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DYNAMIC NON — AXIS — SYMMETRICAL
SUM ABOUT THE TORSION OF THE ELASTIC
HALF-SPACE WITH THE PUNCH

Valery Starchenko, Vyach slav Buryak

Volodymyr Dahl East-Ukrainian National Universityigansk, Ukraine

Summary. In the work the sum about the joint oscillationtleé elastic isotropic half-space and rigid while
stretching (compression) of the punch of an amitshape in the plan to which the rotational moment
changing according to the harmonic law in time ppleed. The asymptotic formulas for defining contac

shearing stresses under the punch, the angle gintagand module of complex amplitude of the punch
oscillation.
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INTRODUCTION

Nowadays the mechanics of contact interactions ol sdeformable bodies
represents a big and actively developing brancimethanics of continuums. Static
contact sums are quite well researched. A big probils created by the solutions of
dynamic contact sums which have a scientific ardtpral value.

The main publications on the given problem are miwvethe works [Galin 1980,
Vorovich, Alexandrov, Babeshko 1974, Vorovich, Bsiieo 1979, Seymov 1976,
Novatskiy 1970, 1975, Kilchevskiy 1976, Cherepari®r4, Alexandrov, Kovalenko
1986, Goryacheva, Dobychin 1988, Alexandrov, Pctigr 1998, Alexandrov,
Chebakov 2005, Grinchenko, Meleshko 1981] whichtaionthe review of main
scientific results dedicated to the solution of tash static dynamic and thermoelastic
sums for elastic and viscoelastic bodies. Matherahtnethods of solution flat and
spatial sums while different boundary conditionstioe contact squares are set out. The
main correlations of mechanics of continuums aedi of elasticityare given.

OBJECT AND PROBLEMS

The aim of the given work is the research of dymantn-axis-symmetrical sum
about the torsion of the elastic half-space (figwith the punch and determination of
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contact shearing stresses under the punch the ahigging and module of complex
amplitude of the oscillation punch. Henceforth &rortness speaking about stresses
transferences lagging their amplitude values aranmeTrue values are received with

the multiplication by the multiplieg™ . As far as it is known to the authors the similar
sum wasn't earlier considered.

1. . Putting the sum.
2z From a mathematical point of view the sum
comes to the solution of Lame’s [Mushelishvili
1966] equation while the absence of body forces
with the boundary conditions

u=f,(xyo)

v =f,(x y,0) (xy)oe, @

7,(x¥.0)=0, 7,,(x v,0)=7,,(x y,0)=0,
(x, y)DQ.

Here u and v are elastic transferences on
the axesx andy, and 0,,7,,,7,, tension on the

square with the norma.

Fig. 1. The loading diagram

The use of the principle of saturable absorptiorp¥ich, Babeshko 1979,
Tihonov, Samarskiy 1972, Starchenko 2005, StaraheBkiryak 2005] and twofold
Fourier transform [Uflyand 1968], the given mixadrswill be led to the system of two
twofold integral equations of the first type

T1(<(”7)K11(X‘ < Y‘U)dfdﬂ t I (f’U)Klz(X‘ ¢, Y‘U)dfdﬂ =
Q Q (2)
=4r?u f(xy), (xy)OQ,

r(6nKea(x =& y—n)dddn+  7,(EmKap(x— &y -n)dddn =
Q Q

=4auty(xy)  (xy)oQ,
Here: 73(x y) = 1o (x ¥) = ta(x y) +izz(x y), T2(xy)=7,(x y) =
= r21(x, y)+i rzz(x, y) —is shearing stresses in the area of the contact,

Ki(ps)=  F(Boy.KIF (K] e dap,

—00

Kip(ps)=  Fpla By KIF (v, k) e ™ @) daa,
K22( o] S) = " Fl(a,y, k)[F (V, k)]‘lei(”mﬁs)dadﬂ,

—00
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FuB.yK) =487 + (387 + 2 ~I2 ) + 427 -2y -3k,
Fo(a,B.K)= aB 42 =32 —4y? —k2 |y B3k
Frnk) =42 -k a2 y? -2 - -2 -]
Fi(a.y.k)= Fl(ﬁ,y,klﬂ:a, y?=a®+p°,

k? = pa?u(1-ig), bE = (1-2v/21-V)).

P, U —is the density and module of lagging of elalsttf-space;
& —is the coefficient of proportionality which claterizes the internal friction;
v —is Puassona coefficient.
For big values of the parametklaql and bandpass area of the contact the system

of equations (2) to the members of the order oﬂeval# is disintegrated into two
k
independent equations:
a T 1 lebeernlyn)
dé 1i(En)dn  ——=—=—=e PV dadp =4’ 1 (. y), 3
IR . lrz _K2 !
(i=12).
Taking into consideration thatf,(x,y)=-6y, f,(x y)=6k and searching for
the solution of the equations (3) accordingly ie form of
n(xy)=-yri(x) 7(xy)=r3(x) (4)
with the regard of the equalities
1 neiﬁ(y_”)dndﬁ =y, 1 ei'g(y_”)dﬂdﬂ =1
2r _, 2m _,
understood in the sense of the theory of generadtions [Vladimirov 1976] we will
persuade that; (x) and 7, (x) must be found from one-dimensional integral eaqunsti
of the first type which in dimensionless variablal have the look.

