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Abstract- Shock absorber is very important term in
automobile industries. They are used for the driving comfort
and driving safety. This paper presents performance
characteristics of the shock absorbers under real conditions.
Dynamic behaviors of the absorber are studied by computer
simulation and experimental testing and are validated with
MATLAB results. The road disturbance is generated in the
model by giving speed brakes fixed on drum which is rotated
by using motor. In this paper study and analysis of single
DOF spring-mass-damper system (Hero Splendor Rear Shock
Absorber) and plotted its dynamic characteristics curve for
different values of spring stiffness for different oils.
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1. INTRODUCTION

The Shock absorber is a Suspension system which
designed mechanically to control shock impulse and dissipate
kinetic energy. It reduces the amplitude of disturbances
leading to increase in comfort and improved ride quality.
Shock absorber minimizes the effect of traveling on a rough
ground. Now-a-days Modern vehicles come along with strong
shock absorbers to tolerate any type of bouncy conditions. If
supposedly shock absorber is not used then to control
excessive suspension movement, stiffer springs will be used.
The suspension system of an automobile is one which
separates the wheel assembly from the body.

The primary function of the suspension system is to
isolate the vehicle structure from shocks and vibration due to
irreqularities of the road surface. The Suspension system is
used to support weight, absorb and dampen road shock, and
help maintain tire contact as well as proper wheel to chassis
relationship. A vehicle in motion is more than wheels turning.
As the wheel revolves, the suspension system turns in
dynamic state of balance, continuously compensating and
adjusting for changing driving conditions according to road
profile. Suspension of vehicle need to analyze before the
manufacturing. This is because to make sure components in
shock absorber system remain in good conditions. The Shock
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absorber system need to analyze how shock to see how they
are going to perform in worst case scenario. A safe vehicle
must be able to stop and maneuver over a wide range of road
conditions. The Good contact between the wheel tires and the
road will able to stop and maneuver quickly.

Suspension is the term given to the system of springs,
shock absorbers and linkages that connects a vehicle to its
wheels. Shock absorber with its whole assembly is an
important part of automotive suspension system which has an
effect on ride characteristics. Shock absorbers are also critical
for tire to road contact which to reduce the tendency of a tire
to lift off the road. This affects on braking, steering, cornering
and overall stability of the vehicle. The removal of the shock
absorber from suspension can cause the vehicle bounce up and
down. It is possible for the vehicle to be driven, but if the
suspension drops from the driving over a severe bump, the
rear spring can fall out. Basically, the shock absorbers must be
replaced after driving exceeds certain distance. But this
actually not should have been followed if there are no
defective.

I1. PROBLEM SPECIFICATION

The aim of the project is to study and analyze single
degree of freedom spring-mass-damper system and plot its
dynamic characteristics curve for different values of spring
stiffness for various speed conditions using FFT Analyzer
validation with Matlab Results.
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Figure 1. Problem Specification
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111. OBJECTIVES

a) To test suspension on different types of oils and stiffness
to find out optimum motion transmissibility using DOE

b) To determine dynamic characteristic of shock absorber.

c) Suspension will be test for multiple stiffness by varying
loads, speed and different oils.

d) Motion transmissibility develop suspension testing set up
for testing a various suspensions.

IV. METHODOLOGY
Using the knowledge from literature review, we can
know how the CAD model is to be prepared. The conditions
required for applying various constraints and how the loads
are applied is briefed about in the technical papers referred.
CAD Model Generation
e Getting input data on dimensions shock absorber test rig.
Determination of loads
e Determination of different loads and boundary condition
acting on the component by studying various reference
papers and different resources available.

Testing and Analysis

e Testing is done by using FFT analyzer & Matlab
software

Re-Design, Analysis and Results

e Making changes in model for optimization.

e Analyze this new model.

e  Check the transmissibility ratio by using MINITAB.
Fabrication, Experimental validation and Result

o Fabrication of prototype.

e Suitable experimentation and comparison with present

model.
e Validation of result by comparing with software results.

