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Abstract: The wind gusts with high speed can negative affect the operation of the railway electric
vehicles. These vehicles can achieve high performances, as long as the power supply is ensured,
without discontinuities or interruptions in the process. This work aims at conducting an analysis
regarding the wind influence with regard to the energy collector placed on the vehicle bodywork
taking in account a certain positioning of the active pantograph. To this end, in a first step, the EP3
pantograph which was raised to its maximum working height was 3-D modeled. As regards the
simulation, we consider the case in which the equipment is placed on the vehicle so that the angle
formed by the articulation of the arms is pointing in the direction of the air flow. The simulation is
carried out for different points of the angles ranging between [0°, 180°] at the relative velocity of the
fluid of Om /s, 10m /s, 20m /s and 30m/ s.

Key Words: pantograph air resistance, the influence of wind, air flow simulation, railway electric
vehicles

1. INTRODUCTION

Electric railway vehicles can move between two points located on a section of a railroad
when the energy required for this purpose is taken from an external source, in this case from
the line of contact (catenary). The equipment, through which a vehicle is supplied with
energy from the catenary is called “pantograph” and is located on its bodywork. The layout
and use of the collector (pantograph) increase the drag and implicitly the energy required to
move the electric vehicle, compared to a vehicle powered from an internal source of energy
(diesel vehicle), as can be seen and in papers [1-4].

The generalized formula for determining the running resistance for the railway vehicles,
also known as Davis's relationship [1-11], is:

R =a+b-v+c-v? Q)

where: R, — the total resistance to motion of a vehicle; a — mechanical resistances to rolling

caused by axle loads; b-v — non aerodynamic drag; c¢-v? — aerodynamic drag; v — the
vehicle rate of travel:

Czﬂ @)
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where: C, = 2- FX/S p- v - aerodynamic coefficient of air gliding, also known under the
name of air penetration coefficient (dimensionless); S — the frontal area of the vehicle in the
cross-sectional area (m?); p — the air density in the moving vehicle (kg/m?); F, — drag

frontal force (N); v — the speed of the fluid (air) (m/s).

Under normal displacement conditions the electric rail vehicles must overcome, the
aerodynamic resistance generated by both the travel speed and the wind gusts.

In Romania, according to the data measured by the National Institute of Meteorology
and Hydrology (NMA), the highest wind speed values were reached in February 1954 in
Bucharest and at lasi in the winter of 1966, namely 126km / h and 200km / h, respectively.

2. WIND INFLUENCE ON THE AERODYNAMIC DRAG GENERATED BY
THE PANTOGRAPH

Two distinct situations, regarding the use of the active pantograph placed on the bodywork
for the necessary electricity capturing can be found during the movement of the electric
railway vehicles.

These two situations are determined by the position of the pantograph arms joint, as
follows: when the pantograph arms joint determines an angle pointing to the air flow
direction (fig. 1 a); when the joint between the lower and upper arm of the pantograph has
the angle vertex oriented in the opposite direction of the air flow, (Fig. 1 b)

a) pantograph with the angle vertex of the arms b) pantograph with the angle vertex of the arms joint
joint pointing to the air flow direction pointing to the direction of the vehicle displacement

Fig. 1 — Method of the active pantograph arrangement

To determine the aerodynamic drag generated by the current collector article [18]
presents a method based on the study of the equilibrium of forces and moments acting on the
components of the pantograph.

According to this method the aerodynamic forces acting on the pantograph components
are evaluated based on the corresponding aerodynamics coefficients as follows:

p- (Cx ' Sp)j : Vrzel.p

p- (Cz : Sp)j : Vrzel.p

szj = 2 (4)
. .. . . 2
Mi o p (le Sp Ip)j Vrel.p (5)
J] 2
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5 Analysis of the wind influence on the aerodynamic drag to an emplacement of the pantograph

where: i — index of the Cartesian coordinate system axes; j — index of the pantograph

components; Fy,;, F,,; — aerodynamic forces on the longitudinal and vertical direction

corresponding to each element of the pantograph; M;,; — Moments determined on the
pantograph components for each axis of the Cartesian system. v, , — relative incidence

speed of the fluid flow through the pantograph elements; (CX-SP)J_, (CZ -Sp)j and

(CM -5, -Ip)_ — pressure coefficients of the aerodynamic frontal resistance, pressure
J

coefficients of the aerodynamic frontal and vertical resistance, respectively and couples

resulted for each j element in which the pantograph was divided.

The determination of the relative rate (relation 6), depending on the direction and angle
in which blows the wind with respect to the longitudinal axis of the vehicle is shown in fig.2.

