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(54) GAS ENGINE

(57) A gas engine is provided to control an air-fuel
ratio in response to changes in composition of fuel gas.
A gas engine 1 includes: an A/F valve 22; a solenoid
valve 21; and a control unit 10 configured to perform per-
turbation using the solenoid valve 21 and set a relation-
ship between an air-fuel ratio and respective opening de-
grees of the solenoid valve 21 and the A/F valve 22 under
a specific engine operation condition using standard fuel
gas. During an actual operation in a period in which the

engine operation condition is deemed to be stable, when
an opening-degree average value b of the solenoid valve
21 deviates from an opening-degree target value a of the
solenoid valve 21 set in the control unit 10 under the
above operation condition, the control unit 10 adjusts the
opening degree of the A/F valve 22 so that the open-
ing-degree average value b equals the opening-degree
target value a.
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Description

Technical Field

[0001] The present invention relates to a gas engine
capable of responding to changes in combustion calorific
value (hereinafter simply referred to as "calorific value")
of fuel gas.

Background Art

[0002] Generally, air-fuel ratio control in a gas engine
is adapted to fuel gas having a predetermined composi-
tion. However, the composition of fuel gas actually sup-
plied is not fixed, accordingly, the calorific value of the
fuel gas also varies.
[0003] Conventionally, a gas engine is proposed,
which has a configuration in which the fuel gas is meas-
ured using a gas composition measurement device such
as a gas chromatography detector so that the air-fuel
ratio is controlled according to measured results (for ex-
ample, see Patent Document 1).

Prior Art Document

Patent Document

[0004] [Patent Document 1] JP 2003-148187 A

Summary of Invention

Problem to be Solved by Invention

[0005] However, in the conventional gas engine as de-
scribed above, the gas composition measurement device
such as a gas chromatography detector should be re-
placed with a new one on a regular basis due to degra-
dation of a column caused by long-term use, which in-
creases equipment costs and labor costs.
[0006] Also, in the gas composition measurement de-
vice such as a gas chromatography detector, the stand-
ard curve varies because of, for example, climatic chang-
es and degradation of the column. Therefore, it is nec-
essary to remake the standard curve regularly using
standard gas. Thus, it is difficult to handle the device and
substantially, it cannot be used where there is a large
difference in temperature.
[0007] Furthermore, it takes long time to obtain the
measurement results after the composition of the fuel
gas is measured, thus the fuel gas actually supplied to
the cylinder head may not have the same composition
as that measured. In order to address the above problem,
it may be possible to make efforts to constitute the pas-
sage for supplying the fuel gas so that the fuel gas having
the measurement result is supplied to the cylinder head.
However, in this case, the device will be complicated.
[0008] The present invention was made in considera-
tion of the above circumstances. An object of the present

invention is to provide a gas engine capable of controlling
air-fuel ratio in response to changes in the calorific value
of the fuel gas.

Means for Solving Problem

[0009] In order to resolve the above problems, a gas
engine according to the present invention includes: a first
valve and a second valve, the first valve having a respon-
siveness being lower and a fuel flow rate adjustment
range being wider than the second valve, and the second
valve having a responsiveness being higher and a fuel
flow rate adjustment range being narrower than the first
valve; and a control unit to perform perturbation using
the second valve by moving the second valve from a
predetermined opening degree to a lean side or a rich
side while the first valve is being opened at a predeter-
mined opening degree. During an actual operation in a
period in which an operation condition of the engine is
deemed to be stable, when an opening-degree average
value of the second valve deviates from an opening-de-
gree target value of the second valve that is set in the
control unit under the above condition, the control unit
adjusts the opening degree of the first valve so that the
opening-degree average value equals the opening-de-
gree target value.
[0010] In the above-described gas engine, the control
unit may calculate the opening-degree average value by
extracting a maximum opening degree and a minimum
opening degree in the perturbation control by the second
valve during the actual operation.
[0011] In the above-described gas engine, the control
unit may adjust the opening degree of the first valve so
that the opening degree converges into the opening-de-
gree target value with a certain range.
[0012] In the above-described gas engine, the first
valve and the second valve may be disposed with respect
to each cylinder head or with respect to a group of cylinder
heads.
[0013] In the above-described gas engine, a plurality
of the first valves and/or the second valves may be dis-
posed.
[0014] In the above-described gas engine, the opening
degree of the first valve and the opening degree of the
second valve may be set in the control unit according to
an air-fuel ratio measured by an oxygen sensor or a wide
range oxygen sensor disposed on an upstream side of
an exhaust passage of the gas engine relative to a cat-
alyst.

Effects of Invention

[0015] With the present invention, it is possible to con-
trol the air-fuel ratio in response to the changes in the
composition of the fuel gas.

