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(54) Hot air blower with ceramic heating element

(57)  There is provided a heating element (330) for
an electric air heater including an electric power source,
a ceramic base, and a conductive heating film substan-
tially uniformly deposited on at least a portion of a surface
of the base and electrically connected to the power
source. There is also provided a method for manufactur-
ing the heating element. There is further provided an elec-
tric hot air blower (300) including a housing having an air

inlet (310) and an air outlet (315), a fan (320) operatively
connected to an electric motor (325), and an electric heat-
ing element (330) located inside the housing thatincludes
a ceramic base and a conductive film substantially uni-
formly deposited on a surface of the base and electrically
connected to a power source. The electric heating ele-
ment is located along an air flow path of the blower for
heating air flow.
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Description

[0001] The presentinvention relatesto home applianc-
es involving electric heating, and more particularly, to
hair blowers and electric air heaters having heating ele-
ments.

[0002] Commonly used electric hot air blowers, such
as electric hair dryers or air heaters for home heating in
winter, generally employ nickel-chromium alloy wires
wound around a mica bracket as a heater. Fig. 1 illus-
trates an in inner structure of an existing electric hot air
blower 100, where the electric heater is made of wound
nickel-chromium alloy wires. Blower 100 includes a hous-
ing 105, an air inlet 110, an air outlet 115, a driving motor
120, afan 125, andresistance heating wires 130 wrapped
around a bracket 135. Resistance heating wires 130,
when an electric current is applied thereto, heat up and
heat air blown from fan 125 that contacts wires 130. Fig.
2 shows several common winding patterns of the existing
electric hotair blower resistance wires 130. Fig. 2A shows
a spring coil pattern, Fig. 2B shows a delta pattern, and
Fig. 2C shows a long arc pattern of heating wires 130.
[0003] U.S.PatentNo. 6,378,225 B1, forexample, dis-
closes an air blower that uses a ceramic radiator, sus-
pended on a bracket, that can emit far infrared radiation.
Nickel-chromium resistance wires are wound around the
ceramic radiator.

[0004] All the above-mentioned technological ap-
proaches aim to reduce noise by providing different wind-
ing patterns of resistance wires. Although some winding
patterns do have some effect in the reduction of noise,
their potential in this respect is very limited. Existing elec-
tric hot air blowers have the following disadvantages:
long resistance wires, large space occupation, complex
bracket structure, high air resistance and noise. Because
the wires must be wound around a bracket, the winding
of resistance wires can easily be made uneven, resulting
in local overheating, causing oxidation and breakage of
resistance wires and shortening the service life of those
electric hot air blowers. Another significant disadvantage
is the fact that heater coils naturally fatigue, may break,
and get "spit" out of a dryer, causing possible personal
injury. Another cause of "spitting" is the fact that most
heaters are hand wound, and a loose or poorly assem-
bled coil may touch an adjacent coil, thereby causing a
local drop in resistance, creating a hot spot resulting in
near instant coil breakage and "spitting".

[0005] Inaddition, resistance wires emit light, resulting
in a low efficiency in the conversion from electricity to
heat and a consequent waste of energy. Current electric
heaters having ceramic radiators are also inefficient, as
electric heaters made up of nickel-chromium resistance
wires heat the far infrared ceramic radiators indirectly,
resulting in a low emission efficiency.

[0006] Inaddition, many motors driving fans in electric
hot air blowers, whether they are AC or DC motors, must
be equipped with voltage dropping devices, i.e., voltage
converters. Other AC fan motors may also run at incom-
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ing line voltage, without reducing voltage. For example,
many electric hot air blowers use DC motors operating
at about 1.5 Volts to about 24 Volts, however, they are
usually powered by DC supply converted from an AC
120V or 230V supply. At present, there are several meth-
ods of conversion for small home appliances and they
all have their own disadvantages. Dropping voltage using
resistors or capacitors requires that the resistors or ca-
pacitors be of a relatively large size. Coil transformers
for dropping voltage suffer from the disadvantages of
higher costs and large size. Another method includes
dropping voltage using nickel-chromium resistance
wires. Although this method is economical, the manufac-
turing process requires multiple stages and the resulting
voltage dropping device is comparatively large.

