HEAT FUSING DEVICES, SMART TRASH RECEPTACLE AND METHODS FOR
CONTROLLING HEAT FUSING TEMPERATURE

TECHNICAL FIELD
The present application relates to the field of smart trash receptacles and, in particular, to
heat fusing devices, a smart trash receptacle and methods for controlling a heat fusing tempera-

ture.

BACKGROUND

With the advancement of science and technology and the improvement of people’s living
standards, smart homes are increasingly becoming an indispensable part of our lives. At present,
smart trash receptacles have been a focus of people’s attention thanks to their characteristics of
cleanliness, sanitariness and convenience of use.

A conventional smart trash receptacle usually has a flip cover and an infrared (IR) sensing
device arranged in the vicinity thereof. The IR sensing device can cause the flip cover to be
opened when sensing an approaching user and closed after the user has left. Although this can
save the step for manually opening/closing the flip cover, such a simple function lags far behind
users’ expectations. Therefore, research efforts in the art have been placed on developing the ca-
pabilities including intelligent sensing, automatic bagging and automatic bag replacement. At
present, none of known smart trash receptacles available in the marketplace are capable of ful-
ly-automatic trash bagging, and most of them do not have a bagging device at all or only have a
semi-automatic bagging device. Moreover, most of such semi-automatic bagging devices utilize
sealing tapes for bagging, which are far from satisfactory either in operability or in sealing qual-
ity. Currently, plastic bags are usually sealed by thermoplastic sealing means typically having an
elongated shape. Although such means can be well used to seal thick plastic bags in applications
without spatial constraints, they will be grossly disadvantageous when intact incorporated in
smart trash receptacles with limited spaces, because their bulky and structurally complex nature
will shrink the receptacles’ effective internal spaces and degrade their structural stability, func-
tional reliability and user experience.

Therefore, how to address the issue that conventional smart trash receptacles are incapable
of automatically trash bagging in a simple and reliable way, how to improve automatic bagging
quality and reliability, how to reduce the difficulty of bagging control and bagging cost and how
to simplify associated control systems and increase their stability and reliability remain critical

technical problems sought to be solved by those skilled in the art.



SUMMARY

It is an object of the present invention to provide heat fusing devices for a smart trash re-
ceptacle, a smart trash receptacle and methods for controlling a heat fusing temperature. The de-
vice can fulfill two tasks within a single action, i.e., thermoplastic sealing and thermal fu-
sion-cutting of a trash bag in the trash receptacle, thus effectively addressing the issue that con-
ventional smart trash receptacles are incapable of automatically bagging trash in a simple and
reliable way, improving automatic bagging quality and reliability, reducing the difficulty of bag-
ging control and bagging cost, enabling simplified control in the system and increasing stability
and reliability of the system.

In a first aspect of the present invention, there is provided a heat fusing device for a smart
trash receptacle, comprising:

a heating wire (44) for fusion-cutting and thermally sealing an open end of a trash bag, the
heating wire (44) being connected to a heat-fusing circuit;

a base (41) having heat-resistant and insulating properties, the base (41) having a first end
surface on which the heating wire (44) is arranged; and

a control module communicatively coupled to the heat-fusing circuit for control thereof;

wherein the heating wire (44) has bent portions at both ends, which are inserted through re-
spective corresponding through-holes or slots in the base (41) and connected to the heat-fusing
circuit by a cable harness (46);

wherein the bent portions of the heating wire (44) are connected to the cable harness (46) by
means of cold-crimp terminals (45);

wherein each of the cold-crimp terminals (45) has an opening allowing a passage of a wire
therethrough and an adjusting member for adjusting a size of the opening;

wherein the bent portions are inserted into the openings, and the adjusting members are then
manipulated to narrow the openings, so that the bent portions are fastened to the base (41) to-
gether with the cold-crimp terminals (45).

According to a preferred embodiment, an anti-adhesion coating may be provided over the
first end surface of the base.

According to another preferred embodiment, a second end surface of the base, which op-
poses the first end surface thereof, may define a cable groove in which the cable harness is re-
ceived.

In a second aspect of the present invention, there is provided another heat fusing device for
a smart trash receptacle, comprising:

a heating wire for fusion-cutting and thermally sealing an open end of a trash bag, the heat-

ing wire being connected to a heat-fusing circuit;
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a base having heat-resistant and insulating properties, the base having a first end surface on
which the heating wire is arranged;

a sensor for sensing a temperature of the heating wire; and

a control mechanism for controlling the heat-fusing circuit, wherein the sensor is commu-
nicatively coupled to the control mechanism, and wherein the control mechanism is connected to
the heating wire and configured to control the temperature of the heating wire based on a value
sensed by the sensor;

a support plate disposed between the base and the heating wire, the support plate having a
flat surface on which the heating wire is supported;

wherein the heating wire has bent portions at both ends, which are inserted through respec-
tive corresponding through-holes or slots in the support plate and connected to the heat-fusing
circuit by a cable harness;

wherein the bent portions of the heating wire are connected to the cable harness by means
of cold-crimp terminals;

wherein each of the cold-crimp terminals has an opening allowing a passage of a wire
therethrough and an adjusting member for adjusting a size of the opening;

wherein the bent portions are inserted into the openings, and the adjusting members are then
manipulated to narrow the openings, so that the bent portions are fastened to the base together
with the cold-crimp terminals.

