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SPECIFICATION
Method and device for controlling photovoltaic inverter and water feeding device

Technical field

The present invention relates to a method of controlling a photovoltaic inverter
for converting and controlling DC power supplied by solar cells into AC power
(hereinafter referred to as “photovoltaic inverter”) and for variable-speed controlling an
AC motor by making the operating point of the solar cells to follow the maximum
power point to drive the motor, and to a water feeding device for feeding water by, for
example, driving a pump and a fan with a motor variable speed-controlled by means of
the method and device for controlling a photovoltaic inverter for variable-speed

controlling a motor for driving a pump, a fan and the like.
Background Art

The solar cell has a voltage (V) — power (P) characteristics wherein power tends to
increase as the amount of insolation increases as shown in Fig. 7 when the incident
amount of insolation is taken as a parameter, provided that in Fig. 7 Pa, Pb, and Pc
represent the maximum power points in the respective amount of inéo]ation.

As a controlling method for extracting efficiently the maximum power through a
photovoltaic inverter from the solar cell having such a characteristic, the so-called
maximum power point tracking control method (MPPT control method) is used,
wherein the photovoltaic inverter is controlled by generating minute changes in the
load of this solar cell and some other means to monitor the ratio of the respeétive
variation dP and dV (A, A = dP/dV) of the output power (P) and voltage (V) of the
solar cell, and calculating the point where its polarity changes from positive to negative
(or from negative to positive) (the maximum power point) so that the operating point of
the solar cell may follow this point.

Fig. 8 is a circuit diagram showing an example of a conventional control device of
a photovoltaic inverter based on the MPPT control method for controlling the output of
solar cells. In this figure, 1 represents a solar cell, 2 represents a photovoltaic inverter
for controlling the output of this solar cell, 3 represents an AC motor driven by the
photovoltaic inverter 2, and 4 represents a mechanical load consisting of, for example, a
pump, a fan or the like mechanically connected with the driving shaft of the motor 3
and rotatively driven by the same. The description below relates to the case of using a
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pump for the mechanical load 4.

This photovoltaic inverter 2 includes a voitage detector 21 for detecting the
output voltage (V) of the solar cell 1, a diode 22 for blocking the countercurrent flowing
from the inverter main circuit 25 described below, a current detector 23 for detecting
the current (I) supplied from the solar cells 1, a capacitor 24 for smoothing DC voltage,
an inverter main circuit 25 constituted, for example, by making a three-phase bridge
connection of switching circuits constituted by connecting back to back a transistor and
a diode, and a controlling device 26 for controlling to desired values of the voltage and
frequency of the AC output of the inverter main circuit 25 based on the output voltage
V and the output current I from the solar cell 1 detected by the voltage detector 21 and
the current detector 23.

The control device 26 includes a maximum power point tracking (MPPT)
monitoring circuit 31, a rotational speed instructing device 32, an adjustable speed
controller 33, a function generator 34, and an inverter controlling circuit 35. The
operation of this control device 26 will be described below with reference to Fig. 9.

In the first place, a start-up frequency instruction value fi is outputted from the
adjustable speed controller 33 based on a start-up instruction to the solar cell 1 having
a voltage — power (V — P) characteristic similar to the one shown in Fig. 9 depending on
a given amount of insolation. Then, the inverter control circuit 35 performs pulse width
modulation (PWM) operations based on voltage instruction values Vs corresponding to
this start-up frequency instruction value f; and ﬁhose corresponding to the frequency
instruction value f; given by a function generator 34 that converts frequency
instructions into voltage instructions by, for example, a function that converts the
voltage/frequency ratio into a constant value. The control signals based on the result of
such operations allow the ON/OFF control of the respective transistor constituting the
inverter main circuit 25. Then, the inverter main circuit 25 generates AC power of a
frequency and a voltage corresponding to the start-up frequency instruction value and
the voltage instruction value and accordingly the motor 3 and the pump 4 start.

At this time, based on the values detected (V, I) respectively by the voltage
detector 21 and the current detector 23 at previously fixed intervals, the MPPT
monitoring circuit 31 calculates the variation (dP) of power (P, P = V x D) and the
variation (dV) of voltage (V) and monitors the ratioA of the power variation to the
voltage variation (A= dP/dV). However, when the motor 3 and the pump 4 starts as
described above, the voltage of the solar cells 1 drops from a voltage V1 in the unloaded
condition to a voltage in the loaded condition, and the A becomes negative (/A\<0).

This is outputted in the rotational speed instructing device 32.
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And the rotational speed instructing device 32 outputs a speed instruction value
An (constant value) representing a speed increase or a speed reduction corresponding
to the polarity of A mentioned above. In other words, when the A is negative (see Fig.
9), a speed increase instruction value in the form of a positive +An is outputted, and
when the A is positive (see Fig. 9), a speed reduction instruction value in the form of a
negative —An is outputted. Therefore, when the A is almost nil, the outputted An
will also be almost nil.

And the adjustable speed controller 33 integrates /AAn inputted by the rotational
speed instructing device 32, and the calculation result is added to the start-up
frequency instruction value f; to be outputted as a frequency instruction value. When
the integrating time is adjusted by the polarity of An, the motor current is previously
set at a given value so that the instructed speed may be attained as soon as possible
without causing the motor current to turn into an overcurrent.

