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CURRENT DETECTING CIRCUIT , analog voltage value into a digital voltage value , and outputs 
CURRENT DETECTING DEVICE , AND the converted digital voltage value to the control portion 86 . 

SWITCHING DEVICE Since the voltage value across the resistor R8 is proportional 
to the value of the current flowing through the resistor R8 , 

CROSS - REFERENCE TO RELATED 5 the resistor R8 , the differential amplifier 84 , and the A / D 
APPLICATIONS converting portion 85 function as a current detecting circuit . 

Normally , the control portion 86 turns the switch 81 off to 
This application is the U.S. national stage of PCT / JP2016 / activate the DC / DC converter 82. The value of the current 

052763 filed Jan. 29 , 2016 , which claims priority of Japa that can be passed via the DC / DC converter 82 is limited to 
nese Patent Application No. JP 2015-020402 filed Feb. 4 , 10 a predetermined value . Therefore , a first current value less 
2015 . than the predetermined value and a second current value 

greater than or equal to the first current value are set . If the 
TECHNICAL FIELD switch 81 is off and the DC / DC converter 82 is activated , the 

control portion 86 deactivates the DC / DC converter 82 to 
The present invention relates to a current detecting circuit 15 turn the switch 81 on when the value of the current flowing 

that outputs a voltage value corresponding to the value of a through the resistor R8 become greater than or equal to the 
current flowing through a current path , a current detecting first current value and the voltage value output by the A / D 
device including the current detecting circuit , and a switch converting portion 85 becomes greater than or equal to the 
ing device that switches a current path through which a first voltage value . Consequently , the current path of the 
current flows , in accordance with a voltage value output by 20 current flowing from the generator 80 to the load 83 is 
the current detecting circuit . switched from a first path through which the current flows 

via the DC / DC converter 82 to a second path through which 
BACKGROUND the current flows via the switch 81. In this manner , the 

control portion 86 switches the current path , thus making it 
Today , as a power supply device installed in a vehicle , a 25 possible to continuously supply a current to the load 83 even 

power supply device that feeds power to a load via two if the load 83 needs the supply of a current having a value 
current paths ( e.g. , see JP 2012-29465A ) has been proposed . greater than or equal to the predetermined value . 

In the power supply device described in JP 2012-29465A , If the switch 81 is on and the DC / DC converter 82 is 
one of the two current paths is provided with a DC / DC deactivated , the control portion 86 turns the switch 81 off to 
converter . The DC / DC converter transforms an applied 30 activate the DC / DC converter 82 when the value of the 
voltage , and feeds the transformed voltage to a load . Con current flowing through the second path becomes less than 
sequently , the load is supplied with power . The other current the second current value and the voltage output by the A / D 
path is not provided with a DC / DC converter , and power is converting portion 85 becomes less than second voltage 
directly fed to the load . In the power supply device of JP value . Consequently , the current path of the current flowing 
2012-29465A , the current path used to feed power to the 35 from the generator 80 to the load 83 is switched from the 
load is switched to one of the above - described two current second path to the first path . The voltage lowered by the 
paths . DC / DC converter 82 is supplied to the load 83 again . The 

FIG . 1 is a block diagram showing the configuration of a current detecting circuit and the control portion 86 described 
relevant portion of a conventional power supply device 8. In above function as a switching device that switches the 
the conventional power supply device 8 , one end of a 40 current path through which a current flows , to the first path 
generator 80 is connected to one end of each of a switch 81 or the second path . 
and a DC / DC converter 82 , and the other ends of the switch The A / D converting portion 85 performs processing such 
81 and the DC / DC converter 82 are connected to one end of as rounding or truncation to quantize the voltage value 
a resistor R8 . The other end of the resistor R8 is connected output by the differential amplifier 84 to a voltage value that 
to one end of a load 83. The other ends of the generator 80 45 is closest or second closest to the voltage value output by the 
and the load 83 are grounded . One end and the other end of differential amplifier 84 , from among the voltage values 
the resistor R8 are connected to a positive terminal and a obtained by equally dividing a reference voltage value by a 
negative terminal , respectively , of a differential amplifier 84 , predetermined number . In the conventional power supply 
and the output terminal of the differential amplifier 84 is device 8 in which the current path is switched in the 
connected to an A / D ( Analog / Digital ) converting portion 85. 50 above - described manner , a current having a value less than 
The A / D converting portion 85 is further connected to a the first current value flows through the first path , and a 
control portion 86 . current having a value greater than or equal to the second 

The control portion 86 turns the switch 81 on / off and current value flows through the second path . Since the 
activates / deactivates the DC / DC converter 82. When the second path is provided pass a current having a value 
control portion 86 turns the switch 81 off to activate the 55 greater than or equal to the first current value , a current 
DC / DC converter 82 , the DC / DC converter 82 lowers a DC having a value greater than or equal to the first current value 
output voltage output by the generator 80 , and supplies the flows through the second path . 
lowered voltage to the load 83 via the resistor R8 . When the For example , when a current of zero to 100 A flows 
control portion 86 turns the switch 81 on to deactivate the through the first path and a current of 90 to 200 A flows 
DC / DC converter 82 , the generator 80 supplies the output 60 through the second path in the conventional power supply 
voltage to the load 83 via the switch 81 and the resistor R8 . device 8 , a current of zero to 200 A flows through the resistor 

The differential amplifier 84 amplifies the voltage value R8 . When the voltage value output by the differential 
across the resistor R8 , and outputs the amplified analog amplifier 84 if a current of 200 A flows through the resistor 
voltage value to the A / D converting portion 85. The output R8 is 10 V , the voltage value output by the differential 
voltage value of the differential amplifier 84 increases with 65 amplifier 84 varies in the range of zero to 10 V. Accordingly , 
an increase in the value of the current flowing through the the reference voltage value of the A / D converting portion 85 
resistor R8 . The A / D converting portion 85 converts the is set to be greater than or equal to 10 V. If the reference 
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voltage value is 10 V and the A / D converting portion 85 conductive plate to the second conductive plate , or the 
converts the voltage value into a 10 - bit digital value , the A / D second current path extending from the third conductive 
converting portion 85 quantizes the voltage value output by plate to the second conductive plate . A value related to the 
the differential amplifier 84 to a voltage value that is closest potential difference between the point located on the plate 
or second closest to the voltage value output by the differ- 5 surface of the first conductive plate and the point located on 
ential amplifier 84 , from among voltage values obtained by the plate surface of the third conductive plate is detected . 
equally dividing 10 V ( the reference voltage value ) by 1023 The value related to the potential difference between the 
( the predetermined number ) . At this time , the interval two points varies in accordance with the value of the current 
between markings is about 9.78 mV . flowing through the first current path and the value of the 

The value of the current flowing through the first path 10 current flowing through the second current path . Then , the 
varies in the range of zero to 100 A. Let us now consider a value related to the potential difference between the two 
configuration in which only the value of the current flowing points that is detected when a current having a given value 
through the first path is detected . When the voltage value flows through the second current path is different from the 
output by the differential amplifier 84 if a current of 100 A value related to the potential difference between the two 
flows through the resistor R8 is 5 V , the reference voltage 15 points that is detected when a current having the same value 
value of the A / D converting portion 85 can be set to 5 V. At flows through the first current path . 
this time , the A / D converting portion 85 quantizes the The value related to the potential difference between the 
voltage value output by the differential amplifier 84 to a two points is , for example , a voltage value between the two 
voltage value that is closest or second closest to the voltage points , or a value of the current flowing between the two 
value by the differential amplifier 84 , from along voltage 20 points . The voltage value output from the circuit is a voltage 
values obtained by equally dividing 5 V ( the reference value between the two points , or a voltage value based on a 
voltage value ) by 1023 ( the predetermined number ) . At this value of a current flowing between the two points . Accord 
time , the interval between markings is about 4.89 mV . When ing to this aspect of the present invention , for example , the 
the reference voltage value is 5 V , the interval between value related to the potential difference between the two 
markings is small . Accordingly , the current detecting circuit 25 points when a current of 100 A flows through the first current 
composed of the resistor R8 , the differential amplifier 84 , path can be matched with the value related to a potential 
and the A / D converting portion 85 can highly accurately difference between the two points when a current of 200 A 
detect the value of the current flowing through the first path . flows through the second current path . In this case , the 
However , in the current detecting circuit installed in the voltage value accurately indicating the value of a current 

conventional power supply device 8 , the reference voltage 30 flowing through each of the first current path and the second 
value of the A / D converting portion 85 is set in accordance current path is output . Further , the manufacturing cost is low 
with the maximum value of the current flowing through the since only one component is needed to detect the value 
second path , thus resulting in the problem that the value of related to the potential difference between the two points . 
the current flowing through the first path cannot be detected The current detecting circuit according to this aspect of 
highly accurately . In this case , the current path may not be 35 the present invention includes a conductive wire connected 
switched appropriately . between the two points , wherein the potential difference 

To solve this problem , it is conceivable to adopt a detecting portion detects a value of a current flowing 
configuration in which the number of each of the resistor , the through the conductive wire . 
differential amplifier , and the A / D converting portion is According to this aspect of the present invention , the 
increased to two , and the values of the currents flowing 40 value of the current flowing through the conductive wire 
through the first path and the second path are separately connected between the point located on the plate surface of 
detected . However , this configuration requires a large num the first conductive plate and the point located on the plate 
ber of components , and therefore has the problem of an surface of the second conductive plate is detected . 
increased manufacturing cost . In the current detecting circuit according to this aspect of 

The present invention has been made in view of such 45 the present invention , the potential difference detecting 
circumstances , and it is an object of the invention to provide portion detects a voltage value between the two points . 
an inexpensive current detecting circuit capable of output According to this aspect of the present invention , the 
ting a voltage value accurately indicating the value of a voltage value between the point located on the plate surface 
current flowing through each of the two current paths , as of the first conductive plate and the point located on the plate 
well as a current detecting device and a switching device 50 surface of the second conductive plate is detected . 
each including the current detecting circuit . In the current detecting circuit according to this aspect of 

the present invention , each of the first conductive plate and 
SUMMARY the third conductive plate is connected to the second con 

ductive plate via a resistive portion having a lower conduc 
A current detecting circuit according to an aspect of the 55 tivity than the first conductive plate , the second conductive 

present invention is configured to output a voltage value plate , and the third conductive plate . 
corresponding to a value of a current flowing through a first According to this aspect of the present invention , each of 
current path extending from a first conductive plate to a the first conductive plate and the third conductive plate is 
second conductive plate , and a value of a second current connected to the second conductive plate via a resistive 
path extending from a third conductive plate to the second 60 portion having a lower conductivity than the first conductive 
conductive plate , the current detecting circuit including a plate , the second conductive plate , and the third conductive 
potential difference detecting portion that detects a value plate . Accordingly , the voltage value between the point 
related to a potential difference between two points located located on the plate surface of the first conductive plate and 
on plate surfaces of the first conductive plate and the second the point located on the surface of the second conductive 
conductive plate . 65 plate is large . 

