
(i9) United States
(12) Patent Application Publication

Kurayama

US 20130241496A1

(10) Pub. No.: US 2013/0241496 A1 
(43) Pub. Date: Sep. 19, 2013

(54) POWER SUPPLY DEVICE

(71) Applicant: KYUSHU ELECTRIC POWER CO.,
INC., Fukuoka (JP)

(72) Inventor: Kouji Kurayama, Fukuoka (JP)

(73) Assignee: Kyushu Electric Power Co.,Inc.,
Fukuoka (JP)

(21) Appl.No.: 13/780,943

(22) Filed: Feb. 28, 2013

Related U.S. Application Data

(63) Continuation of application No. PCT/JP2011/079521, 
filed on Dec. 20, 2011.

(30) Foreign Application Priority Data

Dec. 22, 2010 (JP) ..................................  2010-286074

Publication Classification

(51) Int.Cl.
H 02J7/00  (2006.01)

(52) U.S. Cl.
CPC .............. H 02J 7/0031 (2013.01); H 02J 7/0068

(2013.01)
USPC .............................................  320/134; 320/128

(57) ABSTRACT
Provided is a power supply device which uses a simplified 
device configuration to reliably detect anomalies such as 
fused contacts, and which eliminates overcharging and sec­
ondary battery hazards caused by overcharging. The power 
supply device (1) is provided with: a control unit (7) for 
monitoring and controlling the operation of the power supply 
device (1), and for monitoring anomalies in the power supply 
device (1); a secondary battery (3) connected to the control 
unit (7), and for discharging electricity which has been 
charged; a main contact (9) connected to a battery circuit 
network (8) formed between the secondary battery (3) and a 
load (13); an auxiliary contact (10) connected in series to the 
main contact (9), and which is always on; and an anomaly 
detection circuit (11a).
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POWER SUPPLY DEVICE

RELATED APPLICATIONS

[0001] This patent application is a continuation of Interna­
tional Application No. PCT/JP2011/079521, filed on Dec. 20, 
2011, entitled, “Power Supply Device,” which claims priority 
to Japanese Patent Application No. 2010-286074, filed on 
Dec. 22,2010, the contents and teachings of each of which are 
hereby incorporated by reference in their entirety.

FIELD

[0002] The present innovation relates to a power supply 
apparatus utilizing a secondary battery.

BACKGROUND

[0003] C 0 2, NOx, black exhaust, harmful particulate mate­
rial, etc. contained in an exhaust gas discharged from an 
engine generator, which is used for example in a civil engi­
neering work, an electric work, a building work, or the like 
may invite an environmental pollution. In addition, the noise 
from the engine may also cause disturbance in sleep in the 
middle of night, thus exerting an influence on a life environ­
ment. Accordingly, there has been expected a practical real­
ization of a power supply apparatus utilizing a secondary 
battery without an exhaust gas and noise (a battery-powered 
generator). A lithium ion secondary battery may be taken as 
an example of a future technology having a high degree of 
expectation.
[0004] FIG. 9 shows a general circuit diagram of a power 
supply apparatus utilizing such a secondary battery. Accord­
ing to the power supply apparatus of FIG. 9, pushing a start 
switch causes a control unit to close a main contact, and an 
inverter is activated, thus permitting to discharge an electric 
current to a load. Alternatively, pushing a stop switch causes 
the control unit to open the main contact to quit the power 
supply apparatus. During a non-operational period of time of 
the power supply apparatus, the electric current as charged in 
the secondary battery is consumed as a standby electricity. 
The apparatus is connected to a charge unit during a charging 
step constitutes a closed circuit between the apparatus and the 
charge unit to perform a charge. When the charging step is 
carried out so as to exceed a predetermined amount of charge, 
the control unit quits the charge from the chaige unit based on 
information on the secondary battery, as acquired from the 
secondary battery.
[0005] The secondary battery (for example, a lithium bat­
tery, a nickel hydride battery, etc.) has a remarkably large 
amount of eneigy, and any abnormal situation may lead to 
increase in an internal pressure, thus inviting a problem of 
blowing out a high-temperature gas. Therefore, there has 
been a strong demand for a technique to exclude such a risk. 
Particularly, the lithium battery has a low tolerance for over­
charge and over-discharge, and has a low overcharge toler­
ance of about 150% to about 200%, while a lead battery 
generally has an overcharge tolerance of about 500%. In 
addition, an occurrence of overcharge may cause the melting 
of an electrode material due to an internal short-circuit of the 
battery, thus being at risk for the blowing out of the contents. 
Further, the over-discharge in which the voltage is equal to or 
less than a predetermined minimum voltage may causes the 
battery itself to produce heat, leading to a hazardous situation 
in the same manner.

[0006] The main contact for opening or closing the direct 
current electricity of the secondary battery as shown in FIG. 
9 may cause a contact fusion due to use for a long period of 
time, with the result that the discharge continues although the 
control unit makes a control of opening the main contact, 
leading to the over-discharge. In general, an alternating cur­
rent circuit has a periodical 0-V point (a zero-cross) of a 
voltage waveform, and accordingly an arc-discharge may 
terminate shortly and the contact fusion may not occur. How­
ever, in a case of the direct current electricity such as the 
secondary battery, a constant voltage may not cause the arc- 
dischaige to terminate shortly, and use for a long period of 
time or use with a high current may cause the arc-discharge 
easily. The over-discharge of the secondary battery due to the 
contact fusion may deteriorate performance of the battery and 
cause a reverse reaction of the battery, thus inviting the above- 
mentioned serious situation.
[0007] For example, Japanese Patent Provisional Publica­
tion No. H08-182115 (hereinafter “Patent Document 1 ”) dis­
closes an art to detect a contact fusion of a contact and prevent 
a battery of an automobile from running out. The art disclosed 
in Patent Document 1 relates to a power supply control appa­
ratus of an electric automobile, in which a fusion detection 
unit compares, when a main conductor is shut down by a 
control unit, a detection voltage of a voltage detector that 
detects a voltage across the terminals of an auxiliary battery 
with a comparison voltage, and judges, when the voltage 
exceeding the above-mentioned comparison voltage has been 
detected, that a fusion occurs in the main conductor, thus 
causing a DC-DC convertor to continue surely an operation 
thereof, when the fusion occurs in the main conductor. It is 
therefore possible to make a sure judgment of occurrence of 
a fusion based on continuation or discontinuation of the 
operation of the convertor, thus enhancing a reliability of a 
detection of the fusion. In addition, the DC-DC converter is 
caused to quit when the fusion detection unit detects the 
occurrence of fusion of the main conductor, thus preventing 
the main battery from running out even when an operator has 
failed to take any action to avoid the fusion.
[0008] The apparatus utilizing a secondary battery is gen­
erally provided with a circuit (a battery management system) 
that monitors and controls a secondary battery from the out­
side, or a circuit (an ECU: Electronic Control Unit) that 
monitors internally the apparatus itself, in order to use safely 
the secondary battery. In an equipment such as an electric 
automobile on which the secondary battery is mounted, an 
electricity for maintaining such a system itself is supplied 
from the secondary battery itself or the auxiliary battery, and 
the electricity for the circuit is always consumed when the 
apparatus is not even operated.
[0009] In an electric automobile in which a battery having 
a laige capacity of from about 10 kWh to abut 30 kWh is 
mounted and an auxiliary battery such as a lead battery is 
mounted, it is considered that there is no possibility of over- 
dischaige when the apparatus is not operated. However, for 
example in a portable power supply apparatus or an industrial 
equipment having a capacity of from 1 kWh to less than 10 
kWh, in which a secondary battery is merely mounted, no use 
of it for a long period of time would lead to consumption of 
electricity for the system from the secondary battery, thus 
may cause a problem of over-discharge of the secondary 
battery. It is conceivable that an auxiliary battery is provided 
in the same manner as an electric automobile, in order to solve 
the above-mentioned problem. However, the auxiliary battery
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such as a lead battery has a short service life and a heavy 
weight, and is not suitable for the portable power supply 
apparatus or the like.

