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(54) LED lighting device and illumination fixture using the same

(57) [Object] To prevent a breakdown of an LED lamp
by suppressing a current flowing when the LED lamp is
attached to a lamp socket.

[Means for Settlement] In the case where a voltage
equal to or more than a rated voltage of an LED lamp
110 is outputted from a power conversion part 2 under
an unloaded state, there is a possibility that an over cur-
rent exceeding the rated value flows immediately after
the LED lamp 110 is connected to the lamp socket 120.
However, in an LED lighting device according to the
present embodiment, a control part 5 stops the operation
of the power conversion part 2 until the connection judg-
ment part 6 judges whether or not the LED lamp 110 is
connected. And, the control part 5 starts the operation of
the power conversion part 2 after the connection judg-
ment part 6 judges the connection is done (the loaded
state). Accordingly, a voltage equal to or more than the
rated voltage is not applied to the LED lamp 110, the
current flowing when the LED lamp 110 is attached to
the lamp socket 120 is suppressed, and thus the LED
lamp 110 can be prevented from breaking down.
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Description

[Field of the Invention]

[0001] The present invention relates to an LED lighting
device for lighting an LED (a light-emitting diode) and to
an illumination fixture using the same.

[Background Art]

[0002] In these years, an LED has been increasingly
used as a light source for lighting instead of a fluorescent
lamp. For example, in Patent Literature 1, an LED lamp
having a similar shape to that of a conventional straight
tube fluorescent lamp is disclosed. The LED includes: a
light source block configured by mounting many LEDs
on a mounting substrate formed in a band plate shape:
a glass tube formed to be a straight tube for internally
housing the light source block; a base for closing both
ends of the glass tube; and a terminal pin for supplying
electric power to the light source block, the terminal pin
projecting from a side surface of the base. The above-
mentioned LED lamp is detachably attached to a lamp
socket provided to a dedicated illumination fixture, and
is turned on when the electric power (direct-current pow-
er) is supplied via the lamp socket from the LED lighting
device mounted on the illumination fixture.
[0003] In addition, Patent literature 2 describes the
LED lighting device as a conventional example. In the
conventional example described in Patent Document 2,
control (constant current control) to detect a voltage (an
output voltage) applied to the LED lamp (a lamp socket)
and a current (an output current) flowing in the LED lamp,
and to adjust an output voltage so that the output current
can coincide with a target value (for example, a rated
current of the LED lamp) is carried out.

[Conventional Technique Literature]

[Patent Literature]

[0004]

[Patent literature 1] JP 2009-43447A
[Patent literature 2] JP 2006-210271A

[Disclosure of the Invention]

[Problems to be solved by the Invention]

[0005] However, in the case of replacing the LED lamp
and the like, under a state where an LED lighting device
keeps operating, the LED lamp was detached from the
lamp socket, and then the LED lamp is sometimes at-
tached to the lamp socket again. In this case, there is a
possibility that an excessive current over a rated value
flows in the LED lamp immediately after the LED lamp
has been attached to the lamp socket. And, when the

excessive current has flown, there is a possibility that a
light-emitting diode of the LED lamp is broken down.
[0006] The present invention is achieved in consider-
ation of the above-mentioned problems, and intends to
prevent an LED lamp from breaking down by suppressing
an electric current flowing when the LED lamp is attached
to a lamp socket.

[Means adapted to solve the Problems]

