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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The invention relates to an image heating ap-
paratus like a heating and fixing device mounted on an
image forming apparatus such as a copier or a printer,
and particularly to an image heating apparatus of the
induction heating type.

Related Background Art

[0002] A copier of the electrophotographic type or the
like is provided with a heating apparatus for fixing a toner
image transferred onto a sheet such as recording paper
or a transferring material which is a recording medium
on the sheet.
[0003] The heating apparatus has, for example, a fix-
ing roller called also a heat roller for thermally fuse the
toner on the sheet, and a pressure roller brought into
pressure contact with the fixing roller to nip the sheet
between the pressure roller and the fixing roller. The fix-
ing roller is formed into a hollow shape, and a heat gen-
erating member is held on the axis of the fixing roller by
holding means. The heat generating member is com-
prised of a tubular heat generating heater such as a hal-
ogen lamp, and generates heat by a predetermined volt-
age being applied thereto. Since the halogen lamp is lo-
cated on the axis of the fixing roller, the heat generated
by the halogen lamp is uniformly radiated to the inner
wall of the fixing roller, and the temperature distribution
in the outer wall of the fixing roller becomes uniform in
the circumferential direction thereof. The outer wall of the
fixing roller is heated until the temperature thereof be-
comes a temperature suited for fixing (e.g. 150 to 200°C).
In this state, the fixing roller and the pressure roller are
rotated in opposite directions while being in pressure con-
tact with each other, and nip and convey the sheet to
which the toner adheres therebetween. In the pressure
contact portion (hereinafter referred to also as the nip
portion) between the fixing roller and the pressure roller,
the toner on the sheet is fused by the heat of the fixing
roller, and is fixed on the sheet by the pressure acting
from the two rollers.
[0004] However, in the above-described heating ap-
paratus provided with the heat generating member com-
prised of a halogen lamp or the like, the radiant heat from
the halogen lamp is utilized to heat the fixing roller and
therefore, a relatively long time has been required as the
time until the temperature of the fixing roller reaches a
predetermined time suited for fixing after a power source
has been turned on (hereinafter referred to as the warm-
up time). This has led to the problem that in the meantime
a user cannot use the copier and is compelled to wait for
a relatively long time.
[0005] On the other hand, if a great deal of electric

power is applied to the fixing roller to attempt the short-
ening of the warm-up time and improve the operability
for the user, there has arisen the problem that the con-
sumed electric power in the heating apparatus is in-
creased against energy saving.
[0006] Therefore, to enhance the commercial value of
the copier or the like, more attention and importance have
been attached to contrive the compatibility of the energy
saving (lower consumption of electric power) of the heat-
ing apparatus and the operability (quick print) for the user.
[0007] As an apparatus which meets such a require-
ment, there has been proposed a heating apparatus of
the induction heating type utilizing high frequency induc-
tion as a heat source, as shown in Japanese Patent Ap-
plication Laid-Open No. 59-33787.
[0008] The induction heating apparatus is such that a
coil is concentrically disposed in a hollow fixing roller
comprising a metallic conductor, and by a high frequency
magnetic field generated by a high frequency current be-
ing made to flow to the coil, an induction eddy current is
created in the fixing roller, and the fixing roller itself is
caused to generate Joule heat by the skin resistance of
the fixing roller itself.
[0009] According to the heating apparatus of the in-
duction heating type, electro-thermal conversion efficien-
cy is very much improved and therefore, the shortening
of the warm-up time becomes possible.
[0010] In such a heating apparatus of the induction
heating type, however, a great current of several A to
several tens of A flows through the coil, and this has led
to the problem of the temperature rise by the Joule heat
generation of the coil itself.
[0011] Also, when an induction coil is disposed in the
internal space of a heating member, efficient heat radi-
ation does not take place and the temperature rise of the
coil becomes very great.
[0012] When the temperature rise of such an induction
coil occurs, there has been the problem that for example,
the covering of the induction coil is fused by heat and the
insulativeness is spoiled.
[0013] So, as disclosed, for example, in Japanese Pat-
ent Application Laid-Open No. 54-39645 and Japanese
Patent Application Laid-Open No. 10-282826, there has
been made a proposition to provide a cooling mechanism
such as blowing means to suppress the temperature rise
of the induction coil.
[0014] However, the provision of a cooling mechanism
such as blowing means leads not only to a correspond-
ingly higher cost, but also to the necessity of securing a
space therefor. Further, it has led to the waste of energy
to indirectly cool the heat generated by consuming elec-
tric power.
[0015] Document US-A-5 870 660 discloses a heating
device inductively heating by supplying an electric cur-
rent of several kHz to several tens kHz. The heating de-
vice is for use in an induction heating type fixing system
and is composed of a sleeve made of an electrical con-
ductive material and an electromagnet with a coil and a
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core. It is constructed so as to fulfill the following formulas
(S1) to (S3): S1+S2>/=0.3xS3 (S1); 0.2</=S2/(S1+S2)
</=0.8 (S2); and 1 mm</=Dmax</=5 mm (S3); wherein
S1 stands for the cross sectional area of the core, S2 for
the cross sectional area of the coil, S3 for the cross sec-
tional area of the sleeve, and Dmax for the maximum.dis-
tance formed between the outer periphery of the holder
and the inner periphery of the sleeve.