According to this aspect of the present invention , a current A current detecting device according to an aspect of the 
flows through the first current path extending from the first present invention includes : the above - described current 
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detecting circuit ; a temperature detecting portion that detects the first current path and the second current path a current is 
a temperature value of a conductor formed by connecting the flowing through , the voltage value output by the current 
first conductive plate and the third conductive plate with the detecting circuit , and the temperature value detected by the 
second conductive plate ; and a calculating portion that temperature detecting portion . 
calculates a value of a current flowing through the first 5 According to this aspect of the present invention , the first 
current path or the second current path , based on the conductive plate and the third conductive plate are con 
temperature value detected by the temperature detecting nected to the second conductive plate , and the temperature 
portion and the voltage value output by the current detecting value of the conductor formed by the first conductive plate , 
circuit . the second conductive plate , and the third conductive plate 

According to this aspect of the present invention , the first is detected . Whether the current path through which a 
conductive plate and the third conductive plate are con current flows should be switched is determined based on not 
nected to the second conductive plate , and the temperature only a determination as to which of the first current path and 
value of the conductor formed by the first conductive plate , the second current path a current flows through , and the 
the second conductive plate , and the third conductive plate is detected . The value of a current flowing through the first 15 voltage value output by the current detecting circuit , but also the detected temperature value . Accordingly , the current 
current path or the second current path is calculated based on path through which a current flows can be switched more the detected temperature value and the voltage value output appropriately . 
by the current detecting circuit . A switching device according to an aspect of the present A current detecting device according to an aspect of the 20 invention includes : the above - described current detecting present invention includes : the above - described current circuit ; a switching portion that switches a current path detecting circuit ; a temperature detecting portion that detects through which a current flows , to the first current path or the a temperature value of the resistive portion ; and a calculat 
ing portion that calculates a value of a current flowing second current path ; and a temperature detecting portion that 
through the first current path or the second current path , detects a temperature value of the resistive portion , wherein 
based on the temperature value detected by the temperature 25 the switching portion performs the switching based on 
detecting portion and the voltage value output by the current which of the first current path and the second current path a 
detecting circuit . current is flowing through , the voltage value output by the 

According to this aspect of the present invention , the current detecting circuit , and the temperature value detected 
temperature value of the resistive portion is detected , and the by the temperature detecting portion . 
value of the current flowing through the first current path or According to this aspect of the present invention , the 
the second current path is calculated based on the detected temperature value of the resistive portion is detected . 
temperature value and the voltage value output by the Whether the current path through which a current flows 
current detecting circuit . should be switched is determined based on the detected 

A switching device according to an aspect of the present temperature value , a determination as to which of the first 
invention includes : the above - described current detecting current path and the second current path a current flows 
circuit ; and a switching portion that switches a current path through , and the voltage value output by the current detect 
through which a current flows , to the first current path or the ing circuit . The current path through which a current flows second current path , wherein the switching portion performs can be switched appropriately in the current detecting circuit the switching based on which of the first current path and the second current path a current is flowing through , and the 40 by adjusting the positions of the two points so as to output a voltage value accurately indicating the value of a current voltage value output by the current detecting circuit . flowing through each of the first current path and the second According to this aspect of the present invention , for current path . Further , the determination as to whether the example , whether the current path through which a current current path should be switched is based on the detected 
flow should be switched to the second current path is 45 temperature value as well , so that the current path can be determined based on the voltage value output by the current switched more appropriately . 
detecting circuit in a state where a current is flowing through In the switching device according to this aspect of the 
the first current path , and whether the current path through present invention , the switching device performs the switch 
which a current flows should be switched to the first current ing by controlling activation / deactivation of a transforming 
path is determined based on the voltage value output by the 50 portion that transforms an applied voltage and outputs the 
current detecting circuit in a state where a current flows transformed voltage to the first conductive plate , and turns 
through the second current path . The current path through a switch on / off whose one end is connected to the third 
which a current flows can be appropriately switched in the conductive plate . 
current detecting circuit by adjusting the positions of the two According to this aspect of the present invention , the 
points so as to output a voltage value accurately indicating transforming portion transforms an applied voltage , and 
the value of a current flowing through each of the first outputs the transformed voltage to the first conductive plate . 
current path and the second current path . While the transforming portion is activated , a current flows 

A switching device according to an aspect of the present through the first current path . Since one end of the switch is 
invention includes : the above - described current detecting 60 connected to the third conductive plate , a current flows 
circuit ; a switching portion that switches a current path through the second current path while the switch is on . The 
through which a current flows , to the first current path or the current path through which a current flows can be switched 
second current path ; and a temperature detecting portion that to the first current path by activating the transforming 
detects a temperature value of a conductor formed by portion to turn the switch off , and the current path through 
connecting the first conductive plate and the third conduc- 65 which a current flows can be switched to the second current 
tive plate with the second conductive plate , wherein the path by deactivating the transforming portion to turn the 
switching portion performs the switching based on which of switch on . 

35 
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Advantageous Effects control portion 16. The generator 10 lowers the output 
voltage value to the first output voltage value when the 

According to the present invention , it is possible to output lowering instruction is input from the control portion 16 , and 
a voltage value accurately indicating the value of a current raises the output voltage value to the second output voltage 
flowing through each of the two current paths , and the 5 value when the raising instruction is input from the control 
manufacturing cost is low . portion 16 . 

The switch 11 is turned on / off by the control portion 16 . 
BRIEF DESCRIPTION OF DRAWINGS When the switch 11 is on , the output voltage of the generator 

10 is supplied to the battery 13 and the load 14 via the switch 
FIG . 1 is a block diagram showing the configuration of a 10 11 . 

relevant portion of a conventional power supply device . The DC / DC converter 12 transforms the output voltage of 
FIG . 2 is a block diagram showing the configuration of a the generator 10 that is applied to its one end into a 

relevant portion of a power supply device according to predetermined voltage , and supplies the transformed voltage 
Embodiment 1 . to the battery 13 and the load 14 from its other end . The 

FIG . 3 is a diagram illustrating current detection . 15 value of the voltage transformed by the DC / DC converter 12 
FIG . 4 is a flowchart illustrating a switching process is 12 V , for example . 

executed by a control portion . To the DC / DC converter 12 , an activation instruction 
FIG . 5 is a flowchart illustrating a switching process instructing activation and a deactivation instruction instruct 

executed by a control portion according to Embodiment 2 . ing deactivation are input from the control portion 16. The 
FIG . 6 is a block diagram showing the configuration of a 20 DC / DC converter 12 is activated when the activation 

relevant portion of a power supply device according to instruction is input from the control portion 16 , and is 
Embodiment 3 . deactivated when the deactivation instruction is input from 

FIG . 7 is a diagram illustrating current detection . the control portion 16 . 
FIG . 8 is a table showing a first voltage threshold and a As described previously , the output voltage is supplied to 

second voltage threshold according to Embodiment 4 . 25 the battery 13 from the generator 10 via the switch 11 , or the 
FIG . 9 is a diagram illustrating current detection accord transformed voltage is supplied from the DC / DC converter 

ing to Embodiment 5 . 12. Consequently , the battery 13 stores power . 
FIG . 10 is a block diagram showing the configuration of The load 14 is an electric device installed in the vehicle . 

a relevant portion of a power supply device according to When the DC / DC converter 12 is activated if the genera 
Embodiment 6 . 30 tor 10 is generating power , the output voltage value of the 

generator 10 is the second output voltage value , and the 
DETAILED DESCRIPTION OF PREFERRED switch 11 is off . At this time , the voltage transformed by the 

EMBODIMENTS DC / DC converter 12 is supplied to the battery 13 and the 
load 14 , and the battery 13 and the load 14 are powered . 

Hereinafter , the present invention will be described on the 35 When the DC / DC converter 12 is being deactivated in the 
basis of drawings showing embodiments thereof . same case , the output voltage value of the generator 10 is the 

first output voltage value , and the switch 11 is on . At this 
Embodiment 1 time , the output voltage of the generator 10 is supplied to the 

battery 13 and the load 14 , and the battery 13 and the load 
FIG . 2 is a block diagram showing the configuration of a 40 14 are powered . 

relevant portion of a power supply device 1 according to If the generator 10 stops power generation , the output 
Embodiment 1. The power supply device 1 is suitably voltage of the battery 13 is supplied to the load 14 , and the 
installed in a vehicle , and includes a generator 10 , a switch load 14 is powered . 
11 , a DC / DC converter 12 , a battery 13 , a load 14 , a current The current detecting circuit 15 converts an analog value 
detecting circuit 15 , a control portion 16 , and a storage 45 related to the current flowing to the battery 13 and the load 
portion 17 . 14 into a digital value , and outputs the converted digital 
One end of the generator 10 is connected to one end of value to the control portion 16 . 

each of the switch 11 and the DC / DC converter 12. The other The control portion 16 includes a CPU ( Central Process 
ends of the switch 11 and the DC / DC converter 12 are ing Unit ) , and executes processing by executing control 
connected to a positive electrode of the battery 13 and one 50 programs stored in a ROM ( Read Only Memory ) , which is 
end of the load 14. The other ends of the generator 10 and not shown . On the basis of the digital value input from the 
the load 14 , and a negative electrode of the battery 13 are current detecting circuit 15 , the control portion 16 performs 
grounded . The current detecting circuit 15 and the storage output of the lowering instruction / raising instruction to the 
portion 17 are separately connected to the control portion 16 . generator 10 , turning on / off of the switch 11 , output of the 

The generator 10 generates AC power in cooperation with 55 activation instruction / deactivation instruction to the DC / DC 
an engine ( not shown ) , rectifies the generated AC power to converter 12 , and the like . 
DC power , and smoothes the rectified power . The generator The storage portion 17 is a nonvolatile memory , and data 
10 supplies , as an output voltage , a DC voltage related to the necessary for the control portion 16 to execute processing is 
smoothed DC power to the battery 13 and the load 14 via the stored in the storage portion 17. Reading and writing of the 
switch 11. The generator 10 further applies the output 60 content stored in the storage portion 17 are performed by the 
voltage to one end of the DC / DC converter 12 . control portion 16 . 

