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MR DAMPER INVERSE MODELING

MATEUSZ WOLNICA*

DEPENDENT ON OPERATING CONDITIONS

SUMMARY

For semi-active control of vehicle suspension magnetoreological (MR) dampers are usually used. Construction of such
dampers suggests that their properties should be dependent on fluid temperature, current of the coil and the relative
velocity of the rod, which all change during operation. Then, an inverse model used to work out the current based on
the required damping force may not be adequate, and performance of the overall semi-active control system can be
significantly degraded. MR damper reaches its operating temperature in a short period of time, and thus it should be
modelled, and the obtained inverse model should reflect such state. However, it has been observed that the hysteric be-
haviour of the MR damper significantly differs depending on the current. The paper presents results of such analysis and
recommends using a set of simple models appropriate for different ranges of this parameter. During control the models
should be switched to guarantee the best operating conditions. Experiments for this research have been performed using
MTS system.
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MODELOWANIE TEUMIKA MR Z UWZGLEDNIENIEM WARUNKOW PRACY

W polaktywnym sterowaniu zawieszeniem pojazdu mogqg by¢ wykorzystane ttumiki magnetoreologiczne (MR). Z wila-
Sciwosci konstrukcji thumika wynika, ze na jego prace moze wplywaé wzgledna predkosé tloczyska, natezenie prqdu na
cewce tlumika oraz temperatura cieczy MR. Kazde z tych parametrow moze ulegac zmianie w trakcie dzialania tlumika.
Ttumik MR osigga stalq temperature pracy w krotkim okresie czasu i dla takiej temperatury powinien by¢ modelowany.
Jednak zaobserwowano, ze dla roznych wartosci natezenia prqdu na cewce tlumika charakterystyka tumika zmienia sie.
W pracy przedstawiono wyniki opracowania kilku prostych modeli odwrotnych dla roznych zakresow natezenia prgdu.
W trakcie sterowania wystepuje przelgczanie miedzy poszczegolnymi modelami odwrotnymi w zaleznosci od warunkow

pracy. Dane eksperymentalne zebrano wykorzystujqc do badan tumika maszyne wytrzymatosciowq.

Stowa kluczowe: tiumik magnetoreologiczny, modelowanie odwrotne, harmonogramowanie wzmocnienia

1. INTRODUCTION

For semi-active control of vehicle suspension magnetorhe-
ological (MR) dampers are usually used (Wang et al. 2011,
Kamalakkannan et al. 2012, Krauze 2011, Wolnica et al.
2013, Kurczyk et al. 2013). Construction of such dampers
suggests that their properties should depend on the current
of the coil, the relative velocity of the rod and temperature of
the fluid, which all change during operation. Then, an inver-
se model used to work out the current based on the required
damping force may not be adequate, and performance of
the overall semi-active control system can be significantly
degraded. MR damper reaches its operating temperature in
a short period of time, and thus it should be modelled, and
the obtained inverse model should reflect such state. Howe-
ver, it has been observed that the hysteric behaviour of the
MR damper significantly differs depending on the current.
The paper presents results of such analysis and recommends
using a set of simple models appropriate for different ranges
of this parameter (Fialho et al. 2000). During control the
models should be switched to guarantee the best operating
conditions. Experiments for this research have been perfor-
med using a material testing system (MTS).

2. MR DAMPER MODELLING
AND INVERSE MODELLING

In this paper, in order to capture the damper behaviour, a casca-
de of nonlinear hypertangent models is used (Bouc 1967, Guo
et al. 2006, Sapinski 2009). Construction of an MR damper
is shown in figure 1.
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Fig. 1. The construction of MR damper: 1 —rod, 2 — coil power
cables, 3 — coil, 4 — ring, 5 — annular gap, 6 — piston, 7— MR
fluid, 8 — cylinder, 9 — membrane, 10 — accumulator

In experiments the MR damper produced by LORD com-
pany (RD-8040-1) was used. Its properties are shown in the
table 1.
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Fig. 2. A cascade of inverse MR damper models, further re-
ferred to as inverse models M;
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Fig. 3. The F, parameter dependence on current
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Fig. 4. The ¢, parameter dependence on current i

An inference is proposed to decide, which model should
be used for the actual input current i. To reflect operating con-
ditions well, the modelling should be performed for data ac-
quired after the MR damper reaches its operating temperature.

