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(57) ABSTRACT 

An attachable electro-impulse de-icer for de-icing an aircraft 
structural member includes an inductor coil disposed in 
proximity With the outer surface of the structural member. 
The coil is supported by a ?exible, ice-accumulating support 
member (surface ply) that permits the coil to move relative 
to the structural member. Preferably the coil and support 
member are formed in an integral construction that can be 
attached to the leading edge of the structural member. The 
coil and support member are rapidly, and forcefully, dis 
placed aWay from the structural member upon passing a 
short-duration, high-current pulse through the coil. The 
current ?oW creates an electromagnetic ?eld that induces 
eddy currents in the support member (if made of metal), and 
the structural member (if made of metal). Upon collapse of 
the electromagnetic ?eld in the coil the support member is 
pulled rapidly to its rest position adjacent the structural 
member. Alternative arrangements are provided Wherein (1) 
a metal target is disposed in proximity With the outer surface 
of the coil, (2) a metal target is disposed in proximity With 
the outer surface of the structural member, and (3) an 
additional target (doubler) is attached to the inner surface of 
the structural member. 

61 Claims, 14 Drawing Sheets 
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ATTACHABLE ELECTRO-IMPULSE DE 
ICER 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Cross-Reference to Related Patent 

US. Pat. No. 4,875,644, issued Oct. 24, 1989, entitled 
“Electro-Repulsive Separation System for De-Icing,” by 
Lowell J. Adams, et al., the disclosure of which is incorpo 
rated herein by reference (hereinafter referred to as the 
“Electro-Repulsive Separation System Patent”). 

2. Field of the Invention 

The invention relates to de-icers for aircraft and, more 
particularly, to de-icers that operate by deforming ice 
accumulating surfaces. 

The invention relates to planar coils and, more 
particularly, to planar coils especially adapted for use in a 
force-producing device such as a de-icer. 

3. Description of the Prior Art 
The accumulation of ice on aircraft wings and other 

structural members in ?ight is a danger that is well known. 
As used herein, the term “structural members” is intended to 
refer to any aircraft surface susceptible to icing during ?ight, 
including wings, stabilizers, engine inlets, rotors, and so 
forth. Attempts have been made since the earliest days of 
?ight to overcome the problem of ice accumulation. While 
a variety of techniques have been proposed for removing ice 
from aircraft during ?ight, these techniques have had vari 
ous drawbacks that have stimulated continued research 
activities. 
One approach that has been used extensively is so-called 

mechanical de-icing. In mechanical de-icing, the leading 
edges of structural members are distorted in some manner so 
as to crack ice that has accumulated thereon for dispersal 
into the airstream. Apopular mechanical de-icing technique 
is the use of expandable tube-like structures that are peri 
odically in?atable. In?ation of the structures results in their 
expansion or stretching by 40% or more. Such expansion 
typically occurs over approximately 2—6 seconds and results 
in a substantial change in the pro?le of the de-icer, thereby 
cracking accumulated ice. Unfortunately, expansion of the 
devices can negatively in?uence the air?ow passing over the 
aircraft structure. Also, they are most effective when ice has 
accumulated to a substantial extent, approximately 0.25 inch 
or more, thereby limiting their effectiveness. Desirably, ice 
removal would be accomplished long before accumulations 
approximating 0.25 inch have been attained. 
A more recent mechanical de-icing technique utilizes 

internal “hammers” to distort the leading edges of structural 
members. Such an approach is exempli?ed by US. Pat. No. 
3,549,964 to Levin et al., wherein electrical pulses from a 
pulse generator are routed to a coil of a spark-gap pressure 
transducer disposed adjacent the inner wall of the structural 
member. The primary current in the coil induces a current in 
the wall of the structural member and the magnetic ?elds 
produced by the currents interact so as to deform the 
member. 

US. Pat. Nos. 3,672,610 and 3,779,488 to Levin et al. and 
US. Pat. No. 4,399,967 to Sandorff disclose aircraft de-icers 
that utilize energized induction coils to vibrate or torque the 
surface on which ice forms. Each of these devices employs 
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2 
electromagnetic coils or magneto-restrictive vibrators 
located on the side of the surface opposite to that on which 
ice accumulates. In US. Pat. No. 3,809,341 to Levin et al., 
?at buses are arranged opposite one another, with one side 
of each bus being disposed adjacent an inner surface of an 
ice-collecting wall. An electric current is passed through 
each bus and the resulting interacting magnetic ?elds force 
the buses apart and deform the ice-collecting walls. 
A more recent approach is shown by US. Pat. No. 