Vv o
/

v V, -COS (0.)‘ \Y Vy -COS (oc)‘
a) tail wind b) head wind

Fig. 2 — The influence of the wind depending on the angle and its direction

Vi = V£V, -cos(a) ©)

where v — the speed of the vehicle; v, — wind speed; o — the angle between the vehicle
direction of movement and the wind speed.

In these conditions the coefficients of the aerodynamic force (relation 7) and moments
(relation 8), respectively, generated by the air through the pantograph elements can be
written as:

2.F, 2-F
Cij — P = = P > (7)
Sy P Ve Syp-(V+v, -cos(a))
2 My 2- My,

Chi = =

mij 2
Spi-lij P~ Ve Syl

p-(v+v, -cosla)f (8)
When the wind speed is geared towards the train movement (tail wind), the air
resistance decreases or has a negative value.
Negative values occur only when the component of the equivalent speed determined by
the wind is greater than the speed of the vehicle and has the same direction, as described in
paper [19].

3. SIMULATION OF THE AIR FLOW THROUGH THE PANTOGRAPH
ELEMENTS

For this simulation, we considered the design of the EP3 pantograph, which is used by most
of the LE 060 EA 5100kW electric locomotives, operated by the railway companies from
Romania.

| started by the geometric modeling of the equipment components at scale 1: 1, using
Autodesk Inventor.
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With these components, | realized assembly of the pantograph so that its patina is
located at the maximum allowable height of 2.5m for the current capture, according to
technical specifications.

In order to simulate the air flow through the components of the pantograph | used the
SolidWorks Flow Simulation software.

In this paper, | considered for analysis only the first case of the active pantograph
emplacement (fig. 1), where we took into account the relative velocity of the air when the
vehicle is moving at a constant speed of 144km/h = 40m/s.

In terms of wind speed we successively considered the values of Om/s and 10m/s, 20m/s,
respectively 30m/s.

For the angle between the wind direction and the direction of movement of the vehicle,
we successively considered the cases: 0°, 30° 45° 60° 90° 120° 150°and 180°. 25 distinct
cases to be analyzed resulted under the above-mentioned conditions.

These cases are given by the 8 different values of the wind angle, and for each case we
considered three values of velocity and also the case when the vehicle is traveling in an area
without wind gusts.

The delimitation of the volume of the air flow is carried out as follows: - for the
vertical plan we considered the appropriate plan of the vehicle roof and another plan located
at 6 m away from it; - for the cross section, we considered two plans located symmetrically
at 5 m from the longitudinal plan of the vehicle; - for the longitudinal section, we considered
two plans located at 5 and 10 m away from the transverse plan of the pantograph frame;

The first plan of the longitudinal section (at 5m) corresponds to the front of the
locomotive in the air flow direction and the second plan of the same section (at 10m)
corresponds to the back of the vehicle.

As input parameters regarding the atmospheric conditions we considered a pressure of
101325 Pa and a temperature of 293.2 K.

The distributions of the pressure exerted on the pantograph and the contour line for the
dynamic pressure, which are resulted from the simulation of the 25 analyzed cases are
presented in Figs. 3 and 4, respectively.

o=0°-v,=0m/s o=0°-v,=10m/s a=0°-v,=20m/s 0=0°-v,=30m/s

o=30%v,=20m/s o=30%v,=30m/s o=45%-v,=10m/s 0=45°-v,=20m/s 0=45°-v,=30m/s
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0=60%-v,=10m/s 0=60%-v,=20m/s o=60°-v,=30m/s 0=90°-v,=10m/s 0=90°-Vv,=20m/s

o

a=90°~v,=30m/s a=120°~v,=10m/s  a=120°-v,=20m/s  &=120°-v,=30m/s  a=150°-v,=10m/s

o

o=150°-v,=20m/s  a=150°-v,=30m/s  a=180°-v,=10m/s  a=180°-v,=20m/s  o=180°-v,=30m/s

Fig. 3 — Pressure distribution on the surface of the pantograph

o=0°-v,=0m/s

o=45%-v,=20m/s

a=30%v,=20m/s

o=45°-v,=30m/s

0=60°-Vv,=20m/s

a=120°-v,=10m/s  a=120°-v,=20m/s

’ 4

M ! o
a=150°-v,=20m/s  a=150°-v,=30m/s  a=180°-v,=10m/s  &=180°-v,=20m/s

0=180°-v,=30m/s

Fig. 4 — Contour lines of the dynamic pressure in the median longitudinal plane of the vehicle
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The values of the total pressure and aerodynamic resistances obtained based on the air
flow simulation of the analyzed cases are shown in Figures 5 and 6 taking into account the 8
values of the angles.
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Fig. 5 — Total pressure values obtained during the simulation
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Fig. 6 — Variation of the aerodynamic resistance during simulation for the 8 values of the wind angles.

