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Abstract — Shock absorbers are crucial parts of cars that
provide comfort and safety when driving. The performance
traits of shock absorbers under actual use conditions are
studied in this essay. Through computer modelling, testing,
and experimental analysis, the dynamic behaviour of shock
absorbers was investigated. MATLAB was used to validate
the findings. Speed brakes were applied to a rotating drumin
the model to imitate road disturbances. The research also
examines and illustrates the dynamic characteristics curve of
a single degree of freedom spring-mass-damper system (Hero
Splendour rear shock absorber) for various spring stiffness
values and various lubricants.
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|I. INTRODUCTION

A suspension system called a shock absorber is one that was
mechanically created to control shock impulse and dissipate
kinetic energy. It lowers the intensity of disruptions,
increasing comfort and enhancing ride quality. Shock
absorbers lessen the impact of driving through uneven terrain.
Now-a-days Modern cars are equipped with powerful shock
absorbers that can withstand any bumpy circumstances.
Stiffer springs will be used to control excessive suspension
movement if a shock absorber is not used. An automobile's
suspension system is what keeps the wheel assembly from
colliding with the body.

The main purpose of the suspension system is to
protect the car's structure from shocks and vibrations brought
on by the unevenness of the road. Weight support, road shock
absorption and dampening, tyre contact maintenance and
optimum wheel to chassis relationship are all accomplished
by the suspension system. There is more to a moving vehicle
than just its wheels. The suspension system rotates in a
dynamic state of balance as the wheel spins, continuously
compensating and adjusting for shifting driving
circumstances in accordance with the road profile. Before
construction, the vehicle's suspension needs to be studied.
This is done to ensure that the shock absorber system's
components stay in good shape. The shock absorber system
must assess the impact to determine how it will respond in the
worst-case scenario. A safe vehicle needs to be able to stop
and man oeuvre on a variety of different types of roads. The
ability to stop and manoeuvre rapidly depends on the tyres'
ability to make good contact with the road.

The system of springs, shock absorbers, and
connections that attaches a car to its wheels is known as the
suspension. The shock absorber, as a whole assembly, is a
crucial component of the car suspension system that affects
ride quality. In order to lessen the tendency of a tyre to lift off
the ground, shock absorbers are also essential for tyre to road
contact. This has an impact on the vehicle's braking, steering,
cornering, and overall stability. The vehicle may bob up and
down if the shock absorber is removed from the suspension.
The vehicle can still be driven, but if the suspension drops as

a result of driving over a big bump, the rear spring may come
loose.

In essence, the shock absorbers need to be replaced
after a specific amount of driving. But if there were no flaws,
this really shouldn't have been done.

II. PROBLEM SPECIFICATION

The aim of the project is to study and analyze single degree
of freedom springmass-damper system and plot its dynamic
characteristics curve for different values of spring stiffness
for various speed condition FFT Analyzer.
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Fig. 1: Problem Specification

I1l. OBJECTIVES

1) To test suspension on various oil kinds and stiffnesses in
order to determine the best motion transmissibility
utilising DOE.

2) To figure out the dynamic properties of the shock
absorber.

3) Different loads, speeds, and oils will be utilised for
evaluating the suspension's stiffness at various stages.

4) A suspension testing setup for testing various
suspensions  using a  motion  transmissibility
development.

IV. METHODOLOGY

With the help of the information from the literature review,
we can determine how the CAD model should be created. The
technical publications cited provide a brief overview of the
conditions necessary for imposing certain limitations and
how the loads are applied.

A. Generation of CAD Model

Gathering input data for the shock absorber test rig's
dimensions.

B. Determining the loads

By reviewing several reference papers and other relevant
resources, it is possible to determine the various loads and
boundary conditions that are acting on the component.

C. Analysis and Testing
Testing is done by using FFT analyzer & Matlab software

D. Analysis the Results and Regeneration
— Modifying the model for optimum performance.
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—  Examine this brand-new model.
— Use MINITAB to check the transmissibility ratio.

E. Fabrication and Experimental validation

—  Prototype fabrication.

—  Appropriate experimental and model comparison.

