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TSI Energy 2015 - Reference Parameters for Overhead
Contact Lines

Thomas NICKEL!, Rainer PUSCHMANN?

Summary

The useable contact wire lateral position, determined in accordance with TSI ENE 2015 and EN 15273, based on the dis-
placement of the pantograph in relation to the track axis, may be reduced by 16%. This reduced lateral position results in
up to 8 m shorter span lengths for DB’s standard contact line types and, therefore, in increased capital costs. The reasons
are the reference parameters for the lateral displacement of vehicles, established for the determination of the infrastructure
gauge, also provide for vehicle inclination on straight tracks, to improve reliability. These reference parameters have been
empirically derived from conditions in existing railway infrastructure. However, for new installations these provisions are
not necessary. The TSI Energy 2015 should be corrected such that contact line designs with proven performance over long

periods can also be used in the future.

Keywords: overhead contact line, interoperability, technical specification of interoperability, energy subsystem, conven-
tional railway, high-speed railway, mechanical kinematic gauge of pantograph, electrical kinematic gauge of pantograph

1. Introduction

The need for free access of wagons and trains
within the railway systems of Europe led to a speci-
fication for an internationally valid vehicle gauge
as a basis for the design of freight and passenger
wagons even before the electrification of the rail-
ways started. The first version of a vehicle gauge
was specified in Technical unit within the railway
system (TE) [1] in 1913. For this TE the vehicle
gauge was determined for a stationary vehicle lo-
cated centrally on a track.

For the design of the infrastructure gauge no
international mandatory rules existed at that time.
Therefore, it was open to the individual railway man-
agers to specify the distances between the vehicle
gauge and the infrastructure gauge to be observed
when constructing new lines. The first harmoniza-
tion of the specification for the infrastructure gauge
was initiated by the Verein deutscher Eisenbahnver-
waltungen (Association of German Railway Entities)
and summarized within the Technical agreements on
the installation and operation of main line railways
and secondary railways (TV) [16]. This formed the
basis for the standard infrastructure gauge included
in the Installation and operation regulation (BO) [2]
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and the Railway installation and operation regulation
(EBO) of 1967 [4].

During the 1950s the International Union of Rail-
ways (UIC) prepared a harmonized international
vehicle gauge. The introduction of more vehicles
with softer suspension designs and higher running
speeds of trains led to a transition from static con-
siderations applied up to that period, to kinematic
considerations [7]. This approach used actual run-
ning vehicle displacements which followed from real
design parameters.

For this purpose working group 57A established
a reference gauge which forms the interface between
the vehicles and the infrastructure and therefore, en-
ables a distinct separation between responsibilities
[17]. Following the reference gauge to the inside (to-
wards the vehicle) is the vehicle gauge with the limita-
tion E From the reference gauge to the outside (away
from the vehicle) is the infrastructure gauge by the
extension G. The extension G also considers effects of
the infrastructure.

The standard EN 15273 replaced the codex
UIC 505 and also assumed the kinematic calcula-
tion method for the vehicle gauge, reference gauge
and infrastructure gauge. The TSI ENE [13] to-
gether with the corrigendum [3] has also used
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this calculation method since coming into force
on 1% January 2015 with reference values for cant,
cant deficiency and flexibility. The useable contact
wire lateral position on the pantograph should be
determined using the calculation method given in
this TSI ENE from the total movement of the pan-
tograph, which results from the reference gauge for
the determination of the infrastructure gauge and
the vehicle gauge.

Prior to the new TSI ENE [13] coming into force,
0,55 m useable contact wire lateral position in straight
lines and 80 m spans for standard contact lines could
be designed and installed on DB AG. Applying the
kinematic calculation method specified in [13] the
permissible spans would be reduced by up to 8 m, due
to a smaller useable contact wire lateral position (see
Table 1). The reason for this reduction can be seen in
the assumed values for flexibility and the reference
values for cant and cant deficiency which need to be
considered for the calculation of the useable contact
wire lateral position and the determination of the ki-
nematic reference gauge.

