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7.3.Failure rate analysis and predictions{f&== 53 F0 T
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7.3.4 Life Cycle Cost (LCC) calculation &4 tp/EHAZA (LCC)
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No_ Data set Desc]‘iption Format Av allablllty (incl. 5 and 6) nfHIE (L d%s5H16)
General data —J1EE e 12 |Date of failure report {7}t 1% | report transfer to maintenance team [n]ZEAZ41HL 5 d
- - . - i}
1 | Place of installation 77 3&Hi i designation of line £k 544 F c [_ 3] - _ —
13 Start of maintenance work for determination of technical availability d
2 Stress parameters W JJZ ([ e.g. tomlaze speed, nmnber of readjustments n RS T A [ —
i Bil: WA . UEHEEC i 14 End of maintenance work for determination of technical availability d
3 SystemID F 4D definite system 1dent1ﬁcat1011 fifl 32 S Ge A0 an Yed LAESE R H e R TR
4 Description ofsystem construction, radius, elevation etc. an For LCC (incl. 5,6, 13, 14) AF ['LCC {4455+ 6+ 13, 14
2408 gERI. B, BREEE. 15 Durati‘oniof mjaint‘enance n
Reliability 1] it Rl i
- - — — - 16 [Required maintenance persomel n/an
5 | Date of installation 72 [ 1] better: date of putting into service d FErIN.
ST BAEHH 17 | Required ISI;are ;artéf;naterial according to spare part list n/an
6 Date of failure occurrence date of occurrence or failure detection d T %A B HE 2 hs
g B ke A H 1 Al R RS H 15 18 Cost rate of personnel in case if available n
N GiA# PAe AN Z 5
19 Cost of spare parts/material in case if available n
A - - o2 = Y oA \‘\ i B
7 Failure detection i[5 Ml type of failure detection (e.g. signalling system, c/an {'{r_f H LA i _ _u i ”z‘ m _
: . b A ST 21 76 T b & 20 Operatlon obstacles cost in case if available (minutes of delay, rail n
inspection) ARSI ISR C !'II {5 S5 fa Ja R A replacementtransport etc.)
8 Type of failure H{fis 0 according to defined failure list (dependent on c/an - WA e @DE?J"L‘WK o e 5 B )
operator) e T SRS (R T4 6D
9 Provision ff 754 after failure occurrence according to scope of works c/an
i RS e 2k ebi s
10 Failure cause e.g. material failure, malfunction, r nalomration, clan
g e o LA vandalism, ete. 7 FAEFSCR, BB, UHERAE.
f{l LA -
11 Remarks 11 i any additional suppor‘une infomlation an

fI fi] JiAth S 4515 8

a L I B PR 1 - 1 7 S BRI T R S = Ry PN



LCCITR &SRS

#14  LCCilHiiA i
ILCC-Input Value Source
LCCHi A A
GA 730241 Replacement of crossing =2 ¥ 1 i 240 MGT 3
General Data EE: Replacement of half set of switches H 4 160 MGT
EPE & f s

Traffic data 2 &g 20 MGT/year (Million Gross Tonnes/year) [ |1 Ei‘”—r "j". S

JIWAE (F iy 4E) Tamping interval 45 5(1] [ 120 MGT
Technical Life Time 5 A4 500 MGT (25 years) (254) 2 Grinding interval fIf [F%5[n] i 80 MGT
Maintenance Activities #E455) Cost data Ji¥% 4<% 45
Failure rate ([t 1.5 Failure/year {{[i/4: 1 [nvestment material cost 7 H fl 9% - E
Preventive maintenance L7 4Ed" 20 Maintenance actions/year #E&45 i/ F 1 [nvestment installation cost & #-E3h £
Me.an time to repair (MTTR) for corrective).5 h 1 Maintenance cost per activity FFUINGS)  F 3
imaintenance b b e

