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from electrical shock caused by earth leakage current in ranges hlgher than commercial frequencies and

also having a current sensing characteristic that prevents accidental operation from occurring due to earth
leakage current resulting from stray capacitance in the high frequency range. This invention is applicable
" not only to earth leakage breakers with make-or-break contacts to cut out power but also to such.
equipments without make-or-break contacts as earth leakage relays configured to detect earth leakage
current and generate a tripping signal which is supplied to other switchgear. ' .

Description of Related Art

Earth leakage breakers having the object of protecting the human body from electrical shock and
preventing malfunction or unnecessary operation in the high frequency range are known in such
conventional art as described in EP Publication EPO 464 516 A2.

This prior art is an earth leakage-current protection system comprised of a high sensitivity, hlgh
speed type earth leakage breaker (hereinafter high sen51t1v1ty__ ELB) and a middle sensitivity, delayed action
type earth leakage breaker(hereinafter middle sensitivity ELB). The high sensitivity ELB of this earth
leakage-current protection system has a current sensing frequency characteristic set lower than a
threshold value (for instance, a threshold value defined by the International Electrotechnical Commission
(IEC) 479-2) for protecting a human body from earth leakage current -in ranges exceeding commercial

~ frequencies. The middle sensitivity ELB has a current sensing frequency characteristic with an abrupt rise
near ranges exceeding commercial power frequencies.

In this conventional leakage protection system, the middle sensitivity ELB is connected in
cascade in the upper stage of the high sensitivity ELB. When an earth leakage current having a frequency
higher than commercial power frequencies flows _fhrough the circuit, and its magnitude exceeds the
threshold value of the high sensitivity ELB, the hlgh sensitivity ELB detects the earth leakage current and
cuts off the circuit. As the current sensing frequency characteristic of the middle sensitivity ELB in the
upper stage is determined so as to be raised abrpptly at a frequency exceeding commercial power
frequencies, the middle sensitivity ELB does not work at frequency ranges higher than thé commercial
frequencies. Therefore, an earth leakage current exceeding the threshold value and potentially harmful to
the human body is cut out by the high sensitivity ELB irr the lower stage, which prevents malfunction of

the middle sensitivity ELB in the upper stage. On the other hand, the middle sensitivity ELB cuts out the
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circuit and the ground. Figure 8 shows the earth leakage-current protection system of the related art

utilizing a high sensitivity ELB. Figure 9 is a graph showing the frequency factor of the current causing

ventricular fibrillation versus frequency of the current described in IEC479-2. This graph indicates'
coefficients of the threshold value of the current causing ventricular fibrillation for respective frequency.

For instance, the threshold value, compared to that at commercial frequency, becomes approximately

fivefold at 300 Hz and increases continuously up to nearly fourteenfold at 1 kHz.

An example of a circuit including an inverter as a load (hereinafter inverter load) for the earth
leakage breaker is shown in Fig. 7. Since a high frequency current flows in the inverter load, the earth
leakage current derives most from current flowing through stray capacitance. Stray capacitance is greatly:
influenced by the condition of the wirings installed. When stray capacitance in the circuit is large, a large
leakage current consequently flows through the capacity.

An example of protection coordination in a circuit having an inverter load is shown in Fig. 8. In.
this example, the high sensitivity, high speed type earth leakage breaker ELB3 (hereinafter high sensitivity
breaker ELB?3) is installed directly on the power supply side of the inverter INV that drives the motor
IM2. The middle sensitivity, delayed action type earth leakage breaker ELB2 (hereinafter middle
sensitivity breaker ELB2) is installed on the power supply side (i.e. upper stage) of the high sensitivity
breaker ELB3. Another middle sensitivity, delayed action type earth leakage breaker ELB1 (hereinafter
middle sensitivity breaker ELB1) is installed on the power supply side (i.e. upper stage) of middle
sensitivity breaker ELB2. Thus the high sensitivity breaker ELBS3 is installed between the load at its lower
stage and the middle sensitivity breaker ELB2 at its upper stage. By setting such characteristics of high
-sensitivity breaker ELB3 and middle sensitivity breaker ELB2 as high sensifivity, high speed type and
middle sensitivity, delayed action type respectively, high sensitivity breaker ELB3 is triggered first when a
leakage current is detected in the circuit including the inverter load and breaks (cuts out) only the circuit
where the leakage has occurred. Thus high sensitivity breaker ELB3 functions so as to prevent the other
circuits from being cut out undesirably and it performs protection coordination of the circuif With the

~ middle sensitivity breaker ELB2 installed on its upper stage.

The current sensing frequency characteristic of the leakage protection system is described

referring to Fig. 6.

This Sheet Has Been Re; laced

R inn




frequencies. The mddle sensitivity ELB has a current sensing frequency
characteristic with an abrupt rise near ranges exceedi ng comercial power
frequencies. In this conventional |eakage protection system the mddle
sensitivity ELB is connected in cascade-3-n the upper stage of the high

TR A e
magn ttfﬁﬂ&e%éﬁsﬁﬁﬁkg ket BB Thel cii@bit QefNing F8qUEneY chaAGeristi¢ SPthEddlé bensitiviap

sensitivity ELB detects the earth | eakage current and cuts off the circuit.
As t héreker BUR1 basnthi agalbgeusuamce ta that of middle tsensitivityt breaker FIIB2 anshisilocaged gt a

ELB i h ' ' ' ..
[T equaRESHoR KBB4 Bmardrt ot DRV miAe SersHoicy breaRpop A et R efacpsristi
ELB dogsnigt s%@sgcirﬂlg?g)rréesz@ﬂﬂﬁﬂqx§ h@{kgl%nhh QR lralniddin' HBeCRIMPRAydhe depiction. The

frequenci es. _ an ear akage current” exceeding the threshold
val ue cafentRhsing fraquency alidrhdtéristio for the conventional high sensitivity breaker ELB3 is shown by

the curve B.

The current sensing frequency characteristic curve A for the middle sensitivity breaker ELBZI
maintains a slight slope up to approximately 90 Hz and then increases with an abrupt rise. The current
sensing frequency characteristic curve B for the high sensitivity breaker ELB3 maintains a gradual slope
up to 1 kHz and then increases between 1 kHz and 10 kHz with a similar slope to threshold values of the
ventricular fibrillation in IEC479-2. Since the high seﬁsitivity breaker ELB3 is provided in order to protect
the human body from such electrical harm as electrical shock, it has higher sensitivity for earth leakage
current than that of the middle sensitivity breaker ELB2.

Generally, it is extremely difficult to specify the stray capacitance between a circuit and the
ground. This brings about extreme difficulty in selecting equipment on the basis of the stray capacitance
when installing an earth leakage protection device. Further,; most current will act as noise current wheniit.

 has frequencies involved in the. high frequency region i.e., frequency regions higher than commercial
power frequencies. These noise current have a tendency of flowing into the circuit path easily through the
stray capaéitance. Therefore, when making use of the current sensing frequency characteristic of the -
high-speed high-sensing leakage breaker in the high frequency region as described in EPO464516A2, the
large drawback exists that undesirable operation occurs when noise current is detected due to the high

sensitivity.

