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(ABSTRACT)

This paper includes a literature search of factors pertinent
to the performance of gold on gold slip rings. The search
summarizes previous findings and observations on contact
resistance, variational contact resistance during sliding,
friction, and wear of gold sliding systems. It also
summarizes an evaluation of four lubricants for use as

possible slip ring lubricants.
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1. Introduction

Slip rings are electro-mechanical devices which allow
for the transmission of electrical signals and power across
a rotating interface. One class of slip rings consists of a
conductive liquid, usually mercury, filled between two
cylinders which can rotate relative to one another. The
liquid provides the electrically conductive path between the
two cylinders as rotation occurs. However, the most
frequently used class of slip rings consist of a wiper which
rides upon a ring which rotates relative to the wiper. The
surface to surface contact between the wiper or brush and
the ring allows for the transmission of the electrical
signals. For the remainder of this report the later class
of slip ring will be considered.

Within the subject class of slip rings, there are many
types of construction and materials used depending on the
application and cost considerations of the user. However,
most precision slip ring applications can usually be grouped
into two types of construction by their respective brush
contact materials. One is the composite brush and the other
is solid wire brushes. The composite type brush is

typically graphite, molybdenum disulfide and sometimes



Teflon sintered into a matrix with silver, copper and/or
gold. The second type of slip ring contact material is
usually a solid alloy wire of gold and/or copper. Again,
the subject type of slip ring for this report will be
narrowed to the solid wire type slip ring contact material
and specifically gold alloy brushes on gold alloy rings
commonly referred to as gold-on-gold construction.

Gold-on-gold construction has been the subject of
research for several decades due mainly to its being a
bothersome component in missile guidance systems. These
specialized systems typically require long life, low
friction, low electrical noise during rotation, and high
reliability from slip rings when they are employed. Today,
the market for slip rings as a part of guidance systems has
been reduced mainly due to the advent of the ring laser
gyro, an optical device. However, many new military and
commercial applications are emerging which require the same
type of technology and reliability.

The most interesting point in the study of sliding
electrical contacts is that in most applications metal-to-
metal sliding contact is typically avoided due to friction
and wear problems which may occur. 1In slip ring
applications however, metal-to-metal contact, resulting in
low electrical contact resistances between the brush and the

ring, is essential to the success of the system. The



problem is to provide metal-to-metal contact without

excessive wear and friction.



2. Literature Review



2.1 Review Objectives

The purpose of this literature review is to gain a
basic understanding of the past research and theories as
applicable to the design and performance of sliding
electrical contacts, i.e. slip rings. There are many "rules
of thumb" applied in the design and manufacture of slip
rings today. By understanding the basis and origins for
these "rules of thumb", better design practices and
evaluation methods may be developed.

There are three basic mechanical/electrical design
considerations when designing slip ring: one (1) electrical
resistance, two (2) friction and/or torque, and three (3)
wear. These three performance properties are generally
interrelated.

Electrical resistance in a slip ring can be broken into
three parts. The first is the steady state or nominal
resistance of the slip ring circuit. This is basically a
bulk material property of the materials used. It is
important from a heat generation and power dissipation stand
point. This part of the resistance will be ignored in
this report since it is generally understood. The second

type of resistance is the surface contact resistance between



the brush and ring. This resistance is influenced by the
surface properties of the materials and surface film layers.
This author will make a distinction between constriction
resistance and film resistances. Both together will compose
the total contact resistance. Closely related to the
contact resistance is the variation of resistance as the
slip ring is rotated. This variation with rotation is
generally referred to as "noise" since it can affect the
integrity of the electrical signal being conducted. Even
when not critical to the application, noise has historically
been used as a product quality gauge of the slip ring.

Slip ring friction and/or torque is important from a
system view point. Many systems into which slip rings are
incorporated are size and weight sensitive. A slip ring
which exhibits greater starting and running torque requires
larger and heavier motors and drives to produce the needed
torque.

Wear is synonymous with life and is always important.
The total serviceable lifetime of the system in which the
slip ring is installed is often determined by the wear

characteristics of the slip ring.



2.2 Conduct of the Search

Sources of material for the search started in the
technical library of Electro-Tec, a small corporation in
Blacksburg, Virginia whose major endeavor is the design and
manufacture of precision slip ring assemblies. The company
has been in operation for over forty years. During these
years it has accumulated documentation from government, end
users and their own research projects into the nature and
problems of slip ring performance. Many of the documents
contained in this collection would be impossible to obtain
otherwise.