According to another preferred embodiment, the base may be provided, on its first end sur-
face, with at least one set of stop blocks corresponding to at least one set of notches formed in
edges of the support plate, each of the notches penetrating through the support plate in a thick-
ness-wise direction thereof, wherein the distances between the stop blocks go with the distances
between the notches, and wherein the first end surface of the base is bonded to the support plate
with an adhesive tape.

Preferably, a second end surface of the base, which opposes the first end surface thereof,
may define a cable groove in which the cable harness is received.

In a third aspect of the present invention, there is provided a smart trash receptacle includ-
ing the heat fusing device as defined in any one of the above paragraphs.

In a fourth aspect of the present invention, there is provided a method for controlling a heat
fusing temperature in the smart trash receptacle as defined above, the method comprising:

controlling the heat-fusing circuit to output power at a first predetermined power level;

obtaining a time duration for which the heat-fusing circuit outputs power at the first prede-
termined power level;

determining whether the time duration is within a predetermined time duration range; and
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if not, controlling the heat-fusing circuit to output power at a second predetermined power
level.

Preferably, the method may further comprise:

detecting how much an open end of a trash bag is gathered; and

if the open end of the trash bag has been gathered, controlling the heat-fusing circuit to
output power at the first predetermined power level.

In a fifth aspect of the present invention, there is provided another method for controlling a
heat fusing temperature in the smart trash receptacle as defined above, the method comprising:

collecting an actual temperature of the heating wire;

comparing the actual temperature with a predetermined temperature value;

if the actual temperature is higher than the predetermined temperature value, performing a
control process to lower the temperature of the heating wire; and

if the actual temperature is lower than the predetermined temperature value, performing a
control process to raise the temperature of the heating wire.

Preferably, the method further comprises:

calculating a deviation of the actual temperature from the predetermined temperature value;

comparing the deviation with a predetermined deviation range;

if the deviation is within the deviation range, calculating a control amount using a propor-
tional-integral-derivative algorithm;

if the deviation is beyond the deviation range, calculating a control amount using a propor-
tional-derivative algorithm; and

adjusting the temperature of the heating wire based on the control amount.

The technical solution provided by the present invention offers the following beneficial ef-
fects:

During an automatic bagging process by the smart trash receptacle, the heat fusing device
having the heat-resistant insulating base and the heating wire fastened to the base can fulfill two
tasks in a single action, i.e., thermoplastic sealing and thermal fusion cutting, while ensuring
good contact between the heating wire and the trash bag and preventing adhesion of the trash bag.
This results in improved sealing quality as well as structural simplicity and reliability. Thus, the
issue that the various conventional trash receptacles do not have effective means for automatic
bagging and sealing is addressed, and high automatic bagging quality and reliability can be ob-
tained at lower bagging control difficulty and reduced bagging cost. Moreover, control in the
system is simplified, and the stability and reliability of the system are increased.

Further, the base for supporting the heating wire is entirely made of a ceramic material, and

an anti-adhesion coating is provided on the surface of the base that is in contact with the heating
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wire. Since ceramics have the properties of high temperature resistance, corrosion resistance, a
long service life and good surface smoothness, and by virtue of the presence of the anti-adhesion
coating, when the heating wire comes into contact with the trash bag for its heat fusion, the trash
bag will barely adhere to the heat fusing device, thereby ensuring its good performance. Moreo-
ver, as ceramics are excellent in electrical insulation and heat resistance, the base can be pre-
vented from experiencing deformation or damage at a high temperature of the heating wire, thus

helping in avoiding current leakage in the device.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an exploded schematic view of a heat fusing device according to a first embodi-
ment of the present invention.

Fig. 2 shows a front axial side of a base of the heat fusing device according to the first em-
bodiment of the present invention.

Fig. 3 shows a rear axial side of the base of the heat fusing device according to the first
embodiment of the present invention.

Fig. 4 is a structural schematic illustrating how the heat fusing device according to the first
embodiment of the present invention is controlled.

Fig. 5 is a structural schematic of a smart trash receptacle according to the first embodiment
of the present invention.

Fig. 6 is a structural schematic illustrating the positions of the heat fusing device and a trash
bagging mechanism according to the first embodiment of the present invention.

Fig. 7 is an exposed schematic view of a heat fusing device according to a second embodi-
ment of the present invention.

Fig. 8 shows a front axial side of a base of the heat fusing device according to the second
embodiment of the present invention.

Fig. 9 shows a rear axial side of the base of the heat fusing device according to the second
embodiment of the present invention.

