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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention is applied to a gas engine
provided with a spark plug; thereby, fuel gas is supplied
to a pre-combustion chamber through a fuel gas inlet
passage and the fuel gas supplied in the pre-combustion
chamber is ignited by the spark discharge at the spark
plug that is fitted on a seat surface in a mounting hardware
piece for housing the spark plug.

Background of the Invention

[0002] Fig.4 shows a cross-section around a pre-com-
bustion chamber 4 of a conventional gas engine provided
with a spark plug, the cross-section including the vertical
center axis of the pre-combustion chamber.
[0003] In Fig. 4, a pre-combustion chamber mouth-
piece 2 is fastened to and on the bottom wall of a cylinder
head 1, the pre-combustion chamber mouthpiece being
surrounded by a water chamber 1a; and, a pre-combus-
tion chamber 4 is formed inside the pre-combustion
chamber mouthpiece.
[0004] A mounting hardware piece 13 for housing the
spark plug 10 thrusts the pre-combustion chamber
mouthpiece 2 toward the bottom wall of the cylinder head
1; thus, the pre-combustion chamber mouthpiece 2 is
fixed in the cylinder head.
[0005] The spark plug 10 (which vertical center axis is
shown with the line 10a in Fig 4) is fitted on the mounting
hardware piece 13 via a fitting seat surface 50 and a
gasket 10f, the spark plug being thrust toward the fitting
seat surface 50 and the gasket 10f.
[0006] Into the pre-combustion chamber, a fuel gas (for
the pre-combustion in the pre-combustion chamber) is
supplied through a solenoid controlled valve 23 for con-
trolling the fuel gas supply, for example, by opening and
closing the fuel gas passage in the solenoid valve, as
well as through a fuel inlet passage 14; on a part way of
the fuel inlet passage 14, a check valve 51 is provided,
the valve 51 being a unidirectional valve which automat-
ically opens with forward flow and closes against reverse
flow. While the check valve is being opened, the fuel gas
streams into the pre-combustion chamber 4 (which ver-
tical center axis is shown with the line 4a in Fig 4) through
a fuel gas inlet slot 5; the fuel gas having streamed into
the chamber 4 is ignited by the spark discharge at the
spark plug; thus, flames and combustion gas is generat-
ed in the pre-combustion chamber 4.
[0007] Further, the flames and combustion gas gener-
ated in the pre-combustion chamber 4 gush into the main
combustion chamber 60 through at least one torch jet
nozzle 3 provided at the lower part of the pre-combustion
chamber mouthpiece; the flames and combustion gas
gushing into the main combustion chamber 60 ignite the

lean, premixed air-fuel mixture that is induced into the
main chamber 60 through the intake air passages (not
shown); and, the lean, premixed air-fuel mixture burns in
the main chamber 60.
[0008] In the fuel inlet passage of the conventional gas
engine provided with the spark plug 10 as described
above, the check valve 51 that streams only forward flow;
the pressures of high temperature conditions in the pre-
combustion chamber 4 work on the check valve 51, from
below upward; on the other hand, the fuel gas supplied
in the pre-combustion chamber 4 is often difficult to burn
completely; the imperfect combustion causes soot, and
the soot generated in the pre-combustion chamber 4
tends to be collected around the check valve 51 or the
seat of the valve. The soot deposit often causes the ad-
hesion of the check valve toward the fitting component
thereof or the adhesion of the seat thereof; and, the soot
deposit often causes the poor condition of the seat sur-
face between the check valve and the bearing compo-
nent thereof.
[0009] The patent reference 1 (JP2000-8960) disclos-
es a pre-combustion chamber fuel gas supply device in
which fuel gas is supplied to the pre-combustion chamber
from a fuel gas reforming apparatus (that is provided with
a solenoid valve at the gas discharge side of the appa-
ratus), through a check valve that is arranged just above
the pre-combustion chamber, the check valve being a
unidirectional valve which automatically opens with for-
ward flow and closes against reverse flow.
[0010] The patent reference 2 (JP1996-240152) dis-
closes a pre-combustion chamber fuel gas supply device
in which a ball valve type check valve and a needle valve
type check valve are arranged in series in the fuel inlet
type so that the carbon adhesion of the check valves is
prevented, the adhesion being caused by excessively
high temperatures.
[0011] In a case of a gas engine provided with a spark
plug 10 as shown in Fig. 4, the check valve 51 is arranged
just above the pre-combustion chamber 4; thus, as de-
scribed above, the pressures of high temperature condi-
tions in the pre-combustion chamber 4 work on the check
valve 51, from below upward; the fuel gas supplied in the
pre-combustion chamber 4 is often difficult to burn com-
pletely; the imperfect combustion causes soot, and the
soot generated in the pre-combustion chamber 4 tends
to be collected around the check valve 51 or the seat of
the valve. The soot deposit often causes the adhesion
of the check valve toward the fitting component thereof
or the adhesion of the seat thereof; further, the soot tends
to cause the adhesion of the solenoid valve or the dete-
rioration of the poor seat conditions as to the check valve
and the solenoid valve. Hence, it becomes necessary to
restrain the temperature rise of the check valve 51 and
the neighborhood thereof.
[0012] The fuel gas is supplied to the check valve 51
through the solenoid valve 23 for controlling the fuel gas
supply and the fuel inlet passage 14; as described above,
in a case where a difficulty of the check valve 51 is
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caused, for example, by the soot generation, it becomes
also difficult to prevent the solenoid valve 23 from causing
a malfunction, as is pointed out in the patent reference
1 (JP2000-8960).
[0013] Further, it is required to pay attention to the loss
due to the dead volume in the fuel inlet passage; hereby,
the dead volume means unnecessary space to supply
the fuel gas of the prescribed fuel flow rate, into the pre-
combustion chamber.
[0014] However, the patent reference 2
(JP1996-240152) only discloses the approach by which
a ball valve type check valve and a needle valve type
check valve are arranged in series in the fuel inlet type.