— Validation of result by comparing with software results.
V. THE ANALYTICAL CALCULATIONS

A. Spring Stiffness, Calculation

N .
Fig. 2: Spring Stiffness Measurement

For the two suspensions that are being used for the
experiments, we do not originally have a value for the spring
stiffness. To determine the stiffness for this, one brief
experiment is conducted. Scale is used to measure the spring's
initial length. Then, the spring of one of the shock absorbers
is loaded with 60 kg. As a result, the spring is compressed,
and its length is now measured.
Using the spring stiffness calculation formula,

K= (F/X) x9.81 N/mm
Where,
K-Stiffness of the spring in N/mm
F- Force (kg)
X-Displacement because of loading (mm.)
Calculations,
For the Splendor,
K= (60.00%9.81)/ (230.00-205.00)
K=23.541 N/mm

Load Length in (mm) .
Sr Shock on the Free c?ft I;'fnr?rS]S
* | Absorber | Spring Compressed ' Spring
No of in body Length in (K)
Kg Length N/mm
1 | Splendor | 60.00 | 230.00 205.00 23.540
o | Honda 16600 | 24000 | 206.00 17.310

Shine

Table 1: Spring Stiffness of Shock Absorber

B. Shaft material and Calculation

Shaft made of EN 19 Alloy steel. It is a high-quality, high-
tensile steel that can typically be easily machined in any
temperature condition. It also has good wear resistance along
with good ductility and shock resistance.

1) Applications:

When EN19T initially came into being, it was intended to be
used for gears, pinions, shafts, spindles, and other
components in the machine tool and motor industries. Later,
as its uses expanded greatly, it is now extensively used in
sectors like the oil and gas industries. A high tensile steel
grade of good quality is appropriate for a wide range of
applications, including gears, bolts, and studs.

2) Calculation

Perimeter of Drum
P=2mnr

P=2m =x0.305
P=191637m

volume of drum

V=2mr*2 h
V=2x314x0.305=0.305=0.005
V=0.00292246 m3

Mass of Drum
M=V
M=0.00292246:x7860
M=2298 kg

WEIGHT OF DRUM
W=mxg,
W=2298=9 81
W=22548N

RA-
HINN

motex

3 HP

Fig. 3: Force Diagram

By maximum shear stress theory |
Support reaction (RA, RB)

YMA=0

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

RA= -RB+ (740%0.305)
RA=112.74N

Bending Moment (M)

M=RAxx- w % (0.15252)/2
M=112.74x0.305-740= (0.1525) 2/2
M=25.78 N-m Torque

T=Exr

T= (149x9.81) x0.405
T= 592 N-m

Equivalent Torque
Te =V (M2+T2)
Te =V (25.782 + 5922)

Te =593 N-m
Diameter of Shaft

d= ¥ (6xTe/ m 1) d = ¥
[(16x593%1000)/ (rx45)]

d=40.69 mm~50 mm
By maximum principal stress theory
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Equivalent Moment

Me= [M +V (M2+T2)] /2

Me=[25.78+V (25.782+5922)] /2
Me=309.17 N-m

Diameter of Shaft d=
¥ (32xMe/no)
d=3((32x309.17)/(x75)
) d=41 mm
Selecting maximum diameter & after select the roller bearing
FindJe<T
T= (60%1000%P/21N)
T=(60x1000x2.238/2 x240)
T=89.047 N-m

Velocity
W=mDN/60
V=r1x0.05%240/60
V=62831m's
V=2.2611 Kmph

3) Bearing
A bearing is a mechanical component that places two
machine parts in relation to one another and allows them to
move with one another. It has two or more contacting surfaces
that make touch with one another and transfer load. For the
shaft, UCP210 bearing is used.

Plummer block bearings are chasen with an internal
diameter of 50 mm and a necessary torque of 89 Nm.

-"‘.

N '11 I |

4
L

Fig. 4: Bearing UCP210

4) Key

A mechanical component known as a key is used on shafts to
lock down spinning components such as gears, pulleys, or
sprockets and stop relative motion between them. The key
transfers torque from the shafts to the element that is
supported by the shaft, or vice versa. It is always inserted with
the shaft's axis parallel.

In carbon steels, carbon is the main alloying
component. They also contain 0.4% silicon and up to 1.2%
manganese. Additionally, these steels still have trace amounts
of copper, molybdenum, aluminum, chromium, and nickel..

