plan, The following should be noted: the lower the value of the C2 parameter, the
lower the wear rate of the pick.

The conducted tests of the wear rate of conical picks showed that the type of
protective layer on the operational part of the pick, the steel grade applied to the
picks' bodies and the pick position on the test drum, have a significant influence on
their durability. A further search for the protective layers of the operational part of the
pick is required to determine the best and the cheapest protective layers to increase
their durability, especially in hard and/or abrasive rocks.
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The aim of the project was the modernization of the head structure of the ED72
train unit including static (EN 12663 standard), crash (EN 15227 standard) and
fatigue strength (DVS 1612 standard) requirements. The ED72 is an electrical train
unit consisting of four wagons (two steering and two motor) [1, 2].

The work presents numerical crash calculations of the modemnized head
structure of the ED72based on EN 15227 standard. The focus was on collision
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scenario with the large deformable obstacle LDO [3]. The calculations were carriet
out in the Altair HyperWorks environment.

The EN 15227 standard classifies rail vehicles in four categories [3]:

C-I - vehicles designed to operate on TEN (Trans European Network) routes,
international, national and regional networks (which have level crossings); e.g.
locomotives, coaches and fixed trainunits,

C-II - urban vehicles designed to operate only on a dedicated railway
infrastructure, with no interface with road traffic; e.g. metro vehicles,

C-III - light rail vehicles designed to operate on urban and/or regional networks,
in tracksharing operation, and interfacing with road traffic; e.g. tram trains, peri-
urban tram,

C-IV - light rail vehicles designed to operate on dedicated urban networks
interfacing with road traffic; e.g. tramway vehicles.

The ED72 train unit belongs to C-I category according to EN 15227 standard,
For this category, three collision scenarios are required [3]:

1/ collision with an identical train unit- collision velocity 36 km/h,

2/ collision with the 80 tons wagon - collision velocity 36 km/h,

3/ collision with the large deformable obstacle (LDO) - collision velocity v, -
50 km/h < 110 km/h collision velocity (v - maximum train unit operational velocity
at a level crossing).

LDO must have mass of 15 tons and a center of mass 1 750 mm above the rail
level [3].

The stiffness characteristic of the LDO in the collision direction must match to
the stiffness specified by the standard (the standard curve is the minimal
characteristic; fig. 1b) [3].
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Fig. 1. Large Deformable Obstacle LDO: a) geometry; b) stiffness characteristics [3, 5]

The matching to the standard characteristic is obtained by the numerical crash
test of a rigid sphere of diameter of 3 m, mass of 50 tones and initial velocity of 30
m/s, impacting in to the LDO model.The closer are the obtained characteristics to the
standard characteristic, the more favorable results can be expected using the obstacle
model in numerical simulations [4].
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Fig. 2a present the modernized ED72head structure, developed based onstatic
and fatigue (base material and welds) strength calculations.The results of the
numerical collision analysis with the LDO showed the necessity of significant
structural changes in the ED72 head structure (Fig. 2b).All the reinforcements were
aimed at limiting the deformation of the head structure, so that during the collision do
not disturb the survival space around the driver.

b)

B - main areas of structural
changes

Fig. 2. The modernized ED72 head structure: a) after static and fatigue strength
calculations; b) main additional changes after crash test with LDO

a) b)

Fig. 3. The ED?72 electrical train unit: a) before head structure modrm'zation;
b) after head structure modernization [5]
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