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Failure Modes and Effects Analysis of Electronic and Electrical Components at
the Use Circuit of P-Type Receiver

Yo Shep Shim*, Sung Ho Song”
Department of Electric Energy, Cheongju Campus, 54 Sandan-ro, Heungduk-gu, Cheongju, Korea

Abstract

This study is aimed to reduce failure rates and failure modes through the arrangement of the list corresponding
to the component of the electrical and electronicin the user circuit of a P-type receiver. This paper analyzes
a user circuit of monitoring and alarm systems in buildings. Inthe user circuit, the heaviest failure modes
are shown in cables. The results of a risk priority number (RPN) analysis shows that a total of 6 failure
modes is shown in the parts of contact/intermittent (112) and arcing/sparking (121) of the cables. Moreover,
a mechanical failure (301) and an intermittent/degraded operation (302) of On/Off switch, high contact resist-
ance (401) of a capacitor, and a drift (501) of IC are the other modes of the failure. Consequently, we
find that the part of frequent breakdown is the cable and verify that the defect of cable connectors causes
lots of failures of user circuits such as contact/intermittent. We expect that these findings will contribute
toincrease the quality of firefighting supplies and their life-spans.
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Table 1. FMEA procedure of IEC 812 for FMECA
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FMEA(Failure Modes and Effects Analysis)& &
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<Table 1>& IEC 812 ol A A &+ AA-2 el

Numbers Contents
1 The definition of the system and its minimum functional operation demand
2 Development of functional reliability block diagram, other diagram, or mathematical model and description
3 Basic principles of performing analysis and setting the corresponding document format
4 Failure mode, its cause and effect, relative importance, and investigating its links
5 Failure detection, isolation investigation, and method investigation
6 Investigation on planning and operation regulation of especially undesirable incidents
7 Determining event criticality
8 Assessment of failure possibility
9 If necessary, investigating the multi—failure of certain combination that needs to be considered
10 Recommendation

Source: IEC-60812(2001).
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RPN = Severity X Occurrence X Detection 1)

Table 2. Severity ranking criteria

{Table 2>~<Table 4>& A4 %, HAE L HEE
ol 5 2t7}e) 712 & EpIT) 2t 2] 722 1-5

A 2 A A18H BHSematech. 1992). Wk RPN
& 1 7 125 Abo]2 APom 2t AW #HeE
417 o 2 A d)sljof ghrh= o|n) & Egkefar 9l

=

1) A& &2| J|Z(Severity Ranking Criteria)

N7bee g 0 Ashe] A4 2 9FS e

B ER P JFA7 A o A2 G52 <Table
2>
o} o] TH7IES 5 e F o= Lol ERsilth

Numbers Contents
1 Failure is of such minor nature that the customer (internal or external) will probably not detect the failure.
2 Failure will result in slight customer annoyance and/or slight deterioration of part or system performance.
3 ga Ore W111 result in customer dissatisfaction and annoyance and/or deterioration of part or system
4 Failure W111 result in high degree of customer dissatisfaction and cause non—functionality of system.
5

government regulations.

Fa% ure will resu%t in ma {or customer dissatisfaction and cause nonsystem operation or non—compliance

Source: International Sematech, 1992.

Table 3. Occurrence ranking criteria

Numbers

Contents

An unlikely probability of occurrence during the item operating time interval. Unlikely is defined as a
1 single failure mode (FM) probability < 0.001 of the overall probability of failure during the item operating

time interval.

A remote probability of occurrence during the item operating time interval (i.e. once every two months).
2 Remote is defined as a single FM probability > 0.001 but < 0.01 of the overall probability of failure during

the item operating time interval.

An occasional probability of occurrence during the item operating time interval (i.e. once a month). Occasional
3 is defined as a single FM probability > 0.01 but < 0.10 of the overall probability of failure during the item

operating time interval.

A moderate probability of occurrence during the item operating time interval (i.e. once every two weeks).
4 Probable is defined as a single FM probability > 0.10 but < 0.20 of the overall probability of failure during

the item operating time interval.

A high probability of occurrence during the item operating time interval (i.e. once a week). High probability
5 is defined as a single FM probability > 0.20 of the overall probability of failure during the item operating

interval.

Source: International Sematech, 1992.

NOTE: Quantitative data should be used if it is available.
For Example:

0.001 = 1 failure in 1,000 hours

0.01 = 1 failure in 100 hours

0.10 = 1 failure in 10 hours
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Table 4. Detection ranking criteria

Numbers Contents
1 Xeetlgc p%%h X&el%%l(te A aang?Fc lg%fc%lc% PN&U fbe detected. Verification and/or controls will almost certainly
9 % gh pr é)t%%bélétg tthaa t}?{%fjeerlf§§t alzyl &eq% gt(?tected. Verification and/or controls have a good chance of detecting
Moderate p¥ob8 ‘tl t?l that the d fect will be detected. Verification and/or controls are likely to detect the
3 existence o eficiency or defe
' o 5 T Bt aton o conls
5 Xe treyC LL e(oerX Z1§ é)% l%ablélt}ll E]lngrt] g;leoge ei:t V}{ﬂl be detected. Verification and/or controls will not or cannot

Source: International Sematech, 1992.
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Figure 2. Use circuit and main circuit of P_type fire receiver
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Table 6. Component, sub-components and failure rates of the P_type fire receiver

