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MODELLING THE PROCESS OF DAMPING LONGITUDINAL LOADS
IN TRANSPORT SYSTEMS USING ROLLER IMPACT ABSORBERS

Background. In this work, for a defect-free transportation of large-sized structures by rail, a new damping system for
longitudinal dynamic loads is proposed. Its operation is based on the use of roller impact absorbers. The relevance of
this work is explained by significant volumes of damaged and destroyed structures at the transportation stage.
Objective. The goal is to develop a mathematical model of the process of damping longitudinal loads in a transport
system with roller impact absorbers. The paper considers an extreme version of the dynamic loading of a transport
system in the process of its collision with a railway stopper car.

Methods. Based on the Appel formalism for non-holonomic systems, kinematic and dynamic equations of motion of
the transport system are formulated that describe the process of damping longitudinal loads. The obtained equations
were numerically integrated using the developed program. Using it, a series of numerical experiments was carried out
with varying parameters of the transport system.

Results. The main regulatory parameters of roller impact absorbers, which significantly affect the quality of their func-
tioning, are determined. The laws of their influence on the dynamic state of transported goods are established. A
quantitative assessment of the effectiveness of the use of roller impact absorbers to reduce dynamic loads on transported
structures.

Conclusions. It has been established that dynamic loads on transported goods can be reduced by more than 14 times
compared with the existing traditional schemes and methods of securing structures. The main conclusion is made: in
order to significantly reduce the level of longitudinal transport loads on the transported goods, their fixation relative to
the wagons should be carried out in a “movable-adjustable” way (in contrast to the traditional “hard” method).

Keywords: process of damping; transport system; turnstile; roller impact absorber; coupler of rail cars; longitudinal

loads.
Introduction

In the modern practice of railway transporta-
tion of various cargoes, significant amounts consti-
tute building structures. Rail transport becomes es-
pecially indispensable in the case when it comes to
transporting large-sized reinforced concrete struc-
tures over long distances. For example, such trans-
portation on a large scale must be realized in the
process of building power plants, industrial enter-
prises, railway and automobile bridges, etc. [1-7].

Since the nomenclature of reinforced concrete
structures is quite wide, their transportation is car-
ried out using universal railway cars (open wagons
and platforms). These railway cars are not equipped
with mobile support beams. There are no require-
ments for such wagons that would limit the condi-
tions for their operation during the transportation of
these structures. At the same time, their dimensions,
mass characteristics, and conditions of attachment
(support) differ significantly from those conditions
that characterize the transportation of other types of
usual cargoes.
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As a rule, reinforced concrete structures with
respect to universal railway cars are fixed in accord-
ance with the traditional method — “rigidly”, with-
out the possibility of moving them relative to the
floor of the cars [3—5, 7—11]. At the same time,
reinforced concrete structures, which are specially
designed to perform their basic functions as ele-
ments of a future building, are not designed for spe-
cific dynamic loads that arise in terms of their trans-
portation by rail [1-4, 6, 7, 12—17].

The consequence of this situation is the large
amount of damage to reinforced concrete structures
of many types at the transport stage, which causes
great damage to the national economy.

Each year during transportation by rail about
7% of large-sized reinforced concrete structures are
destroyed or suffer significant damage, which re-
quire major repairs even before they are installed on
the future building [1-3, 12—14].

The main reason for the destructive dynamic
loads on building structures during their transporta-
tion by rail are longitudinal inertial forces [1—14],
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which for them are not design-calculated. There-
fore, reducing the level of these inertial forces to the
normative is an urgent scientific and technical chal-
lenge [1-9, 11—14], which is of great national eco-
nomic importance.

To solve the problem of preserving the quality
of building structures at the stage of transportation
by rail, different methods are used to fasten them on
special shock-absorbing bearing supports — turn-
stiles, which serve as an intermediate link between
the transported cargo (building structure) and its
bearing rail cars [1—3, 13—16]. Among them, the
most promising are the turnstiles with roller impact
absorbers, the dynamic behavior of which is consid-
ered in this article.

When using these impact absorbers, an im-
portant feature is the factor of reliable return of the
transported cargo to its original position without ac-
cumulating the relative movement of cargo on the
wagons. After the impact, a significant part of the
initial kinetic energy of the cargo is absorbed by the
dampers installed on the turnstile supports. Since
the damping system is dynamically stable, it gives it
the opportunity to self-adjust and be ready for the
next impact.

This development is a continuation of previous
studies of the dynamic behavior of damping systems
equipped with rolling-damping devices of various
designs [2, 15—17].

