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(54) INVERTER GENERATOR

(57) A control circuit (microcomputer) is provided in
each of two inverter portions. Magnitude of a target wave-
form signal corresponding to a voltage to be output by
each of the inverter portions is varied according to an
operation state. The number of revolution of the engine

is adjusted according to the larger one of the effective
powers output from the two inverter portions. To cope
with a temporary output shortage from the AC generator,
the output voltage is temporarily lowered and then the
output voltage is restored after waiting for the number of
revolution of the engine increases.
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Description

Technical Field

[0001] The present invention relates to an inverter generator for feeding an electric power by the so-called single-
phase three-wire system in which inverter portions are connected to an engine-driven generator and respective outputs
of smoothing filters being connected to the inverter portions are connected in series.

Background Art

[0002] Generally, the inverter portions are connected to the engine-driven generator, and an electric power at a
predetermined AC voltage at a predetermined frequency is fed. Further, respective outputs of plural inverter portions
are connected in parallel and an electric power is fed to the load.
[0003] In this manner, when the inverter portions are connected in parallel, output voltages of two inverter portions
are controlled equally, for example. In this case, when there is a discrepancy in output frequency between two inverter
portions, a difference arises between effective powers that are allotted between two inverter portions respectively. When
a discrepancy in the output voltages occurs, a reactive power circulates between the inverter portions.
[0004] Meanwhile, in the above control, the configuration for executing the control by using a one-chip microcomputer,
for example, is employed. In this case, an interrupt is produced 128 times in one period, for example, to synchronize
with phases of the output voltages of the inverter portions or the AC sine voltages corresponding to the target waveform
signal. Then, instantaneous values of the output currents being output from the inverter portions, DC voltages at input
ends of the inverter portions, or the like in accordance with these interrupts is measured and accumulated, so that the
effective powers and the reactive powers are calculated. In accordance with these interrupts, the output frequencies
(phases) are controlled, the number of revolution of the engine is controlled, and the information is exchanged mutually
between plural inverter portions (see Patent Literature 1).

Prior Technology Literature

Patent Literature

[0005]

Patent Literature 1: JP-A-2005-286540 Official Gazette

Summary of the Invention

Problems that the invention is to Solve

[0006] In the conventional case, as described above, it is considered that the inverter portions is driven in parallel,
and thus the control is applied to meet such driving scheme. Recently, it becomes considered that an electric power is
fed by the so-called single-phase three-wire system in which respective outputs of two inverter portions are connected
in series, for example.
[0007] In such case, the loads imposed to the inverter portions are unbalanced in some cases, e.g., such a situation
is caused that the heavy load is connected only to any one inverter portion out of two inverter portions, or the like. Such
a situation is caused that one of the loads connected to respective inverter portions is the inductive load whereas the
other of the loads is the capacitive load. The output voltage- output current characteristic becomes different to correspond
to the property of such load. In spite of this fact, it is desired that the output voltage-output current characteristic should
be made flat.
[0008] Generally speaking, various considerations are taken, e.g., generation of a noise should be suppressed by
keeping the number of revolution of the engine small, and the like, when the load connected to the feeder line is light.
In this case, for example, when the electric motor connected as the load is started, a large start current runs through
the motor. Under ordinary circumstances, the revolution of the engine should be increased in response to the start of
the motor, however an increase of the number of revolution of the engine is slowed down.
[0009] An object of the present invention is to drive two inverter portions, for example, in a desired mode by using a
one-chip microcomputer even when such inverter portions are connected.
[0010] The present invention intends particularly to apply effectively a control to the number of revolution of an engine.
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Means for Solving the Problems

[0011] The present invention relates to an inverter generator. In the case of the inverter generator, in view of the fact
that the load is connected only to one side of two inverter portions, for example, the number of revolution of the engine
is decided by 

, based on the effective power on the side of the inverter portion that is feeding the larger effective power.
[0012] In the permanent magnet type multipolar generator, in some cased a reduction of the output voltage is caused
in the overheat state because of the characteristics of the magnet since the permanent magnet is employed. For this
reason, the number of revolution of the engine is set to "a little higher value" under the assumption that the engine
becomes short of the output under the occurrence of the overheat state. Essentially, it is desired that the number of
revolution of the engine should be lower to suppress the noise when an ambient temperature is low, nevertheless the
number of revolution of the engine is still kept at "a little higher value" due to the above situation. In order to overcome
this drawback, a means for increasing the number of revolution of the engine as output power from the inverter portion
is increased should be provided, and then the number of revolution of the engine should be set to "a little lower value"
than that in the prior art to prevent the overheat when the ambient temperature is low, so that the number of revolution
of the engine can be set as lower as possible. That is, the number of revolution of the engine may be set by 

[0013] Further, when no load is applied to the inverter portion, normally the number of revolution of the engine is
suppressed lower to improve a fuel consumption and suppress the noise. In this case, a time lag is caused in an increase
of the number of revolution of the engine at a time when the load is shifted suddenly to the high load state. In order to
overcome this drawback, the situation where the high load state (the power mode) may be caused should be assumed
manually, and then the number of revolution of the engine should be set at the time of no load to respond to the power
mode. That is, a power mode switch shown in FIG.1 (at the lower right in FIG. 1) as described later should be provided.

