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NEEDLELESS SYRINGE SYSTEM HAVING
ADJUSTABLE DRUG INJECTION
ATTRIBUTES

TECHNICAL FIELD

[0001] The present invention relates to a needleless
syringe system, and more particularly, to a needleless
syringe system having adjustable drug injection attributes
including an injection mode, an injection amount, an injec-
tion depth, and a number of injections of a drug.

BACKGROUND ART

[0002] In general, a syringe is a device for injecting a
medicinal solution into the tissue of an organism. The
syringe includes a needle inserted into the body, a syringe
cylinder in which the medicinal solution is accommodated,
and a piston that reciprocates inside the syringe cylinder and
pushes the medicinal solution with the needle. The needle is
punctured to allow a drug to be injected when injected.
[0003] Recently, in order to relieve the fear of the needle
of the syringe and to prevent infection due to the needle,
research and development on the syringe without the needle
has been actively carried out.

[0004] However, because the existing needleless syringe
is configured to inject a predetermined amount of a drug into
only one part of the skin at a time, damage to the skin tissue
may occur.

[0005] In addition, because discomfort such as reloading
after one injection follows, there is a limitation in that the
needleless syringe cannot be used to evenly inject the drug
multiple times into a large area of the skin in the field of skin
care and the like.

DETAILED DESCRIPTION OF THE
INVENTION

Technical Problem

[0006] The objective of the present invention is to provide
a needleless syringe system in which a user can inject a drug
while adjusting injection attributes of the drug so that
convenience of use can be improved.

Technical Solution

[0007] According to an aspect of the present invention,
there is provided a needleless syringe system having adjust-
able drug injection attributes, the needleless syringe system
including: a solenoid coil wound on an outer circumferential
surface of the body; a cylinder coupled to the body to be in
communication with an open front surface of the body; a
drug accommodating portion, which is formed on a front
inner side of the cylinder and in which a drug injected from
an outside is accommodated; a nozzle portion, which is
provided in front of the cylinder and through which the drug
accommodated in the drug accommodating portion is dis-
charged forward; a moving magnetic body, which is pro-
vided inside the body and moves forward by a magnetic
force generated when power is supplied to the solenoid coil;
a piston, which is provided inside the cylinder and moves
forward by an impulse applied by the moving magnetic body
when the moving magnetic body moves forward, to pres-
surize the drug in the drug accommodating portion; a pulse
generator applying a pulse to the solenoid coil; a user
interface that allows a user to set injection attributes includ-
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ing at least one of an injection mode, an injection amount,
an injection depth, and an injection speed of the drug
discharged through the nozzle portion and injected into the
skin; and a control unit adjusting at least a part of a number
of outputs N, a period T, an amplitude, an output time t_,,
and an output off time t,,at which no pulse is output, of a
pulse applied to the solenoid coil from the pulse generator
according to the injection attributes set through the user
interface to control the injection attributes.

[0008] The user interface in which an injection mode of
the drug is divided into a single shot mode in which the drug
is injected the drug once, a burst mode in which the drug is
injected at a set number of times and a continuous shot mode
in which injection and blocking of the drug is continuously
repeated and is displayed, may allow the user to select and
set the injection mode of the drug.

[0009] When the single shot mode is set through the user
interface, the control unit may set a number of outputs of the
pulse once, may adjust an amplitude of the pulse according
to an injection depth of the drug set through the user
interface and may adjust an output time t,, of the pulse
according to an injection amount of the drug.

[0010] When the burst mode is set through the user
interface, the control unit may set a number of outputs of the
pulse to the set number of times, may adjust an amplitude of
the pulse according to an injection depth of the drug set
through the user interface, may adjust an output time t_,, of
the pulse according to an injection amount of the drug,
adjusts a period of the pulse according to an injection speed
of the drug, and may set a time obtained by subtracting the
output time t,, of the pulse from the period of the pulse, to
the output off time ¢,

[0011] When the continuous shot mode is set through the
user interface, the control unit may adjust an amplitude of
the pulse according to an injection depth of the drug set
through the user interface, may adjust an output time t_,, of
the pulse according to an injection amount of the drug, may
adjust a period of the pulse according to an injection speed
of the drug, and may set a time obtained by subtracting the
output time t_, of the pulse from the period of the pulse, to
the output off time ¢,

[0012] The user interface may allow the user to increase/
decrease and to set the injection amount of the drug within
a set range, and the control unit may increase the output time
t,, of the pulse as the injection amount of the drug set
through the user interface is increased.

[0013] The user interface in which the injection depth of
the drug is divided into a plurality of levels at a set depth
interval, may allow the user to select one of the plurality of
levels and set the selected level, and the control unit may
increase the amplitude of the pulse as the injection depth of
the drug set through the user interface is increased.

[0014] The user interface in which the injection speed of
the drug is displayed in a number of injections per second of
the drug, may allow the user to set the injection speed by
increasing/decreasing the number of injections per second of
the drug, and as the injection speed of the drug set through
the user interface is increased, the control unit may decrease
the period of the pulse and may decrease the output off time
t,

[0015] The user interface may include a selection unit
through which the user selects each of the injection mode,
the injection amount, the injection depth and the injection
speed, and a display unit on which each of the injection
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mode, the injection amount, the injection depth and the
injection speed selected by the user is displayed.

[0016] The user interface may include a terminal capable
of wired or wireless communication with the control unit.

[0017] The needleless syringe system may further include
an elastic member for a piston, which is provided inside of
at least one of the body and the cylinder and applies an
elastic force to the piston in a direction in which the piston
moves backward, when the supply of current to the solenoid
coil is cut off.

[0018] The needleless syringe system may further include
a nozzle portion opening/closing valve that is provided to
open/close a passage hole between the nozzle portion and
the drug accommodating portion, is pushed by a fluidic
pressure applied by the drug from the drug accommodating
portion during forward movement of the piston to open the
passage hole, and is elastically restored when the fluidic
pressure is released to close the passage hole.

[0019] The needleless syringe system may further include
a cooling chamber that is provided to surround an outside of
the solenoid coil on an outside of the body and absorbs and
cools heat generated in the solenoid coil through a cooling
fluid.

[0020] According to another aspect of the present inven-
tion, there is provided a needleless syringe system having
adjustable drug injection attributes, the needleless syringe
system including: a solenoid coil wound on an outer cir-
cumferential surface of the body; a cylinder coupled to the
body to be in communication with an open front surface of
the body; a drug accommodating portion, which is formed
on a front inner side of the cylinder and in which a drug
injected from an outside is accommodated; a nozzle portion,
which is provided in front of the cylinder and through which
the drug accommodated in the drug accommodating portion
is discharged forward; a moving magnetic body, which is
provided inside the body and moves forward by a magnetic
force generated when power is supplied to the solenoid coil;
a piston, which is provided inside the cylinder and moves
forward by an impulse applied by the moving magnetic body
when the moving magnetic body moves forward, to pres-
surize the drug in the drug accommodating portion; a nozzle
portion opening/closing valve that is provided to open/close
a passage hole between the nozzle portion and the drug
accommodating portion, is pushed by a fluidic pressure
applied by the drug from the drug accommodating portion
during forward movement of the piston to open the passage
hole and is elastically restored when the fluidic pressure is
released to close the passage hole; a cooling chamber that is
provided to surround an outside of the solenoid coil on an
outside of the body and absorbs and cools heat generated in
the solenoid coil through a cooling fluid; a pulse generator
applying a pulse to the solenoid coil; a user interface that
allows a user to set injection attributes including at least one
of an injection mode, an injection amount, an injection
depth, and an injection speed of the drug discharged through
the nozzle portion and injected into the skin; and a control
unit adjusting at least one of a number of outputs N, a period
T, an amplitude, an output time t,,, and an output off time
t,s at which no pulse is output, of a pulse applied to the
solenoid coil from the pulse generator according to the
injection attributes set through the user interface to control
the injection attributes, wherein the user interface in which
an injection mode of the drug is divided into a single shot
mode in which the drug is injected the drug once, a burst