SUMMARY

[0010] In the art disclosed in Patent Document 1, all of a 
control of the main conductor, a detection of fusion and an 
output of a fusion detection signal to the inverter is conducted 
by the control unit. Therefore, the art may have a problem of 
possibility of failure of a sure detection of fusion, if the 
control unit is out of order. In addition, the art may have a 
further problem of disturbance of the signal to the control unit 
due to noises in various kinds of devices, even if the control 
unit is operating properly, thus leading to failure in a precise 
control.
[0011] Especially, in a control unit disclosed in Patent 
Document 1, which is not a control unit for an automobile, but 
a control unit that controls a portable power supply apparatus 
having an intended object to be used in a construction site in 
the middle of the night or in a manhole, there have been 
demands of conditions of simplicity of the structure of the 
apparatus, decrease in weight, use for a battery for a long 
period of time, a low cost, etc. Accordingly, it has been 
desirable to adopt the structure of the apparatus, which does 
not use expensive substrates and auxiliary systems. However, 
in case of such a circuit, disturbance of the signal may occur 
due to the noises in a manner as described above, thus leading 
to a shutoff or a freeze of a CPU (Central Processing Unit).
[0012] In addition, there may be a case where, if the appa­
ratus itself is left unoperated for a long period of time as 
described above, a self-consumption of electricity of a moni­
toring control circuit specifically provided in the secondary 
battery may cause an over-discharge, thus leading to a haz­
ardous situation. It is possible to stop the charging based on 
information, which has been acquired from the secondary 
battery by the control unit, in order to prevent the over- 
dischaige by the charging unit from occurring. However, 
there may be a case where the signal between the secondary 
battery and the control unit becomes an improper information 
by the influence of noises, etc, thus being difficult to maintain 
reliability.
[0013] The present innovation provides a power supply 
apparatus that permits to detect surely a malfunction such as 
a contact fusion by a simplified structure of the apparatus, and 
reduce the risk of a secondary battery by an over-discharge, 
etc., and has a structure in which the secondary battery does 
not consume electricity for an internal consumption power 
source.
[0014] In one arrangement, a power supply apparatus uti­
lizing a secondary battery disclosed in the present application 
comprises: a control unit that monitors a performance of the 
power supply apparatus to control it and monitors a malfunc­
tion of the power supply apparatus; a secondary battery that is 
connected to the control unit and discharges an electric cur­
rent as charged; a main contact provided in a battery circuit 
network formed between the secondary battery and a load; 
and a auxiliary contact that is provided in the battery circuit 
network so as to be connected in series with the main contact, 
the auxiliary contact being kept in an open state under a 
non-operating condition of the power supply apparatus, and 
wherein: when a halting operation of the power supply appa­
ratus is made, the main contact is first opened and then the 
auxiliary contact is opened, and when a starting operation of

the power supply apparatus is made, the auxiliary contact is 
first closed and then the main contact is closed.
[0015] According to the power supply apparatus disclosed 
in the present application, the main contact and the auxiliary 
contact are provided in the battery circuit network for con­
necting the secondary battery and the load, so as to be con­
nected in series. Accordingly, even if a malfunction such as a 
contact fusion, etc. occurs in the main contact, there may be 
provided an effect of surely preventing an over-discharge of 
the secondary battery by opening the auxiliary contact.
[0016] In addition, when a halting operation of the power 
supply apparatus is made, the main contact is first opened and 
then the auxiliary contact is opened, and when a starting 
operation of the power supply apparatus is made, the auxil­
iary contact is first closed and then the main contact is closed. 
Accordingly, there may be provided an effect of making, as 
long as the main contact operates properly, an operation of 
opening or closing the auxiliary contact in an electrically 
shutoff state, to prevent the contact fusion, etc. from occur­
ring at the auxiliary contact, thus performing a higher reliable 
operation as a spare contact.
[0017] The power supply apparatus disclosed in the present 
application may further comprises: a malfunction detection 
circuit that measures a voltage value, a current value and/or a 
conduction state of the main contact and causes the auxiliary 
contact to be kept in an open state based on information from 
the measurement and an operation information on the main 
contact from the control unit.
[0018] According to the power supply apparatus disclosed 
in the present application, there may be provided an effect that 
the malfunction detection circuit, which is provided indepen­
dently from the control unit to control the auxiliary contact in 
the open state based on the operation information on the main 
contact from the control unit and on the voltage value, the 
current value and/or the conduction state of the main contact, 
as measured by the malfunction detection circuit, measures 
the voltage value, the current value and/or the conduction 
state of the main contact and detects surely an occurrence of 
the malfunction such as the contact fusion, thus avoiding a 
risk such as remarkable increase in temperature of the battery 
or a gas ejection. More specifically, it is possible to cause the 
malfunction detection circuit to measure the voltage value, 
the current value and/or the conduction state of the main 
contact and open the auxiliary contact, thus avoiding the risk, 
even if a malfunction occurs in transmitting and receiving the 
signal due to noises. The noises as referred here may be 
caused by a load state of an inverter as involved, a harmonic 
component generated at a specific resonance point of a cir­
cuit, or a load to be connected.
[0019] In addition, there may be provided an effect that a 
configuration provided with such a malfunction detection 
circuit make it possible to detect surely a malfunction without 
providing expensive substrates and auxiliary systems for con­
trolling influence of the noises, and simplify the structure of 
the apparatus.
[0020] The power supply apparatus disclosed in the present 
application may have a configuration in which the malfunc­
tion detection circuit measures in an analog value the voltage 
value across terminals of the battery circuit network and 
causes the auxiliary contact to be kept in the open state, when 
the voltage value is outside a predetermined range.
[0021] According to the power supply apparatus disclosed 
in the present application, the voltage value across terminals 
of the battery circuit network is measured in an analog value
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and the auxiliary contact is kept in the open state, when the 
voltage value is outside the predetermined range. Therefore, 
there is provided an effect that the malfunction detection 
circuit caused the battery circuit network to be opened, thus 
avoiding a risk, even in case where a malfunction occurs in 
transmitting and receiving the signal between the secondary 
battery and the control unit due to noises. Especially, it is 
possible to avoid a malfunction of values by the influence of 
the noises, etc as in a digital value, and discriminate surely the 
voltage value by reading in the analog value directly the 
voltage value across the both ends of the battery circuit net­
work.
[0022] The power supply apparatus disclosed in the present 
application may have a configuration in which the malfunc­
tion detection circuit utilizes a comparator to measure in the 
analog value the voltage value across terminals of the battery 
circuit network.
[0023] According to the power supply apparatus disclosed 
in the present application, the malfunction detection circuit 
utilizes the comparator to measure in the analog value the 
voltage value across the terminals of the battery circuit net­
work. Therefore, there is provided an effect that the voltage 
value across the terminals of the battery circuit network can 
be measured accurately with the simple configuration of the 
circuit, while suppressing the influence of the noises.
[0024] The power supply apparatus disclosed in the present 
application may have a configuration in which the malfunc­
tion detection circuit comprises an insulation transformer 
provided in a power source of the malfunction detection cir­
cuit.
[0025] According to the power supply apparatus disclosed 
in the present application, the malfunction detection circuit 
comprises the insulation transformer provided in the power 
source of the malfunction detection circuit. Therefore, there is 
provided an effect that the malfunction can be detected with a 
high degree of reliability, without any influence of the noises 
caused from the side of the inverter or the secondary battery.
[0026] The power supply apparatus disclosed in the present 
application may further comprise: a self-return type stop 
switch that halts an operation of the power supply apparatus; 
and a relay circuit that makes a switching operation to make 
an electric connection between the secondary battery and the 
control unit opened under a control of the control unit when 
the halting operation of the power supply apparatus is made, 
or make the electric connection closed when the starting 
operation of the power supply apparatus is made, and 
wherein: when the stop switch is switched ON, a signal from 
the stop switch is inputted to the control unit, the control unit 
causes the main contact to be opened based on the signal as 
inputted, the malfunction detection circuit measures the volt­
age value across the terminals of the battery circuit network, 
and when the voltage value is permissible, the control unit 
causes all of processings in the power supply apparatus to quit 
and then causes the relay circuit to be opened and causes 
subsequently the auxiliary contact to be opened.
[0027] According to the power supply apparatus disclosed 
in the present application, when the operation of the apparatus 
is stopped, the malfunction detection circuit checks a mal­
function of the voltage value in the battery circuit network and 
causes all the processings to quit and then breaks the connec­
tion between the control unit and the secondary battery. 
Therefore, there is provided an effect of making it possible to 
prevent an over-charge from the secondary battery from con­
tinuing, thus leading to an over-discharge, due to the malfunc­

