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Abstract : The regenerative suspension system (RSS) is a device that converts the kinetic energy of an oscillating object into 

electric energy. Normally, this kinetic energy is dumped in a form of thermal energy in a conventional of mechanical shock 

absorber The suspension systems in modern vehicles better work of dissipating energy. The onward energy in a vehicle to be 

changed into vertical energy can be form at any bump in the road or terrain. The energy existence that is wasted from the modern 

vehicle suspensions systems can be harvested and converted into a form that can be used in a different part in the vehicle. More 

purposely, this energy can be transformed into electrical energy that can be used to charge a car battery. This could possibly 

balance in small or more of the work done by the alternator, resulting in rose up of fuel efficiency. If this system is carried out in 

electric vehicles, energy regenerated could recharge the battery and will longer the distance of these vehicles to travel. The 

method used for this project is to conduct the experiments on the electricity generated from piezoelectric cells that are attached to 

the suspension system and its conversion. The main target of this project is to design and operation of the RSS. 

 

IndexTerms –RSS(Regenerative suspension system), piezoelectric cells, electricity, kinetic energy of vibration. 

I. INTRODUCTION 

 

                 A source of mechanical energy is harvest by the vibration excited by road unevenness [3]. It is converted into electrical 

energy to compensate for the energy consumption by the active suspension which is call as “Regenerative Suspension System” 

(RSS) [5, 14].Shocks absorbers are used to decrease oscillation by absorbing the energy stored in the springs when the wheels of an 

automobile reciprocates [8]. The shock absorbers turn the KE of suspension movement into thermal energy or heat energy to be 

dissipated within the hydraulic fluid. Still, this kind of kinetic energy can be converted into electric energy which in chance can be 

stored in a battery [6]. It is possible if RSS is used. One advantage of the regenerative energy based suspension is that they could 

offer potential fuel savings up to 3%, or estimated by 0.3–0.5L per 100 km[15]. This is particularly essential if an electric vehicle is 

considered. The overall efficiency of the electric drive is getting higher by converting the oscillation energy and storing it in the 

battery. , automobile energy harvesting technologies have attracted more attention in which a harvested average power of 350W 

could be achieved for a medium-size sedan (four energy-harvesting dampers). For heavy-duty and off-road vehicles, the 

regenerative suspension can effectively provide a wide range of the harvestable power over 1kW which is worthy of being 

recovered regarding improvements in fuel efficiency. [1] 

This paper focus on reliability of the regenerative suspension system which the experimental will be conduct to identify how much 

the source power will it produce and does it is useable to use for the vehicle. Another objective for this project is to design and 

fabricate the regenerative suspension system. 

II. DESIGN AND WORKING PRINCIPLE 

 

                 Design of a regenerative suspension system starts with selection of piezoelectric cells for maximum electricity output. 

Spring material also plays an important role in this design. Here an assumption of irregular terrain is made for the sake shocks 

required to produce electricity. In our model cam and follower are used to produce the required shocks.  

                                             

                                                                 a)                                                                                b) 

Fig 1. a)  CATIA  model of Regenerative suspension system   b) Actual working model of  Regenerative suspension system    

http://www.jetir.org/


© 2019 JETIR June 2019, Volume 6, Issue 6                                                             www.jetir.org (ISSN-2349-5162) 

JETIR1906I36 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 40 
 

MATERIAL SELECTION  

                 From the variety of below materials which can be used we selected the optimum considering cost,  life, weight, 

availability and application. 

AISI 1018 Mild/Low Carbon Steel 

Table 1. Elements of Low Carbon Steel and their contents 

Element Content 

Carbon, C 0.14 - 0.20 % 

Iron, Fe 98.81 - 99.26 % (as remainder) 

Manganese, Mn 0.60 - 0.90 % 

Phosphorous, P ≤ 0.040 % 

Sulfur, S ≤ 0.050 % 

 

 

WORKING 

 Motor is used to produce the initial torque. 

 Motor rotates the cam. 

 The follower attached to the cam moves and displaces the spring attached to it. 

 The rotary motion of the cam is converted into linear motion of spring. 

 Another plate attached to the spring at its upper end moves upward. 

 This plate hits the piezoelectric cells 

 Property of piezoelectric material is such that it produces electricity after application of load 

 Here the electricity produced is transferred to the battery through the bread board. 

 The electricity stored in the battery is used for various purpose 

 

III. METHEDOLOGY. 
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                 We wanted to work in energy generation domain, therefore we started our literature survey in the same direction. We got 

to know about the piezoelectric material available in the market and energy regenerative suspension systems from various research 

papers. Then we learned about various mechanisms to be used in our project required to simulate the suspension system in 

automobiles. We made a rough model and selected standard parameters and calculated the output based on standard properties of 

the material selected. Then we designed and analyzed the 3D model of our prototype in Catiav5 and Ansys16 respectively. Then we 

purchased the components from the market of selected materials. Manufactured and assembled the components and tested the 

actual model and got the results. 

