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induced by overcurrent
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BT R e ROk [ IR LN R PVC A L
(P L B B 2 2 ) B Sy O 2K A H SR o Y
o 2% )2 BL IR TE R A B N o AL 2 R
Bk R, HLRE R O R N (2) Fr . 5 KR B A
Lo AP LS T A B e A A TR A H O R L SR
AHTE) L R 2 A AR Ak, 26008 ke I ) R LT AH ] L 3
W 4 2 o Akl B 4 Sk A ARL DR L o#f S 2 S T A
JIEfifi S 2 I — 07 £ 1) ) B K )N L 3k B R Ak o 5
I Q. B b s O & 04 B I R IG
TR AR, T=4. 5001, B, A 259048 Jg ™
TR LR K A B LT ™ T A (]
L EPIE T LA A B T

Qarc :Q 7 Qcond - Qconv 7 Ql-,h (2)
P Qu ZHINEFALLZ)Z AR Q &
LS A R Qe 2 R FE G I P AL 4

FHTEA K ZE IR 5 Quone A2 40 251 3R )23 30 33 AT A
FHAEBTE 25 S RE B 5 Q. 2 W b 38 43 4 25 )22 3 ik
WAL AR e ML R W R i
2.2 TR E RS & 4G B B8 & 4 AT

I S 00 T 0 22 55— YR i ik () 0 A L R
Bl s ] 1] B, 12 R B Ok B R R] (2>, an &l 5 P
IR. AE T=4.8751, I, T4 A B XS T 18 U & %
st () 5 W) e B A8 S0 AT 1 =4 8751, i o 40 A B 1)
SEH AR R BT A R S A BRI TR OC &R

WE 6 fim. EEIFME 1T7°<<a<<101°Z[H],
I=4.8751, ¥ 0] G 75 & 0 6 , Bl 25 47 A1 BE /DN L 15
KT 0, Y o =77 0, i A
B[] 7E BT A 485 S i ik L f KA 5 e /M E 22 (B A
H1ls, MEEPELRD I AN K, R MK
N 0] B 22 48K Y o = 101° 1 L 75 & S 346 B4 I (1] 55 K
{EAE K 538 s, 88 o =77 15 J 5 5 5 e ) ] f 14 Jin
T 81 s, MBI T A RN, B R A R

BYPAELC)
5 FAEEHAENERERTEHRBENXER
Fig. 5 First short circuit average time induced

by different turning angles

540
520-
5001 g ]
= 4801 v
= 400
N 460 * N
X 4404
420
4009
&
3804 ®
77 84 90 96 101
LHTHIEN°)
E6 AEASHABET I=4.8751. HE K E%EE

Fig. 6 First short circuit time by different

A peo

LI
e 2
A3
v 4
®5
<«

[ <R B 2

o

A

turning angles when I =4, 8751,

A T [ A R DT 75| A K 9IRS o 5 I T 22 ek

P P A AN AR LR ] W)L [ B R
R (E R AL LT O N 5 B DT i e
% WLt IR A BR A B2 A3 P R I 32 {6k JFG P i ) 07
O I BRI R AT T RS L DR OGS A % WL A e e A
PEASIE L ER B 2 248N it J3E T e JHG PN o A 1 i
IR o 5758 A PRI B AR TR B B A AT SRR
T AL A AN B 5 AT B0 B A TR 7 Y R
AR AT A X R S A e AT L L R A
(SO % (S E A DN 2 | A N D P W VAP K (5 I NN
A IBVEAEIE T R RS (R o A 0 A A T AR 23
b B L T S 2SR R BRUBE LU A T
DA TREE T EN - RANTTR %A N o3 TR W DI  BE = #0Y 1
o AR LAY RN R L. W LA T A
JIN 2R Tl AR BOPRE , of Z J2 B e A S e
Sy v I B A R A



132 K %A% FIRE SAFETY SCIENCE %32 5% 2
7& 550 T T T X ~¥-4.8751
RS @ sof T [
SR B (Q) s o Sk B A LB % ot i B o
(Q/m)sL FRALIKIE (m) S R 0ER 2 s e
A (m?) %300- . ' H §o 3
2.3 PMEREBHEEZEESH o - S-S
S e B 5 5 TR R BT o C R
AR A B AR 0 45 100} ;—;—‘—;_E_r‘—:";;_“?
P A i i°d ) ) . I:TE ?|L|l<l"l
(DI ELT I R ) 9% 101
A 73k 6 T L 4 4 A O Ak L)

AR 3P 22 25 4T A B2/, S B0 — L 2k [R] B
/I B A R ARG T R T (] B LE R O G 1 AR
TR/ IN A 25 2 A e A R 8 K, DT 75 & P, O 4
FF 1] i =2 i

P 2 0 T R AN AR S (R] R, B
T35 AT AR AZ B 520, 2k AR I SRR N i 0 T T
1o L PR I ST G2 Bl R A AE ARSI VE
T AR AT RS 1 RO AL A AN Y
A1, B2 I 3 B R, DT IR S R A R ot 2% T
by 2 i BB

