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Abstract: A suspension system or shock absorber is a mechanical device designed to smooth out or dampshock impulse, and dissipate
kinetic energy. The shock absorbers duty is to absorb or dissipate energy. In a vehicle, it reduces the effect of traveling over rough
ground, leading to improved ride quality, and increase in comfort due to substantially reduced amplitude of disturbances. When a
vehicle is traveling on a level road and the wheels strike a bump, the spring is compressed quickly. The compressed spring will attempt
to return to its normal loaded length and, in so doing, will rebound past its normal height, causing the body to be lifted. The weight of
the vehicle will then push the spring down below its normal loaded height. This, in turn, causes the spring to rebound again. This
bouncing process is repeated over and over, a little less each time, until the up-and-down movement finally stops. If bouncing is allowed
to go uncontrolled, it will not only cause an uncomfortable ride but will make handling of the vehicle very difficult. The design of
spring in suspension system is very important. In this project a shock absorber is designed and a 2D model is created using
Pro/Engineer. The model is also changed by changing the thickness of the spring. Structural analysis and modal analysis are done on
the shock absorber by varying material for spring, Spring Steel and Beryllium Copper. The analysis is done by considering loads, bike
weight, single person and 2 persons. Structural analysis is done to validate the strength and modal analysis is done to determine the
displacements for different frequencies for number of modes. Comparison is done for two materials to verify best material for spring in
Shock absorber. Modeling is done in Pro/ENGINEER and analysis is done in ANSYS. Pro/ENGINEER is the standard in 2D product
design, featuring industry-leading productivity tools that promote best practices in design. ANSYS is general-purpose finite element
analysis (FEA) software package. Finite Element Analysis is a numerical method of deconstructing a complex system into very small
pieces (of user-designated size) called elements.
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1. Introduction
A shock absorber ordamper is a mechanical device designed

to smooth out or dampshock impulse, and dissipate kinetic
energy.

A. Explanation

The shock absorbers duty is to absorb or dissipate energy. = —
One design consideration, when designing or choosing a Fig 1.1: Rear shock absorber and spring of a BMW R45/5
shock absorber, is where that energy will go. In most motorcycle

dashpots, energy is converted to heat inside the viscous fluid.
In hydraulic cylinders, the hydraulic fluid will heat up, while
in air cylinders, the hot air is usually exhausted to the
atmosphere. In other types of dashpots, such as
electromagnetic ones, the dissipated energy can be stored and
used later. In general terms, shock absorbers help cushion
cars on uneven roads.

B. Applications

Shock absorbers are an important part of automobile and
motorcyclesuspensions, aircraftlanding gear, and the supports
for many industrial machines. Large shock absorbers have
also been used in structural engineering to reduce the
susceptibility of structures to earthquake damage and
resonance. A transverse mounted shock absorber, called a
yaw damper, helps keep railcars from swaying excessively
from side to side and are important in passenger railroads,
commuter rail and rapid transit systems because they prevent
railcars from damaging station platforms. The success of
passive damping technologies in suppressing vibration
amplitudes could be ascertained with the fact that it has a
market size of around $ 4.5 billion.

C. Types of shock absorbers

There are several commonly-used approaches to shock

absorption:

o Hysteresis of structural material, for example the
compression of rubber disks, stretching of rubber bands
and cords, bending of steelsprings, or twisting of torsion
bars. Hysteresis is the tendency for otherwise elastic
materials to rebound with less force than was required to
deform them. Simple vehicles with no separate shock
absorbers are damped, to some extent, by the hysteresis of
their springs and frames.

e Dry friction as used in wheel brakes, by using disks
(classically made of leather) at the pivot of a lever, with
friction forced by springs. Used in early automobiles such
as the Ford Model T, up through some British cars of the
1940s. Although now considered obsolete, an advantage of
this system is its mechanical simplicity; the degree of
damping can be easily adjusted by tightening or loosening
the screw clamping the disks, and it can be easily rebuilt
with simple hand tools. A disadvantage is that the damping
force tends not to increase with the speed of the vertical
motion.
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e Solid state, tapered chain shock absorbers, using one or
more tapered, axial alignment(s) of granular spheres,
typically made of metals such as nitinol, in a casing. [1],[2]

1.4 Shock Absorber types

There are a number of different methods of converting an

impact /collision into relatively smooth cushioned contact..

o Metal Spring

¢ Rubber Buffer

e Hydraulic Dashpot

o Collapsing safety Shock Absorbers

e Pneumatic Cylinders

e Self compensating Hydraulic meal or elastomer based
springs and the temperature range is restricted compared to
metal springs.