SUMMARY OF THE INVENTION

[0016] The present invention has been made in view
of the above-noted problems and an object thereof is to
provide an image heating apparatus which can suppress
the temperature rise of an induction coil. In particular, it
is an an object of the present invention to provide an
efficient image heating apparatus of the high frequency
induction heating type, which makes the loss of power
supply less and in which a high speed heating is feasible
by using a skin effect caused by a high frequency.
[0017] These objects are achieved by an image heat-
ing apparatus according to claim 1. Advantageous further
developments are as set out in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Fig. 1 is a schematic construction model view of an
image forming apparatus according to a first embod-
iment.
Fig. 2 is a transverse cross-sectional model view of
a heating apparatus of the induction heating type.
Fig. 3 is a graph showing the correlation between a
power factor and the temperature of an excitation
coil.
Fig. 4 is a transverse cross-sectional model view of
another heating apparatus of the induction heating
type (type 1).
Fig. 5 is a transverse cross-sectional model view of
another heating apparatus of the induction heating
type (type 2).
Fig. 6 is a transverse cross-sectional model view of
another heating apparatus of the induction heating
type (type 3).
Fig. 7 is a transverse cross-sectional model view of
another heating apparatus of the induction heating
type (type 4).
Fig. 8 is a transverse cross-sectional model view of
another heating apparatus of the induction heating
type (type 5).
Fig. 9 is a graph showing the relation between the
number of copy sheets per minute and the power
factor of a fixing unit.
Fig. 10 is a graph showing the relation between the
power factor of a fixing unit and power loss.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] Active power and reactive power will first be de-
scribed. In the case of an alternating current, when a
capacitor C and a coil L are present in the circuit, it is
usual that by the balance thereof with a resistor R, a
phase difference occurs between the current and the volt-
age. If in the circuit, the capacitor C and the coil L are
absent and only the resistor R is present, no phase dif-
ference occurs and the phase difference is zero and
therefore, the current and the voltage flow very normally
at an equal phase. In this case, the current flows in syn-
chronism with the time when the voltage is applied and
therefore, the electric power is consumed effectively, and
active electric power is 100% and reactive electric power
is 0%. Also, electric power consumption W is represented
as W = IV by the use of the value of effective current I
and effective voltage V.
[0020] However, when the capacitor C and the coil L
are present as preciously described, a phase difference
occurs between the voltage and the current and there-
fore, even at the moment when the voltage is applied,
the current does not flow and therefore, there is born a
state in which the electric power is not consumed effec-
tively in spite of the same effective voltage and effective
current as those mentioned previously. Therefore, if the
phase difference between the voltage and current when
effecting sine wave vibration is θ, the effectively con-
sumed electric power W is W = IV cos θ, and becomes
smaller than previously. This effectively consumed elec-
tric power is referred to as the active electric power. The
previous example has been an example in which the
phase difference is zero and cos θ =1, and the simple
product of the effective current and the effective voltage,
i.e., the electric power consumption when the phase dif-
ference is zero minus the active electric power is referred
to as the reactive electric power.
[0021] The total electric power applied to the coil, the
active electric power W and the reactive electric power
W’ can be measured by a very common power meter for
an alternating current power supply. In the case of the
present invention, the effective current and effective volt-
age and electric power consumption of the coil are meas-
ured, and what is normally indicated as the electric power
consumption is the active electric power. For example,
the effective current 15A, effective voltage 130V and the
electric power consumption 650 W are indicated, and the
total electric power applied to the coil at this time is the
product 15 x 130 = 1950W of the effective current and
the effective voltage, and it follows that the active electric
power is 650W as indicated and the reactive electric pow-
er is 1950 - 650 = 1300W.
[0022] The power factor (W/(W + W’)) is varied by such
parameters as the shape (the number of turns and the
width of turns) of the excitation coil, the distance between
it and the heating member, the applied frequency, the
material of the roller, and if a core is used, the magnetic
characteristic of the core. If one of them is fixed, the power
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factor can be adjusted by regulating the other parame-
ters. If for example, the gap of the excitation coil is made
wide, the power factor can be made proper as by widen-
ing the width of turns of the coil and widening the width
of the core, or increasing the rate it occupies in the mag-
netic path.

