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() Electrical contact assembly.

@ An electrical contact assembly between two conducting
elements disposed face to face comprises wedge-shaped
graphite inserts (26) located in similarly shaped grooves (22)
in one of the faces {20). One end of each insert {26) lies short
of the end of the groove (22) and the other end is proud of the
face (20}, so as to make good electrical contact with the other
face (34) when the two faces (20, 34) are pressed together.
The invention achieves good electrical contact and conduc-
ton of current in applications where this has proved difficult
in the past. Particular examples are clamps for graphite
electrodes and connections to steel billets used as electrodes
in an electro slag refining process.
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"Electrical Contact Assembly"

The present invention relates to contact
assemblies and seeks to provide a contact assembly which
will give an adequate electrical contact between two
conducting elements disposed in face to face relationship
and which will permit satisfactorv passage of electricity
and heat without demanding impracticably fine tolerances
in manufacture of the various parts.

There are various applications in which electrical
currents must be passed between two opposed faces which
are clamped together or biassed towards each cther by
spring force or gravity or-the like, a particular and
important example being the feeding of electrical current

to an electrode.
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Clamps for cylindrical graphite electrodes, such as
are used on an electric arc furnace, are normally made
from cast or wrought copper and often include passages
for water cooling.

In recent years, and in order to reduce the con-
sumption of the graphite electrode, a technique has been .
developed of coating the graphite with aluminium and a :
large number of electric arc fu;naces have been convertec

to use the aluminium coated type of electrodes. This

has produced the result that, whereas previously a direci

copper contact was satisfactory between the clamp and th
electrode, a different system had to be devised for the
aluminium coated electrode, because it is impracticable
to make contact between copper and aluminium, particular;
in hot conditioms. |

For this reason the present practice is to provid.
the electrode clamp with two graphite pads to give the |
required electrical contact between the clamp and the
coating of the electrode.

This has given rise to disadvantages in that the é
large surface areas of both the curved and the flat faceg
demand a high degree of dimensional and angular accuracf’
which is vital in order to achieve good electrical and i
thermal transfers. In practice it is found that the tol% 8
erances of the various parts cannot be kept within such ; -

strict limits as to ensure good contact surfaces. Furth-
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more, it is difficult to ensure dirt is not trapped
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between the copper and the graphite insert. This in
turn results in a poor transfer of heat and in arcing,
and this in turn damages the copper electrode clamp.

Another type of connection is.to be found in the
electro slag refining process, where the electrode is
constituted by a steel billet, Electric current is fed
to this billet through a stainless steel pad which is
welded onto the top of a stainless steel bar which in
turn is welded to the top of the billet. The stainless
steel pad is supported on a fork which carries the weight
of the assembly and through which the vertical height can
be controlled so that an arc is maintained on the bottom
of the electrode.

At the present time, in order to commect one phase
of the electrical supply to each of the three billets
representing the three electrodes, a copper stub clamp
is used which is shaped to fbrm two-line contacts with
the top face of the stainless steel pad and which is
mechanically loaded with approximately nine tons to
maintain the necessary electrical contact between the
copper stub clamp and the steel pad and also tovretain
the pad securely on the fork. Owing to the relatively
low conductivity of stainless steel, it is often found
that when a large current is applied between the line-
contacts of the stub clamp and the surface of the stain-
less steel pad, there is local over-heating and subse-

quent demage to the contact faces,
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¢ii{erent tvpes of electrode.

According to the present invention we provide a
contact assembly capable of passing large electrical
currents, the assembly comprising two conducting elements
disposed face to face, a plurality of insert-receiving
grooves in one of the faces, each groove having opposed
side walls which converge away from the face, a plurality

f wedge-shaped graphite inserts in the grooves, each

o

insert being shaped to fit between the convergent walls
of a groove, leaving one end of the insert spaced from
the end of the groove and the other end of the insert

proud of the said one face, the said other end of the

=l

nsert being of a shape to make electrical contact with
the other of the faces, and means whereby the two con-

ducting elements press towards each other giving good

g
electrical contact between the graphite inserts and the
two conducting elements and therebv a path for the elect-
rical current from one conducting element to the other
through the graphite inserts,

It is preferred that at least four carbon inserts
be used, The wedge angle between the side walls of the
grooves and of the graphite imserts should be such as to

ive sufficiently firm pressuwe between the graphite in-

)

erts and the sides of the groove on the one hand and the

»n
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.2i¢ other of the faces on the other hand to provide
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adequate electrical contact between these parts, whilst
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permitting slight movement of the inserts under pressure

to take up any inaccuracies in the said other of the faces.