Jun. 6, 2024

mode in which the drug is injected at a set number of times
and a continuous shot mode in which injection and blocking
of'the drug is continuously repeated and is displayed, allows
the user to select and set the injection mode of the drug, and
when the single shot mode is set through the user interface,
the control unit sets a number of outputs of the pulse once,
adjusts an amplitude of the pulse according to an injection
depth of the drug set through the user interface and adjusts
an output time t_, of the pulse according to an injection
amount of the drug, and when the burst mode is set through
the user interface, the control unit sets a number of outputs
of'the pulse to the set number of times, adjusts an amplitude
of the pulse according to an injection depth of the drug set
through the user interface, adjusts an output time t,,, of the
pulse according to an injection amount of the drug, adjusts
a period of the pulse according to an injection speed of the
drug, and sets a time obtained by subtracting the output time
t,,, of the pulse from the period of the pulse, to the output off
time t,,;; and when the continuous shot mode is set through
the user interface, the control unit adjusts an amplitude of
the pulse according to an injection depth of the drug set
through the user interface, adjusts an output time t,,, of the
pulse according to an injection amount of the drug, adjusts
a period of the pulse according to an injection speed of the
drug, and sets a time obtained by subtracting the output time
t,,, of the pulse from the period of the pulse, to the output off
time t,;

[0021] According to another aspect of the present inven-
tion, there is provided a needleless syringe system having
adjustable drug injection attributes, the needleless syringe
system including: a solenoid coil wound on an outer cir-
cumferential surface of the body; a cylinder coupled to the
body to be in communication with an open front surface of
the body; a drug accommodating portion, which is formed
on a front inner side of the cylinder and in which a drug
injected from an outside is accommodated; a nozzle portion,
which is provided in front of the cylinder and through which
the drug accommodated in the drug accommodating portion
is discharged forward; a piston, which is provided inside the
body and moves forward by a magnetic force generated
when power is supplied to the solenoid coil, to pressurize the
drug in the drug accommodating portion; a pulse generator
applying a pulse to the solenoid coil; a user interface that
allows a user to set injection attributes including at least one
of an injection mode, an injection amount, an injection
depth, and an injection speed of the drug discharged through
the nozzle portion and injected into the skin; and a control
unit adjusting at least a part of a number of outputs N, a
period T, an amplitude, an output time t,,,, and an output off
time t,,-at which no pulse is output, of a pulse applied to the
solenoid coil from the pulse generator according to the
injection attributes set through the user interface to control
the injection attributes.

[0022] According to another aspect of the present inven-
tion, there is provided a needleless syringe system having
adjustable drug injection attributes, the needleless syringe
system including: a drug accommodating portion in which a
drug injected from an outside is accommodated; a nozzle
portion through which the drug accommodated in the drug
accommodating portion is discharged forward; a solenoid
mechanism including a piston that pressurizes the drug in
the drug accommodating portion repeatedly while repeating
forward movement and backward movement so that the drug
accommodated in the drug accommodating portion is dis-
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charged through the nozzle portion, a solenoid coil that
forms an electromagnetic force to move the piston forward,
and a pulse generator that applies a pulse to the solenoid
coil; and a control unit controlling the pulse generator to
adjust an injection amount and an injection depth of the drug
discharged through the nozzle portion and injected into the
skin.

[0023] According to another aspect of the present inven-
tion, there is provided a needleless syringe system having
adjustable drug injection attributes, the needleless syringe
system including: a drug accommodating portion in which a
drug injected from an outside is accommodated; a nozzle
portion through which the drug accommodated in the drug
accommodating portion is discharged forward; a solenoid
mechanism including a piston that pressurizes the drug in
the drug accommodating portion repeatedly while repeating
forward movement and backward movement so that the drug
accommodated in the drug accommodating portion is dis-
charged through the nozzle portion, a solenoid coil that
forms an electromagnetic force to move the piston forward,
and a pulse generator that applies a pulse to the solenoid
coil; a user interface that allows a user to set an injection
amount and an injection depth of the drug discharged
through the nozzle portion and injected into the skin; and a
control unit controlling the pulse generator based on setting
information input to the user interface.

[0024] According to another aspect of the present inven-
tion, there is provided a needleless syringe system having
adjustable drug injection attributes, the needleless syringe
system including: a cylinder having a drug accommodating
portion in which a drug injected from an outside is accom-
modated, formed therein; a nozzle portion, which commu-
nicates with the drug accommodating portion of the cylinder
and through which the drug accommodated in the drug
accommodating portion is discharged forward; a drug pres-
surizing portion pressurizing the drug in the drug accom-
modating portion to flow the drug toward the nozzle portion;
a driving unit driving the drug accommodating portion; a
pulse generator that applies a pulse to the driving unit; a user
interface that allows a user to set injection attributes includ-
ing at least one of an injection mode, an injection amount,
an injection depth, and an injection speed of the drug
discharged through the nozzle portion and injected into the
skin; and a control unit adjusting at least a part of a number
of outputs N, a period T, an amplitude, an output time t_,,
and an output off time t,,at which no pulse is output, of a
pulse applied to the driving unit from the pulse generator
according to the injection attributes set through the user
interface, to control the injection attributes.

Effects of the Invention

[0025] The present invention is configured so that a user
can adjust injection attributes including an injection mode,
an injection amount, an injection depth, and an injection
speed of a drug and thus has the advantage that convenience
of use can be further improved.

[0026] In addition, the user can set desired injection attri-
butes through a user interface, and thus convenience can be
improved.

[0027] Moreover, a number of outputs, a period, an ampli-
tude, an output time, and an output off time of a pulse
applied to a solenoid coil can be adjusted so that the user can
adjust desired drug injection attributes.
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DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1is a view showing a forward movement state
of a piston of a needleless syringe according to an embodi-
ment of the present invention.

[0029] FIG. 2 is a view showing a backward movement
state of the piston of the needleless syringe according to an
embodiment of the present invention.

[0030] FIG. 3 is a block diagram schematically showing
the configuration of a needleless syringe system having
adjustable drug injection attributes according to an embodi-
ment of the present invention.

[0031] FIG. 4 shows an example of a user interface in a
needleless syringe system according to an embodiment of
the present invention.

[0032] FIG. 5 is a view showing an example of a wave-
form of a pulse when an injection mode of the needless
syringe system according to an embodiment of the present
invention is a single shot mode.

[0033] FIG. 6 is a view showing a first example of a
waveform of a pulse when the injection mode of the needless
syringe system according to an embodiment of the present
invention is a 4 times burst mode and a first injection amount
and a first injection speed are set.

[0034] FIG. 7 is a view showing a second example of a
waveform of a pulse when the injection mode of the needless
syringe system according to an embodiment of the present
invention is a 4 times burst mode and a second injection
amount and a first injection speed are set.

[0035] FIG. 8 is a view showing a third example of a
waveform of a pulse when the injection mode of the needless
syringe system according to an embodiment of the present
invention is a 4 times burst mode and a first injection amount
and a second injection speed are set.

MODE OF THE INVENTION

[0036] Hereinafter, an embodiment of the present inven-
tion will be described with reference to the accompanying
drawings.

[0037] Aneedless syringe system according to an embodi-
ment of the present invention is a system capable of adjust-
ing injection attributes of a needless syringe that injects a
drug into the skin by pressurizing the drug without using a
syringe needle.