1.5 Design Calculations for Helical springs for Shock
absorbers

Material: Steel (modulus of rigidity) G = 41000
Mean diameter of a coil D=32mm

Diameter of wire d =5mm
Total no of coils n'=15
Height h =220mm

Outer diameter of spring coil D’ = D +d =40mm

No of active turns n=14

Weight of bike = 125kgs

Let weight of 1 person = 45Kgs
Weight of 2 persons = 45%2=150Kgs
Weight of bike + persons = 245Kgs
Rear suspension =35%

35% of 245 = 135Kgs

Considering dynamic loads it will be double
W = 220Kgs = 2224N

For single shock absorber weight =w/2=1314N =W

) ) EWxEExn
We Know that, compression of spring ~ (8) = T owa
- D _ &2
C =spring index = Pl 775=28
Bx1617 x8% K14
(5) = 222X X2 — 282.698m
41000% 8

Solid length, L=n'xd=15x5=144
Free length of spring,
L = solid length + maximum compression + clearance

between adjustable coils

=n'd +6, .+ 0156, .
=439.102
Spring rate, K= W18 5.719
S e e 102148
Pitch of coil, p=fi==22 = 26
n 18

Stresses in helical springs: maximum shear stress induced in
the wire

EWC
=KX

md®

K:
4c-1 , 0615 _
4.-4 + c
4x8-1 0.815
YV +_B =0.97
=K
x L = 097 x
T
BX1E17 X8 _
a3
499.519Mpa

Buckling of compression springs, W,,. = K X Kz X L
. . . W
spring rate or stiffness of spring K= 3
_ 469.102
62

Values of buckling factor KB:%F =75

K =0.05 (for hinged and spring)

The buckling factor for the hinged end and built-in end
springs

W=5.419x0.05%439.102=124.129N

2. Model of Shock Absorber

2.1 Parts of Shock Absorber

2.1.1 Bottom NOB

' 4

Figure 2.1: Bottom nob

2.1.2 TOP NOB

Figure 2.2: Top nob

2.1.2 Helical Spring

Figure 2.3: Helical Spring
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2.2 Total Assembly

Figure 2.9: Assembly

Figure 2.4: Total Assembly

) 2.3 Modified Spring of Shock Absorber
2.2 Explode View

7
Figure 2.5: Explode view Figure 2.10: Modified spring of shock absorber
242D DI’aWingS Of ShOCk Absorber 3 Present Design

2.4.1 Bottom 3.1 Structural Analysis for bike weight (125kgs) using

Spring Steel as spring material

Case 1: Load 125kgs

Element Type Solid 20 node 95

Material: Spring Steel

Material Properties: Youngs Modulus (EX)
210000N/mm?

Figure 2.6: Bottom part Poissons Ratio (PRXY) :0.29

Density : 0.000004550kg/mm?®

2.4.2 Top Part
3.1.1 Imported Model from Pro/Engineer

Figure 2.7: Top part

Figure 3.1: Imported model from Pro/Engineer
2.4.2 Helical Spring Part

3.1.2 Tetra Meshed Model

Figure 2.8: Helical Spring part

2.5 Assembly Figure 3.2: Tetra Meshed model

Loads
Pressure — 0.0045N/mm?
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Figure 3.3: Load applied on tetra mesh model
T AN 3.2 Structural Analysis for bike weight (125kgs) using

Beryllium Copper as spring material

Case 2: Load 125kg

Element Type: Solid 20 node 95

Material: Beryllium Copper

Material Properties: Young’s Modulus (EX) : 250000N/mm?
i : S Poisson’s Ratio (PRXY) : 0.255

Density: 0.000001550kg/mm?

Figure 3.4: Displacement Vector Sum

AN

\

Figure 3.5: Vonmisses stress T e T e T e O
Figure 3.3: Displacement vector sum
3.1.3 Modal Analysis
3.1.4 Results

e T S—
Figure 3.4: Von misses stress

AN |
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3.2.1 Modal Analysis
3.2 Results

o
-
P
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3.3 Structural Analysis for one person and bike weight
(200kgs) using Spring Steel as spring material

Case 3: Load 200kg

Element Type Solid 20 node 95

Material: Spring Steel

Material Properties: Young’s Modulus (EX) : 210000N/mm?

