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The Technical Specification for Interoperability (TSl) legally mandates the prediction and verification process of the
Reliability, Availability, Maintainability and Safety (RAMS) in signaling and communication systems. Recently, domestic
regulations, including the Railroad Safety Act, have been strengthened in order to better meet the requirements for
participating in international projects. To comply with these regulatory requirements, manufacturers and development
organizations must prepare verification data pertaining to the reliability and safety of railway components and related
systems. This paper aims to analyze the requirements of Failure Mode, Effects and Criticality Analysis (FMECA) through
international laws and standards, and subsequently propose a compliant FMECA system for the domestic railway industry.
The proposed FMECA system is then compared with the analysis results of actual failure data to determine its suitability for
establishing a Reliability, Availability, Maintainability (RAM) verification standard for railway products in relation to conformity

assessment.
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Table 1 Criteria of severity

Table 2 Criteria of frequency

Lv. 1 2 3 4 5 Lv. 1 2 3 4 5
Train delay 5 5\ 210 10<t0 <30 30<t0 <60 > 60 Frequency s 025 125 625 3125
(min) (case/year)

Table 3 Criticality matrix considering frequency and severity

Severity Lv5 Lv4 Lv3 Lv.2 Lv.l
Classification
Severe  Significant Moderate ~ Minor  Negligible

Frequency Operation delay(min) >60 30<to<60 10<to<30  5<to<l10 <5
Lv.5 Frequent  Once within 12 days 31.25 case/year 4.28E-03 case/hour 5 5 5 4 3
Lv4 Probable Once within 2 months 6.25 case/year  8.56E-04 case/hour 5 5 4 3 3
Lv.3 Occasional Once within 9 months 1.25 case/year  1.71E-04 case/hour 5 4 3 3 2
Lv.2 Improbable Once within 4 years  0.25 case/year  3.42E-05 case/hour 4 3 3 2 1
Lv.1 Incredible Once within 20 years 0.05 case/year  6.85E-06 case/hour 3 3 2 1 1
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[Railway Constituent - Vehicle] .

|
Coupling System

Automatic Tight Lock Intermediate Automatic
Couplers Couplers Couplers complex couplers

R Svstan Braking Control System

Wheel Slide Protection

Anti skid Anti-Slip Speed sensor
valve - Control Unit - of skid detect

Brake
Cylinder

Fig. 2 Configuration diagram of vehicle (system) constituent
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Table 4 FMECA results based on vehicle constituent of technical specification for railway constituent

Function analysis Failure analysis Criticality analysis
Detection method ive Criticality
Failure — Local ~ Overall Time Safety Failure aMol(*iti:n Er;ffzc(;:l/e e
Item Function Id mode Detactable  Detectable  Built-in  gyjjyre cause system  system affected affected rate pﬁm failure Treatment action
means to means to test effect effect (minutes) (Y/N) (hour) . F S C
operator ~ maintainer  function (%) Rate
RSTO! Nor- emaang e 5231 el spcton
* Crack None destructive ~ None during Derailment > 60 Y 1.00E-06 3%  3.00E-08 1 5 7ol 1B pect
01.FMO1 testin surface drivin (including non-destructive
J characteristics & testing)
Supports the weight of Inappropriate
the railway vehicle material and Tmpact Compliance with KS R
RSTOI, Damage None . VlsuaTl None streng‘Fh, during Derailment > 60 Y 1.00E-06 3%  3.00E-08 1 5 .9221’ ! cgular insp ect19n
01.FM02 inspection exceeding drivin (including non-destructive
maximum axle & testing)
load
Regular inspection
. . Decreased (compliance with wheel
RSTOL. - Abnomal o Visual g o Inappropriate 4 Deilment 260 Y 1.00E-06 20% 200E-07 1 5 3 management standards)
02.FM01  wear inspection wheel profile oo
safety application of normal
wheel profile
Inappropriate Compliance with KS R
Wheel . . material and  Decreased 9221, regular inspection
RSTOI. * Excessive e vsual e strength, driving Derailment >60 Y  1.00E-06 10% 1.00E-07 1 5 3 (includingnon-destructive
02.FM02 flange wear inspection . . .
insufficient wheel ~ safety testing),
management installation of lubricator
) . ) RSTOI Defective decreased Durin Decreased Use of appropriate wheel
Makes it poss'b‘le to drive 02.FM 0'3 Wheel Tread ~ ride wheel tm%lin None Poor wheel turning  ride None <5 Y 1.00E-06 2%  2.00E-08 1 1 1 turning equipment,
by rotating : Roundness  comfort s comfort experienced workers
Inappropriate  Decreased Compliance with KS R
RSTOL pmiion None "™ None  materialand  ride  None <5 N LOOE06 30% 3.00E-07 1 1 1 221 regularinspection
02.FM04 inspection treneth mfort (compliance with wheel
streng comto management standards)
.S.P.D applicati
RSTO1 Visual Decreased V‘rles lar ?r]:sp :c::é:itz)cr’ln,
 Abrasion  Nome . ' Nome Adhesionwithrail ride  Nome <5 N 100E-06 30% 3.00E-07 1 1 1 guar mspe
02.FM05 inspection (compliance with wheel
comfort
management standards)
RSOl orosion None VU8l g Insuficlenteomosion Decreased -5\ gop06 2% 2.00E08 1 1 1 Comosion prevention
02.FM06 inspection prevention treatment durability treatment
Overheat . . KS R 9220 railway
RSTO2. Axle . Preventive Inspection . .

