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TEMPERATURE CONTROL ELEMENT FOR ANTLICING THAT MATCHES HEAT LOSS
CHARACTERISTICS OF ITEM BEING CONTROLLED

RELATED APPLICATIONS
(00017 This apphication claims priority under 35 U.S.C. 119 to United States Provisional
Patent Application No, 62/5334,578 filed on June 19, 2017, the entire contents of which are

incorporated herein by reference.

BACKGROUND

100021 In sub-freezing chimates, snow and ice accumulation on surfaces can cause injury to
persons and property, affecting all types of structures that are exposed to the environment. In
particular, roadways, driveways, sidewalks, and roofs and gutters of buildings are at visk of
damage and can harbor dangerous conditions when covered in snow or ice. Additionally, there is
significant risk associated with working at certain worksites such as oil platforms and ships with
exposed decks and passageways in freezing polar regions. Snow-melting and de-icing systems
exist for applying heat to the snow and ice or io the covered surfaces, referred to herein as
“heated surtaces.,” The thermal encrgy melis the snow and ice and eliminates the associated

hazards.

{00031 Several devices for generating the necessary thermal energy exist, While the systems
of the present disclosure may utilize some or all known heal-generating devices, they are
particularly applicable to control of heat tracing cables. Heat tracing cables have one or more
electrical conductors or conductor arrangements that generate heat along the cable length when
an electrical current is applied {o the conductor(s). The cables are connected to one or more
controilers that manage power application to the cables. Typically, controllers include or
comununicate with environmental sensors that detect when snow or ice is present and, therefore,

when heat is nesded.

0004} Present heat tracing systems for walkway de-icing rely on a precipitation sensor that
senses a drop in resistivily between a set of electrodes as the snow falls and/or ice forms on g

heated surface. These systems are maintenance-intensive because the galvanic cxposure of the



WO 2019/016601 PCT/IB2018/000910

sensing electrodes degrades the clectrodes, and because the electrodes become dirty and less

eifective at detecting precipitation,

10005] Traditional snow sensing systems using precipitation sensors ¢an measure the onset
of snow conditions effectively, but these systems often cannot detect when heat is no longer
needed. This 1s because the sensors operate based on the presence of moisture in contact or near
the sensor itself. BEven if snow or ice is melted from the immediate area around the sensor, it
might still be present in other areas. Furthermore, with some types of presently used sensors,
moisture will still be present in the form of water for a period of time, and the sensors will not
“turn off”, thereby wasting energy. As a result, present systems are often configured to operate
the heaters for fixed durations based on conservative estimates of the energy needed for the
“worst-case-scenario” snow or ice conditions. The alternative would be risking unsafe conditions
in case of insufficient heat, but the drawback is that more energy than necessary is almost always

used. A system that can detect when the snow or ice has been sufficiently melted is needed.

F0000] Finally, ice melting systems on uninsulated passageways on ships and oil platforms
are very difficult to control with remote sensors. Unlike an insulated object, the overall heat
transfer coefficient of an-usinsulated surface of a walkway is highly dependent on local wind
speed thereby creating significant variance along a single passageway depending on the
particular surface’s exposure to wind. The present disclosure provides snow and ice melting
systems for uninsulated surfaces using local proxy temperature sensing systems having heat-loss

characteristics that match those of the uninsulated surfaces {o provide better temperature control,
SUMMARY

F0007] In accordance with an example embodiment, a deicing sysiem may include a cassette
arwd a temperature control element. The cassette may have heat loss characteristics, and may
include a first casing and a first heat tracing cable. The first casing may have a top and an
interior, the top having an interior surface facing the interior and an exterior surface that serves
as a walking surface. The first heat tracing cable may be disposed in the interior and secured in
good thermal contact with the interior surface of the first casing. The temperature control
element may be disposed in proximily to the cassette, may be smaller than the cassette, and may

have similar heat loss characteristics o the cassette. The temperature control elemeni may
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include a second casing haviog a top surface, a temperature sensor exposed to the top surface of
the second casing, and a second heat tracing cable disposed on a back side of the second casing
and in good thermal contact with the second casing. The second heat tracing cable may be
powered in parailel with the first heat iracing cable,

[0008] In another embodiment, the first and second casings may each include aluminum.
{0609 In another embodiment, the deicing system may include a control unit electrically
coupled to the first and second heat tracing cables and the temperature sensor. The control unit
may control signals applied to the first and second heat tracing cables based on ternperature data
generated by the temperatiire sensor,

[G010] In another embodiment, the control unit may be configured o detect, based on the
temperature data, whether a temperature at the temperature sensor is above or helow a
predetermined threshold value, and, in response to detecting that the teruperature is below the
predetermined threshold value, may be configured {o cause a first output signal to be applied o
the first heat tracing cable and to cause a second output signal to be applied to the second heat
tracing cable.

