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Wir bringen dich ins Erlebnis.




Presentation overview

= Railway Overview

= Mainline
= Geometry
* Roadbed stiffness
= Ralil wear
= Next steps

= Switches
= Malfunction detection
= Next steps

\
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Rallway Overview
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MGB «Network»

® Schaffhausen
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°
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Oberwald -
Realp

Néatschen
Andermatt

Gemsstock

Andermatt —

Sedrun

Caischavedra @————@ Disentis/Mustér

Acla da Fontauna
Segnas

Mumpé Tujetsch
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Infrastructure

Quick facts

= 181 km track

= 246 Switches

= 47 Tunnels

= 35 Avalanche Sheds
= 170 Bridges

= 3'000 gross daily tons —
22°000 gross daily tons

= 3 Cantons (Wallis, Uri,
Graublnden)
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Infrastructure

More Quick Facts

= Track
= Meter gauge (3’ 33%%”)
= 179%o0 Ruling Grade
= Adhesion & rack railway

= Tightest curves: ~80 m radius
(21° of curvature)

= Top speed: 90 kmh (55 mph)

= Maximum axle weight: 16t
(15.7 t (US))

2. November 2023 | public | Jackson Buckner
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Z

Mainline
Track Geometry,

Roadbed Subsidence &
Raill Wear



Mainline

Measurement Car

= External Consortium: «<ARGE
Fahrwegdiagnose»

= Two measurement campaigns
per year (entire line)
= Track Geometry
= Rail Wear

= Subsidence Measurements
every S years

2. November 2023 | public | Jackson Buckner
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FahrwegDiagnose
[ oD
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Mainline

Track Geometry

= Measurments
= Superelevation
= Allignment (horizontal & vertical)
= Gauge
= Warp

= Algorithms
= «Quality points»
= «TUG TQI»

2. November 2023 | public | Jackson Buckner
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= Diagnosis of track «health»
= Planning of tamping & lining

\
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Mainline: Track Geometry

Analyse Gleislage ATM 29.08.2023
Ordnungsrahmen 11450 11500 11550 11600 11650 11700 11750 11800 11850 11900
Brig - Zermatt U (17506 MGB]
Platform

Fixnunkte
\Weichen
Rriicken
Galerie
Tunnel

Rahniiheraana

Zahnstanae

Uberhhung

Uberhghungsdifferen

Verwindung

Langshohe R D1

Langshohe L D1

Richtung R D1

Richtung L D1

Spurweite

QP_Qualitatsnote
Einzelfehler

Avcorhinfuna AT

HeatMap
Ausschopfung
Gleislage

4 HeatMap (/ Jsschépfunglzelfehle purwihtungtung|jshohfishehiverwindulg Ist-Sojung / S|' =| Infrastruktur

TUG TQI Trend
HeatMap (ATM
Gleislage)

Length 500.000 m

Offset: 2213.016 m 5/70
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Roao

line

bed Subsidence

= Measurements
= Deflection filtered over
=2m,

= 20

m &

= 100 m

= Uses

= |dentification of mud pumping

= |dentification of excessive
stiffness
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15

\

/% matterhorn gotthardbahn



Mainline: Roadbed Subsidence

Analyse Einsenkungsmessungen

16.08.2023

Ordnungsrahmen 200 11300 11300 11500 11600 11700 11800 11900 12000 12400

Platform

Brig - Zermatt 0 (17506 MGB)

Fixpunkte T
Weichen | : :

Briicken

Galerie

[Tunnel

Bahniiberaanc|

Einsenkung
2m

Basis-Einsenkl| 155
20m (InframMT)[

[

2 : - :- H ’ :
AT A o

sy
a“‘ ) H ;

&

Basis-Einsenkl| 155 i
100m (InframT)|

01 éams—*Eméqomn-éUnenuNcir =
b J,J«‘Ef» 2 . H

SEEPES S S

Einsenkung L

Einsenkung R

\Verw bel (GW|
1) (Unendlich
- Unendlich)

\Verw unbel
(Gw 1)
(Unendlich -
Unendlich)

TUG TQI
Trend
HeatMap

| HeatMap (Jrwindung urlerwindung EaMT EinsenklaMT _Basis-E.aMT_Basis-| _Inﬁ'aMT_EIr| Infrastruktur