Advantages of the Invention

[0014] According to the present invention,

(i) the inverter generator can deal with such a situation that the loads of the inverter portions become unbalanced,
(ii) the number of revolution of the engine can be decreased as low as possible when the output power of the inverter
portion is small, and
(iii) the inverter generator can deal with such a situation that the load is shifted to a sharp high load, by assuming
that effect under the condition that the high load state (the power mode) may be caused. As a result, even the load
that does not like a reduction of the output voltage at a time of high load can be connected to the inverter generator.

Brief Description of the Drawings

[0015]

FIG.1 is a view showing a configuration of one embodiment of the present invention.
FIG.2 is a view showing a configuration that drives/ controls one of inverter portions shown in FIG.1.
FIG.3 is a view showing a processing configuration in a control circuit (one-chip microcomputer).
FIG.4 is a view showing timings at which processes are executed in the control circuit (one-chip microcomputer).
FIG.5 is a view showing a flowchart used to start an endless loop.
FIG.6 is a view showing processed contents in a status 1 to a status 4 that are executed in response to the endless loop.
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FIG.7 is a view showing processed contents in the endless loop.
FIG.8 is a view showing processed contents in the endless loop.
FIG.9 is a view showing a flowchart of a 1/128 interrupt (reference timer interrupt) corresponding to a value i of Sin- itr.
FIG.10 is a view showing a flowchart of an edge interrupt.
FIG.11 is a view showing a flowchart of a 21.71 mS interrupt.
FIG.12 is a view showing a flowchart used when a command number of revolution to an engine is changed.
FIG.13 is a view showing such a tendency that, in a permanent magnet type multipolar generator, an output voltage
or an output power is lowered as a temperature is increased.
FIG.14 is a view explaining that it takes time to increase the number of revolution of the engine in response to a
sharp increase of the load.
FIG.15 is a view showing respective characteristics in an echo-mode and a power mode.