V. DESIGN AND ANALYTICAL CALCULATIONS

1. SPRING STIFFNESS CALCULATION
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Figure 2. Spring Stiffness Measurement

As initially we don’t have spring stiffness value for
two suspensions those are used for experimentation .For this
one small experiment is done to calculate the stiffness. Initial
length of the spring is measured with scale. Then 60 Kg load
is applied on spring of one of the shock absorber. Thus spring
gets compressed and now again spring length is measured.
Now by using the formula for calculating spring stiffness,

K= (F/X) x9.81 N/mm

Where,

K-Spring stiffness in N/mm F-Load applied in Kg
X-Displacement due to loading=

(Free length -Compressed length) in mm. Sample Calculation
For Splendor,

K= (60 x9.81)/ (230-205)

K=23.54 N/mm

Table 1. SPRING STIFFNESS OF SPLENDOR AND
HONDA SHINE SHOCK ABSORBER

Spring
Sr. [Shock Stiffness
No |Absorber [Zomp EC)
Length [N'mm
Splendor [303 [23530
I onda [2046 17310
Shine

2. Shaft material and Calculation

EN 19 Alloy Steel used for shaft. It is a high quality,
high tensile steel usually supplied readily machineable in any
temperature condition, giving good ductility and shock
resisting properties combined with resistance to wear.

A. Applications:

EN19T was originally introduced for the use in the
machine tool and motor industries for gears, pinions, shafts,
spindles and the like. Later its applications became much more
extended and it is now widely used in areas such as the oil and
gas industries. EN19T is suitable for applications such as
gears, bolts, studs and a wide variety of applications where a
good quality high tensile steel grade is suited.

B. Calculation

Perimeter of Drum
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P=2nr
P=2x x0.305 P=1.91637 m

volume of drum
V=2mr"2 h V=2x3.14x0.305%0.305x%0.005 V=0.00292246 m3

Mass of Drum M=Vxp M=0.00292246x7860 M=22.98 kg

WEIGHT OF DRUM
W=mxg W=22.98x9.81 W=225.48 N

e —————

B,

conoliog
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B

Figure 3. Force Diagram

By maximum shear stress theory

Support reaction (RA, RB)

>MA=0

[(-RBx0.6096) + (740x0.305%0.15252)]=0 RB=112.74N
RA= -RB+ (740x0.305) RA=112.74 N

Bending Moment (M) M=RAxx- w x (0.15252)/2
M=112.74x0.305-740x (0.1525) 2/2 M=25.78 N-m
Torque T=Fxr

T=(149%9.81) x0.405

T=592 N-m

Equivalent Torque Te = v (M2+T2)
Te = (25.782 + 5922)
Te=593 N-m

Diameter of Shaft

d= (16xTe/ 1 1)

d = ¥/ [(16x593x1000)/ (nx45)]
d=40.69 mm~50 mm

By maximum principal stress theory

Equivalent Moment Me= [M +V (M2+T2)] /2
Me= [25.78+ (25.782+5922)] /2
Me=309.17 N-m

Diameter of Shaft d= ¥ (32xMe/nc)
d=V((32%309.17)/(nx75))

d=41 mm

Selecting maximum diameter & after select the roller bearing
Find Te<T

T=(60x1000%P/2%N)

T=(60x1000x2.238/2 n1x240) T=89.047 N-m
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Velocity
V= nDN/60 V=nx0.05x240/60 V= 628.31 m/s V=22611
Kmph

3. Bearing

Bearing is mechanical element which locates two
machine parts relative to each other and permits a relative
motion between them. It has two or more contacting surfaces
through which a load is transmitted. UCP210 bearing is used
for shaft.

According to required torque of 89 Nm & internal
diameter of 50mm bearing selected is Plummer block.

Figure 4.Bearing UCP210
4. Key

Key is a mechanical element used on shafts to secure
rotating elements like gears, pulleys, or sprocket and prevent
relative motion between two. The key transmits torque
fromthe shafts to shaft supported element or vice versa. It is
always inserted parallel to the axis of shaft.

Carbon steels have carbon as the key alloying
element in their composition. They also contain up to 0.4%
silicon and 1.2% manganese. In addition, the residual elements
such as copper, molybdenum, aluminum, chromium and
nickel are present in these steels.

