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(57) Abstract: A solar battery controller is provided which includes a solar battery module that is mounted on a moving object, a
control unit that calculates a maximum power point of the solar battery module, and a speed detecting unit that detects a speed of the
moving object. The control unit controls a maximum power point calculating timing depending on the speed of the moving object.
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SOLAR BATTERY CONTROLLER

BACKGROUND OF THE INVENTION

1. Field of the Invention .

[0001] The present invention relates to a solar battery controller.

2. ‘Des‘cription of Related Art

- [0002] A technique of calculating a maximum power point in solar battery arrays
in total by connecting the solar battery arrays, which are connected in series to each other,

to monitoring solar batteries corresponding'to‘ the number of solar battery arrays in parallel

and detecting short-circuit currents of the monitoring solar batteries and open-circuit

voltages of the solar battery arrays is kncwr; (for example, Japanese Patent Application
Publication No. 61-281316 (JP 61-281316 A)). | |

[0003] ) Howe{/er, in the technique described in JP 61-281316 A, the timing of
detecting the short-circuit currents of tﬁe monitoring solar-batteries and the open-circuit
Voltéges‘ of the solar battery. arrays is not describcd. Accordingly, when a solar battery

module is mounted on a moving object, the maximum power poinf calculating timing

cannot be éppropriately set and thus there is a possibility that an increase in computational

load or a delay in the maximum power point calculating timing will occur.

SUMMARY OF THE'INVENTION |
[0004]  Therefore, an aspect of the invention provides a solar battery controller
that can appropriately set ‘a maximum powef point calcu'l‘ating timing even when a solar
battery module is mounted on é mOVing object. | | |
_ [0005] According to an aspect of the invention, there vis proyidcd a solar battery

controller including: a solar battery module that is mounted on a moving object; a control

unit that calculates a maximum power point of the solar battery module; and a speed

detecting unit that detects a speed of the moving object, wherein the control unit controls a
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maximum power point calculating timing depending on the speed of the moving object.
[0006]  According to the aspect, it is possible to provide a solar battery controller
that can appropriately set a maximum power point calculating timing even when a solar

battery module is mounted on a moving object.

BRIEF DESCR'IPTI‘ON OF THE DRAWINGS

[0007] _ Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with rcfercnce to the
accompanvying draWings, in which like numerals denote like elements, and whercin:

FIG. lisa diagrarn'ilhistrating a PV characteristic curve of a solar battery;

" FIG. 2 is a flowchart 111ustrat1ng the logic of a hill- climbmg method;

FIG 3 is a diagram illustrating an example of the PV characterlstic curve when a part
of a solar battery is shaded;

FIG. 4 is a diagram schematically illustratirrg a solar battery controller according to a
first embodiment of the invention;

FIG. 5 is a diagram illustrating an example of -a relationship between 'illuminarice
applied. to a sclar battery and a short-circuit current;.

'FIG. 6 is a diagram illustrating an example of an IV characteristic curve of a solar

battery and a loaii line; | |

FIG. 7 is a diagram illustrating an example of a relationship between illuminance
applied to a solar battery and ari open-circuit voltage; | |

FIG. 8 is a diagram illustrating an example of a relationship between a temperature of

a solar battery and an open-circuit voltage;

FIG. 9is a dlagram illustrating an example of the IV characteristic curve when a part
of a solar battery cluster is shaded;

FIG. 10 is ia ‘diagram‘ illustrating an IV characteristic curve used to dcscribe a
maximum power point calculating method accordmg to the first embodiment

FIG. 11 is a flowchart 1Ilustrat1ng an example of the maximum power point

 calculating method according to the first embodiment;
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FIG. 12 is a flowchart illustrating another example of the maximum power point
calcuiating method acco;ding to the first embodiment; |

FIG. 13 is a diagram 'illu_strating a maximum power. point c‘alcﬁlatihg timihg
according to the first embOdimenf; and |

FIG. 14 is a diagram schematically illustrating a solar battery controller according to

- a second embodiment of the invention. .

"DETAILED DESCRIPTION OF EMBODIMENTS
.- [0008] Hereinafter,  embodiments of the invention will be described with
reference to-the accompénying drawings. In -this specification aﬁd in the dr_aWings,
‘elements/ having substantially the same functional configurations will be referenced by the
same reference signs and description thereof wili nof be repeated.

