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Abstract- Suspension system of an automobile system is 

one of the most important part which is responsible for 

safety and comfort of the people riding on the vehicle. 

This consist of various shock absorbing parts such as 

helical coil springs and viscous dampers etc. In this 

review article several of recently published research 

article were studied for getting some ideas based on 

which the dynamic performance of shock absorber 

suspension system of automobiles can be enhanced. 

Construction and size, mechanical properties, 

innovative design, optimization methods and models, 

material of coil springs and fluids used in dampers are 

found to be the most prominent factors for 

improvement the dynamic performance and durability 

of a suspension system. 

 

I. INTRODUCTION 

 

In a vehicle suspension system, shock absorbers 

reduce the effect of traveling over rough ground, 

leading to improved ride quality and vehicle 

handling. While shock absorbers serve the purpose of 

limiting excessive suspension movement, their 

intended sole purpose is to damp spring oscillations. 

Shock absorbers use valving of oil and gasses to 

absorb excess energy from the springs. Spring rates 

are chosen by the manufacturer based on the weight 

of the vehicle, loaded and unloaded. Some people use 

shocks to modify spring rates but this is not the 

correct use. Along with hysteresis in the tire itself, 

they damp the energy stored in the motion of the 

unsprung weight up and down. Effective wheel 

bounce damping may require tuning shocks to an 

optimal resistance [1]. 

Spring-based shock absorbers commonly use coil 

springs or leaf springs, though torsion bars are used 

in torsional shocks as well. Ideal springs alone, 

however, are not shock absorbers, as springs only 

store and do not dissipate or absorb energy. Vehicles 

typically employ both hydraulic shock absorbers and 

springs or torsion bars. In this combination, "shock 

absorber" refers specifically to the hydraulic piston 

that absorbs and dissipates vibration. Now, composite 

suspension systems are used mainly in 2 wheelers 

and also leaf spring are made up of composite 

material in 4 wheelers [2]. 

Figure-1 Oil Filled Shock Absorber [1] 

 

II. FACTORS AFFECTING PERFORMANCE OF 

SHOCK ABSORBER 

 

After study of several of research article published 

recently we have found that these are the most 

important parameters and factors which affect the 

performance of a shock absorber suspension system. 

These are discussed below- 

a) Construction and size of the shock absorber- 

Studied the performance of coil spring of shock 

absorber of bike considering bike mass, loads & 

number of person seated on the bike. The parameter 
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used for study was wire diameter of the coil spring. 

The testing was done on Pro-E/ ANSYS. They found 

that increasing of wire diameter to certain limits 

decreases the stresses and deformation of the spring 

[1]. Investigated a research program in which a high 

performance motorcycle shock absorber was tested 

by means of specific test bench which includes the 

measurement of pressure inside the chambers during 

harmonic tests (frequency range). They first shown 

some experimental results dealing with pressures 

inside compression, rebound and compression then 

made a simplified mathematical model which was 

able to capture the most relevant physical 

phenomenon that generate the hysteresis loop of the 

total force, after which they described the complete 

model of the shock absorber which takes into account 

details of oil motion inside the valves and was able to 

predict the behavior of the shock absorber for a wide 

range of working conditions. They showed that the 

performance of the shock absorber is also dependent 

on position and acceleration of damper rod force 

along with velocity of damper rod force [2]. 

Analyzed the conventional type of shock absorber 

spring and new glass type of shock absorber 

mathematically, experimentally and also on 

CAD/CAM software ANSYS. The parameters used 

for study were maximum failure load and maximum 

displacement. They found that glass fibre type shock 

absorber coil spring is better in comparison to 

conventional type steel spring in aspect of failure 

load and maximum displacement. However they 

suggested that it is double the cost of conventional 

spring. But this can be used where weight reduction 

is important [3]. Analyzed the helical coil springs 

design with the probabilistic approach with the help 

of ANSYS. The parameters taken were geometrical, 

material and loads, which all are random variables. 

The concluded that wire radius of spring and loads 

have significant influence on the output parameters 

such as displacement and stress. They also concluded 

that modulus of elasticity also affects the maximum 

displacement [4]. Studied the dual suspension shock 

of CBZ extreme bike. They used square profile & 

square fillet type of shock for analysis on ANSYS. 

They found that this type construction of shock 

absorber has less stresses and deflection when 

compared to circular and square (without square 

fillet) profile of the shock absorber [5].    