Mode for Carrying Out the Invention

[0016] FIG.1 shows a configuration of one embodiment of the present invention.
[0017] In FIG. 1, a reference numeral 100 denotes an inverter unit, 200 denotes a permanent magnet type multipolar
generator (Permanent Magnet Alternator-PMA), 300 denotes an engine, 500 denotes an inverter control power source,
and 550 denotes a power mode switch that is used to indicate a driving mode.
[0018] 101 denotes an inverter portion, 102 denotes an inverter module, 103 denotes a rectifier circuit portion, 104
denotes an inverter circuit portion (H bridge), 105 denotes an electrolytic capacitor portion, 106 denotes an internal
voltage sensor that constitutes a DC link voltage detecting circuit described later, 107 denotes a temperature sensor,
108 denotes a current sensor, 109 denotes a smoothing filter portion, 110 denotes a control circuit that is configured by
a one-chip microcomputer, 111 denotes a communication line that transmits/ receives information between control
circuits 110A, 110B, 150 denotes an inverter control power source, and 160 denotes a revolution command adaptor that
is used to indicate a revolution of the engine (or the generator).
[0019] 301 denotes an engine control unit (ECU). In this case, the permanent magnet type multipolar generator 200
shown herein is of the permanent magnet field type. Although not clearly shown in the illustrated case, this multipolar
generator is equipped with two sets of generator windings, and outputs of respective generator windings are supplied
to inverter portions 101A, 101B that are provided to correspond individually.
[0020] An output terminal of an inverter circuit portion 104A and an output terminal of an inverter circuit portion 104B
are connected in series. An output terminal A, an output terminal B, and an output terminal C are configured to constitute
the so-called single-phase three-wire system. As a consequence, an AC voltage V can be output between the output
terminal A and the output terminal B or between the output terminal B and the output terminal C respectively. Further,
an AC voltage 2V can be output between the output terminal A and the output terminal C.
[0021] Here, a voltage waveform 600 shown in FIG.1 denotes a PWM waveform as a waveform that appears at output
portions of the inverter circuit portions 104A, 104B respectively. A voltage waveform 601 denotes a waveform indicating
a sine wave obtained when the PWM waveform 600 is smoothed by the smoothing filter portion 109 respectively.
[0022] As shown in FIG.1, a subject of the present invention is such a configuration that the outputs are obtained from
the multipolar generator 200 having two sets of generator windings, then an AC output is produced from the outputs by
the inverter portions 101A, 101B respectively, and then the output terminals are connected to constitute the single-phase
three-wire system as illustrated.
[0023] FIG.2 shows a configuration that drives/controls one of the inverter portions shown in FIG.1. In FIG.2, a portion
corresponding to the communication line 111 shown in FIG.1 is omitted.
[0024] The reference numerals 101, 103, 104, 105, 106, 108, 109, 110, 200, 600, and 601 in FIG.2 correspond to
those in FIG.1.
[0025] A reference numeral 112 denotes an input port portion that receives an output current detection signal from
the current sensor 108, and converts an analog signal into a digital signal. 113 denotes an input port portion that receives
a DC voltage signal (DC link voltage signal) from the DC link voltage detecting circuit 106 as the internal voltage sensor,
and converts an analog signal into a digital signal.
[0026] The control circuit (one-chip microcomputer) 110 generates a target waveform signal 602 to an AC voltage
that is to be output from the inverter circuit portion (H bridge) 104, and then outputs the target waveform signal 602 from
an output port portion 114 that executes a digital-analog conversion.
[0027] The control circuit 110 outputs control signals (H-bridge stop/drive signals shown in FIG.2) for stopping the
inverter circuit portion (H bridge) 104 and the like from an output port 115 based on an overcurrent state sent from the
inverter circuit portion (H bridge) 104, and controls a PWM signal cut-off/pass portion 124 described later. Further, the
control circuit 110 sends to a variable indicator portion 121 shown in FIG.2 a control signal for executing the control
under the driving condition (e.g., the driving condition in which the voltage waveform 600 (or 601) on the output side is
temporarily lowered, or the like) given by the inverter circuit portion 104 (H bridge) to control a "drooping portion by
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current" 122 shown in FIG.2, thereby controlling a PWM signal being output from a PWM portion 123 shown in FIG.2.
Here, 107 shown in FIG.2 denotes an inverting amplifier.
[0028] "An output voltage detecting portion 116 by an inverting amplifier" shown in FIG.2 extracts the waveform 600
shown in FIG.2. This waveform 600 is converted into a sine waveform 603 (basically, same as the waveform 601) via
a low-pass filter (LPF) 118. Meanwhile, a target waveform signal 602 shown in FIG.2 is converted into a sine waveform
604 via a low-pass filter 119. Both sine waveforms 603, 604 are compared mutually by a comparing amplifier 120, and
then an error waveform signal 605 is input into the above "drooping portion by current" 122.
[0029] The "drooping portion by current" 122 has a crest limiting function to limit a waveform height of the error
waveform signal 605, and sends a signal to the PWM portion 123 shown in FIG.2. Needless to say, the "drooping portion
by current" 122 executes the control to lower temporarily the output voltage of the inverter portion such that the driving
condition given by the inverter circuit portion (H bridge) 104 should be satisfied, or the like, as described above, and
adjusts an amplitude of the error waveform signal 605.
[0030] The PWM portion 123 shown in FIG.2 generates the PWM signal having a desired waveform, and sends this
PWM signal to a "PWM signal cut-off/pass (ON/OFF) controlling portion by a logic IC" 124. This PWM signal cut-off/
pass controlling portion 124 executes the cut-off/pass control of the PWM signal after this portion receives the instruction
given by the above "H-bridge stop/drive signals", and supplies the PWM signal to a H-bridge driver 125 shown in FIG.
2. The H-bridge driver 125 controls respective FETs in the inverter circuit portion 104 based on this PWM signal. The
waveforms indicated by reference numerals 606 and 607 shown in FIG.2 show the control signals used to control
respective FETs (respective FETs are controlled by the waveform of the PWM signal). A waveform 608 shown in FIG.
2 is a DC link voltage, and is shown such that this waveform includes a ripple.
[0031] FIG.3 shows a processing configuration in the control circuit (one-chip microcomputer). FIG.4 shows timings
at which the processes are executed in the control circuit (one-chip microcomputer).
[0032] The control circuit 110 includes a main function processing portion 401, and an interrupt processing portion
402. The main function processing portion 401 has a first status processing portion 4011, a second status processing
portion 4012, a third status processing portion 4013, and a fourth status processing portion 4014. The interrupt processing
portion 402 has a reference timer interrupting portion 4021, and another interrupting portion 4022. The control circuit
110 causes the main function processing portion 401 and the interrupt processing portion 402 to monitor the inverter
portion 101 and control the driving circuit and to execute the necessary processes.
[0033] As shown in FIG.4, the main function processing portion 401 executes first to fourth processes for detecting,
outputting and controlling a status of the inverter portion in first period to forth periods (corresponding to a first status to
a fourth status shown in FIG.4) that are set by dividing equally one period of an AC voltage as the output of the inverter
portion into four equal periods. The first to fourth processes are different from each other. In this example, the first to
fourth processes are executed in the first to fourth processes respectively, but any process may be executed in any
period. That is, any operation mode may be employed if any one of the first to fourth processes may be executed in the
first to fourth processes respectively.
[0034] Actually, in order to divide equally one period of the AC voltage into four equal parts, the main function processing
portion 401 utilizes an interrupt generated at respective timings that are obtained when one period of the AC voltage is
divided equally into N (in this example, N=128) by the reference timer interrupting portion 4021 in the interrupt processing
portion 402. That is, the number of interrupts is counted, and the first to fourth periods are started respectively when the
count value corresponds to 1, 32, 64, and 96.
