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[DESCRIPTION]
[TITLE OF INVENTION]

CHARGING AND DISCHARGING CONTROL DEVICE, CHARGING WD
DISCHARGING CONTROL SYSTEM, CHARGING AND DISCHARGIG
CONTROL METHOD, AND PROGRAM
[Technical Field]

[0001]

The present invention relates to a charging anchdiging control device, a
charging and discharging control system, a chargimydischarging control method, and
a program.

Priority is claimed on Japanese Patent Applicaon2012-259879, filed
November 28, 2012, the content of which is incoapedl herein by reference.
[Background Art]

[0002]

For example, a vehicle, such as an electric traimhich a loaded power
storage device is charged with regenerative poviemnwowering is performed using
power supplied from an overhead line and the reg¢ine power is generated through
braking is known. The power required for the pangin this vehicle differs according
to a travel environment such as a gradient oflevagior a travel time zone such as a
rush-hour period or an off-hour period. Thus, whHenpower storage device is
requested to supply the power required for the pimgea power amount of the
requested power also varies.

Therefore, based on a power storage state of thersiorage device, the power
required for the powering is discharged by coningla power value of

charging/discharging of the power storage deviaktha power storage device is
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charged with the regenerative power (for examme,Ratent Literature 1).
[Citation List]

[Patent Literature]

[0003]

[Patent Literature 1]

Japanese Unexamined Patent Application, First Batiin No. 2006-34041
[Summary of Invention]

[Technical Problem]
[0004]

However, when a power value of charging/discharggngpntrolled to be
suitable for the condition of the power storageestd the power storage device, for
example, when power greater than or equal to redyiower required by the load is
discharged from the power storage device, the diged power is transmitted to the
overhead line. In addition, when the power requtecharge the power storage device
is greater than the regenerative power, supplieeepérom the overhead line is likely to
be increased.

In this manner, when the power value of chargirsgluarging is controlled to be
suitable for the condition of the power storageestd the power storage device, there is
a problem in that power loss of charging/dischaydor the power storage device is
deteriorated.

[0005]

According to an embodiment of the present inventibare are provided a
charging and discharging control device, a chargimgjdischarging control system, a
charging and discharging control method, and anarador efficiently employing power

in a moving object in which powering and regeneraare performed.
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[Solution to Problem]
[0006]

According to a first aspect of the present invamtibere is provided a charging
and discharging control device for controlling aiag and discharging of a secondary
battery connected to a load of a moving object Wwhexreives a supply of power from an
overhead line and generates regenerative powechtrging and discharging control
device including: a first limit current calculatiemit configured to acquire load power
which is required power or regenerative power sltdad and a charge voltage of the
secondary battery and obtain a first limit curfemtdetermining a limit of an adjustment
current which is a setting value for controlling ttharging and discharging of the
secondary battery according to the load power basdte acquired load power and
charge voltage; a limit current setting unit configd to set a limit value of the
adjustment current according to the load poweriwighrange of a second limit current
for determining the limit of the adjustment curréased on the performance of the
secondary battery based on the first limit curadttiined by the first limit current
calculation unit; an adjustment logic determinatumit configured to determine a
relationship of the adjustment current correspagdina state of charge (SOC) of the
secondary battery in a range that does not exteelihtit value of the adjustment
current based on the limit value of the adjustnoeintent set by the limit current setting
unit and a set SOC target value of the seconddtgrigaand an adjustment current
determination unit configured to determine the atipent current corresponding to the
SOC of the secondary battery based on the reldipnietermined by the adjustment
logic determination unit.

Thereby, according to load power of a vehicle,dharging and discharging

control device can control the charging/dischargifithe secondary battery and
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efficiently use power in the vehicle. In additiagnis possible to prevent the
performance of the secondary battery from beingrawtted by determining limit
values (upper and lower limit values) of the SO{Listthent current within the range of
the second limit current set based on the perfocamafthe secondary battery.

In addition, the charging and discharging contelide can control the power
amount of charging/discharging for the secondatiebawithin the range of the limit
values (upper and lower limit values) of the SOListthent current according to the
SOC of the secondary battery.

[0007]

According to a second aspect of the present ineenin the first aspect of the
present invention, the charging and dischargingrobdevice further includes: an SOC
target value setting unit configured to set the S&Get value of the secondary battery.
[0008]

According to a third aspect of the present inventio the second aspect of the
present invention, the SOC target value settingsets the SOC target value
predetermined according to a travel route of theimgpobject based on position
information representing a current position of t@ving object.

Thereby, it is possible to adjust the SOC of trmedary battery according to
the travel route.

[0009]

According to a fourth aspect of the present ilévamtin any one of the first to
third aspects of the present invention, the adjastriogic determination unit determines
at least one of a relationship in which the adj@sthpower is increased to the limit value
with an increase of the SOC of the secondary haittet range from the SOC target

value to a maximum value of the SOC predetermimedraing to the secondary battery
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and a relationship in which the adjustment poweleisreased to the limit value with a
decrease of the SOC of the secondary batteryangerfrom the SOC target value to a
minimum value of the SOC predetermined accordindpécsecondary battery.

[0010]

According to a fifth aspect of the present inventim any one of the first to
fourth aspects of the present invention, the louaitrent setting unit compares an absolute
value of the second limit current to an absoluteeaf the first limit current, and sets a
smaller value as the limit value of the adjustnenmtent.

[0011]

According to a sixth aspect of the present invention any one of the first to
fifth aspects of the present invention, the chaygind discharging control device further
includes: an adjustment current control unit camfiegl to control power amounts of
charging and discharging from the secondary batiasgd on the adjustment current
determined by the adjustment current determinatiot
[0012]

According to a seventh aspect of the present imwenin the sixth aspect of the
present invention, the adjustment current contnitl imhibits the discharging from the
secondary battery if the SOC of the secondary hyagdess than or equal to the SOC
target value when the moving object is in a powgstate and inhibits the charging to
the secondary battery if the SOC of the secondattgty is greater than or equal to the
SOC target value when the moving object is in &negative state.

[0013]

According to an eighth aspect of the present invanthere is provided a

charging and discharging control system includthg:charging and discharging control

device according to any one of the first to seveasibects; the secondary battery; a motor
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configured to operate the moving object by recejtire supply of the required power
and generate the regenerated power; and a direent(DC)-DC converter connected
between the overhead line and the secondary battelpetween the motor and the
secondary battery and configured to convert a gelta the power supplied from the
overhead line and the motor and a voltage of theepsupplied from the secondary
battery.

[0014]

According to a ninth aspect of the present invantibere is provided a charging
and discharging control method of controlling clirggand discharging of a secondary
battery connected to a load of a moving object Wwheéxeives a supply of power from an
overhead line and generates regenerative powechtrging and discharging control
method comprising the steps of: acquiring load pomiach is required power or
regenerative power in the load and a charge vol&gfee secondary battery; obtaining a
first limit current for determining a limit of ardpustment current which is a setting value
for controlling the charging and discharging of #egondary battery according to the
load power based on the acquired load power angiehaltage; setting a limit value of
the adjustment current according to the load powtrin a range of a second limit
current for determining the limit of the adjustmentrent based on the performance of
the secondary battery based on the obtained ifingtdurrent; determining a relationship
of the adjustment current corresponding to an SOBeosecondary battery in a range
that does not exceed the limit value of the adjestincurrent based on the set limit value
of the adjustment current and a set SOC targeevaflthe secondary battery; and
determining the adjustment current correspondingedcSOC of the secondary battery
based on the determined relationship.