tion such as the contact fusion, etc. during a non-operational 
period of time of the power source.
[0028] The connection between the control unit and the 
secondary battery is broken in this manner, and there is pro­
vided an effect that no power is supplied to the control unit 
during the non-operational period of time of the power supply 
apparatus and the over-discharge can be prevented surely 
even when the apparatus is not used for a long period of time.
[0029] A sudden shutdown procedure to stop the apparatus 
may cause problems that a restarting operation may cause a 
freeze of a system program. However, there is provided an 
effect of preventing the problems such as the freeze of the 
program to take a smooth restarting operation, by causing, 
when no malfunction is found, all the processing to quit and 
then causing finally the relay circuit to be opened to stop the 
operation of the control unit.
[0030] The power supply apparatus disclosed in the present 
application may further comprise: a self-return type start 
switch that starts an operation of the power supply apparatus; 
and a bridge circuit that is connected to both sides of a switch 
in the relay circuit to make an electric connection between the 
control unit and the secondary battery and an electric connec­
tion between the malfunction detection circuit and the sec­
ondary battery by an closing operation of the start switch, and 
wherein: when the start switch is switched ON in case where 
the switch in the relay circuit is opened, supply of an electric 
power to the malfunction detection circuit from the secondary 
battery by the bridge circuit causes the malfunction detection 
circuit to be activated so that the malfunction detection circuit 
measures the voltage value of a first electric circuit network 
between the malfunction detection circuit and the secondary 
battery, and causes the auxiliary contact to be opened when 
the voltage value as measured is impermissible, or causes the 
auxiliary contact to be closed when the voltage value as 
measured is permissible, supply of the electric power to the 
control unit from the secondary battery by the bridge circuit 
causes the switch in the relay circuit to be closed under the 
control of the control unit so that the control unit confirms a 
state of the power supply apparatus, the control unit confirms, 
after confirmation of impermissibility of the voltage value in 
the first electric circuit by the malfunction detection circuit 
and after the state of the power supply apparatus by the 
control unit, impermissibility of the voltage value in a second 
electric circuit between the control unit, the auxiliary contact 
and the secondary battery, and causes the main contact to be 
closed to start the discharge the electric current from the 
secondary battery, when the voltage value is permissible.
[0031] According to the power supply apparatus disclosed 
in the present application, the bridge circuit is provided to be 
connected in parallel with the relay circuit controlled by the 
control unit, the bridge circuit establishes, simultaneously 
with the starting operation by the start switch, an electric 
connection between the control unit and the secondary bat­
tery and an electric connection between the malfunction 
detection circuit and the secondary battery, so that the mal­
function detection circuit conducts a closing or opening 
operation of the auxiliary contact based on existence or non­
existence of the malfunction of the voltage value of the first 
electric circuit network between the malfunction detection 
circuit and the secondary battery, and the control unit con­
firms an existence or non-existence of the malfunction of the 
battery, and then the control unit confirms an existence or 
non-existence of the malfunction of the voltage value of the 
second electric circuit network between the control unit, the
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auxiliary contact and the secondary battery. Therefore, there 
is provided an effect that a smooth starting operation of the 
respective circuits can be carried out without supplying the 
electricity from the secondary battery to the control unit dur­
ing the non-operational period of time of the power supply 
apparatus, and a starting operation can be achieved with a 
high degree of reliability by detecting the analog voltage 
value of the secondary battery by the malfunction detection 
circuit, when starting the power supply apparatus, in order to 
check the malfunction.
[0032] The power supply apparatus disclosed in the present 
application may further comprise: a current transformer (CT) 
that is provided in the battery circuit network to be connected 
to the malfunction detection circuit or the control unit, and 
wherein: the control unit causes a power source of the power 
supply apparatus to be kept in an OFF state, in case where a 
power source of the power supply apparatus is kept in an ON 
state and an electric current has not been measured by the CT 
for a predetermined period of time.
[0033] According to the power supply apparatus disclosed 
in the present application, the power source of the power 
supply apparatus is kept in an ON state, in case where the 
power source of the power supply apparatus is kept in an ON 
state and then electric current has not been measured by the 
CT for a predetermined period of time. Therefore, there is 
provided an effect of preventing consumption of the battery 
due to failure to switch off the power source, thus avoiding a 
risk caused by an over-discharge.
[0034] The power supply apparatus disclosed in the present 
application may further comprise: a charge section that is 
connected to the battery circuit network and charges the sec­
ondary battery; and a charge control section that that monitors 
an operation of the charging unit to control same, and 
wherein: the control unit is connected to the charge control 
section through a communication circuit.
[0035] According to the power supply apparatus disclosed 
in the present application, the apparatus further comprise: the 
charge section that charges the secondary battery; and the 
charge control section that that monitors an operation of the 
charging unit to control same, and wherein: the control unit is 
connected to the charge control section through the commu­
nication circuit. Therefore, there is provided an effect that it is 
possible to monitor the state of the power supply apparatus 
also from the side of the charge section, and stop the charging 
operation from the charging section side, even in case where 
any problem is caused by any malfunction of the power sup­
ply apparatus during the charging operation, thus preventing 
an over-charge to avoid a risk.
[0036] The power supply apparatus disclosed in the present 
application may further comprise: a quit/restart unit that forc­
ibly quits or restarts the control unit and/or malfunction 
detection circuit.
[0037] According to the power supply apparatus disclosed 
in the present application, the apparatus comprises the quit/ 
restart unit that forcibly quits or restarts the control unit 
and/or malfunction detection circuit. Therefore, there is pro­
vided an effect that it is possible to forcibly quit the system 
immediately to restart it even in case of the breakdown of an 
arithmetic unit due to noises. The battery circuit network may 
be opened forcibly by detecting an over-discharge by the 
malfunction detection circuit, without forcibly quitting the 
system. Flowever, in this case, there is a need to wait until the 
power supply apparatus becomes a state of over-discharge,

thus being less efficient. Therefore, a reset function to restart 
forcibly the system is required where appropriate.
[0038] The power supply apparatus disclosed in the present 
application may further comprise: an alarm unit that provides 
an alarm information on the malfunction when the control 
unit and/or malfunction detection circuit detects the malfunc­
tion.
[0039] According to the power supply apparatus disclosed 
in the present application, the apparatus comprises the alarm 
unit that provides an alarm information on the malfunction 
when the control unit and/or malfunction detection circuit 
detects the malfunction. Therefore, there is provided an effect 
of informing a user of a malfunction, when the malfunction is 
detected, and take an immediate step.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] FIG. l i s a  view illustrating an internal structure of a 
power supply apparatus according to the first embodiment of 
the present innovation;
[0041] FIG. 2 is a circuit diagram of the power supply 
apparatus according to the first embodiment of the present 
innovation;
[0042] FIG. 3 is a circuit diagram of the power supply 
apparatus according to the second embodiment of the present 
innovation;
[0043] FIG. 4 is a circuit diagram of the power supply 
apparatus according to the third embodiment of the present 
innovation;
[0044] FIG. 5 is the second circuit diagram of the power 
supply apparatus according to the third embodiment of the 
present innovation;
[0045] FIG. 6 is a circuit diagram of the power supply 
apparatus according to the fourth embodiment of the present 
innovation;
[0046] FIG. 7 is a flowchart showing a starting operation of 
the power supply apparatus according to the fourth embodi­
ment of the present innovation;
[0047] FIG. 8 is a flowchart showing a stopping operation 
of the power supply apparatus according to the fourth 
embodiment of the present innovation; and
[0048] FIG. 9 is a general circuit diagram of a power supply 
apparatus utilizing the secondary battery.