[0035] The first status processing portion 4011 shown in FIG.3 executes the process in the first status period shown
in FIG.4, the second status processing portion 4012 executes the process in the second status period shown in FIG.4,
the third status processing portion 4013 executes the process in the third status period shown in FIG.4, and the fourth
status processing portion 4014 executes the process in the fourth status period shown in FIG.4.
[0036] The first status is started when the contents Sin-itr of the reference timer counter (not shown) is a value "1",
the second status is started when the contents Sin-itr is a value "32", the third status is started when the contents Sin-
itr is a value "64", and the fourth status is started when the contents Sin-itr is a value "96". Then, the counted value is
repeated such that the contents change to the value "1" from the value "127" via the value "0". In this case, the content
Sin-itr of the reference timer counter (not shown) is updated in synchronism with the sine wave of the output voltage,
as shown in FIG.4.
[0037] FIG.5, FIG.6, FIG.7, and FIG.8 show the processed contents that the control circuit (one-chip microcomputer)
executes in response to above four statuses. Here, FIG.7 and FIG.8 when coupled together shows on figure.
[0038] FIG.5 shows a flowchart used to start an endless loop.
[0039] (S1): execute the initialization.
[0040] (S2): execute the preparation for start.
[0041] (S3): enter into an endless loop.
[0042] FIG.6 shows the process contents in the status 1 to the status 4 that are executed in response to the endless loop.
[0043] In the process in the status 1,
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(S28): store the transmission data transmitted between the inverter portion M (master) 101A and the inverter portion S
(slave) 101B shown in FIG.1 in the register. The effective power and the reactive power output by each inverter portion
are contained in the transmission data. A mode in which the effective power and the reactive power are generated will
be described later.
(S29): start the transmission. That is, the transmission data stored in (S28) are sent out to the inverter portion on the
opposite side.
[0044] In the process in the status 2,
(S30): calculate the command number of revolution for the engine.
(S31): start the transmission of the number of revolution. The number of revolution is transmitted to the engine control
unit (ECU) 301 shown in FIG.1.
[0045] In the process in the status 3,
(S32): do the failure diagnosis in the inverter portion.
(S33): check a time in which an overcurrent continues when the inverter portion is in an overcurrent state, and then
decide whether or not protection is needed when the time is up.
(S34): decide whether or not an overheat protection is needed, based on the detected data of the temperature sensor
107 shown in FIG.1.
[0046] In the process in the status 4,
(S35): perform an adjustment such as a change of the output voltage, or the like, as occasion demands.
(S36): execute the process of the data received from the opposite side in the communication between the control units
of respective inverter portions.
(S37): detect the failure when the failure is caused on the other device.
(S38): perform an adjustment such as a change of a peak value of the overcurrent limiter, or the like.
(S39): perform a synchronizing process such that synchronization of the frequency (phase) should be executed between
both inverter portions, as occasion demands.
[0047] FIG.7 and FIG.8 are coupled together to show one figure, and show the processed contents in the endless loop.
[0048] (S4): check whether or not the output of the inverter portion is in the status 1.
[0049] (S5): execute the processes of the status 1 shown in FIG.6 if the output of the inverter portion is in the status 1.
[0050] (S6): go to the status 1’ shown in FIG.6 when the processes of the status 1 are ended.
[0051] (S7): check whether or not the output of the inverter portion is in the status 1’ either if the check in (S4) is N or
when the process in (S6) is ended.
[0052]  (S8): do nothing and go to (S9) if the output of the inverter portion is in the status 1’.
[0053] (S9): go to the status 2 if a value i in the contents of the above counter (Sin-itr) is in excess of "31".
(S10): check whether the output of the inverter portion is in the status 2 either if the check in (S7) is N or when the
process in (S9) is ended.
(S11): execute the processes of the status 2 shown in FIG.6 if the output of the inverter portion is in the status 2.
(S12): go to the status 2’.
(S13): check whether the output of the inverter portion is in the status 2’ either if the check in (S10) is N or when the
process in (S12) is ended.
(S14): do nothing and go to (S15) if the output of the inverter portion is in the status 2’.
(S15): go to the status 3 if the value i is in excess of "63".
(S16): check whether the output of the inverter portion is in the status 3 either if the check in (S13) is N or when the
process in (S15) is ended.
(S17): execute the processes of the status 3 shown in FIG.6 if the output of the inverter portion is in the status 3.
(S18): go to Status 3’.
(S19): check whether the output of the inverter portion is in the status 3’ either if the check in (S16) is N or when the
process in (S18) is ended.
(S20): do nothing and go to (S21) if the output of the inverter portion is in the status 3’.
(S21): go to the status 4 if the value i is in excess of "95".
(S22): check whether the output of the inverter portion is in the status 4 either if the check in (S19) is N or when the
process in (S21) is ended.
(S23): execute the processes of the status 4 shown in FIG.6 if the output of the inverter portion is in the status 4.
(S24): go to Status 4’.
(S25): the output of the inverter portion is in the status 4’ either if the check in (S22) is N or when the process in (S24)
is ended.
(S26): do nothing and go to (S27) if the output of the inverter portion is in the status 4’.
(S27): return to (S4) under the condition that the value i is smaller than "32".
[0054] As can be seen from FIG.7 and FIG.8, the endless loop repeats the processes of the status 1 to the processes
of the status 4 in response to the value i of Sin-itr. That is, the processes in respective statuses are executed in one
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period (i=0 to i=127) of the voltage, and then are repeated.
[0055] Here, a mode in which the control circuit (one-chip microcomputer) 110 generates a value of the effective power
P and a value of the reactive power Q output by the own inverter portions and also a value of the output current output
from the own inverter portions will be explained conceptually hereunder.
[0056] As described above, the control circuit (one-chip microcomputer) 110 generates the target waveform signal
602 that is consistent with the output voltage being output from the inverter portion 101. The control circuit (one-chip
microcomputer) 110 causes the reference timer interrupting portion 4021 shown in FIG.3 to generate an interrupt at the
timings that are produced by dividing equally one period of the output voltage of the inverter portion (i.e., one period of
the target waveform signal 602) into 128 equal parts, as shown in FIG.4.
[0057] In view of the above, the control circuit (one-chip microcomputer) 110 can sample the output voltage v sin ωt
of the inverter portion n times (128 times) in one period, and can generate a sampling value v sin (n) at respective
timings. The control circuit (one-chip microcomputer) 110 can generate a sampling value v cos (n) corresponding to a
value v cos ωt that is derived by shifting the phase of the output voltage v sin ωt by π/2.
[0058]  In this case, the sampling value v sin (n) can be prepared in advance when the output voltage of the inverter
portion is decides. These values may be set on a table on a memory, for example. The value v sin (n) and the value v
cos (n) can be extracted to meet the timings of respective values i=n of Sin-itr.
[0059] Meanwhile, as described above, the control circuit (one-chip microcomputer) 110 causes the current sensor
108 to detect the output current from the inverter portion 101, as shown in FIG.2. The detected output current is converted
into a digital signal by the input port portion 112 shown in FIG.2, and then is fetched into the control circuit (one-chip
microcomputer) 110 at every interrupt timing of the interrupt (1/128 interrupt) given by the above the reference timer
interrupting portion 4021.
[0060] Here, needless to say, a DC link voltage from the DC link voltage detecting circuit 106 shown in FIG.2 is also
fetched into the control circuit (one-chip microcomputer) 110 at every interrupt timing via the input port portion 113 shown
in FIG.2.
[0061] The values of the output currents that are fetched sequentially via the input port portion 112 shown in FIG.2
are instantaneous values i(n) of the output current i at respective sampling timings.
[0062] Conceptually, the effective power P of the inverter portion is given when

