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POWER SUPPLY DEVICE AND POWER SUPPLY CONTROL METHOD 

 

Specification 

Title of Invention 

Power supply device and power control  method 

Technical  Field 

 【0001】  

 The present invent ion re lates to a power supply device and a 

power control  method, and more particular ly, to a  power supply device 

and a power control  method for  supplying power by switching plura l  

secondary batter ies. 

Background Art 

 【0002】  

 Convent ional ly,  there has been proposed a power supply device 

for  enabl ing an electr ic apparatus to be used even in the outdoors or in 

emergency si tuat ions.  Typical ly, the convent ional power supply dev ice 

dr ives a power unit of an internal  combustion engine using gasol ine or 

gas as fuel  and converts kinet ic energy of the power unit  into e lectr ic  

energy.  However, the power supply device using such an internal  

combustion engine exhibi ted a problem of being unusable in an indoor 

space or a sea led atmosphere due to the oxygen consumed by combust ion 

of fuel .   Therefore,  in recent years, a power supply device that suppl ies 

electr ic power from a secondary battery that stores e lectr ic power is  a lso 

becoming popular. 

 【0003】  

 With the power supply device us ing the secondary battery, the 

amount of e lectr ic power that can be suppl ied depends on the charging 

capacity of the secondary battery. Therefore, the size of the secondary 
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battery would need to be large for  continuously  supply ing a large amount 

of e lectr ic power.  This results  in problems such increase in weight and 

cost.  To avoid such problems, there has been proposed a power supply 

device in which plura l  secondary batter ies  are detachably mounted and 

the power supply from the plura l  secondary batter ies is switched (see, for 

example,  Patent Document 1).  

 

Related Art Documents 

[Patent documents] 

 【0004】  

[Patent Document 1] Japanese Laid-Open Patent Publication No. 

2006-296109 

 

SUMMARY OF THE INVENTION 

Problems to be Solved by the Invention 

 【0005】  

 With the conventional power supply device,  in a case of a  decrease 

in the remaining charge amount of a  secondary battery connected to a 

load or a case of removing a secondary battery, the connection of the 

secondary battery is  disconnected, and then another secondary battery is  

se lected and connected to the load.  FIG. 10 is a graph showing voltage 

f luctuations at the time of switch ing batter ies  with the conventional 

power supply device.  

 【0006】  

 In FIG. 10, the hor izonta l  ax is represents  t ime, and the vertica l  

ax is  represents voltage.  In FIG. 10,  the voltage at the input pos it ion of  

a DC-AC inverter is th ick ly p lotted with a  smal l  ampl i tude.   In FIG. 10,  

the voltage at the output pos it ion of the DC-AC inverter is  narrowly 
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plotted wi th a large ampl i tude.   Further,  the left  hal f  of FIG. 10 shows a 

state in which the secondary battery having a smal l  remaining charge 

amount and a smal l  output voltage is connected to the load, and the r ight 

hal f  of  FIG. 10 shows a s tate in which the secondary battery having a 

large remaining charge amount and a large output voltage is connected 

to the load.  The vic in i ty  of the center of FIG. 10 shows a s tate in which 

two secondary batter ies are d isconnected from the load. 

 【0007】  

 It can be understood that the voltage at the input posit ion of the 

DC-AC inverter changes before and after switching the connection of the 

secondary battery, and there is  a period in which no electric  power is 

suppl ied from the secondary battery at the moment of the switching.  

Thereby, voltage rapidly decreases at such moment.  Further,  i t  can be 

understood that the voltage at the output pos it ion of the DC-AC inverte r  

does not change at the stage where the output is  s tabi l ized before and 

after switching the connect ion of the secondary batter ies .  However, 

voltage fluctuation does occur for a short t ime af ter  the moment of 

switching the connection of the secondary battery. 

 【0008】  

 As shown in FIG. 10,  in  the case of switching the connect ion of the 

secondary battery wi th the conventional power supply dev ice, an 

instantaneous interruption occurs upon which no electr ic power is  

suppl ied.   Thus, i t  becomes d i ff icul t  to cont inuously supply e lectr ic 

power to the load.  Part icular ly, with a power supply device that converts 

a direct current suppl ied from a secondary battery into an a lternating 

current with a DC-AC inverter,  the voltage f luctuat ion of the output 

al ternat ing current increases.  Th is leads to a poss ibi l i ty of caus ing a 

precis ion device,  an information device,  or the l ike to malfunct ion.  
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Further,  an inverter power supply c ircuit  having a high responsiveness 

would be required to suppress the f luctuation of the output voltage.  This 

leads to a problem of  increasing the size and cost of the power supply 

device. 

 【0009】  

 The present invent ion has been made in view of  the 

above-descr ibed problems, and an object of the present invent ion is to 

provide a power supply device and a power supply control  method capable 

of cont inuously supply ing stable power by suppress ing f luctuat ions of the 

output voltage whi le  preventing instantaneous interruption even when 

the connection of p lura l  secondary batter ies are switched with respect to a 

load.  

 

Means of Solving the problem 

 【0010】  

 In order to solve the above problems, a power supply device 

according to an embodiment of the present invention includes a  f i rst battery 

and a second battery configured to charge and discharge, a f i rst swi tch 

having one end connected in ser ies  to an output part of the f i rst battery, 

a second switch hav ing one end connected in ser ies  to an output part of 

the second battery, a para l le l connection part to which another end of  the 

f i rs t switch and another end of  the second switch are connected, and a 

switch control  unit  conf igured to control  the opening and clos ing of the 

f i rs t switch and the second switch, wherein the switch control  uni t has an 

over lap period dur ing which the f i rst switch and the second swi tch are 

simultaneously c losed when the f i rs t switch is  changed from a closed 

state to an open state and the second switch is changed from an open 

state to a closed state, wherein the para l le l  connection part is  connected 
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to a DC-AC inverter, and wherein the over lap per iod ranges from 0.5 

cycles to 5 cycles of an output waveform from the DC-AC inverter.  

