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This invention relates to electrical heating 
apparatus of the kind comprising One or more 
metallic resistance elements arranged So as to be 
heated by the passage of electric current there 
through and is particularly but not exclusively 
applicable to the heating of Surfaces, for eX 
ample the surfaces of heating panels, for space 
or other heating purposes, or the Surfaces of 
parts of aircraft or aircraft power units for the 
purpose of preventing the formation of ice 
thereon. 

Electrical heating apparatus according to the 
present invention comprises an electrically in 
sulating Surface, one or more electrical resist 
ance elements each in the form of a thin ne 
tallic layer applied to the insulating surface SO 
as to adhere to it, and terminals or their equiva 
lent situated so that when connected to a source 
of electric current the layer or layers will be 
heated by the passage of electric current there 
through. 

Preferably the metallic layer or layers are ap 
plied to the insulating Surface by metal spraying. 
Moreover, in any case the metallic layer or layers 
are preferably covered by a protective layer of 
insulating material, for example in the form of 
an insuiating paint or plastic material applied 
over the metallic layer by spraying or brushing. 
The electrically insulating surface to which 

the metallic layer or layers are applied may be 
the Surface of a layer of insulating material, for 
example of fabric or of an insulating paint or 
plastic Substance applied by Spraying or brushing 
to the surface of an insulating or non-insulating 
Supporting member, or may be constituted by the 
surface of an insulating supporting member 
formed for example of plastic or other insulating 
material. 
The metallic layer or layers are preferably in 

any case applied to the insulating surface in the 
form of one or more comparatively long narrow 
strips which in the case of two or more strips are 
separated from One another by Small gaps So as to 
provide comparatively long electrical resistance 
paths. Such strips may be straight, zigzag or 
of cither formation and may be arranged in any 
way which Suits the shape of the Surface to 
which they are applied. 
The thickness of the metallic layers according 

to the invention may vary, but preferably does 
not exceed approximately .005''. Further any 
convenient metal may be employed but prefer 
ably a metal having a comparatively high elec 
trical resistance Such as Nichrome is used. It 
has been found that metal applied by spraying 
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has a resistance which is considerably greater 
than the resistance of the normal metal and this 
Iillust be taken into account in determining the 
thickness which the metallic layer according to 
the invention should have for a given resistance. 
The invention is particularly applicable to the 

leading edge portions of aircraft wings, control 
Surfaces, air intakes and the like on which air 
inpinges during flight and on which, therefore, 
under certain atmospheric conditions ice tends 
to form, and one form of the invention as ap 
plied to the leading edge of a wing of an aircraft 
is illustrated somewhat diagrammatically in the 
accompanying drawings, in which 

Figure 1 is a perspective view, partly in section 
of a part of the leading edge portion of the wing 
to which the invention is applied, parts of Val 
ious layers being removed to show the construc 
tion more clearly, and 

Figure 2 is a diagram showing the wiring cir 
cuits by which the heating elements for a section 
of the leading edge portion of the wing are con 
nected to a Source of electrical Supply and the 
general arrangement of the heating elements as 
it would appear if the leading edge portion of the 
wing Were bent into vertical flatform. 

In the construction illustrated the aircraft 
wing A has a metal skin B. Applied over this skin 
So as to cover the leading edge portion thereof 
is a layer C of electrical insulating material, 
which may also have good heat insulating char 
acteristics, and aay either be in the form of a 
sheet of insulating material applied to the skin B 
and attached to it by adhesive or may be consti 
tuted by a layer of insulating material applied 
to the skin B in liquid form by spraying or brush 
ing. 
Arranged on the insulating layer C are a series 

of sheet metal Strips indicated by the reference 
letters E to Elt inclusive Some of which have end 
portions F, F1, F2, F3, F4, F5, F6, F7, F8 directed to 
wards the leading edge of the wing as shown, 
while terminal plates G, G lie against the outer 
surface of the layer C at the extreme leading 
edge of the wing and are in contact with electric 
terminals G2 extending through insulated bushes 
in a nanner known per se into the interior of the 
wing. The ends of the strip portions F and F8 are 
further united by a contact plate F10 while the 
ends of the strip portions F8 and F are similarly 
united by a contact plate Fl. 
Applied to the outer Surface of the layer C by 

metal spraying are a series of resistance heating 
elements in the form of strip-like layers of metal 
indicated by the reference letters H to H9 inclu 
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sive each of which extends between and over 
laps two of the strips or strip portions E to E17, 
Fto For the plates G, G-1 as shown. 
Thus by connecting the two sheet metal strips 

or plates between which any one of the strip 
like layers H to H9 of sprayed metal extend, to 
a Source of electric Supply, current Will be caused 
to flow through and heat the strip-like layer. 
The Whole assembly comprising the metal 

Strips E to E1 with the end portions F to F8 and 
the metal layers H to H9 is covered by an outer 
protective coating or layer Bi of insulating paint 
or the like applied by spraying or brushing. 