[0015]
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According to a tenth aspect of the present inventioere is provided a program
for causing a computer to execute the procedurdsrofontrolling charging and
discharging of a secondary battery connected t@@ 6f a moving object which receives
a supply of power from an overhead line and geesnagenerative power, acquiring
load power which is required power or regenergbeeer in the load and a charge
voltage of the secondary battery; obtaining a firsit current for determining a limit of
an adjustment current which is a setting valuectontrolling the charging and
discharging of the secondary battery accordinhéda@ad power based on the acquired
load power and charge voltage; setting a limit galfithe adjustment current according
to the load power within a range of a second lguaitrent for determining the limit of the
adjustment current based on the performance afgébendary battery based on the
obtained first limit current; determining a relatghip of the adjustment current
corresponding to an SOC of the secondary batteayrange that does not exceed the
limit value of the adjustment current based onsitdimit value of the adjustment
current and a set SOC target value of the secorimdtgry; and determining the
adjustment current corresponding to the SOC ot#wendary battery based on the
determined relationship.

[Advantageous Effects of Invention]
[0016]

According to the charging and discharging contelide, the charging and
discharging control system, the charging and digghg control method, and the
program described above, it is possible to effityemse power in a moving object in
which powering and regeneration are performed.

[Brief Description of Drawings]

[0017]
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Fig. 1 is a block diagram illustrating an exampil@ @onfiguration of a charging
and discharging control system according to an efmbent of the present invention.

Fig. 2Ais a diagram illustrating an example of rgjidag and discharging control
according to an embodiment of the present invention

Fig. 2B is a diagram illustrating an example ofrgivag and discharging control
according to an embodiment of the present invention

Fig. 3 is a block diagram illustrating an exampi@ @onfiguration of the
charging and discharging control device accordmmgrt embodiment of the present
invention.

Fig. 4 is a graph illustrating an example of aruatipent logic to be determined
in a powering state according to an embodimenth@firesent invention.

Fig. 5 is a graph illustrating an example of aruatipent logic to be determined
in a regenerative state according to an embodiwfehie present invention.

Fig. 6 is a flowchart illustrating an example afearging and discharging
control method according to an embodiment of tles@nt invention.
[Description of Embodiments]
[0018]

[First embodiment]

Fig. 1 is a schematic block diagram illustratingeaiample of a configuration of
a charging and discharging control system accorttirige first embodiment of the
present invention. In this embodiment, the chaygind discharging control system, for
example, is a system with which a vehicle 100 sagchn electric train is equipped.
Also, the charging and discharging control systenoeding to this embodiment is not
limited to the vehicle 100, and can be providedtimer moving objects.

The vehicle 100 according to this embodiment inetudn inverter 110, a motor
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120, which is a load, a DC-DC converter 130, a sdapoy battery 140, and a central

processing unit (CPU) 150. The CPU 150 is a cbd@wice including the charging
and discharging control device 170.

First, connection relationships between devicekheildescribed.

The secondary battery 140 is connected to an oadriee 200 via the DC-DC
converter 130. A voltmeter 111 and an ammeteral&2onnected to an electric wire
which connects the secondary battery 140 and th&DOConverter 130. Also,
hereinafter, a voltage detected by the voltmetéridteferred to as a charge voltage
V_bat. In addition, the ammeter 112 is connecoted + terminal side. Hereinafter, a
current detected by the ammeter 112 is referred t charge current |_bat. Also, a
product of the charge voltage V_bat and the changent |_bat is referred to as charge
power P_bat.

[0019]

In addition, the inverter 110 is connected to atteic wire which connects the
overhead line 200 and the DC-DC converter 130. vidhieneter 113 and the ammeter
114 are connected to the electric wire for connegdine overhead line 200 and the
DC-DC converter 130 and the electric wire for castimg the inverter 110. Hereinafter
the voltage detected by the voltmeter 113 is retkto as a load voltage V_load. The
ammeter 112 is connected to a + terminal side. eiHafter, a current detected by the
ammeter 112 is referred to as a load current |.loaproduct of the load voltage
V_load and the load current |_load is referredsdoad power P_load.

In this embodiment, because power from the overliead®00 or the secondary
battery 140 is supplied to the inverter 110 whenwéhicle 100 is in the powering state,
the load power P_load becomes a positive value. th®wother hand, because power

generated by the motor 120 is supplied to the @asttine 200 or the secondary battery
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140 when the vehicle 100 is in the regenerativie sthe load power P_load becomes a
negative value.
[0020]

The vehicle 100 according to this embodiment magdngpped with a load, for
example, such as an air conditioner 301, in additoothe motor 120. This air
conditioner 301 is connected to an electric wireclmnnecting the electric wire for
connecting the overhead line 200 and the DC-DC exar 130 and the inverter 110 via
a static inverter (SV).

[0021]

Next, functions of the configurations will be dabed.

The inverter 110 converts DC power P_line suppiieth the overhead line 200
and DC power P_dcdc supplied form the secondatgiyat40 via the DC-DC converter
130 into alternating current (AC) power, and ousplie AC power to the motor 120.
This inverter 110 converts regenerative power gerdrby the motor 120 into DC power
P_load. This DC power P_load is supplied to therlbgad line 200 or the secondary
battery 140.

[0022]

The motor 120 causes the vehicle 100 to be powsre¢kde AC power obtained
by the conversion of the inverter 110. The mo@0 fperforms regenerative braking of
the vehicle 100 and generates regenerative power.

The DC-DC converter 130 converts a voltage of thegy supplied from the
overhead line 200 and the motor 120 and a volta¢fgeqpower supplied from the
secondary battery 140. A voltage value of the sitthe secondary battery 140 of the
DC-DC converter 130 is controlled by the charging discharging control device 170

included in the CPU 150.
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The secondary battery 140 is connected to the eaerline 200 and the motor
120 via the DC-DC converter 130, and is chargetl wie power supplied from the
overhead line 200 and the motor 120. The secoruitgry 140 supplies the charge
power to the motor 120 via the DC-DC converter 130.

The charging and discharging control device 17®dgvice for controlling
charging and discharging for the secondary battdfy
[0023]

Next, with reference to Figs. 2A and 2B, an exangbleharging and
discharging control by the charging and dischargimgtrol device 170 according to this
embodiment will be described. Figs. 2A and 2Bdiagirams illustrating an example of
charging and discharging control according to émgodiment.

In Fig. 2A, a graph illustrating an example of adGGadjustment current which
varies with a travel route of the vehicle 100 is8h. The SOC adjustment current is a
value for adjusting a power amount of charginghil#ggging of the secondary battery 140.
In this embodiment, the charging and dischargingrob device 170 adjusts the power
amount of the charging/discharging of the seconbatiery 140 by controlling the
voltage value of the side of the secondary battdfyof the DC-DC converter 130 based
on a set SOC adjustment current |_adj. That sSOC adjustment current |_adj is a
setting value for controlling the charging/dischaggof the secondary battery 140.
[0024]

The lower graph illustrated in Fig. 2B includesaikhontal axis representing a
time t [sec] and a vertical axis representing acigy [km/h] and illustrates an example
of a velocity of the vehicle 100 assumed accordintpe travel route of the vehicle 100.
In this graph, the vehicle 100 is shown to be eggbwering state in a period in which

the vehicle increases and the vehicle 100 is stioviae in the regenerative state in a
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period in which the velocity decreases.

