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ELECTRICAL CONNECTIONS USING DISCRETE, 
ELECTRICALLY-CONDUCTIVE PARTICLES 

This invention relates to electrical connections and, 
more particularly, to methods of establishing electrical 
connections, and also to devices that include electrical 
connections. ' 

A problem has been experienced in establishing a re 
liable electrical connection to a very thin conducting 
element, for example, to ?exible metallic foil. It has 
been proposed that this problem may be overcome by 
clamping the element between two substantially rigid 
metal plates and by providing at least one of the metal 
plates with a plurality of sharp projections which bite 
into the surface of the conducting element. The con 
nection so established is _not entirely satisfactory in 
practice because the projections tend to tear the con 
ducting element. Furthermore such a connection suf 
fers from the disadvantage that expense is involved in 
the necessary preforming of the metal plate to provide 
the sharp projections. 

It is an object of the present invention to provide a 
solution to the problem which is satisfactory in practice 
and which obviates the need for the preforming opera 
tion. 
According to a ?rst aspect of the present invention 

there is provided a method of establishing an electrical 
connection between a pair of electrically-conductive 
members by clamping the members to one another, 

- characterised by the provision of discrete, electrically 
conductive particles between the members. 

Preferably the method includes the steps of coating 
one of the members with a layer of adhesive, and'of 
causing the particles to adhere to the adhesive layer. 
According to a second aspect of the present inven 

tion there is provided a device that includes an electri 
cal connection, comprising ?rst and second electrical 
ly~conductive members, and discrete, electrically 
conductive particles under pressure between the mem 
bers to establish electrical connection therebetween. 

Preferably the ?rst member is coated with a layer of 
adhesive, and the particles adhere to this layer and im 
pinge on the ?rst member through the adhesive layer. 
The adhesive may be a thermo-setting adhesive. 
The particles may be of metal. 
The ?rst member may be a relaitvely thin conducting 

element. 
The element may be clamped between the second 

member and a third electrically-conductive member, 
and, in such a case, a pad of resilient material may be 
interposed between the element and the third member. 
According to a third aspect of the Present invention 

there is provided an electric heater comprising a heater 
element in the form of a strip of electrically resistive 
material, a pair of terminals for establishing electrical 
connection to respective ends of the element, and dis 
crete, electrically-conductive particles disposed under 
pressure between the element and each terminal. 

Preferably the element is coated on one surface with 
a layer of adhesive to facilitate mounting of the element 
on a surface to be heated, and the particles adhere to 
the adhesive layer and impinge on the element through 
the adhesive layer. 
The surface of the element remote from the adhesive 

layer may have bonded thereto a layer of electrically 
insulating material. 
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2 
The element may be supported by a readily remov 

able backing layer. 
One form of electric heater, for a glass rear wind 

screen or a window of a vehicle, including an electrical 
connection in accordance with the present invention 
will now be described, byway of example, with refer 
ence to the accompanying drawings in which: 
FIG. 1 is a partly-broken-away plan view of the 

heater; 
FIG. 2 is an enlarged perspective view of part of a ter 

minal for the heater; . > . 

FIG. 3 is an enlarged, exploded view of the terminal 
on the line III-III of FIG. 1 prior to ?nal assembly of 
the terminal; and 
FIG. 4 is an enlarged end view of the terminal after 

?nal assembly. ’ > 

The heater of FIG. 1 is manufactured as follows. A 
rectangular laminated sheet, approximately 23% in (60 
cm) long by 10 in (25v cm) wide and approximately 
0.0015 in (38 pm) thick, is produced comprising a 
layer of aluminium foil bonded to a layer of plastics ma 
terial ?lm, for example, a polyester such as that sold in 
the United Kingdom under the Trade Mark MELINEX.‘ 
Preferably the metal foil layer and the plastics film 
layer have similar thicknesses. The exposed surface of 
the aluminium foil layer (that is, that surface opposite 
the plastics ?lm layer) is coated with a cross-linked, 
acrylic-based thermosetting adhesive coating, and a 
fairly thick sheet of backing paper or card having simi 
lar rectangular dimensions is then applied to this adhe~ 
sive-coated surface. The backing is conveniently a 
polythene coated, silicone release, heavy Kraft paper 
which has a polished or smooth surface to render it 
readily separable from the aluminium foil and polyester 
film laminated sheet. ' - 