1 2 
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Brief Description of Drawings

[0016]

[FIG. 1]
FIG. 1 is a schematic diagram showing an overall
configuration of a gas engine according to the
present invention.
[FIG. 2]
FIG. 2 is a block diagram showing a configuration of
a mixing unit for mixing fuel gas and intake air in the
gas engine shown in FIG. 1. [FIG. 3]
FIG. 3 is a graph showing respective changes with
time in an excess air ratio, an opening degree of a
solenoid valve, and a sensor output in perturbation
control.
[FIG. 4]
FIG. 4 is a graph indicating a method for calculating
an opening-degree average value, the graph show-
ing in details changes with time in an opening degree
of the solenoid valve at the time of the perturbation
control using the solenoid valve.
[FIG. 5]
FIG. 5 is a graph showing respective relationships
between a flow rate of the fuel gas and a flow rate
of intake air in the solenoid valve and in an A/F valve,
the respective rates vary depending on changes in
a calorific value of the fuel gas.
[FIG. 6]
FIG. 6 is a flowchart indicating control by a control
unit in consideration of changes in the calorific value
of the fuel gas.
[FIG. 7]
FIG. 7 is a graph indicating another method for cal-
culating the opening-degree average value, the
graph showing in details changes with time in the
opening degree of the solenoid valve and in the sen-
sor output at the time of the perturbation control using
the solenoid valve.
[FIG. 8]
FIG. 8 is a flowchart indicating control by the control
unit in consideration of changes in the calorific value
of the fuel gas for the gas engine according to an-
other embodiment of the present invention.
[FIG. 9]
FIG. 9 is a flowchart indicating control by the control
unit in consideration of changes in the calorific value
of the fuel gas for the gas engine according to an-
other embodiment of the present invention.
[FIG. 10]
FIG. 10(a) is a schematic diagram showing another
configuration of an intake section. FIG. 10(b) is a
schematic diagram still showing another configura-
tion of the intake section.
[FIG. 11]
FIG. 11 is a schematic diagram showing another
configuration of the mixing unit.
[FIG. 12]

FIG. 12 is a schematic diagram showing an overall
configuration of a gas heat pump system using the
gas engine according to the present invention.
[FIG. 13]
FIG. 13 is a schematic diagram showing an overall
configuration of a cogeneration system using the gas
engine according to the present invention.

Modes for Carrying Out Invention

[0017] Hereinafter embodiments of the present inven-
tion will be described with reference to the drawings.
[0018] FIG. 1 shows the overall configuration of a gas
engine 1 according to the present invention. FIG. 2 shows
a mixing unit 2a of the gas engine 1 for mixing fuel gas
and intake air. FIG. 3 is a graph showing perturbation
control by a control unit 10 of the gas engine 1. FIG. 4 is
a graph indicating a method for calculating an opening-
degree average value b. FIG. 5 is a graph showing re-
spective characteristics of a solenoid valve 21 and an
A/F valve 22. FIG. 6 is a flowchart showing control by the
control unit 10 in consideration of changes in a calorific
value of the fuel gas.
[0019] The gas engine 1 includes the solenoid valve
21 and the A/F valve 22 and is configured to perform
perturbation by the solenoid valve 21. The gas engine 1
also includes the control unit 10 in which a relationship
is set between an air-fuel ratio and respective opening
degrees of the solenoid valve 21 and the A/F valve 22
when the gas engine 1 is operated stoichiometrically at
a predetermined engine rotational speed with a prede-
termined load. During an actual operation in a period in
which the operation condition of the engine is deemed
to be stable, when an opening-degree average value b
of the solenoid valve 21 deviates from an opening-degree
target value a of the solenoid valve 21 set in the control
unit 10 under the above operation condition, the control
unit 10 adjusts the opening degree of the A/F valve 22
so that the opening-degree average value b equals the
opening-degree target value a.
[0020] First, an overall configuration of the gas engine
1 will be described.
[0021] The gas engine 1 includes a mixing unit 2a for
mixing the air and the fuel gas in an intake passage 12
that is connected to a cylinder head 11. A throttle valve
2b is disposed between the mixing unit 2a and the cylin-
der head 11. An intake section 2 is made up of the mixing
unit 2a and the throttle valve 2b. The intake section 2 is
controlled by signals from the control unit 10.
[0022] As shown in FIG. 2, the mixing unit 2a includes
the solenoid valve 21, the A/F valve 22, a main jet 23 and
an adjusting screw 24 that are connected in parallel be-
tween a regulator 25 and a mixer 26.
[0023] The solenoid valve 21 is constituted by a valve
having flow rate characteristics that are set to adjust an
opening area through which the fuel gas passes, so that
the solenoid valve 21 controls the stoichiometric opera-
tion in which an excess air ratio (λ = 1) is in a state of the
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theoretical air-fuel ratio. Regarding the solenoid valve
21, a movable valve is moved by an electromagnetic coil
and is opened at a predetermined opening degree. The
movable valve is biased so as to close a flow passage
using a biasing force of a leaf spring, a spring or the like.
The solenoid valve 21 is opened/closed, for example, at
a speed of 25Hz, and a duty ratio during opening/closing
is changed. Thus, the opening degree can be adjusted.
The solenoid valve 21 is not limited to the one having the
speed of 25 Hz. It may be the solenoid valve 21 having
each frequency used for this kind of perturbation control.
By the above configuration, the solenoid valve 21 has a
narrow flow rate adjustment range. However, it can adjust
the flow rate quickly. The valve having the flow rate char-
acteristics that constitutes the solenoid valve 21 may be
a proportional control valve.
[0024] The A/F valve 22 is constituted by a proportional
control valve having the flow rate characteristics that are
set to adjust an opening area of the passage for the fuel
gas, so that the A/F valve 22 controls the range of from
the stoichiometric operation in which the excess air ratio
(λ = 1) is the theoretical air-fuel ratio, to a lean operation
in which the excess air ratio (λ = 1.4 to 1.6) causes lean
burn. The A/F valve 22 is configured to adjust the opening
degree of the movable valve at every step by rotation of
a stepping motor. By the above configuration, the A/F
valve 22 cannot adjust the flow rate quickly. However, it
has a wide flow rate adjustment range so as to manage
the wide range of the excess air ratio.
[0025] The main jet 23 is a valve configured to adjust,
together with the solenoid valve 21 and the A/F valve 22,
the amount of fuel gas that flows from the regulator 25
to the mixer 26. In contrast to the above-described sole-
noid valve 21 and the A/F valve 22, the opening degree
of the main jet 23 is fixed by each number of the main jet
23 to be used.
[0026] The adjusting screw 24 is a valve configured to
manually adjust the amount of fuel gas, which is generally
fixed as well as the main jet 23.
[0027] The regulator 25 is configured to control pres-
sure of the fuel gas so that the fuel gas is always supplied
under constant pressure.
[0028] The mixer 26 is constituted by a venturi tube to
mix the air with the fuel gas. The mixer 26 mixes the fuel
gas with the air due to the venturi effect of the air drawn
according to the opening degree of the throttle valve 2b
provided on the downstream side.
[0029] A silencer 3a is disposed on the exhaust pas-
sage 13 connected to the cylinder head 11. A three way
catalyst 3b is disposed between the silencer 3a and the
cylinder head 11. On the side of an exhaust gas inlet of
the three way catalyst 3b, an upstream oxygen sensor
31 is disposed. Also on the side of an exhaust gas outlet
is disposed another oxygen sensor, i.e., a downstream
oxygen sensor 32.
[0030] At the time of lean operation, the mixing unit 2a
operates lean burn at the excess air ratio λ in the range
of 1.4 to 1.6. In this case, the control of the excess air

