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(54) Flash fixing device and a printing device using the flash fixing device

(57) A flash fixing device (13) configured to fix a ton-
er image by a flash light, includes a plurality of flash
lamps (1a-1d) arranged parallel to each other, and
a reflection board (15) including a plurality of side part
reflection surfaces (22a-22h) each facing from a side to
the respective flash lamps, wherein in a case where a

surface including two central axes of the two flash lamps
arranged one at each end is defined as a standard sur-
face, an acute angle (αa-αh) against the standard sur-
face is set to be decreased as the side part reflection
surface is closer to a center of the arrangement of the
plurality of the flash lamps (1a-1d).
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention generally relates to
flashing fixing devices wherein toners on media are
fixed by flash lights and printing devices using the flash
fixing devices. More particularly, the present invention
relates to a flash fixing device, by which an unevenness
of a light(brightness) and a shade(darkness) of a half
tone picture can be reduced so that a toner image hav-
ing a high resolution can be fixed, and a printing device
using the flash fixing device.

2. Description of the Related Art

[0002] In the field of a printer forming a toner image
using an electronic picture method or the like, a picture
is formed on a printing medium by a powder toner.
Hence, the powder toner on the printing medium is melt-
ed so as to fix the toner image. It is necessary for fixing
the toner image to give fixing energy to the printing me-
dium, for example.
[0003] In the field of high speed printers, a non-con-
tact type fixing method is used for giving fixing energy.
The non-contact type fixing method is proper for fixing
the toner image of a high speed printer because high
fixing energy can be given without adversely affecting
the conveyance of the printing medium.
[0004] As a non-contact type fixing method, a flash
fixing method, in which the flash light of a flash lamp is
used, has been used. It is possible to fix the toner image
in every designated area of the printing medium, by the
flash fixing method wherein the flash lamp emits light
with a designated time interval as corresponding to the
conveyance of the printing medium.
[0005] In the above mentioned flash fixing method, it
is efficient to fix the toner image for the designated area
of the printing medium using one flash emission. How-
ever, generally, the emission energy distribution of the
flash light is not uniform throughout the designated area
of the printing medium. Therefore, the flash light is dou-
ble-strikes (emits light twice) to a part of the designated
area of the printing medium.
[0006] With regard to the double-striking of the flash
light, there is related art to achieve a proper emission
energy distribution and a proper double-strike area so
as to avoid a fixing unevenness of a toner image, as
disclosed in the Japanese Patent 2870705 or the Jap-
anese Laid-Open Patent Application, No. 6-308852.
[0007] However, according to the above mentioned
related art, in order to prevent the dispersion of a fixing
ratio of the toner, the change of the emission energy dis-
tribution is controlled. That is, the above mentioned re-
lated art inventions have problems in that the emission
energy in an entire area of a printing medium has to be

controlled so as to have a higher value than a sufficient
value to fix the toner and a lower value than an exces-
sive value to cause the toner to be ruptured.
[0008] In the meantime, recently, it has been required
to print not only a character but also a half tone picture,
especially to print with a high resolution. In a case of
printing with a high resolution such as 600 dpi, for ex-
ample, as shown in FIG. 1, it is necessary to fix a toner
having a smaller dot size than the dot size of a low res-
olution such as 240 dpi.
[0009] To improve such a high resolution, a difference
of a dot diameter size after the toner is fixed becomes
a problem. More particularly, in a case where the emis-
sion energy is given, the toner in the dot is melted so as
to go out from the periphery of the primary dot. An area
in the part where the toner goes out from the periphery
of the dot, the going out area, varies based on the dif-
ference in the amount of the emission energy provided.
[0010] FIG. 1 is a view for explaining a cause an un-
evenness of light and shade that is a problem of the re-
lated art. As shown in FIG. 1, in a case where the emis-
sion energy is small, the going out area is small. In a
case where the emission energy is large, the going out
area is large. The above mentioned difference of the go-
ing out areas does not stand out in a case where the
high resolution is approximately 240 dpi.
[0011] However, in a case where the high resolution
of approximately 600 dpi, the size of the dot becomes
less than a half size. Hence, a difference of the size of
a dot diameter after fixing the toner does stand out be-
cause of the difference of the going out areas. Particu-
larly, in a case of a half tone picture, there seems to be
a different graduation resulting despite the same grad-
uation originally.
[0012] In the above mentioned related art, the emis-
sion energy distribution sufficient to fix the toner is given
to the continuous-form medium. Accordingly, with re-
gard to the emission energy having a higher value than
the above mentioned fixing energy, only the explosion
of the toner is considered. However, the unevenness of
light and shade after fixing based on the emission ener-
gy is not considered.
[0013] That is, in the related art, the emission energy
distribution of the flash, a fixing width, and a duplicate
width are determined so as to prevent unevenness of
fixing. The change of the emission energy having a high-
er value is not considered. Therefore, it is difficult to pre-
vent the unevenness of light and shade in high resolu-
tion printing.
[0014] Furthermore, an important property of the
emission energy distribution by one time flash emission
is the unevenness of light and shade, which can be pre-
vented by duplicating the flash light plural times. That
is, if property of the emission energy distribution by the
one time flash emission is made proper, it is possible to
prevent the unevenness of light and shade and to re-
duce emission frequency and energy consumption in a
case where the double-strike area is reduced. In a case

1 2



EP 1 372 046 A1

3

5

10

15

20

25

30

35

40

45

50

55

of an application wherein plural flash lamps are used, it
is necessary to control the orientation of a light from the
plurality of the flash lamps. Hence, it is difficult to realize
an emission energy distribution that can prevent not only
the fixing unevenness but also the unevenness of light
and shade.

