Metadata, citation and similar papers at core.ac.uk

Provided by University of Huddersfield Repository

M

University of
HUDDERSFIELD

University of Huddersfield Repository

Wang, Ruichen, Chen, Zhi, Xun, Haijun, Schmidt, Karsten, Gu, Fengshou and Ball, Andrew
Modelling and Validation of a Regenerative Shock Absorber System

Original Citation

Wang, Ruichen, Chen, Zhi, Xun, Haijun, Schmidt, Karsten, Gu, Fengshou and Ball, Andrew (2014)
Modelling and Validation of a Regenerative Shock Absorber System. In: The 20th International
Conference on Automation and Computing (ICAC'14), 12-13 September 2014, Cranfield University
Bedfordshire MK43 OAL UK. (In Press)

This version is available at http://eprints.hud.ac.uk/22084/

The University Repository is a digital collection of the research output of the
University, available on Open Access. Copyright and Moral Rights for the items
on this site are retained by the individual author and/or other copyright owners.
Users may access full items free of charge; copies of full text items generally
can be reproduced, displayed or performed and given to third parties in any
format or medium for personal research or study, educational or not-for-profit
purposes without prior permission or charge, provided:

* The authors, title and full bibliographic details is credited in any copy;
* A hyperlink and/or URL is included for the original metadata page; and
* The content is not changed in any way.

For more information, including our policy and submission procedure, please
contact the Repository Team at: E.mailbox @hud.ac.uk.

http://eprints.hud.ac.uk/


https://core.ac.uk/display/30730302?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Modelling andValidationof a Regenerative
Shock AbsorbeBystem

RuichenWand, Zhi Cher, Haijun Xu?, Karsten Schmidt FengshoGu" and AndrewD. Ball*

ICentre for Efficiency and Performance Engineering, University ofddrsfield Huddersfield UK
’Departmenbf Vehicle EngineeringTaiyuan University of Technology, Taiyuan, Shanxi, P.R. China
3School of Mechatronics and Automation, National University of Defarechnology, Changsha, Hunan, P.R. China

*Departmenbf Computing and Engineering, Frankfurt University of Applied ScienEeankfurt, Germany

Abstract— For effective energyregeneration and vibration

dampening, energy regenerative suspensionsystems have

received more studies recently This paper presents the
dynamic modeling and a test systemof a regenerativeshock
absorber system which converts vibration motion into

rotary motion through the adjustment of hydraulic flow.

Hydraulic circuit configuration achieves the one way flow
and energy regeneration during both compression and
extension strokes. The dynamic modeling is performed for

the evaluation ofdesign conceptind the feasibility studies of

regenerative shock absorbeisystemtheoretically. Based on
simulated results, he effigency of hydraulic transmission is

optimized and validated in test system The results show
that the performance of hydraulic fluid, the features of
rotary motion and the capability of energy regenerationare

verified and compared between dynamic modeling and

experiments Meanwhile, the average power 0f118.2W and
201.7W with the total energy conversionof 26.86% and
18.49% can be obtained based on experiments under

sinusoidal inputs with 0.07854m/s and 0.1256m/s
respectively.

Keywords-hydraulic fluid; energy regeneration; modeling;
shock absorber;

. INTRODUCTION

Vehicles playan important rolearound theworld.
Meanwhile, the vehicles’ energy harvestingind the
improvement of energy efficiency have beenmore
concernedfor the last two decade In 2012, the oad
transports accounted for 74% (39,46®e, thousand tons

passive shock absorbaspeciallyfor electric and hybrid
vehicles.The energy consumption in a 4 DOF model has
been calculateavhich appoximately 200W by 4 wheels
on an irregular road by adjusting thelevantvelocity
between shock body and whepl-5]. In the study of Hsu
[6], a General Motors ‘impact’ model has been performed
to estimate the average cécoverableenergy for each
whed which equal to 5% (100W) of entire vehicle power
in motorwaydriving with the speed 085.8mph Zuo [7]
investigated the potential engy regeneration by
modelling of the road roughness and vehicle dynasnic
and 106400W from shock absorber at the driving speed
of 96km/h can be recovered.

Hydraulidpneumaticaccumulator is utilized as energy
storage, or restrairthe oscillationof the wheel Jolly [8]
employed thdinear motion control indriver seat dampe
which had ehydraulic device for energy regeneration. The
study of Jolly indicated that proper control algorithms can
improve the efficiency oénergy regenerationAoyoma PBj
found that the reduction of energy consumpi®able to
selfpower the actin of control bythe storage of exhaust
gas.