The so formed sheet is subjected to a stamping opera 
' tion from the polyester ?lm side (that is, the side oppo 
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site the backing paper). The pattern that is stamped is 
one of long narrow strip form such that the strip follows 
a sinuous path. As shown in FIG. 1, this sinuous path 
comprises four generally parallel sections of substan 
tially similar longitudinal extent, the sections having re 
spective pairs of parallel coextensive lengths 2 and 3, 
6 and 7, 8 and 9, and 11 and l2_extending longitudi 
nally of the said so-formed sheet. The lengths 2 and 3 
of the ?rst section are ' joined to one another at one end 

by a short end piece 4 and vat the opposite end by an 
end piece 5 that continues on and forms the end piece 
at one end of the lengths 6 and 7 of the second section. 
The opposite ends of the lengths 6 and 7 are joined to 
one another and to one end of the lengths 8 and 9 of 
the third section by an end piece 10. Similarly, the op 
posite ends of lengths 8 and 9 are joined to one another 
and to one end of the lengths 11 and 12 of the fourth 
section by an end piece‘ 13. The opposite ends of 
lengths l1 and 12 are joined to one another by an end 
piece 14 that continues on towards the ?rst section 
where it terminates in a wider portion 15. An adjacent‘ 
wide portion 16 is joined by a short narrow piece 17 to 
the end piece 4 of the ?rst section. The end pieces 4, 
5, 10, 13 and 14 extend in a direction at right angles to 
the direction of the lengths 2‘, 3, 6, 7, 8, 9,11 and 12. 
These lengths have a width of approximately 0.09 in 
(2.3 mm). 
The depth of cut provided by the stamping operation 

.is sufficient to pass wholly through both the aluminium 
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foil and the polyester film and slightly into, but not 
through, the backing paper.. 
Thus as shown in FIG. 1, the sheet of backing paper 

20 supports adhesively only a long, narrow sinuous 
strip 22 (of aluminium foil 24 bonded to polyester film 
26) after the remaining larger area residue (not shown) 

. of the aluminium foil 24 and the polyester ?lm 26 has 
been peeled away from the sheet of backing paper 20. 
Another paper sheet 25 (only part of which is 

shown), having similar. dimensions to sheet 20, is 
coated on one side surface with a low-tack adhesive. 
This adhesive-coated surface is applied to the sheet 20 
supporting the strip 22 so that the strip 22 is sand 
wiched between the sheets 20 and 25. The thickness of 
the sheet 25 is not very important although the thicker 
it is the more rigid support it will give to the strip 22 
during installation (described below). The sheets 20 
and 25 are formed with an M-shaped cut-out adjacent ' 
one corner in the vicinity of the end portions 15, 16 of 
the strip 22. These end portions 15 and 16 are electri 
cally connected to respective terminals 30 in the fol 
lowing manner. - 

The backing sheet 20 is partially peeled away from 
said one corner to expose the strip’s end portions 15 
and 16. Each of the adhesive-coated exposed portions 
15 and 16 is impregnated with steel ?lings 27 which are 
sharp or have an irregular surface and which adhere to 
the adhesive coating (referenced 28 in FIGS. 3 and 4). 
The portion is then placed, ?lings downwards, within a 
respective short channel-‘sectioned brass member 31 
(FIG. 2) so that the steel ?lings are in contact with a 
base 32 of the member 31 (see FIG. 3). The base 32 is 
slightly curved convexly to the interior of the channel, 
and is formed integrally with the terminal 30. A pad 33 
of sulphur-free chloroprene rubber is placed upon the 
sheet 25 above the base 32 and covered by a slightly 
bowed metal plate 34. The side walls of the member 31 
are then bent over to clamp the two side margins of 
plate 34 and sandwich between‘ the plate 34 and base 
32, the pad 33, the sheet 25, the end portion 15 (and 
16), and the steel ?lings adhesively attached thereto. 
The clamping pressure is such as to straighten both the 
base 32 and ‘the plate 34 ‘and press the steel ?lings 27 
through the adhesive coating 28 into the aluminium foil 
24 so as thereby to make a low resistance, electrical 
connection between the aluminium foil 24 of the strip _ 
22 and the base 32 of the brass member 31 through the 
adhesive coating 28. The terminals 30 are in the form 
of blade connectors. 
The steel ?lings 27 are of a particular size such that 