[0009] FIG. 1 is a diagram illustrating a PV characteristic curve describing a
relationship between an operating voltage V and a poWer P of a solar battéry. FIG.‘2 is a
flowchart illustrating the logic of a hill-climbing method.

[0010] The power P of a sqlar battery varies W1th the operating voltage V and the E
PV characteristic curve has a maximum point as illustrated in FIG. 1. The méximum
point» of the PV characteristic curve in FIG. 1 is a m;iximum powér point (MPP) at which
the power P is ‘a maximum. MPP powef, Pn is” calculated by . multiplying a
maximum-power operating Vblfage Vpm which is the operating voltage at the MPP by_al
maximum-power operating current Ip, which is the operating current at the MPP.

[0011]  Since the PV characteristic curve varies on the basis of variations in an
amount of solar rad_iétion 'and"a temi)erature, therefore fhe maximum-power operating
voltage Vpp and_'thé maximum-power operating current Ipp, also vary on the basis of the
variation. | | |

[0012] In order to use the power P of a solar battery maximally, 'the’ solar battery

~only needs to be operated at the MPP. - However, since the MPP normally varies -

depending on the amount of solar radiation or the temperature, it is necessary to perform

maximum power point tracking (MPPT) control of tracking the MPP. In the MPPT

"3
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control, as illustrated in the flowchart of FIG. 2, the power P of a solar battery is measured

at predetermined time intervals At and the operating voltage -V is controlled so as to
increase the power P.

[0013] A hill-climbing method will be described below as an example of the

' MPPT control with reference to FIGS. 1 and 2.

[0014] In the PV characteristic curve illustrated in FIG. 1, it is assumed that the
operating voltage V at a timé pbint at which control using the hill-ciimbihg method is
started is set to V=Vj and the power P at the tilﬁe point at .which control ﬁsing the
hill-climbing method is started is set to P:Po. :

[0015] . First, the operating voltage V is increased by AV to be Vi(=Vg+AV) and"Pl
is calculated. | - | |

[0016] Py and P; are compared, the sign of AV is not changed because P; is
greater than Pg, the operating voltage V is increased by AV to be Vo(=V+AV), ahd P, is
calculated. - o ¢ |

10017] P, and P, are compéred,’ \the‘ sign of AV is not changed because P, »is
greater than Pj, the operating voltage V is increased by AV.to be V3(:V2+AV), and P; is
calculated. ’ | .
| [0018] At this time, P, and P3 afé compared, the sign of AV is inverted because P;
is less than sz, the operatjng voltage V is decreased by AV to be V2(=V3-AV), and P; is
calculated. | | | '

[0019] Then, untvil‘ the PV characteristic curve varies due to the variations df the
amount of solar radiatjon and the temperature; the operating voltage V varies between V;
and V3 while the sign of AV is inverted whenever the operating Voltage V reaches V; and
Vs. . | | v
| [0020]  As described above, it is pdssible to track the MPP of a solar batfer_y by
controlling the operating voltage V at predetermined time intervals At. This series of

operations is embodied, for example, by changing the duty ratio of a voltage converter

disposed in an inverter.

[0021] . However, in the MPPT control, since the power P is measured and

4
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computation is carried out at the predetermined time intervals At by the use of an analog

circuit, the time required for calculating the. MPP is several seconds. When a part of the

solar battery is shaded, the voltage at the MPP greatly varies in comparison with before the
part of the solar i)attery is shaded, and thus the time requiring for calculating the MPP may
be flirther extended or the MPP may not be calculated. |

[0022] In the MPPT control,i the operating volfage V constantly Variés\ at the
predetermined” time intervals At and the power P constantly varies with the variation
thereof. Particularly, in the vicinity of the MPP, since the power P constantly decreases
on the basis of the variation of the operating voltage V, the decrease serves as power loss.

[0023] Since the magnitude’ of the variation AV of the operatirig voltage V is
alwaysl constant regardless of the magnitude of the operating voltage V, the variation of the

poWer P due to the variation of AV is great in the vicinity of the MPP. Accordingly, the

. power loss in the vicinity of the MPP becomes great and the power loss serves as a factor

for decreasing utilization efficiency of the solar battery.
[0024] When AV decreases, the time from the start timing of the inverter to the
arrival timing at the MPP is extended and thus the utilization efficiency of the solar battery

decreases in the meantime. In the- MPPT control, the operating voltage V constantly

wvaries and the variation of the operating voltage V serves as a factor for disturbing the

control stability of the inverter. Accordingly, in order to maintain the control stability of

the inverter, the predetermined interval time At at ‘which the operating Volfage V is

controlled, that is, the response speed of the MPPT control, cannot be set to be too great.

