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Abstract : This study analyzed the fire status of a rubber product manufacturing
factory based on 19 years of fire data. Through the analysis of the current state of fire,
electrical fires accounted for 58.19%, and among electrical fires, motor fires were the
highest at 26.21%. For the motor fire occurrence process, the curing process
accounted for the highest rate of 51.9%. Therefore, the installation environment was
investigated for the motor in the curing process, and it was confirmed that the motor’s
maximum ambient temperature exceeded 40°C. In particular, in the case of the motor
for curing operation, the motor was installed in a separate motor room, so the average
indoor temperature was 48.10°C and the motor frame’s maximum temperature was
72.80°C. In this study, the risk of motor fire was confirmed through a field survey, and a
safety management plan was derived by finding a process with high fire risk and
conducting an experiment on the motor’s installation environment and electrical
characteristics in that process.

Key Words : electrical motors, rubber product manufacturing industry, normal and
abnormal of electrical signal, high temperature environment, electrical fire
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Table 1. Summary of |EEE and EPRI motor reliability surveys

IEEE study EPRI study
Failure contributor ]E(;If Failed component 1?,;:;:
Persistent overload 42 | Stator ground insulation  23.0
Normal deterioration 26.4 Turn insulation 4.0
- - Bracing 3.0
- - Core 1.0
- - Cage 5.0
Electrical related total 30.6 Electrical related total 36.0
© High vibtion 155 | Sleeve bearings 160
Poor lubrication 15.2 Antifriction bearings 8.0
- - Trust bearings 5.0
- - Rotor shaft 2.0
- - Rotor Core 1.0
Mechanlcal rated total 30.7 Mechanical rated total ~ 32.0
High ambient temp. 30 | Bearing scals 60
Abnormal moisture 5.8 Oil leakage 3.0
Abnormal voltage 1.5 Other reasons 2.0
Abrasive chemicals 42 - -
Poor ventilation cooling 39 - -
Other reasons 20.3 - -
Environmental reasons & 387 Maintenance related & 320
other reasons total other parts total
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Fig. 3. Electrical signal and temperature measurement,

Table 2. Specification of Induction motor for experiment

Model KMP-03HK6-DA
Manufacturer Higen Motor
Rating 22 W (3 HP) 4P
Voltage 220/380 V
Current 8.4/49 A
Insulation class F(155 C)
Revolutions per minute 1,740 rpm
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Table 3. Fire analysis of ‘A rubber product manufacturing
plant”

Division Elef(_itrgical Mecf}_:zﬁcal E);Zl?;sL}cmIto Fireworks  Etc.
actors
Refinin, 31 1 3 2 1
Calendering 0 0 0 0 0
Extrusion 6 1 1 2 0
Bead 2 0 0 0 0
Cutting 4 0 0 1 0
Building 7 1 0 3 0
Curing 2 2 12 8 1
Test 1 3 0 0 0
Etc. 27 11 5 1 5
Total 103 29 21 17 7
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Table 4. Analysis by fire type

Fire classification Number of fire Share
Electrical fire 103 58.19%
Mechanical fire 29 16.38%
Exposure to physical factors 21 11.86%
fireworks 17 9.60%
Carelessness 4 2.26%
Other fire 3 1.69%

Table 5. Causes of electrical fires
Division Number of fire Share
Short circuit 66 64.08%
Electromagnetic waves 19 18.45%
Overheat 8 6.80%
Static electricity 6 5.83%
Equipment failure 3 291%
Etc. 2 1.94%
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Table 6. Electrical fire for electric equipment Table 7. Installation environment of motor for conveyor
Division Number of fire Share operation
Motor 27 2621% Division ~Measurement State Unit  Average Star}dgrd
) deviation
Microwave 20 19.42%
Outside of 0
Electric line 9 8.74% folites  Temperatwre 3250 £220
Forklift / Battery Car 9 8.74% .
Process Inside of oy oture T 4240 % 1.90
Control panel 6 5.83% facilities
Panel board / Distributing board 5 4.85% Humidity Humidity % 27.00 + 3.15
Illumination 4 3.88%
Thermostat 4 3.88% Table 8. Installation environment of motor for curing device
Transformer 3 291% operation motor
Stacker crane 3 291%
L . Standard
Conveyor 3 2.91% Division Measurement State Unit  Average deviation
. . » o B
Outdoor unit of air conditioner 2 1.94% Process Ofl;?lllii gf Temperature  C 32,00 +3.00
Socket 2 1.94%
Etc. 6 5.83% Motor ~ Inside of ~ lemperatwre  C 4810 + 250

room - mofor r00M  pymidity % 4250 % 350
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Table 9. Electrical characteristics in normal operation

Division Measurement State Unit  Average gtandard
eviation
No-load A 9.42 + 2.50
Current d A 9 250
Motor Loa .55 + 2.5
number 1 leakage No-load mA 0.32 + 0.01
(front) current Load  mA 034 =001
Temperature Frame C 60.25 + 3.00
No-load A 10.59 + 2.50
Current
Load A 10.90 + 2.50
Motor
number 2 leakage No-load mA 0.34 + 0.01
(middle) - current Load A 034 +0.01
Temperature Frame C 50.40 + 3.00
No-load 4.44 + 2.50
Current J
Motor Loa A 4.52 + 2.50
number 3 leakage No-load mA 0.33 + 0.01
(back) current Load M 033 + 001
Temperature Frame T 4528 + 3.00

Table 10. Electrical Characteristics in Normal Operation

Division Measurement State Unit  Average Standard
eviation
Cur No-load A - -
Motor ent
number 4 Load A 3320 A + 2.50
Temperature ~ Frame T 7280 C =400
Curr No-load A - -
ent
Motor Load A 3345A  +250
number 5
Temperature Frame T 69.90 C + 4.00
Ca No-load A - -
Motor rrent
number 6 Load A 2529 A +2.50
Temperature ~ Frame T 5980 C =400
leakage No-load mA 0.23 mA + 0.01
Panel
current Load mA  387mA £ 001
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