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1
ICE DETECTOR

ORIGIN OF THE INVENTION

The invention described herein was made by an em-
ployee of the U.S. Government and may be manufac-
tured and used by or for the Government for govern-
mental purposes without the payment of any royalties
thereon or therefor.

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation-in-part of co-pend-
ing application, Ser. No. 846,429, filed March 31, 1986,
now abandoned.

TECHNICAL FIELD OF THE INVENTION

This invention relates generally to an ice detector,
and more particularly to an electronic ice detector for
detecting and measuring ice on the outside of an air-
craft.

BACKGROUND OF THE INVENTION

Since the accumulation of ice on the various surfaces
of an aircraft can produce disastrous results, it is impor-
tant for the pilot to know when ice starts to appear and
how thick the layer is. This knowledge allows the pilot
to take measures to remove the ice, such as turning on
surface heaters or changing the flight speed or eleva-
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tion. While various attempts have been made to pro-

duce ice detectors, they have been limited by their accu-
racy, by their inability to distinguish between ice and
water, and by their inability to measure the thickness of
the ice.
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One such prior art device shown in U.S. Pat. No.

3,247,478 includes two -electrodes shaped like inter-
leaved comb-like grids. When the relative humidity
changes, the resistance of the device changes. Thus, by
measuring the resistance, the relative humidity may be
determined. However, this device does not measure the
thickness of ice, nor does it distinguish between ice and
water. _

In U.S. Pat. No. 3,422,677, a device is shown where
ice is detected by having a combination of a humidity
detecting circuit and a temperature measuring circuit.
When the device senses the presence of moisture and a
temperature below the freezing point the presence of
ice is indicated. When ice is detected, a heater may be
actuated to remove it. While this device is designed to
detect the presence of ice, it does not allow for a mea-
surement of the thickness of the ice. It also requires
several different temperature transducers in order to
detect the ice.

Other previous methods used to detect ice and deter-
mine its thickness include visual observation, ultrasonic
vibrating sensing probes and probes with optical sen-
sors. These methods are not very accurate in either
detection or thickness determination. Ajso, visual obser-
vation can only be used for detection and is severely
limited by darkness or other poor visibility conditions.
The other methods using probes are complex and the
protruding probes cause undesirable drag,.

Accordingly, it is an object of this invention to pro-
vide a device which accurately detects the presence of
ice on a surface.
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It is a further object of this invention to provide a
device which accurately determines the thickness of ice
on a surface.

It is a further object of this invention to accomplish
the foregoing objects simply and cheaply. '

It is a further object of this invention to accomplish
the foregoing objects without causing undesirable drag
as the surface moves through a viscous medium.

It is a further object of the invention to accomplish
the foregoing objects independently of darkness or
other poor visibility conditions.

Other objects and advantages of this invention will
become apparent hereinafter in the specification and
drawings which follow.

SUMMARY OF THE INVENTION

According to the present invention, the foregoing
and additional objects are obtained by providing an ice
detector which comprises two -capacitive gauges of
different configurations and a temperature gauge which
are flush mounted on the surface of interest. The tem-
perature gauge determines when a freezing condition is
present. If it is freezing, the capacitive gauges are acti-
vated and indicate the presence of ice due to the change
in the dielectric constant for the gauges. Each gauge
responds to a combination of ice thickness and ice prop-
erties (temperature, composition). The effect of ice
properties is a common scaling factor for both gauges.
With a suitable choice of gauge geometries, the ratio of
the outputs of the two gauges is only a function of ice
thickness, and is independent of ice properties. Since the
three gauges are flush mounted, no undesirable drag
results.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing the relative
locations of the various sensors on the surface of inter-
est; .
FIG. 2 is a schematic diagram of a first capacitive
gauge; ‘

FIG. 3 is a schematic diagram of a second capacitive
gauge; '
FIG. 4 is an electrical schematic diagram of one of
the capacitance measuring circuits used in conjunction

with the capacitive gauges;

FIG. 8 is a graph showing the response of both the
first and the second capacitive gauges in response to
different thicknesses of ice. The curves scale to different
levels for either different temperatures or different ice
composition (impurity levels); and

FIG. 6 is a graph showing the response of the ratio of
the second capacitive gauge to the first capacitive
gauge in response to different thicknesses of ice. This
curve is not a function of either temperature or compo-
sition.