FO011 In another embodiment, the control unit may include a controller that receives and
analyzes the temperature data, a controlled signal source that receives control signals from the
controlier and that, when activated, outpuis an alternating current signal, and a splitter that
receives the aliernating current signal and that cutputs the first output signal and the second
output signal, _

{6012} In another embodimend, the deicing system may include a second cassette having a
third heat tracing cable. The third heat tracing cable may be powered in series with the first heat
tracing cable, such that the first output signal being applied to first heat tracing cable causes both
the first and third heat tracing cables (o generate heat,

100137 In another embodiment, the temperature control element may have a lower thermal
miass than the cassette,

[0014] In sceordance with an example embodiment, a temperature control element may
inchude a casing having a top surface, a temperature sensor exposed to a top surface of the
casing, the temperature sensor generating temperature data, and a first heat tracing cable
disposed on a back side of the casing and in good thermal contact with the casing, the heat

fracing cable being powered in parallel and with a second heat tracing cable of a heated walkway
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cassette. Electric power applied to the first and second heat tracing cables may be controlled
based on the temperature data,

(00157 In ancther embodiment, the tomperature sensor may send the temperature data to an
external control unif. The first heat tracing cable may receive electric power from the control
unit.

H0016] In ancther embodiment, the temperature contro! unit may have similar heat lose
characieristics to the heated walkway casseite,

(00171 In another embodiment, the casing may be smaller than a second casing of the heated
walkway cassette and may have a lower therral mass than the heated walkway cassetie.

G018 in another embodiment, the temperature sensor may be located substantially at a
corner of the casing.

(0619] In accordance with an example embodiment, a heating systern may inchude g
walkway cassetic having heat loss characteristics, and a temperature control element that is
disposed in proximity to the walloway cassette, that is smaller than the walkway cassette, and that
has similar heat loss characteristics to the waltkway cassette, The walkway cassette may include a
casing having a top and an interior, the top having an interior surface facing the interior and an
exterior surface, and a first heat tracing cable disposed in the interior and secured in good
thermal contact with the interior surface of the casing. The temperature control element may
include a temperature sensor in contact with a top surface of the temperature control element that
generates temperature data and a second heat tracing cable. The first and second heat tracing
cables may receive power when the temperature data indicates that g temperature at a
temperature ai the top surface of the temperature control element is below a predefined
threshold.

100201 In another embodiment, the temperature control element way include a second
casing. The second heat tracing cable may be disposaed on a back surface of the second casing
and in good thermal contact with the second casing,

106213 In another embodiment, the first and second casings may each inclnde alominum.
(0022} in another embodiment, the heating system may include a control unit electrically
coupled to the first and second heat tracing cables and to the temperature sensor. The control unit
may receive the temperature data from the temperature sensor. The control unit may control the

application of power to the first and second heat tracing cables based on the temperature data.
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{0023} In another embodiment, the control unit may include a controller that receives and
analyzes the temperature data, a controlled signal source that receives control signals from the
controller and that, based on the control signals, ouipuis an alternating current signal, and a
splitter that receives the alternating corrent signal and that provides first and second output
signals to the first and second heat tracing cables, respectively,

00247 In another embodiment, the heating system may include a second walkway cassetie
having a third heat tracing cable. The third heat tracing cable may be powered in series with the
first heat tracing cable, such applying power to the first heat tracing cable causes both the first
and third heat tracing cables to heat the first and second casseties.

{00257 in another embodiment, the temperature control element may be arranged to be
exposed to substantially similar environmental conditions as the walkway cassetie,

100261 In another embodiment, the first and second heat tracing cables may be powered in
parallel,

DESCRIPTION OF THE DRAWINGS

(00271 FIG. 1 is a perspective view of a series of heat traced walkway casseites, according to

an embodiment.

{0028} FIGG. 2 is a perspective view of a temperature control clement, according to an

embodiment,

[0029] FIG. 3 is a perspective view of g heat traced walkway cassetie, in accordance with the

present disclosure,
(00301 FiG. 4 is a perspective view of the underside of the heat traced walkway cassette of
Fig. 3.