[References]

[Patent References]

[0015]

Patent Reference 1: JP2000-8960
Patent Reference 2: JP1996-240152

Besides, EP 1 143 126 discloses a device according to
the preamble of claim 1. JP S63 109275 A discloses a
spark ignition gas engine comprising a pre-combustion
chamber including a spark plug and a gaseous fuel sup-
ply.

SUMMARY OF THE INVENTION

[0016] In view of the subjects in the conventional tech-
nologies as described above, the present invention aims
at disclosing a gas engine provided with a spark plug;
thereby, in a case where the check valve is arranged in
the neighborhood of the pre-combustion chamber, the
solenoid valve provided at the upstream side of the check
valve can be prevented from causing the adhesion due
to the soot accumulation; further, the loss due to the dead
volume in the fuel inlet passage can be dispensed with.
[0017] In order to settle the subjects as described
above, the present invention discloses a spark ignition
gas engine provided with a spark plug, the gas engine
comprising a fuel inlet connecting piece connected to a
mounting hardware piece provided in a cylinder head for
housing the spark plug, thereby supplying fuel gas from
the fuel inlet connecting piece to a pre-combustion cham-
ber through a fuel passage provided in the mounting
hardware piece, the fuel gas supplied in the pre-combus-
tion chamber being ignited by spark discharge at the
spark plug that is fitted on a fitting seat surface in the
mounting hardware piece; wherein the gas engine further
comprises: a solenoid valve that performs open-close
control of the fuel gas which streams into a fuel inlet pas-
sage bored in the fuel inlet connecting piece; and a first
check valve that is provided posterior to a discharge side
of the solenoid valve in the fuel inlet passage, so that the
combustion gas generated in the pre-combustion cham-