[0038] FIG. 1is aview showing a forward movement state
of a piston of a needleless syringe according to an embodi-
ment of the present invention. FIG. 2 is a view showing a
backward movement state of the piston of the needleless
syringe according to an embodiment of the present inven-
tion.

[0039] Referring to FIGS. 1 and 2, a needleless syringe
according to the embodiment of the present invention
includes a body 10, a cylinder 20, a solenoid coil 30, a
moving magnetic body 90, a piston 40, a nozzle portion
opening/closing valve 50, an elastic member 110 for a
moving magnetic body, an elastic member 120 for a piston,
a blocker 70, and a cooling chamber 210.

[0040] The needleless syringe is an impact type syringe in
which, when the moving magnetic body 90 moves forward
by a magnetic force generated by the solenoid coil 30, the
moving magnetic body 90 collides with the piston 40 to
move the piston 40 forward.
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[0041] The body 10 is formed in a hollow shape and is
long formed in a longitudinal direction. The front surface of
the body 10 is formed to be open.

[0042] The cylinder 20 is formed in a hollow shape and is
coupled to the body 10 to be in communication with the
open front surface of the body 10. A cylinder main hole 21
and a drug accommodating portion 22 are formed inside the
cylinder 20, and a nozzle portion 31 is provided in front of
the cylinder 20.

[0043] The cylinder main hole 21 is formed in the rear of
an inner side of the cylinder 20, and a thread is formed in
such a way that the front end of the body 10 is inserted into
at least a part of the cylinder 20 to be screw-coupled to each
other.

[0044] The drug accommodating portion 22 is a hole
which is formed in the front inner side of the cylinder 20 and
in which the drug injected from the outside is accommo-
dated and the drug pressurized by the piston 40 passes. The
drug accommodating portion 22 is formed to have a reduced
cross-sectional area compared to the cylinder main hole 21.
The cross-sectional area of the drug accommodating portion
22 may be set according to a drug injection amount. The
drug accommodating portion 22 is formed in a shape of a
diverging nozzle including a reduced portion whose cross-
sectional area is gradually reduced toward the front, and an
enlarged portion that extends from the reduced portion and
increases in cross-sectional area again. A drug supply hole
22c¢ for supplying the drug from the outside by a pressure
difference generated when the piston 40 moves backward is
formed in the reduced portion. A drug filling device 25 is
coupled to the drug supply hole 22¢.

[0045] The nozzle portion 23 is provided in front of the
cylinder 20 and has a hole through which the drug accom-
modated in the drug accommodating portion 22 is dis-
charged forward. The nozzle portion 23 is formed to be in
communication with the drug accommodating portion 22
and to have a gradually decreasing cross-sectional area, and
injects the drug accommodated in the drug accommodating
portion 22. The nozzle portion 23 may also be integrally
formed on an end portion of the cylinder 20 and may also be
coupled to the end portion of the cylinder 20 to be replace-
able. In the present embodiment, a case where the cylinder
20 is formed by combining a first block in which the cylinder
main hole 21 and the drug accommodating portion 22 are
formed, with a second block in which the nozzle portion 23
is formed, will be described. However, the present invention
is not limited thereto, and the first block and the second
block may also be integrally formed.

[0046] The solenoid coil 30 is a coil that is wound on the
front of an outer circumferential surface of the body 10 and
to which a current is applied when the piston 40 moves
forward. The solenoid coil 30 generates a magnetic force in
a direction in which the moving magnetic body 90 moves
forward, when a current is applied to the solenoid coil 30, so
as to move the moving magnetic body 90 forward.

[0047] The piston 40 is long inserted into the body 10 and
the cylinder 20 in the longitudinal direction and pushes the
drug accommodated in the drug accommodating portion 22.
The piston 40 is provided separately from the moving
magnetic body 90 inside the body 10 and is inserted in front
of the moving magnetic body 90. The piston 40 moves
forward by an impulse applied by the moving magnetic body
90 when the moving magnetic body 90 moves forward, to
pressurize the drug in the drug accommodating portion 22
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toward the nozzle portion 23. A first flange portion 41
protruding in a radial direction is formed on the outer
circumferential surface of the front of the piston 40 located
inside the cylinder 20. The first flange portion 41 is blocked
by a length adjustment blocker 72 to be described later
during the forward movement of the piston 40 so that a
forward movement distance of the piston 40 is limited. A
second flange portion 42 protruding in a radial direction is
formed on the outer circumferential surface of the rear of the
piston 40 located inside the body 10.

[0048] The moving magnetic body 90 is not a permanent
magnet, but is formed of a material that temporarily has
magnetism by a magnetic field generated when a current is
applied to the solenoid coil 30 and disappears when the
external magnetic field disappears. A case where the moving
magnetic body 90 is an iron core, will be described.
[0049] The elastic member 110 for the moving magnetic
body is long provided between the moving magnetic body
90 and the piston 40 inside the body 10 in a longitudinal
direction of the body 10. The elastic member 110 for the
moving magnetic body applies an elastic force to the moving
magnetic body 110 in a direction in which the moving
magnetic body 90 moves backward. The elastic member 110
for the moving magnetic body is a first coil spring that is
compressed when the moving magnetic body 90 moves
forward and applies an elastic force to the moving magnetic
body 90 in a backward movement direction of the moving
magnetic body 90. One end of the elastic member 110 for the
moving magnetic body may be coupled to the rear end of the
piston 40, and the other end of the elastic member 110 for
the moving magnetic body may be coupled to the front end
of the moving magnetic body 90.

[0050] The nozzle portion opening/closing valve 50 is
provided to open and close a passage hole between the
nozzle portion 23 and the drug accommodating portion 22.
The nozzle portion opening/closing valve 50 is pushed by a
fluidic pressure applied by the drug accommodated in the
drug accommodating portion 22 during the forward move-
ment of the piston 40 to open the passage hole, and is
elastically restored when the fluidic pressure is released to
close the passage hole.

[0051] The nozzle portion opening/closing valve 50
includes a ball 51 installed in the passage hole, and an elastic
member 52 that is installed in the nozzle portion 23 to
provide an elastic force in a direction of the ball 51 toward
the drug accommodating portion 22. The ball 51 is formed
to fit into the enlarged portion. In the present embodiment,
the nozzle portion opening/closing valve 50 has been
described as an example of a ball valve. However, the
present invention is not limited thereto, and various valves
such as a duckbill valve, a plate check valve, an electric
control valve, and the like may be used as the nozzle portion
opening/closing valve 50.

[0052] The elastic member 120 for the piston is an elastic
member that is provided inside of at least one of the body 10
and the cylinder 20 and applies an elastic force to the piston
40 in a backward movement direction of the piston 40 when
the supply of current to the solenoid coil 30 is cut off. A case
where the elastic member 120 for the piston includes a
second coil spring 121 and a third coil spring 122 coupled
to the outer circumferential surface of the piston 40, will be
described.

[0053] The second coil spring 121 is extrapolated to the
piston 40 and has both ends provided between the cylinder
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20 and the first flange portion 41. The second coil spring 121
is compressed by the first flange portion 41 when the piston
40 moves forward, and applies an elastic force to the first
flange portion 41 in a backward movement direction of the
piston 40 when the piston 40 moves backward.

[0054] The third coil spring 122 is extrapolated to the
piston 40 and has both ends provided between the body 10
and the second flange portion 42. The second coil spring 122
is compressed by the second flange portion 42 when the
piston 40 moves forward, and applies an elastic force to the
second flange portion 42 in a backward movement direction
of the piston 40 when the piston 40 moves backward.
[0055] The blocker 70 is detachably coupled between the
cylinder 20 and the piston 40. The blocker 70 includes a
fixed blocker 71 coupled to and fixed to the cylinder main
hole 21, and a length adjustment blocker 72 that is screwed
to an inner circumferential surface of the fixed blocker 71
and adjusts a length at which the length adjustment blocker
72 is coupled to the fixed blocker 71.