 Further, in  order to so lve the above problems, a power supply dev ice 

according an embodiment of the present invention includes a f i rst battery 

and a second battery configured to charge and discharge, a f i rst swi tch 

having one end connected in ser ies  to an output part of the f i rst battery, 

a second switch hav ing one end connected in ser ies  to an output part of 

the second battery, a para l le l connection part to which another end of  the 

f i rs t switch and another end of  the second switch are connected, and a 

switch control  unit  conf igured to control  the opening and clos ing of the 

f i rs t switch and the second switch, wherein the switch control  uni t has an 

over lap period dur ing which the f i rst switch and the second swi tch are 

simultaneously c losed when the f i rs t switch is  changed from a closed 

state to an open state and the second switch is changed from an open 

state to a  c losed state, wherein the output part  of  the f i rs t battery is  a  

f i rs t potent ia l ,  wherein the output part of the second battery is  a second 

potentia l ,  wherein a potentia l  of the para l le l  connection part is  an 

intermediate potential  between the f i rst  potent ia l  and the second 

potentia l  during the over lap per iod.  

 【0011】  

 With the power supply device according to an embodiment of the 

present invention, the f luctuation amount of output voltage is  suppressed 

whi le preventing instantaneous interrupt ion even when switching the 

connect ion of plural  secondary batter ies  to the load owing to the 

providing of the overlap period in which the f i rs t switch and the second 

switch are s imultaneously closed when switching the connect ion f rom the 

f i rs t battery to the second battery.  Thereby, s table supply ing of power 

can be continued. 
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 【0012】  

 Further, according to one aspect of the present invention, the 

over lap per iod ranges from 5 mi l l iseconds or more to 60 mi l l iseconds or 

less. 

 【0013】  

 Further, according to one aspect of  the present invent ion, a peak 

f luctuation of the output waveform during the overlap per iod is  10% or 

less. 

 【0014】  

 To so lve the above problems,  an embodiment of the present invention 

provides a power supply control  method for switching a connection 

between a para l le l  connection part and f i rst and second batter ies  that 

perform charging and discharging.  The power supply control  method 

includes connecting an output part of the fi rst battery to  the para l le l  

connect ion part and disconnecting an output part  of the second battery 

from the para l le l  connection part dur ing a f i rst  connection per iod, 

disconnect ing an output part  of the f i rst  battery from the para l lel  

connect ion part and connecting the output part  of the second battery to 

the para l lel  connect ion part  dur ing a second connection per iod, and 

providing an overlap per iod between the f i rst connection per iod and the 

second connection per iod for connecting the output part  of  the f i rst 

battery and the output part of the second battery to the para l lel  

connect ion part , wherein the para l lel  connection part is  connected to a 

DC-AC inverter, and wherein the over lap per iod ranges from 0.5 cycles  to 

5 cycles of an output waveform from the DC-AC inverter. 

 Further, to solve the above problems, an embodiment of  the present 

invention provides a power supply control  method for switching a 

connect ion between a para l le l  connection part and f i rst and second 
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batter ies that perform charging and discharging.  The power supply 

control  method includes connecting an output part of  the f i rst  battery  to 

the para l lel  connect ion part  and disconnecting an output  part of the 

second battery from the para l le l  connect ion part dur ing a f i rst connect ion 

per iod, disconnect ing the output part of  the f i rst battery from the para l le l  

connect ion part and connecting the output part  of the second battery to 

the para l lel  connect ion part  dur ing a second connection per iod, and 

providing an overlap per iod between the f i rst connection per iod and the 

second connection per iod for connecting the output part  of  the f i rst 

battery and the output part of the second battery to the para l lel  

connect ion part , wherein the output part of the f i rs t battery is  a f i rs t 

potentia l ,  wherein the output part of the second battery is  a second 

potentia l ,  and wherein a potentia l  of  the para l le l  connection part is an 

intermediate potential  between the f i rst  potent ia l  and the second 

potentia l  during the over lap per iod.  

 

Effects of the Invention 

 【0015】  

 According to an embodiment of the present invention,  i t  is possib le 

to prov ide a power supp ly device and a power supply control  method 

capable of suppress ing f luctuation of an output voltage whi le prevent ing 

an instantaneous interruption and cont inuing stable supply of power even 

the connect ion of  p lura l  secondary batteries are switched with respect to a 

load.  

 

Brief Description of the Drawings 

 【0016】  
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 FIG. 1 is  a block diagram showing an exemplary conf igurat ion of 

a power supply dev ice 10 according to a  f i rs t  embodiment of the present 

invention.  

 FIG. 2 is  a diagram showing the switching of connection in  the 

power supply device 10, in which FIG. 2(a) shows a f i rs t connection 

per iod, FIG. 2(b) shows an over lap per iod,  and FIG.  2(c) shows a second 

connect ion per iod.  

 FIG.3 is  a t iming chart showing the switching of the connection in 

the power supply dev ice 10,  FIG. 3 (a) shows a s igna l of a  f i rst  switch SW1, 

FIG. 3 (b) shows a s igna l of  a  second switch SW2, FIG. 3 (c) shows the 

voltage at the input pos it ion of  a DC-AC inverter  13,  and FIG. 3 (d) shows 

the voltage at the output pos it ion of the DC-AC inverter 13.  

 FIG. 4 is  a graph showing voltage f luctuat ions of Comparative 

Examples 1 and 2 that are provided without an over lap per iod in which FIG. 

4(a) shows the switching from a high voltage to a  low voltage, and FIG. 

4(b) shows the switching from a low voltage to a high voltage. 

 FIG.5 is  a graph showing an intermediate potentia l  in a case where 

an over lap per iod is  provided. 

 FIG. 6 is  a graph showing the switching f rom a low voltage to a 

high vol tage in a case where an over lap per iod is  prov ided in which FIG. 

6(a) shows Example 1, FIG. 6(b) shows Example 2,  FIG. 6(c) shows 

Example 3, and FIG. 6(d) shows Example 4. 

 FIG. 7 is  a graph showing the switching from a high voltage to a 

low voltage in a  case where an over lap per iod is  provided in which FIG. 

7(a) shows Example 5, FIG. 7(b) shows Example 6,  FIG. 7(c) shows 

Example 7,  and FIG. 7(d) shows Example 8. 