[0007] An LED lighting device according to the present
invention includes: a power conversion part able to vary
an output voltage; a current detection part for detecting
an output current supplied via a lamp socket from the
power conversion part to the LED lamp; a voltage detec-
tion part for detecting the output voltage applied via the
lamp socket to the LED lamp; a control part for increasing
and decreasing the output voltage by controlling the pow-
er conversion part so that the output current detected by
the current detection part can coincide with a target value;
and a connection judgment part for judging whether or
not the lamp socket is connected to the LED lamp, where-
in the control part limits the output voltage to a predeter-
mined minimum value or less by controlling the power
conversion part in the case where a judgment result of
the connection judgment part shows no connection and
does not limit the output voltage to the predetermined
minimum value or less in the case where the judgment
result of the connection judgment part shows connection.
[0008] In the LED lighting device, it is preferred that
the LED lighting device includes: a constant voltage
source for applying a constant voltage via the lamp sock-
et; and a detection resistance connected via the lamp
socket in parallel to a resistance connected in parallel
with a light-emitting diode in the LED lamp, wherein the
connection judgment part determines the connection is
done when a voltage drop in the detection resistance is
less than a predetermined threshold value and deter-
mines the connection is not done when the voltage drop
is the predetermined threshold value or more.
[0009] In the LED lighting device, it is preferred that
the control part limits the output voltage to the minimum
value or less by controlling the power conversion part in
the case where the output voltage detected by the voltage
detection part falls below a predetermined threshold volt-
age when the judgment result of the connection judgment
part shows the connection is done.
[0010] An illumination fixture according to the present
invention comprises: the LED lighting device according
to any one of claims 1 to 3; the lamp socket; and a fixture
body for holding the LED lighting device and the lamp
socket.

[Effect of the Invention]

[0011] An LED lighting device and an illumination fix-
ture according to the present invention has an effect of
preventing an LED lamp from breaking down by sup-
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pressing an electric current flowing when the LED lamp
is attached to a lamp socket.

[Brief Description of the Drawings]

[0012]

[Fig. 1] Fig. 1 is a circuit block diagram showing an
embodiment of an LED lighting device according to
the present invention.
[Fig. 2] Fig. 2] is a perspective view showing an em-
bodiment of an illumination fixture according to the
present invention.

[Best Mode for Carrying Out the Invention]

[0013] Referring to drawings, an embodiment of the
present invention will be explained in detail below refer-
ring to drawings.
[0014] Fig. 1 is a circuit block diagram showing the
embodiment of an LED lighting device according to the
present invention.
[0015] An LED lamp 110 lighted by the LED lighting
device according to the embodiment has a similar con-
figuration to the LED lamp described in Patent Document
1. Specifically, the LED lamp 110 includes a series circuit
of many light-emitting diodes 111, a resistance Rx con-
nected in parallel with the series circuit, a glass tube of
a straight tube type (refer to Fig. 2), and bases (not shown
in the drawings) for closing both ends of the glass tube.
Meanwhile, a pair of terminal pins (not shown in the draw-
ings) connected via a lamp socket 120 to an output ter-
minal of the LED lighting device is provided to the base
to be projected. Then, a direct current (an output current
Io) is supplied via the terminal pin from the lamp socket
120 to the light-emitting diode 111.
[0016] The LED lighting device according to the em-
bodiment includes an AC/DC converter 1, a power con-
version part 2, a current detection part 3, a voltage de-
tection part 4, a control part 5, a connection judgment
part 6, and a constant voltage source 7. The AC/DC con-
verter 1 converts an alternating voltage supplied from a
commercial alternating power source 100 into a desired
direct voltage, and, for example, includes a convention-
ally-known step-up chopper circuit (a power factor im-
provement circuit).
[0017] The power conversion part 2 includes a con-
ventionally-known step-down chopper circuit including:
a semiconductor switching element (hereinafter, abbre-
viated to a switching element) 20 such as a bipolar tran-
sistor and a field-effect transistor; an inductor L; a diode
D; and a capacitor C2.
[0018] The voltage detection part 4 includes a series
circuit of voltage-dividing resistances R1 and R2 con-
nected between the output terminals of the power con-
version part 2 (between both ends of the capacitor C2).
Then, detected voltages (voltages proportional to an out-
put voltage Vo) divided by the voltage-dividing resistanc-

