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1. MakcuMaJibHble 3HAUYEHUS yCKOpe-
HUI1, TeICTBYIOIINX Ha Ky30Ba BATOHOB TP
IIepeBO3Ke UX IMapoOMaMM, IJIST aKBaTOPUH
YepHOTO MOPS C YIETOM TEXHHUUSCKUX Xa-
paktepuctuk XK/AIT tuna «lepou unkun»
coctaBusv 0koJio 0,3 g, 9TO OTIUYHO OT Be-
JIMYUH YCKOPEHU, 0003HAYEeHHBIX BII. 2.18
«Hopwm mig pacyeTa m mIpoeKTHUPOBAHUS
BaroHoB XeJe3HbIx mopor MIIC koien
1520 MM (HecaMOXOIHBIX)». DTO YKa3hiBa-
€T Ha HeoOXOJUMOCTh MepecMoTpa U J10-
ITOJTHEHUSI HOPM, BHECEHHUS B HUX BEJIMUYNH
YCKOpPEHUI, CBOMCTBEHHBIX YCIOBUSIM TIe-
PEBO3KH pa3MUYHBIMUA TUIIAMU MOPCKUX
IIapoOMOB 4epe3 aKBaTOPUU IPOXOKIACHUSI
KEJIe3HOOOPOKHO-TTAPOMHBIX MAPIIPYTOB.

2. [TocKONBKY 3HAYCHUS MHEPIIMOHHBIX
Harpy3oK, KOTOpHIe AeiCTBYIOT Ha Ky30Ba
BaroHOB TIpM II€PEBO3KE MOABUXKHOTO CO-
craBa Ha K/II1, mpeBHIIIAIOT 9KCITyaTalli -

OHHBbIE Ha MAaruCTPaJIbHBIX IIyTSIX, TPEOyeT-
Csl yCOBEPILIEHCTBOBAHME HECYLIMX BarOH-
HBIX KOHCTPYKLIMI IJIs 0OecleyeHus ux
HaJIeXXHOTO 3aKpeIICHWs] Ha MapOMHBIX
nanyoax.
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A RAILWAY CAR ON A FERRY: IMPACT OF SEA WAVE
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ABSTRACT

The development of foreign economic relations
between Europe and Asia promotes the establishment
and operation of combined transport systems. The
most promising among them are considered piggy-
back and container transportation. In countries with
accessto the sea area, ferry transportation has found
a successful application. The process of loading of
bearing structures of car bodies when they move on
rail ferries by sea requires special attention, as the
dynamic characteristics, which are typical of this type
of combined transportation, significantly differ from
the normal operating characteristics on main lines.

The statistics of damage of cars during ferry
transportation in the Black Sea area show that each
year about 10% of the units of rolling stock used in
international rail and water transportation require re-
pair with uncoupling. This is primarily due to the lack
of structural adaptation of car bodies to their fastening
on the decks of car ferries and increased loads influ-
encing them during transportation in terms of sea
waves.

The disadvantage of usually applied techniques
of research on the conditions of freight transportation
using car ferries is inability to account for wave angle
with its disturbing influence relative to bodies of car
ferries as well as for wind load on surface projection
of a ferry with cars placed on its upper deck. The
likelihood of moving of a car body during a sea wave
is also disregarded.

The objective of the author is to present results of
research on dynamics of bodies of freight cars during
transportation on car ferries in confused sea with ac-
count of different wave angles in relation to the body
of the car, using mathematical modeling, analysis,
comparative method. The author presents the results
of studies taking into consideration main types of vi-
bration motion of a railway car at confused sea, which
influence strength and stability of the body structure,
located on the upper deck of the ferry. Since the re-
vealed values of inertial loads that act on the bodies
of cars for transportation of rolling stock on car ferries
exceed operating loads on main routes, itis necessary
to improve bearing car structures to ensure their se-
cure fixing to the ferry decks.

Keywords: railway-sea transportation, ferry transportation, sea waves, freight car, impact dynamics, load-

ing of the structure, mathematical model.
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Background. The development of foreign eco-
nomic relations between Europe and Asia promotes the
establishment and operation of combined transport
systems. The most promising among them are consiad-
ered piggyback and container transportation. In coun-
tries with access to the sea area, ferry transportation has
found a successful application.

The process of loading of bearing structures of car
bodies when they move on rail ferries by sea requires
special attention, as the dynamic characteristics, which
are typical of this type of combined transportation, sig-
nificantly differ from the normal operating characteristics
on main lines.

The statistics of damage of cars during ferry trans-
portation in the Black Sea area show that each year about
10% of the units of rolling stock used in international rail
and water transportation require repair with uncoupling.
This is primarily due to the lack of structural adaptation
of car bodies to their fastening on the decks of car ferries
and increased loads influencing them during transporta-
tion in terms of sea waves.

Objective. The objective of the author is to present
results of research on dynamics of bodies of freight cars
during transportation on car ferries in confused sea with
account for different wave angles in relation to the body
of the car.

Methods. The author uses mathematical modeling,
analysis, comparative method.

Results.