The oscillation in shock absorber can also be
converted intcelectricity which can power other devices
or rechargdoatteryby rotarylinearelectromagnetic motor.
Nakano [1611] applied twolinear DC motors tomprove
ride comfort bya selfpowered active control. In Nakano’s
studies, one motor worked as generator to power the other
as an actuator in order to adjust the performance of

of oil equivalenty of total transport energy consumption yipration. Suda [12] has proposedan electromagnetic
in the WK [1] For commercial Veh|C|eS, Only 10 to 16% of damper whichs Composd of DC motor, p|anetary gear

fuel energyhas been used faropel the driving2]. Most

and a ball screw mechanismC motor can rotate in both

of energy is wasted by the resistances from roagirectionsto supply power andrecoverenergy. Bose’s

conditions frictions and thermal exhaudtlowever, the

active suspension, Michelin activeheel and University

kinetic energy loss by shock absorbers is one of the matﬁ Texas’ activguspension System (ECAS@"F designed

energy dissipation in vehicles. Conventional daydic
shock absorbeconvertedthe vibration energy intothe

to improve the performansaf suspension systeamnd the
capability of energyregenerationby active control

dissipation of heat to ensure the ride comfort and roagrategie13-15.

holding.

Many manufactureandresearcherare focusdon the
regeemtive suspension system to convert

Hydraulic transmission can also convéirtear motion
into rotary motion to produce electricity by

MOr&yenerator/electric motor. Levant Power Corporatiod] [1

recoverable energy andecreise energy consumption has puilt and tested two generation of ‘GenShock’

while assuringhe high performance o$tabilities and road

prototypesfor energy regeneration and adaptive damping

reliabilities  Since the later 1970s, researchers havgontrol.z. Fang[17] applied a hydraulielectromagnetic
analysedthe feasibility of regenerativeshock absorber ghockabsorber (HESA) prototype tstudy the damping

theoretically. Karnop|p3] shovedthat themechanisnand

process forthe reduction of vehicle energy consumption

can beachievedwith energyregenerationn conventional

and energyegeneratioffieatures.



However, it has found that most these studies argypes of excitationdor stud/ing the performance and
based on experimental works, which is not sufficient fordynamics of different components
more accurate design to achieve optimizedtesy for
both energy regeneration and ride comfort. Therefore ll. MATHEMATICAL MODEL AND ANALYSIS
these forceson developing a model based emergy To obtain accurate understandings of thgamic
regenerative shock absort®stem which convertinear  pehaviourof the systenand determine parameters of each
motion into rotary motion bynodellingand testing. The component a dynamic model needs to be developtat
dynamic analysis of hydraulicperformancesand the  analysing the effects of different components on the
capability of energy regenerationare optimized and performance ofenergy regeneration.In addition, the
validated dynamic modeling will be critical for controlling
damping forces tachievethe ride comfort

ll.  DESIGNCONCEPT _ _
As shown in Fig.1, a prototypesgenerativeenergy ~ + Piston Motion _ _
shock absorbecan be designed teonsist ofa hydraulic For the easy understanding of the system, the input

cylinder, four check valve, a hydraulic accumulatora ~ Which isgeneratedy the actuatoris assumed to vary ia
hydraulic motora generator, pipelines arahoil tank.In  sinusoidal way according tbe form of

addition, the hydraulic motor is coupled wita DC

permanent magneticgenerator for converting the v = 2nf § sin(2nft) 1

hydraulic flow energy into electricity.
wheref is the frequeng ands is the amplitudeBased on

(1), therate of changingposition of the pistoS,at any
time can be calculated by

-9 Cap encthamber - S,=v )
Pcaprvcapr Acap N
Qeout Qe The volumes of the cap endV,,, and rod end chamber
— V.04 €an be calculated ) and (4) respectively:
chambe| 4 ]I )
TDjore
4 ‘];;Z(cjl: Vcap = Acap(SO =S = Tb(so - Sa) 3)
Arod-
Qrouts Qrin, . . DZDTB—DE0
é s oil \ Vioa = Aroa(So — Sg) = Zere=lrod) (5, — 5,) (4)
tank
Hydraulic Hydraulic yvhere,S0 is thg_ starting position of the pistoaferring to
accumulato motor its lowest pOSItlon.
N . . . . .
Voo o Due to the motion of the piston the hydraulic oil will
o 4 @m. be forced to flow oufrom the cylinder chambers. For the
pc Vafs T, .
V. v Pouts Jes flow going out through the check valvé®m the two
per 1 Ve .
Qum Qouts cylinder chambes Q.o and Q.o Can be calculated
based on thBernoulli’s principle according to
Actuator(v)
Generato(Py, Preg, U, |,