_llr ((Ekx(x-&)de = (x), (=1 j=12). ()

®cogxix—¢ m

e[l ]~ Elnkim (6)
0 Jm?-(L-ie)?

Here: A = @™, 2a —is the width of the plus punch,

f, (x)=0, f,(x)=6k 6=8 +i6, —is the amplitude of the angle of the turn of the

punch, y = aa(,o/,u)]/2 —is the relative frequency of the oscillations.
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Using the method of work [Nobl 1962], we’ll get thmain member of
asymptotics of solution of equations (5) for big. With the regard to indications (4)

while £ - 0 we’ll have
r,(xy)= —AH)(i[e‘iX(“X)/\/i my(L+x) +erffix(1+x) +
+e W0/ fim(L=x) +erffix(L-x) -1y,

7,(x y)= A6y x—%ix e )/,/iip(i1+ X) +
+ xerf fixy(1+x) + 1+%i)( e/ fimi=x)+

. 2 X ¢
+ xerf 4/iy(l-x) - x—, eff x=—— eds.
Vo
Further we’ll define the reactive moment which amtsthe punch from the side
of the half-space referred to the unit of length

(7)

1 1 b . .
Mg == ax [xraxy)=yra(x dy =M, +iM,. 8)
4 -b
Substituting (7) and (8) we’ll get
M1 = 8|1+ axi)erf y2xi ++/2xie 2 /\77 - 2xi3, ©)

M, =M,/b2, M, =M, +iM,)
In the formulas (8) and (9) it's known that the plnsn’t endlessly long but has
the final but quite big length.
2. We'll get the formulas for counting the anglelafiging ¢ and module of

complex amplitude of the oscillation of the pungh. We'll write down the equation of
the rotating movement of the punch relative toakez .

z

2 . .
J, El—jtz (He"*‘)z Moe'“ - M e'“, (10)
where:
JmM, =0, J, =31 /b%, My =M,/b?,
J, —is the moment of the inertia of the punch retato the axz .

Having done the differentiation in (10) and theisiiin of real and imaginary
parts we’ll get taking into consideration (9)

M0:81(A11—Jza)2)+A1292, 0281A21+92(A22—J2a)2). (11)
Solving the system (11) relative 8§ and &,, we’'ll find
tg(— ¢): 92/91 = Agl(XzJ; - Aéz)_lv
. . AT
6= (o -anf+lak (12)

Here:
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J; = Jz(ap)_l’ A:j = Ahj/A' (n, i= 12)'
M, = (A1191 + A1292)Av M, = (A219+ A6, )A, (13)
A=Ay A=A, 6, =60/ Mg, 6= (912 +922)J/2-

The results of the calculation of values done atiogrto the formulas (12), (13)
are given in table 1.

Tablel.«The results of the calculation of the module of eoplex amplitude
of the oscillation of the punch and the angle of ging»

x\ J; 36 ot )
5 10 20 5 10 20

0,125 3,785 4,476 4,623 0,890 1,16% 1,891
0,250 3,635 2,421 1,028 1,555 2,413 2,855
0,375 2,074 0,907 0,403 2,378 2,835 3,007
0,500 1,043 0,463 0,215 2,722 2,96( 3,058
0,625 0,612 0,282 0,134 2,862 3,014 3,081
0,750 0,403 0,190 0,092 2,933 3,044 0,094
1,000 0,214 0,104 0,051 3,002 3,074 3,109
1,250 0,133 0,065 0,032 3,034 3,089 3,116
1,500 0,091 0,045 0,022 3,053 3,098 3,120
2,000 0,051 0,025 0,012 3,075 3,109 3,125

From table 1 the dependences of valygsand 6?8 on the non-dimensional

frequency Y while different values of the non-dimensional moinef the inertiaJ;.
can be seen.

It's seen that for valuesy = 025 the module of complex amplitude decreases
with the increasey and J; but the angle of lagging increases with the increase

and J; that quiet corresponds to the physical meaningesum.

CONCLUSIONS

The strict conclusion of integral equations witkitg the principle of the limited
absorption into consideration is received. The gaptic formulas for defining contact
shearing stresses in dependence on the amplitutte @ngle of the turn of the punch
which can be used for specified calculations ondtbility and rigidity in transport
and general machine-building are given.
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