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Zum Titelbild: Die Linienzugbeeinflussung
LZE ist das Rickgrat fir den Verkehr auf
den deutschen Hochgeschwindigkeits-
strecken. Die bisher meist verwendete LZB
80 ist nun zur LZB 80E weiterentwickelt
worden und integriert die Funktionen PZB
90, L 72 und LZB CE. Eine unbefristete
Typzulassung durch das EBA steht bevor,
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FEM analysis of light signal pole

Light Signal Pole

. Jerzy Mikulski / Aleksander Stadkowski / Jakub Miyhczak

A strength analysis of a light signal
pole using the Finite Elements Method
demonstrated that the structure of
the pole fulfils strength requirements
as well as ensuring Safet:?ur persons
performing servicing and installation
activities.

1 Short description of the light signal
pole with a rig

The light signal pole is designed for instal-
lation of typical signal lights on its jib, as
commonly used on Polish Railways. The
signal pole consists of a flange with mil-
led holes enabling tuming of the pole so
that the jib's axis may be set perpendicular
to the tracks. The pole tube is welded to
the flange. Its length enables installation
of the light on the required height. Con-
nection of the flange with the tube is stif-
fened with four ribs. A hole of 50 mm is
drilled through the pole tube at the height
corresponding to the height of jib installa-
tion, thus enabling routing of a cable. The
pole tube has a suitable busbar element to
fulfil the regulations concerning protec-
tive busbar installation in the railway traf-
fic management equipment., The pole is
equipped with a jib enabling installation of
a light and fulfilling the conditions of the
railway clearance gauge. The jib is mount-
ed to the pole with two brackets using
M 16 screws.
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Figure 1: General view of pole under analysis

The pole s equipped additionally with
a ladder and protective basket enabling
lamp maintenance.

The signal pole differs from the semaphore
poles used hitherto, as the jib and moun-
ting flange are not made as casting but as a
welded structure. The complete pole without
installed signal lamp is shown in Figure 7.

2 Computer strength simulation of
the pole using the Finite Elements
Method (FEM)

The strength analysis was carried out using
the software MSC NASTRAM 2003 and
M5C MARC 2003,

In order to perform a strength analysis,
a model of the pole in guestion was pre-
pared, with all main parts of the pole sep-
arated. The tube was divided into three
parts: the first working in team with the
base, the second with the jib arm and
the third connecting both former parts.

Also models of all welds connecting the

flange elements with ribs and tube were
prepared, The welds on the jib arm were
disregarded because of their low loading.

Fy., and F,, designate forces from wind
pressure {direction ¥} whereas F; is a force
coming from the semaphore head (direc-
tion Z).

In accordance with [3] the maximum ve-
locity of the air stream caused by a train
passing with a speed of 160 km/h at a
distance of 1 m from the train is 78 km/h,
whereas for a speed of 240 km/h the air
stream reaches a maximum of 116 km/h.
The strength  analysis was performed
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Thus prepared, these models were sub-
jected to division into finite elements,

The finite element grids were performed sim-
ilarly for all remaining components of the
pole. The size of the elements was selected
such that the grids of cooperating parts are
of the same size at the place of contact.
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3 Load on the pole

The model of the pole takes into ac-
count the load on the structure with force
exerted by the weight of the semaphore
head and by air pressure during passage of
the train or strong wind. The distribution
of forces is shown in Figure 2,

Figure 2: Distribution of forces in the pole
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Light Signal Pole

vpper part of the ribs)

Figure 3: Reduced stresses in the bottom part of the pole (view of

Figure 4: Reduced stresses in the jib arm (view from the top)
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for two wvelocities of wind: 78 km/h and
160 km/h, Wind velocity at the level of
160 km/h was selected to ensure a 30 %
safety margin.

In accordance with [4] the wind pres-
sure on the pole and semaphore head
was calculated. The calculations assumed
the area of a three-chamber semaphaore
head (the dimensions were rounded to a
rectangular shape). In order to calculate
the forces, it was assumed that the wind
acts perpendicularly to the pole head. The

following wvalues of wind force were ob-

tained:

= For velocity 78 km/h, the force acting
on the pole is Fy., = 292 N, and on the
head F,, = 522 N;

= For velocity 160 km/h, the force acting
on the pole is Fy., = 1227 N, and on the
head F,, = 2194 N;

- The force exerted by the weight of the
semaphore head was assumed to be
F;=500N,

Besides the abowe calculations, an ana-

lysis was also made of the pole structure
strength under the force F, =4 kN, This
load was aimed at simulation of a larger
light head (five chambers) and the weight
of a man working on the pole.