(First Embodiment)

(1) Example of the Image Forming Apparatus

[0023] Fig. 1 is a schematic construction model view
of an image forming apparatus in the present embodi-
ment. The image forming apparatus of the present em-
bodiment is a laser beam printer utilizing the transfer type
electrophotographic process.
[0024] The reference numeral 101 designates an elec-
trophotographic photosensitive drum as an image bear-
ing member rotatively driven at a predetermined periph-
eral speed in the clockwise direction of arrow.
[0025] The reference numeral 102 denotes a charging
roller having electrical conductivity and elasticity as
charging means brought into contact with the photosen-
sitive drum 101 with a predetermined pressure force, and
rotating following the rotation of the photosensitive drum
101 or rotatively driven. A predetermined charging bias
voltage is applied from a power supply portion, not
shown, to the charging roller 102, whereby the peripheral
surface of the rotating photosensitive drum 101 is uni-
formly contact-charged to a predetermined polarity and
potential.
[0026] The reference numeral 103 designates an ex-
posing apparatus as information writing means. The ex-
posing apparatus 103 is a laser scanner, and outputs a
laser beam modulated correspondingly to the time-series
electrical digital pixel signal of image information, and
scans and exposes L the uniformly charged surface of
the rotating photosensitive drum 101 through the inter-
mediary of a turn-back mirror 103a. Thereby an electro-
static latent image corresponding to a scanning exposure
pattern is formed on the surface of the photosensitive
drum 101.
[0027] The reference numeral 104 denotes a develop-
ing device which develops the electrostatic latent image
formed on the surface of the photosensitive drum 101 as
a toner image. The reference character 104a designates
a developing roller to which a predetermined developing
bias voltage is applied from the power supply portion, not
shown.
[0028] The reference numeral 105 denotes a transfer-
ring roller having electrical conductivity and elasticity as
transferring means brought into pressure contact with
the photosensitive drum 101 with a predetermined pres-
sure force to thereby form a transfer nip portion T. A re-
cording sheet (transferring material) P as a recording me-
dium is fed from a sheet feeding portion, not shown, to
the transfer nip portion T at predetermined control timing
and is nipped and conveyed, and the toner image on the

surface of the photosensitive drum 101 is sequentially
transferred to the surface of the recording sheet P. An
appropriate bias voltage of a polarity opposite to the
charging polarity of the toner is applied from the power
supply portion, not shown, to the transferring roller 105
at predetermined control timing.
[0029] The reference numeral 106 designates a heat-
ing apparatus (image heat fixing apparatus) for thermally
fixing the unfixed toner image, and the recording sheet
P passed through the transfer nip portion T is sequentially
separated from the surface of the photosensitive drum
101 and is introduced into the heating apparatus 106,
and the toner image on the recording sheet P is heated
and pressurized and is fixed on the recording sheet P.
The recording sheet P passed through the heating ap-
paratus 106 is delivered as an image-formed article (a
copy or a print). The heating apparatus 106 is a heating
apparatus of the induction heating type according to the
present invention, and will be described in detail in item
(2) below.
[0030] The reference numeral 107 denotes a photo-
sensitive drum surface cleaning apparatus which re-
moves photosensitive drum surface contaminants such
as untransferred toner and paper dust residual on the
surface of the photosensitive drum 101 after the separa-
tion of the recording sheet and cleans the drum surface.
The surface of the photosensitive drum cleaned by the
cleaning apparatus 107 is repeatedly used for image for-
mation.

(2) Heating Apparatus 106

[0031] Fig. 2 is a transverse cross-sectional model
view of the heating apparatus 106. The heating appara-
tus 106 of the present embodiment is an apparatus of
the heat roller type in which a recording material P such
as a recording sheet or OHT as a material to be heated
bearing an unfixed toner image t thereon is introduced
into and nipped and conveyed by a fixing nip portion N
which is the pressure contact portion between a fixing
roller 1 as an induction-heated heating member and a
pressure roller 2 as a pressure member, and in the fixing
nip portion N, the unfixed toner image t is heat-and-pres-
sure-fixed on the recording material P by the heat and
nip pressure of the fixing roller 1.
[0032] The fixing roller 1 is a mandrel cylinder made
of iron which is a magnetic metallic member having an
outer diameter of 40 mm and a thickness of 0.7 mm. In
order to enhance the mold releasing property of its sur-
face, for example, a layer of fluorine resin such as PTFE
or PFA having a thickness of 10 to 50 pm may be provided
on its outer peripheral surface.
[0033] The pressure roller 2 comprises a hollow man-
drel 2a and an elastic layer 2b which is a surface releasing
heat-resistant rubber layer formed on the outer peripheral
surface thereof.
[0034] The fixing roller 1 is mounted and supported
with its opposite end portions rotatably journalled to a
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fixing unit frame, not shown, and is rotatively driven at a
predetermined peripheral speed in the clockwise direc-
tion of arrow by a driving system, not shown.
[0035] The pressure roller 2 is disposed parallel to the
fixing roller 1 under the fixing roller 1 and is supported
with the opposite end portions of its mandrel 2a rotatably
journalled to the fixing unit frame and is pushed up and
biased toward the rotary shaft of the fixing roller 1 by a
biasing mechanism, not shown, using a spring or the like
and is pressed against the underside of the fixing roller
1 with a predetermined pressure force. By the pressure
contact of the pressure roller 2 against the fixing roller 1,
the elastic layer 2b is elastically deformed in the pressure
contact portion thereof with the fixing roller 1 and the
fixing nip portion N of a predetermined width as a heating
portion for heating the material to be heated is formed
between the pressure roller 2 and the fixing roller 1. In
the present embodiment, the pressure roller 2 is loaded
with total pressure of about 304 N (about 30 Kg force),
and the nip width of the fixing nip portion N in that case
is about 6 mm. However, according to circumstances,
the load may be varied to thereby change the nip width.
[0036] The pressure roller 2 is driven to rotate by the
pressure contact frictional force in the fixing nip portion
N with the rotative driving of the fixing roller 1.
[0037] The reference numeral 9 designates an excita-
tion coil assembly as magnetic flux generating means
comprising an excitation coil 3, a magnetic core 4, a coil
holder 5, etc.
[0038] The coil holder 5 is a member having a semi-
circular trough-shaped transverse cross-section formed
of heat-resistant resin such as PPS, PEEK or phenol res-
in, and the excitation coil 3 wound in the shape of a boat
and the magnetic core 4 comprising flat ferrite plates hav-
ing a thickness of 4 mm combined together into a T-shape
are contained inside the coil holder 5 to thereby provide
the excitation coil assembly 9.
[0039] The excitation coil assembly 9 is held by a stay
6 and is inserted into the hollow portion of the fixing roller
1, and the semicircular surface side of the coil holder 5
is made to face downwardly, and the opposite end por-
tions of the stay 6 are fixed to and supported by the fixing
unit frame, not shown. The distance of the gap between
the outer surface adjacent to the semicircular surface
side of the coil holder 5 and the inner surface of the hollow
fixing roller 1 is 2 mm in the present embodiment.
[0040] The fixing roller 1 is rotatively driven, the pres-
sure roller 2 is driven to rotate and an alternating current
of 10 to 100 kHz is applied from an exciting circuit 11 to
the excitation coil 3. A magnetic field induced by the al-
ternating current makes an eddy current flow to the inner
surface of the fixing roller 1 which is an electrically con-
ducting layer, and generates Joule heat. That is, the fixing
roller 1 is induction-heated. The temperature of the fixing
roller 1 is detected by a temperature sensor 7 such as a
thermistor disposed so as to abut against the surface of
the fixing roller, and the detected temperature information
(detection signal) thereof is inputted to a controlling circuit