4,690,353 to Haslim et al. In the ’353 patent, one or more 
overlapped ?exible ribbon conductors are imbedded in an 
elastomeric material that is af?xed to the outer surface of a 
structural member. The conductors are fed large current 
pulses from a power storage unit. The resulting interacting 
magnetic ?elds produce an electro-expulsive force that 
distends the elastomeric member. The distension is almost 
instantaneous when a current pulse reaches the conductors, 
and is believed to be effective in removing thin layers of ice. 
Although the device disclosed in the ’353 patent is believed 
to be an improvement over previous mechanical de-icing 
techniques, certain drawbacks remain. One of the drawbacks 
relates to the direction of current ?ow in adjacent electrically 
conductive members. It is believed that the current ?ow 
disclosed in the ’353 patent produces inefficiencies that 
signi?cantly restrict the effectiveness of the device. 
The Electro-Repulsive Separation System Patent disclose 

a device that is an improvement over that disclosed in the 
’353 patent. In the Electro-Repulsive Separation System 
Patent, the electrically conductive members are arranged 
such that a greater electro-expulsive force can be generated 
than with the serpentine con?guration disclosed in the ’353 
patent. Also, the Electro-Repulsive Separation System 
Patent teaches the delivery of a current pulse of predeter 
mined magnitude, shape and duration that provides more 
effective de-icing action. 

Despite the advances taught by the prior art, particularly 
the Electro-Repulsive Separation System Patent, there 
remains a need for a de-icer that provides effective de-icing 
action. In particular, it is desired to have a de-icer that has 
the force-generating capabilities of various prior mechanical 
de-icers without the drawbacks associated therewith, such as 
large size, difficulty in retro?tting existing structural 
members, and other problems. 

The accumulation of ice on aircraft wings and other 
structural members in ?ight is a danger that is well known. 
As used herein, the term “structural members” is intended 
to refer to any aircraft surface susceptible to icing during 
flight, including wings, stabilizers, engine inlets, rotors, and 
so forth. Attempts have been made since the earliest days of 
flight to overcome the problem of ice accumulation. While a 
variety of techniques have been proposed for removing ice 
from aircraft during flight, these techniques have had vari 
ous drawbacks that have stimulated continued research 
activities. 

One approach that has been used extensively is so-called 
mechanical de-icing. In mechanical de-icing, the leading 
edges of structural members are distorted in some manner 
so as to crack ice that has accumulated thereon for dispersal 
into the airstream. A popular mechanical de-icing technique 
is the use of expandable tube-like structures that are peri 
odically inflatable. In?ation of the structures results in their 
expansion or stretching by 40% or more. Such expansion 
typically occurs over approximately 2—6 seconds and results 
in a substantial change in the pro?le of the de-icer; thereby 
cracking accumulated ice. Unfortunately, expansion of the 
devices can negatively influence the air?ow passing over the 
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aircraft structure. Also, they are most ejfective when ice has 
accumulated to a substantial extent, approximately 0.25 
inch or more, thereby limiting their ejfectiveness. Desirably, 
ice removal would be accomplished long before accumula 
tions approximately 0.25 inch have been attained. 
A more recent mechanical de-icing technique utilizes 

internal “hammers” to distort the leading edges of struc 
tural members. Such an approach is exempli?ed by US. Pat. 
No. 3,549,964 to Levin et al., wherein electrical pulses from 
a pulse generator are routed to a coil of a spark-gap 
pressure transducer disposed adjacent the inner wall of the 
structural member. The primary current in the coil induces 
a current in the wall of the structural member and the 
magnetic ?elds produced by the currents interact so as to 
deform the member 

US. Pat. Nos. 3,672,610 and 3, 779,488 to Levin et al. and 
US. Pat. No. 4,399,967 to Sandorj‘f disclose aircraft de-icers 
that utilize energized induction coils to vibrate or torque the 
surface on which ice forms. Each of these devices employs 
electromagnetic coils or magneto-restrictive vibrators 
located on the side on the surface opposite to that on which 
ice accumulates. In US. Pat. No. 3,809,341 to Levin et al., 
flat buses are arranged opposite one another; with one side 
of each bus being disposed adjacent an inner surface of an 
ice-collecting wall. An electric current is passed through 
each bus and the resulting interacting magnetic ?elds force 
the buses apart and deform the ice-collecting walls. 
A more recent approach is shown by US. Pat. No. 

