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The Characteristics of Arc Scattering and Fusing
Current of Copper Wire in the Fault Process DB System
of Cables in a PL Environment
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Abstract

The importance of identifying the causes of electrical faults cannot be overstated because of the accidents
caused by over-current that take place at the home, the office and electrical facilities due to misuse, poor
products and system faults. It is necessary to gather objective,scientific data pertaining to electrical fault
investigation in a product liability (PL) environment. To date, no database (DB) has been built concerning the
accurate cause analysis of faultyfacilities. In this paper, accident hazard and arc scattering when over-current
flows in copper wire was investigated. It was found that when over-current flows in a copper wire, the copper
wire became heated and bent and beads were scattered around the wire with a flash. It was determinedthat the
fusing current and time was related to the current rise per second. For example, when the current rise per
second was largethe fusing current was higher than when the current rise per second was small, and the beads
dispersed along a wide area. Fusing time, however, was shorter. The possibility of electrical fault became
highest when the fusing current was higher. As the current rise per second is short, the dendrite structure is
distributed in the surface of the copper wire. These experimental results can be utilized for a fault process DB
system in the investigation and the prevention of electrical faults.
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1. Introduction

Electrical devices are designed to have their
own protective functions conceming abnormal
electrical signals. However, it is not unknown for
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fire to break out in aging structures or in areas
where the risk of fire was thought to be unlikely.
It is necessary to supervise the status of the
safety of electrical devices and ensure the early
detection of fire hazard. As consumption of electric
power increases through the use and mass
production of a variety of electrical appliances, a
large scale of supply of electrically powered
equipment is unavoidable and electrical accidents
occur frequently[1-3]. Over-current accidents
account for 8.8[%] in Korea accidentscaused by
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over—current account for the majority of accidents
that occur in the home, office and factory due to
negligent use of low voltagel4]. Fig. 1 shows
faulty 66[kV] Class CV cable damaged by
over-current. The investigation in the cause of
accidents is performed by an objective judgment
based on combustion direction, surrounding
environment, and other factors{5-6].

Under the product liability (PL) law, which has
been enforced in Korea since 2002, guarantee of
product quality by expected life is required, and
the manufacturer is held responsible for defective
products. Nevertheless, the PL law has not been
enforced to its potential in the area of heavy
electrical machinery due to a lack of
understanding. If an event happens, it is resolved
by mutual agreement instead of by clear
investigation of the cause. As a result, there is no
database (DB) for an accurate cause analysis of
faulty facilities.

Fig. 1. Faulty 6.6(kV) Class CV cables damaged
by over-current

Commonly, accidents caused by over-load are
as follows, Over-current on the electrical
machinery and the wire causes the occurrence of
Joule’s heat. The wire melts and becomes
disconnected with arc scattering. According to
whether there is a long—term over-current or a
short-term over-current applied to the machinery,
the damage caused by electrical accident varies.
Therefore, it is necessary to understand the
dependence of fusing current and arc scattering in
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the copper wire considering the current rise per
second[7-8l.

In this paper, fault occurrence due to
over-current in copper wire was studied, and
fusing characteristics of both AC and DC
environments were compared. The arc
phenomenon and the bead scattering progress
were taken by a high-speed imaging system
whilethe damaged copper wires were analyzed by
stereo microscope and metallurgical microscope.

2. Experimental methods

Fig. 2 shows a schematic diagram of the
experimental setup for the over-current properties
of the electrical wire. Bare copper wire with a
length of 150[mm] and diameters of 1.2[mml,
1.6lmm], 2[mm] was used. The copper wire was
cornected to a connectingterminal, and the current
was applied to the copper wire using an AC/DC
source (50[V1/3,000[A], IDX, Japan). The current
was raised by 1, 25, 5, 7.5, 10, 20 and 150[A/sec]
while current was made to flow by disconnection.
The arc properties and fusing progress were
observed by a high-speed imaging system (HSIS,
HG-100[K], Redlake, USA), which can take
photographs up to 100,000{fps]. The fusing current
and fusing time were recorded by a data
acguisition system (DAS, 1.2[M/s], NI, USA). The
damaged analyzed by
metallurgical microscope (Epiphot, Nikon, Japan)

specimens  were

and stereo microscope (SV-11, CarlZeiss,
Germany). The environmental conditions used
were both atmosphere and liquid nitrogen.
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Fig. 2. Schematic diagram of experimental setup

