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Numerical Modeling of Inflatable Cylinder
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vertical strain due to horizontal stress is p/m, isWthe
Abstract—Inflatable materials find a wide range of externally applied load and P is the internal press

applications in structural field as they are lightstrong, = ]
anti-corrosive and can be moulded in any shape. Diteit's e =k : . ! | ™ Hitsd
advantage of light weightiness and ease of transpbitity, | Tl -3 ;-4 0 0 :rr sk
inflatable has been the area of research since @ast and more Tl Y TR 0 12 2 el | e ”
over it has been attracted even today’s genesisatdvitself in its i § i Lo & 5.‘-:—9- Loy I-:“ = ,',”"
commercial application, civilian applications as wels in defence “(1+¢) 4 , 2 R '5“ _PLA
too. This paper focuses on determination of defotioa and = v " I arde: R I i
stresses for inflatable cylinder under various cdtidns by using 0 0 L Z0-e) 3 g 1%

ANSYS 14.5.
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. INTRODUCTION Lovedl-z -3

Ongoing researches in inflatable science have asew )
their uses in manufacturing of inflatable castiedlatable Where,
boat, inflatable balloon, etc. Till today’s dathetstresses of
the inflatable beam are modeled mathematically tmel 2l gr oo P
general expressions of the same are listed outniddel is @ ' S
based on the boundary conditions chosen pertaitairtge (r '
application of project in mind. Deflection and steof the
beam are also found out mathematically and theteomsaare . NUMERICAL ANALYSIS

derived. A. Element Selection and Modeling

The geometry of the profile is created using keyniso
Il MATHEMATICAL = MODELING which are marked which constitute for the firstfhafl the

A. Stiffness Matrix and Deflection cylinder profile. Using the ‘Extrude’ option, th&aght line
Let us consider an inflatable cylinder of lengthiddius R, IS revolved around its axis along 360 degrees; btaio the
area of cross section S, moment of Inertia I, Ydmnghollow cylinder which is of negligible thickness.h&
Modulus E, Shear Modulus G and Shear Coefficient lleometry is created and the cylinder area is mesiitd
According to J.C. Thomas et al., we obtain thefretgs rectangular shell elements. The material is modated thin

matrix of the inflatable cylinder which is as shotgiow fabric by specifying the fabric thickness according
Since the fabrics exhibit tensile stiffness and rot
pr| 12 o —-12 4« considerable deal of compressive stiffness, a #fiell
e Ef-o |l & Pa+g) —d PC—¢) element with optional compressive stiffness isahlé. Shell
_13(1+¢p) —-12 —-d 12 —a 181 element is apt for such an application. Thé&edgébn and
& Pe—¢) —& P@E+p) the stress patterns derived from the run from SHHEBIL
found acceptable patterns which could be relatedh&o
. - - theoretical results. The values of the elastic rfiGthd shear
7 w7 7 moduli are obtained from pre-done experimental yaisl
gt' g‘ : which can be used as references. However, the dPdss
0 ! ? ratio can be chosen based on finite element asalgsuilts.
[K][U] _ [F] B. Boundary Condition
In any finite element analysis, the accuracy ofrdwmult is
B. Stresses in Inflatable Cylinder governed by the type of boundary condition considerFor

The beam is anisotropic with vertical Young's MagiiE E  our application, as we can see in the fig. 1 betba/cylinder
and horizontal young’'s modulus as E/m where m & this stationed on a hinge on one side and is simpperted at
anisotropic ratio. The Poisson’s ratio expressimpizontal the other with central point load acting on the sopface. In
strain due to vertical stress is p. Poisson’s rexjoressing a order to emulate this in FEM, one end of the cydinds

completely constrained with resistance along UX &hd
fully along the circumference which would represém
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which signifies that the movement is arrested, thetsaving o o —

like a hinged cylinder. T rECER] SR
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Figure 1: Boundary Conditions Figure3: Deflection Due to Point Load at Mid Span

B. Case II: A cylindrical membrane container of
IV. VARIOUS CASESTO BE ANALYZED diameter‘d’ and wall thickness ‘t" is subjected tuniform

A. Case I: Thin walled cylinder is pinched by F ahe internal pressure ‘P’. (Static non-linear analysis)

middle of cylinder length. The ends of the cylindare free Table 2;- Parameters Used in Modeling
edges. (Static linear analysis) Material Geometric Loading Bilinear
Table 1:Parameters Used in Modeling Properties | Properties Isotropic
Material Geometric Loading .
_ . Hardening
Properties Properties
E=10.5x18psi | 1=10.35in F=1001Ib — — — -
0= 03125 = 4953 in E=30x16|t=1in P = 500| Yield Stress
t=0.094in psi r=120in psi =250
Meshing: v= 0.3 Tang Mod =
Fig. 2 below shows the meshed model. Rectangular 2000
meshing is used for verification model.

Ko e o P mmccss  Meshing:
Fie Sk Lt Pt Pl WokPlare v Whoe Mgk by
ofelua]ss o m S F! Fig. 4 shows the meshed model. Rectangular messing
ok " . g .
used for verification model.
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Figure 2: Meshed Model
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Results and Discussion:

Fig. 3 shows the displacement of inflatable tubedeho
when load is applied centre of span. The maximufeckion  Results and Discussion:
value is 0.100254 in. ANSYS value is matched clpséth
target value. Small variation is observed in ANSMSult
due to round off error.

Figure 4: Meshing

Fig. 5 shows the stress of inflatable cylinder miadeen
internal pressure is applied. The maximum stressevis
328.956.ANSYS value is matched closely with tanggte.
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W P ) ool Results and Discussion:

4800
A. Stress:

Maximum value of equivalent stress is 12.173 MPa.
Standarad available result for this case is 11.EaMsmall
variation in result is obtained due to round offber
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Figure 5: Stress

C. Case Ill: A cylindrical membrane container of | =i
diameter'd’ and wall thickness ‘' is subjected eouniform | =" 7. ...
internal pressure ‘P’ and external atmospheric pssge. o

Figure 8: Stress
Meshing: g

. L . B. Deformation:
In ANSYS 14.5 automatic meshing is done. For themi

model as shown in fig. 6 automatic meshing is pené. Maximum value of deformation is 0.003017 mm.
R . Standarad available result for this case is 0.002868 Small

AND 258 e "~ variation in result is obtained due to round ofber

Figure 6: Meshing

[

Boundary Conditions:

.. Figure 9: Deformation
Accuracy of results depends upon boundary condition

Hence, boundary conditions must given with great.cAs

shown in fig. 7, tube is subjected to an internaspure of V. RESULT COMPARISON

0.12 MPa and external pressure of 0.1 MPa. Table Ill: Result Comparison
U e - Cases Parameters Target ANSYS
ANSYS | Case | Deflection 0.1139 0.100254
(inch)
foed Casell | Stress(MPa)  330.96 328.954
Stress (MPa 11.23 12.173
1 Caselll | peformation| 0.00298 0.003017
C —— e — " (mm)

VI. CONCLUSION

Results obtained for all the cases are closely magovith
standard available results from MATLAB code. Frdmge
. o A O s results we can conclude that model with inflataiiaterial

Figure 7: Boundary Condition properties can be solved in ANSYS software. Small
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variations in results are obtained because of tisenplified
boundary conditions in ANSYS.
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