(ATM

[~ - a

Length 1000.000 m

Offset: 11261.017 m 12/ 44
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Mainline: Roadbed Subsidence
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Mainline

Senkrechte und seitliche Abnitzung

Rail Wear o a
F _ L J Bemerkungen:
= Measurements — 4 T NN\ I . - Eseidsl.eitige Abnatzung ist nicht
zZugelassen.
= Rail Profile | — Bei gleicher Reduktion des Wx wie beim
) ' % 46 E1 lasst das Profil 36 E3 infolge der
= Nominal tieferen Schweraxlage eine grossere
= In-situ : senkrechte Abnutzung zu.
C
= 5 parameters for wear from D : _
RTE 22540 (see diagram) Abnitzung Mass Profil 36 E3 Profil 46 ET1 Profil 54 E2
_ _ HG NG HG NG HG NG
. Longltudlnal surface roughness Hohenverschleiss | a [mm] 6 13 3] 13 6 15
Flachenverschleiss | F [cm?] 5.0 8.0 2.9 9.0 6.0 10.5
= Uses
_ _ _ . Fahrkantenwinkel al’l 30
= Rall grmdmg / m”lmg Fahrkantendelle ¢ [mm] 2 2 2
m I Fahrkantenresthéhe | b [mm] 1
Rail replacement

Verband offentlicher Verkehr (V6V). 2011. Bern. D-RTE 22540: Fahrbahnpraxis Meterspur und Spezialspur.

\
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Mainline: Rail Wear

ATM Messdaten Schienenprofilabnutzung 16.08.2023

Ordnungsrahmen 7300 27400 27500 27600 27700 27800 27300 28000 28100 28200
P R e BIY - ZENMET U {17500 WMGB]

Platfarm : : : H : :
Eivnunlta ETTINON I01T H LCITITITET T

.
\Aoirhan & H 2 5

Rriickean : : : : : | I : !
Calaria : £ 5 : : 5 : q
Tinnal : : B aTrons
Rahnitharaana s z '
7ahnstanae

Schienentyp |

Hohenverschleiss
L
Schiene

Flachenverschleis
i

Fahrkantendelle L

Fahrkantenresthol|
L
Fahrkantenwinkel
L

Riffel 100-300
mm links

Schienentyp R
Hohenverschleiss
R

Schiene

Flachenverschleis
R

Fahrkantendelle
R

Fahrkantenresthol|
R

Fahrkantenwinkel
R

Riffel 100-300
mm rechts

Profil

Sclzl 100{ne Faljie Fahilzne Felne Flacjne Hc| Sctfel 10(ne Falie Fahlene Fene Fladne Hc| Sclf -| Infrastruktur

Length 1000.000 m Offset: 18070.514 m 19/35

\
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Mainline: Raill Wear

ATM Messdaten Schienenprofilabnutzung

16.08.2023

Crdnungsrahmy 27200 27400 27500 27600 27700 27300 27900

28000

28100

28200

WA Y

BITY - ZETMEm U T 500 eE]T

Elatfnrm

R

Riffel [mm]
100-300 )

Profil

| LA mfimine,

= H

£ [Eivniinkta [TETTTIIT 1T GITTTITET TR T T ETTTIM T 1T CETT
S Wigirhan H

ﬁ Rriicken | !

@ [Calaria : : H :

‘£ Tunnal B B I

= Bahniiharns H H

 |7ahnstanne [ Zahnstanne

LgIISc'ns_'ns_-nt).rp .

THahenversc]  [mey] ¢ P i F b i E )
L ) : : : ; H H

= Ilndnfinine - f + i J

1 |Schiene [em2]| i : : : : :

"J.; Flachenvers ) R St Tttt et ettt it k- ettt et it St -
% | LI A i s e T e T e e -
'-; Fahrkantent [mm]

5 L

& [Fahrkantenr

w

alt

P [Fahrkanteny

@

-l s

S Riffel [mm],

— [100-300

L - LinAdnfinine,

a?cmenentyp .