To the generator 10 , a lowering instruction instructing the FIG . 3 is a diagram illustrating current detection . The 
generator 10 to lower the output voltage value to a prede power supply device 1 further includes a plate - shaped 
termined first output voltage value , for example , 12 V , and conductor 18 that connects the other ends of the switch 11 
a raising instruction instructing the generator 10 to raise the 65 and the DC / DC converter 12 to the positive electrode of the 
output voltage value to a second output voltage value that is battery 13 and one end of the load 14. The conductor 18 is 
higher than the first output voltage value are input from the composed of a first conductive portion 21 , a second con 
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ductive portion 22 , and a third conductive portion 23. Each second current path , a current having a value that is smaller 
of the first conductive portion 21 , the second conductive by an inverse of a second constant , for example , a value that 
portion 22 , and the third conductive portion 23 is a so - called is 1/2000 of the value of the current flowing through through 
bus bar , and has a plate shape . FIG . 3 shows a plate surface the second current path flows through the conductive wire 
of each of the first conductive portion 21 , the second 5 30. Here , the second constant is larger than the first constant . 
conductive portion 22 , and the third conductive portion 23 . Each of the first constant and the second constant is 

Each of the first conductive portion 21 and the third dependent on the ratio between the resistance value between 
conductive portion 23 is connected to the second conductive the points P1 and P2 in the conductor 18 and the resistance 
portion 22. The other end of the switch 11 is connected to the value of the conductive wire 30. The second constant is 
third conductive portion 23. The other end of the DC / DC 10 further dependent on the position of the point P1 . The second 
converter 12 is connected to the first conductive portion 21 . constant increases with an increase in the distance of the 
The positive electrode of the battery 13 and one end of the point P1 from the third conductive portion 23 . 
load 14 are connected to the second conductive portion 22 . The electrical resistivity of the conductor 18 is dependent 
The DC / DC converter 12 outputs the transformed voltage to on the temperature value of the conductor 18. Likewise , the 
the first conductive portion 21. The DC / DC converter 12 15 electrical resistivity of the conductive wire 30 is dependent 
functions as a transforming portion . on the temperature value of the conductive wire 30. The 

The conductor 18 has a first current path through which a temperature values of the conductor 18 and the conductive 
current flows from the first conductive portion 21 to the wire 30 are substantially the same . The respective electrical 
second conductive portion 22 , and a second current path resistivities of the conductor 18 and the conductive wire 30 
through which a current flows from the third conductive 20 vary in the same manner in accordance with the variations 
portion 23 to the second conductive portion 22. When the of the temperature values of the conductor 18 and the 
switch 11 is off and the DC / DC converter 12 is activated if conductive wire 30. When the electrical resistivity of the 
the generator 10 is generating power , a current flows through conductor 18 is increased 1.1 times by a change in the 
the first current path . When the switch 11 is on and the temperature values of the conductor 18 and the conductive 
DC / DC converter 12 is being deactivated in the same case , 25 wire 30 , the electrical resistivity of the conductive wire 30 
a current flows through the second current path . is also increased 1.1 times . Accordingly , the ratio of the 

The current supplied from the DC / DC converter 12 to the electrical resistivity of each of the conductor 18 and the 
load 14 is limited . The control portion 16 performs a conductive wire 30 is constant regardless of the temperature 
switching process for switching the current path through values of the conductor 18 and the conductive wire 30 . 
which a current flows in the conductor 18 , to the first current 30 Therefore , when a current flows through the first current 
path or the second current path . In the switching process , the path , a current having a value that is smaller by an inverse 
control portion 16 switches the current path through which of the first constant than the value of the current flowing 
a current flows in the conductor 18 , from the first current through the first current path flows through the conductive 
path to the second current path if the value of the current wire 30 , regardless of the temperature values of the con 
flowing through the first current path is greater than or equal 35 ductor 18 and the conductive wire 30. Likewise , when a 
to a first current threshold , for example , 100 A. In addition , current flows through the second current path , a current 
in the switching process , the control portion 16 switches the having a value that is smaller by an inverse of the second 
current path through which a current flowing in the conduc constant than the current flowing through the second current 
tor 18 , from the second current path to the first current path path flows through the conductive wire 30 , regardless of the 
if the value of the current flowing through the second current 40 temperature values of the conductor 18 and the conductive 
path is lower than a second current threshold , for example , wire 30 . 
90 A. The second current threshold is lower than or equal to The current sensor 31 outputs , to the A / D converting 
the first current threshold . portion 32 , a voltage value corresponding to the value of the 

The current detecting circuit 15 includes a conductive current flowing though the conductive wire 30. The voltage 
wire 30 , a current sensor 31 , and an A / D converting portion 45 value output by the current sensor 31 is an analog value , and 
32. The conductive wire 30 is connected between a point P1 increases / decreases with an increase / decrease in the current 
located on the surface of the first conductive portion 21 and flowing through the conductive wire 30. The voltage value 
a point P2 located on the surface of the second conductive output by the current sensor 31 is dependent on the respec 
portion 22. The current sensor 31 has a ring shape , and tive potentials of the points P1 and P2 . 
surrounds the conductive wire 30. The A / D converting 50 The A / D converting portion 32 converts the analog volt 
portion 32 is connected separately to the control portion 16 age value input from the current sensor 31 into a digital 
and the current sensor 31. The points P1 and P2 correspond voltage value , and outputs the converted digital voltage 
to the two points recited in the claims . value to the control portion 16. When converting the analog 

In the conductor 18 , when a current flows through the first voltage value into the digital voltage value , the A / D con 
current path , or in other words , when a current flows from 55 verting portion 32 performs processing such as rounding or 
the first conductive portion 21 to the second conductive truncation to quantize the voltage value input from the 
portion 22 , a part of the current flows from the point P1 to current sensor 31 to a voltage value that is closest or second 
the point P2 via the conductive wire 30. In FIG . 3 , when a closest to the voltage value input to the current sensor 31 , 
current flows to the second current path as indicated by the the voltage values that are obtained by equally 
solid arrows , a part of the current flows from the point P1 to 60 dividing a preset reference voltage value by a predetermined 
the point P2 via the conductive wire 30 as indicated by the number . The A / D converting portion 32 outputs the con 
dashed arrows . verted digital voltage value to the control portion 16 . 
When a current flows through the first current path , a The digital voltage value output by the A / D converting 

current having a value that is smaller by an inverse of a first portion 32 to the control portion 16 corresponds to a value 
constant , for example , a value that is 1/1000 of the value of the 65 related to the potentials of the points P1 and P2 . The current 
current flowing through the first current path flows through sensor 31 outputting , to the A / D converting portion 32 , an 
the conductive wire 30. When a current flows through the analog voltage value corresponding to the value of the 

from among 
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current flowing through the conductive wire 30 , and the A / D switching the current path through which a current flows , 
converting portion 32 converting the analog voltage value from the first current path to the second current path . 
input from the current sensor 31 into a digital voltage value , If it is determined that the current path should not be 
and outputting the converted voltage value correspond to switched to the second current path ( S3 : NO ) , or after 
“ detecting the value of the current flowing through the 5 execution of step S6 , the control portion 16 ends the process . 
conductive wire 30 ” . If it is determined that no current is flowing through the 

The storage portion 17 stores a first conversion formula first current path , or in other words , if a current is flowing 
for converting the voltage value output by the A / D convert through the second current path ( S1 : NO ) , the control 
ing portion 32 into a value of the current flowing through the portion 16 converts the voltage value output by the A / D 
first current path and a second conversion formula for 10 converting portion 32 into a current value by using the 

second conversion formula ( step S7 ) . Here , the current value converting the voltage value output by the A / D converting is a value of the current flowing through the second current portion 32 into a value of the current flowing through the path . second current path . The control portion 16 converts the Next , the control portion 16 determines whether the voltage value output by the A / D converting portion 32 into 15 current path through which a current flows in the conductor 
a value of the current flowing through the first current path 18 should be switched to the first current path ( step S8 ) . If 
or the second current path by using the first conversion the current value converted at step S7 is lower than the 
formula or the second conversion formula . second current threshold , for example , 90 A , the control 

FIG . 4 is a flowchart illustrating a switching process portion 16 determines that the current path should be 
executed by the control portion 16. When the generator 10 20 switched to the first current path . If the current value 
is generating power , the control portion 16 periodically converted at step S7 is greater than or equal to the second 
executes the switching process . current threshold , the control portion 16 determines that the 

First , the control portion 16 determines whether a current current path should not be switched to the first current path . 
is flowing through the first current path ( step S1 ) . The The second current threshold is stored in advance in the 
control portion 16 activates the DC / DC converter 12 by 25 storage portion 17 . 
outputting the activation instruction , and deactivates the If it is determined that the current path should be switched 
DC / DC converter 12 by outputting the deactivation instruc to the first current path ( S8 : YES ) , the control portion 16 
tion . If the switch 11 is turned off to activate the DC / DC turns the switch 11 off ( step S9 ) , and outputs the activation 
converter 12 , the control portion 16 determines that a current instruction to the DC / DC converter 12 ( step S10 ) . Conse 
is flowing through the first current path . If the switch 11 is 30 quently , a current flows from one end of the generator 10 to 
turned on to deactivate the DC / DC converter 12 , the control the first conductive portion 21 and the second conductive 
portion 16 determines that no current is flowing through the portion 22 via the DC / DC converter 12. In other words , the 
first current path . current path through which a cu ent flows in the conductor 

If it is determined that a current is flowing through the first 18 is switched to the first current path . 
current path ( S1 : YES ) , the control portion 16 converts the 35 As described thus far , the control portion 16 turns the 
voltage value output by the A / D converting portion 32 into switch 11 off to activate the DC / DC converter 12 , thereby 
a current value by using the first conversion formula ( step switching the current path through which a current flows , 
S2 ) . Here , the current value is a value of the current flowing from the second current path to the first current path . 
through the first current path . Next , the control portion 16 outputs the raising instruction 
Next , the control portion 16 determines whether the 40 to the generator 10 ( step S11 ) . Consequently , the output 

current path through which a current flows in the conductor voltage value of the generator 10 is raised from the first 
18 should be switched to the second current path ( step S3 ) . output voltage value to the second output voltage value . 
If the current value converted at step S2 is greater than or If it is determined that the current path should not be 
equal to the first current threshold , for example , 100 A , the switched to the first current path ( S8 : NO ) , or after execution 
control portion 16 determines that the current path should be 45 of step S11 , the control portion 16 ends the process . 
switched to the second current path . If the current value In the switching process , the control portion 16 deter 
converted at step S2 is lower than the first current threshold , mines whether the current path through which a current 
the control portion 16 determines that the current path flows should be switched , based on the current path through 
should not be switched to the second current path . The first which a current is now flowing in the conductor 18 and the 
current threshold is stored in advance in the storage portion 50 voltage value output by the A / D converting portion 32 of the 
17 . current detecting circuit 15. The voltage value output by the 

