
OVERLOAD DETECTING CIRCUIT AND ELECTRIC FIELD THERAPY APPARATUS COMPRISING
SAME The present invention relates to an overload detecting circuit. The
invention also includes an electric field therapy apparatus for performing
a medical treatment utilizing a high voltage, which apparatus includes an
overload detecting circuit in accordance with the invention. Fig. 1 is a
perspective view of a conventional electric field therapy apparatus A in
the state of normal use.   The numeral 1 denotes a main body of the
electric field therapy apparatus A, 2, a high voltage output terminal of
the main body 1, 3, a high voltage-proof cord, and 4, an electric con-
ductive element, respectively.   The electric conductive ele- ment 4
comprises an electrode 4a to which a high voltage, is applied from the main
body 1, an insulating element 4b cover- ing the marginal area of the
surface of the electrode 4a, and insulating pieces 4b' for insulating the
whole electric con- ductive element 4 from the floor.   The numeral 5
denotes a chair, 5a, insulating devices for insulating the chair 5 from the
floor, and 6, a human body subjected to medical treat- ment, respectively.
In other words, the electric field therapy apparatus A comprises, in a
rough classification, the main body 1 of the electric field therapy
apparatus A and its    high voltage output terminal 2, and a load portion L
(high voltage-proof cord 3, electric conductive element 4, chair 5, and
human body 6). 



For using this electric field therapy apparatus A, a part (for example,
feet) of the human body 6 who sits on the chair 5 insulated from the floor
(ground) by the insulating devices 5a is contacted onto the electric
conductive element 4 which is covered with the insulating element 4b, and a
high electric field is applied to the human body 6. Fig. 2 shows a basic
circuit of the electric field therapy apparatus A (including a safety
device B) of Fig. 1, and identical reference numerals as those of Fig. 1
denote identical parts.   The reference numeral 7 denotes a commer- cial
power source, and 8, an output stopping relay contact, 9, an over current
detection circuit for detecting an over current in order to immediately
turn off the output stopping relay contact 8.   This means that the output
stopping relay contact 8 and the over current detection circuit 9
constitute the circuit of the safety device B in the electric field therapy
apparatus A.   The numeral 10 denotes a step-up transformer, and 1l, a
current limiting resistance. In the safety device B of the above
conventional electric field therapy apparatus A, when electric current more
than a preset (to fix to a prescribed value) value flows to a secon- dary
circuit of the step-up transformer 10,    this over current 2    is
detected by the over current detection circuit 9, and the output stopping
relay contact 8 is turned off to stop the output.    However, in the safety
device B of such conven- 



tional electric field therapy apparatus A as mentioned, since the over
current is detected comparing the preset current value with the secondary
current of the step-up transformer 10, the preset current value is not
changed even if voltage of the power source is fluctuated.   Therefore,
there is such a problem that for the sake of safety, the current value must
be preset taking into consideration the expected fluctuation. In an ideal
safety device B, it is of course required not to supply a hazardous over
current to the human body 6 in view of the medical treatment in which a
high voltage is ap- plied to the human body 6.   Furthermore, it is
required to provide a (safety) circuit which is actuated before the over
current is actually occurred anticipating that a hazardous states will be
created when the value of a load generating from the load portion L becomes
more than a load (herein- after referred to as the "preset load") supposed
to be haz- ardous even if the current value is less than the preset value,
in other words, a possibility that a hazardous current is applied to the
human body 6.   The actuating point must be determined only by the value of
the preset load.   At that time, any possible  effect  of       the voltage
fluctuation of the power source must be avoided as much as possible. 3
Fig. 3 is an equivalent circuit diagram showing the stale of the load of
Fig. 2.   The reference character V. denotes an input voltage of the
commercial power source 7, V, 



a secondary voltage of the set-up transformer 10, [err], an out- put
voltage, [err] an output current, R, a resistance value of the current
limiting resistance 11, C, a load electrostatic capacity value when the
load is entirely electrostatic capacity, and [err], a load resistance value
when the load is entirely resistance, respectively.   Table 1 shows the
results of calculation based on the equations (1) and (2) below.   The
results show how the resistance value for ac- tuating the over current
detection circuit 9 is changed when the input voltage [err] is varied by
[err] 10% under the conditions that the commercial power source 7 is: [err]
no-load output voltage: [err] current limiting resistance R is: a fixed
value of [err], and preset value (actuating current) of the over current
detection circuit 9: [err]. In the case where the load is entirely
resistance: [err]                                 (1) In the case where the
load is entirely electrostatic capacity: ...........(2) wherein: [err] 4
TABLE 1 Input   Secondary Output  Actuating  Actuating  Actuating voltage
voltage V current current       load         load V,                   I
preset       resistance electro- value       value [err]  static 



capacity value [err] (V)      (V)      ([err])    ([err])        ([err] )
([err]) ([err]      ([err]) 110     11000      500       500         12.0
162 100     10000      500       500          10.0        184 90      9000
500      500           8.0        213 TABLE 2 Input   Secondary Output
Actuating  Load           Load voltage voltage V current current
resistance electro- [err]                    [err]   value       preset
static value [err]"  capacity preset value C" (V)      (V)        [err]
([err])      ([err])      ([err]) ([err])      ([err]) 110     11000
550      500         10.0         184      [err] 100     10000      500
500         10.0         184      [err] 90      9000       450      500
10.0         184      [err] TABLE 3 Input   Secondary Output  Actuating
Load           Load voltage voltage V current current    resistance
electro- [err]    value                          preset      static value
[err]"  capacity preset value C" (V)      (V)       ([err])    ([err])
([err] )      ([err]) ([err])     ([err]) 110     11000       450      450
14.4         143 