is integrated in one period of the voltage and then is averaged over a plurality of periods. The reactive power Q of the
inverter portion is given when

is integrated in one period of the voltage and then is averaged over a plurality of periods.
[0063] The output current I of the inverter portion is given when the i(n) is integrated in one period of the voltage.
[0064] As the interrupt in the control circuit (one-chip microcomputer) 110, a 1/128 interrupt (reference timer interrupt)
shown in FIG.9, an edge interrupt shown in FIG. 10, and a 21.71 ms interrupt shown in FIG. 11 are considered.
[0065] FIG.9 shows a flowchart of a 1/128 interrupt (reference timer interrupt) corresponding to the value i of the above
Sin-itr.
[0066] In FIG.9,
(S40): the counter that gives the value i of Sin-itr is counted up to "1",..., from "0" via "127".
(S41): check whether the processes corresponding to the status 1 to the status 4 shown in above FIG.6 are being output.
(S42): check whether the output of the responding status (any one of the status 1 to the status 4) is being prepared now
if the check in (S41) is N.
(S43): check whether the value i is "0" if the check in (S42) is Y. Go to (S44) if the check in (S43) is Y. Go to (S45) if the
check in (S43) is N.
(S44): bring the H bridge constituting the inverter circuit portion 104 into the ON state. That is, set the inverter circuit
portion 104 to a state in which this inverter circuit portion can generate the output.
(S45): set the value of the counter (i.e., the value i) in (S40) in a D/A register.
(S46): check whether an error is contained in the inverter portion if the check in (S42) is N, i.e., the status output is a
standby state. Go to (S47) if the check in (S46) is Y. Go to (S48) if the check in (S46) is N.
(S47): go to an output preparing state of the corresponding status.
(S48): decide whether a thyristor existing in the rectifier circuit portion 103 shown in FIG.1 should be turned ON or OFF,
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in the process in this (S48). That is, maintain the DC voltage detected by the internal voltage sensor 106 shown in FIG.
1 (i.e., the DC voltage at the output end of the rectifier circuit portion 103) at a predetermined value as much as possible
by turning ON or OFF the thyristor in response to the decision result.
(S49): generate sequentially 