Two complex inverse models, developed for the whole
range of operating conditions are presented below for com-
parison. First inverse model, M,, is described using (1),
where parameters £, and ¢, are second-degree polynomials
dependent on the current. Parameters do not have any phys-
ical meaning:

F, = fii* + figi + fi3 = —2057i% + 3356i +192

4)
o = fiai’ + fisi + fig = —95i% +109i + 45
M, is can be described as follows:
i —(flztgh(ﬁ((fc—z') +p (x —z))) + fis (J’c—z') +p, (x—z))+\/X 5)

2(fitgh (B((t = 2) + py (x = 2))) + fig (¥ = 2) + Py (x - 2))

where:

A = {fj;tgh (B ((x - i) + Py (x - Z))) + fis (x = z') + Py (x - z)}2
-4{futghB(x—2)+ p (x —2))) + fia (X = 2) + py (x — 2)}-
{fistghB(x—2)+ i (x - 2)) + fis (k= 2) + Py (x —2) - F}
The second inverse model, M,, is described using (1),
where parameters F, and ¢, depend on the square root and

linear polynomial (Plaza 2008), respectively. Parameters do
not have any physical meaning:

E = fyNi+ fy = 1586¥i +79

. . (6)
Co = fosi + fou =170 + 54
M, takes the form:
2
: =(—fzs(*—2')+1’z(x—z)+aj %)
2/utgh (B((k = 2) + i (x~2)))

where:
A:fm()'c—z')+p2(x—z)2 -
—4 f5,tgh ([3 ((x = z') + p (x = z))) .
Unteh (k= 2) + pi(x = 2))) + S (¥ = 2) + P2 (v = 2) - F}

4. EXPERIMENTS

Simulation experiments have been carried out to verify per-
formance of the control system operating with the cascade
of simple models, and results have been compared to those
obtained with sophisticated models M, and M,. Performance
indices have been defined as follows (Sapinski e al. 2003):

e = LT(ie ~i,) dt

er = [ (=) (e (®)
2l 79
ey = LT(ie ~iy,) d—’;dt,

where i, and i,, denote experimental values of the MR dam-
per current, and the simulation value of MR damper model
current, respectively. Criteria e;, e,, e; define the difference
between i, and i,, as functions of time, displacement and ve-
locity, respectively. Obtained results confirm advantages of
using a cascade of simple inverse models. Validation scheme
is shown in figure 5.

For validation, the current is changed from 0 [A] to 1 [A]
with the step of 0.1 [A]. The frequency and amplitude of ex-
citation are constant and set to 2 [Hz] and 25 [mm)], respec-
tively. Performance indices are used to compare two inverse
models developed for the whole range of operating condi-
tions and the proposed cascade model. Numerical values are
shown in figure 6 and collected in table 2.
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Fig. 5. Validation scheme of the inverse MR damper model
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Fig. 6. Time plots of performance indices: a) the difference between i, and i,, as functions of time, b) the difference between i, and i,

as functions of displacement, c) the difference between i, and i,, as functions of velocity
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Table 2
Performance indices for all inverse models calculated during
validation
Model e (2} e
M, 1.266 0.02018 0.2509
M, 1.485 0.02362 0.2968
M, 1.090 0.01752 0.0940

Sometimes MR damper does not reach desired force val-
ues, because of its dissipative properties. Similar phenome-
non occurs for inverse MR damper models.

5. CONCLUSIONS

In the paper, three inverse MR damper models have been
compared. Models M, and M, are those developed for the
whole range of operating conditions. In turn, model M; is
proposed in this paper as a cascade of simple sub-models,
each for a different range of the coils current. Three perfor-
mance indices have been used to validate the proposed ap-
proach. It has been shown that it is possible to use a cascade
of simple models instead of a complex inverse model. The
performance of the cascade model is better than that of com-
plex models. The difference between experimental data and
the cascade model data are relatively small for the whole ran-
ge of operating conditions. The usage of a cascade of simple
sub-models guarantees the ability to implement in practice.
In case of more complex models its usage can cause additio-
nal phase shifting during system operation.

The work reported in this paper has been partially finan-
ced by the National Science Centre, decision no. DEC-2011/
01/B/ST7/06027. The author would like to thank Mr. T. Ma-
choczek for his help in performing experiments on the mate-
rial testing system.
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