12. On the basis of the inputted detected temperature
information, the controlling circuit 12 increases or de-
creases the supply of electric power from the exciting
circuit 11 to the excitation coil 3 so that the surface tem-
perature of the fixing roller 1 may become a predeter-
mined temperature, that is, the temperature of the fixing
nip portion N may be automatically controlled to a pre-
determined fixing temperature.
[0041] Thus, in a state in which the fixing roller 1 and
the pressure roller 2 are rotated and the fixing roller 1 is
induction-heated and controlled to the predetermined
temperature, the recording material P bearing the unfixed
toner image t thereon is guided by a conveying guide 8
and is introduced into and nipped and conveyed by the
fixing nip portion N, and the unfixed toner image t is heat-
and-pressure-fixed on the surface of the recording ma-
terial P by the heat and nip pressure of the fixing roller
1. The recording material P having left the fixing nip por-
tion N is separated from the surface of the fixing roller 1
and is delivered and conveyed. The reference numeral
10 denotes a recording material separation claw dis-
posed in contact with or proximity to the surface of the
fixing roller 1 on the recording material exit side of the
fixing nip portion N.
[0042] To increase the heat generation of the fixing
roller 1, it is preferable to increase the number of turns
of the excitation coil 3, or use a material of high perme-
ability and low residual magnetic flux density such as
ferrite or permalloy for the magnetic core 4, or heighten
the frequency of the alternating current.
[0043] An alternating current of a high frequency is ap-
plied to the excitation coil 3 and therefore, a phase dif-
ference may occur between the fluctuating current and
voltage. In this case, the electric power W effectively con-
sumed in the coil is expressed as 

by the use of an effective current I0 and effective voltage
V0 flowing through the excitation coil and the phase dif-
ference θ therebetween.
[0044] The cosθ is a parameter called power factor
(PF), and is expressed also as 

by the use of the electric power W effectively consumed
in the excitation coil and reactive electric power W’.
[0045] In the construction of the present embodiment,
as previously described, the distance of the gap between
the outer peripheral surface of the coil holder 5 and the
inner surface of the fixing roller 1 is 2 mm, and the core
4 assumes a construction in which flat ferrite plates hav-
ing a thickness of 4 mm are combined together in T-
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shape, and at this time, the power factor was 0.30.
[0046] Also, the detected temperature by the temper-
ature sensor 7 was set so as to keep 180°C, and the
conveyance speed of the recording sheet P was set to
the order of 200 mm/sec.
[0047] In such a construction, the effective current val-
ue Ic having flowed through the excitation coil which was
obtained by varying the number of copy sheets supplied
for a minute under a environment of room temperature
25°C and the value of the temperature Tc of the excitation
coil will be shown in Table 1 below.

[0048] The sheet supplying modes A, B and C shown
in Table 1 are as follows:

A: a case where recording sheets were outputted at
a rate of 20 sheets/min.
B: a case where recording sheets were outputted at
a rate of 30 sheets/min.
C: a case where recording sheets were outputted at
a rate of 40 sheets/min.

