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Abstract : In this study, combustion and smoke release characteristics of a non-class
1E cable for nuclear power plants were investigated according to aging period. The
aging was reproduced through an accelerated aging method for interval of 10 years :10,
20, 30 and 40 year, which was applied the Arrhenius equation. The cable was subjected
to accelerated aging. In order to understand combustion and smoke release
characteristics, the cone calorimeter test was performed according to the standard
code of KS F ISO 5660-1. Heat release rate, mass loss rate, average rate of heat
emission and smoke production rate were examined through cone calorimeter test.
Fire performance index, fire growth index and smoke factor were derived from test
results for the comparison of quantitative fire risk. When comparing the fire
performance index and the fire growth index, the early fire risk tends to decrease as
aging progresses, which might be attributed from the fact that the volatile substances of
cables were evaporated. However, when comparing the heat release rate, average rate
of heat emission and mass loss rate, which represent the mid and late periods of the fire
risk, the values of accelerated aging cables were much higher than those of non-aged
cable, which signifies the unstable formation of the char layer resulted in the change in
the performance of flame retardants. In addition, the results from the smoke
characteristics show that the accelerated aging cables were lager than the non-aged
cables in terms of overall fire risk. These results can be used as baseline data when
assessing fire risk of cables and establishing fire safety code for nuclear power plants.

Key Words : non-class 1E cable, cone calorimeter, combustion characteristics, fire
safety, smoke risk
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Table 1. Specification of experimental cable specimens

Division Detail
Application Power/control
voltage [V] 600

Total thickness [mm] 25

Sheath Polychloroprene rubber (CR)

Material properties | Insulation | Ethylene propylene rubber (EPR)
Conductor Copper
Sheath
Insulation
Conductor
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Table 2. TGA test results at different heating rates

B (C/min) T (K) 1/T,x10° 4n (B/TD)
5 613.32 1.63047 11.22833
10 626.13 1.59711 10.57653
15 633.14 1.57942 10.19333
20 636.92 1.57005 9.91755
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Table 3. Required time for the accelerated aging calculated
by the Arrhenius equation

Aging period Required time for the Accelerated aging
[year] [hour]
10 92
20 185
30 271
40 369
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Table 4. Test conditions of cone calorimeter

Division Detail
The size of specimens [mm’] 100x100%25
A number of tests per specimens 3
Test running time [s] 2400
Heat flux of cone heater [KW/m’] 50
Exhaust flow [ms] 0.0240.002
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Table 5, Combustion characteristics obtained from cone
calorimeter test

Aging time to Initial
. PHRR _1st TTI FGI FPI
period —>, |PHRR_1Ist >, . mass
Iyear] [KW/m’| s [s] |[KWnt «s] [s - m/kW] iel
0 257.64 60 41 429 0.1591 700
10 262.64 62 40 424 0.1523 | 694.3
20 243.10 64 40 3.80 0.1645 | 681.3
30 204.87 60 37 341 0.1806 | 651.7
40 195.88 58 38.5 3.38 0.1965 667
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Fig. 2. FPI and FGI with respect to accelerated aging period.
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