Also, this embodiment is not limited thereto. THuizontal axis representing
a distance or a world coordinate value (latitudagltude, or altitude) is taken and an
SOC adjustment current |_adj, which varies witrsthealues, also exhibits similar
characteristics.

[0025]

On the other hand, the upper graph illustratedgn ZA includes a horizontal
axis representing a time t [sec] and a verticas agpresenting a current [A] and
illustrates an example of a range that can be thigemmaximum value of an absolute
value of an SCO adjustment current |_adj assumearding to the travel route of the
vehicle 100. A broken line shown on the graphcgatés a change in a first limit current
|_adj_motor for determining a limit of the SOC astjment current |_adj according to the
load of the vehicle 100 including the motor 12@& #ir conditioner 301, or the like.

That is, the first limit current |_adj_motor is apper limit value of the SOC adjustment
current |_adj determined according to the load pdwédoad.

In addition, in the vertical axis, a second limirrenttl_adj _max, which is a
current for determining a limit of the SOC adjustiheurrent |_adj based on the
performance of the secondary battery 140, is showie second limit current
+|_adj_max is a limit value of the SOC adjustmentent |_adj set based on the
performance of the secondary battery 140, andeXample, is a limit value for
preventing the performance from deteriorating agicgy to performance characteristics
of the secondary battery 140 which deteriorate r@ieg to a use period of the secondary
battery 140. Also, |_adj_max is an upper limitueafor determining the limit of a
discharging time of the secondary battery 140. adj _max is a lower limit value for

determining the limit of a charging time of the sedary battery 140.
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[0026]

In the upper graph, a region indicated by a diablimais a range that can be
taken by a maximum value of an absolute value ®30C adjustment current |_ad;.
The region indicated by the diagonal line indicdtes the first limit current |_adj_motor
is a maximum value or a minimum value of the SOfostchent current |_adj and the
SOC adjustment current |_adj is set to a valueiwidhrange of the first limit current
|_adj_motor when the absolute value of the finstiicurrent 1_adj_motor is less than the
absolute value of the second limit currehtadj_max. On the other hand, when the
absolute value of the first limit current |_adj_mois greater than an absolute value of
the second limit currertl_adj_mayx, it is shown that the second limit cutren
+|_adj_max is the maximum value or the minimum valtithe SOC adjustment current
|_adj and the SOC adjustment current |_adj isseatvalue within a range of the second
limit currentxl_adj_max.

[0027]

Here, the relationship of the graphs illustrateéigs. 2A and 2B will be
described in detail. These graphs represent an@eavhen the vehicle 100 runs
through a predetermined travel route so that tiéclee 100 departs at time t1 and arrives
attime t5 .

The velocity rapidly increases from time t1 to titBe At this time, because
required power of the motor 120 increases, thelfirst current |_adj_motor also
increases. Then, the first limit current |_adj_aras greater than or equal to the
second limit current +1_adj_max in the middle. this case, a range that can be taken
by the maximum value of the SOC adjustment curread; is limited to within the
second limit current +1_adj_max.

In addition, a state in which the velocity slowhcreases from time t2 to time t3
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is reached. At this time, because the motor 12@imaously requires power, the first
limit current |_adj_motor also remains greater tbaequal to the second limit current
+|_adj_max.

[0028]

Then, the velocity is fixed during a period frommé t3 to time t4. At this time,
because the required power of the motor 120 deesed®e first limit current
| _adj_motor decreases and the first limit curremtdi _motor becomes less than or equal
to the second limit current +I_adj_max in the mé&ldI In this case, a range that can be
taken by the maximum value of the SOC adjustmement|_adj is limited to within the
first limit current |_adj_motor.

Next, during a period from time t4 to time t5, thedocity rapidly decreases and
is setto O (zero). Here, the vehicle 100 is dwgttfrom the powering state to the
regenerative state. Accordingly, the required poaveéhe motor 120 is configured to
decrease and the regenerative power is configorettiease. At this time, the first
limit current |_adj_motor continuously decreased dacreases to 0 or less. In this case,
a range that can be taken by the minimum valube@BSOC adjustment current |_adj is
limited to within the first limit current |_adj_mot. Thereatfter, the first limit current
|_adj_motor becomes less than or equal to the selamit current —1_adj_max. In this
case, the range that can be taken by the minimlme v the SOC adjustment current
|_adj is limited to within the second limit currenlt_adj_max.

[0029]

In this manner, the charging and discharging céulegice 170 according to this
embodiment can determine limit values (an uppeit Ma@ue and a lower limit value) of
the SOC adjustment current |_adj according to dlae power (required power and

regenerative power) of the vehicle 100 within agenf the second limit current



10

15

20

25

15

+|_adj_max set based on the performance of the gecpbattery 140 as illustrated in
Figs. 2A and 2B.

Consequently, according to the load power of tHeaole 100, it is possible to
control charging/discharging of the secondary bbattd0. Thereby, it is possible to
efficiently use power in the vehicle 100.

In addition, it is possible to prevent the perfonoa of the secondary battery
140 from deteriorating by determining the limitwes (an upper limit value and a lower
limit value) of the SOC adjustment current |_adjhm the range of the second limit
currentxl_adj_max set based on the performance of the decpiattery 140.

[0030]

Next, with reference to Fig. 3, each configuratidrthe charging and
discharging control device 170 will be describeéig. 3 is a block diagram illustrating
an example of a configuration of the charging aisdtthrging control device 170
according to this embodiment.

As illustrated in Fig. 3, the charging and disclaggcontrol device 170 includes
a storage unit 171, a position information acquisitinit 172, an SOC target value
setting unit 173, a powering/regeneration detertronaunit 174, an adjustment current
determination unit 175, an adjustment current @ntnit 176, a second limit current
acquisition unit 177, a first limit current calctian unit 178, a limit current setting unit
179, an adjustment logic determination unit 18@, am adjustment current decision unit
181.

[0031]

The storage unit 171 stores various informatioprograms to be used by the

charging and discharging control device 170. TFhisage unit 171, for example,

includes an SOC target value table 1701, a secomnidcurrent table 1702, and a
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temporary SOC target value storage region 1703.

The SOC target value table 1701 is a table in whidition information
indicating a current position of the vehicle 10@ @m SOC target value predetermined
according to the travel route of the vehicle 109 associated. The SOC target value
table 1701, for example, is a table in which kilbrage and an SOC target value are

associated as shown in the following Table 1.

[0032]
[Table 1]
KILOMETRAGE 100~200 200~300 900~1000
SOC TARGET VALUE (%) 50 60 30
[0033]

The second limit current table 1702 is a table Imiclv the second limit current
+|_adj_max predetermined based on the performahiteesecondary battery 140 is
prescribed. In this second limit current table 2,40r example, the second limit
current +|_adj_max predetermined according to goes®d of the secondary battery 140
is prescribed.

The temporary SOC target value storage region i7@3torage region for
temporarily storing an SOC target value set bySB& target value setting unit 173.
[0034]

The position information acquisition unit 172 aagsiposition information
indicating a current position of the vehicle 100¢d autputs the acquired position
information to the SOC target value setting un8.17This position information
acquisition unit 172, for example, includes a reiogpunit configured to receive position

information from a transmission device (not illaséd) installed on a line.  In addition,



10

15

20

25

17

the position information acquisition unit 172 maygaire the position information
indicating a rough current position according toaael time zone of the vehicle 100 or
an elapsed time from a travel start point in timasdad on information stored in the
storage unit 171.