 FIG. 8 is a graph showing the output f luctuation from the DC-AC 

inverter  13 in which FIG. 8 (a) shows the switching from high voltage to 
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low voltage in  Comparative Example 1 and Example 5 and 6, FIG. 8 (b) 

shows the switch ing from low voltage  to high voltage in Comparative 

Example 2 and Example 1 and 2, and FIG. 8 (c) shows Examples 7 and 8. 

 FIG.9 is  a graph showing the output f luctuation of the DC-AC 

inverter  13 in Comparative Examples 1 and 2 that are provided with no 

over lap period. 

 FIG.10 is  a graph showing the voltage f luctuat ion at the t ime of  

switching batteries  with a conventional power supply device. 

 

Mode for Carrying Out the Invention 

 【0017】  

 (First  Embodiment) 

 Hereinaf ter,  embodiments of the present invention are descr ibed 

in deta i l  with reference to the drawings. The same or equivalent 

components,  members, and processes shown in the drawings are denoted 

by the same reference numerals , and redundant descript ions thereof wi l l  

be omitted as appropria te. FIG. 1 is  a  block diagram showing an 

exemplary conf iguration of a power supply device 10 according to a f i rst  

embodiment of the present invention.  As i l lustrated in FIG. 1, the power 

supply device 10 inc ludes a switch control unit  11, a f i rs t battery 12a, a 

second battery 12b, a fi rst switch SW1, a second switch SW2, a DC-AC 

inverter  13,  and a load 14. 

 【0018】  

 The switch control  uni t 11 controls  the opening and c losing 

operations of  the f i rst switch SW1 and the second switch SW2.  Although 

the spec i f ic conf igurat ion of the switch control  unit 11 is  not l imited in  

part icular, i t  may inc lude, for  example, a memory, an external  storage 

device, a  Centra l  Processing Unit (CPU),  and an information 
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communicat ion device (not i l lustrated) and perform information 

processing to contro l  the f i rst  switch SW1 and the second switch SW2 in 

accordance with a  predetermined program.  Further,  the swi tch control  

unit 11 may monitor the state of each unit of  the power supply dev ice 10 

and control  the opening and c los ing operat ions of the f i rst  switch SW1 

and the second switch SW2 based on the state of  each unit of  the power 

supply device 10 and in  accordance with a predetermined program. 

 【0019】  

 The f i rst battery 12a and the second battery 12b are secondary 

batter ies capable of  charging and discharging electr ic power.   L ike 

known secondary batter ies, the f i rst battery 12a and the second battery 

12b include, for example, a terminal  used for charging and discharging 

and a BMS (Battery Management System) for control l ing the charging and 

discharging.  An output part of  the f i rs t battery 12a is connected to one 

end of the f i rst  swi tch SW1, and an output part of the second battery 12b 

is connected to the second switch SW2.  The voltage at the output part  

of the f i rs t battery 12a is a VBA1 and the voltage at the output part of  the 

second battery 12b is a VBA2.  

 【0020】  

 The spec i f ic  conf iguration of the f i rs t battery 12a and the second 

battery 12b is  not l imited.  For example, a  known l i th ium-ion battery,  a 

nickel-hydrogen battery,  or an a l l -sol id-state battery may be used. 

Further,  the battery cel ls  inc luded in the secondary batter ies used in  

electr ic vehic les, hybr id vehic les , and the l ike may be reused to be used 

as the f i rs t battery 12a and the second battery 12b.  A lthough i t may be 

assumed that reused battery cel ls  each have d i fferent deter iorat ion 

degrees and di f ferent chargeable capacit ies and output vo ltages, the 
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power supply device 10 of the present embodiment can be used without 

any substantive issues.  

 【0021】  

 The f i rs t  battery 12a and the second battery 12b preferably have 

an inner impedance of 10 mΩ or more.   When the internal  impedance is 

less than 10 mΩ, an unintended charging operat ion may occur in a 

below-descr ibed overlap per iod dur ing a switching operat ion and may be 

di ff icul t to secure a suff icient over lap period. 

 【0022】  

 Each of the f i rst switch SW1 and the second switch SW2 has one 

end connected to the output  part o f the f i rs t  battery 12a and the second 

battery 12b, respectively.   The f i rst switch SW1 and the second switch 

SW2 are units that perform connect ion and disconnection between the 

f i rs t battery 12a and the second battery 12b and the load 14 by way of 

opening and closing operat ions. As shown in FIG. 1, the other ends of  the 

f i rs t switch SW1 and the second switch SW2 are connected to the para l le l 

connect ion part . Thereby, the ser ies connection of the f i rs t battery 12a 

and the f i rst  switch SW1 and the ser ies  connection of the second battery 

12b and the second switch SW2 are connected in para l le l  to each other. 

The voltage of the para l le l  connection part is  DCAC_IN. 

 【0023】  

 The speci f ic  conf iguration of the f i rst switch SW1 and the second 

switch SW2 is not l imited in part icular.   For example, a known 

semiconductor switch or a mechan ica l  switch may be used. As wi l l  be 

descr ibed below, s ince the opening and clos ing operat ions of  the f i rs t 

switch SW1 and the second switch SW2 are performed at mi l l isecond 

leve ls, i t  is  preferable to use a semiconductor switch such as a 
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Fie ld-Effect Transis tor (FET) capable of performing a high-speed 

switching operat ion. 

 【0024】  

 The DC-AC inverter 13 is provided between the para l lel  connect ion 

part and the load 14.  The DC-AC inverter 13 is  a  part that converts 

direct-current DCAC_IN input from the para l lel  connection part  into 

al ternat ing current AC_OUT and outputs  the AC_OUT to the load 14.  The 

speci f ic conf iguration of the DC-AC inverter  13 is not l imi ted,  and known 

conf igurations may be used.  However,  the configurat ion of the DC-AC 

inverter  13 is  preferred to output a s inusoida l  wave for  widening the 

range of  objects that are to be operated as the load 14.  A lthough the 

AC_OUT output from the DC-AC inverter  13 is not l imited in  part icular, i t  

is preferred to have a vol tage range of  a 100V-220V used as a commercia l 

power source in each country and have a frequency range of 50 Hz-60 Hz. 