For more than 70 years 80 m long spans in straight
lines at 5,5 m contact wire height have proven their
reliability in operation in Germany. As examples,
DB’s contact line types Rel00, Rel60 and Re200
(Figure 1) have operated successfully on the basis
of the accepted calculation approaches used before
the TSE ENE [13] came into force. The calculation
method according to [13] and the parameters used
need to be questioned, in order to avoid the exces-
sive reduction in span lengths and consequent in-
crease in capital costs.
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Fig. 1. Longitudinal span of DB’s standard overhead contact
line Re200

2. Longitudinal spans for contact lines in
Germany

In 1907 the Siemens Schuckert Company (SSW)
installed a contact line using 100 m long spans on
the Regensdorf — Wettingen [14] test line. This con-
tact line design formed the basis of the standard span
length of 100 m in Germany. Subsequently, to contain
capital costs, the Swiss railways (SBB) also adopted
this design with span lengths up to 100 m on numer-
ous lines in Switzerland. In 1931 the Deutsche Reichs-
bahn (DR) limited the longitudinal spans to 94 m on
straight line sections for wind velocities up to 20 m/s,
to 80 m for 24 m/s, to 70 m for 28 m/s and to 54 m for
31 m/s [5].

However, the interaction of contact lines and
pantograph proved to be unsuitable with the longer
spans at speeds above 110 km/h [15]. Besides other
phenomena, large oscillations occurred within the

Table 1

Comparison of span lengths for 1 950 mm pantograph by consideration with and without reference cant
(all dimensions in m)

Pantograph type 1,950

Verification
height h Exaset;r;%hslf))an €. span length?® € span length? Difference
- - D/,=T',= 0,066 D/,=T',= 0,000 - -
5,00 80,0 0,571 80,0 0,616 84,5 4,5
5,86 (5,50%) 80,0 0,525 74,0 0,579 80,5 6,5
6,50 80,0 0,491 68,5 0,550 76,0 7,5

The parameter are used according to Table 1 [12], randomly related displacements according to Table 3 [12] (not fixed track), with-

out constraints, overhead contact line system Re200 (see Figure 1), wind velocity 26 m/s, provisional value 0,03 m.

! usable span length in Germany up to publishing TSI ENE: 2014,

? nominal contact wire height for overhead contact line system Re200 in Germany additional the uplift,
% span length according to calculation procedure TSI ENE considering with reference cant 0,066 m,
“ span length according to calculation procedure TSI ENE considering without reference cant 0,000 m.
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contact line, leading to contact interruptions and to
increased contact wire wear.

In 1961 German Railways (DB) reduced the maxi-
mum longitudinal span to 75 m for fixed messenger
wire and 80 m for flexibly (auto) tensioned messenger
wires without reference to a specific wind velocity [6].
Until now, 80 m long spans have been able to be used
for standard overhead contact lines of German Rail-
ways (DB) for wind velocities up to 26 m/s. From the
many electrified lines with longitudinal spans of 80 m
and 5,5 m contact wire height no faults have been re-
corded, which could be considered as being caused by
exceeding permitted wire displacements under wind.
The reliable operation has confirmed the specified as-
sumptions.

3. Flexibility

Flexibility s is a characteristic data of rail vehicles
and expresses the relationship between the inclina-
tion angle #, which the body of a vehicle standing on
a canted track forms with the perpendicular to the
running plane due to the suspension, and the angle
0, which is formed by the running plane of the canted
track and a horizontal line.

Predominantly, passenger cars have softer suspen-
sion than freight wagons or locomotives, whereby
a softer suspension in curves with cant or cant defi-
ciency leads to a higher displacement due to quasi-
static effects and, therefore, to a wider infrastructure
gauge. The testing of European railway lines and vehi-
cles demonstrated, that the flexibility may assume val-
ues up to 0,375 [7, 11]. However, at that time modern
vehicles often had higher flexibility with values up to
0,4. Therefore, the UIC working group 57A decided,
to use this value as an assumed typical value for a ref-
erence vehicle [7].