Py, Prr) ( —C.- . — 2z, —
Figurel. The schematic of regenerative shock absorber Qeour = Ca " Acy sgn(Pcap Pm) p |PC“” Pm'

. . . for Py > Py
The cylinder isadded two ports by a double actmg{

hydraulic cylinder. As the piston of the hydraulic cylinder 2
moves reciprocally due to excitations of oscillating roade“’"f = Ca~Acy* sgn(Proa _Pm)\/? |Proa = Fnl
profiles, the fluid in the cylinder will be forced to flow for Peog > By

into the fluid chamber of the connecting hoses in front of

the motor. Driven by the pressurized flow, the hydraulidn the same way the oil flow entering into the two
motor will produce rotary motion which will drive the DC chambersQ,;, and Q,;, can be calculated by

generator to produce electricity.

)

In order to realize the continue flow for driving the

2
_ _ ariving the (.., = Cy-Aey - sgn(Pm — Peap) * |- |Pn — Peap| »
hydraulic motor continuously, the flow direction is %{ o ¢ TR e T
I

for P, > Prap

2
Qrin = Cq " Ay Sgn(Py, — Prog) ; |Pr = Proal ,

for Py, > Prog

controlled by the four check valves arde pressure
oscillation is adjusted by the hydraudiccumulator.

(6)

To study the performance ofnergy regenerative
shock absorbesystem, the road excitationdseatedoy an
actuator which can be controlled to produce different



Where C, is the dischargeoefficient; A, is the area of where, k, andV, are the suctural compliance of the
check \alve port Pep, Poq and P, represent the accumulator inlet port structurand the accumulator
pressure in the cap end chambehe rod end chamber capacity.

and the motor inlet chamber respectivelgnd p is the

: ) As the hydraulic accumulator is mounted before inlet
density of the oil.

of hydraulic motor, the total volunig before motoiis the
The deck valve isready toopen if the pressure out hydraulic accumulatofluid chambeW,s and the volume

from hydrauliccylinder is higher than that in the other including that of pipeline and the hydraulic motor

end, plusthe cranking pressurés provided by the spring chamberVy,, . In addition, the pressure lossn moving

force. Hydraulic oil flowsthroughthe orifice and propel fluid at different velocityacross though the pipelinis

the laminar resistance if it is open. If check valve igneeded to be considered based on Duvejsbach

closed, the leakage of flow is considered to pass thequation 19]. Therefore, he pressur®, and flowQ;, at

laminar resistance.The discharge coefficientwhich  the inlet of thehydraulic motor inlet are shawas follows

depends on geometry and distribution of orificeised to  (11)-(13):

calculateturbulentflow through orifices of check valve.

The reduction of orifice area by cranking pressure and P, =2 Quous + Orout — Om) (11)

leakage area are neglected in modelling instead by a Ve

constant value.

) ) ] ) Vt = Vlm + Vaf (12)
With theflows and piston motions, the pressures in the
two cylinder chambers can be calculated by Q,, = 2m&m. (13)
m 21T v
Pc.ap = VL(Acap "V — Qeour + Qcin) Pioss = ?’DZZLLPM (14)
: cap pipe pipe
Py =19 . (7

B
Prog = 5— (Aroa * (=) = Qrout + Qrin) , . ) .
8 Vroa TP rout T whereD,, is the displacement of hydraulic motar,, is

the shaft speed of hydraulic motor and generatois
wherethe bulk modulus of hydraulic oils f and can be  the volumetric efficiency of hydraulic motddy,.is the
obtained byHoffmann’s model{8]: diameter of pipelinguis the dynamicviscosity of shock
oil, L is the length of pipeline.
With the action of the pressure {11), the hydraulic
motor will generate a drivingprque T,,, which tends to
produce shaft rotatioand can be estimated:by

ﬁ = ﬁPmax[l - exP(—O-‘l' —-2X 10_7P)] (8)

to reflect the dependency of hydraulic fluids
compressibility on pressureamplitude volume and
entrained air.fpnax IS reference bulk modulusThe

. .. . . . . Dm(Pm_Ploss_Pout)
entrained airinduces inevitable air bubblesiuring the =" (15)
operation in test system which is effect on the efficiency
of hydraulic flow whereP,, is the pressure of hydraulic motor outiethe