3. Results and discussion

Fig. 3 shows the fusing current versus the
fusing time of copper wire with AC. The
measurement was taken 10 times in order to
obtain reliable value. The values were then
averaged. As shown in Fig. 3, when the diameter
of copper wire became thicker, the fusing current
value was higher and fusing time was longer. In
addition, where the current rise per second was
great, the fusing current was higher than where
the current rise per second was small. Fusing
time, however, was short. As shown in Fig. 4 (a)
and (d), the fusing current and fusing time were
220[Al, 220(sec], 708[Al, and 4.71[sec), respectively.
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Fig. 3. Fusing current versus fusing time of
copper wire with AC

@

Cunment (A}
o

<200

18mm
10 Mvac

Cunrent (A}

t6mm
5.0 AKe

200 L "
219.50 2878 22000 2028 22050

Time {8}

(a) 1(A/sec)

515 520 525 0 535

Time [s)

(b) 5(A/sec)

16mm

M

Current [A]
Current [A]

i - Z/M
Bl il
=1 U | 133!/‘\”\(‘

Time [s]

(d) 150(A/sec]

Time (5]

(¢) 10(A/sec)

Fig. 4. Fusing current waveform due to current
rise with AC

Fig. 5 shows the fusing characteristic
comparingAC and DC in the case of the 1.6{mm]
diameter wire. As exemplified in Fig. 3, when the
current rise per second was great, the fusing
current was high fusing time was short with DC,
as well. Where the current was raised at a rate of
150[A/sec] with AC, the fusing current and fusing
time were 708[A] and 4.71[sec], respectively. In
the case of AC, the fusing current and fusing time
were 547[A] and 36[sec], respectively. The AC
peak value of the fusing current and fusing time
were greater than the DC value, but the ACms
value was similar to the DC value. The fusing
time of AC was greater than that of DC, because
the ACvaried positively (+) and negatively (-).
Fig. 6 shows the arc scattering characteristics of
copper wire according to a current rise with AC.
Photographs were taken by using a high-speed
imaging system at the rate of 500[fps]. As shown
in Fig. 6 (a) and (b), the current increased at a
rate of 1[A/sec] 5[A/sec], respectively. A lot of
small beads were scattered from the center to the

Journal of KIEE, Vol 22, No.3, March 2008



outside of the copper wire. In Fig. 6 (c), the
current increased at a rate offlame was observed
and many beads were scattered. In Fig. 6 (d),
showing 150[A/sec], the flame was dispersed in all
directions and the beads were scattered to the
extent of their surrounding limits.
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Fig. 5. Comparison of fusing characteristic
between AC and DC
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Fig. 6. Characteristics of arc scattering for copper
wire according to current rise with AC

Fig. 7 shows the arc scattering characteristics of
copper wire according to current rise with DC.
Like the AC photographs, as shown in Fig. 7 (a)
and (b), as the cwrent increased at a rate of
1[A/sec] and 5[A/sec], many small beads were
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scattered from the center to the outside of the
copper wire. In Fig. 7 (c), showing 10[A/sec],
flame was observed and many beads were
scattered. In Fig. 7 (d), showing 150[A/sec], the
flame was dispersed in all directions and the beads
were scattered to the extent of their surrounding
limits. In addition, the DC flame was observed to
be greater than that of the AC. Thus, it was found
that as the current rise increased, flame was
dispersed slightly more and the beads were
scattered. Therefore, the hazards of electrical
accidents are greater at a higher level of current.

(c) 10(A/sec)

(d) 150(A/sec)

Fig. 7. Arc scattering characteristics of copper
wire according to current rising at DC

Fig. 8 and Fig. 9 show the stereoscope and
metallurgical photographs of copper wire with AC
and DC at a current rise of 1.0{A/sec]. As shown
in Fig. 8 (a) and Fig. 9 (@), the surface of the
copper wire was oxidized to a dark brown color
and the tip of the wire took on a rounded shape.
As shown in Fig. 8 (b) and Fig. 9 (b), dendrite in
the cross-section structure was observed.

