ot

Ve Ueda Co., Ltd
1-8 Hiranoya 1-chome, Daito-shi,OSAKA 574, JAPAN

6863592

AUSTRALIA
Patents Act 1990

NOTICE OF ENTITLEMENT

PO0/008
Saction 29(1)

Regulation 3.1(2)

being the Applicant and Nominated Person, in respect of Application No. 28346/95,
entitled “Battery System and Intermittent Motior: Apparatus Using Same" state the

following:

Takashi Fujii is the actual inventor of the invention.

The nominated person is the assignee of the invention frcm the irventor.

Convention priority is claimed from the following basic application(s):

Basic Applicant Application No Application Date Country Country
Code
Ueda Co., Ltd 6-242071 8 September 1994 | Japan JP

The basic application was the first application made in a Convention country in respect

of the invention the subject of this request.

DATED this 30th day of October 1997

Ueda Co., Lid

OUR REF: P23848-C/PJT:MB

By their Patent Att%ney

| Lo (retoe o
RIFFITH HACK

E:l(:;i._;‘ L
5y

(v

AT+ 1

CLLCITION
:




P/00/001
* ‘ Section 29

AUSTRALIA
Patents Act 1990

PATENT REQUEST : STANDARD PATENT

The person identified below as the Applicant requests the grant of a patent to the
person identified below as the Nominated Person, for an invention described in the
accompanying standard complete specification.

Applicant: UEDA CO., LTD.
Address: 1-8 Hiranoya 1-chome, Daito-shi, OSAKA 574, JAPAN
Nominated Person: UEDA CO., LTD.
Address: 1-8 Hiranoya 1-chome, Daito-shi, OSAKA 574, JAPAN

Invention Title:

Name of Actual
Inventor:

BATTERY SYSTEM AND [INTERMITTENT MOTION
APPARATUS USING SAME

Takashi Fuijii

Address for Service: GRIFFITH HACK & CO

Attorney Code:

168 WALKER STREET
NORTH SYDNEY NSW 2060

GH

BASIC CONVENTION APPLICATION DETAILS

Basic
Applicant

Ueda Co., Ltd.

{ pplication Application Country Country
Number Date Code
6-242071 8 September 1994 Japan JP

Drawing number recommended to accompany the abstract: 1

DATED this 1st day of August 1995

UEDA CO., LTD.
By their Patent Attorne

GRIFFITH HACK & CO

058104 020895

(]




(AR

AU9528346

(12) PATENT ABRIDGMENT  (11) pocument No. AU-B-28346/95
(19) AUSTRAILIAN PATENT OFFICE (10) Acceptance No. 686392

(54)

(51)°
(21)
(30)
(31)

(43)
(44)
(71)

(72)
(74)

(56)

(57)

Title
BATTERY SYSTEM AND INTERMITTENT MOTION APPARATUS USING SAME

International Patent Classification(s)

HO02J 007/35 A01K 093/02 B62J 006700

Application No. : 28346/95 (22) Application Date . 02.08.95
Priority Data

Number (32) Date (33) Country

6-242071 08.09.94 JP JAPAN

Publication Date : 21.03.96
Publication Date of Accepted Application : 05.02.98

Applicant(s)
UEDA CO,, LTD.

Inventor(s)
TAKASHI FUJII

Attorney or Agent
GRIFFITH HACK , GPO Box 4164, SYDNEY NSW 2001

Prior Art Documents
DE 4103697

WO 88/10529

GB 2275378

Claim
1. A battery system for supplying electric energy from

a primary batterv or a secondary battery to a load,
comprising:

a battery consisting of said primary battery or
said secondary battery;

an electric double layer capacitor for storing
electric energy from said battery;

a limiting resistor for limiting the electric
energy supplied from said battery to said electric
double layer capacitor; and

discharge control means for causing said electric
double layer capacitor to discharge the electric energy
to said load intermittently in predetermined cycles
while charging said electric double layer capacitor,

such that a discharging time for discharging the
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electric energy from said electric double layer capaci-
tor to said load is shorter than a charging time for
charging said electric double layer capacitor with
electric energy and that a discharge current is greater

than a charge current.
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BATTERY SYSTEM AND INTERMITTENT MOTION

APPARATUS USING SAME

BACKGROUND OF THE INVENTION
(1) Field of the Invention

This invention relates to a battery system for
supplying a load with electric energy from a battery,
and to an intermittent motion apparatus using this
system for intermittently driving the load.
(2) Description of the Related Art

Conventional battery systems of this type include
a battery system for supplying electric energy from a
primary battery or secondary battery to a load (herein-
after referred to as a first battery system), and a
battery system for charging a secondary battery with
electric energy from a solar battery, and supplying the
electric energy from the secondary battery to a load
(hereinafter referred to as a second battery system).

Such conventional systems have the following
drawbacks.

Generally, the battery including a primary battery
or secondary battery used in the first battery system
generates electric energy by a chemical reaction such
as an oxidation reduction reaction. This system has

the followirg characteristics.
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In the case of a primary battery, with an increase
in electric energy discharged, i.e. discharge electric
current, the chemical reaction becomes intense to
expedite deterioration of an internal electrode materi-
al and the like, resulting in a reduced time for
discharge (duration). Moreover, a discharge current
exceeding a certain value causes a sharp drop in the
duration.

In the case of a secondary battery, as in the
primary battery, its duration reduces sharply in
proportion to the discharge electric current. The
number of times the secondary battery is used in
charging and discharging (cycle times) reduces with an
increase in the depth of discharge (relating to the
ratio of discharge current to the nominal capacity of

the secondary battery).

SUMMARY OF THE INVENTION

This invention has been made having regard to the
state of the art noted above, and its object is to
provide a battery system which, by leveling discharge
electric current from a battery to a load, has an
extended duration of a primary battery or secondary
battery, with the secondary battery having increased

cycle times, and an intermittent motion apparatus using
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this battery system.

The above object is fulfilled, according to a
first aspect of this invention, by a battery system for
supplying electric energy from a primary battery or a
secondary battery to a load, comprising:

a battery consisting of the primary battery or the
secondary battery;

an electric double layer capacitor for storing
electric energy from the battery;

a limiting resistor for limiting the electric
energy supplied from the battery to the electric double
layer capacitor; and

a discharge controller for causing the electric
double layer capacitor to discharge the electric energy
to the load intermittently in predetermined cycles
while charging the electric double layer capacitor,
such that a discharging time for discharging the
electric energy from the electric double layer capaci-
tor to the load is shorter than a charging time for
charging the electric double layer capacitor with
electric energy and that a discharge current is greater

than a charge current.

Preferably when the electric double layer capacitor
charged by the battery discharges electric energy to the
load, the discharge controller supplies a discharge current

-3 -
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greater than a charge current to the load intermittent-
ly in predetermined cycles, with a discharging time
shorter than a charging time. Consequently, the
battery charges the electric double layer capacitor
with a small current for a long time. At this time,
the charge current (i.e. discharge current from the
battery) is smoothed by the limiting resistor and
electric double layer capacitor, thereby leveling the
discharge current to the load as seen from the battery.
Further, the electric energy for charging the electric
double layer capacitor (charging time X charging
current) and the electric energy discharged therefrom
(discharging time X current discharged) are equal.
Consequently, the time for charging the electric double
layer capacitor may be extended by shortening the
discharging time of the electric double layer capaci-
tor. This makes it possible to increase power supplied
to the load in one cycle of intermittent operation.

In this way, the discharge controller effects
controls to make the time for discharge from the
electric double layer capacitor to the load shorter
than the time for charging the electric double layer
capacitor by the battery, thereby extending the t:ime
for the battery to charge the electric double layer

capacitor. At this time, the charge current from the
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battery to the electric double layer capacitor is
smoothed by the limiting resistor and electric double
layer capacitor, which levels the discharge current
from the battery to the load. This realizes an extend-
ed duration of the battery to secure a long life
thereof.