in a sieve analysis carried out as detailed in British 
Standards Specification 1796:1952, all of the ?lings 27 
pass through a No. 60 British Standard mesh (that is, 
a mesh having 60 apertures per inch) but not through 
a No. 200 British Standard mesh, and at least 45 per~ 
cent of the. ?lings 27 pass through a No. 100 British 
Standard mesh but not through a No. 150 British Stan 
dard Mesh. Nos. 60, 100, 150 and 200 British Standard 
meshes, according to British Standards Speci?cation 
410:1969, have nominal aperture sizes of 250 Mm, 150 
pm, 160 pm, and 75 pm respectively (that is to say 
when formed of wire cloth the preferred average wire 
diameter is approximately 160 am, 100 um, 71 um, 
and 50 pm respectively). The steel ?lings or chips are 
conveniently of a rustless or stainless steel, such as a 
steel within the En 56 range of British Standards Speci~ 
,?cation 970:1955, and that prior to filing has a Brinell 
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Hardness No. in the range 201 to 255. Preferably the 
steel is that known as 8.8. 9702En 56 AM/R which has 
between 12.0% and 14.0% chromium and no more 
than 0.12% carbon, 1.00% silicon, 1.50% manganese, 
1.00% nickel, 0.75% sulphur, 0.045% phosphorus, 
0.60% molybdenum, 0.60% selenium, 0.60% zirconium 
and 0.35% lead (the total of the last four constituents 
being no more than 1.00%). ~ 
Each terminal 30 is completed (see FIG. 4) by snap 

ping a semi-rigid polyvinylchloride cover 35 on to the 
bent-over side walls of member 31 to cover them and 
the exposed portion of plate 34, and by adhesively at 
taching to the underside of the base 32 a pad 36 having 
its lower exposed surface treated with a contact 
adhesive. 
The strip 22 is installed in a vehicle in the following 

manner so that the element constituted by its aluminum 
foil part 24 can be used as a rear glass windscreen (or 
window) heater. The interior glass surface is ?rst 
cleaned with methylated spirit and allowed to dry. The 
backing sheet 20 is then peeled away from the strip 22 
which is thus left adhesively mounted on the sheet 25. 
The strip 22 supported by vsheet 25 is placed to the 
screen so that the low tack adhesive of the sheet 25 and 
the thermosetting adhesive 28 covering the aluminium 
foil part 24 of strip 22 contact the clean interior surface 
of the glass. The strip 22 and the terminals 30 are 
pressed ?rmly to the glass and adhere thereto by the 
adhesive on the strip 22 and on the pads 36. A check 
for good adhesion is obtained by viewing the exterior 
surface of the glass (that is, from the outside of the ve 
hicle) to see that there are no air bubbles. The support 
ing sheet 25 is then stripped off starting at the corner 
furthest from the terminals 30, and torn off at the ter 
minals whose edges may be used as cutters. A short 
electrical lead or wire having a female tag connector at 
one end connects one blade connector terminal 30 to 
an earth point on the vehicle body; and another, long, 
electrical lead or wire similarly connects the other 
blade connector 30 via a dashboard-mounted electric 
ON/OFF switch to a battery voltage point that is only 
energised when the vehicle ignition is ON. If desired a 
warning light can be ?tted by wiring it between the side 
of the switch towards the aluminium heater element 24 
and earth. Such a warning light can be incorporated in 
the apparatus sold by Smiths Industries Limited under 
the Trade Mark WARNALITE. Furthermore, the elec 
tric ON/OFF switch may be such as that described in 
US. Pat. No. 3,731,021. ' 

When the installed heater. is ?rst used, the heat cures 
’ the thermosetting adhesive 28 to provide for penna 
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nent installation of the heater, and the heater is then 
usable for demisting and defrosting purposes. 