(60313 FIG. 5 is a top perspective view of an embodiment of a heat traced walkway cassette
in accordance with the present disclosure, shown with g partial cutaway of the top of the cassette

casing,

(0032] FIG. 6 is a partial close-up perspective view of the heat traced walkway casseite of

Fig. 5, showing the partial cutaway of the top of the cassette casing.
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FO0331 FIG. 7 is a partial close-up perspective view lustrating internal parts that may be
included in the heat traced walloway cassetie of FIG, 1 and 3-6 and in the temperature control

element of FIG. 2,

[0034] FIG. 8 is a perspective view illustrating a system that includes a control unit coupled

to a temperature conirel element and heat traced walloway cassettes according to an emnbodiment,

[G035] FIG. 9 is a block diagram illustrating detailed circuilry of the conirol unit of FIG. &
and ilustrating connections between the circuitry of the control unit and both a walkway cassetie

and a temperature control element according to an embodiment.

DETAILED DESCRIPTION

FI36] Before any embodiments of the invention are explained in detsil, it is to be
undersiood that the invention is not Hmited in its application to the detatls of construction and the
arrangement of components set forth in the following deseription or illustrated in the following
drawings. The invention is capable of other embodiments and of being practiced or of being
carried out in varions ways. Also, it is o be understood that the phraseclogy and terminclogy
used herein is for the purpose of description and should not be regarded as Hmiting, The use of
“including,” “comprising,” or “having” and varigtions thereof herein is meant to encompass the
ttoms listed thereafier and equivalents thereof as well as additional items. Unless specified or
himited otherwise, the terms “mounied,” “connected,” “supported,” and “coupled” and variations
thereof are used broadly and encompass both direct and indirect mountings, conngctions,
supports, and couplings. Further, “connected” and “coupled” are not restricted to physical or

mechanical connections or couplings,

{0377 The following discussion is presented to enable a person skilled in the art to make and
use embodiments of the invention. Various modifications to the illustrated embodiments will be
readily apparent to those skilled in the art, and the generic principles herein can be applied to
other embodiments and applications without departing from embodiments of the invention, Thus,
embodiments of the invention are not intended to be Himited to embodiments shown, butare to be

accorded the widest scope consisient with the principles and features disclosed herein, The

6
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following detailed deseription is to be read with reference to the figures, in which like elements
in different figures have like reference numerals. The figures, which are not necessarily to scale,
depict selected embodiments and are not intended to limit the scope of embodiments of the
invention. Skilled artisans will vecognize the examples provided herein have many useful

alternatives and fall within the scope of embodiments of the invention.

[0038] The present disclosure may be used in certain environments, such as a ship. In one
non-limiting example, the chip contains a variety of uninsulated surfaces, such as, decks,
walkways, stairs and handrails, or other surfaces throughout the ship that are generally exposed
to the elements. On a ship, or oi platform, even under nominal wind conditions, there may be
many different local “microclimates” that occur due to different areas of the ship being exposed
to direct wind, while other areas of the ship are protected from the wind, For example, a ship
might have a heat transfer coefficient of 80 W/m®» K on its windward exposed surfaces, and a
heat transfer coefficient of 3 W/nm* K on its leeward side exposed surfaces. These microclimates
may result in drastically different heat transfer characteristics for the various uninsulated
surfaces, Therefore, it is often very difficult to control ee melting systems especially when the
surfaces are uninsulated, only ambient temperature sensor is used as a basis for controlling the
heat applied io the surfaces, and the temperature is controlled globally instead of locally, For
exampie, if both the windward side and the leeward side of a ship are controlied from a single
point controller, either one side will be excessively hot, or, alternatively, one side will not
maintain the correct setpoint, Work environments such as a ship or an oil platform encounter
extreme temperatures that guickly become hazardous when walkways and platforms are not

adequately maintained free of ice and snow,

039 FIG. T shows a possible layout for a walloway forrmed by a plurality of heat traced
walloway cassettes 18, The relatively portable size of the cassettes 18, measuring between about
one and about three square meters in the non-limiling ilusirated embodiments, allows for
customized placement in existing walkways. This customization includes the ability to position
the walkway cassettes 18 in a variely of different configurations, as shown in FIG, 1 In
particular, the cassettes 18 may be placed in any suitable abutiing configuration, forming a
walloway with no gaps in between cassettes 18, For example, the cassettes 18 may be arranged s0

that all or a portion of at least one side of each cassette 18 abuts an adjacent cassetie 18,

~3
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Cassettes 18 in a walkway may have uniform or varying divoensions, as well as a general shape
that is uniform or varies. The exemplary walloway cassette 18 has a generally rectangular

perimeter, but circular, trapezoidal, irregular, and other shapes are contemplated.