e e e JHETH
ALEPEHET 1 P E HEZIY o] (MTTR) H,j Ty ik e
Mean time to repair (MTTR) for 1 h 1 Net present calculation (LT 1157
[preventive maintenance Discount rate [ .4 b Yo 1
PO PE LS (G PR 4EIZ I 7] (MTTRD Inflation rate i G /4 b %
Mean Waiting Time (MWT) for corrective|l h 1 Calculation period i1 57 11] 25 Years (See Technical Life Time)
Mallltellallce 15 TRTATAATTY A /L7 C‘T'I"'.* iT. 1 Ea TATAT AT R Fr s 1. Ea TATAT RS Ry W | 1 A e TaTalasy
2l IEVELENS (1) 18 AR5 IR ) (MWD T T e T
Mean Logistic Delay Time (MLDT) for |l h 1
[preventive maintenance u
TOUBIT PR AEAZ 125 B2 AL AR ]
(MLDT)
MGT

Replacement of crossing 72 ¥ [1 5t




EAiXEXdemo

Ilnput data Results I

? Calculations ]graphs]

— Capial values/annuities

Capital value for difference
investment at CRI

] 26113 [€]
Annuities for both technologies at CRI

[EW60 Standard

] -18386 [€]

]EWGO Innovative (INNOTRACK)

] 16529 [€]

Toan IRR of | 17:04 [%] -

IEWGO Innovative is to be
preferred. From an IRR of | 17,04 [%]
[EW60 Standard

is preferable.

— Lifecycles

|[Ew60 Standard

l 25 Year(s)

|[EW60 Innovative (INNOTRACK)
30 Year(s)

Calculation period

| 30 Year(s)

Sensitivity analysis

Years == | e | 1 | 2 | 3 | a4 | 5 | 6 | 7
CostsEW60 Standard [TEUR] | 181,99 | 1,49 | 149 | 149 | 429 | 648 | 149 | 149
Costs EW60 Innovative (INNOTRAC| 19245 | 1,49 | 149 | 149 | 1 | 4,29 417
Difference inv. [TEUR] 1046 | o0 | o | o |[NEZBNNINASONN 28 | -268
Azrforikalk=5[%] | 1 | 09524 | 0907 | 08638 | 08227 | 07835 | 07462 | 0,7107
C for Difference inv. [TEUR] -1046 | 0o | o | 0 | 23 | 391 | -209 | -191
Za | ‘ ‘ ‘ ' ‘ ‘ ‘ »

Rate of int| [%] | 0 1| 2| 3| 4| 5| 6| 7| 8|

C | [TEUR] 49,61 44,98 40,01 35,08 30,42 26,11 22,22 18,74 15,65

<« [ »

Capital value for difference investment |Ca| - |Cb|
60.000

40.000 \

20.000

Capital value [€]

-20.000
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7.4.Existing failure mode controlsI B &= T iET

Track
Wheel

induding adjacent tracks
(the train running on the track)
Fp,
Fps Fc;, Vironm .
P Cli ., o
REGULAT|q =
V:dlﬁqso',‘.?_" = y |
Fe, S&C
Fp,
Fc, Fps
Thesub grade
(ballast, sub grage, . OPERATION
Track Management
Control

% commands, signaling..,



Table 23 Highest severity failure modes

#

7.5.5&C FMECA

Table 24 Highest criticality failure modes

24 d i AR RS

LGA 720141

23 g e P PR

Component FMNo. [Failure Mode Severity

bl AL [Mean]
R 0
[ EHH]

Switch (forged transition Rolling Contact Fatigue (RCF) through machined

and weld) and stock rails [LAL6 length of switch rail 1.7

iE 7 (i PR ORI A IR A A 55 (RCF)

) RS

Stretcher bars 1B1 Loose/missing bolt (fixed stretcher bar) 4.5

Fu AR W FE A AN/ (I i)

Crossing (frog) unit 1A2 Debris in crossing flangeway 5.0

A (IO HE Ve R 1O I

Stretcher bars 1B3 Cracked/broken stretcher bar, bracket or gooseneck #.5

FORLERE fixed stretcher bar)

WA SR i /e L QA S )