DETAILED DESCRIPTION OF THE
INVENTION

As illustrated in FIG. 1, ice detector 11 is ccmprised
of a first capacitive gauge 16, a second capacitive gauge
18, and a temperature measuring gauge 20. The ice
detector 11 is mounted near the outer surface 12 of
aircraft 10. This outer surface 12 may be on the wing,
the engine intake, or any other surface of aircraft 10
where the formation of ice is detrimental. A small sec-
tion of the outer surface 12 is removed and replaced

" with embedding material 14, which preferably is either

plastic or an epoxy-type material. The ice detector 11 is
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embedded in this embedding material 14 slightly below
the outer surface 12. The distance of the ice detector 11
from the outer surface 12 need only be close enough to
accurately sense the presence of any material on the
outer surface 12. The embedding material 14 is then
flushed with outer surface 12 to ensure no undesirable
drag.

First capacitive gauge 16, second capacitive gauge 18
and temperature gauge 20 are connected respectively to
first capacitance measuring circuit 24, second capaci-
tance measuring circuit 26, and temperature measuring
circuit 28. The outputs of first and second capacitance
measuring circuits 24 and 26 are connected to an offset
and dividing circuit 29. :

The temperature gauge 20 may be any one of several
standard temperature sensors, such as a resistance film
sensor, a thermocouple or an integrated circuit temper-
ature sensor. The temperature measuring circuit 28
receives the output of the temperature sensor and deter-
mines thereby the temperature and whether it is below
the freezing point. The particulars of the circuit depend
on which temperature sensor is used. Such circuits are
well known in the art for each type of sensor.

Referring now to FIG. 2, first capacitance gauge 16 is
shown. Opposite sides of the first capacitive gauge 16
are formed from the parallel leads 30 and 32. Each of
the two leads has connected respectively thereto a se-
ries of interleaved electrodes 34 and 36. The electrodes
34 and 36 are perpendicular to the leads 30 and 32 and
parallel to each other. The electrodes 34 and 36 do not
touch each other and hence the presence of a material in
the vicinity of the electrodes 34 and 36 causes a change
in capacitance between the electrodes 34 and 36. While
the dimensions of the first capacitive gauge 16 may
vary, preferably the distance between the outside edges
of the leads 30 and 32 is approximately § of an inch.
Likewise, the length of the leads 30 and 32 which con-
tain the connections to the electrodes 34 and 36 is about
1 of an inch. Preferably, the electrodes 34 and 36 are
approximately 0.014 inches wide and have gaps of ap-
proximately 0.012 of an inch between them.

Referring now to FIG. 3, second capacitive gauge 18
is shown. This second capacitive gauge 18 consists of
two leads 38 and 40 which are parallel to each other.
While the dimensions of the second capacitive gauge 18
may vary, preferably the distance between the outside
edges at the leads 38 and 40 is approximately two
inches. The parallel leads 38 and 40 each are formed
from a single electrode which covers almost one-third
of the distance between the outer edges of these leads 38
and 40. This distance is preferably approximately 0.67
of an inch. The length of this single electrode is approxi-
mately two inches.

Both first capacitive gauge 16 and second capacitive
gauge 18 are made from thin conductors with a thick-
ness of approximately 0.001 of an inch.

Referring once again to FIG. 1, first capacitive gauge
16 is connected to first capacitance measuring circuit 24
and second capacitive gauge 18 is connected to second
capacitance measuring circuit 26. The first capacitance
measuring circuit 24 is identical to second capacitance
measuring circuit 26. Referring now to FIG. 4, first
capacitance measuring circuit 24 is shown. A dual timer
LM556, which is a commonly used circuit and available
from several sources, such as National Semiconductor
Corporation, is used. One of the timers, 42, is used in an
astable mode to generate 7us pulses at 1.5 kHz, for
example, or pulses at any other similar frequencies,
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which are used to trigger a monostable timer 44. The
timing capacitor of monostable timer 44 is the gauge 16.
The output from the monostable timer is converted by
the low pass filter 46 to produce an output DC signal
which is directly proportional to the capacitance of first
capacitive gauge 16.

Referring now to FIG. 5, a graph of the output volt-
ages from the first and second capacitance measuring
circuits 24 and 26 for various thicknesses of ice 22
formed on outer surface 12 is shown. Curve 48 repre-
sents the voltage output Vi from the first capacitance
measuring circuit 24 at a fixed temperature and ice
impurity level. Likewise, curve 50 represents the volt-
age output V3 from the second capacitance measuring
circuit 26. At the same fixed configurations, the curves
48 and 50 will vary with either a temperature change or
an ice impurity change.