Preferably, the discharge controller provides
controls such that, where the discharging time is Tl'
the charging time is T2, and a sum thereof is‘a driving
cycle T (= Tl + Tz) of the load, the discharging time T
is 1% of the driving cycle T of the load (duty ratio K
= 0.01).

It is also preferred that the battery comprises a
secondary battery chargeable by a solar battery for
converting light energy into electric energy.

In the above construction, the electric double
layer capacitor is charged by the secondary battery
which is in turn charged by the solar battery. When
the electric double layer capacitor discharges electric
energy to the load, the discharge controller supplies a
discharge current greater than a charge current to the
load intermittently in predetermined cycles, with a
discharging time shorter than a charging time. Conse-
quently, the battery charges the electric double layer

capacitor with a small current for a long time. At
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this time, the charge current (i.e. discharge current
from the battery) is smoothed by the limiting resistor
and electric double layer capacitor, thereby leveling
the discharge current to the load as seen from the
battery. That is, the secondary battery has a reduced
depth of discharge. Further, the electric energy for
charging the electric double layer capacitor (charging
time X charging current) and the electric energy
discharged therefrom (discharging time X current
discharged) are equal. Consequently, the time for
charging the electric double layer capacitor may be
extended by shortening the discharging time of the
electric double layer capacitor. This makes it possi-
ble to increase power supplied to the load in one cycle
of intermittent operation.

In this way, the discharge controller effects
controls to make the time for discharge from the
electric double layer capacitor to the load shorter
than the time for charging the electric double layer
capacitor by the secondary battery, thereby extending
the time for the secondary battery to charge the
electric double layer capacitor. At this time, the
charge current from the secondary battery to the
electric double layer capacitor is smoothed by the

limiting resistor and electric double layer capacitor,
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which levels the discharge current from the secondary
battery to the load. That is, the depth of discharge
is reduced. This realizes an extended duration of the
secondary battery and increased cycle times of the
secondary battery to secure a long life thereof.

Preferably, the battery system according to this
invention further comprises a reverse current preven-
tive diode connected in series between the solar
battery and the secondary battery.

In a cloudy condition, for example, the solar
battery may have an electromotive force less than a
voltage at the opposite ends of the secondary battery.
The above diode than acts to prevent a reverse current
flowing from the secondary battery to the solar bat-
tery. Thus, the electric energy stored in the secon-
dary battery may be supplied to the load (through the
electric double layer capacitor) with no waste.

It is preferred that the reverse current preven-
tive diode comprises a schottky diode.

An ordinary diode has a forward voltage [VF] as
high as 0.6V, whereas a schottky diode has a forward
voltage in the order of 0.3V to suppress a decrease in
the voltage generated by the solar battery. As a
result, the electric energy generated by the solar

battery may be applied to the electric double layer
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capacitor without waste.

Preferably, the discharge controller provides
controls such that, where the discharging time is Tl,
the charging time is T2, and a sum thereof is a driving
cycle T (= Tl + T2) of the load, the discharging time T
is 5% of the driving cycle T of the load (duty ratio K
= 0.05).

In a further aspect of the invention, there is
provided an intermittent motion apparatus for supplying
electric energy from a primary battery or a secondary
battery to a load to drive the load intermittently, the
apparatus comprising:

a battery consisting of the primary battery or the
secondary battery;

a light emitting device such as a light emitting
diode acting as the load;

an electric double layer capacitor for storing
electric energy from the battery;

a limiting resistor for limiting the electric
energy supplied from the battery to the electric double
layer capacitor; and

a discharge controller for causing the electric
double layer capacitor to discharge thn electric energy
to the light emitting device to drive the light emit-

ting device intermittently in predetermined cycles
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while charging the electric double layer capacitor,

.such tnat a discharging time for discharging the

electric energy from the electric double'layer capaci-
tor to the light emitting device is shorter than a
chargin¢g time for charging the electric double layer
capacitor with electric energy and that a discharge
current is greater than a charge current.

Preferably when the electric double layer capacitor
charged by the battery discharges electric energy to the
light emitting device, the discharge controller supplies a
discharge current greater than a charge current to the
light emitting device intermittently in predetermined
cycles, with a discharging time shorter than a charging
time. Consequently, the battery charges the electric
double layer capacitor with a small current for a long
time. At this time, the charge current (i.e. discharge
current from the battery) is smoothed by the limiting
resistor and electric double layer capacitor, thereby
leveling the discharge current to the light emitting
device as seen from the battery. Furiher, the electric
energy for charging the electric double layer capacitor
(charging time X charging current) and the electric
energy discharged therefrom (discharging time X current
discharged) are equal. Consequently, the time for

charging the electric double layer capacitor may be
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extended by shortening the discharging time of the
electric double layer capacitor. This makes it possi-
ble to increase power supplied to the light emitting
device in one cycle of intermittent operation.

In this way, the discharge controller effects
controls to make the time for discharge from the
electric double layer capacitor to the light emitting
device shorter than the time for charging the electric
double layer capacitor by the battery, thereby extend-
ing the time for the battery to charge the electric
double layer capacitor. At this time, the charge
current from the battery to the electric double layer
capacitor is smoothed by the limiting resistor aad
electric double layer capacitor, which levels the
discharge current from the battery to the light emit-
ting device. This realizes an extended duration of the
battery to secure a long life thereof.

In a preferred embodiment of the invention, the
apparatus is a signal/guide light including a tubular
indicator having a plurality of light emitting diodes
arranged peripherally thereof to act as the light
emitting device, a grip disposed below thé indicator
and having the electric double layer capacitor, the
limiting resistance and the discharge controller

mounted therein, a switch disposed peripherally thereof

- 10 -
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for supplying and stopping the electric energy from the
electric double layer capacitor to the discharge
controller, and the battery mounted in a space closable
by a watertight cap attached to a bottom thereof, and a
protective cover for surrounding the indicator.

In the signal/guide light having the above con-
struction (to draw motorists' attention at nighttime),
the discharge controller provides controls to extend
life of the battery. This eliminates wasteful battery
changing, to reduce adverse influences on environment.
The extended battery life results in an economic
advantage.

Preferably, the discharge controller provides
controls such that, where the discharging time is Tl’
the charging time is T2' and a sum thereof is a driving
cycle T (= T, + T2) of the light emitting device, the
discharging time T is 20% of the driving cycle T (duty
ratio K = 0.2).

It is preferred that the apparatus further com-
prises a vibration detecting device for detecting
vibration, and a light detecting device for detecting
ambient illuminance below a predetermined illuminance
level, wherein the discharge controller is operable,
only when the vibration detecting device and the light

detecting device are both in operation, for causing the
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electric double layer capacitor to discharge the
electric energy to the light emitting device to drive
the light emitting device intermittently in predeter-
mined cycles while charging the electric double layer
capacitor, such that the discharging time for discharg-
ing the electric energy from the electric double layer
capacitor to the light emitting device is shorter than
the charging time for charging the electric double
layer capacitor and that the discharge current is
greater than the charge current.

It is only when the vibration detecting device and
the light detecting device are both in operation that
the electric double layer capecitor charged by the
battery discharges electric energy to the light emit-
ting device. At this time, the discharge controller
supplies a discharge current greater than a charge
current to the light emitting device intermittently in
predetermined cycles, with a “ischarging time shorter
than a charging time. This makes it possible to
increase power supplied to the light emitting device in
one cycle of intermittent operation. The light emit-
ting device is operable intermittently only when the
vibration detecting device and the light detecting
device are both in operation, which suppresses the

discharge from the electric double layer capacitor and
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charging of the electric doukle layer capacitor by the
battery (i.e. the discharge current from the battery).
This results in an advantage of checking exhaustion of
the battery.

