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ABSTRACT: The formulation and basic equations of the stationary motion of the filament are given, including the
laws of conservation of mass, continuity of motion, kinematic and dynamic conditions that occur at the wave fronts and
at the boundaries of the interaction of the filament with rigid bodies. The obtained analytical solutions can be used as
an algorithm for calculating the tension and deformation of the regions of the thread imbibed by straight and reflected
longitudinal waves. The proposed formulation and the constructed solution algorithm. as well as the obtained analytical
solutions can be used in the design of new filament materials, assessment of the strength of the given materials, as well
as for predicting the causes and measures to eliminate various defects arising in the technological processes of
production and use of filaments.
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ILINTRODUCTION

The strength of the thread in technological processes and during operation is significantly influenced, first of
all, by the law of deformation of the material, the methods of application and the intensity of the dynamic load. For
example, the instantaneous transition of the deformation law from elastic to plastic mode can lead to large losses of
strength, especially near the points of load application, reflection and interaction of waves.

Strength and technological properties, for example, of spiral ropes, various cables during the period of
technical tests, and in the case of textile threads, change in technological processes. In spiral ropes subjected to high
static and, especially, dynamic loads, plastic deformations appear rather large than, for example, in similar rods. Such
deformations initially - during the period of technical testing - contribute to the hardening of the material of the spiral
ropes. However, the hardening ceases when the wires of the helical rope have been sufficiently compacted. In the future,
plastic deformations become the cause of an intense loss of strength and technological properties of spiral ropes and
other flexible ties.

In most cases, breakage, for example, of textile threads, is preceded by plastic deformation. Therefore,
predicting the causes of breaks, especially those that occur periodically in the same area of a technological machine, is
associated with the study of the area of plastic deformations. Obviously, the identified causes of plastic deformations
make it possible to establish measures for eliminating technical problems that lead to an increase in the thread tension.
Elimination measures can be changes in the technological or physical and mechanical properties of the thread, the
dimensions or coordinates of the location of the working or auxiliary organs, the technological mode of the machine,
etc.

Below we consider the problems of sliding a thread over the surface of a stationary solid, taking into account
wave processes that can cause the appearance of plastic stresses. It is assumed that the thread has an ideal plastic
property and the law of deformation of the material is described by the Prandtl scheme. The main attention is paid to
the interaction of two longitudinal waves on the surface of a stationary solid body (working body).
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Consider the problem shown in Fig. 1. Suppose that at t>0 at the ends of the thread located at points A and D,
a longitudinal impact is made. As a result, longitudinal waves ¢_1 and C_6 appear in the thread, propagating towards
the point of contact B. The problems of determining the parameters of motion in regions 1 and 6 of the thread can be
found in [1-10].

We will consider the problem of determining the parameters of motion in the regions of the thread arising
from the interaction of waves C_1 and C_6 at the point of contact (point B in Fig. 1). As a result of interaction and
depending on the intensity of direct waves C_1 and C_6, various wave processes can arise in the filament.

For example, one of the possible cases is the wave diagram shown in Fig. 2 - reflected elastic M, N and
elastic-plastic wave K appear in the filament. The case is possible when an elastic wave appears to the left of point B
and behind it (with a lower propagation velocity) elastic-plastic wave. Below we consider the case when elastic and
elastic-plastic waves appear simultaneously to the left and to the right of the interaction point. The last case is the most
general from which, in particular, the two previous cases follow.

Note that the considered wave pattern will take place if the forward waves C have sufficient intensity for this.
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Let the interaction of direct waves and (Fig. 1) occurs at a point and, as a result, four reflected waves appear in
the flexible connection: two elastic N, and two plastic K, (Fig. 3). In this case, the direction of sliding of the flexible
connection depends on the value of the tension and, bearing by straight waves and. If the tension is greater than the
tension, then the flexible connection moves in the direction of the growth of the axis, if, then in the opposite direction,
if, then there is no sliding.

We restrict ourselves to considering the case of sliding a flexible connection to the right side. Let the reflected
waves carry deformations,, (), respectively, and the flexible connection moves in the direction of the growth of the axis.
Here and in what follows, all designations coincide with designations pleasant in works [2-10].

Fig. 3.

The statement and solution of the problem for areas 1 and 6 are given in the previous problems. We will investigate the
parameters of movement of areas 2 - 5 of the thread
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At the wave fronts N, K, M and we have, respectively:

X3 —X = aO(gl — &g )COS%, Y=V = aO(gl — &g )Sin @ 1)
X, — X5 = al(gS - ‘94)005(?1, Yi—VYs = ai(gs - 54)Sin Dy ; @)
X; — Xg = 8y(&s —&5)COS@,, Y, — Yo = 8y(&5 —&5)SIN @, . 3)

Xg —X; = (&5 — £5)COSQ,, Y5 — VY, =a(& —&)siNg,. (@
From the condition of continuity of the displacement and the law of conservation of mass, we obtain:

x;ldt  |y;|dt Xijdt |ys|dt Xi[dt |yt
ds, = =—— U5 = =, U5 = = ©)
cosp, sin g, cosp, sin g, cosg, sin g,
‘xg dt ‘yg dt
ds; = COS . sin ¢, PRy = PR+ 5,) . poFy = ps R+ &) )
ds. ds,
oF = pFA+¢e,) . pF = psFA+es), = .
0o A ), PoFo = psFs( 5) 1+e, lte, 7
For tension T2, T3, T4 and we have, respectively:
T,=T;= poFoaggs Ty = poFodoss + poFoaiz(54 _gs). (8)
Ty = poFoaégs + poFoaiz(gs - 55)- )

