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The priority tasks of the Ukrainian railway transport are a train speed increase, passenger car renewal and
safe operation, and the passive protection of passenger trains in their emergency collisions with obstacles.  An
integral part of high-speed passenger cars of new generation must be passive safety systems (PSSs), which operate
in an emergency collision. The controllable deformation of the PSS energy- absorbing devices (EADs) reduces the
longitudinal forces and accelerations, which makes it possible to save the lives of the passengers and the train
crew, reduce damage to the cars, and minimize the consequences of the accident. In the EU countries, the manda-
tory installation of PSSs is required by Standard EN 15227. A similar standard is adopted in Ukraine, too, despite
the fact that the couplers used in Ukraine differ considerably in design from those used in the EU countries. This
paper addresses the problem of elaboration of a scientific basis for the development of collision PSSs for the cars
of high-speed passenger trains operating on the Ukrainian railways and the problem of determination of factors
that affect car derailment in a collision. An algorithm, methods, and finite-element models for choosing the EAD
design parameters were developed and validated by a crash test of a prototype locomotive EAD. A mathematical
model was developed to study the dynamics of PSS-equipped trains, to determine longitudinal and vertical loads
on the car structures, and to assess the required EAD energy absorption capacity in normative collision scenarios.
Comprehensive investigations were conducted, as a result of which locomotive and car EADs were designed.
When considering a passenger train – obstacle collision, a separate problem is the determination of factors caus-
ing locomotive and car derailment. Such investigations were conducted using a mathematical model developed to
describe the spatial oscillations of a moving train whose locomotive is equipped with a passive safety system and
anti-climbing devices. When a train moving on a real track with irregularities of different types collides with the
obstacle, lateral forces of car–car interaction are produced. This, in its turn, results in lateral forces of wheel–rail
interaction, thus considerably affecting the locomotive derailment stability. The calculations conducted by the
model showed that the locomotive derailment probability increases with the mass of the obstacle rail vehicle, the
train speed at the collision instant, and the level of rail irregularities. The results of the investigations conducted
may be used in designing a new generation of high-speed passenger trains.
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