ratio λ in the range of 1.4 to 1.6 is performed by controlling
the A/F valve 22 using the control unit 10 with the solenoid
valve 21 being closed based on a detection result from
a wide range oxygen sensor (not shown) disposed on
the side of the exhaust gas inlet of the three way catalyst
3b.
[0031] At the time of stoichiometric operation, the mix-
ing unit 2a controls perturbation for the stoichiometric
operation in which the air-fuel ratio is fluctuated to the
lean side or the rich side from the excess air ratio (λ = 1)
of the theoretical air-fuel ratio as the center. In this case,
the perturbation control is performed by controlling fluc-
tuation of the opening degree of the solenoid valve 21
using the control unit 10 based on the detection results
from the upstream oxygen sensor 31. Specifically, the
solenoid valve 21 is opened to the middle opening degree
of the opening/closing region, for example, to the opening
degree of 50% while the A/F valve 22 is opened to the
middle opening degree of the opening/closing region, for
example, to the opening degree of 50%. Then, the sole-
noid valve 21 is repeatedly opened and closed at a pre-
determined pitch from the opening degree of 50%.
[0032] Here, at the time of stoichiometric operation,
the solenoid valve 21 and the A/F valve 22 are set re-
spectively to the middle opening degree of the open-
ing/closing region because proportional control can be
accurately performed at the middle opening degree com-
pared with the region of the smaller and larger opening
degrees. Therefore, the setting to the middle opening
degree is not needed in the case where the proportional
control is performed with the same accuracy over the
entire opening/closing region due to, for example, cor-
rection control in the region of the smaller and larger
opening degrees. Note that, in the gas engine 1 perform-
ing lean operation, the A/F valve 22 is preferably set to
an opening degree larger than the middle opening degree
during stoichiometric operation taking into account the
fact that the A/F valve 22 is closed at the time of lean
operation. Hereinafter, for the sake of convenience, the
respective opening degrees of the solenoid valve 21 and
the A/F valve 22 are assumed to be 50% in case of sto-
ichiometric operation using the fuel gas having the pre-
determined calorific value.
[0033] The control unit 10 stores input data on relation-
ships between the respective opening degrees of the so-
lenoid valve 21 and the A/F valve 22, and detection re-
sults from the upstream oxygen sensor 31, the down-
stream oxygen sensor 32 and the wide range oxygen
sensor (not shown) when the stoichiometric operation or
the lean operation is performed using the fuel gas having
the predetermined calorific value. The control unit 10 con-
trols the stoichiometric operation or the lean operation in
accordance with the input data.
[0034] For example, when controlling the stoichiomet-
ric operation, the control unit 10 adjusts the opening de-
gree of the A/F valve 22 while maintaining the time-av-
erage opening degree of the solenoid valve 21 at 50%
so that the detection result of measurement by the up-
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stream oxygen sensor 31 disposed on the inlet side of
the three way catalyst 3b is the excess air ratio (λ = 1)
of the theoretical air-fuel ratio. In this case, when the
standard fuel gas is supplied, the opening degree of the
A/F valve 22 is also maintained at 50%.
[0035] The perturbation control for the stoichiometric
operation in which the air-fuel ratio is fluctuated to the
lean side or the rich side from the excess air ratio (λ = 1)
of the theoretical air-fuel ratio as the center is performed
by controlling the opening degree of the solenoid valve
21 based on the detection results of measurements by
the upstream oxygen sensor 31 disposed on the inlet
side of the three way catalyst 3b and the downstream
oxygen sensor 32 disposed on the downstream side, i.e.,
on the outlet side of the three way catalyst 3b. The per-
turbation control performed by the control unit 10 is de-
scribed hereinafter.
[0036] As shown in FIG. 3, an oxygen concentration
of the exhaust gas before flowing into the three way cat-
alyst 3b is measured by the upstream oxygen sensor 31.
When the upstream oxygen sensor 31 determines that
the air-fuel ratio is richer than the stoichiometric opera-
tion, the solenoid valve 21 is moved toward the closing
direction where the air-fuel ratio is leaner than the value
set for the stoichiometric operation.
[0037] Then, oxygen excessively presents in the ex-
haust gas is absorbed by the three way catalyst 3b, and
the oxygen stored in the three way catalyst 3 is saturated.
Thus, the downstream oxygen sensor 32 disposed on
the downstream side of the three way catalyst 3b indi-
cates the shift to the lean side after a predetermined re-
sponse time from the switching of the solenoid valve 21.
[0038] Also, the upstream oxygen sensor 31 disposed
on the upstream side of the three way catalyst 3b indi-
cates determination that the air-fuel ratio is leaner than
the stoichiometric air-fuel ratio due to closing movement
of the solenoid valve 21 to the leaner side. According to
the above determination, the solenoid valve 21 is moved
toward the opening direction where the air-fuel ratio is
richer than the value set for the stoichiometric operation.
[0039] Then, oxygen stored in the three way catalyst
3b is released into the exhaust gas to purify the exhaust
gas. After a little while, the oxygen stored in the three
way catalyst 3b is depleted, then the downstream oxygen
sensor 32 disposed on the downstream side of the three
way catalyst 3b indicates the shift to the rich side after a
predetermined response time from the switching of the
solenoid valve 21.
[0040] After that, the air-fuel ratio is changed at a pre-
determined pitch of about 1 to 2 seconds (perturbation
is performed). Thus, the downstream oxygen sensor 32
disposed on the downstream side of the three way cat-
alyst 3b determines that the air-fuel ratio is changed
smoothly between the lean side and the rich side relative
to the excess air ratio (λ = 1) of the theoretical air-fuel
ratio. In this case, the three way catalyst 3b absorbs and
releases repeatedly the oxygen, thus the active state of
the catalyst is maintained.

