IRS

Irish Railway Standards
|

Irish Railway Standard IRS-401-A

Gauging for Vehicles
on the Irish 1600mm Rail Network

& the related Signs on vehicles

Issue Published by Issue Date

A CRR on behalf of the Irish Railway Industry 31.03.2026




Irish Railway Standards IRS-401-A

Kinematic Gauging for Vehicles on the Irish 1600mm Network Page 2 of 147

Contents

3 o T4 <1 Yo o PSP PP PO PU PSP 3
2. SCOPE AN APPHCATION . ...eiitieiee ettt et ettt e b e s b et e sar e e he e s b e e bt e e s e e e nnt e e saneenee s 4
T =1 (= =T ol L OO O PSP OP ST PTOPPPTRPRTOP 6
4. Terms and DEfINITIONS ..c.eeriiiriiiieieeeee ettt ettt et s e st e s bt e s bt e s bt e bt e et e se e e r e e b e b e enreeanesanes 8
5.  Definitions of Symbols and Formulae [with their related Units]........cccocouveeeiiiie e 21
6. REFErENCE PrOfileS ..ttt e bt e s bt e e bt e s b e e bt e s bt e e bt e s b e e e neenares 69
P o o Yol TR oY gV A=Y o 1ol LN G- 1V =] =S 86
8.  Signs on Vehicles related tO SAUGING......ccccvuiiiiiiiee ettt et e e e rte e e stte e e e st tb e e e e ateeestbeeeeastaeesesseeessraeenn 146
S T S U1 o =T o @1 =Y Tor= Y o o L USRI 147
10. LISt Of PartiCiPants ...ccueeerueieiiiiiii ettt ettt st e et sa e et e e st e et e e st e e eabeesa bt e e b e e s beeebeesabeeeneeeanes 147



Irish Railway Standards IRS-401-A

Kinematic Gauging for Vehicles on the Irish 1600mm Network Page 3 of 147
1. Foreword
1.1. Irish Railway Standards:

1.2.

vi.

cannot replace any Technical Specification for Interoperability (TSI) or other legal requirements which
may be applicable to a given project;

are recommended to be chosen as an Alternative Solution in conjunction with a TSI Parameter to
demonstrate conformity with the Essential Requirements;

may be called up as a code of practice in conjunction with CSM 402/2013;

may be called up as good industry practice in conjunction with Railway Safety Act 2005;

may be called up as a code of practice in conjunction with the safe integration of projects within the
Railway System in the Republic of Ireland as defined under 2016/797/EU Art 18 as transposed by S.1. 477
of 2020;

may in parts or in full be called up as a National Rule (NR) for the Republic of Ireland in conjunction with
2016/797/EU as transposed by S.I. 477 of 2020, and 2016/798/EU as transposed by S.I. 476 of 2020.

Where Irish Railway Standards are called up as a NR, in line with 2016/797/EU Art 13(2) as
transposed by S.1. 477 of 2020 the reason for its application shall be identified, based on one or
more of the following justifications:

where the TSIs do not cover, or do not fully cover, certain aspects corresponding to the essential
requirements, including open points as referred to in 2016/797 Article 4(6) as transposed by S.I. 477 of
2020;

where non-application of one or more TSls, or parts of them, has been notified under 2016/797 Article 7
as transposed by S.I. 477 of 2020;

where a specific case requires the application of technical rules not included in the relevant TSI;

national rules used to specify existing systems, limited to the aim of assessing technical compatibility of
the vehicle with the network;

networks and vehicles not covered by TSls;

as an urgent temporary preventive measure, in particular following an accident.
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2. Scope and Application

2.1. Scope
This IRS shall serve for a dual use as an Industry Standard and as a National Rule (NR) for the Republic of Ireland.

2.1.1. Only the sections of this IRS which are indicated in section 2.3 are a National Rule for the Republic of Ireland

This NR shall apply to all new or modified (including upgrade or renewal) vehicles that are intended to be
operated on the Network.

This NR shall also apply in case of an extension of area of use of a vehicle (e.g. where the vehicle’s area of use is
extended from UK NI to the Network in the Republic of Ireland).

2.1.2. Note: All sections of this IRS are an industry standard (with the EXCEPTION of section 2.3)

This IRS is highly recommended to be used as good industry practice vehicles that are intended to be operated
on the Network. (E.g. for the determination of route compatibility of trains, for operational aspects such as
container loading on freight wagons or during the substitution of parts in the framework of vehicle
maintenance.)

2.1.3. Application of this IRS to Vehicles that were already authorised for operation on the Network before
01.08.2023
Note: Gauge calculations for vehicles that were authorised before 01.08.2023 may not have been evaluated
against all aspects of this IRS. It is therefore possible that such vehicles do not fully comply with the requirements
of this IRS, most notably their Relevant Points may, when re-evaluated against this IRS, actually project into the
safety margin around the related Reference Profiles.

Furthermore it is known that the historic definition of the Irish gauges has originally been based on large historic vehicle
designs, but in the 1980s certain reductions have been applied that caused such historic vehicle designs to be no longer
fully compatible with the then defined Irish Gauges. This situation is now not correctable without significant investment
into the Fixed Installation’s .

Any modification of such a Vehicle’s design which can affect the Vehicle Construction Gauge (VCG) shall either maintain
the existing Relevant Mechanical Point (RMP)/ Relevant Pantograph Point (RPP)/ Relevant Electric Point (REP) positions
or improve them towards better conformity with this IRS.

2.1.4. Note relating to vehicles that do not comply with a gauge of this IRS and require a restricted once-off
movement on the Network
This may include vehicles that require a once-off transfer operation on the Network, and are not (yet) authorised, or are
defective, or carry a special out of gauge load. This shall not be applied for (repeated / normal) operation on the network.

SRAC: An Infrastructure Manager that permits such once-off- special movements is expected for its network establish a
procedure for operation of any Vehicles that do not comply with this IRS for restricted once off movements.

2.2. General Compliance Date

2.2.1. This Irish Railway Standard comes into force and shall be complied with from its Issue Date (see cover sheet).

2.3. NR Provisions

2.3.1. The following table identifies all sections of this IRS which are proposed as Irish NR. The rationale is identified in
line with section 1.2.

Table 1 NR Provisions

Section Rationale (as defined in section 1.2) Module
sections 4 to o . .

. where a specific case requires for vehicles:
8 of this IRS o .
(in the application of technical ii (SB + SD) or
connection rules not included in the (SB + SF) or

. j relevant TSI (SH1)

with section2)
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2.3.2.

In each case where a DeBo assessment is required for a NR it shall be performed by a recognised Irish DeBo
employing the Modules stated. The assessment Modules are defined in 2010/713/EC (In this regard, the term
NoBo (as used in 2010/713/EU) shall be understood to mean DeBo and references to TSls shall be understood
to mean references to Irish NRs). Note, all NRs to be employed as part of an authorisation require DeBo
assessment, NRs originating from the TSI OPE do not require DeBo assessment.
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4. Terms and Definitions

All definitions of terms, symbols and formulae apply generally to all Gauges or Local Restrictions UNLESS a
specific term, symbol or formula is defined for a specific case (e.g. a specific Local Restriction). In such a case
the specific element shall apply instead of the generic element.

4.1. Terms
4.1.1. AT Points

See section on Reference Profile.
4.1.2. Cant Excess [m]

The amount by which the installed cant (Dinstalled ) is in excess of the equilibrium cant (Dequi ) at a given
combination of velocity and curve radius.

Note: For a stopped vehicle on canted track the cant excess equals the installed cant (Dinstalied ).
4.1.3. Comparative Gauging

There are vehicles of old designs existing, which may not fully comply with this IRS, and which may have
specific operating conditions attached to them. Such vehicles should over time be modified to become
compliant or should become phased out. No additional non-complying vehicles shall be entered into operation
on the Network.

Comparative gauging (as defined in EN 15273) based on existing vehicle types is therefore not permitted for
gauging of new vehicles or for gauging of alterations to existing vehicles on the Network.

4.1.4. Condition and Limits of Use
Refer section 2.1 of clarification note ERA1209/292 and to (EU) 2016/797 for detailed information on this topic.
4.1.5. Design Team

The Design Team is the team, that prepares the gauging calculations and the related Gauging Report. It shall
consist of one or several experts, who are competent to apply all requirements in this IRS.

4.1.6. Electric Reference Profile (RP-E)

For each Gauge and for a Nominal Voltage of the Overhead Line an RP-E is defined which shall ensure that
Relevant Electric Points (REPs) remain at a safe distance of PMelectric from the MG of that Gauge.

4.1.7. Fixed Installation
Combination of all elements of the railway Subsystems INF+ENE+CCT.
4.1.8. Gauge
A Gauge is a combination of the following:
a) Mechanical & Electric & Pantograph Reference Profiles (RP-M, RP-E, RP-P)) (These are the virtual
references for the respective gauging calculations.);
b) Associated Definitions (These are predominantly interface definitions between Vehicles and Fixed
Installations and include also safety related application conditions for operation and maintenance of

Vehicles and Fixed Installations); and,

c) Associated Calculation Rules (These are the precise calculation rules to be used with this gauge).
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Using the above it is possible to determine the following in association with that Gauge:

I. The Fixed Installation Mechanical & Electric & Pantograph NOMINAL GAUGES (NG-M, NG-E, NG-P).
>The NGs shall be applied when a new Fixed Installation element is placed into service.
>It should also be applied as far as is practicable when a Fixed Installation is returned to service after
maintenance or upgrade or renewal.

Il. The Fixed Installation Mechanical & Electric & Pantograph MAINTENANCE GAUGES (MG-M, MG-E, MG-P) .
>The MGs shall be applied when a Fixed Installation is returned into service after maintenance or upgrade
or renewal.
>It shall not be applied when a new Fixed Installation element is placed into service.

I1l. The maximum Mechanical & Electric & Pantograph VEHICLE CONSTRUCTION GAUGES (VCG-M, VCG-E,
VCG-P).
>The VCGs shall be used when a new Vehicle is placed into service and also when a Vehicle is returned to

service after substitution in the framework of maintenance or after upgrade or after renewal.

+-— VCG

Figure 1 General concept of a RP and its associated set of VCG, MG, NG

4.1.9. Global Coordinates

Perpendicular coordinate system based on a theoretical perfect earth surface and a theoretical perfect track
centre line.

4.1.10.Guiding Cross-Sections (GCS)
The GCS are those cross sections of the vehicle at which it is guided on the track. This coincides typically:

e with the point of rotation of a bogie.
e with the position of an individual axle mounting.

Figure 1 shows the typical GCSs for the vehicle body gauging (Sections A-A) and the bogie gauging (Sections B-
B).
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Often, these cross sections are fixed along the length of a vehicle, but depending on the vehicle design it is
possible that their location may vary as a function of R.

Note: The GCS are often at the outer axles of a vehicle without bogies or, where bogies are present, at the
centres of the bogies. Further axles or bogies may exist which do not guide the body.

4.1.11.if>0

The term (xxx)ir-0 shall mean that the value in the brackets (xxx) shall be set to zero [= 0] if the value becomes

negative.

4.1.12.INNER Point, INNER Relevant Point, INNER RMP, INNER REP, INNER RPP

INNER Points are all points on a vehicle ON or BETWEEN the GCSs with ni values between:

0.000 m =< ni <= (a/2)

Not all INNER Points in this area will require gauging calculations. It is sufficient that only INNER Relevant Points

are subject to a gauging calculation. Depending on its nature an INNER Relevant Point is either an

> INNER Relevant Mechanical Point (RMP)

> INNER Relevant Electric Point (REP)

> INNER Relevant Pantograph Point (RPP)

Note: For the avoidance of doubt: Relevant Points ON a GCS require calculation as both: OUTER and INNER
Relevant Points.

Inner Throw at the section under consideration

GCS
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A

t

|

T

1

]
!
1
!
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Figure 3 Curve Overthrow

Z GCS

Outer Throw at the section under consideration
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4.1.13.Kinematic Gauge
All Gauges in this IRS follow the kinematic gauging approach and are therefore Kinematic Gauges.

Note: This follows the general concept used in the EN 15273 series whereby the Fixed Installations provides an
allowance for certain parameters detailed in this standard and any calculated exceedance thereafter shall be
borne by the Vehicle (causing a reduction of the Vehicle Construction Gauge).

4.1.14.Local Restrictions
See section 4.1.22.3 on Reference Profile.
4.1.15.Mechanical Safety Margin around the RP-M
Each individual RP-M or locally restricted RP-M is surrounded by a Mechanical Safety Margin.

For Fixed Installations the safety margin around the RP is a ‘not to be intruded’ space inside which no part of
Fixed Installations is allowed to enter under any operational circumstances, considering all movements,
tolerances and maintenance allowances of these Fixed Installations that are included in the fixed installation

gauging.

For Vehicles, the safety margin around the RP represents a ‘not to be intruded’ space inside which no part of
Vehicles is allowed to enter under any operational circumstances, considering all movements, tolerances and
maintenance allowances of these Vehicles that are included in the fixed installation gauging.

The individual dimensions of the Mechanical Safety Margin are case dependent. They depend on whether the
NG-M or the MG-M is provided by the Fixed Installations and also on whether there is a direct adjacent track
present or not. Direct adjacent track means that the Mechanical Safety Margins of two adjacent tracks are
directly touching each other.

Note: The exact dimension of the Safety Margins are not relevant for Vehicle Gauging.
4.1.16.Network

The Irish 1600 mm network.
4.1.17.Normal Coordinates

Perpendicular coordinate system based on a perfect theoretical top of rail and a perfect theoretical track
centre line.

Note: Where no cant is present, Global Coordinates and Normal Coordinates become identical.

Normal coordinates for points on a vehicle shall be based on that vehicle in perfectly vertical and centred
position on the track.

4.1.18.0UTER Point, OUTER Relevant Point, OUTER RMP, OUTER REP, OUTER RPP
OUTER Points are points on a vehicle ON or OUTSIDE the GCSs with na values of na >=0.000 m.

Not all OUTER Points in these areas will require gauging calculations. It is sufficient that only OUTER Relevant
Points are subject to a gauging calculation.

Depending on its nature an OUTER Relevant Point is either an
> OUTER Relevant Mechanical Point (RMP)
> OUTER Relevant Electric Point (REP)

> OUTER Relevant Pantograph Point (RPP)
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Note: For the avoidance of doubt: Relevant Points ON a GCS require calculation as both: OUTER and INNER
Relevant Points.

4.1.19.PT Points
See section 4.1.22.2 on Reference Profile.

Note: This follows the general concept used in the EN 15273 series and UIC 505 series.

4.1.20.Pantograph dimensional Outline for 1.5kV

The following maximum limit dimensions apply under any condition of use or state of maintenance to
pantograph heads (including the contact strip) that are intended for use on the Network. Any Pantograph head
for 1.5kV DC shall remain within this dimensional outline.

————————————— max. 900 mm ———
1

! r min.192 mm
'«—— max. 650 mm 4>‘
1

1
Contact Strip

max. 210 mm ——

Figure 4 Pantograph Dimensional outline for gauging
Note: These conditions relate to pantograph gauging. Additional dimensional conditions (e.g. for the contact
strip) will apply from other sources and for other reasons.

4.1.21.Pantograph dimensional Outline for 25kV

The following maximum limit dimensions apply under any condition of use or state of maintenance to
pantograph heads (including the contact strip) that are intended for use on the Network. Any Pantograph head
for 25kV AC shall remain within this dimensional outline.

>>>To be defined in a future issue of this IRS.

Note: These conditions relate to pantograph gauging. Additional dimensional conditions (e.g. for the contact
strip) will apply from other sources and for other reasons.

4.1.22.Reference Profile (RP), RP-M, RP-E, RP-P
For each Gauge one basic
e Mechanical Reference Profile (RP-M)

is defined. This is a ‘virtual’ reference for the gauging calculation for the mechanical VCG of Vehicles to its
inside and for the NG and MG of Fixed Installations to its outside.

In addition the RP-M may at certain Gauges be accompanied by further RP-Ms for Local Restrictions.
For all Gauges the RP-M is supported by:

e atleast one Electrical Reference Profile (RP-E)
e atleast one Pantograph Reference Profile (RP-P)
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4.1.22.1. AT point(s) on the RP
The point(s) on the RP which are directly neighbouring the RP of an adjacent track are given the additional
index ‘AT Point’.

1 1
i i
1 1
i i
i i
i i
: !
H AT Point !
! AT Point !
1 1
i i
i i
i i
i i
i i
i i
i i
i i
i i
i i
! AT Point !
I AT Point 1
i i
i AT Point AT Point i
i i
i i
i i
i i
| i
i i
i i
Railleve[--j—t— .......... ;_'_'_'_m_j_i“ _jt ----------- . ----------- —j-[-Raillevel
i i L
Track A Track B

Figure 5 Reference Profiles with AT Points indicated to present the concept

Note: These AT Points are relevant for the determination of the minimum distance between two directly
adjacent tracks.

4.1.22.2. PT Point(s) on the RP
The point(s) on the RP which can get relevant upwards shift through vehicle roll are given the additional index
‘PT Point’.
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PT Point PT Point

Figure 6 Reference Profile with PT Points indicated
Note: This follows the general concept used in the EN 15273 series.

Each lateral half of Gauges IRL1, 1D and 1F has one PT point, and each lateral half of Gauge IRL2 has two PT
points.

4.1.22.3. Local Restrictions within a Gauge
For historic reasons at certain, often central, locations on the Network the basic requirements for the space
between two adjacent tracks cannot be fulfilled. As a consequence, the basic RPs of Gauges IRL1, 1D and 1F
have additional restricted (i.e. smaller) RPs at these Local Restrictions (LRs).

Again, for historic reasons the basic requirements for vertical track radius cannot be fulfilled at one central
location on the existing Network. Also here, as a consequence, the basic RPs of Gauges IRL1, 1D and 1F have
additional restricted vertical clearance requirements at this Vertical Local Restriction (VLR).

Based on the above the Gauges IRL1, 1D and 1F require additional gauging calculations to evaluate if a vehicle
can operate across all of the associated Local Restrictions or Vertical Local Restrictions.
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«— RP-M

<~———— RP-MatLR1

~—}—— RP-MatLR2

Enlarged View of Detail A

Figure 7 Indication of the locations of RP-M LR1 and RP-M LR2 versus RP-M

The Gauge IRL2 has no Local Restrictions or Vertical Local Restrictions.

The Pantograph Gauges for IRL1, IRL1D and IRL2 have no Local Restrictions or Vertical Local Restrictions.

All LRs and vLRs in detail:

a)

Local Restriction 1 (LR1) is present at the track area where the southern extreme of Connolly Station
connects with the ‘loop line’ Liffey Bridge. According to the information obtained from IE IM, the
complete LR1 area can be represented by the following specific data:

Riietr1 = 116 m ONLY for gauging of OUTER Relevant Points
Ri19-tr1 = 119 m ONLY for gauging of INNER Relevant Points

Note: At the small curve radii present at LR1 it becomes necessary for obtaining correct values to
distinguish between the two different radii of the two tracks.

Dmax r116-1r1 = 0.000 m

Dmax r119-1r1 = 0.000 m

Imax R116-1R1 = 0.029 m

Imax R1129-1R1 = 0.028 m

This Local Restriction only applies ONLY to RMPs and not to REP or RPPs.

Note: This Local restriction only affects those Relevant Points whose resulting height hsnirt, after adjusting
the nominal height hnom for the relevant upwards or downwards shift kx, falls into the following range:

hr1 vin <= Rshift <= hir1 max

Relevant Points whose hshist falls OUTSIDE of the above range are not affected by this local restriction.
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b) Local Restriction 2 (LR2) is present at the track area inside the Phoenix Park tunnel and in the cutting at
Sandycove.

Note: The conditions at Phoenix Park tunnel are also representative for the track area in the cutting at
Sandycove (which itself has only slightly less demanding conditions).

According to the information obtained from IE IM, the complete LR2 can be represented by the following
specific data:

R280-tr2 =280 m

Note: This track radius is representative for the whole Local Restriction.

Maximum Civil Line Speed = 32 km/h

Dmax r280-tR2 = 0.044 m

Imax R280-LR2 = 0.000 m

This Local Restriction ONLY applies to RMPs and not to REP or RPPs.

This Local restriction only applies to those Relevant Points whose resulting height hshirt, after adjusting the
nominal height hnom for the relevant upwards or downwards shift kxx, falls into the following range:

hirz min <= hishift <= hir2 max

Relevant Points whose hshift falls OUTSIDE of the above range are not affected by this Local Restriction.

c) Vertical Local Restriction 1 (VLR1) is present at the track area around the Royal Canal lifting bridge north
of Connolly Station. According to the information obtained from IE IM, that complete VLR can be
represented by the following specific data:

Rogvir1 =98 m

Note: This track radius is representative for the whole vLR.

Maximum Civil Line Speed = 16 km/h

Dmax ros-vir1 = 0.010 m

Imax Rog-vir1 = 0.013 m

VRmin-vir1 = 700 m

This vertical Local Restriction ONLY applies to RMPs and REPs, but not to RPPs.
4.1.23.Relevant Electric Point (REP)

These are the Relevant Points on non-insulated parts of a vehicle, including any stored pantograph (!), which
can be under electric tension.

Note: Such non-insulated parts of a vehicle include e.g. the stored pantograph, connection-lines between
pantographs or feeder lines to the main circuit breaker.

For the avoidance of doubt: It is not permitted to store a pantograph that is under electric tension if it is not
within the Electric Reference Profile (RP-E), even if the pantograph in that position is compatible with the
Pantograph Reference Profile (RP-P). Any electrically live point on a stored pantograph must be compatible
with both: the Electric Reference Profile (RP-E) and the Pantograph Reference Profile (RP-P))!
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This definition excludes Relevant Points on the raised pantograph as all Relevant Points on a raised pantograph
are captured under the requirements for Relevant Pantograph Points (RPPs).

The set of REPs to be included within the gauging calculations shall be all the INNER and OUTER REPs which
have the potential to shift statically or dynamically within 0.5 m of the RP-E and which are closer to the RP-E
than adjacent points around them.

4.1.24.Relevant Mechanical Point (RMP)
These are the Relevant Points on a mechanical part of a vehicle.

The set of RMPs to be included within the gauging calculations shall be all the INNER and OUTER RMPs which
have the potential to shift statically or dynamically within 0.5 m of the RP-M and which are closer to the RP-M
than adjacent points around them.

Note for the avoidance of doubt: Any Relevant Points on

e g stored pantograph that may be under electric tension
e g non-insulated part on a vehicle that may be under electric tension (e.g. the feed into the main circuit
braker)

shall be treated as an REP.

4.1.25.Relevant Pantograph Point (RPP)

Relevant Pantograph Points shall be defined for the full range of pantograph reach heights between Phstored and
Phmax wire. Across this range a pantograph shall be considered to have the same electric tension that is in the
overhead line.

Note: For the gauging of a pantograph in the stored position refer additionally to the definition of REPs.

The following Relevant Pantograph Points RPP1 to RPP5 shall be subject to a gauging calculation. The
associated na and/ or nj values shall be derived from the specific pantograph design (considering the na and n;
values for the longitudinal dimensions of the pantograph head).

Relevant Pantograph Point 1 (RPP1)

17 Relevant Pantograph Point 2 (RPP2)

Max. Contact Wire Height
Relevant Pantograph Point 3 (RPP3)

Min. Contact Wire Height

Relevant Pantograph Point 4 (RPP4)

Relevant Pantograph Point 5 (RPP5)

Figure 8 Overview on RPPs to be covered by the gauging calculations
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In addition to the five RPP identified above, any other INNER and OUTER RPPs which have the potential to shift
statically or dynamically within 0.5 m of the RP-P and which are closer to the RP-P than adjacent points around
them shall also become included in the gauging calculations.

4.1.26.Relevant Point

Relevant Points are those RMPs, REPs and RPPs which are critical for the gauging of a Vehicle design. At least
for these points a gauging calculation shall be performed. The selected set of Relevant Points shall be fully
representative for the Vehicle design and no other points shall be more critical in relation to gauging.

4.1.27.Relevant Radius

Whenever the gauging calculation formulae contain discontinuities in a function that depends on R, the
associated values of R become a Relevant Radius.

Several of such discontinuities are caused by the definitions of the formulae in this IRS, and additional
discontinuities can be caused by the specific vehicle design.

The gauging calculations shall be performed for any Relevant Radius.

SUMMARY of Relevant Radii:

The straight track (e= Radius= Ro) and the minimum permitted track Radius Rso are both a Relevant Radius.
Note: In the gauging calculations 1/ shall be taken as =0.

The definition of Dmaxf(r) [m] (permitted Design Cant for gauging) includes discontinuities and establishes
Relevant Radii at (80 m or Rmin vehicie), 250.4 m, 2000 m and ee.

The definition of Imaxf(r) [M] (permitted Cant Deficiency for gauging) includes discontinuities and establishes
Relevant Radii at (80 m or Rmin vehice), 2000m and oo,

The definition of Sox [m] includes discontinuities and establishes a Relevant Radius at (80 m or Rmin vehicle), 150 m
and oo,

Further to the definition of Soxx [m], the definition of Sei includes an additional discontinuity and establishes a
Relevant Radius at 900 m (ONLY for INNER Relevant Points) and at 150 m (for INNER and OUTER Relevant
Points).

Where the specific vehicle design causes further discontinuities, e.g. in functions asr), Waf(r), Wif(r), etc. any
related additional Relevant Radii shall be defined and used during the gauging calculations:

R add1
R add2
etc.
4.1.28.Running Surface
Virtual plane coplanar with the tops of the rails.
4.1.29.SRAC - Safety Related Application Condition
Depending on its content a SRAC may

e apply to the installation/modification of equipment
e require to establish/update operating rules,
e require the need to establish/update maintenance rules.
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4.1.30.Subsystem CCO

This includes all elements of the command control and signalling onboard subsystems as defined by the
Interoperability Directive (EU) 2016/797.

4.1.31.Subsystem CCT

This includes all elements of the command control and signalling trackside subsystems as defined by the
Interoperability Directive (EU) 2016/797.

4.1.32.Subsystem ENE
This includes all elements of the energy subsystems as defined by the Interoperability Directive (EU) 2016/797.
4.1.33.Subsystem INF

This includes all elements of the infrastructure subsystems as defined by the Interoperability Directive
(EU) 2016/797.

4.1.34.Subsystem RST

This includes all elements of the rolling stock subsystems as defined by the Interoperability Directive
(EV) 2016/797.

4.1.35.Vehicle

Combination of all elements of the Subsystems RST+CCO. This includes e.g. locomotives, railcars, coaches,
wagons, special vehicles and any on-board signalling and telecommunication equipment.

4.1.36.Vehicle Construction Gauge (VCG), VCG-M, VCG-E, VCG-P
Each Gauge has associated Mechanical, Electrical and Pantograph Vehicle Construction Gauges.

The VCG is in all cases the space inside which the Mechanical, Electrical, or Pantograph Relevant Points of an
individual vehicle cross section can be built.

As the displacements at each of the individual vehicle cross sections are different, the associated VCGs for the
different Vehicle cross sections are likely also different.

Ab;

Figure 9 Typical variation of the VCG width along the length of a vehicle — top view

Key
1 RP width
2 VCG width

3 Effective Vehicle outline that was selected by the design/maintenance team
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4 Tapering at the vehicle ends is a typical solution to make the Vehicle width conform with the VCG
5 Aba—refer to section 5.215

6 Abi—refer to section 5.216

4.1.37.Vehicle Gauging Parameter Set

This is the set of all parameters which are required for the gauging calculations of an individual Vehicle design.
It shall only be used in a gauging calculation, if:

a) The set of parameters for a vehicle design was developed by a member of the design/maintenance team
that is competent to apply all the requirements of this IRS.

b) The set of parameters was reviewed and confirmed as complete and as correctly developed by a second
person that is organisationally independent from the vehicle design/maintenance team and that is
competent to apply all requirements of this IRS.

¢) The steps a) and b) shall be repeated until step b) ends with a positive result.

‘Organisationally Independent’ requires that the second person is not involved in step a) or line managed by
the same manager that manages step a). Further the second person shall not be subject to any pressure that
could affect its ability to make an independent review and an independent judgement.

4.1.38.Vertical Local Restriction

See entry on “Local Restrictions”.
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5. Definitions of Symbols and Formulae [with their related units]

5.1.

a [m] - Fixed distance between the GCSs
The distance between the GCSs is very often a fixed value and independent of the track radius.

“a” shall be replaced by “asr)” where the value of “a” is a function of the track radius R.

As example: A variable value of “a” can be present, where articulated Vehicle body connections are part of the
vehicle design, and where such connections do not coincide with the GCSs.

Additionally, where the specific vehicle design causes discontinuities in the function of asw), all related additional
Relevant Radii and all aradax values shall also be defined and used in the gauging calculations:

aR add1
aR add2
etc.

Note: Where “a” is a function of R, it can be expected that the values of na and n; will in turn also become
functions of R: narxx and ni pxx.

5.2. Ax - General symbol for various coefficients of displacement for gauging
Note: These coefficients are included within the gauging calculations. Depending on the design of Vehicles these
coefficients take into account the orientation and position of wheelsets, bogies and Vehicle bodies with respect to
the theoretically perfect track centre line.
The following tables summarise the various applicable coefficients for general information. The following
subsections of this IRS provide further details on the different Ax terms.
Coefficients of displacement for gauging of OUTER Relevant Points RMP,REP,RPP
Topic to which the coefficient applies
Wheelset-
Track Bogi hogie or Bogie-body interface (where bogi
rac ogie ogie-body interface (where bogies are
Vehicle Type g Rail-wheelset interface wheelset- g Y g
Type Throw present)
body
interface
A, bogie Aa track Aa track (special) A, q Az wro straight Aa wi curve Az wa curve
Any vehicle
Straight v . (2*n,+a)/a (2*n,+a)/a | (2*n,+a)/a
design
Any vehicle
e 1 (2*n,+a)/a (2*n,+a)/a (na/a) (na+a)/a
design
Curved r—
with two trailer
) 1 (na+a)/a (2*n,+a)/a (na/a) (na+a)/a
bogies (@

(@ Application of the A, track (special) cOefficient is not mandatory and may only be selected for vehicle designs that have exactly two non-
motorised trailer bogies (=no single axles, no driven bogies or driven axles irrespective of their rated tractive power)
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Coefficients of displacement for gauging of INNER Relevant Points RMP,REP,RPP
Term to which the coefficient applies
Wheel-bogie
. g Bogie-body
i interface or i
Track X Bogie . . interface
Vehicle Type Rail-wheelset interface wheelset- i
Type Throw bod (where bogies
i Y are present)
interface
Ai bogie Ai track Ai track (special) Ai q Ai wi
. Any vehicle
Straight . 1 1 1
design
Any vehicle
. 1 1 1 1
design
Curved - -
with two trailer
. 1 0 1 1
bogies (@)
(@ Application of the A;track (special) coefficient is not mandatory and may only be selected for vehicle designs
that have exactly two non-motorised trailer bogies (=no single axles, no driven bogies or driven axles
irrespective of their rated tractive power)

5.3.

5.4.

5.5.

5.6.

Figure 10 Overview Tables of coefficients of displacement

A. x - General symbol for various coefficients of displacement for gauging of OUTER Relevant Points
RMP,REP,RPP

Depending on the design of Vehicles these coefficients take into account the orientation and position of
wheelsets, bogies and Vehicle bodies with respect to the theoretically perfect track centre line.

Note: Unlike the definitions within the EN 15273 series and UIC 505 series of standards, the status of an axle
being a driven or undriven axle is not relevant for the calculation rules in this IRS except when the special case Aa
track (special) iS claimed to be applicable by the vehicle design/maintenance team.

A vogie - Coefficient of displacement for bogie term

+ for OUTER Relevant Points RMP,REP,RPP
+ only for CURVED track gauging
+ for any Vehicle design

Aa bogie = 1

Notes:
In case of no bogie: p will be 0.000 m and thus the term [p?/ 4 * Aa bogie] Will become 0.000 m.

On straight track the term Dpla venicle disappears (resulting from division by R = eo) and therefore Aa bogie is not
relevant for straight track gauging.

A. 4 - Coefficient of displacement for q
+ for OUTER Relevant Points RMP,REP,RPP
+ for BOTH CURVED and STRAIGHT track gauging
+ for any vehicle design

A:g=(2*na+a)/a

A, wrack - Coefficient of displacement for track term

+ for OUTER Relevant Points RMP,REP,RPP
+ for BOTH CURVED and STRAIGHT track gauging
+ for any Vehicle design (unless Aa track (special) Was instead selected for CURVED track gauging)
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5.7.

5.8.

5.9.

5.10.

5.11.

Aa track = (2 *na+ a)/a

A track (special) - Special case for coefficient of displacement for track term
+ for OUTER Relevant Points RMP,REP,RPP
+ only for CURVED track gauging
+ may only be selected for vehicle designs that have exactly two non-motorised trailer bogies
(=no single axles, no driven bogies or driven axles irrespective of their rated tractive power)

Aa track (special) = (na + a) / a

Note: The use of this special coefficient follows an approach that is included in the UIC 505 series and EN 15273
series of standards for the mentioned vehicle design concept.

The special coefficient is based on the assumption that with this particular vehicle design the bogie centres
typically remain above the track centre line when a vehicle operates on curved track.

The application of this special coefficient is not mandatory. Its application may provide benefits to the permitted
body width of a vehicle.

A; wa curve - Coefficient of displacement for w,

+ for OUTER Relevant Points RMP,REP,RPP
+ only for CURVED track gauging
+ for any Vehicle design

Aa wa curve = (na+ a) / a
Note: In case of no bogie wq will be 0.000 m and thus the term [Wafr) * Aa wa curve] Will also become 0.000 m.

A vi curve - Coefficient of displacement for wi;

+ for OUTER Relevant Points RMP,REP,RPP
+ only for CURVED track gauging
+ for any Vehicle design

Aa wicurve = (na) / a
Note: in case of no bogie wi will be 0.000 m and thus the term [wWifr) * Aa wicurve] Will also become 0.000 m.

A wrostraight - Coefficient of displacement for wgo
+ for OUTER Relevant Points RMP,REP,RPP
+ only for STRAIGHT track gauging
+ for any Vehicle design

Aa wRo straight = (2 *na+ a) / a
Note: in case of no bogie, wro will be 0.000 m and thus the term [Wro * Aa wro straight] Will also become 0.000 m.

Aix - General symbol for various coefficients of displacement for gauging of INNER Relevant Points
RMP,REP,RPP

Depending on the design of Vehicles these coefficients take into account the orientation and position of
wheelsets, bogies and vehicle bodies with respect to the theoretically perfect track centre line.

Note: Unlike the definitions within the EN 15273 series and UIC 505 series of standards, the status of an axle
being a driven or undriven axle is not relevant for the calculation rules in this IRS except when the special case Ai
track (special) IS claimed to be applicable by the vehicle design/maintenance team.



Irish Railway Standards IRS-401-A
Kinematic Gauging for Vehicles on the Irish 1600mm Network Page 24 of 147

5.12.

5.13.

5.14.

5.15.

5.16.

5.17.

5.18.

Aibogie - Coefficient of displacement for bogie term
+ for INNER Relevant Points RMP,REP,RPP
+ only for CURVED track gauging
+ for any Vehicle design

Aibogie =1

Note: in case of no bogie p will be 0.00 m and thus the term [p?/ 4*Aibogie] will become 0.000 m.

On straight track the term Dpl; disappears (resulting from division by R = ©2) and therefore Aibogie is not relevant
for straight track gauging.

A, - Coefficient of displacement for q

+ for INNER Relevant Points RMP,REP,RPP
+ for BOTH CURVED and STRAIGHT track gauging
+ for any Vehicle design

Aiq=1

Aiwack - Coefficient of displacement for track term

+ for INNER Relevant Points RMP,REP,RPP
+ for BOTH CURVED and STRAIGHT track gauging
+ for any vehicle design (unless A track (special) Was instead selected for CURVED track gauging)

Aitrack = 1

A track (special) - Special case for coefficient of displacement for track term
+ for INNER Relevant Points RMP,REP,RPP
+ only for CURVED track gauging
+ may only be selected for Vehicle designs that have exactly two non-motorised trailer bogies
(=no single axles, no driven bogies or driven axles irrespective of their rated tractive power, etc.)

A track (special) = 0

Note: The use of this special coefficient follows an approach that is included in the UIC 505 series and EN 15273
series of standards for the mentioned vehicle design concept.

The special coefficient is based on the assumption that with this particular vehicle design the bogie centres
typically remain above the track centre line when a vehicle operates on curved track.

The application of this special coefficient is not mandatory. Its application may provide benefits to the permitted
body width of a vehicle.

Ai i - Coefficient of displacement for w;

+ for INNER Relevant Points RMP,REP,RPP
+ for BOTH CURVED and STRAIGHT track gauging
+ for any Vehicle design

Aivi=1
Note: in case of no bogie wi will be 0.000 m and thus the term [w; * Aiwi] will also become 0.000 m.

b; [m] — 1/2 width between primary suspensions in Normal Coordinates

b, [m] — 1/2 width between secondary suspensions in Normal Coordinates

Use the primary suspension value (b1) where no secondary suspension is present.
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5.19.

5.20.

5.21.

5.22.

5.23.

5.24.

bs [m] — 1/2 width between side bearers in Normal Coordinates

Set this to same value as (b2) if no side bearers are present.

bnom [M] — Nominal lateral distance of a Relevant Point RMP, REP to the vehicle centreline in Normal
Coordinates

EXCEPT for RPPs, any critical lateral offset of a Relevant Point RMP, REP that may be caused by build tolerances
vs. the theoretically perfect position of the same point shall be included in bnom.

Note: A value of bnom=1.345m +/-10 mm build tolerance will require that bnom shall be taken as at least 1.355m.

This requirement does not apply to Relevant Pantograph Points RPP, as there this tolerance is considered by other
means.

bgre [M] — 1/2 width of a point on RP-M, RP-E, RP-P in Normal Coordinates, EXCEPT for LR1 / LR2
bre-ir1 [Mm] — ONLY for LR1: 1/2 width of a point on RP-M in Normal Coordinates
bre-ir2 [M] — ONLY for LR2: 1/2 width of a point on RP-M in Normal Coordinates

dmin [M]- Minimum permitted outer face to face distance of the flanges of a wheelset
This is the minimum permitted distance between the outer faces of the flanges (= fully worn wheels/ flanges). It
is to be measured at 10mm below the wheel-rail contact circles of the wheelset.

Note: In the TSIs this value may alternatively be called S..

According to the current TSI L&P and TSI WAG the theoretical permitted range for the Network is
1.573 m <= dmin=<1.592 m.

Note: In most cases of Vehicle design dmin=1.573 m is used, as this provides the maximum tolerance for vehicle
maintenance.

For individual vehicle designs, a higher value than 1.573 m may be selected within the permitted interval. This
would reduce the horizontal sway of the vehicle and may thus enable a wider Vehicle body. But this will in turn
very likely cause higher wheelset maintenance costs for that Vehicle design.

5.24.1. SRAC: A value dmin>1.573 m from the permitted range may only be used, if a Safety Related Application

5.25.

5.26.

Condition is defined within the maintenance manual of the Vehicle to ensure that this dmin value will be
maintained under all operating conditions (as otherwise the compatibility with the selected Gauge may be lost).

Dy« — General symbol for Cant

The difference in height of the tops of the two rails of a track in Global Coordinates.

Dequi[mM] - Equilibrium Cant

The theoretical cant for which the centrifugal acceleration in a curve of radius R is balanced by the gravitational
acceleration (g) so that the resulting acceleration on the vehicle body (and any passengers within) becomes
perpendicular to the plane of rails at a given velocity (v).

Dequi [m] = v?[m?/s?] / R [m] * L [m] / g [m/s?]

Note: For the Network the above formula can be alternatively expressed as:

Dequilmm] = 13.116 * v’[km/h]? / RIm]
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5.27. Dinstalled —Installed Cant

The actually installed cant at a point on the Network.

Dinstalled shall always follow the rule: Dinstalled =< Dmax f(R).

5.28. Dmaxfr) [M]— maximum permitted Design Cant

Note: It is normal practice that the Design Cant is less than the Equilibrium Cant.

The maximum permitted Design Cant for IRL1, 1D, 1F and 2 Gauges is a function of R and must therefore be
determined separately for each individual Relevant Radius.

WITH THE EXCEPTION of the Local Restrictions and Vertical Local Restrictions Dmaxf(r) shall be:

a)

b)

for the interval 80 m <= R < 250.4 m:
DmaxfR) = (R—50m) * 1.235 m / 1500 m

Note: This linear function is based on the historic definition in the internal standard CCE-TMS-340 of IE-IM
for maximum design cant in small radius curves.

for the interval 250.4 m =< R <= 2000 m:
Dmax f(R) = 0.165 m

Note: This term is based on the historic definition in the internal standard CCE-TMS-340 of IE-IM for
maximum design cant in curves within the stated radius range.

The current TSI INF defines a higher value, but this TSI INF value may not be used for the IRL1, 1D, 1F and 2
Gauges.

It may become applicable for future Gauges that are not yet defined within this IRS.

for the interval 2000 m < R <= oo:
Dmax f(r) =0.165 m*2000 m/R
Note: Between the curve radius R2000=2000 m and Ro= oo = straight track the cant shall be gradually

reduced from 0.165 m to 0.000 m. This reciprocal function has been established following a survey by IE-
IM on the current (in 2024) installed Cant values in the Network.

