A8 AT A7 =
A8, A2%. pp.101-111, 2008

FHAALATA AZA] - ANFIHATY
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Abstract

Good diagnostics improves both the safety and system unavailability of digital safety
systems. The measure of a diagnostic capability is called the Coverage Factor. Because
the Failure Modes, Effects and Diagnostic Analysis (FMEDA) provides information on
the failure rates and failure mode distributions necessary to calculate a diagnostic
coverage factor for a component, the FMEDA can be used as a useful tool to calculate
it. Through performing FMEDA on a digital signal processor (DSP) board used in a
digital safety system, it is shown that some components of the DSP board can be
replaced or improved to satisfy the required diagnostic coverage. That is, the FMEDA
can serve as a useful verification tool to design a diagnostic capability for the DSP
board.

Key Words : diagnostic coverage(Z¥t &% 9]), digital signal processor(t] A& 21&
2] 7]), FMEDA(x# 2=, 943 9 2 24) digital safety system(HAE <eHAAS),
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<GE D> UAE As Agr)e] BE giE

Components Qty Category Subcategory
TMS320C40GFL60 1 Integrated Circuit |Microprocessor
EPM71285TC-100-15 1 Integrated Circuit |PAL, PLA
SCV64(CA91CO78A-3

1 Integrated Circuit |VHSIC/VLSI CMOS

3-EQ)

DS1232N Integrated Circuit |Linear

74F04 Integrated Circuit |Logic, CGA or ASIC
T4F08 Integrated Circuit |Logic, CGA or ASIC
74F245D Integrated Circuit |Logic, CGA or ASIC
T4F175 Integrated Circuit |Logic, CGA or ASIC

K6R4016C1D-TC10
M27C256B-12F1
KX0-110 (60Mhz)
DC015 (32Mhz)

Integrated Circuit |Memory
Integrated Circuit |Memory
Miscellaneous Quartz Crystal
Miscellaneous Quartz Crystal
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Components Qty Category Subcategory
0.1UF 87 | Capacitor Chip, Ceramic (CDR)
10K 47  |Resistor Film(RL, RLR, RN, RNR, RM)
330 2 |Resistor Film(RL, RLR, RN, RNR, RM)
120 1 Resistor Film(RL, RLR, RN, RNR, RM)
47K 16  |Resistor Film(RL, RLR, RN, RNR, RM)
180 1 |Resistor Film(RL, RLR, RN, RNR, RM)
22K 2 |Resistor Film(RL, RLR, RN, RNR, RM)
LED(R) 1 Semiconductor Detector, Isolator, Emitter
LED(G) 1 Semiconductor Detector, Isolator, Emitter
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1 2 3 g | FA 58] 9 | 10
HE IFRE %% uFE | T | T ISDISU| DD | DU
(detect | —
ability)
Input Open No Operating | 0.783 1 0 0.783
Wrong
Output Open Operating 0.783 0 0 0.783
TMS320C4 | Supply Open No Operating | 0.261 1 0 0.261
0GFL60
Output Stuck Low | "Won8 019 | 0 | 0 0.196
Operating
Output Stuck Wrong
High Operating 0.174 0 0 0.174
Output Stuck Wrong
High Operating 0.187 0 0 0.187
Wrong
EPM7128S | Output Stuck Low Operating 0.187 0 0 0.187
TC-100-15 5
Input Open No Operating | 0.147 1 0 0.147
Wrong
Output Open Operating 0.147 0 0 0.147
Wrong
Supply Open Operating 0.484 0 0 0.484
SCV64(CA Wron
g
g}ggg A-3|Output Open Operating 0.134 0 0 0.134
Input Open No Operating | 0.134 1 0 0.134
Supply Open No Operating | 0.084 1 0 0.084
Wrong
DS1232N  |Improper Output Operating 0.063 0 0 0.063
Output Stuck W rong
High Operating 0.012 0 0 0.012
Output Stuck Low | "Won8 0012 1 |0 0.012
74F04 Operating
Input Open No Operating | 0.009 0 0 0.009
Wrong
Output Open Operating 0.009 0 0 0.009
Output Stuck Wrong
High Operating 0.127 0 0 0.127
Output Stuck Low | "W on8 0127 | 0 |0 0.127
T4F245D Operating
Input Open No Operating | 0.100 1 0 0.100
Output Open Wrong 0100 | 1 | 0 0.100