(00407 -+ FIG. 2 shows a temperature control element 30 that may be used 1o sense lemperature
conditions for one or more cassettes (e.g., casseties 18 shown in FIGS. | and 3-7) in a local area
and io generate temperature data based on which the temperature of the casseties may be
adjusied. Temperature control element 30 may be mounted in the same general arca as the
cassettes being controlied (e, proximal to the casseties) so that temperature control element 30
is exposed to the same temperature, wind, radiation, and precipiiation conditions as these
casseties. Temperature control element 30 includes a sensor 32 mounied on a top surface of a
casing 34 that is communicatively coupled to external control circultry through cable 36, Sensor
32 may be, for cxample, a thermistor, a resisiance temperature detector {(RTDY), or a
thermocouple. In some instances, sensor 32 may include more complex onboard circuitry such
as an analog-to-digital converter {ADC).  Casing 34 may be formed form a similar waterial as
the casings of the casseties that temperature conirol element 30 18 being used to control, such as

aluminum {e.g., extruded aluminum).

(0041} Temperature control element 30 is heated using one or more heat tracing cables 38
disposed on g hack side of temperature condrel element 30, which may be powered in parallel
with the heat tracing cables of the casseites being controlied so that when power is applied to the
heat tracing cables of the casseties, it is also being applied to the heat tracing cables 38, Heat
tracing cables 38 wmay be held in thermal contact with a back side of casing 34 using, for
exarnple, clips 40, However, it may be desirable to hold heat tracing cables 38 in place with the
same mechanism used to hold the heat tracing cables of the casseties being controlled in place
tor instances in which the cassette heat tracing cables are not held in place using clips. This
advantageously ensures more closely maiched heating/ heat loss characieristivs between

temperature control element 30 and the casseties.

{00427 Temperature control element 30 is designed and fabricated to have similar steady
state heat loss characteristics and power density as the casseties, bul lower thermal mass.

Specifically, steady state heat loss characteristics of the casing 34 of temperature contro! element
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30 may be similar to those of the casing of the cassettes. The lower thermal mass of temperature
coutrol clement 30 compared to that of the cassettes may be achieved by making temperaiure
control element 30 {(.g., casing 34 of temperature control elemnent 30) only a4 fraction (e.g, a
proportional fraction) of the size of one of the casseites 18 {e.g, a casing of one of the cassettes
i8). By having a lower thermal mass than the casseites 18, the temperature conirol element 30
as a comparatively lower heating time constant, meaning that the response of temperature control
element 30 1o changes in temperature is faster than that of the cassettes 18, This difference in
respouse trme reduces thermal ripple in the casseftes confrolied by the temperature control
element 30, so that tighter control about the nominal temperature seipoint is achieved. Heat
tracing cables 38 may have the same cable diameter and cable type as heat tracing cable 24 used
in walkway cassettes 18, but may have a different length such that the temperature control
element 30 has the same density of meters of heat tracing cable per square meter of exposed
surface area as walkway cassettes 18, Temperature control element 30 thereby exhibits a
behavior when heated that approximates the behavior of a cassette 18 being heated, giving
temperature control element 30 similar heat generation and heat foss characteristics as casseties

18.

{0043} Sensor 32 may be placed at a corner of temperature control element 30 in order 1o
account for edge effects that are also present in cassettes 18, In particular, the comers of the
casseites and the temperature control element 30 are the furthest from the heat tracing cables and
are therefore likely to be the coldest arsas. By sensing temperature at the (likelv) coldesi area of
the fop surtace of casing 34 with sensor 32, temperature control element 30 avoids issues that
would otherwise arise by sensing temperature at warmer areas of the top swrface of casing 34, In
particular, sensing temperature on or near areas of the top surface of casing 34 that overlap heat
tracing cables 38 might result in cold spots on the temperature control element 30 and
corresponding cold spots on the controlled casseties being unaccounied for, which could

undesirably lead to a buildup of snow or ice at those cold spots.

