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Abstract : This study aims to introduce a method for risk assessment analysis aimed at
preventing electrical fires within the manufacturing industry. Initially, we provided a
functional block diagram illustrating the electrical equipment employed in various
processes within a food manufacturing company in Chungcheongbuk-do. Subsequently,

we categorized the components of each machine outlined in the functional block
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diagram and determined the priority of failure for each classified component. Upon
implementing the model in the frying process of the food manufacturing company,
specific components, including MC, motor, mixer heater, electric wiring, and terminal

block, exhibit a risk priority number (RPN) of 40 or higher. This identified an electrical
issue within the manufacturing process and environment. Consequently, we propose a
methodology to identify latent failure modes that could escalate into fires or systemic
issues if not promptly addressed. It is essential to note that while the FMEA presented
in this study may not immediately impact food manufacturing, its applicability extends to

various workplaces.
Copyright@2024 by The Korean Society

of Safety All right reserved.
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Fig. 1. Equipment and circuit diagram of frying lines,
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Table 1. Electrical risk assessment table at frying lines
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Risk assessment(Elecrical part)

Process subject to evaluation Frying line
Investigation of harmful risk factors Related evidence Current safety Current risk Reduction measures
Division Causation Harmful risk factors Laws/exposure standards and health | Possi | Import Risks | No Improvement plan
measures | pility  ance P
2.1Electric | There is a potential risk of| Safety and Health Rules mzzzztslvte’or
2. Electrical shock electric shock if electrical | Article 317 [Electrical work live parts 1 4 4 ) )
factors (exceeding |machinery is handled with| using mobile and portable Groll)m d ?
safe voltage) \'wet hands on the fry line. devices, etc.] .
connection
2.1Electric Thse}rlzci(s 322;;:; fi;:tchmc Safety and Health Rules mfe)razzicetslvior
2. Electrical shock . Article 301 [Protection of live .
. exposed live parts of . . live parts, 1 4 4 - -
factors (exceeding . . . parts of electrical machines
safe voltage) electrical equipment in the and appliances, ctc ] Ground
frying line. S connection
2.1Electric There s 2 risk of glectpc Safety and Health Rules Grounfi
. shock if a short circuit . . connection
2. Electrical shock . . Article 302 [Grounding of .
. occurs in the electrical . . Installation of 3 1 3 - -
factors (exceeding . . Electrical Machines and
safe voltage) equipment of the frying Appliances] earth leakage
line. circuit breaker
2.1Electric |Risk of electric shock due, Safety and Health Rules
2. Electrical shock to failure to ground the | Article 302 [Grounding of ) 5 4 3 | A4 Grounding to the
factors (exceeding mixer control panel Electrical Machines and control panel.
safe voltage) enclosure. Appliances]
2 1Blectric | 1he charging partis g e ond Health Rules . Additional installation
. partially exposed inside the| , . . . Protective of insulation
2. Electrical shock A Article 301 [Protection of live . L
. distribution board, so there . . measures for 2 4 8 | A-5 | protection plate within
factors (exceeding |. . . parts of electrical machines . L
is a risk of electric shock . live parts the distribution panel
safe voltage) and appliances, etc.] . .
when touched. charging section.
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Table 2. Analysis of risk factors by process in the hazard
prevention plan in 2020

Common Stacking
facilities Storage tank and Storage Freezer
Stricture, Fall . )
Risk | down, Electric | SWCM® g e shock | Electric shock,
factors shock, Fall down, Crash Fall,
: Electric shock Addicted crash
Disorders
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Table 3. Risk factors by manufacturing process(Manufacturing Risk Prevention Plan)

Process

Product Raw material Molding Frying Cooling Packaging
Frver Stricture, Fall down, Bumn, Fall down, Electric Electric shock,
R Crash shock, Stricture, Crash | Stricture, Crash
Rolled seaweed Stricture, Fall down, Musculoskeletal disorders, Burn, Fall down, Electric Fall down, Addicted crash,
Crash Stricture, Electric shock shock, Stricture, Crash Musculoskeletal disorders

Stricture, Fall down, Cut, Burn, Fall down, Stricture,

Fall down, Addicted crash,

Molded fries Electric shock, Crash, .
Crash Musculoskeletal disorders Musculoskeletal disorders
. . Stricture Fall down, Burn
Other fries Cut, E;&:g"{g;:g;}c d??grcé(ergmsh Electric shock Crash
u Musculoskeletal disorders
Cut, stricture, Electric shock, Stricture, Fall down Electric
Pork cutlets . shock, Crash,
Crash, Musculoskeletal disorders -
Musculoskeletal disorders
. . Musculoskeletal disorders,
Cheese Stricture, Eleciric Stricture, Electric shock,
shock
crash
Roast Fire, Explosion Electric shock,