/’f
/
—

Poisson’s Ratio (PRXY) : 0.29 3.3 Structural Analysis for one person and bike
Density: 0.000004550kg/mm® weight(200kgs)  using Beryllium Copper as spring
material
. - AN Case 4: Load 200kgs
= AN

—— e L — Figure 3.10: Displacement vector sum
Figure 3.5: Displacement vector sum

e
. . AN
/ SO S
—_— -

Figure 3.9: Van misses stress Figure 3.11: Von misses stress

3.3.1 Modal Analysis gg; :\?/IeosﬂilitlsAnalySIS
3.3.2 Results o
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3.5 Structural Analysis for two persons and bike weight
AN (245kgs) using Beryllium Copper as spring material

Case 3: Load 245kg

Post Processor

w0
e

3.4 Structural Analysis for two persons and bike weight
(245kgs) using Spring Steel as spring material
Case 5: Load 245kgs

AN Figure 3.14: Displacement vector sum

-

Figure 3.12: Displacement vector sum

e

Figure 3.15: Von misses stress

3.5.1 Modal Analysis
3.5.2 Results

Figure 3.13: VVon misses stress

3.4.1 Modal Analysis
3.4.2 Results

>

A\
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4. New Modified Design

4.1 Structural Analysis for bike weight (125kgs) using
Spring Steel as spring material
Case 1: Load 125kgs

SR
Figure 4.3: Displacement vector sum
[R——— /\N
. & >

Figure 4.1: Displacement vector sum

Sy
f Figure 4.4: Von misses stress

: " 4.2.3 Modal Analysis
Figure 4.2: Von misses stress 4.2.4 Results

(L]

4.1.1 Modal Analysis

4.1.2 Results }

4.3 Structural Analysis for one person and bike weight
(200kgs) using Spring Steel as spring material

4.2 Structural Analysis for bike weight(125kgs) using Case 3: Load 200kgs

Beryllium Copper as spring material
Case 2: Load 125kgs
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Figure 4.5: Displacement vector sum Figure 4.4: Displacement vector sum
e AN

-~ =

- s Figure 4.5: Von misses stress
Figure 4.5: VVon Misses Stress

4.3.1 MODAL ANALYSIS
4.5.1 MODAL ANALYSIS 4.3.2 Results

4.5.2 Results

2
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\
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2

4.4 Structural Analysis for two person and bike weight
4.3 Structural Analysis for one person and bike weight ~ (245kgs) using Spring Steel as spring material
(200kgs) using Beryllium Copper as spring material Case 5: Load 245kgs
Case 4: Load 200kgs

2
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Figure 4.9: Displacement vector sum
Volume 6 Issue 11, November 2017

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20178419 2227



www.ijsr.net
http://creativecommons.org/licenses/by/4.0/

International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2016): 79.57 | Impact Factor (2015): 6.391

- . AN
— — Figure 4.11: Von Misses Stress

Figure 4.10: Von Misses Stress
4.5.1 Modal Analysis
4.4.1 Modal Analysis 4.5.2 Results
4.4.2 Results

~ yd
- -
’/@f m /m

4.5 Structural Analysis for two persons and bike weigh
(245kgs) using Beryllium Copper as spring material Results Table
Case 3: 245kgs

/&K‘"

Figure 4.11: Displacement Vector Sum

Volume 6 Issue 11, November 2017

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20178419 2228


www.ijsr.net
http://creativecommons.org/licenses/by/4.0/

International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2016): 79.57 | Impact Factor (2015): 6.391

5. Present Design

HIKE LMK
536301 | 6013034 | 1159

162e= 284

6. Conclusion

In our project we have designed a shock absorber used in a
150cc bike. We have modeled the shock absorber by using
3D parametric software Pro/Engineer.

To validate the strength of our design, we have done
structural analysis and modal analysis on the shock
absorber. We have done analysis by varying spring
material Spring Steel and Beryllium Copper.

By observing the analysis results, the analyzed stress
values are less than their respective yield stress values. So
our design is safe.

By comparing the results for both materials, the stress
value is less for Spring Steel than Beryllium Copper.

Also the shock absorber design is modified by reducing the
diameter of spring by 2mm and structural, modal analysis
is done on the shock absorber. By reducing the diameter,
the weight of the spring reduces. By comparing the results
for both materials, the stress value is less for Spring Steel
than Beryllium Copper.

By comparing the results for present design and modified
design, the stress and displacement values are less for
modified design.

So we can conclude that as per our analysis using material
Spring steel for spring is best and also our modified design
is safe.
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