[0025] When a solar battery module is installed for residential use or for mega
solar use, the variation in the amount of solar radiation rangés from several seconds to
several minutes and thus the MPP of the solar battery module tracks the variation in the
amount of solar radiation by using the MPPT control based on the hill-climbing method.

[0026] However, when é solar bilttery module is mounted ona moving object, the
variation in the amount of solar radiat‘ion, for example, an influence of shade br an -
influence of an uneven surface on which the moving object traiiels, may be equal to or less

than several ms. Accordingly, when a solar battery module is moilnte_d on a moving
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- object, it is difficult to make the MPP of the solar battery module track the variation in the

amount of solar radiation by using the MPPT control based on the hill-climbing method."
[0027] When the solar battery module is partially shaded and two maximum

points appears in the PV characteristic curve as illustrated in FIG. 3, the Operating point of

the solar battery module may not reach the MPP.

- [0028]  Therefore, embodiments to be described below propose a solar battery
controller 1 that can appropriately set the MPP calculating timing even when a solar
battery module is mounted on a moving object.

- [0029]  First Embodiment
Configuration of Solar Battery Controller

First, the configuration of a solar _batter)i controller 1 according to a first embodiment
of the invention will be described below with reference to FIG. 4.

[0030]  As illustrated in FIG. 4, the solar battery controller 1 according to the first

embodiment includes a solar battery cluster 10, a light intensity detecting unit 11, a speed
‘detecting unit 12, a temperature detecting unit (not illustrated), a control unit- 13, and a

_ storage unit 14.

{0031] The. solar battery cluster 10 has a configuration in which pIural solar
battery cells 101 are electrically connected in series to each other. A bypass diode 102 is

connected-to the solar battery cluster 10, the bypass diode 102 and the solar battery cells

101 being connected in parallel, the solar battery cells 101 being connected in series to

each other. Plljral solar battery clusters 10 are connected in series to constitute a sblar
battery module 2, which is mounted on a moving 6bject.
| [0032]  The bypass diode 102 is an element for bypassing a part of a main circuit

so as toprevent a decrease in power of the solar battery module 2 as a whole, generation of

‘heat, or burnout caused by partial shade or trouble in the solar battery clusters 10. The

solar battery module 2 is connected to a voltage converter (not illustrated) and supplies
power to a load or the like.
[0033]  The light intensity defecting unit 11 is connected in parallel to the solar

battery clusters 10 and includes a current detecting unit 113 having‘a shunt resistor 111 and
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a voltmeter 112 and a switchirig element 114. The light intensity detecting unit 11 can

measure a short- c1rcu1t current of the solar battery cluster 10 through the use of the current

~ detecting unit 113 and calculate a variation of the light intensity applied to the solar battery

~ cluster 10, b‘y turning on the switching element 11‘4.

[0034]  The ON anvd OFF states of the switchihg'element ‘114 are controlled by the
control unit 13 to be described later. -

[0035]°  The speed idetecting unit 12 detects the speed of a moving objeetand is not
particulaily limited. For example, a Speedometer that detects a speed on the basis of an
angular velocny of the vehicle Wheels of the moving ob]ect or a speedometer that detects a
speed using a 51gnal acquired by a GPS can be used.

[0036] The temperature detecting unit detects the temperature of the solar battery
celis 101.and is not particularly limited. For example, a thermocouple can be used.

[0037] The control unit 13is .constitute'd, for example, by a microcomputer and
calculates the MPP of ‘the solar batteiy cluster 10 on the,besis of the variation in the light

intensity detected by the light intensity detecting unit 11 and the temperature Teey of the

- solar battery cells 101 detected by the temperature detecting unit. The control unit 13

* controls the MPP calculating timing depending on the speed of the moving object detected

by the speed detectlng unit 12.
[0038] The storage unit 14 stores the variation 1n the light intensity detected by

the light intensity cie_t_ecting unit 11 and the computed values calculated by the control unit

_. 13. The storage unit 14 stores open-circuit voltages V. of the solar battery cells 101 as a

function of the temperature Teey of the solar batter cells in advance. The storage unit 14
can be embodied by a RAM or a ROM, i"oi 'example, using a semiconductor memory, a
magnetic disk, or an optical disc. .
[0039]  The operation of the control unit 13 will be described below in detail.
[0040]  MPP Calculating Method | ” |
‘ An MPP calculating \method‘ in the control unit 13 will be described first with
reference to FIGS. 5 to 12. |

[0041] FIG. 5 is a diagram illustrating an example o‘f a relationship between



10

15

20

25

WO 2015/059540 PCT/IB2014/002165

illuminance applied to a solar battery and a short-circuit current. FIG. 6 is a diagram

' illustratihg an example of an IV characteristic curve of a solar battery and a load line.