[0044] In some erabodiments, the heat traced walkway casseite 18 may include a formed
panel or "casing” 20, typicaily, but not necessarily, made from formed sheet metal or an exiruded

profile, as shown in FIG, 3. The top side of the casing 20 of the cassette 18, which may serve as

g
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the walking surface, may include a textured surface 22 to provide additional non-slip qualities to

the walkway cassette 18,

(0045} Referring to FIGS. 4 and §, heat tracing cable 24 may be instalied in good thermal
contact with the underside 26 of cassette 18 (e.g., the underside of casing 20 of cassette 1§,
which may be considered an interior surface of casing 20, said interior surface generally facing
opposite to the exterior or "op” surface of casing 203, As used herein, "good thermal contact”
refers to a connection between two bodies (e.g., direct physical contact, or a connection through
a thermally conductive material interposed between the two bodies, such as thermal paste) that
enables substantially efficient heat itransfer between ihe two bodies (e.g., notwithstanding
intrinsie thermal properties of the two bodies), Various positioning of the heat tracing cable 24
may be used, and may depend on the desired amount of heat transfer, cable propertics such as
heater type {e.g., self-reguiating, constant wattage, hazardous environment rated, ete), dimmeter
and bend radius, type of power attachment, and size and material of the cassette 18, Power may
be provided fo heat tracing cable 24 via power input line 235, which may receive alternaiing
current (AC) signals controlled by controller circultry coupled 1o cassette 18, In some instances,
power input line 25 may instead be coupled {0 g cassetie that is adjacent to cassette 18, such that
multiple cassettes may be electrically connected in series where an AT signal applied at the heat
tracing cable of a first cassefte in the series will cause current to flow through the heat tracing
cables of each of the casseties in the series, thereby heating each of the cassettes in the series, It
should be noted that power input line 25 may include multiple cables for conveying power t¢ and

from cassetie 18,

[0046] In some embodiments, the heatl tracing cable 24 may be fastened in place with tape.
The tape may be any suitable adhesive fape, but advamtageously may include properties that
improve heat transfer from the iracing cable 24 {o the cassette 1§, such a8 a high thermal
conductivity. In one embodiment, the tape may be aluminum tape that helps improve heat
transfer and minimize temperature gradients, The aluminum tape may become part of the
grounding scheme of the cassette 18, which may allow the use of unshielded heat tracing cable
for the heat tracing cable 24, Other mechanisms for adhesively or non-adhesively securing the
heat tracing cable 24 to the cassette 18 may be used. In one embodiment, shown in FIG. 6, the

heat tracing cable 24 may be installed in a serpentine fashion in good thermal contact with the
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underside of the cassette 18 and fastened in place with clips 2&. The heat fracing cable 38 of
temperature control element 30 may be held in thermal contact casing 34 using adhesive or
fastening mechanisms similar to those described above in connection with heat tracing cable 24
in order to ensure similar heat delivery properties between heat tracing cable 24 and heat tracing

cable 38,

130471 The heat tracing cables 24 and 38 may be any suitable heater cables for heating a
metal or other corrosion-resistant walkway casing in extreme envirownents. Thuos, any heat
tracing cables with known applications in enderfloor healing may be used, provided such heat
tracing cables are alse weather-resistant. Similarly, heat iracing cables used in indusirial heat
tracing applications may be used, provided they have a suitable diameter, bend radius, and power
requirements for use in the cassette 18 and temperature coutrol element 30, As described gbove,
heat tracing cables 24 and 38 may be unshielded when aluminum tape or another component
grounds the cassette 18, Alternatively, the heat tracing cables 24 and 38 may be chosen from
existing shielded heat {racing cables and may be self regulating {e.g. Raychem BTV, Raychem
TVR), constant watlage {e.g. Raychem XPI), or another suitable type of cable. Alternatively, in
place of using a heat tracing cables 24 and 38 as the heating elements, pre-fabricated heating
pads {e.g. silicone heating mat) may be used. Pre-fabricated healing pads may have some
advaniages over self regulating cable in that inrush currents are less, and heat generation is closer

to the surface that requires heat, i.e. the fop surface of the cassetie 18 or of casing 34,

004381 On a ship or platform, even in a nominal wind condition, there may be many local
"micreclimates,” which may cause heat transfer from uninsulated surfaces to vary by an order of
magnitude or more depending on a given surface’s exposure to the wind, Simple temperature
sensors like RTDs, thermocouples, thermistors and the like only report temperature.  Without
additional hardware, these temperature sensors cannot provide heat loss information that
accounts for factors such as local wind, precipitation, and radiation conditions. In contrast,
temperature control element 30 autornatically accounts for local wind, precipitation and radiation
conditions because femperature coutrol element 30 18 only used to control cassettes in a local
area and is exposed to the same conditions that the cassettes are exposed to. Additionally,
temperature control element 30 intrinsically approximates the steady state heat loss and power

density characteristics of the casseifes being coutrolled, and therefore responds to these

i1
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conditions in the same way that the cassettes respond. By using multiple temperature control
clemenis 30 as a basis for temperature control across multiple zones with different
microclimates, accurate temperature sensing and control can be achieved in each microchimate to
a degree that is not generally possible with centralized teroperature sensing and control
arrangements, [t should be noted that temperature condrol element 30 may have different power
density characteristics compared to cassettes 18 if desired, but in such cases algorithns would
need to be used to convert the temperature response of the sensor on temperature control element