[0035]

The SOC target value setting unit 173 sets an $@fet value at a current point
intime. The SOC target value setting unit 173 fle¢ SOC target value predetermined
according to the travel route of the vehicle 108dabon the position information input
from the position information acquisition unit 172For example, the SOC target value
setting unit 173 sets the SOC target value corredipg to the position information
(kilometrage) input from the position informatioogaisition unit 172 by referring to the
SOC target value table 1701. Also, this embodinegenot limited thereto, and the SOC
target value setting unit 173, for example, maguwalte the SOC target value based on
the position information (for example, informationlicating a travel distance from a
start point) input from the position informationgacsition unit 172 using a calculation
formula for calculating the SOC target value predained according to the travel
distance of the vehicle 100.

The SOC target value setting unit 173 writes theS€2C target value to the
temporary SOC target value storage region 170Beo§torage unit 171.

[0036]

The powering/regeneration determination unit 17A¢mheines whether the
vehicle 100 is in the powering state or the regatner state based on the load power
P_load. Also, the load power P_load is a name lwbatlectively refers to necessary
power required for powering by the motor 120 anaigroof regenerative power

generated by the motor 120. This powering/reg¢ioeraetermination unit 174 inputs
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a detection value of the voltmeter 113 and a deteealue of the ammeter 114 and
calculates (load voltage V_loadoad current |_load = load voltage P_load) basethe
input detection values. This powering/regeneratietermination unit 174 determines
the state as the powering state if the calculatad Voltage P_load is a positive value
and determines the state as the regenerativeifstla¢ecalculated load voltage P_load is
a negative value. The powering/regeneration detation unit 174 outputs
information indicating the determination resulthe adjustment current determination
unit 175 and the second limit current acquisitioit @77.

[0037]

The adjustment current determination unit 175 deitegs whether to execute
charging/discharging control of the secondary bbattd0 based on the determination
result input from the powering/regeneration deteation unit 174.

For example, when the state is the powering sta¢eadjustment current
determination unit 175 determines whether an algtua¢asured SOC value is less than
or equal to the SOC target value. In this embodintee adjustment current
determination unit 175 compares SOC_dstart, whichvalue obtained by adding a
predetermined value to the SOC target value, t@atitgally measured SOC value.
When the actually measured SOC value is less thagual to SOC_dstart, the
adjustment current determination unit 175 detersithat the adjustment current |_adj =
0. That s, the adjustment current determinatioim 17’5 determines that
charging/discharging control is not performed.

When the state is the regenerative state, thisadgnt current determination
unit 175 determines whether the actually measuf@@ ®alue is greater than or equal to
the SOC target value. Also, in this embodimerd,atjustment current determination

unit 175 compares SOC_cstart, which is a valueioddaby subtracting a predetermined
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value from the SOC target value, to the actuallasneed SOC value. When the
actually measured SOC value is greater than orl ¢égq&OC _cstart, the adjustment
current determination unit 175 determines thatthestment current |_adj =0. That s,
the adjustment current determination unit 175 aeftees that the charging/discharging
control is not performed.

When the charging/discharging control is not pemied, the adjustment current
determination unit 175 sets the adjustment cuireadj = O in the adjustment current
control unit 176.

[0038]

Also, control in the adjustment current determiortiinit 175 is easily
represented by mathematical formulas as follows.

In the case of (i-1)

Load voltage P_load 0 (powering state) and actually measured SOC walue
SOC _dstart

In the case of (i-2)

Load voltage P_load < O (powering state) and algtona¢asured SOC value
SOC_cstart

That is, in the case of (i—-1) or (i-2), the adjustrihcurrent determination unit
175 determines that the charging/discharging corgnoot performed, and controls the
DC-DC converter 130 so that a voltage value ofsilde of the secondary battery 140 of
the DC-DC converter 130 matches a value of a chastjage V_bat.

[0039]

In addition, when the state is the powering statétae actually measured SOC

value is greater than SOC_dstart, the adjustmergmudetermination unit 175

determines that the discharging control is perfatme
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In addition, when the state is the regenerativie stad the actually measured
SOC value is less than SOC_cstart, the adjustmerdgrt determination unit 175
determines that the charging control is performed.

When it is determined that the discharging contradhe charging control is
performed, the adjustment current determination Liffs instructs the first limit current
calculation unit 178 to calculate the first limureent |_adj_motor.

[0040]

The adjustment current control unit 176 controks¢harging/discharging of the
secondary battery 140 according to the set SOGad@nt current |_adj.

The adjustment current control unit 176 inhibits thscharging from the
secondary battery 140 if the SOC of the secondaitety 140 is less than or equal to the
SOC target value when the vehicle 100 is in thegrow state, and inhibits the charging
for the secondary battery 140 if the SOC of the@sdary battery 140 is greater than or
equal to the SOC target value when the vehicleid@Dthe regenerative state. For
example, when the SOC adjustment current |_adjthedadjustment current control unit
176 controls the DC-DC converter 130 so that tHeage value of the side of the
secondary battery 140 of the DC-DC converter 13tChes the charge voltage V_bat so
as to prevent the charging/discharging controhefsecondary battery 140 from being
performed.

In addition, when the SOC adjustment current | istle positive value, the
adjustment current control unit 176 controls the-DC converter 130 so that the voltage
value of the side of the secondary battery 140@f2C-DC converter 130 is less than
the charge voltage V_bat so as to perform the digmhg control of the secondary
battery 140. On the other hand, when the SOC ad@rg current |_adj is the negative

value, the adjustment current control unit 176 aaatthe DC-DC converter 130 so that
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the voltage value of the side of the secondaryebatt40 of the DC-DC converter 130 is

greater than the charge voltage V_bat so as toqmeithe charging control of the
secondary battery 140.
[0041]

The second limit current acquisition unit 177 retdssecond limit current
+| adj_max according to a use period of the secgniolaitery 140 by referring to the
second limit current table 1702 stored in the gferanit 171. The second limit current
acquisition unit 177 outputs the read second louitent+l_adj_max to the limit current
setting unit 179. Also, although not illustrated, output value of a timer, a clock unit,
or the like is input to the second limit currengaisition unit 177, and the second limit
current acquisition unit 177 can acquire the usegddrom a use start time-point of the
secondary battery 140 based on the input curnemat ti
[0042]

When there is an instruction to calculate the firsit current |_adj_motor from
the adjustment current determination unit 175 fitlsé limit current calculation unit 178
calculates the first limit current |_adj_motor bas the load power P_load and the
charge voltage V_bat.

