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Abstract

In this work the problem of normal impact of a sphere on 3
lexible membrane is studied. The method of characteristics for
jolving the obtained differential equation is used. It is found that
‘he obtained results for a small interval of time agree with those obta-
ned by Pavlinko (1) using an approximate analytical formula for
the normal impact on 4 flexible membrane,

Introduction

igation of the longitudinal wave. Consequently, two fields of
otion will directly appeear, these are the field of pure radial motion
d the field of meridional motion. [In this work the problem of
msverse impact on a fexible plate by a sphere is considered with
¢ assumption that the sphere moves with a constant velocity v,
ler'e the velocity of the wave of high discontinuity b exceeds the
ocity of sound in the material, i.e. meridional motion only appeears
first and then radial motion.
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Assume that a flexible plate with infinite extent falls on a sphere,
th that the surface of thet sphere remains in contact with the plate
er impact.  Let y be the distance of an element of the plate in

vicinity of the origin 0, where the velocity of particle ig zero and
lote the angle between the axis O’X and the tangent to the sphere

the considered point by y ( Fig. 1 ) which is a known funetion of
€ for the Impacting body,




Fig. (1)

Meridional and peripheral deformations of the element of the
plate respectively will be : (1)
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where 1 is he lagrangian coordinate of the element. If we consider
the equilibrium of the element of the plate under the action of inertia
forces, meridional and peripheral stresses », and 9 then we

get the following equation of motion (1) :
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which in the case of linear relation between stresses and strains given ;
by the well kmown formulae ; |
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Po is the initial density of the plate. The point of break B (Fig. 1)
moves with some velocity b (t) along the plate and it represents the
first front of the propagating cylindrical wave of high discontinuity.

In the environment of this point we have following relation (1) : .




Where y is defined as before
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Because of the convexity of the impacting body the angle y in-
ereases with time but b decreases, we have b = o when y = 0. Thus
within some time t, the velocity of the wave of high discontinuity
b remains greater than the velocity of sound a, in the material.

If the relation y = y (t) is known, then t_ can be found from the
-elation (1) :

v () =tan " Vo (2)
nO
The picture of motion in the plane r,t is shown on figure (2)
vhere the curve O’B’ representing the wave of high discontinuity
.epends on the shape of the impacting body. In the case of sphere
b will be an ellipse of the form :
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*hose centre is ( O, v J)and semi-axes are 1;- and R, where
[v] 1]
\ is the radius of the sphere.
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Using relation (2) for our case we have :
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It is clear that the time delay of pure radial motion is proportional
to the radius of the sphere, but it is inversely proportional to the
velocity of impact.

Taking into consideration that on the wave of high discontinuity
acts the concentrated force @, we can write the conditions on it :

b
bu, == =y

cos Y
Po b Vysiny —uw) = q, (3)
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Solving first two equations we find that :
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The third equation of (8) can be used to find Q. The condition
for the plate to leave the surface of the impacting body is Q = O, but

Q 7= O until the moment when b > a, . If suppose that Q = O when
b > a, , then equation (3) gives that cos y = O and then y = T ,
but this is contrary with the condition that b > n, 5% O, sinceb = 0

when Yy = Ir

Consequently, tearing off of the plate from the impacting body
may happen after appearance of pure radial motion.

From equation (4) we find that u — co when b — 1,

The point A on the curve O+ B* which represents the beginning
of plastic deformations may be found from the condition -
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Thus, the problem of defining motion in the region O’'B’C’ (0’C’
and B’C’ are the characteristics of the differential equation ) tends to
Cauchy’s problem with the conditions (4) and (5) on the curve O'B’
for equation (1). In the region O'C'D’ the compound problem is
solved for the boundary conditions :

u=Oa;ndut = 0 wherer = Q

Equation (1) was solved by characteristic method on the computing
machine after putting it in the form :

az;_a!.+1 Qu _ sin 2u (14 v)(1—cosn)
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Conditions on the curve 0’A in dimensionless form will be :

— R cos w — B2 tan®u
W=smoorL = —e—— oy = 0

= sin®u — f2 tan2u (1 — cas u )
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Figure (3) shows the rvelation between « (0O, ) and ~ for
different values of 8. The material of the taken plate is steel,
(v =103).

For a small interval of time an approximate analytical formula
wag found (1) :

E(O.T)=4m-£- (6}

Here 0,249 < m < 0,249378

The results of our numerical solution greatly agree with the
results according to (6) ( See Figure 3 ).
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Resume

a

This paper considers the problem -of normal. impact -against a
flexible membrane by a sphere moving with comstant velocity. A
graph of numerical solution is presented.



