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(54) INKJET HEAD AND INKJET RECORDING DEVICE

(57) Provided are an inkjet head and inkjet recording
device for reducing the constraints on the type of ink and
for easily reducing the amount of ink discharged per dis-
charge without increasing the size of the configuration or
complicating the control. The present invention is provid-
ed with the following: an ink flow path that has a nozzle
and a pressure chamber communicated to the nozzle,
and sends ink from an ink chamber to the nozzle; and a
pressurization section for changing the pressure applied
to the ink in the pressure chamber. The ink flow path has
a primary mode natural frequency corresponding to the
ink and the entire ink flow path, and a secondary mode
natural frequency corresponding to the ink and a part of
the ink flow path including the nozzle. The pressurization
section changes the pressure applied to the ink for a pre-
determined duration corresponding to the primary mode
natural frequency, and causes a predetermined amount
of ink to be discharged in at least one discharge out of
timings where ink liquid surface movement pertaining to
pressure oscillation of the ink at the secondary mode
natural frequency is superimposed onto ink liquid surface
movement pertaining to pressure oscillation of the ink at
the primary mode natural frequency.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an inkjet head
and an inkjet recording device.

BACKGROUND ART

[0002] A typical inkjet recording device includes an
inkjet head that discharges minute droplets of ink to form
an image on a recording medium. The inkjet head in-
cludes nozzles aligned at a predetermined pitch and dis-
charging ink at controlled timings depending on the res-
olution of the image to be formed and/or the rate of image
formation.
[0003] Such an inkjet head is typically of a piezoelectric
or thermal inkjet type that discharges ink from the tips of
the nozzles through pressurization of the ink in the ink
flow paths. An increase in image resolution has resulted
in a decrease in the volume of ink per discharge. The
discharge of such a minute volume of ink requires a de-
crease in dimension of the nozzle orifices and the time
of pressurization. Unfortunately, a decrease in dimension
of the cross-section of the nozzles orifices enhances the
influence of friction occurring between the ink and nozzle
walls and viscosity and surface tension of the ink, which
prevents the ink in the ink flow paths from stably sepa-
rating and being discharged as droplets having a desired
volume.
[0004] PTL 1 discloses an electrostatic attraction type
inkjet head that applies a voltage to the tips of minute
nozzles to attract charged ink and discharge the ink in
minute volumes.
[0005] The ink is supplied to the nozzles from a com-
mon ink chamber for the nozzles through ink leading
paths (inlets) for the nozzles and pressure chambers pro-
vided for pressurization of the ink. The ink pressure varies
depending on a natural frequency (resonant frequency)
determined in accordance with the dimensions of the in-
lets, pressure chambers, and nozzles (length in particu-
lar), and the density and viscosity of the ink. The fluid
level (meniscus) of the ink shifts inward or outward from
the orifice edges of the nozzles in accordance with the
cycle of natural frequency. The natural oscillation in-
cludes an inherent mode (first-order mode) oscillation on
the overall structure of the inlets, pressure chambers,
and nozzles, and one or more other inherent modes on
a part of the structure, depending on the differences in
structure (shape) of the inlets, pressure chambers, and
nozzles.
[0006] Among the inherent modes, the mode of a por-
tion including the nozzles involves the extrusion of ink at
the orifice edges of the nozzles and is a second-order
mode having a frequency higher than the natural frequen-
cy of the first-order mode. PTL 2 discloses a technique
of applying pressure to ink in pressure chambers at a
cycle corresponding to the natural frequency of the sec-

ond-order mode, to reduce the time of ink discharge and
thereby the volume of the discharged ink.

PRIOR ART LITERATURES

PATENT LITERATURES

[0007]

[PTL 1] Japanese Unexamined Patent Application
Publication No. 2004-136655
[PTL 2] WO2009/107552

DISCLOSURE OF INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0008] The ink should be charged in order to attract
the ink to an electric field. This limits the type of applicable
inks. This also requires a configuration for voltage appli-
cation near the orifice edges of the nozzles, which results
in a complicated structure. The pulse width correspond-
ing to the natural frequency of the second-order mode is
significantly smaller than the width of typically applied
pulses. The precise application of pulses having such a
small width requires a complicated configuration and/or
causes an increase in the dimensions of the circuits.
[0009] An object of the present invention is to provide
an inkjet head and an inkjet recording device that have
an increased range of applicable inks and readily de-
crease the volume of ink per discharge without an in-
crease in the dimensions of the configuration and com-
plicated control involving ink discharge.

MEANS FOR SOLVING PROBLEMS

[0010] In order to achieve the above-described object,
the present invention recited in claim 1 is an inkjet head
including: ink flow paths each including a nozzle from
which ink is to be discharged, and a pressure chamber
in communication with the nozzle, the ink flow path al-
lowing the ink from an ink chamber to be supplied to the
nozzle; and pressurizing sections to vary pressure on the
ink in the respective pressure chambers, wherein each
of the ink flow paths has a natural frequency of a first-
order mode depending on a combination of the entire ink
flow path and the ink and has a natural frequency of a
second-order mode depending on a combination of a part
of the ink flow path and the ink, wherein the part includes
the nozzle and wherein the natural frequency of the sec-
ond-order mode is higher than the natural frequency of
the first-order mode; and each of the pressurizing sec-
tions varies the pressure on the ink for a predetermined
time corresponding to the natural frequency of the first-
order mode, so that a predetermined volume of the ink
is discharged at at least one of times when a shift of a
fluid level of the ink due to pressure oscillation of the ink
at the natural frequency of the second-order mode is su-
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perposed on a shift of a fluid level of the ink due to pres-
sure oscillation of the ink at the natural frequency of the
first-order mode.
[0011] The present invention recited in claim 2 is the
inkjet head according to claim 1, wherein the pressurizing
sections keep the pressure on the ink in an increased
state for the predetermined time.
[0012] The present invention recited in claim 3 is the
inkjet head according to claim 1 or 2, wherein the nozzles
included in the respective ink flow paths each have such
a diameter that prevents the ink from being discharged
by the shift of the fluid level of the ink due to the pressure
oscillation of the ink at the natural frequency of the first-
order mode alone.
[0013] The present invention recited in claim 4 is the
inkjet head according to any one of claims 1 to 3, wherein
a Q value relating to the pressure oscillation of the ink at
the natural frequency of the first-order mode is less than
1.
[0014] The present invention recited in claim 5 is the
inkjet head according to any one of claims 1 to 4, wherein
the natural frequency of the second-order mode of each
of the ink flow paths is at least four times higher than the
natural frequency of the first-order mode of each of the
ink flow paths.
[0015] The present invention recited in claim 6 is the
inkjet head according to any one of claims 1 to 5, wherein
a variation in the pressure on the ink produced by each
of the pressurizing sections is in a form of a substantially
square wave pulse having a rising time and a falling time
each shorter than one cycle of the natural frequency of
the second-order mode.
[0016] The present invention recited in claim 7 is the
inkjet head according to any one of claims 1 to 6, wherein
the pressurizing sections each include a piezoelectric
member, wherein the piezoelectric member is deformed
in response to a voltage applied to the piezoelectric mem-
ber, thereby varying the pressure on the ink.
[0017] The present invention recited in claim 8 is an
inkjet recording device including: the inkjet head accord-
ing to any one of claims 1 to 7; and a control section that
controls an operation of the inkjet head, wherein the con-
trol section operates the pressurizing sections at prede-
termined intervals for ink discharge to vary the pressure
on the ink in the respective pressure chambers in com-
munication with the respective nozzles from which the
ink is to be discharged.