The following Dmaxf(r) values relate to the Relevant Radii defined in this IRS:

Dmaxro (for Ro straight track) = 0.000 m

Dmax r2000 (for R2o00) = 0.165 m

Drmax rooo (for Reoo) = 0.165 m (this value is only relevant for gauging of OUTER Points)

Dmax r250.4 (for R2s0.4) = 0.165 m

Dmax r1so (for Riso) = 0.082 m

Dmaxrso (for Reo) = 0.025 m

At the Local Restrictions and Vertical Local Restriction the individual Dmaxf(r) values are:

Note: These values where provided by IE-IM after a survey (2024) and are representative for a complete individual
(vertical) Local Restriction.
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5.29.

5.30.

5.31.

5.32.

5.33.

5.34.

Dmax r116-LR1 (for Riie.tr1) = 0.000 m (this value is only relevant at LR1)
Dmax r119-Lr1 (for Ri1o-tr1) = 0.000 m (this value is only relevant at LR1)
Dmax r2g0-LR2 (for Rzso-Lr2) =0.044m (this value is only relevant at LR2)

Drmax rog-vir1 (for Roegvir1) = 0.010m (this value is only relevant at vLR1)

If a specific vehicle design causes additional Relevant Radii, the related values must also be defined:
Dmax Radd1
Dmax Radd2

etc.

Dpla curve [m] — Lateral displacement of OUTER Relevant Points RMP, REP for CURVED track gauging

a) EXCEPT for LR1/LR2/vLR1:
Dp|a curve = Dp|a vehicle + Dp|a track ¥ (Aa track O Aa track (special)) +q * Aa q + Waf(R) * Aawa curve + Wi f(R) * Aa wicurve + Za

b) ONLY for LR1:

Dp|a curve = Dp|a vehicle + Dp|a track-LR1 ¥ (Aa track O Aa track (special)) +q * Aa g+ Waf(R) * Aa wa curve HWi f(R) * Aa wicurve + Za

c) ONLY for LR2:

Dp|a curve = Dp|a vehicle + Dp|a track -LR2 ¥ (Aa track OF Aa track (special)) +q * Aa q TWaf(Rr) * Aawa curve + Wif(R) * Aawicurve + Za

d) ONLY for vLR1:

Dp|a curve = Dp|a vehicle + Dp|a track-vlR1 ¥ (Aa track OF Aa track (special)) +q * Aa q ¥Waf(R) * Aawa curve + Wi f(R) * Az wicurve + Za

Dpl, straight [Mm] — Lateral displacement of OUTER Relevant Points RMP, REP for STRAIGHT track
gauging

Dpla straight = Dpla track * Aatrack + q * Aa q + WRo * Aawro straight + Za

Dplawack [M] — Track related lateral displacement of OUTER Relevant Points RMP, REP for CURVED
track gauging — EXCEPT for the gauging of the Local Restrictions and Vertical Local Restrictions

Dpla track = (emax - dmin) / 2

Dpla track-tr1 [m] = SPECIFIC for LR1: Track related lateral displacement of OUTER Relevant Points RMP

for CURVED track gauging

Dpla track-LR1 = (emax-LRl - dmin) / 2

Dpla track-trz [m] = SPECIFIC for LR2: Track related lateral displacement of OUTER Relevant Points RMP

for CURVED track gauging

Dpla track-LR2 = (emax-LRZ - dmin) / 2

Dpla track-vira [Mm] — SPECIFIC for vLR1: Track related lateral displacement of OUTER Relevant Points
RMP, REP for CURVED track gauging

Dpla track-vLR1 = (Emax-vLRl— dmin) / 2
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5.35.

5.36.

5.37.

5.38.

5.39.

5.40.

5.41.

5.42.

5.43.

Dpla vehicie [M] — Vehicle related lateral displacement of OUTER Relevant Points RMP, REP, RPP for
CURVED track gauging

Dpla vehicle = (a *na+ I'\a2 - (Aa bogie * pz) / 4) / (ZR)

Note: Background information on the development of this formula can be found in Section 8.2 of UIC 505-5
(2010). This term is sometimes referred to as “lateral end throw”.

Dpli curve [m] — Lateral displacement of INNER Relevant Points RMP, REP for CURVED track gauging

a) EXCEPT for LR1/LR2/vLR1:
Dplicurve = Dp|| vehicle + Dpl. track * (AI track OF Al track (special)) +q * Aig + WitRr) * Aiwi + Zi

b) ONLY for LR1:
Dp'icurve = Dpl. vehicle + Dpl. track-LR1 (AI track OF A track (special)) +q * A q + Wif(r) * Ajwi + Zi

c) ONLY for LR2:
Dp'icurve = Dpl. vehicle + Dpl. track-LR2 * (AI track OF A track (special)) +q * A q + Wif(Rr) * Ajwi + Zi

d) ONLY for vLR1:
Dp|| curve = Dpl. vehicle + Dpl. track-vlR1 ¥ (Ai track OF Al track (special)) +q * A q TWif(R) * Aiwi + 2Zi

Dpli straight [m] — Lateral displacement of INNER Relevant Points RMP, REP for STRAIGHT track gauging

Dp'istraight = Dp'itrack * A track + q * Aig + Wifr) * Aiwi + Zi

Dpliwrack [m] — Track related lateral displacement of INNER Relevant Points RMP, REP for CURVED
track gauging — EXCEPT for the gauging of the (Vertical) Local Restrictions

Dp'itrack= (emax—dmin) / 2

Dpli track-tr1 [M] — SPECIFIC for LR1: Track related lateral displacement of INNER Relevant Points RMP
for CURVED track gauging

Dplitrack-tR1 = (€max-LR1- dmin) / 2

Dpl; track-Lr2 [M] — Specific for LR2: Track related lateral displacement of INNER Relevant Points RMP
for CURVED track gauging

Dplitrack-tR2 = (€max-LR2 — dmin) / 2

Dpli track-vir1 [M] — Specific for vLR1: Track related lateral displacement of INNER Relevant Points RMP,
REP for CURVED track gauging

Dp|| track-vLR1 =(Emax—vLR1 - dmin) / 2

Dpli vehicie [M] = Vehicle related lateral displacement of INNER Relevant Points RMP, REP, RPP for
CURVED track gauging
Dplivehicie = (@ * ni-ni® + (Aibogie * p?) / 4) / (2R)

Note: Background information on the development of this formula can be found in Section 8.2 of UIC 505-5
(2010). This term is sometimes referred to as “lateral inner throw”.

g [m/s?] — Gravitational acceleration constant

g =9.80665 m/s?
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5.44.

5.45.

5.46.

5.47.

5.48.

5.49.

5.50.

h. [m] — Height of roll centre of this vehicle design in Normal Coordinates
This value shall be measured according to EN 14363 or calculated (where such a calculation is permitted).

Note: Some legal requirements for vehicle design or authorisation for placing on the market may not permit the
option to calculate this value.

hc may be dependent on load and suspension conditions of the vehicle (Example: For a vehicle with air
suspension different hc values may apply to operation with inflated and deflated air suspension; primary
suspended Relevant Points may have a different hc than secondary suspended points). For each relevant value of
hc a separate gauge calculation shall be performed.

ho [m] — Height of roll centre of reference vehicle in Normal Coordinates

For IRL1, 1D, 1F and 2 Gauges this is set to 0.500 m.

heo =0.500 m

hiri max [m] = SPECIFIC for LR1: UPPER limit height in Normal Coordinates for gauging calculations at
this Local Restriction

The gauging calculations for LR1 shall apply ONLY IF hshitt is between hirimin and hiri max.

Where it applies, this value is provided together with the Reference Profile of a Gauge.

hiri min [M] = SPECIFIC for LR1: LOWER limit height in Normal Coordinates for gauging calculations at
this Local Restriction

The gauging calculations for LR1 shall apply ONLY IF hshitt is between hiri min and hiri max.

Where it applies, this value is provided together with the Reference Profile of a Gauge.

hir2 max [m] = SPECIFIC for LR2: UPPER limit height in Normal Coordinates for gauging calculations at
this Local Restriction

The gauging calculations for LR2 shall apply ONLY IF hshitt is between hirza min and hir2 max.

Where it applies, this value is provided together with the Reference Profile of a Gauge.

hir2 min [M] = SPECIFIC for LR2: LOWER limit height in Normal Coordinates for gauging calculations at
this Local Restriction

The gauging calculations for LR2 shall apply ONLY IF hshitt is between hira min and hir2 max.

Where it applies, this value is provided together with the Reference Profile of a Gauge.

hnom [M] — Nominal height of a Relevant Point in Normal Coordinates

Any vertical tolerance of a Relevant Point caused by build tolerances vs. the theoretical perfect position of the
same point shall be included in the value of hnom.

The most relevant height shall be taken.

Note: This is for Relevant Points close to the upper section of a Reference Gauge often the upper tolerance and for
Relevant Points close to the lower section of a Reference Gauge often the lower tolerance.

A Relevant Point with a design height of 3.100m +0.010m/-0.000m build tolerance shall have a hnom = 3.110 m.
Another Relevant Point with a design height of 0.500m +0.005m/-0.005m build tolerance shall have a hnom =
0.495 m.
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5.51.

5.52.

5.53.

5.54.

5.55.

5.56.

5.57.

5.58.

5.59.

If in doubt both values upper and lower values shall be used and two Relevant Points shall be determined.

Note: This may be necessary for Relevant Points in the middle section of a Reference Gauge. A point on th e
Vehicle outline at 1.100 m +0.010m/-0.010m may thus be required to become two Relevant Points an hnom =
1.110 m and hnom = 1.090 m.

hge [m] —Height of a Point on a reference profile RP-M, RP-E, RP-P in Normal Coordinates, EXCEPT for
LR1 / LR2

hgp.ir1 [m] — ONLY for LR1: Height of a Point on a reference profile RP-M, RP-E, RP-P in Normal
Coordinates

hgre-1r2 [M] — ONLY for LR2: Height of a Point on a reference profile RP-M, RP-E, RP-P in Normal
Coordinates

hsoi reduction min [M] — ONLY for IRL1 / 1D / 1F: LOWER limit height for the application of Soi reduction in
Normal Coordinates, EXCEPT for LR1 and LR2

Where it applies, this value is provided together with the Reference Profile of a Gauge.

Note: For the avoidance of doubt: This value does also apply when gauging for vLR1.

hsoi reduction max [m] — ONLY for IRL1 / 1D / 1F: UPPER limit height for the application of S reduction in
Normal Coordinates, EXCEPT for LR1 and LR2

Where it applies, this value is provided together with the Reference Profile of a Gauge.

Note: For the avoidance of doubt: This value does also apply when gauging for vLR1.

hsoi LR1 reduction max [M] — UPPER limit height for the application of Sgireduction in Normal Coordinates,
ONLY for gauging at the lateral Local Restriction LR1

Where it applies, this value is provided together with the Reference Profile of a Gauge.

hsoi L1 reduction min [M] — LOWER limit height for the application of S reduction in Normal Coordinates,
ONLY for gauging at the lateral Local Restriction LR1

Where it applies, this value is provided together with the Reference Profile of a Gauge.

hsoi LR2 reduction max [M] — UPPER limit height for the application of Sgireduction in Normal Coordinates,
ONLY for gauging at the lateral Local Restriction LR2

Where it applies, this value is provided together with the Reference Profile of a Gauge.

hsoi Lr2 reduction min [M] — LOWER limit height for the application of Sgi reduction in Normal Coordinates,
ONLY for gauging at the lateral Local Restriction LR2

Where it applies, this value is provided together with the Reference Profile of a Gauge.
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5.60. hghis: [m] — EXCEPT for vLR1: Resulting height of a Relevant Point RMP, REP in Normal Coordinates,
after adjusting its nominal height h,.m for the relevant upwards or downwards shift elements ki

Notes:

The distinction between hshist OR hshife-vir1 is required due to the different vertical radius vRzo0 that applies only at
VLR1 (vRioo0 applies to all other gauging calculations).

The definitions of hsnir: do not apply to RPPs, as the resulting height is for these determined in a different way.

hshift shall be individually determined for each set of gauging calculations according to the following definitions.
Within each set hshift shall apply EXCEPT for vLR1.

a) For Setl, Set7 of the gauging calculations for the INNER Relevant Points in their UPWARDS shifted
positions the following shall apply EXCEPT for vLR1:
hshift = hnom + ku1i+ ku2

b) For Set2, Set8 of the gauging calculations for the INNER Relevant Points in their DOWNWARDS shifted
positions the following shall apply EXCEPT for vLR1:
hshift = hnom = Ku1i = kiz = kis — kia = kis

c) For Set3, Set9 of the gauging calculations for OUTER Relevant Points in their UPWARDS shifted positions
EXCEPT for vLR1:
hshift = hnom + ku1a + ku2

d) For Set4, Set10 of the gauging calculations for the OUTER Relevant Points in their DOWNWARDS shifted
positions EXCEPT for vLR1:
hshift = hnom — ki1a — kiz = kis — kia— kis

5.61. hghift-viri [Mm] — ONLY for vLR1: Resulting height of a Relevant Point RMP, REP in Normal Coordinates,
after adjusting its nominal height h,om for the relevant upwards or downwards shift elements kyy

Notes:

The distinction between hshist OR hshifevir1 is required due to the different vertical radius vR7o0 that applies only at
vLR1 (vRi000 applies to all other gauging calculations).

The definitions of hsnift-vir: do not apply to RPPs, as the resulting height is for these determined in a different way.

hsnitt shall be individually determined for each set of gauging calculations according to the following definitions.
Within each set hshift-vr1 shall apply ONLY for vLR1.

The below mentioned sets of the gauging calculations - Set1 to Set10 - are defined in sections 7.2.9 to 7.2.20 of
this IRS.

a. For Setl, Set7 of the gauging calculations for the INNER Relevant Points in their UPWARDS shifted
positions the following shall apply ONLY for vLR1:
hshift-vir1 = hnom + Kuzi-vir: + Kuz

b. For Set2, Set8 of the gauging calculations for the INNER Relevant Points in their DOWNWARDS shifted
positions the following shall apply ONLY for vLR1:
hshift-vir1 = hnom = Kiti-vir1 — kiz = kiz— kia— kis

c. For Set3, Set9 of the gauging calculations for OUTER Relevant Points in their UPWARDS shifted positions
ONLY for vLR1:
hshift-vir1 = hnom + Ku1a-vir1 + kuz
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d.

For Set4, Set10 of the gauging calculations for the OUTER Relevant Points in their DOWNWARDS shifted
positions ONLY for vLR1:
hshift-vir1 = hnom — Ki1a-vire — kiz— kiz — kia — ks

5.62. Iy [m] — General symbol for Cant Deficiency

The amount of cant by which the installed cant Dinstaled Would have to be increased in order to provide
equilibrium cant for a point on the track with its given combination of line speed and horizontal curve radius.

I = Dequi - Dinstalled

5.63. Imaxfr) [M] — Maximum Permitted Cant Deficiency

The maximum permitted cant deficiency for IRL1, 1D, 1F and 2 Gauges is a function of R.

With the EXCEPTION of the Local Restrictions and the Vertical Local Restrictions, Imaxf(r) shall be:

a)

b)

for the interval 80 m <= R <= 2000 m:
Imax f(R) = 0.110m

Note: This term is based on the historic definition in the internal standard CCE-TMS-340 of IE-IM for the
maximum permitted cant deficiency that can be present in curves with the stated radius range on the
Network.

for the interval 2000 m < R <= ©9:
Imax f(R) = 0.110 m * 2000 m / R

Note: Between the curve radius Rz2000= 2000 m and Ro = o= = straight track the cant deficiency shall be
gradually reduced from 0.110 m to 0.000 m. This reciprocal function has been established after a survey by
IE-IM of the currently (in 2023) applied cant deficiency values on the Network.

The following Imax values relate to the Relevant Radii defined in this IRS:

Imax ro (for Ro straight track) = 0.000 m

Imax R2000 (for R2000) = 0.110 m

Imax ro00 (for Reoo) = 0.110 m (this value is only relevant for gauging of OUTER Points)

Imax R250.4 (for R2s0.4) = 0.110 m
Imax 150 (for Riso) = 0.110 m
Imax rgo (for Reo) =0.110 m

At the (vertical) Local Restrictions the individual Imax values are:

Note: These values where provided by IE-IM and are representative for a complete individual Local Restriction or
vertical Local Restriction.

Imax R116-LR1 (for Ri16-tr1) = 0.029 m (this value is only relevant at LR1)

Imax R119-LR1 (for Riie-tr1) = 0.028 m (this value is only relevant at LR1)

Imax R280-LR2 (fOr Rago-tr2) = 0.006 m(this value is only relevant at LR2)

Imax Rog-viR1 (for Rog-vir1) = 0.034 m (this value is only relevant at vLR1)

If a specific vehicle design causes additional Relevant Radii, the related values must also be defined:
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Imax Radd1
Imax Radd2
etc.

5.64. J [m] — Maximum side bearer play

Nominal vertical free travel in the side bearers (in the theoretical static and perfectly centred position of the
vehicle).

This vehicle design specific value shall include the maximum permitted maintenance tolerance.

If no side bearers are present set this value to J= 0.000 m.

5.65. Jo[m] - Side bearer play of the Reference Vehicle 1
For IRL1, 1D, 1F and 2 Gauges a value of Jo= 0.005 m has been defined.
Jo=0.005m
Note: This value is an element relating to an allowance which is provided by the Fixed Installations.

Based on a concept used in the EN 15273 series and in the UIC 505 series of standards, this value is already
included within the Fixed Installation allowance for roll of vehicle body that is caused by 1or.

5.66. k« — General symbol for the UPPER or LOWER vertical shifts of Relevant Points RMPs, REPs from
their nominal height (hnom) to a resulting height (hshitt OR hshifviri) in Normal Coordinates

Several static or random movements of the vehicle cause a vertical shift of the Relevant Points RMP, REP.

The vertical shift is in some cases the combination of a vertical shift (vDplx) reduced by an associated allowance
(vSoxx) (where such an allowance is provided by the Fixed Installation).

The definitions of k« apply to all gauges and Local Restrictions of this IRS,
EXCEPT kuixvir1 and kuixvir1, Which apply exclusively for Local Restriction vLR1 instead of kiixand kuix.

Note: This concept of kx does NOT apply to RPPs.

5.67. kux — General symbol for the LOWER vertical STATIC shift for Relevant Points RMP, REP caused by
Fixed Installations

5.68. ki1a[m] — LOWER vertical STATIC shift for OUTER Relevant Points RMP, REP caused by Fixed
Installations on a DIP with VRmin = VR1000, EXCEPT for vLR1 gauging

ki1a = (vDpla1000 — VSoa geometric1000)if >0

5.69. kiia-viri [Mm] — ONLY for vLR1 gauging: LOWER vertical STATIC shift for OUTER Relevant Points RMP,
REP caused by Fixed Installations on a DIP with VRmin-vir1 = VR700

ke1a-vir1 = (VDpla700 — VSoa geometric700)if 0

5.70. kui[m] — LOWER vertical STATIC shift for INNER Relevant Points RMP, REP caused by Fixed
Installations on a HILL with Ry min = VR1000, EXCEPT for vLR1

keii= (vDplizooo — VSoi geometric1000)if >0
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5.71.

5.72.

5.73.

5.74.

5.75.

5.76.

5.77.

Kiiivirs [m] = ONLY for vLR1 gauging: LOWER vertical STATIC shift for INNER Relevant Points RMP,
REP caused by Fixed Installations on a HILL with VRmin-vir1 = VR700

kitivire = (VDplizoo — VSoi geometric700)if >0

kiz [m] = Sum of the vehicle related LOWER vertical STATIC shift aspects of Relevant Points RMP, REP

kiz = kiz.a+ k22 + ka3

ki2.1 [m] — Vertical STATIC shift of Relevant Points RMP, REP caused by wheel wear

= maximum permitted wheel wear of this vehicle design.

kiz.2 [m] — Vertical STATIC shift of Relevant Points RMP, REP caused by relevant wear — other than
wheel wear

Apart from wheel wear, this shall include the maximum permitted vertical wear of all relevant parts of the
vehicle (e.g. centre pivot wear between bogie and body)

e wear in the axle boxes may be ignored for all vehicle designs

k.23 [m] — Vertical STATIC shift of Relevant Points RMP, REP caused by deflection under STATIC load
= Sum of:

e Suspension sag

e  For freight wagons (and special vehicles of similar design): The static vertical deflection of Relevant Points
on the body structure under 100% (=maximum) static load that will be present during operation.

e  For vehicle designs other than freight wagons (and special vehicles of similar design): The static vertical
deflections of Relevant Points on the body structure may be ignored.

e Vertical deflection of Relevant Points caused by the deflection of wheelsets under static load may be
ignored for any vehicle design.

e Vertical deflection of Relevant Points caused by the deflection of bogies under load may be ignored for
any vehicle design.

Note: This approach is based on the concepts included in EN 15273-2 and in UIC 505-1 (points 6.1.1.2, 6.1.1.2.1
and 6.1.1.2.2) and
ERRI B12/DT135.

kiz [m] = Vertical STATIC shift of Relevant Points RMP, REP caused by suspension deflection from
empty/tare to 100% load condition under STATIC load

= Static suspension deflection between empty/tare and 100% (=maximum) load condition of this vehicle design.

Where air suspension is present: The value shall be established with empty air suspension and include the
deflection of any back-up suspension.

kis [m] — Sum of the vehicle related LOWER vertical DYNAMIC shift aspects of Relevant Points RMP,
REP

kia = kg + kua2

This represents the additional dynamic shift that is caused by the dynamic loads during operation.
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5.78.

5.79.

5.80.

Kia.1 [m] = Vertical DYNAMIC shift of Relevant Points RMP, REP under DYNAMIC forces during
operation

This shall for freight wagons (and special vehicles of similar design) consider the random dynamic deflections of
the body(frame) under 100% (=maximum) load that will be present during operation. This deflection shall be
represented by the additional vertical static shift of the vehicle structure that would be caused by an overloading
from 100% to 130% of the maximum load.

For vehicle designs other than freight wagons (and special vehicles of similar design) the random dynamic
deflections of the body(frame) during operation may be ignored.

The deflection caused by torsion of the vehicle structure on twisted track may be ignored for any vehicle design.

Note: this approach is based on the concepts included in UIC 505-1 (points 6.1.1.2, 6.1.1.2.1 and 6.1.1.2.2) and
ERRI B12/DT135.

Kkia.2 [m] — Vertical DYNAMIC shift of Relevant Points RMP, REP caused by the DYNAMIC forces on the
suspension during operation

Where air suspension is present: All below values shall be established with empty air suspension and include the
deflection of any back-up suspension.

For freight wagons (and special vehicles of similar design) the random dynamic suspension deflection shall be
represented by an additional deflection from 100% maximum load case down to the bump stops (bottoming
out).

For vehicle designs other than freight wagons (and special vehicles of similar design) the random dynamic
suspension deflections shall be represented by an additional static deflection from:

a) 100% load condition to 130% load condition; or,
b) 100% load condition to the bump stops (bottoming out)

Note: In case of subpoint a) with linear suspension: kis.2 = 0.3 * ki3

kisx [m] — Additional LOWER STATIC shift of Relevant Points RMP, REP due to roll and pitch of the
vehicle

This shall include roll and pitch caused by

e possible (partial) suspension defects,

e the permitted differential wheel wear on the same axle,

e the permitted differential wheel wear within the same vehicle
e theclearance in the side bearers.

This shift is differentiated into 4 Zones (Zone A has the size (a * 2b2) and is placed between the GCSs).

i 47/ 7777777777777 777777777 . -
S ¢ B . c

Figure 11 Body Zones influencing Displacements
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For each individual Relevant Point one zone applies.

Zone A includes all Relevant Points with bnom =< b2 and ni>= 0.000 m.
Zone B includes all Relevant Points with bnom > b2 and ni>= 0.000 m.
Zone Cincludes all Relevant Points with bnom>b2 and na> 0.000 m.
Zone D includes all Relevant Points with bnom =< b2and na> 0.000 m.

In Zone A:

kisa[m] = 0.000m

In Zone B:
kisg[m]

= (roll caused by possible suspension defects)
+ (roll caused by the permitted differential wheel wear on the same axle)
+ (roll caused by the permitted side bearer clearance)

= (ks + kia) * (brom—b2) / (2 * b2)
+ Aki2.2axte * (bnom— bz) / (2 * bZ)
+ (J * bnom/ bG)

= (kL3 + ks + AkLZ.ZaxIe) * (bnom— bz) / (2 * bz) + (J * bnom / bG)

In Zone C:
kisc[m]

= (roll and pitch caused by possible suspension defects)

+ (roll caused by the permitted differential wheel wear on the same axle)

+ (roll caused by the permitted side bearer clearance)

+ (pitch caused by the permitted differential wheel wear across the vehicle)

= (ki + kia) * [na2+ (bnom— b2)?]%5 / [a2 + 4b2?]%5
+ Aki2.2axte * (brom— b2) / (2 * b2)

+ (J * bnom / be)

+ AKu2.2vehicle * (na/ a)

In Zone D:
kiso[m]

= (pitch caused by suspension defects)
+ (pitch caused by the permitted differential wheel wear across the vehicle)

= (ki3 + kis) * (na/ a))
+ AkLZ,ZvehicIe * (na/ a))

= (ki3 + kua + AKi2.2vehicie) * (na/ a)
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5.81.

5.82.

5.83.

5.84.

5.85.

5.86.

5.87.

5.88.

5.89.

kuixx [m] — General symbol for the UPPER vertical STATIC shift of Relevant Points RMP, REP caused by
Fixed Installations

kuia [m] —UPPER vertical STATIC shift for OUTER Relevant Points RMP, REP caused by Fixed
Installations on a HILL with VRnin = VR1000, EXCEPT for vLR1 gauging

ku1a = (vDpla1000 — VSoa geometric1000)if >0

Ku1a-vir: [M] —ONLY for vLR1 gauging: UPPER vertical STATIC shift for OUTER Relevant Points RMP,
REP caused by Fixed Installations on a HILL with VRmin-vir1 = VR700

kutavtr1 = (VDpla700 — VSoa geometric700)if 50

kuii[m] —UPPER vertical STATIC shift for INNER Relevant Points RMP, REP caused by Fixed
Installations on a DIP with VRmin = VR1000, EXCEPT for vLR1 gauging

ku1i= (vDpliz000 — VSoi geometric1000)if >0

Ku1ivir1 [M] —ONLY for vLR1 gauging: UPPER vertical STATIC shift for INNER Relevant Points RMP, REP
caused by Fixed Installations on a DIP with VRmin-vir1 = VR700

kuiivir: = (VDplizoo - VSoi geometric700)if >0

ku2 [m] — Vertical DYNAMIC shift of Relevant Points RMP, REP caused by the DYNAMIC forces on the
suspension during operation

ku2=0.010 m per suspension stage

Note: 0.010 m for vehicles with only primary suspension and 0.020 m for vehicles with primary and secondary
suspension.

This approach has been defined based on the concept included in EN 15273-2, A.3.4.2.2, first sentence.
lmax [m] — Maximum track gauge — EXCEPT for the Local Restrictions and the Vertical Local Restriction

For IRL1, 1D, 1F and 2 Gauges the permitted maximum value is €max= 1.630 m.

Where a section of the Network is stated to be compatible with IRL1 or 1D or 1F or 2 Gauges no higher value may
be used by Fixed Installations, even if a higher value for use on the Network is published in a TSI.

Note: Based on review of the current (in 2024) Network, IE-IM have advised, that énax shall be 1.630 m.

lmax-1r1 [m] — Only for LR1: Maximum track gauge present on track at LR1
For IRL1, 1D, 1F Gauges the permitted maximum value is €max-tr1= 1.612 m.

Where a section of the Network is stated to be compatible with IRL1 or 1D or 1F Gauges no higher value may be
used at LR2 by Fixed Installations, even if a higher value for use on the Network is published in a TSI.

Cmax-1r2 [Mm] — Only for LR2: Maximum track gauge present on track at LR2
For IRL1, 1D, 1F Gauges the permitted maximum value is €maxr2 = 1.612 m.

Where a section of the Network is stated to be compatible with IRL1 or 1D or 1F Gauges no higher value may be
used at LR2 by Fixed Installations, even if a higher value for use on the Network is published in a TSI.
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5.90.

5.91.

5.92.

5.93.

5.94.

5.95.

Cmax-vir1 [M] = Only for vLR1: Maximum track gauge present on track at vLR1

For IRL1, 1D, 1F Gauges the permitted maximum value is €max-vir = 1.630 m.

Where a section of the Network is stated to be compatible with IRL1 or 1D or 1F Gauges no higher value may be
used at VLR1 by Fixed Installations, even if a higher value for use on the Network is published in a TSI.

¢rom [Mm] — Nominal track gauge

lhom=1.602 m

Note: IE-IM have provided the information that the commonly used ‘Irish 1600 mm network’ terminology
originates from the conversion of the historical 5’3" track gauge into metric units. Whilst 1600 mm track gauge is
still present on the Network at points and crossings and at some plain line locations, the widespread introduction
of rails inclined at 1 in 40 on concrete sleepers has resulted in 1602 mm becoming by far the dominant track
gauge on the Network and it should therefore be used as the value for this parameter.

L [m] — Nominal distance between wheel-rail interface points
This distance is defined as nominal track gauge €nom + 0.065 m.
L=1.667 m

Note: The value for L is 1.667 m, which is determined by adding 0.065 m to the nominal track gauge &om= 1.602
m. It represents the distance between the nominal wheel-rail contact points.

The differential of 0.065 m is defined in analogy to various EN and UIC standards that define L = 1.500 m for the
nominal track gauge 1.435 m.

n, [m] — Nominal longitudinal distance between an OUTER Relevant Point RMP, REP, RPP and the
nearest GCS in Normal Coordinates

Any longitudinal offset of a Relevant Point RMP, REP, RPP caused by build tolerances vs. the theoretical position
of the same point shall be included in na.

Note: A design value of no=2.540 m +10 mm/-Omm build tolerance will require that ns shall be taken as at least
2.550 m.

Note: A non-fixed distance between the GCSs (which causes the value of “a” to become a function of R) will in
most cases also effect the values of no and cause them in turn also to become a function of R: narxx = f(R).

n; [m] — Nominal longitudinal distance between an INNER Relevant Point RMP, REP, RPP and the
nearest GCS in Normal Coordinates

A longitudinal offset of a Relevant Point RMP, REP, RPP caused by build tolerances vs. the theoretical position of
the same point shall be included in n;.

Note: A design value of ni= 5.670 m +10mm/-Omm build tolerance will require that n; shall be taken as at least
5.680 m.

Note: A non-fixed distance between the GCSs (which causes the value of “a” to become a function of R) will in
most cases also effect the values of ni and cause them in turn also to become a function of R: nirx = f(R).

p [m] — Distance between a bogie’s GCSs in Normal Coordinates

Set this to 0.000 m for vehicles that are not fitted with bogies.
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5.96. P1.5bnom [Mm] — Nominal lateral distance from a Relevant Pantograph Point RPP to the vehicle
centre line in Normal Coordinates for 1.5kV

5.97. P1.5by, [m] — maximum 1/2 width of pantograph head in normal coordinates for 1.5kV
Half value of the overall width including the pantograph horns.

The maximum permitted value is 0.900m.

5.98. P1.5f;[m] - Permitted static and dynamic contact wire uplift for 1.5kV

The IM that manages the fixed installation shall ensure that the maximum uplift caused by the static or
dynamic uplift forces for the 1.5kV DC system is £ 110 mm when assessed in accordance with Clause 9.2.1
(Assessment of overhead contact line design) of EN50367.This shall apply for all gauges IRL 1+1D+1F+2.

5.99. P1.5f,.[m] - Upwards shift of a Relevant Pantograph Point RPP caused by the maximum permitted
pantograph wear or flex at this vehicle/ pantograph design for 1.5kV

P1.5f,,

Contact Wire

W T T

Figure 12 wear causing upwards Shift of RPP

5.99.1. This value shall be measured through testing with a static force that that represents the worst of the static
and dynamic forces that will be present at the operation of the vehicle design. The contact wire position shall
be selected to provide the largest vertical shift.

5.99.2. SRAC: A value P1.5fwa from the permitted range which is smaller than P1.5fwa max may only be selected, if a
Safety Related Application Condition is defined within the maintenance manual of the Vehicle to ensure that
this P1.5fwa value will be maintained under all operating conditions (as otherwise the compatibility with the
selected Gauge may be lost).

5.100. P1.5fyamax [Mm] — Absolute permitted maximum upwards shift of a Relevant Pantograph Point RPP
caused by pantograph wear or flex for pantograph gauging for 1.5kV
The absolute permitted maximum value to maintain compliance with the Gauges IRL 1+1D+1F+2 is:

P1.5fwamax=0.028 m

Note: Higher values of P1.5fwa could interfere with the available free space and electrical safety margin provided
by the Fixed Installations and are therefore not acceptable for the mentioned Gauges.
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5.101.

P1.5f,s[m] — Upwards offset of a Relevant Pantograph Point RPP caused by roll of the pantograph
head at this vehicle/ pantograph design for 1.5kV

P1.5f ¢

» 77
Contact Wire (go/ntaCf Strip

N

Figure 13 Pantograph Upwards Offset caused by roll

5.101.1. This value shall be measured through testing with a static force that that represents the worst of the static

and dynamic forces that will be present at the operation of the vehicle design. The contact wire position
shall be selected to be at a wire stagger (wire offset from pantograph centre line) of at least 550mm.

5.101.2. SRAC: A value P1.5fws from the permitted range which is smaller than P1.5fws max may only be selected, if a

5.102.

5.103.

5.104.

Safety Related Application Condition is defined within the maintenance manual of the Vehicle to ensure
that this P1.5fws value will be maintained under all operating conditions (as otherwise the compatibility with
the selected Gauge may be lost).

P1.5fws max [M] — Absolute permitted maximum of STATIC upwards offset of a Relevant Pantograph
Point RPP caused by roll of the pantograph head for 1.5kV

The permitted maximum value to maintain compliance with the gauges IRL 1+1D+1F+2 is:

P1.5fws max= 0.067 m

Note: Higher values of Pfwscould interfere with the available free space and electrical safety margin provided by
the Fixed Installations and are therefore not acceptable for the mentioned Gauges.

P1.5hmax wire [M] — Maximum permitted contact wire height in normal coordinates for 1.5kV

This is the maximum permitted height of the contact wire across all weather conditions (including e.g.
tensioning caused by cold ambient temperatures), including the maximum uplift of the contact wire system (as
caused by a static or passing pantograph), including the maximum contact wire wear and including the
maximum rail wear on the Network.

The value shall apply between the top of rail (at any state of rail wear) and the bottom of the contact wire.
For IRL 1+1D+1F+2 this value is P1.5hmaxwire = 5.714 m
Note: This is based on a reference 1.5kV contact wire system with:
e maximum permitted undisturbed contact wire height above the top of rails =5.575 m
e maximum permitted vertical alignment error of track Tn=0.025m
e maximum permitted contact wire wear = 0.004 m

e maximum permitted uplift of the contact wire system =0.110 m

P1.5hmin wire [M] = Minimum height of the contact wire in Normal Coordinates for 1.5kV

This is the minimum permitted height of the contact wire across all weather conditions (including e.g. a drop
caused by icing).
The value shall apply between the top of rail (at any state of rail wear) and the bottom of the contact wire.
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For IRL 1+1D+1F+2 this value is P1.5hmin wire = 4.190 m

5.105. P1.5hsmis: [m] — General Symbol for reference height of a Relevant Pantograph Point RPP on the
raised pantograph in Normal Coordinates, after adjusting the nominal height for the relevant
UPWARDS or DOWNWARDS shifts for 1.5kV:

The following values shall be used:
a) For RPP1: P1.5hshitt = P1.5hmax wire + (P1.5fwa? + P1.5fs2)%>
b) For RPP2: P1.5hshiit = P1.5hmax wire + (P1.5fwa” + P1.5fws?)%> — 0.192 m
c) For RPP3: P1.5hshitt = P1.5hmax wire + (P1.5fwa? + P1.5fws2)%> — 0.210 m
d) For RPP4: P1.5hshitt = P1.5hmin wire— 0.192 m
e) For RPP5: P1.5hshift = P1.5hstored— 0.210 m

Note: In the above the term (P1.5fws? + P1.5fws?)% has been defined on the background that it would be too
conservative to apply the full sum of (P1.5fwa + P1.5fws).

Relevant Pantograph Point 1 (RPP1)

17 Relevant Pantograph Point 2 (RPP2)

Max. Contact Wire Height
Relevant Pantograph Point 3 (RPP3)

Min. Contact Wire Height

Relevant Pantograph Point 4 (RPP4)

Relevant Pantograph Point 5 (RPP5)

Figure 14 Pantograph Upwards Offset

5.106. P1.5hsored [M] — Nominal height of the top of a 1.5 kV pantograph in the stored position in Normal
Coordinates

5.107. P1.5h; [m] — Nominal height of the rotation centre of a 1,5kV pantograph’s lower hinge in Normal
Coordinates

The relevant lower hinge is that hinge around which the moveable upper part of the pantograph rotates.
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5.108.

5.109.

5.110.

5.111.

Pantograph Lower Hinge

Figure 15 Pantograph — Nominal Installation Height of lower hinge

P1.5Meiectric [m] — Minimum static electric safety margin for 1.5kV

For IRL1, 1D, 1F and 2 Gauges this value is:

P1.5Melectric =0.100 m

Note: This value has been taken from EN 50119 for 1.5kV nominal voltage.

P1.5s0 random [NO unit] — Coefficient of flexibility of reference vehicle for random vehicle roll effects
for pantograph gauging for 1.5kV

For IRL1, 1D, 1F and 2 Gauges this value is:

P1.550random = 0.000

Note: Historically all effects caused by random DYNAMIC vehicle roll were assigned only to the Vehicles and no
allowance is provided by the Fixed Installations.

Therefore, P1.550 random is defined as 0.000 m for IRL1, 1D, 1F and 2 Gauges.

For additional Gauges that may become defined in a future version of this IRS, such an allowance may be
present and P1.550 random may get a value > 0.000.

P1.5s0static [nO unit] — Coefficient of flexibility of reference vehicle for quasi-static vehicle roll
effects for pantograph gauging for 1.5kV
For IRL1, 1D, 1F and 2 Gauges: P1.5s0 static = 0.000

Note: Historically all effects caused by STATIC vehicle roll were assigned only to the Vehicles and no allowance is
provided by the Fixed Installations.

Therefore, P1.5so static is defined as 0.000 m for IRL1, 1D, 1F and 2 Gauges.

For additional Gauges that may become defined in a future version of this IRS, such an allowance may be
present and P1.5s0static may get a value > 0.000.

P1.5S0. [m] — Allowance for OUTER Pantograph Relevant Points Overthrow for 1.5kV

For any curve radius between straight track = Ree and R =80 m:
For IRL1, 1D, 1F and 2 Gauges this value is:
P1.5S0a=0.000 m

Note: This value relates to the overthrow effect that shall be included within the pantograph gauging.

Unlike for the vehicle body overthrow Soa to which an allowance is provided by the Fixed Installations,
historically all such throw effects for the pantograph gauging were assigned only to the Vehicle and no
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5.112.

5.113.

equivalent allowance is provided by the Fixed Installations. (It was apparently assumed, that a pantograph
would always be positioned above or very near to a GCS.)

Therefore, P1.550qis defined as 0.000 m for IRL1, 1D, 1F and 2 Gauges.
For additional Gauges that may become defined in a future version of this IRS, such an allowance may be

present and P1.5S0a may get a value >0.000m.

P1.5Sqi [m] — Allowance for INNER pantograph Relevant Points Overthrow for 1.5kV
For any curve radius between straight track = Re and R =80 m:

For IRL1, 1D, 1F and 2 Gauges, P1.5S0i= 0.000 m

Note: Historically for pantograph gauging all effects caused by static vehicle body overthrow were assigned only
to the Vehicle and no allowance is provided by the Fixed Installations.

Therefore, P1.550iis defined as 0.000 m for IRL1, 1D, 1F and 2 Gauges.
P1.5t [m] - Lateral displacement of a 1.5kV pantograph

Lateral displacement of the pantograph at its maximum working height when subjected to a static lateral force
of 300 N (Refer to Clause 6.6 (Transverse rigidity test (type test)) of EN 50206).

5.113.1. SRAC: A value P1.5t> P1.5tmax from the permitted range may only be used, if a Safety Related Application
Condition is defined within the maintenance manual of the Vehicle to ensure that this Pt value will be maintained
under all operating conditions (as otherwise the compatibility with the selected Gauge may be lost).

5.114.

5.115.

5.116.

P1.5to [m] — Allowance for lateral displacement of any Relevant Pantograph Point RPP for 1.5kV
For IRL1, 1D, 1F and 2 Gauges this value is:
P1.5to =0.000 m

Note: Historically all effects caused by lateral displacement of a pantograph were assigned only to the Vehicle
and no allowance is provided by the Fixed Installations.

Therefore, P1.5tois defined as 0.000 m for IRL1, 1D, 1F and 2 Gauges.
For additional Gauges that may become defined in a future version of this IRS, such an allowance may be

present and P1.5tomay get a value >0.000m.

P1.5tmax [m] — Maximum permitted lateral displacement of any Relevant Pantograph Point RPP for
1.5kv

The maximum permitted P1.5t value for IRL1, 1D, 1F and 2 Gauges is:

P1.5tmax=0.030 m

P1.5Mm0:[°] — Reference value for vehicle dissymmetry ONLY for pantograph gauging for 1.5kV
Pnor relates to an allowance that could be provided by the Fixed Installations

P1.5M0r = 0°

Note: Historically no allowance has been provided for this value at IRL1, 1D, 1F and 2 Gauges.