SUMMARY OF THE INVENTION

It is therefore an object of the invention in view of the above, to provide an earth leakage
protection device that fulfills the purposes of protecting the human body from electrical shock caused by
by leakage current of high frequency and of preventing undesirable tripping from occuring in similar
devices with an inverter load. N

In order to achieve these objects the earth leakage protection device of this invention is provided
with a leakage current sensing means and a tripping signal generating means for emitting a trip signal in the

circuit when the detected leakage current reaches a specified value, wherein
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specified threshold value within the first frequency range, the current sensing frequency characteristic is
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set to make a sharp increase in the second frequency range which exceeds the first frequency range and the
current sensing frequency characteristic is set to be substantially infinite at all frequencies within this
frequency range, which exceeds the second frequency range.

Further, the ground leakage protection device of this invention is provided with a leakage current
sensing means and a tripping signal issuing means for emitting a trip signal in the circuit when the detected
leakage current reaches a specified value of which; .

the tripping signal generating means has a current sensing frequency characteristic which changes
according to the frequency range. This current sensing frequency characteristic is set to be below a
specified threshold value within the first frequency range to protect the human body from harm. The
current sensing frequency characteristic is set to make a sharp increase in the second frequency range
which exceeds the first frequency range and the current sensing frequency characteristic is set to be
essentially infinite at all frequencies within this frequency range, which exceeds the second frequency
range. , |

Yet further, the earth leakage protection device of this invention is provided with a leakage
current sensing means and a tripping signal generating means for emitting a trip signal in the circuit when

- the detected leakage current reaches a specified value of which;

the tripping signal generating means has a current sensing frequency characteristic which changes
according to the frequency range. This current sensing frequency characteristic is set to be below a
specified threshold value from commercial frequencies to 1 kHz to protect the human body from electrical
harm. The current sensing frequency characteristic is set to make a sharp increase in the second frequency

- range which exceeds 1 kHz and extends to 2 kHz. The current sensing frequency characteristic is set to be
substantially infinite at all frequencies within this frequency range, which exceeds the second frequency
range. '

Even still further, the earth leakage protection device of this invention is provided with a leakage
current sensing means and a tripping signal generating means for emitting a trip signal in the circuit when
the detected leakage current reaches a specified valﬁe of which;

the tripping signal generating means has a low-pass filter. The frequency characteristic of the
low-pass filter is set to be below a speciﬁed threshold value within commercial frequencies to 1 kHz, in
order to protect the human body from electrical harm. The current sensing frequency characteristic is set

to make an abrupt increase in the second frequency range which exceeds 1 kHz and extends to 2 kHz.
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with an increase in frequency. In the second frequency range which exceeds 1 kHz and extends to 2 kHz,

the impedance is set to make an abrupt rise along with an increase in the frequency. In the frequency range

exceeding 2 kHz, the impedance is set to be substantially infinite for all frequencies within this ﬁeqﬁency
range. _

An earth leakage protection device of this invention can therefore be provided which fulfills the

~ purposes of protecting the human body from electrical shock caused by by leakage current of high

frequency and of preventing undesirable tripping from occuring in similar devices with an inverter load.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram showing the configuration of the earth leakage protection device in
one embodiment of this invention.

Figure 2 is timing charts showing sample oper#tion of the earth leakage protection device in one
embodiment of this invention. '

Figure 3 is timing charts showing another sample operation of the earth leakage protection device
in one embodiment of this invention.

Figure 4 is a block diagram showing the structure of the low-pass filter in one embodiment of this
invention. _ |
Figure 5 is a graph showing the current sensing frequency characteristic in the earth leakage
protection device in one embodiment of this invention.

Figure 6 is.a graph comparing current sensing frequency characteristics in one embodiment of the
earth leakage protection device of this invention with current sensing frequency characteristics in the
related art. |

Figure 7 is a descriptive drawing showing ieakage current due to stray capacitance between the
circuit and ground. |

Figure 8 is a block diagram showing connections in the leakage protection system utilizing
high-speed high sensing leakage breakers of the related art.
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' that amplify the output from the secondary of a zero-phase current transformer (hereinafter ZCT) to
trigger a tripping device. The example in this embodiment is applied not only to an earth leakage breaker.
with make-or-break contacts but also to an equipment without make—_or—ﬁreak contacts such as leakage
relay configured to detect an earth leakage current and generate a tripping signeil to be suppliéd to other
switchgear. | |

A block diagram showing the configuration of the earth leakage protection device of this
embodiment is given in Fig. 1. Figure 2 is timing charts showing the sample operation of the earth leakage
protection device in the embodiment of this invention. Figure 3 is another set of timing charts showing
another example of operation in this embodiment. A block diagram showing the structure of the low-pass
filter is given in Fig. 4. Figure 5 is a graph showing the current sensing frequency characteristic in the
circuit operation in Figs. 2 and 3. The graph in Fig. 6 compares current sensing frequency characteristics
in one embodiment of the earth leakage protection devicé of this invention with current sensing frequency '

~ characteristics in the device of the related art.

The earth leakage protection device of this embodiment is provided with a leakage current
sensing means and a tripping sigrial generating means for eixﬁtting a trip signal in the circuit when the
detected earth leakage current reaches a specified value.

The tripping signal generating means has a current sensing frequency characteristic which
changes according to the frequency range. These frequency ranges are grouped into the first, second and
third frequency ranges. Frequencies involved in the second range exceed those involved in the first range,
and frequencies involved in the third range exceed fhose involved in the second range. The current sensing
frequency characteristic is set to be below a specified threshold value within the first frequency range. The

~ current sensing frequency characteristic is set to make an abrupt rise or increase in the second frequency
range. The current sensing frequency characteristiﬁ is set to be substantially infinite at all frequencies
. within the third frequency range. _

More specifically, the ZCT 7, as the leakage current sensing means, detects an imbalance in fhe

currents flowing through the earth leakage breaker installed in the circuit path between the power source

and the load. When earth leakage occurs, electrical currents get unbalanced and output current is induced
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Fig. 6s'ignal to the gate of an SCRS. This signal turns on the SCR S and a tripping mechanism 6 is triggered. The
tripping means opens the make-or-break contacts provided in the circuit path by the resultant mechanical
action to cut out the circuit. Namely, the LPF 2 and the leakage detector 3 function as a tripping signal
generating means. The power supply 8 supplies power to the signal converter 1, LPF 2, leakage detector
3, SCR drive means 4 and tripping device 6.