EFFECTS OF THE INVENTION

[0018] The present invention is advantageous in that
it has an increased range of applicable inks and can read-
ily decrease the volume of ink per discharge from nozzles
without an increase in the dimensions of the configuration
and complicated control involving ink discharge.

BRIEF DESCRIPTION OF DRAWINGS

[0019]

Fig. 1 is a block diagram illustrating the overall con-
figuration of an inkjet recording device according to
an embodiment.
Fig. 2 is a cross-sectional side view illustrating the
structure of an inkjet head according to an embodi-
ment of the present invention.
Fig. 3A is a cross-sectional side view of a portion of
the head chip relating to one nozzle.
Fig. 3B is a plan view of an ink flow path relating to
one nozzle of the head chip.
Fig. 4 illustrates example frequency characteristics
of the natural oscillation generated in an ink flow path
according to an embodiment.
Fig. 5A illustrates a voltage having a pulsed wave-
form to be applied to a piezoelectric member.
Fig. 5B illustrates a voltage having a pulsed wave-
form to be applied to a piezoelectric member.
Fig. 5C illustrates a voltage having a pulsed wave-
form to be applied to a piezoelectric member.
Fig. 6 illustrates the behavior of ink receiving a volt-
age having a pulsed waveform.
Fig. 7 is a table showing the dimensions of the com-
ponents of the head chip used for calculation.
Fig. 8 illustrates an example calculation of the mov-
ing velocity and the fluid level of ink during application
of a voltage having a pull ejection pulse waveform
corresponding to a first-order mode, to a piezoelec-
tric member.
Fig. 9 illustrates an example calculation of the mov-
ing velocity and the fluid level of ink during application
of a voltage having a push ejection pulse waveform
corresponding to a first-order mode, to a piezoelec-
tric member.
Fig. 10 illustrates discharge of ink droplets when nat-
ural oscillation of a second-order mode occurs in the
pressure chambers by application of a voltage hav-
ing a pull ejection pulse waveform.
Fig. 11 illustrates discharge of ink droplets when nat-
ural oscillation of a second-order mode occurs in the
pressure chambers by application of a voltage hav-
ing a push ejection pulse waveform.
Fig. 12 is a table showing the influence of the length
of a second-order mode path on the discharge of ink
droplets.
Fig. 13 is a table showing the influence of the length
of inlets on the discharge of ink droplets.
Fig. 14 is a table showing the influence of the diam-
eter of nozzles on the discharge of ink droplets.

EMBODIMENT TO CARRY OUT THE INVENTION

[0020] Embodiments of the present invention will now
be described with reference to the accompanying draw-
ings.
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[0021] Fig. 1 is a block diagram illustrating the overall
configuration of an inkjet recording device 10 according
to this embodiment.
[0022] The inkjet recording device 10 includes an inkjet
head 100, a control section 200, a conveying section 300,
a communication section 400, and an operation display
section 500.
[0023] The control section 200 includes a CPU (central
processing unit), a RAM (random access memory), and
an storage unit, and comprehensively controls the oper-
ation of the inkjet recording device 10 based on print jobs
sent from external units or the operation display section
500.
[0024] The conveying section 300 moves recording
media to a position for image formation and ejects the
recording media from the position in sequence. The con-
veying section 300, for example, includes a conveying
belt, a motor that moves the conveying belt, a paper feed-
er that supplies the recording media, and a paper tray
that stores ejected recording media.
[0025] The communication section 400 is a communi-
cation interface to perform data communication with an
external print server(s) and/or an external computer ter-
minal(s). The communication section 400 is responsible
for wired or wireless LAN (local area network) connection
and USB connection.
[0026] The operation display section 500 receives in-
put operations by a user and displays various menus and
the status of the inkjet recording device 10. The operation
display section 500, for example, is in the form of a touch
panel that includes a liquid crystal display and a touch
sensor. The operation display section 500 may also in-
clude a push button switch, operating keys, and status
display lamps.
[0027] The inkjet head 100 operates in response to
control signals from the control section 200 to form an
image on a recording medium supplied from the paper
feeder of the conveying section 300.
[0028] Fig. 2 is a cross-sectional side view illustrating
the inkjet head 100 according this embodiment.
[0029] The inkjet head 100 according to this embodi-
ment includes a head chip 110, an ink supply section
120, and a frame 130.
[0030] The ink supply section 120 includes a casing
121 having an ink chamber 122 therein. The ink supply
section 120 ejects ink supplied from an external unit via
an ink supply port 123 that connects the interior and the
exterior of the casing 121, to the head chip 110.
[0031] The frame 130 is composed of a substantially
flat member and combined with the head chip 110 and
the ink supply section 120. The ink supply section 120 is
disposed on one face (upper face) of the frame 130, and
the head chip 110 is disposed on the other face (lower
face) of the frame 130 remote from the ink supply section
120. The frame 130 has a space (not shown) disposed
between the head chip 110 and the ink supply section
120 that connects the head chip 110 and the ink supply
section 120.