Reference signs 1A to 1C in FIG. 6 represent IV characteristic curves of a solar battery
when an amount of solar radiation varies and reference signs 1a to 1g represent load lines
when a load connected in parallel to the solar battefy varies..

: [0042] As illustrated in FIG. 5, a short-circuit current I of a solar battery is

‘ 'proporﬁoﬁal to light intensity (an amount of solar radiation or illuminance) applied to the |

solar battery. ~ As illustrated in FIG. 6, the short-circuit current I increases as indicated by
the IV characteristic curve 1A when the. amouht of solar radiation . is lar‘gev, and t‘he-
short-circuit éurrént | 19 decreases as indicated by 'tfle IV characteristic curve 1C when the
amount of solar radiation is small. _ |

[0043]  The slopé of the load liné Véries by causing tﬁe shunt resistor 111
connected to the solar battery to vary. For example, thevslope increases as indicated by .
the load line 1a when the resistance value of the shunt resistor 111 is small, and the slope
decreases as indicated by the load line 1.g when the resistance value of the shunt r;sistor"
111 is large. | ,

[0044] . Wﬁen the IV characteristic é‘urve of a solar battery .is denoted by IA and
the shunt resistolr‘lll is selected so és‘to obtain the load lines 1a to 1d, the current values at

the intersections of the IV characteristic curve 1A and the load lines 1a to 1d are almost

‘equal to each other. Even when the IV characteristic curve is changed to 1A to 1C, the

current values are thought to be similar to IV characteristic curve 1A. _

[0045]  That is, by selecting the shunt resistor 111 so as to obtain the load lines 1a
to 1d, it is possible to approximately estimate the short-circuit current I of the solar
battery even when the amount of solar ‘r’adiation varies.

[0046] | In order to reduce power loss due to generatidn of heat from the~ shunt
resistor 111 or the like, it is preferable that the resistance value of the shunt resistor 111 be
as small as possible. When the.shunt résistor 111 with a small resistance value is selected,

it may be affected by system noise or the like. Accordingly, one skilled in the art can

-appropriately select the shunt resistor 111 depending on a system in use.
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t0047] The.op'en-circ‘uit voltages V. of a solar battery is determined} depending
on the type of the solar ‘battery, tlre illuminance applied to the solar battery, and the
temperature Teey of the sblarbattery. ’ | |

[0048] FIG 7 is a diagram illustrating an example of a relationship between the

111um1nance applied to a solar battery and the open-circuit Voltages Voe. FIG 8 is a .

dragram lllustratlng an example of a relatlonshlp between the temperature Tcel] of a solar

_battery and the open-circuit voltages V..

[0049] As i‘llustrated in FIG. 7, the larger the illuminance applied to the solar
battery becomes, the higher the open-circuit voltages Vo of the solar battery becomes.
For example, the open-circuit voltages Vdc of the solar battery is 0.8V per single solar

battery cell when the illuminance applied to the solar battery is 1000 W/m? (in the fine

weather), and is 0.6'V per single solar battery cell when the illuminance applred to the

solar battery is 8 W/m* (at the sunrrse) ‘
[0050] As illustrated in FIG. 8, the higher the temperature Teell of the solar battery .

becomes, the lower the open-circuit voltages Voo of the solar battery becomes. For

.example, the open-circuit voltages V. of the solar battery is 0.65 V when the temperature
Teen of the solar battery is’ 75°C, and is 0.73 V when the temperature Tcer} of the solar

- battery 1s 25°C.

[0051] The characteristic diagrams illustrated in FIGS. 7 and 8 are examples
where_ a siliCo_n solar bar_tery 1s used as the solar battery, and the relationships vary
depending on the type of the ‘bsolar battery in use. Accordingly, it is preferable that the
relations_rlip between the illuminance applied to the solar battery or the temperature Tee of
the solar b.attery and the epen-circuit vbltages Vo be stored in the storage unit 14 in
advance with reference to specifications of the solar battery depending on the type of the
solar battery, by measurement using the solar battery; or the like. |

[0052] The f_ollowing relationship‘ is set up between the short-circuit current I

and the maximum-power operating current Ipy, of the solar battery: Ipm=kixls, ki=const.