The construction of a mathematical model of
the dynamics of the transport system was carried out
on the basis of the assumption of non-slip cylindri-
cal rolling elements of roller absorbers relative to the
cylindrical surfaces of the upper support frames of
the turnstiles. The cargo is fixed on these turnstiles

hingedly. In addition, the mathematical model takes
into account the mutual influence of the movements
of a large-sized structure and its supporting plat-
forms. This influence is carried out through kine-
matic ties that realized roller impact absorbers and
elastic-friction ties in rail cars automatic coupling.

Problem statement

Unlike the main set of studies in the field of
transportation of bulky cargos by rail, this work is
aimed at studying specific dynamic loads acting on
particularly fragile and destructible loads that are not
adapted and are not structurally designed for specific
longitudinal effects.

Thus, the aim of this work is to quantify the
effectiveness of the functioning of roller impact ab-
sorbers in the transportation of heavy and bulky car-
gos by rail.

Assumptions that have been taken into account
when setting the problem

Consider the longitudinal vibrations of the tran-
sport system “large-sized cargo with a mass m; —
turnstiles with roller impact absorbers — a coupler
from two railway platforms with masses m; and m,”
after an impact with a rail car-stopper with a mass
mg (with the possibility of its post-impact joint
movement) (Fig. 1).

After the impact, the coupling of the two bear-
ing platforms and a rail car-stopper are connected
by a non-releasing elastic-friction connection and
then are moved together. This scheme reflects the
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Fig. 1. Schematic diagram of the collision process of the investigated vibration protective transport system, equipped with roller shock
absorbers
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real picture that occurs during the sorting and ma-
neuvers of rolling stock and is the most disadvanta-
geous (extreme) in terms of the level of dynamic
loads and the integrity of building structures during
transportation.

Structurally, each turnstile consists of two base
plates and a swing frame. Each lower support plate
is rigidly fixed relative to its supporting platform,
and each upper support plate is hinged relative to
the swing frame (Fig. 1).

The large-sized cargo (or their package) is rig-
idly fixed relative to each swing frame on each of
the turnstiles. On the lower surface of each upper
support frame, there are working cylindrical grooves
with a constant radius R. On the upper surface of
each lower support frame, two twin cylinders are
hinged: rollers with a radius » of each, along which
the upper support frame with its curvilinear surfaces
of cylindrical grooves rolls without sliding. At the
same time at the ends of each of the rollers mounted
spring-loaded shoes, which interact with the side
edges of each upper support. This is necessary to
increase the level of damping of forced oscillations
of cargo on the turnstile supports. The rolling con-
dition of the rollers without sliding along the cylin-
drical grooves of the upper frames is necessary from
the point of view of returning the turnstiles together
with the cargo to the initial position before the im-
pact (without accumulation of relative displace-
ments).

In Fig. 1, the impact position of the large-sized
cargo itself with the rotation on the rollers at an angle
@5 is not shown. However, this position can simply

be represented using the image of the radius-vectors
p; and p, drawn from the center of mass Os of the

cargo to the new points of contact of the rollers and
the corresponding working cylindrical grooves.

The construction of a mathematical model of
the dynamic behavior of the transport system was
carried out under the following assumptions:

— the damping system under study is a me-
chanical system of coupled solids;

— sliding friction is described in accordance
with the Coulomb—Amonton law;

— elastic-frictional bonds between the bearing
rail cars implement couplings with absorbing devices
of type “III-I-TM” and should be modelled accord-
ingly [18, 19]. The elastic component of the inter-
carriage elastic-frictional bonds will be modelled us-
ing the following dependencies:

])lj = 05 . KAVT(XI —Xj),

where K ;. is the rigidity of one absorbing device
(K 4y7 =17 Mn/m) automatic coupler; damping in
the absorbing device was taken into account for the
well-known model [18]: dissipative resistance is pro-
portional to the relative speed of the respective cars
with a damping coefficient (viscous resistance)
C,] =0.26 Mn-s/m; as a result, the deformation-

force characteristic of the couplings, taking into ac-
count the damping of their absorbing devices, is
modeled according to the following formula:

Q; =0.5K 47 (x; = x;) + Cy(%; — ;) (1)

— the upper support frames of the turnstiles
move progressively and their masses are related to
the mass of the load; the masses of the lower support
frames rigidly connected to the crews of the cou-
pling — to the masses of the respective platforms;

— railway track is absolutely rigid, straight and
placed on a horizontal surface;

— the vertical dynamics of carrying wagons
(oscillations on springs) is not taken into account;

— rolling friction when moving rail cars with
masses m; and m, on a railway track and rollers

when rolling on cylindrical grooves of the upper
support frames is not taken into account;

— friction in the cylindrical joints of the rollers
is not taken into account;

— small angles ¢s of rotation of a large-sized

cargo are considered relative to its center of mass
O;s (which is the case in practice) (Fig. 1).