100     10000       450      450         12.2         160 90      9000
450      450          10.0        184 In Tables 1, 2, 3 and Table 4 (as
will be described),    the mark [err]  indicates that the safety device B
and another safety device B' (as will be described) according to the
present invention are actuated, while the mark x  indicates that the device
B is not actuated. As apparent from the calculated values of Table 1, in
the safety device B of the conventional electric field therapy apparatus A,
the load values (values of the actuating load resistance value [err] of
Table 1) are varied in accord- ance with variation of the input voltage
[err], and even if the load resistance preset value [err]", as apparent
from Table 2, is set in such a manner as to be actuated at [err]  ([err]
=[err] A), the circuit of the safety device B is not actuated at 10M [err]
of the load resistance value [err] when the voltage of the power source is
lowered to 90V.   In order to enable the cir- cuit of the safety device B
to be actuated at the preset value of- [err]  of the load resistance value
[err] even when the input voltage [err] is 90V, it was required that as
shown in Table 3, the preset value of the load is set to be smaller than a
desired value, i.e., the value of the load resistance preset value [err]"
is required to be set large ([err]  of Table 3), and the actuating current
value is required to be set small ([err]of Table 3).    In this case, the
circuit of the safety device ought to be actuated when the value of 



the actuating load resistance value [err] becomes less than 10M , but it is
actuated at [err]  of Table 3.   In the case 6    where the safety device B
is set to be actuated at 100V of the input voltage [err] and [err] of the
actuating load resistance value [err]' in Table 1, the safety device B is
not actuated unless the actuating load resistance value 5  [err]' is
lowered to 8MQ when the input voltage [err] is lowered to 90V. When the
sensitivity of the circuit of the safety device B of the electric field
therapy apparatus A is increased (the value of the load resistance preset
value 10  [err] is set to be large, that is, the actuating current is set
to be small), there is a possibility that the output is stopped even at an
temporary increase which is simply generated when the human body 6 is
loaded onto and unloaded from the electric conductive element 4.  When 15
this happens, the user may mistake it for failure (of the apparatus).    In
order  to  avoid  this  unfavourable situation, the sensitivity of the
circuit of this safety device B must be kept lowered to some extent.
According to one aspect of the present invention 20   therefore there is
provided an overload detecting circuit for an electric field therapy
apparatus comprising a reference signal generating means for generating a
reference signal in proportion to the input voltage of 



the electric field therapy apparatus, a detected signal 25   generating
means for generating a detected signal in proportion to the electric
current in an output circuit    8 of said apparatus, a comparing means for
comparing the reference signal and the detected signal, an overload
detecting means for generating a control output signal when the detected
signal inputted into said comparator 5   is more than said reference
signal, and a timing means for permitting output of the control output
signal only when  the  detected  signal  continuously  exceeds  the
reference signal for longer than a predetermined period of time. 10
In a different  aspect the invention includes an electric field therapy
apparatus comprising an overload detecting circuit in accordance with the
invention. This invention therefore provides -an electric field therapy
apparatus for performing a medical treatment utilizing 15   a high voltage,
in which an over load of its output circuit is detected and informed, an
output is stopped, and means relatin to safety is actuated. It is therefore
an object of the present invention to provide an electric field therapy
apparatus having a 20   safety device which is normally actuated at a
constant load value by varying a reference signal in accordance with
variation, if any, of voltage of apower source. 



Another object of the present invention is. to provide an electric field
therapy apparatus having a 25   safety circuit for generating a control
output from a comparator when a detected value inputted into the
comparator becomes more than a reference value. A further object of the
present invention is to provide an electric field therapy apparatus having
a safety circuit for generating a control output signal 5   from a
comparator so that a safety means such as alarming means and output
stopping means are actuated in accordance with this output signal. A still
further object of the present invention is to provide an electric field
therapy apparatus having a 10   safety circuit for actuating a safety means
only when the detected signal continuously exceeds the reference signal for
a predetermined time. These objects can be achieved by a constitution of an
electric field therapy apparatus and its circuit 15   constituting the
present invention. Following is a description by way of example only and
with reference to the accompanying drawings of methods of carrying the
present invention into effect. In the drawings:- 20        Fig. 1 is a
perspective view schematically showing a prior art electric field therapy
apparatus; Fig. 2 is a schematic view showing a basic circuit 



