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(54) NEEDLE-FREE INJECTOR

(57) A needleless syringe for injecting an injection
objective substance into an injection target area by dis-
charging the injection objective substance by a voltage
application to a driving unit without using any injection
needle comprises a protruding member which is provided
movably from a first position at which a forward end there-
of protrudes from an end surface of a housing to a second
position at which a protruding length of the forward end
from the end surface of the housing is shorter than a
protruding length provided at the first position and the
forward end and a discharge port can be brought in con-
tact with the injection target area; a maintaining mecha-
nism which maintains the protruding member at the first
position before the discharge energy is generated by the
driving unit; and a power source circuit which applies a
voltage to the driving unit when the protruding member
having been maintained at the first position is moved to
the second position by means of a pressing force re-
ceived by the forward end of the protruding member. Ac-
cordingly, the unintended discharge from the syringe is
appropriately avoided.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a needleless
syringe with which an injection objective substance is
injected into an injection target area without using any
injection needle.

BACKGROUND ART

[0002] A syringe is known, with which an injection com-
ponent is discharged or injected by utilizing the energy
of a combustion gas produced by the ignition of a pro-
pellant or explosive. For example, in the case of a syringe
described in Patent Literature 1, a current flows through
a filament by supplying an ignition current from a battery
to an ignition device, and an injection solution is dis-
charged in accordance with the combustion of the pro-
pellant. The current supply from the battery is executed
by a user by intruding or depressing a diaphragm provid-
ed at an end portion of the syringe.

PRIOR ART LITERATURES

PATENT LITERATURES

[0003] Patent Literature 1: United States Patent Appli-
cation Publication No. 2004/49151

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] According to the conventional technique, the
needleless syringe, which discharges the injection com-
ponent without using any injection needle by utilizing, for
example, the combustion energy of the propellant, is con-
structed such that the propellant is ignited by using the
starting point of the pressing action performed by the
user. On this account, if the combustion of the propellant
is performed on account of any erroneous operation of
the user, there is a possibility that the injection solution
may be discharged in an unintended state. In general, in
the case of the needleless syringe, it is necessary that
the injection solution should penetrate through the sur-
face of the injection target area (for example, human skin
or the like). Therefore, the injection solution, which is suit-
ably pressurized by the combustion of the propellant, is
discharged. Therefore, it is necessary to avoid the unin-
tended discharge of the injection solution.
[0005] In the preceding technical document described
above, a safety member, which covers the diaphragm
that is the operation portion for the user, when the syringe
is not used, is arranged so that any unintended discharge
of the injection solution is not performed. However, the
discharge port, from which the injection solution is dis-
charged, is not necessarily in such a state that the dis-

charge port is brought in contact with the injection target
area, during the use as well. Therefore, the following pos-
sibility remains to no small extent. That is, for example,
when the user removes the safety member in order to
use the syringe, then the diaphragm may be unintention-
ally depressed, and the injection solution may be erro-
neously discharged.
[0006] Further, in the case of such a syringe that an
injection solution is delivered to an injection target area
by discharging the injection solution without using any
injection needle by using, as a driving source, the energy
other than the combustion energy of the propellant, the
injection solution is also pressurized in many cases by
using the operation of the user as the starting point. On
this account, even in the case of the situation as de-
scribed above, any unintended discharge of the injection
solution may be caused, for example, by any erroneous
operation performed by the user as described above.
[0007] In view of the above, taking the foregoing prob-
lems into consideration, an object of the present invention
is to appropriately avoid the unintended discharge from
a syringe which discharges an injection objective sub-
stance such as an injection solution or the like without
using any injection needle.

MEANS FOR SOLVING THE PROBLEMS

[0008] In order to solve the problems as described
above, the present invention resides in a syringe for dis-
charging an injection objective substance (for example,
an injection solution) without using any injection needle,
wherein the voltage application, which is performed with
respect to a driving unit, is correlated with an injection
operation performed by a user, i.e., the operation, in
which a discharge port of the syringe is brought in contact
with an injection target area in order to perform the injec-
tion by the user, is mechanically correlated with the volt-
age application which performed with respect to the driv-
ing unit. Accordingly, the execution of a series of opera-
tions performed by the user in order to carry out the in-
jection is an requirement to permit the discharge of the
injection objective substance. Therefore, it is possible for
the user to precisely avoid any unintended discharge of
the injection objective substance.
[0009] Specifically, the present invention resides in a
needleless syringe for injecting an injection objective
substance into an injection target area by discharging
the injection objective substance without using any injec-
tion needle; the needleless syringe comprising an ac-
commodating unit which is provided in a housing of the
needleless syringe and which accommodates the injec-
tion objective substance; a driving unit which is operated
when a voltage is applied to generate discharge energy
in order to discharge the injection objective substance
accommodated in the accommodating unit; a nozzle unit
which includes a flow passage for allowing the injection
objective substance applied with the discharge energy
generated by the driving unit to flow therethrough and
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which discharges the injection objective substance from
a discharge port formed at a forward end of the flow pas-
sage; a protruding member which is provided movably
from a first position at which a forward end thereof pro-
trudes from an end surface of the housing to a second
position at which a protruding length of the forward end
from the end surface of the housing is shorter than a
protruding length provided at the first position and the
forward end and the discharge port can be brought in
contact with the injection target area; a maintaining
mechanism which maintains the protruding member at
the first position before the discharge energy is generated
by the driving unit; and a power source circuit which ap-
plies a voltage to the driving unit when the protruding
member having been maintained at the first position is
moved to the second position by means of a pressing
force received by the forward end of the protruding mem-
ber.
[0010] In the needleless syringe according to the
present invention, as for the driving unit, it is possible to
adopt, as the energy source, a variety of known energy
generating forms, provided that the energy is generated
in order to discharge the injection objective substance
by means of the voltage application from the power
source circuit, and the energy can be transmitted to the
injection objective substance. For example, it is possible
to adopt an ignition charge which is ignited by an ignition
device and a gas generating agent which produces the
gas by means of the combustion. Further, as for other
forms of the driving unit other than the above, it is also
allowable to adopt such a structure that the release of
the energy of an elastic member such as a spring or the
like or the energy of the compressed gas is controlled by
the voltage application from the power source circuit. For
example, an electromagnetic valve, a solenoid actuator
or the like, which is driven by the voltage application from
the power source circuit, is utilized to release a piston
fixed by an urging spring from a fastened state, and thus
the accumulated elastic energy of the urging spring can
be utilized as the discharge energy.
[0011] Note that when the combustion energy of the
propellant is utilized as the discharge or ejection energy,
the ignition charge may be, for example, any one of pro-
pellants including a propellant containing zirconium and
potassium perchlorate, a propellant containing titanium
hydride and potassium perchlorate, a propellant contain-
ing titanium and potassium perchlorate, a propellant con-
taining aluminum and potassium perchlorate, a propel-
lant containing aluminum and bismuth oxide, a propellant
containing aluminum and molybdenum oxide, a propel-
lant containing aluminum and copper oxide, and a pro-
pellant containing aluminum and ferric oxide, or a pro-
pellant composed of a combination of a plurality of pro-
pellants described above. The feature of the ignition
charge as described above is as follows. That is, the com-
bustion product thereof does not contain any gas com-
ponent at the ordinary temperature even if the combus-
tion product is a gas in a high temperature state. There-