 

b) Mechanical properties of shock absorber-  

Compared the coil spring suspension system of Hero 

Splendor & Honda Shine with two different 

suspension oil Motul and Yam lube at the suspension 

chamber. They have done the simulation on 

MATLAB & validated the results with experimental 

setup. They found that system gives better results 

with under damped design. They concluded that for 

good ride transmissibility should be as low as 

possible and for that purpose low damping constant 

and high spring stiffness should be used [6]. 

Analyzed the vibration on a compact shock absorber. 

They had taken quarter of the suspension system of 

car and analyzed theoretically as well as through 

numerical simulation. They found that failure of the 

coil spring will take place earlier and then after the 

failure of the body will occur. They have also 

concluded that the unsprung mass will have the 

greater vibration effect when compared to sprung 

mass, hence more chances of failure [7]. Analyzed 

the fatigue behavior of springs used in shock 

absorber in automobile suspension system. The 

material for spring was SAE9254. The waves given 

for testing of vibration was of 4 Hz. SAE standard 

suspension loading history (SAESUS) was used for 

fatigue analysis. For finite element analysis of fatigue 

was done with the help of strain life method. They 

concluded that spring does not fail before 4×105 

cycles at 4 Hz and SAESUS time history at critical 

location. They also showed that absolute maximum 

principal method is best suitable for analysis [8]. 

Investigated the influence of spring stiffness in the 

automotive suspension system. They used three types 

of springs which is namely soft, medium and hard for 

numerical analysis. They used full vehicle model and 

front suspension model for analysis. They showed the 

results that the medium spring stiffness provide 

comfort and handling in both numerical and real 

vehicle model. They also showed that the medium 

spring stiffness can minimize the roll effect which 

could further led to oversteer or understeer problem 

[9]. Studied parametric modeling and finite element 

analysis of helical compression spring with the help 

of ANSYS. They implemented the probabilistic 

design approach. They also have done response 

surface modeling by using FEA. They concluded that 

the strength of helical coil shock absorber can be 

affected by spring parameters such as wire diameter, 

coil diameter, load and free length. They stated that if 
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the wire diameter increases, stress on helical spring 

reduces, increase in coil diameter results in an 

increase in stress, increase in free length increases 

stresses. They showed that probabilistic design gives 

better judgment for selection composite material [10]. 

 

c)Optimization methods for shock absorber 

suspension system-  

Analyzed about the motorcycle mounting system. 

The optimum values of spring stiffness, location and 

orientation are analyzed by using the method of 

optimization or parameterization. They found that the 

values obtained for stiffness, location and orientation 

of engine system mountings are very close to target 

values. This method is quite useful in optimization of 

the suspension system of the engine mounting of the 

motorcycle [11]. Studied the performance of coil 

spring used in absorber using Pro- E & ANSYS 

respectively with the optimization method of genetic 

algorithm. They used stiffness of the spring as the 

parameter. They optimized the value of spring 

stiffness & damping co-efficient with genetic 

algorithm. They found that this optimized values 

reduces the stresses and deflection of spring which is 

desirable in shock absorber [12].  

 

d)Innovative design of shock absorber- 

Studied for developing a shock absorber model of a 

passenger car. They did the experiments for getting 

the force – displacement & force – velocity 

characteristics of damper. They developed different 

models of shock absorber to represent the non linear 

& hysteresis force velocity behavior of the damper. 

The models were also validated with experimental 

results. It is found that a combined hybrid shock 

absorber model using neural network technique can 

only capture the experimental behavior of the damper 

very closely due to the incorporation of hysteresis 

characteristics of the shock absorber which linear and 

piecewise models of shock absorber cannot do [13]. 

Analyzed a two degree of freedom car model 

suspension system numerically with the help of 

MATLAB. They plotted the frequency of base 

excitation with transmissibility on X & Y axis for 

damping ratio 0.40 to 0.70. It was observed that very 

small amount of change in damping ratio can affect 

the motion of unsprung mass by a huge quantity [14]. 

Studied and analyzed a magnetic shock absorber in 

which they placed the coil spring in a cylinder. Coil 

spring has a north and a south pole at its two ends. 

