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Abstract : The phenomenon of arcing is the major cause aftrédal contact degradation in electrical
switches. Degradation involves contact erosion@m£lding. The use of special contact material and
that of specific material processing may permit taoh erosion to be reduced, in particular by
shortening the arc duration. A short review of éhepproaches is presented in the first part of this
paper. In the second part, the development of a sefablowing contact material is described. This
material has been tested under DC voltages frond 1@ 42 V. A reduction of the arc duration by a
factor of 4 approximately was obtained as was aamitant reduction of the extinction gap to less
than 2 mm. This material will contribute to achimyibetter reliability in high current-high voltages
breaking devices, and will aid in their miniatutipa, e.g. in relays.

. severe constraints, such as reduced sizes and twegigh
1. Introduction order to limit fuel consumption in automotive or

The technical and economic reasons to increase theéd€ronautic applications. The automotive sector also
power levels of electrical circuits have been dised in ~ Seeks to raise the voltage of the circuit on botrd
numerous papers. The associated voltage and/centurr increase the capacity of electrical power and fpua
increase supported by the circuit results, in tinnan ~ 9rowing number of electrical devices. All these rafjes
increase in the arc duration, and subsequent ¢itinc ~ Submit breaking devices, and especially the eteitri
gap, during the breaking operation. Breaking device contacts materials, to more severe electrical ¢ims.

have been developed having original designs or 1.2 What are the consequences of an increase

conception, which permit reduction in the arc dorat in current and / or voltage on breaking devices
with consequent reduction in its deteriorating etffén

this paper, we show that it may also be possible to When the current is switched off by a breaking
introduce an innovative material which generates andevice, it generates an electrical arc which isathp

intrinsic magnetic field in the extinction gap, ¢hu neutral plasma consisting of ionized species coming
promoting self-blowing of the arc and a consequent from the contacts material and from the surrounding
reduction in its duration. After a brief review what is environment (atmosphere, plastic parts...). It is a

an arc and well-known solutions (mechanical, etett, dynamic and unstable phenomenon. The main
material, ...) to reduce it, we present a self blagwin characteristics of this arc (duration and gap eitbm,
material as a possible answer. arc voltage and arc current) depend on the parasnete

. . the electrical circuit, the parameters of the opegni
11 Why break higher electrical power levels system (speed, design) and the nature of the etsmen

with usual break devices? close to the arc plasma which are able to cometheo
The manufacturers of breaking devices (CB, relays, Plasma and modify its composition (contact material
etc...) have cost reduction policies and try to redte ~ Nitrogen or oxygen from atmosphere or materialsnfro
range or size of their apparatus. One consequartbei the case). _ _
each device must have a wide breaking capacity. Figure 1 shows the arc duration curves for silver

Therefore, it is subjected to longer electricalimye ~ contacts versus wide current range (0.1 to 130A)4at
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device described in previous papers [4] and briefly actions and their principles that help to minimibe
reminded 8§2.1.2. Each curve has two parts: a firstconsequences of arcing.

segment obeys to a power law with a high sld@nt is
followed by a flatten section. Let us consider tueve 1.3.1 Atmosphere ) ) )
for 42VDC. Up to 2ms, the arc duration versus auirre The atmosphere of the breaking can be ambient air,
characterizes an arc in metallic phase (regime 1 orvacuum or under a protective gas, such as SF6.
anodic arc) whereas at longer time it characterrearc ~ Alternatively, the contacts environment may beedll

in gaseous phase (regime 2 or cathodic arc) [51@56 W|th .0||. In the Qarller moments Of the Z?J’C,l thawa
effects were extensively discussed in previous CONsists of species that come from the ionizatibthe
publications. It is interesting to note that excet  contact material. The pressure of the plasma is
14VDC, the slopes of the first regime are parathe tremendous (several tens of bars). As the contacts
ones to the others. It can be concluded that theesa Separate, the pressure decreases and the gas Heom t

phenomena determine the arc behaviour in the wholedtmosphere enters into the plasma and becomeibniz
voltage range from 42VDC to 360VDC. This supplementary source of electrons maintaires th

electrical conductivity of the plasma and slows ddhe
decrease of the current. Depending on the natutbeof

le+3 = atmosphere, its components are more or less ideizab
36%112V / o6 specific atmospheres other than ambient air are
let2 N 2 = sometimes used because they promote the extinafion
s ﬁ42v the arc by providing a lack of_ electrons (ex: Sk®)der
A T e vacuum, the contact material only feeds the plasma.
1640 JV( Therefore, its intensity decreases as the two ctmtre
/A / 14V / moving away. In this case, the gap extinction are a

;_# duration are reduced.