DETAILED DESCRIPTION

[0049] Now, embodiments according to the present inno­
vation will be described below. The same reference numeral 
is assigned to the same structural component through all the 
embodiments.

First Embodiment

[0050] The power supply apparatus according to the 
present embodiment will be described with reference to FIG. 
1 and FIG. 2. FIG. l i s a  view illustrating an internal structure 
of the power supply apparatus according to the present 
embodiment of the present innovation and FIG. 2 is a circuit 
diagram of the power supply apparatus according to the 
present embodiment of the present innovation.
[0051] The power supply apparatus according to the 
present embodiment is provided with a control unit that moni­
tors a performance of the power supply apparatus to control it 
and monitors a malfunction of the power supply apparatus; a 
secondary battery that is connected to the control unit and 
discharges an electric current as charged; a main contact
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provided in a battery circuit network formed between the 
secondary battery and a load; a auxiliary contact that is con­
nected in series with the main contact and is kept in an open 
state under a non-operating condition of the power supply 
apparatus; and a malfunction detection circuit that measures 
a voltage value, a current value and/or a conduction state of 
the main contact and causes the auxiliary contact to be kept in 
an open state based on information from the measurement 
and an operation information on the main contact from the 
control unit. In the power supply apparatus according to the 
present embodiment, when a halting operation of the power 
supply apparatus is made, the main contact is first opened and 
then the auxiliary contact is opened, and when a starting 
operation of the power supply apparatus is made, the auxil­
iary contact is first closed and then the main contact is closed.
[0052] In FIG. 1, the power supply apparatus 1 is a portable 
power supply apparatus, which is convenient to carry around 
and has an intended object to be used for example in a con­
struction site in the middle of the night or in a manhole. A 
housing 2 includes a module battery 4, which is composed of 
a plurality of secondary batteries 3, received in a lower sec­
tion of the housing, and an inverter 5 received in an upper 
section thereof. With respect to a type of the secondary bat­
tery, any one, which permits to charge and discharge, such as 
a lithium battery, a nickel hydride battery, etc. suffices. The 
housing 2 is composed of a main body portion 2a having an 
opening at a front side and a cover portion 2b for closing the 
opening of the main body portion 2a. The housing is provided 
in the opening with an operation panel (not shown) for oper­
ating the power supply apparatus 1 and an interface unit (not 
shown).

[0053] The power supply apparatus 1 has for example one 
to twenty module battery 4 with an applicable voltage of 
about DC 12V to about DC 350V. The state of the module 
battery 4 is always monitored by a control unit (see a control 
unit 7 in FIG. 2), and when a malfunction has occurred, a 
corresponding error code is outputted. An example of it is 
indicated in Table 1. A voltage and a temperature of the 
module battery 4, a voltage and a temperature of the respec­
tive cell, etc. are monitored, and a malfunction is detected.

TABLE 1

Contents of
Malfunction Particulars Code

Battery Warning

Battery Unusable

Abnormal 
Temperature of 
Battery 
Large Voltage 
Difference in 
Battery Cell 
Reduction of 
Cell Voltage 
No Remaining 
Battery Level 
Reduction of 
Module Voltage 
Cell Voltage 
Swell
Overvoltage of 
Battery
Overvoltage of 
Module

Occurrence o f Battery Warning of Battery 
Module
Occurrence o f Battery Unusable State Battery 
Module
Temperature of Battery Cell Being Threshold 
Value or More

Difference between Maximum and Minimum 
of Cell Voltage in Battery Module Being 
Threshold Value or More 
Voltage of Battery Cell Being Threshold 
Value or Less
Voltage of Battery Module Being Threshold 
Value or Less
Voltage of Battery Module Being Threshold 
Value or Less
Voltage of Battery Cell Being Threshold 
Value or More
Voltage of Battery Module Being Threshold 
Value x Number o f Module, or More 
Voltage of Battery Module Being Threshold 
Value or More

E001

E002

E003

E004

E005

E006

E007

E008

E009

E010

TABLE 1-continued

Contents of 
Malfunction Particulars Code

Communication Occurrence o f Communication Malfunction E011
Malfunction of to Charging Unit
Charging Unit 
Communication Occurring In Case Where No Response From E012
Malfunction of Secondary Battery Is Made For
Module Predetermined Time