Switch (forged transition Rail defect through the machined length of the switch

and weld) and stock rails |1ALS blade 1.7

i 7 (R i AR ORBUIN T T A 1 S

) FIEAR

Stretcher bars 1B2 Loose/missing lock nuts (fixed stretcher bar) 4.5

Fu A il SR B /e CSTE R bR

Stretcher bars 1B6 Loose/missing fastenings (tubular stretcher bar) 4.5

Fu T £

SRS CEPRFE AR

Component FM No. Failure Mode Criticality
RS sl i 2 [Mean]
[IEHN R
Crossing (frog) unit 1A24 Deformation of crossing nose and wear of wing rail 13.0
X (B EE due to wheel impact/contact (Cast)
PRtk CRd) Rl od AR IERT L
5 4
Crossing (frog) unit 1A26 Cracks in cast crossings from defects or damage 12.0
X GO HE - B g oA S SO it MM 2L
Switch (forged transition| 1A16 Rolling Contact Fatigue (RCF) through machined 9.7
and weld) and stock rails length of switch rail
I GRS AT PEBLIN AL IR B 57 (RCF)
) RIJEAH
Deformation of crossing nose and wear of wing rail
Crossing (frog) unit 1A25 due to wheel impact/contact (fabricated and part 9.3
2N (Y AEE fabricated)
P T A el i e (L R i ) i ey
A8 M AR AV 4R
Switch (forged transition | 1A19 Stock rail and switch rail both sideworn 8.7
and weld) and stock rails S AR L) (i IS
7 CRodLL PR
B FIEAH,
Crossing (frog) unit 1A27 Tri-metal weld defect 8.7
N G 3R ) L
Stretcher bars 1B1 Loose/missing bolt (fixed stretcher bar) 8.5
SRl R N S D A LT D)
Crossing (frog) unit Cast crossing defects due to squats, wheelburns,
“E N (Y AEE 1A29 | batter, flaking/shelling, metal breaking out of wheel 8.5

transfer area
th TR A XM BE . AR50kt fisl. i




D3.1 Report — Next generation control:
monitoring and sensor systems
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* Autonomous mspectlon to inform autonomous repalr usmg Iasers, video,

acoustics, and other NDT techniques. fEFEDE. . =FF

M A TEFRE, LIENEI

U,

ML LywiAliv)

* Embedded passive dynamic effect monitoring using accelerometers and other

relevant sensors and intelligent processing algorithms. F]

(& RER & BN E R AFH TR AT BB ISR M,
* On-train monitoring and correlating the resultlng data with the infrastructure
based dynamic effects monitoring. Y|ZEN$E, FHIGLEEERET

BmEI’Jz:)JUﬂ%”" ZHEREK,

* Embedded monitoring of the actuation system. JXZN R FATER AT iat

* Fault tolerant control of the S&C.
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3.0bjectives B¥R

03.1 Development and integration of data and sensor systems to support the
elimination of manual inspection and maintenance interventions. 03.1H/&F1EEMEHE

5FD1§ LR Llﬁi:—m%B?—EE)JHEFD?’ETF:FTHO
- IRIEENS&CIERERIIEALRZ BN
» BEROINSENGIE, RS T ST NS TRENDE
- ENIFREUERIIARRIAR, LUK BRI ki N E R KR L S G Res R TRhY

iﬁu,

03.2 Development and integration of intelligent self-diagnostic systems capable of
monitoring the current state-of-heath (and future states which take account of the

environment and external factors. O3. 23: E%D&E}Z%“ E ZWhZR %, genziallfEERY
%HU'{*IU\ (FIRFIRE) |, FEEIAEFIINELEZ.
- METEREIZHERSE, ISR ESSRCREIEFEEXNESHN G S T2 RIXE RS,

03.3 Design of fault-tolerant control systems that supgort self- adjustment self-
A

CO%S%?UBFOET se}%‘-repalr and self-healing. IRITIFEIEEE. BKIE. B Eﬂ]@{l =13
ﬁ. Zd N\,
%f; SFTEUS&CAUEHIR T, 1532 T AERMERFIENE S ke H EfN S aiEs