If it is determined that the current path should be switched A / D converting portion 32 is a value related to the potentials 
to the second current path ( S3 : YES ) , the control portion 16 of the points P1 and P2 , and corresponds to a current value 
outputs the lowering instruction to the generator 10 ( step detected by the current detecting circuit 15 . 
S4 ) . Consequently , the output voltage value of the generator 55 Further , the current detecting circuit 15 , the control por 
10 is lowered to the first output voltage value , for example , tion 16 , and the storage portion 17 function as a switching 
12 V. device . 
Next , the control portion 16 outputs the deactivation In the switching device configured in the above - described 

instruction to the DC / DC converter 12 ( step S5 ) , to turn the manner , the voltage value output by the A / D converting 
switch 11 on ( step S6 ) . Consequently , the current flows from 60 portion 32 of the current detecting circuit 15 increases / 
one end of the generator 10 to the third conductive portion decreases with an increase / decrease of the value of the 
23 and the second conductive portion 22 via the switch 11 . current flowing through the first current path , and increases / 
In other words , the current path through which a current decreases with an increase / decrease in the value of the 
flows in the conductor 18 is switched to the second current current flowing through the second current path . Further 
path . 65 more , the voltage value output by the current sensor 31 when 
As described thus far , the control portion 16 deactivates a current having a current value It flows through the first 

the DC / DC converter 12 to turn the switch 11 on , thereby current path is different from the voltage value output by the 
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current sensor 31 when a current having the same current voltage threshold , the control portion 16 determines that the 
value It flows through the second current path . current path should be switched to the second current path . 

In Embodiment 1 , for example , the value of a current If the digital voltage value output by the A / D converting 
flowing through the conductive wire 30 when a current of portion 32 is lower than the first voltage threshold , the 
100 A flows through the first current path can be matched 5 control portion 16 determines that the current path should 
with the value of a current flowing through the conductive not be switched to the second current path . The first voltage 
wire 30 when a current of 200 A flows through the second threshold is a voltage value output by the A / D converting 
current path . This makes it possible to set the reference portion 32 when a current having a value equal to the first voltage value of the A / D converting portion 32 such that the current threshold flows through the first current path . The 
voltage value output by the A / D converting portion 32 10 first voltage threshold is stored in advance in the storage accurately indicates the value of a current flowing through portion 17 . each of the first current path and the second current path . If it is determined that the current path should be switched When the reference voltage value is set in this manner , it is to the second current path ( S22 : YES ) , the control portion 16 possible to appropriately switch the current path through 
which a current flows in the conductor 18. Further , a circuit 15 executes step S23 . If it is determined that the current path 
that detects a current does not need to be formed separately should not be switched to the second current path ( S22 : NO ) , 
for each of the first current path and the second current path , or after execution of step S25 , the control portion 16 ends the 
so that the switching device of Embodiment 1 can be switching process . 
produced at a low cost . If it is determined that no current is flowing through the 

As described previously , the control portion 16 deter- 20 first current path , or in other words , a current is flowing 
mines whether the current path should be switched , based on through the second current path ( S21 : NO ) , the control 
the current path through which a current is now flowing and portion 16 determines whether the current path through 
the voltage value output by the A / D converting portion 32 , which a current flows in the conductor 18 should be 
or in other words , the current value detected by the current switched to the first current path ( step S26 ) . If the digital 
detecting circuit 15. Accordingly , the current path can be 25 voltage value output by the A / D converting portion 32 is 
switched with a simple configuration . lower than the second voltage threshold , the control portion 

16 determines that the current path should be switched to the 
Embodiment 2 first current path . If the digital voltage value output by the 

A / D converting portion 32 is greater than or equal to the 
In Embodiment 1 , the control portion 16 converts the 30 second voltage threshold , the control portion 16 determines 

voltage value output by the A / D converting portion 32 into that the current path should not be switched to the second 
a value of the current flowing through the conductor 18 . current path . The second voltage threshold is a voltage value 
Ho the first voltage threshold and the second voltage output by the A / D converting portion 32 when a current 
threshold may also be provided for each of the voltage value having a value equal to the second current threshold flows 
output by the A / D converting portion 32 when a current 35 through the second current path . The second voltage thresh 
flows through the first current path and the voltage value old is stored in advance in the storage portion 17. Since the 
output to the A / D converting portion 32 when a current flows second current threshold is lower than or equal to the first 
through the second current path , and the first voltage thresh current threshold , the second voltage threshold is lower than 
old and the second voltage threshold may also be used to or equal to the first voltage threshold . 
switch the current path . If it is determined that the current path should be switched 

In the following , points in which Embodiment 2 differs to the first current path ( S26 : YES ) , the control portion 16 
from Embodiment 1 will be described . The components executes step S27 . If it is determined that the current path 
other than components described below are the same as should not be switched to the first current path ( S26 : NO ) , 
those of Embodiment 1 , and thus are denoted by the same or after execution of step S29 , the control portion 16 ends the 
reference numerals , with a detailed description thereof being 45 switching process . 
omitted . In the switching process of Embodiment 2 as well , the 

A power supply device 1 of Embodiment 2 differs from control portion 16 determines whether the current path 
the power supply device 1 of Embodiment 1 with regard to through which a current flows should be switched , based on 
the switching process executed by the control portion 16 . the current path through which a current is now flowing in 
The rest of the configuration of Embodiment 2 is the same 50 the conductor 18 , and the voltage value output by the A / D 
as that of Embodiment 1 . converting portion 32 of the current detecting circuit 15. As 

FIG . 5 is a flowchart illustrating a switching process described previously , the rest of the configuration of 
executed by a control portion 16 according to Embodiment Embodiment 2 , other than the switching process executed by 
2. In Embodiment 2 as well , the control portion 16 periodi the control portion 16 , is the same as that of Embodiment 1 . 
cally executes the switching process when the generator 10 55 Accordingly , in Embodiment 2 , the switching device includ 
is generating power . ing the current detecting circuit 15 , the control portion 16 , 
Of the steps S21 to S29 executed by the control portion 16 and the storage portion 17 achieves the same effects as those 

of Embodiment 2 , steps S21 , S23 , S24 , S25 , S27 , 528 , and achieved in Embodiment 1 . 
S29 are the same as steps S1 , S4 , S5 , S6 , S9 , S10 , and S11 
executed by the control portion 16 of Embodiment 1 , and 60 Embodiment 3 
therefore a detailed description thereof has been omitted . 

If it is determined that a current is flowing through the first In Embodiment 1 , whether the current path through which 
current path ( S21 : YES ) , the control portion 16 determines a current flows in the conductor 18 should be switched is 
whether the current path through which a current flows in the determined based on the value of the current flowing 
conductor 18 should be switched to the second current path 65 through the conductive wire 30 connected between the 
( step S22 ) . If the digital voltage value output by the A / D points P1 and P2 . However , whether the current path 
converting portion 32 is greater than or equal to the first through which a current flows in the conductor 18 should be 

40 
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switched may also be determined based on the voltage value when a current flows through the second current path as 
between the points P1 and P2 . indicated by the solid arrows are indicated by the dashed 

In the following , points in which Embodiment 3 differs lines . In FIG . 7 , the equipotential lines in one portion of the 
from Embodiment 1 will be described . The components conductor 18 are shown . Since the current is flowing from 
other than components described below are the same as 5 the third conductive portion 23 to the second conductive 
those of Embodiment 1 , and thus are denoted by the same portion 22 , the potentials indicated by the equipotential lines 
reference numerals , with a detailed description thereof being on the third conductive portion 23 side are higher than the 
omitted . potentials indicated by the equipotential lines on the second 

FIG . 6 is a block diagram showing the configuration of a conductive portion 22 side . As can be seen from the equi 
relevant portion of a power supply device 1 according to 10 potential lines in FIG . 7 , the potential of the point P1 is the 
Embodiment 3. The power supply device 1 of Embodiment same as the potential of the point P3 . Accordingly , the 
3 includes a generator 10 , a switch 11 , a DC / DC converter voltage value between the points P1 and P2 is the same as 
12 , a battery 13 , a load 14 , a current detecting circuit 15 , a the voltage value between the points P3 and P2 . 
control portion 16 , and a storage portion 17 , which are When a current is flowing through the second current 
connected in the same manner as in Embodiment 1. The 15 path , the voltage value between the points P3 and P2 
power supply device 1 of Embodiment 3 further includes a increases with an increase in the value of the current flowing 
temperature detecting circuit 19 , and the temperature detect through the second current path , and decreases with a 
ing circuit 19 is connected to the control portion 16 . decrease in the value of the current flowing through the 

The power supply device 1 of Embodiment 3 differs from second current path . Accordingly , in a similar case , the 
the power supply device 1 of Embodiment 1 with regard to 20 voltage value between the points P1 and P2 also increases 
the provision of the temperature detecting circuit 19 and the with an increase in the value of the current flowing through 
configuration of the current detecting circuit 15 . the second current path , and decreases with a decrease in the 

FIG . 7 is a diagram illustrating current detection . As in value of the current flowing through the second current path . 
Embodiment 1 , a first conductive portion 21 and a third When a current is flowing through the first current path , 
conductive portion 23 are respectively connected to a second 25 the voltage value between the points P1 and P2 increases 
conductive portion 22 , and the first conductive portion 21 , with an increase in the value of the current flowing through 
the second conductive portion 22 , and the third conductive the first current path , and decreases with a decrease in the 
portion 23 form a conductor 18. The temperature detecting value of the current flowing through the first current path . 
circuit 19 detects a temperature value of the conductor 18 . The voltage value between the points P1 and P2 when a 
Specifically , the temperature detecting circuit 19 is com- 30 current having a current value It flows through the first 
posed of a temperature sensor , an A / D converting portion , current path is higher than the voltage value between the 
and the like , which are not shown , and outputs the detected points P1 and P2 when a current having the same current 
digital temperature value to the control portion 16. The value It flows through the second current path . 
temperature detecting circuit 19 functions as a temperature The digital voltage value output by the A / D converting 
detecting portion . 35 portion 32 to the control portion 16 corresponds to a value 