1.3.2 Kinematics
It is well admitted that for a resistive AC or DC
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f circuit, increasing the speed of contacts separggog.
Lo & for certain appliances, by changmg_ the stlffnefs:she.
S0 springs), reduces the arc duration and associated
les . damages as well. Various physico-chemical processes
0.1 1 10 100 compete during the opening of the contacts. Some of
Fig. 1: Arc duration versus ccl:J?r(rern?rl]nt aSAre)mge from @.Lp to 100A at them act in favor of the stabilization of the cutren the
T our circuit voltage (14, 42, 112 and 360\'/DC) plasma and other work against this state of eqiuilib.

_ Beyond these phenomenon, opening the contacts
These results show that the arc durations can reackontribute to the decrease of the current by irsinea
important values needing a wider extinction. If the the plasma volume. The faster the separation, the
contact gap, imposed by the design of the devise, i stronger the current decrease. However, care shmild
smaller than the natural extinction gap of the @&rmay  taken in inductive load where the time constanthef

stagnate almost indefinitely until the contact mate inductance p|ays an Opposite role and may incragse
totally melt. That can lead to the destruction bét duration at high speed [4,12]

device and cause fires for its direct environmeesside o
this, when the natural extinction gap of the améases 1.3.3 Hornarc contactsor sacrificial contacts
(because the arc is getting longer), the phenonuéna These techniques reduce erosion on the main
transfer between contacts pass through the abovecontacts. They limit their degradation and ensuvedg
mentioned anodic and cathodic regimes and thus,conduction (at the closed state) by limiting their
material loss is becoming increasingly large [7-11] temperature rise. Arc duration is not reduced batis

Due to these various reasons, if the next generatio deported in areas designed to withstand it.
of breaking devices have to withstand harsher ridedt

1.3.4 Arcchamber

arcs, they should be equipped with arc reducing (or o ) o
suppression) systems. As it is the case in the circuit breaker, the

developing arc moves to an arc chamber consisting o
1.3 What are the most common arc splitting plates where it is divided into multipgerial
suppression systems? arcs. This promotes the arc voltage to increasdeatb

By modifying certain parameters of the breaking to rapid extinction.

device, it would be possible to control the arcadion 1.3.5 Double break

and _gap_ext?nction. The electrical parameters aa‘_th In the design of the breaking devices, it is not
circuit being imposed we can only act on the physic ncommon to connect two pairs of contacts in setiat
chemical parameters of the breaking device. The ;| open simultaneously and will form two electaecs.
following (but non-exhaustive) list enumerates such Tpe energy of a single arc is almost divided by awa



the damages are significantly reduced on the &attr 1.3.8 Magnetic Blowing

contacts. On some breaking devices, which should switch
1.3.6 Electronicssystems strong currents, magnetic blowing systems may lee.us
Most often, it is realized by introducing a serail on
which detect arc ignition and provoke earlier arc thg circuit (close to the area of arc). Currentifio _the
extinction in the breaking devices. Some solid or PO” produces a magnetic ﬂeld oriented perpenaictd
it and ensures arc evacuation from the contact byea

ﬁtlgfatégrmee[ig?mcal relays have been suggested in th%roducing a force orthogonal to both other diredio

All these specific features introduced in the desig according to Lorentz law. Such magnetic blowing

of devices involve the addition of arc suppression systems have been developed both for DC and AC

systems and/or a sealed box to contain atmospheresapphcatIOns depending on the targeted breaking

It is possible to implement electronic systems,

They have a significant impact in terms of costesand capacity.
weight. 12 2.4
1.3.7 Material
The choice of specific contact materials is 10 2.0
complementary to the development of arc suppression .
systems. The influence of the contact materialugho @ £
limited, reduces the extinction gap or the arc ieros £ ® 16 E
regarding to the circuit parameters (AC/DC, voltage c \\ <3
current level), also the application of the circuit '% 6 1.2 ‘g
(protection or control). Because the influence ofitect 5 o
material occurs at the beginning of the arc, kasy to e \ §
compare different materials according to electrical % 4 08 &
circuit conditions. \ w
In figure 2, six materials were tested on the
laboratory bench described in paragraph 3.1.2. The 2 \.N____OA
experimental conditions were the following: 42VDC,
20cm/s, and resistive load. For our comparison, 10% L L L 0.0
weight MeO were added to silver. We see that AgSnO 0 10 20 30 40
has yielded the longest arcs, with a strong shmf Magnetic Field (mT)