In other words, the voltage amplitude and frequency of the AC power outputted
from the inverter main circuit 25 rises up to the voltage V2 which will be the maximum
power point of the solar cells 1 shown in Fig. 9 in response to the output of the MPPT
monitoring circuit 31 constituting a controlling device 26 after the motor 3 and the
pump 4 started running by the AC power of the startup voltage and frequency from the
inverter main circuit 25, and in response thereto the rotational speed of the motor 3
and the pump 4 increases.

When, for some reason, the voltage of the solar cells 1 dropped below the V2
mentioned above, in other words, when it is in a state of having passed the maximum
power point, both the power P and the voltage V drop and therefore the ratio A of
variation of the power and voltage outputted from the MPPT monitoring circuit 31
becomes positive (A>0) and a speed reduction instruction is given to the inverter. As a
result, the motor 3 reduces its speed and consequently its power consumption, and the
operating point shifts to the side of the maximum power point of the solar cell. Such a
control of the photovoltaic inverter enables to make the loaded condition of the motor
follow the maximum power point of the solar cell.

According to the conventional controlling method of photovoltaic inverter
described above, due to the fact that the integrating time of + and — polarity in the
adjustable speed controller 33 is set at a constant value with reference to a An of a
constant value outputted by the rotational speed instructing device 32 in order to
perform the MPPT control, the acceleration time (time required to accelerate unit
revolutions) and the deceleration time (time required to decelerate unit revolutions) of

the motor 3 in the vicinity of the maximum power point are relatively short, they tend
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to roam around the maximum power point and caused the control operation to fluctuate.
And when the respective integrating time of the + and - polarities is set at a longer value
in order to reduce this fluctuation, a new problem arises in that the settling time for the
MPPT control and the response time accompanying a rapid change in the amount of
insolation grow longer.

The discussion of documents, acts, materials, devices, articles and the like is
included in this specification solely for the purpose of providing a context for the
present invention. It is not suggested or represented that any or all of these matters
formed part of the prior art base or were common general knowledge in the field
relevant to the present invention as it existed before the priority date of each claim of

this application.

Disclosure of the Invention

The present invention provides a method of controlling a photovoltaic inverter
for variable-speed controlling a motor with solar cells as its power source comprising

a step of starting up the motor by supplying a start-up power through the
photovoltaic inverter from said solar cells while monitoring the output power and
voltage of said solar cells,

a step of storing the voltage value of the solar cells as a reference voltage Vaase
when the power of said solar cells reached the maximum power point in the process of
accelerating the rotational speed of this motor for a given acceleration time,
a step of continuing accelerating until the voltage of the solar cells shifts from said
reference voltage Vpase to a voltage (Vease-Vover) lower by a previously set voltage
range Vover,

a step of, after the voltage of the solar cells reached this voltage (Vpase-Vover)s
decelerating the speed of said motor for a given deceleration time until the voltage of
the solar cells shifts from this voltage to said reference voltage Vpasg, and
a step of, after this deceleration operation is over, when the voltage of the solar cells is
within the given allowable voltage regulation range Hb with reference to said reference
voltage Vagase, controlling said photovoltaic inverter in such way that said motor may
continue operating at the current speed.

In an embodiment, when the voltage of the solar cells has risen beyond the given

allowable voltage regulation range Hb with reference to the reference voltage Vaase
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during the continued operation, the rotational speed of the motor is accelerated during
the given acceleration time until the voltage of the solar cells reaches the voltage
(Vease-Vover) lower than the reference voltage Vpase by a previously set voltage range
Vover, and in the process of this acceleration, the value of voltage of the solar cells at
the time when the power of the solar cell has reached the maximum power point is
stored as the new reference voltage Vgase2, and after the voltage of the solar cells has
reached the voltage Vpase-Vover, the photovoltaic inverter is controlled in such a way
that the rotational speed of the motor is decelerated for a given deceleration time until
the voltage of the solar cells shifts from this voltage to the new reference voltage
Vpase2.

In an embodiment, when the voltage of the solar cells has fallen beyond the
given allowable voltage regulation range Hb with reference to the reference voltage
Viase during the continued operation, the rotational speed of the motor is decelerated
for the given deceleration time until the voltage of the solar cells reaches the reference
voltage Vpgase, the rotational speed of the motor is accelerated for the given acceleration
time until the voltage of the solar cells reaches a level (Vgase-Vover) lower than the
reference voltage Vpase by a previously set voltage range Voves, and in the process of
this acceleration, the voltage value of the solar cell at the time when the power of the
solar cell has reached the maximum power point is stored as the new reference voltage
Vpase3, and after the voltage of the solar cells has reached the voltage Vase-Vover, the
photovoltaic inverter is controlled in such a way that the rotational speed of the motor is
decelerated by a given deceleration time until the voltage of the solar cells shifts from
this voltage to the new reference voltage Vpase3.

In an embodiment, when the voltage of the solar cells has dropped beyond the
minimum voltage value Viow tolerated for the solar cells during the continuous
operation described above, in the first place the rotational speed of the motor is rapidly
decelerated by a faster deceleration time than the given deceleration time mentioned
above until the voltage of the solar cells reaches the minimum voltage V| ow, and then
rotational speed of the motor is decelerated by the given deceleration time until the
voltage of the solar cells reaches the reference voltage Vpasg, and after the voltage of
the solar cells has reached the reference voltage Vigase, the rotational speed of the motor
is accelerated for the given acceleration time until the voltage of the solar cells reaches

the voltage (Vpase-Yover) lower than the reference voltage Vaase by a previously set
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voltage range Vover, and during this acceleration process the voltage value of the solar
cells prevailing at the time when the power of the solar cell has reached the maximum
power point is stored as the new reference voltage Vaase4, and after the voltage of the
solar cells has reached the level (Vgase-Vover), the photovoltaic inverter is controlled in
such a way that the speed of the motor may decelerate for the given deceleration time
until the voltage of the solar cells shifts from this voltage to the new reference voltage
Viase4.

