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ABSTRACT

This paper introduces the architecture of OUTPUT module that is suitable using in safety related system having SIL4 and
proposes the quantitative target that is required for OUTPUT module. Especially, only output type that is made up Relay output
signal and analog signal among various output ways is applied in output module that is a part of safety related system. The
FMEA(Failure Modes and Effect Analysis), FTA(Fault Tree Analysis) are used as analysis method. As a result, it proposes to the
architecture and failure frequency of the Output module that is used in SIL4 safety related system.
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Analog value Diximl Digital to «A) mOdU|e
b latch function (—datay,) ~ Analos p External D Failure Mode ID Fail o
(Data buffer) o evices ailure Mode ailure mode
OPF1_FM1 Stuck high(1)
UUIIUII.)L UllllUIlhlﬁ —
Current value | Digital Current ety OPF1_FM2 Stuck  low(0)
P s P pencration fevices OUTPUTFL -
(Data butfer) function OPF1_FM3 Interruption
[OUTPUTTT ] [OUTPOTTE | OPF1_FM4 Reverse
PWM value | Digital PWM ) -
byl 1atch function fditd generation External OPF2_FM1 Stuck  high(24v)
{Data buffer) function evices OPFZ M2 Stk Low(Ov)
2_FNV Stuck Low(0v
T nternal volta OUTPUTEF2
A e OPF2_FM3 Interruption
module [Z5vpc | “unction[3avDC OPF2_FMA Reverse
OPF3_FM1 Undemanded higher value
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Fig. 2 Basic functional block diagram for output module OUTPUTES OPF3 FM3 Fixed value
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Digital output N bit to Individual OUTPUTFY o
Digital data from Output OPF9_FM4 Oscillation  (waveform voltage)
OUTP value latch local b (Loutput activati
ocal bus ‘output activation, 5 Stucl
UTF1 function cal bus D. activation, OPF9_FM5 Stuck to ground
0:output : OPF9_FM6 Input  voltage(5VDC)
deactivati
cactivation OPF10_FMI Deletion
Individual digital OPF10_FM2 Corruption
bit tocontrol Individual Relay OUTPUTFI0 OPF10_FM3 Insertion
each Relay .
(Lroutput operation voltage OPF10_FM4 Delay
OUTP | Switching function fvati (I'Relay activation OPF10_FM5 Repetition(fixed)
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Table 3. Effect analysis about Failure mode of OPFY Tnput Over speed and movement | Collision /
9_ 1 E s
OUTPUT module FM6 (\150\/;%0) to unauthorized section derailment
< Evaluation
ID Failure Mode System “Accident OPF10 Deleti Over speed and movement Collision /
OVS eletion . . -
OPF1_ Stuck Over speed and movement Collision / FMI1 to unauthorized section der'ful.ment
FMI1 high(1) to unauthorized section derailment OPF10 Corruption Over speed and movement | Colision /
S Sy— PR FM2 to unauthorized section derailment
OPF1 Stuck Start:  EB activation =
- N . - - § —
FM2 low(0) RUN: stopped by EB one OPF10 Insertion Over speed :fnd mov ément Lolhélon /
OPF1 Startt EB activation _FM3 to unauthorized section derailment
M3 Interruption RUN: stopped by EB None OPF10 Del Over speed and movement Collision /
ay
OPFL Start: unauthorized start Collision / _FM4 ¥ to unauthorized section derailment
FM4 Reverse RUN: none EB derailment OPF10 Repetition(fix Over speed and movement Collision /
OPF2 Stuck Over speed and movement Collision / FM5 ed) to unauthorized section derailment