SUMMARY OF THE INVENTION

[0015] Accordingly, it is a general object of the present
invention to provide a novel and useful flash fixing de-
vice and a printing device using the flash fixing device
in which one or more of the problems described above
are eliminated.
[0016] Another and more specific object of the
present invention is to provide a flash fixing device hav-
ing a plurality of flash lamps and a printing device using
the flash fixing device so as to realize one time flash
emission energy distribution that is useful in preventing
not only the fixing unevenness but also the unevenness
of light(brightness) and shade(darkness).
[0017] The above objects of the present invention are
achieved by a flash fixing device configured to fix a toner
image by a flash light, including a plurality of flash lamps
arranged parallel to each other, and a reflection board
including a plurality of side part reflection surfaces each
facing from a side to the respective flash lamps, wherein
in a case where a surface including two central axes of
the two flash lamps arranged one at each end is defined
as a standard surface, an acute angle against the stand-
ard surface is set to be decreased as the side part re-
flection surface is positioned closer to a center of the
arrangement of the plurality of the flash lamps.
[0018] In the present invention, the plurality of the
flash lamps may be arranged parallel to each other in a
conveyance direction of a printing medium. A light emit-
ted with a designated emission frequency by the flash
lamp is reflected to an irradiation area by the reflection
board. As the side part reflection surface is close to a
center of an arrangement of the flash lamps, the emis-
sion energy distribution is substantially constant at a
central part by setting an inclination angle (acute angle)
against the standard surface small and is decreased at
both end parts as having a distance from the central
part. The above mentioned property of the emission en-
ergy distribution is useful in order to obtain a melt energy
distribution being substantially constant in an irradiation
area by overlapping the plurality of the flash lights.
[0019] The above mentioned reflection board may be
a member wherein respective side part reflection sur-
faces and the respective upper part reflection surface
are formed together with. Alternatively, the above men-
tioned reflection board may include a plurality of mem-
bers formed independently corresponding to the plural-
ity of the flash lamps. In addition, although the respec-
tive side part reflection surfaces of the reflection board
are flat so as to manufacture the reflection board effi-
ciently, the respective side part reflection surfaces of the

reflection board may have a crooked surface and/or a
curved surface.
[0020] Other object of the present invention is to pro-
vide a flash fixing device configured to fix a toner image
by a flash light, including a plurality of flash lamps ar-
ranged parallel to each other, and a reflection board in-
cluding a side part reflection surface and an upper part
reflection surface that partially surround the flash lamp,
as corresponding to the respective flash lamps, so that
a light emitted by the flash lamps is reflected to an irra-
diation area, wherein an emission energy distribution
obtained by a one time flash light of the flash lamps is
substantially constant at a central part of the irradiation
area and decreases gradually from the central part to
both end parts of the irradiation area.
[0021] According to the present invention, it is possi-
ble to realize the emission energy distribution having a
trapezoid type that is useful in order to obtain a melt en-
ergy distribution being substantially constant in an irra-
diation area by overlapping the plurality of the flash
lights. The above mentioned irradiation area may be an
area on the printing medium corresponding to an open-
ing width between both ends of the reflection board.
[0022] Other object of the present invention is to pro-
vide a printing device configured to form a toner image
of a medium carried at a designated conveyance speed,
including image forming means for forming the toner im-
age at the medium, a flash fixing device configured to
fix the toner image by a flash light, including a plurality
of flash lamps arranged parallel to each other, and a re-
flection board including a side part reflection surface fac-
ing from a side to the flash lamp as corresponding to the
respective flash lamps, wherein in a case where a sur-
face including central axes of the two flash lamps ar-
ranged one at each end is defined as a standard sur-
face, an acute angle against the standard surface is set
to be decreased as the side part reflection surface is
positioned closer to a center of the arrangement of the
plurality of the flash lamps.
[0023] According to the present invention, it is possi-
ble to realize uniformity of the melt energy distribution
by using the fixing device realizing a property of the
emission energy distribution of the trapezoid type.
Hence, even in the case of a high tone picture having a
high resolution, it is possible to obtain a high quality pic-
ture without unevenness of light and shade.
[0024] Other objects, features, and advantages of the
present invention will become more apparent from the
following detailed description when read in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

FIG. 1 is a view for explaining a cause of an une-
venness of light and shade that is a problem of the
related art;
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FIG. 2 is a structural view of a printing device of an
embodiment of the present invention;
FIG. 3 is a perspective view showing a structure of
a flash fixing unit 13 illustrated in FIG. 2;
FIG. 4 is an optical property view of a light transmis-
sion plate 16 of the flash fixing unit 13 illustrated in
FIG. 3;
FIG. 5 is a model view of the emission energy dis-
tribution by the one time flash of the flash fixing de-
vice 13 illustrated in FIG. 3;
FIG. 6 is a view for explaining the determining meth-
od for the emission frequency of the flash fixing de-
vice 13;
FIG. 7 is a view showing a relation of the emission
energy distribution and a printing density;
FIG. 8 is a view showing a relation of the uneven-
ness of light and shade and a subjective evaluation;
FIG. 9 is a schematic cross sectional view of the
reflection board 15 as shown in FIG. 2;
FIG. 10 is an expanded view of the reflection board
15 shown in FIG. 3 and for explaining an orientation
control of the reflection board 15;
FIG. 11 is a view for explaining a light control by
setting an inclination angle of the reflection board
of the present invention;
FIG. 12 is a view showing a result of the calculation
of the emission energy in a case where the reflec-
tion board 15 is used, by the ray tracing according
to the Mote Carlo;
FIG. 13 is a view for explaining the printing result
by the flash fixing device of the present invention;
FIG. 14 is a view showing a printing result by a flash
fixing device of a comparison example;
FIG. 15 is a view showing a printing result by anoth-
er flash fixing device of a comparison example;
FIG. 16 is a view showing a simulation result by the
Monte Carlo method of the emission energy in a
case where the acute angle of the side surface
board 22a is set as "out of the area ± 1°";
FIG. 17 is a view showing a simulation result by the
Monte Carlo method of the emission energy in a
case where the acute angle of the side surface
board 22b is set as "out of the area ± 1°";
FIG. 18 is a view showing a simulation result by the
Monte Carlo method of the emission energy in a
case where the acute angle of the side surface
board 22c is set as "out of the area ± 1°";
FIG. 19 is a view showing a simulation result by the
Monte Carlo method of the emission energy in a
case where the acute angle of the side surface
board 22d is set as "out of the area t 1°";
FIG. 20 is a view showing emission energy distribu-
tion wherein the external diameter K of the flash
lamp circle 40 is 1.35L;
FIG. 21 is a schematic cross sectional view of the
flash fixing unit 13b of the second embodiment;
FIG. 22 is a view showing a simulation result of the
emission energy distribution in a case where the re-