 【0025】  

 The load 14 is an e lectronic  dev ice connected to the output of  the 

DC-AC inverter 13 and dr iven by the a l ternating current output from the 

DC-AC inverter 13.  Although the load 14 is  not l imited, the load 14 may 

be, for example, a  computer device, a network device,  an electronic  

medica l  device,  or an u ltra- low temperature freezer. In the power supply 

device 10 of the present embodiment, even when plural  secondary 

batter ies are swi tched, instantaneous interruption does not occur,  and 

f luctuations in the output voltage can be suppressed.  Thereby, the load 

14 that is  required to supply s table power can be connected and 

cont inuous ly used. 

 【0026】  

 Al though FIG. 1 shows an example in which two batter ies and two 

switches are used, the number of  batter ies  and switches is  not l imited.   
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For example, three or more batter ies and switches may be used. Even in  

a case of se lect ive ly switching three or  more batteries, the batter ies 

connected in the f i rs t connection per iod before the switching and the 

batter ies connected in the second connection per iod after  the switching 

operate as a  pai r.  Therefore, even in  the case where three or more 

batter ies are prov ided in the power supply device 10, the operat ion and 

the control  of the connection switching are the same as those in  the case 

where two batter ies are used. 

 【0027】  

 FIG. 2 is  a diagram showing the switching of connection in  the 

power supply device 10, in which FIG. 2(a) shows a f i rs t connection 

per iod, FIG. 2(b) shows an over lap per iod,  and FIG.  2(c) shows a second 

connect ion per iod.  The switch contro l  unit 11 is  not  i l lustrated in  FIG.2 

for  the sake of s impl i f icat ion.   However,  the f i rs t switch SW1 and the 

second switch SW2 are control led to be opened and closed by a control 

signal sent from the switch control  un it 11. Further, the arrows shown in 

the drawing schemat ica l ly represent an example of the direct ion of 

electr ic current. 

 【0028】  

 In the f i rst  connection per iod i l lus trated in  FIG. 2(a), the f i rst  

switch SW1 is in a closed state (ON) and the second switch SW2 is  in an 

open state (OFF). Therefore,  DC current is suppl ied from the f i rs t battery 

12a to the f i rs t switching SW1 and the para l le l  connection part, converted 

into AC_OUT by the DC-AC inverter 13,  and suppl ied to the load 14. In the 

power supply device 10,  a transit ion is made to an over lap period when 

an instruct ion to stop the discharge from the f i rs t  battery 12a and switch 

to the discharge from the second battery 12b is sent.  

 【0029】  
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 Here, the case where the discharge from the f i rs t battery 12a is 

stopped may be a case where the remaining charge level  of the f i rst  

battery 12a decreases to a point where the discharge target is  switched 

to a charge target.  This case may a lso apply when a detachment act ion 

is performed on the f i rs t  battery 12a to cause a locking device (not 

i l lustrated) to  be released. This case may a lso apply when a user inputs 

an instruction to exclude the f i rs t battery 12a f rom the d ischarge target. 

This case may also apply when the temperature of  the f i rs t battery 12a 

increases to a  point where a control  unit provided in the power supply 

device 10 sends a protect ion instruct ion for stopping the discharge.  

 【0030】  

 In the over lap period i l lustrated in FIG. 2(b),  the f i rs t switch SW1 

is in a c losed state (ON) and the second switch SW2 is in a c losed state 

(ON). In th is  overlap per iod,  DC current is  suppl ied from the s ide where 

the voltage of the f i rst battery 12a and the second battery 12b are higher 

to the para l le l  connection part , converted into AC_OUT by the DC-AC 

inverter  13, and suppl ied to the load 14. The example i l lus trated in  FIG. 

2(b) is  an example where the f i rst battery 12a is h igher than the second 

battery 12b and the electr ic  current is  suppl ied from the f i rst  battery 12a 

to the second battery 12b. However,  in a  case where the second battery 

12b is  higher than the f i rs t battery 12a, the f low of electric  current f low 

is reversed. After  the over lap per iod set to a predetermined length has 

elapsed, a  transit ion to the second connection per iod is  made. 

 【0031】  

 In the second connection per iod i l lustrated in FIG. 2(c), the fi rst 

switch SW1 is in  an open state (OFF) and the second switch SW2 is in a 

closed state (ON).  Therefore,  DC current is  suppl ied from the second 

battery 12b to the second switching SW2 and the para l le l  connection part,  



15 
 

converted into AC_OUT by the DC-AC inverter 13, and suppl ied to the load 

14. Thereafter,  the load 14 is continuously operated by the e lectr ic power 

suppl ied from the second battery 12b.  

 【0032】  

 In the above-descr ibed power supply device 10 of  the present 

embodiment, the switch control  uni t 11 inc ludes an over lap per iod in 

which the fi rs t switch SW1 and the second switch SW2 are s imultaneously  

closed when the f i rs t switch SW1 is  changed from the closed state to the 

open state and the second switch SW2 is  changed from the open state to 

the c losed state. Therefore,  the f i rst  battery 12a or the second battery 

12b i s connected to the paral le l  connection part , so that instantaneous 

interruption at the t ime of  switching does not occur dur ing the f i rs t 

connect ion per iod,  the over lap period, and the second connect ion per iod. 

 【0033】  

 Further,  dur ing the over lap per iod, the f i rst  battery 12a, which is  

on the side where the voltage is h igh, discharges and causes the e lectr ic 

current or iented in the charge direct ion to f low through the second 

battery 12b, which is on the s ide where the voltage is  low. If  the e lectr ic 

current or iented in the direct ion in which the second battery 12b is 

charged is large during the over lap per iod, the second battery 12b cannot 

be perform charging and discharging due to the act ivat ion of  the 

protect ive c ircui t of the BMS inc luded in the second battery 12b. 