[0041] The control unit 10 stores a control map as
shown in FIG. 3. When the stoichiometric operation is
performed using the fuel gas having the predetermined
calorific value, the control is performed in accordance
with the control map.
[0042] As shown in FIG. 4, the opening degree of the
solenoid valve 21 is determined by the following control
parameters: a jump quantity J for rapidly opening the
valve for a predetermined time period; a ramp-up speed
R for smoothly opening the valve for a predetermined
time period after the rapid opening; and a delay time D
that lasts till the solenoid valve 21 is rapidly closed. There-
fore, as to the opening degree of the solenoid valve 21
that is input into the control unit 10, the above conditions
to change the opening degree at the time of the pertur-
bation control are also input. The control unit 10 recog-
nizes, as the opening-degree target value a, the opening
degree (here, 50%) of the solenoid valve 21 correspond-
ing to the oxygen concentration in the excess air ratio (λ
= 1) of the theoretical air-fuel ratio detected by the up-
stream oxygen sensor 31 during stoichiometric opera-
tion. The control unit 10 changes the opening degree of
the solenoid valve 21 to the lean side or the rich side from
the opening-degree target value a as the center, under
the above-described conditions to change the opening
degree, so as to control the fluctuation range of the ex-
cess air ratio that is fluctuated to the lean side or the rich
side
[0043] The control unit 10 also calculates the opening-
degree average value b under the actual operation con-
dition based on a history of the opening degree of the
solenoid valve 21 for predetermined time period in which
the actual operation condition is deemed to be stable
under the perturbation control by the solenoid valve 21
at a predetermined engine rotational speed and with a
predetermined load. As shown in FIG. 4, the opening-
degree average value b is calculated by measuring each
opening degree at respective stages of the opening de-
gree of the valve during the perturbation control. In FIG.
4, the opening-degree values for three cycles are aver-
aged. However, the opening-degree average value b is
not limited to be the average value for three cycles. The
opening-degree average value b may be the average of
the opening-degree values for one cycle or two cycles.
Also, the opening-degree values for three cycles or more
may be averaged. If the opening-degree average value
b is calculated by tracing the history of the opening de-
gree back for just one cycle from the actual operation
condition, such a value is approximate to the one under
the actual operation condition, and data can be proc-
essed quickly. However, in this case, data stability is a
concern. If the opening-degree average value b is calcu-
lated by tracing the history of the opening degree back
for three cycles or more from the actual operation con-
dition, stable data can be obtained, however, data is slow-
ly processed because data to be processed is heavy.
Therefore, as to how much data in the history of the open-
ing degree is traced back from the actual operation con-
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dition to calculate the opening-degree average value b,
it is suitably determined according to the gas engine 1 to
be used and its operating environment.
[0044] The control unit 10 compares the opening-de-
gree average value b calculated as described above un-
der the actual operation condition with the opening-de-
gree target value a, which is essential and input into the
control unit 10 under the same condition as the value b.
When the opening-degree average value b is smaller
than the opening-degree target value a, the control unit
10 decreases the opening degree of the A/F valve 22 at
the rate according to the smallness. When the opening-
degree average value b is equal to or larger than the
opening-degree target value a, the control unit 10 main-
tains or further increases the opening degree of the A/F
valve 22 at the rate according to the largeness. Thus, the
control unit 10 performs the control so that the opening-
degree average value b coincides with the opening-de-
gree target value a.
[0045] Next, description will be given on control by the
control unit 10 taking into account changes in calorific
value of the fuel gas.
[0046] When the standard fuel gas having the prede-
termined calorific value is supplied, the control is per-
formed by the control unit 10 as described above. How-
ever, when the actually supplied fuel gas has the calorific
value smaller than or larger than that of the standard fuel
gas, it is necessary to set once again the opening degree
of the A/F valve 22 to a value according to the calorific
value of the actually supplied fuel gas by opening/closing
the A/F valve 22 having the wide flow rate adjustment
range as shown in FIG. 5. For example, in a state in which
the A/F valve 22 has an opening degree adapted to a
low calorie fuel gas or a high calorie fuel gas, even when
the solenoid valve 21 is fully opened or completely
closed, the flow rate adjustment ranges Vl and Vh by the
solenoid valve 21 are limited. Thus, it is not possible to
control the range of the fuel gas having the low calorific
value to the high calorific value with only the solenoid
valve 21.
[0047] Furthermore, assume that the calorific value of
the fuel gas has changed during the control by the control
unit 10 such as the perturbation control as described
above, in which the solenoid valve 21 is opened/closed
while the opening degree of the A/F valve 22 is main-
tained. Such a change slips into the perturbation control
by the solenoid valve 21, accordingly it cannot be deter-
mined whether the above change is a result of the per-
turbation control or of the change in the calorific value of
the fuel gas. That is, under the actual operation condition,
when the calorific value of the fuel gas changes, the so-
lenoid valve 21 capable of adjusting quickly the flow rate
follows and controls the change. As a result, when the
air-fuel ratio is changed due to the change in the calorific
value of the fuel gas, the perturbation control is performed
with the solenoid valve 21 being deviated in the opening
direction or in the closing direction. As the range control-
led by the solenoid valve 21 is narrow, the solenoid valve