[0049] It will be seen from Table 1 that the temperature
Tc of the excitation coil rises in accordance with an in-
crease in the current value Ic flowing through the excita-
tion coil. This can be understood from the fact that by the
number of copy sheets per unit time being increased, the
amount of electric power necessary to fix the toner on
the recording sheets is increased and as the result, the
current value flowing through the excitation coil increas-
es, and the loss heat lost as Joule heat in the excitation
coil increases in proportion to the square of the current
value flowing through the excitation coil.
[0050] Next, the result of the same experiment carried
out by the use of a system in which the construction of
the heating apparatus (fixing device) was varied to there-
by reduce the power factor to the order of 0.20 will be
shown in Table 2 below. The power factor was reduced
by decreasing the thickness of the flat ferrite core 4 to 3
mm.

[0051] It will be seen from Table 2 that in all of the sheet

Table 1

Sheet Supplying Mode Ic Tc

A 7.8 188° C
B 10.9 194° C
C 14.4 205° C

Table 2

Sheet Supplying Mode Ic Tc

A 11.7 196° C
B 16.3 213° C
C 21.7 242° C

supplying modes A, B and C, the temperature Tc of the
excitation coil rises more than in an apparatus of a power
factor 0.3. Particularly in the sheet supplying mode C,
the temperature of the excitation coil is a high tempera-
ture equal to or higher than 220°C, and may cause the
destruction of the insulation of resin film covering the cop-
per wire or the abnormal temperature rise of the surface
of the fixing roller. Taking the heat-resisting temperature
of the coil into account, it is preferable to use a fixing unit
having a power factor of 0.3 or greater in an image form-
ing apparatus having the treating capability of 40
sheets/min. In an image forming apparatus having the
treating capability of 30 sheets/min. or less, use can be
made of a fixing unit having a power factor of 0.2 or great-
er.
[0052] The reason why as described above, the tem-
perature of the excitation coil has risen by the power fac-
tor being reduced from 0.3 to 0.2 is that even if the number
of output sheets per unit time is the same, the power
factor has been aggravated, whereby the current value
flowing through the excitation coil has been increased
and as the result, the amount of Joule heat generation
of the excitation coil has increased.
[0053] Fig. 3 shows the temperature rise curve of the
excitation coil when the recording sheets were outputted
in the same state and the power factor value of the fixing
system was varied. It will be seen that as the power factor
value becomes smaller, the temperature of the excitation
coil rises suddenly.
[0054] As described above, when the excitation coil 3
becomes high in temperature, the electrical resistance
thereof rises and the power supply efficiency becomes
bad. When electric power is further supplied to make up
for it, further heat generation is caused and the apparatus
falls into vicious spiral. The surface of the coil 3 is coated
with insulative heat-resisting resin such as polyimide or
amideimide, but if the amount of heat generation of the
coil becomes too great, the heat-resisting temperature
of the resin will be exceeded and the insulativeness there-
of will be spoiled (the heat-resisting temperature of the
heat-resisting resin such as polyimide wire (PIW) or ami-
deimide wire (AIW) is about 220°C to 235°C). Also, the
heat generation of the coil 3 causes the temperature rise
of the core 4. If the core 4 exceeds Curie temperature,
the permeability thereof will become extremely low and
the heat generating efficiency will be aggravated.
[0055] The relation between the treating capability of
the printer and the power factor of the fixing unit was
examined with the heat-resisting temperature of the coil
when use was made of the coil having its surface thus
covered with resin as the reference. The result is shown
in Fig. 9.
[0056] As can be understood from Fig. 9, it is neces-
sary to use a fixing unit having a power factor of at least
0.1 in a printer wherein the number of output sheets per
minute exceeds 10 sheets. In a printer wherein the
number of output sheets per minute exceeds 20 sheets,
it is necessary to use a fixing unit having a power factor
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of at least 0.15, and in a printer wherein the number of
output sheets per minute exceeds 30 sheets, it is neces-
sary to use a fixing unit having a power factor of at least
0.2, and in a printer wherein the number of output sheets
per minute exceeds 40 sheets, it is necessary to use a
fixing unit having a power factor of at least 0.25.
[0057] When the temperature rise of the excitation coil
becomes remarkable, it can be coped with by shortening
the distance between the excitation coil and the fixing
roller, or disposing a high thermally conductive member
near the excitation coil, but according to our studies, it
has been found that whatever countermeasure may be
used, to use the temperature of the excitation coil within
a safe temperature range, a power factor of at least 0.10
is necessary. Further, taking the degree of freedom of
the fixing system into account, ideally a power factor of
0.20 or greater is desirable.
[0058] On the other hand, as the power factor value
approximates to 1.0, the power loss increases and the
amount of heat generation of the power supply increases.
Thereupon, electromagnetic conversion efficiency be-
comes bad and electric power cannot be applied to the
heating member.
[0059] So, we tried to examine the relation between
the power factor of the fixing unit and the amount of power
loss. The result is shown in Fig. 10.
[0060] If the power loss is 0.3 or greater, the amount
of heat generation in the power supply becomes great,
and even if electric power is applied, the loss in the power
supply is great, and the electric power effectively used
for the heating of the heating member becomes small,
and this is not efficient.
[0061] Consequently, in order to suppress the power
loss, it is desirable that the upper limit of the power factor
value be 0.8 or less and further, ideally the power supply
efficiency be suppressed to the order of 0.1, and therefore
it is preferable to set the upper limit of the power factor
to 0.5 or less.
[0062] When the value of the power factor becomes
great as described above, the temperature rise of the
excitation coil is advantageous, but the switching loss in
a driving power supply for generating a high frequency
becomes great and the electric power lost in the power
supply increases, and this is not efficient. Also, as the
fixing system for making the power factor great, the
changing of the construction such as increasing the
cross-section of the core is difficult and therefore, it has
been found that the order of 0.80 is the upper limit. Fur-
ther, taking the electro-thermal conversion efficiency in
the power supply and the securement of the degree of
freedom of the fixing system into account, ideally it is
desirable that the power factor be 0.50 or less.
[0063] As described above, taking both of the heat-
resisting temperature of the coil and the power loss into
account, it is necessary to set the power factor (W/
(W+W’)) of the fixing unit to 0.1 or greater and 0.8 or less.
Taking the degree of freedom of design of the fixing de-
vice into account, 0.2 or greater and 0.5 or less is pref-