-~ ...(X). The following relationship is set up between the open-circuit voltages VOC and the

maximum-power operating voltage Vpy, of the solar battery: Vpm=kax Ve, k2=const. ...(Y).
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Here, k; and k; are -constants and can be determined depending on the type of the solar

| battery.

[0053] FIG. 9 is a diagram illustrating an example of the IV characteristic curve

when parts of the three solar battery clusters 10a, 10b, and 10c connected in series are

- shaded. In FIG. 9, since parts of the solar battery cells 101 in the solar battery cluster 10c

are shaded, the amount of solar radiation is small. ~As illustrated in FIG. 9, the difference
in solar radiati_On conditioh between the solar battery clusters 10 can be determined on the
basis of superposition of the IV characteristic curves of the solar battery clusters 10.

[0054] FIGS. 10 and 11 are an IV characteristic curve ciiagram‘and a flowchart

“illustrating an MPP calculating method according to the first embodiment, respectively.

The - MPP calculating ‘method in the solar battery controller 1 according to the first
embodiment will be specifically described below with reference to FIGS. 10 and 11.

[0055] As illustrated in FIG. 11, ‘the control unit 13 calculates thé MPP power Py,

of the solar battery module 2 through the following steps (S1) to (S9). (S1) The

switching element 114 of the light intensity detecting unit 11 is turned on and a voltage Vg,

applied to the shunt resistor 111 is measured through the use of the voltmeter 112. - (S2)

- The current flowing in the shunt resistor 111 is calculated on the basis of the voltage Vg,

and a shunt resistance Value'Rs}1 stored in the storage unit 14 in advance, and the
short-circuit current Iyj0, of the solar battery 'cluste‘r 10a is éstimated. (S3) The
temperature Teen of th¢ solar. bétter_y cells 101 is measurf_:d t_hrough the use of the
temperature detecting unit. (S4) The open-circuit voltage V.. of the solar battery cells
101 atvthe temperature T;en is calculatcd on the basis of thé _short-circuit current Isc10a, the
température Teen, and the type of the solar battery stored in the storage unit 14 in édvance.
(S5) The open-circuit. voltages Voo of thé solar battery cluster 10a is calculated by
multiplying the number of solar battery cells 101 N, which are connected in series and
constitute the solar battery cluster 10a, by the open-circuit Voltages\Voc of the sélar battery
cells 101. (S6) A maximum power point candidate I_sc1da><Voc1o in the -solar battery cluster
10a is calculated by multiplying the short-circuit current Is10, by the open-circuit voltages

Voeto-  (S7) The maximum power p(')i'nt candidates 100X Voe1o and Lc10cXVoc1o are

10
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calculated by performing the same processes as (S1) to (S6) on the solar battery clusters.
10b, 10c. (S8) The values of the maximum power point candidates - Is.10a% Vocio,
Lici0bX Voc10, and Iscl(lc*voclo in Ithe three solar battery clusters 10a, 10b, and 10c are
compared and the largest matximuni power point candidate is calculated:  (S9) Ifm and
Vpem of the solar battety‘ module 2 are calculated by applying Expressions (X) and (Y)
stored in advance in the storage unit 1/4 to the largest maximum power point candidate and
the MPP power Py, of the solar battery module 2 is determined by multiplying Ip, and me.
[0056]  In the solar battery. controller 1 according to the first embediment, it is
possible to track the MPP of the solar battery by causing the control unit 13 to repeatedly
perform the MPP calculating method at a predetermined calculation timing to be described
later. | |
| [0057] As descnbed above, in the first embodlment the ‘maximum power point
candidates are calculated for the respectlve solar battery clusters 10a 10b, and 10c and the
MPP power Py, of the solar battery module 2is calculated by applying Expressmns (X) and
(Y) to the largest maximum power point candldate However, the MPP calculatmg
method is only an example and the invention is not limited to this example.

[0058] . For example, as illustrated in FIG. 12,‘the control unit 13 may calculate the

- MPP power P;n of the solar battery module 2 through the following steps (S1°) to (S10%).