21 may be easily deviated from the range to control,
thereby impossible to be operated.
[0048] In order to address the above problem, when
the calorific change in the fuel gas begins to cause the
deviation of the opening degree of the solenoid valve 21
in the opening direction or the closing direction, the con-
trol unit 10 is controlled as described below so as to adjust
the opening degree not by the solenoid valve 21 but by
the A/F valve 22.
[0049] The gas engine 1 starts to perform stoichiomet-
ric operation at the excess air ratio (λ = 1) of the theoret-
ical air-fuel ratio. In the stoichiometric operation, the
opening degree of the A/F valve 22 is adjusted while
maintaining the time-average opening degree of the so-
lenoid valve 21 at 50%. In this case, if the fuel gas has
the predetermined calorific value and the stoichiometric
operation is performed at the predetermined engine ro-
tational speed and with the predetermined load, then the
opening degree of the A/F valve 22 is expected to coin-
cide with the opening degree previously set in the control
unit 10, i.e., the opening degree of 50%. However, there
is no guarantee that the fuel gas supplied to the gas en-
gine 1 at the time of the actual operation will be the same
one. The calorific value of the fuel gas fluctuates, some-
times increases and sometimes decreases in a day, de-
pending on counties and regions.
[0050] As shown in FIG. 6, in order to assess the cal-
orific changes in the fuel gas, the predetermined engine
rotational speed and the predetermined load at the time
of the stoichiometric operation are detected so as to read
out the opening-degree target value a of the solenoid
valve 21 that is set in the control unit 10 under the above
condition (Step 1).
[0051] The history of the opening degree of the sole-
noid valve 21 under the actual operation condition is
traced back to the past from the time when the opening-
degree target value a is read out so as to calculate the
average value of the history of the opening degree of the
solenoid valve 21 for the predetermined time period to
obtain the opening-degree average value b (Step 2).
[0052] If the calorific value of the fuel gas does not
change, the opening-degree target value a read out in
Step 1 should coincide with the opening-degree average
value b calculated in Step 2. Thus, the opening-degree
target value a is compared with the opening-degree av-
erage value b (Step 3).
[0053] When the opening-degree average value b is
smaller than the opening-degree target value a, such a
fact indicates that the calorific value of the fuel gas is
large by the above difference and the solenoid valve 21
begins to deviate in the closing direction. Thus, the A/F
valve 22 is closed at the predetermined rate (Step 4).
[0054] When the opening-degree average value b is
larger than the opening-degree target value a, such a
fact indicates that the calorific value of the fuel gas is
small by the above difference and the solenoid valve 21
begins to deviate in the opening direction. Thus, the A/F
valve 22 is opened at the predetermined rate. Also, when
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the opening-degree average value b is equal to the open-
ing-degree target value a, such a fact indicates that the
calorific value of the fuel gas does not change and the
solenoid valve 21 does not deviate. Thus, the opening
degree of the A/F valve 22 is maintained at the current
rate (Step 5).
[0055] After that, the control process from Step 1 is
repeated.
[0056] In this way, when the fuel gas having the calorific
value smaller or larger than that of the standard fuel gas
is supplied, the gas engine 1 can handle the situation by
adjusting the opening degree of the A/F valve 22, not the
solenoid valve 21. Thus, in the case where the calorific
value of the fuel gas remarkably changes, the gas engine
1 can address the change so as to continuously perform
the perturbation control using the solenoid valve 21 in
the stoichiometric operation. Thus, it is possible to main-
tain exhaust gas purification performance for a long time,
which results in extending the maintenance interval. Also,
a catalyst is not required to contain an increased amount
of precious metals or to have an increased storage ca-
pacity. Thus, it is possible to suppress cost increase for
the catalyst. Furthermore, the gas engine 1 can be op-
erated even when a fuel gas having a large variation in
calorific value is used. In addition, it is possible to use
the gas engine 1 in multiple counties or regions where
the respective fuel gases have different calorific values.
[0057] As shown in FIG. 5, the gas flow rate adjustment
range Vl remarkably differs from the gas flow rate adjust-
ment range Vh. The gas flow rate adjustment range Vl
is a range when the solenoid valve 21 is fully opened
from the completely closed state under the situation
where the low calorie fuel gas is supplied. The gas flow
rate adjustment range Vh is a range when the solenoid
valve 21 is fully opened from the completely closed state
under the situation where the high calorie fuel gas is sup-
plied. Thus, if the perturbation control is performed with
the same amount of change in the opening degree of the
solenoid valve 21, the air-fuel ratio is not changed
smoothly. Therefore, when the perturbation control in the
stoichiometric operation is performed using the solenoid
valve 21, it is preferable that the amount of change in the
opening degree of the solenoid valve 21 is set in consid-
eration of the flow rate adjustment range Vl when the
opening degree of the A/F valve 22 is re-adapted to the
low calorie fuel gas, and that the amount of change in
the opening degree of the solenoid valve 21 is set in
consideration of the flow rate adjustment range Vh when
the opening degree of the A/F valve 22 is re-adapted to
the high calorie fuel gas. In this case, the amount of
change in the opening degree of the solenoid valve 21
in consideration of the respective flow rate adjustment
ranges Vl and Vh can be set and input into the control
unit 10 so as to coordinate with the opening degree of
the A/F valve 22.
[0058] In this embodiment, the opening-degree aver-
age value b is calculated by measuring the opening de-
gree at each stage of the corresponding excess air ratio