Means, shown diagrammatically in Figure 2, 
are provided for connecting the strips E to E17 
and the plates G, G1 to a source of electric sup 
ply indicated diagrammatically at J, these means 
comprising electrical circuits arranged as shown, 
an interrupter switch or distributor K control 
ling the supply of current to certain of the cir 
cuits" and a master switch K1 controlling the 
whole Supply of electric current from the source 
J to the apparatus. 
When the apparatus is in operation the mas 

ter Switch K is closed and a motor rotating the 
distributor arm K of the interrupter switch K, 
which has four contacts K3, K4, K5 and K6, in a 
nanner known per se is set in motion. 
It will then be seen that the heating element 

H0 extending along the extreme leading edge of 
the wing will be connected continuously to the 
Source of electric Supply. by way of a circuit com 
prising the conductors L and Li the plate G, the 
Strip H0 and the conductors L2 and L3. 

It will also be seen that while the metal strips 
E, E, E9 and E16 are continuously connected to 
the negative side of the source of current J by 
way of the conductors L3 and L4, the interrupter 
SWitch K alternately connects the strips E6 and 
E and the strips El and E10 to the positive side 
of the current source J. Further it will be seen 
that a continuous circuit is established when the 
master Switch K is closed, from the negative side 
of the current source, through the conductor L3, 
the conductor L4, the strip E7, F3, the plate F-11, 
the heating element H5, the strip F4, E8, a conduc 
tor T, the strip E, the heating element H1, the 
Strip E., a conductor L, the strip E3, the heating 
element H, the strip EP, and the conductor L to 
the positive side of the current source J. A simi 
lar circuit is also continuously completed through 
the conductor L*, the conductor L4, the strip E16, 
F, the strip F10, the heating element H4 the strip 
F, E, a conductor L", the strip E.14, the heating 
element H, the strip E13, a conductor L8, the strip 
E, the heating element H9, the strip E11 and the 
conductors L and L to the positive side of the 
current source J. 

It will therefore be seen that when the appa 
ratus is in operation the heating elements H2,H3, 
H and H will each be intermittently connected 
in circuit with the current source J while the 
heating elements H10, H., H1, H4, H5, H8 and H9 
will be continuously in circuit with the current 
Source J. Thus, the heating element H10, which 
covers the area, most prone to ice formation is 
heated continuously, each of the short strip-like 
heating elements H, H., H4, H5, H8 and H9 is simi 
larly heated continuously so as to provide strips 
on which ice cannot form, while if the conditions 
are such that during the period when any one 
of the heating elements H2,H3, H6 and HT is not 
in circuit ice forms thereon, such ice will be 
loosened by its inner surface being melted when 
the element is brought then readily into cirrit 
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and will be dislodged by the airstream since its 
ends and forward edge are not connected to any 
other ice but terminate at continuously heated 
heating elements. 
With Such an arrangement consumption of 

electric current tends to be minimised since not 
only is the total area, which has to be heated at 
any moment reduced as compared With an ar 
rangement in which the Whole of the area, prone 
to ice formation has to be heated continuously 
but the heating of the elements H2, H3, H6 and 
H' only has to be sufficient to loosen the ice from 
the areas covered by them and not to melt the 
whole body of ice which may accumulate thereon. 

It is to be understood that the arrangement 
shown diagrammatically in Figure 2 would usu 
ally represent only the section of the apparatus 
sealing with one part of the length of the leading 
edge portion of an aircraft wing and that in prac 
tice the arrangement would usually be extended 
or manipulated So as to provide any appropriate 
number of intermittently heated heating ele 
ments similar to the elements HP, H, H6 and HT 
separated by continuously heated Strip-like ele 
ments similar to H, H1, H4, H5, H8 and H9 to 
cover the length of the leading edge of the Wing, 
the heating element H10 being similarly extended 
or a series of Such elements being arranged end 
to end along the extreme leading edge of the 
Wing, as may be found convenient. 

