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Abstract. The paper presents a simple friction model coirtginwo parts: dry and viscous
friction. Friction model is built inside the modef the guiding device of a mechanical system
consisting of a mass, linear spring and damperte8yss excited by the movement of the base.
Main idea of the presented algorithm is to splittiup solution into several parts, which follow
one after another in time, and to combine theiultesubsequently.

Keywords: vibrations, mechanical system, dry friction, saftev implementation of friction
model, Matlab.

Introduction

A simple static friction model is considered instipaper. It consists of two components: dry
and viscose friction. Dry friction is subdividedadnstatic and kinetic one. Static friction is also
called stiction [1]. The static friction is presenta guiding mechanism that is at rest, while the
kinetic one - in case of moving mechanism. Duringvement of a guiding mechanism the
relative stroke — distance(t)- z(t) is changed (Fig. 1).

System description

A mechanical system including mass, damper anchgps considered. This system is
complemented by the guide scissors mechanism {figihe system is excited by moving the
base, whose position ig.

i
Fig. 1. Mass, spring and damper with the scissors guidghargsm

In the system we assume a linear spring and arld@aper. The variableg and z, are
used for the description of the system. Varialaleis the deviation from the equilibrium

position, which is determined by the size of massand stiffness of the spring. In initial
position the variablez, will be zero. The initial value of variable, can be, but must not be

zero. Initial values of the first derivatives oétle variables for the described model are assumed

891

© VIBROENGINEERING JOURNAL OF VIBROENGINEERING DECEMBER2011.VOLUME 13,ISSUE4. ISSN1392-8716



708.SIMPLE FRICTION MODEL OF THE GUIDING DEVICE OF A MEBANICAL SYSTEM: MASS, SPRING AND DAMPER
B. JANECEK V. KRACIK, J. SKLIBA, Z. HERDA, M. MAREK, J.BUCHTA

to be zero. In the following text we will denotestipring forceF, , which shall be the deviation
of spring power from the equilibrium value. Thelr@gdtial spring power is-mg, g is the
gravitational constant.

As already mentioned, the system in Fig. 1 is excity moving the base with position It

means that we know the time behaviorzdf), Vl(t):dzl_(t) and al(t):dZ%Z(t) fort>0.

dt d
Let us designate,(t)=z,(t)- z(t) . v.(t)= dz(;t(t) = dzét(t) - dfjlt(t) , where:

z,(t) s the relative stroke,
v.(t) isthe speed of relative stroke, or the relatjvees!.

We assume that the friction force in the mechanismapproximately determined by the
function from Fig. 2.

Fig. 2. Friction force as a function of relative velocity

The forces between the mass and the scissors nmischare drawn in Fig. 3.

I‘»‘z( t)

m

lF mErTIA(T)

Frric( l‘)l IFS( t)

Fig. 3. Forces acting on the mass from Fig. 1

The upward direction of forces and movement arssickened as positive.

Fagma () =—m d;ztzz(t) . Frema(t) is the inertial force, (1)

Fo(t) = - koz:(t), F.(t) is the force of the spring, (2)

FFRIC (t)= FDRV (t)+ FVlS(t)’ FFRlC(t) IS the frICtIOn force (3)
In the case of movement of scissors mechanigfn)= 0,

For ()= —Sign(v, (t)) Foy»  Fom (t)  is the force of dry friction, 4)

Fws(t): _K/ISVR(t) ) )
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=

vis

(t) is the viscous force of damper and guide mechanism
The forceF,(t) consists of two elements: viscous friction of guidechanism and viscous

VIS

force of the damper.
VectorF,...(t) in Fig. 3 is drawn for the casg\gT(t)>O , vector F (t) for z,(t)<0 and

vector F.,..(t) for v,(t)>0.
F..c(t) is the sum of two forces (see (3)).

Fpry(?)
[N]

Fstar

Frn

- +
0 vr(t)[m/s]

-Frv l
'FS‘TAT
Fig. 4. Dry friction force as a function of relative veitc

Frrs(t)
[N]

%
0 vr(t)[m/s]

Fig. 5. Viscous friction force as a function of relativelacity

The characteristic of the dry friction is nonlinedrhe discussed system in the model
calculation passes between “basic states” with ner-time duration. In one of the basic states
the relative speed is zero,(t)= 0, system is stuck — locked and in the second tfatepeed is

nonzerov,(t)= 0 and sign(v,(t)) does not change, system is released.
Movement of the system in the released state whehx 0 is described with the equations:

FINERTIA(t)+ Fs(t)+ FDRY (t)+ FVIS(t): 0, (6)
md ;Ztg(t) 1Kz, () + Sgn(v, (1)) Foy + KoV, () =0 _ .