4.2.0verview of Sensors Used for Railway Systems Monitoring
and Control £k %%ﬁ B REIRIA
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BRI TS

e 4.2.2.1.Current Sensors BB {ER%ES
« FE/R, XifHH, BRES

* 4.2.2.2\oltage Sensors EB[E({&4EE
e 4.2.2.3.Electrical Performance BB S|4RE
=V

« 4.2.3.Measurement of Thermal Parameters and Environmental Effects FASZ A1 ESZIMASNIIE

- FRE(B
» Moisture Sensors }ZE{EREE

« 4.2.4.Measurement of Force JJRYNIE
o NEFIESEREE, BEEDERS, it
 4.2.5.Measurement of Position And Displacement{ EFf1IEENIE
- EE{ERkES
« 4.2.6.Measurement of Vibration ¥xzIE
« JMEL
o HE(ERES
. EENE
. HENE
o ZI5h, JEEHEN, ERRULES, MFERNE
- FERENE



4.3 Track Switch Control Systems 1B =M R 5
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4.4.Fault Detection and Identification (FDI) #8f&& 01 5125 (FDI)

« B IR
e 1)Dry slide chairs (21.1%) &ARMRERH (21.1%)
* 2)Fittings (10.5%) BclF (10.5%)
* 3)Obstructions (10.1%) ¥ (10.1%)
* 4)Stretchers/drives (6.1%) JX=I88 (6.1%)
* 5)Lock out of adjustment (5.9%) 7] (5.9%)

- BERE: 1994F1H1HZE1998F12 521 HHAAIRVEHE, NS ="%<r
B—ER13TREE (21RNER) KAVHIE LHIE 7 S&CsHRNETHE, 1B

FHE17085 (BlEZ) , H6385E%H Xz,




4.4.2 . Fundamentals of FDI FDIEZNF\L:

e FaulttifE:
HIF1 :I:ﬁ%
Ok, B, failurebtfaultS8ZER,
o BPEENIFDIZ B T AN

KENED—MFIEE SIS RR /B S /IR EREA

+ Failture X5 RGERERIERA FHITAIRII8ERYRETIRIKA

CANIEDS

*  Early detection of small faults in the actuator and sensors H{TasF{E/E
s/ NSRRI R HARE
 Diagnosis of faults in the actuator, key components, or Sensors, with

minimal false alarms HUTHIM, XEEEIRICREEMMERSNT, (iR

e

e Detection of faults in closed loops [Z)¥EFEEFTMI

e Supervision of processes in transient states BEcIIFERYLS

| I/‘J=2



4.4.2.2 .Model-based FDI EFFEURY FDI

- EHEAMER B FHAPES [RERUITFE AL
I LUEIT G EZNERNSE, TR STENSEL
* FANBTER :
* 1)Residual (error) calculation & (1IRE) 1TE
* 2)Evaluation {5}
« =ANEEGE:
e  Parameter estimation approach 2&45iH%
« REFHHIET AR AR SEIITH,
o« NIZFIEEH R FSE T ANYIIERE
e  Observer-based approach EFLNIZEAY 54
- RIRRFEMIISHE
Parity space approach EHEZ|8)i%

EaI L oa) U i==x Tt EDYERY B9[4,5], A AY5%
%@Hij ﬁtﬁ%@@ N EAVE ISR R L IERENN[4,5], NFBHTE




4.4.3.Fault Tolerance Z55&

Table 3: List of components, their faults, and fault-tolerant strategies
£423: AUPEAI . e TR A R s e

Probable faults
] HERY M

ossible fault-tolerant strategies
] i 14 725 s RS

Controller Failure ® Multiple redlmdant modules with majority voting L7
Pl 4 it LHR R Z AT AH

® Dynamic redundancy #/J&L43
Power Failure ® Multiple redundant modules with majority voting . {7
HLJ it LHER I Z A TR