An indicated range of interest of ice thickness is
shown in FIG. 5, in this embodiment approximately
0.04 of an inch to approximately 0.42 of an inch. This
range of interest determines the sizes of both first capac-
itive gauge 16 and second capacitive gauge 18. The ice
thickness at which the voltage output of a capacitance
measuring circuit levels off for increasing ice thickness
is directly related to the conductor separation for the
particular geometry of a given capacitive gauge. First
capacitive gauge 16 is selected so that the constant
maximum of curve 48 is reached even for the minimum
ice thickness of the range of interest. As noted previ-
ously, in this embodiment the electrodes 34 and 36 of
first capacitive gauge 16 have gaps of approximately
0.012 of an inch between them. Second capacitive
gauge 18 is selected so that the constant maximum of
curve 50 does not occur before the maximum ice thick-
ness of the range of interest. As noted previously, in this
embodiment the two leads 38 and 40 of second capaci-
tive gauge 18 have a length of approximately two
inches and a electrode which covers approximately
one-third of the distance between the outer edges 0.67
of an inch. The space between the electrodes is also 0.67
of an inch.

It is apparent from FIG. § that curves 48 and 50 do
not go to zero output voltage when the ice thickness is
zero. This is due to cable and dry gauge capacitance of
first and second capacitive gauges 16 and 18 when no
ice 22 is present on outer surface 12. In order to deter-
mine the correct output voltage readings for first and
second capacitive gauges 16 and 18, it is necessary to
subtract an initial voltage output reading V, obtained
from each gauge under no ice conditions.

Referring once again to FIG. 1, first capacitance
measuring circuit 24 and second capacitance measuring
circuit 26 are connected to offset and dividing circuit
29. The output voltage V; of this offset and dividing
circuit 29 for ice conditions is determined by the follow-
ing equation:

L, _ V=V )
out = - ¥Yon
where V is the voltage output for ice conditions and V,
is the initial voltage output for no ice conditions. Sub-
scripts 1 and 2 refer respectively to readings from first
capacitance measuring circuit 24 and second capaci-
tance measuring circuit 26. V,,, is independent of both
temperature and ice composition since both effects re-
sult in identical scaling factors for both (V—~V,)2 and
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(V—V,)1, thereby resulting in no change in Equation
(1).

First and second capacitance measuring circuits- 24
and 26 are sensitive to the presence of water as well as
ice 22. Use of temperature measuring circuit 28 ensures
that ice 22 rather than water on outer surface 12 is being
detected. Temperature measuring circuit 28 determines
whether the surface is above or below the freezing
point.- By logically combining the outputs of the mea-
suring circuit 28, a logic circuit (not shown) can deter-
mine when ice 22 is present on outer surface 12. Specifi-
cally, when the output of the offset and dividing circuit
29 indicates that moisture is present and when the out-
put of the temperature measuring circuit 28 indicates
that the temperature is below the freezing point, ice 22
is present.

In operation, the response of the first and second
capacitive gauges 24 and 26 are based on the following
explanation. Most insulating solid materials such as
plastic or epoxy have dielectric constants of about 3 to
5. Pure water and ice have dielectric constants near 80.
Thus, if first and second capacitive gauges 24 and 26 are
embedded near the surface of the insulating material 14,
and if a layer of pure water or ice covers a surface, the
capacitance between the electrodes will be strongly
influenced by the proximity of the high dielectric water
or ice. The particular influence will depend on the ge-
ometry of the electrodes and is also changed depending
on the conductivity of the water. This difference in
influence is seen in FIG. 5. Thus, in the first capacitive
gauge 16 having small conductors and a small gap, there
is a very large change in signal for a very small thick-
ness of water on ice. In the second .capacitive gauge 18
having large electrodes and a relatively large gap, the
response to the presence of ice varies nearly linearly
with thickness.

Thus, when a logic circuit (not shown) receives an
output from the offset and dividing circuit 29 indicating
. that moisture is present and at the same time receives an
indication from the temperature measuring circuit 28
that the temperature is below the freezing point, an
indication of the presence of ice is indicated. In order to
determine the thickness of the ice, the output voltage
Vour from: the offset and dividing circuit 29 is used.
Referring now to FIG. 6, the thickness of the ice may be
determined easily since it follows the simple, almost
linear curve 54. Thus, by merely determining the output
voltage Vour, the thickness of the ice 22 is easily deter-
mined. The indication of the presence of the ice and the
thickness of the ice may be displayed to the pilot and
may also activate devices to remove the ice. 22 ‘such as
heaters (not shown).

While the description above has been given in terms
of surfaces on an aircraft, it is clear that the device
could be equally well used on other surfaces subject to
accumulation of ice. Thus, it could be used for remov-
ing ice from sidewalks, buildings, other vehicles, etc.