[0032] Two ends of the frame 130 are provided with
projections 131, which are each provided with a hole 132.
The frame 130 is fixed at a predetermined position on
the inkjet recording device 10 with fixing members such
as screws or bolts installed through the holes 132.
[0033] The head chip 110 is composed of a plate hav-
ing multiple nozzles. The head chip 110 discharges ink
droplets from the nozzles at a predetermined timing in
response to a control signal from the control section 200.
The ink droplets land on the recording medium conveyed
to a position facing the relevant nozzles. Each ink supply
section 120 may be provided with two or more head chips
110 (for example, two chips in this case).
[0034] Fig. 3A is a cross-sectional view illustrating an
ink flow path for one nozzle in the head chip 110 of the
inkjet head 100 according to this embodiment. The cross-
sectional view is taken along a direction orthogonal to
the face of the plate head chip 110. Fig. 3B is a plan view
illustrating an ink flow path for one nozzle in the head
chip 110 of the inkjet head 100.
[0035] With reference to Fig. 3A, the head chip 110
discharges ink by a piezoelectric scheme of a deflection
mode. The head chip 110 is a laminate of a nozzle plate
111, an intermediate plate 112, and a pressure plate 113.
[0036] The nozzle plate 111 is, for example, a silicon
substrate having nozzles 111a formed in one face. The
nozzles 111a communicate with respective upper nozzle
portions 111b and connect two sides of the nozzle plate
111. The actual diameter (nozzle diameter) ϕ of the orifice
of each of the nozzles 111a is sufficiently small to corre-
spond to the resolution. The nozzle diameter ϕ in this
embodiment is 10 mm or less, for example, 5.0 mm, which
significantly enhances the effect of the viscosity and sur-
face tension on the ink inside and extruded from the noz-
zles 111a.
[0037] The term "nozzle diameter" refers to the diam-
eter of the orifice at the discharging end of a nozzle, i.e.,
the diameter of a circular orifice. The shape of the orifice
of each of the nozzles is a circle or any other shape, such
as polygon or a star. The nozzle diameter of an orifice
having a shape other than a circle is defined by the di-
ameter of a circle having an area equal to the area of the
shape other than a circle.
[0038] The intermediate plate 112 is a glass plate, for
example, and is bonded to a face of the nozzle plate 111
remote from the face having the orifices of the nozzles
111a, to form a laminate. The intermediate plate 112 has
communicating holes 112a that communicate with the
respective upper nozzle portions 111b.
[0039] The pressure plate 113 is a silicon plate, for
example, and is bonded to a face of the intermediate
plate 112 remote from the bonding face where the inter-
mediate plate 112 is bonded to the nozzle plate 111, to
form a laminate. A face of the pressure plate 113 has an
array of grooves constituting a common flow path 113a,
inlets 113b, and pressure chambers 113c for ink, which
are in communication with each other. The face is boned
to the intermediate plate 112 to cover the grooves to form
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holes. The pressure chambers 113c are connected to
the respective communicating holes 112a near the end
(edge) of the pressure chambers 113c.
[0040] The face of the pressure plate 113 remote from
the bonding face where the pressure plate 113 is bonded
to the intermediate plate 112 is provided with piezoelec-
tric members 114 (pressurizing sections) in areas corre-
sponding to the pressure chambers 113c and having a
shape substantially identical to that of the plan view of
the pressure chambers 113c with electrode layers (not
shown) disposed between the pressure plate 113 and
the piezoelectric members 114. The piezoelectric mem-
bers 114 are composed of PZT (lead zirconate titanate),
for example, and are expanded and contracted in re-
sponse to a predetermined voltage applied across elec-
trode layers disposed on opposite faces of the piezoe-
lectric members 114. The wall between each pressure
chamber 113c and the corresponding piezoelectric mem-
ber 114 functions as a diaphragm that deforms together
with the piezoelectric member 114 to vary the pressure
on the ink in the pressure chamber 113c. The variation
in pressure is appropriately controlled to discharge ink
from the corresponding nozzle 111a.
[0041] Alternatively, the diaphragm may be bonded
between the pressure plate 113 and the piezoelectric
members 114 so as to cover the pressure chambers 113c
extending through the pressure plate 113.
[0042] The common flow path 113a supplies ink to the
nozzles 111a in common provided in the head chip 110.
The ink is supplied from the common flow path 113a
through the inlets 113b to the pressure chambers 113c
corresponding to the respective nozzles 111a, the inlets
113b being in communication with the respective pres-
sure chambers 113c.
[0043] An inlet 113b, pressure chamber 113c, commu-
nicating hole 112a, upper nozzle portion 111b, and noz-
zle 111a constitute an ink flow path to each of the nozzles.
[0044] With reference to Figs. 3A and 3B, the dimen-
sions (length in particular) differ among the components
constituting each ink flow path, i.e. , the inlet 113b, pres-
sure chamber 113c, communicating hole 112a, upper
nozzle portion 111b, and nozzle 111a. Thus, a variation
in the pressure on the ink in the pressure chamber 113c
transmitted to the ink in an ink flow path is partially re-
flected at the boundary of each component and gener-
ates natural oscillations in multiple modes. The frequen-
cies in these modes depend on the dimensions of the
components and the properties of the ink.
[0045] Fig. 4 illustrates example frequency character-
istics of the natural oscillation generated in an ink flow
path according to this embodiment. The horizontal axis
represents frequency, and the vertical axis represents
spectral intensity.
[0046] Three peaks p1 to p3 appear in the spectral
intensity. That is, oscillations in three modes are induced
in the ink flow path. The oscillation of the peak p1 having
the lowest frequency among the three modes is a first-
order mode oscillation depending on the entire structure