On the basis of research [1, 2, 13—16], the
model of a rail car-stopper was taken as the calcu-
lation in the form of a separate rail car with an in-
creased mass mg =146.7 tonne and a sliding fric-

tion coefficient p=0.15. It was shown [1, 2, 13,

14] that such a simulation scheme of a rail car-stop-
per gives results that are quite close to the experi-
mental ones.

Definition of geometric, kinematic and dynamic
equations of motion of the transport damping
system

The construction of the differential equations
of motion of the damping system will be carried out
using the theoretical-methodological approach de-
veloped earlier in publications [2, 15—17]. This ap-
proach is based on Appell’s formalism for nonho-
lonomic systems [20, 21].
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In further transformations, we need some geo-
metrical and kinematic relations. We formulate them
below.

First, we introduce a coordinate system as
shown in Fig. 1. Let us write expressions for radius
vectors that connect the center of mass (CM) of a
large cargo with points of tangency of the rollers and
cylindrical grooves (Fig. 1):

P =l +q —(h+2)0s5; 0;— (h+ 2 + (I + q)s5)],
(2)

Py =-1l—qy +(h+2)05;0; h+ 25 — (I = q,)9s], (3)

where

¢ = Rsin(nz); ¢, = Rsin(ny) ;
71 = R(1-cos(ny)); 2z, = R(1-cos(ny)); h — half
the height of the load; / — half the length of the
load; R=R-r.
Now we write down two vector kinematic re-

lations reflecting the non-slip conditions between
the rollers and the cylindrical support surfaces:

Vs +@sj x Py = Xji +3j x iy, 4)
Vs + s x Py = Xpli + (ygj x 1Ty, ()
where

fiy = [sin(nz); 0; cos(nz)], 7y =[sin(ny); 0; cos(ny)]
are external unit normals at the points of contact of
the corresponding grooves; n;, m, are the angles of

deviation of the corresponding unit normals from
the verticals 0,7, and 0,7, .

We rewrite the vector relations (4), (5) in scalar
form using (2), (3):

X5 —¢5[h+31 +(1+q1)(p5] =X —ﬁfb COS(’B)Q (6)
25— @sll + g — (h+ 7))ps] = Rigsin(ny);  (7)
Xs — @slh+ 2, — (I = g,)@s] = %, — Riyy cos(ny); (8)

g5+ sl — gy + (h+2)9s] = Ry sin(ny).  (9)

Let us proceed to the definition of the dynamic
equations of motion of the system. Taking into ac-
count the specificity of connections in the system,
for this we use the Appell’s formalism [20, 21] with
the construction of the corresponding acceleration
function.

We write the expression for Appell’s accelera-
tion function [20, 21], provided that the masses
my, my of the rollers are infinitesimal

m, /my — 0, my /my — 0, m /ms — 0, k=34

compared with the masses of the cargo ms and the
carrying wagons m;, m, :

c_m¥  mi mGE+Z)
2 2 2
) )
I505 , meXs (10)

2 2

For the damping system under study, we intro-
duce four independent generalized coordinates
X;, X5, N3, X that correspond to the number of its
degrees of freedom. Let us free ourselves from the
dependent velocities x5, Zs5, ¢s5 and 1, using the
kinematic relations (6)—(9). As a result, we get:

Ny = Fny + Q21+ q —q,)(% - X,)

TN 1

where

k= E[(Zz -1 — 2lgs)sin(nz)
-2l + g - q;) cos(n;)];

ZN = Ri(z; - 7 - 2lgs)sin(ny)
-2+ ¢, — q;) cos(ny)].

The expression for #, is defined using (11) in
the form:

g = Sty + £ (6 - %) + [y (12)
where
TCH = By + 21+ 9 — ) (%, — Xy);

F 20+q,-q, .
= ]?;]3 fx: L 2:

N ZN
s -9 DZN-TCH.
sV 7N ZN2 H

Q] = [113 'DF3 +(q1 —42)(x1 —xz)]'ZN 5
DFy = R[(2, - % — 2l¢s)sin(n;) - (d; — g, ) cos(n3)
+(2y — 21 = 2lgs) cos(ny)n; + (2 + ¢, — gy)sin(n3)n; |;

DZN = R[(z, - 2, - 2l¢s)sin(ny)
—(g, — ¢y) cos(ny) + (25 — 71 — 2/ ps) cos(ng)ny
+(20 + q, — q,) sin(ny)n4].

Next, we define an expression for ¢s:
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_ E(7'14 sin(ny) — 13 sin(n;)) .