flection board of the second embodiment is used;
FIG. 23 is a view showing a simulation result of the
emission energy distribution in a case where the
side surface board 70a is in out of area ±1° ;
FIG. 24 is a view showing a simulation result of the
emission energy distribution in a case where the
side surface board 70b is in out of area ± 1° ; and
FIG. 25 is a view showing another modified exam-
ple of the inclination angle of the reflection board of
the present invention.

DETAILED DESCRIPTION OF THE PREFERED
EMBODIMENTS

[0026] A description will now be given, with reference
to the drawings, of embodiments of the present inven-
tion.
[0027] First a printing device of the present invention
will be described
[0028] FIG. 2 is a structural view of a printing device
of an embodiment of the present invention. FIG. 3 is a
perspective view showing a structure of a flash fixing
unit 13 illustrated in FIG. 2. FIG. 4 is an optical property
view of a light transmission plate 16 of the flash fixing
unit 13 illustrated in FIG. 3.
[0029] A structure of an electronic photograph printer
wherein a continuous-form paper is used as a printing
device of an embodiment of the present invention is
shown in FIG. 2. A continuous-form paper 2 loaded at
a paper hopper 11 is carried consecutively by a convey-
ance system so as to be housed in a stacker 12 through
a transferring device 7 and a flash fixing unit 13.
[0030] After a photo sensitive body drum 4 rotating
clockwise is electrified evenly by an electrification de-
vice 3, a picture is exposed at the photo sensitive body
drum 4 by an optical system 5. Because of this, an elec-
trostatic latent image corresponding to the picture is
formed at the photo sensitive body drum 4. After the
electrostatic latent image formed at the photo sensitive
body drum 4 is developed by a developing device 6, a
toner image of the photo sensitive body drum 4 is trans-
ferred to the continuous-form paper 2 by the transferring
device 7.
[0031] After the toner image of the photo sensitive
body drum 4 is transferred to the continuous-form paper
2, the photo sensitive body drum 4 is de-electrified by a
de-electrification device 9 and the remaining toner is
cleaned by a cleaner blade 8 and a cleaner brush 10.
After being flash-fixed by the flash fixing unit 13, the con-
tinuous-form paper 2 to which the toner image is trans-
ferred is housed in the stacker 12. An emission (an emis-
sion frequency) of the flash lamp 1 of the flash fixing unit
13 is controlled by the flash control unit 19.
[0032] FIG. 3 is a perspective view showing a struc-
ture of the flash fixing unit 13 illustrated in FIG. 2. The
flash fixing unit 13 has more than two of the flash lamps
1 (four of flash lamps 1a through 1d in this embodiment),
a reflection board 15, and a light transmission plate 16.

5 6



EP 1 372 046 A1

5

5

10

15

20

25

30

35

40

45

50

55

The flash lamp 1 is made of an ozone-less quartz glass
tube having a cylindrical configuration and an arc length
of 502 [mm]. 220 [Torr] of Xe gas is enclosed in the flash
lamp 1.
[0033] The light transmission plate 16 including the
glass board is provided between the flash lamp 1 and
the continuous-form paper 2. A board wherein the VAD
(Vapor-phase Axial Deposition) method synthetic quartz
glass is used is preferable as the glass board.
[0034] FIG. 4 is an optical property view of the light
transmission plate 16 of the flash fixing unit 13 illustrated
in FIG. 3, namely transmissivities by emission wave
lengths of the respective glass boards. In FIG. 4, a dot-
ted line shows the transmissivity of a related art torch
fused silica glass and a solid line shows the transmis-
sivity of VAD method synthetic quartz glass. The trans-
missivity of VAD method synthtic quartz glass in the in-
frared light area (the vicinity of 2000 nm) is improved so
as to contribute to an improvement of the fixing ability
against a toner having absorption for the infrared light
area.
[0035] Referring to FIG. 3 again, the reflection board
15 is provided so as to cover the flash lamp 1 (1a, 1b,
1c, and 1d). The reflection board 15 is opened against
the light transmission plate 16 with an opening width W.
A light emitted by the flash lamp 1 is reflected to an ir-
radiation area that is a designated area on the continu-
ous-form paper 2 corresponding to the opening width
W, by the reflection board 15. Hence, a reflection in-
creasing process is implemented to the inside surface
of the reflection board 15, preferably after aluminum
deposition
[0036] As described later, the reflection board 15
forms emission energy distribution in a conveyance di-
rection of the continuous-form paper in the irradiation
area so as to make substantially a trapezoid, by the one
time flash emission of the flash lamp 1. Hereinafter, the
emission energy distribution by the one time flash emis-
sion is called the "emission energy distribution".
[0037] Next, a determining method for an emission
frequency will be described.
[0038] FIG. 5 is a model view of the emission energy
distribution by the one time flash of the flash fixing de-
vice 13 illustrated in FIG. 3.
[0039] FIG. 6 is a view for explaining the determining
method for the emission frequency of the flash fixing de-
vice 13. More particularly, FIG. 6-(A) is a view for ex-
plaining an overlapping method of the flash light accord-
ing to the related art, FIG. 6-(B) is a view for explaining
an overlapping method of the flash light according to the
present invention, and FIG. 6-(C) is a view for explaining
a uniformity of melting energy according to the overlap-
ping method of the flash light of the present invention.
[0040] As shown in FIG. 5, a model of the emission
energy distribution of the present invention is a property
having a substantially constant h(x) at a center part (a
center part in an irradiation area of one flash) and g(x)
and g' (V/f+x) reducing as separating from an end part