All effects caused by Vehicle di and installation tolerances of a pantograph were assigned only to the Vehicle
and no allowance is provided by the Fixed Installations.

Therefore, P1.510 is defined as 0° for IRL1, 1D, 1F and 2 Gauges.

For additional Gauges that may become defined in a future version of this IRS, such an allowance may be
present and P1.5n0r may get a value >0°.
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5.117.

P1.5t [m] — Lateral construction and installation tolerance of any Relevant Pantograph Point RPP
for 1.5kV

5.117.1. SRAC: A value P1.51< P1.5Tmax from the permitted range may only be used, if a Safety Related Application

5.118.

5.119.

5.120.

5.121.

5.122.

5.123.

5.124.

Condition is defined within the maintenance manual of the Vehicle to ensure that this P1.5t value will be
maintained under all operating conditions (as otherwise the compatibility with the selected Gauge may be
lost).

P1.5t,[m] — Allowance for lateral installation tolerance of any Relevant Pantograph Point for 1.5kV
For IRL1, 1D, 1F and 2 Gauges this value is:
P1.5t0=0.000 m

Note: Historically all effects caused by lateral construction and installation tolerances of a pantograph were
assigned only to the Vehicle and no allowance is provided by the Fixed Installations.

Therefore, P1.5wis defined as 0.000 m for IRL1, 1D, 1F and 2 Gauges.

For additional Gauges that may become defined in a future version of this IRS, such an allowance may be
present and P1.5may get a value >0.000m.

P1.5Tmax [Mm] — Maximum permitted lateral construction and installation tolerance of any Relevant
Pantograph Point RPP for 1.5kV

For IRL1, 1D, 1F and 2 Gauges, the maximum permitted value is:
P1.5Tmax=0.010 m

Pantographs with P1.5t > 10mm are not permitted to be operated on parts of the Network with IRL1, 1D, 1F
and 2 Gauges.

P25b,om [m] — Nominal lateral distance from a Relevant Pantograph Point RPP to the vehicle centre
line in Normal Coordinates for 25kV

P25b,, [m] — maximum 1/2 width of pantograph head in normal coordinates for 25kV
Half value of the overall width including the pantograph horns.

The maximum permitted value shall be defined within a future version of this standard.

P25f;[m] — Permitted static and dynamic contact wire uplift for 25kV

To be defined in a future version of this IRS.

P25f,. [m] — Upwards shift of a Relevant Pantograph Point RPP caused by the maximum permitted
pantograph wear or flex at this vehicle/ pantograph design for 25kV

To be defined in a future issue of this IRS.

P25fy2 max [Mm] — Absolute permitted maximum upwards shift of a Relevant Pantograph Point RPP

caused by pantograph wear or flex for pantograph gauging for 25kV

To be defined in a future issue of this IRS.



Irish Railway Standards IRS-401-A
Kinematic Gauging for Vehicles on the Irish 1600mm Network Page 45 of 147

5.125.

5.126.

5.127.

5.128.

5.129.

5.130.

P25fws [m] — Upwards offset of a Relevant Pantograph Point RPP caused by roll of the pantograph
head at this vehicle/ pantograph design for 25kV

To be defined in a future issue of this IRS.
P25fws max [M] — Absolute permitted maximum of STATIC upwards offset of a Relevant Pantograph
Point RPP caused by roll of the pantograph head for 25kV

To be defined in a future issue of this IRS.

P25hmax wire [M] = Maximum permitted contact wire height in normal coordinates for 25kV

This is the maximum permitted height of the contact wire across all weather conditions (including e.g.
tensioning caused by cold ambient temperatures), including the maximum uplift of the contact wire system (as
caused by a static or passing pantograph), including the maximum contact wire wear and including the
maximum rail wear on the Network.

The value shall apply between the top of rail (at any state of rail wear) and the bottom of the contact wire.

For IRL 1+1D+1F+2 this value is P25hmaxwire = to be defined within a future version of this standard

P25hmin wire [M] = Minimum height of the contact wire in Normal Coordinates for 25kV

This is the minimum permitted height of the contact wire across all weather conditions (including e.g. a drop
caused by icing).
The value shall apply between the top of rail (at any state of rail wear) and the bottom of the contact wire.

For IRL 1+1D+1F+2 this value is Phmin wire = to be defined within a future version of this standard

P25hgir [m] — General Symbol for reference height of a Relevant Pantograph Point RPP on the
raised pantograph in Normal Coordinates, after adjusting the nominal height for the relevant
UPWARDS or DOWNWARDS shifts for 25kV

To be defined in a future issue of this IRS.

P25h; [m] — Nominal height of the rotation centre of a 25kV pantograph’s lower hinge in Normal
Coordinates

The relevant lower hinge is that hinge around which the moveable upper part of the pantograph rotates.

Pantograph Lower Hinge

Figure 16 Pantograph — Nominal Installation Height of lower hinge
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5.131.

5.132.

5.133.

5.134.

5.135.

5.136.

5.137.

5.138.

5.139.

5.140.

P25M.iectric [m] — Minimum static electric safety margin for 25kV
For IRL1, 1D, 1F and 2 Gauges this value is:
P25Melectric =0.270 m

Note: This value has been taken from EN 50119 for 25kV nominal voltage.

P25s0 random [NO unit] — Coefficient of flexibility of reference vehicle for random vehicle roll effects
for pantograph gauging for 25kV

For IRL1, 1D, 1F and 2 Gauges this value is:
P25s0 random = 0.000

Note: Historically all effects caused by random DYNAMIC vehicle roll were assigned only to the Vehicles and no
allowance is provided by the Fixed Installations.

Therefore, P255s0 random is defined as 0.000 m for IRL1, 1D, 1F and 2 Gauges.

For additional Gauges that may become defined in a future version of this IRS, such an allowance may be
present and P2550 random may get a value > 0.000.

P25s0 static [nO unit] — Coefficient of flexibility of reference vehicle for quasi-static vehicle roll effects
for pantograph gauging for 25kV

To be defined in a future issue of this IRS.

P25S0. [m] — Allowance for OUTER Pantograph Relevant Points Overthrow for 25kV

To be defined in a future issue of this IRS.

P25S; [m] — Allowance for INNER pantograph Relevant Points Overthrow for 25kV
To be defined in a future issue of this IRS.

P25t [m] - Lateral displacement of a 25kV pantograph

To be defined in a future issue of this IRS.

P25t, [m] — Allowance for lateral displacement of any Relevant Pantograph Point RPP for 25kV

To be defined in a future issue of this IRS.

P25tm.x [m] — Maximum permitted lateral displacement of any Relevant Pantograph Point RPP for
25kV

To be defined in a future issue of this IRS.

P25n0[°] — Reference value for vehicle dissymmetry ONLY for pantograph gauging for 25kV

To be defined in a future issue of this IRS.

P25t [m] — Lateral construction and installation tolerance of any Relevant Pantograph Point RPP for
25kV

To be defined in a future issue of this IRS.
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5.141. P25t,[m] - Allowance for lateral installation tolerance of any Relevant Pantograph Point for 25kV

To be defined in a future issue of this IRS.

5.142. P25tmax [m] — Maximum permitted lateral construction and installation tolerance of any Relevant
Pantograph Point RPP for 25kV

To be defined in a future issue of this IRS.

5.143. Pbge [m] — 1/2 width of a point at Pxxhsnis: on a Pantograph Reference Profile RP-P
The relevant value shall be selected as appropriate from either RP-P1.skv or RP-Pasky.

5.144. PDpl. e [Mm] — Lateral displacement of OUTER Relevant Pantograph Points RPP for CURVED track
gauging
PDpla curve = Dp|a vehicle + Dp|a track ¥ (Aa track O Aa track (special)) + q*Aa q + Waf(R) * Aawa curve + Wi f(R) * Aawicurve + PZa
Note: In this formula Aa track (special) may be present.

5.145. PDpl, straight [m] — Lateral displacement of OUTER Relevant Pantograph Points RPP for STRAIGHT
track gauging
PDpla straight = Dpla track ¥ Aa track +q * Aa q + WRo * Aawro straight + PZa

5.146. PDpl; e [Mm] — Lateral displacement of INNER Relevant Pantograph Points RPP for CURVED track
gauging
PDplicurve = Dplivehicle + Dplitrack * (Aitrack OF Aitrack (special) + 0 * Aigq +WifR) * Aiwi + Pzi
Note: In this formula Aitrack (special) may be present.

5.147. PDplistraight [m] — Lateral displacement of INNER Relevant Pantograph Points RPP for STRAIGHT
track gauging
PDpl. straight = Dp|| track ¥ Al track +q * A q + Wif(r) * Aiw + Pz

5.148. Pxxhshis: [m] — General Symbol for reference height of a Relevant Pantograph Point RPP on the

raised pantograph in Normal Coordinates, after adjusting the nominal height for the relevant
UPWARDS or DOWNWARDS shifts

Pxxhshirt is used in this IRS to improve readability of the formulae. It shall be replaced as appropriate
by either P1.5hghir or P25hpit.

5.149. Pz, [m] — General symbol for lateral displacement of Relevant Pantograph Points RPP due to roll of
the Vehicle & due to effects caused by Pxxt and Pxxt & as reduced by any associated allowances
provided by the Fixed Installations

Pxxt and Pxxt are used in this IRS to improve readability of the formulae. They shall be replaced as
appropriate by either P1.5t, P25t and P1.51, P257.

Note: The use of the root-sum-square (RSS) element in Pzx follows an approach that is included in the UIC 505
series and the EN 15273 series of standards for the pantograph gauging.

The RSS element has in this IRS also been applied for RPP1 and RPP2 at the highest wire position.
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The RSS element is limited to the random elements Pz1 term; Pz2 term; Pz3 term; Pz4 term which are technically
independent from each other.

The static element (Pz5.1q term— Pz5.24 term) cannot be included within the RSS calculation.

a) for OUTER Relevant Points RPP:
Pz.[m] = [(Pz1 term)? + (Pz2 term)?+ (Pz3 term)?+ (Pz4 term)?]%5 + [Pz5.1. term — Pz5.2. term]
Note: The result of this formula may become negative.

b) for INNER Relevant Points RPP:
Pzi[m] = [(Pz1 term)?+ (Pz2 term)? + (Pz3 term)?+ (Pz4 term)?]®> + [Pz5.1iterm — Pz5.2iterm]

Note: The result of this formula may become negative.

5.150. Pz1term [m] =[s * To/ L * | Pxxhshi— hc| 1 — [PXXSo random * To/ L * | PXXhshite— heo| ]
Note: This term includes:

a) the roll of a pantograph caused by the vehicle - to which the pantograph is fitted - operating on straight or
curved track with the maximum permitted cross level error Tp: [s * To/ L * | Pxxhshif—hc | ]

b) and the associated allowance provided by the Fixed Installations: [PXxSorandom * To/ L * | Pxxhshis— heo| ]

Note: Use for Pxxsorandom as appropriate either P1.550 random Or P2550 random.

5.151. Pz2 term [m] = {[(tan no+ tan ;) * (1 +s) * | Pxxhshit— hc|]
— [tan(Pxxnor) * (1 + PXXSo random) * | PXXhshise— heo | 1}it-0

Pxxnor is used in this IRS to improve readability of the formulae. It shall be replaced as appropriate by
either P1.5n0r or P25no, .

PxXS0 random i Used in this IRS to improve readability of the formulae. It shall be replaced as
appropriate by either P1.55¢ random O P25S0 random.

Note: This term includes:

a) the roll of a pantograph that is caused during operating on straight or curved track by the vehicle’s
dissymmetry and the vehicle’s side bearer clearance: [(tan no+ tan ay) * (1 +5s) * | Pxxhshis— hc|]

b) and the associated allowance provided by the Fixed Installations: [tan(Pxxnor) * (1 + PxxSo random) *
| Pxxhshif— hco| ]

5.152. Pz3 term [m] = {[Pxxt * (PxXhspisi— Pxxh) / (PXXhmax wire — PXXh)]
— [Pxxto * (PxXhshis— PXxxh:) / (PXXNmax wire — PXXht)1}i0
Note: This term includes:

a) the random dynamic lateral displacement of the Relevant Pantograph Points RPP caused by roll of the
pantograph around its lowest hinge on straight and curved track: [Pxxt * (Pxxhshif— Pxxht) / (PxXxhmax wire —
Pxxh:)]

b) and the associated allowance provided by the Fixed Installations: [Pxxto * (Pxxhshif— Pxxht) / (PxXhmax wire —
Pxxh:)]
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c) Use for Pxxt as appropriate either P1.5t or P25t

d) Use for Pxxto as appropriate either P1.5to or P25to

e) Use for Pxxh: as appropriate either P1.5ht or P25h:

f)  Use for Pxxhmax wire as appropriate either P1.5hmax wire OF P25hmax wire

5.153. Pz4 term [m] = (Pxxt — PXXTo)it>0

5.154.

5.155.

5.156.

Note:

a)

b)
c)

This term includes the random static lateral displacement of the Relevant Pantograph Points RPP caused by
Pt and the associated allowance P provided by the Fixed Installations.

Use for Pxxt as appropriate P1.5tor P257

Use for Pxxto as appropriate P1.5t or P25t

Pz5.1, term [m] — ONLY for OUTER Relevant Points RPP

This term includes the roll of the Vehicle and its pantograph that is caused during operation on straight or
curved track by the vehicle’s reaction to Cant and Cant Deficiency to OUTER Relevant Pantograph Points:

Note: These formulae are case dependent and relate to Pxxhsniscand hc !

a)
OR
b)
OR

c)

IF Pxxhshift > he : Pz5.1. term = s * Imaxf(r) / L * (PXXhshir— hc)

IF Pxxhshift = hc: Pz5.1; term = 0.000m

IF Pxxhshiftx< he:  P25.1a term =s * Dmaxfr) / L * (hc— Pxxhshift)

Pz5.1; term [m] — ONLY for INNER Relevant Points RPP

This term includes the roll of the Vehicle and its pantograph that is caused during operation on straight or
curved track by the vehicle’s reaction to Cant and Cant Deficiency to INNER Relevant Pantograph Points:

Note: These formulae are case dependent and relate to Pxxhsniscand hc !

a)
OR
b)
OR

c)

IF Pxxhshift> he : Pz5.1i term = s * Dmaxfr) / L * (PXXhshitt — hc)

IF Pxxhshift = hc: Pz5.1i term = 0.000m

IF Pxxhshit< he: Pz5.1iterm =s * Imaxfr) / L * (hc — Pxxhshift)

Pz5.2, term [m] — ONLY for OUTER Relevant Points RPP

This term includes the allowance that is provided by the Fixed Installations associated with Pz5.1a term.

Note: These formulae are case dependent and relate to Pxxhshisrand heo!

a)

IF Pxxhshift> hco:  Pz5.2a term =Pso static * Imax () / L * (PxXhshif— hco)
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5.157.

5.158.

5.159.

5.160.

5.161.

OR
b) IF Pxxhshift=hco:  P25.2a term = 0.000m
OR

C) IF Pxxhshift =< hco:  P25.2a term = Pso static ¥ Dmaxf(R)/ L* (hco - PXthhift)

Pz5.2; term [m] — ONLY for INNER Relevant Points RPP
This term includes the allowance that is provided by the Fixed Installations associated with Pz5.1; term.
Note: These formulae are case dependent and relate to Pxxhsniscand hco!

a) IF Pxxhsnift> heo:  Pz5.2i term = Psostatic * Dmaxf(r) / L * (Pxxhshitt — heco)
OR

b) IF Pxxhshitt= heo:  Pz5.1i term = 0.000m
OR

c) IF Pxxhshit< hco:  P25.2i term = Psostatic * Imaxf(r) / L * (hco — PxXhshift)

g [m] - Lateral play between wheelset and bogie frame or between wheelset and vehicle body at
vehicle designs not fitted with bogies

R [m] — General symbol for horizontal track radius

Rabsolute min Network [M] = ABSOLUTE minimum horizontal track radius on the Network

Rabsolute min Network= Rso = 80 m

Note: On the Network the normal minimum track radius on mainline track is 150 m.

But mainline track at the following Local Restrictions and vertical Local Restrictions have tighter track Radii:
Rii61trR1=116m
Ri19-1rR1=119m
Rog-vir1=98 m

Also for all Gauges in this IRS and for the complete Network the value of Rnominal min Network = 95 m was defined.

On sidings or in depots the minimum track radius may be Rmin= Rso = 80 m.

Note: For operation in sidings or depots below Rnominal min Network = 95 m it may be required to adjust the coupling
between vehicles (e.g. by lengthening the screw couplings).

Additionally it is permitted to apply a Condition and Limit of Use for a Vehicle design, if this Vehicle design shall
not be operated below Rmin vehicle.

Rhominal min Network[M] — NOMINAL minimum horizontal track radius on the Network

The Minimum horizontal track radius that can be operated by the Vehicle shall for all Gauges in this IRS be at
least Rnominal min Network =95 m.
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5.162.

5.163.

5.164.

Rmin vehice[M] = Minimum track radius of the Vehicle design
The value of Rmin venice shall be between Rabsolute min Network <= Rmin vehicle <=Rnominal min Network. Therefore:

80 m <= Rmin vehicle <= 95 m

SRAC: Where Rminvehicle > 80 m, the related signs ‘MINIMUM RADIUS HORIZONTAL CURVE’ according to
EN15877series shall be applied to the vehicle according to section 8.2. An RU shall not operate the vehicle on
parts of the network where the actual curve radius is below Rmin venicle.

Note: For operation in sidings or depots below 95m curve radius it may be required to adjust the coupling
between vehicles (e.g. by lengthening the screw couplings).

Rxx [m] — Set of all horizontal track Relevant Radii that shall be subject to a gauging calculation

For any Vehicle design, as an absolute minimum, all the following set of radii shall be subject to gauge
calculations:

Ro (for straight track)

R2000 (for R =2000 m)

Raoo (for R =900 m), only relevant for gauging of INNER relevant points.
R2s0.4 (for R = 250.4 m)

Riso (for R = 150 m)

Rso (for R =80 m)

Riie-tr1 (for R =116 m, relevant for LR1)

Ri1o-tr1 (for R =119 m, relevant for LR1)

Raso-tr2 (for R = 280 m, relevant for LR2)

Ros-vir1 (for R = 98 m, relevant for vLR1)

Depending on the individual Vehicle design additional R« values may also become Relevant Radii. For instance,
where any of the input values (ns, ni, w, g, a, etc.) of the Vehicle design depend on curvature 1/R as a function =
f(1/R) and where this function has discontinuities (local minima and maxima as well as local non-linearities) for
Relevant Radii that are not already included in the above list, the associated Rx values shall be taken as
additional Relevant Radii. These shall also become subject to gauging calculations.

s [no unit] — Coefficient of flexibility of the gauged vehicle design
The coefficient of flexibility is a measure of a Vehicle’s flexibility in roll.

Whenever a stationary Vehicle is placed on a canted track whose running surface lies at an angle & to the
horizontal, its body leans on its suspensions and forms an angle n with the perpendicular to the rail level. The
vehicle flexibility coefficient “s” is defined by the ratio:

s=n/é6

More details of this coefficient and determining its value can be found in the EN 15273 series of standards,
EN 14363 and the UIC 505 series.

This value shall either:
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e be measured (e.g. according to EN14363),

e be calculated, unless an applicable legal requirement for vehicle design does not permit the option to
calculate this value.

“u.n
S

may be dependent on load and suspension conditions of the vehicle. All relevant values of “s” shall be
subject to gauging calculations.
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5.165.

5.166.

5.167.

Sorandom [NO unit] — Coefficient of flexibility of the reference vehicle for random DYNAMIC vehicle
roll effects

For IRL1, 1D, 1F and 2 Gauges this value is:
S0 random = 0.25.

Note: This value relates to an allowance for Vehicle DYNAMIC roll that that is provided by the Fixed
Installations.

So static [NO unit] — Coefficient of flexibility of reference vehicle for the STATIC vehicle roll effects
For IRL1, 1D, 1F and 2 Gauges, Sostatic = 0.00

Note: Historically all effects caused by STATIC vehicle roll were assigned only to the Vehicles and no allowance is
provided by the Fixed Installations.

Therefore, sostatic is defined as 0.000 m for IRL1, 1D, 1F and 2 Gauges.
For additional Gauges that may become defined in a future version of this IRS, such an allowance may be

present and sostatic may get a value >0.000.

Sox [m] = Various elements related to allowed overthrow

In curves the RP is widened by an allowed inner and an allowed outer overthrow. This allowance is provided by
the Fixed Installations. The allowed inner or allowed outer overthrow is embedded within the calculation rules
for the VCG (and also within those for NG and MG).

Note: The allowed inner or allowed outer overthrows for the Network have in the past been defined based a
combination of parameters:
a) Geometric Overthrow

The Fixed Installation shall keep free the geometric inner and outer overthrows which are required by the
Irish Reference Vehicle 1 for horizontal overthrows.

This reference vehicle is a virtual vehicle that is influenced by certain dimensions of the historic CIE ‘Park
Royal’ and other dimensions of the CIE ‘Laminated’ coach types. It has:

e anoverall body length of = 18.745 m;

e adistance between the GCSs of ao=13.411 m;

® 0 Naomax=(18.745 m-13.411 m)/2 = 2.667 m;

®  dnNiomax=0do/ 2;

e a maximum body width of 3.098 m between the GCSs (based on the Park Royal type);
e g maximum body width of 3.048 m outside the GCSs (based on the Laminated type);
o aso=0.25

e aho=05m,

e aqo=0.0m.

Due to a historic decision for which the reason is not known, the allowed overthrows became defined by
ignoring the effect of bogie throw. Therefore po= 0 m and Wiofr) = Waofr) = 0 m. Thus, the Irish Reference
Vehicle was defined as a virtual two axle coach with a wheelset distance of 13.411 m.

Furthermore, no allowance was made for q and therefore go= 0.0 m.

Since the 1980s significant sections of the network have been maintained or modified to these allowed
overthrows.
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b)

This has since caused operational restrictions for still existing historic ‘Park Royal’ and ‘Laminated’ coaches
as these vehicles have in reality clearly values for p, wigr), Wafr), q that are all >0 m which causes these
vehicles to require a wider gauge than that which is actually provided since the introduction of the new
gauging rules in the 1980s. Until these vehicles are completely removed from operation, special
operational restrictions apply to them.

New vehicles or modifications to existing vehicles may not use these special operational restrictions to
ensure interoperability on the Network.

The values of Soi geometric and Soa geometric are functions f(R) of the track curvature (1 /R):
Soa geometric f(R) = (GO * Naomax + Naomax”2 - (Aa bogie *po"Z)/4) / (ZR) =21.440 [m2] * (1 /R)
SOIgeometric f(R) = (Go * Niomax - Niomax2 + (Aibagie * pa"2)/4)/ (ZR) =22.482 [mZ] * (1 /R)

Reduction of INNER Overthrow at IRL 1/1D/1F
(This reduction is NOT defined for Gauge IRL 2.)

The allowed INNER overthrow Soi geometric fir) in curves has historically become reduced by an additional
reduction Soi reduction = 25mm between two adjacent tracks with the additional condition that (Soi geometric -
Soi reduction) shall never come negative.

Therefore:
(SOI' geometric = Soi reduction)if>0

The reason for the historic introduction of this additional reduction is not known. (It is possible, that it was
originally intended to be applied to OUTER points, to encourage the tapering of the extreme ends of long
coaches, but in the largest currently operating fleet on the network (IE-RU 22000 DMUs, since 2007) this
reduction has been applied to the INNER points which can now not be ignored.)

This reduction causes a non-linearity for the INNER points gauging and thus a Relevant Radius at
Rso0=900 m.

This additional reduction only affects points on a RP that may come close to another RP on an adjacent
line. It affects therefore only such INNER points on a vehicle design which can reach with their height hspis:
a value between

b.1) EXCEPT for gauging at LR1 of LR2:

hsoi reduction Min = < hshit <= Ns0i reduction MAX
b.2) ONLY for gauging at LR1:

hsoi LR1 reduction MiN = < hshift <= Ns0i LR1 reduction MAX
b.3) ONLY for gauging at LR2:

hsoi LR2 reduction MiN = < hshift <= Ns0i LR2 reduction MAX

These heights are determined by the intersections of the RP and a line parallel to its outer lateral face with
a horizontal offset of 25mm.

The values for Nsoi reduction Xx are provided together with the RPs.
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Figure 17 Soireduction for IRL1, IRL1D and IRL1F, EXCEPT for gauging at the Local Restrictions LR1 and LR2
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Figure 18 Soireduction for gauging at Local Restriction LR1
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Figure 19 Soi reduction for gauging at Local Restriction 2
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In tight curves with radii 150 m > R >= 80 m an additional allowance for inner and outer overthrows is
required to avoid unacceptable reductions to the width of vehicles with longer wheelbases than the
reference vehicle.

This applies to all Gauges IRL 1/1D/1F/2.

The additional enlargements provided by the Fixed Installations are:

Soa enlargement = (15 m?* (1 /R) -0.1 m)1f>0

SOienIargement= (15 m?* (1 /R) -0.1 m)if>0

These additional enlargements cause a non-linearity for gauging of INNER points and OUTER points at the

Relevant Radius Riso= 150 m.

5.168. So.[m] - Allowance for the overthrow of OUTER Relevant Points RMP, REP
For any curve radius between straight track Ro and Rso = 80 m:

Soa = Soa geometric Soa enlargement

5.169. Soa enlargement [M] — Enlargement of OUTER overthrow for R<150 m

Soa enlargement = (15 m?2 * (1 / R) -0.1 m)if>0
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5.170. Socageometric [M] — Geometric OUTER overthrow of Reference Vehicle
Permitted allowance for OUTER overthrow representing the reference vehicle.
This applies to all Gauges IRL 1/1D/1F/2.

Soa geometric = 21.440 m? * (1 / R)

5.171. Sei[m] - Allowance for the overthrow of INNER Relevant Points RMP, REP
a) atIRL1/1D/1F:
For any curve radius between straight track Ro and Rso = 80 m:
Soi = (Soi geometric — Soi reduction)if>0 + Soi enlargement

Note: The formula element ‘if > 0’ causes a non-linearity of this function at Rsoo. Reoo is therefore a
Relevant Radius.

b) atIRL2:
For any curve radius between straight track Ro and Rso = 80 m:

Soi = Soi geometric + Soi enlargement

5.172. Soieniargement [M] — Enlargement of INNER overthrow for R<150 m
SOienIargement = (15 m?2 * (1 / R)) -0.1 m)if>0

Note: As this formula only applies for R < 150 m, it creates a Relevant Radius at Riso.

5.173. Soigeometric [M] — Geometric INNER overthrow of Reference Vehicle
Permitted allowance for INNER overthrow representing the reference vehicle.
This applies to all Gauges IRL 1/1D/1F/2.

Soi geometric = 22.482 m?* * (1/ R)

5.174. Soireduction [M] - Reduction of INNER overthrow ONLY for IRL1/1D/1F

Reduction within the Allowed Inner Overthrow. This value is case dependent and depends on hshir: of a Relevant
Point:

a) EXCEPT for LR1 and LR2:
IF hsoi reduction MIN =< hshift <= hsoi reduction MAX : Soi reduction = 0.025 m

ELSE: Soi reduction = 0.000 m

b) ONLY for LR1:

IF hsoi LR1 reduction MIN =< hshift <= hisoi LR1 reduction MAX : Soi reduction = 0.025 m
ELSE: Soi reduction = 0.000 m

c) ONLY for LR2:
IF hsoi LR2 reduction MIN =< hishift <= his0i LR2 reduction MAX : Soi reduction = 0.025 m

ELSE: Soi reduction = 0.000 m

d) ONLY for vLR1:
IF hsoi reduction MIN =< hshift-vLR1 <= hs0i reduction MAX Soi reduction = 0.025 m
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ELSE: Soi reduction = 0.000 m
5.175. Tp [m] - Maximum permitted random cross level error of the track expressed as cant

5.176.

5.177.

5.178.

5.179.

5.180.

5.181.

5.182.

For IRL1, 1D, 1F and 2 Gauges this value is:

To =0.020 m

Tn [m] - Maximum permitted vertical alignment error of the track in normal coordinates
For IRL1, 1D, 1F and 2 Gauges this value is:

Tn=0.025m

Tosc xx [M] — General symbol for allowance for vehicle roll due to random imperfections within
wheel-rail contact.

This element is expressed as an additional cross level error or cant.

Tosc straight&oc NTq [M] — For Fixed Installations next to straight track or next to the outside of curves.
For normal track quality = this shall be assigned to any track other than slab track with normal track quality.
For IRL1, 1D, 1F and 2 Gauges this value is:

Tosc straight&oc NTQ = 0.065m

Tosc straight&oc vaTa [M] - For Fixed Installations next to straight track or next to the outside of curves.
For very good track quality = this may be assigned to slab track of very good track quality.
For IRL1, 1D, 1F and 2 Gauges this value is:

Tosc straight&oc VGTQ = 0.039m

Toscstraight&oc LR [M] - For Fixed Installations next to straight track or next to the outside of curves.
For LR1 where the dynamic roll is reduced by a civil line speed of 16 km/h.
For IRL1, 1D, 1F and 2 Gauges this value is:

Tosc straight&oc LR1 = 0.039m

Tosc straight&oc Lr2 [M] - For Fix Installations next to straight track or next to the outside of curves.
For LR2 where the dynamic roll is reduced by a civil line speed of 32 km/h.
For IRL1, 1D, 1F and 2 Gauges this value is:

Tosc straight&oc LR2 = 0.039m

Toscicntq [M] - For Fixed Installations next to the inside of curves.
For normal track quality = this shall be assigned to any track other than slab track with normal quality.
For IRL1, 1D, 1F and 2 Gauges this value is:

Toscic NTQ = 0.013 m
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5.183. Toscstraightsoc vera [M] - For Fixed Installations next to the inside of curves.
For very good track quality = this may be assigned to slab track of very good track quality.
For IRL1, 1D, 1F and 2 Gauges this value is:

Toscic VGTQ = 0.007 m

5.184. ToscstraightsocLr1 [M] - For Fixed Installations next to the inside of curves.
For LR1 where the dynamic roll is reduced by a civil line speed of 16 km/h.
For IRL1, 1D and 1F Gauges this value is:

Toscictrr = 0.007 m

5.185. Toscstraightaocirz [M] - For Fixed Installations next to the inside of curves.
For LR2 where the dynamic roll is reduced by a civil line speed of 32 km/h.
For IRL1, 1D and 1F Gauges this value is:
Toscictrz = 0.007m
5.186. T.usp [°] - Allowance for vehicle roll due to a dissymmetry caused by a random uneven suspension
setup within the reference vehicle.
For IRL1, 1D, 1F and 2 Gauges this value is:
Tsusp = 0.77°
5.187. Tiack [M] - Allowance for the permitted lateral alignment error of the track centre line, EXCEPT for
LR1 & LR2
For IRL1, 1D, 1F and 2 Gauges this value is:

Ttrack = 0.025m

5.188. Tirack-Lr1 [Mm] — ONLY for LR1: Allowance for the permitted lateral alignment error of the track centre
line

For IRL1, 1D and 1F Gauges this value is:

Ttrack-l1R1 = 0.025m

5.189. Tirack-tr2 [M] - ONLY for LR2: Allowance for the permitted lateral alignment error of the track centre
line

For IRL1, 1D and 1F Gauges this value is:

Ttrack-L1R2 = 0.025m

5.190. Vmax-tr1 [Mm] - Maximum permitted civil line speed at LR 1
For IRL1, 1D and 1F Gauges this value is:

Vmax-lR1 = 16 km/h
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5.191. Vmax-r2 [M] - Maximum permitted civil line speed at LR 2
For IRL1, 1D and 1F Gauges this value is:

Vmax-LR1 = 32 km/h

5.192. Vmaxvir: [M] - Maximum permitted civil line speed at vLR 1
For IRL1, 1D and 1F Gauges this value is:

Vmax-virl = 16 km/h

5.193. vDplaz00[m] — Only for vLR1 gauging: Term for vehicle related VERTICAL displacement on vertical
track radius vR7o for OUTER Relevant Points RMP / REP

vDplazo0 = (@ * na+ na?—(p?/ 4)) / (2 * vR700)

Note: Background information on the development of this formula can be found in of UIC 505-5 (2010). This term
is sometimes referred to as “vertical end throw”.

5.194. vDpl.iooo [m] — Term for vehicle related VERTICAL displacement on vertical track radius vRigoofor
OUTER Relevant Points RMP / REP

vDplai000 = (@ * na+ na?—(p?/ 4)) / (2 * vR1000)

Note: Background information on the development of this formula can be found in of UIC 505-5 (2010). This term
is sometimes referred to as “vertical end throw”.

5.195. vDplizoo [Mm] — Only for vLR1 gauging: Term for vehicle related VERTICAL displacement on vertical
track radius vR7o for INNER Relevant Points RMP / REP

vDplizoo = (@ * ni—ni?+ (p?/ 4)) / (2 * VR700)

Note: Background information on the development of this formula can be found in of UIC 505-5 (2010). This term
is sometimes referred to as “vertical inner throw”.

5.196. vDpliiooo [m] — Term for vehicle related VERTICAL displacement on vertical track radius vRigoofor
INNER Relevant Points RMP / REP

vDplitooo = (a * ni—ni2+ (p?/ 4)) / (2 * vR1000)

Note: Background information on the development of this formula can be found in of UIC 505-5 (2010). This term
is sometimes referred to as “vertical inner throw”.

5.197. vRio00 [M] (= VRmin)— Minimum VERTICAL track radius (for dip or hill) for any gauging calculation,
EXCEPT for vLR1.

For IRL1, 1D, 1F and 2 Gauges VR1000 =1000 m.

5.198. vR700 [M] (= VRmin-vir1) = ONLY for vLR1 gauging: Minimum VERTICAL track radius at vLR1 (for dip or
hill).

For IRL1, 1D and 1F Gauges - NOT for IRL2 Gauge: VRmin-vtr1 = VR700 = 700 m.

5.199. vSo«— General symbol for Geometric VERTICAL shift allowance provided by the Fixed Installations

Note: Due to historic definitions this is based on a 2-axle reference vehicle 2 with:

e q=16.000m
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e p=0.000m

° Namax=3.314 m

5.200. vSqageometriczoo [M] — ONLY for vLR1: Geometric OUTER VERTICAL shift allowance provided by the
Fixed Installations

VSo0a geometric 700 = (32 [mz] * (1 / VR700)) +0.016 [m] =0.062m

Note: This includes an additional allowance of 0.016 m that is provided by the Fixed Installations at vLR1.

5.201. vSqageometricioo0 [M] — Geometric OUTER Relevant Points VERTICAL shift allowance provided by the
Fixed Installations, EXCEPT for vLR1

VS0a geometric1000 = 32 m? * (1 / vR1o000) = 0.032m

5.202. vSoigeometriczoo [m] — ONLY for vLR1: Geometric OUTER VERTICAL shift allowance provided by the
Fixed Installations

vSoi geometric 700 = (32 m?2 * (1 / VR700)) +0.016 m=0.062 m

Note: This includes an additional allowance of 0.016 m that is provided by the Fixed Installations at vLR1.

5.203. vSoigeometriciooo [M] — Geometric OUTER VERTICAL shift allowance provided by the Fixed Installations,
EXCEPT for vLR1

vSoi geometric = 32 m?* (1 / VRlOOO) =0.032 m

5.204. wgo Or W, sr) Or Wisr) [m] — Various values for lateral play between bogie and vehicle body

Wro applies for straight track. This value is symmetrical to both sides of the Vehicle and does not differentiate
between wa and wi.

Depending on the vehicle design, wi and wa can be 0.00 m or >0m, both can depend on curvature (1/R) and
both can have different values for the same Radius. Examples:

thiz non-linearity
establishes an
additional
w, i i i Relevant Radius
\ L
R e R pTL
r\ I F ﬁ I { \ GCS
A4 I I 1
O | ] — 6es
A\ | N L1 J

Figure 20 Examples for different lateral play behaviours between bogie and vehicle body.

Top view on bogie (black) with centre pivot/plunger (red).

Define the following values for the actual vehicle:
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Set all values to wx=0.000 m if no bogie is present.
WRo
Wa R2000
Wa R900
Wa R250.4
Wa R150
Wa R80
Wa R116-LR1
WaR119-LR1
Wa R280-LR2
Wa R98-vLR1
Wa Radd1
Wi R2000
Wi R900
Wi R250.4
Wi R150
Wi R80
Wi R116-LR1
Wi R119-LR1
Wi R280-LR2
Wi R98-vLR1
Wi Radd1

Wi Radd2

5.205. z,x [m] — General symbol for lateral displacement caused to Relevant Points RMP, REP by roll of the
vehicle and as reduced by any associated allowances provided by the Fixed Installations

5.206. z, [m] —Lateral displacement caused to OUTER Relevant Points RMP, REP by roll of the vehicle and
as reduced by any associated allowances provided by the Fixed Installations
For OUTER Relevant Points RMP, REP:
za[m] = (z1 term) + (22 term) + (z3.1. term - z3.2, term)

Note: The result of this formula may become negative.
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5.207.

5.208.

5.209.

5.210.

z; [m] —-Lateral displacement caused to INNER Relevant Points RMP, REP by roll of the vehicle and
as reduced by any associated allowances provided by the Fixed Installations

For INNER Relevant Points RMP, REP:
zi[m] = (z1 term) + (z2 term) + (23.1i term — 23.2i term)

Note: The result of this formula may become negative.

z1 term
a) EXCEPT for gauging at vLR1:

z1term=[s * To/L* |hnom— hc|]=[Sorandom * To/ L * | hshif— heo |]
Note: This term includes:

b) the roll of the Vehicle that is caused by the vehicle operating on straight or curved track with the maximum
permitted cross level error To: [s * To/L * |hnom—hc |]

¢) and the associated allowance provided by the Fixed Installations: [Sorandom * To/ L * | hshise— heo |)]
d) ONLY for gauging at vLR1:

zlterm=s * TD/ L* | hnom = he |]— [Sorandom * TD/ L* | hshift-viri— heo |]

z2 term

a) EXCEPT for gauging at vLR1:

z2 term = {[(tan Mo+ tan (XJ) * (1 + S) * |hnom- he |] - [tan 1’]0r* (1 + So random) * |hshift— hco| ]}if>0

b) ONLY for gauging at vLR1:

72 term = {[(tan Mo+ tan au) * (L +5) * |hnom-hc|]— [tan nor * (1 + Sorandom) * | hshiftviri— heo| ]}if>0
Note: This term includes:

a) the roll of the Vehicle body that is caused during operating on straight or curved track by the vehicle’s
dissymmetry and the Vehicles side bearer clearance: [(tan 1o+ tan cu) * (1 +5) * | hnom— hc|]

b) and the associated allowance provided by the Fixed Installations: [tan 1or * (1 + Sorandom) * | hshift— heol ]

Note: The element ‘... }is>0” ensures, that no vehicle to be operated on the Network can become systematically
enlarged through the application of a very low value for no.

23.1, term — ONLY for OUTER Relevant Points RMP, REP

This term includes the roll of the Vehicle that is caused during operation on straight or curved track by the
Vehicle’s reaction to Cant and Cant Deficiency at OUTER Relevant Points RMP, REP:

Note: These formulae are case dependent and relate to hnom and hc!

a) IF hnom >hc: z3.1aterm=s* |maxf(R)/ L* (hnom- hc)
OR
b) IF hnom=hc: 23.1; term = 0.000 m

OR
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5.211.

5.212.

5.213.

C) IF hnom<hc: 23.l.term=s* Dmaxf(R)/ L* (hc— hnom)

23.2, term — ONLY for OUTER Relevant Points RMP, REP

This term includes the allowance that is provided by the Fixed Installations in association with the z3.1a term.
When gauging at a vertical Local Restriction, hsnit shall in all cases below become replaced by hshift-vir1.

Note: These formulae are case dependent and relate to hsnisand hco!

EXCEPT for gauging at vLR1, the terms a), b) or c) apply:

a) IF hshife> heo: 23.2a term = sostatic * Imaxf(r) / L * (hshif— hco)
OR

b) IF hshift= hco: 23.2, term = 0.000 m
OR

c) IF hshit < heo: 23.2a term = Sostatic * Dmaxf(r) / L * (hco— hshitt)

ONLY for gauging at vLR1, the terms d), e) or f) apply:

d) IF hshiftwri> heo:  23.2a term = Sostatic * Imaxf(r) / L * (hshift-vir — hco)
OR

e) IF hshiftviri= heo:  23.2a term = 0.000 m

OR

f)  IF hshifwiri< heo: 23.2a term = sostatic * Dmaxf(r) / L * (hco— hshift-vir)

23.1; term — ONLY for INNER Relevant Points RMP, REP

This term includes the roll of the Vehicle that is caused during operation on straight or curved track by the
Vehicle’s reaction to Cant and Cant Deficiency at INNER Relevant Points RMP, REP:

Note: These formulae are case dependent and relate to hnom and hc!

a) IF hnom> he: z3.1iterm =s * Dmaxf(R) / L * (hnom— h¢)
OR

b) IF hnom= hc: z3.1i term = 0.000 m
OR

c) IFhnom<he: 23.1iterm = s * Imaxf(r) / L * (hc— hnom)

23.2; term — ONLY for INNER Relevant Points RMP, REP

This term includes the allowance that is provided by the Fixed Installations in association with the z3.1; term.
When gauging at a vertical Local Restriction, hsnit shall in all cases below become replaced by hshift-vira.

Note: These formulae are case dependent and relate to hsnisand hco!