In this embodiment, the frequency ranges are; the first frequency range which is set to be from
commercial frequencies (50/60 Hz) to 1 kHz, the second frequency range which is set to exceed 1 kHz
and extend to 2 kHz, and the third frequency range which is set to exceed 2 kHz. These ﬁ'équency ranges
are set by the LPF2. |

The frequency characteristic of the LPF 2 is set to be below a specified threshold value in the
range from commercial frequencies to 1 kHz in order to protect the human body from harm, by setting the
impedance to increase along with increases in frequency. In the second frequency range which exceeds 1
kHz and extends to 2 kHz, the impedance is set to: make a sharp rise along with an increase in the :
frequency. In the second frequency range, in other words, all frequencies exceeding 2 kHz, the impedance
is set to be substantially infinite. | _

This arrangement assigns a different current sensing frequency characteristic in the tripping signal
generating means to the frequency ranges. The current sensing frequency characteristic of the earth
leakage breaker is set to be below a specified threshold value within the first frequency range in order to
protect the human body from electrical shock. The current sensing frequency characteristic is set to make

~ an abrupt rise in the second frequency range. The current sensing .frequency characteristic is set to be
. sul:_;_stantialiy infinite at all frequencies within the third frequency range.

The frequency ranges are grouped as described above for the following reasons. The carrier
frequencies for inverters on the market have previously been established in a range from 1 kHz to 16 kHz
so that a current sensing frequency characteristic are assigned below 1 kHz to respond at a leakage current
below the threshold value for ventricular fibrillation as described in IEC479-2; a current sensing
frequency characteristic with an abrupt rise in the frequency band exceeding 1 kHz and extending to 2
kHz; and a current sensing frequency characteristic substantially infinite at all frequencies included within
the range exceeding 2 kHz. Therefore the curreﬁt sensing characteristic in the earth leakage breaker of this

embodiment is set to be infinite at frequencies greater than 2 kHz. Namely, this frequency range becomes
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of the frequency characteristic of thréshold value for ventricular fibrillation described in IEC479-2.

An ordinary CR filter shown in Fig. 4 can be used as the primary filter LPF2. The frequency
characteristic of the primary LPF2 is set to be below a specified threshold value within commercial
frequencies to 1 kHz, in order to protect the human body from such electrical harm as electrical shock.
Signals passing through the LPF 2 are input to. the leakage detector 3. Common commercially available
ICs may be utilized as the leakage detector 3. A buffer 10 and a secondary LPF 12 may be provided
between the primary LPF2 and the leakage detector 3 to improve noise tolerance. The LPF1 is set in such
cases to cut frequencies higher than approximately 3 kHz.

As shown in Fig. 2, the leakage detector 3 compares the upper and lower values of the input
signal waveform of the l.lalf;wave length T1 with the threshold level. The No. 1 comparator timer (not
shown in drawing) inside the leakage detector 3 contains the lower threshold level and outputs a positive
pulse only when a leakage current is detected by an input signal waveform that reaches this lower
threshold level. The rising time of the pulse from zero-level to the threshold level is defined as TW1 in this
case. ! : . :

In the same way, the No. 2 comparator timer (ﬁot shown in drawing) inside the leakage detector

3 contains the upper threshold level and outputs a positive pulse only when a leakage current is detected
by an input signal waveform that reaches this upper threshold level. The rising time (hereinafter pulse rise
time) of the pulse from zero-level to the threshold level is defined as TW2 in this case.

A positive pulse is output when an input pﬁlse Waveform is again input to the comparator timer.

The pulse rise times TW1 and TW1 can be set by changing the circuit constants, which is defined
by filter capacitance and resistor values of the No.1 comparator timer and the No. 2 comparator timer
installed in the leakage detector 3. The desired setting can be changed also in a digital type system by
altering the counted value. In fhis embodiment, the timer is set by changing the filter capacitance contained
in the timer circuit while a fixed threshold value has been set. When a commercially available IC is used as
the leakage detector 3, the rise slope of the No.1 comparator timer and the No. 2 comparator timer is
usually changed b); altering the capacitance of the externally installed filter in order to set the time required
to reach the timer threshold level. '

Thus, this circuit is configured to generate an SCR drive signal regarding that a leakage current is

detected, when three waveforms have been verified in the leakage detector 3, or only when the inpi;t signal
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threshold level and the input signal does not continue for the specified time (TW1, TW2) then this input

signal is not identified as a leakage current and there is no SCR drive signal from the leakage detector 3.

Since this kind of SCR drive signal does not exist in some frequency ranges, we obtain the circuit
in Fig. 4 with the current sensing frequency characteristics comprising the circuit in Fig. 1 and the
operating characteristics in Figs. 2 and 3. _

Generally, the cutoff frequency in the filter circuit or the frequency fc having an abrupt rise is
shown by:

fce=1/2nCR -~ (¢))
Here, 2 CR is a time set by the time constant CR. The specified time TW is set based on the time
constant determined by capacitance of the IC with externally attached capacitor, so that by substitutfng
= CR with TW, a formula for the frequency with an abrupt rise is obtained as shown below.
fc= 1/(2 X TW) === (2)
' (Here TW is the larger one in’ TW1 and TW2.)

By setting the specified time of the No.1 and No. 2 comparator timers, current sensing frequency
characteristic, i.e. largely flat up to a certain frequency and having an abrupt rise above the certain
frequency as shown in Fig. 5. |

This embodiment thus obtains the curve shown by D in Fig. 6 by combmmg the current sensing
ﬁ'equency characteristic of the primary LPF2 and the current sensing frequency characteristic of the
Ieakage detector 3. In other words, the earth leakage protection device of this invention incorporates a -
current frequency sensing characteristic from commercial frequencies to 1 kHz, below the threshold curve
C for ventricular fibrillation caused by electrical current as described in [EC479-2, in order to protect the
human body from electrical shock. In the frequency range from 1kHz to 2 kHz, a ventricular fibrillation
current is allowed that is large when compared to that at commercial freqr;encies, so the current frequency
sensing characteristic has an abrupt rise in this range, thus fulfilling the both objects of protecting the

human body from electrical shock and preventing equipment from undesirable cut out by malfunction.
_ R
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changes according to the frequency range and said current sensing frequency characteristic is set below a

specified threshold value within the first frequency range, said current sensing frequency characteristic is
 set to make an abrupt increase in the second frequency range that exceeds the first frequency range, and
said current sensing frequency characteristic is set to be substantiélly infinite at all frequencies within a

third frequency range that exceeds the second frequency range.

2. An earth leakage protection device having a leakage current sensing means and a tripping
‘sigmil generating means for emitting a trip signal in the circuit when the detected leakage current reaches
a specified value , wherein

said tripping signal generating means has a current sensing frequency characteristic which changes

according to the frequency range and said current sensing frequency characteristic is set below a specified '
threshold value within the first frequency range in order to protect the human body from electrical harm,

said current sensing frequency characteristic is set to make an abrupt increase in the second
frequency range that exceeds the first frequency range; and said current sensing frequency characteristic is
set to be substantially infinite at all frequencies within a third frequency range that exceeds the second
frequency range.