The Carol M Newman Library provided the next location
of materials. Blacksburg is ‘often called the slip ring
capital of the world due to the two largest slip ring
manufacturers in the country being located there. These two
companies have sponsored projects at Virginia Tech and some
project summaries are located with the library. The library
also provided many pertinent books and articles which were
referenced in the research documentation found at Electro-
Tec. These references provided much needed background

information.



2.3 Findings of the Review



2.3.1 Contact Area

Early investigators into friction and wear concluded
that no surface is perfectly smooth. These investigators
included Amontons (1699), Coulomb (1785), and Morin (1833).
When any two mating surfaces are brought together, they
touch only where surface asperities are properly aligned.
These asperity contacts are sometimes referred to as "a"
spots. Figure 2.1 illustrates a typical mating contact
structure. These limited contact areas result in a
distinction between the "real contact area", the total area
of actual "a" spot contact, and the "apparent contact area",
the total area in which all "a" spots are contained.

As the mating force between two surfaces is increased,
the mating asperities are deformed, increasing the area of
contact at each "a" spot. In practice, the mating force
cannot be increased to a point where the actual and apparent
contact areas are equal. The nature of the deformations can
be either elastic or plastic depending on the contact force

applied at each "a" spot and the geometric configuration of
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Typical Contact Micro-structure

Figure 2.1

Typical contact micro-structure between two mating surfaces.

The regions of contact are referred to as "a" spots.
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the contacting asperities. Heinrich Hertz (1881)1 developed
the classical equations to define the macroscopic
distribution of stress, size and shape of elasticity
contacting bodies. His equations predict the contact area
for elasticity deformed members is proportional to the
applied load to the two-thirds power. For plastically
deformed asperities, the equations are somewhat different
and the relationship is area is directly proportional to the

applied load.?

1 A more complete discussion can be found in the
following references:
Ref. 13 pp 29
Ref. 12 pp 35
Ref. 9 pp 10
Ref. 3 pp 2-3
2 Ibid.

11



2.3.2 Surface Films

Holm3 classifies surface films on electrical contacts
by their composition in three groups: (A) Pre-tarnish films
such as a chemisorbed monolayer of oxygen which on base
metals can develop into tarnish. (B) Tarnish films such as
an oxide which contain, as one constituent, the base metal.
(C) Alien films such as lubricant, water wvapor, and
frictional polymer.

Oxygen forms a pretarnish film on gold surfaces#4.
However due to the nobility of gold, the bonds are too weak
to produce tarnish films. The film layer does not grow
beyond a chemisorbed monolayer.

In general, noble metals do not form tarnish films.
However, tarnish films can be a problem in sliding
electrical contacts when base metal substrata such as copper
are electroplated with gold. This construction is common in
order to reduce the slip ring cost. The electro-deposited
gold is generally porous and allows the copper to diffuse to

the surface. A common practice is to plate a nickel layer

3 Ref. 2 pp 102
4 Ref. 2 pp 104

12



before plating the gold. The nickel serves as an effective
diffusion barrier to the copperS.

Alien films, other than purposely applied lubricants,
can create problems in electrical slip ring contacts due to
their insulating properties. Some alien films on noble
metals, such as water vapor, are relatively benign.
Experiments, cited by Holm® conducted by Bowden and
Throssell?, showed no evidence of water film formation of
more than two monolayers on platinum and gold foils.
Antler$8 citing the work of Salmon? states that several Torr
of water vapor is required for water vapor to affect the
performance of precious metal sliding contacts. However,
the presence of trace dust particles can reduce the water
vapor concentration requirement due to its hygroscopic
nature.

The most troublesome alien films are tough polymer films
resulting from atmospheric condensation or from the
formation of frictional polymers during sliding. AntlerlO,
‘citing the independent works of Chaikinll and

Chiarenzellil?, states that metals in the platinum group can

5 Ref. 28 and 36
6 Ref. 2 pp 114
7 Ref. 16

8 Ref. 18 pp 4

9 Ref. 19

10

Ref. 18 pp 4
11  Ref. 20
12 Ref. 21
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slowly form insulating organic surface films in the absence
of sliding. Hornl3 also found these films on gold alloys.
These films are sometimes referred to as "static polymer".
Hermance and Eganl4 found that friction between noble metals
produced tough "frictional polymers". They found, palladium
and platinum produced the most, gold produced smaller
amounts, and silver produced none. A variety of organic
chemicals were found to produce these polymers given the
vapor concentrations were high enough. Concentrations of
fifty parts per million were found sufficient for polymer
formation. Furrl® in his investigations of 24 carat gold
ring material and gold alloy brushes found a brownish or
black residue which appeared after various intervals of
continuous or oscillatory rotation. The material was found
concentrated in the region of contact. Furr, after analysis
of the residue, concluded that it was organic in nature but
he could not determine the origin of the compounds.
Rabinowiczl6 found that during sliding tests of slip rings
there was always some polymer formation on coin silver rings
as well as on coin gold and Paliney 717. The amount of