25A, while the AgZrQ arc durations are lower. Besides
AgSnG, other materials in this current range, such as Fig. 3: Arc duration and extinction gap versus externajmedic filed
AgNi and AgzZnO, show a linear increase of the arc for Ag at 42VDC, 37.5A at 20cm/s

duration versus current. The additions of ,Gg and Figure 3 shows the variation of the arc duratiod an
ZrO, are good alternatives to the today widely used extinction gap versus a uniform external magneéetd f
AgSnG [14]. perpendicular to the current flow. These resultsewe
obtained on the electrical test device described in
24 AgSnOZ/‘ 4.8 paragraph 3.1.2, on silver contacts at 20cm/s under
99 || —@— Agsno2 4.4 37.5A. Two magnets produced the magnetic field iand
20 L D / 1o varied by changing the gap between the two magfists.
—o— AgZno / ' value was measured using a Hall probe (sensitivity
18 iigéﬁ)g / 362 around +/- 0,2 mT) positioned in the magnet gapan
£ 16 32 E second step, the Hall-effect probe was replaced by
c 1 .- electrical contacts to obtain the data shown ingig
2 o Figure 3 shows that the arc duration at OmT is in
g 12 24 5 agreement with data in fig 2. The arc duration eases
0 10 2.0 ‘g drastically as the magnetic field is increased1®mT it
g g 16 5 is already reduced by factor of more than. At longer
w time, it tends towards a limit value of about 1 ms.
6 1.2
4 08 2. Self-blowing material
2 0.4 The purpose of this part is to present the study on
the characteristics of a break arc, exploiting sedf-
0 0.0 ) ) . ) )
0 10 20 30 40 blowing properties of a magnetic phase, introduogol
Current (A) the contact material. This new material permitshhig
Fig. 2: 42VDC resistive, t=f (I), Ag, AgNi, AgSnO2, AgZnO breaking capacity to be reached than traditiondaenas

AgGd203, AgZro2 without any change in the device design.
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2.1 Equipment and procedure

21.1 Contact Material preparation and
magnetic char acterization

Cylindrical samples with a diameter of 5 mm and a
height of 5mm were prepared by conventional powder Arc Current Oscilloscope TS
metallurgy by mixing silver powder with magnetic
material (for confidentiality reasons, we will riaticate
here the physico-chemical the properties of theerat
used: nature, shape and mass content).

The samples were magnetized at room temperature ~ For all the experiments, the magnetic material
in a super-conducting magnet with a maximum applied AQMM was placed at the cathode and pure silvehat t
field of uH=7T (Oxford Company). The filed was anode: figure 6 shows the position of the cathoukthe
app“ed a|0ng in the direction perpendicu]ar to the anode in the electrical tests. The respective tines of
cylinder axis. Figure 4 shows the characteristic the current, I, the magnetic induction of the sam,
hysteresis Cyc|e of the phase magnetic used in ourand the resulting Lorentz force, F are indicatedha

Fig. 5: Electrical test apparatus for break arc

electric contact material. fig.6.
2T F
15+ Cathode Anode
Y I
—_—
~ 05
)
=, o
T T \v) [N T T T T 1
4 -2 D 2 4 6 8 10 Fig. 6: Sample geometry used during the electrical tests
0.5
) ; 2.2 Resultsand discussion
: Figure 7 shows the evolution of arc voltage versus
-15 4 time under 37,5A, 42VDC and a resistive load fag th
poH (T) following contacts materials: AgSpOpure Ag and
AgMM3. The arc voltage increases slowly with tinoe f
Fig. 4 : M=f(LOH) for magnetic phase in electrical contacttenial AgSnO2 and a little faster for silver. The totalc ar

duration are 24ms and 8ms respectively. By contrast

le B 4 with a Hall be (Lakesh with AgMM the arc duration is reduced down to 3ms
sample,Bs was measured with a Hall probe (Lakeshore only. The reduction with respect to the case ofesil

Company) placed at 1”".’” above the surfape sampé. Th contact illustrate the blowing effect of the magmet
samples were magnetized at three different Ievelsﬁeld

corresponding to surface inductions of 30, 55 a@d 1

After magnetization, the surface induction of each

mT respectively, as determined by the Hall problee T 48
samples were called AgMM1, AgMM2 and AgMM3, sl AOTMM . AG AgSNnO2
respectively. a0 L '
2.1.2 Electrical characterization by break arc 36T
duration SR
The PALMS Laboratory of Rennes is equipped % 28 -
with a fully automated device (fig. 5), adapted to %< 24
perform contact breaking under 14 VDC up to 360 VDC 7 20 |
This device has been described in details in ptsvio < 4|
papers [4,5]. In this paper, most experiments were ol
performed under 42VDC and with a resistive load, at ol Arc Duration N
opening speed of 20cm/s, i.e. under conditionslairto r_‘_< 7
those of automotive relays. Voltage, current, loadd il
opening speed were controlled, and a digital amssibpe O T 2 4 6 ® 1012141018202224 262830

stored voltage and current characteristics of the a

during the break. The arc parameters, namely amgn

arc duration and extinction gap were thus deduced. Fig. 7: Arc voltage versus time for AgSnO2, Ag and AgMM3 at
42VDC, 37.5A resistive