B. Hydraulic Accumulator and Motor tank pressure

It can be found from above equations that the flow rat€. Torque and Power
and pressure will highly oscillate because lo¢ time The tydraulic motor is coupled tihe DC generator by
varying motion of the pistorifo smooth the flow, a gas g shaft coupling Assuming thatthe rotational friction
charged accumulator with fast dynamic responses igrqueT,; for the the DC generator and the motorTs,
usually connected into the hydraulic system. the moment ohaft inertiais J,, andload for generating

Generally, there are two chambersargascharged ~€lectricity is Ty need the rotational motion of the two
accumulator, gas chamber and flaltambernitially, gas ~ motor will be
chamber is charged in pobarge pressurg,. so that
obtain the initial volumé&,,..as well Normally, pressure
in gas chamber is equal to that in fluid chambére
effect of gascharged accumulator is reflected by the
changing volume influid chamberV,;. Therefore, the
equations can be written as:

Jewm =T — Trf -T, (16)

The calculations of moment of inertiar fmodelling
ard test areshownin (17). In test system, the mass of
rotational components includes shafgrmature of
generatorand orbiting gear. Therefore, the total moment
of inertia in modelling is given by:

Vpc =k - Ppc €))
1 1 1
. ol Je=5 mpri o omg et Ao mg g (17)
Vc(ﬂ)k+VC<1 —ﬂ)
pc\p, Pey . .
V.= 10 where,m;, andm, are the mass of rotational shafts in
af = for Py, > Py (10) . g .
hydraulic motor and DC generatoy. and r, are radius
ks Pey, for Py < Py of shaftsm, is the mass of generatarmaturer, is the

distance of axis rotation of armature.



The rotational friction torqug20] can be expressed by:

( “’th'ctv+((Tbk_Tc)'e_mth.CV+Tc)'wm

,
Wth

= fOT' |wm| < Wtp
| W Cry + ((Tbk - Tc) cemom o 4 Tc) ' Sgn(wm))v
k for

Ty (18)

|wm| = Wtp

where, Ty, and T, are breakaway friction torque and

coulomb friction torqueC,, andC, are viscous friction

coefficient and the coefficient of the transition betwee

the static and the coulomb frictions,, is the velocity of
thresholdIn modelling analysis, externladT, is instead
by a constant normally.

Rather than aconstantload, the toque due to
generatois modelled as

T, =c wp+Teon

(19)

to include the effects dhe high speed fluctuation and the

basic operation process of the DC generatoder
constant resistive loadThe load coefficient ¢ can be
adjusted based on the electrical powatputand motor
averagespeed.

The effective mechanical poweinput P;,,,, can be
calculated by:
Pinput = Pcap 'Acap "V + Prog - Aroa -V

(20)

During theexperiment, theotentialelectrical power

is obtained by measuring the voltage and current at the
two terminals of a load resistawhich can be calculated

by:

Preg=U-1 (21)
The power output by generator is always less thahe
mechanical power input from motbecauseof different
lossessuch aghe mechanical andlectricallosses

TABLE I. ADDTIONAL PARAMETERSIN MODELLING OF
REGENERATIVE SHOCK ABSORBERSYSTEM

IV. EXPERIMENTAL VERIFICATION

A. Test System

According to the design concept in Fig.1 and
preliminary calculéon based on the models in section IlI
a test system was developedetmluatethe performance
of energy regeneratidmased on the dimension of a typical
shockabsorbercommonly used @ommercial carFig. 2
illustrates the testsystem of the shock absorber The
specification of key components includingl@uble acting
cylinder, a diaphragm accumulatdqur check valvesan

norbiting gear hydraulic motor arapermanent magnetic

DC generatois provided in Tablél.

To simulate roadexcitations, ad-poster ride simulator
was usedto test the system under given motiods
shown in Fig.2, one end of trdouble acting cylinder is
fixed to one ofthe 4 actuatos available in the simulator
and the other end is fixed on a heavy framehsat the
pistoninside the double acting cylindean be driven by
the actuator to follow the corresponding oscillation
motions which are realised by controlling the hydraulic
systems of the simulator.