The current detecting circuit 15 of Embodiment 3 related to the potentials of the points P1 and P2 . The 
includes the same A / D converting portion 32 as that of differential amplifier 40 amplifying the voltage value 
Embodiment 1 , and a differential amplifier 40. As for the between the points P1 and P2 and outputting the amplified 
differential amplifier 40 , the positive terminal is connected analog voltage value to the A / D converting portion 32 , and 
to a point P1 located on the surface of the first conductive 40 the A / D converting portion 32 converting the analog voltage 
portion 21 , and the negative terminal is connected to a point value input from the differential amplifier 40 into a digital 
P2 located on the surface of the second conductive portion voltage value and outputting the converted voltage value 
22. The output terminal of the differential amplifier 40 is correspond to “ detecting the voltage between the points P1 
connected to the A / D converting portion 32. The A / D and P2 ” . 
converting portion 32 is further connected to the control 45 The control portion 16 executes the same switching 
portion 16 . process as that of Embodiment 1. However , the configura 

The differential amplifier 40 amplifies the voltage value tion of a specific conversion performed at each of steps S2 
between the points P1 and P2 , and outputs the amplified and S7 is different from that of Embodiment 1. In Embodi 
analog voltage value to the A / D converting portion 32 . ment 3 , in each of the first conversion formula and the 

The A / D converting portion 32 converts the analog volt- 50 second conversion formula stored in the storage portion 17 , 
age value input from the differential amplifier 40 into a the voltage value output by the A / D converting portion 32 of 
digital voltage value , and outputs the converted digital the current detecting circuit 15 to the control portion 16 and 
voltage value to the control portion 16. When converting an the temperature value output by the temperature detecting 
analog voltage value into a digital voltage value , the A / D circuit 19 to the control portion 16 are variables . 
converting portion 32 performs processing such as rounding 55 If it is determined that a current is flowing through the first 
or truncation to quantize the voltage value input from the current path ( S1 : YES ) , the control portion 16 of Embodi 
differential amplifier 40 to a voltage value that is closest or ment 3 substitutes the temperature value output by the 
second closest to the voltage value input to the differential temperature detecting circuit 19 into the first conversion 
amplifier 40 , from among the voltage values obtained by formula , and thereafter executes step S2 . The control portion 
equally dividing a preset reference voltage value by a 60 16 converts the voltage value output by the A / D converting 
predetermined number . The A / D converting portion 32 out portion 32 into a current value by using the first conversion 
puts the converted digital voltage value to the control formula into which the temperature value output by the 
portion 16 . temperature detecting circuit 19 has been substituted step 

In the conductor 18 , a voltage drop occurs when a current S2 . Here , the current value is a value of the current flowing 
flows through a first current path or a second current path . 65 through the first current path . Likewise , if it is determined 
At this time , the potential differs depending on the position that no current is flowing through the first current path , or in 
of the conductor 18. In FIG . 7 , equipotential lines formed other words , a current is flowing through the second current 
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path ( S1 : NO ) , the control portion 16 of Embodiment 3 which a current flows in the conductor 18. Further , a circuit 
substitutes the temperature value output by the temperature that detects a current does not need to be formed separately 
detecting circuit 19 into the second conversion formula , and for each of the first current path and the second current path , 
thereafter executes step S7 . At step S7 , the control portion 16 so that the switching device of Embodiment 1 can be 
converts the voltage value output by the A / D converting 5 produced at a low cost . 
portion 32 into a current value by using the second conver As described previously , the control portion 16 deter 
sion formula into which the temperature value output by the mines whether the current path should be switched , based on 
temperature detecting circuit 19 has been substituted . Here , the current path through which a current is now flowing , and 
the current value is a value of the current flowing through the the voltage value output by the A / D converting portion 32 , 
second current path . or in other words , the voltage value detected by the current 

For example , let us assume that the electrical resistivity of detecting circuit 15. Accordingly , the current path can be 
switched with a simple configuration . the conductor 18 increases with an increase in the tempera Furthermore , the control portion 16 determines whether ture value of the conductor 18. When the voltage value the current path should be switched , based on not only the between the points P1 and P2 is a fixed value , the current current path through which a current is now flowing and the 

value converted at step S2 or S7 decreases with an increase 15 voltage value detected by the current detecting circuit 15 , 
in the temperature value of the conductor 18 , and increases but also the temperature value output by the temperature 
with a decrease in the temperature value of the conductor 18 . detecting circuit 19 , or in other words , the temperature value 

In Embodiment 1 , the current sensor 31 outputs the detected by the temperature detecting circuit 19. Accord 
voltage value corresponding to the value of the current ingly , the current path through which a current flows in the 
flowing through the conductive wire 30 , and the A / D con- 20 conductor 18 can be switched more appropriately . 
verting portion 32 converts the analog voltage value output Note that when the temperature value of the conductor 18 
by the current sensor 31 into a digital voltage value . On the is different from the temperature value of the conductive 
other hand , in Embodiment 3 , the differential amplifier 40 wire 30 in Embodiment 1 , the ratios of electrical resistivity 
amplifies the voltage value between the points P1 and P2 and of the conductor 18 and the conductive wire 30 are depen 
outputs the amplified voltage value , and the A / D converting 25 dent on the temperature values of the conductor 18 and the 
portion 32 converts the analog voltage value output by the conductive wire 30 , respectively . In Embodiment 1 , for 
differential amplifier 40 into a digital voltage value . Accord example , when the relationship between the temperature 
ingly , the first conversion formula and the second conversion value and the electrical resistivity is different between the 
formula of Embodiment 3 are different from the first con conductor 18 and the conductive wire 30 because of different 
version formula and the second conversion formula , respec- 30 materials used for the conductor 18 and the conductive wire 
tively , of Embodiment 1 . 30 , the ratios of electrical resistivity of the conductor 18 and 

In the switching process , the control portion 16 deter the conductive wire 30 are also dependent on the tempera 
mines whether the current path through which a current ture values of the conductor 18 and the conductive wire 30 , 
flows should be switched , based on the current path through respectively . To solve this problem of temperature depen 
which a current is now flowing in the conductor 18 , the 35 dence , the switching device of Embodiment 1 may include 
voltage value output by the A / D converting portion 32 of the the temperature detecting circuit 19 , and use the first con 
current detecting circuit 15 , and the temperature value version formula and the second conversion formula in which 
detected by the temperature detecting circuit 19. The voltage the voltage value output by the A / D converting portion 32 of 
value output by the A / D converting portion 32 is a value the current detecting circuit 15 to the control portion 16 and 
related to the potentials of the points P1 and P2 , and 40 the temperature value output by the temperature detecting 
corresponds to the voltage value detected by the current circuit 19 to the control portion 16 are variables , as in 
detecting circuit 15 . Embodiment 3 . 

In Embodiment 3 , the current detecting circuit 15 , the In this case , as in Embodiment 3 , if it is determined that 
control portion 16 , the storage portion 17 , and the tempera a current is flowing through the first current path ( S1 : YES ) , 
ture detecting circuit 19 function as a switching device . The 45 the control portion 16 substitutes the temperature value 
voltage value output by the A / D converting portion 32 of the output by the temperature detecting circuit 19 into the first 
current detecting circuit 15 increases / decreases with an conversion formula , and thereafter executes step S2 . If it is 
increase / decrease in the value of the current flowing through determined that no current is flowing through the first 
the first current path , and increases / decreases with an current path , or in other words , a current is flowing through 
increase / decrease in the value of the current flowing through 50 the second current path ( S1 : NO ) , the control portion 16 
the second current path . Furthermore , the voltage value substitutes the temperature value output by the temperature 
output by the differential amplifier 40 when a current having detecting circuit 19 into the second conversion formula , and 
a current value It flows through the first current path is thereafter executes step S7 . 
different from the voltage value output by the differential To solve the above - described problem of temperature 
amplifier 40 when a current having the same current value 55 dependence , the switching device of Embodiment 1 may 
It flows through the second current path . include a temperature detecting circuit that detects the 

In Embodiment 3 , for example , the voltage value between temperature value of each of the conductor 18 and the 
the points P1 and P2 when a current of 100 A flows through conductive wire 30 , and use the first conversion formula and 
the first current path can be matched with the voltage value the second conversion formula in which the value of the 
between the points P1 and P2 when a current of 200 A flows 60 current flowing through the conductive wire 30 and the 
through the second current path . This makes it possible to set temperature value of each of the conductor 18 and the 
the reference voltage value of the A / D converting portion 32 conductive wire 30 are variables . 
such that the voltage value output by the A / D converting 
portion 32 accurately indicates the value of a current flowing Embodiment 4 
through each of the first current path and the second current 65 
path . When the reference voltage value is set in this manner , In Embodiment 3 , the control portion 16 executes the 
it is possible to appropriately switch the current path through switching process of Embodiment 1. However , the switch 
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ing process executed by the control portion 16 is not limited read - out first voltage threshold , the control portion 16 deter 
to the switching process of Embodiment 1 , and the same mines that the current path should be switched to the second 
switching process as that of Embodiment 2 may be executed . current path . If the digital voltage value output by the A / D 

In the following , points in which Embodiment 4 differs converting portion 32 is lower than the read - out first voltage 
from Embodiment 3 will be described . The components 5 threshold , the control portion 16 determines that the current 
other than components described below are the same as path should not be switched to the second current path . As 
those of Embodiment 3 , and thus are denoted by the same in Embodiment 2 , the first voltage threshold is a voltage 
reference numerals , with a detailed description thereof being value output by the A / D converting portion 32 when a 
omitted . current having a value equal to the first current threshold 

A power supply device 1 of Embodiment 4 differs from 10 flows through the first current path . 
the power supply device 1 of Embodiment 3 with regard to In the switching process , if it is determined that no current 
the switching process executed by the control portion 16 . is flowing through the first current path , or in other words , 
The control portion 16 of Embodiment 4 executes the same a current is flowing through the second current path ( S21 : 
switching process as that of Embodiment 2. However , NO ) , the control portion 16 of Embodiment 4 reads out , 
Embodiment 4 differs from Embodiment 2 with regard to the 15 from the storage portion 17 , a second voltage threshold 
configuration of determination performed in each of steps corresponding to the temperature value output by the tem 
S22 and S26 . Specifically , the first voltage threshold used at perature detecting circuit 19 to the control portion 16 , and 
step S22 differs depending on the temperature value output thereafter executes step S26 . At step S26 , if the digital 
by the temperature detecting circuit 19 to the control portion voltage value output by the A / D converting portion 32 is 
16. Furthermore , the second voltage threshold used at step 20 lower than the read - out second voltage threshold , the control 
S27 also differs depending on the temperature value output portion 16 determines that the current path should be 
by the temperature detecting circuit 19 to the control portion switched to the first current path . If the digital voltage value 
16 . output by the A / D converting portion 32 is greater than or 