ber is prevented from flowing backwards in a direction
from the pre-combustion chamber toward the solenoid
valve.
[0018] The present invention further includes a second
check valve arranged at a location just above the pre-
combustion chamber in the fuel passage in the mounting
hardware piece, thereby preventing the combustion gas
generated in the pre-combustion chamber from flowing
backwards, from the pre-combustion chamber toward
the fuel inlet passage; and the first check valve arranged
on the fuel inlet passage in the fuel inlet connecting piece.
[0019] The second check valve and the spark plug are
arranged in the mounting hardware, so that a center axis
of the second check valve is parallel to a center axis of
the spark plug; a plurality of cooling grooves or bore-
cooling holes is provided in the mounting hardware piece;
and a tip part of the fuel inlet connecting piece is inserted
in a circumferential wall surface of the mounting hard-
ware piece, so that the cooling grooves or bore-cooling
holes face an outlet end of the fuel inlet connecting piece.
[0020] A preferable embodiment of the present inven-
tion is the spark ignition gas engine, the first check valve
comprising: an upstream side fuel gas passage connect-
ed to the solenoid valve; a plurality of passage holes com-
municating with the upstream side fuel gas passage; a
gas volume to which an end part of each passage hole
opens; and a valve that opens and closes the communi-
cation between the gas volume and the fuel inlet passage
on the downstream side of the first check valve by open-
ing and closing the gas volume by the aid of a spring force.
[0021] Another preferable embodiment of the present
invention is the spark ignition gas engine, wherein each
of the first check valve and the second check valve com-
prises the valve that is controlled to open and close by
the aid of a spring force.
[0022] According to the present invention, in the gas
engine, the fuel gas having passed through the fuel inlet
passage is supplied to the pre-combustion chamber; the
fuel gas supplied in the pre-combustion chamber is ig-
nited by the spark discharge at the spark plug that is fitted
on a seat surface in the mounting hardware piece; and,
the gas engine is provided with a solenoid valve that per-
forms open-close control of the fuel gas flow which
streams into the fuel inlet passage and a first check valve
that is provided just after the fuel gas discharge side of
the solenoid valve in the fuel inlet passage, so that the
combustion gas generated in the pre-combustion cham-
ber is prevented from flowing backwards, from the pre-
combustion chamber toward the solenoid valve.
[0023] Hence, by providing the first check valve for pre-
venting the fuel gas from back-flowing just after the fuel
gas discharge side of the solenoid valve, the soot caused
partly by the imperfect combustion in the pre-combustion
chamber on the downstream side of the fuel gas flow can
be prevented from entering the first check valve as well
as the solenoid valve. Thus, the solenoid valve can be
completely protected from the soot or the malfunction
attributable to the soot.
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[0024] The first check valve is arranged at a location
not only just after the fuel gas discharge side of the so-
lenoid valve in the fuel inlet passage, but also on a part
way of the fuel inlet passage; and, the second check valve
that is provided in the fuel passage in the mounting hard-
ware piece, just above the pre-combustion chamber, so
that the combustion gas generated in the pre-combustion
chamber is prevented from flowing backwards, from the
pre-combustion chamber toward the fuel inlet passage.
[0025] Hence, at first, the soot caused by the combus-
tion in the pre-combustion chamber is prevented from
entering the fuel inlet passage through the second check
valve, the pre-combustion chamber being exposed to the
high temperature combustion gas; secondly, the poten-
tial back-flow and the soot accompanied by the potential
back-flow is prevented from entering the solenoid valve
through the first check valve that is provided just after
the fuel gas discharge side of the solenoid valve, the low
temperature gas of a certain level of pressure in the fuel
inlet passage working on the first check valve; thus, the
solenoid valve is doubly protected from the soot. In this
way, the first check valve and the second check valve
perfectly protect the solenoid valve from the entry of the
soot; and, the protection effect regarding the solenoid
valve surely enhanced.
[0026] The fuel inlet connecting piece is arranged so
that the tip part of the fuel inlet connecting piece is in-
serted inside of the circumferential wall surface of the
mounting hardware piece for housing the spark plug; ac-
cordingly, the distance between the first check valve and
the second check valve can be arranged in a short dis-
tance; thus, the capacity regarding the dead volume can
be adjustably controlled; further, the optimal capacity re-
garding the dead volume can be easily established, so
that the fluctuation of the fuel gas pressures is taken into
consideration; hereby, the dead volume means unnec-
essary space to supply the fuel gas of the prescribed fuel
flow rate, into the pre-combustion chamber.
[0027] The second check valve and the spark plug are
arranged in the mounting hardware piece for housing the
spark plug, so that the center axis of the check valve
insert hole for the second check valve is parallel with the
center axis of the spark plug; a plurality of cooling grooves
or bore-cooling holes is provided in the mounting hard-
ware piece for housing the spark plug and the second
check valve, cooling water streaming or circulating along
the cooling grooves or the bore-cooling holes so as to
cool the mounting hardware piece; the fuel inlet connect-
ing piece in which the first check valve is provided is
fastened to the mounting hardware piece; the tip part of
the fuel inlet connecting piece is inserted inside of the
circumferential wall surface of the mounting hardware
piece; the tip part is placed in the neighborhood of the
multiple cooling grooves or the multiple bore-cooling
holes, the cooling grooves or the bore-cooling holes be-
ing arranged along the hoop direction around the spark
plug; the area around the tip part in the mounting hard-
ware piece is arranged so as to be closer to the cooling

grooves or the bore-cooling holes.
[0028] Thus, the fuel inlet-connecting piece can be
cooled, and the temperature rise of the first check valve
provided in the fuel inlet-connecting piece can be re-
strained. In addition, as described above, the tip part of
the fuel inlet connecting piece is inserted inside of the
circumferential wall surface of the mounting hardware
piece for housing the spark plug; thus, the capacity re-
garding the dead volume can be adjustably controlled;
further, the optimal capacity regarding the dead volume
can be easily established, so that the fluctuation of the
fuel gas pressures is taken into consideration.
[0029] In another preferable embodiment of the
present invention, the first check valve comprises: a gas
passage on the upstream side in the first check valve,
the gas passage being connected to the solenoid valve;
a plurality of passage holes communicating with the gas
passage on the upstream side in the first check valve
and a gas volume at end openings of the passage holes;
a valve that opens and closes the communication be-
tween the gas volume and the fuel inlet passage on the
downstream side of the first check valve, by the aid of
the spring force which is derived from a valve spring in-
stalled in the first check valve.
[0030] In addition, in another preferable embodiment
of the present invention, the configuration of the second
check valve is basically the same as that of the first check
valve, namely, if the configuration regarding the spring
force characteristics and the gas force characteristics in
the first check valve is the same as the configuration re-
garding the spring force characteristics and the gas force
characteristics in the second check valve, then the first
check valve and the second check valve can be manu-
factured with a common configuration; thus, the manu-
facturing cost for providing the first and second check
valves can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The present invention will now be described in
greater detail with reference to the preferred embodi-
ments of the invention and the accompanying drawings,
wherein:

Fig. 1 shows a cross-section of a gas engine provid-
ed with a spark plug, according to an embodiment
of the present invention, the cross-section including
the vertical center axis of a pre-combustion chamber
provided in the gas engine;
Fig. 2 shows A-A cross-section of Fig. 1;
Fig. 3 shows an enlargement of the part Y in Fig. 1 ;
Fig. 4 explains a conventional technology in re-
sponse to Fig. 1.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0032] Hereafter, the present invention will be de-
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scribed in detail with reference to the embodiments
shown in the figures. However, the dimensions, materi-
als, shape, the relative placement and so on of a com-
ponent described in these embodiments shall not be con-
strued as limiting the scope of the invention thereto, un-
less especially specific mention is made.
[0033] Fig. 1 shows a cross-section of a gas engine
provided with a spark plug, according to an embodiment
of the present invention, the cross-section including the
vertical center axis of a pre-combustion chamber provid-
ed in the gas engine; Fig. 2 shows A-A cross-section of
Fig. 1.
[0034] In Fig. 1, a pre-combustion chamber mouth-
piece (a pre-combustion chamber mouthpiece) 2 is fas-
tened to and on the bottom wall of a cylinder head 1, the
pre-combustion chamber mouthpiece being surrounded
by a water chamber 1a; and, a pre-combustion chamber
4 is formed inside the pre-combustion chamber mouth-
piece. A mounting hardware piece 13 for housing the
spark plug 10 thrusts the pre-combustion chamber
mouthpiece 2 toward the bottom wall of the cylinder head
1; thus, the pre-combustion chamber mouthpiece 2 is
fixed in the cylinder head 1.
[0035] The spark plug 10 (which vertical center axis is
shown with the line 10a in Fig 3) is fitted on the mounting
hardware piece 13 via a fitting seat surface 50 and a
gasket 10f, the spark plug being thrust toward the fitting
seat surface and the gasket. An o-ring 7 and an o-ring 8
are fitted into the circumference of the mounting hard-
ware piece 13.
[0036] As the spark plug 10, a spark plug of a flat type
that has an ordinary center electrode and an ordinary
earth electrode is preferably used; a spark plug of what
they call J-shape type may be also used.
[0037] In the circumference of the spark plug 10, a plu-
rality of bore-cooling holes 11s is provided; each bore-
cooling hole 11s is configured with a lateral bore-cooling
hole 11a (an inlet side bore-cooling hole that is arranged
at the lower side of the hole 11s), a vertical bore-cooling
hole 11 that is arranged along a center axis 10a of the
spark plug 10, and a lateral bore-cooling hole 11b (an
outlet side bore-cooling hole that is arranged at the upper
side of the hole 11s); thereby, the cooling water streams
from the lateral bore-cooling hole 11a to the lateral bore-
cooling hole 11b, through the vertical bore-cooling hole
11; and, the multiple vertical bore-cooling holes 11 sur-
round the high temperature part of the spark plug 10, and
the cooling water streaming through the vertical bore-
cooling holes intensively cools the high temperature part
of the spark plug 10.
[0038] The configuration described above is the same
as the conventional configuration described in Fig.4. The
present invention relates to the improvement regarding
the pre-combustion chamber fuel-gas supply device.
[0039] In Fig. 1, a solenoid (controlled) valve 23 for
controlling the fuel gas supply is arranged at the inlet end
side of a fuel inlet connecting piece 14a in which a fuel
inlet passage 14 for streaming the fuel gas is arranged;

