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THE APPLICATICON OF GALLIUM ALLOYS IN LIQUID SLIDING CONTACTS
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Mercury and sodium-potassium alloys have found practical
application as ¢contact liquids in liquid sliding contacts (LSC), used
for the most part in acyclic machines on large currents [64, 103, 126].
Since sodium~-pctassium a27lcys possess relatively low melting temperature
(-11°C) and small specific gravity (0.87 g/cm3) it is possible to
achieve high speed of motion of the contact surfaces without excessive
mechanical losses. A basic deficlency of fhese alloys is their
exceptiorally great chemical activity with respect to the ambient
medium; this Is manifested in violent interaction with the oxygen in
the air and with water vapor, creating fire and explosion hazards.

This makes careful hermetization of machines necessary; in practice

the accomplishment of this airtight sealing is fraught with severe
difficulties.

Mercury is heavier by far (16 times) than sodium-potassium alloys
and therefore can be used where limited speed of motion of contacts 1is
permissible. Essential deﬁig;encies of mercury are 1ts strong toxiecity
and its high vapor‘pressurg;.s;gqificantly.complicating the problem
of protection of service beréoﬁnél and giving rise to certain
undesireable phenomena.
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~ In connection with these deficiencies of mercury and Na-K alloys,
in the course of searching for another contact liquid for LSC we
iﬁVestigated low-melting alloys based on gallium. The studies included
the plotting of pyrometric curves of cooling and heating, density,
‘eI:ctrical resistance, and viscosity, and also investigation of other
propevties in laboratory conditions and on special experimental
installations which simulated the work of LSC (see Communicat.ons 1
.and 17).

As a result of the studies 1t was established that galiium alloys
have significant advantages over mercury and Na-K alloys and can be
effectively applied in LSC. A comparison of one of the variants of
gallium alloys with other examined low-melting metals and alloys is
presented in Table 2 (see Comm. 1). As can be seen, the gallium alloy
is' in the liquid state in a wide range of temperatures and has a
completely acceptable melting temperature (and also is inclined to
supercooling), comparatively low electrical resistance (3.5 times
lower than mercury, 1.3 times lower than Na-K alloys): and also
possésses certain other positive properties. It 1s relatively stable

,;ﬁuair (a film 3s formed on the surface of the alloy which protects

4t from further oxidation up to a temperature of approximately 500°C)
ﬁng;it‘has a low vapor pressure. It should be noted that in LSC for
Targe currents there i1s a danger of expulsion of the contact liquid
aﬂéftovthe electrodynamic force of the current, which can be balanced
byjcéntrifugal forces; in this case the light Na-K alloys turn out

to be inapplicable, wnile gallium alloys, possessing a density on the
order of 6.7 x 105 kg/m ensure the required magnitude of centrifugal
force and simultaneously_reduce friction losses in the contact as
comparéd to those with mercury.

ﬁﬁong fhe basic problems in the use of gallium alloys in LSC is
that of selecting structura. materials for the contacts which will be
éoﬁfbsion-resistant with respect to the given alloys. Special studies
on isothermic corrosion of a number of structural materials in gallium
gl;gys showed that the problem of selecticn of the required materials
can be splved successfully. It is also important to clarify the
magnitude of friction losses in LSC. Tests of LSC on the experimental

inst~lliation snowed that, other conditions being equal, the friction

FTH-HT~23-934-68 2
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losses with gallium alloy: are several times lower than tnose with
mercury (for example, at a selative speed of motion of the contact
surfaces of 45 m/s Jhe losses in a contact with a gallium alloy

were 6 times less than those with mercury, but 4.5 times greater than
with Na-K alloy).
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Fig. T4. Diagram of experimental installation for measuring
voltage <rop in LSC.

1 - upper conductor; 2 - electrical insulation; 3 - removable
contacts (8§ — gap between contact surfaces); 4 - contact liquid;
5 - lower conductor; L - current between contact devices.

An important factor in the evaluation of cvontact liquids is the
magnitude of LU, the voltage drop in the contact during current flow;
for reduction of overall losses in LSC this parameter must be minimum.
The transient drop was d<termined on a special experimental
installation (Fig. 74) with different materials in the contact surfaces
and for diffe.ent gaps 6, filled with contact liquid, between the
contact surfaces. Voltage was measured on dc¢ current directly between
the contact surfaces. In this way the transient, drop between the contact
surface of one pole and the contact liquid (directly on the layer of
contact liquid) and also that between the liquid and the contact
surface of the opposite pole were taken into account.

FTD-HT-23-934-68 3




Determination of voltage drop at higl. current densities, whi.n

:can e to;erated in powerful acyclic pulse generators, was accomplished
\E§¥: gasurement in the process of brief passage of current (for 2-3 s},

ﬁﬁffﬁé which voltage and current were oscillographed (approrriate means

......

;might ‘be induced in the procees of changing the current and the
" magnetic flux connected with it). The tests gave results (Fig. 75)
’ﬁhicﬁ permitted comparison of gallium alloys with materials of other

composition.
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" Pig. 75. Dependence of voltage drop in LSC on current density in
the contact.
1 - mercury, contact of steel 40Kh; 2, 3, 4 - alloys of Ga, In,
and Sn, with contacts of steel EI-69, steel 40Kh, and beryllium
bronze, respectively.

. The magnitude of the transient voltage drop depends in large
measure on the material of the contact surface and is sharply reduced

"in those chses where the given material 1s not corrosion-resistant

with respect to the contact liquid (Fig. 75, curves 3 and 4). It is
‘obvious that comparison of contact liquids should be made only on the

‘basis. of dava from tests with corrosion-resistant materials (Fig. 75,

qgryés 1l and 2). As is evident, the transient voltage drop in the

-contact with gallium alloy is two times less than in the case of
mepreury. It is known [104] that the transient voltage drcp between

é steel ring and an Na-XK alloy is, on the average, greater than that
when merdury is used.
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Thus galiium alloys prove to be more effective in LSC than
meicury and Na-K alloys.
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