The motor is one that drives either a pump or a fan.

In an embodiment, the acceleration time and the deceleration time of the motor
for driving the pump or the fan are set at values equivalent to the cube (/N M,\x)3 of the
ratio of the current rotational speed instructing value (n) to the maximum value set
(Nmax).

The present invention also provides a controlling device of a photovoltaic
inverter for variable-speed controlling a motor fed with power from solar cells
comprising power and voltage monitoring means for monitoring respectively the power
and voltage of said solar cells, an instructing value operation means for outputting
acceleration or deceleration instructions based on this power and voltage monitoring
means, a gradient coefficient operation means for outputting acceleration time or
deceleration time, an adjustable speed controlling means for outputting frequency
instructions based on the outputs of the instructing value operation means and the
gradient coefficient operation means, wherein the voltage value of said solar cells
prevailing at a time when the power of said solar cells reached the maximum point in
the process of accelerating said motor is stored as a reference value Vpasg, at the same
time the motor is accelerated until the voltage of said solar cells shifts from said
reference voltage Vpase to the voltage Viasg-Vover lower by the previously set voltage
range Vover, and after the voltage of said solar cells reached said voltage Vpase-Vover
the motor is decelerated until the voltage of said solar cells reaches said reference
voltage Vgase, and after this deceleration operation, when the voltage of said solar cells
is within the given allowable voltage regulation range Hb with reference to said
reference voltage Vpase, the photovoltaic inverter is controlled in such a way that said
motor may continue operating at the present rotational speed.

The present invention also provides a water feeding device for feeding water by

driving a pump variable-speed controlled by a photovoltaic inverter fed with power
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from solar cells wherein, in the process of starting up said motor and accelerating said
motor by a given acceleration time while monitoring respectively the power and voltage
of said motor, the voltage value of said solar cells prevailing at a time when the power
of said solar cells has reached the maximum power point is stored as a reference voltage
Vaase, and the motor is accelerated until the voltage Vo of said solar cells shifts from
said reference voltage Vpase to the voltage Vgase-Vover lower by the previously set
voltage range Vover, and after the voltage of said solar cells has reached said Vpase-
Vover, the motor is decelerated until the voltage of said solar cells shifts from this
voltage to said reference voltage Vpasg, and after this deceleration operation is over,
when the voltage of said solar cells is within the given allowable voltage regulation
range Hb with reference to said reference voltage Vigasg, said motor is kept operating at
the present rotational speed to drive the pump and to feed water.

According to the present invention, in allowing the photovoltaic inverter to
variable-speed control the motor fed with power from solar cells, the monitoring of
changes in the terminal voltage of the solar cells enables to grasp changes in the amount
of insolation to the solar cell, to shift promptly to the new maximum power points of the
solar cells and improve the stability of the controlling operation in the vicinity of the
maximum power point.

In addition, for example, in variable-speed controlling a motor for driving
pumps and fans, it is possible to improve the responsiveness to controlling operations
by noting that the power required by the motor is proportional to the cube of the
rotational speed and by correcting the acceleration and deceleration times of the motor

based on that value.
Brief Description of the Drawings

Fig. 1 is a circuit diagram of a photovoltaic inverter showing a mode of carrying

out an embodiment of the present invention.

11-




20 Dec 2007

2003238599

10

15

20

Fig. 2 is a power-voltage characteristic graph of the solar cell describing the
operation of Fig. 1.

Fig. 3 is a characteristic graph describing the operation of the first embodiment
of the present invention.

Fig. 4 is a characteristic graph describing the operation of the second
embodiment of the present invention.

Fig. 5 is a characteristic graph describing the operation of the third embodiment
of the present invention.

Fig. 6 is a characteristic graph describing the operation of the fourth
embodiment of the present invention.

Fig. 7 is a general characteristic graph of the solar cell.

Fig. 8 is a circuit diagram showing a conventional example of the photovoltaic
inverter.

Fig. 9 is a characteristic graph describing the operation of Fig. 8.

The Best Mode for Carrying Out the Invention

The embodiment of the present invention shown in figures will be described
below.

Fig. 1 is a circuit diagram of a photovoltaic inverter showing an embodiment of

the present invention, and the components having the same function as the

Ta
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conventional circuits shown in Fig. 8 are indicated by the same codes.

In other words, the photovoltaic inverter 5 shown in Fig. 1 includes a controlling
device 50 in place of the controlling device 26 of the conventional photovoltaic inverter
2 shown in Fig. 8.

The controlling device 50 is composed of, in addition to a function generator 34
and an inverter controlling circuit 35 having the same functions as the conventional
device, a newly added power and voltage monitoring circuit 51, an instructing value
operation circuit 52, an adjustable speed controller 53 and a gradient coefficient
operation device 54. And as each of the solar cells 1 have individually a voltage-power
(V-P) characteristic that varies as shown in Fig. 2 depending on the variation in the
amount of insolation. On the controlling device 50, although details will be described
below, for each solar cell, the range of voltage drop Vover from the voltage value Vpase
at the maximum power point (P1, P2, P3 and the like in Fig. 2), the minimum voltage
value Viow tolerated by the solar cell 1 in the V — P characteristic curve of the
minimum amount of insolation at which the photovoltaic inverter 5 can operate (the
minimum amount of insolation characteristic curve shown in the figure) as well as the
allowable voltage regulation range Hb to changes in voltage are previously set as
acquired by experiments. In this case, the range of voltage drop V over must be selected
to be a value larger than the allowable voltage regulation range Hb to voltagé changes.
And to enable an optimum control in response to the usage of the device and the
environment in which it is installed, the values of the voltage range V over, the
minimum voltage value V Low and the allowable voltage regulation range Hb are set
variable as required. )

Fig. 3 is a characteristic graph for describing the first controlling method of the
photovoltaic inverter of the present invention shown in Fig. 1.