fore, the combustion product is immediately condensed
after the ignition. As a result, when the syringe of the
present invention is used for the injection into the living
body, it is possible to efficiently perform the injection into
a shallower portion of the injection target area of the living
body. Further, when the energy generated by a gas gen-
erating agent is utilized as the discharge or ejection en-
ergy, it is also possible to use, as the gas generating
agent, a single base smokeless propellant and various
gas generating agents used for a gas generator for the
air bag and a gas generator for the seat belt pretensioner.
[0012] The discharge energy, which is brought about
by the driving unit, is transmitted to the injection objective
substance accommodated in the accommodating unit.
The injection objective substance is extruded along the
flow passage formed in the nozzle unit, and the injection
objective substance is finally discharged from the dis-
charge port toward the injection target area. In relation
thereto, in the case of the conventional technique, the
operation, which is executed in order to apply the voltage
from the power source circuit to the driving unit, is per-
formed independently from the preparatory operation for
the injection with the needleless syringe, i.e., the opera-
tion which is performed in order that the discharge port,
which is provided for the nozzle unit, is confronted with
the injection target area, the discharge port being brought
in contact with the surface of the injection target area in
order to efficiently deliver the injection objective sub-
stance into the injection target area in many cases in
accordance with the operation (hereinafter simply re-
ferred to as "preparatory operation"). That is, in the case
of the conventional technique, the preparatory operation
is performed, and the operation performed by a user in
order to execute the discharge (for example, the opera-
tion is exemplified by the depression or the like of an
operation button for executing the voltage application in
order to perform the discharge, and the operation is re-
ferred to as "discharge execution operation") is executed
in a state in which the preparatory operation is completed.
However, when the preparatory operation and the dis-
charge execution operation are independent from each
other, it is impossible to sweep away such a possibility
that the discharge execution operation may be errone-
ously performed and the discharge of the injection ob-
jective substance not intended by the user may be per-
formed in a state in which the preparatory operation is
not completed, i.e., a state in which the positioning of the
discharge port is not completed with respect to the injec-
tion target area.
[0013] In view of the above, in the case of the needle-
less syringe according to the present invention, the pro-
truding member is provided, which has the forward end
that protrudes from the end surface of the housing. The
protruding member is the member which protrudes in the
discharge direction from the discharge port for the injec-
tion objective substance. The protruding member is con-
structed so that the protruding member is movable be-
tween the first position and the second position in relation
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to the protruding state thereof. The first position is the
position at which the protruding member is located by
the maintaining mechanism before the needleless sy-
ringe is used, i.e., before the discharge energy is gener-
ated by the driving unit. The first position is the position
at which the forward end portion of the protruding mem-
ber at least protrudes in the discharge direction as com-
pared with the position of the discharge port of the needle-
less syringe. Therefore, if the user intends to inject the
injection objective substance into the injection target ar-
ea, the protruding member, which is disposed at the first
position, is brought in contact with the surface of the in-
jection target area prior to the discharge port.
[0014] Then, the second position is the position at
which the protruding member is located when the pro-
truding member is intruded into the inside of the housing
by means of the external force. Therefore, the protruding
length of the forward end portion from the end surface of
the housing provided at the second position is shorter
than the protruding length provided at the first position.
Note that the protruding length according to the present
invention resides in the concept which indicates the
amount of protrusion of the protruding member from the
end surface of the housing, which also includes such a
state that the protruding member is flush with the end
surface, i.e., such a state that the amount of protrusion
is zero. Then, the needleless syringe is constructed as
follows. That is, when the protruding member arrives at
the second position by means of the pressing force re-
ceived by the forward end thereof from the injection target
area, then such a state is formed that the forward end of
the protruding member and the discharge port are
brought in contact with the injection target area, and the
voltage application from the power source circuit to the
driving unit is executed. This fact means that the dis-
charge execution operation is executed cooperatively at
the point in time at which the preparatory operation per-
formed by the user is completed, i.e., the point in time at
which such a state that the discharge port and the injec-
tion target area are brought in contact with each other is
formed. Therefore, in the case of the needleless syringe
according to the present invention, the preparatory op-
eration and the discharge execution operation are not
the operations which are independent from each other
respectively, and the preparatory operation and the dis-
charge execution operation are mechanically correlated
with each other by the aid of the protruding member. Ac-
cordingly, it is possible to avoid such a situation that the
user erroneously executes the discharge execution op-
eration in a state in which the preparatory operation is
not completed.
[0015] In other words, the needleless syringe accord-
ing to the present invention is constructed such that the
discharge execution operation is not permitted if the user
does not perform the preparatory operation with a definite
intention. Therefore, in order to perform the discharge
execution operation, for example, such an operation is
required that the user intentionally applies the load to the

syringe to press the syringe against the injection target
area. Therefore, it is necessary that the load, which is
required for the protruding member to move from the first
position to the second position, should be also adjusted
depending thereon, and the adjustment may be per-
formed, for example, by means of the maintaining mech-
anism. Note that it is possible to adopt a variety of mech-
anisms for the protruding member, provided that the pro-
truding member can be moved in the direction opposite
to the direction in which the needleless syringe is pressed
against the injection target area, when the needleless
syringe is pressed against the injection target area.
[0016] Further, in the case of the needleless syringe
according to the present invention, the forward end of
the nozzle unit may be flush with the end surface of the
housing. Alternatively, the nozzle unit may be in such a
state that the nozzle unit protrudes from the end surface
of the housing. In the case of the former, the second
position, at which the protruding member is located, is
the position at which the protruding length is zero. In the
case of the latter, the second position, at which the pro-
truding member is located, is the position at which the
protruding length is the same as the amount of protrusion
of the nozzle unit from the end surface of the housing
(protruding length is not zero) in some cases, or the pro-
truding length is smaller than the amount of protrusion
of the nozzle unit in other cases.
[0017] Note that, as for the syringe according to the
present invention, the injection objective substance in-
cludes the component which is expected to exhibit the
efficacy at the objective portion of the injection target ar-
ea. Therefore, an accommodation state of the injection
objective substance in the accommodating unit and a
specific physical form of the injection objective substance
such fluid in a liquid or gel form, powder, granular solid
is not particularly limited as long as that the discharge
can be performed at least by the energy applied by the
driving unit. For example, the injection objective sub-
stance may be a liquid. Alternatively, the injection objec-
tive substance may be a solid in a gel form provided that
the fluidity, which enables the discharge, is secured, even
when the injection objective substance is the solid. The
injection objective substance may contain a component
which is to be delivered to the objective portion. The com-
ponent may exist in a state of being dissolved in the in-
jection objective substance or may exist in a simply mixed
state without being dissolved. Examples of the compo-
nent to be delivered include vaccines for enhancing an-
tibody, proteins for cosmetic treatments, and cultured
cells for regenerating hair. These components are con-
tained in fluid in a liquid or gel form so that the compo-
nents can be injected, whereby the injection objective
substance is formed.
[0018] In this context, in the needleless syringe de-
scribed above, the protruding member may be formed
by an annular member which surrounds the discharge
port. If the needleless syringe is constructed such that
the protruding member surrounds the discharge port as
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described above, when the injection objective substance
is discharged, then a part of the injection objective sub-
stance, which does not enter the inside of the injection
target area, can be thereby shut off by means of the an-
nular protruding member, and it is possible to avoid the
scattering around the user. Further, even when the pro-
truding member is not annular, if the protruding member
is formed to surround the discharge port in a state in
which a part of the protruding member is cut out, then it
is also possible to more reliably avoid the scattering of
the injection objective substance by shortening the cutout
distance.
[0019] Further, the needleless syringe may comprise
a plurality of the protruding members. In this case, the
voltage application from the power source circuit to the
driving unit is executed in accordance with movement of
all of the plurality of protruding members to the second
position. When the needleless syringe is constructed as
described above, the movement of all of the protruding
members to the second position serves as the trigger for
the voltage application. Therefore, it is possible to prompt
the user to perform the more careful preparatory opera-
tion. It is possible to more precisely avoid the unintended
discharge of the injection objective substance. Further,
from another viewpoint, the structure as described above
makes it possible for the user to control the attitude or
posture of the needleless syringe with respect to the in-
jection target area in order to move all of the protruding
members to the second position in order that the injection
is performed. The structure contributes to realize the ap-
propriate injection.
[0020] Further, when the plurality of protruding mem-
bers are provided as described above, the plurality of
protruding members may be arranged in a circumferen-
tial direction around the discharge port on the end surface
of the housing. In this case, it is preferable that the re-
spective protruding members are arranged so that dis-
tances from the nozzle unit are identical with each other.
Owing to the structure as described above, the attitude
or posture of the needleless syringe with respect to the
injection target area can be a more appropriate attitude
or posture about the center of the discharge port (for ex-
ample, an attitude or posture orthogonal to the injection
target area).
[0021] Further, when the plurality of protruding mem-
bers are provided as described above, then the housing
may have a visual recognition window which is provided
on a side surface thereof in order to visually recognize
an interior; and the accommodating unit may be formed
so that the accommodated injection objective substance
can be visually recognized from outside through the vis-
ual recognition window. In this case, it is preferable that
the plurality of protruding members are arranged respec-
tively so that the plurality of protruding members are not
overlapped with the visual recognition window before and
after the movement from the first position to the second
position. Owing to the structure as described above, the
visual recognition of the injection objective substance,