The first limit current calculation unit 178 calatgs (load voltage V_load
load current |_load = load voltage P_load) basetherdetection value of the voltmeter
113 and the detection value of the ammeter 114.e fif$t limit current calculation unit
178 calculates the first limit current |_adj_moémcording to the following Formula (1)
based on the charge voltage V_bat, which is thectieh value of the voltmeter 111, and
the calculated load power P_load.
[0043]

[Math. 1]
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Pload p0ds0)
: n -V _bat
I adj motor =+ P load.
038N (p joad < 0)
V_ bat

\
... Formula (1)

[0044]

Also, n is DC-DC converter efficiency of the DC-DC conwsri30.
[0045]

The limit current setting unit 179 sets the limalwe of the SOC adjustment
current |_adj according to the load power withia tange of the second limit current
+| _adj_max based on the first limit current |_adj torabtained by the first limit current
calculation unit 178. In this embodiment, the tigurrent setting unit 179 compares an
absolute value of the first limit current |_adj_moinput from the first limit current
calculation unit 178 to an absolute value of thepse limit current |_adj_max input
from the second limit current acquisition unit 1s&ts the smaller value as the limit value
of the SOC adjustment current |_adj. In the cdshepowering state, the limit current
setting unit 179 sets the smaller value betweemliselute values as an upper limit value
|_adj_limit of the SOC adjustment current |_adj. n the other hand, in the case of the
regenerative state, the limit current setting i@ sets the smaller value between the
absolute values as a lower limit value —I_adj_liofithe SOC adjustment current |_ad,j.
This limit current setting unit 179 outputs the spper or lower limit value to the
adjustment logic determination unit 180.
[0046]

The adjustment logic determination unit 180 detessithe adjustment logic

based on the limit valugl_adj_limit of the SOC adjustment current |_adjIsgthe limit
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current setting unit 179 and the SOC target valored in the temporary SOC target

value storage region 1703 of the storage unit 1Also, the adjustment logic is a
relationship of the SOC adjustment current |_adjesponding to SOC [%] of the
secondary battery 140 and is a function for catoudethe SOC adjustment current |_adj
based on SOC [%] in this embodiment.

The adjustment current decision unit 181 calculdiesSOC adjustment current
| _adj corresponding to SOC [%] based on the adjestriogic set by the adjustment
logic determination unit 180.

[0047]

Next, with reference to Figs. 4 and 5, an exampte@adjustment logic to be
determined by the adjustment logic determinatioih 180 will be described.

Fig. 4 is a graph illustrating an example of aruatipent logic to be determined
in the powering state. The graph illustrated ig. Biincludes a horizontal axis
representing an SOC [%] and a vertical axis repitgsgan SOC adjustment current
|_adj, and represents a function of the adjustriugit to be determined in the powering
state. This adjustment logic indicates that SO@sdchent current |_adj = 0 when it is
less than or equal to SOC_dstart (hereinafternedeio as an adjustment discharging
start SOC_dstart) which is a value obtained byragldi predetermined value to SOC_set
which is an SOC target value.

Here, in the graph of Fig. 4, a point at which S&lfustment current |_adj =0
and SOC = adjustment discharging start SOC_dstaknoted by P11. In addition, a
point at which maximum adjustment discharging SQ@axl which is a value obtained
by adding a predetermined value to the adjustmisohdrging start SOC_dstart, is
orthogonal to the upper limit value |_adj_limitdenoted by P12. In this case, the

adjustment logic is indicated by a straight lin@mecting the point P11 and the point
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P12.

Also, a maximum SOC of the secondary battery 14adetermined to
maintain the performance of the secondary battéfy 1 In the graph of Fig. 4, the
maximum SOC is set as an adjustment discharging@@ dend. A point at which
SOC adjustment current |_adj = upper limit valuadj_limit and SOC = adjustment
discharging end SOC_dend is denoted by P13. ¢$nctise, the adjustment logic is
indicated by a straight line connecting the poib2 Rnd the point P13.

[0048]

In this manner, in this embodiment, the adjustnhagit of the powering state is
a relation function indicating a relation in whiatvalue of the calculated SOC
adjustment current |_adj increases to the uppet Yiatue 1_adj_limit of the SOC
adjustment current |_adj with an increase of SO& iiange from the SOC target value
SOC_set to the maximum SOC (adjustment dischagmagSOC_dend). Also, in this
embodiment, the adjustment logic is a function mah the value of the calculated SOC
adjustment current |_adj increases from 0 to thgeupmit value |_adj_limit of the SOC
adjustment current |_adj according to a linear fiomc(linearly) in a range from the
adjustment discharging start SOC_dstart to thesajent discharging end SOC_dmax.
In this manner, it is possible to reduce switcHogs by setting the adjustment
discharging start SOC_dstart to a threshold valuehich the SOC adjustment current
|_adj =0 is lost, that is, a value having a greatargin than the SOC target value.

In the adjustment logic determination unit 180addition value for the SOC
target value for calculating the adjustment disgimay start SOC_dstart and the
maximum adjustment discharging SOC_dmax is predetaddition, in the adjustment
logic determination unit 180, the adjustment disgimy end SOC_dend is also preset

according to the secondary battery 140. Consetyiém adjustment logic
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determination unit 180 can determine the adjustriogit based on the SOC target value
and the upper limit value 1_adj_limit of the SOGuadment current |_adj. The
adjustment logic determination unit 180 may deteerthe addition value for the SOC
target value set to calculate the adjustment drgahg start SOC_dstart and the
maximum adjustment discharging SOC_dmax and thesadgnt discharging end

SOC _dend by referring to the table according taS®€ target value. This table is a
table in which the addition value or the adjustnaiatharging end SOC_dend
determined according to the SOC target value isqgpiteed.

[0049]

Fig. 5 is a graph illustrating an example of aruatipent logic to be determined
in the regenerative state. The graph illustratelig. 5 includes a horizontal axis
representing an SOC [%] and a vertical axis reptesg an SOC adjustment current
|_adj, and represents a function of the adjustriugit to be determined in the
regenerative state. This adjustment logic inde#tat SOC adjustment current |_adj =
0 when it is greater than or equal to SOC_cstantefhafter referred to as an adjustment
charging start SOC_cstart) which is a value obthlmesubtracting a predetermined
value from SOC_set which is an SOC target value.

Here, in the graph of Fig. 5, a point at which S&ljustment current |_adj =0
and SOC = adjustment charging start SOC_cstadnsteéd by P21. A point at which
minimum adjustment charging SOC_cmax, which islaerabtained by subtracting a
predetermined value from the adjustment chargiag SIOC_cstart, is orthogonal to the
lower limit value —1_adj_limit is denoted by P22In this case, the adjustment logic is
indicated by a straight line connecting the poid1 Rnd the point P22.

A minimum SOC of the secondary battery 140 is piesd@ned to maintain the

performance of the secondary battery 140. In thplgof Fig. 5, the minimum SOC is
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set as an adjustment charging end SOC_cend. Aaioivhich SOC adjustment current

|_adj = lower limit value —I_adj_limit and SOC =jadtment charging end SOC_cend is
denoted by P23. In this case, the adjustment isgi@icated by a straight line
connecting the point P22 and the point P23.

[0050]

As described above, in this embodiment, the adjestriogic of the
regenerative state is a relation function indigafrrelation in which a value of the
calculated SOC adjustment current |_adj decreasteetlower limit value —I_adj_limit
of the SOC adjustment current |_adj with a decred&OC in a range from the SOC
target value SOC_set to the minimum SOC (adjustrieartging end SOC_cend). In
this embodiment, the adjustment logic is a functiowhich the value of the calculated
SOC adjustment current |_adj decreases from Oetdotlver limit value —1_adj_limit of
the SOC adjustment current |_adj according to @alirfunction (linearly) in a range from
the adjustment charging start SOC_cstart to thesadjent charging end SOC_cmax.

In this manner, it is possible to reduce switcHogs by setting the adjustment charging
start SOC_cstart to a threshold value in whichSB¥C adjustment current |_adj =0 is
lost, that is, a value having a greater margin tharSOC target value.