EXCEPT for gauging at vLR1, the terms a), b) or c) apply:

a) IF hshift> heo: 23.2; term = Sostatic * Dmax f(r) / L * (hshitt— hco)
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OR
b) IF hshift= hco: 23.2; term = 0.000 m
OR
C) IF hshift< thi z3.2iterm = SOstatic* |maxf(R)/ L* (th - hshift)

5.214.

5.215.

5.216.

ONLY for gauging at vLR1, the terms d), e) or f) apply:
d) IF hshiftwtre > heo: 23.2i term = sostatic * Dmax #(r) / L * (hshift-vire— heo)
OR
e) IF hehiftwiri = heo: 23.2i term = 0.000 m
OR
f)  IF hshitviri< heo: 23.2i term = Sostatic * Imax#(r) / L * (hco — hshift-vir1)
a; [m] — Additional vehicle body roll angle caused where the side bearer gap J is greater than J,.
Note: The roll effect caused by a side bearer gap up to Jo is included within 1or.
= arctan((J — Jo)ir0 / be)
Ab, [m] - Lateral distance in Normal Coordinates between b,.m of an individual OUTER Relevant
Point RMP, REP at a given height and the VCG for that same Relevant Point

Aba = (allowance provided by the Fixed Installations for that Relevant Point) — (width required by the Vehicle for
that Relevant Point)

a)  ONLY for straight track gauging:

Aba = (bRP + SOa) - (bnom + DP'a straight)

b)  ONLY for curved track gauging:
Aba = (bre + Soa) — (brom + Dpla curve)
A value >= 0.000 m indicates that the vehicle design is compatible with the selected Gauge.

A value < 0.000 m indicates that the vehicle design is not compatible with the selected Gauge.

Ab; [m] — Lateral distance in Normal Coordinates between b,.m of an individual INNER Relevant
Point RMP, REP and the VCG for that same Relevant Point

Abi = (allowance provided by the Fixed Installations for that Relevant Point) — (width required by the Vehicle for
that Relevant Point)

a) ONLY for straight track gauging:

Abi = (bre + Soi) = (bnom + Dpli straight)

b)  ONLY for curved track gauging:

Abi = (bre + Soi) = (bnom + Dpli curve)
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5.217.

5.218.

5.219.

5.220.

A value >= 0.000 m indicates that the vehicle design is compatible with the selected Gauge.

A value < 0.000 m indicates that the vehicle design is not compatible with the selected Gauge.

AKi2.22xe [M] — Maximum permitted differential vertical wheel wear at the same axle
Aki2.2axe shall be taken from the maintenance manual of the vehicle.

However, it shall at least be >=2mm.

AKi2.2venice [M] — Maximum permitted differential vertical wheel wear at the same vehicle
Aki2.2venicle shall be taken from the maintenance manual of the vehicle.

However, it shall at least be >=5mm.

APb, [m] - Lateral distance in Normal Coordinates between Pb,om of an individual OUTER Relevant
Point RPP at a given height and the VCG for that same Relevant Pantograph Point RPP

APba = (allowance provided by the Fixed Installations for that Relevant pantograph Point) — (width required by
the vehicle’s pantograph for that Relevant pantograph Point)

a)  ONLY for straight track gauging:

APba = (PbRP+ PXXSOa) - (anom"’ PDpla straight)

b)  ONLY for curved track gauging:

APba = (Pbre + PxXS0a) — (Pbnom + PDpla curve)

PxxSoa is used in this IRS to improve readability of the formulae. It shall be replaced as appropriate by
either P1.5S0a rppx OF P25S0; .

A value >= 0.000 m indicates that the vehicle design is compatible with the selected Gauge.

A value < 0.000 m indicates that the vehicle design is not compatible with the selected Gauge.

APb; [m] - Lateral distance in Normal Coordinates between b,.m of an individual INNER Relevant
Point RPP at a given height and the VCG for that same Relevant Pantograph Point RPP

APbi= (allowance provided by the Fixed Installations for that Relevant pantograph Point) — (width required by
the vehicle’s pantograph for that Relevant pantograph Point)

a)  ONLY for straight track gauging:

APb; = (PbRP+ PXXSOi) - (anom + PDP'istraight)

b)  ONLY for curved track gauging:

APb; = (PbRP+ PXXSOi) - (anom + PDP'icurve)

PxxSoiis used in this IRS to improve readability of the formulae. It shall be replaced as appropriate by
either P1.5Sg; rppx OF P25Sg; .

A value >=0.000 m indicates that the vehicle design is compatible with the selected gauge.
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A value <0.000 m indicates that the vehicle design is not compatible with the selected gauge.
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5.221. no[°] - Actual value of the vehicle design’s dissymmetry

Angle of dissymmetry of the actual vehicle design against the theoretical vehicle centre line as caused by
construction tolerances, suspension imperfections and unequal vehicle mass / load distribution. Dissymmetry
shall either:

e be measured; or
e be calculated.
5.222. nof°] — Reference value for vehicle dissymmetry

Nor =1° is taken into account by the Fixed Installation for IRL1, 1D, 1F and 2 Gauges.
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6. Reference Profiles

The figure below provides an informative overview of:
e the RP-M for IRL1 (with LR1 and LR2)
e the RP-M for IRL1D (with LR1 and LR2)
e the RP-M for IRL1F (with LR1 and LR2)
e the RP-M for IRL2
and

e the RP-PforIRL1, 1D, 1F, 2

Figure 21 Overview on RP-Ms and RP-P1.skv
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6.1. Mechanical Reference Profiles RP-Ms for IRL1

Note: IRL1 Gauge is the smallest gauge defined in this IRS and is according to an information obtained from IE-
IM (in 2024) available on the complete Network.

All values are given in Normal Coordinates in the unit [m]. All RMPs shall be gauged against the RP-M shown
below.

A vehicle that complies with the IRL1 Gauge, also complies with the IRL1D, IRL1F and IRL2 Gauges.

IRL1 Reference Profile IRL1 Reference Profile for LR1 IRL1 Reference Profile for LR2

Point hre (m) bge (M) hge (M) bge (M) hge (M) bre (M)
P1 0.094 0.000

P2 0.094 0.936

P3 0.127 0.936

P4 0.127 1.452

P5 0.965 1.452

P6 (AT point) 1.051 1.659 1.024 1.595 1.028 1.604
P7 (AT point) 1.215 1.659 1.215 1.595 1.215 1.604
P8 (AT point) 3.488 1.623 3.545 1.556 3.538 1.565
P9 3.655 1.428

P10 3.789 1.262

P11 3.888 1.117

P12 3.996 0.924

P13 (PT point) | 4.076 0.691

P14 4.076 0.000

IRL1 Gauge has the Local Restrictions LR1, LR2 and the vertical Local Restriction vLR1 which shall be considered
during the gauging calculations.

Note: The following heights define by MINIMAL and MAXIMAL heights the interval in which the gauging
calculations shall include Local Restrictions LR1, LR2. (Refer to section 4.1.22.3 for further details.)

hLr1 hLr1 hir2 hLr2
MIN MAX MIN MAX
1.024 3.545 1.028 3.538

Soi reduction applies at this Gauge.

The following dimensions define by MINIMAL and MAXIMAL heights the interval in which the gauging
calculations shall include Soi reduction.

hsoi hsoi hsoi Lr1 hsoi Lr1 hsoi Lr2 hsoi LR2
reduction reduction reduction reduction reduction reduction
MIN MAX MIN MAX MIN MAX
1.041 3.509 1.014 3.567 1.018 3.559

Note: Refer to section 5.167 for further details.
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The WHEEL ZONE may only be used for the wheels or for Relevant Mechanical Points of equipment that is for
technical reasons required to be in close proximity to the wheels and near to the rail (e.g. items such as
sandpipes). Such equipment shall remain within the swept profile of the wheels and may not protrude laterally
or downwards outside of the WHEEL ZONE at any horizontal or vertical curve radius and at any track gauge up
t0 lmax =1.630m.

Figure 22 RP-Ms for IRL1, IRL1 LR1 and IRL1 LR2
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6.2. Mechanical Reference Profiles RP-Ms for IRL1D

Note: IRL1D Gauge is based on IRL1 and has been enlarged in the upper section to permit the operation of
modern multiple unit vehicles with extensive roof top equipment. IRL1D Gauge is only available on certain parts
of the Network.

All values are given in Normal Coordinates in the unit [m]. All RMPs shall be gauged against the RP-M shown
below.

A vehicle that complies with the IRL1D Gauge, also complies also with the IRL1F and IRL2 Gauges.

IRL1D Reference Profile IRL1D Reference Profile for LR1 IRL1D Reference Profile for LR2

Point hre (m) bge (M) hge (M) bge (M) hge (M) bre (M)
P1 0.094 0.000

P2 0.094 0.936

P3 0.127 0.936

P4 0.127 1.452

P5 0.965 1.452

P6 (AT point) 1.051 1.659 1.024 1.595 1.028 1.604
P7 (AT point) 1.215 1.659 1.215 1.595 1.215 1.604
P8 (AT point) 3.488 1.623 3.545 1.556 3.538 1.565
P9 3.655 1.428

P10 3.736 1.405

P11 3.850 1.255

P12 3.940 1.107

P13 4.035 0.908

P14 (PT point) 4.076 0.812

P15 4.076 0.000

IRL1D Gauge has the Local Restrictions LR1, LR2 and the vertical Local Restriction vLR1 which shall be
considered during the gauging calculations.

Note: The following heights define by MINIMAL and MAXIMAL heights the interval in which the gauging
calculations shall include Local Restrictions LR1, LR2. (Refer to section 4.1.22.3 for further details.)

hLr1 hLr1 hir2 hLr2
MIN MAX MIN MAX
1.024 3.545 1.028 3.538

Soi reduction applies at this Gauge.

The following dimensions define by MINIMAL and MAXIMAL heights the interval in which the gauging
calculations shall include Soi reduction.

hsoi hsoi hsoi LR1 hsoi LR1 hsoi Lr2 hsoi Lr2
reduction reduction reduction reduction reduction reduction
MIN MAX MIN MAX MIN MAX
1.041 3.509 1.014 3.567 1.018 3.559

Note: Refer to section 5.167 for further details.
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The WHEEL ZONE may only be used for the wheels or for Relevant Mechanical Points of equipment that is for
technical reasons required to be in close proximity to the wheels and near to the rail (e.g. items such as
sandpipes). Such equipment shall remain within the swept profile of the wheels and may not protrude laterally
or downwards outside of the WHEEL ZONE at any horizontal or vertical curve radius and at any track gauge up
t0 lmax =1.630m.

Figure 23 RP-Ms for IRL1D, IRL1D LR1 and IRL1D LR2
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6.3. Mechanical Reference Profiles RP-Ms for IRL1F

Note: IRL1F Gauge is based on IRL1 and has the upper section enlarged to permit the operation of certain multi-

modal container and vehicle combinations. The IRL1F Gauge is only available on certain parts of the Network.

All values are given in Normal Coordinates in the unit [m]. All RMPs shall be gauged against the RP-M shown

below.

A vehicle that complies with the IRL1F Gauge, also complies also with the IRL2 Gauge.

IRL1F Reference Profile IRL1F Reference Profile for LR1 IRL1F Reference Profile for LR2

Point hgp (m) bgp (m) hgp (m) bgp (m) hgp (m) bgp (m)
P1 0.094 0.000

P2 0.094 0.936

P3 0.127 0.936

P4 0.127 1.452

P5 0.965 1.452

P6 (AT point) 1.051 1.659 1.024 1.595 1.028 1.604
P7 (AT point) 1.215 1.659 1.215 1.595 1.215 1.604
P8 (AT point) 3.488 1.623 3.545 1.556 3.538 1.565
P9 3.655 1.428

P10 3.845 1.428

P11 3.901 1.338

P12 3.999 1.143

P13(PT point) 4.076 0.812

P14 4.076 0.000

IRL1F Gauge has the Local Restrictions LR1, LR2 and the vertical Local Restriction vLR1 which shall be

considered during the gauging calculations.

Note: The following heights define by MINIMAL and MAXIMAL heights the interval in which the gauging
calculations shall include Local Restrictions LR1, LR2. (Refer to section 4.1.22.3for further details.)

hLr1 hLr1 hir2 hLr2
MIN MAX MIN MAX
1.024 3.545 1.028 3.538

Soi reduction applies at this Gauge.

The following dimensions define by MINIMAL and MAXIMAL heights the interval in which the gauging
calculations shall include Soi reduction.

hsoi hsoi hsoi Lr1 hsoi Lr1 hsoi Lr2 hsoi LR2

reduction reduction reduction reduction reduction reduction

MIN MAX MIN MAX MIN MAX
1.041 3.509 1.014 3.567 1.018 3.559

Note: Refer to section 5.167 for further details.
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The WHEEL ZONE may only be used for the wheels or for Relevant Mechanical Points of equipment that is for
technical reasons required to be in close proximity to the wheels and near to the rail (e.g. items such as
sandpipes). Such equipment shall remain within the swept profile of the wheels and may not protrude laterally
or downwards outside of the WHEEL ZONE at any horizontal or vertical curve radius and at any track gauge up

to Emax =1.630m.

Figure 24 RP-Ms for IRL1F, IRL1F LR1 and IRL1F LR2
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6.4. Mechanical Reference Profile RP-M for IRL2

Note: The IRL2 Gauge is based on IRL1 and has been enlarged in the upper section to permit taller vehicles and
larger combinations of vehicles and multi-modal containers to operate. The IRL2 Gauge is not yet made
systematically available on the Network.

All values are given in Normal Coordinates in the unit [m]. All RMPs shall be gauged against the RP-M shown

below.
IRL2 Reference Profile

Point hge (M) bge (M)

P1 0.094 0.000
P2 0.094 0.936
P3 0.127 0.936
P4 0.127 1.452
P5 0.965 1.452
P6 (AT point) 1.051 1.659
P7 (AT point) 1.215 1.659
P8 (AT point) 3.488 1.623
P9 (AT & PT point) 4.073 1.610
P10 (PT point) 4.076 0.812
P11 4.076 0.000

Note: As neither (vertical) Local Restrictions nor Soireduction apply to this Gauge, neither LOWER and UPPER limit
heights for the lateral Local Restrictions nor for Soi reduction apply.
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The WHEEL ZONE may only be used for the wheels or for Relevant Mechanical Points of equipment that is for
technical reasons required to be in close proximity to the wheels and near to the rail (e.g. items such as
sandpipes). Such equipment shall remain within the swept profile of the wheels and may not protrude laterally
or downwards outside of the WHEEL ZONE at any horizontal or vertical curve radius and at any track gauge up
t0 lmax =1.630m.

Figure 25 Reference Profile for IRL2 Gauge



Irish Railway Standards IRS-401-A
Kinematic Gauging for Vehicles on the Irish 1600mm Network Page 78 of 147

6.5. Pantograph Reference Profile RP-P1 sk for IRL 1, 1D, 1F, 2 for 1.5 kV DC nominal voltage

Note: The Combined Pantograph Reference Profile for IRL 1, 1D, 1F, 2 for 1.5 kV DC nominal voltage is only
available at certain parts of the Network. Only in these parts it is permitted to raise Vehicle pantographs.

The following dimensions define the Pantograph Reference Profile. These are given in Normal Coordinates in
the unit [m]. All RPPs shall be gauged against the RP-P shown below.

RP-Py sy for IRL 1, 1D, 1F, 2
for 1.5 kV DC nominal voltage
Point hge (M) bge (M)
P1 3.547 0.000
P2 3.547 1.112
P3 3.930 1.112
P4 5.550 1.161
P5 5.652 1.161
P6 5.852 0.916
P7 5.852 0.000

Note: Albeit the Local Restrictions apply to IRL1, IRL1D and IRL1F, the Local Restrictions have no effect on the
RPPs, as they apply only at heights below the RP-P1.skv.

Likewise, Soirequction has no effect on the RPPs, as it applies only at heights below the RP-E1.skv.

P7 P6
0,000 0,916
5,852 5,852 P5
1,161
5,652
P4
1,161
5,550
P3
1,112
3,930
P1 P2
0,000 1,112
3,547 3,547

Figure 26 RP-P for 1.5 kV DC nominal voltage
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6.6. Pantograph Reference Profile RP-Pasky for IRL 1, 1D, 1F, 2 for 25 kV AC nominal voltage

Vehicles for operation on the Network are prohibited to be fitted with pantographs for operation under 25 kV
AC until a Combined Pantograph Reference Profile for IRL 1, 1D, 1F, 2 for 25 kV AC nominal voltage has been
defined in a future update of this IRS.

Note: The Combined Pantograph Reference Profile for IRL 1, 1D, 1F, 2 for 25 kV AC nominal voltage is at the
time of publication of this IRS still subject to conceptual studies and design review.

The Combined Pantograph Reference Profile for IRL 1, 1D, 1F, 2 for 25 kV AC nominal voltage will be defined in a
future update of this IRS.
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6.7. Electrical Reference Profile RP-E1 sk for IRL1 and for 1.5 kV DC nominal voltage

All exposed electrical points, including any stored pantograph (!), that are capable of being live shall be gauged
against the RP-E shown below.

RP-E; s¢v for IRL1 and
for 1.5 kV DC nominal voltage
Point hge (M) bge (M)
P1 3.547 0.000
P2 3.547 1.336
P3 3.691 1.336
P4 3.765 1.244
P5 3.862 1.101
P6 3.969 0.912
P7 4.046 0.686
P8 4.046 0.000

Note: Albeit the Local Restrictions apply to IRL1D and IRL1F, the Local Restrictions have no effect on the REPs, as
they apply only at heights below the RP-E1.skv.

Likewise, Soi reduction has no effect on the REPs, as it applies only at heights below the RP-E1.skv.

lr IRL1 RP-M

30mm
\ P8 P7
0.000 0.686
4.046 4.046

P3
1.336
P1 3.691
0.000

3.547

1.336
IRLT RP-E

3.547

Figure 27 RP-Eiskv for IRL1 and for 1.5 kV DC nominal voltage
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6.8. Electrical Reference Profile RP-E;sky for IRL1 and for 25 kV AC nominal voltage

All exposed electrical points, including any stored pantograph (!), that are capable of being live shall be gauged
against the RP-E shown below.

>>>To be defined in a future issue of this IRS.
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6.9. Electrical Reference Profile RP-E; sk for IRL1D & IRL1F and for 1.5 kV DC nominal voltage
All exposed electrical points, including any stored pantograph (!), that are capable of being live shall be gauged
against the RP-E shown below.

RP-E; skv for IRL1D & IRL1F and

for 1.5 kV DC nominal voltage
Point th (m) bRp (m)
P1 3.547 0.000
P2 3.547 1.336
P3 3.751 1.336
P4 3.825 1.238
P5 3.914 1.093
P6 4.008 0.896
P7 4.046 0.806
P8 4.046 0.000

Note: Albeit the Local Restrictions apply to IRL1D and IRL1F, the Local Restrictions have no effect on the REPs, as
they apply only at heights below the RP-E1.skv.

Likewise, Soi reduction has no effect on the REPs, as it applies only at heights below the RP-E1.skv.

IRL1D RP-M
P6
0.896
30 mm 4.008 P5 P4

L} 1.093 1.238
e b7 3.914 3.825

0.000 0.806
4.046 4.046 P3

1.336
3.751

P1
0.000
3.547

P2
1.336
3.547

T— IRL1D and IRL1F RP-E

Figure 28 RP-Ei.skv for IRL1D & IRL1F and for 1.5 kV DC nominal voltage
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6.10. Electrical Reference Profile RP-E;sky for IRL1D & IRL1F and for 25 kV AC nominal voltage

All exposed electrical points, including any stored pantograph (!), that are capable of being live shall be gauged
against the RP-E shown below.

>>>To be defined in a future issue of this IRS.
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6.11. Electrical Reference Profile RP-E; scy for IRL2 and for 1.5 kV DC nominal voltage
All exposed electrical points, including any stored pantograph (!), that are capable of being live shall be gauged
against the RP-E shown below.

IRL2 Electrical Reference Gauge
for 1.5 kV DC nominal voltage
Point th (m) bRp (m)
P1 3.547 0.000
P2 3.547 1.402
P3 4.046 1.393
P4 4.046 0.791
P5 4.046 0.000
IRL2 RP-M
30 mm —¢ 17
P3
T 0.2500 0-[;‘;1 1.393
4.046 4.046 4.048
P1 P2
0.000 1.402
3.5647 3.547

L IRL2 RP-E

Figure 29 RP-Eiskv for IRL2 and for 1.5 kV DC nominal voltage
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6.12. Electrical Reference Profile RP-E;sky for IRL2 and for 25 kV AC nominal voltage
All exposed electrical points, including any stored pantograph (!), that are capable of being live shall be gauged
against the RP-E shown below.

>>>To be defined in a future issue of this IRS.
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7. Process for Vehicle Gauging

7.1. General

Note: The following sections include the process to gauge a Vehicle / Vehicle Design AFTER all its Relevant Points have been
defined with the intention to POSITIVELY PROVE (OR NOT) whether this Vehicle/ Vehicle design is compatible with one or
more of the Gauges in this IRS. Refer to sections 4.1.23, 4.1.24, 4.1.25 which explain how Relevant Points shall be selected.

This process can also be used by competent experts with due care to INITIALLY APPROXIMATE the permitted VCG of
individual cross-sections of a planned Vehicle design and in further refinement OPTIMISE these step by step. (As by this
approach only an approximation of the VCG is possible, the POSITIVE PROVE is always additionally required.)

The requirements of this IRS are expected to be fulfilled by any

e Applicant for Authorisation according to IOD or RSA2005 for operation on the Network of
o anew Vehicle or Vehicle Design or
o a modification of an existing Vehicle or Vehicle Design or
o aextension of the area of use of an existing vehicle to the Network.

e Keeper that provides Vehicles for operation on the Network.

e ECM that maintains a Vehicle for operation on the Network.

e Railway Undertaking or Railway Organisation that operates a Vehicle, including its payload/ load/ cargo,
on the Network.

These requirements are expected to be fulfilled at any time while a vehicle is operated on the Network, except
while that vehicle is subject to a special operating movement rule (e.g. a special rule for the operation of a once-
off out-of-gauge load on a wagon).

For each Vehicle design and each Vehicle the conformity to one or more of the kinematic Gauges contained in

this IRS shall be demonstrated through following successive steps:

Step1 | Obtain all Data-Sets (Data-SetA+B+C) to establish all input data elements for the gauging
calculations (see section 7.2).

Step 2 | Identify for this Vehicle/ Vehicle design all
e Relevant Mechanical Points RMPs,
e  Relevant Pantograph Points RPPs,
e Relevant Electrical Points REPs

and their locations for the gauging calculations (see section 7.2.6).

Step 3 Perform Set1 of the gauging calculations for INNER Relevant Mechanical Points RMPs in their
UPWARDS shifted positions on RO+R2000+R900+R250.4+R150+R80+Radd1+R119-LR1+R280-
LR2+R98-VLR1.

Determine from all resulting Abi values of this set of gauging calculations the smallest value for
each RMP (see section 7.2.9).

Step 4 Perform Set2 of the gauging calculations for INNER Relevant Mechanical Points RMPs in their
DOWNWARDS shifted positions on RO0+R2000+R900+R250.4+R150+R80+Raddl +R119-
LR1+R280-LR2+R98-vLR1.

Determine from all resulting Abi values of this set of gauging calculations the smallest value for
each RMP (see section 7.2.10).

Step 5 Perform Set3 of the gauging calculations for OUTER Relevant Mechanical Points RMPs in their
UPWARDS shifted positions on RO+R2000+R250.4+R150+R80+Radd1 +R116-LR1+R280-LR2+R98-
VvLR1.
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Determine from all resulting Aba values of this set of gauging calculations the smallest value for
each RMP (see section 7.2.11).

Step 6 Perform Set4 of the gauging calculations for OUTER Relevant Mechanical Points RMPs in their
DOWNWARDS shifted positions on R0+R2000+R250.4+R150+R80+Raddl +R116-LR1+R280-
LR2+R98-vLR1.

Determine from all resulting Aba values of this set of gauging calculations the smallest value for
each RMP (see section 7.2.12).

Step 7 IF a 1.5 kV and/or a 25kV Pantograph is present, perform Set5 of the gauging calculations for
INNER Relevant Pantograph Points RPPs in their UPWARDS shifted positions on
R0O+R2000+R900+R250.4+R150+R80+Radd1.

Determine from all resulting Abi values of this set of gauging calculations the smallest value for
each RPP (see section 7.2.13).
Perform separate calculations for 1.5 kV and/or a 25kV Pantographs.

Step 8 IF a 1.5 kV and/or a 25kV Pantograph is present, perform Set6 of the gauging calculations for
OUTER Relevant Pantograph Points RPPs in their UPWARDS shifted positions on
R0O+R2000+R250.4+R150+R80+Radd1.

Determine from all resulting Aba values of this set of gauging calculations the smallest value for
each RPP (see section 7.2.14).
Perform separate calculations for 1.5 kV and/or a 25kV Pantographs.

Step 9 IF Electric Relevant Points are present, perform Set7 of the gauging calculations for INNER
Relevant Electrical Points REPs in their UPWARDS shifted positions on
R0O+R2000+R900+R250.4+R150+R80+Radd1 +R119-LR1+R280-LR2+R98-vLR1.

Determine from all resulting Abi values of this set of gauging calculations the smallest value for
each REP (see section 7.2.16).

Step 10 | IF Electric Relevant Points are present, perform Set8 of the gauging calculations for INNER
Relevant Electrical Points REPs in their DOWNWARDS shifted positions on
R0O+R2000+R900+R250.4+R150+R80+Radd1+R119-LR1+R280-LR2+R98-vLR1.

Determine from all resulting Abi values of this set of gauging calculations the smallest value for
each REP (see section 7.2.18).

Step 11 | IF Electric Relevant Points are present, perform Set9 of the gauging calculations for OUTER
Relevant Electrical Points REPs in their UPWARDS shifted positions on
R0O+R2000+R250.4+R150+R80+Radd1+R116-LR1+R280-LR2+R98-VvLR1.

Determine from all resulting Aba values of this set of gauging calculations the smallest value for
each REP (see section7.2.19).

Step 12 | IF REPs are present, perform Set10 of the gauging calculations for OUTER Relevant Electrical
Points REPs in their DOWNWARDS shifted positions on
RO+R2000+R250.4+R150+R80+Radd1+R116-LR1+R280-LR2+R98-VvLR1.

Determine from all resulting Aba values of this set of gauging calculations the smallest value for
each REP (see section 7.2.20).

Step 13 | Identify for each Relevant Point, if it fulfils the selected Gauge (see section 7.2.21

Step 14 | Prepare the Gauging Report (see section 7.2.22)

Step 15 | Have the Independent Gauging Review Report prepared (see section 7.2.23).
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7.2. Steps to be followed during the Gauging Calculations

7.2.1. Stepl - Obtain all Data-Sets (Data-SetA+B+C) to get all input data elements for the gauging calculations

7.2.1.1. Be aware on the same Vehicle design:

e agroup of Relevant Points which are secondary suspended (e.g. points on a secondary suspended
Vehicle body or Vehicle frame),

e agroup Relevant Points which are primary suspended (e.g. points on a primary suspended bogie
frame or points on a primary suspended Vehicle body or Vehicle frame)

e agroup Relevant Points on non-suspended equipment (e.g, on the axle mounted brake disk, gearbox
or traction motor)

require individual gauging calculations.

These Relevant Points cannot be mixed within the same gauging calculation as each of these Relevant Points

will require different input data sets. For Example:

e “p” from the gauging of secondary suspended Relevant Points becomes “a” for the calculation for

primary suspended Relevant Points on a bogie frame. (The bogie shall effectively be treated like a

‘small vehicle’.)

e all kxx values must be adjusted to match the actual suspension stages of the Relevant Points.

7.2.1.2. For the gauging calculations the following sets of input data elements (values, formulae, etc.) shall
be obtained:

a) Input Data Set-A: Vehicle design-SPECIFIC set of input data elements
This set consists of all data elements from section 5 which depend on the specific individual

vehicle design that shall be gauged. This set of data elements is identified within section 7.2.5.

b) Input Data Set-B: Set of Vehicle design-INDEPENDENT input data elements

This is the set of those data elements from section 5 which are required for the gauging
calculation, but do NOT depend on the specific individual vehicle design. This includes most of

the data elements from section 5, which are NOT identified in section 7.2.5.

c) Input Data Set-C: Set of all those data elements from Input Data Sets A&B which REQUIRED

ADAPTATION to match ‘non typical’ elements of the specific vehicle design solution

ONLY where a specific vehicle design to be gauged features ‘non-typical’ design solutions it will
become necessary to adjust certain data elements of Input Data Sets A&B.
Note: Such design specific adaptations to formulae and vehicle data are not required with

‘typical’ vehicle design solutions as long as these are compatible with the standard Input Data
Sets A&B, i.e. where the vehicle design is compatible with:
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a two axle vehicle or
a 4 axle vehicle or a 6 axle vehicle with two bogies of symmetrical design,
each of the values for a, p,,q, nq, ni being fixed and not dependent on R,

each of the values for p ,q, wa or wafr), Wi or Wisr) being identical across all axles,
respectively bogies,

the GCS coinciding with the location of the axles, respectively the bogie centres,

the GCS is symmetrically centred at the bogies, respectively axles.

The design specific adapted calculation formulae are required where a vehicle design is not
compatible with Input Data Sets A&B. E.g. where a vehicle design features:

one more of the values for a, p ,q, na, ni being NOT fixed and becoming dependent on R,

carried on one axle/ bogie at one end and articulated on the other end (see drawing
below),

carried on one bogie at one end and one axle at the other end,

carried on two bogies which both have different design values for p or wa or wi or g,
the GCS are not coinciding with the location of the axles, respectively the bogie centres,
on two bogie bolsters with each are carried by two sub-bogies (see drawing below),

the values of g, wa or wa(r), Wi or wifr) not being identical across all axles, respectively
bogies,

the GCS is NOT at p/2 at a bogie.

|———— = >
= -
1

A - Vehicle Body

Figure 30 Example of two bogie bolsters with each carried by two sub-bogies

r Virtual GCS

= —p'e— = —p

1

Al A ; A
¥ <—I ; Vehicle 2
' f

Figure 31 Example of GCS not at bogies p/2 (Virtual GCS)
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7.2.2.  All elements from the input data sets A&B&C shall be presented in the Gauging Report.

7.2.3. Together with each data element of input data set A justifying evidence on the determination of the value
shall be provided in the Gauging Report (e.g. relevant drawings, calculations, test reports).

7.2.4. For each data element of input data Set-C the original data element shall be provided in the Gauging Report
in red text with strike through font, and it shall be clearly linked to its replacement. The replacement shall be
provided in green text. Detailed justifying evidence and argumentation on the determination of the replacement
value / formula shall be provided.

Such argumentation shall include a risk assessment according to Annex | of CSM-REA (EU) 402/2013 (as
amended) to demonstrate the new residual risk is tolerable.

Note: It is very important, that such replacements are unambiguously identifiable in the Gauging Report and
that they are providing all information for the later validation and independent review. Example:

data value unit description evidence / justification
element
a T Fixed-distance-betweenthe GCSs At this design “a” is
The distance-betweenthe GCSsis depending on R and therefore
typicaty-a-fixedvalue-independentef | replaced by a set of values for
Ehotracleradine all Relevant Radii. “a@” is
replaced by afr) and arxx
below.
af(r) [m] Variable distance between the GCSs Drawing xxxx Rev.x
At this design “a” is depending on the | Technical Description yyyy
track curvature (1/R): Rev.y
afr) = 18m-25[m?]/R
Below the arxx values are provided
for all Relevant Radii.
aro 18 [m] for straight track See references at afr)
ARr2000 17.988 [m] for R2000 See references at afr)
ar900 17.972 [m] for Rooo, only relevant for gauge See references at asr)
calculation of OUTER Relevant
(Pantograph) Points
etc.

7.2.5. Vehicle Gauging Parameter Set

The following table contains the Vehicle design specific set input parameters which shall be provided by the
Design Team.

Where a vehicle includes

e agroup of non-suspended Relevant Points,

e agroup of secondary suspended Relevant Points,
e agroup of primary suspended Relevant Points,

e agroup of tertiary suspended Relevant Points,

e etc,

a separate Data Entry Table shall be prepared for each of these groups of Relevant Points.

This Vehicle Gauging Parameter Set is for the Vehicle’s group of Relevant Points,

suspended at
level:

secondary [unsuspended / primary / secondary / tertiary /...]
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Basic properties of the Vehicle design:

Identify Vehicle [text] Note: all the data in blue
design (Bogie italic text in Steps 3 to 12 are
design) type / based on the sample data in
version / variant this table

/ configuration

Intended Gauge: [1/1D/1F/2]
IRL

Is this vehicle [yes/no]
design a

Locomotive / a
Railcar/ a self-
propelled (in
transit) special
vehicle?

Is this vehicle
design a
Passenger
Coach/ a
Baggage Van/ a
Railcar Trailer/ a
hauled special
vehicle of similar
design to the
afore
mentioned?

Is this vehicle
design a Freight
wagon / a hauled
special vehicle of
similar design to
a freight wagon?
Do the special
coefficients Aa
track (special) OF Al track
(special) apply (as
there are
EXACTLY two
TRAILER BOGIES
present in the
running gear of

[yes/no]

[yes/no]

[yes/no]

this vehicle

design)?

Is the 1.5kV [no 1.5kV [no 1.5kV pantograph] if the
pantograph pantograph | vehicle has no 1.5kV

width 2*P1.5bw / yes / no] pantograph

=< 1.800m?

[yes] only if: (width of
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pantograph head) =<
2*P1.5byw =1.800m

[no] if: (width of pantograph
head) > 2*P1.5b,, = 1.800m
The answer [no] indicates
that the vehicle is NOT
COMPATIBLE with any of the
Gauges IRL1+1D+1F+2!

[no 1.5kV [no 1.5kV pantograph] if the
pantograph | vehicle has no 1.5kV

/ yes / no) pantograph

Is the
pantograph
value P1.5t =<
0.030m?

[yes] only if: P1.5t =< P1.5tmax
with P1.5tmax= 0.030m

[no] if: P1.5t > P1.5tmax with
P1.5tmax= 0.030m

The answer [no] indicates
that the vehicle is NOT
COMPATIBLE with any of the
Gauges IRL1+1D+1F+2!

[no 1.5kV [no 1.5kV pantograph] if the
pantograph | vehicle has no 1.5kV

/ yes / no] pantograph

Is the
pantograph
value P1.51 =<
0.010m?

[yes] only if: P1.57 =<
P1.5Tmax With PTmax= 0.010m

[no]if: P1.5t > P1.5tmax with
P1.5Tmax=0.010m

The answer [no] indicates
that the vehicle is NOT
COMPATIBLE with any of the
Gauges IRL1+1D+1F+2!

[no 1.5kV [no 1.5kV pantograph] if the
pantograph | vehicle has no 1.5kV
/yes/no] pantograph

Is the
pantograph
value P1.5fwa =<
0.028m?

[yes] only if: P1.5fwa =<
P1.5fwamax with P1.5fwamax =
0.028m

[no] if: P1.5fwa =< P1.5fwa max
with P1.5fwa max = 0.028m
The answer [no] indicates
that the vehicle is NOT
COMPATIBLE with any of the
Gauges IRL1+1D+1F+2!

[no 1.5kV [no 1.5kV pantograph] if the
pantograph | vehicle has no 1.5kV

/ yes / no) pantograph

Is the
pantograph
value Pfus =<
0.067m?
[yes] only if: P1.5fws =<
P1.5fws max With P1.5fws max=
0.067m
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[no] only if: P1.5fws =< P1.5fws
max With P15fws max = 0.065m
The answer [no] indicates
that the vehicle is NOT
COMPATIBLE with any of the
Gauges IRL1+1D+1F+2!

Is the 25kV
pantograph
width 2*P1.5bw
=< 1.800m?

Is the
pantograph
value P25t =<
0.030m?

Is the
pantograph
value P25t =<
0.010m?

Is the
pantograph
value P25fwa =<
0.028m?

Is the
pantograph
value P25fys =<
0.067m?

[no 25kV Note: To be defined in a
pantograph | future issue of this IRS.
/ yes / no]

[no 25kV Note: To be defined in a
pantograph | future issue of this IRS.
/ yes / no]

[no 25kV Note: To be defined in a
pantograph | future issue of this IRS.

/ yes / no]

[no 25kV Note: To be defined in a
pantograph | future issue of this IRS.
/ yes / no]

[no 25kV Note: To be defined in a
pantograph | future issue of this IRS.
/ yes / no]

Is the value of [yes / no]
dmin documented
as a Safety
Related
Application
Condition in the
maintenance
manual of this

Vehicle design?

Is the value for [yes / no]
AkLZ.ZaxIe
documented as a
Safety Related
Application
Condition in the
maintenance
manual of this

Vehicle design?

Is the value for [yes / no]
AkLZ.ZvehicIe
documented as a
Safety Related
Application
Condition in the
maintenance
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manual of this
Vehicle design?

b1

b2

be

dmin

he

k2.1

ki2.2

k2.3

Distance between guiding
cross sections. May be a
fixed value independent of R
or be a function f(R).

1/2 width between primary
suspensions.

1/2 width between
secondary suspensions.
(Take primary suspension
value, where no secondary
suspension is present.)

1/2 width between side
bearers, set this to same
value as bz in case of no side
bearers present.

minimum permitted outer
face to face value of the
flanges in a wheelset

To be measured 10mm
below top of rail, assuming
the wheelset is centred on a
perfect track with the
distance between the tops of
rails being equal to L.
Permitted range from TSI
L&P & TSI WAG is

1.573m =< dmin=< 1.592m.
A value >1.573m requires an
SRAC in the maintenance
manual.

height of roll centre of this
vehicle in normal coordinates

side bearer play
Set to J=0.000 m, if no side
bearers are present

Wheel wear:
*max permitted wheel wear

Sum of relevant wear — other
than wheel wear:

*max permitted vertical
wear of all relevant parts of
the vehicle (e.g. centre pivot
wear limit between bogie
and body)

*wear in the axlebox may be
ignored

Sum of static deflections of
body(frame) structure:
*suspension sag (permitted
permanent loss of
suspension deflection height)
*vertical deflection of the
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ki3

kia1

kia.2

ku2

vehicle structure between
empty/tare and maximum
static load

*vertical deflection of
wheelsets under static load
may be ignored

*vertical deflection of bogies
under load may be ignored

Static suspension deflection:
*vertical deflection between
empty/tare and 100% max
static load

Random dynamic deflections
of body(frame) structure:
*vertical deflection of
body(frame) under dynamic
load may be ignored, except
for freight wagons/ special
vehicles of similar design
*for freight wagons/ special
vehicles of similar design the
vertical dynamic deflection
of the body(frame) shall be
represented by an additional
static deflection from 100%
to 130% max static load

Random dynamic suspension
deflection:
For all vehicles except freight

wagons/ special vehicles of
similar design dynamic
suspension deflection shall
be represented by either
*additional suspension
deflection from 100% to
130% max static load

or

*suspension deflection from
100% max static load to
bottoming out

For freight wagons/ special
vehicles of similar design:
*suspension deflection from
100% max static load to
bottoming out

Where air suspension is
present: All above values

shall be with empty air
suspension and with
deflected back-up
suspension

upper vertical reduction for
random vertical deflection of
the vehicle of 10mm per
suspension stage (as per
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EN15273-1 A.3.4.2.2 first
sentence)

distance between guiding
cross sections on a bogie.
Set this to Om for vehicles
that are not fitted with
bogies.

STATIC upwards shift of a
Relevant Pantograph Point
RPP caused by the maximum
permitted pantograph wear
at this vehicle/ pantograph
design.

The permitted maximum is
28mm.

STATIC upwards offset of a
Relevant Pantograph Point
RPP caused by roll of the
pantograph head at this
vehicle/ pantograph design.
The value shall be measured
at the fully extended
pantograph with a wire
stagger (wire offset from
pantograph centre line) of at
least 550mm.

The permitted maximum is
67mm.

height of top of pantograph
head in stored position
height of the pantograph's
lowest hinge

Lateral displacement of the
pantograph at its maximum
working height when
subjected to a static lateral
force of 300N (Refer to EN
50206). The maximum
permitted Pt value is
Pt=30mm. Pantographs with
Pt>30mm are not permitted
to be operated in
IRL1+1D+1F+2.

Lateral installation tolerance
of reference vehicle for
pantograph gauging
calculation.

The maximum permitted Pt
value is Pt=10mm.
Pantographs with Pt>10mm
are not permitted to be
operated in IRL1+1D+1F+2.
Note: To be defined in a
future issue of this IRS.

P1.5fwa

P1.5fws

P1.5hstored

P1.5ht

P1.5t

P1.51

P25fwa
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P25fws Note: To be defined in a

future issue of this IRS.

P25hstored Note: To be defined in a

future issue of this IRS.

P25h; Note: To be defined in a

future issue of this IRS.

P25t Note: To be defined in a

future issue of this IRS.

P25t Note: To be defined in a

future issue of this IRS.

lateral play between
wheelset and bogie frame or
between wheelset and body
at vehicles not fitted with
bogies

Enter value if necessary or
leave at 80m.

Note: Depending on the
vehicle design, some of the
parameters (e.g. atwitwa)
may depend on curvature
(1/R) or not).

In cases where a parameter
depends on curvature, the
graph of the parameter as a
Sfunction of (1/R) shall be
identified and analysed for
discontinuities (local minima
& maxima as well as for
local non-linearities) in the
range R=infinite to R=80m.
If such elements are present,
any related R values shall be
identified in this section.
coefficient of flexibility
Lateral play between bogie
and body at Rxx.

Set to Om if no bogie is
present.