4,690,353 to Haslim et al. In the ’353 patent, one or more 
overlapped flexible ribbon conductors are imbedded in an 
elastomeric material that is ajfixed to the outer surface of a 
structural member The conductors are fed large current 
pulses from a power storage unit. The resulting interacting 
magnetic ?elds produce an electro-expulsive force that dis 
tends the elastomeric member The distension is almost 
instantaneous when a current pulse reaches the conductors, 
and is believed to be ejfective in removing thin layers of ice. 
Although the device disclosed in the ’353 patent is believed 
to be an improvement over previous mechanical de-icing 
techniques, certain drawbacks remain. One of the draw 
backs relates to the direction of current flow in adjacent 
electrically conductive members. It is believed that the 
current flow disclosed in the ’353 patent produces inej? 
ciencies that signi?cantly restrict the ejfectiveness of the 
device. 

The Electro-Repulsive Separation System Patent dis 
closes a device that is an improvement over that disclosed in 
the ’353 patent. In the E lectro-Repulsive Separation System 
Patent, the electrically conductive members are arranged 
with current flow in a common direction in a conductor layer 
such that a greater electro-expulsive force can be generated 
than with the serpentine con?guration disclosed in the ’353 
patent. Also, the E lectro-Repulsive Separation System 
Patent teaches the deliver of a current pulse of predeter 
mined magnitude, shape and duration that provides more 
ejfective de-icing action. 

Despite the advances taught by the prior art, particularly 
the Electro-Repulsive Separation System Patent, there 
remains a need for a de-icer that provides ejfective de-icing 
action. A particular concern relates to the electrically con 
ductive members that are used with the prior devices. It is 
desired to provide coils that are as thin as possible, while 
being relatively inexpensive and easy to manufacture. 
Desirably, any such coils would have a very high ejficiency, 
that is, they would generate more force than prior electri 
cally conductive members for a given current input. The 
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4 
coils also desirably would permit a small or large area of 
force production as desired for a de-icer construction. 

SUMMARY OF THE INVENTION 

The present invention overcomes the foregoing draW 
backs of the prior art and provides a neW and improved 
de-icer especially adapted for attachment to external sur 
faces of structural members. In one embodiment of the 
present invention, an inductor coil is positioned in proximity 
With the outer surface of a structural member. The coil has 
a ?rst side that is disposed in contact With the surface and a 
second side that is spaced from the surface. The coil is 
movable aWay from and toWard the surface. A support 
member is provided for the coil, the support member being 
?exible in order to permit the coil to move relative to the 
surface. A portion of the support member de?nes an ice 
accumulating surface that moves in response to movement 
of the coil. Preferably, the coil and support member are 
provided in an integral construction that can be bonded or 
otherWise attached to the leading edge of the structural 
member Without modifying the structural member. 
An alternative embodiment of the invention calls for 

providing a metal target that is disposed intermediate the coil 
and the support member. Another alternative embodiment 
calls for disposing the target intermediate the coil and the 
structural member. Yet an additional alternative embodiment 
calls for providing a target (doubler) that is attached to the 
inner surface of the structural member. 

With each embodiment of the invention, the support 
member is rapidly, and forcefully, displaced aWay from the 
structural member upon passing a short-duration, high 
current pulse through the coil. If the structural member is 
metal, the structural member functions as a target and the 
coil is displaced aWay from the surface; if the structural 
member is non-metal (such as a composite material), and if 
a surface-contacting target is not used, the coil remains 
positioned against the surface. The current ?oWs creates an 
electromagnetic ?eld that induces eddy currents in the target, 
structural member (if metal), and support member (if metal). 
Upon collapse of the electromagnetic ?eld in the coil, the 
support member is pulled rapidly to its rest position. 

In contrast With prior mechanical de-icers, the de-icer 
according to the invention is exceedingly effective, While 
avoiding many of the drawbacks of the prior art. Most of the 
forces that are applied to the structural member are com 
pressive forces that are more easily accommodated than 
tensile forces that are produced by various other mechanical 
de-icers. Further, the device can be ?tted readily to structural 
members, either as part of neW construction or as a retro?t. 