i(n)
in response to the value i of the above Sin-itr. Then, these values are utilized to calculate the effective power P, the
reactive power Q, and the output current I.
(S50): check whether the value i of the above Sin-itr is equal to "127". Go to (S51) if the check in (S50) is Y. Go to (S52)
if the check in (S50) is N.
(S51): the control circuit (one-chip microcomputer) 110 transmits the phase of the output voltage from its own inverter
portion (a zero-loss timing at which the output voltage goes to a plus side from a zero level) to other inverter portion if
the check in (S50) is Y. That is, a zero timing signal described later is converted from a Hi state to a Lo state. This
conversion is transmitted to other inverter portion via the communication line 111 shown in FIG.1.
(S52): change the above zero timing signal to a Hi state or maintain this zero timing signal at a Hi state if the check in
(S50) is Y.
[0067] FIG.10 shows a flowchart of an edge interrupt.
[0068] This edge interrupt is generated when such an event is detected that the zero timing signal of other inverter
portion (opposite device) is changed from a Hi state to a Lo state in response to the process in (S51) in FIG.9.
(S53): enter into this interrupt routine when the zero timing signal of other inverter portion is changed from a Hi state to
a Lo state.
(S54): save the counter value (value i) of Sin-itr in its own inverter portion (own device) in this interrupt routine.
[0069] Here, the process corresponding to this edge interrupt is utilized to decide whether the synchronizing process
should be executed between the inverter portions mutually in (S39) in the process of the status 4 shown in FIG.6.
[0070] FIG.11 shows a flowchart of a 21.71 mS interrupt.
[0071] This 21.71 ms interrupt is generated in response to the count up of the timer that counts 21.71 ms, irrespective
of the timing of the above Sin-itr.
(S55): check whether the inverter portion is in an overcurrent state.
(S56): count up an overcurrent timer if the check in (S55) is Y.
(S57): count down the overcurrent timer if the check in (S55) is N.
(S58): check whether the time being set on the overcurrent timer is up.
(S59): execute an overcurrent protection if the check in (S58) is Y. That is, the H-bridge OFF in the inverter circuit portion
104 is brought into an OFF state (state in which the output is set to zero).
(S60): make a "switch input decision" next to the timing at which the process in (S58) or (S59) is executed. That is, check
whether the power mode switch 550 shown at the lower right of FIG.1 is in its ON state or its OFF state. In this case, it
may be considered that, in the situation that the power mode switch 550 is turned ON, the load connected to the inverter
portion requests the current that has to increase sharply. This power mode switch 550 is the switch that is turned ON
or OFF manually by the driver.
The revolution control of the engine in the inverter generator will be described hereunder.

(A) Setting of the command number of revolution for the engine

[0072] In the conventional case, in the inverter generator disclosed in above JP-A-2005-286540 official gazette, for
example, two inverter portions are connected in parallel to feed an electric power to the common load.
[0073] Meanwhile, in the inverter generator of this type, the engine is rotated at the number of revolution that is suited
substantially to the load (the load connected to the inverter portion) so as to save a fuel consumption, to suppress a
noise, or the like. Here, this situation is made possible because the inverter portions are used and because a frequency
of the output voltage of the inverter portion is not influenced by the number of revolution of the engine (further speaking,
the frequency of the AC voltage that the permanent magnet type multipolar generator driven by the engine outputs).
[0074] Accordingly, in case the inverter portions are driven in parallel, the command number of revolution for the
engine is decided by the equation 
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That is, the command number of revolution for the engine is decided based on average values of respective effective
powers from two inverter portions as an index. Needless to say, the number of revolution of the engine is set to increase
as these average values are increased.
[0075] However, like the case of the present invention, in case the output terminals of two inverter portions are
connected in series and then the inverter portions are driven, the load connected between the output terminals A-B
shown in FIG.1 and the load connected between the output terminals B-C may become extremely unbalanced. In
particular, in case the electric motor is connected to the loads, such a supply of the larger output current may be required
for one inverter portion as a start current.
[0076] From the above event, in the present invention, for example, in the control circuit (one-chip microcomputer)
110 that corresponds to one inverter portion, the command is given to the engine control unit (ECU) 301 by 

where Pm is the effective power of its own inverter portion, and
Ps is the effective power sent from the opposite side.
That is, the command number of revolution decided by an equation
Reference command number of revolution=k1·P (where k1 is a coefficient)
is given as the reference command number of revolution.
(B) Command number of revolution for the engine corresponding to the characteristics of the permanent magnet type
multipolar generator
[0077] As described in the above (A), the reference command number of revolution for the engine is instructed basically.
In this case, there are the problems described as follows.
[0078] That is, since the permanent magnet is employed as the magnetic field, the permanent magnet type multipolar
generator has such a characteristic that the output voltage of the generator is lowered when an ambient temperature is
high, particularly when a heat is generated. For this reason, while considering such a condition that the permanent
magnet type multipolar generator can feed the power that satisfies the temporary output power required for the inverter
portion even when the ambient temperature is high, particularly even when the generator is heated, the value of the
reference command number of revolution of the engine is set a little higher in the normal state.
[0079] When the present invention is viewed from another aspect, this situation yields the result that, when an ambient
temperature is relatively low or when a heat is not generated, the value of the reference command number of revolution
for the engine could be set to a lower value, thereby suppressing the noise generated from the engine.
[0080] In the present invention, while taking this aspect into account, the value of the reference command number of
revolution for the engine should be set to a lower value in the normal time, and then the value of the command number
of revolution for the engine should be enhanced at a time when there is shown such a tendency that the output voltage
from the permanent magnet type multipolar generator is lowered, as described above.
[0081] FIG.12 shows a flowchart used when the command number of revolution for the engine is changed.
[0082] In FIG.12,
(S61): a larger one out of the effective power Pm being output from its own inverter portion and the effective power Ps
sent from the opposite side is assumed as P. a smaller one out of the DC link voltage Vdcm of its own inverter portion
and the DC link voltage Vdcs of the opposite side link is assumed as Vdcc.
[0083] (S62): check whether the actual number of revolution of the engine at a present time has been different extremely
from the command number of revolution. Go to (D64) if the check in (S62) is N.
[0084] (S63): the case where the check in (S62) is Y means that the engine is running at a desired number of revolution.
In this state, check whether the DC link voltage shown in FIG.2 has been lowered. Needless to say, the situation "the
DC link voltage is lowered if the check in (S62) is Y" means the permanent magnet type multipolar generator cannot
provide a desired DC voltage because an output from this multipolar generator is slightly lowered. Based on this fact,
as to the DC link voltage, 
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is calculated, and this calculated value is successively integrated in (S63). This integrated value is held as A.
[0085]