In equation (7), describing the dynamics of theesysof Fig. 1, the dynamics of the scissors
mechanism is neglected. Inertial moments of thesaohthe scissors mechanism in the
mathematical model are considered to be zero. Theyd be neglected because the loading
massm is much greater than thmass of the arms of the scissors mechanism (terstgreater
in the case of the investigated nonlinear systeth thie air—spring).

In “basic locked state” when,(t)=0 movement of the system is also described with (6),

but:
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dz(t) _ dz(t) ©
dt dt

and

a2 _dz) .
dt? dt?

F,(t) is constantF (t) = F.const

F\/lS(t): 0’

Frnc t)= Fo 1) (10)

FINERTIA(t): -m dZle(t) =-m dzzzz(t) .

dt dt

We can rewrite (6):
INERTIA(t + F ConSt + FDRY( ) 0

Fore (t) = —Fipesna () — Fsconst (11)

The development of,(t) is calculated by integration of knowﬂfjit), with initial value,
t

which is equal to the final valug,(t) from the previous “basic state”.

First testing of the friction simulating algorithmas performed by the program that used
harmonic excitation signat,(t) with constant amplitudeA and linearly increasing frequency

(chirp signal), w(t)=k,t for te(0, T}, @, =kT,. .

z(t)= Asinlk t?), (12)
dﬁt() 2 Ak, tcos(k t ) (13)
d;?z(t) =2 Ak, (cogk t?)- 2k t*sin(k,t2)). (14)

Let us discus the case of chirp excitation signiéh wero initial conditions,z(0)=0 and

2
_dzaEO) =0. The initial acceleration of,(t) is d%z(o) =2 A k, . Letthe nextinitial condition of

system bez,(0)=0 and dzzd_t(o)=0. The initial value of the spring force is, in thisse,

STAT !

2
F.(0)= 0. Let us consider, that, was chosen in such a way as to hw{m%j <F

i.e. relative movement of the system at the begimms zero,v,(0)=0. In this case, when the

frequency of the excitation signal increases, sggpasses through the discussed two “basic
states” several times, relative movement is sevimas stuck — locked and then released.
When the frequency increases the system comee tstakes, where signs of(t) changes and

the system is still released. System no longer saméhe “locked basic state”.
Let us describe the system movement with the taxctire which will be close to the
structure of the program. We designate the begintime t,. The presented friction model

starts from initial conditions,(t,)=0, d;_(tl): 0 and dzé_ftl) =0. It means that(t,)=0. The

initial condition z,(t,) and parameters of the model (i.en , kg , K,s » Four + Fen
and stop — final time& _ ) can be set to arbitrary values in the program.

N

o
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2
The second derivation of, of chirp signal at timet =0 is non zero,ddzl(0)=2 Ak, .

tZ
2
For t>0 is %}t) smooth — continuous function. The same propeatyto valid for any

other excitation function, which can bee builthe discussed model of the system with friction.
2
The friction model which can work with excitatiorgisal with discontinuous‘%z(t) will be
worked out as well.
For simplicity of explanation, the program behavgédescribed only with a simpler model

that is specified as follows. The movement of tiystem is solved forz,(0)=0 and k, is

chosen so that ab{m$)< F.. - The system at the beginning timeg=0 is stuck —

STAT

locked.

1) We set initial values,(t,)=0, dzt) . 7,(t)=0, 92) _ . The variables2) ang

1
dt dt?

2
dz_z(tl) must be known for model computation. Their values time t are

tZ

d°z(t) _9°2(t) _, A\ | see(9) and (14),
dt? dt? !

2) if ab{md%gtl) + kszR(tl)) < Fgar (15)

Then starts the solution of movement of the systehich is in “locked basic state” i.e.
Vi(t)=0, z(t) is constant. The solution of the locked systent kél performed until time,,

when the condition

ab{md%th) + kSzR(tz)) =Fgu » (16)
is fulfilled.

After finishing the solution of “locked basic &&awe will compute the variable
FKINLAST = Sgn(mdSTzz(tZ) + kSZR(tZ)j FKIN ' (17)

which will be used in part 3) of the program, we se-t, , otherwise the system does not come
in “locked basic state”.

For the use in 3) we will compute
I:KINLAST = _Sgn[mdSTZZ(E) + kSZR(tl)j FKIN ! (18)

and
3) the system comes in “basic released stat) = 0 and during this “basic state” the sign of

v,(t) does not changes,, (t) is constant,
Fore (1) = Frnissr - (19)

Eq. (4) for computing ofF_, (t) cannot be used. Therefokg(t,)=0 at the beginning of
“released state”. Explanation of (17) and (18) Wl made in the following text. Movement of
the system is described with the equation
m%z(t) +KoZo (1) + Fonpe + KyeVa(t)=0- (20)

Basic statev,(t)= 0 will be solved until timet,, when speed comes to zero,
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Ve(t;)=0, (21)
putt, =t, and go to 2).