(S1°) The switching element 114 of the light intensity detecting unit 11 is turned on and a

\vol_tage Ven applied to the shunt resistor 111 is.measured_,through the use of the voltmeter

112.. (S2’) The current flowing in the shunt resistor 111 is calculated on the basis of the
v01tage Vg and a' shunt resistance value Ry, stored in the storage unit 14 in aclvance, and
the‘short-circuit current I 10, Of the solar battery cluster 10a is estimated. (S3’) The
tetnperature Teen of the solar battery cells 101 is measure_d through the use of the
temperature deteeting unit. (S4’) The open-circuit Voltage Voc ef tlle solar battery cells

101 at the temperature Tee is calculated on the basis of the short-circuit current Ig10a, the

' temperature Teen, and the type of the solar battery stored in the storage unit 14 in advance.

(S5°) The open-circuit voltages Voero Of the solar battery cluster 10a is calculated by

multiplying'the/ number of solar battery cells 101 N, which are connected in serieé and

11
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constitute the solar battery clusfer 10a, Ey the open-circuit voltages Vo of the solar battery
cells 101. (SG’) The maximﬁm-power operétin_g voltage Vpmio in the solar battery cluster
105 is calculated by applying Expression (Y) stored in advanée in the storage unit 14 to the
open-circuit voltages Vocio. (S7’)‘ The maximum-power operating ‘current Ipmiga is
calculated by 'applying Expression (X) stored in advance in the storage unit 14 to the
éhort-_circuit curreﬁt Lsci0a- (SS’) The maximum power Ppnig, in the S(-)lar‘battery cluster
10a is calculated by multiplying the maximum-power operating‘ current Ipmioa and the,
maximum-power opérating voltage Vpmio. (S9’) The maximum power Prigp and PmlOc is
calculated by performing the same steps as (S1’) to (S8’) on the solarl béttery clusters 10b,
10c. (S10’) The MPP power P, of the solar battéry module 2 is determined by comparing
the maximum power Pm10a, Pmiob, and Pi0c and selecting the largest maximum power.
[0059]  MPP Calculating Timing |

The control of the MPP calculating timing in the control unit 13 will be described :

" below.

- [0060]  Table 1 shows representative examples of the shade and the shade passage
times by speeds of a moving object. |

[0061] ... As illustrated in Table 1, eXamples of a shading object that shades'the

solar battery module 2 mounted on the moving object from the solar radiation include an

electric cable, an utility pole support wire, a road sign, a utility pole, a pedestrian bridge, a
usual tree, a large tree, a large truck, a house, a building, an expressway soundproof wall,

and a tunnel. Each shading object has various sizes from a small size to a large size.

Table 1
Shade invaéion speed and shade
‘passage time (upper [km/h], lower -
[m/s])
: ‘ 40 80 120 160
. ‘ 2) cluster
Size (1) cell ( (3) module
[m] ( 125 mm)- (300 mmx1000 ( 1000 mm) 11.1 222 333 44.4
mm) .
Electric cable 0.01 - - ‘ - 0:0009 | 0.00045 | 0.0003 | 0.000225
S‘j“;‘gﬁf}’}fﬁ 0.01 - - - | 0.0009 | 0.00045 | 0.0003 | 0.000225
Road sign 0.1 : O : - _— 0.009 | 0.0045 | 0.003 | 0.00225 -
Utility pole | - 0.3 0 o |- 0.027 | 0.0135 | 0.009 | 0.00675
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Pedestrian bridge 3 0 e 0 027 | 0135 | 009 | 0.0675
Usual tree 4 0 0 0 036 | 018 | 012 | 0.9
Large tree 10 0 0 0 09 |~ 045 | 03 | 0225
Large truck 10 0 o o 09 | 045 | 03 | 0225

house 15 0 . 0 0 135 | 0675 | 045 | 03375 |

building 50 0 0 0 45 | 225 | 15 | 1125
soljr)x(g;(s)so‘;lgal] ‘ _ ° 0

tunnel - o 0] 0

[T3LI

": almost not affected by the shade

“O™: affected by the shade

[0062]  For example, when the shading dbject is an electric cable or the utility
pole support .wire, the size thereof is 0.01 m which is small and thus tﬁe output
characteristics of the solar battery cells 101, the solar battery clusters 10, and the solar
battery module 2, are not almost affected by the shade of the Shading object (which is |
indicated by “-” in Table 1). | ‘

[0063] Onthe othér hand, when the shadiﬁg object is a pedestrian bridge, the size
is 3 m which is large and thus the output char’acteristics of the solar battery éells 101, the

solar battery clusters 10, and the solar battery module 2 are affected by the shade of the

-shading object (Which is indicated by “O” in Table . .