Lateral play to OUTSIDE of a
curve between bogie and
body at Rgx.

Set to Om if no bogie is
present.

Lateral play to OUTSIDE of a
curve between bogie and
body at Rxx.

Set to Om if no bogie is
present.

Lateral play to OUTSIDE of a
curve between bogie and
body at Rxx.

Radai

WRo0

Wa R2000

Wa R900

Wa R250.4
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Wa R150

Wa R80

Wa Radd1

Wa R116-LR1

Wa R119-LR1

Wa R280-LR2

Wa R98-vLR1

Wi R2000

Wi R900

Wi R250.4

Wi R150

Set to Om if no bogie is
present.

Lateral play to OUTSIDE of a
curve between bogie and
body at Rxx.

Set to Om if no bogie is
present.

Lateral play to OUTSIDE of a
curve between bogie and
body at Rxx.

Set to Om if no bogie is
present.

Lateral play to OUTSIDE of a
curve between bogie and
body at Rxx.

Set to Om if no bogie is
present.

Lateral play to OUTSIDE of a
curve between bogie and
body at Rxx.

Set to Om if no bogie is
present.

Lateral play to OUTSIDE of a
curve between bogie and
body at Ryx.

Set to Om if no bogie is
present.

Lateral play to OUTSIDE of a
curve between bogie and
body at Rxx.

Set to Om if no bogie is
present.

Lateral play to OUTSIDE of a
curve between bogie and
body at Rxx.

Set to Om if no bogie is
present.

Lateral play to INSIDE of a
curve between bogie and
body at Rxx.

Set to Om if no bogie is
present.

Lateral play to INSIDE of a
curve between bogie and
body at Rxx.

Set to Om if no bogie is
present.

Lateral play to INSIDE of a
curve between bogie and
body at Rxx.

Set to Om if no bogie is
present.

Lateral play to INSIDE of a
curve between bogie and
body at Rxx.

Set to Om if no bogie is
present.
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Lateral play to INSIDE of a
curve between bogie and
body at Rxx.

Set to Om if no bogie is
present.

Lateral play to INSIDE of a
curve between bogie and
body at Rxx.

Set to Om if no bogie is
present.

Lateral play to INSIDE of a
curve between bogie and
body at Rxx.

Set to Om if no bogie is
present.

Lateral play to INSIDE of a
curve between bogie and
body at Rxx.

Set to Om if no bogie is
present.

Lateral play to INSIDE of a
curve between bogie and
body at Rxx.

Set to Om if no bogie is
present.

Lateral play to INSIDE of a
curve between bogie and
body at Rxx.

Set to Om if no bogie is
present.

Maximum permitted
differential vertical wheel
wear at the same axle
Maximum permitted
differential vertical wheel
wear across the same vehicle
Actual value of the vehicle
dissymmetry. Either
measured according to
UIC505-5 or take as
conservative value 1°.

Wi R80

Wi Radd1

Wi R116-LR1

Wi R119-LR1

Wi R280-LR2

Wi R98-vLR1

AkLZ.ZaxIe

AkLZ.ZvehicIe

MNo
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7.2.6. Step 2 - Identify all RMPs / RPPs/ REPs and their locations for the gauging calculations
7.2.7. ltis highly recommended to include
e allintended multi-modal container types to be carried by the vehicle design
e all detachable equipment of a vehicle design
within the identification of the RMPs / RPPs / REPs of a vehicle design.

As explained at the related definition of bnom, hnom, Na, ni their values shall include all applicable build tolerances.
In the case of multi-modal containers or detachable equipment this shall also include any positioning tolerances.

Note: E.g. a value of a container for bnom= 1.250m +/-5 mm build tolerance and +/- 13mm positioning tolerance of
the container on the vehicle will require that bnom shall be taken as at least 1.268m.

7.2.8.  AllRMPs / RPPs / REPs of a vehicle design shall be identified for the gauging calculation with their values in
Normal Coordinates combining:

o point ID

. na respectively n;

D bnom respectively Pbnom
D hnom respectively Phshift

The set of all RMPs / RPPs / REPs for a vehicle design shall be proposed by a member of the vehicle design team
that is competent to apply all requirements of this IRS.

Note: Blue values are examples for information.

INNER RMPs OUTER RMPs
Point
Point ID ni hnom | bnom 1D na hnom | bnom
[m] |[m] |[m] [m] |[m] [m]
iA 2.070 | 4.022 | 0.000 aA 2.500 | 3.970 | 0.000
iB 2.070 | 4.022 [ 0.727 aB 2.500 | 3.970 | 0.155
INNER RPPs OUTER RPPs
P1.5h P1.5h
shift | P1.5b shift | P1.5b
Point ID ni RPPx | nom Point ID na RPPx | nom
[m] [m] [m] [m] [m] [m]
iRPP1 aRPP1
(1.5kV) 0.290 |5.786 | 0.650 (1.5kV) 0.240 | 5.786 | 0.650
iRPP2 aRPP2
(1.5kV) 0.290 |5.594 |0.900 (1.5kV) 0.240 | 5.594 | 0.900
INNER REPs OUTER REPs
Point ID ni hnom | bnom Point ID na hnom | bnom
[m] |[m] |[m] [m] [m] [m]
iL01 aL01
(1.5kV) 0.290 | 3.986 | 0.000 (1.5kV) 0.240 [3.986 |0.000
iL02 alL02
(1.5kV) 0.290 | 3.986 | 0.660 (1.5kV) 0.240 [3.986 |0.660
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7.2.9. Step 3- Perform Setl of the gauging calculations for INNER Relevant Mechanical Points RMPs in their UPWARDS shifted positions on RO+R2000+R900+R250.4+R150+R80+Radd1+R119-LR1+R280-LR2+R98-vLR1
7.2.9.1. Determine for each RMP the following basic values which are independent of the horizontal track radius:
Note: Blue values are examples for information.
kU1i-vLR1
+Kkuz
kuti +kuz | up-
up- wards Nshitt-
wards shift of VLR1
shift of this hshitt =hnom
this Relevant | =hpom | +kuyii-
Point Relevant | Point at +kyqi VLR1
ID n; hnom brom Point VLR1 +ky, +ky2
[m] [m] [m] [m] [m] [m] [m]
iA 2.070 4.022 | 0.000 0.020 0.020 | 4.042 4.042
iB 2.070 4.022 | 0.727 0.020 0.020 | 4.042 4.042
7.2.9.2. Determine for each RMP the following values for straight track:
Note: Blue values are examples for information.
INNER Relevant Mechanical Points RMPs, UPWARDS shifted, RO(=straight)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
0.000 | 0.000 0.893 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.000 0.000 -0.001 0.083 0.810
0.000 | 0.000 0.893 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.000 0.000 -0.001 0.083 0.083
7.2.9.3. Determine for each RMP the following values for R2000 track radius:
Note: Blue values are examples for information.
INNER Relevant Mechanical Points RMPs, UPWARDS shifted, R2000
Soi
IF for gauges
z3.1i term, z3.2i term IRL 1/1D/1F:
z2 term if hnom>he: if hen>heo: =So = (Soi geometric
={[(tan "10+tan =S*Dma\x stalic*Dmax Dpll curve SOi reduction - SOi
bRP 0~J) *(1+S)2 0.5 f(R)/-L*(hnom'hc) f(R)/.L*(hshift'hco) = Dplivehicle + IF hSOi reduction reduction)if>0 +
=112 Z1 term *((hnom'hc) ) : ] or |f hnom=hC: or |f hshiﬂ=hco: Z; Dpli!rack * (AI MIN =< hshift <= soi enlargement
width of A track =[s*TD/L*| hne | -[tann0; =0.000m =0.000m =(z1 term) track OF Aj Ns0i reduction MAX : IF for gauges
Reference or Ai m=te| I (1+30random) or if hnom<hc: or if hshiﬂ<hco: +(22 term) track(special)) + q S0i geometric =0.025m S0i enlargement IRL 2: = soi Abi= (bRP+SOi)
Dmax Imax Profile at Dpl; Dpl; track Wi [Sorandom™*To/L* ((hshi- =5"|max =80 static Imax +(z3.literm - | *Aiqt Wigr) ¥ | =22.482m?* | ELSE:=0.000 | =(15m?* (1/ | geometric * Sai -(bnom +Dpl;
Rao0o R2000 R2000 hgrp = hgpist vehicle track (special) | G Aiq R2000 Aivi | hshift'hcol ] hc0)2)°‘5]}if>o iRy L*(he-hnom) iRYL*(heo-hsnit) | 23.2i term) Aivit 2z (1/R) m R))—0.1 M)it-0 | entargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
2000.0 | 0.165 | 0.110 0.893 | 0.006 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.083 0.000 0.083 0.172 0.011 0.000 0.000 0.011 0.732
2000.0 | 0.165 | 0.110 0.893 | 0.006 | 0.029 [ 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.083 0.000 0.083 0.172 0.011 0.000 0.000 0.011 0.005
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7.2.9.4. Determine for each RMP the following values for R900 track radius:

7.2.9.5.

7.2.9.6.

Note: Blue values are examples for information.
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INNER Relevant Mechanical Points RMPs, UPWARDS shifted, R900

Soi

z3.1i term, z3.2i term IF for gauges
z2 term if Rnom>hec: if henie>heo! =So IRL 1/1D/1F:
={[(tan nottan =5"Dmax static” Dmax Dpli curve Soi reduction = (Soi geometric —
brp ay) *(1+s) iR)/L*(Nnom-hc) iRy/L*(Nshir-heo) = Dpli venicie * IF hsoi reduction Soi reduction)if>0
=1/2 Z1 term *((hnom'hC)Z)U's] or |f hnom=hc: or |f hshiﬂ=hc0: Z; Dplitrack * (AI MIN =< hshiﬂ <= + Soi enlargement
width of Al track =[s*TD/L*| Nro -[tannO, =0.000m =0.000m =(z1 term) track OF A; Ns0i reduction MAX IF for gauges
Reference or Ai m'hcl ]' *(1+30random) or if hnom<hc: or if hshiﬂ<hc0: +(22 term) track(special)) + q SOi geometric =0.025 m SOi enlargement IRL 2: = Soi Abi= (bRP+SOi)
Dimax Imax Profile at Dpl; Dpl; track Wi [Sorandom™ To/L* *((hshift- =8"Imax =80 static* Imax +(z3.1i term - *Aig*t Wisr) ¥ | =22.482m** ELSE:=0.000 | =(15m2*(1/ | geometric * Soi -(bnom +Dpl;
Rooo | rooo R900 hre = hshitt | vehicle | track (specia) | Q Aig R900 Aivi | hen-hoo | ] heo)®)* o 1RYL*(Ne-hnom) | iry/L*(Neo-hshin) | 23.2i term) Aivi + 2z (1/R) m R)) — 0.1 M)i>0 | enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
900.0 | 0.165 | 0.110 0.893 | 0.014 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.083 0.000 0.083 0.180 0.025 0.000 0.000 0.025 0.738
900.0 | 0.165 | 0.110 0.893 | 0.014 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.083 0.000 0.083 0.180 0.025 0.000 0.000 0.025 0.011
Determine for each RMP the following values for R250.4 track radius:
Note: Blue values are examples for information.
INNER Relevant Mechanical Points RMPs, UPWARDS shifted, R250.4
Soi
z3.1i term, z3.2i term IF for gauges
z2 term if hnom>he: if hsnie>heo: =So IRL 1/1D/1F:
={[(tan n0+tan =S*Dmax static*Dmax Dpll curve Sl)i reduction = (soi geometric —
bRP 0U) *(1 +S) f(R)/L*(hnom'hc) f(R)/L*(hshift'hco) = Dp|| vehicle + IF hSOi reduction Soi reduc!ion)if>0
=112 Z1 term *((hnom_hc)2)0.5] or |f hnom=hC: or |f hshiﬂ=h00: Z; Dplitrack * (AI MIN =< hshiﬂ <= + s()i enlargement
width of A track =[s*Tp/L*| hno | -[tann0; =0.000m =0.000m =(z1 term) track OF A; hsoi reduction MAX IF for gauges
Reference or A m'hcl I- *(1+Sorandom) or if hpom<hc: or if hspir<hco: +(z2 term) track(special)) +q Soi geometric =0.025m Soi enlargement IRL 2: = S; Abi= (brp+S0i)
Dmax Imax Profile at Dp|| Dpl, track W; [ISUrandom*TD/L* *((hshift' =S*|max =So static*lmax +(Z31| term - * Ai q + w; f(R) * =22.482 m?* ELSE:= 0.000 = (15 m2* (1 / geometric * S()i -(b"gm +Dp|i
Raos0.4 R250.4 R250.4 hgrp = hgpist vehicle track (specia) | G Aiq R250.4 Aiwi hshiﬂ'hcol ] hc0)2)0'5])if>0 iRYL* (he-hinom) iRYL*(heo-hshi) | 23.2i term) Aivit+ 2 (1/R) m R)) = 0.1 M)it-0 | entargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
250.4 | 0.165 | 0.110 0.893 | 0.051 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.083 0.000 0.083 0.217 0.090 0.000 0.000 0.090 0.766
250.4 | 0.165 | 0.110 0.893 | 0.051 | 0.029 [ 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.083 0.000 0.083 0.217 0.090 0.000 0.000 0.090 0.039
Determine for each Relevant Point the following values for R150 track radius:
Note: Blue values are examples for information.
INNER Relevant Mechanical Points RMPs, UPWARDS shifted, R150
Soi
z3.1i term, z3.2i term IF for gauges
z2 term if Nnom>he: if henie>heo: =So IRL 1/1D/1F:
={[(Ean n0+tan =S*Dmax static*Dmax Dpli curve SOi reduction = (soi geometric —
bre ay) *(1+s) #RYL”* (Nnom-he fRyY/L™ (Nshitt-heo) = Dplivenicie * IF hsoi reduction S reduction)if>0
=1/2 z1 term *((hnom'hc)z)o'sl or if hpom=hc: or if hgnig=hco: Z; Dpli track * (Ai MIN =< hghit <= + Soi enlargement
width of A track =[s*TD/L*| hnom | -[tann0; =0.000m =0.000m =(z1 term) track OF A; hs0i reduction MAX : IF for gauges
Reference or A 'hcl I- *(1+Sorandom) or if hpom<hc: or if hsnir<hco: +(z2 term) track(special)) +q S geometric =0.025m Soi enlargement IRL 2: = S; Abi= (brp+S0i)
Dmax Imax Profile at Dpl, Dpl, track [SOrandom*TD/L* *((hshiﬂ' =s*|max =So S(a(ic*lmax +(231| term - * Ai q +w; £(R) * =22.482 m?* ELSE:= 0.000 = (15 m2* (1 / geometric S()i '(bnum +Dp|i
Riso R150 R150 hgrp = hshift vehicle track (special) | g Aiq Wiriso | Aiwi | hshift'hcol ] hc0)2)0'5”if>0 tRYL*(Ne-hnom) #RY/L* (Neo-hshitt) z3.2i term) Aivi t+ 2 (1/R) m R)) = 0.1 M)it=0 | entargement curve)
[m] | [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
150 | 0.082 | 0.110 0.893 | 0.085 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.041 0.000 0.041 0.209 0.150 0.000 0.000 0.150 0.834
150 | 0.082 | 0.110 0.893 | 0.085 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.041 0.000 0.041 0.209 0.150 0.000 0.000 0.150 0.107
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7.2.9.7.

7.2.9.8.

7.2.9.9.

Determine for each RMP the following values for R80 track radius:

Note: Blue values are examples for information.
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INNER Relevant Mechanical Points RMPs, UPWARDS shifted, R80

Soi
z3.1i term, z3.2i term IF for gauges
22 term if hnom>he: if henit>heo: =So IRL 1/1D/1F:
={[(tan nottan =5"Dmax static” Dmax Dpli curve Soi reduction = (Soi geometric —
bre ay) *(1+s) iR)/L*(Nnom-hc) iRy/L*(Nshir-heo) = Dpli venicie + IF hsoi reduction Soi reduction)if>0
=1/2 z1 term *((hﬂom'hC)Z)O's] or if hyom=hc: or if hehir=hco: Z; Dpl; track * (Ai MiN =< hghit <= + Soi enlargement
width of Al track =[s*To/L*| hnom | -[tann0; =0.000m =0.000m =(z1 term) track OF A Ns0i reduction MAX IF for gauges
Reference or Ai 'hcl ]' *(1 +50random) or if hnom<hc: or if hshiﬂ<hc0: +(22 term) track(special)) + q SOi geometric =0.025m SOi enlargement IRL 2: = SOi Abi= (bRP+SOi)
Dmax Imax Profile at Dpli Dpli track [SOrandom*TD/I-* *((hshift' =S*|max =So static*lmax +(23-1i term - * Ai q +w; f(R) * =22.482m** ELSE:= 0.000 = (1 5m?* (1 / geometric + SOi '(bnom +Dp|i
Reo | rso R80 hre = hshitt | vehide | track (specia) | Q Aig Wirgo | Aiwi | henit-heo | 1 heo)?)® it (RYL*(Ne-hnom) | #ry/L*(heo-hshi) | 23.2i term) Aivi+zi (1/R) m R)) — 0.1 M)i0 | enlargement curve)
[m] | [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
80 | 0.025 | 0.110 0.893 | 0.159 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.012 0.000 0.012 0.254 0.281 0.000 0.088 0.369 1.007
80 | 0.025 | 0.110 0.893 | 0.159 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.012 0.000 0.012 0.254 0.281 0.000 0.088 0.369 0.280
Where an additional Relevant Radius Radd1 is present: Determine for each RMP the following values for Radda1 track radius:
Note: Blue values are examples for information.
INNER Relevant Mechanical Points RMPs, UPWARDS shifted, Radd1
Soi
z3.1i term, z3.2i term IF for gauges
z2 term if Rnom>he: if hsnin>heo: =So IRL 1/1D/1F:
={[(tan r|0+tan =S*Dmax static*Dmax DP|| curve SOi reduction = (soi geometric —
brp ay) *(1+s) fRYL*(Nnom-hc) iR L*(Nshit-hco) = Dpl; venicle + IF hsoi reduction Soi reduction)if>0
=1/2 z1 term *((hnom'hc)z)o'sl or if hnomzhc: or if hshiﬂzhco: Z; Dplitrack * (AI MIN =< hshiﬂ = + soi enlargement
width of A track =[s*Tp/L*| hrom | -[tann0; =0.000m =0.000m =(z1 term) track OF Aj hsoi reduction MAX IF for gauges
Reference or Ai 'hcl ]' *(1 +SOrandom) or if hnom<hc: or if hshift<h00: +(22 term) track(special)) + q SOi geometric =0.025 m SOi enlargement IRL 2: = Soi Abi= (bRP+soi)
Drmax ez Profile at Dpl; Dpl; i Wi [Sorandom™ To/L* *((hshift- =8"Imax =80 static* Imax +(z3.1i term - *Aig FWigr) ¥ | =22.482m?* ELSE:=0.000 [ =(15m2* (1/ | geometric * Soi -(bnhom +Dpl;
Radd1 Radd1 Radd1 hgrp = hspist vehicle track (special) | G Aiq Radd1 Aivi | hshift'hcol ] hc0)2)0.5])if>0 iR L*(he-hnom) iRYL*(heo-hshift) z3.2i term) Aivi + 2 (1/R) m R)) = 0.1 M)it-0 | enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
80 | 0.025 | 0.110 0.893 | 0.159 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.012 0.000 0.012 0.254 0.281 0.000 0.088 0.369 1.007
80 | 0.025 | 0.110 0.893 | 0.159 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.012 0.000 0.012 0.254 0.281 0.000 0.088 0.369 0.280
Determine for each RMP the following values for R119 track radius.
Note: Blue values are examples for information.
LR1 is not present at IRL2 and shall accordingly not be calculated for IRL2.
only applicable for IRL1+1D+1F:
INNER Relevant Points RMPs, UPWARDS shifted, R119 LR1
ONLY for
S reduction gauges
z3.1i term, z3.2i term ONLY for ONLY for IRL1/1D/1F
z2 term if hnom>he: if hanin>heo: =0 LR1: LR1: and
bre-Lr1 ={[(tan no*tan | =s*Djyu static Drmax Dpli curve IF hsgiLr1 ONLY for ONLY IF hspite
=1/2 0~J) *(1+S) f(R)/L*(hnom'hc) f(R)/L*(hshift'th) = Dplivehicle + reduction MIN =< gauges IRL is between
width of z1 term *((hnom'hc)z)o's] or if hpom=hc: or if hspg=hco: Z; Dpli track-Lr1 * hshit <= hisoi Lr1 1/1D/1F hir1 min @and
Reference Ai track =[S*TD/L*| hno -[tannOr =0.000m =0.000m =(Z1 term) (A. track OF Ai reduction MAX - — SOi = (Soi hLR1 MAX-
Dmax Imax Profile at Dpll or Ai Wi m'hcl ]' *(1 +sOrandom) or if hnom<hc: or if hshift<hco: +(22 term) track (special)) + q SOi geometric 0.025 m SOi enlarg it ic — soi Abi= (bRP
Ri1e. R119- R119- hrp.ir1 = Dpl; track - track R119- [Sorandom* To/L™ *((hshie- =8"Imax =S0 static” Imax +(z3.1i term - *AigFWigr) " | =22.482m?* ELSE: = =(15m?* (1/ | reduction)i>0 * Lr1*S0i) =(bnom
LR1 LR1 LR1 hahit vehicle LR1 (special) | Q Aiq LR1 Aivi | hshit-heo| ] heo)?)* Vo iRYL*(hehnom) | s®y/L*(heo-hshitt) | 23.2i term) Aivit z (1/R) 0.000 m R)) — 0.1 M)i=0 | Soi entargement +Dpli curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
119 | 0.000 | 0.028 0.893 | 0.107 | 0.020 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.000 0.000 -0.001 0.181 0.189 0.000 0.026 0.215 | n.a.
119 | 0.000 | 0.028 0.893 | 0.107 | 0.020 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.000 0.000 -0.001 0.181 0.189 0.000 0.026 0.215 | n.a.
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7.2.9.10. Determine for each RMP the following values for R280 track radius.

Note: Blue values are examples for information.

LR2 is not present at IRL2 and shall accordingly not be calculated for IRL2.

only applicable for IRL1+1D+1F:
INNER Relevant Points RMPs, UPWARDS shifted, R280 LR2

[m] | [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
280 | 0.044 | 0.006 0.893 | 0.045 | 0.020 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.022 0.000 0.022 0.141 0.080 0.000 0.000 0.080 | n.a.
280 | 0.044 | 0.006 0.893 | 0.045 | 0.020 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.022 0.000 0.022 0.141 0.080 0.000 0.000 0.080 | n.a.

7.2.9.11. Determine for each RMP the following values for R98-vLR1 track radius.

Note: Blue values are examples for information.

VLR1 is not present at IRL2 and shall accordingly not be calculated for IRL2.

only applicable for IRL1+1D+1F:

INNER Relevant Points RMPs, UPWARDS shifted, R98 vLR1

[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
98 | 0.010 | 0.034 0.893 | 0.130 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.005 0.000 0.004 0.218 0.229 0.000 0.053 0.282 0.958
98 | 0.010 | 0.034 0.893 | 0.130 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.005 0.000 0.004 0.218 0.229 0.000 0.053 0.282 0.231

Note: Blue value is an example for information

Ab; min
across all
calculations
of this set

[m]

0.732

0.005

+ A positive value or 0.000m indicates that the vehicle design is compatible with the selected gauge(s)

- A negative value indicates that the vehicle design is not compatible with the selected gauge(s)

7.2.9.12. Determine from all resulting Ab; values of this set of gauging calculations the smallest value for each RMP.
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7.2.9.13. Determine also, if for this Set any RMPs are present in the WHEEL ZONE and evaluate if these RMPs fulfil the related requirements defined for the selected RP-M in section 6.
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7.2.10. Step 4- Perform Set2 of the gauging calculations for INNER Relevant Mechanical Points RMPs in their DOWNWARDS shifted positions on R0O+R2000+R900+R250.4+R150+R80+Radd1 +R119-LR1+R280-LR2+R98-vLR1

7.2.10.1. Determine for each RMP the following basic values which are independent of the horizontal track radius:

Note: Blue values are examples for information.

Kis
down-
KL1ivLr1 ko +Kis wards shift
Keai down- +Ki 4 of this hshist
down- wards down- Relevant =hnom
wards shift of wards Point (ke hshitt-vLRr1
shift of this shift of (depending | +ki2 =hnom -
Zone this Relevant | this on Zone: +ky3 (KLti-vLr1
Point (Aor Relevant | Point at Relevant | =kisp oder | +kps+ | +kotkes
ID n; hnom Bnom B) Point VvLR1 Point =Kkvss) Kkys) +Kig +Kyis5)
[m] [m] [m] [m] [m] [m] [m] [m] [m]
iA 2.070 | 4.022 | 0.000 | A 0.000 0.000 0.122 0.000 | 3.900 3.900
iB 2.070 | 4.022 | 0.727 | A 0.000 0.000 0.122 0.000 | 3.900 3.900

7.2.10.2. Determine for each RMP the following values for straight track.

Note: Blue values are examples for information.

INNER Relevant Mechanical Points RMPs, DOWNWARDS shifted, RO(=straight track)

[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
0.000 | 0.000 1.174 0.029 | 1.000 [ 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.000 0.000 0.000 0.083 1.090
0.000 | 0.000 1.174 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.000 0.000 0.000 0.083 0.363
7.2.10.3. Determine for each RMP the following values for R2000 track radius:
Note: Blue values are examples for information.
INNER Mechanical Relevant Points, DOWNWARDS shifted, R2000
Soi
z3.1i term, z3.2i term IF for gauges
z2 term if hnom>hc: if heni>heo: =So IRL 1/1D/1F:
={[(tan ‘I’]()+tan =S*Dmax stalic*Dmax Dpll curve SOi reduction = (soi geometric —
bgrp ay) *(1 "'3)2 05 f(R)/. L*(hnom-hc) f(R)/. L*(hsnift-hco) = Dpl; venicte + IF hsoi reduction Soi reduction)it>0
=112 Z1 term *((hnﬂm'hc) ) ’ ] or |f I"|num=hC: or |f hshiﬂ=hco: Z; Dplitrack * (AI MIN =< hshift <= + s0i enlargement
width of A track =[s*To/L*| hoom | -[tann0; =0.000m =0.000m =(z1 term) track OF Aj Ns0i reduction MAX : IF for gauges
Reference or Ai ‘hcl ]' *(1 +SOrandom) or if hnom<hc: or if hshiﬂ<hco: +(22 term) track(special)) + q S0i geometric =0.025m S0i enlargement IRL 2: = s0i Abi= (bRP+SOi)
Drmax Imax Profile at Dpl; Dpl; track Wi [Sorandom™ To/L* *((hshi- =8 Imax =50 static” Imax +(z3.1i term - Aig + WigRr) * =22.482m** ELSE:=0.000 | =(15m?* (1/ | geometric * Soi -(bnom +Dpl;
Rao0o R2000 R2000 hgrp = hgpist vehicle track (specia) | G Aiq R2000 Aivi | hshift'hcol ] hco)2)0'5])if>o iRYL*(he-hnom) iYL *(heo-hshit) z3.2i term) Aivi + 2 (1/R) m R)) —0.1 M)it-0 | enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
2000.0 | 0.165 | 0.110 1.174 | 0.006 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.083 0.000 0.083 0.173 0.011 0.000 0.000 0.011 1.012
2000.0 | 0.165 | 0.110 1.174 | 0.006 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.083 0.000 0.083 0.173 0.011 0.000 0.000 0.011 0.285
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7.2.10.4. Determine for each RMP the following values for R900 track radius:

Note: Blue values are examples for information.
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INNER Relevant Mechanical Points RMPs, R900, DOWNWARDS shifted, R900

Soi

z3.1i term, z3.2i term IF for gauges
z2 term if Rnom>hec: if henie>heo! =So IRL 1/1D/1F:
={[(tan nottan =5"Dmax static” Dmax Dpli curve Soi reduction = (Soi geometric —
brp ay) *(1+s) iR)/L*(Nnom-hc) iRY/L*(Nshir-heo) = Dpli venicie * IF hsoi reduction Soi reduction)if>0
=1/2 Z1 term *((hnom'hC)Z)U's] or |f hnom=hc: or |f hshiﬂ=hc0: Z; Dplitrack * (AI MIN =< hshiﬂ <= + Soi enlargement
width of Al track =[s*To/L*| hno -[tannO, =0.000m =0.000m =(z1 term) track OF A; Ns0i reduction MAX IF for gauges
Reference or Ai m'hcl ]' *(1+30random) or if hnom<hc: or if hshiﬂ<hc0: +(22 term) track(special)) + q SOi geometric =0.025 m SOi enlargement IRL 2: = Soi Abi= (bRP+SOi)
Dimax Imax Profile at Dpl; Dpl; track Wi [Sorandom™ To/L* *((hshift- =8"Imax =80 static* Imax +(z3.1i term - *Aig+Wigr) ¥ | =22.482m2* ELSE:=0.000 | =(15m2*(1/ | geometric * Soi -(bnom +Dpl;
Rooo | rooo R900 hre = hshitt | vehicle | track (specia) | Q Aig R900 Aiwi | hen-hoo | ] heo)®)* o (RYL*(Ne-hnom) | #ry/L*(Neo-hshi) | 23.2i term) Aivi + 2z (1/R) m R)) — 0.1 M)i>0 | enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
900.0 | 0.165 | 0.110 1.174 | 0.014 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.083 0.000 0.083 0.181 0.025 0.000 0.000 0.025 1.018
900.0 | 0.165 | 0.110 1.174 | 0.014 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.083 0.000 0.083 0.181 0.025 0.000 0.000 0.025 0.291
7.2.10.5. Determine for each RMP the following values for R250.4 track radius:
Note: Blue values are examples for information.
INNER Relevant Mechanical Points RMPs, DOWNWARDS shifted, R250.4
Soi
z3.1i term, z3.2i term IF for gauges
z2 term if Rnom>hc: if henit>heo: =So IRL 1/1D/1F:
={[(tan n0+tan =S*Dmax static*Dmax DP|| curve SOi reduction = (SOi geometric —
bRP 0U) *(1 +S) f(R)/L*(hnom'hc) f(R)/L*(hshift'hco) = DP|| vehicle + IF hSDi reduction SOi reduction)ibo
=1/2 Z1 term *((hnom'hc)z)o's] or |f hnom:hc: or |f hshiﬂzhcﬂ: Z; DP|| track * (AI MIN =< hshift <= + SOi enlargement
width of A track =[s*To/L*| hno | -[tanno; =0.000m =0.000m =(z1 term) track OF A; N0 reduction MAX : IF for gauges
Reference or A m'hcl ]' *(1+30random) or if hpom<he: or if hehir<hco: +(22 term) track(special)) +q Soi geometric =0.025m Soi enlargement IRL 2: = Sy Abi= (bRP"'sOi)
Dimax Imax Profile at Dpl; Dpl; track [Sorandom™ To/L* *((hspitt- =8"Imax =80 static” Imax +(z3.1i term - *Aig FWigr) ¥ | =22.482m>* ELSE:=0.000 | =(15m?>*(1/ | geometric * Soi -(bnom +Dpl;
Rasos | Resos R250.4 hre = Nshit | venicie track (special) | g Aig Wirzs04 | Aiwi | hsnir-heo| ] heo)?)® iz (RY/L*(Ne-hnom) | Ry/L*(Neo-hshin) | 23.2i term) Aivi + 2z (1/R) m R)) = 0.1 M)io | entargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
250.4 | 0.165 | 0.110 1.174 | 0.051 | 0.029 | 1.000 | 0.005 | 1.000 0.050 | 1.000 0.000 0.000 0.083 0.000 0.083 0.217 0.090 0.000 0.000 0.090 1.046
250.4 | 0.165 | 0.110 1.174 | 0.051 | 0.029 | 1.000 | 0.005 | 1.000 0.050 [ 1.000 0.000 0.000 0.083 0.000 0.083 0.217 0.090 0.000 0.000 0.090 0.319
7.2.10.6. Determine for each RMP the following values for R150 track radius:
Note: Blue values are examples for information.
INNER Relevant Mechanical Points RMPs, DOWNWARDS shifted, R150
Soi
z3.1i term, z3.2i term IF for gauges
z2 term if Nnom>he: if henie>heo: =So IRL 1/1D/1F:
={[(tan r|0+tan =S*Dmax static*Dmax DP|| curve SOi reduction = (Soi geometric —
bre ay) *(1+s) fRYL*(Nnom-he) | #ry/L*(Nshit-hco) = Dpli vehicie + IF hsoi reduction Soi reduction)if>0
=1/2 z1 term *((hnom'hc)z)o'sl or if hpom=hc: or if hgnig=hco: Z; Dpli track * (Ai MIN =< hghit <= + Soi enlargement
width of A track =[s*Tp/L*| hrom | -[tann0; =0.000m =0.000m =(z1 term) track OF A; N0 reduction MAX : IF for gauges
Reference or A 'hcl I- *(1 +SUrandom) or if hpom<hc: or if henit<hco: +(z2 term) track(special)) * 0 Soi geometric =0.025m Soi entargement IRL 2: = Sy; Ab= (bRP+SOi)
Drmax Imax Profile at Dpl; Dpl; track [Isg,andom*TD/L* *((hshit- =8*Imax =80 static” Imax +(z3.1i term - *Aig+tWigr) ¥ | =22482m2* | ELSE:=0.000 | =(15m2*(1/ | geometric + Soi -(bnom +Dpl;
Riso R150 R150 hgrp = hgpist vehicle track (specia) | G Aiq Wir1so | Aiwi hshiﬂ'hcol ] hc0)2)0'5])if>0 iRYL*(he-hnom) iYL *(heo-hshit) z3.2i term) Aivi + 2 (1/R) m R)) —0.1 M)it-0 | enlargement curve)
[m] | [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
150 | 0.082 | 0.110 1.174 | 0.085 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.041 0.000 0.041 0.209 0.150 0.000 0.000 0.150 1.114
150 | 0.082 | 0.110 1.174 | 0.085 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.041 0.000 0.041 0.209 0.150 0.000 0.000 0.150 0.387
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7.2.10.7. Determine for each RMP the following values for R80 track radius:

7.2.10.9.

Note: Blue values are examples for information.
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INNER Relevant Mechanical Points RMPs, DOWNWARDS shifted, R80

Soi

z3.1i term, z3.2i term IF for gauges
z2 term if Rnom>he: if henie>heo: =So IRL 1/1D/1F:
={[(tan nottan =5"Dmax static” Dmax Dpli curve Soi reduction = (Soi geometric —
bre ay) *(1+s) iR)/L*(Nnom-hc) iR)Y/L*(Nshir-heo) = Dpli venicie + IF hsoi reduction Soi reduction)if>0
=112 Z1 term *((hnom'hC)z)O'S] or |f hnom=hc: or |f hshiﬂ=hc0: Z; DP|| track * (AI MIN =< hshift <= + SOi enlargement
width of Al track =[s*To/L*| hoom | -[tann0; =0.000m =0.000m =(z1 term) track OF A Ns0i reduction MAX IF for gauges
Reference or Ai 'hcl ]' *(1 +50random) or |f hnom<hc: or |f hshiﬂ<hc0: +(22 term) track(special)) + q SOi geometric = 0025 m SOi enlargement IRL 2: = SOi
Drmax Imax Profile at Dpl; Dpl; track [Sorandom™ To/L* *((hhift- =8"Imax =80 static* Imax +(z3.1i term - *Aig FWigr) ¥ | =22.482m>* ELSE:=0.000 | =(15m?*(1/ | geometric *+ Soi Ab;= (brp+Sq;) -
Reo | reo R8O hre = hshit | vehicle | track (specia) | Q Aig Wirgo | Aiwi | hhit-heo| ] hco)?)* it (RYL*(Ne-hnom) | #ry/L*(Neo-hshi) | 23.2i term) Aivi+zi (1/R) m R)) — 0.1 M)i0 | enlargement (brom +*Dpli curve)
[m] | [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
80 | 0.025 | 0.110 1.174 | 0.159 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.012 0.000 0.012 0.255 0.281 0.000 0.088 0.369 1.288
80 | 0.025 | 0.110 1.174 | 0.159 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.012 0.000 0.012 0.255 0.281 0.000 0.088 0.369 0.560
7.2.10.8. Where an additional Relevant Radius Radd1 is present: Determine for each RMP the following values for Ragd1 track radius:
Note: Blue values are examples for information.
INNER Relevant Mechanical Points RMPs, DOWNWARDS shifted, Radd1
Soi
z3.1i term, z3.2i term IF for gauges
z2 term if Rnom>hc: if henit™>heo: =So IRL 1/1D/1F:
={[(Ean n0+tan =S*Dmax static*Dmax Dpli curve S[)i reduction = (Sm geometric —
brp ay) *(1+s) fRYL*(Mnom-hc) | #ry/L™ (Nshift-hco) = Dpl; venicle * IF Nspi reduction Soi reduction)if>0
=1/2 z1 term *((hnom'hc)z)o'sl or if hpom=hc: or if hsnig=hco: Z; Dpli track * (Ai MIN =< hghift <= + Sy enlargement
width of Al track =[s*To/L*| hyom | -[tann0; =0.000m =0.000m =(z1 term) track OF A Ns0i reduction MAX IF for gauges
Reference or Ai 'hcl ]' *(1 +SOrandom) or |f hnom<hc: or |f hshift<h00: +(22 term) track(special)) + q SOi geometric = 0025 m SOi enlargement IRL 2: = Soi
Dmax Imax Profile at Dpl, Dpl, track Wi [SOrandom*TD/L* *((hshift' =S*|max =So static*lmax +(Z31| term - * Ai a T WifR) * =22.482 m?* ELSE:= 0.000 = (1 5m2* (1 / geometric Sm Abi= (bRp+Sm) =
Radd1 Radd1 Radd1 hgrp = hshift vehicle track (special) | g Aiq Radd1 A vi | hshift'hcol ] hco)z)o'sl)ifm #RY/L*(Ne=hnom) #RY/L*(Neo-shitt) z3.2i term) Aivit+ 2 (1/R) m R)) — 0.1 M)it=0 | entargement (bnom *Dpli curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
80 | 0.025 | 0.110 1.174 | 0.159 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.012 0.000 0.012 0.255 0.281 0.000 0.088 0.369 1.288
80 | 0.025 | 0.110 1.174 | 0.159 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.012 0.000 0.012 0.255 0.281 0.000 0.088 0.369 0.560
Determine for each RMP the following values for R119 track radius:
Note: Blue values are examples for information.
LR1 is not present at IRL2 and shall accordingly not be calculated for IRL2.
only applicable for IRL1+1D+1F:
INNER Relevant Mechanical Points RMPs, DOWNWARDS shifted, R119 LR1
SOi reduction ONLY for
z3.1i term, z3.2i term ONLY for ONLY for gauges
z2 term if Nnom>he: if hsnie>hco: =So LR1: LR1: IRL1/1D/1F
brp.Lr1 ={[(tan nottan | =s*Dpasx static” Dmax Dpl; curve IF hsoi k1 ONLY for and
=1/2 ay) *(1+s) RYL*(Nnom-hc) | #rY/L*(Nshift-hco) = Dpli venicte + reduction MIN =< gauges IRL ONLY IF hgpist
width of z1 term *((hnom'hc)z)o'ﬁ] or if hpom=hc: or if hsnir=hco: Z; Dplnrack.Lm * hshitt <= hsoiLr1 1/1D/1F is between h g4
Reference A track =[s*To/L*| hne | -[tann0; =0.000m =0.000m =(z1 term) (A track OF A; reduction MAX & = S erferEmet Soi = (Soi min and hyrq max:
[o) [P Profile at Dpl; or A m'hcl I *(1+Sorandom) or if hpom<hc: or if hspig<hco: +(z2 term) track (special)) T O | Soi geometric 0.025 m =(15m2*(1/ geometric — Soi Abi= (brp
Ri1e. R119- R119- hrp.ir1 = Dpl; track - track WiR119- [Sorandom™ Tp/L* *((hshift- =8"|max =80 static " Imax +(Z3_-1i term - *Aig+Wigr) " | =22482m** | ELSE: = R)) - 0.1 reduction)if>0 *+ Lr1+S0i) ~(Bnom
LR1 LR1 LR1 hshitt vehicle | LR1 (specia) | G Aig LR1 Ai wi | hahin-heo | 1 heo)?)* Vo #R/L*(Ne-hnom) | YL (Neo-hshit) | 23.2i term) Aivitzi (1/R) 0.000 m M )it Soi enlargement +Dpli curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
119 | 0.000 | 0.028 1.174 | 0.107 | 0.020 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.000 0.000 0.000 0.181 0.189 0.000 0.026 0.215 | n.a.
119 | 0.000 | 0.028 1.174 | 0.107 | 0.020 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.000 0.000 0.000 0.181 0.189 0.000 0.026 0.215 | n.a.
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7.2.10.10. Determine for each RMP the following values for R280 track radius:

Note: Blue values are examples for information.

LR2 is not present at IRL2 and shall accordingly not be calculated for IRL2.

only applicable for IRL1+1D+1F:
INNER Relevant Mechanical Points RMPs, DOWNWARDS shifted, R280 LR2

[m] | [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
280 | 0.044 | 0.006 1.174 | 0.045 | 0.020 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.022 0.000 0.022 0.142 0.080 0.000 0.000 0.080 | n.a.
280 | 0.044 | 0.006 1.174 | 0.045 | 0.020 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.022 0.000 0.022 0.142 0.080 0.000 0.000 0.080 | n.a.

7.2.10.11. Determine for each RMP the following values for R98-vLR1 track radius:

Note: Blue values are examples for information.