[0054] In the circuit network in FIG. 2, a control circuit 6 
includes the control unit 7 that monitors the operation of the 
power supply apparatus 1 to control it and monitors a mal­
function of the power supply apparatus 1; the secondary 
battery 3 that is connected so as to be able to make a trans­
mitting and receiving communication of battery cell informa­
tion to the control unit 7 and discharges en electric current as 
charged; a main contact 9 provided in the battery circuit 
network 8 formed between the secondary battery 3 and a load 
14; a auxiliary contact 10 that is connected in series with the 
main contact 9 and is kept normally in a closed state; an 
inverter 5 that converts a direct current power discharged 
from the secondary battery 3 into an alternating current 
power; a detection unit 11 that is connected so as to be able to 
make a transmitting and receiving communication of infor­
mation to the control unit 7 and measures a voltage value (a 
voltage value between A and C) a current value (a current 
value between B and D) and/or a conduction state (a conduc­
tion state between B and D) in the main contact, and detects a 
malfunction occurring in the main contact 9 and controls the 
auxiliary contact 10 so as to be kept in an open state, based on 
the values as measured and an operational information on the 
main contact 9 (an ON/OFF information of the main contact); 
an alarm unit 12 that provides an alarm information on the 
malfunction as detected by the control unit 7 and the detection 
unit 11; and a start/stop switch 13 that outputs an ON/OFF 
information on the power source to the control unit.
[0055] The detection unit 11 includes a malfunction detec­
tion circuit 11a, which is composed of a comparator circuit, in 
order to detect a voltage value of the battery circuit network 8 
in an analog value; and an insulation transformer 11 b, which 
suppresses an influence of noises caused from the inverter 
circuit side and the secondary battery side, as well as the 
secondary battery communication side, to the minimum. The 
malfunction detection circuit 11a controls the auxiliary con­
tact 10 so as to be kept in an open state (an OFF state), when 
any malfunction has occurred in the analog voltage between 
A and C. Combination of the comparator and the insulation 
transformer makes it possible to constitute the detection unit 
11, which has a resistance to the noise and reliability.
[0056] The main contact 9 and the auxiliary contact 10 are 
connected in series in the battery circuit network 8 so that, 
when a starting operation of the power supply apparatus 1 is 
made, the auxiliary contact 10 is first closed and then the main 
contact 9 is closed, and when a halting operation of the power 
supply apparatus 1 is made, the main contact 9 is first opened 
and then the auxiliary contact 10 is opened. More specifically, 
even if a malfunction such as a contact fusion has occurred in 
the main contact 9, a shutoff state of the auxiliary contact 10 
permits to prevent surely the secondary battery 3 from over- 
dischaiging, and the auxiliary contact 10 is not closed or 
opened in a state where an electricity is supplied to the battery 
circuit network 8, unless a malfunction such as a contact 
fusion has occurred in the main contact 9. Accordingly, the
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malfunction such as the contact fusion does not occur in the 
auxiliary contact 10, and the auxiliary contact may function 
as a preliminary contact having a high reliability.
[0057] In FIG. 2, there are provided as external devices of 
the power supply apparatus 1, the load 14 to which an elec­
tricity is supplied through the battery circuit network 8, the 
inverter 5, an AC outlet, or the like, from the secondary 
battery 3; and a charging unit 15 that is connected across the 
both ends of the battery circuit network (between A and C) 
and supplies an electricity to the secondary battery 3. When 
charging it, carrying the power supply apparatus 1 to a place 
provided with the charging unit 15 and connecting the sec­
ondary battery to the same makes it possible to charge the 
secondary battery. After completion of the charging operation 
of the secondary battery 3, the power supply apparatus is 
disconnected from the charging unit 15. When the power 
supply apparatus is carried to a place where the power supply 
apparatus is to be used and connected to the load 14, the 
electric current as charged in the secondary battery 3 is dis­
charged to the load 14.
[0058] When a connection between the secondary battery 3 
and the load 14 is made in a closed state of the main contact 
9 and the auxiliary contact 10, the electric current as charged 
in the secondary battery 3 is discharged to the load 14. The 
control unit 7 receives battery information of the secondary 
battery 3, and controls the opening and closing of the main 
contact 9 based on the information as received. In a normal 
situation, the connection of the load in a closed state of the 
main contact 9 causes the electric current of the secondary 
battery 3 to be discharged, thus gradually reducing the voltage 
value. The control unit 7 monitors the battery remaining level 
of the secondary battery 3, opens the main contact 9 prior to 
the over-discharge of the secondary battery 3, and stops the 
discharge of the electric current of the secondary battery 3.
[0059] In the normal situation, the management by the con­
trol unit 7 permits to prevent the over-discharge as described 
above. Flowever, in case where the contact fusion always 
keeps the main contact 9 in a closed state, the management by 
the control unit 7 does not permit to prevent the over-dis­
charge. More specifically, even when the control unit has 
opened the main contact 9 to stop the discharge of the sec­
ondary battery 3, it is not possible to open physically the main 
contact 9 and a continuation of the discharge leads to an 
over-discharge of the secondary battery 3, thus inviting an 
extremely dangerous situation.
[0060] In order to cope with such a situation, the malfunc­
tion detection circuit 11a measures the voltage of the battery 
circuit network 8 (a voltage value between A and C), and 
judges, in case where the voltage value of the main contact 9 
is detected in spite of the main contact 9 being opened by the 
control unit 7, that the contact fusion has occurred in the main 
contact 9, and causes the malfunction detection circuit 11a to 
open the auxiliary contact 10. This makes it possible to surely 
prevent the over-dischaige, even when the contact fusion has 
occurred in the main contact 9. There may be applied a con­
figuration as shown in FIG. 2 (a connection between the 
control unit 7 and a point B, and a connection between the 
control unit 7 and a point D) to detect the electric current value 
between B and D, and a conduction state between B and D, 
and cause the auxiliary contact 10 is opened by the malfunc­
tion detection circuit 11a.
[0061] When the control unit 7 and the malfunction detec­
tion circuit 11a detect a malfunction, the alarm unit 12 pro­

vides information thereon, thus making it possible for a user 
to take a necessary step based on the information as provided.
[0062] Incidentally, it is conceivable that the control unit 7 
detects the discharge of the secondary battery 3 in spite of the 
OFF state of the power source and causes the auxiliary con­
tact 10 to open. Flowever, there is a possibility that a proper 
communication between the secondary battery 3 and the con­
trol unit 7 may not be made due to an influence of noises, thus 
leading to a low degree of reliability. Therefore, it is very 
important to provide independently the detection unit 11. In 
this case, it is preferable to make the communication between 
the control unit 7 and the malfunction detection unit 11 in a 
different communication mode between the secondary bat­
tery 3 and the control unit 7.
[0063] There may be applied a configuration that there is 
provided a quit/restart unit (for example, a reset button) to 
terminate forcibly the power supply apparatus itself and then 
restart it, in case where the operation unit becomes non- 
operational or a freeze occurs due to noises. The detection 
unit 11 detects the over-discharge as described above, to open 
forcibly the battery circuit network 8. Flowever, it is not 
effective since there is a need to wait until the power supply 
apparatus 1 is in an over-discharge state, in case where the 
freeze has occurred. Therefore, it is preferable to provide a 
reset function to restart forcibly the system, where appropri­
ate.
[0064] In addition, the malfunction detection circuit 11a 
may detect not only the malfunction of the contact fusion, but 
also malfunctions of the secondary battery in case of occur­
rence for example of the over-dischaige, the over-charge, the 
internal short-circuit due to the other reasons than the contact 
fusion. In case where the malfunction has occurred as 
described above, it may normally be solved by closing the 
main contact 9 by the control unit 7. Flowever, in case where 
the contact fusion has occurred in the main contact 9, the 
noises cause an abnormal communication to be made 
between the secondary battery 3 and the control unit 7, or any 
malfunction has occurred in the control unit 7 itself, as 
described above, a proper control of the main contact 9 cannot 
be made, thus leading to impossibility of coping with various 
malfunctions. More specifically, it is possible to open the 
auxiliary contact 10 to cope with the malfunctions by mea­
suring the voltage value between A and C by the malfunction 
detection unit 11 in parallel with the control unit 7 and com­
paring it with a reference value to detect the malfunction, in 
case where any malfunction has occurred in the control unit 7 
itself.

Second Embodiment

[0065] Now, the power supply apparatus according to the 
present embodiment will be described below with reference 
to FIG. 3. FIG. 3 is a circuit diagram of the power supply 
apparatus according to the second embodiment of the present 
innovation. This embodiment differs from that as shown in 
FIG. 2 in that a current transformer (CT) 16 is provided in the 
battery circuit network 8 to be connected to the control unit 7. 
FIG. 3 shows that the CT 16 is connected to the control unit 7. 
Flowever, it may be connected to the detection unit 11.
[0066] The power supply apparatus 1 according to the 
present embodiment has an extended function relative to the 
power supply apparatus according to the above-described 
embodiment of the present innovation, and is provided with 
the CT 16, which is provided in the battery circuit network 8 
to be connected to the control unit 7, and the control unit 7
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causes the power source of the power supply apparatus 1 to be 
kept in an OFF state, in case where the power source of the 
power supply apparatus 1 is kept in an ON state and an electric 
current has not been measured by the CT 16 for a predeter­
mined period of time.
[0067] Concerning the present embodiment, description of 
the same structural components as those of the aforemen­
tioned embodiment of the present innovation will be omitted.
[0068] Keeping the battery supply apparatus 1 in an ON 
state by a failure to switch off the main unit of the battery 
supply apparatus may lead to a continued discharge of the 
secondary battery 3, and finally to a state of over-discharge, 
thus being risky. In order to avoid such a risk, in the present 
embodiment, the control unit 7 causes the CT 16 to acquire 
the electric current value flowing in the battery circuit net­
work 8, and the power source of the main unit is turned off to 
prevent the over-discharge, in case where the power source of 
the main unit is kept in an ON state and the electric current 
value flowing in the battery circuit network 8 is kept in a zero 
state for a predetermined period of time or more (for example, 
being settable as 1 minute, 5 minutes, 10 minutes, etc.).
[0069] There may be applied a configuration that, when the 
CT 16 is connected to the detection unit 11, the control unit 7 
acquires information on the measurement values of the CT 16 
from the detection unit 11, and the CT 16 is connected to the 
control unit 7, information on the measurement values is 
acquired directly from the CT 16.