from the solenoid valve 23, fuel gas is supplied to the
pre-combustion chamber through the fuel inlet passage
14 that is a passage bored in the fuel inlet connecting
piece 14a along the longitudinal center axis of the piece
14a.
[0040] The fuel inlet connecting piece 14a is formed
as a piece different from the mounting hardware piece
13 for housing the spark plug; the fuel inlet connecting
piece 14a is fastened to the mounting hardware piece
13, at a junction 14s (that is a fuel gas inlet location re-
garding a check valve holder of the second check valve
6), by means of a fastening method such as a screw-in
method.
[0041] Further, the center axis 6a of the check valve
insert hole 6s is arranged so as to be parallel with the
center axis 10a of the spark plug 10; at the lower location
of the check valve insert hole 6s, as well as, over and
near to a top side 4b of the pre-combustion chamber 4,
the second check valve 6 is placed, being housed by the
check valve holder 9; naturally, the second check valve
6 automatically opens with the forward flow, namely, the
fuel gas flow toward the pre-combustion chamber 4.
[0042] Further, on a part way of the fuel inlet passage
14 that is formed in the fuel inlet connecting piece 14a,
a first check valve 22 is provided between the solenoid
valve 23 for controlling the fuel gas supply and the gas
discharge side end (on the side of the mounting hardware
piece for the spark plug) of the fuel inlet connecting piece
14a, namely, the junction 14s; preferably, the first check
valve 22 is arranged just on the downstream side of the
solenoid valve 23, the first valve streaming the fuel gas
only along the forward direction.
[0043] More in detail, the longitudinal axis of the fuel
inlet connecting piece 14a in which the fuel inlet passage
14 is formed is arranged so as to be at right angles to
the center axis 6a of the check valve insert hole 6s; there-
by, the center axis 6a of the check valve insert hole 6s
is arranged so as to be parallel with the center axis 10a
of the spark plug 10; incidentally, the second check valve
6 is arranged just above the pre-combustion chamber 4,
in the check valve insert hole 6s. Thus, the first check
valve 22 is placed inside the fuel inlet connecting piece
14a.
[0044] In other words, arranging the fuel inlet connect-
ing piece 14a so as to be at right angles to the mounting
hardware piece 13 for housing the spark plug 10 makes
it easy to arrange the distance between the first check
valve 22 and the second check valve 6; thus, the capacity
regarding the dead volume can be adjustably controlled;
further, the optimal capacity regarding the dead volume
can be easily established, so that the fluctuation of the
fuel gas pressures is taken into consideration.
[0045] Fig. 3 shows an example cross-section regard-
ing the first check valve.
[0046] The first check valve 22 comprises an upstream
side fuel gas passage 22f connected to the solenoid valve
23, and a plurality of passage holes 22d connected to
the upstream side fuel gas passage 22f; the passage
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holes are bored in a case 22b that is screwed into a valve
body 22g.
[0047] Each passage hole 22d communicates with a
gas volume 22k at an end opening of the passage hole;
the gas volume 22k communicates with a gas passage
22c that is located on the downstream side of the gas
volume 22k.
[0048] In the first check valve 22 as shown in Fig. 3, a
valve spring 22h is provided between the case 22b and
a support member 22i that is connected to a valve 22a
via a support pin 22j; a pre-compression force (an initial
spring force) is given to the valve spring 22h so that the
pre-compression force works on the support member 22i
along the gas flow reverse direction and the valve 22a
closes the gas passage 22c; when the fuel gas streams
into the gas passage 22f and the fuel gas pressure,
namely, a gas force works on the support member 22i
along the gas flow direction; further, when the gas force
exceeds the pre-compression force, then the valve 22a
opens the gas passage 22c.
[0049] In this way, the fuel gas streams from the sole-
noid valve 23 toward the second check valve 6 through
the first check valve 22 and the fuel (gas) inlet passage
14.
[0050] Thus, the valve 22a can surely open and close
the gas passage 22c on the downstream side of the gas
volume 22k with which the multiple passage holes 22d
communicate.
[0051] In addition, if the configuration of the second
check valve 6 is basically the same as that of the first
check valve 22, namely, if the spring force characteristics
regarding the valve spring 22h and the gas force char-
acteristics regarding the valve 22a and the support mem-
ber 22i are common in the first check valve 22 and the
second check valve 6, then the first check valve 22 and
the second check valve 6 can be manufactured with a
common configuration; thus, the manufacturing cost for
providing the first and second check valves can be re-
duced.
[0052] Incidentally, in the configuration example of Fig.
3, if the gas (pressure) force working on the valve 22a
exceeds the spring force, then the check valve opens;
on the contrary, if the gas force working on the valve 22a
is smaller than the spring force, then the check valve
closes. The example shows a pre-compression spring
force; as a matter of course, there may be an example
of a pre-tension spring force type.
[0053] On the other hand, the cooling water streaming
through the bore-cooling hole cools the second check
valve 6 that is heated up to a high temperature.
[0054] Thereby, the height level of the seat surface 50
on which the spark plug 10 sits is arranged between the
height level of the lateral bore-cooling hole 11a (on the
inlet side) and the height level of the lateral bore-cooling
hole 11b (on the outlet side); the multiple vertical bore-
cooling holes 11 surround the high temperature part of
the spark plug 10, namely, the neighborhood of the seat
surface 50; and, the cooling water streaming through the