3. An earth leakage protection device having a leakage current sensing means and a tripping
signal generating means for emitting a trip signal in the circuit when the detected leakage current reaches
‘a specified value, wherein |

said tripping signal generating means has a current sensing frequency characteristic which
changes according to the frequency range and said current sensing frequency characteristic is set to be
below a specified threshold value within commercial frequencies to 1 kHz to protect the human body from
electrical harm, |

said current sensing frequency characteristic is set to make an abrupt increase in the second
ﬁ'equency range that exceeds 1 kHz and extends to 2 kﬁz; and said current sensing frequency
characteristic is set to be substantially infinite at all frequencies within a third frequency range that exceeds

-
the second frequency range.
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devices er Ioad In order to achieve these objects the earth
| eakage p m@llwl M of this invention is provided wth a | eakage
current sen a tripping signal generating nmeans for emtting a
trip signal in the CIrCUIt when the detatted | eakage current reaches a
speci fied val ue, wherein -4- the tripping signal generating neans has a

current sensing frequency characteristic which changes according to the
frequency ranae eafthileakagé pritéctivaNRvits Havinguekakagevatent sonsing inteans andt ttipping

el ow s?g_nal generating means for emitting a trip signal in the circuit when the detected leakage current reaches
a specified value, comprising -
a low-pass filter disposed in said tripping signal generating means, and said low-pass filter having
a frequency characteristic set to be below a specified threshold value within commercial frequencies to 1
kHz in order to protect the human body from electrical harm; and said current sensing frequency
characteristic is set to make an abrupt incredse in the second frequency range that exceeds 1 kHz and-

extends to 2 kHz.

5. An earth leakage protection device of claim 4, wherein the current sensing frequency
characteristic of said low-pass filter is set to be substantially infinite at frequencies within the frequency
range exceeding 2 kHz.

6. An earth leakage protection device having a leakage current sensing means and a tripping
signal generating means for emitting a trip signal in the circuit when the detected leakage current reaches -
a specified value, comprising . : $
a low-pass filter disposed in said tripping signél generating means, said low-pass filter having a
freduency characteristic set in such a manner that the impedance is arranged so as to increase along with
- an increase in frequency below a specified threshold value within commercial frequencies to 1 kHz in
order to protect the human body against electrical harm in the first frequency range; and in the second
frequency range that exceeds 1 kHz and extends to 2 kHz, the impedance is set to make an abrupt rise
along w1th an increase in the frequency; and in the third frequency range exceeding 2 kHz, the impedance
is set to be substantially infinite for all frequencies within this frequency range. |

\
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specified threshold value within the first frequency range, the current
sensing frequency characteristic is set to make a sharp increase in the
second frequency range which ‘exceeds the first frequency range and the
current sensing frequency characteristigais set to be substantially

I nfi nii‘{ﬁ g frequencies within this frequency range, which exceeds the
secon $@gﬁ cy range. Further, the ground | eakage protection device of
this invent ’Iﬂﬁlﬁv%nf?éﬂéla@&qwéhahlﬂemgﬁﬁﬁk&%ﬂﬁﬂé p%@%s@ﬁemaﬁn@mdieﬁrable cut
tripping signal issuing neans for emtting a trip si in the circuit
when tdue odelreing dde Ite dina goise drane stray eapabiéance is pating a’elgilgh%ﬂ frequsncigmthan thatiused

t | h t f
char O HALY ¥ 40 GIgePEDe DRAn QoBRealTet FRBRGEIRYH ange. Thi s current
sensing fr eq-lﬂg EE’&’}} ﬁlﬂ?ﬂ{g@ FéacbSde this ivenitiin i Brdvided ﬁi’%ﬁa%%@%hfrbﬁ%eﬁﬂﬁg&ﬁ%sqnd

val ue withi requency range to" protect from harm
The  atripping signal generating means for emitting a trip signal in the circuit when the detected leakage current

reaches a specified value; current sensing frequency characteristics of the leakage breaker are set at less_
than a specified threshold value of a particular frequency zone while values exceeding this particular

frequency zone are in a dead zone for sensing leakage current.
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-current sensing frequency characteristic is set to make a sharp increase in
the second frequency range which exceeds the first frequency range and the
current sensing frequency characteristic is set to be essentially infinite
at all frequencies within this frequency range, which exceeds the second
frequency range. Yet further, the earbﬁy7eakage protection device of this
I nvention is provided with a | eakage current sensing neans and a tripping
signal generating neans for emtting a trip signhal in the circuit when the
det ect ed | eakage current reaches a specified value of which; .the tripping
signal generating neans has a current sensing frequency characteristic

whi ch changes according to the frequency range. This current sensing
frequency characteristic is set to be bel ow a specified threshold val ue

frrom comercial frequencies tep—t+¥H—to—protect—the—Huran body from
el ectrical '
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harm The current sensing frequency characteristic is set to nake a sharp

I ncrease in the second frequency range which exceeds 1 kHz and extends to 2
kHz. The current sensing frequency characteristic is set to be
substantially infinite at all frequencies within this frequency range,

whi ch exceeds the second frequency raqg?7 Even still further, the earth

| eakage protection device of this invention is provided wth a | eakage
current sensing neans and a tripping signal generating nmeans for emtting a
trip signal in the circuit when the detected | eakage current reaches a
speci fied val ue of which; the tripping signal generating neans has a

| ow-pass filter. The frequency characteristic of the |owpass filter is set
to be bel ow-a specified threshold value within commercial frequencies to |

kHz, in order to protect the human ro | ectrical harm The current
sensing frequency characteristic i - 12?
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t'o make an abrupt i'ncrease in the second frequency range which exceeds 1
kHz and extends to 2 kHz. "-5- Yet still further, the earth | eakage
protection device of this invention is provided with a |eakage current
sensing neans and a tripping signal generating neans for emtting a trip
~signal in the circuit when the detectgg beakage current reaches a specified
val ue of which; the tripping signal g é ating neans has . a |l ow pass filter.
The frequency characteristic of the |owpass filter is set to be below a
specified threshold value within comercial frequencies to | kHz, in