VI. EXPERIMENTAL SETUP

g

Fig. 5: Experimental Setup (CAD Model)

A. ABOUT SETUP

1) FRAME

It serves as the setup's foundation. The C-Section is formed
of MS bars. 35 feet of material was used in total. All assembly
components are supported by the frame.

2) DRUM

Fig. 7: Drum
It is constructed from 4mm thick MS sheet. It is produced
through the rolling of sheet metal. Sheet metal is used to
create the standard speed breaker profiles, and the drum is
then welded to the sheet metal. Three spokes support the
drum.
3) Wheel Assembly

Fig. 8: Wheel assembly
It is the Hero Splendour Bike's wheel assembly. Swing arm
is equipped with a wheel. Swing arms are attached with the
lowest point of shock absorbers. Swing arms are put together
for the frame.

4) MOTOR

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

5) DIMMERSTAT

The voltage of a dimmestat, an automatic transformer, is
continually changeable. Its construction is straightforward,

All rights reserved by www.ijsrd.com 311




Shock Absorber Test Rig Design and Transmissibility Analysis
(IJSRD/Vol. 11/Issue 3/2023/076)

and the output voltage variation is smooth, constant, and
breakless. It is quite effective and has a great short-term
overload capacity. The motor speed is regulated by a 20 amp
dimmerstat.

6) FFT Analyzer

Fast Fourier Transform, or FFT. It is a tool for measuring
vibration and noise. Data is transformed from time domain to
frequency domain.We will use an accelerometer to take
readings. The outcomes are shown using DEWEsoft
Software.

Fig. 9: FFT Analyzer

SPECIFICATION

—  Smaller USB- based system

— 8analogue input channels (strain, voltage; with MSI

adapters any input)

— 200 kS /s aliasing-free 24bit-ADC

— 8 counters which are precisely real time

— 2isolated CAN bus ports
7) Accelerometer
The accelerometer, a Piezo-electric accelerometer, is
regarded as the industry-standard vibration transducer for
measuring machine vibration. The piezoelectric crystal that
forms the basis of the accelerometers has a mass fastened to
one of its surfaces. When a vibration signal is applied to a
mass, the mass accelerates the vibration, which is then
transformed to a force, which is then converted to an
electrical signal. The foundation of the "accelerometer” is
this.
8) The DEWSsoft Software
With the DEWESoft Software, the analysis is done. The
software includes a number of dynamic signal analysis
approaches, covering sound level, torsional vibration, and
human vibration.

B. Working

— A shaft is mounted in a bearing. This allows the shaft to
rotate freely while supporting its weight.

— Adrum is mounted on the shaft. The drum is the part that
will rotate when the motor is turned on.

— Speed breaker profiles are welded to the drum. These
profiles help to slow down the drum when it rotates.

— A wheel assembly is mounted on the drum. The wheel
assembly includes the wheel itself, as well as the axle and
bearings that allow the wheel to rotate freely.

— The shaft is coupled to a motor. This allows the motor to
turn the shaft, which in turn turns the drum.

— The motor speed is controlled using a dimmerstat. The
dimmerstat allows you to adjust the speed of the motor,
which in turn adjusts the speed of the drum.

—  As the wheel and drum rotate, the speed-beaker profile
of the wheel causes a bump on the shock absorber.

Fig. 10: Actual Experimental Setup
—  Shock absorber will get saturates or compressed.
—  FFT analyzers one sensor will attached to higher and
another is one at lower point of shock absorbers then
the readings printed on computers screen.

VIl. RESULTS AND DISCUSSION

A. Experimental Results
F Table 2. SPLENDOR SUSPENSION (OIL 1)

Spring | Load Peak(RMS) Irnusinisss
SN | Suffness | (Kg) owwm | bility
(K) Top Bottom Ta~(A/B)
(A) (8)
1 (N'm) 27 17.085% 23.347 0.7317
23540
2 23540 32 14420 2423 0.6073
3 23540 37 11.71 229558 04952
4 23540 42 10.59 23.544 0.4147

Table 3. HONDA SHINE SUSPENSION (OIL 1)