which is performed by the user through the visual recog-
nition window, can be reliably secured without disturbing
the effect brought about by the plurality of protruding
members (precise prevention of any unintended dis-
charge of the injection objective substance and attitude
or posture maintenance of the needleless syringe).
[0022] In this context, the needleless syringe de-
scribed above may further comprise a syringe unit which
collectively stores, as one unit, the accommodating unit,
the driving unit, and the nozzle unit in the housing, so
that the discharge port of the nozzle unit is arranged at
a forward end of the unit. In this case, it is preferable that
the protruding member is formed as the syringe unit, and
the first position is a position at which the forward end of
the syringe unit protrudes from the end surface of the
housing. Owing to the structure as described above, it is
possible to allow the syringe unit itself to function as the
protruding member according to the present invention.
Specifically, the syringe unit, which is located at the first
position, is intruded into the housing to move to the sec-
ond position in a state in which the discharge port and
the injection target area are brought in contact with each
other. Accordingly, the voltage application from the pow-
er source circuit to the driving unit is executed. As a result,
the preparatory operation and the discharge execution
operation of the user can be mechanically correlated with
each other. Thus, it is possible to avoid any unintended
discharge of the injection objective substance.
[0023] Further, the needleless syringe described
above may further comprise an annular elastic cover
which is arranged on the end surface of the housing and
which surrounds the forward end of the syringe unit. In
this case, it is preferable that the cover is formed so that
a protruding length of the forward end of the cover from
the end surface of the housing is not less than a protrud-
ing length of the forward end of the syringe unit from the
end surface of the housing when the syringe unit is dis-
posed at the first position, and the cover allows the sy-
ringe unit to move to the second position by being elas-
tically deformed by the pressing force when the syringe
unit is intruded by the pressing force. If the forward end
of the cover is flush with the forward end of the syringe
unit or the forward end of the cover protrudes therefrom
when the syringe unit is disposed at the first position, it
is thereby possible to avoid any careless action of the
pressing force exerted on the syringe unit. Then, the elas-
tic member is progressively deformed by the pressing
force, and thus the syringe unit can be moved from the
first position to the second position. On this account, in
order to apply the voltage to the driving unit, it is neces-
sary to move against the elastic force of the elastic mem-
ber. Therefore, even if any pressing force carelessly acts
on the syringe unit, it is possible to avoid any useless
occurrence of the voltage application.
[0024] In this context, the needleless syringe de-
scribed above may further comprise an operation switch
which is operated in accordance with an operation of a
user in relation to the voltage application from the power
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source circuit to the driving unit in a direction different
from a direction of the movement of the protruding mem-
ber from the first position to the second position. In this
case, the voltage application from the power source cir-
cuit to the driving unit is executed when the protruding
member arrives at the second position and the operation
switch is operated so that the voltage can be applied.
That is, the needleless syringe resides in the invention
which correlates the operation of the operation switch as
the injection execution operation with the preparatory op-
eration, in addition to the operation to move the protruding
member from the first position to the second position. In
relation thereto, the setting is made such that the former
operation direction is different from the latter operation
direction. Thus, the both operations in the injection exe-
cution operation can be made independent from each
other. Accordingly, in order to apply the voltage to the
driving unit, the requirement of the execution of the op-
eration of the operation switch is imposed on the user
distinctly from the operation to bring the discharge port
in contact with the injection target area in order to apply
the voltage to the driving unit. Therefore, it is possible to
more precisely avoid any unintended discharge of the
injection objective substance.
[0025] In this context, the following form can be exem-
plified as the form of the maintaining mechanism for main-
taining the protruding member at the first position. For
example, as for the needleless syringe described above,
the maintaining mechanism may have an urging member
which urges the protruding member in a protruding di-
rection thereof by means of a predetermined urging force.
In the case of the structure as described above, the pro-
truding member is progressively intruded against the pre-
determined urging force brought about by the urging
member. Accordingly, the protruding member can be
moved to the second position, and it is possible to exe-
cute the voltage application to the driving unit. Note that
the predetermined urging force determines the easiness
of the movement of the protruding member to the second
position. Therefore, the predetermined urging force may
be determined while considering, for example, the con-
venience of the user and the effectiveness of the preven-
tion of the unintended discharge of the injection objective
substance.
[0026] Further, as another form of the maintaining
mechanism, as for the needleless syringe described
above, the maintaining mechanism may be formed in
such a fitting relationship that the maintaining mechanism
maintains the protruding member at the first position
against the pressing force if the pressing force is not more
than a predetermined value, while the maintaining mech-
anism allows the protruding member to move to the sec-
ond position if the pressing force is larger than the pre-
determined value. In the case of the structure as de-
scribed above, the fitting relationship is released when
the pressing force exerted on the protruding member ex-
ceeds the predetermined value. The protruding member
can be moved to the second position, and it is possible

to execute the voltage application to the driving unit. Note
that the magnitude of the predetermined value deter-
mines the easiness of the movement of the protruding
member to the second position. Therefore, the magni-
tude of the predetermined value may be determined while
considering, for example, the convenience of the user
and the effectiveness of the prevention of the unintended
discharge of the injection objective substance in the
same manner as the form described above.

ADVANTAGEOUS EFFECT OF THE INVENTION

[0027] It is possible to appropriately avoid the unin-
tended discharge from the syringe which discharges the
injection objective substance such as the injection solu-
tion or the like without using any injection needle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]

Fig. 1 shows a first drawing illustrating a schematic
structure of a needleless syringe according to the
present invention.
Fig. 2 shows a second drawing illustrating a sche-
matic structure of the needleless syringe according
to the present invention.
Fig. 3 shows the action of a switch mechanism of
the needleless syringe according to the present in-
vention.
Fig. 4 shows front views illustrating needleless sy-
ringes according to the present invention.
Fig. 5 schematically shows a second embodiment
of the needleless syringe according to the present
invention.
Fig. 6 schematically shows a third embodiment of
the needleless syringe according to the present in-
vention.
Fig. 7 schematically shows a fourth embodiment of
the needleless syringe according to the present in-
vention.
Fig. 8 schematically shows a fifth embodiment of the
needleless syringe according to the present inven-
tion.
Fig. 9 schematically shows a sixth embodiment of
the needleless syringe according to the present in-
vention.