Fig. 10 is a structural schematic illustrating how the heat fusing device according to the
second embodiment of the present invention is controlled.

In these figures, 1 denotes a body of a trash receptacle; 2, a first pressing bar; 3, a second
pressing bar; 4, a heat fusing device; 5, a first fixed bar; 6, a second fixed bar; 7, a guide slot; 8, a
main cover section; 9, driving means; 10, a baseplate; 11,a synchronous belt assembly; 12, an
arcuate chamfer; 41, a base; 44, a heating wire; 45, a cable clip; 46, a cable harness; 411, a first
end surface of the base; 412, a second end surface of the base; 413, a hole in the base; 414, a ca-

ble groove; 415, a notch; 441, a heat fusing portion of the heating wire; 442, a bent portion of the
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heating wire; and 431, a hole in a ceramic plate.

DETAILED DESCRIPTION

Exemplary embodiments will be described in detail below, examples of which are illustrat-
ed in the accompanying drawings. Whenever mentioned in the following description, the same
numbers in different figures represent the same or similar elements, unless otherwise stated. The
implementations set forth in the following description of exemplary embodiments do not repre-
sent all implementations consistent with the claimed invention. Instead, they are merely some
examples of devices and methods consistent with certain aspects of the invention as specified in
the appended claims.

Embodiments will be described below with reference to the accompanying drawings. In ad-
dition, the embodiments set forth below do not limit the invention as defined by the appended
claims in any sense. Further, none of the features described in the following embodiments are
considered necessarily essential to the subject matter of the claims attached.

EMBODIMENT 1

Reference is made to Figs. 1 to 4, in which a heat fusing device for a smart trash receptacle
according to a first embodiment of the present invention is shown. The heat fusing device in-
cludes:

a heating wire 44 for fusion-cutting and thermally sealing an open end of a trash bag, the
heating wire 44 being connected to a heat-fusing circuit;

a base 41 having heat-resistant and insulating properties, the base 41 having a first end sur-
face on which the heating wire 44 is arranged; and

a control module communicatively coupled to the heat-fusing circuit for control thereof.

The base 41 is fixed to a body of the trash receptaclel, and its first end surface 411 provides
accommodation for the heating wire 44. Under the action of the heat-fusing circuit, the tempera-
ture of the heating wire 44 can be raised to a melting point of the trash bag so that the latter can
be fusion-cut and sealed. Moreover, as the base 41 is heat-resistant and insulating, it will not be
deformed or damaged at a high temperature of the heating wire 44 and helps in preventing cur-
rent leakage in the device.

In this embodiment, the base 41 is preferably made of a ceramic material. As such, the base
may have a smooth ceramic surface which is dense in texture and not permeable so that dust or
dirt will not easily adhere thereto. Additionally, the ceramic surface can be conveniently cleaned
with a solvent, without suffering from any adverse effect on the material properties. Moreover, as
the ceramic material has good electrical and thermal insulation properties, the base 41 will not be

deformed or damaged at a high temperature of the heating wire 44 and helps in preventing cur-
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rent leakage in the device. Further, it can avoid adhesion of, and hence damage to, the trash bag
and accumulation of dirt in the heat fusing device, leading to improved automatic bagging quali-
ty and enhanced stability and reliability of the smart trash receptacle. Of course, the material of
the base 41 is not limited to the ceramic material and may also be another heat-resistant insulat-
ing material or another material that has undergone heat resistance and insulation treatments.

Further, an anti-adhesion coating may be provided on the first end surface 411 of the base
41. As such, upon the heating wire 44 coming into contact with the trash bag for heat fusion, the
trash bag will barely adhere to the heat fusing device, thus ensuring its good performance.

In this embodiment, the heating wire 44 may have bent portions 442 at both ends, and the
ceramic base 41 may define through-holes 413 corresponding to the respective bent portions 442.
It will be readily appreciated that slots may be defined instead of the through-holes 413. The bent
portions 442 can be inserted through the through-holes or slots 413 and connected to the
heat-fusing circuit by a cable harness 46. In other words, the heating wire 44 has a heat fusing
portion 441 and bent portions 442. The bent portions 442 are connected to the heat-fusing circuit,
while the heat fusing portion 441 is configured to be brought into contact with the trash bag to
fusion-cut and seal it. As such, since the bent portions 442 of the heating wire 44 are inserted
through the through-holes or slots 413 and connected by the cable harness 46, the connection of
the heating wire 44 is firm. Moreover, as the heat fusing portion 441 of the heating wire 44 en-
tirely rests on the anti-adhesion coating of the base 41, adhesion of the trash bag can be effec-
tively prevented.

Further, the bent portions 442 of the heating wire 44 may be fastened to the base 41 by
means of cold-crimp terminals 45. Each of the cold-crimp terminals 45 may have an opening al-
lowing the passage of a wire therethrough and an adjusting member for adjusting the size of the
opening. During use, the bent portions 442 are inserted into the openings, and the adjusting
members are then manipulated to narrow the openings, so that the bent portions 442 are fastened
to the base 41 together with the cold-crimp terminals 45. As the cold-crimp terminals 45 are
simple in structure, easy to use and inexpensive, they can help in saving labor for assembly and
manufacturing cost.

