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Abstract: - Design of an electromagnetic regenerative shock absdshbproposedn this paperin order to
increase the efficiency of land vehicles the sources of energy lsseso beeliminated, or reducd. For this

reason, several systenrecoveing kinetic energy anatonverting it into electrical powewere studied and
designedn the last years. This energy, converted into heataditional systemds recovered to increase the
autonomy of the vehicle. The proposed device is constituted by a stator part which cpilscadén an
innovative disposition. Thenoving part is constituted by a rod made in stainless steel with alternated
permanent magnets and spacers, so tiatrdlative motion generates a great variation of the concatenated
magnetic flux on the coils\ dampermathematical model is implementedorder to characterize the device
operating. Several finite element analyses, conducted in ANSYS Workbench Magnetostatic, have confirmed
the magnetic field and flux values obtained through the theoretical analysis.

KeyWords: - Suspension; Regenerativiamper; Bergy harvesting; [Ectromagnetic shock absorber; FE
magnetostatic analysis.

1 Introduction involving many complexities. Cassidy et aB] [

In the last years, automotive research aims to Studied an electromagnetic device for energy
maximize the passengers comfort and the efficiency harvesting from civil structures based on the
of all vehicle components. Especially in hybrid Conversion, by means of a batirew mechanism, of

vehicles,the energy lossdsave to beninimized, by the I_megr motion in rotating motion. The same
recoveing more energy as possible from all solution is adopj[ed byAmat! et adl][that use a ball _
installed devices. fie kinetic energy is commonly ~ SCréw mechanism to design an electromagnetic
dissipated into heatn the case of brakes or damper for automotive applications. Several
suspensions. The amount of recoverable braking Authors have designed and studied this type of
energy is much highehan is possible to obtain by a  Solution b] [6] [7]. Yin et al. [8] ®mpare a damper

suspensions system. However, there are manyWith ball screw mechanism and a damper

studies regarding the possibility of energy Cconstituted by a gearbox and an electric generator.

electromagnetic dampevghich have to be compact ~ introduces a significant unsprung mass due to the
and efficient. For this reason, almostsalutions of ~ [nertia of the rotating components of the device. Li
electromagnetic dampers are based on the use of€t @l [ propose the design, bench experiments and

dampers are not only used in automotive field, but Paseéd on a permanent magnetic generator and a
even in civil structures in order to damp the rack-pinion mechanism. Results show that variable

vibrations and thereby reduce or eliminatenbise. damping coefficients and the asymmetric feature i
The wind or even the earthquakes, moreover, jounce andrebound motions are achieved by
produce vibrations that must be damjedrder to controlling the electrical load of the shock absorber.

recover the energy. Some authors have proposed Moreover, a peak power of 68 W and average power
different types of electromagnetic dampers. 1p [ ©f 19 W are obtained from arototype shock
and [2] these electromagnetic dampersbaged on ab_sorber when the vehicle is driven at 48 km/h on a
rotaly actuators which require a motion converter fairly smooth campus road. Suda et al. J[101]



presenta method to solve the problems in active and system using a phasead controller is excellent in
passive control systems: in passive suspension anreducng the vibration of a ondegreeof freedom
energy regenerative damper system which converts suspension system.

vibrations into useful energy is proposed. The In this work, Authors stud an innovative
hybrid system comhbis this energy regenerative electromagnetic damper consisting of a stainless
system and active control in order to achieve good steel rod havinga great reluctance and a greater
performance of vibration reduction with few energy mechanical strength than tl@uminum alloy rod
consumptionNakano [12 applied the systenn a usal in [16]. The main difference consists in a new
truck cabin suspension. Another important disposition of the coils with respect to other
application of regenerative dampés related to literature studies in fact, the axis of each coll is
renewable energy production. In fact, dampers are perpendiculard the damper axis. The magnets are
used to recovery energy from the sea wave motion stacked with reverse magnetization g&£i3] [24], in

[13] [14] [15]. As already mentioned, the use of ball order to direct the magnetic flux toward the spacers
screw mechanism inevitably reduces the device (which have great magnetic permeability) and,
efficiency. Moreover, the rotor inertia tife rotating finally, toward the coilsThe mathematical model of
generator could have side effects on the suspensionthe damper is defined considering the variable
behavior. For this reason, many studies aim to inductance of the coils with the movement of the

design linear electromagnetic regenerative shock
absorbers. Themay have several configurations,
though is strictly necessary the use of reaeh

permanent magnets that produce a strong magneticmodel

field. On the other hand, the configuration of the
stator coils can bearied in order to investigate the
better solution in terms of damping coefficient,
stability and efficiency. More frequently sied
configurations have the coils arranged with their
axis aligned with the magnets axis and with the
damper axis [16] [17] [18[19]. Oprea et al. [16]
analyzed an electromagnetic damper optimizing the
device configuration by means of finite element
analysis. They correctly affirm that the rod
supporing the magnets and spacers should be
highly reluctant but they doot specify the used
material. Moreover, they used the optimal size of
magrets and spacers [Rand, finally, Authorscarry
out a themal anaysis. Nagode et al. [15tudy two
types of electromagnetic dampers for railroad
applications andmplementa prototype. Zuo et al.
[18] designand arry out analysis on a retrofit
regenerative shock absorber. The wave form of the
regenerated currents isuch irregular and for this
reason [1Bthe Authors studya circuit in order to
correct he power output. Tang et al. [1®esignand
optimize a tubular linear electromagnetic damper
consisting of an aluminum rod with axial magnets
and spacers. They optineid the thickness of
magnet and spacer to obtain the maximum power
density. Moreover, they analyzed a new
configuration of magnets and coils and compared
the resultsin the paper [21]wo configurations of
regenerative electromagnetghock absorber are
developed:a linear device and a rotary device.
Performance ofthese shocks in a laboratory test
stand and in a smadlll-terrain vehicle is described
The paper[22] shows that the magnetic damper

stem In fact the magnetic circuit reluctance is
variablebecauseéhe thickness of the air gajaries
during the stem displacementhe mathematical
is implemented in Matlab Simulink
environment in order to characterize the device
operating. The magnetic flux density, previously
analytically calculated,si verified by means of FE
analysis using Ansys Workbench Magnetostatic.
Finally, the damping coefficient and the energy
harvesting potential arevaluated considering that
the connection toa harvesting systenproduces
substantial variations in the suspension behavior.

2 Geometry and magnetic flux

determination

The studied device is constituted by a sliding and a
ferromagnetic cylindrical part setting up thttor;
some slots are realized in order to place th
electromagnetic coils. The stroke of the damper is
equal to 207 mm, the stator outer diameter is equal
to 66 mm and 100 mm in the section where coils

are placed (Fig.1). The slots allow placi2g coils,
positionedin order to synchronizé¢heir effed, in
terms of force on the stentig 1(a) shows the
longitudinal section of the stator and the layout of
the coils (schematically shown). In particular the
coils axes are disposed perpendicularly to the
translation axis of the stem. The tubular part, wher
the coils are not present, acts as a rail for the stem in
order to support possible bending actidrsgs of
rareearth permanent magnets are plairethe rod
constituting the sliding part (Fig. 1bJhe magnets
are stacked with alternated magnetizatdirection
and they are separated by means of ferromagnetic
spacers. This configuration, in accordance with [19],
allows maximizing the magnetic flux conmted


