The algorithm will terminate at the specified fitiahe T ___ .

Conditions (16) and (21) are tested in Simulinkgedures with the use of “Hit Crossing”
blocks. If they are satisfied, the simulation ispgted using “Stop Simulation” blocks. For
proper function of these procedures we can not‘Dseivative” blocks. “Hit Crossing” block
uses iterative procedure to find an exact instdrinee when the condition is satisfied. If we
would like to excite the system with external ddkeg time interpolation in external data must
be made in Matlab after finishing the Simulink pedare.

In the previous description of the program, the efseondition (15) in case of,(t,)=0 is
physically obvious. Depending on whether this ctadiis fulfilled or not, the system comes to
“locked state” or “released state”.

The computation of “released basic statg(t) = 0 of the system begins at time, see part
3) of program description. Let us consider thatuse eq. (4) for computation &f__,(t,). At
time t,, v,(t)=0, sign(0)=0. This results inF,, (t)=0, which is wrong.F,, () must be
computed from the end of the previous “basic std®eévious “basic state” could be locked, or
released.

a) At first let us discuss, that previous “basic stawas locked. In the case of “locked basic
state” F,_ (t) changes in interval(- Fo,,, F,; ). In Fig. 4, F. (t) moves only on vertical axis,
eg. (11) holds. The time, whef_ (t) comes on borders of the mentioned interval was

designatedt, in part 2) of program description. At timg either F,(t,)=-F or

STAT
Fow (t,)= o - IN NEXt time,t > t, the system comes to “released basic state”rpdt) starts
to be eitherF,,,(t)=-F,, Or F.,(t)=F,, . In the discussed time development, in titret, ,
thesign of F,,, (t) does not change. For this reassgn (F,., () in the “released basic state” is
the same asign (F,,, (t,)) at the end of the previous “locked basic statéiisTact is expressed
ineq. (17) and (19).
b) Let us discuss the second variant, when the systenes to the “released basic state” from
the previous “released basic state”y/ft) was positive in the previous “released basic %tite

becomes negative in the next “released basic statd”vice versa. The change of signs of
F. (t) is expressed in eq. (18) and (19).

Structure of Matlab — Simulink program

It may seem from the previous text that the disedsalgorithm can be implemented in
Simulink as consisting of two subroutines. Firsbrewtine for solving “basic locked state”
when v,(t)=0 and the second subroutine for solving “basic Edastate” whenv,(t)= 0. But
the problem is, that second subroutine ought ta stad finish, see (21), with zero relative
movement. For this reason it was necessary to @lithds subroutine into two subroutines (but
with very similar structure). For the solution difetdiscussed algorithm we worked out three
subroutines in Simulink.

Parameters for test of the system with chirp excitgon signal

The system with friction was tested by a progralikTLAB with parameters:
m=100kg, k, = zoo% .

Spring constank, was chosen so that the natural frequency of tdamped system is:
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f =15Hz, o, =27 f,, k -—ma’~8883~ , F., =26N, F,, =18N.
m
The calculation was finished at tinfe_ =9.5s.
For excitation the amplitude of “chirp signal” wa&= 005m and maximal frequency
f,. =0.825Hz.

Coefficientk, ought to be computed from equation:

w 7 f
— max_ _ max 22
! 2 Tmax Tmax ( )
For our test:
k =Zm -7 T 02728
‘ 2 Tmax Tmax

Simulation results

Simulation results are presented in Fig. 6-9.

excitation Chirp signal

z[m]

==
T
|
|
|
[
|
-

Sw

— <,
I
= <%

O starts, stops or cont.of rel.mov.

|

|

1 2 9
t[s]

Fig. 6. System excited with ,chirp” signal, is dashed blackg, is full black, z, is grey, circles are time
borders between the basic states

Conclusions

The friction model proposed in this paper is aistatodel with stiction, dry and viscous
frictions. This model was used as a part of sinnutadf a system that was otherwise linear. The
excitation was executed with the smooth time funrctjienerated in Simulink. In the future we
would like to use this friction model as part ofr@re complicated nonlinear model including
an air-spring. This model will be excited with tmeeasured data for the purpose of
identification.

We offer the software (in Matlab 2007) that was riljodescribed in this paper as a
freeware. It can be sent to interested persons apuail request.
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excitation Chirp signal
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FIN]
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© starts, stops or cont.of rel.mov.
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Fig. 7. System excited with the ,chirp“ signhak
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t

excitation Chirp signal
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excitation Chirp signal

Fory [N], vglcmis]

starts, stops or cont.of rel.mov.

1 2

Fig. 9. System excited with ,chirp” signal_,, is doted,v, is grey, circles are time borders between the
basic states
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