In this embodiment, the control module in the heat fusing device may control the
heat-fusing circuit based on program settings and timing outputs of a timer, thereby controlling
heating power of the heating wire 44 to such a level that ensures the trash bag to be always
heat-fused at the temperature of the heating wire 44. This allows the temperature of the heating
wire 44 to be easily adjusted, ensures good automatic bagging quality, improves the utility and
reliability of the smart trash receptacle and leads to a further reduction in bagging and assembly

COSts.



Further, the base 41 has the first end surface 411 and a second end surface 412 opposing the
first end surface 411. That is, the first end surface 411 and the second end surface 412 are on
opposing sides. The second end surface 412 of the base 41 defines a cable groove 414 in which
the cable harness 46 is received. Hiding the cable harness 46 in the cable groove 414 can provide
protection to the circuit, facilitate the assembly of the heat fusing device and enable component
modularization.

In some preferred implementations, the control module includes a microcontroller unit
(MCU) which, as shown in Fig. 4, is communicatively coupled to a high power MOS device and
adapted to adjust an output power level thereof based on program settings and timing values of a
timer, thus enabling the control over the heating wire 44. The MOS device is also known as a
MOS transistor or a metal-oxide-semiconductor field-effect transistor (MOSFET).

In this particular embodiment, there is also provided a smart trash receptacle incorporating
the heat fusing device as defined above. In doing so, during an automatic bagging process of the
smart trash receptacle, the heating fusing device is not only capable of ensuring good contact
between the heating wire 44 and the trash bag, but can also prevent adhesion of the trash bag,
thus addressing the issues of easy damage to the trash bag and accumulation of dirt in the heat
fusing device, improving automatic bagging quality and enhancing the stability and reliability of
the smart trash receptacle. Since the smart trash receptacle offers the substantially same benefi-
cial effects as the above-described heat fusing device, it will not be described in further detail
herein for the sake of simplicity.

It will be appreciated that the smart trash receptacle may have a movable baseplate which
can slowly approach and abut against the heating wire 44. During the approach of the baseplate,
the trash bag will be plastically sealed gradually by heat from the heating wire 44. Upon the
baseplate abutting against the heating wire 44, the plastically sealed trash bag is fusion-cut by the
heating wire 44. In this way, both thermoplastic sealing and thermal fusion-cutting can be ac-
complished within a single action, thus simplifying the heat fusing structure and reducing its
footprint.

As a result, during an automatic bagging process performed by the smart trash receptacle,
the heat fusing device is capable of fulfilling two tasks within a single action, i.e., thermoplastic
sealing and thermal fusion-cutting. This allows structural simplicity and reliability, solves the
problem that the existing trash receptacles of various types do not have effective means for au-
tomatic bagging and sealing, improves automatic bagging quality and increases the degree of
intelligence of the smart trash receptacle.

In some other implementations, referring to Fig. 5 to 6, the smart trash receptacle includes a

trash bagging mechanism that is used to automatically gather and seal an open end of a trash bag
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full with trash and is disposed within the body of the trash receptaclel. A first fixed edge and a
second fixed edge may be provided at tops of internal surfaces of the body of the trash recepta-
clel. The first fixed edge may intersect the second fixed edge. Further, it may be configured that
the first and second fixed edges are perpendicular to each other.

The bagging mechanism may include: a first pressing bar 2, which is able to slide along the
second fixed edge to gather the open end of the trash bag onto the first fixed edge; and a second
pressing bar 3, which is able to slide along the first fixed edge to gather the open end of the trash
bag onto the second fixed edge. In addition, the first pressing bar 2 and the second pressing bar 3
can work together to gather the trash bag to the intersection of the first fixed edge and the second
fixed edge, in the vicinity of which, the heat fusing device 4 is disposed for sealing and closing
the open end of the trash bag. In this way, the open end of the trash bag can be gathered up at one
point and can be more easily sealed, and during the heat fusing and sealing by the heat fusing
device 4, it is less possible for thermal damage of the bag body and leakage of trash.

Further, it includes driving means 9 for driving the first pressing bar 2 and the second
pressing bar 3 to automatically gather the open end of the trash bag without human intervention,
promoting convenience in our lives.

With the above arrangement, the open end of the trash bag can be gathered in two directions,
thus solving the problems of inadequate sealing and proneness to thermal damage at the sealed
portion due to a small material thickness there arising from the unidirectional gathering method
adopted in automatic bagging mechanisms of conventional smart trash receptacles.