The cylinder consist pair of north and south poles at 

its two ends to repel the movement of spring working 

as piston. They concluded that this kind of shock 

absorber can reduce the deflection of the coil spring 

and thus can enhance the performance of shock 

absorber [15]. Analyzed the coil type of spring and 

wave type of spring with two different materials 

namely beryllium copper and spring steel. They did 

the numerical calculation with the help of PRO-E 

AND ANSYS. The parameters used for study was 

deflection and maximum stress. They found that 

wave spring undergoes less deformation than coil 

spring. They stated that stainless steel is preferable 

over beryllium copper [16]. Studied for mono 

suspension spring shock absorber. They have 

analyzed the mono suspension spring with the use of 

ANSYS and also analyzed theoretically. They used 

load, stress and deflection as the parameters. They 

found that when the load increases the deflection and 

shear stress of spring also get increased. They also 

stated that the analysis on ANSYS & theoretical 

solution gives approximate same values [17]. 

Designed the double wishbone suspension system for 

increasing comfort in automotive suspension system. 

They have made the model in LOTUS software and 

analyzed the structural analysis in ANSYS. They 

achieved the objectives of getting greater suspension 

travel, reducing the unsprung mass of the vehicle, 

maximizing the performance of suspension system & 

better handling of vehicle while cornering. They 

suggested that this suspension system can be further 

modified for decreasing the weight and cost. Also 

suggested that transverse leaf spring can be used to 

decrease the weight of the suspension assembly. Also 

listed pneumatic suspension system as a prominent 

incorporation in suspension system in future [18]. 

Reviewed different research article to get an idea for 

developing efficient and hybrid shock absorber 

suspension system. They reviewed that hydraulic 

rectifier can work as an energy generator and shock 

absorber by converting bi directional shocks into 

unidirectional rotation with help of 4 check valve. 

Passive damper can be converted into active damper 

with help of electromagnetic damper which can also 

generate energy and fulfill purpose of hybrid shock 

absorber. Regenerative electromagnetic shock 

absorber recover dissipated energy. Coil assembly 

moves relative to magnetic assembly which produces 
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energy. Magneto rheological fluid changes braking 

force by electronic control. MR fluid can operate 

directly from low voltage power supplies. It can vary 

damping co-efficient and give good performance for 

large range of vibration frequency. They concluded 

that these factors are very much considerable & 

important in developing the hybrid suspension 

system [19]. Studied about the premature failure of 

helical coil of die set system which is used in wire 

straightening and cutting. They analyzed the 

numerical solution with the help of ANSYS. The 

parameters taken for study were wire diameter, 

deflection and shear stress. They concluded that 

increase in wire diameter decreases the deflection and 

shear stress of spring. It happens due to the less 

spring index which is caused by increased wire 

diameter. They also stated that too low spring index 

results into design failure [20]. Analyzed a proposed 

shock absorber, which could approach the 

performance obtained by the semi active control 

suspensions without an electronics or further energy 

consumption. They were inspired by switch logic 

with the semi active control damping and they 

proposed a special hydraulic structure, which realizes 

the velocity and displacement dependent damper 

(VDD) features and could get similar F-V curve with 

semi active controlled damping. Simulation of the 

proposed damper and the quarter car model with 

VDD shows the compatibility of these dampers. They 

concluded that VDD gives superior ride comfort at 

the expense of road holding & suspension deflection. 

The mechanical realization of the semi active 

suspension is as simple as a traditional passive 

damper.  Energy free & electronic free are the main 

advantage of the VDD damper [21].  

 

e)Coil material of shock absorber 

Analyzed a spring coil shock absorber with different 

loading condition such as chassis load, entire load of 

the body of car and with a passenger seated on it. 

They analyzed the calculation for maximum 

deflection and maximum stress developed in the 

spring coil with different materials such as stainless 

steel, chromium vanadium AISI 6150 and low carbon 

steel. They concluded stainless steel to be the most 

efficient among all these materials to increase the 

performance of shock absorber [22]. Studied for 

failure of suspension system of a rail road vehicle. 

They analyzed the material composition of the 

suspension springs using spectrometer. They also 

analyzed various loading conditions due to which this 

failure occurred. They concluded that the less 

percentage of vanadium may be responsible for 

failure of spring. They also stated that CANT excess 

which is the amount of super elevation that needs to 

be reduced so that the current vehicle speed will be 

equal to the balance speed as well as the CANT 

deficiency which is the amount of the super elevation 

that is needed to be increased so that the vehicle 

current speed will be equal to the balanced speed. 