In the adjustment logic determination unit 180uhtgaction value for the SOC
target value for calculating the adjustment chaygitart SOC_cstart and the minimum
adjustment charging SOC_cmax is preset. In thestment logic determination unit
180, the adjustment charging end SOC_cend is aésepaccording to the secondary
battery 140. Consequently, the adjustment logierdgnation unit 180 can determine
the adjustment logic based on the SOC target \&atdehe lower limit value
—I_adj_limit of the SOC adjustment current |_adflhe adjustment logic determination

unit 180 may determine the subtraction value ferSIOC target value set to calculate the
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adjustment charging start SOC_cstart and the mimradjustment charging SOC_cmax
and the adjustment charging end SOC_cend by nefetoi the table according to the
SOC target value. This table is a table in whiehgubtraction value or the adjustment
charging end SOC_cend determined according to @ target value is prescribed.
[0051]

Next, with reference to Fig. 6, an example of tharging and discharging
control method according to this embodiment willdescribed. Fig. 6 is a flowchart
illustrating the example of the charging and disghny control method according to this
embodiment. Here, when a predetermined time lzgesetl from a point in time at
which a processing flow illustrated in Fig. 6 staktthe charging and discharging control
device 170 periodically iterates and executesptosessing flow.

(Step ST101)

The charging and discharging control device 17} icquires an SOC target
value. In this embodiment, the SOC target valdtngeunit 173 of the charging and
discharging control device 170 sets the SOC targleie corresponding to kilometrage
based on position information input from the pasitinformation acquisition unit 172,
and writes the set SOC target value to the temp@&@C target value storage region.

(Step ST102)

Then, the charging and discharging control devit@ dcquires load power
P_load. In this embodiment, the powering/regermaratetermination unit 174 of the
charging and discharging control device 170 catesl@load voltage V_load load
current |_load = load voltage P_load) based ontactien value of the voltmeter 113 and
a detection value of the ammeter 114.

(Step ST103)

Then, the charging and discharging control devit@ determines whether the
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vehicle 100 is in the powering state or the regatin state. In this embodiment, the
powering/regeneration determination unit 174 ofc¢harging and discharging control
device 170 determines whether the calculated loaeepP _load is a positive value or a
negative value.

[0052]

(Step ST104)

When the calculated load power P_load is the pesitalue, the
powering/regeneration determination unit 174 deteesithat the state is the powering
state.

Then, the charging and discharging control devit@ determines whether the
actually measured SOC value is greater than the a@@€t value by comparing the
actually measured SOC value to the SOC target vallrethis embodiment, the
adjustment current determination unit 175 of tharging and discharging control device
170 determines whether the actually measured SQf@ &greater than the adjustment
discharging start SOC_dstart.

(Step ST105)

When the actually measured SOC value is less thagual to the adjustment
discharging start SOC_dstart [actually measured 8&@< SOC_dstart], the
adjustment current determination unit 175 detersithat adjustment current |_adj = 0.
That is, the adjustment current determination LA determines that the
charging/discharging control is not performed. €aquently, the adjustment current
control unit 176 controls a voltage value of thdesof the secondary battery 140 of the
DC-DC converter 130 so that charge/discharge pewefor the secondary battery 140.
[0053]

(Step ST106)



10

15

20

25

29

On the other hand, when the actually measured S{D& Vs greater than the
adjustment discharging start SOC_dstart [actuatigsnred SOC value > SOC_dstart],
the charging and discharging control device 17@menes the upper limit value of the
SOC adjustment current |_adj according to the loader (required power and
regenerative power) of the vehicle 100 within taege of the second limit current
|_adj_max. This process corresponds to steps S#l86109.

[0054]

First, the charging and discharging control dewi¢é calculates the first limit
current |_adj_motor based on the load power P_é&atithe charge voltage V_bat. In
this embodiment, the first limit current calculationit 178 of the charging and
discharging control device 170 calculates the finsit current |_adj_motor by
substituting the load voltage P_load and the chaoffage V_bat into the
above-described Formula (1), and outputs the catledlfirst limit current 1_adj_motor to
the limit current setting unit 179.

In addition, the charging and discharging contealide 170 acquires the second
limit current |_adj_max. In this embodiment, tleesnd limit current acquisition unit
177 of the charging and discharging control detli¢@ reads the second limit current
|_adj_max according to a use period of the secgonoiaitery 140 by referring to the
second limit current table 1702 of the storage Wi, and outputs the read second limit
current |_adj_max to the limit current setting uho.

[0055]

(Step ST107)

Then, the limit current setting unit 179 compareshbsolute value of the first
limit current |_adj_motor input from the first lilncurrent calculation unit 178 to an

absolute value of the second limit current |_adjxnmm@ut from the second limit current
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acquisition unit 177 and determines whether thelabs value of the first limit current
|_adj_motor is less than the absolute value ostwond limit current |_adj_max.

(Step ST108)

When the absolute value of the first limit curreradj_motor is less than the
absolute value of the second limit current |_adjxntlae limit current setting unit 179
sets the first limit current |_adj_motor to the epfimit value |_adj_limit of the SOC
adjustment current |_adj. Then, the limit curreetting unit 179 outputs the set upper
limit value |_adj_limit of the SOC adjustment curté_adj to the adjustment logic
determination unit 180.

(Step ST109)

On the other hand, when the absolute value ofitkelimit current |_adj_motor
is greater than or equal to the absolute valubetecond limit current |_adj_max, the
limit current setting unit 179 sets the secondtlicairrent |_adj_max to the upper limit
value |_adj_limit of the SOC adjustment currentdj. a Then, the limit current setting
unit 179 outputs the set upper limit value |_adpitiof the SOC adjustment current |_ad;
to the adjustment logic determination unit 180.

[0056]

(Step ST110)

Then, the charging and discharging control devit@ determines an adjustment
logic based on the set upper limit value |_adj_tiafithe SOC adjustment current |_ad]
and the SOC target value. In this embodimentathestment logic determination unit
180 of the charging and discharging control detli¢@ determines the adjustment logic
based on the upper limit value |_adj_limit of theGadjustment current |_ad) set by the
limit current setting unit 179 and the SOC targatie stored in the temporary SOC

target value storage region 1703 of the storagelurdi.
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[0057]

(Step ST111)

Then, the charging and discharging control devit@ dalculates the SOC
adjustment current |_adj according to the actualgasured SOC value of the secondary
battery 140 based on the determined adjustment.lodn this embodiment, first, the
adjustment current decision unit 181 of the chaygind discharging control device 170
calculates the actually measured SOC value ofé¢berglary battery 140 based on the
charge voltage V_bat measured by the voltmeter 1Then, the adjustment current
decision unit 181 calculates the SOC adjustmemtnut_adj corresponding to the
actually measured SOC value of the secondary laté in the adjustment logic
determined by the adjustment logic determinatioim 180. The adjustment current
decision unit 181 outputs the calculated SOC anfjest current |_adj to the adjustment
current control unit 176.

(Step ST112)

Then, the charging and discharging control devit@ dontrols the
charging/discharging of the secondary battery la&®t on the calculated SOC
adjustment current |_adj. In this embodiment,atigistment current control unit 176
of the charging and discharging control device g&fiorms the discharging control for
supplying the charge power from the secondary hat40 to the motor 120 via the
inverter 110 by controlling the voltage value of side of the secondary battery 140 of
the DC-DC converter 130 based on the SOC adjustmergnt |_adj input from the
adjustment current decision unit 181. In otherdspthe adjustment current control
unit 176 controls the voltage value of the secopthattery 140 of the DC-DC converter
130 so that the current value detected by the apmi&® becomes the SOC adjustment

current |_ad,.
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[0058]

(Step ST113)

On the other hand, the powering/regeneration detatron unit 174 determines
that the state is the regenerative state whendlcelated load power P_load is the
negative value in step ST103.