In a preferred implementation of this embodiment, in order to gather the open end of the
trash bag in a more concentrated and faster manner, the intersection of the first fixed edge and
the second fixed edge may be implemented as an arcuate chamfer 12. In addition, the baseplate
10 may be provided, which may be implemented as an elastic flexible material attached to the
lateral side of a second pressing bar 3 corresponding to the heat fusing device 4. As such, the
first pressing bar 2 and the second pressing bar 3 are able to gather the open end of the trash bag
between the baseplate 10 and the heat fusing device 4, thus providing a buffer for the gathering
of the trash bag and ensuring denser gathering.

Specifically, the baseplate 10 may be composed of the elastic flexible material and a Teflon
tape bonded to the surface thereof. Using this tape allows convenient and fast attachment to the
lateral side of the second pressing bar 3.

In this embodiment, the body of the trash receptacle]l may include a receptacle section and a
main cover section 8 residing on the receptacle section. The first pressing bar 2, the second
pressing bar 3, a first fixed bar 5, a second fixed bar 6, the driving means 9 and the heat fusing

device 4 may be all housed within the main cover section 8. Preferably, the first fixed bar 5, the
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second fixed bar 6, the first pressing bar 2 and the second pressing bar 3 may be disposed on the
respective four side walls of the main cover section 8 of the trash receptacle.

It should be noted that the first fixed bar 5 and the second fixed bar 6 perpendicular to the
first fixed bar 5 may be fixedly disposed in the main cover section 8, with a lateral edge of the
first fixed bar 5 forming the first fixed edge and a lateral edge of the second fixed bar 6 forming
the second fixed edge. The second pressing bar 3 may be disposed parallel to the first fixed bar 5,
and the first pressing bar 2 to the second fixed bar 6. Guide means may be provided respectively
between the first pressing bar 2 and the first fixed bar 5, between the first pressing bar 2 and the
second pressing bar 3, between the second pressing bar 3 and the second fixed bar 6 and between
the second pressing bar 3 and the first pressing bar 2. Under the guidance of such guide means,
the first pressing bar 2 and the second pressing bar 3 can gather the open end of the trash bag to
the intersection of the first fixed edge and the second fixed edge.

The first pressing bar 2 may first transversely gather the open end of the trash bag under the
guidance of the guide means, and the second pressing bar 3 may then longitudinally gather it
under the guidance of the guide means. In this way, the open end of the trash bag may be gath-
ered in the two directions to one point and hence more easily sealed.

In one implementation, the first pressing bar 2 may define a guide slot 7, which extends ax-
ially with respect thereto, and through which one end of the second pressing bar 3 is inserted.
The first pressing bar 2 may further define, at its one end, a first guide hole for the passage of the
first fixed bar 5 therethrough. The first pressing bar 2 is able to reciprocate axially with respect to
the first fixed bar 5 and the second pressing bar 3. The second pressing bar 3 may further define,
at its one end, a second guide hole for the passage of the second fixed bar 6 therethrough, and the
second pressing bar 3 is able to reciprocate axially with respect to the second fixed bar 6 and the
first pressing bar 2.

Preferably, in order to prevent the second pressing bar 3 from sliding out of the guide slot 7,
the guide slot 7 may be closed at the ends.

In this embodiment, the driving means 9 may include a motor, a gear assembly and a syn-
chronous belt assembly 11. The motor may be drivingly connected to the gear assembly so as to
be able to drive the latter to rotate. The gear assembly may be engagingly connected to the syn-
chronous belt assembly 11, and the first pressing bar 2 and the second pressing bar 3 may be
both fastened to the synchronous belt assembly 11. As such, the synchronous belt assembly 11
can drive the first pressing bar 2 and the second pressing bar 3 to move, thereby enabling auto-
matic gathering of the trash bag.

In this particular embodiment, there is also provided a method for controlling a heat fusing

temperature for the smart trash receptacle as defined above. The method includes:
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controlling the heat-fusing circuit to output power at a first predetermined power level;

obtaining a time duration for which the heat-fusing circuit outputs power at the first prede-
termined power level;

determining whether the time duration is within a predetermined time duration range; and

if not, controlling the heat-fusing circuit to output power at a second predetermined power
level;

The method may further include, before the heat-fusing circuit is controlled to output power
at the first predetermined power level:

detecting how much an open end of a trash bag is gathered; and

if the open end of the trash bag has been gathered, controlling the heat-fusing circuit to
output power at the first predetermined power level.

In order for the method to be implementable, the control module may have a timer or timing
program for time sampling, a comparator for comparing time values with pre-programmed val-
ues, the first predetermined power level, the second predetermined power value and the prede-
termined time duration range.

It should be noted that, affected both by heating power and heat dissipation, the temperature
of the heating wire 44 will reach a certain equilibrium. Therefore, on the basis of extensive ex-
periments and validations, a temperature equilibrium curve for the heating wire 44 may be plot-
ted as a function of heating power and heating time duration. Additionally, a table of control
rules may be stored on the control module, for section-wise heating power control for the heating
wire 44 based on its heating power, heating time duration and other parameters. In this way, the
temperature of the heating wire may be efficiently controlled within a suitable range in real time
at low cost, facilitating the fusion-cutting and sealing of the trash bag. Moreover, the need for a
temperature sensor can be dispensed with, helping in structural simplification and cost saving.