Therefore, the length of  the over lap per iod is  desired to be set to a short  

per iod, so that the electr ic current or iented in the charging direct ion is 

prevented from excess ively  f lowing in the second battery 12b. The length 

of the over lap per iod wi l l  be descr ibed below. 

 【0034】  
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 FIG.3 is  a t iming chart showing the switching of the connection in 

the power supply device 10 in which FIG. 3 (a) shows a s ignal of a f i rst 

switch SW1, FIG. 3 (b) shows a s ignal of a  second switch SW2, FIG. 3 (c) 

shows the voltage at the input posi t ion of a  DC-AC inverter  13, and FIG. 

3 (d) shows the voltage at the output posit ion of the DC-AC inverter 13. 

In the f igures, the hor izonta l  axis  represents t ime t, and the vertica l  ax is 

represents  voltage.  Further, the f i rs t connection per iod is  i l lustrated up 

to t ime t１ ,  the over lap per iod is  i l lus trated from t ime t１  to t ime t２ ,  and 

the second connection per iod is  i l lustrated after t ime t２ . 

 【0035】  

 As shown in FIG. 3(a),  an ON signal is  appl ied to the f i rst switch 

SW1 in the f i rst connection per iod and the over lap per iod, and an OFF 

signal is  appl ied to the f i rst switch SW1 in the second connection per iod. 

As shown in FIG. 3(b), an OFF s ignal is appl ied to the second switch SW2 

in the f i rst connection per iod,  and an ON s ignal is  app l ied in the over lap 

per iod and the f i rs t connect ion per iod.  

 【0036】  

 As shown in FIG. 3(c), the voltage at  the input pos it ion  of  the 

DC-AC inverter 13 (para l le l  connect ion part) is  substantia l ly equa l to the 

voltage VBA1 (corresponding to a f i rs t potentia l) a t the output part of  the 

f i rs t battery 12a in the f i rs t connection per iod and is  substantia l ly equa l 

to the voltage VBA2 (corresponding to a  second potent ial ) at the output  

part of  the second battery 12b in the second connect ion period. In the 

over lap per iod, the voltage at the input pos it ion of the DC-AC inverter 13 

(para llel  connect ion part) is  a t an intermediate potentia l  which is  a 

potentia l  between the voltage VBA1 and the voltage VBA2.  

 【0037】  
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 Al though FIG.3(c) i l lus trates an example where the intermediate 

potentia l  is  in  the v icin i ty  of  the average value of  the voltage VBA1 and 

the voltage VBA2, the intermediate potent ia l  does not  necessari ly need to 

be the average value as long as i t  is  between the voltage VBA1 and the 

voltage VBA2. Further, a l though FIG. 3(c) i l lustrates an example where 

the va lue of intermediate potentia l  is  constant throughout the overlap 

per iod, the potential  may be changed between the voltage VBA1 and the 

voltage VBA2. 

 【0038】  

 As shown in FIG. 3(d),  the voltage AC_OUT at the output posit ion 

of the DC-AC inverter 13 is output as  a sinusoida l  a l ternating current.   In 

FIG. 3(d), the waveforms of  AC_OUT af ter  the t ime t１ are indicated with 

circ led numbers.  Each of  the numbers indicates the order of ha l f cyc les 

of the output waveform because the waveform is one cycle  at  the peak 

and the bottom.  In the f i rst  connection period,  the peak voltage of  

AC_OUT is  s table.   However,  upon entering the over lap period in the time 

t１ ,  the peak voltage f luctuates after  DCAC_IN changes from the voltage 

VBA1 to the intermediate potentia l .  Further, even upon enter ing the 

second connection per iod from the over lap period at the t ime t２ ,  the 

peak-vol tage f luctuates after DCAC_IN changes from the intermediate 

potentia l  to the voltage VBA2. 

 【0039】  

 The f luctuat ion of the peak-voltage of AC_OUT increases at the 

t ime t１ when enter ing the over lap period and at the t ime t２  when 

enter ing the second connection per iod, and attenuates as the per iod of  

the s inusoidal  wave passes.  Th is is  because even i f  the input vo ltage to 

the DC-AC inverter 13 changes, the output voltage is converted to a  target 

output voltage according to the performance and time-constant of the 
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DC-AC inverter 13.  However, the load 14 may not operate normal ly i f  the 

f luctuation of the peak voltage of the output voltage AC_OUT is large and 

the t ime unti l  i t 's  attenuation and stabi l iza t ion is long. 

 【0040】  

 Therefore, with the power supply device 10 of the present 

embodiment, i t  is  preferable that the overlap per iod be set to range from 

5 milliseconds (ms) or more to 60 mi l l iseconds (ms) or less.  More 

preferably, the overlap per iod is  to range from 5 mi l l iseconds (ms) or  

more to 20 mi l l iseconds (ms) or less.  Al ternatively, i t  is  preferable  for 

the overlap per iod to range from 0.5 cyc les to 5 cycles of  the output 

waveform from the DC-AC inverter 13.  More preferably, the over lap 

per iod is to range from 0.5 cyc les to 2 cyc les of the output waveform from 

the DC-AC inverter 13.  Further, i t  is  preferable that the DC-AC inverter 

13 have a peak-to-peak fluctuation of  10% or less . 

 【0041】  

(Comparative Example) 

 FIG. 4 is  a graph showing the vol tage f luctuat ions of Comparative 

Examples 1 and 2 that are provided without an over lap per iod in which FIG. 

4(a) shows the switching from a high voltage to a  low voltage, and FIG. 

4(b) shows the switching from a low voltage to a high vo ltage.  Further, 

in FIG. 4,  the voltage DCAC_IN at the input posit ion of  the DC-AC inverter 

13 (para l le l  connection part) is th ick ly  plotted with a smal l  ampl i tude.   In 

FIG. 4, the voltage AC_OUT at the output pos it ion of DC-AC inverter 13 

is th in ly  plotted wi th a  large ampl i tude.   Further, FIG. 4 shows a f i rs t 

connect ion per iod in which the f i rs t battery 12a is  connected, and the 

r ight hal f of FIG.4 shows a second connection period in  which the second 

battery 12b is connected.  The output of DC-AC inverter 13 is a s inusoida l 

wave of an AC 100 V,  50 Hz and the load 14 is  1 kW.  Fur ther,  the output 



19 
 

voltage VBA1 of the f i rst  battery 12a is 27 V (high voltage s ide), and the 

output vo ltage VBA2 of the second battery 12b is 23 V (low voltage s ide). 