P of the center part to both sides. Here, "v" represents
a conveyance speed of the continuous-form paper 2, "f"
represents a flash emission frequency, and "V/f" repre-
sents a moving distance of the continuous-form paper
2, namely an area where the one time flash light is ap-
plied, during the one time flash emissions.
[0041] Next, energy for starting a non-reversible
change of the condensed matter of the toner, that is the
minimum energy required to fix the toner to the sheet,
is defined as a starting fixing energy β. The starting fixing
energy β is calculated by a correlation of the emission
energy and the density after flash fixing.
[0042] FIG. 7 is a view showing a relation of the emis-
sion energy distribution (illustrated by a doted line) and
printing density (illustrated by a solid line). For instance,
after a uniform half tone toner image that is lon-loff in a
case of 600 dpi resolution is flash fixed in a setting of an
emission frequency where the flash light is not over-
lapped, a tape is stuck on the toner image at a constant
pressure. After that, the tape is peeled off the toner so
that the fixing width is measured by the toner fixed. The
minimum emission energy in the fixing width is the start-
ing fixing energy β.
[0043] Next, the energy at an overlapped part by over-
lapping the flash light is calculated with consideration of
the starting fixing energy β.
[0044] Inventors of the present invention recognized
that after the emission energy having a higher value
than the starting fixing energy β is given by the one time
flash, light and shade is determined based on an amount
of the emission energy having a higher value than the
starting fixing energy β of the second time flash. Based
on the above mentioned recognition, the energy at the
overlapped part is calculated by the following formula
(1).

[0045] In a case where the value of the (Energy to be
overlapped - β) is less than 0 (zero), the energy at the
overlapped part is calculated by replacing the (Energy
to be overlapped - β) with 0(zero).
[0046] The length L of the overlapped part is calculat-
ed by the following formula (2) with the opening width
W of the reflection board 15.

[0047] In a case where the energy at the overlapped
parts is equal to the energy h(x) at the center part, a
completely flat melt energy distribution can be obtained.
That is, in a case where the following formula is built,
ideal and completely flat consecutive melt energy distri-
bution can be obtained.

Energy at the overlapped part = Energy before

overlapped + (Energy to be overlapped - β) (1)

L = W - v/f (2)
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[0048] According to the related art, as shown in FIG.
6-(A), overlapping is attempted so as to cross the first
time flash light F1 and the second time flash light F2 with
a half of a maximum value e of the emission energy,
namely e/2, in order to make the emission energy dis-
tribution flat. However, it is not possible to prevent une-
venness of light and shade even if the emission energy
distribution is made flat. That is, the density in the over-
lapped part is lower than the center part.
[0049] According to the present invention, the toner is
not fixed in a case where the toner has an energy having
a value less than the fixing starting energy (See FIG. 5).
However, once the fixing starting energy is given, the
going out area shown in FIG. 1 is determined by the
amount of the emission energy greater than the fixing
starting energy.
[0050] In the present invention, the emission energy
distribution of the flash part and the overlapped part is
not made flat. But, a distribution of melt energy, namely
energy having a value more than the fixing starting en-
ergy influencing the light and shade (going out area) is
made flat.
[0051] Because of this, the fixing starting energy β is
added as conditions for overlapping. That is, as shown
in FIG. 6-(B), a cross energy where a first time flash light
F1 and a second time flash light F2 cross is made higher
than the fixing starting energy β. Furthermore, as shown
in FIG. 6-(C) and represented by the formula (1), the
distribution of the melt energy higher than the fixing
starting energy is made flat.
[0052] Therefore, as illustrated by a dotted line in FIG.
6-(B), the emission energy of the overlapped part is dif-
ferent from the central part of the emission energy. That
is, the distribution of the emission energy is not made
flat. However, as shown in FIG. 6-(C), the melt energy
is made flat so that the light and shade is prevented.
[0053] However, generally, it is difficult to realize the
ideal distribution of the melt energy due to a difference
of a configuration and precision of the reflection board,
a positioning precision of the flash lamp, the emission
energy, or the like, for example. Because of this, in the
present invention, the ideal distribution of the melt en-
ergy is easily realized, by operator's determination re-
garding an area recognized as the unevenness of light
and shade and easing of the conditions of the formula
(3).
[0054] FIG. 8 is a view showing a relation of the une-
venness of light and shade and a subjective evaluation.
The relation between nine samples obtained by varying
the emission frequency and the subjective evaluation is
shown in FIG. 8. In the respective samples, the uneven-
ness of light and shade is different. The unevenness of
light and shade is calculated by the following formula
based on a scanner output value of the fixing result.

