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A Study on Architecture Design of Power Supply for SIL4 Safety Related System
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ABSTRACT

This paper introduces the architecture of the power supply in order to achieve the safety integrity target for power supply which
is a part of safety related system. The integrity level for safety is set 4 and according to the IEC 62425 which is standard for
railway application the architecture design is conducted and process for design is developed. The procedure for design consists with
6 steps. The architecture of power supply that is able to keep the safety integrity against of failure of power supply is derived
through the analysis and it is suggested that the power supply adopted the result in this paper is suitable to apply in safety system.
Also, the failure frequency that is a quantitative value for the power supply is proposed.
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Table 1. Target value allocated into sub equipment

Part Ratio | THR (/hour)
Power supply 25% 1x107
INPUT 24% 0.96x10 "’
LOGIC 25% 1x10”
OUTPUT 24% 0.96x10°
Communication between 1% 0.04x10™
INPUT and LOGIC
Communication between B
1% 0.04x10"
LOGIC and OUTPUT | * *

E 2. SIL Hol&g
Table 2. SIL table

Tolerable Hazard Rate(THR) for | Safety Integrity
hour and per function Level (SIL)
107 <THR < 10° 4
10° <THR < 10" 3
10" <THR < 10° 2
10° <THR < 10° 1
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Il. Power Supply 7+Z& &
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Fig. 5 Basic internal structure of power supply
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Table 3. Input/output definition of functional block

ID

FUNCTION

INPUT

OUTPUT

PMF1

100VDC to 24VDC converter| 100VDC

24VDC

PMF2

24VDC smoothing

24VDC

24VDC

PMF3

24VDC to 5VDC converter | 24VDC

5VDC

PMF4

5VDC smoothing

5VDC

5VDC
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Table 4. Failure mode power supply

1D

Failure mode

PMF1

Interruption

Over-voltage( above 24VDC)

Low-voltage( below 24VDC)

Oscillation (waveform voltage)

Stuck to ground

input and output

100VDC  supply bacause short between

PMEF2

Interruption

Low-voltage( below 24VDC)

Oscillation (waveform voltage)

Stuck to ground

PMF3

Interruption

Over-voltage( abo

wve 5VDC)

Low-voltage( below 5VDC)

Oscillation (waveform voltage)

Stuck to ground

input and output

24VDC  supply bacause short between

PMF4

Interruption

Low-voltage( below 5VDC)

Oscillation (waveform voltage)

Stuck to ground

PMF5

Interruption

Over-voltage( above 3.3VDC)

Low-voltage( below 3.3VDC)

Oscillation (waveform voltage)

Stuck to ground

input and output

24VDC  supply bacause short between
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D Failure mode
PMF6 Interruption
Low-voltage(  below 3.3VDC)
Oscillation (waveform voltage)
Stuck to ground
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Table 6. Derived mitigation measures

ID Mitigation measures(: MM)
MMOL Over-voltage detection and

output

voltage cut—off
Under-voltage

detection and output
MMO2
voltage cut-off

Oscillation detection and output voltage
cut-off
MMO04{100VDC detection at output and cut-off

MMO3

3.6 62A HA
A9 1SA5E SHAZA 9] 4 A4S AR WA,
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Power Supply Module

— f{ PMD2 [ PMDI |——f PMD3
|‘/ IN \-‘ lOO\'DE Surge Over-voltage Noise
\ IOODJ 1 cutoff cutoff elimination

100VDC

100VDC to  [24VDC 24VDC Smoothing |24VDC
24VDC converter circuit
s ]
100VDC Over— 24VDC OverT\'ullage
voltage protection protection
(P06 |
24VDC Low-voltage
T protection
(‘out | 2avnc
\o24v T 24VDC Cut—off
\2
e P
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Fig. 7 Power supply architecture for SIL4
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Table 7. Failure rate for dangerous failure mode

Circuit \_safe (/h) \_dangerous (/h)
Power converting 1.489E-08 1.5285E-08
smoothing circuit 4.87348E-09 1.2532E-09
Over/under voltage N -
detection and cutoff 2.87014E-08 2.341E-08
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AND gate:

‘ Wrong output of system by simultaneous failure of channel 1 and 2 ‘ QA ND — Ql QZ
/