(13)
2+q -q

Ps

Using expressions (12) and (13), we write the equa-
tions for ¢s:

@5:@n'ﬁ3+(px'(jél_x2)+q)sv’ (14)
where
:]—{fnsin(m)—sin(ng)_ _ g fesin(ny)
n 20+q, - q, C 204 ¢,-q,°

oo = R| Lo 5100+ 14 cos(ny) — 13 cos(n3)
a 20+ q,-q,

(41 = ¢,)(y sin(ny) — M3 sin(nz)) ‘
2l +q-q, )2

Now we define the expressions for X5 and Zs
through the accelerations 1j;, X;, X, of independent
generalized coordinates nj3, X;, X,, which are in-

cluded in the Appell’s acceleration function
(10).Using relations (12) and (14), we write the
equation for Xs:

+KX5y X%, + KX5gy, (15)
where
KX5, =HZ, ¢, —ﬁcos(m);
KX5y =HZ, ¢, +1; KX5y =-HZ, - o,;
KX5g, = HZ, - ¢, + R0j sin(n;)
+0s513; + 4195 + (I +q;) 051 ;
HZ,=h+z +(I+q)¢s.
Similarly, we obtain the expression for Zs:
%5 = KZ5, i3 + KZ5y - (%, - %,) + KZ5g,, (16)
where

KZ5, = L0, ¢, + R sin(n;);
KZ5y = LO, 9.5 LO, =1+q —(h+2z)9s;

KZ5g, = LQ, - ¢, + R cos(n;)
+¢s[g; — 2105 — (h+2))s].

After substituting expressions (14)—(16) into
the acceleration function (10), we obtain a new Ap-
pell function S*, in which we retain only those

terms that contain the second derivatives of inde-
pendent generalized coordinates (that is, accelera-
tions). The new Appell acceleration function in in-
dependent generalized coordinates is:

* .0 ) ) o . .
S = AXI xl + AX2X2 + Ann:; + AX12x1x2 + AmelT]3

4 o B. i B. i B % ) 17

FAxn XN + By, 4+ By, X + By + X, (17)

where

mJ m
Ay =5+ 5 0+ KNS )+ (KZ5,)7):

J
X, - %+75((px)2 +%[(KX5X2 )2 +(KZSX)2],

Ay =5 0, (KNS, P + (KZ5,)2);

Ay, =ms [KXSy - KXSy —(KZ55)* ]~ Js5(0,)%

12

AXln = JS(px(Pn
+ms(KXS, - KXSy +KZ5, - KZ5y);

Ay, = ms(KX5, - KX5y ~KZ5, - KZ5y)
_JS(px(Pn;

BXI = JS(Px(Psv
By, = my(KX5g, - KX5y — KZ5g, - KZ54)
_JS(PX(PSV;
B, = mg(KXS, - KX5g, + KZ5, - KZ5gy)
+J5(psv(pn.

We write the expression for the sum of the ele-
mentary works 84 on the virtual displacements of
the corresponding points of the transport system in
general. Here it should be noted that the work of
reactions of kinematic relations is zero due to the
non-slip of the rollers relative to the cylindrical
grooves on the upper frames. In addition, in this
study, we do not take into account the vertical com-
ponent of the work of viscous resistance forces in
the dampers. With that said, the expression for ele-
mentary work 84 has the following form:

0A = —msg - 825 — Frp - 5xg — Oy - 8(X) — X)
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—0,; - 8(x, _xl)_cn (X5 = Xp) - (x5 — 8xp)

—Cn-(xs—x2)~(6x5—6x2), (18)

where Fpp = mggu -sign(x,) ; Q; model for the for-

mula (1).
Express elementary work 84 through the

generalized forces. For this we use the kinematic
relations (6)—(9) to exclude from the expressi-

on (18) dependent virtual displacements 8zs and
dxs through independent virtual displacements 6x;,
dx,, o3, OXg . As a result, we obtain an expression
for elementary work 84 through generalized forces —
the right-hand sides of Appell’s equations:

SA:PXI 'le +PX2 '6X2

Based on relations (18) and (19), we write the
expressions for the generalized forces PX, ’PXz’
Py P

6’ T]3:

Py = O - 0O —msg - Dy

-C,(2%5 = % = %)) Ex +C (%5 —%);  (20)

PXZ = Cn(xS - X2) - Cn(sz - xl - xZ)EXZ
—msgDy, -0y; (21)
Py, = O — Frp; (22)

Py =—(msg- D +C,(2%s — % — X,)E,3), (23)

where
R F;sin(n,) .
D.=L0O . |13 4) _
= 10, 5 B incn
+§sin(n3);
Rsin(ny) | .
Dy = L0y =737 Py = =Dy
Rsin(n,)
Ex = HZ, =7 v By == By
E,-Hz, — R (Bsinha) g
1 * 2+q -q ZN
—ﬁcos(m).