Due to CANT deficiency the vehicle has high lateral 

forces that can cause undesirable motion on the 

higher rail. These lateral forces if high enough will 

fail springs and produce a wheel climb that can lead 

to a wheel derailment [23]. Studied the fatigue 

analysis of the spring by assigning material to spring 

such as structural steel, AISI 1050 steel & chrome 

vanadium steel. They analyzed the results for 

deflection experimentally, theoretically and through 

numerical simulation on Pro- E. they used parameters 

such as load, deflection and stress. They found that 

chrome vanadium is the strongest material for 

manufacturing of springs of shock absorbers [24]. 

Analyzed the full assembly of shock absorber of coil 

spring type by separating each part by lathe cutting. 

They used three different materials namely spring 

steel, beryllium copper and carbon fibre. They done 

their analysis on CAD/CAM software ANSYS. They 

used deflection and stresses as parameters for study. 

They found that carbon fibre is weakest material 

among them which has highest deformation and shear 

stresses. Spring steel is the strongest material among 

them [25]. Analyzed the rear shock absorber coil 

spring with the help of ANSYS using weight of one 

and two person respectively. They used a new 

material E glass epoxy composite for coil spring 

construction. They analyzed the coil spring 

numerically with ANSYS structural. They found that 

the material E glass epoxy composite cab bear more 

stresses than the conventional spring steel material. 

They showed that E glass epoxy composite causes 

more deformation than conventional spring steel [26]. 

Analyzed the coil spring shock absorber with four 

type of material which is namely as chrome 

vanadium, hard drawn spring wire steel, oil tempered 

carbon steel & stainless steel respectively. They have 

done the structural analysis using CREO 2.0 & 

ANSYS. They have done the calculation for 
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maximum shear stress and maximum deformation at 

different loads. They concluded that chrome 

vanadium has minimum deformation among all 

materials. The value of maximum shear stress is 

almost similar for all materials [27]. Proposed a novel 

compact shock absorber with both damping and 

stiffness variable characteristics. The shock absorber 

was developed based on Magneto Rheological fluid 

flow through an innovative design. They tested the 

prototype with the help of MTS to characterize the 

variable damping and stiffness properties. For 

identifying the parameters an optimization method 

and a mathematical model was developed. They 

concluded that the prototype with dual damping and 

stiffness is controllable [28]. Designed a shock 

absorber by using Pro- E software. They have done 

the structural strength analysis of the shock absorber 

by using the materials which is namely conventional 

spring steel and a new material ASTM A228 (high 

carbon spring wire). They concluded that analyzed 

stresses for both materials are less than their yield 

stresses, hence design is safe. Also they concluded 

the result that deflection for high carbon spring is less 

and natural frequency for ASTM is more than spring 

steel. Hence they stated that high carbon spring wire 

will be superior to conventional spring steel [29]. 

Studied for designing of helical coil spring for use 

with Magneto rheological fluid. They used silicon oil 

and ethylene glycol as MR fluids with helical spring 

on a piston cylinder arrangement (working as a 

damper). They analyzed that MR fluid reduces the 

displacement of spring much enough as compared to 

without MR fluids. It was also concluded that silicon 

oil MR fluid is much better than ethylene glycol MR 

fluids [30]. 

 

III. RESULT AND SUMMARY OF REVIEW 

 

After studying various research articles about the 

improvement of dynamic performance of suspension 

system, we have analyzed that these following 

parameters and factors play important role in 

achieving a comfortable ride with the help of 

suspension system in an automobile system- 

a. Construction and size of the shock absorber 

Mechanical properties of shock absorber 

b. Optimization methods for shock absorber 

suspension system 

c. Innovative design of shock absorber 

d. Coil material of shock absorber 

e. These are the factors and parameters which can 

be further optimized and analyzed for 

improvement of design of shock absorber 

suspension system.  

    

IV. CONCLUSION 

 

In this review article we have analyzed various 

research articles which given us various aspect and 

areas where the improvement in design of shock 

absorber still needed. The parameters such as size & 

construction, mechanical properties, optimization 

models, coil materials and innovative design are the 

key areas and factors whose optimization can lead us 

to a more comfortable and safe riding on an 

automobile system by improving dynamic 

performance of suspension system.       

 

REFERENCES 

 

[1] Prince Jerome Christopher J. &Pavendhan R. 

“Design and Analysis of Two Wheeler Shock 

Absorber Coil Spring”, International Journal of 

Modern Engineering Research, page no 133-140. 

