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Paper presents and discusses investigated results of composite materials Cu—Cr used
in electric contacts operating under DC low voltage loads of a small power. Formulates
conclusions of possibility of the use of just such material to control the arc to glow
transformation for practical use in electric auxiliary switching devices.
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Introduction

To increase reliability and life time of auxiliary switches operating under
heavy DC conditions the possibility of arc to glow discharge seems to be a key
factor. It depends on many technical factors among which selection of proper
contact material is of a great importance [1, 2]. To reduce contacts price by
replacing noble metals (like silver) and/or sophisticated and money consuming
technologies (like powder metallurgy) seeking another alternative
manufacturing is both economically and technically justified [3—5]. One of
these can be use of electron beam high-rate evaporation method with following
condensation in vacuum [6]. Therefore, possibility of application of multilayer
material Cu—Cr was investigated for operation under open air conditions.
Chromium content was varied from zero up to about 100%. The investigations
were carried out for DC inductive load (110 V, 0,5 A, ~30 ms) in air under
normal pressure. The arc to glow transition was analyzed by means of emission
spectroscopy consideration as well. On the basis of investigated results the
conclusions about possibility of use of multilayer composite materials Cu—Cr
to control the arc to glow transformation for practical use in low voltage, low
power electrical auxiliary switching devices are formulated.

Contact sample selection
Composite material for the study was prepared in the form of sheets of
varied content of Cr and Cu. The contact samples were made of a material part
selected for the various content of component materials as illustrated in fig. 1.
The chromium content according to the examinations was ranged from 0,6 to
about 80% (fig. 2). Surface structure of new contact samples Cu—Cr of
the minimum (~0,6%) and maximum (~76%) chromium content is shown for
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Fig. 1. The composition Cu—Cr for preparation contact samples
(1—4 — number of samples).

example in figs. 3, 4. The test contacts were made as flat of 5 mm in diameter
and thickness of about 2,5 mm.

a
Spectrum In stats. C Si Cr Cu Total
Spectrum 1 Yes 11.86 1.91 0.65 85.58 100.00
Spectrum 2 Yes 10.12 1.78 0.61 87.49 100.00
Spectrum 3 Yes 10.57 2.39 0.65 86.39 100.00
Mean 10.85 2.03 0.64 86.49 100.00
Std. deviation 0.90 0.32 0.02 0.96
Max. 11.86 2.39 0.65 87.49
Min. 10.12 1.78 0.61 85.58

All results in weight%

b

Spectrum In stats. C Si Cr Cu Total
Spectrum 1 Yes 9.35 0.69 7.80 82.15 100.00
Spectrum 2 Yes 7.71 1.35 7.51 83.42 100.00
Spectrum 3 Yes 12.45 0.60 7.16 79.80 100.00
Mean 9.84 0.88 7.49 81.79 100.00
Std. deviation 2.40 0.41 032 1.84

Max. 12.45 1.35 7.80 83.42

Min. 7.71 0.60 7.16 79.80

All results in weight%

C
Spectrum In stats. C Si Cr Cu Total
Spectrum 1 Yes 6.06 0.26 32.68 60.99 100.00
Spectrum 2 Yes 692 026 32.63 60.19 100.00
Spectrum 3 Yes 7.10 0.34 31.55 61.00 100.00
Mean 6.70 0.29 32.29 60.73 100.00
Std. deviation 0.56 0.05 0.64 0.46
Max. 7.10 0.34 32.68 61.00
Min. 6.06  0.26 31.55 60.19

All results in weight%

d

Spectrum In stats. C Si Cr Cu Total
Spectrum 1 Yes 7.63 0.24 71.06 21.08 100.00
Spectrum 2 Yes 8.47 0.53 76.86 14.14 100.00
Spectrum 3 Yes 6.90 0.44 81.25 11.41 100.00
Mean 7.67 0.40 76.39 15.54 100.00
Std. deviation 0.79 0.15 5.11 4.98

Max. 8.47 0.53 81.25 21.08

Min. 690 0.24 71.06 11.41

All results in weight%

Fig. 2. Composition of material Cu—Cr for selected contact samples:
a—No. 1; b —No. 2; b—No. 3; ¢c— No. 4.
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Fig. 3. Surface structure of new contact Cu—Cr sample (No. 1) with low content
of chromium (~0,6%).

Fig. 4. Surface structure of new contact Cu—Cr sample (No. 4) with highest
content of chromium (~76%).

Switching test and discussion of results

The tests were performed in air at room temperature and normal pressure
for DC load 110 V, 30 ms time constant and current to about 1,0 A. The average
value of the contact force, the speed of opening and length of the contact gap at
open state were 0,58 N, 0,2 m/s and 2,4 mm respectively. In order to reduce the
impact of electromagnetic field disturbances on the measurements of voltage —
current characteristic and emission spectrum variation under electric switching
discharges the special high — stop filters were used. Contact resistance during
operation was controlled for the test load current. All tests were performed in a
special lab stand with removable contact chamber [2]. Earlier studies conducted
by the authors have shown that transient of switching arcing into glowing under
interrupting DC inductive current is possible to achieve when use selected
contact materials such as pure nickel or molybdenum (fig. 5 and 6).