vertical bore-cooling holes intensively cools the neigh-
borhood area and the spark plug 10.
[0055] Fig. 2 shows A-A cross-section of Fig. 1; A-A
cross-section includes a horizontal cross-section that in-
cludes the longitudinal center axis of the fuel inlet con-
necting piece 14a. In Fig. 2, the arrangement of the bore-
cooling holes 11s along a hoop direction is shown in a
horizontal cross section; the multiple vertical bore-cool-
ing holes 11 surround the spark plug 10. Further, the
check valve holder 9 housing the second check valve 6
is placed between two vertical bore-cooling holes 11 that
are both next to the check valve holder 9.
[0056] As shown in Fig. 2, the distance d1 between the
spark plug 10 and the vertical bore-cooling hole 11 is
made as short as possible; the distance d2 between the
check valve 6 and the vertical bore-cooling hole 11 is
made as short as possible. Thus, the cooling effect by
the bore-cooling configuration can be maximized.
[0057] According to the embodiment as described
above, in the gas engine, fuel gas is supplied to the pre-
combustion chamber 4 through the fuel gas inlet passage
14, and the fuel gas supplied in the pre-combustion
chamber 4 is ignited by the spark discharge at the spark
plug 10 that is fitted on the seat surface 50 in the mounting
hardware piece 13 for housing the spark plug 10; thereby,
the engine is provided with the solenoid valve 23 for con-
trolling the fuel gas supply and the first check valve 22
for preventing the reverse flow of the fuel gas (or the
combustion gas) from the pre-combustion chamber side,
the first check valve 22 being arranged on the down-
stream side of the solenoid valve 23 and just after the
solenoid valve 23.
[0058] In other words, by providing the first check valve
22 for preventing the fuel gas from back-flowing just after
the fuel gas discharge side of the solenoid valve 23, the
soot caused partly by the imperfect combustion in the
pre-combustion chamber 4 on the downstream side can
be prevented from entering the first check valve 22 as
well as the solenoid valve 23. Hence, the solenoid valve
can be completely protected from the soot or the mal-
function due to the soot.
[0059] Further, according to the embodiment as de-
scribed above, the second check valve 6 is provided just
above the pre-combustion chamber 4 so that the second
check valve 6 prevents the combustion gas generated in
the pre-combustion chamber 4 from back-flowing; fur-
ther, the second check valve 6 communicates with the
first check valve 22 through the fuel inlet passage 14
bored in the fuel inlet connecting piece 14a; thus, at first,
the soot caused by the combustion in the pre-combustion
chamber 4 is prevented from entering the fuel inlet pas-
sage 14 through the second check valve 6, the pre-com-
bustion chamber 4 being exposed to the high tempera-
ture combustion gas; secondly, the potential back-flow
and the soot accompanied by the potential back-flow is
prevented from entering the solenoid valve 23 through
the first check valve 22 that is provided just after the fuel
gas discharge side of the solenoid valve 23, the low tem-
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perature gas of a certain level of pressure in the fuel inlet
passage 14 working on the first check valve 22; thus, the
solenoid valve 23 is doubly protected from the soot. In
this way, the first check valve 22 and the second check
valve 6 perfectly protect the solenoid valve 23 from the
entry of the soot; and, the protection effect regarding the
solenoid valve 23 surely enhanced.
[0060] Further, the fuel inlet connecting piece 14a is
arranged so as to be at right angles to the mounting hard-
ware piece 13 for housing the spark plug 10; accordingly,
the distance between the first check valve 22 and the
second check valve 6 can be arranged in a short distance;
thus, the capacity regarding the dead volume can be ad-
justably controlled; further, the optimal capacity regard-
ing the dead volume can be easily established, so that
the fluctuation of the fuel gas pressures is taken into con-
sideration.
[0061] In other words, by arranging the longitudinal
length of the fuel inlet connecting piece 14a, it becomes
easy to freely arrange the distance between the first
check valve 22 and the second check valve 6; accord-
ingly, the capacity regarding the dead volume can be
adjustably controlled; further, the optimal capacity re-
garding the dead volume can be easily established, so
that the fluctuation of the fuel gas pressures is taken into
consideration.
[0062] On the other hand, the fuel inlet connecting
piece 14a in which the first check valve 22 is provided is
fastened to the mounting hardware piece 13 for housing
the spark plug 10 (at the junction 14s); thus, the fuel inlet
connecting piece 14a is cooled in response to the cooling
of the mounting hardware piece 13; namely, there is no
apprehension about the temperature rise of the fuel inlet
connecting piece 14a.
[0063] In other words, the tip part of the fuel inlet con-
necting piece 14a is inserted inside of the circumferential
wall surface of the mounting hardware piece 13; in addi-
tion, the tip part is placed in the neighborhood of the mul-
tiple cooling grooves or the multiple bore-cooling holes,
the cooling grooves or the bore-cooling holes being ar-
ranged along the hoop direction around the spark plug;
the area around the tip part is arranged so as to be closer
to the cooling grooves or the bore-cooling holes; accord-
ingly, the fuel inlet connecting piece 14a can be cooled,
and the temperature rise of the first check valve 22 pro-
vided in the fuel inlet connecting piece 14a can be re-
strained.
[0064] Further, even when the malfunction of the sec-
ond check valve 6 occurs, the first check valve 22 pre-
vents the combustion gas from entering the solenoid
valve 23 through the first check valve 22. In this way, the
first check valve 22 configures a back-up device (a fail
safe device) for the second check valve 6 so as to protect
the solenoid valve 23 from the possible malfunctions.

Industrial Applicability

[0065] According to the present invention, a gas engine

provided with a spark plug can be realized; thereby, in a
case where the check valve is arranged in the neighbor-
hood of the pre-combustion chamber, the solenoid valve
provided at the upstream side of the check valve can be
prevented from causing the adhesion due to the soot
accumulation; further, the loss due to the dead volume
in the fuel inlet passage can be dispensed with.

Claims

1. A spark ignition gas engine provided with a spark
plug, characterized in that the gas engine compris-
es a fuel inlet connecting piece (14a) connected to
a mounting hardware piece (13) provided in a cylin-
der head (1) for housing the spark plug (10), thereby
supplying fuel gas from the fuel inlet connecting
piece (14a) to a pre-combustion chamber (4) through
a fuel passage provided in the mounting hardware
piece (13), the fuel gas supplied in the pre-combus-
tion chamber (4) being ignited by spark discharge at
the spark plug (10) that is fitted on a fitting seat sur-
face (50) in the mounting hardware piece (13);
wherein the gas engine further comprises:

a solenoid valve (23) that performs open-close
control of the fuel gas which streams into a fuel
inlet passage (14) bored in the fuel inlet con-
necting piece (14a); and
a first check valve (22) that is provided posterior
to a discharge side of the solenoid valve (23) in
the fuel inlet passage (14), so that the combus-
tion gas generated in the pre-combustion cham-
ber (4) is prevented from flowing backwards in
a direction from the pre-combustion chamber (4)
toward the solenoid valve (23); characterised
by a second check valve (6) arranged at a loca-
tion just above the pre-combustion chamber (4)
in the fuel passage in the mounting hardware
piece (13), thereby preventing the combustion
gas generated in the pre-combustion chamber
(4) from flowing backwards, from the pre-com-
bustion chamber (4) toward the fuel inlet pas-
sage; and
the first check valve (22) arranged on the fuel
inlet passage in the fuel inlet connecting piece
(14a),
wherein the second check valve (6) and the
spark plug (10) are arranged in the mounting
hardware piece (13), so that a center axis (6a)
of the second check valve (6) is parallel to a
center axis (10a) of the spark plug (10);
a plurality of cooling grooves or bore-cooling
holes (11s) is provided in the mounting hardware
piece (13); and
a tip part of the fuel inlet connecting piece (14a)
is inserted in a circumferential wall surface of
the mounting hardware piece (13), so that the
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cooling grooves or bore-cooling holes (11) face
an outlet end of the fuel inlet connecting piece
(14a).

2. The spark ignition gas engine according to claim 1,
the first check valve (22) comprising:

an upstream side fuel gas passage (22f) con-
nected to the solenoid valve (23);
a plurality of passage holes (22d) communicat-
ing with the upstream side fuel gas passage
(22f);
a gas volume (22k) to which an end part of each
passage hole (22d) opens; and
a valve (22a) that opens and closes the commu-
nication between the gas volume (22k) and the
fuel inlet passage (14) on the downstream side
of the first check valve (22) by opening and clos-
ing the gas volume (22k) by the aid of a spring
force.

3. The spark ignition gas engine according to any one
of claims 1 or 2,
wherein each of the first check valve (22) and the
second check valve (6) comprises a valve (22a) that
is controlled to open and close by the aid of a spring
force.

Patentansprüche

1. Funkengezündeter Gasmotor, der mit einer Zünd-
kerze ausgestattet ist, dadurch gekennzeichnet,
dass der Gasmotor ein Brennstoffeinlass-Verbin-
dungsstück (14a) umfasst, das mit einem Montage-
hardwarestück (13) verbunden ist, das in einem Zy-
linderkopf (1) zum Aufnehmen der Zündkerze (10)
angeordnet ist, wodurch Brennstoffgas von dem
Brennstoffeinlass-Verbindungsstück (14a) durch ei-
nen in dem Montagehardwarestück (13) angeordne-
ten Brennstoffkanal zu einer Brenn-Vorkammer (4)
geleitet wird, wobei das in die Brenn-Vorkammer (4)
geleitete Brennstoffgas durch Funkenentladung an
der Zündkerze (10) gezündet wird, die an einer Mon-
tagesitzfläche (50) in dem Montagehardwarestück
(13) angeordnet ist,
wobei der Gasmotor ferner umfasst:

ein Solenoidventil (23), das eine Öffnungs-
Schließ-Steuerung des Brennstoffgases aus-
führt, das in einen Brennstoffeinlasskanal (14)
strömt, der in das Brennstoffeinlass-Verbin-
dungsstück (14a) gebohrt ist, und
ein erstes Rückschlagventil (22), das hinter ei-
ner Auslassseite des Solenoidventils (23) in
dem Brennstoffeinlasskanal (14) angeordnet
ist, so dass verhindert wird, dass das in der
Brenn-Vorkammer (4) erzeugte Verbrennungs-

gas rückwärts in einer Richtung von der Brenn-
Vorkammer (4) zu dem Solenoidventil (23)
strömt,
gekennzeichnet durch
ein zweites Rückschlagventil (6), das an einer
Stelle direkt über der Brenn-Vorkammer (4) in
dem Brennstoffkanal in dem Montagehardware-
stück (13) angeordnet ist, wodurch verhindert
wird, dass das in der Brenn-Vorkammer (4) er-
zeugte Verbrennungsgas von der Brenn-Vor-
kammer (4) in Richtung des Brennstoffeinlass-
kanals zurück strömt, wobei
das erste Rückschlagventil (22) an dem Brenn-
stoffeinlasskanal in dem Brennstoffeinlass-Ver-
bindungsstück (14a) angeordnet ist,
das zweite Rückschlagventil (6) und die Zünd-
kerze (10) in dem Montagehardwarestück (13)
so angeordnet sind, dass eine Mittelachse (6a)
des zweiten Rückschlagventils (6) parallel zu ei-
ner Mittelachse (10a) der Zündkerze (10) ver-
läuft,
mehrere Kühlnuten oder Kühlbohrlöcher (11s)
in dem Montagehardwarestück (13) ausgebildet
sind, und
ein Spitzenteil des Brennstoffeinlass-Verbin-
dungsstücks (14a) so in eine Umfangswandflä-
che des Montagehardwarestücks (13) einge-
schoben ist, dass die Kühlnuten oder Kühlbohr-
löcher (11) einem Auslassende des Brennstof-
feinlass-Verbindungsstücks (14a) zugewandt
sind.