In other words, when the solar cell 1 is exposed to a given amount of insolation, it
shows a V — P characteristic as shown in Fig. 3. When the photovoltaic inverter is
operated together with solar cells having such a characteristic, in response to a
start-up instruction given, the adjustable speed controller 53 outputs a start-up
frequency instructing value f; corresponding thereto. The inverter controlling circuit 35
calculates pulse width modulation (PWM) using this start-up frequency instructing
value f; and an output voltage instructing value Vi obtained by a calculation in which a
given function is applied to this frequency instructing value f: in the function generator
34, and the control signals formed by the result of this calculation are used to control
ON, OFF each of the transistors constituting the inverter main circuit 25 leading to the
output of AC power having a voltage and frequency corresponding to the voltage

13-




instructing value Vi and the frequency instructing value f; at the start-up time from
the inverter main circuit 25. And the motor 3 and the pump 4 start up and begins
running accordingly.

Then, the power and voltage monitoring circuit 51 calculates at intervals
previously set power (P, P = V x 1) based on the voltage (V) and the current (I)
outputted by the solar cells 1 and detected by the voltage detector 21, the current
detector 23, and monitors this power (P) and voltage (V).

The power and voltage monitoring circuit 51 basically generates a speed increase
instruction when the power increases in response to a drop in the voltage monitored,
and a speed reduction instruction when the power decreases in response to a voltage
drop.

When the motor 3 starts up and begins rotating in response to a start-up
instruction, the voltage V of the solar cell drops, as mentioned below, from the prior
voltage value V N representing an unloaded condition and the power increase as the
frequency instructing value (f) outputted by the adjustable speed controller 53
increases, and therefore the power and voltage monitoring circuit 51 continues
outputting a speed increase instruction to the instructing value operation circuit 52.

The instructing value operation circuit 52 to which this speed increase instruction
has been inputted outputs a previously set speed increase instruction +An (a constant
value) to the adjustable speed controller 53. The adjustable speed controller 53
integrates this speed increase instructing value +/An, and outputs the value obtained
by adding the start-up frequency instructing value fi to the calculation result as a
frequency instructing value (f).

Noting the fact that the power required for variable-speed controlling the motor 3
and the pump 4 with power supplied from the solar cells 1 as its power source is
proportional to the cube of the rotational speed of the motor 3, and in view of the fact
that the frequency instructing value () to the motor 3 outputted by the adjustable
speed controller 53 is deemed to be a value corresponding more or less to the rotational
speed of the motor 3, the gradient coefficient operation device 54 calculates (ffuax)
from the frequency instructing value (f) and the maximum value of the frequency
instructing value (f max), and in response to this value, the integrating time at the time
when the adjustable speed controller 53 carries out an integral calculation of the An is
changed. For example, when the frequency instructing value fis a half of the maximum
value f Max, the integrating time is (1/2)8 = 1/8, in other words, 1/8 of the maximum
integrating time is given thereto.

By changing thus the integrating time of An depending on the frequency
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instructing value f, it will be possible, in a zone where the frequency instructing value f
is important, in other words, in a zone where the rotational speed is slow, to change
gently the rotational speed.

After the motor 3 and the pump 4 started up and began running by an AC voltage
of a voltage and a frequency corresponding to the start-up voltage instructing value V,
and the start-up frequency instructing value f; outputted by the inverter main circuit
25 at the time of start-up, the adjustable speed controller 53 generates frequency
instructions (f) by integrating the speed increase instructing value +An given by the
instructing value operation circuit 52 by the integrating time given by the gradient
coefficient operation device 54, and the frequency instructing value () outputted from
this adjustable speed controller 53 increases smoothly. Accordingly, the motor 3
accelerates more smoothly,

In this process, the power and voltage monitoring circuit 51 calculates the power
P based on the values V, I detected respectively by the voltage detector 21 and the
current detector 23 by caleulating P =V x I, finds out the point where this calculated
power value turns out to be the maximum point (point Pn on the characteristic curve in
Fig. 8), reads the voltage value of the solar cells 1 at this point, stores the same as the
reference voltage Veasg, and keeps on outputting accelerating instructions until the
voltage of the solar cells 1 shifts from the reference voltage Veask to a voltage lower by
a previously set range of voltage drop Vover. The maximum point of power can be
detected by comparing in each cycle the power detected recently and the power
detected last time and by finding the turning point from increase to decrease or from
decrease to increase.

Then, when the voltage of the solar cells 1 has shifted from the reference voltage
V Base to the voltage Vsase — Vover lower by a previously set range of voltage drop
Vove, the power and voltage monitoring circuit 51 stops outputting the speed increase
instructions and outputs speed reduction instructions to the instructing value
operation circuit 52, As a result, as stated below, as the frequency instructing value (f)
outputted by the adjustable speed controller 53 is reduced, the motor 3 decelerates and
reduces its load. Accordingly, the voltage of the solar cells 1 rises, and the power and
voltége monitoring circuit 51 keeps on outputting speed reduction instructions to the
instructing value operation circuit 52 during this period.