[0056] The fixed blocker 71 has a female thread formed on
an inner circumferential surface of the fixed blocker 71 and
formed in a ring shape.

[0057] The length adjustment blocker 72 has a male thread
on an outer circumferential surface of the length adjustment
blocker 72 and formed in a ring shape. A predetermined
interval is formed between the length adjustment blocker 72
and the piston 40, and the piston 40 may pass through the
inside of the length adjustment blocker 72 to move forward
and backward.

[0058] The cooling chamber 210 is a cooling unit that is
detachably coupled to the outside of the body 10, is provided
to surround the solenoid coil 30 and cools heat generated in
the solenoid coil 30 through a cooling fluid. A cooling fluid
supply pipe 211 and a cooling fluid discharge pipe 212 are
coupled to the cooling chamber 210.

[0059] The cooling fluid supply pipe 211 is a flow path for
supplying the cooling fluid from the outside to the cooling
chamber 210. The cooling fluid discharge pipe 212 is a flow
path for discharging the cooling fluid of the first cooling
chamber 211 to the outside. An opening/closing valve (not
shown) may be provided in the cooling fluid supply pipe 211
and the cooling fluid discharge pipe 212, respectively.
[0060] The cooling chamber 210 is provided so that heat
of the solenoid coil 30 is absorbed to maintain a constant
temperature and thus, the magnetic force can be prevented
from being weakened by the heat generated by the solenoid
coil 30.

[0061] In the present embodiment, a cooling fluid is used
to cool the solenoid coil 30, and water or air is used as the
cooling fluid. However, the present invention is not limited,
and a conduction cooling method or the like may be used.
[0062] A piston cover (not shown) may be provided
between the cylinder 20 and the piston 40. The piston cover
(not shown) is fixedly installed at the cylinder 20. The piston
cover 810 is provided inside the cylinder 20 and is disposed
to cover the end portion of the piston 40. The piston cover
(not shown) may be formed of an elastic material to be
elongated forward by the piston 40 when the piston 40
moves forward and to be restored when the piston 40 moves
backward.

[0063] FIG. 3 is a block diagram schematically showing
the configuration of a needleless syringe system having
adjustable drug injection attributes according to an embodi-
ment of the present invention.
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[0064] Referring to FIG. 3, the needleless syringe system
further includes a user interface 2, a control unit 4, and a
pulse generator 6.

[0065] In the present invention, a case where the user
interface 2, the control unit 4 and the pulse generator 6 are
provided separately from the needleless syringe, will be
described, but the present invention is not limited thereto,
and the user interface 2, the control unit 4, and the pulse
generator 6 may also be provided integrally with the needle-
less syringe.

[0066] The user interface 2 allows the user to set injection
attributes of the drug of the needleless syringe. The user
interface 2 includes a terminal capable of wired or wireless
communication with the control unit 4. The terminal may
include a computer, a smartphone, a tablet personal com-
puter (PC), or the like.

[0067] The injection attributes of the drug include at least
one of an injection mode of the drug, an injection amount of
the drug, an injection depth of the drug, and an injection
speed of the drug.

[0068] Referring to FIG. 4, the user interface 2 includes a
selection unit 2a through which the user selects each of the
injection mode (Mode), the injection amount (Volume), the
injection depth (Level) and an injection speed (Speed), and
a display unit 25 on which each of the injection mode, the
injection amount, the injection depth and the injection speed
is displayed. That is, the selection unit 2¢ includes an
injection mode selection unit, an injection amount selection
unit, an injection depth selection unit, and an injection speed
selection unit. In addition, the user interface 2 further
includes a storage button through which the injection mode,
the injection amount, the injection depth and the injection
speed input from the user may be stored.

[0069] The user interface 2 will be described as an
example in which the injection mode of the drug is divided
into three modes and displayed. That is, the injection mode
includes a single shot mode in which the drug is injected
only once when a switch for operating the needleless syringe
is turned on, a burst mode in which the drug is injected a set
number of times when the switch is turned on, and a
continuous shot mode in which injection and blocking of the
drug are continuously repeated. The user may select and set
one of the single shot mode, the burst mode, and the
continuous shot mode through the injection mode selection
unit.

[0070] In addition, the user interface 2 allows the user to
increase/decrease and set the injection amount of the drug in
a set range. In the present embodiment, a case where the
injection amount is adjustable in the range of about 0.1 ul to
2.0 pl. The user may select and set the injection amount
through the injection amount selection unit.

[0071] In addition, the user interface 2 in which the
injection depth of the drug is divided into a plurality of
levels at a set depth interval and displayed, allows the user
to select one of the plurality of levels and set the selected
level. In the present embodiment, a case where the injection
depth is adjustable in the range of about 0.2 mm to 5.0 mm,
will be described. The user may select and set the injection
depth through the injection depth selection unit.

[0072] In addition, the user interface 2 allows the user to
increase/decrease and set the injection speed of the drug by
displaying the injection speed of the drug in a number of
injections per second of the drug. That is, a number of
injections per second of the drug is a frequency of a pulse to



US 2024/0181161 Al

be described later. In the present embodiment, a case where
the injection speed is about 1 to 30 Hz, will be described.
[0073] The pulse generator 6 applies a pulse signal to the
solenoid coil 30. The pulse generator 6 is included in a
power supply unit for supplying power to the solenoid coil
30 from an external power supply source (not shown).
[0074] The control unit 4 controls the injection attributes
by adjusting the waveform of the pulse applied to the
solenoid coil according to injection attributes set through the
user interface 2. That is, the control unit 4 adjusts a number
of outputs N of the pulse, a period of the pulse, an amplitude
of the pulse, an output time t_, of the pulse, and an output
off time t,, at which no pulse is output, of the pulse to
transmit them to the pulse generator 6.

[0075] The operation of the needleless syringe system
according to the embodiment of the present invention having
the above configuration will be described as follows.
[0076] The user who uses the needleless syringe may set
desired injection mode (Mode), injection amount (Volume),
injection depth (Level), and injection speed (Speed) of the
drug through the user interface 2. When the user sets each of
the injection attributes through the user interface 2, an input
signal for the injection attributes is transmitted to the control
unit 4.

[0077] FIG. 5 is a view showing an example of a wave-
form of a pulse when an injection mode of the needleless
syringe system according to an embodiment of the present
invention is a single shot mode.

[0078] Referring to FIG. 5, a case where the user sets the
injection mode to the single shot mode through the user
interface 2, the injection amount of the drug is set to a first
injection amount and the injection depth is set to a first level,
will be described.

[0079] When the single shot mode is set, the control unit
4 sets a number of outputs N of the pulse output when a
switch of the needleless syringe is turned on, to once. That
is, a number of outputs N of the pulse is set according to the
injection mode.

[0080] In addition, when the injection amount is set to the
first injection amount through the user interface 2, the
control unit 4 sets the output time t,,, of the pulse to a first
output time t, 1 according to the first injection amount. That
is, the control unit 4 in which data about the relationship
between the injection amount and the output time t,, of the
pulse are previously stored, may derive the output time t_,,
suitable for a set injection amount when the injection
amount is set. The output time of the pulse is time at which
the pulse is output once with an amplitude to be described
later. As the injection amount is set larger, the output time t_,
of the pulse is set longer, and as the injection amount is
decreased, the output time t,,, of the pulse is set shorter.