(2) 38 B P A 1 K/

H A% $AJ7 =CRT 0, AR HE RO 52 i 4 25 e A o o
M FRERE R — . A A 03K & R )
RIG T, I L P A TR b, s 3 E eI
P2 0 B 1]

W7 Frs T=4.8751, W7 K& % % ik B 4 e
K]S 538 s, Bl & 25 47 A B2 i /0N, 15 e % il e
B B JE IR R) [ R 374 s, Bl 7 B 435 T A0 B A9 U
JIN S5 DR I A T B[] S U L O B B, S R
AT A RE SR R 17 R B R A R R R R Y
4.8751,<<I<C6. 3751, I, Bl I (A 3G K. B4 M
JEE X5 K I 1sF ] ) 5 e /) AN TR Ff B R 5 R
A I I ) B AR A 25 53,81 s A8l 3,12 s, 554
5 2 T I W R ) B ] % 9 R T — 0 5 i R Ik
A N ) ) = 8 PR 2R Pl AP S T A 1) e e I
oW 7E 126, 3751, B, | T ad M Al 2ok K, 4 £
JEE X 1 RO i e 6 T 0% 5 o A AL, S e 5 i 91
S 5 R 5 b e i A o ) F R R

TE AR A 3 f B A5 R X E L kAR R &
S T BB R AT LG T AR RIS TR AR BT L B IR
5 R 0 MBI ] 5 A LG R A B
ERBR WA VLR R 1, % UIAE A 25 47 ff

B7 FETHAERNERERE
Fig. 7 First short circuit time induced by different turning argles

600 r r r r
: : : ' * 101°705 2k
| i
s 2 : 4 90°40 75 2k
500§ i 090 | o salAA |
ENY’ : : : u 77 A2k
a =1452x(-22)" '
4004 -- g ey R=096216 | i

U T Y R] /s
&
3

2004t g
pTTEeT L I S

=1384%(-27)!

R’=0.952 62
: b R=0.8954 '
—_—

3 40 42 44 46 48 50 S2
R IE/A
8 HAERTHHESEFEMNMUEXR
Fig. 8 Fitting relationship between first

short-circuit average time and current value

B URAF R Y B F TE E JR(EL O B AR R
AR A R B dn P 8 R TR . TR A kI Y
T I3 S 7 8 ) il /N k3 o e 3 ) 8 R T 3 A1
TR B 3 FT AR 0 %) 0% B 2% A A6 DA T 396 kR )
fak .

3 it

AR SCRE DL S B AR 1 TP B o L IR UL B S T
B S BT AR L G i R A S B R L A
AT o FRURE0) S R AR O R L I S R U
(L JR B T[] )53 W O 45 1 AR 4598

(D 5K FLAML . S EL R ]
A N, 25 AR S OF A S R e A . T A
B 7 B R A ST e B PR i fil 2 2 ) ol P4 T A
ISt e Ak  Fie 25 S B B R B0 e B IR L O HLK



VOl. 32 NO. 2 /_f»_\ Jé%" VVB :I‘Fééi—%‘;}ﬁ‘fﬁ ‘j- %/u 1%‘&7’&&&&!(]‘%% ;VILJ 133
B U ) B R s B A 2 AN AR A B o = 770 847 R A BRI Y T =

M4

(2) Bl %5 B & 225 4 # B AU /D o T 75 9 I St
TAEREAR . AT KT B0k, B LS Il A
Ty 5 R SRR L O EL S R R B ) I A R O (R
FEAI 6 ACO. 7501 ), B A Ly I =4. 1251, ¥
LKW &R L T<<5. 2501, B, LR R M
PR s T =5, 6251, B, Y995 KA B ps . B4

4. 8751 B, A7 ik A B 38y 25 T A e B A

(3) Bt A FRL VA AEL 09 T i o 25 7 9 B8 X 35 R R
W TS5 M 9 555 . A BB S O K R B R S ] 1
FrifEZE 53,81 s 28N 3.12 s, BT A IR fA B N i
J e % B ) T — B0, 7 Y JE B R R 538 s BE R
97 s,

AR ST 2 BB A A 2 A % 7 DT 5 T R ko e I

WP RAE N 2 T<<4. 1251, WL R A A IR R X — B AT
TS R A B R 2 T =4. 5001, Wf, L
&% ik

[ 1] Hurley M J, Gottuk D, Hall ] R, Harada K, Kuli-
gowski E, Puchovsky M, Torero J, Watts ] M, Wiec-
zorek C. SFPE Handbook of Fire Protection Engineer-
ing: Electrical Fires[ M.
Verlag, 2016.

[ 2 ] Ettling B V. Electrical wiring in building fires[J]. Fire
Technology, 1978, 14(4) . 317-325.