[0064] The time in which the solar battery module 2 is shaded from the solar

‘_ radiation is ,0;135 s, for example, when the mbving object traveling at 80 km/h passes the

pedestrian bridge (with a size of 3 m). That is, since the solar battery module 2 mounted -
on tﬁe. moving object is shaded by the pedestrian bridge for 0.135 s, the MPP of the solar
battery module 2 is different frorﬁ the MPP before being shaded. |

[0065] | Therefore, by shifting the operating point of th.e solar battery module 2

through the MPPT confrol, the solar battery module 2 operates at the MPP. However, in

the MPPT control using the hill-climbing method or the like, since the power P is measured

and the computation_'is carried out at predetermined time intervals At through the use of an

analog circuit, it is difficult to cause the solar battery module 2 to track the MPP in the

- order of milliseconds.

[0066]  On the other hand, since the solar battery con'trollcr“l according to the first
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embodiment has a configuration in which the switching element 114 is controlled and the

short-circuit current I is detected for each solar battery cluster 10, it is posSible to cause

the solar battery module 2 to track the MPP even in the order of milliseconds.

[0067]  For example, as illustrated in FIG. 13, when a microcomputer (of which

one state is 40 ns) with a clock frequency of 25 MHz is used, the tlme required for AD

conversion in one solar battery cluster 10 is about 10 ps. The time required for -

comparmg the power Pp, calculated for the respective clusters to determine the maximum
value is about 10 ps. - The time requ1red for caus1ng the operatmg pomt before calculaung
the MPP to converge on the newly-calculated MPP is about 1 ms.

[0068] The MPP calculating timing does not need to be a constant time and czln
be determined in consideration of the shade-passetge'time shown in Table 1 depending on

the speed of the moving object That is, the MPP calculating timing can be advanced

“when the speed of the moving object is high, and the MPP calculating timing can be

postponed when the speed of the moving object is low.

[0069]  For example, when a moving object traveling at 80 km/h passes through a

" pedestrian bridge (with a size of 3 m), the shade passage time is 0.135 s as shown in Table

- 1.and thus the MPP calculating timing can be set to be equal to or less than 0.135 s.

[0070]  For example, when the speed of a moving object is 80 km/h and the
ON/OFF cycle of the switching element 114 is set to 1 ms (0.001 s), the MPP of the solar

battery module 2 tracks all the shading objects other than the electric cable and the utlhty

pole support wire, as shown in Table 1.

[0071}]  When the moving object stops (0 km/h), the switchingelement 114 can be
set to the OFF state while the moving object is stopping. Accordingly, it isv‘possible to
redhce switching loss due to generation of heat in the switching element 114. |

[0072] As described above, the solvar battery controller 1 according to the first
embodiment can appropriately set the MPP calcnlating timing without increasing the
computational load even when the solar b.attery module 2 is mounted on e moving object.

© [0073]  Second Embodiment

A configurétion of a solar battery controller 1 according to a second embodiment of
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the invention will be described below with reference to FIG. 14.

| [0074] The solar battery controller 1 accord'l;ng to the second' embodiment is
different from the solar'battery controller 1 éccording to the first embodiment, in that a
solar radiation sensing element is used. as the light intensity detecting unit li.
Accordingl.y, the solar battery controller 1 according to the second embodiment will be
described below with a focus on the light intensity detecting uhit 11. |

[0075] As illustrated in FIG. 14, the solar battery controller 1 according to the

second embodiﬁlent includes a solar faciiation seﬁsing élement (for example; photodiode
115) that detects an amount of solar radiation as the light intensity detecting unit 11.

[0076] The photodiode 115 is disposed.for each solar battery cluster 10 so as-to

be separated by a prédetermined distance 1 on the front side in the traveling direction of the

moving object with respect to the solar battery cluster 10 and detects a variation in the lighf
intensity applied to the solar baftery module 2 |

[0077]  The control unit 13 controls the operating voltage V of the solar battery
cluster 10 on the basis of a pfedetermi_ned offset time toff-setvbased on the speed of t}ie
moving object on the basis of the variation in the light intensity detected by the photodiode
115. .. .

[0078]  The distance 1 at which the photodiode 115 is installed can be set using the

~ value considered as the speed v of the moving object and the processing time t reqhired for

computation.