of the ink flow path including the nozzle 111a, the upper
nozzle portion 111b, the communicating hole 112a, the
pressure chamber 113c, and the inlet 113b. The oscilla-
tion of the peak p2 having the intermediate frequency
depends on the structure including the pressure chamber
113c and the inlet 113b and corresponds to a noise com-
ponent unrelated to the discharge of ink from the nozzle
111a. The oscillation of the peak p3 having the highest
frequency is a second-order mode oscillation depending
on the structure including the nozzle 111a, the upper noz-
zle portion 111b, the communicating hole 112a, and the
pressure chamber 113c (i.e., part of the ink flow path
including the nozzle 111a).
[0047] The discharging of ink will now be described.
[0048] Figs. 5A to 5C illustrate voltages having pulsed
waveforms to be applied to the piezoelectric members
114.
[0049] Hereinafter, a positive voltage refers to a volt-
age that deforms the piezoelectric members 114 and the
respective diaphragms in a direction that compresses
the respective pressure chambers 113c (downward in
Fig. 3A).
[0050] The waveform of the voltage to be applied to
the piezoelectric members 114 correspond to substantial
square-wave (trapezoidal) pulses, which have predeter-
mined times for rising and falling edges of the voltage
(rising time and falling time). Either a push ejection pulse
waveform in which the voltage shifts in the positive pres-
sure direction as illustrated in Fig. 5A, or a pull ejection
pulse waveform in which the voltage shifts in the negative
pressure direction as illustrated in Fig. 5B is selected.
The pulse width T1 (predetermined time) of the pulsed
waveform is set to the half cycle of the natural oscillation
of the first-order mode. A voltage having a pull ejection
pulse waveform applied to the piezoelectric members
114 causes the respective pressure chambers 113c to
expand and then contract. In contrast, a voltage having
a push ejection pulse waveform applied to the piezoe-
lectric members 114 causes the respective pressure
chambers 113c to contract and then expand.
[0051] A pulsed waveform having short rising and fall-
ing times of the voltage, such as that illustrated in Fig.
5C, resembles a square wave. The piezoelectric mem-
bers 114 that receive the square wave voltage oscillates
at a frequency whose half cycle is equal to the pulse width
T1 and frequencies equal to the integral multiples of this
frequency and transmits such oscillation to the respective
pressure chambers 113c. The amplitude of the oscillation
of the pressure applied to the ink at the natural frequency
varies depending on the difference between these fre-
quencies and the natural frequency of the first-order
mode (first-order mode natural frequency) or the natural
frequency of the second-order mode (second-order
mode natural frequency). If the frequencies are identical,
the oscillation is intensely induced.
[0052] Fig. 6 illustrates the behavior of ink receiving a
voltage having a pulsed waveform.
[0053] The behavior of ink receiving a voltage having
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a pull ejection pulse waveform will now be described.
[0054] A voltage having a pull ejection pulse waveform
applied to a piezoelectric member 114 expands the cor-
responding pressure chamber 113c and lowers the pres-
sure on the ink in the corresponding nozzle 111a. The
ink is attracted by a force in the direction of the upper
nozzle portion 111b, and the fluid level shifts inward (Fig.
6a). The ink decelerates due to an increase in pressure
and the viscous resistance corresponding to the retrac-
tion velocity, is then pushed toward the tip of the nozzle
111a, and is extruded from the tip (orifice) of the nozzle
111a at a maximum moving velocity vmax (Fig. 6b).
[0055] The ink extruded from the orifice of the nozzle
111a to a length L1 corresponding to the variation in the
pressure on the ink (Fig. 6c) undergoes viscous resist-
ance Fr that interferes with the discharge of ink from the
orifice of the nozzle 111a (Fig. 6d). If a force Fi equivalent
to the inertial force of the ink discharged from the orifice
of the nozzle 111a to keep moving (equivalent to the en-
ergy received by the ink during extrusion) is larger than
the viscous resistance Fr (equivalent to the energy con-
sumed by the viscosity), the extruded ink separates from
the remaining ink being retracted into the ink flow path
and is discharged as a droplet at a velocity vd smaller
than the maximum moving velocity vmax (Fig. 6e).
[0056] Whether the ink extruded from the orifice of the
nozzle 111a is to separate from the ink in the ink flow
path and to be discharged as a droplet can be approxi-
mately calculated from the force Fi received by the ink
during extrusion from the nozzle 111a and the viscous
resistance Fr on the retraction of the ink, in disregard of
other forces such as surface tension.
[0057] The shearing stress τ associated with the vis-
cous resistance Fr is defined by τ=η·dv/dy, where y is
the in-plane direction orthogonal to the nozzle axis of the
nozzle 111a, v is the moving velocity of the fluid level of
the ink in the direction of the nozzle axis, and η is the
viscosity of the ink (coefficient of viscosity). The shearing
stress τ can be approximated to the laminar flow velocity
in the nozzle 111a and defined by τ=η·(v/(ϕ/4)).
[0058] A column of ink that is to be separated (by a
shearing force) from the tip of the nozzle 111a as a droplet
can be approximated to a column having a front surface
area S2 defined by S2=πϕL2, where L2 is the length of
the column of ink. The shearing stress τ refers to the
force of viscous resistance Fr per unit area and is defined
by τ=Fr/S2 or τ=Fr/(πϕL2).
[0059] From these expressions, the viscous resistance
Fr is defined by Fr=4πL2ηv. Thus, the coefficient of vis-
cous resistance R, which is a coefficient proportional to
the velocity v, is defined by R=4πL2η.
[0060] The force Fi received by the ink extruded from
the nozzle 111a is defined by Fi=Mωv, where M is the
mass of the extruded ink, ω is the angular velocity of the
natural oscillation on the extrusion of the ink, and v is the
velocity. The mass M is defined by M=πρ(ϕ/2) 2L1, where
p is the density of the ink and L1 is the length of the column
of ink extruded from the tip of the nozzle 111a. The force

Fi is defined by Fi=2π2fρv(ϕ/2) 2L1, where f is the natural
frequency.
[0061] The ratio Fi/Fr = Mω/R of the force Fi to the
viscous resistance Fr determined above defines a Q val-
ue serving as an index for the intensity of resonance. The
Q value is defined by Q= (L1/L2)πfρϕ2/(8η). Given that
L1=L2, Q=πfρϕ2/(8η). The Q value of 1 or more indicates
that the ink extruded from the nozzle 111a can be sep-
arated from the ink in the ink flow path and discharged
as a droplet.
[0062] In this inkjet head 100, combinations of the di-
mensions of the components of the head chip 110 and
the viscosity η of the ink are selected that satisfy the
conditions for the Q value and reduce the volume of ink
M/p (predetermined volume of ink) discharged from a
nozzle 111a per driving pulse. Specifically, the volume
of ink discharged per driving pulse is smaller than 1 pl,
preferably 0.1 pl or less.
[0063] A decreased nozzle diameter ϕ and an in-
creased natural frequency f can separate and discharge
droplets having small dimensions (volumes) without a
decrease in the Q value.
[0064] A decrease in viscosity η and an increase in the
applied voltage that leads to an increase in the degree
of deformation of the pressure chambers 113c both in-
crease the maximum moving velocity vmax of the fluid
level and the variable amplitude of the fluid level L1. Thus,
the decrease in viscosity η and the increase in the applied
voltage increase the dimensions of the discharged drop-
lets. If either the viscosity η or the voltage is to be in-
creased or decreased, the other should also be increased
or decreased in conjunction within a possible range.
[0065] An example calculation will now be described
on the discharge of the ink from a head chip 110 satisfying
the conditions described above.
[0066] Fig. 7 is a table showing the dimensions of the
components of the head chip 110 used for the calculation.
[0067] The head chip 110 has a structure (setting 1)
that oscillates in three natural frequencies: 120 kHz (first-
order mode), 616 kHz (noise), and 816 kHz (second-
order mode). A large length of the inlets 113b compared
to that of other components increases the difference be-
tween the frequencies in the first-order mode and sec-
ond-order mode. The parameter d31 of the piezoelectric
members 114 is a piezoelectric constant (pm/V) in the
contracting direction.
[0068] Figs. 8 and 9 illustrate example calculations of
the moving velocity and the fluid level of ink in the head
chip 110 having the dimensions mentioned above during
application of a voltage having a pulsed waveform of
which the length corresponds to the cycle of the natural
oscillation of the first-order mode. The moving velocity
and fluid level are calculated for ink having a density ρ
of 980 kg/m3 and a viscosity η of 3 mPa·s (3 cp) during
a variation in pressure due to deformation of a pressure
chamber 113c. The graphs represent a qualitative differ-
ence in natures and thus the vertical axis does not rep-
resent actual numerical values.