EMBODIMENTS FOR CARRYING OUT THE INVEN-
TION

[0029] An explanation will be made below with refer-
ence to the drawings about a needleless syringe 1 ac-
cording to an embodiment of the present invention (here-
inafter simply referred to as "syringe 1"). Note that the
structure of the following embodiment is described by
way of example, and the present invention is not limited
to the structure of the embodiment.
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First Embodiment

<Structure of syringe 1>

[0030] In this specification, Figs. 1 and 2 shows a sche-
matic structure of the syringe 1. Fig. 1 shows a perspec-
tive view illustrating the syringe 1, and Fig. 2 shows a
sectional view of the syringe 1 taken in a longitudinal
direction thereof. The syringe 1 is formed by charging a
syringe unit 10 described later on into a housing 2. Note
that, in the following description of this specification, the
injection objective substance, which is injected into an
injection target area by the syringe 1, is generally referred
to as "injection solution". However, this does not intend
to limit the content and the form of the substance to be
injected. As for the injection objective substance, it is
allowable that the component, which is to be delivered,
for example, to the skin structure as the injection target
area, is either dissolved or undissolved. Further, no prob-
lem arises in relation to the specified form of the injection
objective substance as well, provided that the injection
objective substance can be discharged with respect to
the injection target area from a nozzle 16a by being pres-
surized. It is possible to adopt various forms including,
for example, liquid and gel forms.
[0031] The syringe 1 is constructed so that the syringe
unit 10 is detachable with respect to the housing 2. The
syringe unit 10 is the unit which is used once and then
thrown away every time when the injection solution is
discharged. On the other hand, the housing 2 includes a
battery 30 which supplies the electric power to an igniter
11 included in the syringe unit 10. The housing 2 is the
unit which can be repeatedly used as long as the electric
power capable of being supplied to the igniter 11 remains
in the battery 30. Note that the battery 30 may be ex-
changeable as well.
[0032] In this arrangement, the syringe unit 10 has a
body which is formed to be cylindrical. The syringe unit
10 has therein the igniter 11 which is an electric igniter
for generating the energy for the discharge by combust-
ing a propellant or explosive component. The syringe unit
10 is in a state of being incorporated with a piston 14
which transmits the energy brought about by the igniter
11 to the side of an accommodating unit 16 as described
later on. In particular, the syringe unit 10 has the body
which is produced by means of the injection molding of
a resin. A known method can be used for the injection
molding. In this case, the igniter 11 is positioned in the
body so that the piston 14 is positioned in a direction of
the release of the combustion gas produced by the com-
bustion of an ignition charge in the igniter 11. The insert
molding is performed so that the igniter 11 and the body
are integrated into one unit. Note that as for the resin
material for the body of the syringe unit 10, it is possible
to use, for example, known nylon 6-12, polyarylate, poly-
butylene terephthalate, polyphenylene sulfide, or liquid
crystal polymer. A filler or packing material such as glass
fiber, glass filler or the like may be contained in the resin

as described above. 20 to 80% by mass of glass fiber
can be contained in polybutylene terephthalate, 20 to
80% by mass of glass fiber can be contained in polyphe-
nylene sulfide, and 20 to 80% by mass of mineral can be
contained in liquid crystal polymer. Further, a metal may
be used in combination for a part for which the heat re-
sistance and/or the pressure resistance is/are required.
[0033] In this case, the ignition charge used in the ig-
niter 11 is preferably exemplified by a propellant contain-
ing zirconium and potassium perchlorate (ZPP), a pro-
pellant containing titanium hydride and potassium per-
chlorate (THPP), a propellant containing titanium and po-
tassium perchlorate (TiPP), a propellant containing alu-
minum and potassium perchlorate (APP), a propellant
containing aluminum and bismuth oxide (ABO), a pro-
pellant containing aluminum and molybdenum oxide
(AMO), a propellant containing aluminum and copper ox-
ide (ACO), a propellant containing aluminum and ferric
oxide (AFO), and a mixture of some of the aforemen-
tioned propellants. The propellants as described above
have the following characteristics. That is, the plasma at
a high temperature and a high pressure is generated dur-
ing the combustion immediately after the ignition. How-
ever, when the temperature becomes the ordinary tem-
perature, and the combustion product is condensed, then
the generated pressure is suddenly lowered, because no
gas component is contained. It is also allowable that any
propellant other than the above is used as the ignition
charge, provided that the appropriate injection can be
performed.
[0034] Note that a combustion chamber 12 is formed
in front of the igniter 11 (in the direction in which the com-
bustion gas is released). A through-hole 13, which has
a constant diameter in the axial direction, is provided,
which is connected to the combustion chamber 12. Then,
the remaining end of the through-hole 13 arrives at a
space for accommodating the accommodating unit 16.
The piston 14 made of metal is arranged in the through-
hole 13 so that the piston 14 can be propelled in the axial
direction in the through-hole 13. One end thereof is di-
rected toward the combustion chamber 12. Further, the
remaining other end is connected to a plunger 15 for en-
closing the injection solution in the accommodating unit
16.
[0035] An explanation will now be made about the ac-
commodating unit 16 enclosing the injection solution. The
plunger 15 is formed of a resin material. For example,
butyl rubber and silicon rubber can be adopted as the
material for the plunger 15. Further, examples of the ma-
terial include styrene-based elastomer, hydrogenated
styrene-based elastomer, and the styrene-based elas-
tomer and the hydrogenated styrene-based elastomer
added with polyethylene, polypropylene, polybutene,
polyolefin such as α-olefin copolymer, liquid paraffin, oil
such as process oil, and powder inorganic matters such
as talc, cast, and mica. Further, polyvinyl chloride-based
elastomer, olefin-based elastomer, polyester-based
elastomer, polyamide-based elastomer, and poly-
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urethane-based elastomer, various rubber materials (in
particular, those subjected to vulcanization) such as nat-
ural rubber, isoprene rubber, chloroprene rubber, nitrile-
butadiene rubber, and styrene-butadiene rubber, mix-
tures of the kinds of elastomer and the kinds of rubber,
and the like can be adopted as the material for the plung-
er.
[0036] The plunger 15 is arranged in the accommodat-
ing unit 16 as described above, and thus a hermetically
closed space 16a for enclosing the injection solution is
formed in the accommodating unit 16. Further, a nozzle
16b, which is provided to discharge the injection solution
to the outside, is formed at a forward end of the accom-
modating unit 16, i.e., at an end portion disposed on the
side opposite to an end portion at which the plunger 15
is inserted. In the syringe unit 10 constructed as de-
scribed above, the interior of the combustion chamber
12 is in a state of high temperature and high pressure by
means of the combustion gas produced by the combus-
tion of the propellant in the igniter 11. As a result, the
piston 14 is propelled in the through-hole 13 by means
of the pressurization. The injection solution, which has
been accommodated in the hermetically closed space
16a, is pressurized. The injection solution is discharged
from the discharge port of the nozzle 16b to the outside.
[0037] Further, any additional powder component is
not specifically arranged in the combustion chamber 12
shown in Fig. 2. However, in order to adjust the pressure
transition applied to the injection solution by the aid of
the piston 14, a gas generating agent or the like, which
is combusted by the combustion product produced by
the combustion of the propellant in the igniter 11 and
which produces the gas, can be also arranged in the com-
bustion chamber 12. An example of the gas generating
agent is exemplified by a single base smokeless propel-
lant composed of 98% by mass of nitrocellulose, 0.8%
by mass of diphenylamine, and 1.2% by mass of potas-
sium sulfate. Further, it is also possible to use a variety
of gas generating agents used for a gas generator for
the air bag and a gas generator for the seat belt preten-
sioner. It is possible to change the combustion comple-
tion time of the gas generating agent by adjusting the
dimension, the size, and the shape, especially the sur-
face shape of the gas generating agent arranged in the
combustion chamber 12. Accordingly, the pressure tran-
sition to be applied to the injection solution can be a de-
sired transition, i.e., a transition with which the injection
solution can appropriately arrive at the injection target
area. In the present invention, the igniter 11 arranged in
the combustion chamber 12 is using as the driving unit.
And the gas generating agent or the like, which is option-
ally used, is also included in the driving unit.
[0038] As shown in Fig. 1, the syringe unit 10, which
is constructed as described above, is installed to an ac-
commodating space 2b from an opening provided on the
side surface of the housing 2. In this process, the nozzle
16b, which is positioned at the forward end portion of the
accommodating unit 16, is fitted into a through-hole 4