Although the gauges and other circuitry have been

described as individual elements, it is clear that they"

could equally well be formed into a single integrated

circuit in order to reduce the complexity and increase

the reliability of the device. ;
Obviously, numerous additional modifications and
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variations of the present invention are possible in light -

of the above teachings. It is therefore understood that
within the scope of the appended claims, the invention
may be practiced otherwise than as specxﬁcally de-
scribed herein. ,
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What is claimed is:

1. A device for determining the thickness of ice on an
outer surface of an object independently of both tem-
perature and ice composition comprising:

a first capacitance measuring circuit which produces

an output voltage and is located within said object;

a first capacitive gauge which is connected to said
first capacitance measuring circuit and whose elec- -
trode size is selected so that the output voltage of
said first capacitance measuring circuit reaches a
constant maximum for the minimum ice thickness
desired to be determined;

a second capacitance measuring circuit which pro-
duces an output voltage and is located within said
object;

a second capacitive gauge which is connected to said
second capacitance measuring circuit and whose
electrode size is selected so that the output voltage
of said second capacitance measuring circuit
reaches a constant maximum from the maximum
ice thickness desired to be determined;

a temperature measuring circuit which produces an
output voltage and is located within said object;

a temperature gauge which is connected to said tem-
perature measuring circuit and is sensitive to a
temperature of 0° C

a means for embedding said first capacitive gauge,
second capacitive gauge, and said - temperature
gauge slightly below said outer surface such that
no irregularities result in contours of said outer
surface and such that said gauges may sense condi-
tions on said outer surface:

an offset and dividing circuit to which said first and
second capacitance measuring circuits are con-
nected and which produces a voltage output Vi,
proportional to the thickness of ice present accord-
ing to the following equation:

v V=V
our =V — Vol

where V1 and V; are the respective voltage outputs of

said first and second capacitance measuring circuits
when ice is present, and V,; and V,; are the respective

voltage outputs of said first and second capacitance

measuring circuits when no ice is present.

2. The device of claim 1 wherein said offset and divid-
ing circuit and said temperature measuring circuit are
connected to a logic circuit which alerts either a human
operator or heating units when ice is present on said
outer surface.

3. The device of claim 1 wherein said first capacitive
gauge comprises two leads parallel to one another, with
each lead having electrodes extending perpendicularly

. from said lead such that the electrodes of one lead are

interleaved with but do not touch the electrodes of the

* other.

4. The device of claim 1 wherein said second capaci-
tance gauge comprises two parallel leads which form a
single electrode.

5. The device of claim 1 wherein said means for em-
bedding comprises an embedding material which is
placed in a hollowed out portion of said outer surface

_and smoothed with contours of said outer surface.

6. The device of claim 5 wherein said embedding
material is a plastic.
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7. The device of claim § wherein said embedding
material is an epoxy.

8. A method for determining the thickness of ice on
an outer surface of an object independently of both
temperature and ice composition comprising:

providing a first capacitance measuring circuit which

produces an output voltage and is located within
said object;

providing a first capacitive gauge which is connected

to said first capacitance measuring circuit and
whose electrode size is selected so that the output
voltage of said first capacitance measuring circuit
reaches a constant maximum for the minimum ice
thickness desired to be determined;

providing a second capacitance measuring circuit

which produces an output voltage and is located
within said object;
providing a second capacitive gauge which is con-
nected to said second capacitance measuring cir-
cuit and whose electrode size is selected so that the
output voltage of said second capacitance measur-
ing circuit reaches a constant maximum from the
maximum ice thickness desired to be determined;

providing a temperature measuring circuit which
produces an output voltage and is located within
said object;
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providing a temperature gauge which is connected to
said temperature measuring circuit and is sensitive
to a temperature of 0° C.;

embedding said first capacitive gauge, second capaci-
tive gauge, and said temperature gauge slightly
below said outer surface such that no irregularities
result in contours of said outer surface, and so that
said gauges may sense conditions on said outer
surface;

providing an offset and dividing circuit to which said
first and second capacitance measuring circuits are
connected;

obtaining a voltage output V,, from said offset and
dividing circuit which is proportional to the thick-
ness of the ice on said outer surface according to
the following equation:

yo V-V
out = YV - ¥Voh

where V1 and V; are the respective voltage outputs of
said first and second capacitance measuring circuits
when ice is present, and V,; and V,; are the respective
voltage outputs of said first and second capacitance

measuring circuits when no ice is present.
* x ¥ % *x