polymer depended almost entirely on the ring material and

13 Ref. 57
14 Ref. 14
15  Ref. 6
16  Ref. 17
17  see. Appendix for composition

14



10 .0

Figure 2.2 Static Surface Film

A static surface film which was formed during exposure of
gold surface to laboratory air for six hours. Taken from
Antler, Reference 23
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not on the brush material. Rabinowicz and Webberl8 found

increased temperature and not vapor concentration affected

the rate of polymer formation. Increases of temperature from

24 C to 66

frictional

Methods of

attempted.

C resulted in 10 fold increases in the amount of

polymer produced.

reducing frictional polymer formation have been

Hermance and Eganl® attempted to alloy arsenic

with sliding contact materials but were unsuccessful in

reducing polymer formation. Others have tried a variety of

polymer poisons with varying success including lead

sulfide20 and antimony2l as alloy constituents and lead

tetraethyl?? as an atmospheric vapor additive.

Antler23,24,25 describes another type of polymeric

organic contaminant which can be codeposited during the

electrodeposition of metals. Plating which occurs at low

efficiencies can entrap organics within the bulk electro-

deposited material. These polymeric codeposits can affect

friction and wear characteristics of the materials.

18
19
20
21
22
23
24
25

Ref.
Ref.
Ref.
Ref.
Ref.
Ref.
Ref.
Ref.

38
14
39
40
38
22
23
32
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2.3.3 Resistance

When two metallic surfaces are brought into contact,
an appreciable resistance to the flow of electrical current
results at the interface. This resistance is typically much
larger than the bulk resistivity of the of the mating
metals. The overall resistance of the interface results
from several factors. Constriction resistance results from
the reduction of apparent area of metallic contact to the
real area of metallic contact. The tunneling effect?6 is a
quantum mechanical phenomena which allows conduction across
thin films and vacuums between surfaces. Fritting is the
occurrence of arcing between surfaces due to the rupture of
insulating films or the "jumping" of vacuum gaps. Another
factor which will not be discussed in any detail is the
presence of colloidal wear particles which may serve to
reduce overall resistance?”.

Haber128 conducted extensive tests of slip ring contact
resistances. His apparatus consisted of a 0.254 mm (0.01

inches) diameter Ney Oro G2°2 brush which rode in a 90 degree

26 gee. Ref. 2 pp 118 for full description
27 Ref. 37

28 Ref. 3 pp 7-28

29 See appendix for composition

17



V grooved slip ring. The applied brush loads ranged from

4.905 mN to 98.1 mN (0.5 gf to 10 gf). Conclusions of his

study included:

Clean contacts30 loaded with brush loads less than
29.43 mN to 49.05 mN (3 to 5 g¢) provided inconsistent
data. The reliability of the data was considered worse

for both wet or dry lubricated contacts at the same

Measurements taken after sliding showed lower contact
resistances. The values lowered with increased run-in,
but improvement ceased after a few thousand
revolutions. Brush loads less than 29.43 mN to 49.05

mN (3 to 5 gf) still provided inconsistent

Lubricated sliding contacts appeared to develop lower

contact resistances than clean, dry contacts.

1.
loads.
2.
measurements.
3.
30

Clean as defined by Holm (Ref. 2 pp 27) means that the
surface shall not be covered with more than a small
fraction of a monofilm and, of course, carry no alien
insulating particles such as dust. The test specimens
were cleaned with alcohol to remove any films or wear
debris from previous tests.

18



2.3.3.1 Constriction Resistance

Holm31 derives the classic equation for the

constriction resistance of a single "a" spot as:

P*P,

4xq

R.=

Where R 1is the constriction resistance

[2 and ﬁ% are the bulk resistivities

of the two contacting materials

a is the circular radius of the "a"
spot

Substituting in the relationship for elastic load and

contact area previously discussed and assuming a circular

contact area:

PP,

R‘x4xp%

Where P is the applied load

Similarly for plastic deformation of the members:

31  Ref. 2 pp 9
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