Spring Peak(RMS) Transmiss
S. | Stiffness | Load m/s2 ibility
N (K) (Kg) Top | Bottom Tee(A/B)
A ®) =
(N/m)
1 17310 27 13.34 2432 0.5485
2 17310 32 11.54 | 25.66 0.45
3 17310 37 10.73 26.19 0.41
4 17310 42 10.30 28.61 0.36
Table 4. SPLENDOR SUSPENSION (OIL 2)
S. | Spring | Load |  Peak(RMS) Transmuss
N | stiffness | (Kg) m/s2 ibility,
) Top | Bottom | Tr=(A/B)
(N/m) @ | ®
1 23540 27 18.774 | 25407 0.7371
2 23540 32 14.469 | 24.525 0.6045
3 23540 37 11375 | 21.876 0.52
4 23540 42 9.809 | 21.876 0.4484
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Table 5. HONDA SHINE SUSPENSION (OIL 2) 4) Splendor Suspension Top of weight 32Kg for Oil 2
S. | Spring | Load|  Peak(RMS) Transmiss Scr-e liWmns e ;
N | stiffness | (Kg) m/s2 ibility, - e
(X) Top | Bottom | Tz=(A/B) .
(N/m) (4) ®) :

1 17310 27 | 13791 | 25898 0.5325

2 17310 32 1224 | 27.664 0.4427

3 17310 37 | 94176 | 24721 0.3809

4 17310 42 7.651 23.093 0.33134 ‘Figure 14.Graph 4
B. FFT RESULTS VIII. RESULTS AND DISCUSSION
1) Splendor Suspension Bottom (32Kg for Oil 1) A. Transmissibility comparison

“cr-% I LG ARES,

The transmissibility as calculated using experimental

g  m— readings and the MATLAB solution can now be compared.
= The following table displays the transmissibility error
...... percentage.

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

Table 6. Transmissibility comparison of Splendor suspension

= with Oil 1
‘ Load w/ wn Transmissibility ‘ %
LT —— N - = | Kg) | Error|
2) Splendor Suspension Top for weight 32Kg for Oil 1 \ Experimental | MATLAB
itr-e liumnme, == 27 | 1524 0.7317 0.7859 | 6.896|
32 | 1659 | 0.5951 0.6073 2.009 |
37 | 1784 051 04932 | 3406
2 | 1901 | 0.45 04147 | 8512

2. Honda Shine Suspension (K=17310N/m and O1l 1)

Table 7. Transmissibility comparison of Honda Shine
suspension with Oil 1

‘ Load; w’ wn) Transmissibility %
(Kg)| |  Error
Experimental MATLAB

*-@ I L AmEm,
27 | L7 0.5485 0.5203 5.419

ARG S T T P VO o Y 32 | 19348 0.45 0.4149 8.450

37 | 208 0.41 03445 | 19.013

2| 22 0.36 02013 | 22324
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2. Splendor Suspension (K=23540N/m and Oil 2)

Table 8. Transmussibility companson of Splendor suspension

with Oil 2

Load| w wn| Transmissibility %o

(Kg) Ervor
Experimental MATLAB

27| 1.524 0.7371 ).7837 5.046

32 1.659 ).50 0.6045 2.308

7 L.784 0.52 0.4906 £993

42 1.901 0.4484 0.4123 8 756

3. Hondz Shine Suspension (K=17310N/m and Oil 2)

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

Load w' wn) Transmissibility %o
(Kg) Error
Experimental MATLAB
27 L5777 0.5325 ‘.vr‘l‘\.l' 3 -lb
2 | 19348 04427 041 7.713
7 208 03800 03411 11.6

B. Result of MATLAB

Transmissibility vs FR (wiwn) forKl and el ——V=iEoph

T ity

Fig. 15. Transmissibility Vs FR (o/ on) for K1 and cl

IX. CONCLUSION

We can test numerous suspensions using this suspension
testing system at various speeds and loads. Suspension
systems of various heights are another option.

We can determine the best motion transmissibility
by experimenting with various suspensions and oils. With the

ultimate goal of analyzing and displaying the dynamic
properties of the suspensions of the Honda Shine and the
Hero Splendor utilizing a single wheel model of suspension
analysis, several data were produced. The project work is
nevertheless concluded with the following remarks:

(1

(2]

(3]

[4]

[5]

(6]

1) A suspension system that is purposefully under-
damped performs at its best.

2) Based on experimental findings and graphs, we can
deduce that transmissibility should be as low as
possible for a decent ride, and that this can be done
by employing a low damping constant and a high
spring stiffness. Honda Shine suspension performs
better than Splendor suspension, and both offer
comparable results.
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