FIG. 3
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order to protect the human body fromelectrical harmby arranging for the
i npedance to increase along with an increase in frequency. In the second
frequency range whi ch exceeds 1 kHz and extends to 2 kHz, the inpedance is
set to make an abrupt rise along with an increase in the frequency. In the
frequency range exceeding 2 kHz, the inpedance is set to be substantially
infinite for all frequencies within th447frequency range. An earth | eakage
protection device of this invention can therefore be provided which
fulfills the purposes of protecting the human body from el ectrical shock
caused by by | eakage current of high frequency and of preventing
undesirable tripping fromoccuring in simlar devices with an inverter

| oad. BRI EF DESCRI PTI ON OF THE DRA igurgg 1l is a block diagram show ng
the configuration of the earth |lea ot e on device in
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one enbodi nent of this invention. Figure 2 is timng charts showi ng sanple
operation of the earth | eakage protection device in one enbodi nent of this
invention. Figure 3 is timng charts showi ng anot her sanpl e operation of
the earth | eakage protection device in one enbodi ment of this invention.
Figure 4 is a block diagramshowng the structure ofthe |ow pass filter in
one enbodi ment ofthis invention. Figu Eis a graph show ng the current
sensing frequency characteristic in the earth | eakage protection device in
one enbodi nent of this invention. Figure 6 is a graph conparing current
sensi ng frequency characteristics in one enbodi nent ofthe

1000
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D : CHARACTERISTIC OF HIGH-SPEED TYPE IN THIS EMBODIMENT

Sheet Has Been Replaced

“TIATN I||




earth | eakage protection device of this invention with current sensing
frequency characteristics in the related art. Figure 7 is a descriptive
drawi ng show ng | eakage current due to stray capacitance between the
circuit and ground. Figure 8 is a block di agram showi ng connections in the
| eakage protection systemutilizing hi %g/-?peed hi gh sensi ng | eakage
breakers of the related art. Fi gure s a graph show ng factors
relating to changes in size of current causing ventricul ar

FIG. 7

o—f -
O——| ELB3 INV _ M
o— -
LEAKAGE  v| T T sTRAY CAPACITANCE
CURRENT .~ T~ BETWEEN LINES AND
THE EARTH
| iR, (MIDDLE SENSITIVITY,
I:] é) ELB! { DELAYED ACTION TYPE
500mA 1.2sec
~ MIDDLE SENSITIVITY,
Y[EB2  (DELAVED ACTION TVPE
CONTINUOUS h
SR, 200mA  0.3sec
ELB — HIGH SENSITIVITY
N é) ELBs (G S5eED TP
30mA  WITHIN 0.1sec
IMi INV [~ INV
IM2
I

\\nm\ i



k"3
fibrillation versus frequency in | EC479-2. DESCRI PTI ON OF THE PREFERRED
EVMBODI MENTS An enbodi nent of this invention will now be described referring
to Fig. | through Fig. 6. The enbodi ment of this invention is applicable to
el ectronic type earth | eakage protection devices that anplify the output
fromthe secondary of a zero-phase current transformer (hereinafter ZCT) to
trigger a tripping device. The exanpleﬂthhis enbodi nent i s applied not
only to an earth | eakage breaker w th nake-or-break contacts but also to an
equi pnment wi t hout make-or-break contacts such as | eakage relay confi gured
to detect an earth | eakage current and generate a tripping signal to be
supplied to other switchgear. A block diagram show ng the configuration of
the earth | eakage protection device of this

FIG. 9
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REMMT@HEE{ 1. Figure 2 is timng charts show ng 49@21%232'5
operatio tedret age protection device in the enbodi nent of Eﬁgge
inventio . {Fi anotfher set of timng charts show ng anot her ek

showina the structiure of.
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from electrical shock caused by earth leakage current in ranges higher than commercial frequencies and
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also having a current sensing characteristic that prevents accidental operation from occurring due to earth
leakage current resuiting from stray capacitance in the high frequency range. This invention is applicable
not only to earth leakage breakers with make-or-break contacts to cut out power but also to such
equipments without make-or-break contacts as earth leakage relays configured to detect earth leakage
current and generate a tripping signal which is supplied to other switchgear.

Description of Related Art |

Earth leakage breakers having the object of protecting the human body from electrical shock and
preventing malfunction or unnecessary operation in the high frequency range are known in such
conventional art as described in EP Publication EPO 464 516 A2.

This priof art is an earth leakage-current protection system comprised of a high sensitivity, high
speed type earth leakage breaker (hereinafter high sensitivity ELB) and a middle sensitivity, delayed action
type earth leakage breaker(hereinafter middle sensitivity ELB). The high sensitivity ELB of this earth
leakage-current protection system has a current sensing frequency characteristic set lower than a
threshold value (for instance, a threshold value defined by the International Electrotechnical Commission
(IEC) 479-2) for protecting a human body from earth leakage current in ranges exceeding commercial
frequencies. The middle sensitivity ELB has a current sensing frequency characteristic with an abrupt rise
near ranges exceeding commercial power frequencies.

In this conventional leakage protection system, the middle sensitivity ELB is connected in
cascade in the upper stage of the high sensitivity ELB. When an earth leakage current having a frequency
higher than commercial power frequencies flows through the circuit, and its magnitude exceeds the
threshold value of the high sensitivity ELB, the high sensitivity ELB detects the earth leakage current and
cuts off the circuit. As the current sensing frequency characteristic of the middle sensitivity ELB in the
upper stage is determined so as to be raised abruptly at a frequency exceeding commercial power
frequencies, the middle sensitivity ELB does not work at frequency ranges higher than the commercial
frequencies. Therefore, an earth leakage current exceeding the threshold value and potentially harmful to
the human body is cut out by the high sensiﬁvity ELB in the lower stage, which prevents malfunction of .
the middle sensitivity ELB in the upper stage. On the other hand, the middle sensitivity ELB cuts out the
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I nvol Med in the second ange. The current sensing frequency characteristic
I s set™to=13 ecified threshold value within the first frequency
range. The current sensing frequency cha%acteristic is set to make an
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Figure 7isa drawing showing the leakage current occurring due to stray capacitance between the

circuit and the ground. Figure 8 shows the earth leakage-current protection system of the related art

| utilizing a high sensitivity ELB. Figure 9 is a graph showing the frequency factor of the current causing
ventricular fibrillation versus frequency of the current described in IEC479-2. This graph indicates
coefficients of the threshold value of the current causing ventricular fibrillation for respective frequency.
For instance, the threshold value, coﬁpued to that at commercial frequency, becomes approximately
fivefold at 300 Hz and increases continuously up to nearly fourteenfold at 1 kHz.

An example of a circuit including an inverter as a load (hereinafter inverter load) for the earth
leakage breaker is shown in Fig. 7. Since a high frequency current flows in the inverter load, the earth
leakage current derives most from current flowing through stray capacitance. Stray capacitance is greatly
influenced by the condition of the wirings installed. When stray capacitance in the circuit is large, a large
leakage current consequently flows through the capacity.

