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ABSTRACT

In this study, the risk of heat generation due to normal and overload currents that vary with the abnormal loosening angle
of wire-connecting bolts were identified. The risks were analyzed based on the thermal characteristics to minimize the
carbonization accidents of terminal blocks inside distribution panels typically used in industrial sites. We applied a method
for measuring the heating temperature and temperature variations in the terminal blocks in real-time by installing a
resistance temperature detector sensor board in the terminal block. The experimental results showed that the terminal block
model with a low-rated current exhibited a higher heating temperature, thus, confirming the need to select the terminal block
capacity based on load currents. Additionally, the higher the rated current of the terminal block with a high-rated current
and the higher the degree of loosening, the faster the carbonization point. Such heating temperature monitoring enabled
real-time thermal temperature measurement and a step-by-step risk level setting through thermal analysis. The results of the
measurement and analysis of carbonization risks can provide a theoretical basis for further research regarding the risk of
fire due to carbonization. Furthermore, the deterioration measurement method using the temperature sensor board developed
in this study is widely applicable to prevent fires caused by poor electrical contact as well as risk-level management.
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Figure 1. Terminal block structure. e 97 EAS =439t 528 A0S nlgo R |
Table 1. National Fire Information Center Fire Status Statistics
Cause of accident 2019 2018 2017 2016 2015 Total
Overload / Overcurrent 781 1,075 870 928 871 4,525
Electric leakage and ground fault 317 389 317 329 326 1,678
Unidentified Short Circuit 2,494 2,551 2,455 2,091 2,170 11,761
Disconnection 200 223 184 173 151 931
Short circuit by press / Damage 562 646 582 571 606 2,967
Short circuit by insulation deterioration 2,236 2,617 2,362 2,334 2,290 11,839
Short circuit by loose connection 1,054 1,139 994 980 950 5,117
Layer short circuit 105 95 92 96 97 485
Short circuit by tracking 1,068 1,168 894 923 799 4,852
etc. (Electrical factors) 621 568 514 537 719 2,959
Total 9,438 10,471 9,264 8,962 8,979 47,114
*Unit : Quantity
= 8hA] 488 =4, AI349E A3E, 2020
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Table 2. Specification of Terminal Blocks

AYe - Q%

ot

Table 4. Terminal Block Temperature Measurement Environment

Terminal IDEC IDEC IDEC
block BN30W BN50W BN75W
MCCB 50 A 75 A 100 A

(NV63-SV) | (BWI125JAG) | (NV-125-SW)

KS IEC KS IEC KS IEC
WIRE 02 VDE 02 VDE 02 VDE

6.0 mm’ 16 mm’ 26 mm’

Terminal M4 M5 M6

screw
T‘tgg:ing 14.28 26.52 39.7
(kef-cm) to 204 to 37.7 to 55.8
Rated current

(UL/CSA 35 A 50 A 80 A
ratings)

Wire size

18-10 16-6 16-4

(AWG)

- | W o8

Table 3. Specification of Torque Driver

Model Ranges (kgf*cm) Image
TOHNICHI 50~250
225QL3 (Unit : 2.5)

Figure 2. Large current generation tester.
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Controller
Dust Cover
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image
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Figure 4. Wiring.
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Table 5. BN30W Terminal Block Experimental Conditions