Time (ms)



Figure 8 shows the evolution of the extinction gap,
as a function of the current, for pure silver cotgaon
the one hand and silver magnetic contacts on therot
hand. The three magnetic materials differ only bg t
magnetic field they produce. The stronger the matign
field, the lower the arc duration. Optimum propsstare
obtained with the arc length of AgMM3 which is the
contact producing the highest magnetic field. Under
37,5A, the arc duration is reduced down to 2,4 ms,
72,5% less than with pure silver. For AgMM1, which
produces the weakest magnetic field, the blowirigcef
starts around 10A only. In the case of AgMM2 and
AgMM3, the blowing effect begins earlier. The reas®
that for higher magnetic field, the curved radidste
trajectory of an electron is smaller.

10 A 2.0
—o— Ag
g Ll —*— Ag-MM3 16
—&— Ag-MM2
—~ —a— Ag-MM1 AgMMT =
£ E
~ 6 12 o
S S
g 5
=2 =1
g . AgMM2| o B
o =
< ]
2 AgMm3a| 4
0 1 1 1 00

10 20

Current (A)

30 40

Fig. 8: Arc duration versus Current for Ag, AQMM1, AgM2 and
AgMM3 at 20cm/s 42VDC resistive

Figure 9 shows the evolution of the arc duration as
a function of the magnetic field. The value at Oddes
correspond to the arc duration for pure silver.
Qualitatively, the curve is similar to the one simoan
fig 3. The magnetic field scales do not correspone to
the other. This is simply due to the fact that fiedd
measured on the contact surface with the Hall pfége
9) is not the field measured in the gap (fig. 3).

It remains that with AgMM3 a spectacular
reduction in the arc duration is obtained at 2,4which
corresponds to ~480m of extinction gap (v=20cm/s).

All together, the use of magnetic contact permits
arc blowing through the Lorenz force, as it is tase in
the classical systems using permanent magnetslsr co

2.0
Ag

i
o

AgMM1

[,
N

AgMM2

o
o
Extinction Gap (mm)

Arc Duration (ms)

AgMM3
—40.4

0 | | | |
20 40 60 80

Maanetic Field (mT)

0.0
100

Fig. 9: Arc duration versus Magnetic field for Ag, AQMM1ghMM2
and AgMM3 at 20cm/s 42VDC, 37.5A at 20cm/s

Figure 10, shows arc durations versus number of
operations at 42VDC & 37.5A for a resistive load.
Results are compared for pure silver and the ttypes
of magnetic contacts. In all cases, the average arc
duration shows a slow decrease during the firatghod
operations. Nevertheless, the efficiency of magneti
blowing was preserved up to final testing. Thivésy
encouraging despite the fact that the maximum 6000
operations considered here is much less than thiemsi
of operations, which a relay must usually undetg@s
also noticeable that the dispersion in arc durai®n
larger for pure silver than for all magnetic comtac
material including AgMM1, which produces the weakes
magnetic field.

12

10

23 ‘l‘,“- =y -_.. DOy
SRS S U
-y =T

Arc Duration(ms)

3 4
Operation (X1000)

Fig. 10: Arc duration versus number of break operations\pr
AgMM1, AgMM2 and AgMM3 at 20cm/s 42VDC, 37.5A at@@/s



3. Conclusions and perspectives

A new contact material has been developed which
generates an intrinsic magnetic field in the exiomcgap
and leads to much faster current breaking. Withy ful
magnetized materials (generating the largest magnet
field in our conditions), the average arc durativas
reduced by a factor of 4 compared to that obtaimitial
silver contacts. The reduction in the arc duratvoss
already very significant with non fully-magnetized
materials. The decrease in the extinction gap ufidier
tends towards a non-zero limit value [extrapolated
around 200um (and 1ms) from Fig. 3]. This implieatt
below a certain minimum distance the magnetic field
blowing effect disappears (in our conditions). The
dispersion in the blowing efficiency was characted
over at least 6000 operations, in the case of fully
magnetized materials. It is already planned to 71
characterize further the material limits by inciagshe
severity of all electrical parameters during tegtin

It is hoped, on the one hand, that the reduction in
the extinction gap obtained with this new matevil
permit breaking device miniaturization. On the othe [g]
hand, the reduction in the arc duration should fead
strong reduction in contact erosion. Thus, an &aseen
the device lifetime and a reduction in the volunfe o

(4]

(5]

(6]

contact material may be expected, leading to sigmf  [°]
cost reduction.
Further studies have started, addressing the

mechanism of arc breaking and the process of mahteri
erosion, as well as arc initial formation, conthegting
and welding. The contact itself is being further
optimized with respect to its shape and nature.

Finally, as the blowing efficiency is also deperden
on the environment of the contact material, testifithis
new material in real breaking devices is programmed
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