Because the device operates on an eddy current principle, 
it completely avoids problems arising from directional cur 
rent 110W, and it provides a more effective ice-shedding 
action than has been possible With previous devices. In part, 
the effectiveness of the device is enhanced because the 
ice-accumulating surface is displaced a relatively great 
distance at a high rate of acceleration. Although the dis 
placement is not enough to negatively affect the air?oW 
passing over the structural member, the displacement is 
more than 20 times greater than the displacement that occurs 
With such devices as are disclosed in prior eddy current-type 
de-icers. The device also produces about 20% greater eddy 
current induction than prior internally disposed eddy current 
de-icers because the coil and the target are in surface-to 
surface contact With each other, or nearly so. The referenced 
internally disposed de-icers require a substantial gap 
betWeen the coil and the target are in surface-to-surface 
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contact With each other, or nearly so. The referenced inter 
nally disposed de-icers require a substantial gap betWeen the 
coil and the structural member in order to prevent possible 
damage to the coil upon rebounding of the structural mem 
ber. The ef?ciency of the present invention also is great 
because the ice-accumulating surface that is displaced is 
relatively thin and is resiliently mounted to the structural 
member. In those de-icers that distort the structural member 
itself, the ice-accumulating surface is relatively thick and 
may be relatively dif?cult to distort. 

The foregoing and other features and advantages of the 
present invention Will become more apparent When vieWed 
in light of the description of the best embodiment of the 
invention and the draWings that folloW, Which together form 
a part of the speci?cation. 

The present invention addresses the foregoing concerns 
and provides a new and improved planar coil construction 
especially adapted for use as part of a de-icer The planar 
coil according to the invention includes a ?rst sheet-like 
member de?ned by a ?rst, continuous, electrical conductor 
having a plurality of turns and ?rst and second ends. The 
?rst end of the ?rst conductor de?nes an electrical input to 
the coil, and the second end of the ?rst conductor de?nes an 
electrical output. The invention includes a second sheet-like 
member de?ned by a second, continuous, electrical conduc 
tor having a plurality of turns and ?rst and second ends. The 
?rst end of the second conductor de?nes an electrical input, 
and the second end of the second conductor de?nes an 
electrical output from the coil. The second end of the ?rst 
conductor and the ?rst end of the second conductor are 
electrically connected. The ?rst and second sheet-like mem 
bers are disposed parallel to each other with the turns of the 
?rst and second conductors being positioned adjacent each 
other The direction of current flow through the turns of the 
?rst conductor can be arranged to be substantially the same 
as that through the turns of the second conductor; or it can 
be arranged to be substantially opposite that through the 
turns of the second conductor In addition, within a sheet 
like member the adjacent conductors from the center out 
have current flow in the same direction, which is of particu 
lar importance for electro-repulsive force de-icers. 

In one embodiment of the invention, the turns are 
rectangular; while in other embodiments the turns are spiral 
shaped, square, or any other desired geometry. The inven 
tion also includes a technique for separating the sheet-like 
members by a dielectric layer; as well as a means for 
encapsulating the sheet-like members. Additional sheet-like 
members can be provided, if desired, and connected to each 
other and to the ?rst and second sheet-like members. When 
more than two members are used, if the direction of current 
flow in a given layer is opposite to the direction of current 
flow in adjacent layers, a strong repulsive force is created 
when a high current pulse is applied. If the direction of 
current flow in a given layer is in the same direction as in 
adjacent layers, it may be used for an eddy current de-icer. 
The invention also contemplates incorporating a ferromag 
netic or paramagnetic material (hereinafter referred to as 
“magnetic material”) on the outer and/or inner surface of 
the coil in order to improve or shape the magnetic ?eld 
generated by the coil and increase the resultant force. 

Regardless of the embodiment of the invention that is 
utilized, the sheet-like members can be manufactured readily 
from metal foil or a ?at-braided conductor The coil accord 
ing to the invention can be assembled readily, and it provides 
signi?cant force-generating capabilities compared with 
prior coil constructions. 

The foregoing and other features and advantages of the 
present invention will become more apparent when viewed 
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6 
in light of the description of the best embodiment of the 
invention and the drawings that follow, which together form 
a part of the speci?cation. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic, cross-sectional vieW of a prior art 
mechanical de-icer; 

FIG. 2 is a schematic electrical circuit shoWing hoW the 
de-icer of FIG. 1 is activated; 

FIG. 3 is a schematic electrical circuit shoWing hoW a 
plurality of de-icers according to FIG. 1 can be installed in 
a structural member; 

FIG. 4 is a cross-sectional vieW of a de-icer according to 
the invention attached to the outer surface of a structural 

member; 
FIG. 4A is an enlarged cross-sectional vieW of a portion 

of the de-icer shoWn in FIG. 4. 