erable.
[0064] More particularly, in a printer wherein the
number of output sheets per minute is 10 sheets or great-
er, it is desirable to use a fixing device having a power
factor of 0.1 or greater and 0.8 or less. In a printer wherein
the number of output sheets per minute is 20 sheets or
greater, it is desirable to use a fixing device having a
power factor of 0.15 or greater and 0.8 or less. In a printer
wherein the number of output sheets per minute is 30
sheets or greater, it is desirable to use a fixing device
having a power factor of 0.2 or greater and 0.8 or less.
In a printer wherein the number of output sheets per
minute is 40 sheets or greater, it is desirable to use a
fixing device having a power factor of 0.25 or greater and
0.8 or less.

(Second Embodiment)

[0065] The power factor range of the present invention
can also be effectively applied to heating apparatus of
other various induction heating types than the heating
apparatus of the induction heating type like the above-
described first embodiment. Figs. 4 to 8 show heating
apparatuses of such other induction heating types.

a) Fig. 4: The heating apparatus is of a type in which
the excitation coil 3 is disposed externally of the fixing
roller 1.
b) Fig. 5: The heating apparatus is of a type in which
instead of the fixing roller 1, an endless or cylindrical
magnetic metallic belt 1A is used as an induction
heating member. The magnetic metallic belt 1A is a
laminated member including a magnetic metallic lay-
er, or a member of a magnetic metal in itself.
The magnetic metallic belt 1A is nipped between the
coil holder 5 of the excitation coil assembly 9 inside
it and the pressure roller 2 outside it to thereby form
a fixing nip portion N with the coil holder 5 and the
pressure roller 2 brought into pressure contact with
each other.
In the apparatus, the pressure roller 2 is rotatively
driven in the counter-clockwise direction of arrow by
driving means M (the pressure roller driven type). A
rotational force acts on the magnetic metallic belt 1A
by the pressure contact frictional force in the fixing
nip portion N between the pressure roller 2 and the
magnetic metallic belt 1A by the rotation of the pres-
sure roller 2, whereby the magnetic metallic belt 1A
is driven to rotate in the clockwise direction of arrow
while the inner surface thereof slides in close contact
with the underside portion of the coil holder 5 of the
excitation coil assembly 9 in the fixing nip portion N.
The magnetic metallic belt 1A is induction-heated by
a magnetic flux generated by the excitation coil 3,
and a recording material P as a material to be heated
is introduced into and heated by the fixing nip portion
N.
c) Fig. 6: The apparatus is of a type in which a rolled
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long web-shaped magnetic metallic belt 1B having
ends in used as an induction heating member. The
magnetic metallic belt 1B is moved from a pay-out
spool 13 to a take-up spool 14 via the fixing nip por-
tion N. The magnetic metallic belt 1B is a laminated
member including a magnetic metallic layer, or a
member of a magnetic metal in itself.
The magnetic metallic belt 1B is induction-heated by
a magnetic flux generated by the excitation coil 3 in
the fixing nip portion N, and a recording material P
as a material to be heated is introduced into and
heated by the fixing nip portion N.
d) Fig. 7: In this apparatus, a magnetic metallic strip
1C as an induction heating member is fixedly dis-
posed on the substantially central portion of the un-
derside of a coil holder 5 along the length of the hold-
er, and cylindrical heat-resistant film (fixing film) 15
is fitted on the assembly of an excitation coil 3, a
magnetic core 4, the coil holder 5 and the magnetic
metallic strip 1C, and with the fixing film 15 nipped
between the fixed magnetic metallic strip 1C and a
pressure roller 2, the magnetic metallic strip 1C and
the pressure roller 2 are brought into pressure con-
tact with each other to thereby form a fixing nip por-
tion N.
In the apparatus, the pressure roller 2 is rotatively
driven in the counter-clockwise direction of arrow by
driving means M (the pressure roller driven type). By
the pressure contact frictional force in the fixing nip
portion N between the pressure roller 2 and the fixing
film 15 by the rotation of the pressure roller 2, a ro-
tational force acts on the fixing film 15, which is thus
driven to rotate in the clockwise direction of arrow
while the inner surface of the fixing film 15 slides in
close contact with the underside portion of the fixed
magnetic metallic strip 1C in the fixing nip portion N.
The fixed magnetic metallic strip 1C is induction-
heated by a magnetic flux generated by the excita-
tion coil 3, and a recording material P as a material
to be heated is introduced into the fixing nip portion
N and is heated by the heat of the fixed magnetic
metallic strip 1C through the fixing film 15 (the film
heating type).
e) Fig. 8: The apparatus is such that in the film heat-
ing type apparatus of Fig. 7, the fixing film 15 is made
into a rolled long web-shaped member having ends,
which is moved from a pay-out spool 13 to a take-
up spool 14 via the fixing nip portion N.