Supports the weight of the railway o Fvio] overheating detec.tlon maintenance  data Assembly defect None Derailment > 60 N 1.00E-06 50% 5.00E-07 1 5 3 vehicle axle,. use of .
Axle vehicle while transferring device overheat detection device
shaft rotational motion ) Insufficient )

to the wheels RSTO2. - Axle o Preventive 0 mcchanical  None Deralment >60 Y LOOE-06 S0% S00E-07 1 5 3 KO R9220railway
01.FM02 deformation maintenance strength vehicle axle
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Table 4 Continued

Function analysis

Failure analysis

Criticality analysis

Detection method

Modal Effective Criticality

Failure — Local ~ Overall Time Safety Failure tion modal
Item Function Id mode Detactable Detectable  Built-in - pajpyre cause system  system affected affected rate aprrr)l(;nt failure Treatment action
means o meansfo  fest effect  effect (minutes) (YAN) (hour) ' Fsc
operator maintainer function (%) Rate
Bears a shocking load during
Axle driving, and wheels, gears, =~ RST02. Press Fit Preventive Part . Compliance with related
> n 0 n
shaft brake disc seats, etc. are pressed 02.FM01  failure None maintenance None  Assembly defect detachmentDemﬂment 260 Y 1OOE-06 100% 1.00E-06 1 5 3 parts pressing procedure
onto the axle
It must be equipped with a Defective buffer
cushioning device capable of RST03. Connector Preventive device Abnormal Operation Compliance with KRTS-
> n 0 i
withstanding loads that occur 01.FMO1 deformation maintenance impact when connection delay =60 N 100E-06 100% 1.00E-06 1 5 3 CO-Part3-3-2019
under operating conditions connecting
It must be structured to
automatically fix when
322;::61?125 dt (;:;itt?i;zgzzz Vehicle Compliance with KRTS-
device must be installed to o103 Connector  Visual - Preventive g Incomplete - separation - Train oy g0p 06 100% 1.00E-06 1 5 3 CO-Partd-3-2019,
. . 02.FMO1 disconnectioninspection maintenance coupling during  collision thorough coupling status
prevent the connection device drivin check
from being separated by 3
vibration, shock, etc. during train
operation
e
vehicles. set upyair Jelectric Electrical form Compliance with KRTS-
X L . . . . < } 2y
circuits in the following vehicles RSTO3. 01rcu1't Function Pr'eventlve Waterproofing elef:tnc;al Operation  10< to N 1.00E-06 100% 1.00E-06 1 3 2 CO Part3b 3-2019,
. 03.FMOI connection check maintenance defect circuit  delay <30 compliance
for safe operation, should have . . . -
Coupler . . impossible between with coupling procedure
smooth locking and releasing .
. vehicles
actions, and must be waterproof
The connection release device of
the automatic composite
coupler should be able to open Connection Defective release
and close the circuit by control, RST03.  status Visual  Preventive or Abnormal Compliance with KRTS-
< n 0 i
and should be equipped with a 04.FMO1  check inspection maintenance verification  connection None > N LOOE-06 100% 1.00E-06 1 1 1 CO-Part3-3-2019
device that allows the driver impossible function
to confirm the connection and
release of the vehicle
When connecting the railway
vehicle to another vehicle, lateral Defective
displacement due to the relative connector Design defect
angle should be considered, RSTO03. coupling Preventive (lateral Unable to Operation N o Compliance with KRTS-
and when separating, it should 05.FMO1 on None maintenance one displacement  connect  delay 260 N LOOE-06 100% 1.00E-06 1 5 3 CO-Part3-3-2019
be possible to separate remotely curved not reflected)
from the driving room or manually track

from both sides of the coupler
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Table 4 Continued