I claim: 
1. An electric heater comprising a heating element 

which is of electrically resistive material in strip form 
and which has two ends and a pair of opposed surfaces, 
a coating of adhesive on one surface only of the said el 
ement to facilitate mounting of the said element'on a 
surface to be heated, a pair of terminals electrically 
connected to respective said ends of the element, each 
terminal comprising an electrically-conductive mem 
ber, means clamping each said member to the said ele 
ment, and discrete, electrically-conductive particles 
adhering to the said adhesive coating at the said ends 

- of the element and disposed under pressure between 
each of said members and the said element impinging 
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onto the said element through the said adhesive coating 
establishing electrical connection between the said 
members and the respective said ends of the element. 

2. An electric heater according to claim 1, wherein 
the said adhesive is a thermo-set adhesive. 

3. An electric heater according to claim 1, wherein 
the surface of the said element remote from the said ad 
hesive coating has bonded thereto a layer of electrically 
insulating material. 

4. An electric heater according to claim 1, wherein 
the ends of the said element are of enlarged width. 

5. An electric heater according to claim 1, wherein 
the said element follows a sinous path. 

6. An electric heater according to claim 1, wherein 
the said element is supported by a readily removable 
backing layer. 

7. An electric heater- according to claim 1, wherein 
the said adhesive coating extends over the whole of the 
said one surface of the element. 

8. A method of establishing an electrical connection 
between'an electrically-conductive member and a thin 
electrically-conductive element which is to be supplied 
with electric current and which has a pair of opposed 
surfaces, comprising the steps of 

a. applying a coating of adhesive to one surface only 
of the said element, 

b. applying discrete, electrically-conductive particles 
to a part of the said adhesive coating, 

0. bringing the said member into contact with the said 
particles, and 

d. clamping the said member and the said element to 
gether causing the said particles to impinge onto 
the said element through the said adhesive coating 
providing the said electrical connection between 
the said member and the said element. 

9. A device that includes an electrical connection 
comprising a thin electrically-conductive element hav 
ing ?rst and second opposed surfaces, an electrically 
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conductive member disposed adjacent the first surface 
of the said element, discrete, electrically-conductive 
particles disposed between the said element and the 
said electrically-conductive member, a plate member 
disposed adjacent the second surface of the said ele 
ment, a resilient pad disposed between the said element 
and the said plate member, and means clamping the 
said element between the said electrically-conductive 
member and the said plate member to compress the 
said particles between the said element and the said 
electrically~conductive member to establish electrical 
connection therebetween. 

10. A deviceaccording to claim 9, wherein the said 
. clamping means includes a plurality of deformed pro 
jections carried by one of said members and engaging 
the other said member. 

11. A method of forming an electric heater compris 
ing the steps of p 

a. forming, , from electrically resistive material, a 
heating element in strip form having two ends and 
a pair of opposed surfaces, - 

b. applying a coating of adhesive to one surface only 
of the said element to facilitate mounting of the 
said element on a surface to be heated, 

c. applying discrete, electrically-conductive particles 
to the said adhesive coating at the said ends of the 

I element, 

d. bringing a pair of electrically-conductive terminal 
members into contact with the said particles at re 
spective said ends of the element, and 

e. clamping each of the said terminal members to the 
said element causing the said particles to impinge 
onto the said element through the said adhesive 
coating providing an electrical connection between 
the said terminal members and the respective said 
ends of the element. 

* * * * * 