[0007] Itis an object of the present invention to provide
an air heater having improved heating uniformity and re-
duced noise relative to current electric hot air blowers.
[0008] It is another object of the present invention to
provide an air heater that incorporates voltage reduction
devices having a minimal size and having a structure
allowing simple assembly.

[0009] Itis yet another object of the present invention
to provide an air heater having a superior airflow capa-
bility.

[0010] Itis still another object of the present invention

to provide an air heater that produces heat by far infrared
waves.

[0011] Itis a further object of the present invention to
provide an air heater having an efficient drying system
that provides significant energy savings without loss of
performance.

[0012] These and other objects of the present inven-
tion are achieved by a heating element for an electric air
heater including an electric power source, a ceramic
base, and a conductive heating film substantially uniform-
ly deposited on at least a portion of a surface of the base
and electrically connected to the power source. There is
also provided a method for manufacturing the heating
element.

[0013] There is also provided an electric hot air blower
including a housing having an air inlet and an air outlet,
a fan operatively connected to an electric motor, and an
electric heating element located inside the housing that
includes a ceramic base and a conductive film substan-
tially uniformly deposited on a surface of the base and
electrically connected to a power source. The electric
heating element is aligned with an air flow path of the
blower for heating air flow.

[0014] Fig. 1is a side cross-sectional view of a prior
art hot air blower.

[0015] Fig. 2 is a front view showing variations of the
hot air blower of Fig. 1, particularly showing several com-
mon winding patterns of resistance wires.

[0016] Fig. 3is a side cross-sectional view of one em-
bodiment of an electric hot air blower of the present in-
vention including cylindrical ceramic elements constitut-
ing both a heater and a voltage dropping resistor for a
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driving motor.

[0017] Fig. 4 is aperspective view of the internal struc-
ture of the electric hot air blower of Fig. 3.

[0018] Fig. 5A is a side cross-sectional view, and Fig.
5B is a front cross-sectional view, of a cylindrical ceramic
heating element according to the present invention.
[0019] Fig. 6A is a side cross-sectional view, and Fig.
6B is a front cross-sectional view, of a square tubular
ceramic heating element according to the present inven-
tion.

[0020] Fig. 7A is a side cross-sectional view, and Fig.
7B is a front cross-sectional view, of a cone shaped ce-
ramic heating elementaccording to the presentinvention.
[0021] Fig. 8A is a side cross-sectional view along a
plane represented by the line A-A, and Fig. 8B is a front
cross-sectional view in a plane perpendicular to plane A-
A, of a column-shaped heating element according to the
present invention.

[0022] Fig. 9 is a front cross-sectional view of an em-
bodiment of the heating element of the present invention
having multiple interior components.

[0023] Fig.10 is an electric schematic drawing, show-
ing a single piece of a ceramic heating element as a volt-
age dropping resistor.

[0024] Fig.11 is an electric schematic drawing, show-
ing two pieces of ceramic heating elements incorporated
as a voltage dropping resistor.

[0025] Fig.12 is a perspective view showing the inter-
nal structure of a second embodiment of an electric hot
air blower of the present invention, shown assembled.
[0026] Fig.13 is a perspective view showing the inter-
nal structure of the electric air blower of Fig. 12, shown
disassembled.

[0027] Referring to the drawings and, in particular, to
FIGS. 3 and 4, there is provided an embodiment of an
electric hot air blower, i.e., a hair dryer, of the present
invention generally represented by reference numeral
300. Hair blower 300 utilizes a newly developed heating
element, including conductive film or thin layer deposited
on and preferably attached to a ceramic base, as an air
heater.