Item No. Components Sub—component Failure rate
100 Cable
Connector(DC) 6.36E-05
Aerial Cable(DC) 2.05E-06
200 Diode
Rectification diode 6.32E-07
LED 5.24E-06
Zenor 9.08E-07
300 Switch
General 1.15E-05
Cement 9.23E-07
Array 2.43E-06
400 Capacitor
Cap alum 5.14E-08
Ceramic 8.87E-08
500 I1C
IC(16, 18 pin) 3.57E-06
TR 3.56E-07
Voltage Regulator 1.06E-05
600 Others Buzzer 2.42E-07
Rack 8.63E-06
PCB 2.21E-08
Source: Reliability Analysis Center, 2011.
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o]Zol| &= Cable 9] Poor contact/intermittent(112) UElstth <Table 7>& BEH R AR =2 E3}
9} Arcing/sparking(121), Diode 9] A -MEHA T} TR EE YERITH
Shorted(201)ol A

Table 7. RPN and citicality at FMEA sheet

Item Potential failure S 0 D R C
. : E C E P R
No. Potential causes Potential effects
mode vV C T N 1
100 Cable
110 Connectors
11 Open Damage, disconnection,animals, No operation 5 | 9 10 5
vandalism, pulled cables R
112  Poor contact/intermittent Corrosion, improper installation educed energy output, no energy 5 5 4 100 25
output, thermal damage
Damages, improper installation, No operation, safety, thermal 5
113 Short disconnections, animals, vandalism damages, fire 4 ! > 20 4
120 Aerial cables
121 Arcing/sparking Cracks/ruptureson cables, insulation . . 5 5 4 100 25
. . . No operation, safety, fire
%ﬂulr{g/ aging, anlmﬁls nsulati
192 Shorted racks/rupturéson cables, insulation . . 5 4 2 40 20
. . . No operation, safety, fire
failure, aging, animals _
123 Wom Improper system design Thermal damages 5 4 3 60 20
124  Broken Improper system design Thermal damages 4 2 2 16 8
Faulty cabling, material aging,
125  Opened animals, vandalism, extreme weather No operation, safety 4 2 2 16 8
conditions, earthquake
200 Diode
Damages, improper installation, No operation, safety, 5 5
201 Shorted disconnections thermal damages, f%]re 5 5 2 [0 g
202  Opened Damage, disconnection No operation 3 5 2 30 15
203  Electrical Overstress  Continuous overvoltage, Thermal damages 4 4 4 64 16
Bad system configuration, construction
204  Intermittent Operation  defect, mechanical defects, improper Thermal damages 4 2 3 24 8
maintenance
205  Fail Lead Pull Externalshock, improperinstallation Thermal damages 4 2 4 32 8
206 Lead Damage Over voltage or over cur ent,improper 5 9 440 10
. . Thermal damages
installation
300 Switch
301 Mechanical Failure Faulty Sw.thh’ aging, environmental No operation 4 5 4 80 20
degradation,
202 Intermittent/Degraded 4 s 4
0 . Loose connection Damage 0 80 20
peration . . . _
303  Opened Damage, disconnection No operation 4 5 2 40 20
304  Binding/Sticking Degradation Reducedenergy output, 3 4 3 36 12
no operation, safety
305  Loss of Control Improper installation No operation 4 2 4 32 8
306  Contact Failure Material defects, oxidation, aging No operation 5 2 3 30 10
. . . No operation, safety, -
307  Shorted Damaged insulation, aging thermal damages, fire 5 2 2 20 10
400 Capacitor
401  High Contact Resistance Defective product Malfunction, overheat,damage 4 5 5 100 20
402  Spurious/False Operation.oVer Volt.age or over current, No operation, Degradation 4 5 3 60 20
improper installation
403  Moisture Intrusion Erosion, fault current Degradation 3 4 3 36 12
404  Opened Damage, disconnection No operation ; 3 3 2 18 9
405 Shorted Cracks/ruptures, insulation failure No operation, safety, thermal 4 2 2 16 8
damages, fire
. External shock, .
406 Wiper Movement No operation 3 2 4 94 ¢

improper installation
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500 IC
501  Drift Over current, improper installation No operation, Degradation 4 5 5 100 20
502  Leaking Aged degradation Shorted, grounding 4 3 4 48 12
503  Shorted Local heating, the passing of No operation, Degradation 5 3 2 30 15
degradation
504  Contamination Aged degradation Disco.loration of insulation, 3 2 3 18 6
cracking
505 Intermittent Operation Loose connection Damage 4 1 3 12 4
506  Opened Damage, disconnection No operation 4 1 2 8 4
600 Others
610 Buzzer
611  Slow Open Damage, disconnection No operation 3 5 4 60 15
612  Fails to Open Damage, disconnection No operation 3 4 4 48 12
613  Electrical Overstress Damages to structural parts Degradation 3 4 4 48 12
614  Opened Damage, disconnection No operation 2 3 2 12 6
615  Loss of Power Damaged insulation, aging  Thermal damages, fire 3 1 5 PlisHES
616  Premature Open Erosion, fault current Degradation 3 1 5 BSHES
620 Rack
621  Mechanical Damage Aging, environmental degradation, No operation 5 2 40 20
622 Degraded Erosion, improper installation  Life loss, 2 4 3 24 8
630 PCB
631  Malfunction Erosion, improper installation =~ Damage 4 5 3 60 20
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