“hydraulic motor
DC Generator

2.Speed transducer

3,4,5,6,7 Pressure
transducer

8. Voltage transducer

9. Current transducer

PowerDAQ

Computer Analysis
Figure2. The main components of regenerative shock abseyiseem

Symbo Parameters Symbo Parameters To examine the pressure variations and estimate the
| Value Unit | Value Unit flows in the system, five pressure transducers are installed
Ve | 2107 - Vi, 016-10-3 me as shown in Fig.,2o0 measure the pressuretire cap end
Vooa | 1.3-10°° -~ iy 63.5% @oorssams|  chamber, the rod end chamber, line pressures before and
73.5% | ©@0016™ | after the motor regwtively. An LVDT transducer is used
Agp |2-107° m? Ji 0.003 kg/m? to measure the piston displacement. A shaft encoder is
Anq | 1.3-107° m? Th 1 Nm used to measure the motor speed. In additionle@g®
So 100 mm T 0.01 Nm sensor and a current sensor are used to measure the
Cq 0.6 ! G 0-205 Nm/(;";‘dls) electrical output consumed by a power resistor 61.141
Ay 131007 | m Cy racis of these sensor outputs are fed to a multiple channel data
Bpmax 1.8-10 Pa Wip 2 rad/s e hich I he d 40 kH d
- 55 101 . 0.0525 | Nmi(radis)| 2cquisition systemwhich collects the data zan
s . I 12bit resolution foe comparisomvith the model results
k 14 Teon 0.2 Nm p
L 0.75 m 22 cSt

n
The components data hased in bothest systenand

Both modelling and experimental analysis areler
the condition of sinusoidal inpw with different

dynamic model The key parameters for the dynamicympjitudes and frequeies whichallow the analysis to be
analysis are shown in Table In addition, not only arried out with high accuracy and gain a general

hydraulic motor _efficie_ncy, but also total torque and bu"ﬁmderstanding the dynamic behaviour of the system.
modulus are varied with pressures which can be found pecifically, two typical inputs0.07854n/s at 0.5Hz
(8) and (11). (25mmstrokd and 01256m/sat 1Hz Omm stroke) are



examined in this study for validating the model at low anarifices in check valve aralso enlarged to reduce the

high inpusrespectively. effect offlow dischargedueto (5) and (6)
M d t 0.1256m/s(1Hz 20mm)
TABLE II. MAIN PARAMETERS OFREGENERATIVE SHOCK p ee:sure pr'essuresa ’ms .Z m =
ABSORBERSYSTEM e
<]
Specification 5
Components ; >
Componentsin test system g
Cylinder Smax. =200MM | Dpore =50mm | D,oq =30mm *
Accumulator P,.=20bar Vpe=0.16L 1/2
Nominal ; Timets)
Motor Dm=8.200 speedi450’pm Dh =16mm Simulated pressures at 0.1256m/s(1Hz 20mm)
DC output, AN A AN AN AN
Generator | includes built in 2.33 phase D, =17mm 5 O i/ ‘B / i A A /
i magnetic field g = v v : \ f\ v v\ i
rectifier e i ; R TR
P,=%0.4/0.7 $ 20 : : : I I
Checkvalve |  3/8'BSPP M e | (cranking g i
pressure350bar pressure)
H =38 Max ° B ]
ose Dpipe_ pressure=800bar 0 1 2 3 4-|—|me(5)5 6 7 8 9
4-poster Max. Static load. Preload.
actuator velocity=1.9m/s =550kg =60kg Figure4. Measuredind simulaédpressureat 1Hz 20mm
B' Va“datl ng ReSUltS and DIS:US on Shaft Speed at 0.07854(0.5Hz 25mm)
In test system, a feamountof air containsn cylinder Szzq A
chambersand hydraulic circuitin form of air bubbles in = ° 1 I\ A
test system leads to the reduction of railiability and g0 { - 1R 1
effective bulk modulus. And, air bubble is possible to %4"0 { [ IR
produce unexpected noise and shock, and reduce the 30— \f X \[ :
service life of cylinder.According to (6)(8), the air o e e
exhaustvalve is employed toninimize the air cavity and Time(s)
air bubble inhydraulic system Oil tank is also used to Shaft Speed at 0.1256m/s(1Hz 20mm)
compensateil timely in return flow In addition, based on ool 1A & 1x Ig In (& In
(11) and (14), low dynamic viscosity of shock oil is f\ \ \ H H \ \ \ H
employed and the length of hose islueed to prevent £ 600 !
pressurdosswhen oil flows through it. ;&) \ ‘ ' ‘ | k ! ‘ \ ‘ \ ! k
A AT A AT AT AT AT AT A
Measured pressures at 0.07854m/s (0.5Hz 25mm) 500 V VV v v V VV vv V lf
40 Q < L -
X N m————— 0 1 2 3 4 5 6 7 8 9
g 30 ~, Time(s)
2
§ 20 - Figure5. Measuredaind simulagd shaft speeds
g
a 10 Measured wltages at 0.07854m/s(0.5Hz 25mm) and 0.1256m/s(1Hz 20mm)
Oo 1 2 3 4 5 40 .-"A“ "n': ” ‘ "‘" ., H 0.1256m/s ||
Time(s) s | [ R R U | R R U R R 0.07854m/s
Simulated pressures at 0.07854m/s (0.5Hz 25 2 Y P A k i b : i ; ".‘ 3 ".l N
40 = g3 YRy R eriy ;
h \ 7 \ 7 s \ ¥ d \"’ \ ‘
1" ViV VY i e
1 v T\
a3 % 0 1 2 3 4 5 6 7 8 9
4 1 : : ] : Time(s)
a 10 Measured currents at 0.07854m/s(0.5Hz 25mm) and 0.1256m/s(1Hz 20mm)
. i 8
0 - o > . .
0 1 2 3 4 5 6 7 8 9 L4 ) 7 i i
Time(s) @ ' i |
Figure3. Measuredand simulatdpressureat 0.5Hz 25mm § 6
(]
5
In Fig. 3 and Fig4, the pressuresf cap end chamber, .
rod end chamber and hydraulic moiolet are simulated o 1 2 3 4 5 6 7 8 9
and measured Equation 9) and (10) indicate that the Time(s)
volumevariationof hydraulic accumulator regularizes the Figure6. Measuredioltagesand currerg