 【0042】  

 As shown in FIG. 4(a), the peak f luctuation of AC_OUT was -8.7% 

after switching f rom the f i rst  battery 12a on the high vol tage s ide to the 

second battery 12b on the low voltage s ide.  Further,  as shown in FIG. 

4(b), the peak f luctuation of  AC_OUT was +12.5% after switching from 

the second battery 12b on the low voltage s ide to the f i rs t battery 12a on 

the high vol tage side. Here, the switching from the low vol tage to the high 

voltage is  referred to as Comparative Example 1,  and the switching f rom 

the high voltage to the low vol tage is referred to as Comparative Example 

2. 

 【0043】  

(Examples) 

 Examples 1 to 4 i l lus trate the switching from the second battery 

12b on the low-vol tage s ide to the f i rst  battery 12a on the high-voltage 

side in which the overlap per iod is  set to 10 mi l l iseconds (ms), 20 

mi l l iseconds (ms), 40 mi l l iseconds (ms),  and 60 mi l l iseconds (ms).   

Examples 5 to 8 i l lustrate the switching from the f irs t battery 12a on the 

high-vol tage s ide to the second battery 12b on the low-voltage s ide in 

which the over lap per iod is  set to 10 mi l l iseconds (ms), 20 mi l l iseconds 

(ms), 40 mi l l iseconds (ms), and 60 mi l l iseconds (ms).   L ike the 

comparative examples, the output of the DC-AC inverter 13 is  a s inusoidal  

wave of an AC 100 V,  50 Hz,  and the load 14 is 1 kW in Examples 1 to 8 .   

Further,  the output voltage VBA1 of the f i rst battery 12a is 28.36  V (high 

voltage s ide), and the output vo ltage VBA2 of the second battery 12b is 

24.72 V ( low voltage side).  

 【0044】  
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 FIG. 5 is  a graph showing an intermediate potent ia l  in  a case 

where an over lap period is  prov ided.   In the example i l lustrated in FIG. 

5, the effect  of the f luctuation in DCAC_IN caused by the 

voltage-convers ion in the DC-AC inverter 13 is e l iminated by sett ing the 

load 14 to 0 kW based on the sett ings of  Example 8.  In the over lap 

per iod, which is  between the f i rst connect ion per iod and the second 

connect ion per iod,  the vo ltage DCAC_IN of the para l le l  connection part  is  

an intermediate potentia l  of  26.49 V and is  between the output vo l tage 

28.36 V of  the f i rs t battery 12a and the output vol tage 24.72 V of the 

second battery 12b.  

 【0045】  

 FIG. 6 is  a graph showing the switching f rom a low voltage to a 

high vol tage in a case where an over lap per iod is  prov ided in which FIG. 

6(a) shows Example 1, FIG. 6(b) shows Example 2,  FIG. 6(c) shows 

Example 3, and FIG. 6(d) shows Example 4.  FIG. 7 is  a  graph showing 

the switching from a high voltage to a low vol tage in a case where an 

over lap per iod is  provided in which FIG. 7(a) shows Example 5,  FIG. 7(b) 

shows Example 6, FIG. 7(c) shows Example 7,  and FIG. 7(d) shows 

Example 8. 

 【0046】  

 Based on the graphs shown in FIGS. 6 and 7, FIG.8 i l lustrates a 

graph of  the results  of  measuring the peak f luctuation amount per hal f  

cycle  of AC_OUT for Comparative Examples 1 and 2 and Examples 1 to 8.  

FIG. 8 is  a graph showing the output f luctuation from the DC-AC inverter 

13 in which FIG. 8 (a) shows the switching from high voltage to low 

voltage in Comparative Example 1 and Example 5 and 6, FIG. 8 (b) shows 

the switching f rom low vol tage to high voltage in  Comparative Example 2 

and Example 1 and 2,  and FIG. 8 (c)  shows Examples 7 and 8.  The 
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horizonta l  ax is of FIG. 8 indicates the order of peaks for each half cycle 

of the output waveform of AC_OUT after entering the overlap per iod at 

the t ime t１ .   A half cycle is  equ ivalent to 10 mi l l iseconds (ms) because 

the output of  the DC-AC inverter 13 is 50 Hz in any one of the examples.   

The vert ica l  ax is  in FIG. 8 ind icates the amount of f luctuation of the 

output waveform of  the DC-AC inverter 13 with respect to the peak 

voltage during the f i rst connect ion period.  

 【0047】  

 As shown in FIG. 8 (a) and FIG.8(b), Comparative Example 1, that 

is provided wi th no over lap per iod (0 ms), is  plotted with peaks 1 and 2 

that have f luctuation amounts greater than those of  Examples 1 to 8.  

Part icular ly, with Comparat ive Example 1 that switches from the low 

voltage side to the high voltage s ide, the f luctuation amounts of the 

peaks 1 and 2 are more than 10% and may thereby adversely affect the 

operation of the load 14.  With Comparative Example 2, which switches 

from the high voltage s ide to the low voltage s ide,  the fluctuation 

amounts of the peaks 1 and 2 are s l ightly  less than 9%.  However,  with 

the power supply device 10, the peak f luctuat ion amount exceeds 10% 

during the per iod of  us ing the load 14 because the switch ing f rom the low 

voltage side to the high voltage s ide and the switching from the high 

voltage side to the low voltage side frequently  occur. 

 【0048】  

 With Example 5 (10 ms) and Example 6 (20 ms) that swi tch from 

the low voltage side to the high voltage s ide shown in FIG. 8A, the 

f luctuation amounts of the peaks 1 and 2 are smaller than those of 

Comparative Example 1 and are suppressed to 10% or less .  Further, in 

both Examples 5 and Example 6,  the f luctuat ion amounts decrease af ter 

the peaks 1 and 2 and converge to the output sett ing of the DC-AC 
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inverter  13.   The f luctuation amounts of  Example 5 and Example 6 are 

plotted unti l  reaching peaks 4 and 6, respect ively.  The convergence of 

the f luctuat ion amount of  Example 5 and Example 6 can be conf irmed by 

plott ing the f luctuation amount unti l  a t ime longer than the over lap 

per iod. 