Let us write the Appell’s equations in a general
view:

:le;%szz;%szé;;_ﬁq:%. (24)
2 6 3

a5
a%,

Performing the differentiation in accordance
with (24) using relations (17), (19)—(23) after some
transformations, we obtain the nonlinear differential
equations of motion of the transport damping sys-
tem:

2AX1 .xl +AX12 ').éz +AX111 T]3 = PX] _B)(I , (25)
Ay, % + 24y, - X% + Ay, 13 = Py, — By, , (26)

Ame1+AX2nx2+2Aﬂn3:Pﬂ3_B’ (27)

n

mgis = Py, . (28)

To determine the conditions for non-slipping
of the rollers relative to both cylindrical surfaces of
the impact absorbers, we write the equations of dy-
namic equilibrium using the general theorems of the
dynamics of a system of connected bodies with bond

reactions ﬁl =[R,;0; R.] and R, =[R,,; 0; Ry 1.
These equations have the following form (here

we again neglect the vertical components of the vis-
cous resistance C, of the dampers):

msis = Ry, + Ry, —C,(2%5 =% —Xp);  (29)
msZs = Ry, + Ry, —msg ; (30)

mX; =0y -0 — R +C (X5 — X)) ; (3D
myiy = =0y = Ry + C, (%5 — Xp) ; (32)

Jsips = —L0, - R, — (R — C, (x5 — ;) HZ,
+ Ry, - LQ2, — (Ryy — C, (s — ) HZ2,, (33)

where

LO2, =1-q, +(h+2)es;
HZ2, =h+2, = (I - q,)0s.

We define the horizontal components R, R,,
of the reactions of bonds from the relations (29),
(31), (32):

Ry =0y = Q6 —m¥ +C (ks —X) 5 (34)

sz = Cn(.xs - X2) _rnsz2 - Q21 . (35)

Further, from the relations (30) and (33), we
find the relations that determine the vertical com-

ponents R, Ry, of the coupling reactions:
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(R -G (s - X))V HZ, - (R, -G, (55 - ) HZ2,

k. = LQ,+L02,
Jsis +ms(Zs+8)- LO, (36)
Lo, +L02,

Determine the normal Ry, R and tangent
R7, R,y components of the reactions of kinematic

relations for each roller impact absorber:
Determine the normal Ry, R, and tangent

R, R,y components of the reactions of kinematic

relations for each roller impact absorber using the
formulas (34)—(37):

Ry = (R -#) = R, sin(n3) + R, cos(n;), (38)

Ry = (R, - iiy) = Ry, sin(ny) + Ry cos(ny), (39)

Ry = (R + (R, — (R ) (40)

Ry = (R ) + (R, = (Ryy ' (4D)

The sliding conditions of the rollers relative to
the cylindrical surfaces on the supports are deter-
mined from relations (38)—(41) when two such in-
equalities are fulfilled (the corresponding slip fric-
tion coefficients p, and p, are given here): The
conditions for the non-slip of the rollers relative to
the cylindrical surfaces on the supports are deter-
mined by the execution of two such inequalities
(here p, and p, are the corresponding sliding fric-

tion coefficients):

By choosing from (42), (43) the greatest (of
the two) coefficient of sliding friction that is
Ko = max(yy, W,), it is possible to provide “pure”
rolling rollers on the cylindrical surfaces of the up-
per frames without sliding.

The results of the numerical analysis of the dy-
namics of the transport damping system with
roller impact absorbers

The solution of the nonlinear system of differ-
ential equations (25)—(28) was carried out by nu-
merical methods using the MathCAD software. The
system parameters were taken as follows:

R=2m; pn=0,15 Vy=2m/s; L=12m;
h=1,5m; I=6m; mg=mg=0,25 Mn;
C; =0,26 Mn-s/m; C =30 Kn-s/m; msg =0,8 Mn;
mgg = 1,46 Mn; K ;,r =17Mn/m.
The graphs (Fig.2) reflect the processes of

change in time 7 of the velocities of all CM of the
system.

X
2 ~ T T
N
N -
1k N -
ra \‘ / \\ - b
A .
0 X n
T
~
e
-1 T ] I T
0 0.3 0.6 0.9 1.2

Fig. 2. Graphs of the dependences of speeds X, X,, X5, X
(m/s) on time 7 (s) of the CM of the system:
S ST S S— 3

As follows from the graphs, for wagons
(X 1> X 2 X, ¢) this change occurs very quickly, at the
same time as for cargo (X 5) this process develops
much slower. In addition, from the graphs in Fig. 2,
we can conclude that the movement of the wagons
practically does not affect the movement of the load,
which smoothly rises along the turnstile rollers up-
wards. This “cut-off” of the movements of the load-
carrying platforms and the cargo explains the reason
for the very small acceleration of the latter (about
3.3m/s?) compared with the accelerations of the

rail cars (about 23 m/s2) shown in Fig. 3 (which
was to be expected).