Then, the charging and discharging control devit@ determines whether the
actually measured SOC value is greater than the &@@t value by comparing the
actually measured SOC value to the SOC target vallrethis embodiment, the
adjustment current determination unit 175 of tharging and discharging control device
170 determines whether the actually measured SQ@ isless than the adjustment
charging start SOC_cstart.

(Step ST105)

When the actually measured SOC value is greatardhaqual to the
adjustment charging start SOC_cstart [actually mmeasSOC value SOC_cstart], the
adjustment current determination unit 175 detersithat adjustment current |_adj = 0.
That is, the adjustment current determination LAg determines that the
charging/discharging control is not performed. Saquently, the adjustment current
control unit 176 controls a voltage value of thdesof the secondary battery 140 of the
DC-DC converter 130 so that charge/discharge pewefor the secondary battery 140.
[0059]

(Step ST114)

On the other hand, when the actually measured SfD{e vs less than or equal
to the adjustment charging start SOC_cstart [agtua¢asured SOC value < SOC_cstart],
the charging and discharging control device 17@m&nes a lower limit value of the

SOC adjustment current |_adj according to the lgader (required power and
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regenerative power) of the vehicle 100 within taege of the second limit current
—I_adj_max. This process corresponds to steps Sl T117.
[0060]

Briefly, the first limit current calculation unit7B calculates the first limit
current |_adj_motor by substituting the load vo#td®) load and the charge voltage V_bat
into the above-described Formula (1), and outhésalculated first limit current
| _adj_motor to the limit current setting unit 179n addition, the second limit current
acquisition unit 177 reads the second limit currdntadj_max according to a use period
of the secondary battery 140 by referring to theed limit current table 1702 of the
storage unit 171, and outputs the read seconddumient —1_adj_max.

[0061]

(Step ST115)

Then, the limit current setting unit 179 compareshbsolute value of the first
limit current |_adj_motor input from the first lilncurrent calculation unit 178 to an
absolute value of the second limit current —I_adjxnmput from the second limit current
acquisition unit 177 and determines whether thelabs value of the first limit current
|_adj_motor is less than the absolute value osteond limit current —1_adj_max.

(Step ST116)

When the absolute value of the first limit curreradj_motor is less than the
absolute value of the second limit current —I_adjxithe limit current setting unit 179
sets the first limit current |_adj_motor to the Ewimit value —I_adj_limit of the SOC
adjustment current |_adj. Then, the limit curreetting unit 179 outputs the set lower
limit value —1_adj_limit of the SOC adjustment cemt |_adj to the adjustment logic
determination unit 180.

(Step ST117)
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On the other hand, when the absolute value ofitkElimit current |_adj_motor
is greater than or equal to the absolute valubetecond limit current —I_adj_max, the
limit current setting unit 179 sets the secondtlicairrent |_adj_max to the lower limit
value —I_adj_limit of the SOC adjustment currerddj. Then, the limit current setting
unit 179 outputs the set lower limit value —1_adpit of the SOC adjustment current
|_adj to the adjustment logic determination uni918
[0062]

(Step ST118)

Then, the charging and discharging control devit@ determines an adjustment
logic based on the set lower limit value —1_ad| itiof the SOC adjustment current |_ad]
and the SOC target value. In this embodimentathestment logic determination unit
180 of the charging and discharging control detli¢@ determines the adjustment logic
based on the lower limit value —1_adj_limit of t8®C adjustment current |_adj set by
the limit current setting unit 179 and the SOC e¢angalue stored in the temporary SOC
target value storage region 1703 of the storagelirii.

[0063]

(Step ST119)

Then, the adjustment current decision unit 18 hefaharging and discharging
control device 170 calculates the SOC adjustmementl_adj based on the determined
adjustment logic, and outputs the calculated SQGsadent current |_adj to the
adjustment current control unit 176.

(Step ST120)

Then, the adjustment current control unit 176 ef¢harging and discharging
control device 170 performs the charging controldmarging the secondary battery 140

with regenerative power supplied from the motor ¢20the inverter 110 by controlling
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the voltage value of the DC-DC converter 130 basethe SOC adjustment current

|_adj input from the adjustment current decisioit @81. In other words, the
adjustment current control unit 176 controls thékage value of the secondary battery
140 of the DC-DC converter 130 so that the curvahie detected by the ammeter 112 is
set to the SOC adjustment current |_ad,).

[0064]

As described above, the charging and dischargingaladevice 170 according
to this embodiment determines limit values (an upip@t value and a lower limit value)
of the SOC adjustment current |_adj according &ldad power (required power and
regenerative power) of the vehicle 100 within taege of the second limit current
+|_adj_max set based on the performance of the sacpmattery 140. In addition, the
charging and discharging control device 170 deteesian SOC adjustment current |_ad]
corresponding to the actually measured SOC valdleeo$econdary battery 140 using the
adjustment logic determined based on the limit@aiithe SOC adjustment current
|_adj.

Through this configuration, according to load powkthe vehicle 100, the
charging and discharging control device 170 carirobthe charging/discharging of the
secondary battery 140 and efficiently use poweghévehicle 100. In addition, it is
possible to prevent the performance of the secorutttery 140 from deteriorating by
determining limit values (upper and lower limit wat) of the SOC adjustment current
|_adj within the range of the second limit curreat+l_adj_max set based on the
performance of the secondary battery 140.

In addition, the charging and discharging conteatide 170 can control the
power amount of the charging/discharging for theoadary battery 140 within the range

of the limit values (upper and lower limit valued)the SOC adjustment current |_adj]
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according to the SOC of the secondary battery 140.

[0065]

Further, the SOC target value setting unit 173s&rhe SOC target value
according to kilometrage by referring to the SO@e¢avalue table 1701. In this
manner, it is possible to reduce the processing &wal shorten the processing time by a
process of referring to a table as compared tothadeof calculating the SOC target
value by a calculation operation or the like. dldiéion, it is possible to adjust the SOC
of the secondary battery 140 according to a treogte by setting the SOC target value
according to a travel route indicated by the kiltrage or the like. This adjustment is
particularly effective when the vehicle 100 is de&ctic train.

[0066]

Also, embodiments according to the present inverdgi@ not limited to the
above-described embodiment. For example, althangtxample in which the vehicle
100 is an electric train has been described, thegnt invention is not limited thereto.
For example, the vehicle 100 may be an industealad such as a crane truck or the like
[0067]

In addition, the charging and discharging contelide 170 according to this
embodiment internally has a computer system. Toerean operation process is
stored in a computer-readable recording mediurherfarm of a program. The
computer system reads and executes the prograthemdbove-described process is
performed. The “computer system” used here mawudeca CPU, various types of
memories, an operating system (OS), and hardwateasiperipheral devices.

In addition, the “computer system” is assumed tduide a homepage providing
environment (or displaying environment) when a \Walide Web (WWW) system is

used.
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[0068]

In addition, each process may be performed by déegthe program for
implementing each step on the computer-readabtedeg medium, recording the
program for implementing its function on the congsueadable recording medium, and
causing the computer system to read and execufadlgeam recorded on the recording
medium.