The instructing value operation circuit 52 to which this speed reduction
instruction has been inputted outputs to the adjustable speed controller 53 the
previously set speed reduction instructing value —~An (a constant value), and the
adjustable speed controller 53 integrates this speed reduction instructing value —An,

10

-15-




and outputs the value obtained by adding the frequency instructing value ( to this
calculation result as a new frequency instructing value (.

In other words, the rotational speed of the motor 3 and the pump 4 smoothly
decelerates from the rotational speed prevailing at the time when the voltage of the
solar cells 1 reached V pase — V over as the frequency instructing value (f) outputted by
the adjustable speed controller 53 is reduced, and when the voltage V of the solar cell 1
has risen to the reference voltage Vsask, the power and voltage monitoring circuit 51
stops outputting speed reduction instructions causing the adjustable speed controller
53 to stop reducing the value of the frequency instructions. As a result, the power
output of the solar cell 1 shifts to the maximum power point Pn, where the operation
continues.

Thereafter, even if the amount of insolation changes and minute disturbances
oceurs to the pump 4, when the voltage of the solar cells 1 monitored by the power and
voltage monitoring circuit 51 is limited, as shown in Fig. 3, to changes within the given
allowable voltage regulation range Hb (=Vpase==Hb) with reference to the reference
voltage V Basg, the motor 3 and the pump 4 continue running based on the frequency
instructing value (f) valid during their operation at the reference voltage V sas.
Therefore, they can keep up their stable operation without any fluctuations of loads in
the vicinity of the maximum power pbint.

The value of voltage drop range V over from the reference voltage V pasg in the
process of speed increase at the time of start-up exceeds the allowable voltage
regulation range Hb in reference to the reference voltage V pase set as the zone of
insensibility to the monitoring voltage in the power and voltage monitoring circuit 51.
Therefore, a value greater than this value is chosen for the same.

Fig. 4 is a characteristic graph for describing the embodiment 2 of the present
invention. This characteristic graph shows that the amount of insolation increased
during a continuous operation in the vicinity of the maximum power point in the first
embodiment described with reference to Fig. 3 and that the voltage and power
characteristic of the solar cells 1 has changed from the characteristic curve a to the
characteristic curve f.

As such an increase in the amount of insolation leads to an increased output
voltage of the solar cells 1, the operating point shifts from the point Pa of the
characteristic curve @ to the point P of the characteristic curve 8 in Fig.4. As a
result, the voltage V of the solar cell 1 monitored by the power and voltage monitoring
circuit 51 has increased in excess of the allowable voltage regulation range Hb with

reference to the reference voltage Vaase (shown as Vpase 1 in Fig. 4) in Fig. 3 (V> Vaase
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1+ Hb), and the power and voltage monitoring circuit 51 outputs a new speed increase
instruction. This speed increase instruction continues to be outputted until the voltage
of the solar cell 1 drops to the voltage Vease 1- Vover as described below.

Therefore, as the frequency instructing value (f) outputted by the adjustable
speed controller 53 increases, the photovoltaic inverter 25 increases its output voltage
and frequency to accelerate smoothly the motor 3 and the pump 4. During this
acceleration process, the power and voltage monitoring circuit 51 calculates power P (P
=V x D) based on the respective outputs (V, I) of the voltage detector 21 and the current
detector 23, finds the maximum value (point Pc on the characteristic curve 8 in Fig. 4)
of this calculated power value, stores the voltage value of the solar cells 1 at this
maximum power point as a new reference voltage Vpase 2, and at the same time
accelerates the motor speed until the voltage V of the solar cell 1 shifts from the
reference voltage Vsase 1 to the voltage Vease 1-Vover lower by a previously set range
of voltage drop Vover.

Then, when the voltage V of the solar cell 1 has reached Vpase 1- Vover, the
power and voltage monitoring circuit 51 stops outputting the speed increase
instructions, outputs a speed reduction instruction to the instructing value operation
circuit 52, and keeps on outputting the speed reduction instruction to the instructing
value operation circuit 52 until the voltage V rises to the new reference voltage Vease2
from Vpasel-Vover as the adjustable speed controller 53 reduces the frequency
instructing value () as described below.

In other words, the rotational speed of the motor 3 and the pump 4 prevailing at
the time when the voltage V of the solar cells 1 is Vease 1- Vover decelerates smoothly
as the frequency instructing value (f) outputted by the adjustable speed controller 53 is
reduced, and when the voltage of the solar cells 1 has risen to the Vpase 2, the power
and voltage monitoring circuit 51 stops outputting the speed reduction instructions,
and then the adjustable speed controller 53 also stops reducing the frequency
instructing values outputted by the same.

Then, when the variation of the voltage V of the solar cells 1 monitored by the
power and voltage monitoring circuit 51 is within the given allowable voltage
regulation range Hb (V = Vpase 2 = Hb) in reference to the reference voltage Vpase 2
as shown in Fig. 4, the motor 3 and the pump 4 keeps on running based on the
frequency instructing value (f) when the speed reduction instruction is suspended.

Fig. 6 is a characteristic graph for describing the third embodiment of the present
invention. This characteristic graph shows that the amount of insolation decreased

during a continuous operation in the vicinity of the maximum power point in the first
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embodiment described with reference to Fig. 3 and that the voltage and power
characteristic of the solar cells 1 has changed from the characteristic curve @ to the
characteristic curve y in Fig. 5.