 

 

IV. ANALYSIS 

 

 
                                      a)                                                  b)                                                                  c) 

         Fig2. a) Meshing of 3D model             b) Deformation analysis of 3D model         c) von-Mises stress analysis of 3D model 

 
                  Regenerative suspension system using piezoelectric cells is based on the displacement of the spring and the load applied 

on the cells. The analysis above shows the meshing max displacement and max stress in the system .The maximum displacement 

here is used in designing process to decide the gap between the upper plate of spring and the piezoelectric cells mounted on the 

frame. In case if the distance between the upper plate and the piezoelectric cells is more than the max displacement it won’t 

generate any voltage and hence no power generation, as the plate won’t touch the cells and no load will be induced on the cells. If 

the distance is very less, then it may damage the piezoelectric cells or reduce its life, because of high load on the cells. Therefore 

the distance should be optimum.ie slightly less than the max displacement. 

 

 

V. RESULTS  

Final variation with different number of piezoelectric cells 

 
 

 

                  The quantity and quality of  the piezoelectric cells is directly proportional to the electricity produced. The irregularities 

on the road surface and  speed of the automobile also affects the electricity. More the irregularities more is the energy generation 

and more the speed more is the frequency of the suspension plate hitting the piezoelectric cells and more is the energy produced. 

 

 

 

No. of piezo 

cells 

Peak 

voltage 

Peak 

current 

 1 0.13 0.07 

2 0.21 0.12 

3 0.32 0.18 

4 0.46 0.22 
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VI. CONCLUSION  
  

                 Piezoelectric material is mostly used as sensors to sense load and frequency of loading. In this project used 

piezoelectric sensor to generate power to operate the indicating lights, indicators etc. in automobiles. This is possible when the 

piezoelectric cells are mounted over the suspension system in the automobiles. Due to the irregularities on the road the 

piezoelectric cells are frequently loaded which causes power generation. This electricity can be used to operates small units or to 

recharge battery.  

Due to terrible road condition in India There is always kinetic energy in the suspension or continuous shocking and loading is 

experienced by the automobile suspension which is later dissipated as heat. This energy which is wasted can be utilized using 

piezoelectric cells and required circuits and arrangements. Though a sufficient amount of energy is not generated using the 

arrangements and circuits we used but in future this concept can be helpful for utilizing energy in various applications. 

 

 

 

VII. REFERENCES  

  

[1] Hrovat D. Survey of advanced suspension developments and related optimal control applications. Automatica 1997;33:1781–

817. 

[2] Abdelkareem MA, Makrahy MM, Abd-El-Tawwab AM, EL-Razaz A, Ali MKA, Moheyeldein M. An analytical study of the 

performance indices of articulated truck semi-trailer during three different cases to improve the driver comfort. Proc Inst Mech 

Eng Part K J Multi-body Dyn 2018;232:84–102. 

[3] Karnopp D. Active and semi-active vibration isolation. J Vib Acoust 1995;117:177–85. 

[4] Ali MKA, Xianjun H, Abdelkareem MAA, Gulzar M, Elsheikh AH. Novel approach of the graphene nanolubricant for energy 

saving via anti-friction/wear in automobile engines. Tribol Int 2018. 

[5] Wang H, Jasim A, Chen X. Energy harvesting technologies in roadway and bridge for different applications – a 

comprehensive review. Appl Energy 2018;212:1083–94. 

[6] Ali MKA, Fuming P, Younus HA, Abdelkareem MAA, Essa FA, Elagouz A, et al. Fuel economy in gasoline engines using 

Al2O3/TiO2 nanomaterials as nanolubricant additives. Appl Energy 2018;211:461–78. 

[7] Zhang Y, Guo K, Wang D, Chen C, Li X. Energy conversion mechanism and regenerative potential of vehicle suspensions. 

Energy 2017;119:961–70. 

[8] Pancharoen K, Zhu D, Beeby SP. Temperature dependence of a magnetically levitated electromagnetic vibration energy 

harvester. Sens Actuators, A 2017;256:1–11. 

[9] Zhao D. Waste thermal energy harvesting from a convection-driven Rijke-Zhao 

thermo-acoustic-piezo system. Energy Convers Manage 2013;66:87–97. 

[10] Pugi L, Pagliai M, Nocentini A, Lutzemberger G, Pretto A. Design of a hydraulic servo-actuation fed by a regenerative 

braking system. Appl Energy 2017;187:96–115. 

[11] Itani K, De Bernardinis A, Khatir Z, Jammal A. Comparative analysis of two hybrid energy storage systems used in a two 

front wheel driven electric vehicle during extreme start-up and regenerative braking operations. Energy Convers Manage 

2017;144:69–87. 

[12] Li L, Zhang Y, Yang C, Yan B, Marina Martinez C. Model predictive control-based efficient energy recovery control 

strategy for regenerative braking system of hybrid electric bus. Energy Convers Manage 2016;111:299–314. 

[13] Wei C, Jing X. A comprehensive review on vibration energy harvesting: Modelling and realization. Renew Sust Energy Rev 

2017;74:1–18. 

[14]  Zuo L, Tang X. Large-scale vibration energy harvesting. J Intell Mater Syst Struct 2013;24:1405–30. 

[15] Audi's latest chassis suspension system innovation: eROT (electromechanical rotary damper) .                          

https://www.audi mediacenter.com/en/press-releases/theinnovative-shock-absorber-system-from-audi-new-technology-saves-fuel-

andenhances-comfort-6551 [accessed on 18, April 2017]. 

 

 

 

 

 

http://www.jetir.org/
https://www.audi/