es R1 and R2 are outputted from the voltage detection
part 4 to the control part 5. In addition, the current detec-
tion part 3 includes a detection resistance R3 inserted
between the output terminal on a negative voltage side
of the power conversion part 2 and a negative electrode
side of the lamp socket 120. Then, the voltage stepping-
down of the detection resistance R3 due to the output
current Io is outputted as the detected voltage from the
current detection part 3 to the control part 5.
[0019]  The control part 5 is configured by a controlling
integrated circuit or a microcontroller and a memory, and
controls the power conversion part 2 so that the output
current Io detected by the current detection part 3 can
coincide with a target value, thereby increasing and de-
creasing the output voltage Vo. In the case where the
control part 5 is configured by the microcontroller and the
memory, data of a rated current value of the LED lamp
110 is preliminarily stored in the memory. Then, the mi-
crocontroller (the controller 5) converts the detected volt-
age received from the current detection part 3 into a mag-
nitude of the output current Io (a current value), and ad-
justs an on-duty ratio of the switching element 20 so that
the current value can coincide with the rated current value
(the target value) stored in the memory, thereby increas-
ing and decreasing the output voltage Vo. That is, the
control part 5 carries out constant current control to pass
a constant current (a rated current) through the LED lamp
110.
[0020] Here, the rated voltage of the LED lamp 110 is
a value obtained by multiplying a forward voltage Vf of
the used light-emitting diode 111 by the number n of the
light-emitting diodes 111 (= Vf � n). For example, when
the forward voltage Vf is 3.5 V and the number n of the
light-emitting diodes 111 is 20, the rated voltage is 3.5
� 20 = 70 V, and when the number n of the light-emitting
diodes 111 is 10, the rated voltage is 3.5 � 10 = 35 V.
In addition, the control part 5, for example, may carry out
the constant current control within at least a range be-
tween 35V and 70V so that a plurality of the LED lamps
having various rated voltage can be used.
[0021]  The constant voltage source 7 includes: a re-
sistance R4 connected at one end to the output terminal
on a higher potential side of the AC/DC converter 1; and
a Zener diode 70 connected at the cathode to the other
end of the resistance R4 and connected at the anode to
a lower potential side of the lamp socket 120. Then, a
constant voltage (a Zener voltage Vz) generated be-
tween both ends (between the cathode and anode) of
the Zener diode 70 is applied via a resistance R5 to the
lamp socket 120 and the connection judgment part 6,
respectively. Meanwhile, the constant voltage (the Zener
voltage) applied from the constant voltage source 7 is
required to be lower than the rated voltage of the LED
lamp 110. In the case of the configuration where the plu-
rality of LED lamps having various rated voltage can be
used, the constant voltage (the Zener voltage) can be
set so as to be lower than the rated voltage referring to
the LED lamp having a lower rated voltage as a criterion.
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Moreover, in the case where the rated voltage of the LED
lamp exceeds a dangerous voltage and the voltages di-
vided by the resistances R5, R6, and R7 exceed the dan-
gerous voltage, the constant voltage (the Zener voltage)
applied from the constant voltage source 7 has to be a
lower voltage than the dangerous voltage. The voltage
value of the dangerous voltage slightly varies depending
on the specification, but generally is a voltage exceeding
50V in the direct current.
[0022] The connection judgment part 6 includes: a se-
ries circuit of three resistances R5, R6, and R7 connected
between the cathode of the Zener diode 70 and the lower
potential side of the lamp socket 120; and a comparator
60 for comparing the voltage stepping-down in the resist-
ance (detection resistance) R7 with a threshold voltage
Vref. Meanwhile, the connection point of two resistances
R5 and R6 is connected to the higher potential side of
the lamp socket 120. In a state where the LED lamp 110
is not connected to the lamp socket 120 (an unloaded
state), the voltage obtained by dividing the Zener voltage
Vz with the resistances R5, R6, and R7 (the voltage step-
ping-down in the resistance R7) is inputted to a positive
terminal of the comparator 60. Meanwhile, in a state
where the LED lamp 110 is connected to the lamp socket
120 (a loaded state), the resistance Rx of the LED lamp
110 is connected in parallel to two resistances R6 and
R7. Accordingly, the voltage stepping-down in the resist-
ance R7 under the loaded state is lower than that under
the unloaded state. Here, the threshold voltage Vref in-
putted to a negative terminal of the comparator 60 is set
to be a value between the voltage stepping-down in the
resistance R7 under the loaded state and the voltage
stepping-down in the resistance R7 under the unloaded
state. Hence, the output of the comparator 60 becomes
an H level under the unloaded state and becomes an L
level under the loaded state. In addition, the output of the
comparator 60 (the judgment result of the connection
judgment part 6) is inputted to the control part 5, and in
accordance with the output of the comparator 60, the
control part 5 makes the power conversion part 2 be op-
erating or non-operating.
[0023] Next, an operation of the LED lighting device
according to the embodiment will be explained. Firstly,
when a power source switch is turned on to start the
power source supply from the commercial alternating
power source 100, the AC/DC converter 1 operates to
output the direct voltage. When the direct voltage is out-
putted from the AC/DC converter 1, the constant voltage
(the Zener voltage Vz) is applied from the constant volt-
age source 7 to the connection judgment part 6 and the
lamp socket 120. Then, the connection judgment part 6
carries out the judgment, the loaded state or the unloaded
state. When the judgment result of the connection judg-
ment part 6 is the loaded state, the control part 5 makes
the power conversion part 2 operate to start the constant
current control. Meanwhile, in the case where the judg-
ment result of the connection judgment part 6 is the un-
loaded state, the control part 5 does not make the power