Model

Input current

BN30W
30 A

24 A 36 A

Abnormal screw
tightening angle (°)
Test time (H) |4 (4|4 |4 |4(4|4|4 (44|44

0 (45]90(180| 0 |45]90{180| 0 |45|90]180

Table 6. BNSOW Terminal Block Experimental Conditions

BN50W
50 A

Model

Input durrent

40 A 60 A

Abnormal screw
tightening angle (°)
Test time (H) |4 |44 |4 |4(4|4|4|4]4|4|4

0 (45]90(180| 0 |45]{90{180| 0 |45|90]180

Table 7. BN75W Terminal Block Experimental Conditions

Model

Input current

BN75W
75 A

60 A 90 A

Abnormal screw
tightening angle (°)
Test time (H) 4141414

0 145(901180| 0 [45|90{180 | 0 {45/90(180

~

404] 4 |4la]4] 4

3.4 BN50W Ejo|g 22 A5

BN5OW Eju]d EE2C Figure 49} 7o) A7 9lo]o]
(AWG 16-6)Z Table 22] EJr|'d EF A|ZAL] Al uf2}
B3 tlo|HE AMgste] A4 29 EF 26.52 (kgf-om)
oA 37.7 (kgfem)E 2 F iHF SA Alg7]e 44
Btath A AE =1L Table 63 2 oW, RAY EEQ
ol EY ZEE 0° 45°, 90°, 180° 4THAIZ A A3}l 40
A, 50 A, 60 A AFE QA713Fe] 44170t &= WSS =
A3ttt

3.5 BN75W EjOjLE2 Al

BN75W2] Ejnd B-22 Figure 49} 7o) HA 2fo]o]
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g B3 TEfo|HE ARS8t A 29 B3 39.7 (kgf-em)
o A 558 (kgfem)E A F thdF T Al@7]et |44
BTk A A 2718 Table 73 201 RA BE9] o4
ZY ZEE (00, 45°, 90°, 180° 4THAIZ A3} 60 A, 75 A,
90 A AFE st 4Axtr 2= WskE S35
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(c) BN30W (Current 36 A)
Figure 5. The temperature change of BN30W terminal block.

ZYoNA 47 CE 57} 453kt
BN30W Eju|d EEo) 30 A AFE 4417t 5 3t
o ZA3 A Figure 5(b)eF 2] Hud E5 BE °F
HollA 41 C, 45°ZHolA 43 C, 90°Z ol A 45 C, 180°
E9ollA 57 TR 257} 453tk BN3oW Eln'd E59
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90°FH A 65 C, 180°FHolA 70 CE 57} 453IATh
Huld £5 BN30W2 A4 2 EZA = 441 A
3 A3} Table 83 2ol 24 A 37 C), 30 A (41 C), 36 A
(51 C)o] & I, o] £ = 45°0014 = 24
A (AT 0 C), 30 A (AT 2 C), 36 A (AT 1 C) AFolAM=
25 W37} 2A YeRgth ey o)z =71 9000
AEE]= 24 A (AT 2 C), 30 A (AT 4 C), 36 A (AT 14 C)
2 2% ¥z} glo] yhsdte] &R A2 BEA V]
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Table 8. BN30W Test Results

Ab | Input Temperature
nger"r’:/’la current (C) difference (C)
Model . .
tightening
angle 24 A |30 A|36 A| AT | AT | AT
0° 37 41| st [ololo
45° 37 | 43| 2 0| 2|1
BN30W
90° 39 45 65 2 4 14
180° 47 57 70 10 | 16 | 19

Figure 6. BN30W torque and current temperature.
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B A iy 7128 AAE 4= 21o9H Figure 8
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ol 29 C, 45°ZHolA 30 C, 90°ZFHollA 32 T, 180°
ZelA 33 TR 257} 4533tk BNSOW EH'd 50
50 A AFE 4413 52t 718t SA g A3 Figure 7(b) 2}
Zo] Hrjd £ ZE (°F"lA 30 C, 45°FHolA] 32
C, 90°F"ol A 39 C, 180°FHollA 40 TE 257} 5
SF T BNSOW Ejnld EE0) 60 A AFE 4417 59 <)
7¥ste] =43 A3} Figure 7(c)2F Zol Ernd 28 E2E
0°EHNA 36 C, 45°F A 37 C, 90°=F7olA 41 C,
180°Z o)A 49 CTE 257} A53l5Th

Hruld E5 BNSOWE G2 EFoA = 4413 AE
A3} Table 92F 2] 40 A (29 C), 50 A (30 C), 60 A (36
Tyl HaS RISk, o 1 A% 45°014= 40 A (A
T1C), 50 AAT2T),60ARTI C)AFoAE &5
WH3L7E 2HA] Ve T