An example of protection coordination in a circuit having an inverter load is shown in Fig. 8. In
this example, the high sensitivity, high speed type earth leakage breaker ELB3 (hereinafter high sensitivity
breaker ELB3) is installed directly on the power supply side of the inverter INV that drives the motor
IM2. The middle sensitivity, delayed action type earth leakage breaker ELB2 (hereinafter middle
sensitivity breaker ELB2) is installed on the power supply side (i.e. upper stage) of the high sensitivity
breaker ELB3. Another middle sensitivity, delayed action type earth leakage breaker ELB1 (hereinafter
middle sensitivity breaker ELB1) is installed on the power supply side (i.e. upper stage) of middle
sensitivity breaker ELB2. Thus the high sensitivity breaker ELB3 is installed between the load at its lower
stage and the middle sensitivity breaker ELB2 at its upper stage. By setting such characteristics of high
.sensitivity breaker ELB3 and middle sensitivity breaker ELB2 as high sensitivity, high speed type and
middle sensitivity, delayed action type respectively, high sensitivity breaker ELB3 is triggered first whena
leakage current is detected in the circuit including the inverter load and breaks (cuts out) only the circuit -
where the leakage has occurred. Thus high sensitivity breaker ELB3 functions so as to prevent the other
circuits from being cut out undesirably and it performs protection coordination of the circuit with the
middle sensitivity breaker ELB2 installed on its upper stage.

The current sensing frequency characteristic of the leakage protection system is described

referring to Fig. 6.
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signal i{n Edﬁ%ﬂ rfer 1. This voltage signal is supplied to a
| eakage detector 3 by 'i]s of the primary |low pass filter (hereafter LPF)

2. The lleakage detector 3 {generates a tripping signal to an SCR drive neans
4 when the | eakage currenatl reaches a speC|f|c value. Then this SCR drive
means 4 supplies a si nal to the gate of37an SCR5. This signal turns on the
SCR'5 and a t r Injig. fgAnexthancteristié curge shoivipg ehecwkrreifiisensing iffpqieney chwrasteristipefithe t he
make- or - {hﬁiﬂfé s&ﬁﬂbﬁpﬁr&k&r %éj qﬂe E\nretnp&ng né’ &gdugncg %Lﬂacl?éﬁst‘iéﬁ'gf thé ﬁliﬁhfe%msitivity

nechani ca
breker ELB1 has the analogous curve to that of middle sensitivity breaker ELB2 and is located at a

position somewhat to the upper left of that of middle sensitivity breaker ELB2. However thecharacteristic
of middle sensitivity breaker ELB1 is not shown in the drawing in order to simplify the depiction. The
current sensing frequency characteristic for the conventional high sensitivity breaker ELB3 is shown by
the curve B.

The current sensing frequency characteristic curve A for the middle sensitivity breaker ELB2
maintains a slight slope up to approximately 90 Hz and then increases with an abrupt rise. The current
sensing frequency characteristic curve B for the high sensitivity breaker ELB3 maintains a gradual slope
up to 1 kHz and then increases between 1 kHz and 10 kHz with a similar slope to threshold values of the
ventricular fibrillation in IEC479-2. Since the high seﬁsitivity breaker ELB3 is provided in order to protect
the human body from such electrical harm as electrical shock, it has higher sensitivity for earth leakage
current than that of the middle sensitivity breaker ELB2.

Generally, it is extremely difficult to specify the stray capacitance between a circuit and the
ground. This brings about extreme difficulty in selecting equipment on the basis of the stray capacitance
when installing an earth leakage protection device. Further; most current will act as noise current when it

. has frequencies involved in the high frequency region i.e., frequency regions higher than commercial
power frequencies. These noise current have a tendency of flowing into the circuit path easily through the
stray capacitance. Therefore, when making use of the currént sensing frequency characteristic of the
high-speed high-sensing leakage breaker in the high frequency region as described in EPO464516A2, the
large drawback exists that undesirable operation occurs when noise current is detected due to the high

sensitivity.

SUMMARY OF THE INVENTION

It is therefore an object of the invention in view of the above, to provide an earth leakage
protection device that fulfills the purposes of protecting the human body from electrical shock caused by
by leakage current of high frequency and of preventing undesirable tripping from occuring in similar
devices with an inverter load. .

In order to achieve these objects the earth leakage protection device of this invention is provided
with a leakage current sensing means and a tripping signal generating means for emitting a trip signal in the

circuit when the detected leakage current reaches a specified value, wherein
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set to make a sharp increase in the second frequency range which exceeds the first frequency range and the
current sensing frequency characteristic is set to be substantially infinite at all frequencies within this
frequency range, which exceeds the second frequency range.

Further, the ground leakage protection device of this invention is provided with a leakage current
sensing means and a tripping signal issuing means for emitting a trip signal in the circuit when the detected
leakage current reaches a specified value of which;

the tripping signal generating ir;leans has a current sensing frequency characteristic which changes
according to the frequency range. This current sensing frequency characteristic is set to be below a
specified threshold value within the first frequency range to protect the human body from harm. The
current sensing frequency characteristic is set to make a sharp increase in the second frequency range
which exceeds the first frequency range and the current sensing frequency characteristic is set to be
essentially infinite at all frequencies within this frequency range, which exceeds the second frequency
range.

Yet further, the earth leakage protection device of this invention is provided with a leakage
current sensing means and a tripping signal generating means for emitting a trip signal in the circuit when
the detected leakage current reaches a specified value of which;

the tripping signal generating means has a current sensing frequency characteristic which changes
according to the frequency range. This current sensing frequency characteristic is set to be below a
specified threshold value from commercial frequencies to 1 kHz to protect the human body from electrical
harm. The current sensing frequency characteristic is set to make a sharp increase in the second frequency
range which exceeds 1 kHz and extends to 2 kHz. The current sensing frequenéy characteristic is set to be
substantially infinite at all frequencies within this frequency range, which exceeds the second frequency
range.

Even still further, the earth leakage protection device of this invention is provided with a leakage
current sensing means and a tripping signal generating means for emitting a trip signal in the circuit when
the detected leakage current reaches a specified value of which;

the tripping signal generating means has a low-pass filter. The frequency characteristic of the
low-pass filter is set to be below a specified threshold value within commercial frequencies to 1 kHz, in
order to protect the human body from electrical harm. The current sensing frequency characteristic is set

to make an abrupt increase in the second frequency range which exceeds 1 kHz and extends to 2 kHz.



s LA~ s erana S
vy o ALAERL STV S .,...n--......-;—-r-"
Lo T R e

-,.-”5‘

t he i npedance is set to nake a sharp rise along
fy equency. In the second frequency range, in other
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acatt ristic in the tripping signal generating neans to
the frequency ranges The current sensing frequency characteristic of the
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low-pass filter is set to be below a specified threshold value within commercial frequencies to 1 kHz, in
order to protect the human body from electrical harm by arranging for the impedance to increase along
with an increase in frequency. In the second frequency range which exceeds 1 kHz and extends to 2 kHz,
the impedance is set to make an abrupt rise along with an increase in the frequency. In the frequency range
exceeding 2 kHz, the impedance is set to be substantially infinite for all frequencies within this frequency
range. .