in the perturbation control, as shown in FIG. 4. However,
in the above case, a large amount of data is required to
calculate the opening-degree average value b, which
places a burden on the control unit 10. Therefore, the
opening-degree average value b may be calculated sim-
ply by measuring a maximum opening degree and a min-
imum opening degree of the solenoid valve 21 in the per-
turbation control as shown in FIG. 7. In this case, the
maximum opening degree and the minimum opening de-
gree of the solenoid valve 21 are obtained at the positions
where the signal from the upstream oxygen sensor 31
passes through the set point S. Thus, the opening de-
grees are detected at the above positions as the respec-
tive maximum opening degrees and the minimum open-
ing degrees of the solenoid valve 21, so that the opening-
degree average value b is calculated. The number of
piece of data that is required to calculate the opening-
degree average value b is two per one cycle of the per-
turbation control. Thus, even when the opening-degree
average value b is measured, for example, by tracing
back the data for the past ten cycles, the control unit 10
can process the data without bearing the burden. FIG. 8
discloses the control performed by the control unit 10
using the opening-degree average value b calculated by
the above-described means.
[0059] Similarly to Step 1 in FIG. 6, the predetermined
engine rotational speed and the predetermined load at
the time of the stoichiometric operation are detected so
as to read out the opening-degree target value a of the
solenoid valve 21 that is set in the control unit 10 under
the above condition (Step 21).
[0060] The history of the opening degree of the sole-
noid valve 21 under the actual operation condition is
traced back to the past from the time when the opening-
degree target value a is read out so as to calculate the
average value of the history of the opening degree of the
solenoid valve 21 for the predetermined time period to
obtain the opening-degree average value b. At this time,
the respective maximum opening-degree values and the
respective minimum opening-degree values of the sole-
noid valve 21 are measured by tracing back the data for
the past ten cycles so as to be averaged to obtain the
opening-degree average value b (Step 22).
[0061] If the calorific value of the fuel gas does not
change, the opening-degree target value a read out in
Step 21 should coincide with the opening-degree aver-
age value b calculated in Step 22. Thus, the opening-
degree target value a is compared with the opening-de-
gree average value b (Step 23).
[0062] When the opening-degree average value b is
smaller than the opening-degree target value a, such a
fact indicates that the calorific value of the fuel gas is
large by the above difference and the solenoid valve 21
begins to deviate in the closing direction. Thus, the A/F
valve 22 is closed at the predetermined rate (Step 24).
[0063] When the opening-degree average value b is
larger than the opening-degree target value a, such a
fact indicates that the calorific value of the fuel gas is
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small by the above difference and the solenoid valve 21
begins to deviate in the opening direction. Thus, the A/F
valve 22 is opened at the predetermined rate. Also, when
the opening-degree average value b is equal to the open-
ing-degree target value a, such a fact indicates that the
calorific value of the fuel gas does not change and the
solenoid valve 21 does not deviate. Thus, the opening
degree of the A/F valve 22 is maintained at the current
rate (Step 25).
[0064] After that, the control process from Step 21 is
repeated.
[0065] In this way, when the fuel gas having the calorific
value smaller or larger than that of the standard fuel gas
is supplied, the gas engine 1 can handle the situation by
adjusting the opening degree of the A/F valve 22, not the
solenoid valve 21. Thus, in the case where the calorific
value of the fuel gas remarkably changes, the gas engine
1 can address the change so as to continuously perform
the perturbation control using the solenoid valve 21 in
the stoichiometric operation.
[0066] Also, it is possible to perform the air-fuel ratio
control by calculating the opening-degree average value
b without placing burden on the control unit 10 that proc-
esses data.
[0067] In the above-described two embodiments, the
opening-degree target value a is compared with the
opening-degree average value b so that the A/F valve
22 is controlled at the predetermined rate by the differ-
ence resulted from the above comparison. However, it
is difficult that the opening-degree target value a coin-
cides perfectly with the opening-degree average value
b. Thus, in the above control, the A/F valve 22 is repeat-
edly opened and closed at short intervals, which may
result in a heavy burden on the control unit 10. In order
to address the above, the control unit 10 may store, to-
gether with each opening-degree target value a mapped
in the control unit 10, a corresponding dead range c so
as to perform the control using the dead range c.
[0068] The dead range c is set so that the A/F valve
22 is not too frequently opened and closed in response
to the difference between the opening-degree target val-
ue a and the opening-degree average value b. The dead
range c is a range of values and the opening degree of
the A/F valve 22 is not changed unless the difference
between the opening-degree target value a and the open-
ing-degree average value b is beyond this range. There-
fore, the dead range c is suitably set according to the gas
engine 1 to be used and its operating environment.
[0069] FIG. 9 shows the air-fuel ratio control of the en-
gine using the dead range c set in the control unit 10.
[0070] Similarly to Step 1 in FIG. 6, the predetermined
engine rotational speed and the predetermined load at
the time of the stoichiometric operation are detected so
as to read out the opening-degree target value a of the
solenoid valve 21 that is set in the control unit 10 under
the above condition (Step 31).
[0071] The history of the opening degree of the sole-
noid valve 21 under the actual operation condition is