FM1 high(24v) to unauthorized section derailment
OPF2_ Stuck Start:  EB activation None ‘::]_74]501] /\_1_15_ ‘:/—]_74] 4°ﬂ /\_1 E%fﬂ' 7_]]. J—l;g, == Oﬂ EH
M2 , s  El
FM2 Low(0v) RUN: stopped Py ‘]:B S Aldl dAdte] O]HO sl BlE 1]
OPF2, Intermunsi Start: EB activation N s A28l JgFo] HFES xHshe o—voﬂ e A=
nterruption one
' A A% Agel WA RES u)Ho] mEuolol &
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Vers = ES = =) =
FM4 everse RUN: none EB derailment 1:]' ——lz" OH%]' 57_%} E'_E7}‘ %%‘% §_EH O]'X] %—'E% OH
OPF3_ Undemanded passengers fall to the passenger O]: =] = ol A
_ | s 0] 279 o2 ASNE Y wgRe
FM1 higher value wayside fall
OPF3.. Undemandec over movement Collision 7]- HEL—‘B@' %?‘]‘% ﬁ]—@_]—‘é‘]-o:], %?‘]‘o] HEL}@ '8]—%] %E%
FM2 lower value - - -
S A, A9 DR e el 1 B
OPF3_ . § passengers fall to the i - - ° S
FM3 Fixed  value wayside / over movement pas;elrllger 9] oé 6:31:01 }g—'ﬂi QVLEHE]T‘:’ ZiE HC} X]?:_!’ e 9/17‘} HO]— (ﬂ-
al 5 - — . -
o o] mEEolol Fth E 4% WL s nYm
- Fixed 0 t collisi -
Fl\14 1X( over movemen collision Eoﬂ EH :l_ Oﬂ ]:]O]—ZE_% Eiﬂ_ 7/4\01 1% 3% o] ‘21_(?_]:
Fixed
. o 5 — -
OPF3_ medimum passengers fall to the passenger Qﬂ \:g- JjJVE_. % Eﬂo] %E}} _LJL_E_O]] @%—?\5‘1— Z—lo]]’;]—[lg]
FM5 wayside fall
value
Unde ded
OPF4_ nhclmhan passengers fall to the passenger o A o of © Sb off tkaH
gher 5}
FMI ; wayside fall E 4 0F ZEof ek of A
voltage - . .
OPFL_ | Undemanded } passenger Table 4. Mitigation measures about Failure mode of
FM2 lower voltage over. movemen fall OUTPUT module
OPF4 Fixed passengers fall to the collision / No.|  Mitigation measures to remove or avoid of cause
FM3 voltage wayside / over movement passenger OUTPUT  module periodically sends the status to
P fall 1 CPU module to know the failure  status(Stuck high,
F]\[47 Interruption over movement collision Reverse) of OUTPUTF1/2.
OPFA SRAC(Safety Relaed Application Condition) to CPU
M5 Fixed Ov over movement collision module : CPU module shall control to the safe status
Fixed when the failure status of the OUTPUT module is
OPF4_ X passengers fall to the passenger
FMg | emam wayside fall detected.
voltage ) Power status shall be monitored and over-voltage
OPF4_ Oscillation passengers fall to the collision / 2 | and under-voltage shall be  blocked. When the power
FM7 voltage wayside / over movement pds;;?ger is recovered, internal power of OUTPUT module can
OPF9. Start: EB activation be  resupplied.
ML Interruption RUN: stopped by EB None SRAC to the power supply module: The power supply
Over-voltage - that supplies the power to the OUTPUT module shall
OPF9 Over speed and movement Collision /
( above . . . supply the stable voltage.
FM2 . . to unauthorized section derailment —
3.3VDC) OUTPUT module periodically sends the status to
OPF9._ L‘z“”b‘;‘]ﬂmge Over speed and movement | Collision / 3 | CPU module to know the failure  status(Data change)
ow
FM3 33VD0) to unauthorized section derailment of OUTPUTF3/4.
Os. latio SRAC to CPU module : CPU module shall control to
scillation ..
OPF9_ (waveform Over speed and movement Collision / the safe status when the failure status of the
FM4 Voltage) to unauthorized section derailment OUTPUT module is detected.
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