In another preferred embodiment of the invention,
the apparatus is a bicycle safety light including a
main body having a light emitting diode mounted in a
front position thereof to act as the light emitting
device, and a photoconductive cell disposed on an upper
surface thereof to act as the light detecting device,
the main body containing the electric double layer
capacitor, the limiting resistor, the vibration detect-
ing device and the discharge controller, and a light
diffuser lens for forwardly and laterally diffusing
light radiating from the light emitting diode.

In the bicycle safety light having the above
construction (to assure safety of bicycle running at
nighttime), the discharge controller provides controls
to extend life of the battery. The light emitting
diode is 1lit only when the vibration detecting device
and the photoconductive cell are in operation. Thus,
the light emitting diode is automatically lit without
turning on a power switch when riding the bicycle in a
1ow illuminance condition. The power is automatically

cut when the bicycle stops running. This eliminates a

- 13 -




10

15

20

25

wasteful consumption of the battery resulting from the
cyclist forgetting to turn off the power switch.

Preferably, the photoconductive cell comprises a
CdS (cadmium sulphide) cell.
| The cadmium sulphide cell has spectral response
characteristics close to visual sensitivity character-
istics. Thus, the light emitting diode may be 1lit and
put out according to the light and darkness perceivable
by humans.

It is preferred that the apparatus further com-
prises an electrolytic capacitor connected to the
electric double layer capacitor through the vibration
detecting device, wherein the discharge controller is
operable, when the vibration detecting device is
inoperative and the light detecting device is opera-
tive, for causing the electric double layer capacitor
to supply electric energy to the light emitting diode
intermittently in predetermined cycles for a period
according to a capacitance of the electrolytic capaci-
tor.

When the vibration detecting device is inopera-
tive, e.g. when in a low ambient light condition the
bicycle stops at traffic lights, the light emitting
diode emits light intermittently in predetermined

cycles for a time corresponding to the capacitance of
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the electrolytic capacitor. Thus, safety is assured
when the cyclist waits at traffic lights at nighttime.

Preferably, the light diffuser lens is centrally
recessed at one end thereof to define two slant surfac-
es extending toward a bottom, the light emitting diode
being embedded in the other end of the light diffuser
lens to be opposed to the bottom.

Light radiating from the light emitting dicde
travels forward through the bottom of the light diffus-
er lens, with part thereof reflected by the slant
surfaces to travel sideways. The light traveling not
only in the direction of emission from the light
emitting diode, but in directions perpendicular there-
to, enhances safety of bicycle running.

Preferably, the discharge controller provides
controls such that, where the discharging time is Tl'
the charging time is T2, and a sum thereof is a driving
cycle T (= T1 + T2) of the light emitting device, the
discharging time T is 5% of the driving cycle T of the
light emitting device (duty ratio K = 0.05).

The apparatus according to this invention may
further comprise a seawater detecting device for
detecting presence/absence of seawater, wherein the
discharge controller is operable, only when the seawa-

ter detecting device detects seawater, for causing the
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electric double layer capacitor to discharge the
electric energy to the light emitting device to drive
the light emitting device intermittently in predeter-
mined cycles while charging the electric double layer
capacitor, such that the discharging time for discharg-
ing the electric energy from the electric double layer
capacitor to the light emitting device is shorter than
the charging time for charging the electric double
layer capacitor and that the discharge current is
greater than the charge current.

It is only when the seawater detecting device is
in operation that the electric double layer capacitor
charged by the battery discharges electric energy %o
the light emitting device. At this time, the discharge
controller supplies a discharge current grea*er than a
charge current to the light emitting device intermit-
tently in predetermined cycles, with a discharging time
shorter than a charging time. Consequently, the
battery charges the electric double layer capacitor
with a small current for a long time. At this time,
the charge current {(i.e. discharge current from the
battery) is smoothed by the limiting resistor and
electric double layer capacitor, thereby leveling the
discharge current to the light emitting device as seen

from the battery. The light emitting device is
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operable intermittently only when the seawater detect-
ing is in operation, which suppresses the discharge
from the electric double layer capacitor and charging
of the electric double layer capacitor by the battery
(i.e. the discharge current from the battery). This
results in an advantage of checking exhaustion of the
battery.

Preferably, the discharge controller provides
controls such that, where the discharging time is Tl’
the charging time is T2, and a sut thereof is a driving
cycle T (= Tl + Tz) of the light emitting device, the
discharging time T is 5% of the driving cycle T of the
light emitting device (duty ratio K = 0.05).

It is preferred that the seawater detecting device
includes two electrodes each approximately 5mm square
in size and arranged at an interval of about 5mm.

With the seawater having the above construction,
the resistance between the electrodes is about 1 mega
ohm in air but about 10 kilo ohms in seawater. This
difference in resistance enables detection of seawater.

Preferably, the electrodes are given anticorrosion

treatment.

The anticorrosion treatment will protect the
electrodes from corrosion by seawater, thereby avoiding

variations in the resistance thereof to enable the
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seawater detecting device to be used over a long
period.

In a preferred embodiment, this apparatus is an
underwater fishing light including an upper portion and
a lower portion having the electric double layer
capacitor, the limiting resistor, the seawater detect-
ing device and the discharge controller mounted there-
in, and a fishing line connector formed at an upper end
thereof, and a lower portion connected to the'upper
portion and having a light emitting diode mounted
therein to act as the light emitting device, a plurali-
ty of fish hooks arranged peripherally thereof, and a
fishing line connector formed at a lower end thereof.

In the underwater fishing light having the above
construction (to attract fish living in relatively deep
levels), the discharge controller provides controls to
extend life of the battery. Further, the light emit-
ting diode is 1lit only when the seawater detecting
device is in operation, i.e. only when the seawater
fish light is immersed in seawater. Thus, the battery

is consumed only slowly to economic advantage.
BRIEF DESCRIPTION OF THE DRAWINGS

For the purpose of illustrating the invention,

there are shown in the drawings several forms which are
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presently preferred, it being understood, however, that
the invention is not limited to the precise arrange-
ments and instrumentalities shown.

Fig. 1 is a circuit diagram of a battery system in
a first embodiment of this invention;

Figs. 2A and 2B are a circuit diagram of a dis-
charge controller, and a time chart showing its cpera-
tion;

Figs. 3A and 3B are time charts of the battery
system;

Fig. 4 is a characteristic view showing discharge
electric currents and durations of various batteries;

Fig. 5 is a circuit diagram of a battery system in
a second embodiment;

Fig. 6 is a characteristic view showing depths of
discharge and cycle times of a secondary battery;

Fig. 7 is a circuit diagram of a signal/guide
light in a third embodiment;

Fig. 8 is a perspective view of the signal/guide
light;

Fig. 9 is a circuit diagram of a bicycle safety
light in a fourth embodiment;

Fig. 10 is a perspective view of the bicycle
safety light;

Fig. 11 is a plan view of a diffuser lens;

- 19 -
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Fig. 12 is a circuit diagram of an underwater
fishing light in a fifth embodiment;

Fig. 13 is a perspective view of the underwater
fishing light; and

Fig. 14 is an explanatory view showing use of the

underwater fishing light.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of this invention will be
described in detail hereinafter with reference to the
drawings.

<First “mbodiment>

Fig. 1 is a circuit diagram of a battery system in
the first embodiment. Fig. 2A is a circuit diagram of
a discharge controller. Fig. 2B is a time chart
showing operation of the discharge controller. Figs.
3A and 3B are time charts showing operation of the
battery system.