Wip=Qr + Wyt @y + W, @

‘ Wrong output control by channel 1 ‘ ‘ Wrong outpu( control by channel 2 ‘

‘ Hazardous event occurrence by lose of safety function ‘

¥ 8 %) 83 ¥ 72 o83k} 7 olmEd] o
VAN
@ wgEg vbgEE AEd Aot olu A4
[ Output mo‘dule failure | Input module failure | Power supply module failure || CPU mod‘ule failure | 7g— -] 9] —’F\Tg —7—7] —%— IO]L.Q_E Z‘} _CQ)_'S‘}- S\)i T;]—
A A
\OvervolxagesupplyHLowvoIa e supply | E 8 7|_ OlH‘” EO‘“ I:H 5t 7&?‘__1_9|' Hljl'o_l_gl F%
= Table 8. Failure frequency and unavailability

by || O 9 by
lunc(lonal failure of PMF1 ‘ ‘ funcncnal failure of PMF3 ‘ D_angerous s
Event ID Failure Rate (Failure

Q
BN (FIT) Frequency) (/h) (Unavailability)
_ Event 112
TT TT Event Core - 1.41395E-09 3.12266E-05
Event chl 1.26515E-07 0.005588075

o Losing of Over- _
ver-voltage output| | Losing of Over- Over-voltage Voltage cut-off iy
occurrence by voltage cut-off | | output occurrence | ¢ A Event 1 - 3.16287E-08 0.001397019
PMF1 failure function by PMF3 failure PMD7
Event 11 - 1.83692E-08 0.000811436
Over-voltage ver—t\)/cllage @ Event 111 1.22462E-08 0.000540957
by > y ‘ failure of
Dangerous Daf‘ge“’“s PMD? by BEvent 1111 15285 1.50817E-07 0013300417
failure of failure of losing the
,_PMF1 - PMF3 i function i Event 1112 4.59M41E-07 0.040672201
Losi . BEvent 11121 23454025 2.29TTE-07 0.020336101
osing of Over- Losing of Over-
voltage cut-off voltage cut-off S - = b ; 927
function on PMD4| |function on PMD5 BEvent 11122 23454025 2.29T71E-07 0.020336101

/\ Event 112 - 6.12308E-09 0.000270479
Dangerous
[ Tt ﬁiﬁfﬂ% BEvent 1121 15285 1.50817E-07 0.013300417

,;ﬁfg:('ii f;gg;:;g BEvent 1122 | 234540%5 229771E-07 0020336101
inction
Event 12 - 132505608 0.000585583
2l g DAAHEEM A o} Event 121 - 6.62975E-09 0.000292791
) , BEvent 1212 | 23454025 229771E-07 0020336101
Fig. 8 Fault Tree Analysis result ——— - pY—— e
N Lo o ) BEvent 1222 | 23454025 229771E-07 0020336101
71 14&25H FTAFault Tree Analysis)[5] Event 1211 1633%5E-07 0014397618
=) (e}
g TAske B9 oMlEE vl A4 (DA A @) BEvent 12111 1528 150817E-07 0013300417
9} o] AT BEvent 12112 12532 1.25182E-08 0001097201
Event 1221 - 163335E-07 0014397618
. y Bevent 12211 1528 150817E-07 0013300417
Failure frequency W- even i
iy Bevent 12212 1253 1.25182E-08 0001097201
W(t) =xe 1)
. e . 8 - o] Z}% < 5 =ge)
Component unavailability Q: 7 dn el A el Alzsge] thEk gl

Q) = 1—c @ Folh ® 9% gol =2HUT 14de] Axge] 1
AW 38156x10 /has ZxE a9 HiaA
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Table 9. Failure frequency for power supply and
system based on time

veas | Hous | PRI SRR | T St
6 52560 1.9169E-08 3.10571E-10
7 61320 2.23077TE-08 491114E-10
8 70080 2.54306E-08 7.30028E-10
9 78340 2.85375E-08 1.03509E-09
10 87600 3.16287E-08 1.41395E-09
11 96360 347043E-08 1.87411E-09
12 105120 3TT642E-08 242294E-09
13 113830 4.08086E-08 3.0677E-09
14 122640 4.38375E-08 3.8155E-09
15 131400 4.6864TE-08 4.67T749E-09
16 140160 4.9349E-08 5.64801E-09
17 148920 5.28318E-08 6.74632E-09
18 157680 557993E-08 797436E-09
19 166440 587516E-08 9.34011E-09
20 175200 6.16887E-08 1.08484E-08
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