conversion part 5 operate.
[0024] Here, in the case where a voltage equal to or
more than the rated voltage of the LED lamp 110 is out-
putted from the power conversion part 2 under the un-
loaded state, there is a possibility that an over current
exceeding the rated value flows immediately after the
LED lamp 110 is connected to the lamp socket 120. How-
ever, in the LED lighting device according to the present
embodiment, the control part 5 stops the operation of the
power conversion part 2 until the connection judgment
part 6 judges whether or not the LED lamp 110 is con-
nected. And, since the control part 5 starts the operation
of the power conversion part 2 after the connection judg-
ment part 6 judges the connection is done (the loaded
state), a voltage equal to or more than the rated voltage
is not applied to the LED lamp 110. As the result, the
current flowing when the LED lamp 110 is attached to
the lamp socket 120 is suppressed, and accordingly the
LED lamp 110 can be prevented from breaking down.
[0025] Subsequently, the case where the LED lamp
110 is detached from the lamp socket 120 under a con-
dition where the power conversion part 2 is operating will
be explained. When the LED lamp 110 is detached from
the lamp socket 120, the output current Io does not flow;
however, the output voltage Vo of the power conversion
part 2 is increased because the control part 5 continues
the constant current control. And, when the output volt-
age Vo detected by the voltage detection part 4 exceeds
a predetermined maximum value (> the rated voltage),
the control part 5 cancels the constant current control to
stop the power conversion part 2. Accordingly, when the
LED lamp 110 is connected to the lamp socket 110 next
time, the connection judgment by the connection judg-
ment part 6 is carried out under the state the output of
the power conversion part 2 stops as described above.
Moreover, immediately after the LED lamp 110 is de-
tached from the lamp socket 120 to stop the power con-
version part 2, a high voltage (= the predetermined max-
imum value) is generated in the lamp socket 120. How-
ever, when the resistance value of the resistance R5 is
set to be relatively small, the current passes the resist-
ance R5 and the Zener diode 70, and thus the voltage
applied to the lamp socket 120 can be rapidly decreased.
[0026] Finally, the case where the LED lamp 110 is
broken down under the condition where the power con-
version part 2 is operating will be explained. However, in
the case of breaking-down caused when a line in the LED
lamp 110 is broken (opened), the case is substantially
similar to the case where the LED lamp 110 is detached
from the lamp socket 120 as described above, and ac-
cordingly the explanation is omitted.
[0027] In the case of breaking-down caused when the
line in the LED lamp 110 shorts, the number of the light-
emitting diodes 111 is substantially reduced, and thus
the output voltage Vo of the power conversion part 2 is
reduced when the control part 5 carries out the constant
current control. Then, when the output voltage detected
by the voltage detection part 4 falls below the predeter-
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mined value (<the rated voltage), the control part 5 can-
cels the constant current control to stop the power con-
version part 2.
[0028] As described above, in the case where the
breaking down such as the breaking of wire and the short-
circuit is caused in the LED lamp 110, the control part 5
stops the operation of the power conversion part 2, and
thus the broken LED lamp 110 can be prevented from
being continuously used.
[0029] Meanwhile, in the present embodiment, the
control part 5 stops the power conversion part 2 in the
unloaded state and in the breaking-down; however, the
stopping is not necessarily required. For example, in the
unloaded state and in the breaking-down, the control part
5 controls the power conversion part 2 to limit the output
voltage Vo to be the minimum value sufficiently lower
than the rated voltage of the LED lamp 110 or less. In
addition, the LED lighting device according to the present
embodiment lights one LED lamp 10; however, it is need-
less to say that the plurality of LED lamps 110 connected
in series can be lighted at the same time. In addition,
after the power source supply from the commercial alter-
nating power source 100 is started, the connection judg-
ment part 6 judges the loaded state and the unloaded
state, and when the judgment result shows the loaded
state, the control part 5 may operate the AC/DC converter
1 and the power conversion part 2.
[0030] Meanwhile, the LED lighting device according
to the embodiment, for example, is mounted on the illu-
mination fixture shown in Fig. 2. The illumination fixture
includes: a fixture body 130 directly fixed to a ceiling; and
a pair of lamp sockets 120 provided to the fixture body
130.
[0031] The fixture body 130 is formed in a long angu-
lated cylindrical shape whose side surface shape seen
from the longitudinal direction is a trapezoidal shape, and
internally houses the LED lighting device. And, the lamp
sockets 120 and 120 are arranged on both end parts in
the longitudinal direction on a lower surface of the fixture
body 130, respectively. The lamp sockets 120 and 120
have the same structure as that of a conventionally-
known lamp socket for a straight tube fluorescent lamp.
Here, in the case where a direct current is supplied from
any one of two lamp sockets 120 and 120 to the LED
lamp 110, there is a possibility that the direct current is
supplied to the filament part when the fluorescent lamp
is attached to the lamp sockets 120 and 120 by mistake.
However, since the power conversion part 2 is stopped
when the output voltage detected by the voltage detec-
tion part 4 falls below a predetermined value (< the rated
voltage) as described above, there is not a possibility that
an unsafe phenomenon and the breaking-down of the
lighting device are caused even in the case where the
fluorescent lamp is attached by mistake. However, when
attaching the fluorescent lamp by mistake, a user cannot
distinguish whether it is safe or not. Hence, in order to
prevent the mistake attachment, an electrode shape of
the base of the LED lamp 110 may be formed to be a