[0081] In addition, when the injection depth is set to the
first injection depth through the user interface 2, the control
unit 4 sets the amplitude V of the pulse to a first amplitude
V1 according to the first injection depth. That is, the control
unit 4 in which data about the relationship between the
injection depth and the amplitude V of the pulse are previ-
ously stored, may derive an amplitude V suitable for a set
injection depth when the injection depth is set. Here, the
amplitude of the pulse corresponds to the magnitude of a
voltage. As the injection depth is set larger, the amplitude of
the pulse is set larger, and as the injection depth is decreased,
the amplitude of the pulse is set smaller.
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[0082] Since the drug is injected only once in the single
shot mode, the injection speed of the drug is not adjusted.
That is, the user interface 2 may deactivate the selection unit
for setting the injection speed when the single shot mode is
set.

[0083] As described above, when the user sets the single
shot mode and sets the injection depth of the drug and the
injection amount of the drug, the control unit 4 sets the
amplitude V of the pulse and the output time t_,, of the pulse,
respectively, according to the injection depth and the injec-
tion amount.

[0084] The pulse generator 6 generates the pulse with a
first amplitude V and a first output time t_,1 set by the
control unit 4, and the pulse is applied to the solenoid coil
30.

[0085] Referring to FIG. 5, it can be known that, in the
single shot mode, the pulse is output once and is output
during the first output time t,,1 and is generated with a
waveform having the first amplitude V1.

[0086] When the pulse is applied to the solenoid coil 30,
time at which the solenoid coil 30 generates a magnetic force
according to the output time t,,, of the pulse, is adjusted, and
a collision time at which the moving magnetic body 90
collides with the piston 40, is adjusted.

[0087] As the output time t,,, of the pulse is increased, the
collision time of the moving magnetic body 90 and the
piston 40 is increased, and time at which the piston 40 moves
forward, is increased and thus, an ejection time of the drug
is increased, and the injection amount of the drug is
increased. Thus, as the output time of the pulse is increased,
the injection amount of the drug is increased, and as the
output time of the pulse is decreased, the injection amount
of the drug is decreased. The output time of the pulse is
increased/decreased so that the user can adjust a desired
drug injection amount.

[0088] In addition, the size of the magnetic force gener-
ated in the solenoid coil 30 is adjusted according to the
amplitude V of the pulse, and the forward movement speed
of the moving magnetic body 90 is adjusted according to the
size of the magnetic force. As the amplitude of the pulse is
increased, the forward movement speed of the moving
magnetic body 90 is increased, and the injection depth of the
drug is increased. Thus, as the amplitude of the pulse is
increased, the injection depth of the drug is increased, and as
the amplitude of the pulse is decreased, the injection depth
of the drug is decreased. That is, the amplitude of the pulse
is increased/decreased so that the user can adjust a desired
drug injection depth.

[0089] Meanwhile, FIG. 6 is a view showing a first
example of a waveform of a pulse when the injection mode
of the needless syringe system according to an embodiment
of the present invention is a 4 times burst mode and a first
injection amount and a first injection speed are set.

[0090] Referring to FIG. 6, a case where the user sets the
injection mode to the burst mode, the injection amount of the
drug to a first injection amount, the injection depth to a first
level and the injection speed to a first injection speed
through the user interface 2, will be described.

[0091] When the burst mode is set, the user sets a number
of injections of the drug together. For example, when the
burst mode is set, one of a 2 times burst mode, a 3 times
burst mode, and a 4 times burst mode is selected and set.
Hereinafter, a case where the 4 times burst mode is set, will
be described.
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[0092] When the 4 times burst mode is set, the control unit
4 sets a number of outputs N of the pulse output when the
switch of the needleless syringe is turned on, to 4 times. That
is, when the switch is turned on once, the pulse is output 4
times so that the drug can be injected 4 times with one
switching operation.

[0093] In addition, when the injection amount is set to the
first injection amount through the user interface 2, the
control unit 4 sets the output time t_,, of the pulse to the first
output time t,,,1 according to the first injection amount. That
is, the control unit 4 in which data about the relationship
between the injection amount and the output time t,, of the
pulse are previously stored, may derive the output time t_,,
suitable for the set injection amount when the injection
amount is set. The output time t_, of the pulse is time at
which the pulse is output once with an amplitude to be
described later. As the injection amount is set larger, the
output time t,,, of the pulse is set longer.

[0094] In addition, when the injection depth is set to the
first injection depth through the user interface 2, the control
unit 4 sets an amplitude V of the pulse to a first amplitude
V1 according to the first injection depth. That is, the control
unit 4 in which data about the relationship between the
injection depth and the amplitude V of the pulse are previ-
ously stored, may derive the amplitude V suitable for the set
injection depth when the injection depth is set. Here, the
amplitude of the pulse correspond to the magnitude of a
voltage. As the injection depth is set larger, the amplitude of
the pulse is set larger, and as the injection depth is decreased,
the amplitude of the pulse is also set smaller.

[0095] In addition, when the injection speed is set to the
first injection speed through the user interface 2, the control
unit 4 sets the period T of the pulse according to the first
injection speed. Here, since the injection speed is a number
of'injections per second of the drug, the period T of the pulse
is set to a reciprocal number of the injection speed. For
example, when the injection speed is set to 10, the period T
of the pulse may be set to Yo.

[0096] The control unit 4 sets the period T of the pulse
according to the injection speed and sets the remaining time
obtained by subtracting the pulse output time t,,, from the
period T of the pulse, to an output off time t,,at which the
pulse is not output, of the pulse. Here, a case where the
output off time t,,;-of the pulse is set to a first output off time
toz1, will be described.

[0097] The control unit 4 may derive the period T of the
pulse suitable for the set injection speed when the injection
speed is set. Here, since the injection speed is a frequency,
i.e., a number of injections per second of the drug, as the
period of the pulse is decreased, a next pulse after the pulse
is output, is output faster and thus, a number of injections per
second of the drug is increased, and the injection speed is
increased. Thus, as the injection speed is set faster, the
period of the pulse is adjusted shorter, and as the injection
speed is set slower, the period of the pulse is adjusted longer.
In this case, when the period T of the pulse is adjusted
according to the injection speed, the output time t_, of the
pulse changes according to the injection amount within a
period of the pulse, the output off time t,,of the pulse that
is the remaining time obtained by subtracting the pulse
output time t,,, from the period T of the pulse, is adjusted.
[0098] As described above, when the user sets the burst
mode and sets the injection depth of the drug, the injection
amount of the drug and the injection speed of the drug,
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respectively, the control unit 4 sets the amplitude V of the
pulse, the output time t,,, of the pulse, and the output off time
t,y of the pulse, respectively, according to the injection
depth, the injection amount, and the injection speed.
[0099] The pulse generator 6 generates the pulse accord-
ing to a number of outputs of the pulse, a period of the pulse,
the amplitude V of the pulse, the output time t,,, of the pulse,
and the output off time t,,-of the pulse, which are set by the
control unit 4, and the pulse is applied to the solenoid coil
30.

[0100] Referring to FIG. 6, it can be known that, in the 4
times burst mode, the pulse is output 4 times and the pulse
is output during the first output time t_, 1 and is not output
during the first output off time t_,1 and is generated with a
waveform of the first amplitude V1.

[0101] When the pulse is applied to the solenoid coil 30,
a time at which the solenoid coil 30 generates a magnetic
force according to the output time of the pulse, is adjusted,
and a collision time at which the moving magnetic body 90
collides with the piston 40, is adjusted.

[0102] As the output time t_, of the pulse is increased, the
collision time of the moving magnetic body 90 and the
piston 40 is increased and a forward movement time of the
piston 40 is increased and thus the ejection time of the drug
is increased, and the injection amount of the drug is
increased. Thus, as the output time of the pulse is increased,
the injection amount of the drug is increased, and as the
output time of the pulse is decreased, the injection amount
of the drug is decreased. The output time of the pulse is
increased/decreased so that the user can adjust a desired
drug injection amount.