20 T T T

—40 ] | | T
0 0.3 0.6 0.9 1.2

Fig. 3. Graphs of the dependences of accelerations X s X 2
X 5 (m/sz) on time 7(s) of the CM of the system:
S R ap—2



IHOOPMALLINHI TEXHOSOT 1T, CACTEMHWUA AHATI3 TA KEPYBAHHS 51

For the considered design variant, the grea-
test acceleration CM of the cargo is seven times less
than the greatest accelerations of the platforms car-
rying it.

The graphs (Fig. 4) show the processes of
change in time 7 of displacements As; and As,

centers of mass of the cargo along the turnstiles’
rollers relative to the coupling crews. The maximum
value of the indicated displacements does not exceed
0.573m. The parameter R can be considered as a
regulator of the longitudinal inertial forces acting on
the cargo being transported. In addition, the time to
reach maximum values A5; and A5, much longer

than the time at which the relative interwagon dis-
placements reach their maximum.

As;

1

1 T T T

0.5 | -

0 L |1 | | T
0 0.3 0.6 0.9 1.2

Fig. 4. Graphs of the dependence of the relative displacement

As;(m) on time T(s) of the cargo onto turnstiles of the
front A, and rear A5, platforms: — —Ag, --- —Ag,

The graphs of Figs. 5 and 6 show the depend-
ences of the longitudinal (horizontal) Ry, R,y and

vertical R,,, R,, support reactions of kinematic

connections at the front and rear (in the direction
of impact) turnstiles in time 7.

15 T T T

0 L L 1 T
0 0.3 0.6 0.9 1.2

Fig. 5. Graphs of longitudinal reactions of ties (><104 n) in time
T(s) at the front R, and rear R,, turnstiles: ——R,,,

_R2

X

In this case, the maximum horizontal compo-
nent of the coupling reaction of kinematic connec-
tions does not exceed the value of 0.131 Mn. At the
same time, with the “hard” method of securing the
load relative to the front crew, its acceleration would
be equal to the acceleration of this crew and the hor-
izontal component of the coupling reaction on the
front leg would reach 1.84 Mn, that is, 14 times more.

This significant difference explains the high
level of damage to reinforced concrete structures
with the traditional “hard” method of fixing them
during transportation by rail. As for the values of the
vertical components of the support reactions of kin-
ematic connections (Fig. 6) at the front R,, and

rear R,, (in the direction of impact) turnstiles, they

do not exceed the value 0.51 Mn. This means that
the coefficient of vertical dynamics K, does not

exceed 1.25, which fully satisfies the requirements
of the normative document [3, 12], which limits it
to a value K, =1.8.
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Fig. 6. Graphs of vertical reactions of ties (xlO4 n) intime 7T(s)

at the front R,, and rear R,, turnstiles: — —Rlz,
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Further (Fig. 7) there are graphs of dependen-
cies of dry friction coefficients, which ensure non-
slip of the rollers at the front (u;5) and rear () turn-
stiles (in the direction of impact) against time 7" (s).

As follows from these graphs, the value of the
coefficient of dry friction does not exceed the value
necessary for the realization of the “pure” rolling of
rollers along the cylindrical surfaces of the upper
frames of the turnstiles. Such a value of the dry fric-
tion coefficient can be obtained in the manufacture
of interacting pairs “roller — cylindrical surface” from
existing materials (steel, cast iron, reinforced con-
crete). At the same time, the specified maximum
value is reached at the rear (in the course of the
coupling movement) turnstile, which is “unloaded”
during the longitudinal impact, and the front one is
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“loaded” in the directions of the corresponding nor-
mals.
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Fig. 7. Graphs of dependencies of dry friction coefficients on
time 7'(s) at the front u,y and at the rear p,s turnstiles:

— T H35 7T T Hys

Analysis of the results of numerical experi-
ments showed that the difference between the lon-
gitudinal reactions of the turnstiles supports does not
exceed the magnitude of the friction force on each
of the supports. In turn, this causes the symmetry
and uniform distribution of inertial forces on each
of the turnstile supports. From a practical point of
view, this means the absence of tensile loads in the
most vulnerable for the transportation of cargoes —
reinforced concrete building structures.