Third Embodiment

[0070] Now, the power supply apparatus according to the 
present embodiment will be described below with reference 
to FIGS. 4 and 5. FIG. 4 is a circuit diagram of the power 
supply apparatus according to the third embodiment of the 
present innovation. In the power supply apparatus according 
to the present embodiment, the charge unit 15 is provided 
with a charge control section 17, which is connected to the 
control unit 7 through a communication circuit.
[0071] Concerning the present embodiment, description of 
the same structural components as those of the aforemen­
tioned embodiment of the present innovation will be omitted.
[0072] As shown in FIG. 4, the charge unit 15 is provided 
with the charge control section 17 that controls the main 
contact 18 on the side of the chaige unit 15 based on the 
information received from the control unit 7, and with a 
charge section 19 that makes an AC/DC conversion. In a 
normal case (for example, in a case as shown in FIG. 9), when 
the power supply apparatus 1 and the charge unit 15 are 
connected to each other, a connection to a wiring between A 
and C on the side of the power supply apparatus through the 
charge unit 19 causes the secondary battery 3 to be charged 
and when the charging operation has been made with a full 
amount of electricity, the control unit 7 sends the correspond­
ing information to the charge unit 15 and the charging opera­
tion quits. Fiowever, when a malfunction of the communica­
tion from the control unit 7 has occurred due to influence of 
the noises, the charging operation does not quit, thus leading 
to an over-charge, as described above.
[0073] In order to avoid such a risk, in the present embodi­
ment, when the power supply apparatus 1 and the charge unit 
15 are connected to each other, the control unit 7 first sends 
the battery information on the secondary battery 3 to the 
charge control section 17. The charge control section 17 
permits to calculate an amount of electricity to be charged and 
a period of time for charge based on the battery information as

received. In case where no signal of stop of charge from the 
control unit 7 is received in spite of the amount of charge or 
the charging period of time exceeding those as calculated by 
the charge control section 17, an occurrence of malfunction is 
judged to occur on the side of the power supply apparatus 1, 
and the main contact 18 of the side of the charge unit is opened 
to stop the charging operation. Any contact fusion may not 
occur in the main contact 18 on the side of the charge unit, 
since the charging operation is gradually carried out from the 
OV state. Management of the battery information of the sec­
ondary battery 3 even in the charge unit 15 makes it possible 
to surely prevent the over-charge in this manner.
[0074] The plus and minus terminals of the charge unit 15 
are connected to the wirings between B and C on the power 
supply apparatus, respectively. When the power supply appa­
ratus 1 and the charge unit 15 are connected to each other, the 
charge control section 17 causes the malfunction detection 
circuit 11a to be activated through the control unit 7, so as to 
close the auxiliary contact 10. The closing of the auxiliary 
contact 10 causes an electric connection between the charge 
unit 15 and the secondary battery 3 so that a charging opera­
tion of the secondary battery 3 can be carried out, and a 
detection of a value of an analog voltage between A and C by 
the malfunction detection circuit 11a makes it possible to 
detect a malfunction of the over-chaige. It is preferable to 
open the auxiliary contact 15 after a completion of supply of 
the electricity from the charge unit 15, so as to complete a 
proper termination of the charging operation.
[0075] In this case, the plus and minus terminals of the 
charge unit 15 are connected to the wirings between B and C 
on the power supply apparatus, respectively. Fiowever, they 
may be connected between A and C without passing through 
the auxiliary contact 10.
[0076] In FIG. 4, the power supply apparatus 1 and the 
charge unit 15 are shown to be independent from each other. 
Fiowever, the apparatus may be constituted as a system in 
which the charge unit 15 is integrally provided, as shown in 
FIG. 5.

Fourth Embodiment

[0077] Now, the power supply apparatus according to the 
present embodiment will be described below with reference 
to FIGS. 6 to 9. FIG. 6 is a circuit diagram of the power supply 
apparatus according to the fourth embodiment of the present 
innovation, FIG. 7 is a flowchart showing a starting operation 
of the power supply apparatus according to the fourth 
embodiment of the present innovation, and FIG. 8 is a flow­
chart showing a stopping operation of the power supply appa­
ratus according to the fourth embodiment of the present inno­
vation.
[0078] Concerning the present embodiment, description of 
the same structural components as those of the aforemen­
tioned embodiment of the present innovation will be omitted.
[0079] The power supply apparatus according to the 
present embodiment is provided with a self-return type stop 
switch that halts an operation of the power supply apparatus; 
and a relay circuit that makes a switching operation to make 
an electric connection between the secondary battery and the 
control unit opened under a control of the control unit when 
the halting operation of the power supply apparatus is made, 
or make the electric connection closed when the starting 
operation of the power supply apparatus is made, and 
wherein: when the stop switch is switched ON, a signal from 
the stop switch is inputted to the control unit, the control unit
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causes the main contact to be opened based on the signal as 
inputted, the malfunction detection circuit measures the volt­
age value across the terminals of the battery circuit network, 
and when the voltage value is permissible, the control unit 
causes all of processings in the power supply apparatus to quit 
and then causes the relay circuit to be opened and causes 
subsequently the auxiliary contact to be opened.
[0080] The apparatus is further provided with a self-return 
type start switch that starts an operation of the power supply 
apparatus; and a bridge circuit that is connected to both sides 
of a switch in the relay circuit to make an electric connection 
between the control unit and the secondary battery and an 
electric connection between the malfunction detection circuit 
and the secondary battery by an closing operation of the start 
switch, and wherein: when the start switch is switched ON in 
case where the switch in the relay circuit is opened, supply of 
an electric power to the malfunction detection circuit from the 
secondary battery by the bridge circuit causes the malfunc­
tion detection circuit to be activated so that the malfunction 
detection circuit measures the voltage value of a first electric 
circuit network between the malfunction detection circuit and 
the secondary battery, and causes the auxiliary contact to be 
opened when the voltage value as measured is impermissible, 
or causes the auxiliary contact to be closed when the voltage 
value as measured is permissible, supply of the electric power 
to the control unit from the secondary battery by the bridge 
circuit causes the switch in the relay circuit to be closed under 
the control of the control unit so that the control unit confirms 
a state of the power supply apparatus, the control unit con­
firms, after confirmation of impermissibility of the voltage 
value in the first electric circuit by the malfunction detection 
circuit and after the state of the power supply apparatus by the 
control unit, impermissibility of the voltage value in a second 
electric circuit between the control unit, the auxiliary contact 
and the secondary battery, and causes the main contact to be 
closed to start the discharge the electric current from the 
secondary battery, when the voltage value is permissible.
[0081] In FIG. 6, this embodiment differs from that as 
described above in that the detection unit 11 is provided with 
the bridge circuit 19 and the relay circuit 20, and there are 
externally provided the self-return type start switch 13a and 
the self-return type stop switch 13 b to switch on and off the 
power source of the apparatus. The control unit 7 controls a 
closing or opening operation of a switch of the relay circuit 
20, and the closing of the switch causes the electricity to be 
supplied from the secondary battery 3 to the control unit 7. 
More specifically, the switch of the relay circuit 20 is closed 
under the operating condition of the power supply apparatus 
1, and the switch of the relay circuit 20 is opened under the 
non-operating condition of the power supply apparatus 1. The 
bridge circuit 19 is connected across the both ends of the 
switch of the relay circuit 20, and the closing of the start 
switch 13a causes the electric connection between the control 
unit 7 and the secondary battery 3, as well as the electric 
connection between the insulation transformer 11 b and the 
secondary battery 3. The stop switch 13b is connected to the 
control unit 7 and the ON/OFF information thereof is inputted 
to the control unit 7.
[0082] In FIG. 6, the charge unit 15 may be provided with 
the charge control section so as to prevent the over-chaige of 
the secondary battery 3, in the same manner as in FIG. 4 or 5. 
In addition, there may be applied a configuration that the plus 
and minus terminals of the charge unit 15 are connected to the 
wirings between B and C on the power supply apparatus,