It will be seen that when the present invention 
is applied to a surface, heat is supplied substan 
tially directly to such surface so that, in the case 
of Surfaces on which ice formation is to be re 
sisted, as in the example of the invention particu 
larly described above, high thermal efficiency is 
obtained. Further, whether for preventing ice 
formation or for other purposes, the invention is 
readily capable of being applied to existing Sur 
faces substantially irrespective of the shape of 
such surfaces and requires no highly skilled 
technique or the manufacture of special heating 
elements. Moreover, the current carrying metal 
lic layers constituting the heating elements are 
not readily damaged in ordinary use, will with 
stand reasonable wear and tear and can readily 
be renewed or repaired if they become damaged. 
The external finish provided, for example by 

the layer B1 can also be Smooth and in fact need 
not differ greatly from a surface to which the 
invention has not been applied. 
The method of applying the metallic layers ac 

cording to the invention may vary but in one 
convenient arrangement such layers are applied 
by spraying the metal through a suitably formed 
stencil. 
What we claim as our invention and desire to 

Secure by Letters Patent is: 
1. Means for reducing or preventing the for 

nation of ice on a surface comprising a series of 
resistance heating elements in the form of thin 
metallic layers covering different areas of the sur 
face and electrically insulated from one another, 
terminals electrically connected to said layers, 
respectively, and adapted to be connected to a 
Source of electric heating current supply, control 
means associated with at least one of said termi 
nals whereby the corresponding heating element 
is connected continuously to such current source 
When Said control means is in operation, and an 
interrupter switch apparatus connected to an 
other of said terminals including automatic op 
erating mechanism which when said control 
means is in operation connects at least one other 
of the elements intermittently at predetermined 
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time intervals and for predetermined time inter 
vals to the current source. 

2. Means for reducing or preventing the for 
mation of ice on a surface as claimed in claim 1, 
in which the resistance heating elements include 
Spaced elements covering comparatively large 
areas of the Surface separated from one another 
by Strip-like elements covering comparatively 
Small areas of the surface and the control means 
connect the strip-like elements continuously to 
the source of current supply while the elements 
covering the comparatively large areas are con 
nected to the current source through the inter 
rupter Switch apparatus. 

3. Means for reducing or preventing the for 
mation of ice on the Surface as claimed in claim 2, 
applied to the leading edge portion of an air 
craft wing in which a strip-like element extends 
longitudinally along the extreme leading edge 
portion of the wing and the areas adjacent to 
but in rear of the extreme leading edge portion 
are covered by alternate wide and narrow ele 
ments, the narrow elements extending at right 
angles to the strip-like element extending along 
the extreme leading edge portion, and said con 
trol means connecting said strip-like element and 
said narrow elements continuously to the electric 
current Source. 

4. Means for reducing or preventing the for 
mation of ice on a Surface of an aircraft, includ 
ing a Series of resistance heating elements in the 
form of thin metallic layers, each element cover 
ing a different relatively large area of the Surface 
and at least one similar resistance heating ele 
ment covering a relatively small area of the Sul 
face lying between two of the said relatively large 
areas, adjacent resistance heating elements being 
electrically insulated from one another, control 
means for continuously connecting said resistance 
heating element covering the relatively small area 
to a source of electric current, and distributing 
switch apparatus comprising automatic mech 
anism operating to control the Supply of current 
to the heating elements covering the Said rela 
tively large areas in a predetermined sequence, 
each of Said heating elements being Connected 
to the source of current intermittently for a pre 
determined period of time at predetermined time 
intervals. 
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5. Means for reducing or preventing the for 

mation of ice on a surface of an aircraft as 
claimed in claim 4 in which each of the heating 
elements covering a relatively small surface area, 
is of Strip-like form. 

6. Means for reducing or preventing the for 
mation of ice on the Surface of an aircraft wing 
as claimed in claim 5 in which one of the said 
strip-like heating elements extends along the ex 
treme leading edge of the Wing. 

7. Means for reducing or preventing the for 
nation of ice on the Surface of an aircraft wing 
as claimed in claim 6 in which the areas ad 
jacent to but in rear of the extreme leading edge 
portion of the Wing are covered by alternating 
Wide and narrow heating elements, the narrow 
elements extending at right angles to the strip 
iike element which extends along the leading 
edge of the Wing, means being provided for con 
necting the narrow elements continuously to the 
source of electric current, whereas the supply 
of electric current to the Wider elements takes 
place through the distributing Switch apparatus 
whereby these Wider elements are connected to 
the electric current source in sequence and each 
for predetermined periods at predetermined time 
intervals. 

CECIL LOUIS COWDREY. 
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