Function analysis

Failure analysis

Criticality analysis

Detection method

Modal Effective Criticality

Failure — Local ~ Overall Time Safety Failure dtion modal
Item Function Id mode Detactable  Detectable  Built-in - paijyre cause  system  system  affected affected  rate aprl:::: nt failure Treatment action
meansto  means to test effect effect (minutes) (Y/N) (/hour) o FSC
operator ~ maintainer function (%) Rate
When the structure of the gﬁf;‘;ft?grll Incompatibility
coupler is (.:I'langf?d, the s@c@ral RSTO3. with None Prfeventlve None between Unable to Operation 60 N 1.00E-06 100% 1.00E-06 1 5 Compliance with KRTS-
compatibility with the existing 06.FMO01 .. maintenance connect delay CO-Part3-3-2019
existing connectors
coupler must be proven .
vehicle
The connection action must be
Coupler  gafely connected at the minimum
R . Abnormal . .
speed specified in the connection Non-compliance Connection Compliance with KRTS-
manufaf:turmg dra‘wmg‘. Ifthe RSTO3. at None Pr;ventlve None with delay or Operation 60 N 1.00E-06 100% 1.00E-06 1 5 C(‘)—Part3—-3—2019,-
speed is not specified in the 07.FMO01 . . maintenance . . ] delay compliance with coupling
. . minimum drawings impossible
manufacturing drawing, it speed procedure
follows the operation test of P
KRS CP 0002 4.2.2
W.S.P
. . Multiple design and
RSTO4. - function | Preventive - Brake  WS.Pvalve - Wheel © 05 N 100B06 50% 5.00E07 1 1 1 installation for function
01.FMO1 operation maintenance  test malfunction  abrasion . .
failure implementation
It must detect the runaway
condition of the wheel and alleviate Wheel slide . Multiple design and
Wheel part of the braking force to RSTO4. detection ~ None Pr'eventwc Brake - Speed sensor th@l None <5 N 1.00E-06 25% 2.50E-07 1 1 1 installation for function
slide e 01.FM02 . maintenance  test malfunction  abrasion . .
~ prevent friction damage to the failure implementation
protection wheel tread
device RSTO04 qu‘S:P P i Brak C 1 devi Wheel F i d b
(WS.P. . nction reventive rake ontrol device ee < ) 0 SOE- unction test and bypass
D) 01.FMO03  control None maintenance  test malfunction  abrasion None 3 N 1OOE-06 25%  2.50E-07 1 1 function installation
failure
It must monitor wheel runaway W.S.p Function test and
information and provide it RSTO4. lnfor-mat‘mn None Pr‘eventwe Brake Interface defect Whe@l None <5 N  1.00E-06 100% 1.00E-06 1 1 1 installation of defect
02.FMO1 monitoring maintenance  test abrasion . .
to the operator impossible detection device
Insufficient . Insufficient . Compliance with KRTS-
<
RSTOS. =y king  None  Lreventive - Brake o o ior leakage braking OPRUOM S0 00B-06 50% S.00E-07 1 2 1 CO-Part3-5-2017,
01.FMO1 maintenance  test delay <10 .
It operates the piston by sending force force function test
high-pressure air Brake Brake Compliance with KRTS-
. . >
RSTOS. © lease  None ~ Lreventive  Brake . i sticking release OPRUOM SO 00B-06 50% S.00E-07 1 2 1 CO-Part3-5-2017,
Brake 01.FMO02 . . maintenance  test delay <10 .
cylinder impossible defect function test
It must be installed with an
automatic gap adjuster that Automatic . Automatic Brake . > Compliance with KRTS-
maintains a constant gap between 02.FM 0'1 spacing None r:;ierzizlrll;lr‘ll:e Btr:::e spacing release dl elatlon 5;1t(()) N 1.00E-06 100% 1.00E-06 1 2 1 CO-Part3-5-2017,
the wheel/brake shoe or the brake deficiency function failure  defect Y function test
disc/pad
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Table 4 Continued