In some preferred implementations, a target value for temperature control of the heating
wire may be 320 degrees, compared to the melting point of the trash bag ranging from 200 de-
grees to 400 degrees. Therefore, this preset temperature is conducive to the fusion-cutting and

sealing of the trash bag.

EMBODIMENT 2

Reference is now made to Figs. 7 to 10, in which a heat fusing device for a smart trash re-
ceptacle according to a second embodiment of the present invention is shown. For the sake of
easy understanding, the same components in this embodiment are indicated by the same refer-
ence numbers as Embodiment 1.

As shown in the figures, in addition to the base 41 and the heating wire 44, the heat fusing
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device according to this embodiment also includes a sensor and a control module. The sensor is
configured to sense the temperature of the heating wire 44 and is communicatively coupled to
the control module. The control module is connected to the heating wire 44 and is adapted to
control the temperature of the heating wire 44 based on a value sensed by the sensor. The sensor
is preferred to be a temperature sensor either in direct contact with the heating wire 44 or in in-
direct contact therewith via a thermally-conductive member.

Additionally, a support plate 43 may be disposed between the base 41 and the heating wire
44. The support plate 43 may have a surface on which the heating wire 44 is supported. As de-
scribed above, the heating wire 44 is adapted to fusion-cut and to plastically seal the open end of
the trash bag and is coupled to the heat-fusing circuit. Under the action of the heat-fusing circuit,
the temperature of the heating wire 44 can be raised to a melting point of the trash bag so that the
latter can be fusion-cut and sealed.

In this embodiment, the support plate is preferably a ceramic plate 43 having a flat surface
on which the heating wire 44 is supported so that the heating wire 44 is disposed on the side of
the ceramic plate 43 where the flat surface is present. Since the ceramic plate 43 has the proper-
ties of high temperature resistance, corrosion resistance, a long service life and good surface
smoothness, when the heating wire 44 comes into contact with the trash bag for its heat fusion,
the trash bag will rarely adhere to the heat fusing device, thus ensuring its good performance.

It should be noted that the flat surface of the ceramic plate 43 may be a smooth ceramic
surface which is dense in texture and not permeable so that dust or dirt cannot easily adhere
thereto. Additionally, the ceramic surface can be conveniently cleaned with a solvent, without
suffering from any effect on the material properties. Moreover, as the ceramic plate 43 has good
electrical and thermal insulation properties, it can prevent the base from experiencing defor-
mation or damage at a high temperature of the heating wire 44 and helps in avoiding current
leakage in the device. Further, it can avoid adhesion of, and hence damage to, the trash bag and
accumulation of dirt in the heat fusing device, leading to improved automatic bagging quality
and enhanced stability and reliability of the smart trash receptacle.

In this embodiment, the heating wire 44 may similarly have bent portions 442 at both ends,
and the ceramic plate 43 may define through-holes 431 corresponding to the respective bent por-
tions 442. It will be readily appreciated that slots may be defined instead of the through-holes
431. The bent portions 442 can be inserted through the through-holes or slots 431 and connected
to the heat-fusing circuit by a cable harness 46. In other words, the heating wire 44 has a heat
fusing portion 441 and bent portions 442. The bent portions 442 are connected to the heat-fusing
circuit, while the heat fusing portion is configured to be brought into contact with the trash bag

to fusion-cut and plastically seal it. As such, since the bent portions 442 of the heating wire 44
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are inserted through the through-holes or slots 431 and fastened to the base 41, the connection of
the heating wire 44 is firm. Moreover, as the heat fusing portion of the heating wire 44 entirely
rests on the flat surface of the ceramic plate 43, adhesion of the trash bag can be effectively pre-
vented.

With similarity to Embodiment 1, the bent portions 442 of the heating wire 44 may be fas-
tened to the base 41 by means of cold-crimp terminals 45.

The base 41 may define notches 415 in which the cold-crimp terminals 45 can be snugly
received. Moreover, when received in the notches 415, the cold-crimp terminals 45 may experi-
ence inner-diametrical reductions, thereby locking the bent portions 442 therein. As such, the
cold-crimp terminals 45 and the notches 415 constitute space-saving fasteners for the heating
wire 44 with improved smoothness and few burrs that may scratch the trash bag.

In some implementations, the base 41 may have a first end surface 411 in contact with the
ceramic plate 43 and a second end surface 412 opposing the first end surface 411. An adhesive
tape 42 may be provided between the first end surface 411 and the ceramic plate 43 to bond them
together. As such, the attachment of the ceramic plate 43 to the base 41 can be accomplished
with a simple structure by easy operations. It can save time and labor and help in improving op-
erational efficiency.

