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Summary

Rotating current transmission devices with contact systems
of precious metals or precious metal coatings are mainly
used when high requirements are made on the quality of
the current transmission, the operating life and the ease
of maintenance. Basically one has to differentiate between
sliding contacts with and without current interruption [1].

= Uniform movement of the sliding contacts over an
interrupted contacting surface (miniature DC motors)

= Sliding of the pick-up contact while current is flowing
over the contact segments to a new stationary position
(rotary switch, push switch)

= Uniform movement of the sliding contact over a closed
contact surface (slip ring)

Typical designs for continuous current transmission are
cylindrical slip rings or flat transmission systems with circuit
boards. The electrical load spectrum ranges from data
transmission to energy transmission. For the transmission
of higher currents (> 2A), depending on the application,
several precious metal sliding contacts are arranged parallel
to each other on a contacting surface. In this way, current
loads up to 400 A can be transmitted in the cable drums
of cranes, welding robots or generator applications in
wind turbines.

This work examines the contact behaviour of precious metal
sliding contacts in combination with precious metal coated
contact ring assemblies for continuous current transmission
and describes possible designs of sliding contacts.

Introduction

Reliable signal transmission is assured if oxide formation
and corrosion at the contact points can be avoided.

In this case, sliding contacts of wires or stamped springs
of wear resistant gold or palladium alloys are used.
Besides the versions using solid precious metals, solutions
are also employed which make use of welded materials [2].
For economic reasons electroplated non-precious metal
rings or circuit boards with structured conductor lines are
often used. In the case of axial slip rings the contacting
surface often has a V-shaped profile so that when sliding
contacts in the form of wires are used the contacting
reliability is increased by the two contact points and the
guidance of the sliding contact is improved.

In wind power generators, for example, an operating

life of 7 - 10 years is required with a rotational speed

of approx. 25 1/min. That is equivalent to 100 million
revolutions or a linear performance of approx 17,000 km
for typical contact ring diameters of 50 — 60 mm.

In order to guarantee trouble-free current transmission
when the operating life reaches its end, the precious
metal surface within the sliding track must still be
sufficient at this stage and sliding contact wires of solid
precious metal may lose at most 50 % of their diameter
through wear if bending of the spring wires is to be
avoided. The figures below show a typical slip ring with
several current tracks for signal, data and control current
transmission. For signal and data transmission a V-shaped
pair of sliding contacts are set up for each current path
and, depending on the load, several sliding contact pairs
are used parallel to each other for the transmission of
control currents > 2A.

In practice the slip rings are often lubricated with fully
synthetic, low viscosity oils which are temperature resis-
tant [3]. The comparative operating life experiments were
carried out using individual solid precious metal sliding
contact wires and electroplated or sputter-coated [4]
contact ring assemblies without lubrication.

Construction principal of a slip ring
left: sliding contact arrangement, right: contact ring assembly
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Experimental

[2.1] Materials for slip rings

The purpose of this work is the investigation of the quality
of current transmission and the wear behaviour of new
precious metal contact material combinations in compa-
rison with the arrangements used at present.

Electroplated and sputtered layers on nickel plated

(4 um) brass slip rings were examined. The sliding contact
materials consist of the spring-hard precious metal alloys
Au-20Ag-10Cu (Hera238) and AuPdAg with alloying
additions (Hera277) with a hardness of approx. HV 250.
The operating life tests were carried out in the combina-
tions shown in Table 1.

Material combinations investigated

Sliding contact material

Hera 238 Hera 277
Slip ring surface AuAgCu AuPdAg
Reference:
AuCuCd electroplated 6 — 8 um X X
Alternativ surfaces:
Ru — Au sputtered 4 pm X
WC — Au sputtered 4 um X
AgSn20 electroplated 4 um X X
AgSn20-Au (flash) electroplated 4 pm X X
Au (hard) electroplated 4 um X X
Coating system 1 electroplated 6 — 8 um X X
Coating system 2 electroplated 6 — 8 pm X X

Coating systems 1 and 2 are newly developed electro-
plated layer combinations which economise on precious
metal. There is approx. 50 % reduction in the gold
content compared with the hard gold coatings used

at present. Wear resistance and good sliding properties
characterise the coating systems.

Slip ring

Contact wire 2

Lahoratory test arrangement for the investigation of contact materials
for slip rings

[2.2] Test method

The tests were carried out on a model apparatus [5]
with the following parameters:

Electrical load: 24 V DC / 2A / ohmic
Contact force: 2 — 3 cN

Spring length: 45 mm

Sliding contact wire: d = 0,5 mm

Slip ring assembly: d = 60 mm
Rotational speed: 200 — 300 1/min
Greasing: none

Number of revolutions: max. 10 million

The photo above shows the contact arrangement
consisting of spring wires and slip ring. The current is
fed in via contact wire 1 and taken off via contact wire
2 in a separate track so that there is no need for further
current feeds.

The experiments were carried out in an accelerated test
with an increased rotational speed so that comparative
results would be available within an acceptable period
of time of max. 4 -5 weeks.

The rotational speed was set to max. 300 1/min under the
condition that, at the beginning of each test, the quality of
current transmission is comparable with that found at the
rotation speed of 25 1/min used in practice. This means
that there should be no rebound of the contact wires which
would, in turn, cause arcs with increased material wear.

Failure criterion: Increased voltage drop caused by
rebounds / arcs between contact wire and slip ring, by
the wearing through of the slip ring surface, or by the
total wearing out of the contact wire. The tests were
terminated after max. 10 million rotations.

Contact wire 1




Figure 3.1: Sliding contact Hera277 at the end of the test after n = 10 million revolutions vs. AuCuCd surface

Figure 3.2: Sliding contact Hera238 at the end of the test after n = 10 million revolutions vs. AuCuCd surface

Results

Besides good wear resistance and high electrical conduc-
tivity, interruption-free current transmission is of decisive
importance for the use of contact materials in slip rings.
In order to obtain information on the contact reliability of
the material combinations used, the voltage drop between
the contact wires and the slip ring was recorded at inter-
vals using an oscilloscope. In the following we will com-
pare several typical oscillograms, voltage changes depen-
dent on the number revolutions, slip ring surfaces and
contact wires at the end of the test.

Diagram 1 summarises the voltage drop between

the sliding contacts and the slip ring with the reference
combinations as a function of the number of revolutions.
In combination with the sliding contact alloy AuPdAg
with alloying additions (Hera277) current transmission
was achieved up to the end of the test without rebounds,

as is demonstrated by the relatively constant voltage level.

No significant wear was observed on the sliding contact
(Figure 3.1) or the sliding track, see Figure 3.3, sliding
track 1.
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Diagram 1:
Change in voltage drop during operating life test with the slip ring
surface: AuCuCd

On the other hand a shorter operating life was achieved
with the AuAgCu (Hera238) sliding contact in combina-
tion with AuCuCd. After only approx. 5 million revolutions,
short interruptions with arc formation occurred due to
increased frictional wear. Initially these only appeared
locally on the sliding track circumference.

Due to the formation of arcs, the slip ring surface was
subjected to local melting, which can be clearly seen in
Figure 3.3, sliding track 2. Starting from one or more
such points, surface wear was initiated over the entire cir-
cumference of the slip ring.

Sliding
track 2

Sliding
track 1

Figure 3.3: Slip ring surface AuCuCd with incipient arc erosion
on sliding track 1
Sliding track 1: Sliding contact Hera277
Sliding track 2: Sliding contact Hera238

At the end of the test, the sliding wire Hera238
(Figure 3.2) and the sliding track had been completely
destroyed by spark erosion and mechanical wear.