Conclusions

It is noted that the main destructive factor in
the process of transporting large-sized cargos by rail
are longitudinal inertial loads. The indicated prob-
lem of reducing their level is proposed to be solved
by using special devices — turnstiles with roller im-
pact absorbers.
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B.IM. Nere3a, O.M. Hewagum, T.M. 3a6onoTHs

MOJEMOBAHHA MPOLECY OEMM®IPYBAHHA MO3A0BXHIX HABAHTAXEHb Y TPAHCIMOTPHNX CUCTEMAX I3
BNKOPUCTAHHAM POJIMKOBUX AMOPTU3ATOPIB

Mpo6nemartuka. [Ins 6e3nedekTHOro TpaHCNopTYBaHHS BeNMKorabapuTHUX KOHCTPYKLI 3ani3Huueo B po6oTi 3anpornoHoBaHO
HOBY CUCTEMY AeMMNAipyBaHHSA MO3LOBXHIX AMHAMIYHUX HaBaHTaXeHb. Ii (YHKLOHYBaHHS FPYHTYETLCA Ha 3aCTOCYBaHHI POSIMKOBUX
amopTm3aTopiB. AKTyarnbHICTb pOBOTM MNOSICHIETECA 3HAYHMMKN 06’€MaMm NOLLKOMXKEHNX | 3pYNHOBAHUX KOHCTPYKLIA Ha cTagii TpaHcnop-
TYBaHHS.

MeTta pocnipxeHHs. [TocTaBneHoO MeTy — po3pobuTn MatemMaTU4Hy MOAENb npouecy AeMndipyBaHHS MO3AOBXHIX HABAHTaXeHb
y TPa@HCMNOPTHIl cUCTEeMi 3 pONMKOBMMYK aMopTusaTtopamu. B poboTi po3rnsgaetsca ekcTpemManbHuiA BapiaHT AMHAMIYHOTO HaBaHTaXEHHS!
TPaHCNOPTHOI CUCTEMM B MPOLECI i 3iTKHEHHA 3 BaroHOM-CTOMOPOM.

MeToauka peani3sadii. I3 3anyyeHHsam dopmaniamy Annensi 4ns HEroNTIOHOMHUX CUCTEM CPOPMYIbOBAHO KiHEMaTWUYHi 1 AMHAMIYHI
PIBHSIHHSA pPyXy TPaHCMOPTHOI CUCTEMM, SiKi OMUCYIOTb NpoLec AeMndipyBaHHs NO3A0BXHIX HaBaHTaxeHb. OTpUMaHi PiBHAHHS YUCENbHO
NpoIHTErpoBaHi 3a AornomMoro po3pobreHoi nporpamu. 3 ii BUKOPUCTaHHAM Gyno NpoBEAeHO Cepild YWUCHOBUX EKCNEPUMEHTIB Npu
BapiloBaHHi NapameTpiB TPaHCMOPTHOI CUCTEMM.

Pe3ynbTatn pocnigkeHHA. BusHauyeHO OCHOBHI perynioloydi mapameTpy porivkoBMX aMOpTU3aTopIB, SiKi CYyTTEBO BNMBalOTb Ha
AKICTb X (PYHKUIOHYBaHHS. BCTaHOBMEHO 3aKOHOMIPHOCTI iX BNMAMBY Ha AMHaMIYHUIM CTaH BaHTaxiB, WO NepeBo3sATbCs. [MpoBeaeHo Kinb-
KiCHY OLLIHKY e(peKTUBHOCTI BUKOPUCTaHHSI POJNIMKOBMX amMOpPTM3aTOpiB ANSA 3HWKEHHSA AUHAMIYHUX HaBaHTa)XeHb Ha TPaHCMOPTOBaHI KOH-
CTPYKLU;T.

BucHoBkW. BcTaHoBMNEHO, WO AUHAMIYHI HAaBaHTaXEHHsSI Ha TPAHCMOPTOBaHI BaHTaXi MOXHa 3MEHLMUTK Ginblu Hix y 14 pasiB
MOPIBHAHO 3 iCHYYMMK TpaguLiMHAMKN cnocobamMmn 3aKpinneHHA KOHCTPYKLUin. 3pobneHo OCHOBHMI BUCHOBOK: Ans TOro LWob cyTTeBo
3HU3NTU piBEHb NO30BXHIX TPAHCMNOPTHUX HABaHTaXeHb Ha KOHCTPYKLi, X dikcauisi BifHOCHO 3ani3HWYHKX BaroHiB Mae 34ilicHIoBaTUCS
“pyxomo-perynboBaHum” cnocobom (Ha BigMiHy Bi TpaguLiiHOro “XopcTkoro” crnocoby).