An earth leakage protection device of this invention can therefore be provided which fulfills the
purposes of protecting the human body from electrical shock caused by by leakage current of high

frequency and of preventing undesirable tripping from occuring in similar devices with an inverter load.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram showing the configuration of the earth leakage protection device in
one embodiment of this invention.

Figure 2 is timing charts showing sample operation of the earth leakage protection device in one
embodiment of this invention.

Figure 3 is timing charts showing another sample operation of the earth leakage protection device
in one embodiment of this invention.

. Figure 4 is a block diagram showing the structure of the low-pass filter in one embodiment of this
invention.

Figure 5 is a graph showing the current sensing frequency characteristic in the earth leakage -
protection device in one embodiment of this invention.

Figure 6 is a graph comparing current sensing frequency chafacteristics in one embodiment of the
earth leakage protection device of this invention with current sensing frequency characteristics in the
related art.

Figure 7 is a descriptive drawing showing leakage current due to stray capacitance between the
circuit and ground. _

Figure 8 is a block diagram showing connections in the leakage protection system utilizing

high-speed high sensing leakage breakers of the related art,
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

An embodiment of this invention will now be described referring to Fig. 1 through Fig. 6.

The embodiment of this invention is applicable to electronic type earth leakage protection devices
that amplify the output from the secondary of a zero-phase current transformer (hereinafter ZCT) to
trigger a tripping device. The example in this embodiment is applied not only to an earth leakage breaker
with make-or-break contacts but also to an equipment without make-or-l;reak contacts such as leakage
relay configured to detect an earth leakage current and generate a tripping signal to be supplied to other
switchgear. '

A block diagram showing the configuration of the earth leakage protection device of this
embodiment is given in Fig. 1. Figure 2 is timing charts showing the sample operation of the earth leakage
protection device in the embodiment of this invention. Figure 3 is another set of timing charts showing
another example of operation in this embodiment. A block diagram showing the structure of the low-pass
filter is given in Fig. 4. Figure 5 is a graph showing the current sensing frequency characteristic in the
circuit operation in Figs. 2 and 3. The graph in Fig. 6 compares current sensing frequency characteristics
in one embodiment of the earth leakage protection device of this invention with current sensing frequency
characteristics in the device of the related art.

The earth leakage protection device of this embodiment is provided with a leakage current
sensing means and a tripping signal generating means for emitting a trip signal in the circuit when the
detected earth leakage current reaches a specified value.

The tripping signal generating means has a current sensing frequency characteristic which
changes according to the frequency range. These frequency ranges are grouped into the first, second and
third frequency ranges. Frequencies involved in the second range exceed those involved in the first range,
and frequencies involved in the third range exceed those involved in the second range. The current sensing
frequency characteristic is set to be below a specified threshold value within the first frequency range. The
current sensing frequency characteristic is set to make an abrupt rise or increase in the second frequency
range. The current sensing frequency characteristic is set to be substantially infinite at all frequencies

. within the third frequency range.

More specifically, the ZCT 7, as the leakage current sensing means, detects an imbalance in the

currents ﬂow__ing through the earth leakage breaker installed in the circuit path between the power source

and the load. When earth leakage occurs, electrical currents get unbalanced and output current is induced

n

n
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such signal to the gate of an SCR5. This signal turns on the SCR 5 and a tripping mechanism 6 is triggered. The

tripping means opens the make-or-break contacts provided in the circuit path by the resultant mechanical
action to cut out the circuit. Namely, the LPF 2 and the leakage detector 3 function as a tripping signal
generating means. The power supply 8 supplies power to the signal converter 1, LPF 2, leakage detector
3, SCR drive means 4 and tripping device 6.

In this embodiment, the frequency ranges are; the first frequency range which is set to be from
commercial frequencies (50/60 Hz) to 1 kHz, the second frequency range which is set to exceed 1 kHz
and extend to 2 kHz, and the third frequency range which is set to exceed 2 kHz. These frequency ranges
are set by the LPF2.

‘ The frequency characteristic of the LPF 2 is set to be below a specified threshold value in the
range from commercial frequencies to 1 kHz in order to protect the human body from harm, by setting the
impedance to increase along with increases in frequency. In the second frequency range which exceeds 1
kHz and extends to 2 kHz, the impedance is set to make a sharp rise along with an increase in the -
frequency. In the second frequency range, in other words, all frequencies exceeding 2 kHz, the impedance
is set to be substantially infinite.

This arrangement assigns a different current sensing frequency characteristic in the tripping signal
generating means to the frequency ranges. The current sensing frequency characteristic of the earth
leakage breaker is set to be below a specified threshold value within the first frequency range in order to
protect the human body from electrical shock. The current sensing frequency characteristic is set to make
an abrupt rise in the second frequency range. The current sensing .frequency characteristic is set to be
substantially infinite at all frequencies within the third frequency range.

The frequency ranges are grouped as described above for the following reasons. The carrier
frequencies for inverters on the market have previously been established in a range from 1 kHz to 16 kHz
so that a current sensing frequency characteristic are assigned below 1 kHz to respond at a leakage current
below the threshold value for ventricular fibrillation as described in IEC479-2; a current sensing
frequency characteristic with an abrupt rise in the frequency band exceeding 1 kHz and extending to 2
kHz; and a current sensing frequency characteristic substantially infinite at all frequencies included within
the range exceeding 2 kHz. Therefore the current sensing characteristic in the earth leakage brea:__ker of this

embodiment is set to be infinite at frequencies greater than 2 kHz. Namely, this frequency range becomes
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In this embodiment, the pnmagl ther LPF(Z isafi
of the frequency characteristic of threshold value for ventricular fibrillation described in IEC479-2.

An ordinary CR filter shown in Fig. 4 can be used as the primary filter LPF2. The frequency
characteristic of the primary LPF2 is set to be below a specified threshold value within commercial
frequencies to 1 kHz, in order to protect the human body from such electrical harm as electrical shock.

Signals passing through the LPF 2 are input to the leakage detector 3. Common commercially available

- ICs may be utilized as the leakage detector 3. A buffer 10 and a secondary LPF 12 may be provided

between the primary LPF2 and the leakage detector 3 to improve noise tolerance. The LPF1 is set in such
cases to cut frequencies higher than approximately 3 kHz.

As shown in Fig. 2, the leakage detector 3 compares the upper and lower values of the input
signal waveform of the half-wave length T1 with the threshold level. The No. 1 comparator timer (not
shown in drawing) inside the leakage detector 3 contains the lower threshold level and outputs a positive
pulse only when a leakage current is detected by an input signal waveform that reaches this lower
threshold level. The rising time of the pulse from zero-level to the threshold level is defined as TW1 in this
case. : . '

In the same way, the No. 2 comparator timer (not shown in drawing) inside the leakage detector

3 contains the upper threshold level and outputs-a positive pulse only when a leakage current is detected

“by an input signal waveform that reaches this upper threshold level. The rising time (hereinafter pulse rise

time) of the pulse from zero-level to the threshold level is defined as TW2 in this case.