respectively, in the same manner as in FIG. 4 or 5, the charge 
control section causes the switch of the relay circuit 20 to be 
closed through the control unit 7, the malfunction detection 
circuit 11a receives the electricity supplied from the second­
ary battery 3 and is then activated, and the auxiliary contact 10 
is closed, so as to start the charging operation. In this case, it 
is possible for the malfunction detection circuit 11a to detect 
the value of the analog voltage between A and C, thus per­
mitting to detect a malfunction of the over charge.
[0083] It is preferable to open the auxiliary contact 15 after 
a completion of supply of the electricity from the charge unit 
15, so as to complete a proper termination of the charging 
operation.
[0084] The terminals of the charge unit may be connected 
between A and C without passing through the auxiliary con­
tact 10 so as to make the charging operation in the same 
manner as in FIG. 2 or 3.
[0085] Now, description will be given below of an opera­
tion of the power supply apparatus according to the present 
embodiment. FIG. 7 is a flowchart showing the starting opera­
tion of the power supply apparatus according to the present 
embodiment. Pushing the start switch 13a by a user places the 
bridge circuit 19 in an ON state (S701) and the electricity is 
supplied to the control unit 7 and the insulation transformer 
11 b through the bridge circuit 19 from the secondary battery
3. The supply of the electricity to the insulation transformer 
11 b activates the malfunction detection circuit 11a (S702), 
and the voltage between A and C is confirmed (S703). When 
the voltage between A and C is proper, the auxiliary contact 
10 is closed (S704). When the voltage between A and C is not 
proper, the alarm unit 12 provides an alarm of “Improper 
Analog Voltage of Secondary Battery” (S705) and the auxil­
iary contact 10 is kept in the open state (S706).
[0086] In S701, when the bridge circuit 19 is turned to the 
ON state, the electricity is supplied to the control unit 7 from 
the secondary battery 3 through the bridge circuit 19, so as to 
activate the control unit 7 (S707). Activation of the control 
unit 7 causes the relay circuit 20 to be turned to the ON state 
under the control of the control unit 7 (S708). When the relay 
circuit 20 is turned to the ON state, the electricity is supplied 
stably to the control unit 7 from the secondary battery 3, thus 
permitting to cause the control unit to function. When the 
control unit is activated, there is obtained information on the 
secondary battery 3 (for example, the remaining level of the 
battery, a temperature, a battery voltage, etc.) and the infor­
mation on the secondary battery 3 is confirmed (S709).
[0087] When the state of the secondary battery 3 is not 
proper, the alarm unit 12 provides an alarm of “Secondary 
Battery Improper” (S710), and the control unit 7 causes all of 
the processings to quit (S711). After the completion of the 
quitting operation of all the processings, the relay circuit 20 is 
opened (S712) and, in case where the auxiliary contact 10 has 
been closed, the auxiliary contact 10 is opened (S713), with 
the result that the power supply apparatus 1 is caused to quit 
as the improper state. When the state of the secondary battery 
3 is proper 1 S709, the control unit 7 causes the voltage 
between B and C is to be detected (S714). In case where the 
voltage between B and C is not proper (for example, being 
OV), the auxiliary contact 10 is judged to be in the opened 
state in Step S706) (S715), the alarm unit 12 provides the 
alarm of “Analog Voltage Improper” (S715), and the control 
unit 7 causes all of the processings to quit (S716). After the 
completion of the quitting operation of all the processings, the
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relay circuit 20 is opened (S717), with the result that the 
power supply apparatus 1 is caused to quit as the improper 
state.
[0088] If, in S714, the voltage between B and C is detected 
as an improper value in case of the voltage between B and C 
being larger than OV, the alarm unit 12 provide an error 
indication corresponding to this impropemess, the control 
unit 7 causes all the processing to quit, the relay circuit 20 is 
opened and the auxiliary contact 10 is opened, with the power 
supply apparatus 1 is caused to quit as the improper state.
[0089] When the voltage between B and C is proper in 
S714, the control unit 7 causes the main contact 9 to be closed
(5718) and the inverter to be activated, and the alarm unit 12 
provides an indication of the remaining level of battery
(5719) , with the result that the starting operation of the power 
supply apparatus is properly completed.
[0090] FIG. 8 is a flowchart showing a stopping operation 
of the power supply apparatus. F irst, when the user pushes the 
stop switch 13b, the control unit 7 causes the main contact 9 
to be opened (S801). The malfunction detection circuit 11a 
makes a confirmation of the voltage between B and C(S802). 
In case of an existence of the voltage confirmed, the voltage 
has been detected in spite of the main contact 9 being opened, 
and accordingly the contact fusion is judged as occurring in 
the main contact 9 and the alarm unit 12 provides an alarm of 
“Main Contact Fusion” (S803). When the contact fusion is 
detected, the control unit 7 causes all of the processings to 
quit (S804), the relay circuit 20 to be opened (S805) and the 
auxiliary contact 10 to be opened (S806), with the power 
supply apparatus 1 is caused to quit as the improper state.
[0091] When a non-existence of the voltage between B and 
C is confirmed in S802, an electric current of the CT 16 is 
detected (S807). In case where the existence of the electric 
current of the CT 16 is confirmed, the electric current has been 
detected in spite of the main contact 9 being opened, and 
accordingly the contact fusion is judged as occurring in the 
main contact 9 and the alarm unit 12 provides an alarm of 
“Main Contact Fusion” (S803). When the contact fusion is 
detected, the control unit 7 causes all of the processings to 
quit (S809), the relay circuit 20 to be opened (S810) and the 
auxiliary contact 10 to be opened (S811), with the power 
supply apparatus 1 is caused to quit as the improper state.
[0092] The configuration and the processing of the CT 16 is 
not always required. Fiowever, there may be a case where, 
although the contact fusion has occurred in the main contact 
9, the level thereof is extremely low, with the result that a 
sufficient amount of voltage between A and C may not be 
detected in spite of the contact fusion occurring. A detection 
of the electric current by the CT 16 makes it possible to detect 
surely the contact fusion and prevent the over-discharge of the 
secondary battery 3, thus enhancing reliability.
[0093] In case where the non-existence of the electric cur­
rent of the CT 16 is confirmed in S807, the main contact 9 is 
judged as being opened properly, and the control unit 7 causes 
information on the secondary battery 3 to be obtained through 
a communication, and the information on the secondary bat­
tery 3 is confirmed (S812). When the state of the secondary 
battery 3 is not proper, the alarm unit 12 provides an alarm of 
“Secondary Battery Improper” (S813), and the control unit 7 
causes all of the processings to quit (S814), the relay circuit 
20 to be opened (S815) and the auxiliary contact 10 to be 
opened (S816), with the power supply apparatus 1 is caused to 
quit as the improper state.