30 to match the temperature response that would be observed at cassettes 18,

{00491 Thermal insulation may be factory installed o thermally insulate the cassetie from the
deck surface of the ship or platform, as well as from weather, Referring to FIG, 7, an insulation
sheet 50 {e.g, foam) may be added to thermally insulate the underside of either of the cassette 18
and the temperature control element 30, Structural standoffs 52 that may be built into the ends of
the cagsette 18 and the ends of the temperature control element 30, can also act to isolate the
cassette 18 and the temperature control element 30 from the vnderlying steel deck of a ship of, in
the case of temperature control element 30, from the selected mounting surface, The structural
standotls 52 may be, for example, made from a fiberglass material (2.g. a fiberglass tube), or any
insulating material that is rigid enough such that the insulation sheet 50 is not damaged when -
users walk on the cassetie 18, The structural standoffs 52 can be glued or bolted io the
underiyving steel decking of a ship in order to fasten casseite 18 or temperature control element
30 in place. By applying the same thermal insulation at the backside of {emperature control
element 30 as is applied fo the backsides of walkway casseites 18, the heat loss and heat
generation characteristics of temperature control element 30 more accurately maich those of

walkway cassettes 1¥.

G050 FIG. 8 shows a perspective view of a system that illustrates a possible arrangement
for the femperature control element 30 of FIG. 2 and the walkway casseties 18 of FIGS, 1 and 3-
7 with respect to a control umit. Control unit 60 is connecied (e.g., electrically connected or
clectrically coupled) to walkway cassettes 18 via power input line 25, which provides power to
the heat tracing cables of the walkway cassettes, Control unit 60 is also connected (e.g.,
electrically connected or electrically coupled) to temperature control element 30 via power input

line 3%, which provides power from control untt 60 to the heat tracing cables of the temperature

12
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control element 30, The seusor 32 on temperature control element 30 is connected to control
unit 60 via cable 36. Temperature data sensed by sensor 32 may be iransmitted across cable 36 to
a controtler of control unit 60. Control unit 60 may analyze the temperature data and may adjust
the power {e.g., by adjusting the applied AC signal{s)} supplied to each of temperature conirol
element 30 and cassette 18 based on the temperature data. For example, if the temperature data
indicates that the temperature at the top surface of temperature control element 30 is below a
predetermined threshold (e.g., which may be a defanll preset tempersture setpoint or a
temperature seipoint defined by a user, such as 3 °C), the controller of control unit 60 may begin
applving power io the heat tracing cables of femperature control element 30 and to the heat
tracing cables of cassette 18 {e.g., and to the heat tracing cables of other casseties that may be
coupled to control unit 60), In this way, the cassette 18 and the temperature contrel element 30
may be heated based on the temperature observed at the top surface of temperatire conirol
element 30, rather than based on ambient temperature {which may not reflect environmental
conditions as accurately), without requiring temperature sensors being placed on walking

surfaces of cassette 18 or any additional casseties being controlied by contrel unit 60,

(00517 Control unit 60 may be disposed in close proximity to both walkway casseties 18 and
to temperature control element 30 in order to reduce the lengths of cable 36, power input line 39,
and power input line 25 i order to reduce losses associated with transmitting data and power
along lengths of transmission line. Temperature control element 30 may be disposed in close
proximity {e.g., within 5-10 meters) of one of walloway cassettes 18 that are conirolled based on
temperature data generated at temperature control element 30, The top surface of temperature
control clement 30 may be aligned along the same plane as or along & plane that is paralle] to the
plane along whiclh the top surface of walkway casseties 18 are aligned. In this way, leraperature
control element 30 is more likely to be exposed to similar environmental conditions as walloway
casseties 18 {e.g., with respect to wind exposure or snow acoumulation present at the top surface
of temperature control element 30} In some embodiments, temperatore control element 30 may
be placed near one or more of casseites 18 and in the same orientation as cassettes 18 so as fo
gxperience {e.g., be exposed to)} substantially the same environmental conditions as those