9 10 



EP 3 042 771 A1

7

5

10

15

20

25

30

35

40

45

50

55

[0069] With reference to Fig. 8a, a voltage is applied
that has a pull ejection pulse waveform, rising and falling
times of 0.9 ms, and a pulse width of T = 4.17 ms, which
is the length of the half cycle of the first-order mode nat-
ural oscillation of 120 kHz. With reference to Fig. 8c, the
fluid level (meniscus) of the ink shifts inward and then
outward from the orifice plane of the nozzle 111a. With
reference to Fig. 8b, the moving velocity of the fluid level
of the ink near the nozzle 111a varies in accordance with
the cycle of the first-order mode natural oscillation and
is superposed with the variation due to the second-order
mode natural oscillation, which has a shorter cycle than
the first-order mode natural oscillation. If the variations
are in phase, the amplitude increases; whereas if oppo-
site in phase, the amplitude is cancelled out.
[0070] For ink having the above mentioned density ρ,
viscosity η, and nozzle diameter ϕ, the Q value of the
natural frequency of the first-order mode is less than 1
(Q = 0.38), and the Q value of the natural frequency of
the second-order mode is greater than 1 (Q = 2.62). Thus,
the natural oscillation of the first-order mode alone cannot
separate or discharge the ink as droplets.
[0071] In this example, the natural oscillation of the
second-order mode is not induced enough. So, the ap-
plication of the voltage having a pulsed waveform relating
to the natural oscillation of the first-order mode does not
discharge ink with the natural oscillation of the second-
order mode. With reference to Fig. 8d, a voltage having
a pull ejection pulse waveform is applied with a square
waveform having negligibly small rising and falling times
and a pulse width of T = 4.17 ms. With reference to Fig.
8f, the fluid level of the ink shifts inward and then outward
from the orifice plane of the nozzle 111a in accordance
with the natural oscillation of the first-order mode, with
more intense fine fluctuations compared to the example
illustrated in Fig. 8c. With reference to Fig. 8e, the moving
velocity of the fluid level of the ink is obtained by super-
posing the variation due to the second-order mode nat-
ural oscillation on the variation on the cycle of the first-
order mode natural oscillation, with the variation due to
the second-order mode natural oscillation having a larger
amplitude than that of the first-order mode natural oscil-
lation. That is, the ink is intensely accelerated at timings
in accordance with the cycles of the second-order mode
natural oscillation. The ink is separated and discharged
in the form of droplets by the natural oscillation of the
second-order mode. A discharged droplet is often pre-
ceded and/or followed by other droplets (satellites).
[0072] Such results indicate that ink droplets cannot
be separated and discharged by the superposition of the
amplitude of the natural oscillation of the second-order
mode if the amplitude of the natural oscillation of the sec-
ond-order mode is smaller than the amplitude of the nat-
ural oscillation of the first-order mode. In contrast, if the
amplitude of the natural oscillation of the second-order
mode is larger than the amplitude of the natural oscillation
of the first-order mode, ink droplets are separated multi-
ple times at each cycle of the natural oscillation of the

second-order mode to form satellites. The atomized sat-
ellites moving at a velocity significantly smaller than that
of the main droplet will undesirably fly around the nozzle
and land at unintended sites in some cases. Thus, the
lengths of the rising and falling times should be appro-
priately selected to establish an appropriate value for the
ratio of the amplitude of the natural oscillation of the sec-
ond-order mode to the amplitude of the natural oscillation
of the first-order mode. Specifically, it is preferred that
the rising time of the pulsed voltage be smaller than the
cycle time of the natural oscillation of the second-order
mode (which in this case is 1.23 ms). This efficiently in-
duces the second-order mode natural oscillation.
[0073] A decrease in the viscosity η (to 1.0 mPa·s, for
example) leads to a Q value of 1 or more for the natural
oscillation of the first-order mode. In such a case, the
amplitudes can be appropriately cancelled out by the nat-
ural oscillation of the second-order mode to reduce the
volume of the ink to be discharged.
[0074] Fig. 9 illustrates the calculated results of the
moving velocity and the fluid level of ink during application
of a voltage having a push ejection pulse waveform. With
reference to Fig. 9a, a pulse with a voltage of 39.4 V
having rising and falling times of 0.7 ms and a width of
3.8 ms (frequency of 132 kHz) is applied to a piezoelectric
member 114. With reference to Fig. 9c, the fluid level of
the ink shifts outward and then inward from the orifice
plane of the nozzle 111a.With reference to Fig. 9b, the
variation due to the natural oscillation of the second-order
mode is superposed on the variation on the cycle of the
natural oscillation of the first-order mode, to appear in
the moving velocity of the fluid level of the ink. The am-
plitude and the moving velocity reach a peak during the
first cycle of the second-order mode natural oscillation,
and an ink droplet is separated and discharged. The vol-
ume of the discharged ink can be reduced to 0.20 pl.
[0075] Figs. 9d and 9e illustrate example calculations
at an applied pulsed voltage of 58.0 V having a push
ejection pulse waveform and ink having viscosity η of 5
mPa·s. The other conditions are the same as those in
Figs. 9a to 9c.
[0076] A decrease in the Q value (which is 1.57) due
to an increased viscosity η precludes the separation of
the ink into droplets, as described above. At a force Fi
larger than the viscous resistance Fr, an increased ap-
plied voltage can increase the oscillation of the fluid level
of the ink to readily discharge ink droplets. The moving
velocity of the fluid level of the ink illustrated in Fig. 9d is
similar to that illustrated in Fig. 9b, and the variation in
the fluid level of the ink illustrated in Figs. 9e is similar to
that illustrated in FIG. 9c. The volume of the discharged
ink is 0.21 pl.
[0077] With reference to Fig. 9, the Q value of the nat-
ural oscillation of the first-order mode is less than 1, and
the Q value of the natural oscillation of the second-order
mode is 1 or more. Appropriate separation and discharge
of the ink by the natural oscillation of the second-order
mode is achieved through a slight shift in the duration of
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application of the pulsed voltage from the half cycle of
the natural oscillation of the first-order mode and a slight
reduction in the rising and falling times of the pulsed volt-
age compared to those illustrated in Fig. 8a. That is, the
pulse width can be appropriately shifted within a range
corresponding to the natural frequency of the first-order
mode (for example, closer to this natural frequency than
harmonic waves or other natural frequencies). Such fine
adjustment effectively induces the natural oscillation of
the second-order mode to discharge minute volumes of
ink corresponding to the natural oscillation of the second-
order mode during application of a voltage having a wave-
form of the natural frequency of the first-order mode.
[0078] The difference between the application of a volt-
age having a push ejection pulse waveform and a voltage
having a pull ejection pulse waveform will now be de-
scribed in detail.
[0079] Fig. 10 illustrates discharge of ink droplets when
natural oscillation of the second-order mode is induced
in the ink by application of a voltage having a pull ejection
pulse waveform. Fig. 10a illustrates the calculated result
of the behavior of ink having a viscosity η of 3 mPa·s and
a density ρ of 980 kg/m3 during application of a negative
driving pulse voltage of 36 V at a cycle of 0.61 ms
((1/818/2) kHz), which is equal to half the cycle of the
natural oscillation of the second-order mode in setting 1.
[0080] With reference to the fluid level illustrated in Fig.
10c, the application of a voltage having a pull ejection
pulse waveform causes the fluid level of the ink to shift
inward from the discharge plane of the nozzle toward the
upper nozzle portion 111b. Ink is then discharged in re-
sponse to the oscillation of the fluid level of the ink. With
reference to the moving velocity of the fluid level illustrat-
ed in Fig. 10b, the oscillation of the fluid level due to
application of a voltage having a pull ejection pulse wave-
form often remains without attenuation (reverberant os-
cillation) and extrudes the ink multiple times (timings t1
to t3).
[0081] The application of a voltage having a pull ejec-
tion pulse waveform causes ink droplets to separate dur-
ing the multiple times of extrusion and thus precludes
stable control of the flying velocity of the discharged ink
droplets. As illustrated in the schematic view in Fig. 10d,
satellites s are often formed before and after discharge
of the main ink droplets at these peaks. An increase in
the applied voltage (for example, 39 V) causes splitting
of an ink droplet that has been separated into two droplets
before discharge. The oscillation superposed with the
oscillation in the first-order mode of a voltage having a
pulsed waveform in the next cycle causes oscillations in
multiple phases to be mixed and cancelled out. This may
preclude continuous discharge of ink.
[0082] Fig. 11 illustrates the discharge of ink droplets
when the natural oscillation of the second-order mode is
induced in the ink by a voltage having a push ejection
pulse waveform applied to a pressure chamber 113c.
Fig. 11a illustrates the calculated result of the behavior
of ink having a viscosity of 3 mPa·s and a density of 980