In order for more stable connection between the ceramic plate 43 and the base 41 to be
achieved, at least one set of stop blocks 47 may be provided on the first end surface 411 of the
base 41, and accordingly, at least one set of notches may be formed in edges of the ceramic plate
43. Each set of stop blocks 47 may be in one-to-one correspondence with a respective set of
notches so that the distances between the stop blocks 47 go with the distances between the
notches. Each of the notches may penetrate through the ceramic plate 43 in a thickness-wise di-
rection thereof. Here, the “thickness-wise direction” refers to a direction pointing from one flat
surface of the ceramic plate 43 to the other flat surface thereof. In this way, in order to fasten the
ceramic plate 43 to the base 41, each set of stop blocks 47 may be snapped in a corresponding set
of notches, making the attachment of the ceramic plate 43 to the first end surface 411 of the base
41 more snug and firm. Preferably, two sets of stop blocks 47 and two sets of notches, i.e., four
snap-on fasteners, may be provided to further increase the stability in the attachment of the ce-
ramic plate 43.

Further, the heat fusing device includes the control module communicatively coupled to the
temperature sensor for sensing the temperature of the heating wire 44. The control module in-
corporates the heat-fusing circuit and is coupled to the heating wire 44 via the cable harness 46.
During a heat fusion process, the control module may control the temperature of the heating wire

44 based on a value of the temperature of the heating wire 44 sensed by the temperature sensor
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so as to ensure that the trash bag can be always heat fused at the temperature of the heating wire
44. This is favorable to automatic temperature adjustment for the heating wire 44, ensures good
automatic bagging quality and improves the utility and reliability of the smart trash receptacle.

Similarly, the base 41 may have a second end surface 412 defining a cable groove 414 in
which the cable harness 46 is accommodated.

In some preferred implementations, the control module includes a microcontroller unit
(MCU) which, as shown in Fig. 10, is communicatively coupled to both the temperature sensor
and a high power MOS device and adapted to adjust an output power level of the high power
MOS device based on the sensed value of the temperature sensor, thus enabling the control over
the heating wire 44. The MOS device is also known as a MOS transistor or a met-
al-oxide-semiconductor field-effect transistor (MOSFET).

In this particular embodiment, there is also provided a smart trash receptacle incorporating
the heat fusing device as defined above. In doing so, during an automatic bagging process, the
smart trash receptacle is not only capable of ensuring good contact between the heating wire 44
and the trash bag, but can also prevent adhesion of the trash bag, thus addressing the issues of
easy damage to the trash bag and accumulation of dirt in the heat fusing device, improving au-
tomatic bagging quality and enhancing the stability and reliability of the smart trash receptacle.

In this particular embodiment, there is also provided a method for controlling a heat fusing
temperature for the smart trash receptacle as defined above. The method includes:

collecting an actual temperature of the heating wire;

comparing the actual temperature with a predetermined temperature value;

if the actual temperature is higher than the predetermined temperature value, performing a
control process to lower the temperature of the heating wire; and

if the actual temperature is lower than the predetermined temperature value, performing a
control process to raise the temperature of the heating wire.

In some implementations, based on the difference between the actual temperature of the
heating wire and the predetermined temperature value, a control amount of the heating power of
the heating wire 44 may be calculated using either of two algorithms, i.e., two approaches for
adjusting the temperature of the heating wire.

Preferably, the method further includes:

calculating a deviation of the actual temperature from the predetermined temperature value;

comparing the deviation with a predetermined deviation range;

if the deviation is within the deviation range, calculating the control amount of the heating
power of the heating wire 44 using a proportional-integral-derivative (PID) algorithm;

if the deviation is beyond the deviation range, calculating the control amount of the heating
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power of the heating wire 44 using a proportional-derivative (PD) algorithm; and

adjusting the temperature of the heating wire (44) based on the control amount.

It should be noted that there may be significant hysteresis in both the collection and control
of the heating wire’s temperature. For this reason, a table of control rules may be implemented in
the control program to carry out the PID or PD algorithm depending on the temperature of the
heating wire, its fluctuation profile, output amplitude and other parameters and perform control
for the heating power level of the heating wire based on the PID or PD algorithm. In this way,
the temperature of the heating wire may be efficiently controlled within a suitable range in real
time at low cost, facilitating the accomplishment of both fusion-cutting and sealing of the trash
bag within a single action.

In some preferred implementations, a predetermined temperature of the heating wire may be
320 degrees, compared to the melting point of the trash bag ranging from 200 degrees to 400 de-
grees. Therefore, this predetermined temperature is conducive to simultaneous fusion-cutting and
sealing of the trash bag.