® Dynamic redundancy #/J&L4%
Actuator Drift %% ® Adaptive control []1f Wi

A THLF Failure &{ii ® Multiple redmldant modules with majority voting H. {7
Lock-up 87 L HER I Z AT
® Dynamic redundancy #4043
Sensor Bias fki {a} ® Analytical redundancy 5 #1143
{4 1% Drift {3 % ® Multiple redundant modules with majority voting H. {7
Failure/Freeze {i{[5i/i%: eI RINE NI 2
ks ® Dynamic redundancy #/J 45143

Plant (switch) Increase 1n friction Handled by robust control design
e GEED  EEERE N HM|H$1¢J S



4.4.4.Proposed Fault Detection, Identification, and Accommodation
(FDIA) Scheme $ZINAIEPEIGN, RBIFDVET (FDIA) 3=

- S, BERRR
e 1)Controller 2128
* 2)Power system EBEJIZR %

e 3)Actuator ¥ 17144
* 4)Sensor {&ZRkES
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4.5.2.Model-based Condition

Monitoring =

NO
(wait)

Enable test?

Run test,
collect data

Estimate system
physical
parameters

Check

model NO
validity NO (system
>95% test o.k.)

Notify
Operator
(provide

with
diagnosis +
histarical
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parameter
datain
archive

Significant
changes
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data)

Figure 26: Flowchart describing the monitoring of parameter changes within a system
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5.Substructure and Dynamic Impact Monitoring NEZRESFAIFNENS D
S

 FRE S T R EHAIEIS&CRIIEREFIE RN, ©5T8 7 ZEHH
%]S&CZIEWE'_:M’E EI’JEﬂjCE)J SN, LARS&CTEIESRERHARRYAT
JIUNAFERSZIE N ERERIRYRI.
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5.2.Measurement of the Dynamic Loads in S&C S&CHATIZE AT

Y2

5210

ne Mechanism of Wheel Transition from Wing Rail to Crossing

Nose 20 NIRRT LAIWIE, EEFNEASARIBER l
NEHNNERIZENTIE

e 5.2.2.0ptimisation of the Transition Geometry 13 E JL{AI{/L{4
e 5.2.3.The Stiffness of the S&C Supporting Construction §XS7iE£5F4

HYMIE

e 5.2.4.Quality of the Support SZiEth=
e 5.2.5.Theoretical Analysis of the Problem [Q)RRAYIE1C




5.3.Analysis System for Dynamic Effects Analysis BRI 51T
A5

- B4 ETHFREENRE, THEIEMIRIERISIN

Dynamic effects substantially reduce the lifetime of the S&C construction and all its components. BIZSRUNAK

4878 7 SRCEM N ETEEMHERSD.

. To capture early defects in transition geometry and minimize the impact of d%namic effects on the development of
defects. ﬁﬁ@émﬁ_{qﬂﬁ’ﬂiﬁﬁﬂﬁ’é, FE NSRS ERPE & R E N fE E 1K,

«  The system should help with maintenance planning. RZFM %A BIF4EF1T4.

. The system should also generate maintenance recommendations (increasing wear or degrading structure support,
etc.). %ﬁiﬁﬁﬁiﬁ%&?@& (IBINEREFHRESIEE)

«  Evaluation of the dynamic effects of individual trains and specific vehicle types. BRI EFRFEEFZSEIRITIE
EIAST R

o LAKRE:
e Categorise as well as identify the presence of defects. XJERFEHI T ZEFIRE.,

e Calculate track parameters such as stiffness. ITtEHIESE, WNIE.

«  Advise manufacturers about component use and wear rates. [IFhERIRHE M FEFEFIERZEA9EN.,
«  Support the design of new components with reduced dynamic effects. SxFrrBIEFAVIRIT, D EISER.



* 5.4.1.Embedded Sensors and Sensor Mountings R ATUERESFIE

Reas it
- NIERE(EREE

e 5.5.Hardware for Measurement of Dynamic EffectsalJZ38U M I EAE

(s

e 5.6.Sensors to Support Novel Actuation and Self-Healing Processesxz
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5.7 Vehicle Based Monitoring of S&C ETZHHHYS&C!