A. Calculations

TMax=1.25x593 TMax=741.25 N-m 741.25x103=(n/16)
xd3x45
d=50 mm w=h=50/4~13mm |I=75mm

Shear Stress

TMax= wxIx (d/2) x (t per) Key
741.25x103= 13xIx (50/2) x45
1= 50.68 mm

Crushing Stress
TMax= (h/2) xIx (d/2) % (c per) Key
741.25x103= (13/2) xIx (50/2) %80
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I=57mm

Thus key dimensions should be taken as 13mm, 13mm, and
75mm in breadth, width and length respectively.

VI. EXPERIMENTAL SETUP

Figure 5. Experimental Setup (CAD Model)
1. ABOUT SETUP
A. FRAME
It is Base structure of setup. It is made of MS bars in C-
Section. Total material used is about 35 Feet. Frame gives the

support to all the assembly components.

B. DRUM

Figure 6. Frame

Figure 7. Drum

It is made of MS sheet having thickness 4mm. It is
manufactured by rolling of sheet metal. Standard speed
breaker profiles are also made by sheet metal by giving radius
and welded to drum. Drum is supported by 3 spokes.

C. WHEEL ASSEMBLY

Figure 8. Wheel assembly
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It is wheel assembly of Hero Splendor Bike. Wheel is fitted in
swing arm. Shock absorbers lower point is mounted on swing
arm. Swing arms are assembled to Frame.

D. MOTOR

1440 RPM 3 HP single phase motor is coupled to
shaft. It rotates drum and ultimately drum

E. DIMMERSTAT

Dimmerstat is auto transformer having continuously
variable voltage. It has simple construction and variation of
output voltage is smooth, continuous and breakless. It has high
efficiency and excellent overload capacity for short time.
20ampere dimmerstat is used to control the motor speed.

F. FFT Analyzer

FFT-Fast Fourier Transform. It is a noise & vibration
measurement instrument. Time domain data is converted into
frequency domain. We will take reading by using
accelerometer. DEWESoft is used to display the results.

Figyre 9. FFT Analyzer

SPECIFICATION

e Small USB- based system

e 8 analogue input channels (strain, voltage; with MSI
adapters any input)

e 200 kS/s aliasing-free 24bit-ADC

e 8 precise real time counters

e 2 CAN bus ports isolated

G. ACCELEROMETER

Accelerometer is a Piezo-electric accelerometer and it
is considered as the standard vibration transducer for machine
vibration measurement. The accelerometers consist of a
piezoelectric crystal which has a mass attached to one of its
surfaces. When the mass is subjected to a vibration signal, the
mass converts the vibration (acceleration) to a force, this then
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being converted to an electrical signal. This is the basis of the Tsbla 2. SDLENDOR. SUSDENSION (OIL 1)
“accelerometer”. Spring | Load DaalyFNIE) Teanemizzi
N | stiffesss | (Ee - ﬂ'i'B bility
{ op ottom ,
H. THE DEWESOFT SOFTWARE & A {E) T~HAE)
1| 23540 | 27 [ 17.085 | 23347 0.7317
The analysis is carried out in DEWESoft Software. S I I e B 0.6073
Various methods of dynamic signal analysis are present in the 3| 3M0 |37 LLTL 20855 0.4831
software such as Sound level, Torsional vibration, Human 4 [ 23340 | 42 | 1038 | 23544 0.4147
Vibration.
Tahla 3. HONDA SHINE SUSPENSION (O 1)
= Spring ; Pegk{FM3) Tranzmizs
2. WORKING 5 | Stiffness | Load m ibility
L) (KD ({Ee) Top Bottom T.=( J"\."B:I
. . . . . v (A i3] Y
e Shaft is mounted in bearing on which drum is mounted. s T T o ma T oo
Speed breaker profiles are welded on drum. T =0 = 1| e YT
e On drum wheel assembly is mounted. WEEET T o5 0 e
. a3 B L al a2 0. LR
e Shaft is coupled to motor. Motor shaft rotates the Drum T T o T =a ¥T
shaft which simultaneously rotates the wheel which in - - il Wi =