different shape from that of the fluorescent lamp, and the
lamp sockets 120 and 120 may have a structure con-
forming to the base of the LED lamp 110.

[Description of Reference Numerals]

[0032]

2 Power conversion part
3 Current detection part
4 Voltage detection part
5 Control part
6 Connection judgment part
110 LED lamp
120 Lamp socket

Claims

1. An LED lighting device comprising: a power conver-
sion part able to vary an output voltage; a current
detection part for detecting an output current sup-
plied via a lamp socket from the power conversion
part to the LED lamp; a voltage detection part for
detecting the output voltage applied via the lamp
socket to the LED lamp; a control part for increasing
and decreasing the output voltage by controlling the
power conversion part so that the output current de-
tected by the current detection part can coincide with
a target value; and a connection judgment part for
judging whether or not the lamp socket is connected
to the LED lamp, wherein
the control part limits the output voltage to a prede-
termined minimum value or less by controlling the
power conversion part in the case where a judgment
result of the connection judgment part shows a no
connection and does not limit the output voltage to
the predetermined minimum value or less in the case
where the judgment result of the connection judg-
ment part shows connection.

2. The LED lighting device according to claim 1, com-
prising: a constant voltage source for applying a con-
stant voltage via the lamp socket; and a detection
resistance connected via the lamp socket in parallel
to a resistance connected in parallel with a light-emit-
ting diode in the LED lamp, wherein
the connection judgment part determines the con-
nection is done when a voltage drop in the detection
resistance is less than a predetermined threshold
value and determines the connection is not done
when the voltage drop is the predetermined thresh-
old value or more.

3. The LED lighting device according to claim 1 or 2,
wherein
the control part limits the output voltage to the min-
imum value or less by controlling the power conver-
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sion part in the case where the output voltage de-
tected by the voltage detection part falls below a pre-
determined threshold voltage when the judgment re-
sult of the connection judgment part shows the con-
nection is done.

4. An illumination fixture comprising: the LED lighting
device according to any one of claims 1 to 3; the
lamp socket; and a fixture body for supporting the
LED lighting device and the lamp socket.
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