
2 fg - -
Cotior 05 - Catiok 1.0 < _” g
* a1 g 0.07 |- Pd
8 -7
1+ 2 -7
[=%
0
2 8 o
E 0.04
:‘? 0r 0.00 L L L L
E 1 2 3 4 5
g Time (sec)
Ar (b)
Fig. 7 Simulation results for (a) vy=0(m/s) and (b)
) v=0.5(m/s)
’ 0.2 0.0 02 0.4
Displacement (m) o ~ ~
®) AEE A3 722 Table 29] S ARSI &4
. . . of AR AvlEA g} FulEAS 5 tan K
Fig. 5 Simulation results for each parameter | Hes ek ]T% NE ]T - ) 5
7] wie] BAE AEHew ¥ 4 gEt
wojok e}, Fig. 7 v=0.0 m/s L8] 3L v,=0.5 m/s

&g

Fig. 6 A mass on inclined surface

3.2 AAtHO| =0l EA

Fig. 6 A} 05 zZt= ZAbde] A= mol
A7} 9 AlAEolty, m=10kh, =107} )4
o ARREAIL Z7|EE ve= 0.0m/s, 0.5 m/se F
7HA AS7F AREEQAT s o] ARgE whE R
& ARk rhE R AQhE npER Ry Zhzt

o wpnEl mtelvlels o] whER A} o Aol A

/A 224 A8 &, 2012

F A Aol 0@ S Amelrt. F 4% wE

s 2% AR olgd 49 dgsnR
AneAn e AL o 5 vk S At
MARES o gd 4% A% AN AL
@ 4 ol SAu Aok viRmde dddof @
#Alde] gl 1 BAME Fig 63} ol Aol
A% §ARD g A2RS ANse F9 1A
et PHEREAS] A AEe] WASE Aol
#7] Wel EAZF 9 Fig 63 o] A 4
B A% FAHE B9, AR AR ko] o]
o Fig 89 2o 15 A5Ade] wAlse] a)
Azre] 28 e BAMel AUk ol huaol 3



/\]/\E—IL,] x—lzl— :rL

42 919 e Aot 2 A3y 13

[eXg =

0.0004
0.0006 _
0.0003 E
0 &
£ 00002 0.0004 @
> [0
5 ®
S 0.0001 0.0002 &
(0] n
o @
0.0000 e
0.0000
-0.0001
0 25 50
Time (sec)

Fig. 8 Vibration at stick state

4. Fotel nrEREe &Y 48

oY
ki
M
'
3
=2
R
>
>
Xy ojo
i oo

E

0]

w

1o

o

=

i

™

offl

>

2

>

Lol

fru

w3

o 2
o,

S
=)

2

o

frt
D)
lo,
M

T
lo,
19
m%
mo

ol

k1

o O
tol,
)
ﬂ

i

ot
o

g i

)
|
ot

o] 7ol P o XWEM%E}. 3]
Aell= g dsh= t2=A71 9l H%
X]’-J HHE 0:1?51-& 3]4:]. §];{4
zl;qp]. x%go] o]ou:] ]7)4\
@éo}"% w@o} a2

(A=
Iooff o X PN -

= o
n
53
o T ol
ﬂ?rlrg
o
E?}mﬁ‘l
Hjoﬂ,
N
)

_\Ol_l _4

r_|_4

&, r_>i
i

s

2

i)

ot

Ry
¥
o

N il
R

o R
_O‘L
2
A
oo I AN —
N,
r fo 4y rir

fo
Lqr g
_>1_1
H oz

a2 oy
S
=~ =
)
FTOOPH—YL
151;)‘4_"1%
L
_O,é‘r.{g
o o, ot
i85
N
ol'r’é
=§r>_>.:
Jr_@',LFXF
o
Ty
4 2 oo
o of sy
o o o¥
R
=2
s
ﬂ-ﬁy_‘é_(:

oy
ru:z‘ v
* =)
I
e o
i >
2 oo
)
L
i
e —
[T
x H
i
2 o
1%
o M
>
> So
o i
o i
%y
oftt

& gt AdAdet 7t A @
5%6}323}. 2o AQke vhER o] shehiE
1 mn/s, e;=5(m), Swie=1.00] AFEES]
£9¢ Fato] 79 22 a=1070] 4185

o S I

Table 3 Equivalent properties of friction oscillator
(without external excitation)

Parameter Value Parameter Value
m(kg) 6.08 k(N/m) 3956
¢(Ns/m) 0.768 NNN) 13.0
uo(mm) 0.0 Q(rad/s) 0.0
My 0.8 Y 0.46
vp(mm/s) 5 - -

TLZUSSHI =28/ 224 A8 3,

Table 4 Equivalent properties of friction oscillator
(with external excitation)

Parameter Value Parameter Value
m(kg) 5.632 k(N/m) 5610
¢(Ns/m) 0.768 NN) 14.0
ug(mm) 0.5 Q(rad/s) 13.8, 18.7

Hy 0.8 Hy 0.55
vp(mm/s) 1.0 - -

Fig. 9 Experimental set of friction oscillator
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