kg/m3 during application of a positive pressure driving
pulse voltage of 30 V having rising and falling times of
0.05 ms at a cycle of 1.23 ms (1/818 kHz), which is equal
to the cycle of the natural oscillation of the second-order
mode in setting 1, to a piezoelectric member 114.
[0083] The application of a voltage having a push ejec-
tion pulse waveform causes the ink to be extruded at a
high extrusion velocity and discharged at the beginning
of the oscillation in the second-order mode. That is, ink
can be efficiently discharged at the first peak of the mov-
ing velocity of the fluid level through the application of a
voltage having a push ejection pulse waveform. The vol-
ume of the ink droplet is 0.10 pl. With reference to Fig.
11b, the oscillation of the fluid level caused by the appli-
cation of the voltage having a push ejection pulse wave-
form attenuates faster than the oscillation caused by the
application of a voltage having a pull ejection pulse wave-
form. As a result, the application of the voltage having a
push ejection pulse waveform causes ink to be discretely
discharged once at the beginning of each application of
oscillation in the first-order mode without reverberant os-
cillation causing noise. This enables stable continuous
discharge without the formation of satellites and an ad-
verse effect on the continuous discharge.
[0084] A ratio of the second-order mode natural fre-
quency to the first-order mode natural frequency that is
larger than or equal to a predetermined value can reduce
the shift of the fluid level of the ink by the first-order mode
natural oscillation during the cycles of the second-order
mode natural oscillation. Specifically, the natural fre-
quency of the second-order mode that is at least four
times higher than the natural frequency of the first-order
mode can reduce the displacement by the natural oscil-
lation of the first-order mode to one-half or less of the
amplitude of the natural oscillation of the first-order mode
during the first cycle of the second-order mode natural
oscillation induced by the application of a voltage having
a push ejection pulse waveform. Thus, the ink can be
discharged dye to the shift of the fluid level by the natural
oscillation of the second-order mode, without the unde-
sirable influence of the shift of the fluid level by the natural
oscillation of the first-order mode.
[0085] A positive or negative change in the voltage
having a push ejection pulse waveform can vary the flying
velocity and the volume of the droplets while maintaining
stable discharge of ink. For example, a decrease of ap-
plied voltage to 27 V decreases the flying velocity to 1 to
2 m/s and the volume of the droplets to 0.09 pl, whereas
an increase of applied voltage to 36 V increases the flying
velocity to 6 m/s and the volume of the droplets to 0.13 pl.
[0086] Ink having a viscosity η of 5 mPa·s can be stably
discharged as droplets each having a volume of 0.10 pl
by increasing the voltage having a pulsed waveform to
42 V.
[0087] As described above, the ink droplets dis-
charged in response to application of a voltage having a
push ejection pulse waveform can be stably separated
and discharged under conditions broader than those for
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the ink droplets discharged in response to application of
a voltage having a pull ejection pulse waveform.
[0088] Fig. 12 is a table showing the influence of the
length of a second-order mode path on the discharge of
droplets of ink when the natural oscillation of the second-
order mode is induced to the ink by the application of a
voltage having a push ejection pulse waveform.
[0089] As described above, the natural oscillation of
the second-order mode depends on the structure of the
pressure chambers 113c and the nozzles. In the case of
components having identical shapes, the natural fre-
quency decreases as the total length of the components
increases. Specifically, an increase in the lengths of the
communicating holes 112a and the upper nozzle portions
111b from those in setting 1 (settings 2 and 3) lowers the
natural frequency of the second-order mode. As a result,
the variation in the moving velocity of the fluid level de-
creases and the volume of the droplets discharged during
one driving pulse increases. The variation in the volume
is gradual compared to the variation in the natural fre-
quency of the second-order mode. Thus, the dimensions
of the pressure chambers 113c and nozzles can be se-
lected from a wide range.
[0090] Fig. 13 is a table showing the influence of the
length of the inlets 113b on the discharge of ink droplets
when the natural oscillation of the second-order mode is
induced in the ink by the application of a voltage having
a push ejection pulse waveform.
[0091] As described above, the length of the inlets
113b affects the natural frequency of the first-order mode
and the natural frequency of noise. Settings 4 to 7 do not
exhibit any characteristic variation in the natural frequen-
cy of the second-order mode compared with that in the
setting 1. In this case, the variation in the volume of each
droplet discharged during one driving pulse is insignifi-
cant.
[0092] Short inlets 113b cause less distinctiveness be-
tween the structure on which the natural oscillation of the
first-order mode depends and the structure on which the
natural oscillation of the second-order mode depends.
The natural frequency of the first-order mode increases
to approximate the natural frequency of the second-order
mode. As a result, the applied driving pulses induce the
natural oscillation of the first-order mode as well. Thus,
the moving velocity of the fluid level associated with the
discharge of ink cannot be represented by a waveform
having a single peak, but one or more peaks following
the preceding peak (reverberant oscillation). This could
increase the number of satellites.
[0093] The length of the inlets 113b does not have a
significant influence on the discharge of ink by the natural
oscillation of the second-order mode and thus should be
appropriately determined based on the settings for the
natural frequency of the first-order mode. As described
above, each of the ink flow paths can be designed to
have a natural frequency of the second-order mode that
is at least approximately four times higher than a natural
frequency of the first-order mode, for stable and ready