g(x) + g' (V/f+X) - β = h(x) (3)

[0055] The subjective operation is implemented by
showing the samples to 20 people selected randomly
and evaluated for five points. In a case where there is
no unevenness at all, a point 5 is given. In a case where
the unevenness stands out, a point 1 is given. In a case
where, points more than 3.5 are given as an average, it
is determined that there is no unevenness (s). In a case
where, point less than 3.5 are given as an average, it is
determined that there is unevenness (3). The uneven-
ness of the melt energy is the same as the value of the
unevenness of light and shade.
[0056] If the unevenness of light and shade of the re-
sult of printing is over ± 7% and the unevenness of the
melt energy is over ± 7%, the unevenness of light and
shade stands out so that an unacceptable result of the
subjective evaluation is obtained. The unevenness of
the melt energy less than ± 7% is acceptable.
[0057] As a result of the subjective evaluation by the
operators, the formula (3) can be eased to the formula
(4), wherein H is defined as a central value of the h(x).

[0058] That is, in the present invention, an overlapped
width (namely, based on the emission frequency of the
flash lamp and the conveyance speed) is determined by
the flash fixing device using the reflection board 15
wherein the emission energy distribution at the central
part is substantially constant, so that the melt energy
overlapped in the overlapped part is substantially the
same as the melt energy at the central part. In the struc-
ture shown in FIG. 2, the conveyance speed v is prede-
termined. Hence, the emission frequency f of the flash
lamp 1 controlled by the flash control unit 19 is set so
as to satisfy the formula (4).
[0059] Energy efficiency is implemented by setting
the minimum value of the emission energy at the central
part (one time flash part) equal to the value of β. In a
case where the minimum value is higher than the value
of β, the energy is excessive so that use of energy is not
efficient. However, it is possible to make the energy
proper by decreasing the flash voltage of the flash lamp
1 so that the minimum value of emission energy is sub-
stantially same as the value of β.
[0060] Meanwhile, the central part (one time flash
part) of the emission energy distribution is set so as to
comprise a ± 7% area wherein the central value H is the
center. The overlapped part is set to both end parts that

Unevenness of light and shade = [Output value of one

flash part (Emission central part) - Output value of

overlapped part] / Output value of one flash part

(Emission central part)

g(x) + g' (v/f+x) - β = H ± 7% (4)

9 10
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are areas other than the central part in the emission en-
ergy distribution. Therefore, in a case where the part be-
longing to the ± 7% area, namely the length of the cen-
tral part, can be made as large as possible, the emission
frequency satisfy the formulation (4) is made small so
that the consumption of energy can be reduced
[0061] Next, with reference to FIGS. 3, 9, and 10, the
structure of the reflection board 15 of the present inven-
tion that can realize the trapezoid type one time emis-
sion energy distribution will be described.
[0062] FIG. 9 is a schematic cross sectional view of
the reflection board 15 as shown in FIG. 2. FIG. 10 is
an expanded view of the reflection board 15 shown in
FIG. 3 and for explaining an orientation control of the
reflection board 15. In FIG. 10, the reflection board 15
is line-symmetrical and thereby only half part of the re-
flection board 15 is illustrated.
[0063] The reflection board 15 of this embodiment, as
shown in FIG. 3, covers four flash lamps 1a, 1b, 1c and
1d. The reflection board 15 is open to the light transmis-
sion plate 16 with the opening width W. More particular-
ly, as shown in FIGS. 9 and 10, the reflection board 15
includes a side surface board 22a, a top surface board
24, and a side surface board 22b against the flash lamp
1a, a side surface board 22c, a top surface board 25,
and a side surface board 22d against the flash lamp 1b
a side surface board 22e, a top surface board 26, and
a side surface board 22f against the flash lamp 1c, and
a side surface board 22g, a top surface board 27, and
a side surface board 22h against the flash lamp 1d.
[0064] The side surface boards 22a through 22h and
the top surface boards 24 through 27 extend along the
central axis of the flash lamp 1 as shown in FIG. 3. In
addition, the side surface boards and the top surface
boards that are adjacent to each other, and the two side
surface boards that are adjacent to each other may be
separated from each other by a space due to the radia-
tion of heat.
[0065] The reduction property at the above described
overlapped part can be realized by the side surface
boards 22a and 22h situated at respective ends of the
reflection board 15. The flat property at the above men-
tioned central part can be realized by the side surface
boards 22b through 22g dividing the emissions of re-
spective flash lamps 1a through 1d.
[0066] FIG. 11 is a view for explaining light control by
setting an inclination angle of the reflection board of the
present invention. The inclination angles as indicated in
FIG. 10 of the side surface boards 22a and 22h situated
at respective ends of the reflection board 15 is set large,
as shown in FIG. 11, so as to realize a desirable reduc-
tion property considering the overlap of the emission en-
ergy, so that the light 23 is gathered directly under the
flash lamps 1a and 1d situated at both ends of the re-
flection board 15. Furthermore, the closer to the central
side a side surface is, the smaller the inclination angle
is set, so that the light 23 is spread widely and equally.
[0067] That is, acute angles αa through αh formed by

a standard line BL, namely the line connected between
the center of the flash lamp 1a and the center of the flash
lamp 1d, and the side surface boards 22a through 22h
are set according to the following relation (See FIG. 10.).