N

The invention will now be described in further ¢
detail with reference to the accompanying drawings, whereiné;
Fig., 1 is a perspective view of an electrode clamp -
for a cylindrical graphite electrode as at present employedé;
Fig. 2 is a plan view, the top half in section, of g‘
one form of clamp for a graphite electrode incorporating .
a contact assembly according to the present invention;
Fig. 3 is a section on the limne III-III of Fig. 2;

Fig. 4 is a side view and end view of ome of the

graphite inserts of the clamp;

Fig. 5 is a side view of the upper end of the

support and contact for an electrode billet for the electro
slag refining process, showing the electrical connection
thereto, being a contact assembly according to the present
invention; and v
Fig. 6 is a plan view thereof.

Fig. 1 shows a clamp of known type consisting of

a copper cast body 10 provided with a bus tube connection
1¢ and having conduits 17 to lead water to and from water-

cooling passages, which are not shown in this figure but

may be the same as those illustrated in Fig. 2. Two
graphite pads 17 are held by top and bottom retaining

plates 14 and lie within machined recesses in the body 10.
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The rear face of each of the graphite pads 12 is plane,
whereas the front face is curved to the radius equivalent
tc the radius of the electrode which is to be clamped andr
the two graphite pads when in position having a common
axis for the radii of the curved surfaces.

The clamps illustrated are used with a clamping
band to grip the cylindrical graphite electrodes; in
other forms of construction more than omne clamp may be
arranged around the electrode with a suitable mechanism
to cause the clamp segments to grip the electrode. How-
ever, a2s previously explained, trouble has been caused
through high resistance contact, arcing and poor heat
transference from the electrode,

Figs, 2 and 3 show an electrode clamp according to
the present invention. The body 10 of the clamp is made
from cast copper with the usual bus tube conmection 16
and is provided with water passages 18, the comstruction
of which will be well-known to those skilled in the art.

The body 10 is formed with ten longitudinal, verti-
cal grooves 22 in its cylindrical electrode clamping face
20. The side walls 24 of each groove are planar and form
between them a small included angle so that each groove is
a wedge-shaped recess, In each recess is placed a graph-
ite insert 26, as shown in the upper part of Fig.2. Each
insert, seen in detail in Fig. 4, is similarly wedge-

shaped to the grooves 22 with side faces 28 having the
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same included angle as the side walls 24 of the groove.

The rear face 30 can be planar and the front face 32

given a curved surface of the same radius as the outer
surface of an electrode which is to be clamped. An out-
line of part of such an electrode is shown in broken lines
at 34 in Fig. 2. The ends 36 of the inserts are chamfered,
so that the inserts can be held in position by a bottom
retainer 3¢ made of non-magnetic steel and upper aluminium
bronze retainers 40,

When the clamp is to be used for clamping an elect-
rode, the inserts 26 are comparatively loosely wedged in
the wedge-shaped grooves 22, When clamping pressure is
applied between the clamp shown in Fig. 2 and a clamping
band on the other side which is not illustrated, the
clamping pressure between the clamp and the electrode
forces the inserts 26 into their respective grooves and
creates good electrical contact on the one hand between
the electrode and the inserts and between the inserts
and the clamp.

The function of the bottom and top retainers 38
and 40 is of course to hold the inserts in position before
clamping pressure is applied. As seen in Fig. 2 there are
two top clamps 40, each comprising an aluminium bronze
member which is cast with four inwardly directed fingers
42 and two inwardly directed flanges 44,46 at the ends,
these flanges having slots 48 which enable the retainer
to be held in position under spring loading from headed

bolts 50 screwed into the clamp body 10. .
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C0f the five graphite inserts 26 which are retained

by each retainer 40, four of the inserts are held by the
fingers 42 and one by the end flange 46. When it is
desired to remove one of the inserts, it is only necessary :
to slide the upper retainer so that the fingers 42 on the ‘
one hand and the flange 46 on the other hand move away
from the top of the respective inserts, after which the
insert can be removed by imnserting a suitable instrument
behind it, i.e. between the rear of the insert and the
end of the groove, and wedging the insert outwards.