which is provided on a forward end surface 3 of the hous-
ing 2. The fixation is effected in the accommodating
space 2b in a state in which the proximal end side of the
syringe unit 10 (end portion disposed on the side opposite
to the forward end portion provided with the nozzle 16b)
is pressed against a bottom surface 2c positioned at the
deep portion of the accommodating space 2b by means
of fixing means brought about by an unillustrated elastic
member. As a result, the positioning is effected in a state
in which a connecting terminal 10a for the igniter 11,
which is provided on the end surface of the syringe unit
10 on the side of the proximal end portion, is brought in
contact with a connecting terminal 30a on the side of the
battery 30 provided on the bottom surface 2c. Note that
Fig. 2 is depicted in a state in which the connecting ter-
minals 10a, 30a are intentionally separated from each
other in order to more comprehensively understand the
structure of the syringe 1. In this fixation state, if the volt-
age is applied from the battery 30 to the igniter 11 by the
aid of the connecting terminals 10a, 30a which are
brought in contact with each other, the discharge of the
injection solution is executed in accordance with the com-
bustion of the propellant.
[0039] Note that the opening to arrive at the accom-
modating space 2b of the housing 2 is provided with a
door portion 2a for opening/closing the opening. When
a user installs the syringe unit 10 to the housing 2 upon
the use of the syringe 1, the user can access the opening
by opening the door portion 2a. When the installation of
the syringe unit 10 is completed, it is possible to suppress
the abrupt disengagement of the syringe unit by closing
the door portion 2a.
[0040] An explanation will now be made about the
structure which relates to the operation for discharging
the injection solution with the syringe 1, i.e., the operation
for applying the voltage from the battery 30 to the igniter
11. In the syringe 1, the execution of the voltage appli-
cation from the battery 30 to the igniter 11 is controlled
by the switch constructed by switch members 35, 36.
That is, a circuit for applying the voltage from the battery
30 to the igniter 11 is formed by the switch members 35,
36. In this case, the switch member 35 is formed to have
a stick-shaped form. The switch member 35 is arranged
in the housing 2 in the longitudinal direction of the housing
2 so that the switch member 35 is slidable in the longitu-
dinal direction. In the state shown in Fig. 2, a forward end
portion 35a of the switch member 35 protrudes from an
end surface 3a of the forward end portion of the housing
2. The height of protrusion is represented by h1. Then,
a brim portion 35b is provided in the vicinity of the prox-
imal end of the switch member 35. Further, a proximal
end portion 35c is arranged. In this arrangement, the con-
necting terminal 30a arranged on the bottom surface 2c
is connected to the portion disposed in the vicinity of the
brim portion 35b of the switch member 35 via a wiring 33
in the housing 2. Accordingly, an electric conduction state
is formed between one of the connecting terminals 30a
and the proximal end portion 35c. Note that the forward
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end portion 35a of the switch member 35 is constructed
so that the insulation state is retained with respect to the
proximal end portion 35c. Further, the other of the con-
necting terminals 30a (connecting terminal 30a not con-
nected to the switch member 35) is connected to the mi-
nus terminal of the battery 30.
[0041] In the next place, the switch member 36 has a
brim portion 36a made of metal which is fixed in the hous-
ing 2 and which is connected to the plus terminal of the
battery 30, and a spring portion 36b which is composed
of an insulating material. The spring portion 36b has both
ends thereof which are connected to the brim portion 35b
of the switch member 35 and the brim portion 36a of the
switch member 36. Therefore, the spring portion 36b is
elastically deformed depending on the position of the
switch member 35 which is arranged slidably in the hous-
ing 2 to apply the urging force depending on the amount
of elastic deformation with respect to the switch member
35. Note that the spring portion 36b is made of the insu-
lating material. Therefore, any electric conduction state
is not given between the brim portion 35b and the brim
portion 36a via the spring portion 36b. Note that the
switch member 35 corresponds to the protruding member
which is referred to in the present invention. The spring
portion 36b corresponds to the maintaining mechanism
which maintains such a state that the forward end portion
35a of the switch member 35 protrudes from the end
surface 3a of the housing 2 in the state provided before
the operation.
[0042] In this arrangement, in the state in which any
external force is not exerted on the switch member 35
arranged slidably, as shown in Fig. 2, the forward end
portion 35a is maintained in such a state that the forward
end portion 35a protrudes by the height h1 from the sur-
face 3a of the forward end surface 3 of the housing 2,
i.e., the end surface at which the discharge port of the
nozzle 16b for discharging the injection solution is ar-
ranged, owing to the presence of the spring portion 36b.
The position of the switch member 35, which is provided
in the protruding state, corresponds to the first position
according to the present invention. In this situation, the
switch member 35 and the switch member 36 are dis-
posed in a state in which the switch member 35 and the
switch member 36 are not electrically brought in contact
with each other by the aid of the spring portion 36b (here-
inafter referred to as "noncontact state"). Therefore, such
a state is not given that the output voltage of the battery
30 is applied to the igniter 11 via the connecting terminals
10a, 30a.
[0043] When the user intends to inject the injection so-
lution into the injection target area by using the syringe
1, it is necessary to perform the preparatory operation in
which the discharge port of the nozzle 16b is brought in
contact with the surface of the injection target area and
the discharge execution operation in which the voltage
is applied to the igniter 11 in order to discharge the in-
jection solution. Accordingly, as shown in Fig. 3(a), when
the user intends to bring the discharge port of the nozzle

16b in contact with the surface of the injection target area
as the preparatory operation, the forward end portion 35a
is brought in contact with the injection target area before
the discharge port is brought in contact with the injection
target area, because the forward end portion 35a of the
switch member 35 protrudes by the height h1 as de-
scribed above. Note that even when the forward end por-
tion 35a is merely brought in contact with the injection
target area, the switch member 35 does not slide into the
housing 2, on account of the urging force exerted by the
spring portion 36b.
[0044] Then, the syringe 1 is allowed to approach the
injection target area by the user while maintaining the
state in which the forward end portion 35a is brought in
contact with the injection target area to give a state shown
in Fig. 3(b), i.e., a state in which the discharge port of the
nozzle 16b is brought in contact with the injection target
area. In this situation, the spring portion 36b is connected
to the switch member 35. Therefore, the user intrudes
the switch member 35 into the interior of the housing 2
against the urging force, and thus the discharge port of
the nozzle 16b is brought in contact with the surface of
the injection target area to complete the preparatory op-
eration for the injection. The position of the switch mem-
ber 35 intruded into the interior of the housing 2 as de-
scribed above corresponds to the second position ac-
cording to the present invention.
[0045] At the point in time at which the preparatory op-
eration is completed, the switch member 35 slides into
the housing 2 by the amount corresponding to the initial
protruding height h1. Therefore, the spring portion 36b
is compressed by the amount corresponding to the slide
amount. Then, in the state in which the spring portion
36b is compressed, the proximal end portion 35c of the
switch member 35 is brought in contact with the brim
portion 36a of the switch member 36. Therefore, the
switch member 35 and the switch member 36 are in the
electric conduction state. The output voltage of the bat-
tery 30 is applied to the connecting terminal 30a. The
voltage is applied via the connecting terminal 10a to the
igniter 11 arranged in the syringe unit 10, and the injection
solution is discharged.
[0046] In the case of the syringe 1 in which the voltage
application to the igniter 11 is controlled by using the
starting point of the slide of the switch member 35 into
the interior of the housing 2 as described above, when
the user starts the preparatory operation in which the
discharge port of the nozzle 16b is brought in contact
with the injection target area, and the preparatory oper-
ation is completed, then the voltage application to the
igniter 11 is cooperatively executed in accordance with
the contact between the switch members 35, 36 corre-
sponding to the discharge execution operation. That is,
in the case of the syringe 1, the preparatory operation
and the discharge execution operation are mechanically
correlated with each other by the aid of the switch mem-
ber 35 which especially performs the slide movement.
Accordingly, it is possible to avoid such a situation that

15 16 



EP 3 338 836 A1

10

5

10

15

20

25

30

35

40

45

50

55

the user erroneously executes the discharge execution
operation in a state in which the preparatory operation is
not completed. In other words, the voltage application to
the igniter 11 is not executed if the state, in which the
discharge port of the nozzle 16b is brought in contact
with the injection target area, is not given. Therefore, in
the case of the syringe 1, it is possible to avoid the un-
intended discharge of the injection solution.