Operating
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nx IR o &F agE | 7T | T ISD|SU| DD | DU
(detect | =
ability)
Data Bit Loss | "V rone& 1204 | 1 | o0 1.294
Operating
Wrong
K6R4016C1 | Short Operating 0.990 1 0 0.990
D-TC10 -
Open No Operating | 0.876 1 0 0.876
Slow Transfer of |Operating 0.647 1 0 0.647
Data Delay
Data Bit Loss | Vrong 0003 | 0 |0 0.003
Operating
Wrong
1i/£17:(1;256]3 Short Operating 0.003 0 0 0.003
Open No Operating | 0.002 1 0 0.002
Slow Transfer of |Operating 0.002 1 0 0.002
Data Delay
No Output No Operating | 0.027 1 0 0.027
KX0-110 [ijgufgff \C’)Vl”s;%m 0003 | 0 | o 0.003
(60Mhz) dueney peratne
Reduced Power | Lotental 0003 | 1 |0 0.003
Failure
Short No Operating | 0.109 1 0 0.109
0.1UF Change in Value \O’Vﬂmg. 0064 | 0 | 0 0.064
perating
Open No Operating | 0.049 0 0 0.049
Open No Operating | 0.107 0 0 0.107
Wrong
10K Parameter Change Operating 0.065 1 0 0.065
Short Wrong 0049 | 1 |0 0.049
Operating
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HA" A Agr1e] FMEDA ﬁﬂr M mAFRES kA A v BEe v
A eokth F-3% LED(R)# 35 LED(G)= “d-7F opd™l sjgdate FEseln, obd

7% Fde dF7F ofy 7] wlEel FMEDA &40 XZ35# &kr).

gxg A% Agr|e AR =<¢ ‘No Operating’, "Operating Delay’ % ’Potential
Delay’' & 9184 ©¥AX7l5 ZHAR=E BF39oH, ‘Wrong Operating’= 91384 ©X&%
NFRER BFaAh

<GE 3> HAE Az Ay ngdReE £E

AR = T&AE (10°/h) IFEE=E BY
No Operating 2.83540005 32.05279 %
Wrong Operating 5.35548782 60.54114 %
Operating Delay 0.648924835 7.335774 %
Potential Failure 0.00621850 0.070297 %
£ 8.84603122 100 %

FMEDA Zzt+= tAg 2% A =
39.46%, 9184 EX BT nFE= BEE7F 6054% 2 JElGT 9894 g f &
39462 2 YEtyT 9184 SAES 2GR v &(19 2 #FF)S K6R4016C1D-TC10
(RAM)o] 42%, TMS320C40GFL60 (vlo]zLZIZ & A|A])o] 21%, SCV64(CMOS)7F 12%,
EPM7128STC-100-157}F 10%, 74F245D7} 7%, 71€M7F 8% 24| 3t}

etc
8% TMS320C40GFL60
SCV 64 21%
12%
ETMS320C40GFL60
B K6R4016C1D-TC10
EPM7128STC-100-15 O74F245D
10% OEPM7128STC-100-15
74F 245D mSCves
79 Oetc

K6R4016C1D-TC10
42%

<™ 2> 74 FFo] AAshe fdd BAE T AFEES] HE
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3 FMEDAYE 11359 AlE Aol ~(test cases)S AAE w xHoz Ag=E 4 Qv
100%2] Alglo] Er7lsst A9 M =8 nFZES /A EEe A $AE7 Foid
Atk ushd, iR ol# 3 F-EEo] FaSldl 714935tr] wiEolth

HEo uARE 2 uFRs BY AHE §FEWUE AdsiEd Z5HoH. ol
ARE 7o gAY 235 A7l v FMEDAE F33le] 84 dAd Favels
Axtatdnt. 9194 94 5% 148 /M ZA Tdste FELS oo, 1 gEoR
o] AR I Z A A, CMOS % °] oldtt. ARG Framee &e MAsty] AsA

a
olf FEE WI AFAY HAE

L
5 Aelzle] AAe w8 F5o A9 FEUAE S8
s HAAstsofor & & & v @9 Aol @A & B, $AEL
FAAR] ADE Zel Foid = k. AR Wl el FMEDAE #3¥9S &4
& glvh olHE RAE nFFdAdSs S A5E 4 vk =3 FMEDAw 1%
TP FAERE Adsed f8F =7 4 Aotk
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