5ed, New York: Springer-

[ 3] Shea J J. Conditions for series arcing phenomena in
PVC wiring [ J .
and Packaging Technology, 2007, 30(3) .

IEEE Transactions on Components

532-539.

[ 4 ] Barauskas V. Research on electrical fires: The state of
the art[J]. Fire Safety Science, 2008, 9: 3-18.

[ 51 Wright S A, Loud J D, Blanchard R A. Globules and
beads: What do they indicate about small-diameter
copper conductors that have been through afire?[J].
Fire Technology. 2015, 51(5): 1051-1070.

L6 EME, 22, RUKER, R, SREZM. ZR-BV HLUEH
2R b F U P L IR R AR IE A 5 L) ). o 2 R R
FHAR, 2019, 15(12); 41-47

[ 7] Wang Z, Zhou T N, Wei R C. Wang J. Experimental
study of flame spread over PE-insulated single copper
core wire under varying pressure and electric current
[J]. Fire and Materials, 2020, 44(6) . 835-843.

(8 ARPESC, FEE, 22, M5, 7555, i f I Hi 6 47
FRE G R RAGIREAER R, HBR S5
A, 2021, 40(2): 168-171

[ 9] Hoffmann J] M, Hoffmann D J, Kroll E C, Wallace J

W, Kroll M J. Electrical power cord damage from ra-

diant heat and fire exposure[J]. Fire Technology,

2001, 37(2): 129-141.

[10] Hagimoto Y, Watanabe N, Okamoto K. Short-circuit

faults on electrical wires exposed to external radiant
heat[J]. Bull Japan Assoc Fire Sci Eng, 2004, 54(2):
25-31

[11] Babrauskas V. Mechanisms and modes for ignition of
low-voltage, PVC-insulated electrotechnical products
[J]. Fire and Materials, 2006, 30(2): 151-174.

[12] Novak C J, Stoliarov S I, Keller M R, Quintiere ] G.
An analysis of heat flux induced arc formation in a resi-
dential electrical cable[J]. Fire Safety Journal, 2013,
55: 61-68.

[13] Fisher R P, Stoliarov S I, Keller M R. A criterion for
thermally-induced failure of electrical cable[J]. Fire
Safety Journal, 2015, 72. 33-39.

[14] Iwashita T, Keller M R, Hagimoto Y, Sugawa O.
Leakage currents precede short circuits in PVC-insula-
ted cable when exposed to external radiant heat[]].
Fire and Materials, 2017, 41(4): 339-348.

(157 FKHEF, XU%, &pgiL, 250, o Sad m i Kk K P 4%
EPCRBTELRARLT]. BB S HOR, 2018, 37(3):
419-422.

[16] M, M, FAE, 55, K. RVVBIEL
FL A 5 A L I K O A MR 5 R B ik B A A L.
T 22 A A PR ROR L 2021, 17(3) : 137-142

(171 400, &L, Fhie, 2305, K PVCHELdH
TSR S o B W e R R, A S
#2022, 22(6): 3082-3086.

[18] Li Y. Sun Y, Gao Y, Sun J, Lyu HF, Yu T, Yang
S, Wang Y. Analysis of overload induced arc forma-
tion and beads characteristics in a residential electrical

cable[J]. Fire Safety Journal, 2022, 131: 203626.



134 X % #% FIRE SAFETY SCIENCE %32 5% 2 M

Influence of non-metallic sheathed cable’s turning angle

on short circuit occurrence induced by overcurrent

JIN Yun', LI Yang®’, YU Tao', GUO Xinyao', YAN Yixin’
(1. Graduate School, China People’s Police University, Langfang 065000, China;
2. Institute of Forensic Science, China People’s Police University, Langfang 065000, Chinaj;

3. College of FireProtection Engineering, China People’s Police University, Langfang 065000, China)

Abstract: The turning angle of the non-metallic sheathed cable could change the stress distribution inside the cable.
Theoretically, the different stress distribution is more likely to cause a short circuit on the overcurrent cable. In this work, the
fault simulation circuit was conducted to study the effect of turning angle (a) on the current limit and required time under
different overcurrent values. For a cable with various turning angles, compared to the horizontal cable (180°), the current limit
with the turning situation decreased by 6 A (0.750I.). A breakdown could be induced when the cable was at 4. 1251.. When
the flowing current rose to 4. 5001., a short circuit could occur at 77° and 84°. As this continuous luminous electric discharge.,
the circuit fault would inevitably be produced at 4. 875I.. A short circuit due to overcurrent might need less time if the cable
was bent more. When the current increased to 6. 3751, the time of short circuit occurrence at all testing angles had the same
trend. With the current value increase, the impingement of the turning angle on the induced short circuit time decreased. This
work provides information and data for electrical fire prevention and investigators to evaluate and identify the fire cause
resulting from overcurrent cables.

Keywords: Electrical fire; Fault conversion; Turning angle; Short-circuit time