hydraulic flow to improve the efficiency of hydraulic
motor in lowspeed or higipressureMoreover a few of t
pressure is consumed to propel the cranking pressure ?

compressing the spring in check vallretest systemthe 0 pro
length ofcheck valve spring is cut 1/3 to decrease pressurﬁ
loss and increase dynamic response of oil flow. Thée

In Fig. 5, the average shaft speeds for modelling and
at 0.1256m/s are 548.ipm and 510.8pm
ximately, which are 393.4 rpm and 364.8 rpm at
07854m/sThe shaft speed depends on total torque and
e moment of inertiaA heavy generator isitilized in
sting. The large moment of inertia can act as rotational



kinetic energystorage toimprove the stability of rotary [2]
motion The stable shaft speed assists the energy
regeneration by DC generator. (3]

In Fig. 6, the voltage and current are measured by
voltage and current transducers in test system. The
average voltage and currened?2.8V, 32.7V and 5.05A, [4l
6.03A at 0.5Hz and 1Hz. The voltage output depends
upon generator armature speed, field curieithehigher
armature speed and field current, thstronge g
electromotive force is induced to produce the effective
electricity.

Measured powers at 0.07854m/s(0.5Hz 25mm) and 0.1256m/s(1Hz 20mm)
350 T T

4 3 A 4 0.1256m/s
i i i 0.07854m/s

6l

i
300

(7]

250 -

e

0 1 2 3 4 5 6 7 8 9
Time(s)

Power(W)

9]

100

[10]

[11]
Figure7, The capability of energy regeneration

In Fig. 7, the capability of energy regeneration isiy
shown for0.07854m/s and 0.1256m¥ghich the average
power outputs are 118.2W an#01.7W. The average
mechanical power inpsitare 440W and 1091\Wso the
system energy conversion efficiency 26.868% and

18.49%. [13]

V.

A regenerative shock absorber system is set up amth]
tested, which utilizes hydraulic and mechanical
transmissions so that it can convert the linear motion intB-5]
rotary motion to generatgectricity by excitation input. A
dynamicmodelling of regenerative energy shock absorber
system has been analysed to guide thst system
theoretically. Thedynamic modelling andtest systenof
energy regenerative shock absorber are evaluatet
optimized with sinusoidal input.Hydraulic circuit used
check valve to derive ongay flow. The results indicate
that hydraulic circuit configuration regularizes the
hydraulic flow to improve the efficiency of hydraulic
motor in low-speed or higipressure In parallel, DC
generatoris providedmuch more stable shaft speddr
high efficiency of energy regeneratioMeanwhile, the
capability of energy regeneration iexperiments at
0.07854m/s and 0.1256m#btains the averagepower
118.2V and 201.7W, while the total energy conversion
are26.88%6 and18.4%%.

CONCLUSION

[16]

[17]

(18]

[19]
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