FIG. 5 is a cross-sectional vieW of an alternative embodi 
ment of the invention shoWn in FIG. 4 illustrating another 
technique for attaching the de-icer to the outer surface of a 
structural member; 

FIG. 6 is a cross-sectional vieW of an alternative embodi 
ment of the invention shoWing a metal target used in 
conjunction With a coil; 

FIG. 7 is a cross-sectional vieW similar to FIG. 6 Wherein 
a so-called displacement void is included as part of the 
de-icer; 

FIG. 8 is a cross-sectional vieW similar to FIG. 7 Wherein 
the displacement void is disposed adjacent the structural 
member; 

FIG. 9 is a top plan vieW of a planar coil usable With the 
present invention; 

FIG. 10 is a top plan vieW of another planar coil usable 
With the present invention; 

FIG. 11 is a top plan vieW of superimposed planar coils 
usable With the present invention; 

FIG. 12 is a perspective vieW of a spiral-Wound coil 
usable With the present invention; 

FIG. 13 is a schematic front elevational vieW of the 
leading edge of a structural member shoWing one arrange 
ment of multiple de-icers according to the invention; 

FIG. 14 is a vieW similar to FIG. 13 shoWing an alterna 
tive arrangement of multiple de-icers according to the inven 
tion; 

FIG. 15 is a vieW similar to FIG. 13 shoWing yet an 
additional arrangement of multiple de-icers according to the 
invention; 

FIG. 16 is a schematic electrical circuit diagram for a 
de-icer according to the invention; 

FIG. 17 is a plot of current versus time shoWing the pro?le 
of a current pulse used With the present invention; 

FIG. 18 is a plot of displacement, velocity and accelera 
tion versus time shoWing the movement of a portion of the 
de-icer according to the invention, 

FIG. 19 is a graph of force versus coil current shoWing the 
performance of a de-icer in accordance With the present 
invention compared With prior art mechanical de-icers; 

FIG. 20 is an eddy current pro?le for a one-inch radius 
coil; 

FIG. 21 is an eddy current density pro?le as a function of 
time for a one-inch radius coil; 

FIG. 22 is a plot of pressure distribution on a metal target 
as a function of the radius of the target; 
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FIG. 23 is a plot of pressure distribution on a metal target 
versus time at various radii; 

FIG. 24 is a plot on in-plane pressure per unit target area; 

FIG. 25 is a plot of radial distribution of in-plane pressure 
per unit target area; and 

FIG. 26 is a plot of impulse versus target thickness for 
various target materials. 

FIG. 27 is a plan view of a sheet-like member formed of 
a continuous electrical conductor that is usable with the 
present invention; 

FIG. 28 is a view similar to FIG. 27, showing another 
sheet-like member; 

FIG. 29 is a view similar to FIG. 27, showing the 
sheet-like members of FIGS. 27 and 28 completely super 
imposed; 

FIG. 30 is a view similar to FIG. 29, showing a ?rst 
superimposed pair of sheet-like members partially superim 
posed with respect to a second pair of superimposed sheet 
like members; 

FIGS. 31A and 31B are schematic cross-sectional views 
of planar coils according to the invention as they might be 
used in a de-icer; 

FIG. 32 is a plan view of an alternative embodiment of the 
sheet-like member of FIG. 27; 

FIG. 33 is schematic, cross-sectional view of an 
assembled coil construction employing four superimposed 
sheet-like members; 

FIG. 34 is a plan view of the coil construction of FIG. 34, 
with the sheet-like members displaced relative to each other 
for clarity in illustrating the directions of current flow; 

FIGS. 35A—35F are cross-sectional views similar to FIG. 
33 showing how planar coils according to the invention can 
be assembled for use as a force-producing element as part 

of a de-icer; 
FIG. 35G is a cross-sectional view of the coils of FIGS. 

35A—35F taken along a plane indicated by line 35G—35G 
in FIG. 35C; and 

FIG. 36 is a plot of force versus current for coils as 
illustrated in FIGS. 33 and 34. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides a technique especially 
adapted for de-icing the leading edges of structural mem 
bers. De-icing is the removal of ice subsequent to its 
formation upon a leading edge. Aleading edge is that portion 
of a structural member that functions to meet and break an 
airstream impinging upon the surface of the structural mem 
ber. Examples of leading edges are the forWard portions of 
Wings, stabiliZers, struts, nacelles, rotors, and other housings 
and protrusions ?rst impacted by an airstream. 