is given as the corrected reference command number of revolution for the engine.
[0086] By adopting the above approach, while the noise is suppressed in the normal condition by setting the reference
number of revolution to the value that is lower than the reference being set in the above column (A), such a measure is
taken in advance to prevent output of the permanent magnet type multipolar generator from being lowered.
[0087] Here, FIG.13 shows such a tendency that, in the permanent magnet type multipolar generator, an output voltage
or an output power is lowered as a temperature is increased.
(C) Setting of the command number of revolution responding to the power mode
[0088] As described above, in the inverter generator, when the load connected to the inverter portion is small, the
command number of revolution of the engine is set lower to decrease a fuel consumption of the engine or suppress an
occurrence of the noise.
[0089] Such a measure is considered and taken to increase the number of revolution of the engine as soon as possible
even when the load on the inverter portion side is sharply increased in the situation that the number of revolution is set
lower.
[0090] However, sometimes it takes too much time to increase the number of revolution of the engine, and thus the
output voltage from the inverter portion is excessively lowered. In particular, according to the property of the load, it is
undesirable for some load that the output voltage is decreased.
[0091] FIG.14 is a view explaining that it takes time to increase the number of revolution of the engine in response to
a sharp increase of the load.
[0092] In FIG.14, an abscissa denotes a time, and ordinates denote a load and the number of engine revolution
respectively.
[0093] FIG.14 shows the case where the load is shifted from a no load state to a heavy load state, and it takes much
time to increase the number of revolution.
[0094]  According to the present invention, in order to solve this problem, the operator can manually instruct the mode
where the inverter generator is driven in a power mode and the mode where the inverter generator is driven in an echo
mode.
[0095] The power mode switch 550 shown in FIG.1 (at the lower right of FIG. 1) is the switch that is used to instruct
this power mode.
[0096] According to the property of the load connected to the inverter portion, in case the situation that the load of the
inverter portion is sharply increased may occur and also the condition that the output voltage of the inverter portion is
excessively decreased is undesirable in such situation, the power mode switch 550 is manually set to its ON state in
advance.
[0097] That is, as described above, when the load of the inverter portion is small, the number of revolution of the
engine should be set as small as possible. However, when the power mode switch 550 is turned ON in advance, the
number of revolution of the engine is set slightly higher in the normal mode, and thus a margin is provided for a power
of the engine.
[0098] FIG.15 shows respective characteristics in the echo-mode and the power mode.
[0099] In FIG.15, an abscissa denotes the number of revolution of the engine, and an ordinates denotes the output
power of the inverter. A solid line indicates the case in the power mode, and a dotted line indicates the case in the eco mode.
[0100] In the case of the echo mode, the number of revolution of the engine is set to N1 rpm within a range of the
output power of the inverter portion from a level "0" to a level "Lo", for example, and then the number of revolution of
the engine is increased in response to a magnitude of the level that is in excess of a level "Lo".
[0101]  On the contrary, in the case of the power mode, the number of revolution of the engine is set to around N2
rpm within a range of the output power of the inverter portion from a level "0" to a level "Mid", for example, and then the
number of revolution of the engine is increased in response to a magnitude of the level that is in excess of a level "Mid".
[0102] When the power mode switch is turned ON, the number of revolution of the engine is held in a relatively high
state under the condition that the output power of the inverter portion is small. Therefore, the engine is able to prepare
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in advance for a sharp increase of the output power of the inverter portion.
[0103] As a supplementary explanation, the control "the number of revolution of the engine is changed in response
to the load" makes it possible not only to enhance a driving efficiency of the engine but also to provide the effective
driving conditions in the permanent magnet type generator and the inverter portion.

Industrial Applicability

[0104] As explained above, according to the present invention, in the inverter generator, a lack of the power being fed
to the inverter portions from the engine side respectively can be prevented even though the load becomes unbalanced
between a plurality of inverter portions, and the like, and the number of revolution of the engine can be controlled
irrespective of a magnitude of the load.