Knto4yosi cnoBa: npouec geMndipysBaHHs; TpaHCNOpTHa CUCTEMA; TYPHIKET; PONIMKOBUIA aMOPTU3aTOp; 34en 3ani3HUYHWUX BaroHis;
NO3J0BXHi HABaAHTAXEHHSI.
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MOJOENNPOBAHME MPOLIECCA AEMMN®UPOBAHUA MPOOOJNIbHBIX HAMPY30K B TPAHCIMOPTHbLIX CUCTEMAX C
NCIMOJIbSOBAHMNEM POJIMKOBbLIX AMOPTU3ATOPOB

Mpo6nemartuka. [Ans 6e3nedekTHOro TpaHCNoOpPTUPOBaHNSA KpynHorabapuUTHbLIX KOHCTPYKLMIA MO XernesHow gopore B paboTte npea-
noxeHa HoBasi cuctema aAeMndmpoBaHusl NPOaOSbHbIX AUHAMUYECKMX BO3aencTBui. Ee pyHKLMOHMPOBaHME OCHOBAHO Ha NPUMEHEHUN
PONMKOBbIX aMOPTU3aTOPOB. AKTyarnbHOCTb 3TOM pPaboTbl 0OGBbACHAETCS 3HAaUYMTENBbHBIMU 06 bEMaMM NMOBPEXAEHHBIX 1 Pa3pyLLEHHbIX KOH-
CTPYKUMIA Ha CTaaun TpaHCNOPTUPOBaHMS.

Llenb nccnepgoBaHusa. lNocTtaeneHa Lenb — pa3paboTaTe MaTemaTM4ecKyo MOAerNb npouecca AeMndrpoBaHus NPoaO0SbHbIX BO3-
[EeNCTBUI B TPAHCMOPTHOM CUCTEME C PONMKOBbLIMY aMmopTusaTopamu. B paboTte paccmaTpuBaeTcsi 9KCTpeMarnbHbI BapuaHT AuHaMmye-
CKOW Harpy3ku TpaHCMNOPTHOW CUCTEMBI B MPOLIECCE €€ CTONKHOBEHMS! C KENe3HOA0POXHBIM BaroHOM-CTOMNOPOM.

MeToguka peanusauuu. C npueneyeHnem oopmanmama Annerns ons HeronoHOMHbIX CUCTEM COOPMYIMPOBaHbI KUHEMaTUYeCKe
1 AUHaMUYeCKUe ypaBHEHWUS ABMKEHNS TPAHCNOPTHOW CUCTEMbI, KOTOPbIE OMUCHIBAKOT NPOLLECC AeMNMPOBaHNSA NPOAOIIbHbBIX HAarpy3oK.
MonyyeHHble ypaBHEHWUST BbINM YNCIIEHHO NPOMHTErpUMpPOBaHbI C NMOMOLLLI0 pa3paboTaHHol nporpamMmbl. C ee ucnonb3oBaHMeM bObina
NpoBeAieHa Cepusi YNCITEHHbIX IKCMEPUMEHTOB NPV BapbpOBaHWUM NapaMeTPOB TPAHCMOPTHOW CUCTEMBI.

Pe3ynbTatbl uccnegoBaHus. OnpeaeneHbl OCHOBHbIE PerynupyoLLye napameTpbl POSIMKOBbIX aMOPTU3aTOPOB, KOTOpbIe CyLle-
CTBEHHO BMUSIIOT Ha KA4eCTBO X (PYHKLMOHMPOBAHUS. YCTaHOBMNEHbI 3aKOHOMEPHOCTU UX BIUSIHUSI HA AUHAMUYECKOEe COCTOSIHUE nepe-
BO3UMbIX rpy30B. [1poBefeHa KonMYecTBEHHas OLeHKa 3¢hEKTUBHOCTU NCMOSb30BAHUS POSTMKOBLIX aMOPTMU3ATOPOB OISl CHUXKEHUST Ou-
HaMUYEeCKUX Harpy3oK Ha NepeBo3nMble KOHCTPYKLUK.

BbiBoAbI. YCTAHOBMNEHO, YTO AMHAMUYECKUE HArpy3ky Ha NepeBo3nMble rpy3bl MOryT GbiTh YMEHbLUEHbI 6onee Yyem B 14 pa3 no
CPaBHEHMIO C CYLLECTBYHOLLMMN TPAOULMOHHLIMKU CNocobamu 3aKkpenneHns KOHCTPyKuuin. CaenaH OCHOBHOW BbIBOA: ANt TOro YTobbl
CYLLLECTBEHHO CHU3UTb YPOBEHb MPOAOSIbHBLIX TPAHCMOPTHBIX HAarpy30K Ha KOHCTPYKLMKW, UX dOUKCaLMsi OTHOCUTESBHO XXeNe3HOA0POXHbIX
BaroHOB [J0JKHa OCYLLECTBMAATLCS “NMOABUXKHO-pErynMpyemMbiM” cnocobom (B OTMUME OT TpaaMLMOHHOIO “XecTkoro” cnocoba).

KntoueBble cnoBa: npouecc AeMndupoBaHns; TpaHCnopTHas cuctema; TYPHUKET; POSIMKOBBLIN amMOpPTM3aTop; CLEen Xerne3Ho-
AO0POXHbIX BaroHOB; NPOAOSIbHbIE HAarpy3ku.
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