A positive pulse is output when an input pulse waveform is again input to the comparator timer.

The pulse rise times TW1 and TW1 can be set by changing the circuit constants, which is defined
by filter capacitance and resistor values of the No.1 comparator timer and the No. 2 comparator timer
installed in the leakage detector 3. The desired setting can be changed also in a digital type system by
altering the counted value. In this embodiment, the timer is set by changing the filter capacitance contained
in the timer circuit while a fixed threshold value has been set. When a commercially available IC is used as
the leakage detector 3, the rise slope of the No.1 comparator timer and the No. 2 comparator timer is
usually changed by altering the capacitance of the externally installed filter in order to set the time required
to reach the timer threshold level.

Thus, this circuit is configured to generate an SCR drive signal regarding that a leakage current is

detected, when three waveforms have been verified in the leakage detector 3, or only when the input signal
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timer reaches the threshold level within the preset pulse rise times TW1 and TW2, which make the No.1
and No. 2 comparator timers detect no signal. In other words, if the input signal is smaller than the
threshold level and the input signal does not continue for the specified time (TW1, TW2) then this input
signal is not identified as a leakage current and there is no SCR drive signal from the leakage detector 3.

Since this kind of SCR drive signal does not exist in some frequency ranges, we obtain the circuit
in Fig. 4 with the current sensing fféquency characteristics comprising the circuit in Fig. 1 and the
operating characteristics in Figs. 2 and 3.

Generally, the cutoff frequency in the filter circuit or the frequency fc having an abrupt rise is
shown by:

fc=1/2xCR --—-- 1
Here, 2z CR is a time set by the time constant CR. The specified time TW is set based on the time
constant determined b}.r capacitance of the IC with externally attached capacitor, so that by substitutihg
7 CR with TW, a formula for the frequency with an abrupt rise is obtained as shown below.

fe=1/(2 X TW) w=m- )
(Here, TW is the larger one in TWl and TW2.)

By setting the specified time of the No.1 and No. 2 comparator timers, current sensing frequency
characteristic, i.e. largely flat up to a certain frequency and having an abrupt rise above the certain
frequency as shown in Fig. 5.

This embodiment thus obtains the curve shown by D in Fig. 6 by conibining the current sensing
frequency characteristic of the primary LPF2 and the current sensing frequency characteristic of the
leakage detector 3. In other words, the earth leakage protection device of this invention incorporates a
current frequency sensing characteristic from commercial frequencies to 1 kHz, below the threshold curve
C for ventricular fibrillation caused by electrical current as described in IEC479-2, in order to protect the
human body from electrical shock. In the frequency range from 1kHz to 2 kHz, a ventricular fibrillation
current is allowed that is large when compared to that at commercial freqﬁencies, so the current frequency
sensing characteristic has an abrupt rise in this range, thus fulfilling the both objects of protecting the

human body from electrical shock and preventing equipment from undesirable cut out by malfunction.
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1. An earth leakage protection device having a leakage current sensing means and a tripping
signal generating means for emitting a trip signal in the circuit when the detected leakage current reaches
a specified value , wherein
said tripping signal generating means has a current sensing frequency characteristic which
changes according to the frequency range and said current sensing frequency characteristic is set below a
specified threshold value within the first frequency range, said current sensing frequency characteristic is
set to make an abrupt increase in the second frequency range that exceeds the first frequency range, and
said current sensing frequency characteristic is set to be substantially infinite at all frequencies within a

third frequency range that exceeds the.second frequency range.

2. An earth leakage protection device having a leakage current sensing means and a tripping
signal generating means for emitting a trip signal in the circuit when the detected leakage current reaches
a specified value , wherein

said tripping signal generating means has a current sensing frequency characteristic which changes
according to the frequency range and said current sensing frequency characteristic is set below a specified
threshold value within the first frequency range in order to protect the human body from electrical harm,
said current sensing frequency characteristic is set to make an abrupt increase in the second
frequency range that exceeds the first frequency range; and said current sensing frequency characteristic is
set to be substantially infinite at all frequencies within a third frequency range that exceeds the second

frequency range.

3. An earth leakage protection device having a leakage current sensing means and a tripping
signal generating means for emitting a trip signal in the circuit when the detected leakage current reaches
a specified value, wherein
said tripping signal generating means has a current sensing frequency characteristic which
~ changes according to the frequency range and said current sensing frequency characteristic is set to be
below a specified threshold value within commercial frequencies to 1 kHz to protect the human body from
electrical harm,
said current sensing frequency characteristic is set to make an abrupt increase in the second
frequency range that exceeds 1 kHz and extends to 2 kHz; and said current sensing frequency
characteristic is set to be substantially infinite at all frequencnes within a third frequency range that exceeds

the second frequency range.
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constant CR _The specified time TWjis set bhased on the tine
signal generating means for emitting a trip signal in the circuit when the detected leakage current reaches

a specified value, comprising

a low-pass filter disposed in said tripping signal generating means, and said low-pass filter having
a frequency characteristic set to be below a specified threshold value within commercial frequencies to 1
kHz in order to protect the human body from electrical harm; and said current sensing frequency
characteristic is set to make an abrupt increase in the second frequency range that exceeds 1 kHz and |

extends to 2 kHz.

5. An earth leakage protection device of claim 4, wherein the current sensing frequency
characteristic of said low-pass filter is set to be substantially infinite at frequencies within the frequency

range exceeding 2 kHz.

6. An earth leakage protection device having a leakage current sensing means and a tripping
signal generating means for emitting a trip signal in the circuit when the detected leakage current reaches
a specified value, comprising

a low-pass filter disposed in said tripping signal generating means, said low-pass filter having a
ﬁ'eQuency characteristic set in such a manner that the impedance is arranged so as to increase along with
an increase in frequency below a specified threshold value within commercial frequencies to 1 kHz in
order to protect the human body against electrical harm in the first frequency range; and in the second
frequency range that exceeds 1 kHz and extends to 2 kHz, the impedance is set to make an abrupt rise
along with an increase in the frequency; and in the third frequency range exceeding 2 kHz, the impedance
is set to be substantially infinite for all frequencies within this frequency range.
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ar ac erlstlc of the | eakage detector 3. In
eakage protection device of this invention

This invention relates to an earth leakage breaker with the purposes of eliminating undesirable cut

out occurring due to line noise from stray capacitance in wiring at higher frequencies than that used

commércially and also of protecting the human body against electrical shock.

The earth leakage breaker of this invention is provided with a leakage current sensing means and

~ atripping signa.l' generating means for emitting a trip signal in the circuit when the detected leakage current

. reaches a specified value; current sensing frequency characteristics of the leakage breaker are set at less

than a specified threshold value of a'particular frequency zone while values exceeding this particular

frequency zone are in a dead zone for sensing leakage current.

Figure 1
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