Evaluation approaches

Research on the conditions of freight transportation
using car ferries is considered in scientific works of dif-
ferent years, in particular in [1]. The disadvantage of
techniques cited therein is inability to account wave
angle with its disturbing influence relative to bodies of
car ferries as well as wind load on surface projection of
a ferry with cars placed on its upper deck. The likelihood
of moving of a car body during a sea wave is also disre-
garded.

Study of external loads acting on the bodies of cars
during ferry transportation was carried out by Marine
Engineering Bureau (Odessa, Ukraine) [2]. In this case,
the required data have been identified on the basis of
calculation of vibrations of car ferries occurring with six
degrees of freedom in terms of irregular three-dimen-
sional sea disturbance when the vessel is at a speed of
6,5 knots. The methodology used is suitable only for
single-deck ferry in restricted navigation area, besides
it does not take into account the potential compliance of
the car body with respect to the deck.

Acceleration model

To ensure the safety of freight cars’ movement it is
necessary to examine features of main types of loads
that act on their body during ferry transportation. In this
case, one of the defining loads is inertial load caused by
sea waves.

Pic. 1. Design scheme of the car body,
placed on the deck of a car ferry.

Research schemes of fixing cars on the decks of
Ukrainian car ferries at stations «llyichevsk-Ferry» and
subsidiary «TIS-Crimea» showed that during sea trans-
portation a compliance of bodies can occur, which is
caused most often by one or more of following reasons:

— Unevenness of the deck;

— Faulty device interaction of cars with a deck of a
car ferry;

— Variations in the geometry of the body, its defor-
mation;

— Asymmetry in loading of body with cargo;

— Human factor in fixing cars.

To determine the acceleration acting on bodies of
cars during ferry transportation, a mathematical model
has been developed that describes the movement of car
structures in roll as a form of vibration motion, having the
greatest influence on the stability of the body relative to
the deck. Design scheme of the car body, placed on a
car ferry, is shown in Pic. 1.

The first equation of the mathematical model de-
scribes the movement of the ferry, and the second
equation describes the movement of the car body rela-
tive to the deck. The calculations were performed on the
example of a car ferry type «Heroes of Shipka».
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where q,=6,, q,=0, are generalized coordinates ( 6,
corresponds to angular displacement of the ferry relative
to the longitudinal axis (heeling) passing through its
center of figure; 6, corresponds to the angular

displacement of a car body relative to the longitudinal
axis passing through its center of gravity); D is weight

displacement of a car ferry, kN; B is its width, m; z, is

coordinate of the center of gravity of the ferry, m; h is
height of the side, m; A, is coefficient of resistance to

fluctuations, kN-ssm ™" ; p'is wind load on the surface

projection of a car ferry, kN; F (t) is law of action of a
force, which disturbs the movement of the ferry with

bodies of cars, placed on its decks; I is moment of
inertia of the car body relative to its longitudinal axis, t-m
? ; P, iswind load on the side wall of the car body, located

on the upper deck, kN; h, is height of the car body, m.
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The coefficient of resistance to angular displace-
ment of a car ferry relative to the longitudinal axis is
determined by:

L/2
A= [ I'p-o-TdL, (2)

-L/2
where !" is dimensionless damping coefficient per unit

length of the ferry and determined on the basis of
reference books, depending on the specifications of a

car ferry; p is density of sea water, kN/m ; ; 0 is

frequency of disturbance, s ', Tis draft of the ferry, m.
Disturbance is given in the form of a trochoidal law of sea
wave motion [3].

The input parameters of the mathematical model are
specifications of a car ferry, car body, as well as meteo-
rological data of navigation area. Initial displacement and
speed of the ferry are assumed to be zero, for the car
initial displacement was determined by possible yielding
of its nodes relative to the deck (axle equipment relative
to the axis of the wheelset, bogie frame relative to the
axis of the axle equipment, the friction wedge relative to
the middle of the sidewall, bolster relative to the friction
wedge, center plate on center pad [4]) and was 31 mm.

In drawing up the mathematical model a blow of a
sea wave on the side of a car ferry was not considered.

Solution of differential equations was carried out in
an environment of software Mathcad [5, 6] using the
Runge-Kutta method.

The calculation results are summarized in Pic. 2.
Moreover, the total value of acceleration that acts on
bodies of cars during their transportation with car ferries
also includes a horizontal component of gravitational
acceleration. With account of this, the total value of ac-
celeration acting on the body of the car on the outer track
relative to the bulwark, was about 0,3 g; on the body
located on the second track relative to the bulwark - 0,24
g, placed on the middle track — 0,22 g.

The obtained values of acceleration exceed accel-
eration acting on the body of cars in operation on main
lines [7].

Conclusions.

1. The maximum acceleration acting on the body of
cars during ferry transportation for the Black Sea area,
taking into account technical characteristics of a car
ferry like «Heroes of Shipka» amounted to about 0,3 g,
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Pic. 2. The accelerations that act on the body of the
car during transportation by a car ferry: a) the body is
on the outer track relative to the bulwark; b) the body

is on the second track relative to the bulwark; c) the

body is on the middle track.
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