 【0049】  

 With Example 1 (10 ms) and Example 2 (20 ms) that switch f rom 

the high voltage s ide to the low voltage side shown in FIG. 8 (b), the 

maximum peak posit ion is  di fferent f rom that of  Comparat ive Example 2.  

However,  the maximum peak f luctuat ions of Examples 1 and 2 are 

suppressed to 8% or less, which are smal ler than those of  Comparat ive 

Example 2. In both Examples 1 and 2, the f luctuation amounts decrease 

after the largest peak and converge to the output sett ing of  the DC-AC 

inverter  13.   The f luctuation amounts of  Example 1 and Example 2 are 

plotted unti l  reaching peaks 7 and 8, respect ively.  The convergence 

tendency of the f luctuation amounts of  Example 1 and Example 2 can be 

conf irmed from the posit ions of the maximum peak of the f luctuation 

amounts . 

 【0050】  

 With Example 7 (40ms) and Example 8 (60ms) that switch from the 

low voltage s ide to the high voltage s ide shown in FIG. 8(c), the 

f luctuation amounts of the peaks 1 and 2 are smaller than those of 

Comparative Example 1 and  are suppressed to 10% or less .  Further, 

with both Example 7 and Example 8, after the f luctuation amounts 

decrease af ter the peaks 1 and 2, there is a second increase in  the peak 

f luctuation amount.   However,  i t does not exceed the peaks 1 and 2 and 

thereaf ter converge to the output sett ing of the DC-AC inverter 13.   In 

Example 7 and Example 8, the peaks 10 and 11 are plotted,  respect ively, 
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and the convergence tendency can be conf irmed from the posit ion of the 

second increase of  the peak f luctuation amount.  

 【0051】  

 As shown in FIG. 8(c), with Example 8, the peak f luctuation is  

sustained up to the vic in i ty  of  the peak 11.   If  the over lap per iod 

cont inues longer than this,  the t ime unti l  the convergence would be 

prolonged.  Therefore, i t  is  preferable  that the over lap per iod ranges 

from 5 mi l l iseconds (ms) or  more to 60 mi l l iseconds (ms) or less .  Further, 

in Examples7 and Example 8,  the second increase in the peak f luctuat ion 

amount occurs at the stage where the over lap per iod has ended and 

enters the second connection per iod.  However, in Examples 5 and 6,  the 

second increase in the peak f luctuat ion amount does not occur.  

Therefore, i t  is  more preferable that the over lap per iod ranges from 5 

mi l l iseconds (ms) or more to 20 mi l l iseconds (ms) or less. 

 【0052】  

 FIG.9 is  a graph showing the output f luctuation of the DC-AC 

inverter  13 in Comparative Examples 1 and 2 that are provided with no 

over lap per iod.   In FIG.9,  Comparative Example 1 is  plotted with a so l id 

l ine, Comparative Example 2 is plotted with a dashed l ine,  and the 

accumulation of a normal ized f luctuation amount is plotted with a 

dashed-dotted l ine.  As shown in FIG. 9, with Comparat ive Examples 1 

and 2 where the overlap per iod is  not provided, the peak f luctuation 

amount is substant ial ly  converged, and the output waveform of AC_OUT 

is s tabi l ized up to the peaks 3 to 4.  Therefore, the response t ime of the 

DC-AC inverter 13 can be regarded as 30 mi l l iseconds (ms) to 40 

mi l l iseconds (ms).   Further, the accumulation of  the f luctuation amounts 

up to peak 2 reaches 63% (-2 dB), and the t ime-constant of the DC-AC 

inverter  13 becomes 20 mi l l iseconds (ms). 
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 【0053】  

 By sett ing the over lap per iod within the response t ime of the 

DC-AC inverter 13,  the t ime t２ a t the end of the over lap per iod is  set 

within the response time of DC-AC inverter 13,  so that the second 

increase in the peak f luctuat ion amount can be suppressed.  Therefore, 

the over lap per iod is preferred to range from 0.5 cyc les to 5 cycles of the 

waveform of AC_OUT output f rom the DC-AC inverter 13. 

 【0054】  

 Further,  by sett ing the over lap period with in the time constant of 

the DC-AC inverter  13, the t ime t２  at  the end of the overlap period can 

be set within the t ime constant of  DC-AC inverter 13, so that the second 

increase in peak f luctuation can be suppressed. Therefore,  i t  is  more 

preferable that the over lap per iod is a per iod ranging from 0.5 cycles to 

2 cycles of the waveform of AC_OUT output from the DC-AC inverter  13.  

 【0055】  

 With the above-described power supply dev ice 10 of  the present 

embodiment, the f luctuation amount of  output vol tage is  suppressed 

whi le preventing instantaneous interrupt ion even when switching the 

connect ion of plural  secondary batter ies  to the load 14 owing to the 

providing of the overlap per iod in which the f i rs t switch SW1 and the 

second switch SW2 are s imultaneously  c losed when switching the 

connect ion f rom the f i rst battery 12a to the second battery 12b.  Thereby, 

stable supplying of power can be cont inued. 

 【0056】  

 (Second Embodiment) 

 Next, a second embodiment of  the present invention wi l l  be 

descr ibed. Deta i ls  that over lap with those of the f i rst  embodiment wi l l  not 

be descr ibed. In the fi rst embodiment, the DC-AC inverter 13 is  provided 
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between the para l lel  connect ion part of the f i rs t switch SW1 and the 

second switch SW2 and the load 14 to convert a direct current into an 

alternat ing current.   Al ternatively, a DC-DC converter  may be prov ided 

instead of  the DC-AC inverter 13.  In the case of using the DC-DC 

converter,  the load 14 is an e lectronic  dev ice dr iven by a direct current.  