Fig. 10 and Fig. 11 show the stereoscopicand
metallurgical photographs of the copper wire at a
current rise of 150[A/sec]. In Fig. 10 (a) and Fig.

554
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11 (a), the surface of the copper wire was oxidized
to a dark brown color and an formed an irregular
shape.

(a) Stereoscopic photograph (b) Metallurgical photograph

Fig. 8. Photographs of melted copper wire with
an AC current rise of 1(A/sec)

(a) Stereoscopic photograph (b) Metallurgical photograph

Fig. 9. Photographs of melted copper wire with a
DC current rise of 1(A/sec)

(a) Stereoscopic photograph (b) Metallurgical photograph

Fig. 10. Photographs of melted copper wire with
an AC current rise of 150(A/sec)

(a) Stereoscopic photograph (b) Metallurgical photograph

Fig. 11. Photographs of melted copper wire with
a DC current rise of 150({A/sec)

D

In Fig. 10 (b) and Fig. 11 (b), dendrite in the
cross—section structure was concentrated on the
surface of the wire because of a large amount of
current flow over a short period of time. In a
comparison of AC and DC, no differences were
found between the external form and metallurgical
photographs.

Fig. 12 shows the fusing current versus fusing
time of copper wire with AC by frequency
variation. As shown in Fig. 12, the fusing current
and fusing time did not greatly depend on
frequency variation. Because the length of the
copper wire was 60[mml, inductance ingredients
can be discounted. However, the coil that is used
in electrical machine is judged to depend greatly
on frequency because inductance ingredients
dominate.

A cable is used at cryogenic temperatures to
increase the current capacity in the same sectional
area. Thus, investigation of the arc characteristics
of copper wire according to temperature variation
is needed because short circuiting and
over—current. The copper wire was deposited in
liquid nitrogen for stabilization owing to the
difference of boiling temperature with room
temperature. The currentwas raised by 10[A/sec]
and photographs were taken with a high-speed
imaging system at the rate of 500[fps].
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Fig. 12. Fusing current versus time of copper
wire due to frequency
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Fig. 13 shows the arc scattering of copper wire
in liquid nitrogen. As shown in Fig. 13, the copper
wire was became heated, a flash occurred, and
beads scattered and disappeared The fusing
current and fusing time was 342[A) 34.2[sec],
respectively these are higher than those at room
temperature. However, the dispersion of the beads
was not observed to as great an extent as in Fig.
7 (c), because the liquid nitrogen restrains the
scattering of beads.

Red heat

s

(a) Red heat (b) Flash

Scattering
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&

(c) Scattering (d) Extinction

Fig. 13. Characteristics of arc scattering for
copper wire in liquid nitrogen

(a) Stereoscope photograph (b) Metallurgical photograph

Fig. 14. Photographs of melted copper wire at a
current rise 10(A/sec)

Fig. 14 shows the stereoscopic and metallurgical
photographs of copper wire with a DC current rise
of10[A/sec] in liquid nitrogen. In Fig. 14 (a) and
(b), the shape of the copper wire was rounded and
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the color was yellow. Dendrite structure was not
observed. The surface of the wire was not
oxidized and a dendritestructure was not formed
because oxygen does not exist in liquid nitrogen.

5. Conclusions

In this paper, the dependence of fusing curent
and arc scattering in copper wire was studied in
consideration of a current rise at a low voltage. As
the diameter of copper wire thickened, the fusing
curent value was greater and time also was
longer. Where the curent rise per second was
great, fusing current was high, but fusing time
was very short. The AC peak value of fusing
characteristics was greater than that of the DC
value, but the ACms value was similar to DC
value. The fusing time of AC was greater than
that of DC because the AC varied both positively
(+) and negatively (-).

As the current rise increased, flame was
dispersed slightly more and beads were scattered.
The surface of the copper wire was oxidized to a
dark brown and the shape became irregular. The
dendrite structure was concentrated on the surface
of the wire because a large amount of current
flowed during a short period of time. Thus, it was
found that as the current rise increased, the hazard
of electric accidents became higher.

For fusing current and fusing time in liquid
nitrogen, these are higher than those of at room
temperature. However, the dispersion of beads
was not greatly observed compared with that at
room temperature because the liquid nitrogen
restrains the scattering of beads.
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