The displacements due to quasi-static effects of
vehicles with pantographs should be less than those
for vehicles without pantographs on the roof, since
the contact wire needs to be within the useable range
of the pantograph. The development and design of
a pantograph, however, depends on the displacement
of the vehicle roofs, on which the pantographs are in-
stalled. The UIC working group, therefore, limited the
flexibility to 0,225 for vehicles with pantographs on
the roof [11]. Since then, this value has formed the
basis for a reference value for the calculation of the ve-
hicle gauge, the reference gauge and the infrastructure
gauge. Higher values than 0,225 need to be excluded,
as the larger vehicle movement could cause a de-wire-
ment of the contact wire from the pantograph.

The assumed typical values of 0,4 for the flexibility
of vehicles without pantographs on the roof and 0,225
for vehicles with pantographs on their roofs are based

on experience from performance of traction vehicles
existing at that time. Then, no vehicles existed with
pantographs with flexibilities values of more than
0,225. No mathematical correlation between the flex-
ibility 0,225 and the reference cant 0,066 m exists.

4. Reference data for cant u, and cant
deficiencyu,

According to the TSI [13] the assumed typical val-
ues for reference cant u, and reference cant deficiency
u, are 0,050 m to determine the lower part of the ref-
erence gauge and 0,066 m to determine the reference
gauge for the pantograph and the equipment compo-
nents mounted on the vehicle roof. The responsible
working groups 57A and 57H of the International
Union of Railways UIC, chose these reference val-
ues for the calculation of the vehicle and pantograph
gauges in the 19507.

These assumed typical values followed from con-
sideration of the most unfavorable structural condi-
tions on international railway main lines. Thus the St.
Gotthard Crest Tunnel with only 3,34 m track spacing
in straight line sections was considered decisive (Fig-
ure 2) [9]. Resulting from this track spacing and addi-
tional reserves of 0,025 m the width of the kinematic
reference gauge was limited to 3,29 m (Figure 3). Since
the most unfavorable position of the vehicle within
the track and the axle and bogie play were assumed as
fixed typical values, only the lateral displacements due
to quasi-static effects resulting from the cant or a cant
deficiency could be a selected variable. For the deter-
mination of a 3,29 m wide reference gauge, therefore,
0,050 m needed to be applied as reference cant and as
reference cant deficiency.
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Fig. 2. Cross-sectional profile of the St. Gotthard crest tunnel
(dimensions in m)



56
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Fig. 3. Cross-sectional profile of the St. Gotthard crest tunnel
with reference gauges (dimensions in m)

In the comments to UIC 505, unfortunately, no
reason is given for the assumed typical value 0,066 m
for determining the reference gauge of the panto-
graph. The origin, therefore, can only be supposed:
Since the St. Gotthard Crest Tunnel formed the most
unfavorable structural condition for the assumed typ-
ical value 0,050 m, it can be assumed that the assumed
typical value 0,066 m followed from the St. Gotthard
Crest Tunnel as well.

The transverse profile of the St. Gotthard Crest
Tunnel is shown in Figure 2 [8]. On the basis of this
cross section a distance of 0,79 m is obtained be-
tween the tunnel wall and the track axis at a height of
5,0 m. Considering analogously an additional reserve
of 0,025 m the dimension 0,77 m is obtained for the
reference gauge. From this value, firstly 0,660 m is de-
duced for half of the length of the pantograph bow
(pan), which was approved for operation within the
SBB network, and additionally the reference values
for the transverse play between the wheelset and the
car body (bogie) as well as the displacements due to
transverse overswing, position tolerance and asym-
metry [12] (Figure 4).