[2] VittoreCossalter, Alberto Doria, Roberto 

Pegoraro& Luca Trombetta, “Testing And 

Modelling Of An Advanced Motorcycle Shock 

Absorber”, Proceedings Of The ASME 2010 

10th Biennial Conference On Engineering 

Systems Design And Analysis ESDA2010 

Istanbul, Turkey july 12-14, 2010. 

[3] Mr. Anirudh M. Shende, Prof. Shirish N. 

Gandhare& Dr. S. P. Untawale, “Failure 

Analysis Of Helical Coil Spring In Automobile 

System Using Finite Element Method”, 

International Journal of Research In Science & 

Engineering, Volume 2 Issue 5. 

[4] Somnath Jagtap, “The Probabilistic Design 

Approach To Heical Coil Spring Using Ansys 

PDS”, International Research Journal of 

Multidisciplinary Studies, Vol. 2, Special Issue 

1, March, 2016. 

[5] Anil Agarwal &Vaibhav Jain, “Design And 

Analysis Of Helical Spring In Two Wheeler 

Suspension System Using Finite Element 

Method”, International Research Journal of 

Engineering and Technology, Volume: 04 Issue: 

09 Sep -2017 



© May 2019 | IJIRT | Volume 5 Issue 12 | ISSN: 2349-6002 

IJIRT 148142 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 576 

 

[6] Rutuja Deshmukh, Sumant Patil & AmolKokare, 

“Optimization of Shock Absorber Parameters by 

Using DOE and Validation by MATLAB 

Software”, International Advanced Research 

Journal in Science, Engineering and Technology, 

Vol. 4, Issue 9, September 2017. 

[7] W H Tan , J X Cheah, C K Lam , E A Lim,  H G 

Chuahand & C Y Khor, “Vibration analysis on 

compact car shock absorber”, Journal of Physics: 

Conf. Series 908,2017. 

[8] M. Kamal and M. M. Rahman, “Finite Element-

Based Fatigue Behaviour of Springs 

Inautomobile Suspension”, International Journal 

of Automotive and Mechanical Engineering, 

Volume 10, pp. 1910-1919, July-December 

2014. 

[9] Muhammad Zahir Hassan, Mohd Kamarul Hafis 

Abdul Aziz &Frank Delbressine and Matthias 

Rauterberg, “Numerical Analysis of Spring 

Stiffness in Vehicle Design Development Stage”, 

International Journal of Applied Engineering 

Research, Volume 11, Number 7 (2016) pp 

5163-5168. 

[10] Sagar Namdev Khurd, Prasad P. Kulkarni and 

S.D. Katekar, “New Design Approach of Helical 

Coil Spring for Longitudinal and Translational 

Invariance by Using Finite Element Analysis”, 

Springer International Publishing, AG 2018. 

[11] Fadi Alkhatib and Anoop K. Dhingra, “Dynamic 

Analysis and Design of Motorcycle Mounting 

System Subjected to Road Loads”, IJRE, Vol. 03 

No. 08, August 2016. 

[12] Dr. Dhananjay. R. Dolas , Kuldeep. K. Jagtap, 

“Analysis of Coil Spring Used in Shock 

Absorber using CAE”, International Journal of 

Engineering Research, Volume No.5, Issue No.2, 

pp : 123- 126. 

[13] Vijay Barethiye, G. Pohit & A. Mitra, “A 

combined nonlinear and hysteresis model of 

shock absorber for quarter car simulation on the 

basis of experimental data”, Engineering Science 

and Technology, an International Journal, 

(2017). 

[14] P.Mohan, K.V.Poornachandran, P.Pravinkumar, 

M.Magudeswaran& M.Mohanraj, “Analysis of 

Vehicle Suspension System Subjected to forced 

Vibration using MATLAB/Simulink”, IJIRST, 

National Conference on Recent Advancements in 

Mechanical Engineering (RAME’17) March 

2017. 

[15] S.Gopinath, R.J. Golden Renjith & J. 

Dineshkumar, “Design and Fabrication of 

Magnetic Shochk Absorber’, International 

Journal of Engineering And Technology, 3 (2), 

208-211, 2014. 

[16] P.N.L.Pavani, B.K.Prafulla, R.Pola Rao &  

S.Srikiran, “Design, Modeling and Structural 

Analysis of Wave Springs”, 3rd International 

Conference on Materials Processing and 

Characterisation, ICMPC ,2014. 