The foregoing description merely presents a few particular embodiments of the present in-
vention and does not limit the scope thereof in any sense. Any and all variations or substitutions
easily devisable by those familiar with the art in light of the teachings disclosed herein are con-
sidered to fall within the scope of the present invention. Accordingly, the scope of the invention

shall be as defined in the appended claims.
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CLAIMS

What is claimed is:

1. Aheat fusing device for a smart trash receptacle, comprising:

a heating wire (44) for fusion-cutting and thermally sealing an open end of a trash bag, the
heating wire (44) being connected to a heat-fusing circuit;

a base (41) having heat-resistant and insulating properties, the base (41) having a first end
surface on which the heating wire (44) is arranged; and

a control mechanism communicatively coupled to the heat-fusing circuit for control thereof;

wherein the heating wire (44) has bent portions at both ends, which are inserted through re-
spective corresponding through-holes or slots in the base (41) and connected to the heat-fusing
circuit by a cable harness (46);

wherein the bent portions of the heating wire (44) are connected to the cable harness (46) by
means of cold-crimp terminals (45);

wherein each of the cold-crimp terminals (45) has an opening allowing a passage of a wire
therethrough and an adjusting member for adjusting a size of the opening;

wherein the bent portions are inserted into the openings, and the adjusting members are then
manipulated to narrow the openings, so that the bent portions are fastened to the base (41) to-
gether with the cold-crimp terminals (45).
2. The heat fusing device of claim 1, wherein an anti-adhesion coating is provided over the
first end surface of the base (41).
3. The heat fusing device of claim 1, wherein a second end surface of the base (41), which
opposes the first end surface thereof, defines a cable groove in which the cable harness (46) is
received.
4. Aheat fusing device for a smart trash receptacle, comprising:

a heating wire (44) for fusion-cutting and thermally sealing an open end of a trash bag, the
heating wire (44) being connected to a heat-fusing circuit;

a base (41) having heat-resistant and insulating properties, the base (41) having a first end
surface on which the heating wire (44) is arranged;

a sensor for sensing a temperature of the heating wire (44); and

a control mechanism for controlling the heat-fusing circuit, wherein the sensor is commu-
nicatively coupled to the control mechanism, and wherein the control mechanism is connected to
the heating wire (44) and configured to control the temperature of the heating wire (44) based on

a value sensed by the sensor;
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a support plate (43) disposed between the base (41) and the heating wire (44), the support
plate (43) having a flat surface on which the heating wire (44) is supported;

wherein the heating wire (44) has bent portions at both ends, which are inserted through re-
spective corresponding through-holes or slots in the support plate (43) and connected to the
heat-fusing circuit by a cable harness (46);

wherein the bent portions of the heating wire (44) are connected to the cable harness (46) by
means of cold-crimp terminals (45);

wherein each of the cold-crimp terminals (45) has an opening allowing a passage of a wire
therethrough and an adjusting member for adjusting a size of the opening;

wherein the bent portions are inserted into the openings, and the adjusting members are then
manipulated to narrow the openings, so that the bent portions are fastened to the base (41) to-
gether with the cold-crimp terminals (45).
5. The heat fusing device of claim4, wherein the base (41) is provided, on its first end surface,
with at least one set of stop blocks (47) corresponding to at least one set of notches formed in
edges of the support plate (43), each of the notches penetrating through the support plate (43) in
a thickness-wise direction thereof, wherein the distances between the stop blocks (47) go with
the distances between the notches, and wherein the first end surface of the base (41) is bonded to
the support plate (43) with an adhesive tape (42).
6.  The heat fusing device of claim -4, wherein a second end surface of the base (41), which
opposes the first end surface thereof, defines a cable groove in which the cable harness (46) is
received.
7. A smart trash receptacle, comprising the heat fusing device of any one of claim 1 and
claim4.
8. A method for controlling a heat fusing temperature in a smart trash receptacle, the smart
trash receptacle comprising the heat fusing device of claiml, the method comprising:

controlling the heat-fusing circuit to output power at a first predetermined power level;

obtaining a time duration for which the heat-fusing circuit outputs power at the first prede-
termined power level;

determining whether the time duration is within a predetermined time duration range; and

if not, controlling the heat-fusing circuit to output power at a second predetermined power
level.
9. The method of claim8, further comprising:

detecting how much an open end of a trash bag is gathered; and

if the open end of the trash bag has been gathered, controlling the heat-fusing circuit to

output power at the first predetermined power level.
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10. A method for controlling a heat fusing temperature in a smart trash receptacle, the smart
trash receptacle comprising the heat fusing device of claim4, the method comprising:

collecting an actual temperature of the heating wire (44);

comparing the actual temperature with a predetermined temperature value;

if the actual temperature is higher than the predetermined temperature value, performing a
control process to lower the temperature of the heating wire (44); and

if the actual temperature is lower than the predetermined temperature value, performing a
control process to raise the temperature of the heating wire (44).
11. The method of claim10, further comprising:

calculating a deviation of the actual temperature from the predetermined temperature value;

comparing the deviation with a predetermined deviation range;

if the deviation is within the deviation range, calculating a control amount of the heating

power of the heating wire (44) using a proportional-integral-derivative algorithm;

if the deviation is beyond the deviation range, calculating a control amount of the heating

power of the heating wire (44) using a proportional-derivative algorithm; and

adjusting the temperature of the heating wire (44) based on the control amount.
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