[0068] It is preferable that the acute angles αa and an-
gles αh regarding the side surface boards 22a and 22h,
respectively, are in a range of 63° ± 4°, the acute angles
αb and angles αg regarding the side surface boards 22b
and 22g are in a range of 53° ± 3°, the acute angles αc
and angles αf regarding the respective side surface
boards 22c and 22f are in a range of 42° + 4°, and the
acute angles αd and angles αe regarding the respective
side surface boards 22d and 22e are in a range of 21°
± 11°
[0069] The top surface boards 24 and 27 correspond-
ing to the flash lamps 1a and 1d situated at respective
ends of the reflection board 5 have a cross section seen
from the central axis of the flash lamps 1a and 1d of a
concave configuration. It is possible to shift the position
of the reduction property of the emission energy distri-
bution shown in FIG. 4, namely an ending position of the
central part of the emission energy distribution by the
concave configuration, so as to increase the range of
the central part (one flash part) of the emission energy
distribution.
[0070] It is preferable that the side surface boards 22
of the reflection board 15, as shown in FIG. 10, be po-
sitioned so as to circumscribe the flash lamp circle 40
having the same center as the center of the cross sec-
tion of the flash lamp 1. It is also preferable that the ex-
ternal diameter K of the flash lamp circle 40 be in a range
defined as follows, wherein L is defined as the diameter
of a safe limit circle 41 not allowing a leak discharge.

[0071] The safe limit circle 41 depends on an external
diameter of a trigger wire (not illustrated) provided along
the flash lamp tube 1. It is not necessary for the flash
lamp circles 40 contacting with the respective side sur-
face boards 22a through 22h to have same external di-
ameter K. As long as the relationship of L < K < 1.3L can
be formed, external diameters K of the flash lamp circles
40 of the respective side surface board 22a through 22h
may be different.
[0072] If the flash lamp 1 is situated far from the con-
tinuous-form paper 2, energy efficiency is decreased. If
the flash lamp 1 is situated too close to the continuous-
form paper 2, un-fixed toner image comes in contact
with the glass surface 16 so that clear printing of char-
acters may be disturbed.
[0073] It is preferable that the distance 62 between
the center of the flash lamp 1 and the continuous-form

αa > αb > αc > αd, αh > αg > αf > αe

L < K < 1.3L
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paper 62 be set as 26 through 32 mm. In addition, it is
not necessary for the respective flash lamps 1a through
1d to be positioned at same distance. As long as the
distance 62 between the center of the flash lamp 1 and
the continuous-form paper 2 is set as 26 through 32 mm,
the respective flash lamps 1a through 1d may be posi-
tioned at different distances. The preferable arrange-
ment of the flash lamp 1 is line symmetrical preferably.
[0074] If a pitch 63 of neighboring flash lamps is too
short, the energy distribution is insufficient. If the pitch
63 of neighboring flush lamps is too long, the irradiation
degree of the flash lamps is decreased so as to cause
unevenness of the emission energy. Hence, it is neces-
sary to seta proper pitch 63, preferably 44 through 50
mm.
[0075] FIG. 12 is a view showing a result of the cal-
culation of the emission energy in a case where the re-
flection board 15 is used, by ray tracing according to the
Monte Carlo method. As shown in FIG. 12, it is possible
to realize an emission energy distribution having a prop-
erty that the emission energy at the central part is con-
stant at the central part and the emission energy is re-
duced as being far from the central part, by only the one
time flash with the reflection board 15.
[0076] FIG. 13 is a view for explaining the printing re-
sult by the flash fixing device of the present invention.
Based on the result of the calculation shown in FIG. 12,
the value of β is calculated so that the respective values
are set to be satisfy formula (4). As shown in FIG. 13-(B),
the measured density does not vary in a range where
the output value "210" is the center so that printing hav-
ing no unevenness of the light and the shade result. In
FIG. 13-(A), the flash lamps 1a through 1d and the re-
flection board 15 are positioned as corresponding to
FIG. 13-(B). In FIG. 13-(B), dotted lines show the relative
positions of the flash fixing device 13 and the continu-
ous-form paper 2 in a case of double-striking.
[0077] FIG. 14 is a view showing a printing result by
a flash fixing device of a comparison example. FIG. 15
is a view showing a printing result by another flash fixing
device of a comparison example.
[0078] As shown in FIG. 14-(B), there are various
lights and shades according to the printing result, in a
case where the reflection board 15, the flash lamps 1a
through 1d and the continuous-form paper 2 are posi-
tioned as shown in Fig. 14-(A). That means, there is a
large amount of light under the side surface board 15a
and 15b at the center part and a large amount of melt
energy of the toner at the overlapped part of the flash
light.
[0079] Furthermore, in a case where the reflection
board 21 has side surface boards having the same in-
clination angle as corresponding to the flash lamps 1a
through 1d as shown in FIG. 15-(A), there are differenc-
es of densities between the flash lamps and directly un-
der the flash lamps so that there is unevenness of light
and shade as shown in FIG. 15-(B).
[0080] It is found that the inclination angle of the side