T Hahenversc]  [mm]|

2R ;

= . Ilndnfinine

:ig |Schiene [em2]

- [Fldchenvers i

% L4 [T PV T S S SN o o o oot (Wl e eSS, e o S N _
W \Fahrkantent] [mm]

o A R SR SRR SO - - SR A S R
R

9 i,

FLE Fahrkantenr [mm}H

aff it

P [Fahrkanteny [e]]

@
=

=]

o

—

b

L3

w,

Length 1000.000 m Offset: 18056.321 m

19 /35

0
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Ausgewadhlte Formen: 46 E1/ SBB |

Verschleiss (Wear_Section_l) 1Verschleiss (Wear_Vertical_l) 2

-01

-0.15

[m]

-0.25

-03

=035

-04

Position: Brig - Zermatt 0 27768.792
Datum: 30.05.2023

Name
Verschleiss (Wear_Vertical_l)

Verschleiss (Wear_Section_l)

20

-05

P

1.04

-0,1

......
[m]

—04% Position: Brig - Zermatt 0 27768.792
Datum: 30.05.2023

Name
E Verschleiss (Wear_Vertical_r)

Verschleiss (Wear_Section_r)

\

Ausgewahlte Formen: 46 E1 / SBB |
Verschleiss (Wear_Vertical_r) 1.28 (Wear_Section_r) 0.79

0.6

Wert

o=
~ P
oo
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Mainline: Next steps

() (b)
5 T T
£ | 5| [—— Wheel 51002 + Rail 60!
ol 2 — — — Wheel $1002 + Rail 60E2
- 2 i
g 5 5
= [
N_iot - 5 0.5
Rail 60E1 2.
— — —Rail 60E2 M
AsH . ; ‘ . : : 0
30 20 <10 0 10 20 30 0
Y (mm)
() (d
-450 | -450 |
£ 460 | £ -460
2 -470 2 -470
g g
< -480 g -480
= &
= 490 f 2 490

700 720 740 760 780 800

Y (mm) Y (mm)

Yunguang, Y. et al. (2021). ‘Railway wheel profile fine-tuning system for profile reccomendation’, Railway
Engineering Science, 29, pp. 74-93.
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Next Steps

= «Prioritised defect report»

= Improvements in the Rail
cross-section detection

= Combination of rail profiles
with wheel profiles

\
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Switches
Malfunction Detection



Switches

CHENNEEN

\

matterhorn gotthardbahn

\

&

23

2. November 2023 | public | Jackson Buckner



Switches
«Switch health»

= Colaboration with Siemens:
SIDIS-W

= Sensors
= Air temperature
= Rail temperature
= Switch heaters

= Switch motor
= Power drawn
= Duration of throw

= Precipitation
= Result: «Health score»
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THIS 15 YOUR MACHINE LEARNING SYSTETM?

YUP! YOU POUR THE DATA INTOD THIS BIG

PILE OF LINEAR ALGEBRA, THEN COLLECT
THE ANSLJERS ON THE OTHER SIDE.

WHAT IF THE ANSLIERS ARE LJRONG? )

JUAT STIR THE PILE DNTIL
THEY START LOOKING RIGHT.

XKCD «Machine Learning», xckd.com/1838/
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Switches: Health Dashboard

Zustandsbewertung 1d Datum

== STAS_W2.1
- STAS_W2.2
- STAS_WZ.3

Cag
|t

% @ Wartung

- o - Zeitztempel: Mittwoch, der 30. August 2023, 09:24:17 | i -
JE0A2027 29082007 29082023 30082023 30892023 030924023 040929023
Anfriebe: Spitzenantrieb, Hilfsantrieb, Zahnzstangenantrieb
Grund fir die Warlung / Erzawungen durch Stérung
Instandsetzung:

n
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Switches: Health Dashboard

STAS W21  STASW22  STAS W23 3 1d  12h  Datum Links  Rechts

Durchschn. Leistung Trend Durchschn. Leistung und Temperatur Durchschn. Leistung und Laufzeit Wirkleistungskurven

= Richtung Antrieb
links STAS\
rechts STASA
Durchschn. Leistung STASA
L

® links
@ rechts

Ereignis
@ @ Wartung

Z
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Switches

Next Steps

= Health trend prediction

= |nstalation on the entire
network

= Gornergrat Bahn

A\
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Wir bringen dich ins Erlebnis.
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