traced back to the past from the time when the opening-
degree target value a is read out so as to calculate the
average value of the history of the opening degree of the
solenoid valve 21 for the predetermined time period to
obtain the opening-degree average value b (Step 32).
[0072] The dead range c is read out from the control
unit 10. The dead range c is in the period for which the
engine rotational speed and the load are constant and
from which the opening-degree target value a is also read
out (Step 33).
[0073] If the calorific change in the fuel gas is small,
the difference between the opening-degree target value
a read out in Step 31 and the opening-degree average
value b calculated in Step 32 should be smaller than the
dead range c. Thus, the difference between the opening-
degree target value a and the opening-degree average
value b(|a-b|) is compared with the dead range c (Step
34).
[0074] If the difference between the opening-degree
target value a and the opening-degree average value
b(|a-b|) is equal to or smaller than the dead range c, the
calorific change in the fuel gas is within the acceptable
range. Thus, the control process from Step 31 is repeat-
ed.
[0075] If the difference between the opening-degree
target value a and the opening-degree average value b
(|a-b|) is larger than the dead range c, the calorific change
in the fuel gas is beyond the acceptable range. Thus, the
opening-degree target value a is compared with the
opening-degree average value b (Step 35).
[0076] When the opening-degree average value b is
smaller than the opening-degree target value a, such a
fact indicates that the calorific value of the fuel gas is
large by the above difference and the solenoid valve 21
begins to deviate in the closing direction. Thus, the A/F
valve 22 is closed at the predetermined rate (Step 36).
[0077] When the opening-degree average value b is
larger than the opening-degree target value a, such a
fact indicates that the calorific value of the fuel gas is
small by the above difference and the solenoid valve 21
begins to deviate in the opening direction. Thus, the A/F
valve 22 is opened at the predetermined rate. Also, when
the opening-degree average value b is equal to the open-
ing-degree target value a, such a fact indicates that the
calorific value of the fuel gas does not change and the
solenoid valve 21 does not deviate. Thus, the opening
degree of the A/F valve 22 is maintained at the current
rate (Step 37).
[0078] After that, the control process from Step 31 is
repeated.
[0079] In this way, when the fuel gas having the calorific
value smaller or larger than that of the standard fuel gas
is supplied, the gas engine 1 can handle the situation by
adjusting the opening degree of the A/F valve 22, not the
solenoid valve 21. Thus, in the case where the calorific
value of the fuel gas remarkably changes, the gas engine
1 can address the change so as to continuously perform
the perturbation control using the solenoid valve 21 in
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the stoichiometric operation.
[0080] Also, since the control is performed using the
dead range c, it is possible to prevent the A/F valve 22
from being opened and closed too frequently in response
to the difference between the opening-degree target val-
ue a and the opening-degree average value b, which
results in reduction in burden placed on the control unit
10 when it processes the data. Thus, it is possible to
control stably the air-fuel ratio without unintentional hunt-
ing in the air-fuel ratio.
[0081] Note that the control described above with ref-
erence to FIG. 9 is the case where the dead range c is
applied to the control shown in FIG. 6. However, the con-
trol may also be performed by applying the dead range
c to the control shown in FIG. 8.
[0082] In the above-described embodiments, one mix-
ing unit 2a is disposed on the intake passage 12. How-
ever, the mixing units 2a may each be disposed on the
corresponding cylinder head 11 of the gas engine 1 as
shown in FIG. 10(a), or the mixing units 2a may each be
disposed on every group consisting of two or more of the
cylinder heads 11 as shown in FIG. 10(b) (in FIG. 10(b),
the group consists of two cylinder heads 11).
[0083] Also, the above-described embodiments, the
mixing unit 2a is configured to control the solenoid valve
21 and the A/F valve 22 respectively having the different
flow rate characteristics. However, as shown in FIG. 11,
the mixing unit 2a may be configured to include and con-
trol a plurality of (specifically: two; or more than two) fuel
flow rate adjusting valves 20 having the same flow rate
characteristics (in FIG. 11, three fuel flow rate adjusting
valves 20 are disposed). In this case, the mixing unit 2a
may include the fuel flow rate adjusting valve 20 that
serves as the solenoid valve 21 of the above embodi-
ments and the fuel flow rate adjusting valve 20 that serves
as the A/F valve 22 of the above embodiments. Alterna-
tively, the mixing unit 2a may include the fuel flow rate
adjusting valves 20 that respectively serve not only as
the solenoid valve 21 of the above embodiments but also
as the A/F valve 22 of the above embodiments. In this
case, various valves, which are used to control this kind
of fuel gas, may be used as the fuel flow rate adjusting
valve 20. More specifically, a butterfly valve, a solenoid
valve and the like may be used.
[0084] As described above, the gas engine 1 is con-
figured to switch between the stoichiometric operation
and the lean operation. However, the gas engine 1 may
be configured to perform only the stoichiometric opera-
tion. Also, the gas engine 1 is configured to detect the
excess air ratio in the stoichiometric operation using the
upstream oxygen sensor 31. However, in place of the
upstream oxygen sensor 31, a wide range oxygen sensor
(not shown) may be used to detect the excess air ratio
in the stoichiometric operation.
[0085] The gas engine 1 having each of the above-
described configurations can be suitably used as a drive
source of a gas heat pump system 4 as shown in FIG.
12. Also, the gas engine 1 can be suitably used as a drive