surface board gives a large influence to the emission
energy distribution and the light and the shade of the
printing result, by the above mentioned result.
[0081] Meanwhile, as described above, it is prefera-
ble that the acute angles αa and αh regarding the re-
spective side surface boards 22a and 22h be in a range
of 63° ± 4°, the acute angles αb and αg regarding the
respective side surface boards 22b and 22g be in a
range of 53° ± 3°, the acute angles αc and αf regarding
the side surface boards 22c and 22f be in a range of 42°
± 4°, and the acute angles αd and αe regarding the side
surface boards 22d and 22e be in a range of 21° ± 11°.
Next, a calculation result by the inventors to calculate a
preferable inclination range will be described.
[0082] FIG. 16 is a view showing a simulation result
by the Monte Carlo method of the emission energy in a
case where the acute angle of the side surface board
22a is set as "out of the area ± 1°".
[0083] In FIGS. 16 through 19, an allowance area (ap-
proximately 0.168 through 0.194) of ± 7% of the above
mentioned formula (4) wherein the central value H (ap-
proximately 0.182) is a center is shown as an uneven-
ness of light and shade allowance area 61 within one
time flash. The central value H is calculated based on
the emission energy distribution (FIG. 12) of the first em-
bodiment. As described above, the central part (one
flash part) h(x) is defined within the unevenness of light
and shade allowance area 61 and the overlapped part
is defined at both end parts other than the central part.
[0084] Referring to FIG. 16, the emission energy dis-
tribution of the first embodiment shown by a solid line,
having a range of approximately 140 mm wherein a con-
veyance direction central position (100 mm) is the cent-
er, is in the above mentioned allowance area.
[0085] In the emission energy distribution (shown in
a dotted line) in a case where the acute angle of the side
surface board 22a is 68° (out of are +1°), the emission
energy at vicinity (40mm, 160mm) of both end parts of
the central part deviate from the unevenness of the light
and the shade allowance area 61 in the reduction direc-
tion. In addition, the emission energy at the end parts
(30mm, 170mm) of the central part deviates from the
unevenness of the light and the shade allowance area
61 in the increasing direction. Therefore, unevenness of
light and shade is generated.
[0086] In a case where the acute angle of the side sur-
face board 22a is 58° (out of are - 1° ), in the emission
energy distribution (illustrated by a one point doted line),
the emission energy at vicinity (40mm, 160mm) of both
end parts of the central part deviates from the uneven-
ness of light and shade allowance area 61 in the reduc-
tion direction. In this case, it is possible to prevent the
unevenness of light and shade by setting the emission
frequency large. However, setting the emission frequen-
cy large is disadvantageous in terms of energy con-
sumption.
[0087] The same consideration can be given for the
result of the simulation shown in FIGS. 17 through 19.
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FIG. 17 is a view showing a simulation result by the Mon-
te Carlo method of the emission energy in a case where
the acute angle of the side surface board 22b is set as
"out of the area ± 1°". FIG. 18 is a view showing a sim-
ulation result by the Monte Carlo method of the emission
energy in a case where the acute angle of the side sur-
face board 22c is set as "out of the area ± 1°". FIG. 19
is a view showing a simulation result by the Monte Carlo
method of the emission energy in a case where the
acute angle of the side surface board 22d is set as "out
of the area ± 1°".
[0088] Referring to FIGS. 17 through 19, in a case of
deviating from a preferable range of an acute angle of
the above described side surface boards 22a through
22d, the emission energy distribution deviates from the
unevenness of light and shade so that an undesirable
printing result is obtained.
[0089] FIG. 20 is a view showing emission energy dis-
tribution wherein the external diameter K of the flash
lamp circle 40 is 1.35L. In FIG. 20, the emission energy
distribution in a case where the external diameter K of
the flash lamp circle 40 is larger than L and smaller than
1.3L is shown by a solid line. As shown in FIG. 20, if the
external diameter K of the flash lamp circle 40 is set so
as to be larger than 1.3L, the emission energy distribu-
tion does not have a trapezoid configuration but rather
a mountain shape. In this case, it is necessary to set the
emission frequency large in order to prevent the une-
venness of light and shade. That is a disadvantage for
energy consumption.
[0090] Next, a flash fixing unit 13 having two flash
lamps and a reflection board corresponding to the flash
lamps will be described as a second embodiment of the
present invention. FIG. 21 is a schematic cross sectional
view of the flash fixing unit 13b of the second embodi-
ment. FIG. 22 is a view showing a simulation result of
the emission energy distribution in a case where the re-
flection board of the second embodiment is used.
[0091] In this embodiment, it is preferable that the
acute angle αa of the side surface board 70a be in the
same range as the range (63° ±4° ) of the acute angle
αa of the side surface board 22a. It is also preferable
that the acute angle αb of the side surface board 70b be
11° ±2°. Because of this, it is possible to make a trape-
zoid type emission energy distribution as shown in FIG.
22. Therefore, even if there are only two flash lamps, it
is possible to obtain a picture having no unevenness of
light and shade by using a determining method of the
emission frequency that is the same as the first embod-
iment.
[0092] FIG. 23 is a view showing a simulation result
by the Monte Carlo method of the emission energy dis-
tribution in a case where the side surface board 70a is
in out of area ±1°. FIG. 24 is a view showing a simulation
result by the Monte Carlo method of the emission energy
distribution in a case where the side surface board 70b
is in out of area ±1°. In this case, the emission energy
distribution deviates from the one time of unevenness

