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Design, Fabrication, and Performance Evaluation of Showing Material
for Early Expression of Fire Signs and Combined Inspection

Dongcheol Shin

2 and Hyoungho Ko""

Abstract

Previous research has explored early expression of fire signs before the burning of insulation. To achieve this, typically, automatic
inspections are used to detect gas emitted from odor capsules at electrical connection points; additionally, early fire signs can be
expressed using visual inspection of changes in the appearance of temperature caps. However, early detection of electrical fire is often
difficult because only specific inspections, which are not complex, are performed. Therefore, in this paper, we present complex inspec-
tion techniques, such as visual inspection, odor inspection, and automatic inspection, and propose a showing material of fire signs that
can solve conventional problems. In addition, this study examines the conditions under which the candidate material for the showing
material is designed, the composition of the candidate material selected based on the designed conditions, the manufacturing means used
to produce the showing material considering the temperature for early expression of fire signs, and the performance of the produced
showing material. Furthermore, we analyze various effects that can occur through the proposed display material.

Keywords: Electrical fire sign, Showing material of fire sign, Inspection, Gas sensors
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Fig. 1. (a) Conventional odor capsule, (b) Conventional scent detec-
tor.
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Fig. 2. (a) Conventional insulating cap, (b) Conventional eye cap.
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Fig. 3. Fire sign forecasting system.
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Table 1. EPDM sample composition.

Sample 1 Sample 2 Sample 3 Sample 4

EPDM (KEP510) 100 100 100 100
NaHCO; - - 10 10
Isobonyl acrylate 10 20 10 20
Radiolite F20 10 10 10 10
TMPTMA(SR350) 2 2 2 2
EPDM-g-MAH

Table 2. EVA sample composition.

Sample 1 Sample 2 Sample 3 Sample 4

EVA(VC590) 100 100 100 100
Malonic acid 20 - - -
Dimethyl malonate - 20 - -
Diethyl malonate - - 20 -
Di-tert-butyl malonate - - - 20
n-butyl acetate 10 10 10 10
Radiolite F20 10 10 10 10

Table 3. Sylgard 184 sample composition.

Sample 1 Sample 2 Sample 3 Sample 4

Base resin 100 100 100 100
Curing agent 10 10 10 10
Ethyl acetate 10 - - -
Tert-butyl acetate - 10- - -
Iso-butyl acetate - - 10 -
n-butyl acetate - - - 10
TMPTMAE 7t A2 2] 7HA] 888 Eol7] S48
7}=| 5L, EPDM-g-MAHE 3-&3A 2 ijEg 29 4848 =

o] AE7F 2 HolA sh191s 7=, +2E (Radiolite F20)
= AA F7HIEe] Mgl & F5EES w571 A% H7H
o|th. EVA Al EollA 7FREAl = D] o] EF-9) n-butyl acetate
olt}.

PDMS A Z-2
agent) 7F=HEA O H 0| ERF

v E8]X TR E (Base resin), 74 3H| (Curing

)2 FAE)

Eg A 3
=9

ul/q oﬂ /H ;H E] uH

=
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Fig. 4. (a) Melt mixer, (b) Hot press.
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Fig. S. Electron Beam Irradiation
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Table 4. EBI Condition.

EBI condition

Accelerating voltage 2.5 Mev
Current density 18.4 mA
Dose rate 25 kGy/scan
Absorbed dose 100 kGy
Time 12 sec

Sample1 - 0kGy Sample1 - 100 kGy

Weight (%)
3y 8 2 8 3
Weight (%)

o 8 82 2 3

100 200 300 400
Temperature (°C)

2

100 200 300 400 800
Temperature (°C)

Sample2 - 0kGy Sample2 - 100 kGy

Weight (%)
3y 8 8 8 8
Weight (%)

o 8 88 8 38

100 200 300 400
Temperature (°C)

g
S

100 200 300 400 500
Temperature (°C)

Sample3 - 0kGy Sample3 - 100 kGy

Weight (%)
35 5 8 g8 8
Weight (%)

o 8 8 28 3

100 200 300 400
Temperature (°C)

g
H

100 200 300 400 800
Temperature (°C)

Sample4 - 0kGy Sample4 - 100 kGy

Weight (%)
35 8 8 8 8
Weight (%)

o 8 5 3 3 3

100 200 300 400
Temperature (°C)

g
-

100 200 300 400
Temperature (°C)

2

Fig. 6. EPDM sample TGA analysis results.
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Fig. 7. Changes in appearance of 150°C EPDM sample.
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Fig. 9. Changes in appearance of 150°C EVA sample
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Fig. 10. Sylgard 184 sample TGA analysis results.
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