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Abstract : Three phase heaters in 7 buildings of 2 sites were examined for precise diagnosis. The sample size was 626. Precise
examinations of current and the heater wiring status revealed contact failures and arcs in equipments that had CUF larger than 10%.
Contact failures and arcs may cause electrical fire. Therefore, the correlation between the CUF and the imperfections in heater equipment
and its wiring was analyzed for three phase heaters. In addition, the protection devices used for detection of heater imperfections were
found to be unsuitable for the purpose. Current status of the protection devices was analyzed, and suggestions for improvements were
made for new standards of the protection device selection.
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Fig. 1. Control circuit of three phase heater,
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Fig. 2. Defects in Delta—wiring.
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Table 2. Changes in load current due to imperfections in the heater

condition Delta
la a
© =
@ a: 100% a: 100%
Normaley gl 3 e e E Ib : 100% ] b : 100%
= ¢ : 100% M ¢ : 100%
3 i %CUF : 0% %CUF : 0%
Ib .
Ia a
(o]
A a: 86.6% a : 86.6%
1 Phase wiring o y Ic Ib : 0% 2 Ib : 0%
disconnection = Ic : 86.6% M= Ic : 86.6%
é %CUF : 100% %CUF : 100%
Ib
Ia a
©
@ Ia : 57.7% a: 86.6%
1 Phase Heater gl ¢y I . Ib : 57.7% = Ib : 0%
disconnection = ¢ : 100% M c: 86.6%
5 %CUF : 42.3% %CUF : 100%
Ib
b
Table 3. Changes in current when one of the heaters was disconnected
Wiring n= normalcy 1 2 3 4 5 6 7 8 9 10
Ia 100% 58% 76% 84% 88% 90% 92% 93% 94% 94% 95%
Del Ib 100% 58% 76% 84% 88% 90% 92% 93% 94% 94% 95%
elta
Ie 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
%CUF 0.0% 42.3% 23.6% 16.1% 12.2% 9.8% 8.2% 7.1% 6.2% 5.5% 5.0%
Ia 100% 0% 60% 75% 82% 86% 88% 90% 91% 92% 93%
W Ib 100% 87% 92% 94% 96% 97% 97% 98% 98% 98% 98%
e
Y Ie 100% 87% 92% 94% 96% 97% 97% 98% 98% 98% 98%
%CUF 0.0% 100% 34.5% 20.5% 14.6% 11.3% 9.2% 7.8% 6.7% 5.9% 5.3%
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Fig. 5. %CUF of three phase heater,
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Table 4, Comparison of functions of protection devices of heaters®'?
] . Current Unbalance L
Protector CT Quantity | Ground Fault | Under Current | Current phase loss protection - Applicability
Protector Operating Range
EOCR-i3DM 3 X O (@] O 10~50% (@]
EOCR-3DM 3 X X O O 5~50% (@]
EOCR-3DZ 3 O x (@] O 50% Fixing A
EUCR 2 X @) X M - A
EMPR GMP40-3T 3 X X O O 50% Fixing A
HFD 2 X O X X - A
EOCR-3E 3 X x O X - A
EOCR-SS 2 X X X X - X
EOCR-SP 2 X X X X - X
3¢ Remark: O: Available, A: Restriction, x: No Protection
Table 5. State of %CUF and Protector
%CUF| 0% less than |less than |less than |less than |less than |less than |less than |less than |less than |less than|less than Total Share
Protactor 5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% (%)
EOCR-i3DM 3 1 4
EOCR-3DM 1 1 08
EOCR-3DZ 1 1 213
EUCR 15 29 12 4 60
EMPR 4 4 7 2 17 70
HFD 5 21 1 39
EOCR-3E 18 11 29 68.8
EOCR-SP 5 25 10 1 1 2 44
None 89 183 85 43 9 5 1 3 0 0 5 431
Total 114 285 131 59 12 5 1 3 0 0 8 626
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