source of a cogeneration system 5 as shown in FIG. 13.
That is, the above systems are likely to be operated for
a long period of time without a stop, or likely to use a fuel
gas made from biomass whose composition easily varies
as the material for generating the fuel gas. Thus in the
above systems, there are many factors contributing to
the calorific change in the fuel gas. Therefore, the above
systems can easily exert the effects of the present inven-
tion by using the gas engine 1 of the present invention
that can address the calorific change in the fuel gas. In
FIG. 12, the gas heat pump system 4 includes the gas
engine 1 connected to two compressors 41. However, a
single compressor 41 or more than two compressors 41
may be adopted. Also, in FIG. 12, the gas heat pump
system 4 includes one outdoor unit 42 connected to two
indoor units 43. However, a single indoor unit 43 or more
than two indoor units 43 may be adopted.
[0086] Also, in the above-described embodiments, the
gas engine 1 is described. However, apart from the gas
engine 1, the present invention may be applied to various
engines that perform the perturbation control.
[0087] The present invention may be embodied in oth-
er forms without departing from the gist or essential char-
acteristics thereof. The foregoing embodiment is there-
fore to be considered in all respects as illustrative and
not limiting. The scope of the invention is indicated by
the appended claims rather than by the foregoing de-
scription, and all modifications and changes that come
within the meaning and range of equivalency of the claims
are intended to be embraced therein.

Description of Reference Numerals

[0088]

1 Gas engine
10 Control unit
11 Cylinder head
13 Exhaust passage
2 Intake section
20 Fuel flow rate adjusting valve (first valve and/or

second valve)
21 Solenoid valve (second valve)
22 A/F valve (first valve)
31 Upstream oxygen sensor
32 Downstream oxygen sensor
a Opening-degree target value
b Opening-degree average value

Claims

1. A gas engine comprising:

a first valve and a second valve, the first valve
having a responsiveness being lower and a fuel
flow rate adjustment range being wider than the
second valve, and the second valve having a
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responsiveness being higher and a fuel flow rate
adjustment range being narrower than the first
valve; and
a control unit configured to perform perturbation
using the second valve by moving the second
valve from a predetermined opening degree to
a lean side or a rich side while the first valve is
being opened at a predetermined opening de-
gree,
wherein, during an actual operation in a period
in which an operation condition of the engine is
deemed to be stable, when an opening-degree
average value of the second valve deviates from
an opening-degree target value of the second
valve, the opening-degree target value being set
in the control unit under the operation condition,
the control unit is configured to adjust the open-
ing degree of the first valve so that the opening-
degree average value equals the opening-de-
gree target value.

2. The gas engine according to claim 1, wherein the
control unit calculates the opening-degree average
value by extracting a maximum opening degree and
a minimum opening degree in the perturbation con-
trol by the second valve during the actual operation.

3. The gas engine according to claim 1, wherein the
control unit adjusts the opening degree of the first
valve so that the opening degree converges into the
opening-degree target value with a certain range.

4. The gas engine according to claim 2, wherein the
control unit adjusts the opening degree of the first
valve so that the opening degree converges into the
opening-degree target value with a certain range.

5. The gas engine according to any one of claims 1 to
4, wherein the first valve and the second valve are
disposed with respect to each cylinder head or with
respect to a group of cylinder heads.

6. The gas engine according to any one of claims 1 to
4, wherein a plurality of the first valves and/or the
second valves is disposed.

7. The gas engine according to any one of claims 1 to
4, wherein the opening degree of the first valve and
the opening degree of the second valve are set in
the control unit according to an air-fuel ratio meas-
ured by an oxygen sensor or a wide range oxygen
sensor disposed on an upstream side of an exhaust
passage of the gas engine relative to a catalyst.

8. A gas heat pump system including the gas engine
according to any one of claims 1 to 4 as a drive
source.

9. A cogeneration system including the gas engine ac-
cording to any one of claims 1 to 4 as a drive source.
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