[0066] The fixed magnetic metallic strip 1C is induc-
tion-heated by a magnetic flux generated by the excita-
tion coil 3, and a recording material P as a material to be
heated is introduced into the fixing nip portion N, and is
heated by the heat of the fixed magnetic metallic strip 1C
through the fixing film 15.
[0067] While the apparatuses of the above-described
embodiments are electronic copying apparatuses of the
transfer type, the present invention can be effectively ap-

plied as an image heating and fixing apparatus in any of
various image forming apparatuses such as a copier, a
laser beam printer, a facsimile apparatus, a microfilm
reader printer, a display apparatus and a recording ap-
paratus in which a toner image is directly formed and
borne on electrofax paper, electrostatic recording paper
or the like by image forming process and means of the
direct type, or an image by a thermal fusion toner is
formed on a recording material by an image forming proc-
ess and means of the magnetic recording image forming
type or other suitable type, and is heated and fixed.
[0068] The heating apparatus of the present invention
can be widely used not only as the image heating and
fixing apparatus of the described embodiments, but also,
for example, as an image heating and fixing apparatus
for heating a recording material bearing an image thereon
and improving the surface property thereof such as lus-
ter, an image heating apparatus for heating a recording
material bearing an image thereon and tentatively fixing
the image, a heating apparatus for feeding sheet-like ar-
ticles and carrying out the drying process, the smoothing
process, the laminating process, etc., or the like.
[0069] The present invention is not restricted to the
above-described embodiments, but covers all modifica-
tions identical in the technical idea as defined within the
scope of the appended claims.

Claims

1. An image heating apparatus (106) for heating and
fixing an image formed on a recording material (P),
comprising:

a heating member (1);
a pressure member in pressure contact with the
heating member for heat-and-pressure fixing
said image;
an excitation coil (3) for generating a magnetic
field to induce an eddy current in said heating
member (1); and
a power supply (11) for supplying an electric
power to said coil,

characterized in that
said power supply supplies an electric current of high
frequency of 10kHz - 100kHz to said coil, and the
image heating apparatus (106) is constructed and
operated such that a relation between active electric
power W and total electric power W+W’ is 0.2 ≤ W/
(W+W’) ≤ 0.5.

2. An image heating apparatus according to Claim 1,
wherein said excitation coil has surface covering of
resin thereon.

3. An image heating apparatus according to Claim 2
wherein the resin is polyimide or amide-imide.
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4. An image heating apparatus according to Claim 2
wherein a heat-resisting temperature of the resin is
220°C to 235°C.

5. An image heating apparatus according to Claim 1,
further comprising a coil holder (5) formed of heat-
resistant resin for supporting said coil (3) from inside,
said coil (3) and said coil holder (5) being disposed
inside said heating member (1).

6. An image heating apparatus according to Claim 1,
further comprising:

a temperature detecting member (7) for detect-
ing a temperature of said heating member; and
control means (12) for controlling the electric
power supplied from said power supply to said
coil so that the temperature of said heating mem-
ber becomes a preset temperature.

7. An image forming apparatus comprising an image
heating apparatus according to Claim 1, having a
treating capability of 10 sheets/min. or greater.

8. An image forming apparatus comprising an image
heating apparatus according to Claim 1, having a
treating capability of 30 sheets/min. or greater.

9. An image forming apparatus comprising an image
heating apparatus according to Claim 1, having a
treating capability of 40 sheets/min. or greater, and
having a relation 0.25 ≤ W/(W+W’) ≤ 0.5.

Patentansprüche

1. Bilderhitzungsvorrichtung (106) zum Erhitzen und
Fixieren eines auf einem Aufnahmematerial (P) ge-
formten Bildes, mit:

einem Erhitzungselement (1);
einem Druckelement, das in Druckkontakt mit
dem Erhitzungselement zum Hitze-und-Druck-
Fixieren des Bildes ist;
einer Erregerspule (3) zum Erzeugen eines ma-
gnetischen Feldes, um einen Wirbelstrom in
dem Erhitzungselement (1) zu induzieren; und
einer Energiezuführung (11) zum Zuführen ei-
ner elektrischen Energie an die Spule,
dadurch gekennzeichnet, dass
die Energiezuführung einen elektrischen Strom
mit einer hohen Frequenz von 10kHz bis 100kHz
der Spule zuführt und die Bilderhitzungsvorrich-
tung (106) derart konstruiert ist und betrieben
wird, dass eine Beziehung zwischen einer akti-
ven elektrischen Energie W und einer gesamten
elektrischen Energie W+W’ 0,2 ≤ W/ (W+W’) ≤
0,5 beträgt.