To assess the influence of the wind on the aerodynamic drag we performed a percentage
analysis of the stabilized values obtained from simulations successively considering three
types of values as a reference point, namely: - when the vehicle moves in atmospheric
conditions without wind gusts (Fig. 7); - when the wind speed is 10 m / s (Fig. 8); - when the
wind is frontal. (Fig. 9).

The stabilized values of the aerodynamic drag of the pantograph resulting from
simulations are presented in Table 1.

Table 1 — Stabilized values of the F,[N] pantograph aerodynamic drag

ngle 0° 30° 45° 60° 90° 120° 150° 180°
vy[m
0 278,7[N] - - - : - : :
10 398,1[N] | 4441[N] | 3209[N] | 339,5[N] | 236.1[N] | 1865[N] | 137.0[N] | 1209[N]
20 572,6 [N] | 4919[N] | 277,2[N] | 2747[N] | 2626[N] | 889[N] | 443[N] | 626[N]
30 7804 [N] | 592,7[N] | 409.8[N] | 2524 [N] | 298,3[N] | 1588[N] | S5LL[N] | 15,6 [N]
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Fig. 7 —The percentage analysis of the aerodynamic drag generated by the pantograph, having as reference point,
the resistance obtained when the vehicle is moving under atmospheric conditions without wind gusts

The largest percentage increase, to aerodynamic resistance values determined by the
pantograph is given in the case of a front wind (Fig. 7). It reaches about tripling it for a=0° —
v,=30m/s (=~ 180%) towards the case when we do not have gust of wind. Considering the
same benchmark, the lowest percentage of the resistance is obtained, as expected, for the
case of a wind from behind, «=180° — v,=30m/s (~ —95%).
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Fig. 8 — The percentage analysis of the aerodynamic drag generated by the pantograph, having as
reference point the resistances obtained for a wind of 10m /s corresponding to each angle considered

Taking as a reference point for comparison, the lowest wind speeds for the angles
examined (Fig. 8), it is found that the extreme values, for the percentage variation of the
pantograph aerodynamic drag are obtained also for a=0° — v,=30m/s (~ 96%) - the
maximum increase, respectively for a=180° — v,=30m/s (~ —89% ) - maximum decrease.
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Fig. 9 —The percentage analysis of aerodynamic drag generated by the pantograph, having as reference point,
the resistances obtained for a headwind
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Considering the headwind case (Fig. 9) we can conclude that in this case the highest
aerodynamic resistances of the pantograph and implicitly the highest consumption of energy
required are obtained.

4. CONCLUSION

As expected, the wind has influence on the pressure values exerted on the pantograph and
implicitly to its aerodynamic drag. From Fig. 6 a) and Fig. 6 h) it can be seen that: the
extreme stabilized values resulting after simulation with respect to the aerodynamic drag of
the pantograph are obtained in case of the high wind speeds.

When the wind is oriented against the direction of travel of the vehicle (headwind), we
obtain the maximum value of resistance.

If it is oriented in the direction of travel (wind from behind) the minimum values of
resistance. Thus leading to corresponding changes in the quantity of electricity consumed by
the vehicle.

In the range of values considered for the angle (0° — 180°) formed between the wind
direction and the longitudinal axis of the vehicle, considering the constant speed thereof, it
follows that the stabilized values of the aerodynamic drag of the pantograph have decrease
with the increase of the angle.

For the case when a constant angle and a wind speed variation are considered, the
simulations resulted in a random distribution of the values of the pantograph aerodynamic
drag. This distribution starts from a tendency to increase the resistance with the speed in the
case of the headwind and gets up to a tendency to decrease the resistance with the speed
when the wind blows from behind.

The first comparative percentage analysis regarding the aerodynamic drag of the
pantograph (Fig. 7), when we take as a reference point the case of the vehicle movement in
atmospheric conditions without wind gusts, reveals that in the interval ranging between 0°
and 90° for the o angle largely positive values are obtained .

This means that wind gusts determine an increase of the aerodynamic resistance. For the
rest of the interval ranging from 90 ° to 180 °, the values are mostly negative, which means a
reduction in aerodynamic drag.

The same can also be observed for the second case of the comparative percentage
analysis (Fig. 8), when the reference point is considered the resistance obtained for the
lowest wind speed analyzed.

The last percentage analysis when the reference point is considered the case determined
by a headwind (Fig. 9), reveals a downward trend to the aerodynamic resistance caused by
the pantograph. Changing the wind speed and the angle in which it blows, determines the
change of aerodynamic resistances of the pantograph and implicitly of the vehicle. In turn
this causes further variations of the amount of energy required for moving the locomotive.
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