discharge of minute droplets.
[0094] Fig. 14 is a table showing the influence of the
diameter of the nozzles 111a on the discharge of droplets
of ink when the natural oscillation of the second-order
mode is induced in the ink by the application of a voltage
having a push ejection pulse waveform.
[0095] The nozzle diameters in the settings 8 and 9
are different from the nozzle diameter 5.0 mm in the set-
ting 1. Such a slight difference (which is 4% in this case)
in the nozzle diameters ϕ does not have any significant
influence on the natural frequency of the second-order
mode and the volume of the discharged ink. Thus, the
nozzle diameter can be set to any appropriate value cor-
responding to the Q value and other parameters.
[0096] As described above, the inkjet head 100 accord-
ing to this embodiment includes ink flow paths each in-
cluding a nozzle 111a and a pressure chamber 113c in
communication with the nozzle 111a so that the ink flow
path allows ink from an ink chamber 122 to be supplied
to the nozzle 111a; and piezoelectric members 114 to
vary the pressure on the ink in the pressure chambers
113c via diaphragms. Each of the ink flow paths has a
natural frequency of a first-order mode depending on a
combination of the entire structure of the ink flow path
and the properties of the ink, and has a natural frequency
of a second-order mode, which is higher than the natural
frequency of the first-order mode, depending on a com-
bination of a part of the structure of the ink flow path
including the nozzle 111a and the properties of the ink.
The piezoelectric members 114 deform in response to a
voltage applied to the piezoelectric members 114 to vary
the pressure on the ink for a predetermined time corre-
sponding to the natural frequency of the first-order mode,
so that a predetermined volume of the ink is discharged
at at least one of times when a shift of an ink level due
to pressure oscillation of the ink at the natural frequency
of the second-order mode is superposed on a shift of an
ink level due to pressure oscillation of the ink at the natural
frequency of the first-order mode.
[0097] Thus, the inkjet head 100 can reduce the vol-
ume of the ink to be discharged to a minute value asso-
ciated with the second-order mode natural frequency
through application of voltage pulses having a frequency
not significantly different from that applied in a conven-
tional inkjet head. The applied voltage can be varied in
accordance with the viscosity of the ink without electro-
static attraction. This reduces the restrictions on the type
of ink applicable for discharge of minute ink droplets.
[0098] The ink is discharged by a voltage having a push
ejection pulse waveform, which shifts the voltage to be
applied to the piezoelectric members 114 in the positive
direction; thus, the ink is certainly discharged at the first
pressurization by the second-order mode natural oscil-
lation. Furthermore, since the second-order mode natu-
ral oscillation induced by a voltage having a push ejection
pulse waveform attenuates in a short time, the formation
of satellites and the adverse effect of reverberant oscil-
lation on continuous discharge can be prevented.
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[0099] The ink cannot be discharged by the first-order
mode natural oscillation alone; thus, a small volume of
ink can be efficiently and stably discharged in accordance
with the second-order mode natural oscillation.
[0100] The structure of each ink flow path and the prop-
erties of the ink are appropriately determined in such a
way that a Q value relating to the pressure oscillation of
the ink at the first-order mode natural frequency is less
than 1; in this way, a minute volume of ink can be appro-
priately discharged in a short time only at a time when
the shift of the fluid level in the discharge direction of the
ink due to the second-order mode natural oscillation and
the shift of the fluid level of the ink due to the first-order
mode natural oscillation are superposed without cancel-
ling each other out.
[0101] Each of the ink flow paths has a natural frequen-
cy of the second-order mode that is at least four times
higher than a natural frequency of the first-order mode;
this prevents the adverse effect of the shift of the fluid
level by the natural oscillation of the first-order mode and
achieves stable discharge of ink based on the shift of the
fluid level by the natural oscillation of the second-order
mode.
[0102] Pressurization of ink by applying, to the piezo-
electric members 114, a voltage having a substantially
square waveform with rising and falling times each short-
er than a single cycle of the second-order mode natural
frequency efficiently induces oscillation of the ink at the
second-order mode natural frequency and can discharge
ink in accordance with the natural oscillation of the sec-
ond-order mode. Thus, minute volumes of ink droplets
can be efficiently discharged.
[0103] The pressure chambers 113c deform as a result
of a voltage applied to the piezoelectric members 114
and vary the pressure on the ink; thus, compact pressure
chambers 113c can efficiently apply a predetermined
pressure to the ink with a satisfactory response.
[0104] The inkjet recording device 10 according to this
embodiment includes an inkjet head 100 and a control
section 200, the control section 200 applying voltage to
the piezoelectric members 114 in every predetermined
cycle for ink discharge to vary the pressure inside the
pressure chambers 113c. That is, the inkjet recording
device 10 can readily apply a voltage corresponding to
a natural frequency of the first-order mode appropriately
determined in accordance with the properties of the ink;
thus, droplets of a minute volume can be discharged with-
out an increase in the size, complicated drive control,
and severe restriction, such as limiting the applicable ink
to ones that are electrostatically attracted.
[0105] The embodiments described above should not
be construed to limit the present invention and can in-
clude various modifications.
[0106] For example, in the embodiment described
above, the pressure chambers 113c apply pressure to
the ink through deformation in a deflection mode by the
piezoelectric members 114 and diaphragms. Alternative-
ly, pressure may be applied to the ink through any other