Consequently, a space of 0,0445 m remains for the
displacements due to quasi-static effects (see Figure
4, value marked in red). When assuming a flexibility
0,225 the reference cant and the reference cant defi-
ciency are calculated to be 0,066 m:

o~ 'L 0,0445-15

I =D! = =
® 7% s .(h,—-h,) 0225-(5-05)

=0,066 m,
(1)

where

z' - displacement due to quasi-static flexibility of
the vehicle considered by the manager respon-
sible for the vehicles,

s' - flexibility for the pantograph gauge,

0
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L - distance between rail centres of a track,
I, - reference cant deficiency,

D’0 - reference cant,

k', - height of rolling centre above top of rail.

half kinematical-mechanic pantograph gauge at the height h

track axis

tunnel wall

distance tunnel wall to track axis 795

reserve 25

half SBB pantograph length 660

displacements due to transverse swing,
position tolerance and asymetry 28

height above top of rail 5000

transverse play between
wheel set and wagon body 37,5

displacement due to quasi-static effects 44,5

half kinematical-mechanic pantograph
gauge at 5000 mm contact wire height 770

Fig. 4. Chain of dimensions to determine the displacements due
to quasi-static effects (dimensions in mm)

The verification of the required minimum electri-
cal clearances could be carried out as well (Figure 4).
For this purpose the envelops of the 1320 mm panto-
graph according to UIC 608: 1971 [13] and an electri-
cal clearance of 120 mm according to UIC 505-1 [13]
were considered (Figure 5, value marked in red).

Fig. 5. Cross-sectional profile of the St.-Gotthard crest tunnel
with reference gauges and the mechanical kinematic pantograph
gauge (dimensions in m)

The assumed typical values for cant and cant defi-
ciency do not result, from the real total movement of
the vehicles but are only relevant for the definition of
the reference gauge. The reference gauge is deduced
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from the most unfavorable structural conditions
within the St. Gotthard Crest Tunnel. However, when
calculating the useable contact wire lateral position
the total movement of the vehicle is relevant. There-
fore, I A and D' need to be selected equal to 0 m and
the real existing cant and cant deficiency shall be used.

UIC 606-1: 1987 [18], as standard for approval of
contact wire positions under wind actions, considers
neither a cant nor a cant deficiency of 0,066 m when
calculating the sufficient pantograph projection to
verify that permitted wind displacement will not be
exceeded and from which the working length of the
pantograph head (pan) can be evaluated by subtract-
ing the lateral sway of the pantograph head.

5. Recommendations for further
development of TSI ENE

Since the initial application of flexibility, the ref-
erence values and their correlation have been ex-
plained and could be deduced from the tunnel pro-
file and the track spacing within the special case of
the St. Gotthard Crest Tunnel. The reference values
I' = D' = 0,066 m in connection with a flexibility of
0,225 can be used for the calculation of the vehicle
gauge, reference gauge and structure gauge, however,
not for the calculation of useable contact wire lateral
position. As a consequence, it is possible to assume
the reference values I') = D’) = 0,0 m in straight line
sections and assume only the locally existing cant or
the cant deficiency for calculations according to the
TSI Energy. Then a calculation method can be ob-
tained from the TSI ENE, which will be in line with
the design data used and proven to date and resulting
in the same useable contact wire lateral positions and
longitudinal spans. Then, the new calculation meth-
ods of the TSI ENE: 2014 and positive long- term op-
erational experience will be in agreement [10].
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TSI Energia 2015 - parametry referencyjne dla sieci trakcyjnej

Streszczenie

Uzytkowany obszar poprzecznego polozenia przewodu jezdnego, okreslony zgodnie z TSI ENE 20151 EN 15273,
na podstawie przesunie¢ pantografu wzgledem osi toru, moze by¢ moze by¢ zmniejszony t o 16%. Zredukowa-
nie tego obszaru skutkuje skutkuje krotsza nawet o 8 m rozpietoscia typowych przewoddéw jezdnych uzytkowa-
nych w DB, a tym samym zwiekszeniem kosztéw inwestycji. Powodem sg parametry odniesienia w stosunku
do poprzecznego przesuniecia pojazdu ustanowione dla okreslenia skrajni infrastruktury, takze dla nachyle-
nia pojazdu na prostym torze w celu zapewnienia stabilnosci. Zakresy referencyjne uzyskano doswiadczalnie
w warunkach istniejacej infrastruktury kolejowej. Jednakze dla nowych instalacji te warunki nie sg niezbedne.
Specyfikacja TSI Energia 2015 powinna by¢ poprawiona tak, aby przewody jezdne sprawdzone w diugim okre-
sie mogly by¢ takze uzywane w przysztosci.