Referring to Fig. 1, numeral 1 denotes a primary
or secondary battery having a positive terminal con-
nected through a limiting resistor 2 to one end of an
electric double layer capacitor 3 and to a source line
VCC of a discharge controller 4 described later. It is
assumed here that the battery 1 supplies discharge

current I and that potential VC is given to a

B'
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connection between the limiting resistor 2 and electric

double layer capacitor 3 (i.e. source line V c of the

Cc
discharge controller 4). The negative terminal of
battery 1 is connected to the other end of electric
double layer capacitor 3 and to a grounding line GND of
discharge controller 4. A load L is connected between
an output line VOUT and grounding line GND of discharge
controller 4. The discharge controller 4 controls
current (discharge current) Io supplied from the
electric double layer capacitor 3 to the load L.

Next, reference is made to Fig. 2A showing a
circuit diagram of discharge controller 4. This
discharge controller 4 includes an astable
multivibrator (which is the self-driven type to provide

a square-wave output) having resistors R1 and R a

57
capacitor Cl' a transistor Tr2, resistors R2 and R3, a
capacitor C2 and a transistor Trl; a current booster
circuit having a resistor R4 and a transistor Tr3 for
boosting the output of the astable multivibrator; and a
resistor R6 for limiting the current supplied to the
load L connected to the output line VOUT’ The dis-
charge controller 40 may include one of various other
types of square wave output circuit, instead of being

limited to the astable multivibrator, as long as it is

capable of driving the load in cycles. It is possible
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to employ an oscillating circuit with a C-MOS inverter,
for example.

Fig. 2B shows an example of square waves outputted
to the output line VOUT of discharge controller 4
constructed as above. 1In Fig. 2B, reference T repre-
sents each cycle of the square-wave output. Reference
Tl represents a period of time in which the transistor
Tr3 of the current booster circuit is placed in conduc-
tive state for supplying current to load L (lbad
driving period). Reference T2 represents a period of
time in which the transistor Tr3 of the current booster
circuit is placed in non-conductive state for supplying
no current to loada L (load non-driving period). As is
well known, approximate values of load driwring period
Tl’ load non-driving period T2 and load driving cycle T
are derived from the following equations:

load driving period Ty £ 0.69 Cy R,

load non-driving period T, = 0.69 C, R

171

load driving cycle T = T, + T,

Constants are set for the discharge controller 4

such that load driving period Tl is shorter than load
non-driving period T2. For example, load driving

period Tl is 1% of (duty ratio K) of cycle T. Assum-

ing, for example, that load driving cycle T is 1 sec.

(i.e. charging time), then load driving pericd T1 is

- 22 -
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0.01 sec. (= K-T), and load non-driving period T2 is
0.99 sec. Such instantaneous charging and discharging
as in charging time T (= 1 sec.) are impossible with a
secondary battery such as an Ni-Cd storage battery. It
is only possibly by employing the electric double layer
capacitor 3 capable of charging and discharging in a
short time. This double layer capacitor 3 performs
charging and discharging throuagh adsorption/desorption
of electric charge to/from activated carbon, and can
therefore be used repeatedly withoutkdeterioration.

Next, reference is made to Figs. 3A and 3B. Fig.
3A shows a time chart of voltage Vc at the opposite
ends of double layer capacitor 3. Fig. 3B shows a time
chart of charge current Ii for the double layer capaci-
tor 3, and load current Io (discharge current.’ supplied
to the load L.

Voltage Vc ‘at the double layer capacitor 3 is
variable by the discharge controller 4 as shown in
solid lines in Fig. 3A. However, voltage Vc is
smoothed by the limiting resistor 2 and electric double
layer capacitor 3 to vary as shown in two-dot-and-dash
lines. Further, as shown in solid lines in Fig. 3B,
charge current Ii for the electric double layer capaci-
tor 3 decreases from a peak provided by the discharge

current IB from the battery 1. However, charge current
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Ii actually is also smoothed to vary as shown in
two-dot-and-dash lines. The charge characteristic
(electric energy charged) is expressed by the following
equation, where the double layer capacitor 3 has
capacitance C (F), the charging time is T (sec.), and
charge current Ii has an average value Ii' for charging
time T. The collector resistances R3 and R5 of tran-
sistors Tr1 and Tr2 are set to large values so that
current consumption by the discharge controller 4 is
sufficiently small and negligible compared with dis-
charge current Io.

C-VB = Ii'-T eee (1)

The discharge characteristic (electric energy
discharged) is expressed by the following equation:

C-VB = Jo*K-T .. (2)

Assuming that capacitance C of double layer
capacitor 3 and voltage VB of battery 1 are invariable
with repeated charging and discharging, the electric
energy charged and electric energy discharged are
equal. Thus, the following equation is obtained from
equations (1) and (2):

Ii'-T = I0o*K-T
A#Ii' = Io*K cees (3)
Substituting duty ratio K = 0.01 (1%) into equa-

tion (3), Ii' = 0.01-Io. Thus, it is seen that the
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average value Ii' of charge current is 1/100 times the
current Io supplied to the load L (multiplied by duty
ratio K). The electric energy for charging the elec-
tric double layer capacitor 3 (charging time X charge
current) and the electric energy discharged therefrom
(discharging time X discharge current) are equal.
Consequently, the time for charging the electric double
layer capacitor 3 may be extended by shortening the
discharging time of the electric double layer capacitor
3. It is therefore possible to extend the time for the
battery 1 to charge the electric double layer capacitor
3, i.e. the discharging time of battery 1. This allows
the discharge current IB of battery 1 to be small.
Voltage Vc at the opposite ends of double layer
capacitor 3 increases with a time constant based on the
limiting resistor 2 and its own capacitance, substan-
tially to reach output voltage VB of battery 1 (strict-
ly speaking, lower by the voltage drop at the limiting
resistor 2). Charge current Ii at this time decreases

from output current I, of battery 1 forming a peak.

B
The electric energy charged into the electric double
layer capacitor 3, i.e. the electric energy discharged
from the battery 1, is expressed by equation (1), and

by area S2 in Fig. 3B. Further, the average value Ii'

of charge current Ii is shown in Fig. 3B. The actual
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voltage Vc at the opposite ends and discharge current
Ii are smoothed by the limiting resistor 2 and electric
double layer capacitor 3 as shown in the two-dot-
and-dash lines in Fig. 3B.

Upon lapse of load non-driving period T2 (=
T-K-T), the transistor Tr3 of discharge controller 4
becomes "on" state to supply discharge current Io from
output line VOUT to load L. This discharge current Io
is 100 times the average charge current Ii', based on
equation (3). The electric energy discharged from the
electric double layer capacitor 3 may be expressed by
area S1 in Fig. 3B. Upon lapse of load driving period
Tl (= K-T), charging of double layer capacitor 3 by the
battery 1 and discharging from double layer capacitor 3
to load L are repeated.

As described above, the load L receives the
electric energy supply not directly from the battery 1,
but through the limiting resistor 2 and electric double
layer capacitor 3. The limiting resistor 2 and double
layer capacitor 3 smooth the discharge current IB from
the battery 1, thereby significantly reducing the
substantial discharge current Ii' of battery 1 (which
is discharge current Io from the electric double layer
capacitor 3 multiplied by duty ratio K) to lighten the

load falling on the battery 1.
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A comparison is made hereinafter between the
system of this invention and a conventional system with
reference to Fig. 4 which is a characteristic view
showing discharge currents and durations of various
batteries. 1In Fig. 4, reference 1 in a circle indi-
cates characteristics of a manganese primary battery,
reference 2 in a circle those of a lithium primary
battery, and reference 3 in a circle those of a lithium
secondary battery. Assuming, for example, that the
manganese primary battery referenced 2 in a circle is
used, which provides 1A (1000mA) discharge current Io
to load L in the conventional system, with load L
intermittently driven at 1% duty ratio K, then with
discharge current Io (= 1000mA) directly taken out of
the battery, the duration of discharge current Io is
one hour, and duration TP for allowing the load to
operate intermittently is 100 hours which is one hour
divided by duty ratio K (= 0.01). In the system
embodying this invention, the discharge current from
the electric double layer capacitor is 1000mA, but
discharge current Ii' (= IB) from the battery is
multiplied by its duty ratio K (1/100 times) to become
10mA. Thus, the duration TI is 700 hours which are
seven times that of the conventional system. If the

duration is equal, then the battery capacity may be
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1/7.