Description of Reference Numerals and Signs

[0105]

100: inverter unit
200: permanent magnet type multipolar generator
300: engine
301: engine control unit (ECU)
500: inverter control power source
550: power mode switch
101 : inverter portion
102: inverter module
103: rectifier circuit portion
104: inverter circuit portion (H bridge)
105: electrolytic capacitor portion
106: internal voltage sensor (DC link voltage detecting circuit)
107: temperature sensor
108: current sensor
109: smoothing filter portion
110: control circuit (one-chip microcomputer)
112: input port portion
113: input port portion
114: output port portion
115: output port portion
116: output voltage detecting portion
118: low-pass filter
119: low-pass filter
120: comparing amplifier portion
121: variable indicator portion
122: drooping portion by current
123: PWM portion
124: PWM signal cut-off/pass portion
125: H bridge driver
150: inverter control power source
160: revolution command adaptor
601: output voltage waveform
602: target waveform signal
605: error waveform signal

Claims

1. An inverter generator comprising:

an engine;
an engine control unit having a function of controlling a number of revolution of the engine;
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an AC generator rotated and driven by the engine; and
an inverter unit including at least two inverter portions to which an AC voltage induced in generator windings of
the AC generator is fed respectively, wherein each of the inverter portions includes a rectifier circuit portion for
rectifying the fed AC voltage to generate a DC voltage, a capacitor portion for smoothing the generated DC
voltage, an inverter circuit portion to which the smoothed DC voltage is applied, and a smoothing filter portion
for smoothing the AC voltage generated by the inverter circuit portion to get a sine AC voltage;
external output ends, respective output ends of the smoothing filter portions corresponding to at least two inverter
portions being utilized as external output ends, and the output ends of the smoothing filter portions being
connected in series to obtain a sum of output voltages of the respective inverter portions,
wherein each of the inverter portions includes:

an internal voltage sensor for detecting a magnitude of the smoothed DC voltage applied to the inverter
circuit portion,
a current sensor for detecting an output current output from the inverter circuit portion, and
a control circuit to which the DC voltage detected by the internal voltage sensor is fed as a DC link voltage
and to which the output current detected by the current sensor is fed, and

wherein the control circuit is configured to generate a target waveform signal corresponding to the output voltage
output by the inverter portion, and is configured to calculate and utilize an effective power output from the inverter
portion, and
wherein one of the inverter portions compares the effective power of the one of the inverter portions with the
effective power of the other inverter portion and issues a reference command number of revolution corresponding
to the effective power, a value of which is larger, to the engine control unit.

2. An inverter generator, comprising:

an engine;
an engine control unit having a function of controlling a number of revolution of the engine;
an AC generator rotated and driven by the engine; and
an inverter unit including at least two inverter portions to which an AC voltage induced in generator windings of
the AC generator is fed respectively, wherein each of the inverter portions includes a rectifier circuit portion for
rectifying the fed AC voltage to generate a DC voltage, a capacitor portion for smoothing the generated DC
voltage, an inverter circuit portion to which the smoothed DC voltage is applied, and a smoothing filter portion
for smoothing the AC voltage generated by the inverter circuit portion to get a sine AC voltage;
external output ends, respective output ends of the smoothing filter portions corresponding to at least two inverter
portions being utilized as external output ends, and the output ends of the smoothing filter portions being
connected in series to obtain a sum of output voltages of the respective inverter portions,
wherein each of the inverter portions includes:

an internal voltage sensor for detecting a magnitude of the smoothed DC voltage applied to the inverter
circuit portion,
a current sensor for detecting an output current output from the inverter circuit portion, and
a control circuit to which the DC voltage detected by the internal voltage sensor is fed as a DC link voltage
and to which the output current detected by the current sensor is fed, and

wherein the control circuit is configured to generate a target waveform signal corresponding to the output voltage
that the concerned inverter portion is to output, and issues a command number of revolution, which is calculated
based on an effective power output from the inverter portion, to the engine control unit,
wherein if a difference from the number of revolution of the engine is within a predetermined range, the control
circuit calculates a difference between a lower value of respective DC link voltages of the inverter portions and
a predetermined DC link reference voltage value, integrates the difference to a corrected number of revolution,
and changes the command number of revolution, and
wherein if the difference between the number of revolution of the engine and the command number of revolution
is not within the predetermined range, the control circuit issues the command number of revolution for the engine
control unit without changing the command number of revolution.

3. An inverter generator, comprising:
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an engine;
an engine control unit having a function of controlling a number of revolution of the engine;
an AC generator rotated and driven by the engine;
an inverter unit including at least two inverter portions to which an AC voltage induced in generator windings of
the AC generator is fed respectively, wherein each of the inverter portions includes a rectifier circuit portion for
rectifying the fed AC voltage to generate a DC voltage, a capacitor portion for smoothing the generated DC
voltage, an inverter circuit portion to which the smoothed DC voltage is applied, and a smoothing filter portion
for smoothing the AC voltage generated by the inverter circuit portion to get a sine AC voltage;
a power mode selecting unit to be operated by a user;
external output ends, respective output ends of the smoothing filter portions corresponding to at least two inverter
portions being utilized as external output ends, and the output ends of the smoothing filter portions being
connected in series to obtain a sum of output voltages of the respective inverter portions,
wherein each of the inverter portions includes a control circuit that generates a target waveform signal corre-
sponding to the output voltage to be output by the inverter portion, and calculate an effective power output from
the inverter portion to issue a command number of revolution of the engine to the engine control unit, and
the control circuit is configured to set variably the number of revolution of the engine based on the command
issued from the power mode selecting unit.
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