Slowa kluczowe: sie¢ trakcyjna, interoperacyjnos¢, techniczna specyfikacja dla zapewnienia interoperacyjno-
$ci w podsystemie energetycznym, koleje konwencjonalne, koleje duzych predkosci, mechaniczna skrajnia ki-
nematyczna pantografu, elektryczna skrajnia kinetyczna pantografu

Texumueckas cnenudukanusa TSI Energy 2015 — oTHOCHTe/TbHBIE MApaMeTPhI /I
KOHTAKTHOW CeTH

Pesrome

Vicrionb3yemoe momepeyHOe IOJIOKEHNE KOHTAaKTHOTO IIPOBOfa, ompepeneHHoe cormacHo TSI ENE 2015
u EN 15273 onuparoleecs Ha IIepeBIDKeHNY TAaHTOrpada 10 OTHOLIEHIO K OCY Ty T, MOXKeT YMEeHBIINTbCS Ha
16 %. PesynbraToM yMeHbIIeHN s IOIEPEYHOTO ITOJIOKEHIS ABJIAETCS IIPOIET /IS TUMIMYHBIX KOHTAKTHBIX IIPO-
BOJIOB ICIIONb3yeMbIx B DB maxke Ha 8 M Kopode 1 yBe/mmueHe pacxofoB. IIpianHoI ABJISAI0TCS OTHOCUTEIbHbIE
HapaMeTpbl AL IIONIEPEYHOTO IePeBIDKEHNS eIMHNIIBI TOIBYDKHOTO COCTaBa YCTAHOBJICHBI /1A OLIpefie/IeHIs
rabapurta MHPPACTPYKTYPBbI, TAKOKE [/ HAK/IOHA eVHUIIBI OfIBVDKHOTO COCTaBa Ha IIPSMOM y4YacTKe IyTH /I
COXpaHeHMsI ero yCToitunBoCTU. KOHTpOIbHbIe TapaMeTpbl ObUIN MOMTYYeHbl SMIMPUYECKI B YCIOBISIX CYIIje-
CTBYIOLIET JKe/Ie3HOTOPOXKHOI MHPpacTpyKTypbl. OXHAKO /I HOBBIX VHCTAJIALMIL 9TV YCIOBUA He HYXKHBIL.
Cnenudukarms TSI Energy 2015 gomkHa 6bITh IPOKOPEKTHPOBAHA TAKMM 00pa3oM, YTOObI KOHTAKTHBIE IIPO-
BOJIbI IIPOBEPEHHBIE B TIOJITOCPOYHOI! IIEPCIIEKTHBE MOI/IN OBITh MCIIONb30BAHbI B OyIyIIeM.

KnroueBbie cmoBa: KOHTaKTHAS CETb, I/[HTepOHepa6€)'[bHOCTb, TEXHNMYECCKaA CHCHI/I(i)I/IKaIlI/IH /11 MHTEpOoIlepa-
6€}IbHOCTI/I, 9HEPTOIJIEKTpUIECKAA IIOACUCTEMA, TpaAUIIMOHHAA JKeI€3Hasd JOpoTra, BBICOKOCKOPOCTHAA JKe-
JI€3Has Jopora, MexaHn4deckasa KMHeMaTn4eCcKasa KOHTYypHasa IMHUA naHTorpa(ba, JJIEKTpNIECKaA KMHEMATH -
qgecKada KOHTYpHasd JIMHUA naHTorpa(ba