FIGS. 1—3 illustrate a knoWn mechanical de-icer 10 and 
electrical circuitry thereof. The de-icer 10 includes ?rst and 
second coils 12 that are disposed With a structural member 
(such as a Wing) 14 near the backside of the leading edge 
thereof. The surface of the structural member 14 is made of 
metal such as aluminium Which Will be referred to as the 
“skin.” The coils 12 are mounted to a spar 16 by means of 
a mounting bracket 18. The coils 12 are circular in plan vieW. 
A circular, unalloyed aluminium disk 20 is bonded to the 
inner surface of the leading edge directly opposite each of 
the coils 12. 

Referring to FIG. 2, each coil 12 is connected in series 
With an energy storage capacitor 22 and a thyristor 24. A 
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diode 26 is connected in parallel With the capacitor 22. An 
electrical impulse is initiated by supplying a trigger pulse to 
the thyristor 24, alloWing the capacitor 22 to discharge 
through the coil 12. Because the thyristor 24 has diode 
properties, the current folloWs the ?rst positive loop of the 
RLC response, after Which the thyristor 24 reopens the 
circuit. This leaves the capacitor 22 reverse-charged. Such 
reverse-charging reduces capacitor life substantially. For 
that reason, the diode 26 is placed across the capacitor 22. 

Referring to FIG. 3, a typical spanWise installation of the 
coils 12 Within a Wing is shoWn. Each of the coils 12 is 
separated laterally from other coils 12 by about 16 inches. 
The coils 12 are supplied a single poWer unit 28 that includes 
a transformer 30. The capacitor 22 is connected across the 
secondary side of the transformer 30. A sWitching device 32 
is connected to each of the thyristors 24 in order to provide 
a trigger pulse to the thyristors 24. 
When the capacitor 22 is discharged through each coil 12, 

a rapidly forming and collapsing electromagnetic ?eld is 
created that induces eddy currents in the disk 20 and the 
metal skin 14. The electromagnetic ?elds resulting from 
current How in the coil 12, the disk 20, and the skin 14 create 
a repulsive force of several hundred pounds magnitude, but 
With a duration of only a fraction of a millisecond. A small 
amplitude, high acceleration movement of the skin 14 acts 
to shatter, debond, and eXpel the ice. TWo or three such 
“hits” are performed in short order, separated by the time 
required to recharge the capacitor 22, and then ice is 
permitted to accumulate again until it approaches an unde 
sirable thickness. By appropriate control of the sWitching 
device 32 the coils 12 can be activated sequentially in order 
to create a “ripple” effect that is believed to be more effective 
in shedding ice due to the propogation of skin movement in 
both chordWise and spanWise directions. 
As Will be appreciated from the foregoing description, the 

referenced de-icer 10 depends for its effectiveness upon 
deformation of the skin. The displacement of the metal 
surface subject to icing is very limited; typically it requires 
three impact pulses to remove accumulated ice under all 
icing conditions. Further, although the skin is displaced only 
to a limited eXtent, it is necessary to produce high forces in 
order to accomplish even that limited displacement. An 
additional problem is that the forces are “negative” forces in 
that they apply a tensile load to the leading edge. Aircraft 
structural members are designed to better Withstand com 
pressive loads, rather than tensile loads. 

Referring noW to FIG. 4, a de-icer according to the 
invention is indicated by the reference numeral 40. The 
de-icer 40 is similar to the de-icer 10 in that it employs a coil 
42. HoWever, as Will be discussed beloW, the de-icer 40 
differs signi?cantly from the de-icer 10. The differences Will 
be apparent from the description that folloWs. 

The de-icer 40 as shoWn in FIG. 4 is formed in an integral 
unit that is bonded or otherWise securely attached to the 
leading edge of a structural member. The leading edge, or 
skin, of the structural member is indicated by the reference 
numeral 44. Typically the skin 44 Will be made of metal such 
as an aluminium alloy. The coil 42 normally Will be a 
multi-layer coil comprised of individual planar coil elements 
(see the discussion that folloWs With respect to FIGS. 9—11). 
In all of the embodiments described herein, the coil 42 is a 
unitary structure that has no portions that move relative to 
each other. For purposes of the present discussion, the coil 
42 Will be indicated schematically as a single element. The 
coil 42 includes a ?rst surface that at rest is in contact With 
the exterior surface of the skin 44, and a second surface that 


