[0079]  For example, when the speed v of the moving object. is set to 0 km/h to

- 200 km/h and the processing time t required for computation in the control unit 13 is set to

10 ps, theAfollowir_lg expression is established: O=<v(l/t)<55.5 [m/s], t=10[ it s], which is

0<1s55.5x10 [m]. . That is, when the processing time t required for computation is 10 ps

- and the speed of the moving object ranges from 0 km/h to 200 km/h, the distance | between

the solar&battery cluster 10 and the photodiode 115 only needs to be equal to or greater fhan
55.5x107 m, which is sufficiently smaller than the size of the moving object.
‘[0080] - The offset time ty¢¢t can be set as follows, for example, when the speed of .

the moving object is 100 km/h (22.2 m/s) and the distance 1 is 10 cm (0.1 m): toffse('-:o.i
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[m]/22.2 [m/s]=4.5 [ms]. As described above, the solar battery controller 1 according to
the second embodimént can appropriately set thé 'MPP calCulating timing without
incfeasing the compﬁtatidnal load even when the solar battery module 2 is mounted on a
moving object.

[0081] Partiéulariy, aécording to the second embodiment, since the light intensity
deteétihg unit 11 iS not provided with the switching elefnent 114, the switching loss due to
generation of heat is not caused and the power consumption of the light i.ntens_ity detecting
unit 11 is reduced. | )

[(_).082]‘ While the solar batte;ry cqntroller 1 has been described with reference to
the embodiments, thei invention is not limited to the embodiments but can be modified and
improvéd in various forms without departing from the scope of the invention. .

[0083] ~ For example, the embodiments of the invenﬁbq has employed the

configuratioh in which the light intensity detecting unit 11 includes the shunt resisfor 111

* and the switching element 114 or the configuration in which the photodiode 115 is used as

the light intensity detecting unit 11, but the invention is not limited to this configuration.

The light intensity detecting unit 11 only needs to have a configuratioh capable of

* detecting a variation in light intensity, and for example, a solar battery cell can be used as

the light intensity detecting unit 11.

[0084]  When a solar battery cell is used as the light intensity detecting unit 11, it

. is preferable that the solar battery cell be a solar battery .cell‘ having the same specification

as the solar battery cells constituting the solar battery, module 2 mounted on the moving
object. | | |

[0085] A single solar battery module 2 in whiph three solar battery clusters 10 are
éonnf_:cted’in series has been used- as the solar battery module 2 mounted on the moving
object, but the number of solar battery clusters 10 is not limited to three. In additibn, for

example, plural solar battery modules 2 may be connected.
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CLAIMS

1. A solar battery controller comprising:

a solar battery module that is mounted on a moving object;

a control unit that calculates a maximum power point of the solar battery module; and
a speed detecting unit that detects a speed of the movihg object,

wherein the control unit Controls a maximum power point calculatlng timing

dependmg on, the speed of the moving object.

- 2. The solar battery controller according to claim 1, wherein the control unit advances
the maximum power point calculating timing when the speed of the moving object is high,
and the control unit postpones the maximum power point calculating timing when the

speed of the moving object is low.

3. The soiar,battery controller‘ according to claim 1, further comprising'a tht _
intensity detecting unit that detects a Variation of light intensity applied to the solar battery
-module, | | }

wherem the control unit calculates the maximum ‘power point on the basis of the

variation of the light 1nten51ty

4. The solar béttery controller according to claim 3, wherein the _light‘ intensity
detecting unit includes a current detecting unit and a switching eiement and
wherein the varlatlon of the light 1nten51ty is calculated on the basis of a current -

detected by the current detecting unit.
5. The solar battery controller according to claim 3, wherein the light intensity

‘det_ecting‘ unit includes a solar radiation sensihg’ element that detects an amount of solar

 radiation applied to the solar battery module.

17
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6. The solar battery controller according to claim 5, wherein the solar radiation
sensing element is disposed on the front side in a traveling direction of the moving object,
the solar radiation sensing element being separated by a predetermined distance from the

solar battery module.

7. The solar battery controller according to any one of claims 3 to 6, wherein the solar
battery module includes a plurality of solar battery clusters and each of the plurality of

solar battery clusters is provided with the light intensity detecting unit.
8. The solar battery controller according to claim 7, wherein bypass diodes are

connected to the plurality of solar battery clusters, thebypass diodes and solar battery cells

being connected in parallel, the solar battery cells connected in series.

18
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