casselies,
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(00521 i, 9 shows a block diagram illustrating in greater detail some of the internal
cireutiry of the control unit 60 shown in FIG. 8, and the connections between this circuitry to
walloway casseite 18 and 1o feraperature control element 30, Control unit 60 includes a controller
62, a signal source 86 (e.g., which may be a controlled voltage source), and a power splitter 68,
Controller 62 may be any temperature controller that can accept the output of sensor 32 as an
iput. Controller 62 may compare the temperature data produced by sensor 32 to a
predetermined setpoint teroperature {(e.g., 3° C), Controller 62 may control signal source 66
using control signals provided along control line 63 in response to determining that the
temperature sensed by sensor 32 is less than the predetermined setpoint temperature.  Signal
source 66, when activated by controller 62, cutputs an AC signal {e.g., which may be provided to
signal source 66 by a power supply 64) to power splitier 65 via transmission line 65 that is
coupled between signal source 66 and splitter 68, Power supply 64 may be contained within
control unit 60 or, if desired, may represent an external power supply hat is coupled to control

unit &0,

{0053} Splitter 8 split the AC signal output by signal source 66 between power input line 25
{coupled to heat tracing cable 24 of waltkway cassette 18) and power input line 39 {coupled to
heat tracing cable 38 of temperature control element 30) as respective first and second AC output
signals.  The {irst AC output signal applied to heat tracing cable 38 in temperature countrol
element 30 generates (as a result of electric current passing through heat tracing cable 38) a total
amount of heat at the top surface of temperature conirol element 30 that is proportional to the
total amount of heat generated at the top surface of walkway cassette 18 when the second AC
output signal is applied to heat tracing cable 24 in walkway cassette 18, This proportionality
between heat generated at walloway cassette 18 and heat generated at temperature control
element 30 is based on the difference in size between walkway cassette 18 and temperature
control element 30, For example, temperature conirol element 30 is smaller than walkway
cassette 18 and, during heating operations, less overall heat is generated at temperature conirol
element 30 compared to the overall heat generated at walkway cassette 18 (however the heat

density generated at both devices should be equal).

10034} it should be noted that tuning may need fo be performed on various characteristics of

temperature control element 30 in order to sufficiently match the heat loss and heat generation

i4
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characteristics of walkway casseties 14, For example, the insulation, heat tracing cable, material
characterisiics, or sensor of temperature control element 30 may need o be tuned or optimized t©
account for edge effects {e.g., that result in higher heat loss per unit area for temperature control
elemnent 30 compared to walkway casseties 18) for beller heat characteristic matching to
walkway casseties 18, Edge effects refer to temperature non-linearities that oceur at the edges of
walkway casseites 18 and of temperature control element 30, but thal are more prominent in
temperature control element 30 due fo more of the surface area of temperature conirol element
30 being proximal fo an edge. If these edge effects are not compensated for, the sensor of
tomperature control element 30 may overestimate heat loss and the casseties 18 may run at

higher than the desired temperature,

[0055] In the present disclosure a nomber of example embodiments are presented with
reference to a walkway cassette. It will be appreciated, however, that the integrated control,
temperature sensing, and power switching configurations disclosed herein may be applicable and
incorporated into other types of exposed uninsulated surfaces, such as decks, stairs, handrails,

and the Hike.

[0056] It will be appreciated by those skilled in the art that while the invention has been
described above in connection with particular embodiments and examples, the invention is not
necessarily so Hmited, and that numerous other embodiments, examples, nses, moedifications and
departures from the embodiments, examples and uses are intended to be encompassed by the
claims attached hereto, Various features and advanisges of the invention are set forth in the

following claims.
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CLAIMS
What is claimed is:

1. A deicing system comprising:

a cassette having heat loss characteristics, the cassette comprising:

a first casing having a top and an interior, the top having an interior surface facing
the interior and an exterior surface that serves as a walking surface; and

a first heat tracing cable disposed in the inferior and secured in good thermal
contact with the interior surface of the first casing;

a temperature control element that is disposed in proximily to the casseite, that is smaller
than the cassette, and that has similar heat loss characteristics o the cassette, the temperature
control element comprising:

a second casing having a top surface;

a tfemperature sensor exposed to the top surface of the second casing; and

a second heat fracing cabile disposed on a back side of the second casing and in
good thermal contact with the second casing that is powered in parallel with the first heat

tracing cable,

Z. The deicing system of claim 1, wherein the first and second casings each comprise
aluminum.
3. The deicing system of claim I, comprising:

a control unit electrically coupled to the first and second heat tracing cables and the
temperature sensor, wherein the control unit controls signals applied to the first and second heat

tracing cables based on temperature data generated by the temperature sensor.