scheme that induces natural oscillations in multiple
modes.
[0107] In the structure according to the embodiment
described above, natural oscillations in the first-order
mode and second-order mode occur depending on the
presence of the inlets 113b provided between the pres-
sure chambers 113c and the common flow path 113a in
a common plate. Any other structure is also available. If
further layers are provided in a laminate and the common
flow path 113a and the pressure chambers 113c com-
municate with each other through these layers, through-
holes and communicating holes provided in these layers
affect the natural frequency of the first-order mode.
[0108] An ink flow path having a complicated structure
may have natural oscillation in a third-order mode or nat-
ural oscillations of other noise. It is preferred that each
ink flow path be designed and the pulse waveform of the
voltage to be applied be determined to minimize the in-
duction of natural oscillation having a frequency in a
range inappropriate for ink discharge. If the natural os-
cillation of the third-order mode has a frequency within a
range applicable to the discharge of ink, this natural fre-
quency can be applied to the present invention to dis-
charge ink through adjustment of the amplitude and
phase of the second-order mode, as in the embodiments
described above.
[0109] Satellite droplets may be present in the case
where the volume and landing positions thereof can be
appropriately controlled.
[0110] In the case of application of a voltage having a
pull ejection pulse waveform, the phase of the first-order
mode natural oscillation between cycles of the second-
order mode natural oscillation associated with the dis-
charge of main droplets varies depending on the ratio of
the second-order mode natural frequency to the first-or-
der mode natural frequency (frequency ratio). The am-
plitude of the second-order mode natural oscillation as-
sociated with the discharge of the main droplets also var-
ies in accordance with attenuation. Thus, it is preferred
that the frequency ratio be 4:1 or larger.
[0111] In the embodiments described above, the effect
of surface tension is disregarded. Alternatively, the nat-
ural oscillation of the second-order mode can be appro-
priately determined in consideration of surface tension.
[0112] The inkjet recording device according to the
present invention may include a line head or a serial head
and the type and size of a recording medium on which
an image is to be formed may be determined as appro-
priate. The detailed configuration, structures, processes,
and numerical values according to the embodiments de-
scribed above may be modified in various ways without
departing from the scope of the invention.

[Example]

[0113] An example of the present invention will now be
described in detail. These examples should not be con-
strued to limit the present invention.
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[Production of Head Chip]

[0114] A head chip including ink flow paths including
128 nozzles each having a diameter of 5.5 mm and nat-
ural frequencies of 120 kHz in a first-order mode and 816
kHz in a second-order mode was produced based on the
parameters in Fig. 7.

[Results of Operation]

[0115] A voltage having a push ejection pulse wave-
form, a driving pulse width of 4.1 ms in the first-order
mode, and rising and falling times of 0.9 ms was applied
to piezoelectric members, to discharge ink. A dummy ink
having a viscous resistance of 3 mPa·s, a surface tension
of 3.0310-2 N/m, and a density of 9.803102 kg/m3 was
supplied to the ink flow paths. Images of the ink dis-
charged from the nozzles were intermittently captured
by a drop watcher and observed.
[0116] As a result, stable flying of a droplet of 0.1 pl
from each nozzle at a droplet velocity of 4.5 m/s was
confirmed every time a voltage of 34 V having a pulsed
waveform was applied.
[0117] Subsequently, a voltage having a pull ejection
pulse waveform with a driving pulse width of 4.1 ms and
rising and falling times of 0.9 ms was applied to the pie-
zoelectric members, to discharge ink.
[0118] As a result, discharge of a droplet having a vol-
ume of 0.1 pl was confirmed during application of a volt-
age of 34 V having a pulsed waveform. Continuous dis-
charge was discovered to cause atomization at each noz-
zle, shifts in the landing position, and/or misdischarge.

INDUSTRIAL APPLICABILITY

[0119] The present invention can be applied to an inkjet
head and an inkjet recording device.

REFERENCE NUMERALS

[0120]

10 inkjet recording device
100 inkjet head
110 head chip
111 nozzle plate
111a nozzle
111b upper nozzle portion
112 intermediate plate
112a communicating hole
113 pressure plate
113a common flow path
113b inlet
113c pressure chamber
114 piezoelectric member
120 ink supply section
121 casing
122 ink chamber

123 ink supply port
130 frame
131 projection
132 hole
200 control section
300 conveying section
400 communication section
500 operation display section

Claims

1. An inkjet head comprising:

ink flow paths each including a nozzle from
which ink is to be discharged, and a pressure
chamber in communication with the nozzle, the
ink flow path allowing the ink from an ink cham-
ber to be supplied to the nozzle; and
pressurizing sections to vary pressure on the ink
in the respective pressure chambers, wherein
each of the ink flow paths has a natural frequen-
cy of a first-order mode depending on a combi-
nation of the entire ink flow path and the ink and
has a natural frequency of a second-order mode
depending on a combination of a part of the ink
flow path and the ink, wherein the part includes
the nozzle and wherein the natural frequency of
the second-order mode is higher than the natural
frequency of the first-order mode; and
each of the pressurizing sections varies the
pressure on the ink for a predetermined time cor-
responding to the natural frequency of the first-
order mode, so that a predetermined volume of
the ink is discharged at at least one of times
when a shift of a fluid level of the ink due to pres-
sure oscillation of the ink at the natural frequency
of the second-order mode is superposed on a
shift of a fluid level of the ink due to pressure
oscillation of the ink at the natural frequency of
the first-order mode.

2. The inkjet head according to claim 1, wherein the
pressurizing sections keep the pressure on the ink
in an increased state for the predetermined time.

3. The inkjet head according to claim 1 or 2, wherein
the nozzles included in the respective ink flow paths
each have such a diameter that prevents the ink from
being discharged by the shift of the fluid level of the
ink due to the pressure oscillation of the ink at the
natural frequency of the first-order mode alone.

4. The inkjet head according to any one of claims 1 to
3, wherein a Q value relating to the pressure oscil-
lation of the ink at the natural frequency of the first-
order mode is less than 1.
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5. The inkjet head according to any one of claims 1 to
4, wherein the natural frequency of the second-order
mode of each of the ink flow paths is at least four
times higher than the natural frequency of the first-
order mode of each of the ink flow paths.

6. The inkjet head according to any one of claims 1 to
5, wherein a variation in the pressure on the ink pro-
duced by each of the pressurizing sections is in a
form of a substantially square wave pulse having a
rising time and a falling time each shorter than one
cycle of the natural frequency of the second-order
mode.

7. The inkjet head according to any one of claims 1 to
6, wherein the pressurizing sections each include a
piezoelectric member, wherein the piezoelectric
member is deformed in response to a voltage applied
to the piezoelectric member, thereby varying the
pressure on the ink.

8. An inkjet recording device comprising:

the inkjet head according to any one of claims
1 to 7; and
a control section that controls an operation of
the inkjet head, wherein
the control section operates the pressurizing
sections at predetermined intervals for ink dis-
charge to vary the pressure on the ink in the
respective pressure chambers in communica-
tion with the respective nozzles from which the
ink is to be discharged.
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