FIG . 8 is a table showing the first voltage threshold and equal to the read - out second voltage threshold , the control 
the second voltage threshold of Embodiment 4. In FIG . 8 , 25 portion 16 determines that the current path should not be 
each of the first voltage threshold and the second voltage switched to the first current path . As in Embodiment 2 , the 
threshold is associated with the temperature value output by second voltage threshold is a voltage value output by the 
the temperature detecting circuit 19 to the control portion 16 . A / D converting portion 32 when a current having a value 
The relationship between the temperature value and the first equal to the second current threshold flows through the 
voltage threshold and the relationship between the tempera- 30 second current path . 
ture value and the second voltage threshold are stored in the In the switching process of Embodiment 4 as well , the 
storage portion 17. In FIG . 8 , T1 , T2 , T3 , and T4 are control portion 16 determines whether the current path 
temperature values , V11 , V12 , V13 ... and V21 , V22 , V23 , through which a current flows should be switched , based on 

are voltage values . For the magnitude relationship the current path through which a current is now flowing in 
between the temperature values , T1 < T2 < T3 < T4 holds . 35 the conductor 18 , the voltage value output by the A / D 

If the temperature value output by the temperature detect converting portion 32 of the current detecting circuit 15 , and 
ing circuit 19 to the control portion 16 is greater than or the temperature value detected by the temperature detecting 
equal to T1 and less than T2 , the first voltage threshold and circuit 19. Further , the configuration of Embodiment 4 is the 
the second voltage threshold are V11 and V21 , respectively . same as that of Embodiment 3 except for the switching 
If the temperature value output by the temperature detecting 40 process executed by the control portion 16 and the corre 
circuit 19 to the control portion 16 is greater than or equal spondence relationship shown in FIG . 8 stored in the storage 
to T2 and less than T3 , the first voltage threshold and the portion 17. Accordingly , in Embodiment 4 , the switching 
second voltage threshold are V12 and V22 , respectively . If device including the current detecting circuit 15 , the control 
the temperature value output by the temperature detecting portion 16 , the storage portion 17 , and the temperature 
circuit 19 to the control portion 16 is greater than or equal 45 detecting circuit 19 achieves the same effects as those 
to T3 and less than T4 , the first voltage threshold and the achieved in Embodiment 3 . 
second voltage threshold are V13 and V23 , respectively . Note that when the temperature value of the conductor 18 

If the electrical resistivity of the conductor 18 increases is different from the temperature value of the conductive 
with an increase in the temperature value of the conductor wire 30 , or when the relationship between the temperature 
18 , the voltage value between the points P1 and P2 increases 50 value and the electrical resistivity differs between the con 
with an increase in the electrical resistivity of the conductor ductor 18 and the conductive wire 30 in Embodiment 2 , the 
18 even when a current having the same value is flowing ratios of electrical resistivity of the conductor 18 and the 
through the first current path ( or the second current path ) . conductive wire 30 are dependent on the temperature values 
Therefore , if the electrical resistivity of the conductor 18 of the conductor 18 and the conductive wire 30 , respectively . 
increases with an increase in the temperature value of the 55 To solve this problem of temperature dependence , the 
conductor 18 , V11 < V12 < V13 holds for the magnitude rela switching device of Embodiment 2 may include the tem 
tionship between the first voltage thresholds , and perature detecting circuit 19 , and the relationship between 
V21 < V22 < V23 holds for the magnitude relationship of the the temperature value and the first voltage threshold and the 
second voltage threshold . relationship between the temperature value and the second 

In the switching process , if it is determined that a current 60 voltage threshold may be stored in the storage portion 17 , as 
is flowing through the first current path ( S21 : YES ) , the in Embodiment 4 . 
control portion 16 of Embodiment 4 reads out , from the In this case , as in Embodiment 4 , if it is determined that 
storage portion 17 , a first voltage threshold corresponding to a current is flowing through the first current path ( S21 : 
the temperature value output by the temperature detecting YES ) , the control portion 16 reads out , from the storage 
circuit 19 to the control portion 16 , and thereafter executes 65 portion 17 , a first voltage threshold corresponding to the 
step S22 . At step S22 , if the digital voltage value output by temperature value output by the temperature detecting cir 
the A / D converting portion 32 is greater than or equal to the cuit 19 to the control portion 16 , and thereafter executes step 
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S22 . If it is determined that no current is flowing through the has a rectangular plate shape . An end portion of the third 
first current path , or in other words , a current is flowing conductive portion 23 is coupled to a side of the resistive 
through the second current path ( S21 : NO ) , the control portion 50 , and an end portion of the second conductive 
portion 16 reads out , from the storage portion 17 , a second portion 22 is coupled to a side of the resistive portion 50 that 
voltage threshold corresponding to the temperature value 5 opposes the aforementioned side . A side of the first conduc 
output by the temperature detecting circuit 19 to the control tive portion 21 is coupled to one of two sides of the resistive 
portion 16 , and thereafter executes step S26 . portion 50 other than the two sides to which the second 

Furthermore , to solve the above - described problem of conductive portion 22 and the third conductive portion 23 
temperature dependence , the switching device of Embodi are coupled . In this manner , each of the first conductive 
ment 1 may include a temperature detecting circuit that 10 portion 21 and the third conductive portion 23 is connected 
detects the temperature value of each of the conductor 18 to the second conductive portion 22 via the resistive portion 
and the conductive wire 30 , and the relationship between the 50. FIG . 9 shows a plate surface of each of the first 
first voltage threshold and the temperature value of each of conductive portion 21 , the second conductive portion 22 , the 
the conductor 18 and the conductive wire 30 , and the third conductive portion 23 , and the resistive portion 50 is 
relationship between the second temperature value and the 15 shown . 
temperature value of each of the conductor 18 and the The point P1 is located in the coupling portion of the first 
conductive wire 30 may be stored in the storage portion 17 . conductive portion 21 and the resistive portion 50. The point 
Note that the configuration for determining the first volt P2 is located in the coupling portion of the second conduc 

age threshold or the second voltage threshold in Embodi tive portion 22 and the resistive portion 50 . 
ment 4 is not limited to a configuration in which the storage 20 The temperature detecting circuit 19 of Embodiment 5 
portion 17 reads out the first voltage threshold or second detects the temperature value of the resistive portion 50 . 
voltage threshold associated with the temperature value . For Specifically , the temperature detecting circuit 19 is com 
example , a relation formula between the first voltage thresh posed of , for example , a temperature sensor and an A / D 
old ( or the second voltage threshold ) and the temperature converting portion ( not shown ) , and outputs the detected 
value detected by the temperature detecting circuit 19 may 25 digital temperature value to the control portion 16 . 
be stored in the storage portion 17. In this case , in the When a current flows through the first current path in the 
switching process , the control portion 16 calculates the first conductor 18 of Embodiment 5 , the current flows through 
voltage threshold ( or the second voltage threshold ) by the first conductive portion 21 , the resistive portion 50 , and 
substituting the temperature value detected by the tempera the second conductive portion 22 in this order . When a 
ture detecting circuit 19 into the aforementioned relation 30 current flows through the second current path in the con 
formula , and uses the calculated first voltage threshold ( or ductor 18 of Embodiment 5 , the current flows through the 
second voltage threshold ) at step S22 ( or step 26 ) . third conductive portion 23 , the resistive portion 50 , and the 

Also in the aforementioned configuration in which the second conductive portion 22 in this order . 
feature of Embodiment 4 is incorporated into the switching A voltage drop occurs when a current flows through the 
device of Embodiment 2 , the configuration for determining 35 first current path or the second current path . At this time , the 
the first voltage threshold or the second voltage threshold is potential differs depending on the position of the conductor 
not limited to a configuration in which the storage portion 17 18. In FIG . 9 , equipotential lines formed when a current 
reads out the first voltage threshold or second voltage flows through the second current path as indicated by the 
threshold associated with the temperature value . solid arrows are indicated by dashed lines . In FIG . 9 , the 

40 equipotential lines in the resistive portion 50 are shown . 
Embodiment 5 Since the current flows from the third conductive portion 23 

to the second conductive portion 22 , the potentials indicated 
When the resistance value between the points P1 and P2 by the equipotential lines on the third conductive portion 23 

is small in Embodiment 3 , the variation range of the voltage side are higher than the potentials indicated by the equipo 
value between the points P1 and P2 relative to the variation 45 tential lines on the second conductive portion 22. As can be 
range of the current flowing through the conductor 18 is seen from the equipotential lines in FIG . 9 , the potential of 
small . The conductor 18 may further include a resistive the point P1 is the same as the potential of the point P3 . 
portion having a lower conductivity than any of the first Accordingly , the voltage value between the points P1 and P2 
conductive portion 21 , the second conductive portion 22 , is the same as the voltage value between the points P3 and 
and the third conductive portion 23 such that the resistance 50 P2 . 
value between the points P1 and P2 becomes large . The equipotential lines shown in each of the FIG . 7 and 

In the following , points in which Embodiment 5 differs FIG . 9 are equipotential lines formed when a current having 
from Embodiment 3 will be described . The components the same value flows through the second current path in 
other than components described below are the same as Embodiments 3 and 5. The voltage difference between 
those of Embodiment 3 , and thus are denoted by the same 55 adjacent equipotential lines in FIG . 9 is the same as the 
reference numerals , with a detailed description thereof being voltage difference between adjacent equipotential lines in 
omitted . FIG . 7. The conductivity of the resistive portion 50 is lower 

The power supply device 1 of Embodiment 5 differs from than the conductivity of any of the first conductive portion 
the power supply device 1 of Embodiment 3 with regard to 21 , the second conductive portion 22 , and the third conduc 
the configuration of the conductor 18 and the target of 60 tive portion 23. Accordingly , the voltage is significantly 
detection of the temperature value by the temperature detect lowered between the points P1 and P2 by the resistive 
ing circuit 19 . portion 50 when a current flows through the second current 

FIG . 9 is a diagram illustrating current detection accord path as indicated by the solid arrows in FIG . 9. This can be 
ing to Embodiment 5. The conductor 18 of Embodiment 5 also understood from the fact that the number of equipoten 
includes a resistive portion 50 , in addition to the first 65 tial lines between the points P3 and P2 in FIG . 9 is larger 
conductive portion 21 , the second conductive portion 22 , than the number of equipotential lines between the points P3 
and the third conductive portion 23. The resistive portion 50 and P2 in FIG . 7 . 