VLR1 is not present at IRL2 and shall accordingly not be calculated for IRL2.

only applicable for IRL1+1D+1F:
INNER Relevant Mechanical Points RMPs, DOWNWARDS shifted, R98 vLR1

[m] | [m] |[m] |[m] [m] | [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
98 | 0.010 | 0.034 1.174 | 0.130 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.005 0.000 0.005 0.218 0.229 0.000 0.053 0.282 1.238
98 | 0.010 | 0.034 1.174 | 0.130 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.005 0.000 0.005 0.218 0.229 0.000 0.053 0.282 0.511

7.2.10.12. Determine from all resulting Abi values of this set of gauging calculations the smallest value for each RMP.

Note: Blue value is an example for information

Ab; min
across all
calculations
of this set

[m]

1.012
0.285

+ A positive value or 0.000m indicates that the vehicle design is compatible with the selected gauge(s)
- A negative value indicates that the vehicle design is not compatible with the selected gauge(s)

7.2.10.13. Determine also, if for this Set any RMPs are present in the WHEEL ZONE and evaluate if these RMPs fulfil the related requirements defined for the selected RP-M in section 6.
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7.2.11. Step 5 - Perform Set3 of the gauging calculations for OUTER Relevant Mechanical Points RMPs in their UPWARDS shifted positions on R0O+R2000+R250.4+R150+R80+Radd1 +R116-LR1+R280-LR2+R98-vLR1

7.2.11.1. Determine for each Relevant Point the following basic values which are independent of the horizontal track radius:

Note: Blue values are examples for information.

kU1f:1—vLR1
+Kkuz
Kuta +kuz | up-
up- wards hghitt
wards shift of VLR1
shift of this hshitt =hnom
this Relevant | =hpom +ky1a-
Relevant Relevant | Point at +Ky1a VLR1
Point ID n, hnom brom Point VvLR1 +kyz +kyz
[m] [m] [m] [m] [m] [m] [m]
aA 2.500 3.970 0.000 0.020 0.020 3.990 3.990
aB 2.500 3.970 0.155 0.020 0.020 3.990 3.990

7.2.11.2. Determine for each RMPs the following values for straight track.

Note: Blue values are examples for information.

OUTER Relevant Mechanical Points RMPs, UPWARDS shifted, RO

straight track

[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
0.000 | 0.000 1.002 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 1.365 -0.001 0.000 0.000 0.000 -0.001 0.113 0.889
0.000 | 0.000 1.002 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 1.365 -0.001 0.000 0.000 0.000 -0.001 0.113 0.734
7.2.11.3. Determine for each RMPs the following values for R2000 track radius:
Note: Blue values are examples for information.
OUTER Relevant Mechanical Points RMPs, UPWARDS shifted, R2000
z3.2a term
z3.1a term, if hshie>heo: =So Dpla curve
22 term |f hnom>hc: stalic*lmax(fR)/L*( = Dpla vehicle +
={[(tan 1‘llT"tan =S*|max hshift'hco) Dpla track * (Aa
bRP aJ) *(1 +S) f(R)/L*(hnom'hc) or if hshiﬂ=hc0: track OF Aa track
=1/2 A, z1 term *((hnom'hc)z)o's] or if hnom=he: =0.000m Zy (special)) +q *
width of track =[S*TD/L*| hno -[tannO, =0000m or if hshiﬂ<h00: =(Z1 term) Aa a t Wagr) * S()a enlargement Ab,=
Reference or Aa m‘hcl ]' *(1+30random) or if hnom<hc: =So +(Z2 term) Aa wa curve + W SOa geometric = (15 m?* (1 / sOa (bRP+SOa) =
Dmax Imax PrOﬁIe at Dpla Dpla track Wi Aa wi Wa Aa wa [SOrandom*TD/L* *((hshift' =S*Dmax stalic*Dmax(fR)/L*( +(Z3-1a term - f(R) * Aa wi curve = 21 440 mz * R) - 01 = SOa geometric + (bnom +Dp|a
Rao00 R2000 R2000 hre = hshit | vehicle track (special) | 0 Aagq R2000 curve R2000 curve | henhoo | ] heo))* Vi #RY/L*(NC-nom) | heo-hshir) z3.2a term) t2z, (1/R) m)if>0 Soa enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
2000.000 | 0.165 | 0.110 1.002 | 0.010 | 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 -0.001 0.000 0.055 0.000 0.054 0.178 0.011 0.000 0.011 0.835
2000.000 | 0.165 | 0.110 1.002 | 0.010 | 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 -0.001 0.000 0.055 0.000 0.054 0.178 0.011 0.000 0.011 0.680
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7.2.11.4. Determine for each RMP the following values for R250.4 track radius:

Note: Blue values are examples for information.
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OUTER Relevant Mechanical Points RMPs

UPWARDS shifted, R250.4

z3.2a term
z3.1a term, if hsnie>hco: =So Dpl. curve
22 term |f hnom>hc: static*lmax(fR)/L*( = Dpla vehicle +
={[(tan T10+tan =S*|max hshiﬂ'hco) Dplatrack * (Aa
bRP (XJ) *(1 +S) f(R)/L*(hnom'hc) or |f hshiﬂ=hc0: track OF Aa track
=1/2 Aa z1 term *((hnomc)?)*®] | or if hpom=he: | =0.000m z (specian) * G *
width of track =[S*TD/L*| hno -[tannOr =0.000m or if hshit<hco: =(Z1 term) Aaq + WafR) * SOa enlargement Ab,=
Reference or Aq m'hcl I- *(1+Sorandom) or if hpom<hc: =80 +(z2 term) Aa wacurve + Wi | Soageometric =(15m>*(1/ Soa (brp*Soa) -
Dmax Imax PrOfiIe at Dpla Dpla track Wi Aa wi Wa Aa wa [SUrandom*TD/L* *((hshift' =S*Dmax static*Dmax(fR)/L*( +(23- 1 a term - f(R) * Aa wi curve = 21 440 m2 * R) - 01 = SOa geometric + (bnom +Dp|a
Raso.4 Ros04 | Roso4 | NRP=Nshitt | vehicle | track (special) | 9 Aagq R2504 | curve R2504 | curve | henit=heo| 1 heo)?)* o 1RYL*(NC-Nnom) | Neo-hshin) z3.2a term) t+z, (1/R) m)if>0 Soa enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
250.400 | 0.165 | 0.110 1.002 | 0.078 | 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 -0.001 0.000 0.055 0.000 0.054 0.246 0.086 0.000 0.086 0.842
250.400 | 0.165 | 0.110 1.002 | 0.078 | 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 -0.001 0.000 0.055 0.000 0.054 0.246 0.086 0.000 0.086 0.687
7.2.11.5. Determine for each RMP the following values for R150 track radius:
Note: Blue values are examples for information.
OUTER Relevant Mechanical Points RMPs, UPWARDS shifted, R150
z3.2a term
z3.1a term, if hshm>hcoi =So Dpla curve
z2 term if hnom>hc: static*lmax(fR)/L*( = Dpla vehicle ¥
:{[(tan n0+tan =S*|max hshiﬂ'hco) Dplatrack * (Aa
brp ay) *(1+s) f(R)/L*(hnom'hc) or if hehit=hco: track OF Aa track
=1/2 Aa z1term *((Prom=he)?)*%1 | or if hpom=he: =0.000m Za (special) + q *
width of track =[s*To/lL*| hno | -[tanmO; =0.000m or if hsnir<hco: =(z1 term) Aaq + Wasr) * Soa enlargement Ab,=
Reference or A, m-he] I- *(1+Sorandom) or if hpom<hc: =S +(z2 term) Aa wacurve Wi | Soa geometric =(15m*>*(1/ | Soa (brp*Soa) -
Dmax Imax PrOﬁIe at Dpla Dpla track Wi Aa wi Wa Aa wa SUrandom*TD/L* *((hshiﬂ' =S*Dmax static*Dmax(fR)/L*( +(23- 1 aterm - f(R) * Aa wi curve = 21 440 mz * R) - 01 = SOa geometric + (bnom +Dp|a
R150 R150 R150 hRP = hshift vehicle track (special) q Aaq R150 curve R150 curve hshift'hcol ] th)z)OISDiﬁU f(R)/L*(hC'hnom) th'hshift) 23-23 term) + Z, (1 / R) m)|f>0 SOa enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
150.000 | 0.082 | 0.110 1.002 | 0.131 | 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 -0.001 0.000 0.055 0.000 0.054 0.299 0.143 0.000 0.143 0.847
150.000 | 0.082 | 0.110 1.002 | 0.131 | 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 -0.001 0.000 0.055 0.000 0.054 0.299 0.143 0.000 0.143 0.691
7.2.11.6. Determine for each RMP the following values for R80 track radius:
Note: Blue values are examples for information.
OUTER Relevant Mechanical Points RMPs, UPWARDS shifted, R80
z3.2a term
z3.1a term, if hshift>h00: =So Dpla curve
22 term |f hnom>hc: static*lmax(fR)/L*( = Dpla vehicle +
={[(tan no+tan | =g*|,.x hshi-heo) Dplatrack * (Aa
bRP OvJ) *(1 +S) f(R)/L*(hnom'hc) or if hshiﬂzhco: track OT Aa track
=1/2 Aa z1term *((hnom=nc)?)®%] | or if hpom=he: =0.000m Z, (specian) + q *
width of track =[S*TD/L*| hnom -[tam](), =0.000m or if hshift<hco: =(Z1 term) Aaq + WafRr) * S()a enlargement Aba=
Reference or Aa -he|1- *(1+Sorandom) or if hyom<hc: =So +(z2 term) Aa wacurve * Wi | Soa geometric =(15m**(1/ | Sea (bre+Soa) -
Dmax Imax PrOfile at Dpla Dpla track Aa wi Aa wa [SOrandom*TD/L* *((hshiﬂ' =S*Dmax static*Dmax(fR)/L*( +(Z3-1a term = f(R) * Aa wi curve = 21 440 mz * R) - 01 = SOa geometric + (bnom +Dp|a
R80 R80 R80 hRP = hshift vehicle track (special) q Aa q Wi R8o curve Wa R80 curve | hshift'hcol ] hco)z)o'sl)ibo f(R)/L*(hC'hnom) th'hshift) z3.2a term) +2z, (1 / R) m)|f>0 SOa enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
80.000 | 0.025 | 0.110 1.002 | 0.245 | 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 -0.001 0.000 0.055 0.000 0.054 0.413 0.268 0.088 0.356 0.945
80.000 | 0.025 | 0.110 1.002 | 0.245 | 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 -0.001 0.000 0.055 0.000 0.054 0.413 0.268 0.088 0.356 0.790
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7.2.11.7. Where an additional Relevant Radius Radd1 is present: Determine for each RMP the following values for Raad1 track radius:

Note: Blue values are examples for information.
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OUTER Relevant Mechanical Points RMPs, UPWARDS shifted, Radd1

z3.2a term
z3.1a term, if hshit>hco: =So Dpla curve
z2 term if hnom>hc: static*lmax(fR)/L*( = Dpla vehicle +
={[(tan n°+tan =S*|max hshift'hw) Dpla track * (Aa
bRP aJ) *(1 +S) f(R)/L*(hnom'hc) or if hshifl=hc0: track OF Aatrack
=1/2 Aa z1 term *((hromhe)?)®9] | or if hpom=he: | =0.000m Z (specian) + 4 *
Width Of track =[S*TD/L*| hnom ‘[tannor =0000m or |f hshifl<hc0: =(Z1 term) Aa qa + W, f(R) * SOa enlargement Aba=
Reference or Aa 'hcl ]' *(1 +30random) or if hnom<hc: =So +(Z2 term) Aa wa curve T Wi SOa geometric = (15 m?* (1 / SOa (bRP+Soa) =
Dmax Imax Profile at Dpla Dpla track Wi Aawi Wa Aa wa [SOrandom*TD/L* *((hshift‘ _S*Dmax static*Dmax(fR)/L*( +(23'1a term - f(R) * Aawi curve =21.440 m** R) -0.1 = SOa geometric T (bnom +Dpla
Radd1 Radd1 Radd1 hrp = hshit | venicie track (special) | 4 Aaq Radd1 curve Radd1 curve | hsitheo] ] heo)?)* 0 iRYL*(hc-hnom) | heo-Nshirt) z3.2a term) +z, (1/R) m)if>0 Soa enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
80.000 | 0.025 | 0.110 1.002 | 0.245 | 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 -0.001 0.000 0.055 0.000 0.054 0.413 0.268 0.088 0.356 0.945
80.000 | 0.025 | 0.110 1.002 | 0.245 | 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 -0.001 0.000 0.055 0.000 0.054 0.413 0.268 0.088 0.356 0.790

7.2.11.8. Determine for each RMP the following values for R116 track radius:

Note: Blue values are examples for information.

LR1 is not present at IRL2 and shall accordingly not be calculated for IRL2.

only applicable for IRL1+1D+1F:

OUTER Relevant Mechanical Points RMPs, UPWARDS shifted , R116 LR1

[m] [m] [ [m] | [m] [m] | [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
116.000 | 0.000 | 0.029 1.002 | 0.169 | 0.020 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 -0.001 0.000 0.014 0.000 0.014 0.284 0.185 0.029 0.214 | n.a.
116.000 | 0.000 | 0.029 1.002 | 0.169 | 0.020 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 -0.001 0.000 0.014 0.000 0.014 0.284 0.185 0.029 0.214 | n.a.

7.2.11.9. Determine for each RMP the following values for R280 track radius:

Note: Blue values are examples for information.

LR2 is not present at IRL2 and shall accordingly not be calculated for IRL2.

only applicable for IRL1+1D+1F:

OUTER Relevant Mechanical Points RMPs, UPWARDS shifted, R280 LR2

[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
280.000 | 0.044 | 0.006 1.002 | 0.070 | 0.020 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 -0.001 0.000 0.003 0.000 0.002 0.174 0.077 0.000 0.077 | n.a.
280.000 | 0.044 | 0.006 1.002 | 0.070 | 0.020 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 -0.001 0.000 0.003 0.000 0.002 0.174 0.077 0.000 0.077 | n.a.

7.2.11.10. Determine for each RMP the following values for R98-vLR1 track radius:

Note: Blue values are examples for information.
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VvLR1 is not present at IRL2 and shall accordingly not be calculated for IRL2.
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[m]
98.000

[m]
0.010

[m]
0.034

[m]

[m]

[m]

[m]

[m]

[m]

[m]

only applicable for IRL1+1D+1F:
OUTER Relevant Mechanical Points RMPs, UPWARDS shifted, R98 vLR1

[m]

[m]

[m]

[m]

[m]

98.000

0.010

7.2.11.11. Determine from all resulting Aba values of this set of gauging calculations the smallest value for each RMP.

0.034

1.002
1.002

0.200
0.200

0.029
0.029

1.365
1.365

0.005
0.005

1.365
1.365

0.050
0.050

0.182
0.182

0.050
0.050

1.182

-0.001

0.000

0.017

0.000

0.016

0.330

[m]

[m]
0.219

0.053

[m]

0.272

[m]

0.944

1.182

-0.001

0.000

0.017

0.000

0.016

0.330

0.219

Note: Blue value is an example for information.

Ab, min
across all
calculations
of this set

[m]

0.835

0.680

7.2.11.12.

+ A positive value or 0.000m indicates that the vehicle design is compatible with the selected gauge(s)

- A negative value indicates that the vehicle design is not compatible with the selected gauge(s)

Determine also, if for this Set any RMPs are present in the WHEEL ZONE and evaluate if these RMPs fulfil the related requirements defined for the selected RP-M in section 6.

0.053

0.272

0.789
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7.2.12. Step 6 - Perform Set4 of the gauging calculations for OUTER Relevant Mechanical Points RMPs in their DOWNWARDS shifted positions on R0+R2000+R250.4+R150+R80+Radd1 +R116-LR1+R280-LR2+R98-vLR1

7.2.12.1. Determine for each RMP the following basic values which are independent of the horizontal track radius:

Note: Blue values are examples for information.

kis
down-wards
shift of this
Relevant
Ki1a KiL1a-vLR1 Kiz +kis +Kig Point
down-wards down-wards down-wards (depending Rshift hshitt-vLRr1
Zone shift of this shift of this shift of this on Zone: =hnom -(KL1a =hnom ~(KL1a-
(C or Relevant Relevant Relevant =k|_5c oder +k|_2 +k|_3 +k|_4 VvLR1 +k|_z +k|_3
PointID | n, hnom brom D) Point Point at vLR1 | Point =Kysp) + Kus) +kis +Kyis)
[m] [m] [m] [m] [m] [m] [m] [m] [m]
aA 2.500 3.970 0.000 | D 0.000 0.000 0.122 0.022 3.826 3.826
aB 2.500 3.970 0155 | D 0.000 0.000 0.122 0.022 3.826 3.826

7.2.12.2. Determine for each RMP the following values for straight track.

Note: Blue values are examples for information.

Page 115 of 147

OUTER Relevant Mechanical Points RMPs, DOWNWARDS shifted, RO

straight track

[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
0.000 | 0.000 1.286 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 1.365 0.000 0.000 0.000 0.000 0.000 0.114 1.173
0.000 | 0.000 1.286 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 1.365 0.000 0.000 0.000 0.000 0.000 0.114 1.017
7.2.12.3. Determine for each RMP the following values for R2000 track radius:
Note: Blue values are examples for information.
OUTER Relevant Mechanical Points RMPs, DOWNWARDS shifted, R2000
z3.2a term
z3.1a term, if hshie>heo: =So Dpla curve
22 term |f hnom>hc: stalic*lmax(fR)/L*( = Dpla vehicle +
={[(tan 1‘llT"tan =s*|max hshift'hco) Dpla track * (Aa
bRP aJ) *(1 +S) f(R)/L*(hnom'hc) or if hshiﬂ=hc0: track OF Aa track
=1/2 A, z1 term *((hnom'hc)z)o's] or if hnom=h: =0.000m Zy (special)) +q *
width of track =[S*TD/L*| hno -[tannO, =0.000m or if hshiﬂ<h00: =(Z1 term) Aa a t Wagr) * S()a enlargement Ab,=
Reference or Aa m‘hcl ]' *(1+30random) or if hnom<hc: =So +(Z2 term) Aa wa curve F SOa geometric = (15 m?* (1 / sOa (bRP+SOa) =
Dmax Imax PrOﬁIe at Dpla Dpla track Wi Aa wi Wa Aa wa [SOrandom*TD/L* *((hshift' =S*Dma\x stalic*Dmax(fR)/L* +(Z3-1a term - Wi f(R) * Aa wi = 21 440 m2 * R) - 01 = SOa geometric + (bnom +Dp|a
Rao00 R2000 R2000 hre = hshit | vehicle track (special) | 0 Aag R2000 curve R2000 curve | henhoo | ] heo)?)® Wiz 1RYL*(NC-Nnom) | (Noo-hshitt) z3.2a term) curve * Za (1/R) m)if>0 Soa entargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
2000.000 | 0.165 | 0.110 1.286 | 0.010 | 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 0.000 0.000 0.055 0.000 0.055 0.178 0.011 0.000 0.011 1.119
2000.000 | 0.165 | 0.110 1.286 | 0.010 | 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 0.000 0.000 0.055 0.000 0.055 0.178 0.011 0.000 0.011 0.964
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7.2.12.4. Determine for each RMP the following values for R250.4 track radius:

Note: Blue values are examples for information.
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OUTER Relevant Mechanical Points RMPs, DOWNWARDS shifted, R250.4

z3.2a term
z3.1a term, if hsnit>hco: =So Dpl. curve
22 term |f hnom>hc: static*lmax(fR)/L*( = Dpla vehicle +
={[(tan T10+tan =S*|max hshiﬂ'hco) Dplatrack * (Aa
bRP (XJ) *(1 +S) f(R)/L*(hnom'hc) or |f hshiﬂ=hc0: track OF Aa track
=1/2 Aa z1 term *((hnom=hc))*®] | or if hpom=he: | =0.000m z (speciah) + 0 *
width of track =[S*TD/L*| hno -[tannOr =0.000m or if hshit<hco: =(Z1 term) Aaq + WafR) * SOa enlargement Ab,=
Reference or Aq m'hcl I- *(1+Sorandom) or if hpom<hc: =80 +(z2 term) Aa wacurve + Wi | Soageometric =(15m>*(1/ Soa (brp*Soa) -
Dmax Imax PrOfiIe at Dpla Dpla track Wi Aa wi Wa Aa wa [SUrandom*TD/L* *((hshift' =S*Dmax static*Dmax(fR)/L*( +(23- 1 a term - f(R) * Aa wi curve = 21 440 m2 * R) - 01 = SOa geometric + (bnom +Dp|a
Raso.4 Ros04 | Roso4 | NRP=Nshitt | vehicle | track (special) | 9 Aagq R2504 | curve R2504 | curve | henit=heo| 1 heo)?)* o 1RYL*(NC-Nnom) | Neo-hshin) z3.2a term) t+z, (1/R) m)if>0 Soa enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
250.400 | 0.165 | 0.110 1.286 | 0.078 | 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 0.000 0.000 0.055 0.000 0.055 0.247 0.086 0.000 0.086 1.125
250.400 | 0.165 | 0.110 1.286 | 0.078 | 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 0.000 0.000 0.055 0.000 0.055 0.247 0.086 0.000 0.086 0.970
7.2.12.5. Determine for each RMP the following values for R150 track radius:
Note: Blue values are examples for information.
OUTER Relevant Mechanical Points RMPs, DOWNWARDS shifted, R150
z3.2a term
z3.1a term, if hshm>hcoi =So Dpla curve
22 term |f hnom>hc: static*lmax(fR)/L*( = Dpla vehicle +
:{[(tan n0+tan =S*|max hshiﬂ'hco) Dplatrack * (Aa
brp ay) *(1+s) fRYL*(Nnom-hc) | or if hsnir=hco: track OF Aa track
=1/2 As z1 term *((hnom=hc))*®] | or if hpom=he: | =0.000m z (speciah) + G *
width of track =[s*To/lL*| hno | -[tanmo; =0.000m or if hsnir<hco: =(z1 term) Aaq + Wasr) * Soa enlargement
Reference orAx m'hcl ] *(1+Sorandom) or if hpom<hc: =So +(z2 term) Aa wacurve + Soa geometric =(15m**(1/ Soa
Dmax Imax Profile at Dpla Dpla track Wi Aa wi Wa Aa wa [SUrandom*TD/L* *((hshiﬁ' =S*Dmax static*Dmax(fR)/L* +(Z3-1a term - Wi f(R) * Aa wi = 21 440 m2 * R) - 01 = sOa geometric + Aba= (bRP+SOa) =
R150 R150 R150 hRP = hshift vehicle track (special) q Aa q R150 curve R150 curve l hshift'hcol ] th)z)OISDiﬁU f(R)/L*(hC'hnom) (th'hshift) 23-23 term) curve + Z, (1 / R) m)|f>0 sOa enlargement ‘bnom +DEIa curve!
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
150.000 | 0.082 | 0.110 1.286 | 0.131 | 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 0.000 0.000 0.055 0.000 0.055 0.299 0.143 0.000 0.143 1.130
150.000 | 0.082 | 0.110 1.286 | 0.131 | 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 0.000 0.000 0.055 0.000 0.055 0.299 0.143 0.000 0.143 0.975
7.2.12.6. Determine for each RMP the following values for R80 track radius:
Note: Blue values are examples for information.
OUTER Relevant Mechanical Points RMPs, DOWNWARDS shifted, R80
z3.2a term
z3.1a term, if hsnie>hco: =So Dpla curve
22 term |f hnom>hc: static*lmax(fR)/L*( = Dpla vehicle +
={[(tan no+tan | =g*|,.x hshi-heo) Dplatrack * (Aa
bRP OvJ) *(1 +S) f(R)/L*(hnom'hc) or if hshiﬂzhco: track OT Aa track
=1/2 Aa z1term *((hnom=nc)?)®%] | or if hpom=he: =0.000m Z, (specian) + g *
width of track =[S*TD/L*| hnom -[tam](), =0.000m or if hshift<hco: =(Z1 term) Aaq + WafRr) * S()a enlargement Aba=
Reference or A, 'hcl I- *(1+Sorandom) or if hpom<hc: =80 +(z2 term) Aa wacurve * Wi | Soa geometric =(15m>*(1/ Soa (brp*Soa) -
Dmax Imax PrOfile at Dpla Dpla track Aa wi Aa wa [SOrandom*TD/L* *((hshiﬂ' =S*Dmax static*Dmax(fR)/L*( +(Z3-1a term = f(R) * Aa wi curve = 21 440 mz * R) - 01 = SOa geometric + (bnom +Dp|a
R80 R80 R80 hRP = hshift vehicle track (special) q Aa q Wi R8o curve Wa R80 curve | hshift'hcol ] hco)z)o'sl)ibo f(R)/L*(hC'hnom) th'hshift) z3.2a term) +2z, (1 / R) m)|f>0 SOa enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
80.000 | 0.025 | 0.110 1.286 | 0.245 | 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 0.000 0.000 0.055 0.000 0.055 0.413 0.268 0.088 0.356 1.229
80.000 | 0.025 | 0.110 1.286 | 0.245 | 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 0.000 0.000 0.055 0.000 0.055 0.413 0.268 0.088 0.356 1.073
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7.2.12.7. Where an additional Relevant Radius Radd1 is present: Determine for each RMP the following values for Radd1 track radius:

Note: Blue values are examples for information.

OUTER Relevant Mechanical Points RMPs, DOWNWARDS shifted, Radd1
z3.2a term
z3.1a term, if hsni>hco: =So Dpl. curve
z2 term if hnom>hc: static*lmax(fR)/L*( = Dpla vehicle +
={[(tan n°+tan =S*|max hshift'hw) Dpla track * (Aa
bRP aJ) *(1 +S) f(R)/L*(hnom'hc) or if hshifl=hc0: track OF Aatrack
=1/2 Aa z1 term *((hromhe)?)®9] | or if hpom=he: | =0.000m Z (specian) + 4 *
Width Of track =[S*TD/L*| hnom ‘[tannor =0000m or |f hshifl<hc0: =(Z1 term) Aa qa + W, f(R) * SOa enlargement Aba=
Reference or Aa 'hcl ]' *(1 +30random) or if hnom<hc: =So +(Z2 term) Aa wa curve T Wi SOa geometric = (15 m?* (1 / SOa (bRP+Soa) =
Dmax Imax Profile at Dpla Dpla track Wi Aawi Wa Aa wa [SOrandom*TD/L* *((hshift‘ _S*Dmax static*Dmax(fR)/L*( +(23'1a term - f(R) * Aawi curve =21.440 m** R) -0.1 = SOa geometric T (bnom +Dpla
Radd1 Radd1 Radd1 hrp = hshit | venicie track (special) | 4 Aaq Radd1 curve Radd1 curve | hsitheo] ] heo)?)* 0 iRYL*(hc-hnom) | heo-Nshirt) z3.2a term) +z, (1/R) m)if>0 Soa enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
80.000 | 0.025 | 0.110 1.286 | 0.245 | 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 0.000 0.000 0.055 0.000 0.055 0.413 0.268 0.088 0.356 1.229
80.000 | 0.025 | 0.110 1.286 | 0.245 | 0.029 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 0.000 0.000 0.055 0.000 0.055 0.413 0.268 0.088 0.356 1.073

7.2.12.8. Determine for each RMP the following values for R116 track radius:

Note: Blue values are examples for information.

LR1 is not present at IRL2 and shall accordingly not be calculated for IRL2.

only applicable for IRL1+1D+1F:
OUTER Relevant Mechanical Points RMPs, DOWNWARDS shifted, R116 LR1

[m] [m] [ [m] | [m] [m] | [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
116.000 | 0.000 | 0.029 1.286 | 0.169 | 0.020 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 0.000 0.000 0.014 0.000 0.014 0.285 0.185 0.029 0.214 | n.a.
116.000 | 0.000 | 0.029 1.286 | 0.169 | 0.020 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 0.000 0.000 0.014 0.000 0.014 0.285 0.185 0.029 0.214 | n.a.

7.2.12.9. Determine for each RMP the following values for R280 track radius:

Note: Blue values are examples for information.

LR2 is not present at IRL2 and shall accordingly not be calculated for IRL2.

only applicable for IRL1+1D+1F:

OUTER Relevant Mechanical Points RMPs, DOWNWARDS shifted, R280 LR2

[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
280.000 | 0.044 | 0.006 1.286 | 0.070 | 0.020 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 0.000 0.000 0.003 0.000 0.003 0.175 0.077 0.000 0.077 | n.a.
280.000 | 0.044 | 0.006 1.286 | 0.070 | 0.020 | 1.365 | 0.005 | 1.365 | 0.050 | 0.182 | 0.050 | 1.182 0.000 0.000 0.003 0.000 0.003 0.175 0.077 0.000 0.077 | n.a.
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7.2.12.10. Determine for each RMP the following values for R98-vLR1 track radius:

Note: Blue values are examples for information.

VLR1 is not present at IRL2 and shall accordingly not be calculated for IRL2.

Page 118 of 147

[m]
98.000

[m]
0.010

[m]

[m]

[m]

[m]

[m]

[m]

[m]

[m]

only applicable for IRL1+1D+1F:

[m]

[m]

[m]

OUTER Relevant Mechanical Points RMPs, DOWNWARDS shifted, R98 vLR1

[m]

[m]

98.000

0.010

0.034
0.034

1.286
1.286

0.200
0.200

0.029
0.029

1.365
1.365

0.005
0.005

1.365
1.365

0.050

0.182

0.050

1.182

0.000

0.000

0.017

0.000

0.017

0.331

[m]

0.219

[m]

0.053

[m]

0.272

[m]

1.228

0.050

0.182

0.050

1.182

0.000

0.000

0.017

0.000

0.017

0.331

7.2.12.11. Determine from all resulting Aba values of this set of gauging calculations the smallest value for each RMP.
Note: Blue value is an example for information.

Ab, min
across all
calculations
of this set

[m]

1.119

0.964

7.2.12.12.

+ A positive value or 0.000m indicates that the vehicle design is compatible with the selected gauge(s)

- A negative value indicates that the vehicle design is not compatible with the selected gauge(s)

Determine also, if for this Set any RMPs are present in the WHEEL ZONE and evaluate if these RMPs fulfil the related requirements defined for the selected RP-M in section 6.

0.219

0.053

0.272

1.073
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7.2.13. Step 7(1.5kV) - IF a 1.5kV Pantograph is present, perform Set5 of the gauging calculations for the related INNER Relevant Pantograph Points RPPs in their UPWARDS shifted positions on R0+R2000+R900+R250.4+R150+R80+Radd1

7.2.13.1. Determine for each RPP the following basic values which are independent of the horizontal track radius:

Note: Blue values are examples for information.

Point

ID n; P1 .5hshiﬂ P1 -5bnom
[m] [m] [m]

iRPP1

(1.5kv) | 0.290 5.786 0.650

iRPP2

(1.5kV) 0.290 5.594 0.900

7.2.13.2. Determine for each RPP the following values for straight track.

Note: Blue values are examples for information.
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INNER Relevant Pantograph Points RPPs, RO(=straight), UPWARDS shifted

[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
0.000 | 0.000 0.996 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.015 0.029 0.031 0.010 0.000 0.000 0.046 0.130 0.217
0.000 | 0.000 1.161 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.015 0.028 0.028 0.010 0.000 0.000 0.043 0.127 0.134
7.2.13.3. Determine for each RPP the following values for R2000 track radius:
Note: Blue values are examples for information.
INNER Relevant Pantograph Points RPPs, R2000, UPWARDS shifted
Pz5.2i term
if P1.5hsnie>hco:
Pz5.1i term =P1.5s¢
If P1 .5hshift>hc: sta!ic*Dmax
= S*Dmax f(R)/I-*(P1 -5hshiﬂ'
Pz2 term Pz3 term = «R/L*(P1.5hehi= | heo)
={[(tan nottan {[P1.5t*(P1.5hqn he) of if
oy) *(1+s) it - P1.5hy) of if P1.5hsnw=hco: = | Pz=[(Pz1 PDpl; curve
Pbge Pz1term *| P1.5hsnitehc| 1 | /(P1.5hmaxwire - P1.5hgninche: = | 0.000m term)2+(Pz2 = Dpl; venicte +
=1/2 =[s*To/L*|P1.5 | - [tan(P1.5m0) | P1.5hy)] - 0.000m or if term)2+(Pz3 Dpli track * (A
width of A track hshift'hcl ] - *(1 +P1.5s¢ [P1 .5t0*(P1 Shgp, or if P1.5hghit<hco: term)2+(Pz4 track OF A\ track APb;=
Reference or Ai [P1 .580 randnm) ift -P1 5ht) Pz4 term = P1 .5h5hiﬂ<hc: = =P1 .580 stalic*lmax term)2]°'5 (special)) +q * Ai a (PbRp+P1 .5Soi)
Dimax Imax Profile at Dpl, Dp'. track Wi random*TD/L* | P1. *l P1.5hghix- /(P1 Shmax wire = (P1 .51- S*Imax f(R)/L*(hC' f(R)/L*(hco- +[P25.1i term - +WiRr) * At P1 .SSOi -(P1 .5bnom
Rao00 R2000 R2000 P1.5hgpitt vehicle | track (special) | d Aig R2000 A vi 5hshir-heo] | heo | Thiro P1.5h)]}iro P1.510)i-0 P1.5hghitt) P1.5hgpir) Pz5.2; term] Pz =0.000m +PDpli curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
2000.000 | 0.165 | 0.110 0.996 | 0.001 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.015 0.029 0.031 0.010 0.124 0.000 0.170 0.255 0.000 0.091
2000.000 | 0.165 | 0.110 1.161 | 0.001 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.015 0.028 0.028 0.010 0.120 0.000 0.163 0.248 0.000 0.013
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7.2.13.4. Determine for each RPP the following values for R900 track radius:

Note: Blue values are examples for information.
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INNER Relevant Pantograph Points RPPs, R900, UPWARDS shifted

Pz5.1i term

Pz5.2i term
if P1.5hgni>hco:
=P1 .530

if P1 -5hshiﬂ>hc: siatic*Dmax
= 8*Dinax iRyYL*(P1.5hshi-
Pz2 term Pz3 term = iRYL*(P1.5hshi- | heo)
={[(tan no*tan | {[P1.5t*(P1.5hgp he) of if
OlJ) *(1+S) ft = P1 .5ht) of if P1 .5hshift=hc[): = PZi= [(PZ1 PDpIi curve
Pbgp Pz1 term *| P1.5hsnit-hc] 1 | /(P1.5Nmax wire - P1.5hgniche: = 0.000m term)2+(Pz2 = Dpl; venicte +
=1/2 =[s*To/L*| P1.5 | - [tan(P1.510;) P1.5hy)] - 0.000m orif term)?+(Pz3 Dplitrack * (A
width of A track hshiﬂ'hcl ]1- *(1 +P1.5s¢ [P1 .5t0*(P1 Shgp or if P1.5hghit<hco: term)2+(Pz4 track OF A\ track APb;=
Reference or Ai [P1 .580 random) ift -P1 5h;) Pz4 term = P1 -5hshiﬁ<hc: = =P1 -530 static*lmax term)2]0.5 (special)) +q * Ai ] (PbRP"'P1 -5Soi)
Dmax Imax Profile at Dp|| Dp|| track Wi random*TD/L* | P1. * | P1 -5hshift' /(P1 -5hmax wire = (P1 5St- S*Imax f(R)/L*(hc' f(R)/L*(hCO' +[P25- 1i term - +w; f(R) * Ai wit P1 -5SOi '(P1 -5bnom
Rooo R900 R900 P1.5hghitt vehicle | track (specia) | g Aig R900 Aiwi 5henit-heo | ] heo | Thtso0 P1.5h)]}io P1.5%0)ir0 P1.5hspir) P1.5hshitr) Pz5.2; term] Pz; =0.000m +PDpli curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
900.000 | 0.165 | 0.110 0.996 | 0.003 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.015 0.029 0.031 0.010 0.124 0.000 0.170 0.257 0.000 0.090
900.000 | 0.165 | 0.110 1.161 | 0.003 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.015 0.028 0.028 0.010 0.120 0.000 0.163 0.249 0.000 0.012
7.2.13.5. Determine for each RPP the following values for R250.4 track radius:
Note: Blue values are examples for information.
INNER Relevant Pantograph Points RPPs, R250.4, UPWARDS shifted
Pz5.2i term
if P1.5hsnir>hco:
Pz5.1i term =P1.5s
|f P1 -5hshift>hc: static*Dmax
= S*Dmax f(R)/I-*(F’1 -5hshiﬂ'
Pz2 term Pz3 term = (R/L*(P1.5heni- | heo)
={[(tan no+tan {[P1.5t*(P1.5hen; he) of if
o) *(1+s) # - P1.5hy) of if P1.5hghiz=heo: = Pz=[(Pz1 PDpli curve
Pbge Pz1 term *| P1.5henn-hcl 1 | /(P1.5Nmax wire - P1.5hemiche: = | 0.000m term)2+(Pz2 = Dplivehicle +
=1/2 =[s*To/L*| P1.5 | - [tan(P1.510;) P1.5hy)] - 0.000m orif term)?+(Pz3 Dplitrack * (Ai
width of Al track heni-he| ] - *(1+P1.5s¢ [P1.5t5*(P1.5hgp or if P1.5hgpiit<hco: term)?+(Pz4 track OF A\ track APb=
Reference or Ai [P1 .550 random) ift -P1 5ht) Pz4 term = P1 -5hshiﬂ<hc: = =P1 .550 static*lmax term)2]°'5 (special)) +q * Ai q (PbRp+P1 .5s°i)
Dmax Imax Profile at Dp|| Dpl, track Wi random*TD/L* | P1. * | P1 .5h5hiﬂ' /(P1 -5hmax wire = (P1 .51- S*Imax f(R)/L*(hc' f(R)/L*(hCO' +[P25. 1i term - +w; f(R) * Ai wi t P1 .5s°i -(P1 .5b"°m
Ros0.4 R2504 | Roso4 | P1.5hgpin vehicle track (special) | 0 Aig R2504 | Aiwi Shshi-heo | ] heo | Thieo P1.5h)]}i-0 P1.5%)i-0 P1.5hghi) P1.5hghit) Pz5.2; term] Pz =0.000m +PDpli curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
250.400 | 0.165 | 0.110 0.996 | 0.010 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.015 0.029 0.031 0.010 0.124 0.000 0.170 0.264 0.000 0.082
250.400 | 0.165 | 0.110 1.161 | 0.010 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 [ 1.000 0.015 0.028 0.028 0.010 0.120 0.000 0.163 0.257 0.000 0.004
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7.2.13.6. Determine for each RPP the following values for R150 track radius:

Note: Blue values are examples for information.
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INNER Relevant Pantograph Points RPPs, R150, UPWARDS shifted

Pz5.1i term

Pz5.2i term
if P1.5hsni>hco:
=P1 .530

if P1 -5hshift>hc: staiic*Dmax
= $*Drmax RYL*(P1.5hshi-
Pz2 term Pz3 term = (RIL*(P1.5heni- | heo)
={[(tan nottan | {[P1.5t*(P1.5hg he) of if
ay) *(1+s) it - P1.5hy) of if P1.5hghi=hco: = | Pz=[(Pz1 PDpl; curve
Pbgp Pz1 term *| P1.5hgnin-he | 1 /(P1.5max wire - P1.5hghi=hc: = 0.000m term)?+(Pz2 = Dpl; vehicle +
=1/2 =[s*To/L*| P1.5 | - [tan(P1.510;) P1.5hy)] - 0.000m or if term)?+(Pz3 Dpli track * (Ai
width of A track hshiﬂ'hcl ]1- *(1 +P1.5s¢ [P1 .5t0*(P1 .5hgn or if P1.5hghit<hco: term)2+(Pz4 track OF A\ track APb;=
Reference or Ai [P1 .580 random) ift -P1 5h‘) Pz4 term = P1 .5h5hm<hc: = =P1 .580 slalic*lmax term)2]°'5 (special)) + q * Ai (PbRp+P1.530i)
Dmax Imax Profile at Dp|| Dp|| track Wi random*TD/L* | P1. * | P1 -5hshiﬂ' /(P1 -5hmax wire = (P1 5St- S*Imax f(R)/L*(hC' f(R)/L*(hCO' +[PZ5-1i term - a +w; f(R) * Ai wi t P1 -530i '(P1 -5bnom
Riso R150 R150 P1.5hghitt vehicle | track (specia) | g Aig R150 Aiwi 5hsnit-heo| ] heo | THtso0 P1.5hy)]}i-0 P1.5%0)ir0 P1.5hshin) P1.5hgpir) Pz5.2; term] Pz =0.000m +PDpli curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
150.000 | 0.082 | 0.110 0.996 | 0.017 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.015 0.029 0.031 0.010 0.062 0.000 0.108 0.209 0.000 0.137
150.000 | 0.082 | 0.110 1.161 | 0.017 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.015 0.028 0.028 0.010 0.060 0.000 0.103 0.204 0.000 0.057
7.2.13.7. Determine for each RPP the following values for R80 track radius:
Note: Blue values are examples for information.
INNER Relevant Pantograph Points RPPs, R80, UPWARDS shifted
Pz5.2i term
if P1.5hsni>hco:
Pz5.1i term =P1.5s
|f P1 -5hshift>hc: static*Dmax
= S*Dmax f(R)/I-*(F’1 -5hshiﬂ'
Pz2 term Pz3 term = (RIL*(P1.5hen= | heo)
={[(tan nottan | {[P1.5t*(P1.5hg, he) of if
o) *(1+s) it - P1.5hy) of if P1.5hghiz=heo: = Pz=[(Pz1 PDpli curve
PbRp Pz1 term * | P1 -5hshift'hc| ] /(P1 -5hmax wire = P1 -5hshift=hc: = 0.000m term)2+(P22 = Dpl. vehicle
=1/2 =[s*To/L*| P1.5 | - [tan(P1.5M07) P1.5hy)] - 0.000m or if term)?+(Pz3 Dplitrack * (Ai
width of A track heni-he| ] - *(1+P1.5s¢ [P1.5t,*(P1.5hgp or if P1.5hgpiit<hco: term)?+(Pz4 track OF A\ track APb=
Reference or Ai [P1 .550 random) ift -P1 5ht) Pz4 term = P1 -5hshift<hc: = =P1 .550 static*lmax term)2]°’5 (special)) +q * Ai q (PbRp+P1 -5SOi)
Dmax Imax Profile at Dp|| Dpl, track random*TD/L* | P1. * | P1 .5h5hiﬁ' /(P1 -5hmax wire = (P1 51- S*Imax f(R)/L*(hc- f(R)/L*(hCO' +[P25.1i term - +w; f(R) * Ai wi t P1 .5s°i -(P1 -5bnom
Rao RS0 R80 P1.5hghis vehicle track (special) | g Aiq Wirso | Aiwi Shspin-heo| ] heol Jhio P1.5h)]}io0 P1.51)it-0 P1.5hghit) P1.5hghit) Pz5.2; term] Pz =0.000m +PDpli curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
80.000 | 0.025 | 0.110 0.996 | 0.033 | 0.029 [ 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.015 0.029 0.031 0.010 0.019 0.000 0.065 0.181 0.000 0.166
80.000 | 0.025 | 0.110 1.161 | 0.033 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.015 0.028 0.028 0.010 0.018 0.000 0.061 0.177 0.000 0.084




IRS-401-A

Kinematic Gauging for Vehicles on the Irish 1600mm Network

7.2.13.8. Where an additional Relevant Radius Radd1 is present: Determine for each RPP the following values for Rada1 track radius:

Note: Blue values are examples for information.
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INNER Relevant Pantograph Points RPPs, Radd1, UPWARDS shifted

Pz5.1i term

Pz5.2i term
if P1.5hspniie>hco:
=P1 .530

if P1.5hsni>hc: = | static Drmax
S.kDmax f(R)/L*(P1 -5hshift'
Pz2 term Pz3 term = (R/L*(P1.5heni- | heo)
={[(tan not+tan {[P1.5t*(P1.5hgn; he) of if
ay) (1+s) «- P1.5hy) of if P1.5hai=he: = | Pz= [(Pz1 PDPl; curve
Pbge Pz1 term *| P1.5hsninehc| 1 | /(P1.5hmaxwire - P1.5henie=ho: = 0.000m term)?+(Pz2 = Dpl; vehicle +
=1/2 =[s*To/lL*| P15 | - [tan(P1.5n0) | P1.5hy)] - 0.000m or if term)?+(Pz3 Dl rack * (A
width of A track hshiﬂ'hcl ] = *(1 +P1.5s¢ [P1 .5t0*(P1 Shgpi or if P1.5hghit<hco: term)z+(Pz4 track OF A\ track APb;=
Reference or A [P1 .5s¢ random) # -P1 5h;) Pz4 term = P1.5hghn<hc: = =P1.5S0 static" Imax term)2]0’5 (special)) +q * A q (PbRp+P1 -5Soi)
Dmax Imax Profile at Dpli Dpli track Wi random*TD/L* | P1. * | P1 -5hshiﬂ' /(P1 -5hmax wire ~ (P1 .51- s.klmax f(R)/L*(hc' f(R)/L*(hCO' +[P25-1i term - HWiR) * Ai wi t P1 -5Soi '(P1 -5bnom
Raddt | Redat | Radat | P1.5hshitt | vehicle | track (special) | 0 Aiq Raddt | Aiwi 5hsni-heol ] heo THeo P1.5hy)]}io0 P1.5t0)i-0 P1.5hshi) P1.5hshir)) Pz5.2; term] Pz; =0.000m +PDpli curve)
[m] | [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
80 | 0.025 | 0.110 0.996 | 0.033 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.015 0.029 0.031 0.010 0.019 0.000 0.065 0.181 0.000 0.166
80 | 0.025 | 0.110 1.161 | 0.033 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.015 0.028 0.028 0.010 0.018 0.000 0.061 0.177 0.000 0.084

7.2.13.9. Determine from all resulting Abi values of this set of gauging calculations the smallest value for each RPP.

Note: Blue value is example for information.