-

¢5.7. 1 SENECA Measurement Train SENECA &%
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6.Autonomous Inspection and RepairE
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6.2.1dentification of Key Measurements and Locations <#ENIEF( &

HIIR A

\‘ Stretcher bar
\ Lock Stretcher bar
>

Drive rod
Point machine

-

Connecting drive rod

Figure 160: Three-dimensional switch model [70]
F160: 4kt 7 fi R 70]

(@) (b)
Figure 161: Numerical results: (a) lateral displacement: (b) acceleration

Eli61: g @ Mk ik

Lock rod
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0
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Figure 162: Stress distribution
K162: 150

Y Displacement sensor

Strain gauge
e Force sensor

Figure 163: Suggested sensor locations and sensor types
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6.3.Acoustic Inspection and Monitoring of S&C S&CHYE =48I 'ﬁ';:’iil]
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6.3.Acoustic Inspection and Monitoring of S&C S&CHIYE F4&: Ml = sl
« 3T HE:

e Point machine movements&& N LIEE]

« Wheel-flats of the passing vehicleld 4RV 20 M

* Crossing-flange confllctﬁcﬂi/\é% NS
* Impacts at the toe JEEERAMAVET

- EREAL B2, IR RS TR
3
e 6.3.5.Test Plan i1

?E@Jﬁ 128 1"MEMSZETEX|, BEBIEE HFREREFE(K40 dB, PEYI=ESETT
IEEE (e, EEWFIRZXAk) 295KA9E 77,
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Figure 226: Possible wheel flat
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.3.8.1.Switch Movement8ZaE

e e 09 : - : - :
T —_—N-R 0.8 | |— Microphone Array -
X —— Rl
2 - 02y N' 0Tt .
20+ 015 § osf 1
@
. 0 ' g 05} i
g ' ﬁ 0.05 g 1
E 10F I:;_E :‘_‘3
> E oo T
& 2 1
. -0.05 @
-0.1
S5k ]
-0.15
10 ! ! ! ! ! | ! | ;
0 05 1 15 2 25 3 35 4 oz | | | | | | ! | 0 0.5 1 1.5 2 25 3
) -
Time [¢] 0 0.5 1 15 2 25 3 35 4, . . ] e sl ] ]
Figure 228: Vibration recorded from the point machine in scenario 1 Time [s] Figure 233: Comparison between the single microphone signal and the array recordings
- - = . . . % . A o ke B S e e ks
1228 bse IR ARG = (Pl 2] Figure 230: Acoustic signal, R-N vs N-R 233 e se MU RIS o 2 ] i L
K230: {54, R-NvsN-R
00} —NR . i il
o oo J T o
360r — s
g g g §
300 és 120 ;f 5’ 120 % P
c, 8 i w . §
250 ‘ 2
= ! = o E
L 1 15 2 5 1 3
_5 200 Trmezlsecs} f (S S ’ ’ST-ms (secsfi i &
W o
2
g 150 2 . g
4 a
100 - 3 .3 s
so} £ " 2
@ @
g3 0 &
0 <, :
; 0
=50 b — 3
085 09 085 1 105 14 115 12 B ewa o 3 ‘ . . . ! . i ]
Time [s] Figure 232:Spectrogram of the point machine movements: (top) site 2, (bottom) site 1 0 05 1 15 2 25 3 35 4
are 229: The impact on the rail caused by R-N and N-R operation Fl232: FAHUSS) BTSRRI Hini2, UKD slinil Time 5]

Figure 234: Eight measurements of R-S at site 2
K234: dhki2f) ) \IKR-STI B



6.4.Handheld Laser-based Inspection SR EHE I

(b)
Figure 235: (a) Example of necessary preparation of the surface before scanning: (b) result of scanning (experimental
measurement)

K235 (a) FHMATR ML EHER R0 s R (s i)



6.4.7.Autonomous System / Drone Based Inspection EFBFZR%F/F
AVIBIEE

Figure 250: Concepts for drone mounting
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Standardised Communications and Data Exchange FrEMIBEFIET
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