Stricture, crash
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Table 4. Modules and sub—components for each facility

Facility

Module

Components

Mixer

Electric parts

MCCB

MC

EOCR

Timer

On/off switch

Motor

Machine parts

Mixing bin

Axis of rotation

Sensor parts

Temperature Sensor

Forming

Electric parts

MCCB

MC

EOCR

On/off switch

Timer

Motor

Machine parts

Extruder

Mold

Injection device

Sensor parts

Temperature Sensor

Pressure sensor

Mold detection sensor

Sensor board

HMI

Fryer

Electric parts

MCCB

MC

EOCR

Timer

On/off switch

Heating Element

Motor

Machine parts

Frying pan

Strainer

Sensor parts

Temperature Sensor

Pressure sensor

Sensor board

HMI

Deoiler
/Cooler

Electric parts

MCCB

MC

EOCR

Timer

On/off switch

Motor

Machine parts

Cylinder

Vibrator

Packing

Electric parts

MCCB

MC

EOCR

Timer

On/off switch

Motor

Machine parts

Packing

Conveyor

Sensor parts

Pressure sensor

Proximity sensor

Counter

Sensor board

HMI

Others

Electric wiring

Wiring

Crimp terminal

Connectors

Grounding

Grounding

20

24

[

Table 5. Component classification and numbering for FMEA

Muddle NO. Components NO. Components
C1100 MCCB
C1200 MC
Electric parts C1300 EOCR
MlOO[l; C1400 Timer
C1500 On/off switch
C1600 Motor
C1700 Heating Element
C2100 Temperature Sensor
C2200 Pressure sensor
Se?sl%é);rt s C2300 Mold detection sensor
C2400 Sensor board
C2500 HMI
C3100 Wiring
Other C3200 Crimp terminal
M3000 C3300 Connectors
C3400 Grounding
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MC(Magnetic Connector)2} EOCR(Electric Over Current
Relays)& 7% 2% A5719 AzsElo] ek Age
=371, AR71, FHA7), g1 B 237) o
2 790 FFHE Fejoltk

AF AYTFHA = SMPS(Switching Mode Power
Supply) 2 E3dlo] A&7], 717 9 xA7]o] AAR
E9} HMI(Human Machine Interface)o] A¥-S HH5}
© A= o] gk
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Power: AC |  Mixer || Forming [ Fryer || Deoiler/ N Packing >
IN Voh-age Breaker (Motor) (Motor) (Motor) Cooler (Motor) oUT
SENSOrs sensors Sensors (Motor) sensors | {777 N
Temperature Temperature Pressure
Pressure | Temperature || Proximity
Detection [ Pressure [ Counter
SMPS _ Sensing : Sensing : Sensing
_.[ | board 3[ board .-|: board
- L el i

Uss 24sker o] fryss dEgde=A 1 e F7H Aol
At S0 WS AR 4 gl
RPNZFE A4S QA A AEQ] A2 e (3 w), Table 6. Ranking criteria and levels of severity”
UAR =0 HPA (WY ) W 1 Rbef| oot i O] Class Severity Level Criteria : severity of effect
AEE 5 25 A 7R 2 BE&ste] 75tk 24 | I Negligible 1 No effect.
ZE5 il dHAZE U 2] 28 1~ 2 Failure inducing unplanned
} o q_ Table 6~Table 82 /HZ,PE, up }}])']E B FL]jl %] I Minor 2 maintenance t();t Sl;a:terrlr(i severe effect
EEOH q’]—d' 1"’51:]'7:“ T_:IL’% EO:]“IZ”J_—’— 9»)114 EH%]' s _ Indpcing fai_lure such as fun(.:tional
:'-oﬂ EHS]' 7] 'j['LZﬂ 27 ] o IEC 60812 94_ I Major 3 1ncapablhts}lflb(;r}llsg)rlr'rlespondlng
IEEE gOId bOOkIZ)oﬂ A ﬂ/\]E] Z\—‘% ]—8-’5}93\14‘. v Seri Failure inducing consequence such as
RPN 4] (D T e A7t e AT E B crious 4 operable incapability of system.

= EI-EL]_— = _Lo,_k]_% =1 _Tiéi 7].—3L]_—r;]. v Hazardous 5 Failure has possibility of very severe
consequence.
RPN = Severity X Occurrence x Detection @) ) o 9)
Table 7. Ranking criteria and levels of occurrence
Class | Occurrence Level Criteria
714 943 SA499] Zro] ATE AL ot A
o714 18 Ad=ele gtel o -~ 1 I | Almost never 1 Failure unlikely.