Here and in what follows, we will assume that and.
The equations of the law of conservation of momentum, written in projections on the x and y axes, take the form:

p,F,ds, (x; — xg) = (T, cos @, — T, cos g, — Rsin @ — fRcosA)dt, (10)
p4F4ds4(y; - y;): (T4sin @ +T,sin @, — Rcosd + fRsin e)dt .(11)

If the proportionality limit of the material is known, then equations (1) - (11) form a closed system for determining all
unknown parameters of the regions 2, 3, 4 and 5 of the flexible connection.
Equations (1) - (4) can be represented as:

X; = 8,(26, —&5)COSQ, Y5 = 3,(2¢ —&5)sin @, (12)
X, = 8y(2¢, — &5)cos g, +a, (&5 —&,)COS @, (13)

Y. =a,(2¢, —&)sin @, + a,(s5 — &,)SIN @, (14)

X, = y(&5 —265)C0SQ,, Y, =85(26, —&5)SIN @, (15)

Xe = 8y(&5 —285)COSP, +a, (&5 — &5)COS P, (16)

Vs = ,(2&5 — &5)sin @, + (&5 — &5)SIN @, A7)

From the condition, and, respectively, we obtain and. Hence it follows that when waves are reflected and from
a point at the fronts of the reflected waves, deformations arise if the initial deformations satisfy the conditions and. The
wave is a wave of discontinuity of the speed of movement - before the wave passes, the particles of the flexible bond
move in the direction of decreasing axis, and after passing - in the opposite direction.

The lengths of the considered elements of the thread in regions 2-5 will be:
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ds, = a,(25, —&5)dt, ds; = a,(2¢, —&)dt, (18)

ds, = [ao (2¢, —&5) +a, (&5 — ‘94)]dt  dsy = [ao(zge —&g)+ay(es — ‘%)]dt (19)
By supplying expressions (69), equation (58) is reduced to the form:

& =M+neg,, (20)
rac
m = 2(56 _‘91) n= 28t (aio _1)+ Qg
251_85(1_a10)+a10 ’ 251_55(1_a10)+a10.

Excluding p,F,, d54, Xeo Vi, X,y T, and Ts, equations (10) and (11) are reduced to the form:
(ml — 48, )(nl — &8, COS P, — @)4&; COS (Pz) = (1"' 2 )(kl + 88, COS @, — 845 COS (02)_
~R*(1+¢,)(sin 8+ f cosh),
(mz — &, )(nz — 86, SN ¢, + 8,65 SN (02) = (1"‘ &y )(kz + 818, SN @; + 856, SN (02)_
~R*(L+¢,)(cosf - fsin @),

rac
m = 2¢ _55(1_310), n = [251_35(1_310)](:03(01+[gs(aio _1)+286]COS¢21 m, =m,
n, = [251 — & (1_ aiO)]Sin ¢+ [‘95 (1_ aio)_ 2‘96]Sin ®,, k=& (1_ afoXCOS(/’l - COS%):
k, = gs(l—afOXsin @, +sin @,).

Substituting expressions (2071) into the last equations, we obtain:
(ml — &, )(nl — 88, COS @, —aMCOS @, — a,,N&, COS (Dz) = (1+ &y )(kl + 8708, COS @, —
—aZmcos g, —a%Nne, cosg, )— R*(1+£,)(sin 6+ f cos@), (21)
(mz T )(nz — 8,0&, SN @, + &,,Mmsin @, +a,,ng, sin (pz) = (l"‘ ‘94)(k2 + o8, Sin @, +
+a/msin @, +a’ng, sin gpz)— R'(1+¢&,)(cosd— fsind). (2
We bring the last equations to the form:
My, + Mg, + M,e2 =Ny + Ny, +nL,el — R (L+&,)(sin 6 + f cosh), (3
Mo + M8, + My’ = Ny + Nye, +Nyye? —R*(L+g,)(cosO — FsinG),
my, =my(n, ~a,mcosg, ), my, = a,[(a,m—nm)cosp, ~m; cosg, ~n]
m, = afo(cos¢1 + nCOS(Pz), Ny =k — a120m COSQ,, N, =k, +ajmsin g,
Ny = a10[003(ﬂ1 - (n + m)COS¢2]+ Ky, Ny, = a120(C08¢1 —Ncos 402)1
My, = m, (N, +a,,msin @,), m,, = ajo(sin ¢, —nsin p,),
My, = alO[(an - aiom)Sin @, —M,sin ¢, — n],
Ny, = aizo(Sin @, +sin (Pz), Ny = afo[sin 2l (n + m)Sin §02]+ K, .
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Thus, the problem of determining the unknown relative deformation is reduced to solving the algebraic
equation (66). Deformation and reactive force are determined from formulas (20) and (21) or (22), respectively.

The solutions obtained make it possible to establish the dependences of the law of deformation distribution on
the angles of the thread wrap around the surface of a solid, the properties of the material, the conditions of friction
between the materials of the thread and the solid, as well as the velocity of the longitudinal impact on the end of the
thread.

The constructed calculation algorithm makes it possible to extend the numerical-experimental studies of the
dependence of the tension of the regions disturbed by direct and reflected waves on the condition of thread sliding over
the surface of a solid and the law of material deformation.
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