2. Bilderhitzungsvorrichtung gemäß Anspruch 1, wo-
bei die Erregerspule eine Oberflächenbeschichtung
aus Harz aufweist.

3. Bilderhitzungsvorrichtung gemäß Anspruch 2, wo-
bei das Harz ein Polyimid oder ein Amid-Imid ist.

4. Bilderhitzungsvorrichtung gemäß Anspruch 2, wo-
bei eine hitzebeständige Temperatur des Harzes
220°C bis 235°C beträgt.

5. Bilderhitzungsvorrichtung gemäß Anspruch 1, wei-
terhin mit einer aus hitzebeständigem Harz geform-
ten Spulenhalterung (5) zum Stützen der Spule (3)
von Innen, wobei die Spule (3) und die Spulenhalte-
rung (5) innerhalb des Erhitzungselements (1) an-
geordnet sind.

6. Bilderhitzungsvorrichtung gemäß Anspruch 1, wei-
terhin mit:

einem Temperaturerfassungselement (7) zum
Erfassen einer Temperatur des Erhitzungsele-
ments; und
einer Steuerungseinrichtung (12) zum Steuern
der elektrischen Energie, die der Spule von der
Energiezuführung zugeführt wird, so dass die
Temperatur des Erhitzungselements eine vor-
gegebene Temperatur wird.

7. Bildformungsvorrichtung mit einer Bilderhitzungs-
vorrichtung gemäß Anspruch 1, die eine Behand-
lungsfähigkeit von 10 Blätter/Min. oder mehr auf-
weist.

8. Bildformungsvorrichtung mit einer Bilderhitzungs-
vorrichtung gemäß Anspruch 1, die eine Behand-
lungsfähigkeit von 30 Blätter/Min. oder mehr auf-
weist.

9. Bildformungsvorrichtung mit einer Bilderhitzungs-
vorrichtung gemäß Anspruch 1, die eine Behand-
lungsfähigkeit von 40 Blätter/Min. oder mehr und ei-
ne Beziehung 0,25 ≤ W/(W+W’) ≤ 0,5 aufweist.

Revendications

1. Appareil (106) de chauffage d’image destiné à chauf-
fer et fixer une image formée sur un support d’enre-
gistrement (P), comportant :

un élément chauffant (1) ;
un élément presseur en contact sous pression
avec l’élément chauffant pour fixer à chaud et
sous pression ladite image ;
une bobine d’excitation (3) destinée à générer
un champ magnétique afin d’induire des cou-
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rants de Foucault dans ledit élément chauffant
(1) ; et
une alimentation en énergie (11) destinée à four-
nir une énergie électrique à ladite bobine ;

caractérisé en ce que :

ladite alimentation en énergie fournit un courant
électrique d’une haute fréquence de 10 KHz à
100 KHz à ladite bobine, et l’appareil (106) de
chauffage d’image est construit et mis en oeuvre
de manière qu’une relation entre une puissance
électrique active W et une puissance électrique
totale W+W’ soit telle que 0,2 < W/(W+W’) ≤ 0,5.

2. Appareil de chauffage d’image selon la revendica-
tion 1, dans lequel la surface de ladite bobine d’ex-
citation est recouverte d’une résine.

3. Appareil de chauffage d’image selon la revendica-
tion 2, dans lequel la résine est un polyimide ou ami-
de-imide.

4. Appareil de chauffage d’image selon la revendica-
tion 2, dans lequel la température de résistance à la
chaleur de la résine est de 220 °C à 235 °C.

5. Appareil de chauffage d’image selon la revendica-
tion 1, comportant en outre un support (5) de bobine
formé d’une résine résistant à la chaleur pour sup-
porter ladite bobine (3) depuis l’intérieur, ladite bo-
bine (3) et ledit support (5) de résine étant disposés
à l’intérieur dudit élément chauffant.

6. Appareil de chauffage d’image selon la revendica-
tion 1, comportant en outre :

un élément (7) de détection de température des-
tiné à détecter une température dudit élément
chauffant ; et
un moyen de commande (12) destiné à com-
mander la puissance électrique fournie depuis
ladite alimentation en énergie à ladite bobine
afin que la température dudit élément chauffant
atteigne une température préétablie.

7. Appareil de formation d’images comportant un ap-
pareil de chauffage d’image selon la revendication
1, ayant une capacité de traitement de 10 feuilles/
minute ou plus.

8. Appareil de formation d’images comportant un ap-
pareil de chauffage d’image selon la revendication
1, ayant une capacité de traitement de 30 feuilles/
minute ou plus.

9. Appareil de formation d’images comportant un ap-
pareil de chauffage d’image selon la revendication

1, ayant une capacité de traitement de 40 feuilles/
minute ou plus et ayant une relation telle que 0,25
< W/(W+W’) ≤ 0,5.
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