[0103] In addition, the size of the magnetic force gener-
ated in the solenoid coil 30 is adjusted according to the
amplitude V of the pulse, and the forward movement speed
of the moving magnetic body 90 is adjusted according to the
size of the magnetic force. As the amplitude of the pulse is
increased, the forward movement speed of the moving
magnetic body 90 is increased, and the injection depth of the
drug is increased. Thus, as the amplitude of the pulse is
increased, the injection depth of the drug is increased, and as
the amplitude of the pulse is decreased, the injection depth
of the drug is decreased. That is, the amplitude of the pulse
is increased/decreased so that the user can adjust a desired
drug injection depth.

[0104] Meanwhile, FIG. 7 is a view showing a second
example of a waveform of a pulse when the injection mode
of the needless syringe system according to an embodiment
of'the present invention is a 4 times burst mode and a second
injection amount and a first injection speed are set.

[0105] Referring to FIG. 7, the user sets the injection
mode to a 4 times burst mode through the user interface 2,
wherein the injection amount of the drug is set to a second
injection amount that is greater than the first injection
amount. In addition, a case where the injection depth is set
to a first level and the injection speed is set to a first injection
speed, will be described.

[0106] When the 4 times burst mode is set, the control unit
4 sets a number of outputs of the pulse output when the
switch of the needleless syringe is turned on, to 4 times. That
is, when the switch is turned on once, the pulse is output 4
times and thus the drug can be injected 4 times with one
switching operation.

[0107] In addition, when the injection amount is set to the
second injection amount that is greater than the first injec-
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tion amount through the user interface 2, the control unit 4
sets the output time t,,, of the pulse to a second output time
t,,2 according to the second injection amount. Since the
second injection amount is greater than the first injection
amount, the output time t,,, of the pulse is set to the second
output time t, 2 increased compared to the first output time
t,,l. That is, the control unit 4 in which data about the
relationship between the injection amount and the output
time t,, of the pulse are previously stored, may derive the
output time t,,, suitable for the set injection amount when the
injection amount is set. As the injection amount is set larger,
the output time of the pulse is set longer.

[0108] In addition, when the injection depth is set to the
first injection depth through the user interface 2, the control
unit 4 sets the amplitude V of the pulse to a first amplitude
V1 according to the first injection depth. That is, the control
unit 4 in which data about the relationship between the
injection depth and the amplitude V of the pulse are previ-
ously stored, may derive the amplitude V suitable for the set
injection depth when the injection depth is set.

[0109] In addition, when the injection speed is set to the
first injection speed through the user interface 2, the control
unit 4 sets the period T of the pulse according to the first
injection speed.

[0110] The control unit 4 sets the period T of the pulse
according to the injection speed and sets the remaining time
obtained by subtracting the pulse output time t,,, from the
period T of the pulse, to an output off time t,,at which the
pulse is not output, of the pulse.

[0111] Thus, a case where the output off time t,, of the
pulse is set to a second output off time t 2 that is the
remaining time obtained by subtracting the second output
time t,,,2 of the pulse from the period T of the pulse, will be
described. The second output off time t,,2 is a time that is
shorter than the first output off time t,;2. When the injection
amount is set to a second injection amount that is greater
than the first injection amount, an output time t,,, of the pulse
is set to the second output time t_,2 that is longer than the
first output time t_, 1, but the injection speed is the same and
thus, the period T of the pulse is the same and thus, the
second output off time t,.2 that is the remaining time
obtained by subtracting the second output time t,,,2 from the
period T of the pulse, is set to the output off time t_, of the
pulse.

[0112] The control unit 4 may derive the period T of the
pulse suitable for the set injection speed when the injection
speed is set. Here, since the injection speed is a frequency,
i.e., a number of injections per second of the drug, as the
period of the pulse is decreased, a next pulse after the pulse
is output, is output faster and thus, a number of injections per
second of the drug is increased and the injection speed is
increased. Thus, the injection speed is set in such a way that,
as the injection speed is set faster, the period of the pulse is
adjusted to be shorter and as the injection speed is set slower,
the period of the pulse is adjusted to be longer. In this case,
when the period T of the pulse is adjusted according to the
injection speed, the output time t,, of the pulse within the
period of the pulse changes according to the injection
amount and thus, the output off time t,, of the pulse that is
the remaining time obtained by subtracting the pulse output
time t,,, from the period T of the pulse, is adjusted.

[0113] As described above, when the user sets the 4 times
burst mode, the injection depth of the drug, the injection
amount of the drug and the injection speed of the drug,
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respectively, the control unit 4 sets each of the amplitude V
of the pulse, the output time t_, of the pulse, and the output
off time t,,-of the pulse according to the injection depth, the
injection amount, and the injection speed.

[0114] The pulse generator 6 generates a pulse according
to a number of outputs of the pulse, the amplitude V of the
pulse, the output time t,,, of the pulse, and the output off time
t,z0f the pulse, which are set by the control unit 4, and the
pulse is applied to the solenoid coil 30.

[0115] When the pulse is applied to the solenoid coil 30,
a time at which the solenoid coil 30 generates a magnetic
force according to the output time of the pulse, is adjusted,
and a collision time at which the moving magnetic body 90
collides with the piston 40, is adjusted.

[0116] As the output time t,,, of the pulse is increased, the
collision time of the moving magnetic body 90 and the
piston 40 is increased, and the forward movement time of
the piston 40 is increased and thus, the ejection time of the
drug is increased, and the injection amount of the drug is
increased. Thus, as the output time of the pulse is increased,
the injection amount of the drug is increased, and as the
output time of the pulse is decreased, the injection amount
of the drug is decreased. The output time of the pulse is
increased/decreased so that the user can adjust a desired
drug injection amount.

[0117] In addition, the size of the magnetic force generated
in the solenoid coil 30 according to the amplitude V of the
pulse is adjusted, and the forward movement speed of the
moving magnetic body 90 is adjusted according to the size
of the magnetic force. As the amplitude of the pulse is
increased, the forward movement speed of the moving
magnetic body 90 is increased and thus, the injection depth
of the drug is increased. Thus, as the amplitude of the pulse
is increased, the injection depth of the drug is increased, and
the amplitude of the pulse is decreased, the injection depth
of the drug is decreased. That is, the amplitude of the pulse
is increased/decreased so that the user can adjust a desired
drug injection depth.

[0118] Referring to FIG. 7, it can be known that, in the 4
times burst mode, the pulse is output 4 times and the pulse
is output during the second output time t,,,2 and is not
output during the first output off time t,,1 and is generated
with a waveform of the first amplitude V1.

[0119] The output time of the pulse is output as the second
output time t,,,2 that is longer than the first output time t,,,1
so that the output time t_, of the pulse is increased, the
collision time of the moving magnetic body 90 and the
piston 40 is increased, and the forward movement time of
the piston 40 is increased and thus, the ejection time of the
drug is increased, and the injection amount of the drug is
increased. Thus, the drug can be injected with a second
injection amount greater than the first injection amount.
[0120] Meanwhile, FIG. 8 is a view showing a third
example of a waveform of a pulse when the injection mode
of the needless syringe system according to an embodiment
of the present invention is a 4 times burst mode and the first
injection amount and a second injection speed are set.
[0121] Referring to FIG. 8, the user sets the injection
mode to a 4 times burst mode through the user interface 2,
wherein the injection speed of the drug is set to a second
speed that is faster than the first speed, and a case where the
injection amount of the drug is set to the first injection
amount and the injection depth is set to a first level, will be
described.
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[0122] When the 4 times burst mode is set, the control unit
4 sets a number of outputs N of the pulse output when the
switch of the needleless syringe is turned on, to 4 times. That
is, when the switch is turned on once, the pulse is output 4
times and thus the drug can be injected 4 times with one
switching operation.