The included wedge angle between the side walls
24 of the grooves 22 and the side faces 28 of the inserts
26 should be sufficiently high to ensure the adequate

contact which is required and sufficiently low to permit
the slight movement which is necessary when the clamping
is effected. 1In theory the optimum angle might well
differ as between the grooves which are nearer the centre
of the clamp and those which are nearer the two ends,
since any movement of the clamp towards the electrode willg
cause greater movement of the central imsert than those ‘
at the ends. On the other hand, it would be a disadvantagé‘
of having different wedge angles that the inserts would a
not be interchangeable from one groove to another, At
present we prefer to have the same angle for each of the
grooves and an included angle of 14° has been found to be

satisfactory with one particular grade of graphite. P
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As can be seen from Fig, 2, the effect of the
wedge-shaped inserts is to provide a large contact surface
with the electrode where the larger front faces 32 of the
inserts contact the outer periphery of the electrode., It
can be readily seen that the clamp which is shown in the
drawings could be made with a smaller number of larger
inserts or a larger number of smaller inserts., Where
there are a large number of inserts it may even be found
unnecessary to form the front surfaces with a cylindrical
surface,

Fig., 5 shows the upper end 52 of a stainless steel
bar which is welded to the top of the steel billet (not
shown) which becomes an electrode in the electro slag
refining process. To the upper end of the stainless steel
bar 52 is welded a stainless steel pad 54 which is 50 mm
in height, 356 mm in length and 240 mm in breadth, Four
wedge-shaped grooves 58 are located lengthwise through the
upper face 56 of the bar 54 and in each of these grooves
is a wedge-shaped insert 60, As with the arrangement of
Figs. 2 to 4, the inserts 60 have their lower end spaced
from the end of the groove and the upper end proud of
the face 56 as seen in Fig. 5. In this case the electric
supply is from a stub clamp the underface of which is flat
(this stub clamp being indicated as 62 in chain lines in
the drawings) and in comnsequence the upper end of each
insert 60 presents a flat face to register with the flat

bottom face of the stub clamp. When pressure is applied
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tc the cstub clamp in order to weigh it dowvn onto the pad
54, good electrical contact is made with the inserts 60;

if any of these are initially standing proud of the others,
the effect of the clamping pressure is to push it down

into its groove so as to level out the top surfaces to

the level of the lower face of the stub clamp whilst
maintaining excellent electrical contact both with the

stub clamp and with the pad 54,
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CLAIMS :

1. A contact assembly capable of passing large
electric currents between two conducting elements dis-
posed face to face characterized by a plurality of
insert-receiving grooves in one of the faces, each
groove having opposed side walls which converge away
from the face, a plurality of wedge-shaped graphite
inserts in the grooves, each insert being shaped to
fit between the convergent walls of a groove, leaving
one end of the insert spaced from the end of the groove
and the other end of the insert proud of the said onme
face, the said other end of the insert being of a shape
to make electrical contact with the other of the faces,
and means whereby the two conducting elements press
towards each other giving good electrical contact
between the graphite inserts and the two conducting
elements and thereby a path for the electrical current
from one conducting element to the other through the
graphitg inserts.

2. A contact assembly according to claim 1 having
at least four graphite inserts.

3. A contact assembly according to claim 1 or
claim 2 wherein the wedge angle between the side walls
of the grooves is such as to give sufficiently firm
pressure between the graphite inserts and the sides of
the groove on the one hand and the said other of the

faces on the other hand to provide adequate electrical
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contact between these parts, whilst permitting slight
movement of the inserts under pressure to take up any
ineccuracies in the said other of the faces.

4L, A contact assembly according to claim 2 wherein
the said wedge angle is approximately 14°,

5. A contact assembly according to any one of the
preceding claims wherein the two conducting elements
are the curved body of a clamp and the rounded surface
of an electrode held by the clamp.,

6. A contact assembly according to claim 6 wherein
the electrode is a cylindrical graphite electrode.

7. A contact assembly according to claim 6 wherein
the graphite is coated with aluminium,

8. A contact assembly according to any one of
clzims 1 to 4 wherein the two conducting elements are
a contacting element attached to a steel billet form-
ing an electrode and a clamp biassed towards said

contacting element,
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