[0094] When the state of the secondary battery 3 is proper 
in S812, the control unit 7 causes all of the processings to quit 
(S817), the relay circuit 20 to be opened (S818) and the 
auxiliary contact 10 to be opened (S819), with the power 
supply apparatus 1 is caused to quit as the proper state.
[0095] The above are the starting operation and the stop­
ping operation of the power supply apparatus 1 according to 
the present embodiment.
[0096] There may be applied a configuration in which, in 
case where the power supply apparatus 1 quits as the 
improper state, information on the impropemess is stored in a 
non-volatile storing unit (hereinafter referred to as the “non­
volatile memory”) (for example, the improper information is 
written in the non-volatile memory when the control unit 7 
causes the process to quit). The user may restore the power 
supply apparatus 1 based on the information provided by the 
alarm unit 12, and perform the quitting process as shown in 
FIG. 8 as the checking operation. When the checking opera­
tion has been completed properly, the information in the 
non-volatile memory is rewritten appropriately upon per­
forming the quitting process by the control unit 7 in S817.
[0097] There may be applied a configuration in which, 
when performing the quitting process shown in FIG. 8 as the 
checking operation, the checking step is added for example 
after activation of the control unit 7 in FIG. 7. More specifi­
cally, when the control unit 7 is activated, the information 
written in the non-volatile memory is read out, and the check­
ing operation is carried out when the information as read out 
is improper.
[0098] After confirmation of the proper state of the system 
such as the propemess of the secondary battery 3, the contact 
fusion therein, etc., when performing the starting operation, a 
permission of the discharge is prompted, the non-existence of 
the contact fusion is confirmed when performing the stopping 
operation, and the proper quitting state of the all the circuits 
are confirmed, the shutdown processing is the carried out, and 
after the shutdown processing of all the circuits is completed 
in the proper process, and then the relay circuit, which has 
been finally held, is opened to complete the stopping opera­
tion in the manner as described above. It is therefore possible 
to prevent problems such as the freeze of the system program, 
which is caused by a sudden shutdown procedure and then 
starting the system program next time, while avoiding surely 
the occurrence of the over-discharge due to the malfunction of 
the apparatus (i.e., the contact fusion of the main contact), and 
the consumption of the standby electricity.
[0099] In the respective embodiments as described above, 
there may be applied a configuration in which the secondary 
battery is charged by the charge unit utilizing a natural energy 
by a wind-powered electricity, a solar power generation, a 
geothermal power generation, etc.
[0100] The present innovation has been described in the 
form of the respective embodiments. The description of the 
embodiments does not limit the scope of the present innova­
tion, and various modifications or improvements may be 
applied to such embodiments. The embodiments to which 
such modifications or improvements have been applied are 
encompassed by the scope of the present innovation. This is 
apparent from the claims and the means to solve the subject.

DESCRIPTION OF REFERENCE NUMERALS

[0101] 1 power supply apparatus
[0102] 2 housing
[0103] 3 secondary battery
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[0104] 4 module battery
[0105] 5 inverter
[0106] 6 control circuit
[0107] 7 control unit
[0108] 8 battery circuit network
[0109] 9 main contact
[0110] 10 auxiliary contact
[0111] 11 detection unit
[0112] 11a malfunction detection circuit
[0113] 11 b insulation transformer
[0114] 12 alarm unit
[0115] 13 start/stop switch
[0116] 14 load
[0117] 15 charge unit
[0118] 16 CT
[0119] 17 charge control section
[0120] 18 main contact of the chaige unit
[0121] 19 charge section
What is claimed is:
1. A power supply apparatus utilizing a secondary battery, 

which comprises:
a control unit that monitors a performance of said power 

supply apparatus to control it and monitors a malfunc­
tion of said power supply apparatus;

a secondary battery that is connected to said control unit 
and discharges an electric current as charged;

a main contact provided in a battery circuit network formed 
between said secondary battery and a load; and

a auxiliary contact that is provided in said battery circuit 
network so as to be connected in series with said main 
contact, said auxiliary contact being kept in an open state 
under a non-operating condition of said power supply 
apparatus, and

wherein:
when a halting operation of said power supply apparatus is 

made, said main contact is first opened and then said 
auxiliary contact is opened, and when a starting opera­
tion of said power supply apparatus is made, said auxil­
iary contact is first closed and then said main contact is 
closed.

2. The power supply apparatus as claimed in claim 1, 
further comprising:

a malfunction detection circuit that measures a voltage 
value, a current value and/or a conduction state of said 
main contact and causes said auxiliary contact to be kept 
in an open state based on information from the measure­
ment and an operation information on said main contact 
from said control unit.

3. The power supply apparatus as claimed in claim 2, 
wherein:

said malfunction detection circuit measures in an analog 
value the voltage value across terminals of said battery 
circuit network and causes said auxiliary contact to be 
kept in the open state, when said voltage value is outside 
a predetermined range.

4. The power supply apparatus as claimed in claim 2, 
wherein:

said malfunction detection circuit utilizes a comparator to 
measure in the analog value the voltage value across 
terminals of said battery circuit network.

5. The power supply apparatus as claimed in claim 2, 
wherein:

said malfunction detection circuit comprises an insulation 
transformer provided in a power source of said malfunc­
tion detection circuit.

6. The power supply apparatus as claimed in claim 2, 
further comprising:

a self-return type stop switch that halts an operation of said 
power supply apparatus; and 

a relay circuit that makes a switching operation to make an 
electric connection between said secondary battery and 
said control unit opened under a control of said control 
unit when the halting operation of said power supply 
apparatus is made, or make the electric connection 
closed when the starting operation of said power supply 
apparatus is made, and 

wherein:
when said stop switch is switched ON, a signal from said 

stop switch is inputted to said control unit, said control 
unit causes said main contact to be opened based on the 
signal as inputted, said malfunction detection circuit 
measures the voltage value across the terminals of said 
battery circuit network, and when said voltage value is 
permissible, said control unit causes all of processings in 
said power supply apparatus to quit and then causes said 
relay circuit to be opened and causes subsequently said 
auxiliary contact to be opened.

7. The power supply apparatus as claimed in claim 6, 
further comprising:

a self-return type start switch that starts an operation of said 
power supply apparatus; and 

a bridge circuit that is connected to both sides of a switch in 
said relay circuit to make an electric connection between 
said control unit and said secondary battery and an elec­
tric connection between said malfunction detection cir­
cuit and said secondary battery by an closing operation 
of said start switch, and 

wherein:
when said start switch is switched ON in case where the 

switch in said relay circuit is opened, 
supply of an electric power to said malfunction detection 

circuit from said secondary battery by said bridge circuit 
causes said malfunction detection circuit to be activated 
so that said malfunction detection circuit measures the 
voltage value of a first electric circuit network between 
said malfunction detection circuit and said secondary 
battery, and causes the auxiliary contact to be opened 
when the voltage value as measured is impermissible, or 
causes the auxiliary contact to be closed when the volt­
age value as measured is permissible, 

supply of the electric power to said control unit from said 
secondary battery by said bridge circuit causes the 
switch in said relay circuit to be closed under the control 
of said control unit so that said control unit confirms a 
state of said power supply apparatus, 

said control unit confirms, after confirmation of impermis­
sibility of the voltage value in said first electric circuit by 
said malfunction detection circuit and after the state of 
said power supply apparatus by said control unit, imper­
missibility of the voltage value in a second electric cir­
cuit between said control unit, said auxiliary contact and 
said secondary battery, and causes said main contact to
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be closed to start the discharge the electric current from 
said secondary battery, when the voltage value is per­
missible.

8. The power supply apparatus as claimed in claim 1, 
further comprising:

a current transformer (CT) that is provided in said battery 
circuit network to be connected to said malfunction 
detection circuit or said control unit, and

wherein:
said control unit causes a power source of said power 

supply apparatus to be kept in an OFF state, in case 
where a power source of said power supply apparatus is 
kept in an ON state and an electric current has not been 
measuredby saidCT for a predetermined period of time.

9. The power supply apparatus as claimed in claim 1, 
further comprising:

a charge section that is connected to said battery circuit 
network and charges said secondary battery; and 

a charge control section that that monitors an operation of 
said charging unit to control same, and 

wherein:
said control unit is connected to said charge control section 

through a communication circuit.
10. The power supply apparatus as claimed in claim 1, 

further comprising:
a quit/restart unit that forcibly quits or restarts said control 

unit and/or malfunction detection circuit.
11. The power supply apparatus as claimed in claim 1, 

further comprising:
an alarm unit that provides an alarm information on the 

malfunction when said control unit and/or malfunction 
detection circuit detects said malfunction.
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