[0028] Hair blower 300 includes a shell 305 with an air
inlet 310 and an air outlet 315, a fan 320 operatively con-
nected to a driving motor 325 assembled inside shell 305.
Also mounted or assembled inside shell 305 is an electric
heating element 330 for heating airflow and a power con-
trol assembly including a secondary/auxiliary heater
and/or voltage dropping resistor 335. A bracket 340 holds
heating element 330 and voltage dropping resistor 335
in position along an air flow path of hair blower 300. In
one embodiment, resistor 335 acts as a dropping resistor,
and may also act as a secondary heater. In another em-
bodiment, resistor 335 acts only as a secondary heater.
[0029] Electric heating element 330 includes a ceramic
base, upon whose surfaces are deposited a film that is
preferably adhered to ceramic base. The thickness of the
film is preferably between about 0.8 mmto 1.5 mm. Ina
preferred embodiment, the thickness of the film is about
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1.2 mm. The film is an electrically conductive film having
a resistance sufficient to produce a desired amount of
heat upon application of a selected current. Heating el-
ement 330, when heated, emits far infrared radiation.
[0030] When power is switched on, the resistance
heating film on heating element 330 will be heated first,
and then the ceramic base of heating element 330 is
heated directly, which will emit far infrared radiation at
high temperature to heat airflow passing over it. The heat-
ed air will be forced out of air outlet 315 by the airflow
produced by fan 320, thus acquiring high electricity-heat
conversion efficiency, high far infrared emission efficien-
cy and less air resistance.

[0031] Hair Blower 300 also includes a power control
assembly. Power control assembly includes a voltage
dropping device 335 connected to driving motor 325.
Dropping device 335 lowers the voltage from the higher
voltage supplied by a power source, such as power ac-
cessed from a wall socket, to a lower voltage suitable for
driving motor 325. Dropping device 335 preferably in-
cludes a heating element that includes a conductive re-
sistance heating film deposited on a ceramic base as the
voltage dropping resistor. Dropping device 335 is thus
preferably of a similar structure as heating element 330,
and materials used for the ceramic base and resistive
film of dropping device 335 are preferably the same ma-
terials used for the ceramic base and resistive film of
heating element 330.

[0032] Both heating element 330 and voltage dropping
device 335 are mounted on a bracket 340 located be-
tween fan 320 and air outlet 315. Preferably, bracket 340
is a mica bracket.

[0033] Referring now to Figs. 5A through 8B, heating
element 330 includes a ceramic base piece 345 having
a resistive heating film adhered to at least part of the
surface of base piece 345. In one embodiment, the re-
sistive heating film is deposited on all exterior surfaces
of base piece 345. Base piece 345 can take any desired
shape, such as a hollow cylinder shown in Figs. 5A and
5B, a hollow square tubular shape shown in Figs. 6A and
6B, and a hollow conical shape. An example of a conical
shaped ceramic base piece 345 is shown in Figs. 7A and
7B, in which the bore 705 is cylindrical and the external
surface 710 is conic. Other shapes include a column or
cylindrical shape having radially extending ribs or protru-
sions 805, as shown in Figs. 8A and 8B. Electrodes (not
shown) may be adhered to, or incorporated in, a part of
the resistive heating film.

[0034] In one embodiment, ceramic base piece 345
includes a plurality of ceramic tubular structures sur-
rounded by an exterior ceramic tubular structure. An ex-
ample is shown in Fig. 9, in which ceramic base piece
345 includes an exterior ceramic base piece 347 and
multiple ceramic interior base pieces 349. Preferably, the
interior pieces 349 and the exterior piece 347 are made
from the same material. Preferably, the conductive re-
sistive heating film is applied only to the exterior of exte-
rior piece 347, but the heating film may also be applied
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to portions of both the exterior piece 347 and the interior
pieces 349. In this example, four hollow tubular interior
ceramic pieces are shown, although any number may be
used.