APb; min

across all
calculations

[m]

0.082

0.004

+ A positive value or 0.000m indicates that the vehicle design is compatible with the selected gauge(s)

- A negative value indicates that the vehicle design is not compatible with the selected gauge(s)
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7.2.14. Step 7(25kV) - IF a 25kV Pantograph is present, perform Set5 of the gauging calculations for the related INNER Relevant Pantograph Points RPPs in their UPWARDS shifted positions on R0O+R2000+R900+R250.4+R150+R80+Radd1

Details to be included in a future issue of this IRS.
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7.2.15. Step 8(1.5kV) - IF a 1.5kV Pantograph is present, perform Set6 of the gauging calculations for the related OUTER Relevant Pantograph Points RPPs in their UPWARDS shifted positions on R0+R2000+R250.4+R150+R80+Radd1

7.2.15.1. Determine for each RPP the following basic values which are independent of the horizontal track radius:

Note: Blue values are examples for information.

Point

ID n, P1.5hghise | P1.5bnom
[m] [m] [m]

aRPP1

(1.5kV) 0.240 5.786 0.650

aRPP2

(1.5kV) 0.240 5.594 0.900

7.2.15.2. Determine for each RPP the following values for straight track.

Note: Blue values are examples for information.

OUTER Relevant Pantograph Points RPPs, UPWARDS shifted, RO(=straight track)

[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
0.000 | 0.000 0.996 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 1.035 0.015 0.029 0.031 0.010 0.000 0.000 0.046 0.133 0.214
0.000 | 0.000 1.161 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 1.035 0.015 0.028 0.028 0.010 0.000 0.000 0.043 0.130 0.131
7.2.15.3. Determine for each RPP the following values for R2000 track radius:
Note: Blue values are examples for information.
OUTER Relevant Pantograph Points RPPs, UPWARDS shifted, R2000
Pz5.2, term
if
Pz5.1.term | P1.5haui>heo. PDpla curve =
if =P1.5s¢ Dpla vehicle +
P1 -5hshiﬂ>hc: static*lmax Dpla track *
=S*|max f(R)/L*(P1 -5hshi A
P22 term /L (P1.5hy | reheo) (Aa trac o
={[(tan nottan | Pz3term = a-he) or if Aa track
ay) *(1+s) {P1.5t"(P1.5 or if P1.5hew=heo: | Pza=[(PZ1 | (opecian) +
*| P1.5hghit- hsnirt - P1.5hy) P1.5hshift=hc | = 0.000m term)?+(Pz2 AL+
Pbge Pz1 term he|]- /(P15 max wire : = 0.000m or if term)+(Pz3 | 9 Aaat Wa
=1/2 A =[s*To/L*| P1. | [tan(P1.5n0) | -P1.5hy)] - or if P1.5hain<heo | term)+(Pz4 | #R)* Aawa
width of ack Shanicho| 1- | *(1+P1.5s0 [P1.5t*(P1.5 P1.5hgin<he: | = P1.5s, term)2j°> curve + Wif(R) APb,=
Reference or A, [P1.5s0 random) henit -P1.5hy) | Pz4 term = =8*Dimax static" Dmax +[Pz5.1a * Ao + (Pbgrp+P1.5S,
Dimax Imax Profile at Dpla Dpla track Wi A wi W, Aawa random*TD/L*| P *| P1.5hghi- /(P 1.5hmax wire (P1.5t- f(R)/L*(he- #RyYL*(heo- term -Pz5.2a awicurve P1.5S¢. a) =(P1.5bnom
Rao0o R2000 R2000 P1.5hghist vehicle | track (special) | d Asq R2000 curve R2000 curve 1.5hshit-heo | | heo | Tl -P1.5h)]}im0 P1.510)i0 P1.5hghi) P1.5hshir) term] Pz, =0.000m +PDpla curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
2000.000 | 0.165 | 0.110 0.996 | 0.001 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 0.015 0.029 0.031 0.010 0.083 0.000 0.129 0.216 0.000 0.131
2000.000 | 0.165 | 0.110 1.161 | 0.001 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 0.015 0.028 0.028 0.010 0.080 0.000 0.123 0.210 0.000 0.051
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7.2.15.4. Determine for each RPP the following values for R250.4 track radius:

Note: Blue values are examples for information.
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OUTER Relevant Pantograph Points RPPs, UPWARDS shifted, R250.4

Pz5.2, term
if
Pz5.1.term | P1.5hgi>heo PDpla curve =
if =P1.5s Dpla vehicle +
P1.5hgnin>hc: static” Imax Dpla track *
=S*Imax f(R)/L*(P1 .5h5hif
Pz2 term «rVL*(P1.5hanr | heo) (Aa track Oor
={[(tan nottan | Pz3term = he) or i Aa track
ay) *(1+s) {[P1.5t*(P1.5 or if P1.5hsn=hco: | Pza= [(Pz1 (special)) +
*| P1.5hgpi- henitt - P1.5hy) P1.5hshift=hc | = 0.000m term)2+(Pz2 "
Pbgp Pz1 term he|]- /(P1.5Nmax wire - :=0.000m or if term)?+(Pz3 q*Aaq +Wa
=1/2 A, =[s*To/L*| P1. | [tan(P1.5ma) | P1.5h)] - or if P1.5hei<heo: | term)>+(Pz4 | #R) * Aawa
width of wack Sheni-he| ] - *(1+P1.5s, [P1.5t,*(P1.5 P1.5hgnn<he: | = P1.5s¢ term)?]° curve + Wif(R) APb,=
Reference or A, [P1.5s0 random) henitt -P1.5hy) Pz4 term = =5*Dinax static*Drmax +[Pz5.1a * A (Pbgp+P1.5S,
Dmax | Imsx | Profileat | Dpla | Dpla | wack Wi Aay | Wa Aava | random*To/L*| P | *| P15hens | /(P1.5hmaxwire- | (P1.5t- f(R)/L*(he- R/L* (oo term -Pz5.2a awicurve ¥ | pq 55 a) (P1.5bpom
R2s50.4 R250.4 R250.4 P1.5hgist vehicle track (special) | g Aaq R250.4 curve R250.4 curve 1-5hshiﬂ'hc0| | thl Iis0 P1.5h)]}i0 P1.51)it=0 P1.5hghit) P1.5hghit) term] Pz, =0.000m +PDpla curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
250.400 | 0.165 | 0.110 0.996 | 0.004 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 0.015 0.029 0.031 0.010 0.083 0.000 0.129 0.219 0.000 0.127
250.400 | 0.165 | 0.110 1.161 | 0.004 [ 0.029 | 1.035 | 0.005 | 1.035 | 0.050 [ 0.018 | 0.050 | 1.018 0.015 0.028 0.028 0.010 0.080 0.000 0.123 0.213 0.000 0.048
7.2.15.5. Determine for each RPP the following values for R150 track radius:
Note: Blue values are examples for information.
OUTER Relevant Pantograph Points RPPs, UPWARDS shifted, R150
Pz5.2, term
if
Pz5.1,term | P1.5ha>heo, PDpla curve =
if = P1.5s¢ Dpla vehicle +
P1 -5hshift>hc: static*lmax Dpla track *
=S*|max f(R)/I-*(F’1 -5hshif
Pz2 term «rYL*(P1.5hens | 1-heo) (Aa track OF
={[(tan no+tan | Pz3term = he) or if Aa track
ay) *(1+s) {IP1.5t*(P1.5 or if P1.5hsw=heo: | Pza= [(Pz1 (special)) +
*|P1.5hsnin- | hene - P1.5hy) P1.5hshift=hc | = 0.000m term)2+(Pz2 *
Pbgp Pz1 term he|] - /(P1.5Nmax wire - :=0.000m orif term)?+(Pz3 q*Aaq+Wa
=1/2 Aa =[s*To/L*| P1. | [tan(P1.5ne) | P1.5hy)] - or if P1.5heni<heo: | term)2+(Pz4 | #R)* Aawa
width of track 5hshiﬂ'hc| ] - *(1 +P1.5sy [P1 5t0*(P1 5 P1.5hgni<hc: = P1.5s¢ term)2]°'5 curve + Wi f(R) APba=
Reference or A, [P1.5s0 random) hshitt -P1.5hy) Pz4 term = =5*Dmax static* Dmax +[Pz5.1a * A (Pbgrp+P1.5S,
Dinax Imax Profile at | Dpl. Dpl, track Wi Aayi | Wa Aswa | random*To/L*| P | *| P1.5henis- /(P1.5hmaxwire - | (P1.51- f(R)/L*(he- fRyL*(Neo- term -Pz5.2a awicuve + | pg 5g a) (P1.5bnom
Riso R150 R150 P1.5hghist vehicle track (special) | 9 Aag R150 curve R150 curve 1-5hshiﬂ-hc0| 1 thl Do P1.5h)]}i0 P1.51)it-0 P1.5hghi) P1.5hghi) term] Pz, =0.000m +PDpla curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
150.000 | 0.082 | 0.110 0.996 | 0.007 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 0.015 0.029 0.031 0.010 0.083 0.000 0.129 0.222 0.000 0.124
150.000 | 0.082 | 0.110 1.161 | 0.007 [ 0.029 | 1.035 | 0.005 | 1.035 | 0.050 [ 0.018 | 0.050 | 1.018 0.015 0.028 0.028 0.010 0.080 0.000 0.123 0.216 0.000 0.045
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7.2.15.6. Determine for each RPP the following values for R80 track radius:

Note: Blue values are examples for information.
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OUTER Relevant Pantograph Points RPPs, UPWARDS shifted, R80
Pz5.2, term
if
P1.5hghi>hco:
Pz5.1, term = P1.5s¢ PDpla curve =
if P1.5hsnie>he: | static max Dpla vehicle +
=8*|max fRYL*(P1.5hshitt *
Pz2 term «rVL*(P1.5henin | ~heo) Dpla track
={[(tan nottan | Pz3term = -he) orif (Aatrack OF Aa
ay) *(1+s) {{P1.5t"(P1.5h orif P1.5hgn=heo, rack (special) +
*| P1.5hghig- onift - P1.5hy) P1.5hshift=hc: | = 0.000m Pz, = [(Pz1 "
Pbge P21 term he|1- J(P1.5Nacwire - =0.000m or if termp+(Pz2 | 9 Aaa+ Wa
=1/2 A, =[s*To/L*| P1. | [tan(P1.5ne) | P1.5h)] - or if P1.5hgin<hce: | term)+(Pz3 | () * Aawa
width of track Sheni-ho| 1 - *(1+P1.5s0 [P1.5t*(P1.5h P1.5hgn<hs: | = P1.5s termP+(Pz4 | e + Wigm) * APb,=
Reference or Aa [P1 -530 random) shift -P1 5h() Pz4 term = =S*Dmax staiic*Dmax term)Z]D.S A . (PbRP"'P1 5SO
Dmax | Inax | Profileat | Dpla | Dpla | wack Aa Aswe | randomTo/lL*| P | *| P1.5hens- /(P4 5hmaxwire - | (P1.51- f(R)/L*(he- ®/L* (oo~ +[Pz5.1a term | Rawicurve ¥ P1.5S;, 2) (P1.5b0m
Raso RS0 RE0 P1.5hgist vehicle track (special) | Q Aaq WiRrg0 | curve WaR80 | curve 1.5hsnin-heo] ] heol Ihiso P1.5hy)}ir0 P1.510)ir-0 P1.5hghit) P1.5hghit) -Pz5.2a term] Pza =0.000m +PDpla curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
80.000 | 0.025 | 0.110 0.996 | 0.013 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 0.015 0.029 0.031 0.010 0.083 0.000 0.129 0.228 0.000 0.118
80.000 | 0.025 | 0.110 1.161 | 0.013 [ 0.029 | 1.035 | 0.005 | 1.035 | 0.050 [ 0.018 | 0.050 | 1.018 0.015 0.028 0.028 0.010 0.080 0.000 0.123 0.222 0.000 0.039
7.2.15.7. Where an additional Relevant Radius Radd1 is present: Determine for each RPP the following values for Rada1 track radius:
Note: Blue values are examples for information.
OUTER Relevant Pantograph Points RPPs, UPWARDS shifted, Radd1
Pz5.2, term
if P1.5hgni>hco:
Pz5.1, term = P1.5sg PDpla curve =
if P1 -5hshift>hc: static*lmax Dpla vehicle +
=S*|max f(R)/L*(P1 -5hshift *
Pz2 term «r/L*(P1.5hene | -heo) Dpla track
={[(tan nottan | Pz3term = -he) or if (Aa track OF Aa
ay) *(1+s) {[P1.5t*(P1.5h, or if P1.5henin=hco. = N
*| P1.5hghie- nitt - P1.5hy) P1.5hshift=hc: | 0.000m Pz.=[(Pz1 -
Pbgp Pz1 term he|]- /(P1.5Nmax wire - =0.000m or if term)?+(Pz2 q*Aagq +Wa
=1/2 A =[s*To/L*| P1. | [tan(P1.5me) | P1.5hy)] - or if P1.5han<hce: = | term)2+(Pz3 f(R) * Aawa
width of - Sheni-ho| 1 - “(1+P1.58, [P1.5to*(P1.5hs P1.5hgni<h; P1.5s0 term)?+(Pz4 curve + Wif(m) * APb,=
Reference or A, [P1.5s ) nift -P1.5hy) Pz4 term = =5*Dmax static” Dimax term)?]°S Auu (Pbgp+P1.5S,,
Drax sz Profile at Dpla, Dpla i Wi Aa i W, Aaum ram,(,m"TD/L*| P *| P1.5hghix- /(P1.5max wire = (P1.51- f(R)/L*(he- iry/L*(hco- +[Pz5.1a term awi curve + P1.5S¢. ) -(P1.5bnom
Radd1 | Raddt Radd1 P1.5hghist vehicle track (special) | g Aag Radd1 curve Radd1 curve 1-5hshift'hc0| 1 thl Tbis0 P1.5hy)]}io0 P1.510)it-0 P1.5hghi) P1.5hghit) -Pz5.2a term] Pz, =0.000m +PDpla curve)
[m] | [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
80 | 0.025 | 0.110 0.996 | 0.013 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 0.015 0.029 0.031 0.010 0.083 0.000 0.129 0.228 0.000 0.118
80 | 0.025 | 0.110 1.161 | 0.013 [ 0.029 | 1.035 | 0.005 | 1.035 | 0.050 [ 0.018 | 0.050 | 1.018 0.015 0.028 0.028 0.010 0.080 0.000 0.123 0.222 0.000 0.039

7.2.15.8. Determine from all resulting Aba values of this set of gauging calculations the smallest value for each RPP.

Note: Blue value is an example for information.

APb, min
across all
calculations

[m]

0.118

0.039

+ A positive value or 0.000m indicates that the vehicle design is compatible with the selected gauge(s)

- A negative value indicates that the vehicle design is not compatible with the selected gauge(s)
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7.2.16. Step 8(25kV) - IF a 25kV Pantograph is present, perform Set6 of the gauging calculations for the related OUTER Relevant Pantograph Points RPPs in their UPWARDS shifted positions on R0+R2000+R250.4+R150+R80+Radd1

Details to be included in a future issue of this IRS.
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7.2.17. Step 9 - IF Electric Relevant Points are present, perform Set7 of the gauging calculations for INNER Relevant Electrical Points REPs in their UPWARDS shifted positions on R0+R2000+R900+R250.4+R150+R80+Radd1 +R119-LR1+R280-LR2+R98-vLR1

7.2.17.1. Determine for each REP the following basic values which are independent of the horizontal track radius:

Note: Blue values are examples for information.

kuti +kuz

Kutivir1 +Kuz
up-wards shift

up-wards shift of this hshitt hishit-vLr1
of this Relevant Point | =huom +Kkuai =hnom +KutivLr1
Point ID n; hnom Brom Relevant Point | at vLR1 +kya +kyz
[m] [m] [m] [m] [m] [m] [m]
iL01
(1.5kV) 0.290 | 3.986 | 0.000 0.020 0.020 4.006 4.006
iL02
(1.5kV) 0.290 | 3.986 | 0.660 0.020 0.020 4.006 4.006

7.2.17.2. Determine for each REP the following values for straight track.

Note: Blue values are examples for information.

INNER Relevant Electrical Points REPs, UPWARDS shifted, R0O(=straight)

[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
0.000 [ 0.000 0.900 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.000 0.000 -0.001 0.083 0.817
0.000 | 0.000 0.900 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.000 0.000 -0.001 0.083 0.157
7.2.17.3. Determine for each REP the following values for R2000 track radius:
Note: Blue values are examples for information.
INNER Relevant Electrical Points REPs, UPWARDS shifted, R2000
z3.1i term, z3.2i term
z2 term if Npom>hc: if hshir™>heo: =So
={[(tan ﬂ0+tan =S*Dmf:'ax static*Dmax Dpll curve
bre ay) *(1+s) fRYL*(Nnom-hc) fRYL*(Nshitt-hco) = Dpli venicie *
=1/2 z1 term *((hnom_hc)Z)O.S] or if hnom=hC: or if hshiﬂzhco: Zj Dplitrack * (A.
width of A track =[s*To/L*((hnom- | -[tann0: =0.000m =0.000m =(z1 term) +(z2 | track OF A;
Reference or Ai hc)Z)O.S)]_ *(1 +SOrandom) or if hnom<hc: orif hshiﬂ<h00: term) +(Z31| track(special)) + q * S0i geometric S0i enlargement Abi= (bRP+SOi) =
Dmax Imax PrOfiIe at Dp'- DP|| track Wi [sﬂrandom*TD/L*« *((hshift' =S*|max f(R)/L*(hc' =So static*lmax term '23-2| Ai q + Wi f(R) * Ai = 22482 m2 * = (15 mz * (1 / SO' = sOi geometric (bnom +Dp|i
Rao0o R2000 R2000 hgrp = hgpist vehicle track (specia) | G Aiq R2000 Aivi hshift-hco)z)o‘s)] hc0)2)0'5])if>0 nom iRy L*(heo-hshit) term) witZ (1/R) R)) — 0.1 m)iso + Soi entargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
2000.0 | 0.165 | 0.110 0.900 | 0.001 | 0.029 [ 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.082 0.000 0.082 0.167 0.011 0.000 0.011 0.745
2000.0 | 0.165 | 0.110 0.900 | 0.001 | 0.029 [ 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.082 0.000 0.082 0.167 0.011 0.000 0.011 0.085
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7.2.17.4. Determine for each REP the following values for R900 track radius:
Note: Blue values are examples for information.
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INNER Relevant Electrical Points REPs, UPWARDS shifted, R900

z3.1i term, z3.2i term
z2 term if hnom>he: if hsni>hco: =So
={[(tan nottan =5"Dmax static” Dmax Dpli curve
bre ay) *(1+s) iR)Y/L*(Nnom-hc) iRy/L*(Nsnir-heo) = Dpli venicie +
=1/2 z1 term *((Mrom=hc)?)®®] | or if hpem=he: or if hi=heo: zi Dplitrack * (A
width of A track =[s*To/L*((hnom- | -[tannOr =0.000m =0.000m =(z1 term) +(z2 | track OT A;
Reference or Ai hc)2)0.5)]_ (1+30random) or |f hnom<hc: or |f hshiﬂ<hc0: term) +(231| lrack(special)) + q * SOi geometric SOi enlargement
Dmax Imax Profile at Dpl; Dpl; track Wi [Sorandom To/L*(( | *((hshift- =5 lmax (RYL*(Ne= | =S0 static™ Imax term -z3.2i Aig+Wwigr) *Ai | =22.482m>* =(15m2*(1/ Soi = Soigeometric | Abi= (brp+Sqi) -
Rooo R900 R900 hrp = hehit | vehicle | track (specia) | Q Aig R900 Aiwi hinitt-he)?)%)] heo)?)* it Nnom) iRYL*(heo-hshi) | term) wi +2Zi (1/R) R)) = 0.1 Mo | + Soienlargement (brom +Dpli curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
900.0 | 0.165 | 0.110 0.900 | 0.003 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.082 0.000 0.082 0.168 0.025 0.000 0.025 0.757
900.0 | 0.165 | 0.110 0.900 | 0.003 | 0.029 [ 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.082 0.000 0.082 0.168 0.025 0.000 0.025 0.097
7.2.17.5. Determine for each REP the following values for R250.4 track radius:
Note: Blue values are examples for information.
INNER Relevant Electrical Points REPs, UPWARDS shifted, R250.4
z3.1i term, z3.2i term
22 term |f hnom>hc: |f hshift>h00: =SO
={[(tan T10+tan =S*Dmax sta(ic*Dmax Dpll curve
brp ay) *(1+s) fRYL*(Nnom-he) iRY/L*(Nshit-hco) = Dpl; venicle +
=1/2 z1 term *((hnom-hc)?)°] or if hnom=hc: or if hsnir=heo: Zi Dplitrack * (Ai
width of A track =[s*To/L*((hnom- | -[tannOr =0.000m =0.000m =(z1 term) +(z2 | track OF A;
Reference or Ai hC)Z)O.S)]_ *(1+30random) or if hnom<hc: or if hshift<h00: term) +(Z31| track(special)) + q * Sl)i geometric SOi enlargement
Dmax Imax Profile at Dp|| DP|| track [SOrandom*TD/L*(( *((hshift' =S*Imax f(R)/L*(hc' =SO static*lmax term '23-2i Ai q + Wi f(R) * Ai = 22482 m2 * = (1 5 m2 * (1 / sO' = soi geometric Abi= (bRP+SOi) =
Raos0.4 R250.4 R250.4 hgrp = hgpist vehicle track (special) | G Aiq Wiros0.4 | Aiwi hshiﬂ-hco)Q)U's)] hc0)2)0'5])if>0 Nnom) iRYL*(heo-hshit) term) wi t Zi (1/R) R)) = 0.1 Mo + Soi entargement (bnom +Dpli curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
250.4 | 0.165 | 0.110 0.900 | 0.010 | 0.029 [ 1.000 | 0.005 | 1.000 0.050 [ 1.000 -0.001 0.000 0.082 0.000 0.082 0.176 0.090 0.000 0.090 0.814
250.4 | 0.165 | 0.110 0.900 | 0.010 | 0.029 [ 1.000 | 0.005 | 1.000 0.050 | 1.000 -0.001 0.000 0.082 0.000 0.082 0.176 0.090 0.000 0.090 0.154
7.2.17.6. Determine for each REP the following values for R150 track radius:
Note: Blue values are examples for information.
INNER Relevant Electrical Points REPs, UPWARDS shifted, R150
z3.1i term, z3.2i term
z2 term if hnom>hc: if hshiﬂ>h00: =So
={[(tan T‘|g+tan =S*Dmax static*Dmax Dpll curve
bre (XJ) *(1 "'S) f(R)/L*(hnom-hc) f(R)/L*(hshifrhco) = Dpli venicie *
=1/2 z1 term *((hrom=hc)?)®®] | or if hnem=hc: or if henr=heo: z Dpl; rack * (Ai
width of A track =[s*To/L*((hnom- | -[tannO: =0.000m =0.000m =(z1term) +(z2 | track Or A;
Reference or A hc)2)0.5)]_ *(1+Sorandom) or if hpom<hc: or if hsnir<hco: term) +(z3.1i track(special)) + O * Soi geometic Soi enlargement
Dmax Imax PrOf"e at Dp|| Dpll track [SOrandom*TD/L*(( *((hshift' =S*|max f(R)/L*(hc' =So static*lmax term '23-2i Ai q + Wi f(R) * Ai = 22482 m2 * = (15 m2 * (1 / sol = sOi geometric Abi= (bRP+SOi) =
Riso R150 R150 hgrp = hgpist vehicle track (specia) | G Aiq Wiriso | Aiwi hshiﬂ-hc0)2)0'5)] hc0)2)0'5])if>0 Nnom iYL *(heo-hshit) term) wi t Zi (1/R) R)) — 0.1 Mio + Soi entargement (Bnom +Dpli curve)
[m] | [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
150 | 0.082 | 0.110 0.900 | 0.017 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.041 0.000 0.040 0.141 0.150 0.000 0.150 0.909
150 | 0.082 | 0.110 0.900 | 0.017 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.041 0.000 0.040 0.141 0.150 0.000 0.150 0.249
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7.2.17.7. Determine for each REP the following values for R80 track radius:

Note: Blue values are examples for information.
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INNER Relevant Electrical Points REPs, UPWARDS shifted, R80

z3.1i term, z3.2i term
z2 term if hnom>he: if heni>hco: =So
={[(tan nottan =5"Dmax static” Dmax Dpli curve
bre ay) *(1+s) iR)/L*(Nnom-hc) iRY/L* (Nshirt-heo) = Dpli venicie +
=1/2 z1 term *((hnom=hc)?)*] or if hpom=hc: or if hgnr=heo: zi Dplitrack * (A
width of A track =[s*To/L*((hnom- | -[tannO =0.000m =0.000m =(z1term) +(z2 | track OT A;
Reference or Ai hc)2)0.5)]_ *(1 +50random) or |f hnom<hc: or |f hshift<h00: term) +(231| lrack(special)) + q * SOi geometric SOi enlargement
Dmax Imax Profile at Dpl; Dpl; track [Sorandom To/L*(( | *((Nshift- =8 lmax (RYL*(Ne= | =S0 static*Imax term -z3.2i Aig+Wigr) *Ai | =22.482m2* =(15m2*(1/ Soi = Soigeometric | Abi= (brp*S0i) -
Reo | reo R8O hre = hshit | vehicle | track (specia) | Q Aig Wirgo | Aiwi hshif-he0))%)] hco)®)* it Nnom) Ry L*(Neo-shitt) term) wi tZi (1/R) R)) = 0.1 m)ro | * Soienlargement (Pnom +Dpli curve)
[m] | [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
80 | 0.025 | 0.110 0.900 | 0.033 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.012 0.000 0.012 0.128 0.281 0.088 0.369 1141
80 | 0.025 | 0.110 0.900 | 0.033 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.012 0.000 0.012 0.128 0.281 0.088 0.369 0.481
7.2.17.8. Where an additional Relevant Radius Radd1 is present: Determine for each REP the following values for Radd1 track radius:
Note: Blue values are examples for information.
INNER Relevant Electrical Points REPs, UPWARDS shifted, Radd1
z3.1i term, z3.2i term
z2 term if Rnom>he: if hsni>hco: =So
={[(tan no+tan =S*Dmax st |l Dpli curve
brp ay) *(1+s) fRYL*(Nnom-hc) #RY/L™ (Nshitt-hco) = Dpli vehicie *
=1/2 z1 term *((Nrom-Nc)?)%°] or if hpem=hc: or if hent=heo: z Dpl; rack * (A
width of A track =[s*To/L*((hnom- | -[tann0; =0.000m =0.000m =(z1 term) +(z2 | track OF A;
Reference or A he)?)9)]- *(1+Sorandom) or if hnom<hc: or if hsnit<heo: term) +(z3.1i track(specian) + 9 * | Soi geometric S et
Dmax Imax PrOﬁIe at Dp|| DP|| track Wi [SOrandom*TD/L*(( *((hshiﬂ' =5*|max f(R)/L*(hc' =Sp static*lmax term '23-2i Ai q + Wi f(R) * Ai = 22482 m2 * = (15 m2 * (1 / SO' = SOi geometric Abi= (bRP+SOi) =
Radd1 | Raddt Radd1 hrp = Nshift | vehicle | track (special) | 9 Aiq Radd Aivi hsnit-he)?)*%)] he0)?)° i nom #RY/L*(Neo-shitt) term) wit Zi (1/R) R)) — 0.1 Mo + Soi enlargement (bnom *Dpli curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
80 | 0.025 | 0.110 0.900 | 0.033 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.012 0.000 0.012 0.128 0.281 0.088 0.369 1141
80 | 0.025 | 0.110 0.900 | 0.033 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.012 0.000 0.012 0.128 0.281 0.088 0.369 0.481
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7.2.17.9.

7.2.17.10. Determine from all resulting Abi values of this set of gauging calculations the smallest value for each REP.

Determine for each REP the following values for R98-vLR1 track radius:

Note: Blue values are examples for information.

VLR1 is not present at IRL2 and shall accordingly not be calculated for IRL2.
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only applicable for IRL1+1D+1F:
INNER Relevant Electrical Points REPs, UPWARDS shifted, R98 vLR1

[m] | [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
98 | 0.010 | 0.034 0.900 | 0.027 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.005 0.000 0.004 0.115 0.229 0.053 0.282 1.068
98 | 0.010 | 0.034 0.900 | 0.027 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 -0.001 0.000 0.005 0.000 0.004 0.115 0.229 0.053 0.282 0.408

Note: Blue value is an example for information.

Ab; min
across all
calculations
of this set

[m]

0.745

0.085

+ A positive value or 0,000m indicates that the vehicle design is compatible with the selected gauge(s)

- A negative value indicates that the vehicle design is not compatible with the selected gauge(s)
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7.2.18. Step 10 - IF Electric Relevant Points are present, perform Set8 of the gauging calculations for INNER Relevant Electrical Points REPs in their DOWNWARDS shifted positions on R0+R2000+R900+R250.4+R150+R80+Radd1+R119-LR1+R280-LR2+R98-

vLR1

7.2.18.1. Determine for each REP the following basic values which are independent of the horizontal track radius:

Note: Blue values are examples for information.

Kis
down-wards
KLtivLr1 shift of this
Keai down-wards ko +Kis +Kia Relevant Point hshist Rshist-vLR1
Zone | down-wards shift of this down-wards (depending on | =hnom ~(KL1i =hnom ~(KLai-vLRr1
(Aor | shift of this Relevant Point | shift of this Zone: =Kkisa +Ki2 +Kis +Kig +Kiz tKis tKig
Point ID ni hnom brom | B) Relevant Point | at VLR1 Relevant Point | oder =k;sg) + Kys) +Kys)
[m] [m] [m] [m] [m] [m] [m] [m] [m]
iLO1
(1.5kV) 0.290 3.986 | 0.000 | A 0.000 0.000 0.122 0.000 3.864 3.864
iL02
(1.5kV) 0.290 3.986 | 0.660 | A 0.000 0.000 0.122 0.000 3.864 3.864

7.2.18.2. Determine for each REP the following values for straight track.

Note: Blue values are examples for information.
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INNER Relevant Electrical Points REPs, DOWNWARDS shifted, RO

straight track

[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
0.000 [ 0.000 1.174 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.000 0.000 0.000 0.083 1.091
0.000 | 0.000 1.174 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.000 0.000 0.000 0.083 0.431
7.2.18.3. Determine for each REP the following values for R2000.
Note: Blue values are examples for information.
INNER Relevant Electrical Points REPs, DOWNWARDS shifted, R2000
z3.1i term, z3.2i term
z2 term if hnom>hc: if hshiﬂ>h00: =80
={[(tan "10+tan =S*Dma\x slatic*Dmax Dpll curve
bre ay) *(1+s) iRY/L*(Nnom-hc) iRy/L*(Nshitt-hco) = Dpli venicie +
=1/2 z1 term *((hnom=hc)?)®%] | or if hpom=hc: or if hnin=heo: zi Dplitrack * (A
width of A track =[s*To/L*((hnom- | -[tann0; =0.000m =0.000m =(z1 term) +(z2 | track OF A;
Reference or Ai hc)2)0'5)]' *(1+30random) or if hnom<hc: or if hshift<ht:0: term) +(231| track(special)) + q * SOi geometric SOi enlargement Abi= (bRP+SOi) =
Dmax Imax PrOfiIe at Dp'- DP|| track Wi [SOVandom*TD/L*« *((hshift‘ =S*|max =s Ostatic*lmax term '23-2i Ai q + Wi f(R) * Ai = 22482 m2 * = (15 m2 * (1 / sol = soi geometric (bnom +Dp|i
Rao0o R2000 R2000 hgrp = hgpist vehicle track (specia) | G Aiq R2000 Aivi hshiﬂ-hco)z)o‘s)] hc0)2)°‘5]}if>o iRy L*(he-hinom) iRy L*(heo-hshit) term) witZ (1/R) R)) = 0.1 Mo + Soi entargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
2000.0 | 0.165 | 0.110 1.174 | 0.001 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 [ 1.000 0.000 0.000 0.082 0.000 0.082 0.167 0.011 0.000 0.011 1.019
2000.0 | 0.165 | 0.110 1.174 | 0.001 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 [ 1.000 0.000 0.000 0.082 0.000 0.082 0.167 0.011 0.000 0.011 0.359
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7.2.18.4. Determine for each REP the following values for R900.

Note: Blue values are examples for information.
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INNER Relevant Electrical Points REPs, R900, DOWNWARDS shifted, R900

z3.1i term, z3.2i term
z2 term if hpom>he: if hanin>heo: =So
={[(tan TIO"'tan =S*Dmax static*Dmax DP|| curve
brp ay) *(1+s) fRYL*(Nnom-he) fRY/L*(Nshitt-hco) = Dpli vehicle +
=1/2 z1term *((Nnom=hc)?)%] or if hpom=hc: or if hspin=hco: zi Dpli track * (A
width of A track =[s*To/L*((hnom- | -[tann0: =0.000m =0.000m =(z1 term) +(z2 | track OF A;
Reference or Ai hc)2)0.5)]_ *(1+50random) orif hnom<hc: or if hshift<h00: term) +(23-1i track(special)) + q * SOi geometric SOi enlargement Abi= (bRP+SOi) =
Dmax Imax PrOﬁIe at Dp|| DP|| track Wi [SUrandom*TD/L*(( *((hshift' =S*|max f(R)/L*(hc' =So static*lmax term '23-2i Ai q + Wi f(R) * Ai = 22482 mz * = (1 5 m2 * (1 / SO' = SOi geometric (bnom +Dp|i
Rooo R900 R900 hgrp = hgpift vehicle track (special) | g Aiq R900 Aivi hshift-hco)z)o's)] th)Z)O'SDif>O Nnom) iRy L* (Neo-Nshitt) term) wi t 2z (1/R) R)) — 0.1 m)io + Soi enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
900.0 | 0.165 | 0.110 1.174 | 0.003 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.082 0.000 0.082 0.169 0.025 0.000 0.025 1.031
900.0 | 0.165 | 0.110 1.174 | 0.003 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.082 0.000 0.082 0.169 0.025 0.000 0.025 0.371
7.2.18.5. Determine for each REP the following values for R250.4.
Note: Blue values are examples for information.
INNER Relevant Electrical Points REPs, DOWNWARDS shifted, R250.4
z3.1i term, z3.2i term
22 term |f hnom>hc: |f hshift>h00: =SO
={[(tan T10+tan =S*Dmax sta(ic*Dmax Dpll curve
brp ay) *(1+s) fRYL*(Nnom-he) iRY/L*(Nshit-hco) = Dplivenicle +
=1/2 z1 term *((hnom=hc)?)®®] | or if hnem=he: or if henr=heo: z Dpli track * (A
width of A track =[s*To/L*((hnom- | -[tannOr =0.000m =0.000m =(z1 term) +(z2 | ¢rack OF A;
Reference or Ai hC)Z)O.S)]_ *(1+30random) or if hnom<hc: or if hshift<h00: term) +(Z31| track(special)) + q * SOi geometric Sl)i enlargement Abi= (bRP+SDi) =
Dmax Imax Profile at Dp|| Dpl, track [SOrandom*TD/L*(( *((hshiﬂ' =S*|max =So static*lmax term -z3.2i Ai a F WifR) * Ai =22.482 m?* = (15 m2* (1 / SQI = SOi geometric (bnom +Dp|i
Raos0.4 R250.4 R250.4 hgrp = hgpist vehicle track (special) | G Aiq Wiros0.4 | Aiwi hshiﬂ-hco)Q)U's)] hc0)2)0'5])if>0 iRy L* (he-hnom) iRYL*(heo-hshit) term) wi t Zi (1/R) R)) — 0.1 M)io + Soi entargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
250.4 | 0.165 | 0.110 1.174 | 0.010 | 0.029 | 1.000 | 0.005 | 1.000 0.050 | 1.000 0.000 0.000 0.082 0.000 0.082 0.176 0.090 0.000 0.090 1.088
250.4 | 0.165 | 0.110 1.174 | 0.010 | 0.029 | 1.000 | 0.005 | 1.000 0.050 | 1.000 0.000 0.000 0.082 0.000 0.082 0.176 0.090 0.000 0.090 0.428
7.2.18.6. Determine for each REP the following values for R150.
Note: Blue values are examples for information.
INNER Relevant Electrical Points REPs, DOWNWARDS shifted, R150
z3.1i term, z3.2i term
z2 term if Npom>he: if hsni>hco: =So
={[(tan ﬂUﬂan =S*Dmax static*Dmax Dpll curve
bre ay) *(1+s) fRY/L*(Pnom-hc) fRY/L* (Nshitt-heo) = Dplivenicie *
=1/2 z1 term *((hrom=hc)?)®®] | or if hnom=hc: or if hgy=heo: z Dpl; rack * (Ai
width of A track =[s*To/L*((hnom- | -[tannOr =0.000m =0.000m =(z1 term) +(z2 | track OF A;
Reference or Ai hc)2)0.5)]_ *(1 +SOrandom) or if hnom<hc: or if hshiﬂ<h00: term) +(231| track(special)) + q * SOi geometric SOi enlargement Abi= (bRP+SOi) =
Dmax Imax Profile at Dpl. Dpl. track [SOrandom*TD/L*(( *((hshift' =8*|max f(R)/L*(hc' =S static* Imax term -z3.2i A a t WifRr) * A =22482m?* = (15 m2* (1 / Soi = Syi geometric (bnom +Dp|i
Riso R150 R150 hgrp = hgpist vehicle track (specia) | G Aiq Wiriso | Aiwi hshiﬂ-hc0)2)0'5)] hc0)2)0'5])if>0 nom iRy L*(Reo-hshit) term) wi t Zi (1/R) R)) — 0.1 Mio + Soi entargement curve)
[m] | [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
150 | 0.082 | 0.110 1.174 | 0.017 [ 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.041 0.000 0.041 0.142 0.150 0.000 0.150 1.183
150 | 0.082 | 0.110 1.174 | 0.017 [ 0.029 | 1.000 | 0.005 | 1.000 | 0.050 [ 1.000 0.000 0.000 0.041 0.000 0.041 0.142 0.150 0.000 0.150 0.523
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7.2.18.7. Determine for each REP the following values for R80.