<First modified embodiment>

[0047] A first modified embodiment of the syringe 1 will
now be explained on the basis of Fig. 4. Fig. 4 shows
front views illustrating syringes 1 as viewed from the for-
ward end side. In the embodiment described above, as
shown in Fig. 4(a), one switch member 35 is arranged,
which protrudes from the forward end surface 3a of the
housing 2. However, in this modified embodiment, as
shown in Fig. 4(b), a plurality of, i.e., three switch mem-
bers 35 are arranged at equal intervals (equal angles)
around the center of the discharge port of the nozzle 16b.
Note that the protruding heights of the respective switch
members 35 are set to approximately identical heights.
Further, three switch members 36, which correspond to
the respective switch members 35, are arranged in the
housing 2. Then, the three pairs of switch members 35,
36 are connected in series between the connecting ter-
minal 30a and the plus terminal of the battery 30.
[0048] In the case of the syringe 1 according to this
modified embodiment constructed as described above,
all of the three switch members 35 slide into the housing,
and the switch members 35 are brought in contact with
the corresponding switch members 36 respectively. Ac-
cordingly, the conduction state is given between the con-
necting terminal 30a and the plus terminal of the battery
30, and the voltage application to the igniter 11 is per-
formed. Accordingly, the slide of the three switch mem-
bers 35 is required for the user as the preparatory oper-
ation for the syringe 1. Therefore, it is possible to conse-
quently prompt the more careful preparatory operation.
It is possible to precisely avoid any unintended discharge
of the injection solution. Further, the three switch mem-
bers 35 are arranged in the circumferential direction
about the center of the discharge port of the nozzle 16b,
and each of the plurality of switch members is arranged
so that the distance from the nozzle 16b is identical.
Therefore, when the three switch members 35 are simul-
taneously brought in contact with the injection target area
and allowed to slide into the interior of the housing 2,
then the attitudes or postures thereof are automatically
controlled so that the syringe 1 is generally orthogonal
to the injection target area. Accordingly, the attitude or
posture of the syringe 1, which is suitable for the dis-
charge of the injection solution, is secured.

<Second modified embodiment>

[0049] An explanation will now be made on the basis

of Fig. 5 about a second modified embodiment of the
syringe 1. The embodiment described above is construct-
ed such that the spring portion 36b is arranged between
the brim portion 35b of the switch member 35 and the
brim portion 36a of the switch member 36, and the pro-
truding state of the switch member 35 is maintained by
the urging force exerted on the switch member 35. On
the other hand, this modified embodiment adopts a struc-
ture to retain the protruding state in place of the spring
portion 36b. Specifically, the protruding state is main-
tained by a maintaining member 6 which is fixed in the
housing 2 and a columnar projecting portion 35d which
is provided at a portion positioned at the inside of the
housing 2 in a state in which the switch member 35 is
not brought in contact with the injection target area (por-
tion of the switch member 35 belonging to an area dis-
posed on the left side with respect to a dotted line shown
in Fig. 5(a)).
[0050] As shown in Fig. 5(b), the maintaining member
6 has two through-holes 6a, 6b. The through-holes 6a,
6b are arranged so that parts of the circular through-holes
are overlapped with each other to form a through-hole
having a so-called daruma (tumbling doll)-shaped form
(Venn diagram-like shape composed of two overlapping
circles). Both of the through-holes 6a, 6b have the max-
imum width of D1. Then, the width W1, which forms the
boundary between the through-holes 6a, 6b, is shorter
than the width D1. In this arrangement, the diameter of
the projecting portion 35d is D2 which is slightly smaller
than the width D1 and which is slightly larger than the
width W1. Then, in a state in which the forward end por-
tion 35a of the switch member 35 protrudes, the project-
ing portion 35d is fitted into the through-hole 6b as shown
in Fig. 5(b). The diameter D2 of the projecting portion
35d is larger than the width W1. Therefore, if the pressing
force, which acts on the forward end portion 35a in ac-
cordance with the contact with the injection target area,
is not more than a predetermined value, the projecting
portion 35d stays in the through-hole 6b.
[0051] On the other hand, if the pressing force is in-
creased and the pressing force exceeds the predeter-
mined value, then the maintaining member 6 is elastically
deformed in the vicinity of the boundary between the
through-holes 6a, 6b, and the width W1 of the boundary
is widened. Accordingly, as shown in Fig. 5(c), the pro-
jecting portion 35d moves from the through-hole 6b to
the through-hole 6a. As a result, such a state is given
that the switch member 35 is intruded into the housing 2
together with the forward end portion 35a, and the prox-
imal end portion 35c is brought in contact with the brim
portion 36a. Thus, the voltage application to the igniter
11 is executed. It is also possible to preferably avoid any
unintended discharge of the injection solution by means
of the syringe 1 which adopts the structure to maintain
the switch member 35 as described above. Note that
when the projecting portion 35 completely moves to the
through-hole 6a, then the maintaining member 6 is re-
stored from the elastic deformation in the vicinity of the
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boundary between the through-holes 6a, 6b, and the
movement of the projecting portion 35d is restricted
again. Note that in the exemplary arrangement shown in
Fig. 5, the projecting portion 35d may be elastically de-
formed as well. Further, other than the elastic deforma-
tion described above, the movement of the switch mem-
ber 35 as described above may be realized by utilizing
the plastic deformation of the maintaining member 6
and/or the projecting portion 35d.

<Third modified embodiment>

[0052] An explanation will now be made on the basis
of Fig. 6 about a third modified embodiment of the syringe
1. Fig. 6 schematically shows the forward end side of the
syringe. In the case of the syringe 1 shown in Fig. 6,
forward end portions of three switch members 35 pro-
trude to surround the discharge port of the nozzle 16b.
Each of the switch members 35 is formed to have a band-
shaped form having a predetermined width. The forward
end portions of the switch members 35 form a discontin-
uous annular protruding portion as a whole. When the
plurality of switch members 35 are arranged as described
above, it is possible to preferably suppress any unintend-
ed discharge of the injection solution as described above.
Further, it is possible to prevent the injection solution dis-
charged upon the injection from being scattered to the
surroundings to no small extent by means of the protrud-
ing portion formed to have the discontinuous annular
shape.
[0053] Further, a visual recognition window 5 is ar-
ranged on the side surface of the housing 2 of the syringe
1 shown in Fig. 6 so that the state of the injection solution
in the syringe unit 10 charged to the inside (for example,
the presence or absence of the injection solution) can be
visually recognized from the outside. The width of the
visual recognition window 5 is set to be smaller than the
distance W2 between the end portion Pa of one switch
member 35 and the end portion Pb of the adjoining switch
member 35. Accordingly, it is possible to avoid such a
situation that the slide of the switch members 35 into the
housing 2 interferes with the visual recognition window
5. Note that when one visual recognition window 5 is
provided, then the switch members 35 may be separated
from each other as shown in Fig. 6 at the portion corre-
sponding to the window, and the switch members 35 may
be connected to one another at the other portion to form
a horseshoe-shaped switch member as a whole.
[0054] Further, when it is unnecessary to provide the
visual recognition window 5, or when the visual recogni-
tion window 5 does not interfere with the slide of the
switch member 35, then the switch member may be
formed to have an annular shape to surround the dis-
charge port of the nozzle 16b as shown in Fig. 7. When
the structure as described above is adopted, it is possible
to more reliably suppress the scattering of the discharged
injection solution to the surroundings.

