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In this report the experimental results were presented on the decaying process of polymer ablation arcs under
free recovery condition. The polymer ablation arcs can be seen in low-voltage circuit breakers and arcing
horns etc. Understanding of polymer ablation phenomena is important to elucidate the current interruption
processes in the above breakers. In the present experiments, PTFE and PA66 were used as polymer ma-
terials. Spectroscopic observation was conducted to measua{@tion intensity and its time evolution.

Results indicated that PA66 causes a much higher decay of the polymer ablation arcs than PTFE.

1. Introduction 50 mm
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The polymer materials are usually used for poly- | 50 mm_
mer moulded case in a moulded case circuit breaker ;.. 5 | Cuthode
(MCCB), or for a gas flow nozzle in a high-voltage N
circuit breaker. These polymer materials were exposed Do | e
by the arc plasma, which is formed between the elec- Anode \ / \ Arc 6 munt
trodes in a circuit breaker during high current inter- T o, Gmme

ruption process. In this case, the polymer is much .
ablated, which fiects the interruption performance of Fig. 1: Arc model.
the circuit breaker. Recently, a MCCB and an artg process. The time evolution in the radiation inten-
ing horn have been developed, whidfieetively uti- Sity of C; spectra in polymer vapor were measured for
lize the polymer ablation phenomena to enhance thdifferent polymer materials.
interruption capability. However, the polymer ablatiop. Observation of an polymer ablation arc under
phenomena are much complicated involving mass, mo- free recovery condition
mentum and energy tranfer between the arc plasmgig. 1 shows a schematic of the polymer ablation
and solid polymer. The contamination of polymer alyrc device. An arc plasma is formed between two iron
lated vapors also remarkably changes thermodynamigctrodes. The diameter of the electrode is 6 mm.
and transport properties of the arc plasma. The distance between the electrode is 50 mm. One
Until now, the authors have paid attention to devedf the electrode is surrounded with a polymer cylindri-
opment of a polymer ablation model for arc plasmag| tube with inner diameter of 6 mm. The distance
[1,2]. This model solves the mass, momentum, &fetween the electrode surface inside the polymer and
ergy conservation equations of the arc plasma as Wab outlet of the polymer is 30 mm.
as mass coservation equation of polymer vapor. Therig, 2 illustrates the experimental circuit. The arc
net polymer ablated flux was also estimated using s@évice is connected to the dc current source. The ex-
uration vapor pressure and the redeposition flux frqj@riments were made as follows: An arc p|asma was
the arc to the polymer surface. Using the developgghited between the electrode using a copper wire fuse.
model, we predicted the arc voltage and the ablategrough this wire, the electric current of 50 A was
polymer mass in the steady state condition. These é@pplied by the dc current source, and then the arc
sults fairly agreed with the experimental results. Howtasma is established between the electrode. During
ever, the arc interruption process is essentially unggé arc forming, there occurs polymer ablation, which
transient state. Thus, it is necessay to study transigatises a strong gas flow injection from the polymer
process of polymer ablation arcs. outlet. At 0.2 s after the arc ignition, an insulated gate
This report describes the experimental results on ti@olar transistor (IGBT) connected parallel to the arc
decaying process of the polymer ablation arcs undvice were ignited. Then, the arc current decreases
free recovery condition. The arc current was changggddenly from 50 A to 0 A.

stepped down from 50 A to 0 A to study the arc decay-|n this experiment, we have chosen two polymer
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90 450 500 50 60 65 these figures, theoretically calculateg €pectra were
_ Wavelength [nm] fitted to the experimental results, evaluating the rota-
Fig. 3: Observed spectra(PA66). tional and vibrational temperatures. The PA66 vapor
(a0 0] has a lower rotational and vibration temperatures than
2» e T a0k 18 the PTFE vapor.
3 f | amatime TT2000K ; . 3.2. Time evolution in gradiation intensity
>l 1c B 3 From this observation results in Figs. 3 and 4 , we
25l 5= selected @ spectral intensity at 464.6 nm to measure.
2 1488
=4 3 8 %E Figs. 5 and 6 presents the current andr@ensity be-
=3
23 72§ 8 fore and after the current was changed down to O A.
g i: 11 Thet=0 us on the vertical axis corresponds to the tim-
“ A VW A ing of the current down. In case of PA66, the 1@di-
400 450 500 550 600 650 ation intensity was kept untt=20 us, but it decayed

: Wavelength [nm] rapidly after that. On the other hand, the @diation

Fig. 4: Observed spectra(PTFE). intensity hardly changed unti60 us for PTFE arc ,
materials PA66{C12H2,0,N2—-] and PTFEFC2F4—]n. and then it gradually decreased with time. Compari-
Spectroscopic observation was carried out around g with these figure implies that PA66 provides much
outlet of the polymer tube. Observation area withahigher decay of the arc plasma than PTFE. This ten-

diameter of 5 mm was set around the center axisdgincy can be obtained also by numerical approach.
the outlet. The polychromator was used to confir;p Conclusion

presence of & spectra In polymer vapor ejected un” This report presents the experimental results on the

. oaecaying process of polymer ablation arcs under free

rrqsze(:overy condition. PTFE and PA66 were used as poly-

mer materials. Spectroscopic observation was con-

ducted to measure Qadiation intensity and its time

3. Results and discussions evolution. Results indicated that PA66 causes a much

3.1. Spectra observed under steady state conditionigher decay of the polymer ablation arcs than PTFE.
Figs. 3 and 4 show the observed spectra at the qR&ferences

let of the polymer tube under steady state conditiofi] Y. Takezawal et al,The Papers of Tech. Meeting.

As seen, G Swan system around wavelengths of 450— Switching & Protect. Eng., IEEJ, ED-10-0445A-10-

550 nm was clearly observed both for PTFE and PA66, 0600 SP-10-011) 2010. .

The G molecules are present in polymer vapor a 2] Y. Horikawa, Y. Tanaka, Y. Uesugi,The Papers of Tech.

. e ~h Meeting. Switching & Protect. Eng., IEEJ, ED-11-065.
cording to the calculated equilibrium composition. In° SA-11-038, SP-11-011, 2011.

evolution in the radiation intensity of specified hes
under free recovery condition in transient state.