[0035] In a preferred embodiment, heating element
330 includes a conductive resistive heating film that is
substantially uniformly deposited on a surface of the ce-
ramic base, and is adhered to the ceramic base. The
conductive film may be sintered onto the surface of the
ceramic base. The conductive film preferably includes
electrodes incorporated into or electrically connected to
the conductive film for connection between heating ele-
ment 330 and a power source.

[0036] Ina preferred embodiment, ceramic base piece
340 is made of quality ceramic having a thickness of
about 0.5 to 3.0 mm thick. In another embodiment, the
ceramic material contains aluminum oxide. The resistive
heating film may contain any of a number of compositions
such as germanium, borosilicate, ytterbium oxide, a sem-
iconductor ceramic far-infrared material, and bismuth ox-
ide. Preferably, the resistive heating film does not contain
any potentially harmful substances such as lead, mercu-
ry, a semiconductor ceramic far-infrared material, hex-
avalent chromium, polyether, benzene, and benzoic ac-
id.

[0037] In another preferred embodiment, the resistive
heating film is made from a slurry that is adhered to ce-
ramic base piece 340 by sintering. The expansion coef-
ficient of the slurry is preferably substantially the same
as that of the material of ceramic base piece 340.
[0038] In a corresponding preferred method for man-
ufacturing heating element 330, the slurry is first applied
to the selected surfaces of ceramic base piece 345, pref-
erably by spraying. After applied onto the selected sur-
faces, the slurry is sintered on the surfaces at a temper-
ature of, e.g., about 1300°C to form a uniform resistive
heating film. Electrodes are then formed by applying ad-
ditional slurry on the surface at preferably both ends of
ceramic base piece 345 together with welding leads for
electric connections. The additional slurry isthen sintered
at a high temperature, such as 1300°C to firmly fix the
electrodes to the resistive heating film.

[0039] The manufacturing requirements of dropping
resistor 335, constructed from the ceramic base and the
resistive film are generally more stringent than those
used for manufacture of heating element 330. Many fac-
tors may influence physical properties of the resistance
film, including ratios of germanium, borosilicate, ytterbi-
um oxide, a semiconductor ceramic far-infrared material,
bismuth oxide and, purity of bonding substance, particle
size and degree of uniformity of the compositions, spray-
ing thickness and technology. For example, if the resis-
tive film is not uniformly applied to the ceramic base of
dropping resistor 335, the DC motor may change its ro-
tating speed continuously and the DC current may vary,
thus causing great noise and shortening the motor’s serv-
ice life. Resistive film should be sprayed on or applied to
the ceramic base to ensure a uniform resistive film to
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ensure stable resistance value and thus stable rotation
speed of the DC motor, based on different power and
voltage requirements of the motors.

[0040] The voltage applied to driving motor 325 inside
electric hot air blower 300 should not be too high, and is
preferably at a level of about 24 V (DC) or below, which
is generally converted from AC 110V or 220V.

[0041] Figs. 10 and 11 are circuit diagrams showing
embodiments of the electrical setup of dropping device
335 and motor 325. Referring to Fig. 10, an embodiment
of a circuit 1000 is shown wherein a dropping resistor
1045 includes only one piece of a heating element that
includes a ceramic base having a conductive resistive
heating film adhered to its surface. Dropping resistor
1045 is electrically connected to a motor 1020 in serial
in circuit 1000, which comprises four diodes 1050 to form
a rectifier circuit 1021. In this embodiment, the heating
element is connected in serial in circuit 1000 with the DC
motor 1020 that drives a fan in the air blower. AC power
voltage is dropped by dropping resistor 1045 prior to
reaching the rectifier circuit input terminal, and DC volt-
ageis thus supplied to the DC motor 1020 from the output
terminal.