on drum. Table 4. SPLENDOF. SUSPENESION {OIL I)

e Motor speed is controlled by using Dimmerstat. o | Cpune | Lest | BeEAR) | Trmemiss
Stiffnesz | (Eg) mfz” ibility
e As wheel and drum rotates wheel reaches to speed ® Top | Bottom | T.=(AE)
beaker profile it create bump on shock absorber. {0m) A {B)
1| 23540 | 27 [ 18774 | 25407 | 07371
2| 23380 | 32 | 18360 | 2432 | 0.6043
3 23540 37 11.375 | 21.B76 0.52
4 23540 42 LoBDD 21.876 0.4484

Tabla 5. HONDA SHINE SUSPENSION (0L 2)

g Sprine | Load Dazk{FMIE) Tranammizs
¥ | stffeess | Ee mis iblity
) Tep | Bettem | 7 —iam)
{'m) A {E)

1 17310 i 13,791 | 25.BD0E 0.5315

1 17310 31 12.24 17.664 0.4427
3 17310 37 L4176 | 24.721 03800
4 17310 41 T.651 13.083 0.33134

2. FFT RESULTS

Figure 10. Actual Experimental Setup

1. Splendor Suspension Bottom for weight 32Kg for Oil 1

e  Shock absorber will get compress.

e FFT analyzers sensors will attached to Upper and lower
point of shock absorbers and readings displayed on
computers screen.

VII.RESULTS AND DISCUSSION

1. EXPERIMENTAL RESULTS

Figure 11.Graph 1

2. Splendor Suspension Top for weight 32Kg for Oil 1
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s e - e Losd [ Transmissibility P
-5 - P (Ez=) _ Error
i Experiments | MATLAB
- 7 1524 07517 07850 5805
2 1650 035051 06073 2009
37 1754 [E! [N 3308
L] 1901 043 04147 1512
2. Honda Shine Suspension (K=17310N/m and Oil 1)
. E—— W, = e
Figure 12.Graph 2 Table 7. Transmissibility comparison of Honda Shine
suspension with Oil 1
3. Splendor Suspension Bottom for weight 32 Kg for Oil 2 Load| . Transmissibility bp
&) Trpermental | MATLAE | "
'j;____ " TR 27| 17 05483 05203 3419
e 3T | 18348 043 04147 1439
37| 108 041 03443 12013
PO P T TR P o o = | 231 036 02945 | 22322

3. Splendor Suspension (K=23540N/m and Oil 2)

Table 8. Transmissibility comparison of Splendor
suspension with Oil 2

: o Load Transmissibility by
Figure 13.Graph 3 &z| @ un] Errer
Experimentsl MATLAB
. . . 27 524 0757 07837 504
4. Splendor Suspension Top of weight 32Kg for Oil 2 — i =3 :I-:. ;al ; 5;;; . ;a;
37| 1784 [ 04904 7993
A B 47 | 1901 U464 WY RE TR

4. Honda Shine Suspension (K=17310N/m and Oil 2)

Table 8. Transmissibility comparison of Honda Shine
suspension with Oil 2

. - Load . un] Transmissibility "
Figure 14.Graph 4 ®e Expenment] | MATLAB | B

77 | 117 035323 05159 3218

VIII. RESULTS AND DISCUSSION 32 | 1e3s 04427 0411 7713

37 | 20 03802 03411 1147

1. Transmissibility comparison 2 | 111 033134 02013 3743

Now we can compare the transmissibility calculated
from experimental readings and MATLAB solution. The
percentage error in transmissibility is shown in following table

3. Result of MATLAB

8.1.1 Splendor Suspension (K=23540N/m and Oil 1)

Table 6. Transmissibility comparison of Splendor
suspension with Oil 1
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Figure 15. Transmissibility Vs FR (®/ on) for K1 and c1

I’X. CONCLUSION

From this Suspension testing setup we can test

multiple numbers of suspensions at different loads and
different speeds. Also we can use suspensions of different
height.