In addition, the “computer-readable recording maedivefers to a storage
apparatus, including a flexible disk, a magnetdeadisc, a read only memory (ROM),
a writable non-volatile memory such as a flash ngmeportable medium such as a
compact disc (CD)-ROM, and a hard disk embeddekddrcomputer system.

[0069]

Furthermore, the “computer-readable recording matlis assumed to include
a medium that holds a program for a constant peridisne, such as a volatile memory
(e.g., dynamic random access memory (DRAM)) insidemputer system serving as a
server or a client when the program is transmiiada network such as the Internet or a
communication circuit such as a telephone circuit.

In addition, the above-described program may bestrétted from a computer
system storing the program in a storage apparattedike via a transmission medium
or transmitted to another computer system by trégssgon waves in a transmission
medium. Here, the “transmission medium” for trait8ny the program refers to a
medium having a function of transmitting informatjeuch as a network
(communication network) like the Internet or a conmication circuit (communication
line) like a telephone circuit.

In addition, the above-described program may begrpm for implementing

some of the above-described functions.
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Further, the above-described program may be a @mogre., a so-called
differential file (differential program), capablé&implementing the above-described
function in combination with a program already melsml on the computer system.
[0070]

In addition, in the scope without departing frore Bubject matter of the present
invention, it is possible to appropriately repl@oenponents in the above-described
embodiment with well-known components. In additittve technical scope of the
invention is not limited to the above-mentioned endilments, and various modifications
can be made within the scope that does not deantthe subject matter of the
invention.

[Industrial Applicability]
[0071]

According to the charging and discharging contlide, the charging and
discharging control system, the charging and digghg control method, and the
program described above, it is possible to effityemse power in a moving object in
which powering and regeneration are performed.

[Reference Signs List]
[0072]

100 Vehicle

110 Inverter

120 Motor

130 DC-DC converter

140 Secondary battery

150 CPU

170 Charging and discharging control device
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171 Storage unit

172 Position information acquisition unit

173 SOC target value setting unit

174 Powering/regeneration determination unit
175 Adjustment current determination unit
176 Adjustment current control unit

177 Second limit current acquisition unit

178 First limit current calculation unit

179 Limit current setting unit

180 Adjustment logic determination unit

181 Adjustment current decision unit
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[CLAIMS]

[Claim 1]

A charging and discharging control device for coltitng charging and
discharging of a secondary battery connected ta@ 6f a moving object which receives
a supply of power from an overhead line and gepsnagenerative power, the charging
and discharging control device comprising:

a first limit current calculation unit configured &cquire load power which is
required power or regenerative power in the loatlanharge voltage of the secondary
battery and obtain a first limit current for detéming a limit of an adjustment current
which is a setting value for controlling the chagyand discharging of the secondary
battery according to the load power based on theaiesd load power and charge
voltage;

a limit current setting unit configured to setmili value of the adjustment
current according to the load power within a ranfya second limit current for
determining the limit of the adjustment currentdzhen the performance of the
secondary battery based on the first limit curadtained by the first limit current
calculation unit;

an adjustment logic determination unit configurediétermine a relationship of
the adjustment current corresponding to a stathaifge (SOC) of the secondary battery
in a range that does not exceed the limit valub®fdjustment current based on the
limit value of the adjustment current set by tmeiticurrent setting unit and a set SOC
target value of the secondary battery; and

an adjustment current determination unit configuoedetermine the adjustment
current corresponding to the SOC of the secondaitety based on the relationship

determined by the adjustment logic determinatioi un
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[Claim 2]

The charging and discharging control device accgyth claim 1, further
comprising:

an SOC target value setting unit configured talsetSOC target value of the
secondary battery.

[Claim 3]

The charging and discharging control device acogytlh claim 2, wherein the
SOC target value setting unit sets the SOC tageevpredetermined according to a
travel route of the moving object based on positidarmation representing a current
position of the moving object.

[Claim 4]

The charging and discharging control device accgytth claim 1, wherein the
adjustment logic determination unit determinesast one of a relationship in which the
adjustment power is increased to the limit valuthwan increase of the SOC of the
secondary battery in a range from the SOC tardaeva a maximum value of the SOC
predetermined according to the secondary battetyaaelationship in which the
adjustment power is decreased to the limit valué widecrease of the SOC of the
secondary battery in a range from the SOC tardaeua a minimum value of the SOC
predetermined according to the secondary battery.

[Claim 5]

The charging and discharging control device accgytth claim 1, wherein the
limit current setting unit compares an absolutei@alf the second limit current to an
absolute value of the first limit current, and setsmaller value as the limit value of the
adjustment current.

[Claim 6]
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The charging and discharging control device accgytth claim 1, further
comprising:

an adjustment current control unit configured tatoal power amounts of
charging and discharging from the secondary batiasgd on the adjustment current
determined by the adjustment current determination
[Claim 7]

The charging and discharging control device acogrtlh claim 6, wherein the
adjustment current control unit inhibits the disgjirag from the secondary battery if the
SOC of the secondary battery is less than or équake SOC target value when the
moving object is in a powering state and inhildits tharging to the secondary battery if
the SOC of the secondary battery is greater thagoal to the SOC target value when
the moving object is in a regenerative state.

[Claim 8]

A charging and discharging control system compgisin

the charging and discharging control device acogyth claim 1,

the secondary battery;

a motor configured to operate the moving objectdngiving the supply of the
required power and generate the regenerated pawer;

a direct current (DC)-DC converter connected behnwbe overhead line and the
secondary battery and between the motor and tlesdary battery and configured to
convert a voltage of the power supplied from therbead line and the motor and a
voltage of the power supplied from the secondatieba
[Claim 9]

A charging and discharging control method of cdhtrg charging and

discharging of a secondary battery connected ta@ 6f a moving object which receives
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a supply of power from an overhead line and gemssnagenerative power, the charging
and discharging control method comprising the stéps

acquiring load power which is required power oreregrative power in the load
and a charge voltage of the secondary battery;

obtaining a first limit current for determining ianit of an adjustment current
which is a setting value for controlling the chagyand discharging of the secondary
battery according to the load power based on thaieexd load power and charge
voltage;

setting a limit value of the adjustment currentaading to the load power
within a range of a second limit current for detirimg the limit of the adjustment
current based on the performance of the seconasdirgrip based on the obtained first
limit current;

determining a relationship of the adjustment curoemresponding to an SOC of
the secondary battery in a range that does noeexte limit value of the adjustment
current based on the set limit value of the adjestncurrent and a set SOC target value
of the secondary battery; and

determining the adjustment current correspondingedcSOC of the secondary
battery based on the determined relationship.
[Claim 10]

A program for causing a computer to execute thequores of:

for controlling charging and discharging of a sedamy battery connected to a
load of a moving object which receives a supplp@iver from an overhead line and
generates regenerative power,

acquiring load power which is required power oreregrative power in the load

and a charge voltage of the secondary battery;



10

15

44

obtaining a first limit current for determining ianit of an adjustment current
which is a setting value for controlling the chagyand discharging of the secondary
battery according to the load power based on thaieexd load power and charge
voltage;

setting a limit value of the adjustment currentaading to the load power
within a range of a second limit current for detemmgy the limit of the adjustment
current based on the performance of the seconastsrip based on the obtained first
limit current;

determining a relationship of the adjustment curoemresponding to an SOC of
the secondary battery in a range that does noeexte limit value of the adjustment
current based on the set limit value of the adjestncurrent and a set SOC target value
of the secondary battery; and

determining the adjustment current correspondingedcSOC of the secondary

battery based on the determined relationship.