<Second Embodiment>

Fig. 5 is a circuit diagram of a battery system in
the second embodiment. In Fig. 5, like references are
used to identify like parts in the first embodiment and
will not be described again.

Numeral 5 denotes a solar battery having a pos-
itive terminal connected to a positive terminal of a
secondary battery 1 through a reverse current preven-
tive diode 6. When the solar batter 5 is irradiated

with light, voltage V. is generated at opposite ends

S
thereof, and current IS is made available then. When
light irradiates the solar battery 5, this circuit
starts charging the secondary battery 1 substantially
with current IS' which continues until voltage VB at
opposite ends thereof equalizes voltage Vs. Further,
the secondary battery 1 is charged by the solar battery

5 when the voltage V., at the opposite ends of the

B
secondary battery 1 falls below voltage VS.

Preferably, the reverse current preventive diode 6
comprises a schottky diode, for example, which has a

minimum forward voltage, so that the voltage V. gener-

S
ated by the solar battery 5 is maintained as high as
possible.

In this embodiment, as in the first embodiment,
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the time for charging the electric double layer capaci-
tor 3 by the secondary battery 1 may be extended by
shortening the discharging time of the double layer
capacitor 3. It is therefore possible to extend the
time for the secondary battery 1 to charge the electric
double layer capacitor 3, i.e. the discharging time of
the secondary battery 1. This allows the discharge
current of secondary battery 1 to be small, and reduces
the depth of discharge of the secondary battery 1
(relating to the ratio of discharge current to the
nominal capacity of the secondary battery). Conse-
quently, the cycle times of the secondary battery (the
number of times the secondary battery is used in
charging and discharging) may be increased.

As described above, the load L receives the
electric energy supply not directly from the secondary
battery 1, but through the limiting resistor 2 and
electric double layer capacitor 3. The limiting
resistor 2 and double layer capacitor 3 smooth the
discharge current Ib .iom the secondary battery 1,
thereby significantly reducing the substantial dis-
charge current Ii' (i.e. reducing the depth of dis-
charge) of the secondary battery 1 (which is discharge
current Io from the electric double layer capacitor 3

multiplied by duty ratio K) to lighten the load falling
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on the secondary battery 1.

Assuming that discharge current Io to the load L
is 50mA, and that duty ratio K is 5%;

Iz = Ii = 50mA X 0.05 = 2.5mA.

Where the load is driven for 12 hours a day (hours
being hereinaf‘er represented by H), the capacity
-equired of the secondary battery 1 is expressed by the
following equation:

2.5mA X 12H/day = 30mAH/day.

Where the depth of discharge is 10%, the capacity
required of secondary battery 1 is expressed by the
following equation:

30mAH / 0.1 = 300mAH.

Where the loss factor of solar battery 5 is 0.6 and
sunlight hours are 3H, the output (Is) of solar battery
5 is expressed by the following equation:

30mAH / (3H + 0.6) = 8.33mA.

This is multiplied by about 10, considering charging in
rainy weather. Thus, the solar battery 5 may provide
an output IS of 83.3mA.

A comparison is made between the system of this
invention and the conventional system with reference to
Fig. 4 which is the characteristic view showing dis-
charge currents and durations of various batteries.

The secondary battery 1 in this embodiment is the
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lithium secondary battery at reference 3 in a circle.
The secondary battery 1 in this embodiment pro-

vides discharge current I_ of 2.5mA, and its duration

B
T1 derived from Fig. 4 is about 35H. Thus, the capaci-
ty of one secondary battery 1 is 2.5mA X 35H = 87.5mAH.
The capacity of secondary battery 1 needed to drive the
load L for 12H a day is 300mAH (depth of discharge:
10%). The number of secondary batteries is 300maAH /
87.5mAH = 3.4. Thus, it is adequare to arranée four
secondary batteries connected in parallel.

In the conventional system, on the other hand, IB
= 50mA, and the duration of discharge from the secon-
dary battery 1 derived from Fig. 4 is about 0.2H. The
duration of discharge TP with the duty ratio K = 5% is
0.2H / 0.05 = 4H. Thus, the capacity of one secondary
battery 1 is 50mA X 0.05 x 4H = 10mAH. The capacity of
secondary battery 1 needed to drive the load L for 12H
a day is 300mAH. The number of secondary batteries is
300mAH / 10mAH = 30. Thus, it is necessary to arrange
as many as 30 secondary batteries connected in paral-
lel.

Next, reference is made to Fig. 6 which is a
characteristic view showing depths of discharge and
cycle times. A secondary battery normally has a depth

of discharge at 30 to 50%, and hence the number of
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cycles is approximately 100 to 300. In this embodi-
ment, the depth of discharge is set to 10%. Thus,
based on Fig. 4, the number of cycles is approximately
1000, which is about three to ten times the number of
cycles at the greater depth of discharge (30 to 50%).
By reducing the depth of discharge below 10%, it is
possible to obtain approximately 3000 cycle times.
That is, the life of the secondary battery may be
extended. 1In a battery system where a secondary
battery is charged by a solar battery, and electric
energy is supplied from the secondary battery charged
to a load to operate the load, the secondary hattery
normally has a capacity for covering 10 to 20 days to
compensate for sunless weather. Thus, the system
inevitably requires a large secondary battery. Howev-
er, where the number of cycles is in the order of
several thousand, charging and discharging may be
effected on a daily basis. It is unnecessary to
compensate for sunless weather, and hence the secondary
battery may have a reduced capacity. Consequently, a
small secondary battery is adequate. Further, an
all-weather battery system may be realized by setting
the output current of the solar battery in a rainy

condition.
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<Third Embodiment>

A signal/guide light will be described hereinaf-
ter, which is one example of intermittent motion
apparatus utilizing the battery system described in the
first embodiment. Fig. 7 is a circuit diagram of the
signal/guide light, and Fig. 8 is a perspective view
showing an outward appearance of the signal/guide
light. The signal/guide light is an apparatus for
alerting motorists te road works or the like or indi-
cating a course to follow at nighttime, and employs
light emitting diodes or the like which brink to draw
attention.

In Fig. 7, numeral 10 denotes a switch for start-
ing and stopping the supply of electric energy from the
electric double layer capacitor 3 to the discharge
controller 4 and load L. This switch 10 is closed or
opened to make or break the supply of electric energy
to the controller 4 and load L. The load L in this
signal/guide light includes 15 light emitting diodes
arranged in parallel to act as a light emitting device.
This signal/guide light has a power source consisting
of two AA-size manganese primary batteries connected in
series. The discharge controller 4 is, by way of
example, set to cycle T = 0.1 sec. and duty ratio K =

20%.
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Referring to Fig. 8, the signal/guide light
includes an indicator 11 formed on an upper portion
thereof for drawing attention of motorists and the
like. The indicator 11 has the 15 light emitting
diodes (load L) arranged peripherally thereof. A
protective cover 12 is screwed onto the indicator 11 to
protect the light emitting diodes L from raindrops and
the like. The protective cover 12 defines an uneven
outer surface for scattering light emitted from the
light emitting diodes L. The signal/guide light
further includes a grip 13 disposed below the indicator
11 for allowinc the user to hold the light in his or
her hand. The grip 13 includes a watertight cap 14
mounted on a bottom surface thereof for allowing the
battery 1 to be inserted. The switch 10 of the sig-
nal/guide light is disposed on an upper peripheral
position of the grip 13.