In other words, as a decrease in the amount of insolation leads to a reduced
output voltage of the solar cells 1, the operating point shifts from the point Pa of the
characteristic curve @ in Fig. 4 to the point Pp of the characteristic curve v. As a
result, the voltage V of the solar cell 1 monitored by the power and voltage monitoring
circuit 51 has dropped in excess of the allowable voltage regulation range Hb in
reference to the reference voltage Vpase (shown as Vask 1 in Fig. 5) in Fig. 3 (V < Vease
1 — Hb), and the power and voltage monitoring circuit 51 outputs a new speed
reduction instruction. This speed reduction instruction continues to be outputted until
the voltage V of the solar cells 1 rises to the reference voltage Vsasel as described
below.

In other words, in response to a speed reduction instruction outputted by the
power and voltage monitoring circuit 51, the frequency instructing value () outputted
by the adjustable speed controller 53 is reduced, and this is followed by a corresponding
reduction in the frequency and voltage outputted by the photovoltaic inverter 25,
causing the motor 3 and the pump 4 to decelerate smoothly. And when the voltage of
the solar cells 1 has reached the reference voltage Veasel, the power and voltage
monitoring circuit 51 stops outputting speed reduction instructions, the adjustable
speed controller 53 also stops reducing its output of frequency instructing values (),
and the rotational speed of the motor 3 remains fixed at a rotational speed determined
by the voltage V of the solar cells 1 serving as the reference voltage Vpase 1.

Then, when the motor 3 and the pump 4 reaches a rotational speed determined by
the voltage V of the solar cells 1 serving as the reference voltage Vpasel, the power and
voltage monitoring circuit 51 outputs a new speed increase instruction, and as the
frequency instructing value () outputted by the adjustable speed controller 53
increases, the output frequency and voltage of the photovoltaic inverter 25 increase,
and the motor 3 and the pump 4 accelerate smoothly. At this time, the power and
voltage monitoring circuit 51 calculates power P (P = V x I) based on the values V, I
detected respectively by the voltage detector 21 and the current detector 23, and the
detected value of the voltage V of the solar cell 1 at the point (point Pz on the
characteristic curve y in Fig. 5) where this calculated power value will be the
maximum value) is stored as the new reference voltage V pase 3, and the motor 3 and
the pump 4 will be accelerated until voltage V of the solar cells 1 reaches Vaase 1-

Voves.
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Then, when the voltage V of the solar cell 1 has reached Vease 1- Vover, the
power and voltage monitoring circuit 51 stops outputting the speed increase
instructions, outputs a speed reduction instruction to the instructing value operation
circuit 52. As a result, as stated below, following a drop in the ﬁ'equency_ instructing
value (f) outputted by the adjustable speed controller 53, the voltage V of the solar cells
1 rises to a new reference voltage Vaase 3. During this period, the power and voltage
monitoring circuit 51 continues outputting this speed reduction instructions to the
instructing value operation circuit 52.

In other words, the rotational speed of the motor 3 and the pump 4 prevailing at
the time when the voltage V of the solar cell 1 is Vease — Vover decelerates smoothly as
the frequency instructing value (f) outputted by the adjustable speed controller 53 is
reduced, and ‘when the voltage V of the solar cell 1 has risen to the reference voltage
Vease 3, the power and voltage monitoring circuit 51 stops outputting the speed
reduction instructions, and then the adjustable speed controller 53 also stops reducing
its frequency instruction output.

Then, when the voltage V of the solar cells 1 monitored by the power and voltage
monitoring circuit 51 is within the given allowable voltage regulation range Hb (V <
V Bast 3 + Hb) with reference to the new reference voltage V sase 3, the motor 3 and the
pump 4 keeps on running based on the frequency instructing value (§ when the speed
reduction instruction is suspended.

Fig. 6 is a characteristic graph for describing the fourth embodiment of the
present invention. This characteristic graph shows that the amount of insolation
decreased sharply during a continuous operation in the vicinity of the maximum power
point in the first embodiment described with reference to Fig. 3 and that the power and
voltage characteristic of the solar cell 1 has changed from the characteristic curve «
to the characteristic curve § in Fig. 6.

In other words, when the amount of insolation decreases rapidly to the bottom,
and, as shown in Fig. 6, due to the characteristics of the solar cells 1, the operating
point shifts from the point Pa of the characteristic curve @ to the point Pr of the
characteristic curve d, the voltage of the solar cell 1 monitored by the power and
voltage monitoring circuit 51 drops below the minimum voltage value Viow already
fixed. As a result, the power and voltage monitoring circuit 41 outputs a rapid speed
reduction instruction. In response to this rapid speed reduction instruction, the
instructing value operation circuit 52 gives to the adjustable 'speed controller 53 a
speed reduction instructing value —An for reducing the frequency instructing value (f)

and for increasing rapidly the voltage V of the solar cell 1 to the minimum voltage V
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row (point Pg in Fig. 6).