=
Hlo] TR & olsll Al AElo Skt olojgre. =
1] agmE=R Qlsf Aol dule] < ‘10 T Remote 2 Rare number of failures likely.
g s
B

= 40]1::1 o o]a{ Oﬁﬂ: = —rxl-o] x}é

I
= 0= Jii§ Medium 3 Moderate number of failures likely.
A WA BY = BIE ¥
(’)*’\E]—‘— A O]D:] FQ—O] 7\”@1 EﬂE O]—ﬂ gt X] 7]_ v Moderately 4 Frequent high number of failures
oiict 218 oot hgh el
H o T ] ‘]L 7_']- ;sﬁi_oﬂ EH—GI' RPN %}}\- = 2 (Doﬂ v Very high 5 Very high number of failures likely.
Sjs) $1el SaieslE Ashar RN ke 2ty
125A)9F B A LofA] ol 482 UElhGom 48 %1} Table 8. Ranking criteria and levels of detectability”
e 2 ALoA A= QTh o] = 40 oo =E I Class | Detectability = Level Criteria
7Hel AR s A Ao 2 At o]l= = I Very high 1 It has very high effectiveness.
g R 2|(Pareto's principle)®] EA45 23t o= I Mogiegrz}iltely 2 |1t has moderately high effectiveness.
ARS) 2008 Bk oA Aol AlEAS 80% B ——
_ W ow effectiveness.
oA WA s sieka A Qo e Ao . .
v Remofe 4 It is unproven, or unreliable,
A= RPN F9] 20%E t} E&SHR|E= okt o|= or effectiveness is unknown.

aj.;g' + ‘:421'7]' £a ‘ﬂ”’v/] O‘]‘ﬂ?ﬁ I’_Eﬂ 0}0:1 26 Xér"ﬂ_a \' v It is very unproven, or unreliable,
ery remote 5 tocti ;

HARS Zlo} o|ARE WA AAST 23} ZHTE or effectiveness is unknown.

SHEOFMSHS|Z|, H|I39H A|15, 2024 21



3.5 nEZM+2| EA(RPN) T 4= o @R oA wAF77F 7Y ARt
Table 904 G254 HetEl= 139-45=91= MC A% A2 wASER] ZokaL o] & WS Ak
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Table 9, FMEA sheet

S| O/ D
Item No. | Potential failure modes Potential causes Potential effects E C|E P
c Cc cC
C1100 MCCB
C1101 No operation Faulty S“{ltCh’. 808 to.structural parts, No disconnection, arcs, safety, fire 4 1 1] 4
aging, improper maintenance
C1102 | Open without stimulj |~ Mechanical defects, construction defect, No power output 501 15
1mproper maintenance
C1103 Intermittent operation Improper installation, corrosion Thermal damage, reduced power output 41128
C1104 Does not open Damages to structural parts, faulty switch, aging No disconnection, arcs, safety, fire 411 41|16
C1105 Mechanical failure | Damages, disconnections, improper installation No power output reduced power output 411 1 4
C1106 Degraded operation | Improper installation, damages, disconnections No disconnection, arcs, safety, fire 411312

C1107 Induced Mechamcgl defects, construction defect, No power output, reduced power, safety, fire | 4 | 1 | 3 | 12
improper maintenance

C1108 Induced failure Mechanical defects, construction defect,  po o ot reduced power output, safety, fire 4 | 1 | 3 | 12
improper maintenance

Hot spots, high voltage stress,

C1109 Contamination damage from frame distortion Contaminant entrance/humidity/water 301113
C1200 MC
C1201 Intermittent Improper installation, corrosion, lightning damage Thermal damage 4122116
Damages to structural parts, insulation breakdown,
C1202 Improper output e 5 i Gl Reduced power output, safety, fire 5 4 2 40
C1203 Open Disconnection, damage, pulled cables No power output S/ 1, 15
Damages to structural parts,
C1204 Short insulation breakdown, water/particles in oil Reduced power output, safety, fire S11] 15
C1205 Corrosion High voltage stress, bad lamination, hot spots Water/hutmdlty/cog It entrance, increased 413112
egradation
C1300 EOCR
Improper installation, damages,
C1301 Cracked disconnections, animals No energy output, reduced energy output 3050115
C1302 Electrical Failure High voltage stress, bad lamination, hot spots, aging Increased degradation 3.2 3|18
C1400 Timer
C1401 Out of Specification Defective product Malfunction, overheat, damage 3502130
C1402 Degraded Operation | Improper installation, damages, disconnections No disconnection, arcs, safety, fire 213424
C1403 No Operation Faulty N witch, 18es to Smm‘ parts, overheat, fire, arcs 513 1|15
improper maintenance, aging
C1404 Unknown Improper installation, damages, disconnections | Reduced power output, no power output, safety | 3 | 2 = 3 | 18
C1405 Intermittent Operation Improper installation, corrosion Reduced power output, thermal damage 412 3|24

