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Fig. (1)

Meridional and peniphelal deformations of the element of the
plate Yespectively will be :(1)
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mhere r is he lagrangian coordinate of the element. If we consideI'
the equilibrium of the element of the plate under the action of inertia
foRces, meridional and peripheral stresses « and q, , then we
get the following euation of motion (1) :
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which in the case of linear 1elation between stresses and strains giveI
by the well kown 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 1epresents the
first front of the propagating cylindrical wave of high discontinuity.
In the environment of this point we have following 1elation (1)
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Fig. (2)

Becuse of the convexity of the impacting body the angle» in­
creases with time but b decreases, we have b = o when, = 0. Thus
within some time t the velocity of the wave of high discontinuity

.1emnains greAter than the velocity 0f sound a in the materialم 

If the relation » =٣(t) is hown, then t can be found from the
·elation (I) :  ه

(2)
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The picture of motion in the plane r,t is shomn on figure (2)
ghere the curve O'B' representing the wave of high discontinuity
,epends on the shape of the impacting body. In the case 0f sphere
[ will be an ellipse of the form
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! is the redius of the sphere.
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Using 1elation (2) foI our case we have
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lt is clear that the time delay of pue Iadial motion is pIoportional
to the 1adius of the sphere, but it is invesely propotional to the
velocity of impact.

Taking into consideration that on the wave of high disconLinuity
acts the concentrated force @, we can write the conditions on it
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Solving fist two equations we find that
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The thiId equation of (8) can be used to find G. The condition
for' the plate to leave the surface of the impacting body is @ = 0, but
@ = 0 until the moment whem b > a . If suppose that @ = 0 when

mrb> a ,then equation (3) gives that cos» =O and then» =
but this is contrary with the condition that b > ٨, = 0, since B o ت
wheny=  إ

Conseguently, tearing off of the plate from the impacting body
may happen afte1 appearnce of pure radial motion.

From equation (4) we find that u when ج ص b٠4ج٨ 

The point A on the cuIve 0 I' which represents the beginning
of plastic defo1mations may be found from the condition '
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Thus, the problem of defining motion in the region O'B'C (OG
and B'C' are the characteristics of the differential eguation ) tends to
CauchLy's problem with the conditions (4) and (5) on the cuIve OB'
foY equation (1). In the region O'CD the compound problem is
solved for the bounda1y conditions :

u =0 and u, =0 where r = 0

Bquation (1) was solved by characteIistic method on the computing
machine aften putting it in the form
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where :
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Conditions on the cuIve O'A in dimensionless fonm will be :

8٨
= Pث٢7٠

cosn- % م tan%.--1-
٥٤ Tl, ٠ll ه= ا  ؟ت٨٦

{3 ٢٨n3 ١1

l٢٤ =
?tan ومع-)  هi? -ى م1)>

 د،د

P (1-{% an" w ) sin

Figure {8) shows the 1elation between e (O, ) and for
different values 0f 8. 'The material of the tAken plate is steel
(٧ = 0.3 ). ٠

For a small interval of time an appoximate analytical formula
was found (1):

(6)
T٤(0,) = 4 m  م­-

Feee 0,249 < m < 0,29378

The results 0f ouR numerical solution greatly agee with the
results according to (6) ( See Figure 3).
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Resmme
This papel considers the problem -of no1mal. impact .against a

flexible membrane by a sphere moving with constant velocity. A
gRaph of numeical soltion is presenteD.