Then, when the operating point shifts to the point Pe on the characteristic curve
J, the power and voltage monitoring circuit 51 outputs a new speed reduction
instruction. This speed reduction instruction continues being outputted until the
voltage V of the solar cell 1 reaches the reference voltage Vpase 1 at the maximum
power point on the characteristic curve ot

In other words, following a reduction in the frequency instructing value (f
outputted by the adjustable speed controller 53 in response to the speed reduction
instruction, the motor 3 and the pump 4 decelerate smoothly, and as a result, when the
rotation speed is reduced to that at which voltage V of the solar cell 1 becomes the
reference voltage Vsase 1, the power and voltage monitoring circuit 51 gives a new
speed increase instruction, and the motor 3 and thé pump 4 accelerate smoothly
following an increase in the frequency instructing value (f) outputted by the adjustable
speed controller 53. At this time, the power and voltage monitoring circuit 51 calculates
power P (P = V x ) based on the values V, I detected respectively by the voltage
detector 21 and the current detector 23, and stores the value detected of the voltage V
of the solar cell 1 at the point (point Px on the characteristic curve 5 in Fig. 6) where
this calculated value of power will be maximum as a new reference voltage Vaase 4,
and accelerates until the voltage V of the solar cell 1 reaches Vease 1— Vover. .

Then, when the voltage V of the solar cell 1 has reached Vpase 1- Voves, the
power and voltage monitoring circuit 51 stops outputting the speed increase
instructions, outputs a speed reduction instruction to the instructing value operation
circuit 52. As a result, following a drop in the frequency instructing value (f) outputted
by the adjustable speed controller 53, as described below, the voltage V of the solar cells
1 rises to a new reference voltage V Base 4. During this period, the power and voltage
monitoring circuit 51 continues outputting this speed reduction instructions to the
instructing value operation circuit 52.

In other words, the rotational speed of the motor 3 and the pump 4 prevailing at
the time when the voltage V of the solar cell 1 is Vpase 1- Vover decelerates smoothly
as the frequency instructing value (f) outputted by the adjustable speed controller 53 is
reduced, and when the voltage V of the solar cell 1 has risen to a new reference voltage
V Base 4, the power and voltage monitoring circuit 51 stops outputting the speed
reduction instructions, and then the adjustable speed controller 53 also stops reducing
its output. '

Then, when the voltage V of the solar cell 1 monitored by the power and voltage

monitoring circuit 51 is, as shown in Fig. 5, within a given allowable voltage regulation
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range Hb ((V = Vpase 4 = Hb) with reference to the reference voltage V Base 4, the
motor 3 and the pump 4 keeps on running based on the frequency instructing value (f)
when the speed reduction instruction is suspended.

Incidentally, in the first through the fourth embodiments described above, the
case of prolonging the acceleration and deceleration times in zones where the rotational
speed of the motor 3 and the pump 4 is fast and of varying gently the rotational speed
by using the adjustable speed controller 53 and the gradient coefficient operation
device 54 is described. However, for uses involving few and gentle variations in the
amount of insolation, the acceleration and deceleration times of the motor 3 and the
pump 4 can be set at a constant value.

When such a controlling method of photovoltaic inverter is applied to the
adjustable speed control of motors driving water feeding pumps, it is possible to design
a water feeding device provided with solar cells as its power source. Such a water
feeding device can operate by following the maximum power point of the solar cells in
each moment even if the amount of insolation.towards the solar cells fluctuates, and
therefore it is possible to take the maximum advantage of the output of the solar cells
even if the quantity of water supplied may change depending on the sunshine available,
and therefore the efficiency of water feeding will be very high vis-a-vis the amount of

insolation.

Industrial Applicability

According to the present invention, when a motor is to be variable-speed
controlled by means of a photovoltaic inverter fed with power from solar cells, due to an
arrangement that made it possible to monitor any changes in the terminal voltage of
solar cells and, in case of any change in the amount of insolation towards the solar cells,
to control the photovoltaic inverter so that it may be operated at the maximum power
point for that amount of insolation, it is possible to eliminate any fluctuations of control
in the vicinity of the maximum power point at each moment of the solar cells, to
maintain stability in their operation and to improve response time in connection with

rapid changes in the amount of insolation.
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Throughout the description and claims of this specification, the word “comprise”
and variations of the word, such as “comprising” and “comprises”, is not intended to

exclude other additives, components, integers or steps.
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The claims defining the invention are as follows:

1. A method of controlling a photovoltaic inverter for variable-speed controlling a
motor with solar cells as its power source comprising

a step of starting up the motor by supplying a start-up power through the
photovoltaic inverter from said solar cells while monitoring the output power and
voltage of said solar cells,

a step of storing the voltage value of the solar cells as a reference voltage Vgase
when the power of said solar cells reached the maximum power point in the process of
accelerating the rotational speed of this motor for a given acceleration time,
a step of continuing accelerating until the voltage of the solar cells shifts from said
reference voltage Vaase to a voltage (Vpase-Vover) lower by a previously set voltage
range Vover,

a step of, after the voltage of the solar cells reached this voltage (Vsase-Vover),
decelerating the speed of said motor for a given deceleration time until the voltage of
the solar cells shifts from this voltage to said reference voltage Vgase, and
a step of, after this deceleration operation is over, when the voltage of the solar cells is
within the given allowable voltage regulation range Hb with reference to said reference
voltage Vgase, controlling said photovoltaic inverter in such way that said motor may
continue operating at the current speed.