22 J. Korean Soc. Saf., Vol. 39, No. 1, 2024
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Item No. | Potential failure modes Potential causes Potential effects EZ 8 ]]g II§
C C C|N
C1500 On/Off Switch
C1501 Failure Not Verified | Damages, improper installation, disconnections No disconnection, arcs, safety, fire 3142 24
C1502 Binding/Sticking Improper installation, corrosion Reduced power output, thermal damage 3 2 |18
C1503 No Operation Faulty f&iﬁ%efﬂif:n;oiﬁ?ﬁl parts, No disconnection, arcs, safety, fire 3121212
C1504 Mechanical Failure Damages, improper, disconnections, installation Reduced power output, no power output 312424
C1505 Induced C"“Stéfc‘g‘c(t’“ngc‘ﬁ;’l‘l’gl rfj‘zif‘:g‘s‘ame’ Safety, reduced power output 22 312
C1506 Opened Damage, disconnection, pulled cables No power output 31216
C1507 | Intermittent Operation Improper installation, corrosion Reduced power output, thermal damage 312424
C1508 Out of Specification Defective product Malfunction, overheat, damage 312212
C1509 Induced Failure Mmhamfih)goes::tsr’rm(%ﬁ?:rmion defect, Fire, reduced power output, o power output, safety 2 = 2 | 3 | 12
C1600 Motor
Water/parﬁcles in oil, shorting, lack of protective .
cleo1 Wom insula(zfgriogmikargg\%vis,. tc(z)nsttil;lulf(t)uufsalqs?viltage, redlfé(rji, (relr(l)er?; rgl}lltp?;fp:;’fety 3|24
1mproper maintenance, aging
C1602 | Degraded Operation |D2™ESS improper installation, discomnections, 1y o) gorase Tnsulation breakdown, fire | 3 | 4 | 4 | 48
water/particles in oil, Binding/Sticking
C1603 Unknown Improper installation, damages, disconnections Reduced power output, no power output 3.3 3|27
C1604 Opened Damage, disconnection, pulled cables No power output 212028
C1605 Shorted Ins Maﬁolr?a{)??aglfsot;)n?%;:wn]:/imgges’s in oil Fire, reduced power output, safety 4 12216
C1606 No Operation Faulty f&iﬁ%emif;;z;ﬁggl parts, No disconnection, arcs, safety, fire 212128
C1700 Heating element
C1701 Inoperative Improper installation, corrosion of heating coil Fire, reduced power output, thermal damage, ac 4 5 2 40
C1702 Failed To Operate  |High voltage stress, bad lamination, hot spots, aging Increased degradation 303327
C1703 Defective Disconnections, damages, improper installation No power output, reduced power output 213424
C1704 Grounded Element Consh’uct}gl;iﬁtﬁg&a;ﬁz:l defects, electric shock, safety 203212
C1705 Open Damage, disconnection pulled cables No power output 33,119
C1706 Burned Out Damages, improper installation, hot spots No disconnection, arcs, safety, fire 4122116
C1707 Improper Output msulaﬁmgaisdégnitrgzg;;agt?glsés in oil Fire, reduced power output, no power output, safetyl 3 = 2 | 4 | 24
C1708 Short Cracks/ruptures, insulation failure Arcs, degradation, fire 4 2 216
C2100 Temperature Sensor
C2101 Functional Failure  |Over voltage or over current, defective installation Sensing error 251212
C2102 Degraded Operation | Improper installation, damages, disconnections No disconnection, arcs, safety, fire 2050330
C2103 No Operation Pﬁiﬁfgf Ifm;ml, Eagn;é No disconnection, arcs, safety, fire 3022 12
C2104 Unknown Improper installation, damages, disconnections Reduced power output, no power output 3020318
C2105 Degraded Improper installation, damages, disconnections No disconnection, arcs, safety, fire 212312
C2106 Shorted i@iﬁﬂﬁﬁﬁ&%ﬁ& Fire, no energy output, safety, thermal damages| 3 | 1 | 2 | 6
C2200 Pressure Sensor
2201 Degraded Operation | Improper installation, damages, disconnections No disconnection, arcs, safety, fire 2143 |24
C2202 Unknown Improper installation, damages, disconnections Reduced power output, no power output 2 2|12
SHOIE3|2], A139H A1, 202414 23
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Item No. | Potential failure modes Potential causes Potential effects E C|E|P
C C C|N
. Improper maintenance, . .
C2203 No Operation damages to structural parts, aging No disconnection, arcs, safety, fire 4 31224
C2204 Functional Failure | Over voltage or over current, defective installation Sensing error 212128
C2300 Detector Sensor
Damages to structural parts,
C2301 Improper Output insulation breakdown, water/particles in oil Reduced power output, safety 313218