Second Embodiment

[0055] Next, an explanation will be made on the basis
of Fig. 8 about a syringe 1 according to a second em-
bodiment of the present invention. Note that the consti-
tutive components or parts of the syringe 1 according to
this embodiment, which are the same as the constitutive
components or parts of the syringe according to the first
embodiment described above, are designated by the
same reference numerals, any detailed explanation of
which will be omitted. The structure of the syringe 1 ac-
cording to this embodiment is different from the structure
of the syringe 1 shown in Fig. 2 in that an ignition switch
37, which is usable to control the voltage application from
the battery 30 to the igniter 11, is further provided be-
tween the plus terminal of the battery 30 and the brim
portion 36a of the switch member 36.
[0056] The ignition switch 37 is connected to the brim
portion 36a via a wiring 32a, and the ignition switch 37
is connected to the plus terminal of the battery 30 via a
wiring 32b. Then, the conduction state is given between
the brim portion 36a and the plus terminal of the battery
30 in accordance with the pressing operation performed
by a user for depressing a button included in the ignition
switch 37. The direction of the pressing operation of the
ignition switch 37 is orthogonal to the side surface of the
housing 2. Therefore, the pressing operation direction is
different by about 90 degrees from the slide direction of
the switch member 35 along with the longitudinal direc-
tion of the housing 2.
[0057] In the case of the syringe 1 construct as de-
scribed above, the user brings the discharge port of the
nozzle 16b in contact with the injection target area to
allow the switch members 35, 36 to be in the conduction
state. Further, the user performs the pressing operation
for the ignition switch 37. Thus, the voltage is applied to
the igniter 11 and the injection solution can be dis-
charged. In this way, another operation is required in ad-
dition to the operation for making the contact between
the discharge port and the injection target area until ar-
rival at the voltage application to the igniter 11. Thus, it
is possible to more precisely avoid any unintended dis-
charge of the injection solution. Further, as described
above, the pressing operation direction of the ignition
switch 37 is different from the slide direction of the switch
member 35. Therefore, the clearly different operations
are required for the user. Therefore, it is necessary that
the respective operations should be performed inde-
pendently. Therefore, this necessity contributes to the
prevention of any unintended discharge of the injection
solution.
[0058] Note that any one of the operation to provide
the conduction state of the switch members 35, 36 and
the pressing operation of the ignition switch 37 may be
performed antecedently. Further, it is not necessarily in-
dispensable that the ignition switch 37 forms the conduc-
tion state in accordance with the pressing operation. The
ignition switch 37 may be a switch of such a type that the
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conduction state is formed by performing the slide oper-
ation for a slide switch. Also in this case, it is preferable
that the slide direction of the slide switch is different from
the slide direction of the switch member 35. Alternatively,
the ignition switch 37 can be also constructed such that
the ignition switch 37 cannot be operated, or the electric
conduction is not caused even when the operation is per-
formed, before the switch member 35 is moved from the
first position to the second position.

Third Embodiment

[0059] Next, an explanation will be made on the basis
of Fig. 9 about a syringe 1 according to a third embodi-
ment of the present invention. Note that the constitutive
components or parts of the syringe 1 according to this
embodiment, which are the same as the constitutive com-
ponents or parts of the syringe according to the first em-
bodiment described above, are designated by the same
reference numerals, any detailed explanation of which
will be omitted. The structure of the syringe 1 according
to this embodiment is different from the structure of the
syringe 1 shown in Fig. 2 in that a syringe unit 10 itself
protrudes from the surface 3b of the forward end surface
3 of the housing 2 in place of the switch member 35.
Therefore, the syringe 1 shown in Fig. 9 does not adopt
the structure of the switch members 35, 36 described
above.
[0060] In the case of the syringe 1 shown in Fig. 9, the
syringe unit 10 is charged into the housing 2 so that the
discharge port of the nozzle 16b included in the syringe
unit 10 protrudes by a height h2 from the surface 3b of
the forward end surface 3 of the housing 2. Then, the
syringe unit 10 is connected to the housing 2 by the aid
of a spring portion 17 so that the syringe unit 10 is slidable
in the longitudinal direction in the housing 2. Further, con-
necting terminals 30b, which are connected to the plus
terminal and the minus terminal of the battery 30, are
formed in projection-shaped forms on the bottom surface
2c of the housing 2. When the syringe unit 10 slides to-
ward the bottom surface 2c, then the contact is made
with the connecting terminal 10a disposed on the side of
the syringe unit 10, and thus the output voltage of the
battery 30 is applied to the igniter 11.
[0061] When the external force does not act on the
syringe unit 10, a state is given, in which the position of
the discharge port of the nozzle 16b protrudes from the
forward end surface 3b by the height h2 in accordance
with the balance with respect to the urging force of the
spring portion 17. In this situation, the connecting termi-
nal 30b and the connecting terminal 10a are not brought
in contact with each other, and hence the voltage is not
applied to the igniter 11. In the case of the syringe 1
constructed as described above, the user brings the dis-
charge port of the nozzle 16b in contact with the surface
of the injection target area, and the user intrudes the sy-
ringe unit 10 into the housing while retaining the contact
state. Accordingly, the connecting terminal 30b and the

connecting terminal 10a can be brought in contact with
each other, and the igniter 11 can be allowed to perform
the voltage application and the discharge of the injection
solution. Therefore, in order to apply the voltage to the
igniter 11, it is necessary for the user to maintain such a
state that the syringe unit 10 is intruded into the housing
2 in a state in which the discharge port of the nozzle 16b
is brought in contact with the injection target area. Also
in the case of the syringe 1 shown in Fig. 9, the prepar-
atory operation and the discharge execution operation
of the user are correlated with each other by the aid of
the syringe unit 10 which corresponds to the protruding
member according to the present invention. Thus, it is
possible to avoid any unintended discharge of the injec-
tion solution in the case of the syringe 1 as well.
[0062] Note that when the syringe unit 10 protrudes
from the forward end surface 3b of the housing 2, it may
be also considered that there is such a fear that the for-
ward end of the syringe unit 10 may be brought in contact
with any one other than the injection target area, and the
voltage may be carelessly applied to the igniter 11. In
view of the above, as shown in Fig. 9, an elastic sheet
38, which has a thickness corresponding to the protrud-
ing height h2 of the syringe unit 10, is provided on the
surface 3b of the forward end surface 3 of the housing 2
so that the surface of the elastic sheet 38 is flush with
the forward end surface of the syringe unit 10 (position
of the discharge port of the nozzle 16b). The elastic sheet
38 is formed to have a sheet-shaped form with an elastic
member such as sponge, rubber or the like. In this way,
the protruding state of the syringe unit 10 is hidden by
the elastic sheet 38. Accordingly, it is possible to avoid
such a situation that any external force carelessly acts
on the syringe unit 10. In the case of the syringe 1 con-
structed as described above, when the user brings the
discharge port of the nozzle 16b in contact with the sur-
face of the injection target area, and the user intrudes
the syringe unit 10 into the housing while retaining the
contact state so as to compress the elastic sheet 38, then
the connecting terminal 30b and the connecting terminal
10a can be thereby brought in contact with each other,
and it is possible to perform the voltage application to the
igniter 11 and perform the discharge of the injection so-
lution. Note that the slide amount h2’ of the syringe unit
10, which enables the voltage application to the igniter
11, may be set to a value smaller than h2 described above
in consideration of the thickness of the elastic sheet 38.
Further, in the embodiment shown in Fig. 9, the syringe
unit 10 and the housing 2 may be assembled by utilizing
the fitting relationship as shown in Fig. 5 in place of the
spring portion 17. Further, the ignition switch 37 as shown
in Fig. 8 may be used in combination.