4, The deicing system of claim 3, wherein the control unit is configured to detect, based on
the temperature data, whether g teraperature at the temperature sensor is above or below a
predetermined threshold value, and, in response to detecting that the temperature is below the

predetermined threshold value, is configured to canse a first output signal to be applied to the
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first heat fracing cable and to cause a second ouipui signal to be applied to the second heat

iracing cable.

5. The deicing system of claim 4, wherein the control unit comprises:

a controiler that receives and analyzes the temperature data;

a controlled signal source that receives control signals from the controller and that, when
activated, outputs an alternating current signal;

a splitter that receives the allernating current signal and that cutputs the first output signal

and the second output signal,

6. The deicing system of ¢claim 5, further comprising:
a second cassette having a third heat tracing cable, wherein the third heat tracing cable is
powered in series with the first heat tracing cable, such that the fivst output signal being applied

to first heat tracing cable causes both the first and third heat tracing cables to generate heat.

7. The deicing system of elaim 1, wherein the temperature control element has a lower

thermal mass than the cassette,

8. A temperature control element, comprising:

& casing having a fop surface;

a temperature sensor exposed to a top surface of the casing, the temperature sensor
generating temperature data; and

a first heat tracing cable disposed on a back side of the casing and in good thermal
contact with the casing, the heat tracing cable E}éing powered in parallel with a second heat
fracing cable of a heated walkway cassette, wherein electric power applied to the first and second

heat fracing cables is controlled based on the temperature data.

9. The temperature control element of claim 8, wherein the temperature sensor sends the
temperature data to an external control unit, and wherein the first heat tracing cable receives

clectric power from the control unit.
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190, The temperature control element of claim ¥, wherein the temperature control element has

stmilar heat loss characteristics {o the heated walkway cassetie.

il.  The temperature conirol element of claim &, wherein the casing i3 smaller than a second

casing of the heated walkway cassette and has a lower thermal mass than the second casing,

12, The temperature control element of claim 8, wherein the temperature sensor is located

substantiaily at a corner of the casing.

13, A heating system comprising:

a walkway cassetie having heat loss characteristics, the walkway cassette comprising:

a casing having a fop and an interior, the top having an interior surface facing the
inferior and an exterior surface; and

a first heat tracing cable disposed in the interior and secured in good thermal
contact with the interior surface of the casing;

a temperature conirol element that is disposed in proximity to the walkway cassetie, that
is smaller than the walkway cassette, and that has similar heat logs characieristics o the walkway
cassetie, the temperature control element comprising:

a temperature sensor in contact with a top surface of the temperature control

glement that generates teraperature data; and

a second heat tracing cable, wherein the first and second heat tracing cables
receive power when the temperature data indicates that & temperature at the top surface of the

temperature control element is below a predefined threshold.

14, The heating systero of claim 13, wherein the temperature control unit comprises;
a second casing, wherein the second casing has g lower thermal mass than the casing of
the walkoway cassette, wherein the second heat tracing eable is disposed on a back surface of the

second casing and in good thermal contact with the second casing.

1S. The heating system of claim 14, wherein the first and second casings each comprise

aluminum.

18
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id, The heating system of claim 13, further comprising:

a control unit elecirically coupled 1o the first and second heat tracing cables and to the
temperature sensor, wherein the control unit receives the temperature data from the temperature
sensor, and wherein the control unit controls the application of signals to the first and second

heat tracing cables based on the temperature data,

17, The heating system of claim 16, wherein the control unit comprises:

a controller that recetves and analyzes the femperature data;

a controlled signal source that receives control signals from the controller and that, based
on the control signals, outputs an alfernating current signal;

a splitter that receives the alternating current signal and that cutputs a first output signal

and a second cutput signal to the first and second heat tracing cables, respectively,

18, The heating system of claim 17, further comprising:

a second walkkway cassette having a third heat tracing cable, whereln the third heat
tracing cable is powered in series with the first heat tracing cable, such that a signal being
applied to power the first heat tracing cable causes both the first and third heat tracing cables {o

heat the first and second cassettes,

i9.  The heating system of claim 13, wherein the temperature control element is arranged to

be exposed to substantially similar environmental conditions as the walloway cassetie.

20, The heating system of claim 13, wherein the firat and second heat tracing cables are

powered in paraliel.

19
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