US 10,536,077 B2 
23 24 

As in Embodiment 3 , when a current is flowing through through the second current path . This makes it possible to set 
the second current path , the voltage value between the points the reference voltage value of the A / D converting portion 32 
P1 and P2 increases with an increase in the value of the such that the voltage value output by the A / D converting 
current flowing through the second current path , and portion 32 accurately indicates the value of a current flowing 
decreases with a decrease in the value of the current flowing 5 through each of the first current path and the second current 
through the second current path . When a current is flowing path . When the reference voltage value is set in this manner , 
through the first current path , the voltage value between the it is possible to appropriately switch the current path through 
points P1 and P2 increases with an increase in the value of which a current flows in the conductor 18. Further , a circuit 
the current flowing through the first current path , and that detects a current does not need to be formed separately 
decreases with a decrease in the value of the current flowing 10 for each of the first current path and the second current path , 
through the first current path . so that the switching device of Embodiment 1 can be 
As in Embodiment 3 , the voltage value between the points produced at a low cost . 

P1 and P2 when a current having a current value It flows As described previously , the control portion 16 deter 
through the first current path is larger than the voltage value mines whether the current path should be switched , based on 
between the points P1 and P2 when a current having the 15 the current path through which a current is now flowing , and 
same current value It flows through the second current path . the voltage value output by the A / D converting portion 32 , 

The control portion 16 of Embodiment 5 executes the or in other words , the voltage value detected by the current 
same switching process as that executed in Embodiment 3 . detecting circuit 15. Accordingly , the current path can be 
However , as described previously , the temperature detecting switched with a simple configuration . 
circuit 19 detects the temperature value of the resistive 20 Furthermore , the control portion 16 determines whether 
portion 50 , and therefore , the temperature value substituted the current path should be switched , based on not only the 
into the first conversion formula and the second conversion current path through which a current is now flowing and the 
formula before each of steps S2 and S7 is executed is the voltage value detected by the current detecting circuit 15 , 
temperature value of the resistive portion 50 . but also the temperature value output by the temperature 

The conductor 18 includes the resistive portion 50. Fur- 25 detecting circuit 19 , or in other words , the temperature value 
thermore , the temperature value substituted into the first detected by the temperature detecting circuit 19. Accord 
conversion formula and the second conversion formula is ingly , the current path through which a current flows in the 
the temperature value of the resistive portion 50. Accord conductor 18 can be switched more appropriately . 
ingly , the first conversion formula and the second conversion In the switching device of Embodiment 5 , the conductor 
formula stored in the storage portion 17 of Embodiment 5 30 18 includes the resistive portion 50 , and therefore , the 
are different from the first conversion formula and the voltage value between the points P1 and P2 is large , making 
second conversion formula , respectively , stored in the stor it possible for the control portion 16 to further appropriately 
age portion 17 of Embodiment 3 . determine whether the current path should be switched in the 

For example , let us assume that the electrical resistivity of switching process . 
the resistive portion 50 increases with an increase in the 35 Note that in Embodiment 5 , the storage portion 17 may be 
temperature value of the resistive portion 50. When the configured in the same manner as in Embodiment 4 , and the 
voltage value between the points P1 and P2 is a fixed value , control portion 16 may execute the switching process of 
the current value converted at step S2 or S7 decreases with Embodiment 4. As described previously , the temperature 
an increase in the temperature value of the resistive portion value output by the temperature detecting circuit 19 to the 
50 , and increases with a decrease in the temperature value of 40 control portion 16 is not the temperature value of the 
the resistive portion 50 . conductor 18 , but the temperature value of the resistive 

In the switching process of Embodiment 5 as well , the portion 50. Accordingly , the first voltage thresholds V11 , 
control portion 16 determines whether the current path V12 , V13 , ... , and the second voltage thresholds V21 , V22 , 
through which a current flows should be switched , based on V23 , that are stored in the storage portion 17 in 
the current path through which a current is now flowing in 45 association with the temperature values output by the tem 
the conductor 18 , the voltage value output by the A / D perature detecting circuit 19 to the control portion 16 are 
converting portion 32 of the current detecting circuit 15 , and different from those of Embodiment 4 . 
the temperature value detected by the temperature detecting If the electrical resistivity of the resistive portion 50 
circuit 19 . increases with an increase in the temperature value of the 

In Embodiment 5 as well , the current detecting circuit 15 , 50 resistive portion 50 , the voltage value between the points P1 
the control portion 16 , the storage portion 17 , and the and P2 increases with an increase in the electrical resistivity 
temperature detecting circuit 19 function as a switching of the resistive portion 50 even when a current having the 
device . The voltage value output by the A / D converting same value is flowing through the first current path ( or the 
portion 32 of the current detecting circuit 15 increases / second current path ) . Therefore , if the electrical resistivity of 
decreases with an increase / decrease in the value of the 55 the resistive portion 50 increases with an increase in the 
current flowing through the first current path , and increases / temperature value of the resistive portion 50 , 
decreases with an increase / decrease in the value of the V11 < V12 < V13 holds for the magnitude relationship 
current flowing through the second current path . Further between the first voltage thresholds , and V21 < V22 < V23 
more , the voltage value output by the differential amplifier holds for the magnitude relationship between the second 
40 when a current having a current value It flows through the 60 voltage thresholds . 
first current path is different from the voltage value output by Even when the control portion 16 of Embodiment 5 
the differential amplifier 40 when a current having the same executes the switching process of Embodiment 4 , the same 
current value It flows through the second current path . effects as those achieved in Embodiment 5 described above 

In Embodiment 5 , for example , the voltage value between can be achieved . 
the points P1 and P2 when a current of 100 A flows through 65 In Embodiment 5 , the position of the point P1 is not 
the first current path can be matched with the voltage value limited to the coupling portion of the first conductive portion 
between the points P1 and P2 when a current of 200 A flows 21 and the resistive portion 50 , and may be any position on 
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the surface of the first conductive portion 21. Likewise , the instruction is input to the control portion 16 , and is deacti 
position of the point P2 is also not limited to the coupling vated when the deactivation instruction is input from the 
portion of the second conductive portion 22 and the resistive control portion 16 . 
portion 50 , and may be any position on the surface of the When one of the DC / DC converters 12 and 60 is acti 
second conductive portion 22 . 5 vated , the other DC / DC converter is being deactivated . The 
Furthermore , in Embodiment 5 , the shape of the resistive transformed voltage is supplied to the battery 13 and the load 

portion 50 is not limited to a rectangular plate shape , and 14 from one of the DC / DC converters 12 and 60. Conse 
may be , for example , a T - shape or an L - shape . The side of quently , the battery 13 stores power , and the load 14 is 
the resistive portion 50 to which the first conductive portion powered . When the generator 10 stops power generation , the 
23 is connected does not need to oppose the side thereof to 10 load 14 is powered by the battery 13 . 

As described in Embodiment 1 , there is an upper limit to which the second conductive portion 22 is connected . It is the value of a current flowing via the DC / DC converter 12 . sufficient that each of the first conductive portion 21 and the A current above this upper limit may flow through the third conductive portion 23 is connected to the second DC / DC converter 60. The first current threshold is lower 
conductive portion 22 via the resistive portion 50 . 15 than the upper limit . As described previously , the second The conductor 18 of Embodiment 5 may be used in the current threshold is lower than or equal to the first current above - described configurations in which the switching threshold . 
device of Embodiment 1 includes the temperature detecting In the power supply device 1 of Embodiment 6 , the 
circuit 19 , or the temperature detecting circuit that detects conductor 18 connects the other ends of the DC / DC con 
the temperature value of each of the conductor 18 and the 20 verters 12 and 60 to the positive electrode of the battery 13 
conductive wire 30. Likewise , the conductor 18 of Embodi and one end of the load 14. More specifically , the other end 
ment 5 may be used in the above - described configurations in of the DC / DC converter 12 is connected to the first conduc 
which the switching device of Embodiment 2 includes the tive portion 21 , and the other end of the DC / DC converter 
temperature detecting circuit 19 , or the temperature detect 60 is connected to the third conductive portion 23. The 
ing circuit that detects the temperature value of each of the 25 positive electrode of the battery 13 and one end of the load 
conductor 18 and the conductive wire 30 . 14 are connected to the second conductive portion 22 . 

The control portion 16 executes the same switching 
Embodiment 6 process as that of Embodiment 1. At step S6 of the switching 

process ( see FIG . 4 ) of Embodiment 1 , the control portion 16 
In Embodiment 1 , the control portion 16 switches the path 30 outputs the activation instruction to the DC / DC converter 

of a current flowing in the conductor 18 by turning the 60 , instead of turning the switch 11 on . Furthermore , at step 
switch 11 on / off and activating / deactivating the DC / DC S9 , the control portion 16 outputs the deactivation instruc 
converter 12. However , the control portion 16 may switch tion to the DC / DC converter 60 , instead of turning the 
the current path through which a current flows through in the switch 11 off . 
conductor 18 by using another DC / DC converter in place of 35 In the switching process , the control portion 16 outputs 
the switch 11 , and controlling activation / deactivation of this the deactivation instruction to the DC / DC converter 12 , and 
DC / DC converter and activation / deactivation of the DC / DC outputs the activation instruction to the DC / DC converter 
converter 12 . 60. Consequently , the DC / DC converter 12 is deactivated , 

In the following , points in which Embodiment 6 differs and the DC / DC converter 60 is activated , so that the current 
from Embodiment 1 will be described . The components 40 path through which a current flows in the conductor 18 is 
other than components described below are the same as switched from the first current path to the second current 
those of Embodiment 1 , and thus are denoted by the same path . 
reference numerals , with a detailed description thereof being In the switching process , the control portion 16 outputs 
omitted . the deactivation instruction to the DC / DC converter 60 , and 