2. The method of controlling a photovoltaic inverter according to claim | wherein,
during said continuous operation, when the voltage of the solar cells rises beyond the
given allowable voltage regulation range Hb with reference to said reference voltage
Vgase, the rotational speed of the motor is accelerated for a given acceleration time until
the voltage of the solar cells shifts from said reference voltage Vaase t0 a voltage
Vease-Vover lower by said given voltage range Voveg, and the voltage value of the
solar cells prevailing at the time when the power of the solar cells reached the maximum
power point in this acceleration process is stored as a new reference voltage Vpase 2,
and after the voltage of the solar cells reached said voltage Vgase-Vover, said
photovoltaic inverter is controlled in such a way that the rotational speed of said motor
may be decelerated by a given deceleration time until the voltage of the motor shifts

from this voltage to said new reference voltage Vpasg 2.
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3. The controlling method of a photovoltaic inverter according to claim 1 wherein,
during said continuous operation, when the voltage of said solar cells drops beyond said
allowable voltage regulation range Hb with reference to said reference voltage Vpase,
the rotational speed of said motor is decelerated by a given deceleration time until said
voltage of the solar cells reaches said reference voltage value Vpase, the rotational
speed of said motor is accelerated for a given acceleration time until the voltage of said
solar cells shifts from the reference voltage Vigasg to the voltage Vgasg-Vover lower by
the previously set voltage range Vovgr, and the voltage value of the solar cells
prevailing at the time when the power of said solar cells reached the maximum power
point in this acceleration process is stored as a new reference voltage Vpacr 3, and after
the voltage of said solar cells reached said voltage Vgase-Vover, said photovoltaic
inverter is controlled in such a way that the rotational speed of said motor may be
decelerated by a given deceleration time until the voltage of the motor shifts from this
voltage to said new reference voltage Vpasg 3.

4. The controlling method of a photovoltaic inverter according to claim 1 wherein,
during said continuous operation, when the voltage of said solar cells drops beyond the
minimum voltage value Vi ow tolerated by solar cells, the rotational speed of said motor
is rapidly decelerated by a deceleration time shorter than the given deceleration time
until the voltage of said solar cells reaches said minimum voltage value V\ ow, then the
rotational speed of said motor is decelerated by said given deceleration time until the
voltage of said solar cells reaches said reference voltage Vaase, and after the voltage of
said solar cells reached said reference voltage Vpas, the rotational speed of said motor
is accelerated by a given acceleration time until the voltage of said solar cells shifts
from this voltage to the voltage Vaase-Vover lower by the previously set voltage range
Vover from said reference voltage Vpasg, and the voltage value of said solar cells
prevailing at the time when the power of said solar cells reached the maximum power
point in this acceleration process is stored as a new reference voltage Vpase: 4, and after
the voltage of said solar cells reached said voltage Vaase-Vovir, said photovoltaic
inverter is controlled in such a way that the speed of said motor may be decelerated by
the given deceleration time until the voltage of the motor shifts from this veltage to said

new reference voltage Vpase 4.
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5. The controlling method of a photovoltaic inverter according to any one of claims
1 through 4 wherein said motor is a motor for driving a pump or a fan.

6. The controlling method of a photovoltaic inverter according to claim 5 wherein
the acceleration time and the deceleration time of the motor for driving said pump or fan
is set at a value equivalent to the cube of the ratio (n/Nyax)’ of the present rotational
speed instructing value (n) to the maximum set value (Nmax) of the rotational speed of
this motor.

7. A controlling device of a photovoltaic inverter for variable-speed controlling a
motor fed with power from solar cells comprising power and voltage monitoring means
for monitoring respectively the power and voltage of said solar cells, an instructing
value operation means for outputting acceleration or deceleration instructions based on
this power and voltage monitoring means, a gradient coefficient operation means for
outputting acceleration time or deceleration time, an adjustable speed controlling means
for outputting frequency instructions based on the outputs of the instructing value
operation means and the gradient coefficient operation means, wherein the voltage value
of said solar cells prevailing at a time when the power of said solar cells reached the
maximum point in the process of accelerating said motor is stored as a reference value
Vpask, at the same time the motor is accelerated until the voltage of said solar cells
shifts from said reference voltage Vpase to the voltage Vpase-Vover lower by the
previously set voltage range Vover, and after the voltage of said solar cells reached said
voltage VBase-Vover the motor is decelerated until the voltage of said solar cells
reaches said reference voltage Vgase, and after this deceleration operaticn, when the
voltage of said solar cells is within the given allowable voltage regulation range Hb
with reference to said reference voltage Vpasg, the photovoltaic inverter is controlled in
such a way that said motor may continue operating at the present rotational speed.

8. A water feeding device for feeding water by driving a pump variable-speed
controlled by a photovoltaic inverter fed with power from solar cells wherein, in the
process of starting up said motor and accelerating said motor by a given acceleration
time while monitoring respectively the power and voltage of said motor, the voltage
value of said solar cells prevailing at a time when the power of said solar cells has
reached the maximum power point is stored as a reference voltage Vpasg, and the motor

is accelerated until the voltage Vo of said solar cells shifts from said reference voltage
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Vpase to the voltage Vease-Vover lower by the previously set voltage range Vover, and
after the voltage of said solar cells has reached said Vgase-Vover, the motor is
decelerated until the voltage of said solar cells shifts from this voltage to said reference
voltage Vaase, and after this deceleration operation is over, when the voltage of said
solar cells is within the given allowable voltage regulation range Hb with reference to
said reference voltage Vpasg, said motor is kept operating at the present rotational speed
to drive the pump and to feed water.

9. A method according to claim 1 substantially as hereinbefore described with
reference to any one of Figures 1 to 7 of the accompanying drawings.

10. A controlling device according to claim 7 substantially as hereinbefore described
with reference to any-one of Figures 1 to 7 of the accompanying drawings.

11. A water feeding device according to claim 8 substantially as hereinbefore

described with reference to any one of Figures 1 to 7 of the accompanying drawings.
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