 【0057】  

 Even in the case of us ing the DC-DC converters, the other ends of  

the f i rst  switch SW1 and the second switch SW2 are connected to the 

para l lel connect ion part, and the connect ion is switched in the order of 

the f i rst  connection period,  the over lap period, and the second 

connect ion per iod.  As a result,  no instantaneous interruption occurs  in 

the voltage DCAC_IN input to the DC-DC converter, and the voltage 

DCAC_IN becomes an intermediate potent ia l  during the over lap per iod. 

 【0058】  

 Even with the power supply device 10 of  the present embodiment, 

the f luctuation amount of output voltage is suppressed whi le prevent ing 

instantaneous interrupt ion even when switching the connection of plura l  

secondary batter ies  to the load 14 owing to the providing of  the over lap 

per iod in which the f i rst switch SW1 and the second switch SW2 are 

simultaneously c losed when switching the connect ion from the f i rst  

battery 12a to the second battery 12b. Thereby, stable supplying of power 

can be continued. 

 【0059】  

 The present invent ion is  not l imited to the above-descr ibed 

embodiments, and var ious modif icat ions can be made within the scope of  

the c la ims, and embodiments obta ined by appropria te ly  combin ing the 

technica l  means disclosed in the di fferent embodiments are a lso included 

in the technica l  scope of the present invention.  
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[Description of Reference Numerals] 

 【0060】  

10.. .  Power supply device 

11.. .  Switch contro l  unit  

12a...  F irs t battery 

12b...  Second battery 

13.. .  DC-AC inverter 

14.. .  Load 

SW1...  f i rst switch 

SW2...  second switch 
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[Document Name] 

Claims 

[Cla im 1] 

 A power supply device compris ing: 

 a f i rs t battery and a second battery configured to charge and 

discharge; 

 a f i rst switch having one end connected in ser ies to an output part  

of the f i rst  battery; 

 a second swi tch hav ing one end connected in series to an output 

part of  the second battery; 

 a para l le l connect ion part  to which another end of the f i rst  switch 

and another end of  the second switch are connected; and 

 a switch contro l  uni t configured to control  the opening and clos ing 

of the f i rst  switch and the second switch; 

 wherein  the switch control  unit has an over lap per iod dur ing which 

the f i rst  switch and the second switch are s imultaneous ly  c losed when the 

f i rs t switch is  changed from a c losed state to an open state and the 

second switch is  changed from an open state to a closed state, 

 wherein  the para l le l  connection part is  connected to a DC-AC 

inverter, and 

 wherein  the over lap per iod ranges from 0.5 cycles to 5 cycles of  an 

output waveform from the DC-AC inverter.  

 

[Cla im 2] 

 A power supply device compris ing: 

 a f i rs t battery and a second battery configured to charge and 

discharge; 
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 a f i rst switch having one end connected in ser ies to an output part  

of the f i rst  battery; 

 a second swi tch hav ing one end connected in series to an output 

part of  the second battery; 

 a para l le l connect ion part  to which another end of the f i rst  switch 

and another end of  the second switch are connected; and 

 a switch contro l  uni t configured to control  the opening and clos ing 

of the f i rst  switch and the second switch; 

 wherein  the switch control  unit has an over lap per iod dur ing which 

the f i rst  switch and the second switch are s imultaneous ly  c losed when the 

f i rs t switch is  changed from a c losed state to an open state and the 

second switch is  changed from an open state to a closed state, 

 wherein  the output part of the f i rst  battery is  a f i rst  potent ia l ,  

 wherein  the output part of the second battery is  a second 

potentia l ,  

 wherein  a potentia l  of  the para l le l  connection part is an 

intermediate potential  between the f i rst  potent ia l  and the second 

potentia l  during the over lap per iod.  

 

[Cla im 3] 

 The power supply device according to cla im 1,  

 wherein  a peak fluctuation of the output waveform during the 

over lap period is  10% or less.  

 

[Cla im 4] 

 The power supply device according to any one of c la ims 1 to 3,  

 wherein  the over lap per iod ranges from 5 milliseconds or  more to 

60 milliseconds or  less . 
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[Cla im 5] 

 A power supply control  method for switching a connect ion between 

a parallel connection part and f i rst  and second batteries that perform 

charging and discharging; the power supply control  method compr ising: 

 connecting an output part of the f i rst battery to the para l lel  

connect ion part  and disconnecting an output part of the second battery 

from the para l le l  connection part during a f i rst  connection per iod; 

 disconnecting an output part of the f i rst battery from the para l le l  

connect ion part  and connecting the output part of the second battery to 

the para l lel  connect ion part  during a second connection per iod; and 

 providing an overlap per iod between the f i rs t connection per iod 

and the second connection per iod for  connecting the output part of the 

f i rs t battery and the output part of  the second battery to the para l le l  

connect ion part; 

 wherein  the para l le l  connection part is  connected to a DC-AC 

inverter, and 

 wherein  the over lap per iod ranges from 0.5 cycles to 5 cycles of an 

output waveform from the DC-AC inverter. 

 

[Cla im 6] 

 A power supply control  method for switching a connect ion 

between a para l le l  connection part and f i rst and second batter ies that 

perform charging and discharging, the power supply control  method 

compris ing: 

 connecting an output part of the f i rst battery to the para l lel  

connect ion part  and disconnecting an output part of the second battery 

from the para l le l  connection part during a f i rst  connection per iod; 
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 disconnecting the output part of  the f i rs t battery from the para l le l  

connect ion part  and connecting the output part of  the second battery  to 

the para l lel  connect ion part  during a second connection per iod; and 

 providing an over lap per iod between the f i rs t connection  per iod 

and the second connection per iod for  connecting the output part of the 

f i rs t battery and the output part of  the second battery to the para l le l  

connect ion part; 

 wherein  the output part of the f i rst  battery is  a f i rst  potent ia l ,  

 wherein the output part of the second battery is  a  second potent ia l , 

and 

 wherein  a potentia l  of  the para l le l  connection part is an 

intermediate potential  between the f i rst  potent ia l  and the second 

potentia l  during the over lap per iod.  

  