The load L (with the 15 light emitting diodes
connected in parallel) of this signal/guide light
consumes a current of 1000mA. That is, discharge
current Io = 1000mA. With the duty ratic K = 0.2

(20%), the current I_, of battery 1 is 200mA based on

B
equation (3). Thus, from the characteristic view in
Fig. 4 showing discharge electric currents and dura-

tions, the duration TI of battery 1 of this

- 34 -




10

15

20

25

signal/guide light is 20H.

In a conventional signal/guide light, the current
IB of battery 1 is 1000mA, and therefore its duration
is 1H. With the duty ratio K = 0.2, the duration TP of
battery 1 = 1H / 0.2 = 5H. Thus, the signal/guide
light in this embodiment provides a duration (= TI/TP)
four times that of the conventional signal/guide light.
Where the operating time is the same, the capacity of
battery 1 may be reduced to 1/4.

When the battery acting as the power source runs
down at night, the signal/guide light cannot attract
motorists' attention. This results in a serious danger
to both people at work and motorists. Thus, whether
the battery currently in use has a sufficient capacity
or not, the battery is always replaced with a new one
before use to be on the safe side. The battery re-
placed is discarded, which poses a problem of adversely
influencing environment. According to this embodiment,
however, the battery has an extended life, four times
that of the conventional system, which is an economic
advantage.

<Fourth Embodiment>

A bicycle safety light will be described hereinaf-
ter, which is another example of intermittent motion

apparatus utilizing the battery system described in the
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first embodiment. Fig. 9 is a circuit diagram of the
bicycle safety light, and Fig. 10 is a perspective view
showing an outward appearance of the bicycle safety
light. The kicycle safety light is an apparatus
mounted on the saddle or rear fender of a bicycle to
assure safety when running at nighttime.

Referring to Fig. 9, one end of a vibration sensor
20 is connected to the positive terminal of electric
double layer capacitor 3, and one end of an
electrolytic capacitor 21 is connected to the other end
of vibration sensor 20. The other end of electrolytic
capacitor 21 is connected to the grounding line GND of
discharge controller 4. The vibration sensor 20 may be
one of various types. In this embodiment, the vibra-
tion sensor 20 includes a pivotable electrode and a
fixed electrode, the pivotable electrode having one end
thereof fixed and the other end carrying a weight.
This vibration sensor 20 corresponds to the vibration
detecting device of the present invention.

A resistor 22 and a photoconductive cell 23 acting

as a light detecting device are connected in series to
a connection hetween the vibration sensor 20 and
électrolytic capacitor 21. Typically, the
photoconductive cell 23 is 2 CdS (cadmium sulphide) orx

CdTe cell, which is an optical sensor having a
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resistance variable with light irradiation. While the
photoconductive cell 23 may comprise one of various
types, a Cds cell is preferred for the purpose of
detecting sunset since its spectral response character-
istics are close to visual sensitivity characteristics.
The base terminal of a transistor 24 is connected to a
connection between the resistor 22 and photoconductive
cell 23. The collector terminal of transistor 24 is
connected to the positive terminal of electric double
layer capacitor 3 through a resistor 25. The emitter
terminal of transistor 24 is connected to the grounding
line GND of discharge controller 4. Further, the
collector terminal of transistor 24 is connected to the
base terminal of a transistor 27 through a resistor 26.
The emitter terminal of transistor 27 is connected to
the positive terminal of electric double layer capaci-
tor 3. The collector terminal of transistor 27 is

connected to the source line V of discharge control-

CC
ler 4. A light emitting diode L acting as a light
emitting device is connected to the output terminal

\Y of discharge controller 4. A forward current of

ouT
50mA, for example, is supplied intermittently to the
light emitting diode L. Various constants are set to
the discharge controller 4 to provide cycle T = 0.5

sec. and duty ratio K = 0.05 (5%).
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With this bicycle safety light, the light emitting
diode L is lit intermittently only when both the
vibration senzaix 20 and photoconductive cell 23 operate
at the same !:iwm#. That is, the electrolytic capacitor
21 is connected to the positive terminal of electric
double layer capacitor 3 when the vibration sensor 20
detects vibration. Then, the electric double layer
capacitor 3 charges the electrolytic capacitor 21, and
the current flows to the resistor 22 and photoconduc-
tive cell 23. 1In a daylight condition, the transistor
24 does not become conductive since the photoconductive
cell 23 has a resistance in the order of several
hundred ohms. After sunset, the resistance of photo-
conductive cell 23 becomes several hundred kilc ohms to
place the transistor 24 in conductive state. With the
transistor 24 becoming conductive, a current flows
through the resistor 25 to render the transistor 27
conductive. With the transistor 27 becoming conduc-
tive, the discharge controller 4 operates to drive the
light emitting diode L intermittently.

The electrolytic capacitor 21 is connected paral-
lel to the resistor 22 and photoconductive cell 23.
Therefore, when the bicycle stops at traffic lights at
nighttime, that is when the vibration sensor 20 becomes

inoperative, the electric energy stored in the
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electrolytic capacitor 21 flows to the resistor 22 and
photoconductive cell 23 to maintain the transistor 24
conductive for a time corresponding to its capacitance.
Thus, safety is assured also when the cyclist waits at
traffic lights at nighttime.

Referring to Fig. 10, the photoconductive cell 23
is disposed on an upper surface of a main body 30 of
the bicycle safety light. The light emitting diode L
is mounted in a front position of the main body 30,
with a light diffuser lens 31 formed of a resin having
a high refractive index. As shown in plan in Fig. 11,
the light diffuser lens 31 is centrally recessed at one
end thereof to define two slant surfaces 31b extending
toward a bottom 3la. The light emitting diode L is
embedded in the other end of the lens 31 to be opposed
to the bottom 3la. Light (indicated by arrows in Fig.
11) radiating from the light emitting diode L embedded
in the light diffuser lens 31 mainly travels forward
through the bottom 3la, with part thereof reflected by
the slant surfaces 31b to travel sideways from the
light diffuser lens 31. Consequently, where the main
body 30 of the bicycle safety light having the diffuser
lens 31 is mounted on the rear fender or saddle of the
bicycle, visibility is increased sideways as well as

rearward to secure safety.
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A bicycle safety light usually has a power switch
mounted on the handlebar or on the safety light itself
for operr.iing and stopping the light. In this case,
the cyclist often forgets to turn off the switch,
thereby to deplete the battery. Thus, most cyclists
ride bicycles without turning on the power switch,
which is dangerous. However, with the bicycle safety
light in this embodiment, the photoconductive cell 23
detects a dark condition at nighttime or during the
day, and the vibration sensor 20 detects use of the
bicycle, to dispense with the trouble of turning on a
power switch. In the absence of a power switch, an
inconvenience is avoided in which the cyclist forgets
to turn off the power switch, with the result that the
battery is down when needed.

To make the bicycle safety light small and light-
weight, the battery 1 may comprise, for example, a
lithium primary battery (referenced 2 in Fig. 4) which
is small and is the high density type. The period for
which this battery is available for use is now calcu-
lated. It is assumed that the light emitting diode L
consumes a current of 50mA, that the discharge control-
ler 4 provides cycle T of 0.5sec. and that the duty
ratio K is 0.05 (5%). Then, the charge current Ii for

the electric double layer capacitor 3 (discharge
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current IB from the battery 1) is derived from the
following equation:

Ii = 50mA X 0.05 = 2.5mA
From reference 2 in Fig. 4, the duration '1‘I of the
lithium primary battery is 700H. Thus, where the
bicycle safety light is used at the rate of 15min. a
day, and the battery 1 makes zero self-discharge, the
battery is available for use for as long as about eight
vears (700H X 60min. / 15 = 2800 days).