C2302 No Operation ) ges (o Vstmctural parts, No disconnection, safety 4 13224
improper maintenance, aging
C2303 Defective Component | Improper installation, damages, disconnections Reduced power output, no power output 32318
C2304 Degraded Operation | Damages, improper installation, disconnections No disconnection, safety 212312
) . . Performance degradation of sensor,
2305 Video Faulty Malfunction of display impossibility to control, reduced power efficiency 3122112
. Performance degradation of sensor,
2306 No- Focus Malfunction of focus impossibility to control, reduced power efficiency 31216
C2307 | Intermittent Operation Improper installation, corrosion Reduced power output, thermal damage 3.1 4|12
Damages to structural parts,
C2308 Worn insulation breakdown, water/particles in oil No energy output, reduced energy output, safety 3 ' 1 | 2 | 6
C2400 Sensor board
C2401 Induced failure Improper maintenance, construction defect |No data output, reduced power output, safety, firel 4 | 4 | 1 | 16
C2402 Parametric failure Improper installation, damages, disconnections Reduced power output, no power output S 1210
C2403 Mechanical failure Improper installation, damages, disconnections No power output, Reduced power output 4111 4
Improper setting of protective device, .
C2404 Short inadequate protective device Structural damages with reduced power output, arcs) 4 | 1 | 3 | 12
C2500 HMI
Damages to structural parts, No power output,
2501 Improper output insulation breakdown, water/particles in oil reduced power output, safety, fire S|
C2502 No output Shorting, electric fire/burning, aging No data output 531115
C2503 Electrical failure High voltage stress, bad lamination, hot spots, aging Increased degradation 3020212
C2504 Intermittent Corrosion, improper installation, lightning damage Thermal damage S0 1412
C3100 Wring
c3101 Worn Improper system design, material aging, Reduced energy output, thermal damages, 4 4 3 48
extreme environment conditions, hot spots Insulation breakdown, fire
C3102 Broken Fatigue crack, external shock Electric leakage or electric shock 4 14232
C3103 Corrosion High voltage stress, bad lamination, hot spots Water/hl.l.rrudlty/contaxmnar}t entrance, 3.2 4|24
increased degradation
C3104 Improper Output Improper installation, loose connection Limited operation 32318
C3105 Loose Improper installation, loose connection No operation 412 3|24
S q q q q Humidity/water/contaminant entrance, increased
C3106 Termination Failure Improper installation, loose connection Ferg i, e i e e, (e 5 2 4 40
C3200 Solderless terminal
C3201 Inoperative Improper installation, corrosion Reduced power output, thermal damage 2143 |24
C3202 Burned High voltage stress, bad lamination, hot spots Water/humidity/contaminant entrance, 302 2 12
increased degradation
C3203 Burned Out Improper installation, damages, disconnections No disconnection, arcs safety fire 302016
C3204 Overheated The passing of degradation, local heating Cracking, discoloration of insulation 32318
C3300 Connectors
C3301 Open Damage, disconnection pulled cables No power output S 1210
C3302 Mechanical failure Improper installation, damages, disconnections No power output, reduced power output 4111 4
24 J. Korean Soc. Saf., Vol. 39, No. 1, 2024
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Item No. | Potential failure modes Potential causes

Potential effects

aQmwn
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amg
Zo®

Poor contact/

C3303 N . Corrosion, improper installation, hot spots, damage

intermittent

Reduced power output, arcs. sparks,
Insulation breakdown, fire

(9]
(%)
(%)
&

C3304 Induced failure . .
improper maintenance

Mechanical defects, construction defect,

No power output, reduced power output, safety, firel 4 | 1 | 3 | 12

C3400 Grounding

C3401 Broken Fatigue crack, external shock No operation, electric shock 21418
C3402 Damaged Damages, improper installation, disconnections Structural damages, electric shock 21418
C3403 Corrosion Natural degradation Reduced operation 11212 4
C3404 Missing Improper system design Reduced operation 203212
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