Function analysis

Failure analysis

Criticality analysis

Detection method

Mol ffstiv ity

Failure — Local Overall Time Safety Failure aportion modal
Item Function Id mode Detactable  Detectable  Built-in - pajjyre cause system system affected affected rate plz(;m failure Treatment action
meansto  means to test effect  effect (minutes) (Y/N) (fhour) FS8C
operator ~ maintainer function (%) Rate
Parking . .
Cab’s . Brake . Compliance with KRTS-
<
o o OI;SFT]\%'] r:f:::e display ;;;:ZEE:; Btr:;c Cylinder leakage  release Opdee‘lana on 5;1%’ N 1.00E-06 50% S5.00E-07 1 2 1  CO-Part3-5-2017,
In the parking disc brake unit, if V- ) > unit impossible y function test
Brake the supply air is abnormally impossible
cylinder  exhausted, the parking brake Parking . Compliance with KRTS-
should be contracted RSTO5 brake Cab’s Preventive  Brake Cylinder Brake CO-
. . . . < ) o )
03.FM02 operation dlsp¥ay maintenance  test operation spring . None > N LOOE-06 50% S.00E-07 1 1 1 Part3-5-2017, function
. unit defect defect
failure test
RSTO06. Abnormal Preventive Use of unsuitable Abnomal Operation Comphancg(;v S
. L. ) o y -
01.FMO1 disc wear None maintenance None material precision delay <3 N 1.O0E-06 50% 5.00E-07 1 11 Part3-6-2017, function
Brake It performs disc braking by stop test
disc(k) pressing the brake pad that - -
includes a friction surface RSTO6 . ) Use of bl AbnonnalOpeIa ) Comphancgcv)vnh KRTS-
S reventive se of unsuitable .. ition o -
01.FM02 Disc erack  None maintenance None material P rztt:(l)smn delay <3 N LOOE-06 50% S.00E-07 1 1 1 Part3-6-2017, function
p test
The pad is installed between the .  Abnomal . Railway vehicle brake
piston of the wheel cylinder RSTO7. Abnormal None Pr.eventlve None Use of unstu1table precision Operation <5 N 1.00E-06 50% 5.00E-07 1 1 1 ' friction
where the caliper is installed and 01.FMO1 pad wear maintenance material stop delay material KRS BR 0025-
Brake the disc, and performs direct 21(R)
pad braking through friction by Railway vehicle brake
receiving the pressure of the  RST(7. K Preventive Use of unsuitable Abnqqnal Operation . friction
piston and contacting the  01.FM02 Pad crac None maintenance None material precision delay N 1O0E-06 50% 5.00E-07 1 11 material KRS BR 0025-
rotating disc stop 21(R)
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Table 5 Failure mode analysis and criticality result of actual operation data

Constituent Failure mode Severity  Failure rate Mgdal Effective modal failure rate Criticality
Lv (case/hour)  apportionment (case/hour) Lv
Abnormal wear 1 1.19E-04 19 % 2.26E-05 1
Excessive flange abrasion 1 2.97E-05 5% 1.42E-06 1
Wheel Defect roundness of wheel tread 1 5.95E-05 10 % 5.66E-06 1
Damage (inner diameter) 1 3.27E-04 51% 1.67E-04 1
Tread damage (flat, detachment) 1 5.95E-05 10 % 5.66E-06 1
Wheel axle sticking 1 2.97E-05 5% 1.42E-06 1
Axle shaft Wheel axle sticking 1 2.97E-05 100 % 2.97E-05 1
Ground wire damage (breakage et al.) 1 1.69E-03 81 % 1.38E-03 3
Cover close failure 1 5.95E-05 3% 1.70E-06 1
Crack, deformation 1 8.92E-05 4% 3.82E-06 1
Coupler -
Corrosion, rust 1 8.92E-05 4% 3.82E-06 1
Bracket breakage 1 2.97E-05 2% 5.95E-07 1
Contactor breakage 1 1.19E-04 6 % 6.79E-06 1
WSPD Leakage (slide protection valve) 1 1.49E-04 7% 9.78E-06 1
(wheel slide Dump valve failure 1 1.99E-03 88 % 1.76E-03 3
Protef:tion Anti skid function failure 1 2.97E-05 1% 3.91E-07 1
device) Breakage of parts 1 8.92E-05 49% 3.52E-06 1
Lack of braking (air leakage) 1 8.03E-04 33% 2.65E-04 2
Lack of braking (breakage) 1 3.27E-04 13% 4.33E-05 2
Auto clearance failure 1 5.95E-05 3% 1.43E-06 1
Corrosion, rust 1 1.78E-04 7% 1.29E-05 1
Brake cylinder
Assemble defect (breakage) 1 4.46E-04 18 % 8.06E-05 2
Assemble defect (loss) 1 2.97E-04 12% 3.58E-05 2
Parking brake release failure 1 1.78E-04 7% 1.29E-05 1
Parking brake operation failure 1 1.78E-04 7% 1.29E-05 1
Surface (state) defects 1 2.38E-04 12 % 2.85E-05 1
Brake disc(k) Assemble defect 1 1.19E-03 57% 6.79E-04 2
Abnormal wear 1 6.54E-04 31% 2.06E-04 2
Assemble defect 1 1.10E-03 24 % 2.64E-04 2
Brake pad Abnormal wear 1 3.18E-03 70 % 2.23E-03 3
Pad crack 1 2.97E-04 6% 1.93E-05 1
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