Next, the same calculation will be made for the
conventional system. The battery 1 has discharge
current IB of 50mA, and therefore its duration cannot
be derived from the characteristic view of Fig. 4,
reference 2. This indicates that a lithium primary
battery cannot be used with such a large current.
Assuming an 2xtension of the characteristic view of
Fig. 4, its duration is about 0.1H. The light emitting
diode L is 1lit with duty ratio K = 0.05, and therefore

the duration T, is 2H (= 0.1H / 0.05). Thus, this

P
embodiment has an advantage of extended life which is
350 times (= 700H / 2H) that of the conventional
system.

<Fifth Embodiment>

An underwater fishing light will be described

hereinafter, which is a further example of intermittent
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motion apparatus utilizing the battery system described
in the first embodiment. Fig. 12 is a circuit diagram
of the underwater fishing light, and Fig. 13 is a
perspective view showing an outward appearance of the
underwater fishing light. The underwater fishing light
is a brinkable light for attracting fish living in
relatively deep levels (about 100m deep), such as
squids, cutlass fish and congers.

Referring to Fig. 12, a discharge controller 4'
has the circuit shown in Fig. 2A from which the current
booster circuit (transistor Tr, and resistor RG) is
excluded and in which the connection between resistor
R4 and resistor R5 acts as output terminal VOUT‘ A
seawater sensor 40 acting as a seawatcr detecting
device has one end 40a thereof connected to the output

terminal Vv of the discharge controller 4'. The

ouT
other end 40b of seawater sensor 40 is connected to the
positive terminal of electric double layer capacitor 3
through a bias resistor 42 of a transistor 41, and to
the base terminal of transistor 41. The emitter
terminal of transistor 41 is connected to the positive
terminal of electric double layer capacitor 3. The
collector terminal of transistor 41 is connected to a

light emitting diode L acting as a light emitting

device, through a current limiting resistor 43.
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Various constants are set to the discharge con-
troller 4' to provide cycle T = 0.2 sec. and duty ratio
K = 0.05 (5%). The current limiting resistor 43 has a
value for providing a forward current of 50mA for the
light emitting diode L.

The seawater sensor 40 has electrodes 40a and 40b
which are each approximately 5mm square in size, and
are arranged at an interval of about 5mm. The elec-
trodes 40a and 40b are arranged to contact seawater,
and therefore preferably are given treatment to with-
stand corrosion in advance in order that their resis-
tance would not vary with corrosion. The resistance
between electrodes 40a and 40b of seawater sensor 40 is
about 10 kilo ohms in seawater, and about 1 mega ohm in
air. Further, the resistance therebetween is about 100
kilo ohms when contacted by water such as rainwater
instead of seawater. Thus, the resistance of seawater
sensor 40 falls only in seawater to cause electric
current to flow through the bias resistor 42 to place
the transistor 41 in conductive state.

Referring to Fig. 13, the underwater fishing light
50 includes an upper portion 50a and a lower portion
50b (the latter being formed of a material for trans-
mitting light from the light emitting diode L), each

having a fishing line connector 51 at an end thereof.
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The battery 1, electric double layer capacitor 3,
discharge controller 4' and seawater sensor 40 are
mounted in the upper portion 50a. The seawater sensor
40 is disposed on a side surface of the uprer portion
50a, with the electrodes 40a and 40b exposed to seawa-
ter. The lower portion 50b includes four fish hooks 52
arranged peripherally thereof and symmetrically in plan
view. The light emitting diode L is mounted in the
lower portion 50b.

As shown in Fig. 14, 70 underwater fishing lights
50 are connected to fishing lines at intervals of 1m,
for example. These fishing lights 50 are suspended
from a fishing vessel into seawater, with an uppermost
fishing light 50 lying at about 30m below the fishing
vessel. Since the seawater sensor 40 is operable only
in seawater as noted above, the light emitting diode L
brinks only when the underwater fishing light 50 is in
seawater. Thus, the battery 1 is used slowly to
economic advantage. A fishing operation using such
underwater fishing lights usually continues for about
12H. Further, since small lamps are used as light
sources, batteries are changed for each operation.
However, according to this embodiment, the light
emitting diode L is used as the light source, and

besides the discharge current of battery 1 can be
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reduced. Thus, consumption of battery 1 may be sup-
pressed.

The duration of battery 1 comprising a lithium
primary battery (referenced 2 in Fig. 4) is now calcu-
lated. The discharge current IB from the battery 1 is
2.5mA (= 50mA X 0.05) and, from Fig. 4, duration Ty is ' ;
700H. Thus, where an operation is carried out for 12H
per day, the battery is available for use for about 58
days (700H / 12H = 58.3) (about two months).

In the conventional system, the battery 1 has
discharge current IB of 50mA, and therefore its dura-
tion cannot be derived from the characteristic view of
Fig. 4, reference 2. This indicates that the lithium
primary battery cannot be used with such a large
current. Assuming an extension of the characteristic
view of Fig. 4, its duration is about 0.1H. The light
emitting diode L is 1lit with duty ratio K = 0.05, and

therefore the duration T, is 2H (= 0.1H / 0.05). Thus,

P
this embodiment has an advantage of extended life which
is 350 times (= 700H / 2H) that of the conventional
system.

A pressure sensor may be connected in series to
the seawater sensor 40, or a pressure sensor may be

used in place of the seawater sensor 40, to drive the

light emitting diode L when the underwater fishing
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light 50 reaches a predetermined depth. A simple
pressure sensor of the mechanical diaphragm type is
preferred. Such a pressure sensor may include a
conducting electrode formed on a side of the diaphragm
not contacting seawatcr, and a pair of electrodes
opposed to the conducting electrode and arranged at a
predetermined interval therebetween. With this don—
struction, the diaphragm is deformed when the underwa-
ter fishing light 50 reaches a predetermined depth,
thereby moving the conducting electrode into contact
with the pair of electrodes. Thus, the light emitting
diode L is driven to brink when or only when the
fishing light 50 reaches the predetermined depth in
seawater. This provides the effect of further sup-
pressing consumption of battery 1.

The third to fifth embodiments have been de-
scribed, exemplifying a light emitting device such as
the light emitting diode or diodes L acting as the
load. However, the load may comprise, instead of the
light emitting diode or diodes, one of various actua-
tors or a sounding device operable intermittently.

The signal/guide light, bicycle safety light and

underwater fishing light have been described as exam-

ples of the intermittent motion apparatus. The present

invention is not limited to these lights, but is
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applicable to various other intermittent motion appara-
tus. Such apparatus include solar radios,
transceivers, battery-operated lighters, pumps, sprin-
klers, electrically operated blinds, level crossing
gates, and automatic doors.

The present invention may be embodied in other
specific forms without departing from the spirit or
essential attributes thereof and, accordingly, refer-
ence should be made to the appended claims, réther than
to the foregoing specification, as indicating the scope

of the invention.

- 47 -




10

15

20

What is claimed is:

1. A battery system for supplying electric energy from
a primary battery or a secondary battery to a load,
comprising:

a battery consisting of said primary battery or
said secondary battery;

an electric double layer capacitor for storing
electric energy from said battery;

a limiting resistor for limiting the electric
energy supplied from said battery to said electric

double layer capacitor; and

discharge control means for causing said electric
double layer capacitor to discharge the electric energy
to said load intermittently in predetermined cycles
while charging said electric double layer capacitor,
such that a discharging time for discharging the
electric energy from said electric double layer capaci-
tor to said load is shorter than a charging time for
charging said electric double layer capacitor with
electric energy and that a discharge current is greater

than a charge current.

2. A battery system as defined in claim 1, wherein

said discharge control means provides controls such

- 48 -




that, where said discharging time is Tl' said charging

time is T and a sum thereof is a driving cycle T (=

2'
Tl + T2) of said load, said discharging time T is 1% of
said driving cycle T of said load (duty ratio K =

0.01).