[0123] In addition, when the injection amount is set to the
first injection amount through the user interface 2, the
control unit 4 sets the output time t_, of the pulse to a first
output time t,,,1 according to the first injection amount. That
is, the control unit 4 in which data about the relationship
between the injection amount and the output time t,, of the
pulse are previously stored, may derive the output time t_,,
suitable for the set injection amount when the injection
amount is set.

[0124] In addition, when the injection depth is set to the
first injection depth through the user interface 2, the control
unit 4 sets the amplitude V of the pulse to a first amplitude
V1 according to the first injection depth. That is, the control
unit 4 in which data about the relationship between the
injection depth and the amplitude V of the pulse are previ-
ously stored, may derive the amplitude V suitable for the set
injection depth when the injection depth is set. As the
injection depth is set larger, the amplitude of the pulse is set
larger.

[0125] In addition, when the injection speed is set to the
second injection speed that is faster than the first injection
speed through the user interface 2, the control unit 4 sets a
period T' of the pulse according to the second injection
speed.

[0126] The control unit 4 in which data about the rela-
tionship between the injection speed and the period T of the
pulse are previously stored, may derive the period T of the
pulse suitable for the set injection speed when the injection
speed is set. Here, the injection speed is a frequency per
second, i.e., a number of injections per second, as the period
of the pulse is decreased, a next pulse after the pulse is
output, is output faster and thus, a number of injections per
second is increased, and the injection speed is increased.
Thus, the injection speed is adjusted in such a way that as the
injection speed is set faster, the period of the pulse becomes
shorter and as the injection speed is set slower, the period of
the pulse becomes longer.

[0127] Since the injection speed is set to the second
injection speed faster than the first injection speed, the
period of the pulse is set to the period T' that is shorter than
the period T when the injection speed is the first injection
speed.

[0128] The control unit 4 sets a third output off time t,,3
that is the remaining time obtained by subtracting the first
output time t,, 1 from the period T' of the pulse. The third
output off time t,,3 is a time that is shorter than the first
output off time t,,1.

[0129] Comparing FIG. 6 and FIG. 8, the injection amount
is the same as the first injection amount, and the output time
t,,, of the pulse is the same as the first output time t_,1 but
the injection speed is different from each other so that the
third output off time t,,3 is set to be shorter than the first
output off time t,,1.

[0130] When the output off time of the pulse is decreased,
a next pulse after the pulse is output, is output faster so that
a number of injections per second is increased and the
injection speed is increased. Thus, the injection speed is set
in such a way that as the injection speed is set faster, the
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period of the pulse becomes shorter and as the injection
speed is set slower, the period of the pulse becomes longer.
In addition, as the injection speed is set faster, the output off
time t,,-of the pulse is set shorter, and as the injection speed
is set slower, the output off time t,,-of the pulse is set longer.
[0131] As described above, when the user sets the 4 times
burst mode, the injection depth of the drug, the injection
amount of the drug and the injection speed of the drug,
respectively, the control unit 4 sets each of the amplitude V
of the pulse, the output time t_, of the pulse, and the output
off time t, - of the pulse according to the injection depth, the
injection amount, and the injection speed.

[0132] The pulse generator 6 generates a pulse according
to a number of outputs of the pulse, the amplitude V of the
pulse, the output time t,,, of the pulse, and the output off time
t,z0f the pulse, which are set by the control unit 4, and the
pulse is applied to the solenoid coil 30.

[0133] Referring to FIG. 7, it can be known that, in the 4
times burst mode, the pulse is output 4 times and the pulse
is output during the first output time t_, 1 and is not output
for the third output off time t,,3 and is generated with a
waveform of the first amplitude V1.

[0134] The period T' of the pulse is shortened so that the
output off time of the pulse is set to the second output off
time t,,3 that is shorter than the first output off time t,,1 so
that a time at which the pulse is not output, is shortened and
an output interval between pulses is reduced and thus, a
number of injections per second of the drug is increased, and
the injection speed of the drug is faster. Thus, the drug can
be injected at a faster second injection speed.

[0135] Meanwhile, the pulse for adjusting the injection
amount of the drug and the injection speed in the burst mode
has been described as an example with reference to FIGS. 6
through 8, but the present invention is not limited thereto
and can also be applied to the continuous shot mode.
[0136] Meanwhile, in the above-described embodiments,
a case where the nozzle portion opening/closing valve 50 is
installed, has been described, but the present invention is not
limited thereto, and there may also be no nozzle portion
opening/closing valve 50. When the nozzle portion opening/
closing valve 50 is not provided, the drug in the drug
accommodating portion 22 is previously filled.

[0137] In addition, in the above-described embodiments, a
case where a drug pressurizing portion that pressurizes the
drug in the drug accommodating portion is a piston 40 and
a driving unit for driving the drug pressurizing portion
includes a solenoid coil 30, has been described.

[0138] However, the present invention is not limited
thereto, and any drug pressurizing portion can be applied as
long as it can pressurize the drug, such as an elastic
membrane except for the piston 40.

[0139] In addition, the driving unit is an energy source that
can apply pressure to the drug pressurizing portion such as
the piston or the elastic membrane, and any driving unit that
generates a driving force in a pulse form when a pulse is
applied by the pulse generator, is applicable.

[0140] For example, the driving unit may include a pneu-
matic actuator, a hydraulic actuator, a piezo actuator, a
spring device, etc.

[0141] In addition, the driving unit may also include a
laser beam. That is, the driving unit may also be configured
to irradiate a laser beam directly on the drug and to irradiate
the laser beam on a working fluid in a separate closed
pressure chamber and to generate volume expansion due to
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bubbles generated in the working fluid to cause the elastic
membrane to be enlarged and to apply momentary pressure
to the drug in the drug accommodating portion.

[0142] In addition, the driving unit may include an elec-
trode and may be configured to generate bubbles in the
working fluid in a separate closed pressure chamber due to
insulation destruction together with sparks when high-volt-
age electricity is discharged to the electrode and to generate
volume expansion due to bubbles generated in the working
fluid to cause the elastic membrane to be enlarged and to
apply momentary pressure to the drug in the drug accom-
modating portion.

[0143] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and details may
be made therein without departing from the spirit and scope
of the present invention as defined by the following claims.

INDUSTRIAL APPLICABILITY

[0144] According to the present invention, a needleless
syringe system having adjustable drug injection attributes
can be manufactured.

1. A needleless syringe system having adjustable drug
injection attributes, the needleless syringe system compris-
ing:

a solenoid coil wound on an outer circumferential surface

of the body;

a cylinder coupled to the body to be in communication
with an open front surface of the body;

a drug accommodating portion, which is formed on a front
inner side of the cylinder and in which a drug injected
from an outside is accommodated;

anozzle portion, which is provided in front of the cylinder
and through which the drug accommodated in the drug
accommodating portion is discharged forward;

a moving magnetic body, which is provided inside the
body and moves forward by a magnetic force generated
when power is supplied to the solenoid coil;

a piston, which is provided inside the cylinder and pres-
surizes the drug in the drug accommodating portion by
an impulse applied by forward movement of the mov-
ing magnetic body when the moving magnetic body
moves forward;

a pulse generator applying a pulse to the solenoid coil;

auser interface that allows a user to set injection attributes
including at least one of an injection mode, an injection
amount, an injection depth, and an injection speed of
the drug discharged through the nozzle portion and
injected into the skin; and

a control unit adjusting at least a part of a period T, an
amplitude, an output time t,,,,
at which no pulse is output, of a pulse applied to the
solenoid coil from the pulse generator according to the
injection attributes set through the user interface to
control the injection attributes.