[17] Ashish M. Choube, Ravikant V. Paropate, 

Manish S. Hajare, Sagar P. Lakhani, Sujit P. 

Khairkar & Shanu S. Indurkar , “ Stress Analysis 

Of Mono Suspension Spring”, International 

Journal Of Innovative Technology And Research 

Volume No.2, Issue No. 2, February – March 

2014, 785 - 787. 

[18] Asst. Prof. N.Vivekanandan, Abhilash Gunaki , 

Chinmaya Acharya, Savio Gilbert And 

Rushikesh Bodake ,“Design, Analysis And 

Simulation of Double Wishbone Suspension 

System”, IPASJ International Journal of 

Mechanical Engineering, Volume 2, Issue 6, 

June 2014. 

[19] Marnish Modi , Krishna Dave & Dipen Modi, 

“Review Paper Of Design And Analysis Of Two 

Wheeler Vehicles Rear Shock Absorber”, 

International Journal For Research In Applied 

Science & Engineering Technology (IJRASET), 

Volume 2 Issue Xi, November 2014. 

[20] Vishal Chaudhari and Prof. G. V. R. S.Rao, 

“Structural Analysis of Helical Compression 

Spring”, IJSRSET, Volume 2 Issue 4 2016. 

[21] Shida Nie, Ye Zhuang, Yong Wang & Konghui 

Guo. “Velocity & displacement-dependent 

damper: A novel passive shock absorber inspired 

by the semi-active control”, Mechanical Systems 

and Signal Processing 99 730–746 ,2018. 

[22] Ragupathi.P, Dhayanidhi. E, Arunachalam. S, 

Jegadeshwaran A & Kamal Hassan. P, “Design 

of Helical Spring Suspension”, Imperial Journal 

of Interdisciplinary Research (IJIR) Vol-3, Issue-

4, 2017. 

[23] Manoj A. Kumbhalkar, Dr. D. V. Bhope & Dr. 

A. V. Vanalkar, “Material and Stress Analysis of 

Railroad Vehicle Suspension: AFailure 



© May 2019 | IJIRT | Volume 5 Issue 12 | ISSN: 2349-6002 

IJIRT 148142 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 577 

 

Investigation”, Procedia Materials Science, 10 

331 – 343, 2015. 

[24] Dr A.Gopichand, Ch. Harish Kumar, B. Mahesh 

Krishna & D. Bhanu Prakash , “Static Structural 

and Fatigue Analysis of Two Wheeler Shock 

Absorber”, International Journal of Emerging 

Trends in Science and Technology, Vol  01, 

Issue 10, Pages 1627-1633, December, 2014. 

[25] G.R. Chavhan, S.W.Burande & Dr.L.P.Dhole , 

“Analysis Of Shock Absorber Using Different 

Material Of Spring”, International Journal Of 

Advanced Engineering Technology , Vol. 

V/Issue Iv/Oct.-Dec.,2014. 

[26] Marnish Modi[, Saleha Shaikh & Prof . 

A.N.Shayani, “Design and analysis of two 

wheeler vehicles rear shock absorber by using 

composite E glass Epoxy material”, International 

Journal Of Engineering Innovation And 

Scientific Research,Vol.1 (1)-P.P-01-06, 2016. 

[27] Suraj R. Bhosle, Shubham R. Ugle & Dr. 

Dhananjay R. Dolas, “Comparative Analysis of 

Suspension System Coil Spring Using FEA” , 

Imperial Journal of Interdisciplinary Research 

(IJIR), Vol-3, Issue-1, 2017. 

[28] H. Deng, Haiping Du, Weihua Li & Gursel Alici, 

“A Compact Variable Stiffness And Damping 

Shock Absorber For Vehicle Suspension”, 

IEEE/ASME Transactions On Mechatronics, 

2015. 

[29] Rahul Tekade & Chinmay Patil , “Structural And 

Modal Analysis Of Shock Absorber Of Vehicle”, 

International Journal Of Engineering Trends And 

Technology (IJETT) – Volume 21 Number 4 – 

March 2015. 

[30] Ch. Ramakrishna, N. Sivateja, S. Rajashekar and 

P. Bhaskar Rao, “Typical Experimental Design 

& Testing of Model MR Damper using Helical 

coiled spring”,   International Journal of Current 

Engineering and Technology,  Vol.7, No.2, 

April, 2017. 