By changing different suspensions and oils we can

find out optimum motion transmissibility. With ultimate
objective of studying and plotting dynamic characteristics for
Hero Splendor suspension and Honda Shine suspension using
single wheel model of suspension analysis to produced large
number of results. However it concludes the project work with
following points:

1.

The suspension system gives best performance when
designed to be slightly under-damped.

From experimental results and graphs we can conclude
that for good ride, transmissibility should be as low as
possible and this can be attained by using low damping
constant and high spring stiffness and Honda Shine
suspension gives the better results as compared to
Splendor suspension

REFERENCES

[1] Javad Marzbanrad, Masoud Mohammadi and Saeed

Mostaani “Optimization of a passive vehicle suspension
system for ride comfort enhancement with different
speeds based on design of experiment method (DOE)
method “ Vol. 5(3), pp. 50-59, March 2013 DOI
10.5897/JMER10.061,ISSN  2141-2383

Page| 1101

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

ISSN [ONLINE]: 2395-1052

©2013Academic Journals
http://www.academicjournals.org/JMER

Prof. Amol P.Kokare,AkshayKamane,VardhanPatil,
Vikrant Pakhide, of “Performance Evaluation of Shock
Absorber Acting as a Single Degree of Freedom Spring-
Mass-Damper System using MATLAB”, Dept. of Mech,
JSCOE Engg., Pune, India, International Journal of

Engineering  Research &  Technology (IJERT)
IJERTV41S090621(This work is licensed under a
Creative Commons Attribution 4.0 International

License.)Vol. 4 Issue 09, September-2015, pp[730-734]
Chaudhari Arati G., Shilawat Pooja S., Butte Vinod Y.,
Dhage Pradip U.,Prof.Londhe B.C “ A Review of Design
of Shock Absorber Test Rig International Research
Journal of Engineering and Technology (IRJET)”
Volume: 04 Issue: 03 | Mar -2017 www.irjet.net

Nikhil S. Kothawade, Amol D. HalwaAjay I.
Chaudhari,Bhushan R. Mahajan, of “Design of Shock
Absorber Test Rig for Measurement and Analysis of
Transmissibility”, Department of Mechanical
Engineering,Amrutvahini COE, Sangamner, Maharashtra,
India. International Journal of Engineering Research &
Technology (IJERT), Vol. 3 Issue 1, January — 2014
ISSN: 2278-0181.pp [2827-2832].

K. S. Patil, Vaibhav Jagtap, Shrikant Jadhav, Amit
Bhosale, Bhagwat Kedar Performance Evaluation of
Active Suspension for Passenger Cars Using MATLAB
1(Department of Mechanical Engineering, Sree Chatrapati
Shivaji College of Engineering, Pune, India) IOSR
Journal of Mechanical and Civil Engineering (IOSR-
JMCE) ISSN(e) : 2278-1684, ISSN(p) : 2320-334X, PP :
06-14

Arokiasamy Mariajayaprakashl, Thiyagarajan

Senthilvelan and Krishnapillai Ponnambal
Vivekananthan”  Optimisation of shock absorber
processparameters using failure mode and effect

analysisand genetic algorithm”, Mariajayaprakash et al.
Journal of Industrial Engineering International 2013,
9:18http://www.jiei-tsh.com/content/9/1/18

M.S.M.Sani, M.M.Rahman, M.M.Noor, K kadirgama and
M.R.M.rejabof“Study on Dynamics Characteristics of
Automotive  Shock  AbsorberSystem”,Faculty  of
Mechanical Engineering, University Malaysia Pahang,
TunAbdulRazak Highway,26300 Gambang, Kuantan,
Pahang Malaysia, Malaysian Science and Technology
Congress, MSTCO08, 16-17 Dec, KLCC, Malaysia, 2008.
A. M. Salem, W. Galal, of “Identification of
Characteristics of Hydraulic Shock Absorbers Used in
Light Weight Tracked Vehicles”, Aerospace Sciences &
Aviation Technology, ASAT- 13, May 26 — 28, 2009.