2. The needleless syringe system of claim 1, wherein the
user interface in which an injection mode of the drug is
divided into a single shot mode in which the drug is injected
the drug once, a burst mode in which the drug is injected at
a set number of times and a continuous shot mode in which
injection and blocking of the drug is continuously repeated
and is displayed, allows the user to select and set the
injection mode of the drug.

and an output off time t,
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3. The needleless syringe system of claim 2, wherein,
when the single shot mode is set through the user interface,
the control unit sets a number of outputs of the pulse once,
adjusts an amplitude of the pulse according to an injection
depth of the drug set through the user interface and adjusts
an output time t_, of the pulse according to an injection
amount of the drug.

4. The needleless syringe system of claim 2, wherein,
when the burst mode is set through the user interface, the
control unit sets a number of outputs of the pulse to the set
number of times, adjusts an amplitude of the pulse according
to an injection depth of the drug set through the user
interface, adjusts an output time t,,, of the pulse according to
an injection amount of the drug, adjusts a period of the pulse
according to an injection speed of the drug, and sets a time
obtained by subtracting the output time t_, of the pulse from
the period of the pulse, to the output off time ¢,

5. The needleless syringe system of claim 2, wherein,
when the continuous shot mode is set through the user
interface, the control unit adjusts an amplitude of the pulse
according to an injection depth of the drug set through the
user interface, adjusts an output time t,,, of the pulse accord-
ing to an injection amount of the drug, adjusts a period of the
pulse according to an injection speed of the drug, and sets a
time obtained by subtracting the output time t,,, of the pulse
from the period of the pulse, to the output off time t,

6. The needleless syringe system of claim 1, wherein the
user interface allows the user to increase/decrease and to set
the injection amount of the drug within a set range, and the
control unit increases the output time t_,, of the pulse as the
injection amount of the drug set through the user interface is
increased.

7. The needleless syringe system of claim 1, wherein the
user interface in which the injection depth of the drug is
divided into a plurality of levels at a set depth interval,
allows the user to select one of the plurality of levels and set
the selected level, and the control unit increases the ampli-
tude of the pulse as the injection depth of the drug set
through the user interface is increased.

8. The needleless syringe system of claim 1, wherein the
user interface In which the injection speed of the drug is
displayed in a number of injections per second of the drug,
allows the user to set the injection speed by increasing/
decreasing the number of injections per second of the drug,
and as the injection speed of the drug set through the user
interface is increased, the control unit decreases the period
of the pulse and sets a time obtained by subtracting the
output time t,, of the pulse from the period of the pulse, to
the output off time ¢,

9. The needleless syringe system of claim 1, further
comprising an elastic member for a piston, which is pro-
vided inside of at least one of the body and the cylinder and
applies an elastic force to the piston in a direction in which
the piston moves backward, when a supply of current to the
solenoid coil is cut off.

10. The needleless syringe system of claim 1, further
comprising a nozzle portion opening/closing valve that is
provided to open/close a passage hole between the nozzle
portion and the drug accommodating portion, opens the
passage hole with a fluidic pressure applied by the drug
during forward movement of the piston and closes the
passage hole when the fluidic pressure is released.

11. The needleless syringe system of claim 1, further
comprising a cooling chamber that is provided to surround
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an outside of the solenoid coil on an outside of the body and
absorbs and cools heat generated in the solenoid coil through
a cooling fluid.

12. The needleless syringe system of claim 1, wherein the
control unit adjusts a number of outputs N of the pulse
applied to the solenoid coil from the pulse generator accord-
ing to the injection attributes set through the user interface.

13. (canceled)

14. A needleless syringe system having adjustable drug
injection attributes, the needleless syringe system compris-
ing:

a drug accommodating portion in which a drug injected

from an outside is accommodated;

anozzle portion through which the drug accommodated in

the drug accommodating portion is discharged forward;

a solenoid mechanism comprising a piston that pressur-

izes the drug in the drug accommodating portion
repeatedly while repeating forward movement and
backward movement so that the drug accommodated in
the drug accommodating portion is discharged through
the nozzle portion, a solenoid coil that forms an elec-
tromagnetic force to move the piston forward, and a
pulse generator that applies a pulse to the solenoid coil;
and

a control unit controlling the pulse generator to adjust an

injection amount and an injection depth of the drug
discharged through the nozzle portion and injected into
the skin.

15. A needleless syringe system having adjustable drug
injection attributes, the needleless syringe system compris-
ing:

a drug accommodating portion in which a drug injected

from an outside is accommodated;

anozzle portion through which the drug accommodated in

the drug accommodating portion is discharged forward;

a solenoid mechanism comprising a piston that pressur-

izes the drug in the drug accommodating portion
repeatedly while repeating forward movement and
backward movement so that the drug accommodated in
the drug accommodating portion is discharged through
the nozzle portion, a solenoid coil that forms an elec-
tromagnetic force to move the piston forward, and a
pulse generator that applies a pulse to the solenoid coil;
a user interface that allows a user to set an injection
amount and an injection depth of the drug discharged
through the nozzle portion and injected into the skin;
and

a control unit controlling the pulse generator based on

setting information input to the user interface.

16. A needleless syringe system having adjustable drug
injection attributes, the needleless syringe system compris-
ing:

a cylinder having a drug accommodating portion in which

a drug injected from an outside is accommodated,
formed therein;

a nozzle portion, which communicates with the drug

accommodating portion of the cylinder and through
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which the drug accommodated in the drug accommo-
dating portion is discharged forward;

a drug pressurizing portion pressurizing the drug in the
drug accommodating portion to flow the drug toward
the nozzle portion;

a driving unit driving the drug accommodating portion;

a pulse generator that applies a pulse to the driving unit;

a user interface that allows a user to set injection attributes
including at least one of an injection mode, an injection
amount, an injection depth, and an injection speed of
the drug discharged through the nozzle portion and
injected into the skin; and

a control unit adjusting at least a part of a period T, an
amplitude, an output time t,,,,, and an output off time t,,-
at which no pulse is output, of a pulse applied to the
driving unit from the pulse generator according to the
injection attributes set through the user interface, to
control the injection attributes.

17. The needleless syringe system of claim 16, wherein
the user interface in which an injection mode of the drug is
divided into a single shot mode in which the drug is injected
the drug once, a burst mode in which the drug is injected at
a set number of times and a continuous shot mode in which
injection and blocking of the drug is continuously repeated
and is displayed, allows the user to select and set the
injection mode of the drug.

18. The needleless syringe system of claim 17, wherein,
when the single shot mode is set through the user interface,
the control unit sets a number of outputs of the pulse once,
adjusts an amplitude of the pulse according to an injection
depth of the drug set through the user interface and adjusts
an output time t,, of the pulse according to an injection
amount of the drug.

19. The needleless syringe system of claim 17, wherein,
when the burst mode is set through the user interface, the
control unit sets a number of outputs of the pulse to the set
number of times, adjusts an amplitude of the pulse according
to an injection depth of the drug set through the user
interface, adjusts an output time t,,, of the pulse according to
an injection amount of the drug, adjusts a period of the pulse
according to an injection speed of the drug, and sets a time
obtained by subtracting the output time t_,, of the pulse from
the period of the pulse, to the output off time t,

20. The needleless syringe system of claim 17, wherein,
when the continuous shot mode is set through the user
interface, the control unit adjusts an amplitude of the pulse
according to an injection depth of the drug set through the
user interface, adjusts an output time t_, of the pulse accord-
ing to an injection amount of the drug, adjusts a period of the
pulse according to an injection speed of the drug, and sets a
time obtained by subtracting the output time t,,, of the pulse
from the period of the pulse, to the output off time t,

21. The needleless syringe system of claim 17, wherein
the control unit adjusts a number of outputs N of the pulse
applied to the solenoid coil from the pulse generator accord-
ing to the injection attributes set through the user interface.
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