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ABSTRACT

The main of this thesis is to compare the
deformations, stresses, frequency values, directional
deformations and shear stresses for Conventional
Toroidal Pressure vessel and Filament wound
Pressure Vessel used to store CNG. The Toroidal
Pressure vessel and Filament wound Pressure Vessel
are modeled in 3D modeling software Creo 2.0.
Static, Modal analyses and Random Vibration
analysis are performed on Toroidal Pressure vessel
and Filament wound Pressure Vessel and compared
for the results. The analysis is done in Ansys.

Indroduction

The main of this thesis is to compare the analytical
results for Conventional Toroidal Pressure vessel and
Filament wound Pressure Vessel used to store CNG.
The Toroidal Pressure vessel and Filament wound
Pressure Vessel are modeled in 3D modeling software
Creo 2.0. Static, Modal and Random Vibration
analyses are performed on Toroidal Pressure vessel
and Filament wound Pressure Vessel and compared for
the deformations, stresses, frequency values,
directional deformation and shear stress values. The
analysis is done in Ansys.

MODELING OF TOROIDAL AND FILAMENT
WOUND TOROIDAL PRESSURE VESSEL IN
CREO 2.0

TOROIDAL PRESSURE VESSEL
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FILAMENT WOUND TOROIDAL PRESSURE
VESSEL

Fig 2 — Final Model of Filament wound pressure
vessel

ANALYSIS OF TOROIDAL AND FILAMENT
WOUND TOROIDAL PRESSURE VESSEL
BOUNDARY CONDITIONS

The pressure vessel is analyzed for an internal pressure
of 25 MPa. The value is taken from the journal paper,
“CNG: Always been in pursuit of energy to meet his
ever increasing demand”, by Vikas Sharma as
specified in references [11].

STRUCTURAL ANALYSIS OF FILAMENT
WOUND TOROIDAL PRESSURE VESSEL

. Pressure; 25. MPa

B
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Fig 3 — Pressure is applied inside the pressure vessel

Fig 1 - Final model
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Fig 6 — Equivalent Elastic Strain for Kevlar

MODAL ANALYSIS OF FILAMENT WOUND
TOROIDAL PRESSURE VESSEL
MATERIAL- KEVLAR
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Fig 7- mode -1 for Kevlar
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A: Modal

Total Deformation 2
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Fig 8 -mode -2 for Kevlar
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Fig 9-mode -3 for Kevlar

RANDOM VIBRATION ANALYSIS OF
FILAMENT WOUND TOROIDAL PRESSURE
VESSEL

The result of frequency values from modal analysis
are taken as input for random vibration analysis
MATERIAL- KEVLAR

Directional Deformation

Type: Directional Deformation (X &xis)
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Fig 10 — Directional Deformation for Kevlar
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Graph 1 — Comparison of Deformation values for
two models and different materials
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From the above graph it is observed that the total
deformation is less for toroidal pressure vessel than
Filament wound pressure vessel and it is less for Steel
material.

Fig 11 — Shear Elastic Strain for Kevlar
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Fig 12— Shear Stress for Kevlar

From the above graph it is observed that by using steel
for filament wound pressure vessel fails because the

RESULT & DISCUSSIONS
STATIC ANALYSIS

stress values are more than its allowable strength but

DEFORMATION STRESS _
MATERIALS (um) (P STRAN for Kevlar and Carbon Fiber the stress values are less
STEEL 0.69085 10005 0,008 than their respective allowable strength values.
KEVLAR 1385 Bl DonLES The stress value is less for Toroidal pressure vessel
CARBON FIBER 20191 10893 001775 than Filament wound pressure vessel and it is less for

Kevlar material.

Table 1 — Static analysis results of Filament wound
toroidal pressure vessel COMPARISON OF
STRAIN VALUES FOR
MATERIALS DEFO?“‘)”'ON S(Tklzljis)s STRAIN TWO MODELS AND
I\ a Z
STEEL 0.59447 35269 0.0019564 <_E MATER IALS

o

KEVLAR L176 340.08 0.0037774 5 00 Tt —o—\ITH

CARBON FIBER 1.7652 371.76 0.0039636 «&' CJ FWPV

=l—-WITHOUT
Table 2 — Static analysis results of Toroidal MATERIALS FWPV

pressure vessel
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From the above graph it is observed that the strain is
less for toroidal pressure vessel than Filament wound
pressure vessel and it is less for Steel material.