[0042] Fig.11showsacircuitwhere two pieces of heat-
ing elements, each including a ceramic base having a
conductive heating film adhered to its surface, are con-
nected in parallel in a circuit 1100 as dropping resistors
1145 for a motor 1120 that drives a fan in the air blower.
Motor 1120 includes four diodes 1150 to form a rectifier
circuit 1121, which is connected to a power supply 1155.
Other connections in circuit 1100 are similar to those of
circuit 1000. Dropping resistors 1145 in this embodiment
are connected in parallel in circuit 1100 with the DC motor
1120 driving the fan. In another embodiment, dropping
resistors can also be used in conjunction with an AC mo-
tor to drive the fan. While the heating elements are used
in the above embodiments as dropping resistors, they
also act as an auxiliary heater to the electric hot air blow-
er, providing additional air heating capability.

[0043] Referring nowto Figs. 12 and 13, an alternative
embodiment of the hair blower 300 is provided, generally
represented by reference numeral 1200. Hair blower
1200 includes a fan 1220 operatively connected to a driv-
ing motor 1225, an electric heating element 1230 for heat-
ing airflow and a voltage dropping resistor 1235. Bracket
1240 holds heating element 1230 and voltage dropping
resistor 1235 in position along an air flow path of hair
blower 1200.

[0044] This embodiment is similar in construction to
the hair blower of Figs. 3 and 4. However, dropping re-
sistors 1235 are provided as two separate pieces se-
cured to a bracket 1240. Dropping resistors 1235 are
shown as two flat rectangular pieces, although other
shapes, sizes and numbers may be utilized. Heating el-
ement 1230 and dropping resistors 1235, each of which
include a ceramic base having a conductive film depos-
ited and/or adhered to its surface, are assembled inside
a shell of hair blower 1200 (not shown), by way of a mica
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bracket 1240.

[0045] Heating element 1230 acts to heat air blowing
from fan 1220 to an outlet, and dropping resistors 1235,
in the form of rectangular strips in the present embodi-
ment, act as both dropping resistors for the driving motor
of fan 1220 and as auxiliary heaters.

[0046] Inthe embodiments described above, the heat-
ing elements and dropping resistors are provided as sep-
arate components. Inanother embodiment, asingle heat-
ing element can be utilized to act as both a heater and a
dropping resistor. In this embodiment, a heating element
having a ceramic base with a conductive heating film is
provided to heat airflow, and a selected portion of the
conductive heating film in the heater makes a dropping
resistor for the motor. This alternate configuration results
in a simpler and more compact structure of the hot air
blower.

[0047] The heating element has numerous advantag-
es, including the physical properties of uniform heat gen-
eration and far infrared emission. The heated ceramic
base can directly emit strong far infrared that has health-
care function. The heating element’s flat and smooth sur-
face also induces less air resistance, resulting in a more
efficient air blower. The heating element features large
surface area and low air resistance. As air resistance is
low and air passage is smooth, rotation speed of the fan
can be reduced, leading to reduction of noises. Further-
more, avoidance of resistance coils avoids the disadvan-
tages inherent therewith, such as uneven heating and
"spitting”.

[0048] Because the conductive surface heating film is
preferably sintered onto the ceramic base after the re-
sistance slurry material is sprayed on surface of said ce-
ramic base, the film is uniform, thus resulting in even
temperature distribution and long service life.

[0049] Because of high conversion efficiency from
electricity to heat and less power for the fan, energy is
saved with the air blower. Furthermore, when the heating
element is used as dropping resistor in the motor-con-
trolling circuit, the air blower can be reduced in size and
cost, and can simplify assembly.