4 Strength analysis

The analysis assumed interaction for velo-
city 78 km/h and 160 km/h respectively.
The scale on the right side of each drawing

acting force (side view scale 10:1)

Figure 7: Maximum deformation of signal pole in the direction of

Figure 8: Maximum deformation of signal pole in the direction of
acling force {view from the top 1:1)
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tells us about the stress in Pa, whereas the
coordinate system is drawn in the bottom
left-hand cormer.

5 Pole deformation

A deformation analysis was also perform-
ed for each particular element of the pole,
depending on the wind force. The dra-
wings show the results for wind velocity
160 km/h. For wind velocity 78 km/h the
deformation direction will be the same
whereas the value of deformation will be
“proportionally” less. The displacement of
the pole elements is shown in Figures 7, 8
and 9.

6 Analysis of the results

The model of the pole was fastened on the
entire lower surface of the flange and for
such mounting it was loaded with forces
exerted by the mass of the signal head
and by wind pressure acting on the head
and pole.

For steel 5t3, from which the pole is
made, the tensile strength value assumed
is R, =510 MPa. The analysis takes into
account only reduced stresses. As shown

Light Signal Pole
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Figure 3: Maximum deformation of signal pole in the direction of acting force (side view

in Figures 3 to 7, no element of the po-
le structure is subject to stress higher than
3BO MPa, thus the pole structure fulfils
the strength requirements for such types
of structures.

The analysis performed shows that the
moast heavily loaded parts of the pole

are the ribs located perpendicular to
the jib arm (Figure 6) and the pole tube
where it cooperates with the above-men-
tioned ribs (Figure 5). However, even for
the wind force at a velocity of 160 km/
h the boundary stress wvalue is not ex-
ceeded.
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Light Signal Pole

The base flange and jib arm are the least
loaded parts of the pole (Figures 3 and 4).
It can be assumed that these parts may be
also used even for larger signal heads.

The welds connecting the pole tube to the
ribs are most heavily loaded in the case of
the ribs perpendicular to the jib arm. The
highest load is on their upper part. In the
extreme case these stresses may reach
315 MPa.

In the case of welds connecting the ribs
with the flange. the most heavily loaded
are also those of the ribs perpendicular
to the jib arm. However, in this case too,
the stresses are below the boundary value,
in the extreme case reaching a value of
58 MPa.

In the case of welds connecting the pole
tube with the upper part of the base flan-
ge, the most heavily loaded are the parts
of the welds located on the side opposite
to the jib arm. The maximum stress value
is 75 MPa.

In the case of welds connecting the lower
part of the tube with the flange, the high-
est stresses occur in the part located along
the direction of the acting force and that
located against this direction (derivative
of tube torsion); the stress value is about
67 MPa.

Figures 7 and 8 show the direction of sig-
nal pole deformation under the influence

of the applied force. The direction of de-
formation, as well as the elements sub-
ject to the highest displacement, are in
accordance with expectations. These draw-
ings show the primary shape of the pole
with lighter colour. It may be noted that
the maximum deformation of the pole is
about 195 mm from the primary position
without load.

When the pole is loaded with force
F,=4 kN the highest value of stress is
42 MPa occurring directly under the jib
arm, in the upper part of the pole tube,

As can be seen from the analysis perform-
ed, the loads exerted by the semapho-
re head (in the simulation the walue of
200 kg was assumed) and the weight
of a man (in the simulation also 200 kg
was assumed) have a relatively small im-
pact on the load of the light semaphore
pole. Figure 2 presents the deformation
of the signal pole caused by the above
Inads.

7 Conclusion

In light of the above considerations, the
structure of the pole fulfils the strength
requirernents for two-, three-, four- and
five-chamber semaphores, straight and
with a jib, as well as ensuring safety for

persons performing servicing and installa-
tion activities.
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ZUSAMMENFASSUNG

. FEM-Analyse von Lichtsignal-
masten

In einer Spannungsanalyse nach der
Finite-Elemente-Methode wurde
nachgewiesen, dass die dblicher-
weise bei der polnischen Eisenbahn
verwendeten Lichtsignalmasten den
Anforderungen an die Standsicherheit
genlgen.
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