<Other embodiments>

[0063] According to the syringe 1 of the present inven-
tion, for example, cultured cells, stem cells, and the like
may be seeded or inoculated into injection target cells or

21 22 



EP 3 338 836 A1

13

5

10

15

20

25

30

35

40

45

50

55

scaffold tissues (scaffolds) in the field of the regenerative
medicine of human, in addition to the case where the
injection solution is injected into the skin structure. For
example, as described in Japanese Patent Application
Publication No. 2008-206477, the syringe 1 may inject
cells which may be appropriately determined by those
skilled in the art depending on a transplantation portion
and the purpose of the cell regeneration, for example,
endothelial cells, endothelial precursor cells, myeloid
cells, preosteoblast, chondrocytes, fibroblast, skin cells,
muscle cells, liver cells, kidney cells, intestinal tract cells,
and stem cells, as well as all cells considered in the field
of the regenerative medicine.
[0064] Further, the syringe 1 of the present invention
may be also used for delivering DNA or the like to cells
or scaffold tissues (scaffolds) as described in Japanese
Translation of PCT International Application Publication
No. 2007-525192. In this case, it is possible to suppress
an adverse effect on cells themselves or scaffold tissues
(scaffolds) themselves when the syringe 1 of the present
invention is used, as compared with when the delivery is
performed using a needle. Therefore, it can be said that
the use of the syringe 1 is more desirable.
[0065] Further, the syringe 1 of the present invention
is ideally useful, for example, when various genes, can-
cer inhibiting cells, lipid envelops, and the like are directly
delivered to target tissues and when antigen genes are
administered to enhance the immunity against patho-
gens. In addition to the above, the syringe 1 can be also
used, for example, in the field of medical treatment for
various diseases (for example, see Japanese Transla-
tion of PCT International Application Publication Nos.
2008-508881 and 2010-503616) and the field of immu-
nological medical treatment (for example, see Japanese
Translation of PCT International Application Publication
No. 2005-523679). The field, in which the syringe 1 is
usable, is not intentionally limited.

DESCRIPTION OF THE REFERENCE SIGNS

[0066]

1: syringe
2: housing
2b: accommodating space
2c: bottom surface
3: forward end surface
4: through-hole
5: visual recognition window
6: maintaining member
10: syringe unit
11: igniter
14: piston
15: plunger
16: accommodating unit
17: spring portion
16a: hermetically closed space
16b: nozzle

30: battery
35: switch member
35a: forward end portion
35b: brim portion
35c: proximal end portion
36: switch member
36a: brim portion
36b: spring portion
37: ignition switch
38: elastic sheet

Claims

1. A needleless syringe for injecting an injection objec-
tive substance into an injection target area by dis-
charging the injection objective substance without
using any injection needle, the needleless syringe
comprising:

an accommodating unit which is provided in a
housing of the needleless syringe and which ac-
commodates the injection objective substance;
a driving unit which is operated when a voltage
is applied to generate discharge energy in order
to discharge the injection objective substance
accommodated in the accommodating unit;
a nozzle unit which includes a flow passage for
allowing the injection objective substance ap-
plied with the discharge energy generated by
the driving unit to flow therethrough and which
discharges the injection objective substance
from a discharge port formed at a forward end
of the flow passage;
a protruding member which is provided movably
from a first position at which a forward end there-
of protrudes from an end surface of the housing
to a second position at which a protruding length
of the forward end from the end surface of the
housing is shorter than a protruding length pro-
vided at the first position and the forward end
and the discharge port can be brought in contact
with the injection target area;
a maintaining mechanism which maintains the
protruding member at the first position before
the discharge energy is generated by the driving
unit; and
a power source circuit which applies a voltage
to the driving unit when the protruding member
having been maintained at the first position is
moved to the second position by means of a
pressing force received by the forward end of
the protruding member.

2. The needleless syringe according to claim 1, wherein
the first position is a position at which the forward
end of the protruding member protrudes from the
discharge port.
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3. The needleless syringe according to claim 1 or 2,
wherein the protruding member is formed by an an-
nular member which surrounds the discharge port.

4. The needleless syringe according to claim 1 or 2,
wherein:

the needleless syringe comprises a plurality of
the protruding members; and
the voltage application from the power source
circuit to the driving unit is executed in accord-
ance with movement of all of the plurality of pro-
truding members to the second position.

5. The needleless syringe according to claim 4, wherein
the plurality of protruding members are arranged in
a circumferential direction around the discharge port
on the end surface of the housing.

6. The needleless syringe according to claim 4 or 5,
wherein:

the housing has a visual recognition window
which is provided on a side surface thereof in
order to visually recognize an interior;
the accommodating unit is formed so that the
accommodated injection objective substance
can be visually recognized from outside through
the visual recognition window; and
the plurality of protruding members are arranged
respectively so that the plurality of protruding
members are not overlapped with the visual rec-
ognition window before and after the movement
from the first position to the second position.

7. The needleless syringe according to claim 1, further
comprising:
a syringe unit which collectively stores, as one unit,
the accommodating unit, the driving unit, and the
nozzle unit in the housing, so that the discharge port
of the nozzle unit is arranged at a forward end of the
unit, wherein:
the protruding member is formed as the syringe unit,
and the first position is a position at which the forward
end of the syringe unit protrudes from the end surface
of the housing.

8. The needleless syringe according to claim 7, further
comprising:
an annular elastic cover which is arranged on the
end surface of the housing and which surrounds the
forward end of the syringe unit, wherein:
the cover is formed so that a protruding length of the
forward end of the cover from the end surface of the
housing is not less than a protruding length of the
forward end of the syringe unit from the end surface
of the housing when the syringe unit is disposed at
the first position, and the cover allows the syringe

unit to move to the second position by being elasti-
cally deformed by the pressing force when the sy-
ringe unit is intruded by the pressing force.

9. The needleless syringe according to any one of
claims 1 to 8, further comprising:
an operation switch which is operated in accordance
with an operation of a user in relation to the voltage
application from the power source circuit to the driv-
ing unit in a direction different from a direction of the
movement of the protruding member from the first
position to the second position, wherein:
the voltage application from the power source circuit
to the driving unit is executed when the protruding
member arrives at the second position and the op-
eration switch is operated so that the voltage can be
applied.

10. The needleless syringe according to any one of
claims 1 to 9, wherein the maintaining mechanism
has an urging member which urges the protruding
member in a protruding direction thereof by means
of a predetermined urging force.

11. The needleless syringe according to any one of
claims 1 to 9, wherein the maintaining mechanism
is formed so that the maintaining mechanism main-
tains the protruding member at the first position
against the pressing force if the pressing force is not
more than a predetermined value, while the main-
taining mechanism allows the protruding member to
move to the second position if the pressing force is
larger than the predetermined value.

25 26 



EP 3 338 836 A1

15



EP 3 338 836 A1

16



EP 3 338 836 A1

17



EP 3 338 836 A1

18



EP 3 338 836 A1

19



EP 3 338 836 A1

20



EP 3 338 836 A1

21



EP 3 338 836 A1

22



EP 3 338 836 A1

23



EP 3 338 836 A1

24

5

10

15

20

25

30

35

40

45

50

55



EP 3 338 836 A1

25

5

10

15

20

25

30

35

40

45

50

55



EP 3 338 836 A1

26

5

10

15

20

25

30

35

40

45

50

55



EP 3 338 836 A1

27

5

10

15

20

25

30

35

40

45

50

55



EP 3 338 836 A1

28

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 200449151 B [0003]
• JP 2008206477 A [0063]
• JP 2007525192 W [0064]

• JP 2008508881 W [0065]
• JP 2010503616 A [0065]
• JP 2005523679 W [0065]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