[0050] Another advantage is due to the fact that heat-
ers of the present invention can produce and utilize a
laminar airflow. These units channel the air through the
front of the dryer, with minimal turbulence. A conventional
wire heater creates turbulence to effectively heat the air
and avoid troublesome hot spots that fatigue and break
wires. Therefore turbulence is a necessity in prior art wire
coil dryers, and does not create a smooth passage of air
through the grill. The nature of the heating tubes of the
present invention creates superior airflow with reduced
turbulence, with actually less fan speed, that also in-
creases the life of the dryer motor. Reduced turbulence
results in easier airflow from the fan to the air outlet, al-
lowing the fan to be run at a slower speed, resulting in
energy savings and an increase in the life of the dryer.
[0051] It should be understood that various alterna-
tives, combinations and modifications of the teachings
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described herein could be devised by those skilled in the
art. The presentinvention is intended to embrace all such
alternatives, modifications and variances that fall within
the scope of the appended claims.

Claims

1. Aheating element for an electric air heater, compris-
ing:

an electric power source;

a ceramic base; and

a conductive heating film substantially uniformly
deposited on at least a portion of a surface of
said base and electrically connected to said
power source.

2. The heating element of claim 1, wherein said electric
heater emits far infrared radiation when heated to a
selected temperature.

3. The heating element of claim 1, wherein said con-
ductive film includes electrodes adhered onto a por-
tion of said surface of said ceramic base.

4. Theheating elementof claim 1, wherein said ceramic
base is made from ceramic material containing alu-
minum oxide.

5. Theheating element of claim 4, wherein said ceramic
base has a thickness between about 0.5 mm and 3
mm.

6. The heating element of claim 1, wherein said con-
ductive heating film is deposited on an exterior sur-
face of said ceramic base.

7. Theheating elementof claim 1, wherein said ceramic
base has a shape selected from the group consisting
of: cylindrical, tubular, square tubular, conical, and
columnar.

8. Theheating element of claim 7, wherein said ceramic
base has a cylindrical shape having radially extend-
ing ribs or protrusions.

9. The heating element of claim 7, wherein said ceramic
base includes a plurality of ceramic tubular struc-
tures surrounded by an exterior ceramic tubular
structure.

10. An electric hot air blower comprising:

a housing having an air inlet and an air outlet;
afan operatively connected to an electric motor;
and

an electric heating element located inside said
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housing that includes a ceramic base and a con-
ductive film substantially uniformly deposited on
at least a portion of a surface of said base and
electrically connected to a power source,
wherein said electric heating element is located
along an air flow path of said blower for heating
air flow.

The hot air blower of claim 10, further comprising a
power control assembly including a voltage dropping
device electrically connected to said electric motor,
wherein said voltage dropping device includes a sec-
ond ceramic base and a second conductive film sub-
stantially uniformly deposited on at least a portion of
a surface of said second base and electrically con-
nected to said motor.

The hot air blower of claim 10, wherein said electric
heating element heats said air flow and acts as a
voltage dropping resistor device to reduce a voltage
applied to said motor from said power source.

The hot air blower of claim 10, wherein said conduc-
tive filmincludes electrodes adhered onto part of said
surface of said ceramic base.

The hot air blower of claim 10, wherein said conduc-
tive heating film is deposited on an exterior surface
of said ceramic base.

The hot air blower of claim 10, wherein said ceramic
base has a shape selected from the group consisting
of: cylindrical, tubular, square tubular, conical, and
columnar.

The hot air blower of claim 10, wherein said heating
element is installed on a bracket located between
said fan and said air outlet.

The hot air blower of claim 11, wherein said voltage
dropping device is selected from the group consist-
ing of: one or more dropping resistor elements con-
nected in series with said motor, and at least two
dropping resistor elements connected in parallel with
said motor.

A method for manufacturing a heating element for a
hot air blower, comprising the steps of:

depositing a conductive heating film on at least
a portion of a surface of a ceramic base; and
forming electrodes in electrical contact with said
conductive film for connection to an electric pow-
er source.

The method of claim 18, further comprising the step
of adhering said film to said surface by sintering.
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20. The method of claim 19, wherein said step of depos-

iting is accomplished by spraying a slurry of conduc-
tive material to said surface.
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