MODAL ANALYSIS

MATERIALS VARIABLES MODEL | MODE2 MODE3
Deformation 067752 | 059607 061335

(mm)
STEEL Frequency (Hz) 4984 302.66 39583
Deformation 1.569 13805 14136

(mm)
KEVLAR Frequency (Hz) 81692 82445 97771
M‘E:::)“"“ 15142 13328 13815

CARBON

FIBER Freluency (Hz) 635.18 660.08 78215

Table 3 —-Modal results of Filament wound toroidal
pressure vessel

MATERIALS VARIABLES MODE1 | MODE2 MODE3
Deformation 053963 05491 063891
(mm)
STEEL _ - __
Frequency (Hz) 34212 34308 353.04
Deformation 12673 12874 14431
(mm)
KEVLAR i i
Frequency (Hz) 885.79 887.13 90891
Deformation 13761 12871 15196
. (mm)
CARBON
FIBER Frequency (Hz) 71526 717.14 72345

Table 4 — Modal results of Toroidal pressure vessél

COMPARISON OF
DEFORMATION VALUES
FOR TWO MODELS AND
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From the above graph it is observed that the frequency
values are more for filament wound toroidal pressure
vessel than toroidal pressure vessel, so vibrations are
more for filament wound pressure vessel and it is less
for Steel.

RANDOM VIBRATION ANALYSIS

DIRECTIONAL
MATERIALS DEFORMATION S]EIIAR STRESS STRAIN
) -
STEEL 17626 83876 (183030
KEVLAR 16163 8703 11489
CARBOX FIBER 10575 5778 19283

Table 5 — Random analysis results of Filament
wound toroidal pressure vessel

From the above graph it is observed that the
deformation is less for toroidal pressure vessel than
Filament wound pressure vessel and it is less for Steel.

DIRECTIONAL
MATERTALS DEFORMATION SHERSTRESS SHEAR STRAIN
0
(um)
STEEL 13877 16456 021406
KEVLAR R 16077 043846
CARBON FIBER 3 02611 03201

Table 6 — Random analysis results of Toroidal
pressure vessel
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Graph — Comparison of Deformation values for two
models and different materials

From the above graph it is observed that the total
deformation is less for toroidal pressure vessel than
Filament wound pressure vessel and it is less for Steel
material.
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From the above graph it is observed that by using steel
for filament wound pressure vessel fails because the
stress values are more than its allowable strength but
for Kevlar and Carbon Fiber the stress values are less
than their respective allowable strength values. The
stress value is less for toroidal pressure vessel than
Filament wound pressure vessel and it is less for
Carbon Fiber material.

COMPARISON OF
STRAIN VALUES FOR
TWO MODELS AND...
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From the above graph it is observed that the strain is
less for toroidal pressure vessel than Filament wound
pressure vessel and it is less for Steel material.

CONCLUSION

Theoretical calculations are done to determine stress
and displacement values for toroidal pressure vessel.
By observing the calculations, the displacement is less
for Carbon Fiber than Kevlar and Steel. The values are
similar with that of analytical results.

By observing the static analysis results, the total
deformation is less for toroidal pressure vessel than
Filament wound pressure vessel and it is less for Steel
material. From the stress results it is observed that by
using steel for filament wound pressure vessel fails
because the stress values are more than its allowable
strength but for Kevlar and Carbon Fiber the stress
values are less than their respective allowable strength
values. The stress value is less for toroidal pressure
vessel than Filament wound pressure vessel and it is
less for Kevlar material.

By observing the modal analysis results, the
deformation is less for toroidal pressure vessel than
Filament wound pressure vessel and it is less for Steel.
The frequency values are less for wound toroidal
pressure vessel than toroidal pressure vessel, so
vibrations are more for filament wound pressure vessel
and it is less for Steel.

By observing the Random Vibration analysis results,
the directional deformation values toroidal pressure
vessel than Filament wound pressure vessel and it is
less for Steel material. The stress value is less for
toroidal pressure vessel than Filament wound pressure
vessel and it is less for Carbon Fiber material.
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