SEAIRE o] 9 % 90004 RE= 40 A (AT 3 0),
50 A (AT 9 C), 60 A (AT 5 CO)& &% ¥3} <2lo] 715
sto] HERO BAxY B VIERT o)tz A%t

AATE B 540 AAE AL AT 5 AU o)A

Za}

-

ksl A 2 shs] =5 X, A3438 A|33, 202013

oY,
ofy
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36°C
34°C

26°C
24°C

Omin
10min
min
30min
40min
S0min
60min
70min
80min
90min

100min
110min
120min
2 130min
150min
160min
170min
180min
190min
200min
210min
220min
230min
240min

" 140min

e () s 45

(a) BNSOW (Current 40 A)

45°C

35°C

25°C

(b) BN5OW (Current 50 A)

55°C

45°C

35°C

25°C

Omin
10min
min
30min
40min
S0min
60min
70min
80min
90min

100min
120min
] lwmin
" 140min
150min
160min
170min
180min
190min
200min
210min
220min
230min
240min

110min

s
(c) BN50W (Current 60 A)
Figure 7. The temperature change of BN50W terminal block.
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o =43 A¥ Figure 9a)2} 2ol Huld £ BE (°&
Fol| 4] 28 C, 45°F ol 4] 37 C, 90°ZH) A} 39 C, 180°
EHolA 40 CTE 257} 453ttt BN75W Huld &5
o 75 A AFE 4AIZF B3 AUkl A% AF Figure
9b)2} Zo] Emd B2 EE (°ZHolA 30 C, 45°ZHo
A 41 C, 90°ZHoN A 42 C, 180°E oA 43 CE =7}
3R BN7SW Elu)d B0 90 A AFE 4413 &
oF ¢l7}sle] =43 A3} Figure 9(c)$t Zo] Elnjd B2
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Table 9. BN5OW Test Results

Abnormal Input Temperature
Screw current (C) difference (C)
Model . .
tightening
angle |40 A|50 A{60 A AT | AT | AT
0° 29 | 30 | 36 | O 0
45° 30 [ 32 |37 | 1| 2|1
BN50W
90° 32 |39 |41 | 3|95
180° 33 | 40 | 49 | 4 | 10| 13

Figure 8. BNSOW torque and current temperature.
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Az EFM = 447 A A3 Table 107}

A B

o] &R 3d g & 73

7221 60 A (28 C), 75 A (30 C), 90 A (34 C)o] ¥ e &
AL, AR Huld £5 5 Id 257 7P itk

a3 ol EY A= 45°041= 60 A (AT 9 C), 75 A
(AT 11 C), 90 A (AT 17 C) AFulct =37t 34

Bta glof A&Rel gz Ea 7End o4z
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Iz =2 7HAgSHH Figure 103 2

A T Ak o] AES
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—( —15 90" = 180°
(a) BN75W (Current 60 A)
50°C
45°C
P—
A0°C O —
=
35°C
30°C
25°C
20°C
EESEEEEEEESEESEESEEESEEEEEEE8EE
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(b) BN75W (Current 75 A)
60°C
55°C
50°C
45°C
40°C
35°C
30°C
25%C
200C
EEEEEEEEEEEEEEEEEEEE EE EE E
EEEEETEETEEETETEETEEETETETEETETETETETE
CRRRIRBRERISSIEBEEEEREERIRRE
s () s .5 90°  s— 180

(c) BN75W (Current 90 A)

Figure 9. The temperature change of BN75W terminal block.
Table 10. BN75W Test Results
Abnormal Input Temperature
Model serew current (C) difference (C)
tightening
angle 60 A|70 A|90 A| AT | AT | AT
0° 28 | 30 | 34 0 0
45° 37 41 51 11 17
BN75W
90° 39 | 42 | 52 | 11 | 12 | 18
180° 40 | 43 | 58 | 12 | 13 | 24

A, Table 8, 9
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