FIG . 10 is a block diagram showing the configuration of 45 outputs the activation instruction to the DC / DC converter 
a relevant portion of a power supply device 1 according to 12. Consequently , the DC / DC converter 60 is deactivated , 
Embodiment 6. The power supply device 1 of Embodiment and the DC / DC converter 12 is activated , so that the current 
6 includes a generator 10 , a DC / DC converter 12 , a battery path through which a current flows in the conductor 18 is 
13 , a load 14 , a current detecting circuit 15 , a control portion switched from the second current path to the first current 
16 , and a storage portion 17 , which are connected in the 50 path . 
same manner as in Embodiment 1. The power supply device As described thus far , the control portion 16 switches the 
1 of Embodiment 6 further includes a DC / DC converter 60 . current path through which a current flows in the conductor 
One end of the DC / DC converter 60 is connected to one end 18 by separately outputting the activation instruction or the 
of the generator 10 , and the other end of the DC / DC deactivation instruction to the DC / DC converters 12 and 60 . 
converter 60 is connected to a positive electrode of the 55 As with the control portion 16 of Embodiment 1 , the 
battery 13 and one end of the load 14 . control portion 16 of Embodiment 6 determines whether the 
As with the DC / DC converter 12 , the DC / DC converter current path through which a current flows in the conductor 

60 transforms the output voltage of the generator 10 that is 18 should be switched . Therefore , in Embodiment 6 , the 
applied to one end thereof into a predetermined voltage , and switching device including the current detecting circuit 15 , 
supplies the transformed voltage to the battery 13 and the 60 the control portion 16 , and the storage portion 17 achieves 
load 14 from the other end . The value of the voltage the same effects as those achieved in Embodiment 1 . 
transformed by the DC / DC converter 60 is 12 V , for Note that in Embodiments 2 to 5 , the power supply device 
example . 1 may include the DC / DC converter 60 in place of the switch 
As with the DC / DC converter 12 , the activation instruc 11 , as in Embodiment 6. At this time , the control portion 16 

tion and the deactivation instruction are also input to the 65 switches the current path through which a current flows in 
DC / DC converter 60 from the control portion 16. The the conductor 18 , as in Embodiment 6. The thus configured 
DC / DC converter 60 is activated when the activation switching device of each of Embodiments 2 to 5 also 
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achieves the same effects as those achieved by the switching 14 load 
devices of Embodiments 2 to 5 that include the switch 11 . 15 current detecting circuit 
Note that in Embodiments 1 to 6 , each of the first 16 control portion 

conductive portion 21 , the second conductive portion 22 , 17 storage portion 
and the third conductive portion 23 is not limited to a bus 5 19 temperature detecting circuit 
bar , and may be , for example , a conductor included in a FIG . 7 
printed - circuit board . In Embodiments 3 to 5 , the control from switch 
portion 16 and the temperature detecting circuit 19 are to battery and load 
formed separately . However , the control portion 16 and the from DC / DC converter 
temperature detecting circuit 19 may be formed integrally . 10 15 current detecting circuit 

Embodiments 1 to 6 disclosed herein are to be construed 19 temperature detecting circuit 
in all aspect as illustrative and not limiting . The scope of the 32 A / D converting portion 
present invention is defined by the claims , rather than the control portion 
above description , and is intended to include all modifica FIG . 8 
tions which fall within the scope of the claims and the 15 temperature value 
meaning and scope of equivalents thereof . first voltage threshold 

FIG . 1 second voltage threshold 
80 generator FIG . 9 
82 DC / DC converter from switch 
83 load 20 to battery and load 
85 A / D converting portion from DC / DC converter 
86 control portion 15 current detecting circuit 

FIG . 2 19 temperature detecting circuit 
10 generator 32 A / D converting portion 
12 DC / DC converter 25 control portion 
14 load FIG . 10 
15 current detecting circuit 10 generator 
16 control portion 12 DC / DC converter 
17 storage portion 14 load 

FIG . 3 30 15 current detecting circuit 
from switch 16 control portion 
to battery and load 17 storage portion 
from DC / DC converter 60 DC / DC converter 
15 current detecting circuit The invention claimed is : 
32 A / D converting portion 1. A current detecting device comprising : 
control portion a conductive plate having a first conductive portion , a 

FIG . 4 second conductive portion and a third conductive por 
start tion wherein the first conductive portion is electrically 
S1 is current flowing through first current path ? connected to the third conductive portion in parallel 
S2 convert voltage value into current value by using first 40 and wherein the first conductive portion and the third 

conversion formula conductive portion are electrically connected to the 
S3 current path should be switched ? second conductive portion in series ; 
S4 output lowering instruction to generator a potential difference detecting portion that detects a value 
S5 output deactivation instruction to DC / DC converter related to a potential difference between two points 
S6 turn switch on located on plate surfaces of the first conductive portion 
S7 convert voltage value into current value by using second and the second conductive portion , wherein the value is 

conversion formula one of the current flowing between the two points and 
S8 current path should be switched ? a voltage difference between the two points ; and 
S9 turn switch off a temperature detecting portion that detects a temperature 
S10 output activation instruction to DC / DC converter value of a conductor formed by connecting the first 
S11 output raising instruction to generator conductive portion and the third conductive portion 
end with the second conductive portion ; and 

FIG . 5 a calculating portion that calculates the value of the 
start current flowing through the first current path or the 
S21 is current flowing through first current path ? second current path , based on the temperature value 
S22 current path should be switched ? detected by the temperature detecting portion and the 
S23 output lowering instruction to generator voltage value output by the current detecting circuit . 
S24 output deactivation instruction to DC / DC converter 2. The current detecting device according to claim 1 , 
S25 turn switch on comprising : 
S26 current path should be switched ? a conductive wire connected between the two points , 
S27 turn switch off wherein the potential difference detecting portion 
S28 output activation instruction to DC / DC converter detects the value of a current flowing through the 
S29 output raising instruction to generator conductive wire . 
end 3. The current detecting device according to claim 1 , 

FIG . 6 65 wherein each of the first conductive portion and the third 
10 generator conductive portion is connected to the second conductive 
12 DC / DC converter portion via a resistive portion having a lower conductivity 
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than the first conductive portion , the second conductive 9. A switching device comprising : 
portion , and the third conductive portion . a conductive plate having a first conductive portion , a 

4. The switching device according to 1 , wherein second conductive portion and a third conductive por 
the switching device performs the switching by control tion wherein the first conductive portion is electrically 

ling activation / deactivation of a transforming portion 5 connected to the third conductive portion in parallel 
that transforms an applied voltage and outputs the and wherein the first conductive portion and the third 

conductive portion are electrically connected to the transformed voltage to the first conductive portion , and second conductive portion in series ; turning a switch on / off whose one end is connected to a potential difference detecting portion that detects a value 
the third conductive portion . related to a potential difference between two points 

5. The current detecting according to claim 2 , wherein located on plate surfaces of the first conductive portion 
each of the first conductive portion and the third conductive and the second conductive portion ; wherein the value is 
portion is connected to the second conductive portion via a one of the current flowing between the two points and 
resistive portion having a lower conductivity than the first a voltage difference between the two points ; 
conductive portion , the second conductive portion , and the a switching portion that switches a current path through 
third conductive portion . which the current flows , to the first current path or the 

second current path ; and 6. A switching device comprising : a temperature detecting portion that detects a temperature the current detecting circuit according to claim 2 ; and value of a conductor formed by connecting the first 
a switching portion that switches a current path through conductive portion and the third conductive portion 
which a current flows , to the first current path or the 20 with the second conductive portion , wherein 
second current path , wherein the switching portion performs the switching based on 

the switching portion performs the switching based on which of the first current path and the second current 
which of the first current path and the second current path the current is flowing through , the voltage value 
path a current is flowing through , and the voltage value output by the current detecting circuit , and the tem 
output by the current detecting circuit . perature value detected by the temperature detecting 

7. A switching device comprising : portion . 
the current detecting circuit according to claim 2 ; 10. The switching device according to claim 9 , wherein 
a switching portion that switches a current path through the switching device performs the switching by controlling 
which a current flows , to the first current path or the activation / deactivation of a transforming portion that trans 
second current path ; and 30 forms an applied voltage and outputs the transformed volt 

a temperature detecting portion that detects a temperature age to the first conductive portion , and turning a switch 
value of a conductor formed by connecting the first on / off whose one end is connected to the third conductive 
conductive portion and the third conductive portion portion . 
with the second conductive portion , wherein 11. A switching device comprising : 

the switching portion performs the switching based on 35 a conductive plate having a first conductive portion , a 
which of the first current path and the second current second conductive portion and a third conductive por 
path a current is flowing through , the voltage value tion wherein the first conductive portion is electrically 
output by the current detecting circuit , and the tem connected to the third conductive portion in parallel 
perature value detected by the temperature detecting and wherein the first conductive portion and the third 
portion . conductive portion are electrically connected to the 

8. A current detecting device comprising : second conductive portion in series ; 
a conductive plate having a first conductive portion , a a potential difference detecting portion that detects a value 

second conductive portion and a third conductive por related to a potential difference between two points 
tion wherein the first conductive portion is electrically located on plate surfaces of the first conductive portion 
connected to the third conductive portion in parallel 45 and the second conductive portion ; wherein the value is 
and wherein the first conductive portion and the third one of the current flowing between the two points and 
conductive portion are electrically connected to the a voltage difference between the two points , wherein 
second conductive portion in series ; each of the first conductive portion and the third 

a potential difference detecting portion that detects a value conductive portion is connected to the second conduc 
related to a potential difference between two points 50 tive portion via a resistive portion having a lower 
located on plate surfaces of the first conductive portion conductivity than the first conductive portion , the sec 
and the second conductive portion ; wherein the value is ond conductive portion , and the third conductive por 
one of the current flowing between the two points and tion ; 
a voltage difference between the two points , wherein a switching portion that switches a current path , through 
each of the first conductive portion and the third 55 which a current flows , to the first current path or the 
conductive portion is connected to the second conduc second current path ; and 
tive portion via a resistive portion having a lower a temperature detecting portion that detects a temperature 
conductivity than the first conductive portion , the sec value of the resistive portion , wherein 
ond conductive portion , and the third conductive por the switching portion performs the switching based on 
tion ; and which of the first current path and the second current 

a temperature detecting portion that detects a temperature path a current is flowing through , the voltage value 
value of the resistive portion ; and output by the current detecting circuit , and the tem 

a calculating portion that calculates the value of the perature value detected by the temperature detecting 
current flowing through the first current path or the portion . 
second current path , based on the temperature value 65 12. The switching device according to claim 11 , wherein 
detected by the temperature detecting portion and the the switching device performs the switching by controlling 
voltage value output by the current detecting circuit . activation / deactivation of a transforming portion that trans 
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forms an applied voltage and outputs the transformed volt 
age to the first conductive portion , and turning a switch 
on / off whose one end is connected to the third conductive 
portion . 
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