of light and shade allowance area 61 so that undesirable
printing result may be generated. In this embodiment,
one time of unevenness of light and shade allowance
area 61 is defined as a range of ± 7% of the formula (4)
wherein the central value H (approximately 0.175) is the
center.
[0093] FIG. 25 is a view showing another modified ex-
ample of the inclination angle of the reflection board of
the present invention.
[0094] In the above embodiment of the present inven-
tion, the preferable inclination angle range of the side
surface boards 22a through 22h of the reflection board
15 is determined based on the side surface boards 22a
through 22h being flat surfaces. However, as shown in
FIG. 25-(A), it is possible to form a bending part 42 on
the respective side surface boards 22a through 22h,
70a, and 70b of the reflection board 15 and modify a
bending radius 43 of the side surface board. In this case,
it is preferable that the inclination angle of the reflection
surface of the side surface board except the bending
part 42 be set based on the above mentioned preferable
inclination range. Furthermore, it is preferable that the
reflection surface 44b of the side surface board in a cen-
tral part direction against the bending part 42 have a
smaller inclination angle than the reflection surface 44a.
[0095] Furthermore, as shown in FIG. 25-(B), it is pos-
sible to form the respective side surface boards 22a
through 22h, 70a, and 70b of the reflection board 15 by
a curved surface. In this case, it is preferable that acute
angles αa1, αa2, ··· formed by the tangential lines of the
curved surfaces and the standard line BL be set based
on the above mentioned preferable inclination angle
range. The acute angles αa1, αa2, ··· are preferably set
as αa1 > αa2 > ···. That is, as a position is closer to the
center of the irradiation in a conveyance direction of the
continuous-form paper 2, the acute angle of the position
is lower.
[0096] Although the continuous-form paper is used as
a printing medium in the above embodiments, the
present invention is not limited to the continuous-form
paper but can be applied to flat sheets.
[0097] It is possible to prevent the flat sheet from hav-
ing the unevenness of the light and the shade by the
trapezoid type one time flash emission energy distribu-
tion according to the present invention without overlap-
ping the flash light.
[0098] That is, it is possible to obtain the printing result
not having the unevenness of light and shade without
overlapping the flash light in a case the length in the
conveyance direction of the flat sheet is smaller than the
above mentioned central part (one flash part).
[0099] The "side surface board" in the above men-
tioned embodiments corresponds to the "side part re-
flection surface" in the following claims. The "top surface
board" in the above mentioned embodiments corre-
sponds to the "upper part reflection surface" in the fol-
lowing claims.
[0100] Furthermore, the "side" or "side riart" in the fol-
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lowing claims should be interpreted as a direction per-
pendicular to the central axes of the two flash lamps ar-
ranged at respective ends, for example. The "upper"
and "upper part" in the following claims should be inter-
preted as a direction perpendicular to the standard sur-
face that is opposite to the direction of the recording me-
dium against the standard surface.
[0101] The present invention is not limited to these
embodiments, but variations and modifications may be
made without departing from the scope of the present
invention.
[0102] This patent application is based on Japanese
priority patent application No. 2001-055735 filed on May
15,. 2001, the entire contents of which are hereby incor-
porated by reference

Claims

1. A flash fixing device configured to fix a toner image
by a flash light, comprising:

a plurality of flash lamps arranged parallel to
each other; and
a reflection board including a plurality of side
part reflection surfaces each facing from a side
to the respective flash lamps,

wherein in a case where a surface including
two central axes of the two flash lamps arranged
one at each end is defined as a standard surface,
an acute angle against the standard surface is set
to be decreased as the side part reflection surface
is positioned closer to a center of the arrangement
of the plurality of the flash lamps.

2. The flash fixing device as claimed in claim 1, where-
in

the side part reflection surfaces of the reflec-
tion board have substantially flat surfaces, and

the side part reflection surface situated at
each end has a bigger acute angle against the
standard surface than the side part reflection sur-
face situated in a direction toward the center of the
arrangement.

3. The flash fixing device as claimed in claim 1, where-
in

the reflection board further includes an upper
part reflection surface facing against the flash lamp
from an upper side; and

at least one of two of the upper part reflection
surfaces corresponding to the two flash lamps ar-
ranged one at each end has a concave configura-
tion as seen from the central axis of the flash lamp.

4. The flash fixing device as claimed in claim 1, where-
in shortest distances between the central axis of the

flash lamp and respective two of the side reflection
surfaces corresponding to the flash lamp are sub-
stantially the same.

5. The flash fixing device as claimed in claim 4, where-
in the shortest distance is larger than a maximum
length in a case where a leak electric current can
occur between the flash lamp and the two of the side
part reflection surfaces corresponding to the flash
lamp, and is smaller than 1.3 times the maximum
length.

6. A flash fixing device configured to fix a toner image
by a flash light, comprising:

a plurality of flash lamps arranged parallel to
each other; and
a reflection board including a side part reflec-
tion surface and an upper part reflection sur-
face that partially surround the flash lamp, as
corresponding to the respective flash lamps, so
that a light emitted by the flash lamps is reflect-
ed to an irradiation area;

wherein an emission energy distribution ob-
tained by a one time flash light of the flash lamps is
substantially constant at a central part of the irradi-
ation area and decreases gradually from the central
part to both end parts of the irradiation area.

7. The flash fixing device as claimed in claim 6, further
comprising a control part for controlling the emis-
sion of the flash lamps moving relatively against an
irradiation area,

wherein the control part controls the emission
of the flash lamps with an emission frequency
where energy is applied, by which energy a toner
starts fixing to a substantially end part of a central
part if the irradiation area based on the following
flash light.

8. The flash fixing device as claimed in claim 1, further
comprising a control part for controlling the emis-
sion of the flash lamps moving relatively against an
irradiation area,

wherein the control part controls the emission
of the flash lamps with an emission frequency
where energy is applied, by which energy a toner
starts fixing to a substantially end part of a central
part if the irradiation area based on the following
flash light.

9. A printing device configured to form a toner image
of a medium carried at a designated conveyance
speed, comprising:

image forming means for forming the toner im-
age at the medium;
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a flash fixing device configured to fix the toner
image by a flash light, including:

a plurality of flash lamps arranged parallel
to each other; and
a reflection board including a side part re-
flection surface facing from a side to the
flash lamp as corresponding to the respec-
tive flash lamps,

wherein in a case where a surface including
central axes of the two flash lamps arranged one at
each end is defined as a standard surface, an acute
angle against the standard surface is set to be de-
creased as the side part reflection surface is posi-
tioned closer to a center of the arrangement of the
plurality of the flash lamps.
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