Note: Blue values are examples for information.
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INNER Relevant Electrical Points REPs, DOWNWARDS shifted, R80

z3.1i term, z3.2i term
z2 term if Npom>he: if henin>heo: =so
={[(tan TIO"'tan =S*Dmax static*Dmax DP|| curve
brp ay) *(1+s) fRY/L*(Nnom-he fRy/L* (Nshitt-heo) = Dpli venicie +
=1/2 z1 term *((hnom=hc)?)®®] | or if hpem=hc: or if hgnin=heo: z Dpli track * (Ai
width of A track =[s*To/L*((hnom- | -[tannOr =0.000m =0.000m =(z1 term) +(z2 | track OF A;
Reference or Ai hc)z)O'S)]' *(1+50random) or if hnom<hc: or if hshiﬂ<h00: term) +(23-1i track(special)) + q * Soi geometric SOi enlargement Abi= (bRP+SOi) =
Drmax lmax Profile at Dpl; Dpl; track [SOrandom*TD/I-*(( *((hshiﬂ' =5"Imax f(R)/L*(hc' =S0 static Imax term -z3.2i Aiq * Wisr) * A =22482m** = (1 5m?* (1 / Soi = S geometric (bnom +Dpl;
Rso R80 R80 hgrp = hepist vehicle track (special) | g Aiq Wirso Aiwi hshift-hco)z)o's)] th)Z)O'SDif>O nom iRY/L*(Neo-shirt) term) wi t 2z (1/R) R)) — 0.1 m)io + Soi enlargement curve)
[m] | [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
80 | 0.025 | 0.110 1.174 | 0.033 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 [ 1.000 0.000 0.000 0.012 0.000 0.012 0.128 0.281 0.088 0.369 1.415
80 | 0.025 | 0.110 1.174 | 0.033 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 [ 1.000 0.000 0.000 0.012 0.000 0.012 0.128 0.281 0.088 0.369 0.755
7.2.18.8. Where an additional Relevant Radius Radd1 is present: Determine for each REP the following values for Radd1 track radius:
Note: Blue values are examples for information.
INNER Relevant Electrical Points REPs, DOWNWARDS shifted, Radd1
z3.1i term, z3.2i term
z2 term if hnom>he: if hsni>hco: =So
={[(tan no+tan =5*Dmax static’ Dmax Dpli curve
bre ay) *(1+s) RYL*(Pnom-h) YL (Nshif-hco) = Dpli venicle +
=1/2 z1 term *((hnom=hc)?)%%] or if hyem=hc: or if hspi=hco: Z; Dplitrack * (Ai
width of Al track =[s*To/L*((hnom- | -[tann0: =0.000m =0.000m =(z1 term) +(z2 | track OF A;
Reference or Ai hc)2)0.5)]_ *(1+50random) or if hnom<hc: or if hshiﬂ<h00: term) +(231| track(special)) + q * SOi geometric SOi enlargement Abi= (bRP+SOi) =
Dmax Imax Profile at Dpli Dpli track [SOrandom*TD/L*« *«hshift' =S*Imax f(R)/L*(hc' =So static*lmax term -z3.2i A a t WifR) * A =22.482 m?* = (15 m2* (1 / Soi = SOi geometric (bnom +Dp|i
Raddt | Raddt Radd1 hrp = Rshitt | vehicle | track (specia) | G Aig WiRaddt | Aiwi henirt-0))%®)] heo)?)* -0 nom #RY/L*(Neo-hshit) term) witzi (1/R) R))=0.1 Mo | *+ Soientargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
80 | 0.025 | 0.110 1.174 | 0.033 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.012 0.000 0.012 0.128 0.281 0.088 0.369 1.415
80 | 0.025 | 0.110 1.174 | 0.033 [ 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.012 0.000 0.012 0.128 0.281 0.088 0.369 0.755
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7.2.18.9. Determine for each REP the following values for R98-vLR1 track radius:

Note: Blue values are examples for information.

VLR1 is not present at IRL2 and shall accordingly not be calculated for IRL2.
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only applicable for IRL1+1D+1F:

INNER Relevant Electrical Points REPs, DOWNWARDS shifted, R98 vLR1

[m] | [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
98 | 0.010 | 0.034 1.174 | 0.027 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.005 0.000 0.005 0.115 0.229 0.053 0.282 1.342
98 | 0.010 | 0.034 1.174 | 0.027 | 0.029 | 1.000 | 0.005 | 1.000 | 0.050 | 1.000 0.000 0.000 0.005 0.000 0.005 0.115 0.229 0.053 0.282 0.682

7.2.18.10. Determine from all resulting Abi values of this set of gauging calculations the smallest value for each REP.

Note: Blue value is an example for information.

Ab; min
across all
calculations
of this set

[m]

1.019

0.359

+ A positive value or 0.000m indicates that the vehicle design is compatible with the selected gauge(s)

- A negative value indicates that the vehicle design is not compatible with the selected gauge(s)
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7.2.19. Step 11 - IF Electric Relevant Points are present, perform Set9 of the gauging calculations for OUTER Relevant Electrical Points REPs in their UPWARDS shifted positions on R0O+R2000+R250.4+R150+R80+Radd1+R116-LR1+R280-LR2+R98-vLR1
7.2.19.1. Determine for each REP the following basic values which are independent of the horizontal track radius:

Note: Blue values are examples for information.

Kutavirt +Kuz
kU1a +ku2 up-wards shift of hshiﬂvLR1
Relevant up-wards shift of this Relevant Point | hgpist =hnom +Kutavir1
Point ID N, hnom Brom this Relevant Point | at vLR1 =hpom +Ku1a +Ku2 +ky2
[m] [m] [m] [m] [m] [m] [m]
alL01
(1.5kV) 0.240 | 3.986 | 0.000 0.020 0.020 4.006 4.006
alL02
(1.5kV) 0.240 | 3.986 | 0.660 0.020 0.020 4.006 4.006

7.2.19.2. Determine for each REP the following values for straight track.

Note: Blue values are examples for information.

OUTER Relevant Electrical Points REPs, UPWARDS shifted, RO(=straight track)

[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
0.000 | 0.000 0.900 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 1.035 -0.001 0.000 0.000 0.000 -0.001 0.086 0.814
0.000 | 0.000 0.900 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 1.035 -0.001 0.000 0.000 0.000 -0.001 0.086 0.154
7.2.19.3. Determine for each REP the following values for R2000.
Note: Blue values are examples for information.
OUTER Relevant Electrical Points REPs, UPWARDS shifted, R2000
z3.2aterm
z2 term z3.1a term, if hshit>heo:
={[(tan if hpom>he: =So Dpla curve
T]0+tan 0'~J) =S*|max slatic*lmax(fR)/L*( = Dpla vehicle
*(1 +S) f(R)/L*(hnom'hc) hshift'hco) + Dpla track *
bre z1 term *((hnom= or if hpom=he: or if hsnir=hco: (Aatrack OF Aq
=1/2 A, =[s*To/L*((hn hC)z)O'S] =0.000m =0.000m Za track (special) +
width of track om-hc)?)*9]- -[tann0, or if hpom<he: | orif hgnr<hco: | =(z1 term) q*A.q+Ww, Soa enlargement Soa Ab,=
Reference or Aa [SOrandom*TD/L *(1 +30random) —S*Dmax =So +(Z2 term) f(R) * Aa wa SOa geometric = (1 5 m2 * (1 = sOa geometric (bRP+SOa) =
Dmax Imax Profile at Dpla Dpla track Wi Aa wi Wa Aa wa *((hshift' * shift f(R)/L*(hC' slatic*Dmax(fR)/L +(Z3-1a term curve + Wi f(R) * = 21 440 mz / R) - 01 + sOa (bnom +Dp|a
RZOOO R2000 R2000 hRP = hshiﬂ vehicle track (special) q Aa q R2000 curve R2000 curve hc0)2)0'5)] hc0)2)0'5]}if>0 hnom) *(hCO-hShiﬂ) '23-23 term) Aa wi curve + Z, * (1 / R) m)|f>0 enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
2000.000 | 0.165 | 0.110 0.900 | 0.001 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 -0.001 0.000 0.055 0.000 0.054 0.141 0.011 0.000 0.011 0.770
2000.000 | 0.165 | 0.110 0.900 | 0.001 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 -0.001 0.000 0.055 0.000 0.054 0.141 0.011 0.000 0.011 0.110
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7.2.19.4. Determine for each REP the following values for R250.4.

Note: Blue values are examples for information.
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OUTER Relevant Electrical Points REPs, UPWARDS shifted, R250.4

z3.2aterm
z2 term z3.1a term, if hshire>heo:
={[(tan if Pnom>he: =59 Dpla curve
ﬂ0+tan (XJ) =S*|max static*lmax(fR)/L*( = Dpla vehicle
*(1 +S) f(R)/L*(hnom'hc) hshift'hco) + Dplatrack *
bRp z1 term *((hnom' or if hnom=hC: or if hshiﬂ=hco: (Aa track OF Aa
=1/2 A =[s*To/L*((hno | he))] =0.000m =0.000m Za track (special)) +
width of track m-Nc)?)*9]- -[tann0, or if hpom<hc: | orif henn<heo: | =(z1 term) q*Asg+ W, Soa enlargement Soa Ab,=
Reference or Aa [SUrandom*TD/L* *(1 +SOrandom) =S*Dmax =So +(22 term) f(R) * Aa wa SOa geometric = (15 mz * (1 = SOa geometric (bRP+SOa) =
Dmax Imax Profile at Dpla Dpla track Wi Aa wi Wa Aa wa ((hshiﬂ' *((hshift' f(R)/L*(hC' static*Dmax(fR)/L +(Z3-1a term curve T Wi f(R) * =21.440 m? / R) -01 + sOa (bnom +Dp|a
R2s0.4 R2504 | R250.4 | NRp= hshitt | venicle track (special) | 4 Aaqg R2504 | curve R250.4 | curve heo)?)%®)] heo)?)* 0 Nnom) *(heo-hshitt) -z3.2a term) Asvicune *2Za | *(1/R) m)if>0 enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
250.400 | 0.165 | 0.110 0.900 | 0.004 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 -0.001 0.000 0.055 0.000 0.054 0.145 0.086 0.000 0.086 0.841
250.400 | 0.165 | 0.110 0.900 | 0.004 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 -0.001 0.000 0.055 0.000 0.054 0.145 0.086 0.000 0.086 0.181
7.2.19.5. Determine for each REP the following values for R150.
Note: Blue values are examples for information.
OUTER Relevant Electrical Points REPs, UPWARDS shifted, R150
z3.2aterm
z2 term z3.1a term, if Nshin>hco:
={[(tan if hnom>hc: =80 Dpla curve
T]o"'tan (XJ) :S*Imax static*lmax(fR)/L*( = Dpla vehicle
*(1 +S) f(R)/L*(hnom'hc) hshift'hCO) + Dplatrack *
bgre z1term *((Pnom- or if hpom=he: | or if hgni=hco: (Aa track OF Aq
=1/2 Aa =[s*To/L*((no he)?)°?] =0.000m =0.000m Za track (special)
width of track m-Ne)?)09)- -[tann0, or if hpom<he: | or if henn<hco: | =(z1 term) q*Asq+ W, Soa enlargement Soa Ab,=
Reference or Aa [SUrandom*TD/L* *(1 +SOrandom) =S*Dmax =Sp +(22 term) f(R) * Aa wa SOa geometric = (15 mz * (1 = SOa geometric (bRP+SOa) =
Dmax Imax Profile at Dpla Dpla track Wi Aa wi Wa Aa wa ((hshift' *((hshiﬁ' f(R)/L*(hC' static*Dmax(fR)/L +(Z3-1a term curve + Wi f(R) * = 21 440 m2 / R) - 01 + sOa (bnom +Dp|a
R150 R150 R150 hRP = hshift vehicle track (special) q Aaq R150 curve R150 curve hco)Z)O.S)] th)z)O'SDif>0 nom *(hCO'hshiﬁ) -z3.2a term) Aa wicurve ¥ Za * (1 / R) m)if>0 enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
150.000 | 0.082 | 0.110 0.900 | 0.007 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 -0.001 0.000 0.055 0.000 0.054 0.147 0.143 0.000 0.143 0.896
150.000 | 0.082 | 0.110 0.900 | 0.007 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 -0.001 0.000 0.055 0.000 0.054 0.147 0.143 0.000 0.143 0.236
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7.2.19.6. Determine for each REP the following values for R80.

Note: Blue values are examples for information.
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OUTER Relevant Electrical Points REPs, UPWARDS shifted, R80

z3.2a term
z2 term z3.1a term, if hsri>heo:
={[(tan if Nnom>he: =so Dpla curve
ﬂ0+ta” OLJ) =S*|max static*lmax(fR)/L*( = Dpla vehicle ¥
*(1 +S) f(R)/L*(hnom'hc) hshiﬂ'hco) Dpla track * (Aa
bRp z1 term *((hnom' or if hnom=hC: or if hshiﬂ=h00: track OF Aa track
=1/2 A, =[s* To/L*(hno | ho)?)°?] =0.000m =0.000m Za (speciah) + G *
width of track m-Nc)?)>9]- -[tann0, or if hpom<he: | or if henr<hco: | =(z1 term) Aaq* Wair) * Soa enlargement Soa Ab,=
Reference or Aa [SUrandom*TD/L* *(1 +SOrandom) =S*Dmax =So +(22 term) Aa wa curve + SOa geometric = (1 5 m2 * (1 = SOa geometric (bRP+SOa) =
Dmax Imax Profile at Dpla Dpla track Aa wi Aa wa ((hshiﬂ' *((hshift' f(R)/L*(hC' static*Dmax(fR)/L* +(Z3-1a term Wi f(R) * Aa wi = 21 440 mz / R) - 01 + sl)a (bnom +Dp|a
R80 R80 R80 hRP = hshift vehicle track (special) q Aa q Wi Rso curve Wa R80 curve th)Z)OIS)] th)Z)O'SDibU hnom) (hCO'hshift) -z3.2a term) curve + Za * (1 / R) m)|f>0 enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
80.000 | 0.025 | 0.110 0.900 | 0.013 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 [ 0.050 | 1.018 -0.001 0.000 0.055 0.000 0.054 0.153 0.268 0.088 0.356 1.102
80.000 | 0.025 | 0.110 0.900 | 0.013 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 -0.001 0.000 0.055 0.000 0.054 0.153 0.268 0.088 0.356 0.442
7.2.19.7. Where an additional Relevant Radius Radd1 is present: Determine for each REP the following values for Radd1 track radius:
Note: Blue values are examples for information.
OUTER Relevant Electrical Points REPs, UPWARDS shifted, Radd1
z3.2a term
z2 term z3.1a term, if hsni>heo:
={[(tan if hnom>he: =So Dpla curve
n0+tan 0LJ) =S*|max static*lmax(fR}/L*( = Dpla vehicle
*(1 +S) f(R)/L*(hnom'hc) hshiﬂ'hco) + Dpla track *
bgrp z1 term *((Pnom- or if hpom=he: | or if hnir=hco: (Aa track OF A,
=1/2 Aa =[S*TD/L*«hn hc)2)0.5] =0.000m =0.000m Za track (special)) +
width of (et omNe)?)>9]- -[tann0; or if hpom<he: | or if hsng<hco: | =(z1 term) q*Aig+ W, S cxtamamen Soa Ab=
Reference or Aa [SOrandom*TD/L* *(1 +SOrandom) =S*Dmax =So +(22 term) f(R) * Aa wa SOa geometric = (1 5m2* (1 = SOa geometric (bRP+SOa) =
Dmax Imax Profile at Dpla Dpla track Wi Aa wi Wa Aa wa «hshift' *((hshiﬂ' f(R)/L*(hC' static*Dmax(fR)/L +(Z3-1a term curve + Wi f(R) * = 21 440 m2 / R) - 01 + SOa (bnom +Dp|a
Radd1 Radd1 Radd1 hRP = hshift vehicle track (special) q Aa q Radd1 curve Radd1 curve th)z)O's)] th)Z)O'SDif>O hnom) *(hCO_hShiﬂ) -z3.2a term) Aa wicurve * Z3 * (1 / R) m)|f>0 enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
80.000 | 0.025 | 0.110 0.900 | 0.013 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 -0.001 0.000 0.055 0.000 0.054 0.153 0.268 0.088 0.356 1.102
80.000 | 0.025 | 0.110 0.900 | 0.013 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 -0.001 0.000 0.055 0.000 0.054 0.153 0.268 0.088 0.356 0.442
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7.2.19.8. Determine for each REP the following values for R98-vLR1 track radius:

Note: Blue values are examples for information.

VLR1 is not present at IRL2 and shall accordingly not be calculated for IRL2.

only applicable for IRL1+1D+1F:
OUTER Relevant Electrical Points REPs, UPWARDS shifted, R98 vLR1

[m]
98.000

[m]
0.010

[m]

[m]

[m]

[m]

[m]

[m]

[m]

[m]

[m]

[m]

[m]

[m]

[m]

98.000

0.010

0.034
0.034

0.900
0.900

0.010
0.010

0.029
0.029

1.035
1.035

0.005
0.005

1.035
1.035

0.050

0.018

0.050

1.018

-0.001

0.000

0.017

0.000

0.016

0.113

[m]

0.219

[m]
0.053

[m]

0.272

[m]

1.059

0.050

0.018

0.050

1.018

-0.001

0.000

0.017

0.000

0.016

0.113

Note: Blue value is example for information.

Ab, min
across all
calculations
of this set

[m]

0.770
0.110

7.2.19.9.Determine from all resulting Aba values of this set of gauging calculations the smallest value for each REP.

+ A positive value or 0.000m indicates that the vehicle design is compatible with the selected gauge(s)

- A negative value indicates that the vehicle design is not compatible with the selected gauge(s)

0.219

0.053

0.272

0.399
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7.2.20. Step 12 - IF Electric Relevant Points are present, perform Set10 of the gauging calculations for OUTER Relevant Electrical Points REPs in their DOWNWARDS shifted positions on R0+R2000+R250.4+R150+R80+Radd1+R116-LR1+R280-LR2+R98-vLR1
7.2.20.1. Determine for each REP the following basic values which are independent of the horizontal track radius:

Note: Blue values are examples for information.

kis
down-wards
kL1a-vLR1 shift of this
Ki1a down-wards Ko +kis +Kisa Relevant Point hshist Rshist-vLR1
Zone | down-wards shift of this down-wards (depending on | =hnom =(KL1a =hnom =(KL1a-
(C or | shift of this Relevant Point | shift of this Zone: =Kkisc +kio +ki 3 +kig vir1 Hkez ks
Point ID Na hnom brom | D) Relevant Point | at vLR1 Relevant Point | oder =kisp) + Kys) +kis +Kyis)
[m] [m] [m] [m] [m] [m] [m] [m] [m]
aLo01
(1.5kV) 0.240 | 3.986 | 0.000 | D 0.000 0.000 0.122 0.002 3.862 3.862
alL02
(1.5kV) 0.240 | 3.986 | 0.660 | D 0.000 0.000 0.122 0.002 3.862 3.862

7.2.20.2. Determine for each REP the following values for straight track.

Note: Blue values are examples for information.

OUTER Relevant Electrical Points REPs, DOWNWARDS shifted, RO(=straight track)

[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
0.000 | 0.000 1.178 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 1.035 0.000 0.000 0.000 0.000 0.000 0.086 1.092
0.000 | 0.000 1.178 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 1.035 0.000 0.000 0.000 0.000 0.000 0.086 0.432
7.2.20.3. Determine for each REP the following values for R2000.
Note: Blue values are examples for information.
OUTER Relevant Electrical Points REPs, DOWNWARDS shifted, R2000
z3.1aterm, z3.2aterm
z2 term if hnom>hc: if hshiﬂ>hco:
={[(tan =S*|max =So Dpla curve
110+t3” aJ) f(R)/L*(hnom' slatic*lmax(fR)/L* = Dpla vehicle
*(1 +S) hc) (hshift'hco) + Dpla track *
brp z1 term *((Pnom or if hnpom=he: | or if hgpig=hco: (Aa track OF Ay
=1/2 A, =[s*To/L*((hn hC)2)0'5] =0.000m =0.000m Za track (special) +
width of rack om-c)?)*9)- -[tann0; or if hnom<hc: | or if hgnr<hco: | =(z1 term) q*Asqg+ W, Soa enlargement Soa Ab,=
Reference or Aa [SOrandom*TD/L *(1 +SOrandom) _S*Dmax =So +(22 term) f(R) * Aa wa SOa geometric = (1 5m2* (1 = SOa geometric (bRP+SOa) =
Dmax Imax Profile at Dpla Dpla track Wi Aa wi Wa Aa wa *((hshift' *((hshift' f(R)/L*(hC' slatic*Dmax(fR)/L +(Z3-1a term curve + Wi f(R) * =21.440 m? / R) -0.1 + sl)a (bnom +Dp|a
RZOOO R2000 R2000 hRP = hshiﬂ vehicle track (special) q Aa q R2000 curve R2000 curve hc0)2)0'5)] th)z)O'SDif>0 hnom) *(hCO-hShiﬂ) '23-23 term) Aa wi curve + Zy * (1 / R) m)|f>0 enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
2000.000 | 0.165 | 0.110 1.178 | 0.001 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 0.000 0.000 0.055 0.000 0.055 0.142 0.011 0.000 0.011 1.047
2000.000 | 0.165 | 0.110 1.178 | 0.001 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 0.000 0.000 0.055 0.000 0.055 0.142 0.011 0.000 0.011 0.387
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7.2.20.4. Determine for each REP the following values for R250.4.

Note: Blue values are examples for information.
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OUTER Relevant Electrical Points REPs, DOWNWARDS shifted, R250.4

z3.1a term, z3.2a term
z2 term if hnom>hc: if hshiﬂ>hc0:
={[(tan =S*|max =So Dpla curve
ﬂ0+tan OLJ) f(R)/L*(hnom' static*lmax(fR)/L* = Dpla vehicle
*(1 +S) hc) (hshiﬂ'hco) + Dplatrack *
brp z1 term *((hnom' or if hpom=hc: or if hehir=hco: (Aa track OF A,
=1/2 Aa =[S*TD/L*((hn hC)Z)O's] =0.000m =0.000m Za track (special)) +
width of track om-hc)?)°¥]- -[tann0, or if hpom<hc: | orif hewn<heo: | =(z1 term) q*Asg+ W, Soa enlargement Soa Ab,=
Reference or Aa [SUrandom*TD/L *(1 +SOrandom) =S*Dmax =So +(22 term) f(R) * Aa wa SOa geometric = (15 mz * (1 = SOa geometric (bRP+SOa) =
Dmax Imax Profile at Dpla Dpla track Wi Aa wi Wa Aa wa *((hshiﬂ' *((hshift' f(R)/L*(hC' static*Dmax(fR)/L +(Z3-1a term curve + Wi f(R) * = 21 440 m2 / R) - 01 + sl)a (bnom +Dp|a
Raso.4 Ros04 | Roso4 | NRp=Nshitt | vehicle | track (special) | 9 Aagq R2504 | curve R250.4 | curve heo)?)°)] heo)?)* it Pinom) *(hco-hishi) -z3.2aterm) | Aawicuve*2a | *(1/R) m)if>0 enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
250.400 | 0.165 | 0.110 1.178 | 0.004 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 [ 1.018 0.000 0.000 0.055 0.000 0.055 0.145 0.086 0.000 0.086 1.118
250.400 | 0.165 | 0.110 1.178 | 0.004 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 0.000 0.000 0.055 0.000 0.055 0.145 0.086 0.000 0.086 0.458
7.2.20.5. Determine for each REP the following values for R150.
Note: Blue values are examples for information.
OUTER Relevant Electrical Points REPs, DOWNWARDS shifted, R150
z3.1a term, z3.2a term
22 term |f hnom>hc: |f hshift>h00:
:{[(tan :S*Imax =So Dpla curve
n0+tan (XJ) f(R)/L*(hnom' sta(ic*lmax(fR)/L* = Dpla vehicle
*(1 +S) hc) (hshiﬁ'hco) + Dpla track *
brp z1 term *((hnom' or if hpom=hc: or if hghit=hco: (Aa track OF A,
=1/2 A, =[5*TD/L*((hn hC)Z)OIS] =0.000m =0.000m Za track (special)) +
width of track Om_hc)Z)U.S)]_ -[tam’]O, or if hn0m<hc: or if hshiﬂ<hc0: =(Z1 term) q * Aaq +w, S[)a enlargement Soa Aba=
Reference or A, [SUrandom*TD/L *(1 +50random) =5*Dmax =Sp +(22 term) (R) * Aa wa Soa geometric = (15 m?2* (1 = Sqa geometric (bRP+SOa) -
Dmax Imax PrOﬁIe at Dpla Dpla track Wi Aa wi Wa Aa wa *((hshift' *((hshiﬂ' f(R)/L*(hC' static*Dmax(fR)/L +(Z3-1a term curve + Wi f(R) * = 21 440 mz / R) - 01 + sOa (bnom +Dp|a
Riso R150 R150 hgrp = hshift vehicle track (special) | G Aaq R150 curve R150 curve hco)Z)O.S)] th)z)O'SDif>0 Nnom) *(heo-hishitt) -z3.2a term) Asvicune *2a | *(1/R) m)if>0 enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
150.000 | 0.082 | 0.110 1.178 | 0.007 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 0.000 0.000 0.055 0.000 0.055 0.148 0.143 0.000 0.143 1.173
150.000 | 0.082 | 0.110 1.178 | 0.007 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 0.000 0.000 0.055 0.000 0.055 0.148 0.143 0.000 0.143 0.513
7.2.20.6. Determine for each REP the following values for R80.
Note: Blue values are examples for information.
OUTER Relevant Electrical Points REPs, DOWNWARDS shifted, R80
z3.2a term
z2 term z3.1a term, if henit>hco:
={[(tan if hnom>he: =50 Dpla curve
not+tan o) =5"lmax static*lmax(fR)/L*( = Dpla vehicle
*(1 +S) f(R)/L*(hnom'hc) hshiﬂ'hco) + Dpla track *
bge z1 term *((Pnom- or if hpom=he: | or if hsnr=heo: (A track OF A,
=1/2 As =[s*To/lL*((hn | Ne))°7] =0.000m =0.000m Za track (speciah) +
width of track om-hc)?)¥]- -[tann0, or if hpom<he: | or if hgnr<heo: | =(z1 term) q*Asq+ W, Soa enlargement Soa Ab,=
Reference or Aa [SUrandom*TD/L* *(1 +SOrandom) =S*Dmax =So +(Z2 term) f(R) * Aa wa SOa geometric = (15 m?* (1 = sOa geometric (bRP+SOa) -
Dmax Imax Profile at Dpla Dpla track Aa wi Aa wa ((hshift' *((hshift' f(R)/L*(hC' static*Dmax(fR)/L +(Z3-1a term curve + Wi f(R) * = 21 440 m2 / R) - 01 + sOa (bnom +Dp|a
RSO R80 R80 hRP = hshift vehicle track (special) q Aa q Wi R80 curve Wa R80 curve th)z)O's)] th)2)0'5Dif>0 hnom) *(hCO-hShiﬂ) '23-23 term) Aa wi curve + Z, * (1 / R) m)|f>0 enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
80.000 | 0.025 | 0.110 1.178 | 0.013 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 0.000 0.000 0.055 0.000 0.055 0.154 0.268 0.088 0.356 1.380
80.000 | 0.025 | 0.110 1.178 | 0.013 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 0.000 0.000 0.055 0.000 0.055 0.154 0.268 0.088 0.356 0.720
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7.2.20.7. Where an additional Relevant Radius Radd1 is present: Determine for each REP the following values for Radd1 track radius:

Note: Blue values are examples for information.
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OUTER Relevant Electrical Points REPs, DOWNWARDS shifted, Radd1

z3.2a term
z2 term z3.1a term, if hshi>hco:
={[(tan if Rnom>ho: =so Dpla curve
T]0+tan OLJ) =5"lmax static*lmax(fR)/L*( = Dpla vehicle
*(1 +S) f(R}/L*(hnom‘hc) hshiﬂ'hco) + Dpla track *
brp z1 term *((hnom' or if hpom=h: or if hgnig=hco: (Aa track OF Aq
=1/2 A, =[s*To/L*((hn hc)2)0'5] =0.000m =0.000m Za track (special) T
width of track om'hc)z)o's)]' -[tannOr or if hpom<hc: or if hsnir<hco: =(Z1 term) q * Aaq + W, Soa enlargement Soa Ab,=
Reference or Aa [sOrandom*TD/L* *(1 +30random) =S*Dmax =So +(22 term) f(R) * Aa wa SOa geometric = (15 mz * (1 = SOa geometric (bRP+SOa) =
Dimax Imax Profile at Dpla Dpla track Wi A i Wa Aawa ((hshif- *((hshift- ry/L*(hc- static” Dmax(R/L +(z3.1a term curve * WigR) * =21.440 m? /R)-0.1 + Spa (bnom +Dpl,
Radd1 Radd1 Radd1 I"|RP = hshift vehicle track (special) q Aa q Radd1 curve Radd1 curve th)Z)O'S)] h00)2)0.5]}if>0 hnom) *(hCO‘hshiﬂ) -z3.2a term) Aa wicurve * Za * (1 / R) m)if>0 enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
80.000 | 0.025 | 0.110 1.178 | 0.013 [ 0.029 | 1.035 | 0.005 | 1.035 | 0.050 [ 0.018 | 0.050 | 1.018 0.000 0.000 0.055 0.000 0.055 0.154 0.268 0.088 0.356 1.380
80.000 | 0.025 | 0.110 1.178 | 0.013 [ 0.029 | 1.035 | 0.005 | 1.035 | 0.050 [ 0.018 | 0.050 | 1.018 0.000 0.000 0.055 0.000 0.055 0.154 0.268 0.088 0.356 0.720
7.2.20.8. Determine for each REP the following values for R98-vLR1 track radius:
Note: Blue values are examples for information.
vLR1 is not present at IRL2 and shall accordingly not be calculated for IRL2.
only applicable for IRL1+1D+1F:
OUTER Relevant Electrical Points REPs, DOWNWARDS shifted, R98 vLR1
z3.2a term
if hshiftvr1>
th: = S0 static * ONLY for
z3.1a term, Imax )/ L * VLR1:
z2 term if Nnom>hec: (Nshift-vLr1 — Dpla curve
={[(tan =8*|max hco) = Dpla vehicle
T]O"‘ta” 0LJ) f(R)/L*(hnom' or if hshift-vLR1 + Dpla track- ONLY for
bre *(1+s) he) =hc0: = vLR1 ¥ (Aa track gauges
=1/2 z1 term *((Pnom- or if hpom=hc: | 0.000 m or A; track IRL1/1D/1F
width of A, =[s*To/L*((hn | ho)?)*?] =0.000m or if henitlr1< | Za (specian) + q *
Reference track OF om'hc)z)o's)]' '[tam']or or if hnom<hc: th: = S0 static * =(Z1 term) Aa q +w, f(R) * SOa enlargement Soa Aba=
Dmax Imax Profile at Dpla Aa Wa [SOrandom*TD/L *(1 +sOrandom) =S*Dmax Dmax f(R) /L +(22 term) Aa wa curve TW; SOa geometric = (15 m?* (1 = SOa geometric (bRP+SOa) =
Ros- R98- R98- hrp = hsnist- | Dpla track- track Wirgs- | Aawi R98- Azwa *((hshi- *((hshift- fry/L*(hc- (hco— hshit- +(z3.1a term fR) ¥ Aawicure | =21.440 m? /R)—-0.1 + Soa (bnom +Dpla
VLR1 VLR1 VLR1 VLR1 vehicle VLR1 (special) | 9 Aaq VLR1 curve VLR1 curve hco)z)o's)] hco)2)0'5])if>o hnom) VLR1) -z3.2a term) +z, *(1/R) m)i0 enlargement curve)
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
98.000 | 0.010 | 0.034 1.178 | 0.010 | 0.029 | 1.035 [ 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 0.000 0.000 0.017 0.000 0.017 0.114 0.219 0.053 0.272 1.336
98.000 | 0.010 | 0.034 1.178 | 0.010 | 0.029 | 1.035 | 0.005 | 1.035 | 0.050 | 0.018 | 0.050 | 1.018 0.000 0.000 0.017 0.000 0.017 0.114 0.219 0.053 0.272 0.676

7.2.20.9. Determine from all resulting Aba values of this set of gauging calculations the smallest value for each REP.

Note: Blue value is an example for information.

Ab, min
across all
calculations
of this set

[m]

1.047

0.387

+ A positive value or 0.000m indicates that the vehicle design is compatible with the selected gauge(s)

- A negative value indicates that the vehicle design is not compatible with the selected gauge(s)
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7.2.21. Step 13 - Identify for each Relevant Point, if it fulfils the selected Gauge

7.2.21.1. Determine and report for each RMP, RPP, REP the smallest Abx value from the calculation Sets1 to 10.
These shall be documented in a Gauging Report by the Design Team.

Note: Blue values are examples for information.

INNER RMPs OUTER RMPs
Ab; min Ab, min
across all across all
calculations calculations
of sets 1 Point of sets 3 and
Point ID n; hnom bnom | and 2 1D n, hnom brom 4
[m] |[m] [m] [m] [m] [m] [m] [m]
iA 2.070 | 4.022 | 0.000 0.732 aA 2.500 | 3.970 | 0.000 0.835
iB 2.070 | 4.022 | 0.727 0.005 aB 2.500| 3.970 | 0.155 0.680
INNER RPPs OUTER RPPs
Ab, min
Ab; min across across all
Point all calculations Point calculations
1D n; PxXxhshitt | Pbnom | Of set 5 1D n, PxXxhshitt | PBnom of set 6
[m] |[m] [m] |[m] [m] | [m] [m] [m]
iRPP1 aRPP1
(1.5kV) | 0.290 5.786 | 0.650 0.082 (1.5kV) | 0.240 5.786 0.650 0.118
iRPP2 aRPP2
(1.5kV) | 0.290 5.594 | 0.900 0.004 (1.5kV) | 0.240 5.594 0.900 0.039
INNER REPs OUTER REPs
Ab; min Ab, min
across all across all
calculations calculations
of sets 7 Point of sets 9 and
Point ID n; hnom brom |and 8 ID n, hnom brom 10
[m] |[m] ([[m] |[m] [m] |[m] [m] [m]
aLo01
iL01 (1.5kV) | 0.290 | 3.986 | 0.000 0.745 (1.5kV) | 0.240 | 3.986 | 0.000 0.770
alL02
iL02 (1.5kV) | 0.290 | 3.986 | 0.660 0.085 (1.5kV) | 0.240 | 3.986 | 0.660 0.110

7.2.21.2. Determine, if within any of the Sets1 to 4 any RMPs were present in the WHEEL ZONE and evaluate if
all of these RMPs fulfil the associated requirements defined for the selected RP-M in section 6.
7.2.22. Step 14 - Prepare the Gauging Report

7.2.22.1.The detailed input data, calculations and results of the Steps 1 to 13 shall be documented in a Gauging
Report by the Design Team.

7.2.22.2.The supporting evidence shall be attached to the Gauging Report.

7.2.22.3.The Design Team members which have prepared the Gauging Report shall be identified in the Gauging
Report and shall sign the report to confirm the correctness of its content.
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7.2.22.4.Any gauging calculation for an individual vehicle design shall be validated by using an independent
second gauging calculation.

Note: The gauging calculation of a Vehicle design is a safety related activity, as:

o An incorrect calculation has the potential that Vehicle parts could at high operating speed
hit other Vehicles or fixed installations. The resulting debris has a potential to cause
serious injuries.

. The gauging calculation itself is complex and is depending on the correct processing of a
large number of input values using many connected formulae.

o Incorrect calculation results may not in all cases be directly obvious to the Design Team or
to reviewers. Such incorrect values may only reveal themselves in specific situations of
Vehicle and Fixed Installation wear and under specific operational circumstances a long
time after the Vehicle commenced operation on the Network.

o Depending on the individual Vehicle design, only a sub-set of all calculation formulae may
be applied. Each calculation for a relevant point on a vehicle design will employ slightly
different combinations of parameters and formulae. It is thus not practical to perform a
complete black box testing of a gauge calculation tool across all possible input
combinations.

It is in this situation good industry practice (based on concepts embedded in ISO 9001, ISO
17020, EN50126-1, (EU) 402/2013) that software tools which are employed for determining
dependable safety related gauging calculation results need to be validated!

An acceptable form of validation is to compare the results of two different calculation tools, as long as
these tools have been developed by two different persons/teams. Such an independent development
shall ensure with a very high probability that no common cause failures are present between these two
different calculation tools.

7.2.22.5.The independent provenance of the first and second calculation tools shall be explained in the Gauging
Report in a level of detail that permits to understand that both calculation tools can be used for cross-
validation.

7.2.22.6.The result of the validation shall be explained in the Gauging Report.
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7.2.23. Step 15 - Prepare an Independent Gauging Report

7.2.23.1.

The following aspects shall be inspected and confirmed by a person/ team that is independent from

the Design Team and that is competent to apply all requirements of this IRS:

a) The preparation of a complete Gauging Report by the Design Team.

b) The complete and correct selection of all gauging data input elements of Input Data Sets
A+B.

c) IFit was necessary to also define an Input Data Set C: The complete and correct
identification and the correct adjustment of all gauging data input elements of set C

d) The complete and correct selection of all Relevant Points RMP, REP, RPP

e) The correct selection of the second calculation tool for validation of the results of the first
calculation tool.

f)  The complete and positive result of the validation.

7.2.24. To claim a positive validation result:

a)

b)

d)

Both tools shall indicate that all Relevant Points are compatible with the selected Gauge,

AND

The differences in results between these two calculations shall be less than 2mm for each individual
Aba or Abi value.

The independent provenance of the first and second calculation tool and the coherence of the results
shall be documented in the Gauging Review Report.

Where a Notified Body (NoBo) or an IE Designated Body (IE-DeBo) / Independent Professional
Reviewer (for IPR refer to CRR-G-009) shall inspect conformity of a vehicle design against this IRS, an
inspector or lead inspector of the NoBo / IE DeBo / IPR that is independent from the vehicle design
team and that is competent to apply all requirements of this IRS may perform this gauging review and
prepare the Gauging Review report.

The persons which have prepared the Gauging Review Report shall be identified in the Gauging
Review Report and by signing the report confirm the correctness of its content.
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Signs on Vehicles related to gauging

8.1. ‘Gauge Marking’ signs on Vehicles
Note: The standards of the EN 15877series define requirements for the ‘Gauge Marking’ sign on Vehicles
which are compatible with the Gauges G1 or GA or GB or GC or other Gauges that are included in EN 15273-
2.

These standards are not compatible with the Gauges defined in this IRS and the contained definitions for
the ‘Gauge Marking’ of Vehicles are therefore not applicable to the Gauges defined in this IRS.

The following definitions shall apply for the ‘Gauge Marking’ sign on Vehicles that are compatible with the
Gauges of this IRS.

The following definitions shall also apply instead to the ‘Gauge Marking’ as defined in EN 15877series,
whenever these standards are referred to or where their application is mandated.

8.1.1. Layout of the ‘Gauge Marking’ sign:

240

130

A 4

208
152

The term “XX” shall be replaced with the relevant IRL-Gauge denomination (i.e. 1 /1D / 1F / 2).

8.1.2. Application on Vehicles

The application on Vehicles that are compatible with IRL1 is optional.

The application on Vehicles that are NOT compatible with IRL1 (i.e. where the vehicle design requires
IRL1D, IRL1F or IRL2 to operate) is recommended.
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Where these markings are applied, one marking shall be applied on or near the solebar at each
longitudinal side of a Vehicle.

At fixed formations it is sufficient to apply the marking at the end-vehicles.

8.2. ‘MINIMUM RADIUS HORIZONTAL CURVE’ sign on Vehicles
Where Rmin vehice > 80 m, the related signs ‘MINIMUM RADIUS HORIZONTAL CURVE’ according to the
EN15877series shall be applied on or near the solebar to each longitudinal side of the vehicle.

9. Further Clarification

Further clarification on this IRS can be sought from the CRR by email: info@crr.ie.

10. List of Participants
The participants for each revision of this IRS are shown in the table below.

Table 2 List of Participants by Revision

Participant Name and Involved in IRS-
Organisation 401-A

Maik Wuttke CRR v

Lisa Di Vicino CRR v

Gavin Duffy IE-RU v

Nick West IE-IM v

Niall McNamara IE-IM v




