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Analytical investigation of Low-Velocity Oblique Impact
Cylindrical Shells
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on Composite

Keywords Abstract

Low velocity, In this paper, dynamic analysis of the composite cylindrical shells subjected to oblique low-velocity
Oblique impact impact by a spherical impactor is investigated. The equations of motion based on classical shell theory
Composite cylindrical shell (CST) have been extracted using the Newton method. The boundary conditions are considered to be
Improved Spring-mass model simply supported. The displacement components are written as double Fourier series expansions
Contact force history according to the boundary conditions. In order to obtain the natural frequency and cylindrical shell

response under low-velocity impact loading, the equations of motion are solved using the Galerkin
weighted functions method. The contact force history is improved by the mass-spring modeling method
and predicted using the Hertz linear contact law. For verification purpose, the results are compared with
the Abaqus finite element software and the latest available literature and good agreement is observed
between the contact force history parameters like maximum contact force and the contact time. In this
study, the effect of shell geometrical parameters including ratio of length-to-radius (L/R) and ratio of
thickness-to- radius (h/R) and also the effect of impactor parameters including velocity (v,), mass (m;)

and angle of impact (y) on the impact response is investigated.

Azarafza, R. Golkar, A.R. and Davar, A , “Analytical investigation of Low-Velocity Oblique Impact on Composite Cylindrical Shells”, In Persian, Journal of Science and

Technology of Composites, Vol. 7, No. 3, pp. 1106-1119, 2020.
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Fig. 2 An element of the shell with applied forces and moments [20]
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Fig. 4 The position of the impact surface on the cylindrical shell
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Table 2 Impactor specifications
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Fig. 10 Comparison of transverse, tangential and resultant
components of impact history; y = 60°
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Fig. 8 Cylindrical shell and spherical impactor, modeled in Abaqus
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Fig. 13 History of contact force for different lengths to shell radius
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Fig. 14 Maximum contact force according to the ratio of length to

shell radius for different impact angles; Layup [0,90],; v, =

10m/s
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Fig. 15 Maximum middle surface deflection according to the ratio
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Fig. 12 Comparison of the history of the middle surface deflection
below the point of impact; Check at two angles of impact 30 and 60
degrees
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Table 4 Percentage of changes in the maximum contact force and
maximum middle surface deflection per different length-to-radius
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y=60°;v, =10m/s
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Fig. 17 Maximum contact force according to the ratio of thickness
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Fig. 18 Maximum middle surface deflection according to the ratio of
thickness to shell radius for different impact angles; Layup [0,90];;
y =30°% v, =10m/s
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3 76.84 12.07
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Table 5 Maximum contact force at different impact velocities of the
impactor and the rate of increase of it, proportional to the increase
in impact velocity; Layup [0,90],

Maximum contact force (N)

Vo

(m/s) y =45° amplification ~ y =60°  amplification
1 138.79 - 102.83 -
5 715.85 5.16 times 499.77 4.86 times
10 1440.00 10.38 times 1025.07 9.97 times
15 2143.17 15.44 times 1538.40 14.96 times
20 2830.21 20.39 times 2041.61 19.85 times
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Fig. 22 The effect of the ratio of the impact mass to the shell mass
on the history of impact force; Layup [0,90],; y =30°; v, =

10m/s
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Fig. 23 The effect of the ratio of the impact mass to the shell mass
on the history of middle surface deflection at the point of impact;
Layup [0,90],; y = 30°% v, = 10m/s
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Fig. 19 The effect of the impact velocity of the impactor on the
history of impact force; Layup [0,90],; y = 45°
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Fig. 20 The effect of the impact velocity of the impactor on the
middle surface deflection at the point of impact; Layup [0,90];;
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