2. Funkengezündeter Gasmotor nach Anspruch 1, wo-
bei das erste Rückschlagventil (22) umfasst:

einen stromaufwärtsseitigen Brennstoffgaska-
nal (22f), der mit dem Solenoidventil (23) ver-
bunden ist,
mehrere Durchgangslöcher (22d), die mit dem
stromaufwärtsseitigen Brennstoffgaskanal (22f)
in Strömungsverbindung stehen,
ein Gasvolumen (22k), zu dem sich ein Endteil
jedes Durchgangslochs (22d) öffnet, und
ein Ventil (22a), das die Verbindung zwischen
dem Gasvolumen (22k) und dem Brennstoffe-
inlasskanal (14) auf der stromabwärtigen Seite
des ersten Rückschlagventils (22) durch Öffnen
und Schließen des Gasvolumens (22k) mit Hilfe
einer Federkraft öffnet und schließt.

3. Funkengezündeter Gasmotor, einem der Ansprüche
1 oder 2,
wobei sowohl das erste Rückschlagventil (22) als
auch das zweite Rückschlagventil (6) ein Ventil (22a)
umfasst, das so gesteuert wird, dass es mit Hilfe
einer Federkraft öffnet und schließt.
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Revendications

1. Moteur à gaz à allumage par étincelle prévu avec
une bougie d’allumage, caractérisé en ce que le
moteur à gaz comprend une pièce de raccordement
d’entrée de combustible (14a) raccordée à une pièce
de matériel de montage (13) prévue dans une cu-
lasse (1) pour loger la bougie d’allumage (10), four-
nissant ainsi le gaz combustible de la pièce de rac-
cordement d’entrée de combustible (14a) à une
chambre de précombustion (4) par un passage de
combustible prévu dans la pièce de matériel de mon-
tage (13), le gaz combustible amené dans la cham-
bre de précombustion (4) étant allumé par décharge
d’étincelle au niveau de la bougie d’allumage (10)
qui est montée sur une surface de siège de montage
(50) dans la pièce de matériel de montage (13) ;
dans lequel le moteur à gaz comprend en outre :

une électrovanne (23) qui réalise une comman-
de d’ouverture - fermeture du gaz combustible
qui s’écoule dans un passage d’entrée de com-
bustible (14) alésé dans la pièce de raccorde-
ment d’entrée de combustible (14a) ; et
une première soupape anti-retour (22) qui est
prévue à l’arrière par rapport à un côté de dé-
charge de l’électrovanne (23) dans le passage
d’entrée de combustible (14), de sorte que le
gaz de combustion généré dans la chambre de
précombustion (4) ne peut pas s’écouler en ar-
rière dans une direction allant de la chambre de
précombustion (4) vers l’électrovanne (23) ;

caractérisé par :

une seconde soupape anti-retour (6) agencée
à un emplacement juste au-dessus de la cham-
bre de précombustion (4) dans le passage de
combustible dans la pièce de matériel de mon-
tage (13), empêchant ainsi le gaz de combustion
généré dans la chambre de précombustion (4)
de s’écouler vers l’arrière, de la chambre de pré-
combustion (4) vers le passage d’entrée de
combustible ; et
la première soupape anti-retour (22) agencée
sur le passage d’entrée de combustible dans la
pièce de raccordement d’entrée de combustible
(14a),
dans lequel la seconde soupape anti-retour (6)
et la bougie d’allumage (10) sont agencées dans
la pièce de matériel de montage (13), de sorte
qu’un axe central (6a) de la seconde soupape
anti-retour (6) est parallèle à un axe central (10a)
de la bougie d’allumage (10) ;
une pluralité de rainures de refroidissement ou
de trous de refroidissement d’alésage (11s) est
prévue dans la pièce de matériel de montage
(13) ; et

une partie de pointe de la pièce de raccordement
d’entrée de combustible (14a) est insérée dans
une surface de paroi circonférentielle de la pièce
de matériel de montage (13), de sorte que les
rainures de refroidissement ou les trous de re-
froidissement d’alésage (11) font face à une ex-
trémité de sortie de la pièce de raccordement
d’entrée de combustible (14a).

2. Moteur à gaz à allumage par étincelle selon la re-
vendication 1, la première soupape anti-retour (22)
comprenant :

un passage de gaz combustible en amont (22f)
raccordé à l’électrovanne (23) ;
une pluralité de trous de passage (22d) commu-
niquant avec le passage de gaz combustible en
amont (22f) ;
un volume de gaz (22k) sur lequel s’ouvre une
partie d’extrémité de chaque trou de passage
(22d) ; et
une soupape (22a) qui ouvre et ferme la com-
munication entre le volume de gaz (22k) et le
passage d’entrée de combustible (14) en aval
de la première soupape anti-retour (22) en
ouvrant et en fermant le volume de gaz (22k) à
l’aide d’une force de rappel.

3. Moteur à gaz à allumage par étincelle selon l’une
quelconque des revendications 1 ou 2,
dans lequel chacune parmi la première soupape an-
ti-retour (22) et la seconde soupape anti-retour (6)
comprend une soupape (22a) qui est commandée
pour s’ouvrir et se fermer à l’aide d’une force de rap-
pel.
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