The study shows that regardless of the content of chromium in the contact
material the opening tends to initiate a glow discharge soon as you start to
open contact. It is manifested by sudden increase in the voltage value between
contacts (fig. 7, 8). It is related to the conditions prevailing in the real contact area
at the moment of interruption of current which is also reflected in the contact
resistance value. The contact resistance is typically highest for the first switching
and increases with increasing chromium content (from 0,3 to about 1,0 Q).

Duration of the arc is the longest for the lowest chromium content. For the
highest however, chromium content is achieved not only the shortest arc time
but increases significantly probability of glow discharge existence even
immediately at the time of the contact opening (fig. 8). It should be noted that
in the case of glow discharge existence, duration of the switching (breaking)
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Fig. 5. The unstable arc to glow transition when use the nickel contacts (250 V,
1 A, 40 ms, air ~ 100 kPa): (¢. t.., {g — total, arcing and glow discharge time
respectively; Ug — glow voltage; /g — arc to glow transformation current value;
d — contact gap.
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Fig. 6. Development of the electrical discharge when use contacts made of fine
molybdenum (250 V, 0,5 A, 40 ms, in air under 100 kPa).

Contact No 1 Shot 10 Contact No 1 Shat &3
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Fig. 7. Voltage — current characteristics at contact opening (110 V, 0,5 A, 31 ms,
in air under normal pressure) for samples of small amount of chromium (<1%) at
10th and 80th switching cycle respectively.
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Fig. 8. Voltage — current characteristics at contact opening (110 V, 0,5 A, 31 ms,
in air under normal pressure) for samples of highest amount of chromium (<76%)
at 48th and 85th switching cycle.
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Fig. 9. Emission spectrum variation under switching.

process is much shorter what significantly reduces contact erosion thus increasing
its life time. Emission spectrum variation under switching for contacts made of
about 80% of chromium can be compared for example from fig. 9.

Conclusions

The multilayer composite materials Cu—Cr made by means of electron
beam high-rate evaporation method with following condensation in vacuum
seems to be suitable as contact material for low voltage, low power auxiliary
switches operating at DC inductive load in open-air conditions under normal
pressure.

The best results if about electrical arc to glow transition were obtained for
higher amount of chromium (around 80%).

Under further investigations copper should be modified by doping with
such elements like W, Mo or/and Ni to increase and/or control melting point
value of the composition. Increased stability of material processing to decrease
high non-uniformity of applied metallic elements inside whole contact sample
volume is of great importance as well.
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SIBJieHMs B 3JIEKTPUUYECKOM Iyre NMpu UCIOJIb30BaHUU
KOMIIO3UIMOHHBIX MaTepuanoB Cu—Cr npu KOMMyTAUHH
B LlensX ¢ HU3KOBOJbTHOH DC Harpy3koii MaJjioii MOIIIHOCTH

K. BumaeBcknii, b. Mensuncknii, I1. Boiitac, A. Ko3moBckui,
A. I'ponuunkuii, H. ['peyanrok

Ipeonooscensr  pesyrbmamul  UCCIe008aHUll  KoMnosuyuonuvix mamepuanos Cu—Cr,
UCHONb3YeMbIX 6 Kauecmee JIeKMpPUYecKux KOHMAKMO8 HpU KOMMYMAyuu 6 Yensix
HOCMOSIHHO20 MOKA HU3K020 Hanpscenusi manou mownocmu. Coenan  6v1600 0
BO3MONCHOCIU UCHONL30BAHUSL UMEHHO 31020 Mamepuana Onsi KOHMpPOJs U3MeHeHUs
cgeuenus dyeu npu nPAKmMuU4ecKkOM UCNONb308AHUU 8 DNEKMPUYECKUX BCHOMO2AMENbHBIX
KOMMYMAYUOHHBIX YCIMPOUCMBAX.

Knrouesvie cnosa: rxomnosuyuonnvii mamepuan Cu—Cr, snexmpuyeckas oyed,
UHOYKMUBHASL HAZPY3KA, HU3KOE HANPSNCEHUE, MANAsl MOUHOCTb.

SIBuIa B eJIeKTPUYHIN Xy3i NP BUKOPUCTAHHI KOMIIO3MIIHUX
MmatepiajgiB Cu—Cr npu koMyTanii B JJaHIIOTax
3 HU3bKOBOJIbTHOI DC HaBaHTakKeHHAM MaJIOI NOTYKHOCTI

K. Bumnescokuii, b. Menziacekoro, I1. Bolitac, A. Ko3noschkuid,
A. I'pogaunskuii, H. I'peuantok

Ilpeocmasneno pesynomamu oocniodicenv rkomnosuyivnux mamepianie Cu—Cr, wo
BUKOPUCMOBYIOMb 8 SAKOCHbL €LeKMPUYHUX KOHMAKMIE Npu KOMymayii 6 1aHyio2ax
HOCMINIHO20 CIMPYMY HU3bKOI HAnpyeu Manoi nomyscnocmi. 3pooieno 6UCHOB0K Npo
MOJICTUBICIb BUKOPUCMAHHSL CAME YbO20 MAMepiany Oisl KOHMPOMIO 3MIHU CEIMIHHS
oyeu npu NpakmuyHOMY 6UKOPUCHIAHHI 6 eNeKMPUYHUX OONOMINCHUX KOMYMAYIUHUX
NPUCMPOSIX.

Knrwuosi cnosa: xomnosuyiinuil mamepian Cu—Cr, enrekmpuuna oyea, iHOYKMugHe
HABAHMANICEHHS, HUZbKA HANPY2d, MAA NOMYHCHICID.
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