N. B. Kate, T. A. Jadhav, of “Mathematical Modeling of
an  Automobile  Damper”,Dept. of Mechanical

www.ijsart.com



13SART - Volume 5 Issue 3 -MARCH 2019

Engineering, Sinhgad College of Engineering, Pune, India
International Journal of Engineering Research (ISSN :
2319-6890) Volume No.2, Issue No. 7, pp. : 467-471 01
Nov 2013.

[10] Mohan D. Raoa and Scott Gruenbergb “Measurement of
Equivalent Stiffness and Damping of Shock Absorbers”
Mechanical Engineering-Engineering Mechanics
Department Keweenaw Research Center Michigan
Technological University, Houghton, M1 49931, USA

[11] T. Yoshimura, A. Kume, M. Kurimoto and J. Hino, of
“Constuction of an active suspention system of quarter car
model using concept of sliding mode control” Department
of Mechanical Engineering, Faculty of Engineering, The
university of  Tokushima,Minamijosanjima-cho  2-
1,okushima 770-8506, Japan.

[12] Daniel Fischer, Rolflsermann, of, “Mechatronic semi-
active and active vehicle suspensions”, Institute of
Automatic Control, Darmstadt University of Technology,
Landgraf-Georg-Str. 4, D-64283 Darmstadt, Germany
Received 14 February 2003; accepted 25 August 2003.pp
[1353-1367]

[13] Semiha Turkay, Huseyin Akcay, of “A study of random
vibration characteristics of the quarter-car model”,
Department of Electrical and Electronics Engineering,
Anadolu University, 26470 Eskisehir, Turkey, Journal of
sound and vibration, Received 7 July 2003; accepted 16
February 2004, pp[111-124].

[14] Huijun Gao, James Lam, Changhong Wang, of “Multi-
objective control of vehicle active suspension systems via
load-dependent controllers”, Space Control and Inertial
Technology Research Center, P.O. Box 1230, Harbin
Institute of Technology, Xidazhi Street 92, Harbin,
150001, PR China Department of Mechanical
Engineering, The University of Hong Kong, Pokfulam
Road, Hong Kong Journal of Sound and Vibration 290
(2006) 654675 24 August 2005.

[15] Lei Zuo, of “Effective and Robust Vibration Control
Using  Series Multiple  Tuned-Mass  Dampers”,
Department of Mechanical Engineering, State University
of New York at Stony Brook, Journal of Vibration and
Acoustics JUNE 2009, Vol. 131/ 031003-1

[16] Junghsen Lieh Professor, of “Tire Damping Effect on
Ride Quality of Vehicles With Active Control
Suspensions”, Mechanical and Materials Engineering,
Wright State University, Dayton. Journal of Vibration and
Acoustics JUNE 2009, Vol. 131 /031011-1.

[17] Marco Danti, DavideVige, Guido Vincent Nierop, of
“Modal Methodology for the Simulation and
Optimization of the Free-Layer Damping Treatment of a
Car Body”, Engineering and Design Virtual Analysis-
NVH, Fiat Auto, Corso Settembrini 40,10135 Torino,
Italy Journal of Vibration and Acoustics APRIL 2010,

Page | 1102

ISSN [ONLINE]: 2395-1052

Vol. 132 /021001-1.

[18] P. Polach, M. Hajzman, of “Design of the hydraulic shock
absorbers characteristics using relative springs deflections
at general excitationof the bus wheels”, Section of
Materials and Mechanical Engineering Research, SKODA
V YZKUM s. r. 0., Tylova 1/57, 316 00 Plzen, Czech
Republic, Received 8 October 2010; received in revised
form 13 December 2010.

[19] Shaohua Li, Yongjie Lu and Liyang Li, of “Dynamical
Test and Modeling for Hydraulic Shock Absorber on
Heavy Vehicle under Harmonic and Random Loadings”
Mechanical Engineering School, Shijiazhuang Tiedao
University, Shijiazhuang 050043, China, Research
Journal of Applied Sciences, Engineering and Technology
4(13): 1903-1910, 2012, ISSN: 2040-7467 ,July 01, 2012.

www.ijsart.com