3. A battery system as defined in claim 1, wherein
said battery comprises a secondary battery chargeable
by a solar battery for converting light energy into

electric energy.

4. A battery system as defined in claim 3, further
comprising a reverse current preventive diode connected
in series between said solar battery and said secondary

battery.

5. A battery system as defined in claim 4, wherein
said reverse current preventive diode comprises a

schottky diode.

6. A battery system as defined in claim 3, wherein
said discharge control means provides controls such
that, where said discharging time is Tl' said charging
time is T2' and a sum thereof is a driving cycle T (=

T, + T2) of said load, said discharging time T is 5% of

1
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said driving cycle T of said load (duty ratio K =

0.05).

7. An intermittent motion apparatus for supplying
electric energy from a primary battery or a secondary
battery to a load to drive said load intermittently,
said apparatus comprising:

a battery consisting of said primary battery or
said secondary battery;

light emitting means such as a light emitting
diode acting as said load;

an electric double layer capacitor for storing
electric energy from said battery;

a limiting resistor for limiting the electric
energy supplied from said battery to said electric
double layer capacitor; and

discharge control means for causing said electric
double layer capacitor to discharge the electric energy
to said light emitting means to drive said light
emitting means intermittently in predetermined cycles
while charging said electric double layer capacitor,
such that a discharging time for discharging the
electric energy from said electric double layer capaci-
tor to said light emitting means is shorter than a

charging time for charging said electric double layer

- 50 -




capacitor with electric energy and that a discharge

current is greater than a charge current.

8. An apparatus as defined in claim 7, wherein said
apparatus is a signal/guide light including a tubular
indicator having a plurality of light emitting diodes
arranged peripherally thereo:. to act as said light
emitting means, a grip disposed below said indicator
and having said electric double layer capacitbr, said
limiting resistance and said discharge control means
mounted therein, a switch disposed peripherally thereof
for supplying and stopping the electric energv from
said electric double layer capacitor to said discharge
control means, and said battery mounted in a space
closable by a watertight cap attached to a bottom

thereof, and a protective cover for surrounding said

indicator.

9. An apparatus as defined in claim 7, wherein said
discharge control means provides controls such that,
where said discharging time is Tl' said charging time
is T2, and a sum thereof is a driving cycle T (= Tl +
T2) of said light emitting means, said discharging time

T is 20% of said driving cycle T (duty ratio K = 0.2).

- 51 -




15

10. An apparatus as defined in claim 7, further
comprising vibration detecting means for detecting
vibration, and light detecting means for detecting
ambient illuminance below a predetermined illuminance
level, wherein said discharge control means is opera-
ble, only when said vibration detecting means and said
light detecting means are both in operation, for

causing said electric double layer capacitor to dis-

charge the electric energy to said light emitting means

to drive said light emitting means intermittently in
predetermined cycles while charging said electric
double layer capacitor, such that the discharging time
for discharging the electric enf jy from said electric
double layer capacitor to said light emitting means is
shorter than the charging time for charging said
electric double layer capacitor and that the discharge

current is greater than the charge current.

11. An apparatus as defined in claim 7, wherein said
apparatus is a bicycle safety light including a main
body having a light emitting diode mounted in a front

position thereof to act as said light emitting means,

and a photoconductive cell disposed on an upper surface

thereof to act as said light detecting means, said main

body containing said electric double layer capacitor,
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said limiting resistor, said vibration detecting means
and said discharge control means, and a light dif“user
lens for forwardly and laterally diffusing light

radiating from said light emitting diode.

12. An apparatus as defined in claim 11, wherein said
photoconductive cell comprises a CdS (cadmium sulphide)

cell.

13. An apparatus as defined in claim 11, furthec
comprising an electrolytic capacitor connected to said
electric double layer capacitor through said vibration
detecting means, wherein said discharge control means
is operable, when said vibration detecting means is
inoperative and said light detecting means is opera-
tive, for causing said electric double layer capacitor
to supply electric energy to said light emitting diode
intermittently in predetermined cycles for a period

according to a capacitance of said electrolytic capaci-

tor.

14. An apparatus as defined in claim 11, wherein said
light diffuser lens is centrally recessed at one end
thereof to define two slant surfaces extending toward a

bottom, said light emitting diode being embedded in the
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other end of said light diffuser lens to be opposed to

said bottom.

15. An apparatus as defined in claim 10, wherein said
discharge contrel means provides controls such that,
where said discharging time is Tl, said charging time
is Tz, and a sum thereof is a driving cycle T (= Tl +
Tz) of said light emitting means, said discharging time
T is 5% of said driving cycle T of said light emitting

means (duty ratio K = 0.05).

16. An apparatus as defined in claim 7, further
comprising seawater detecting means for detecting
presence/absence of seawater, wherein said discharge
control means is operable, only when said seawater
detecting means detects seawater, for causing said
electric double layer capacitor to discharge the
electric energy to said light emitting means to drive
said light emitting means intermittently in predeter-
mined cycles while charaing said electric double layer
capacitor, such that the discharging time for discharg-
ing the electric energy from said electric double layer
capacitor to said light emitting means is shorter than
the charging time for charging said electric double

layer capacitor and that the discharge current is
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greater than the charge current.

17. An apparatus as defined in claim 16, wherein said
discharge control means provides controls such that,
where said discharging time is Tl' said charging time
is T2, and a sum thereof is a driving cycle T (= Tl +
TZ) of said light emitting means, said discharging time
T is 5% of said driving cycle T of said light emitting

means (duty ratio K = 0.05).

18. An apparatus as defined in claim 16, wherein said
seawater detecting means includes two electrodes each
approximately 5mm square in size and arranged at an

interval of about S5Smm.

19. An apparatus as defined in claim 16, wherein said

electrodes are given anticorrosion treatment.

20. An apparatus as defined in claim 16, wherein said
apparatus is an underwater fishing light including an
upper portion and a lower portion having said electric
double layer capacitor, said limiting resistor, said
seawater detecting means and said discharge control
means mounted therein, and a fishing line connector

formed at an upper end thereof, and a lower portion
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connected to said upper portion and having a light
emitting diode mounted therein to act as said light
emitting means, a plurality of fish hooks arranged
peripherally thereof, and a fishing line connector
formed at a lower end thereof.

21. A Dbattery system for supplying electric energy
from a primary Dbattery or a secondary battery

substantially as herein described with reference to

_Figures 1 to 4 of the accompanying drawings.

22. A battery system for supplying electric energy
from a primary battery or a secondary battery
substantially as herein described with reference to
Figure 5 and Figure 6 of the accompanying drawings.

23. A battery system for supplying electric energy
from a primary Dbattery or a secondary Dbattery
substantially as herein described with reference to
Figure 7 and Figure 8 of the accompanying drawings.

24. An intermittent motion apparatus for supplying
electric energy from a primary battery or a secondary
battery to a load, substantially as herein described

with reference to the accompanying drawings.

Dated this 1st day of August 1995

UEDA CO., LTD.
By their Patent Attorney
GRIFFITH HACK & CO.




ABSTRACT OF THE DISCLOSURE

A battery system for supplying electric energy
from a primary battery or a secondary battery to a
load. This system includes a battery consisting of the
primary battery or the secondary battery, an electric
double layer capacitor for storing electric energy from
the battery, a limiting resistcr for limiting the
electric energy supplied from the battery to the
electric double layer capacitor, and a discharge
controller for controlling the electric double layer
capacitor. The discharge controller causes the elec-
tric double layer capacitor to discharge the electric
energy to the load intermittently in predetermined
cycles while charging the electric double layer capaci-
tor. A discharging time for discharging the electric
energy from the electric double layer capacitor to the
load is shorter than a charging time for charging the
electric double layer capacitor with electric energy.
At this time, a discharge current is greater than a

charge current.
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