of  a  safety  device  of  the electric  field  therapy apparatus of Fig.1;
25        Fig. 3 is an equivalent circuit diagram showing the state of load
of Fig. 2;    Fig. 4 is a schematic view of an electric field therapy
apparatus and its circuit diagram, according to one embodi- ment of the
present invention; Fig. 5 is a waveform diagram showing an activating state
of the circuit of Fig. 4; and Fig. 6 is schematic view of an electric field
therapy apparatus and its circuit diagram, according to another embodiment
of the present invention. Fig. 4 shows an electric field therapy apparatus
A' of the present invention and its circuit diagram.    In Fig. 4,
identical reference numerals as those of Fig. 1 denote iden- tical parts.
The reference character [err] denotes a relay contact for holding a power
source, [err], a relay contact for stopping output, and [err], a relay
operating coil for holding a power source, respectively.   The numeral 20
denotes a safety circuit constituting a safety device [err].   The safety
circuit 20 comprises an over load detecting circuit 21, a timer circuit 22,
and an operating circuit 23. The over load detecting circuit 21 comprises a
reference value generating portion 21a including a diode[err] for gener-
ating a. reference value [err] in proportion to voltage of the power
source, a smooth condenser [err] and partial pressure 



resistors [err] and [err], and a detected value generating portion 10
21b including a converting resistor [err] for converting an out- put
current to a voltage, and a diode D2 for converting a converted voltage to
a half-wave detected value [err], and a comparator COMP for comparing the
detected value[err] with the reference value [err] and generating a
positive voltage at the output side when the detected value [err] becomes
more than the reference value[err]. The timer circuit 22 comprises two
monostable multi- vibrators including NOR gates [err] inverters [err], and
[err], etc. The operating circuit 23 comprises a NAND gate [err], a light
emitting diode LED, and an output stopping relay operating coil Ry2 of an
output stopping relay contact [err]. The numeral 12 denotes a power switch.
The reference characters[err] and [err] denote condensers, and [err] and
[err], resistors, respectively.   A power circuit of the safety cir- cuit
20 is not shown. Fig. 5 is a main waveform diagram in the circuit diagram
of Fig. 4.   The reference characters [err] and (a) through (d) correspond
to voltages at positions indicated by [err] and a through d of Fig. 4,
respectively. Operation of the embodiment of Fig. 4 will now be described
with reference to Fig. 5.   First, when the power switch 12 is pressed,
electric current flows to the power 



source holding relay operating coil [err] to close the power    source
holding relay contact [err].   This closing state is maintained even if the
power switch 12 is released.   By this, a high voltage is generated to the
output of the main-. body 1 of the electric field therapy apparatus to
start the medical treatment with respect to the human body 6 placed on the
electric conductive element 4. At this time, when the state of the load
portion L is changed by some reasons (change in temperature and moisture,
accumulation of dust and the like, failure of the electric field therapy
apparatus, insufficient insulation of the ap- paratus, etc.) and the value
of the load becomes larger than the preset value (the detected value [err]
of the comparator COMP becomes larger than the reference value [err].
Hereinafter, this state is referred to as the "abnormal state"), since the
voltage at the point  indicated by a on the output terminal side of the
comparator COMP becomes a posi- tive voltage as shown by a waveform (a),
the light emitting diode LED of the operating circuit  23 is  lighted up.
Fur- ther, since the output of the COMP is inputted directly into the NOR
gate [err], a pulse having a width of a time constant [err] determined by
the resistor [err] and the condenser[err] appears on the output terminal
side of the inverter [err] in such a man- ner as to be in synchronism with
a leading edge of the waveform (a).   The waveform thus appeared is
inverted to a waveform (b) by the inverter [err].   By inputting the 



12    waveform (b) into the NOR gate [err], a pulse having a width of a
time constant [err] determined by the resistor [err] and the con- denser
[err] appears on the output terminal side of the inverter [err], as shown
by the waveform (c), in such a manner as to be in synchronism with a
leading edge of the waveform (b), and it is then inputted into NAND gate
[err].  When the afore- mentioned abnormal state occurs here during the
time when the input terminal of the NAND gate G3 is maintained to be a
positive voltage by the pulse waveform (c), the output of the NAND gate
[err] becomes zero as shown by the waveform (d). Therefore, electric
current is supplied to the output stop- ping relay operating coil[err].
As a result, the output stopping relay contact [err] is opened, electric
current to the power source holding relay operating coil [err] is cut off,
the power source holding relay contact [err] is opened, and the out- put of
the electric field therapy apparatus A is stopped. At this time, as shown
in Table 4, if the voltage of the power source is varied, the output
current[err] is changed and at the same time, the reference value [err] is
also changed to change (or correct) the actuating current value.
Therefore, the device is actuated normally at a constant load value (preset
load value).   Accordingly, in the safety device B' of the electric field
therapy apparatus A' of the present in- vention, the operating state is
never changed, as in the safety device B of the conventional electric field
therapy 



apparatus A, when the voltage of the power source is changed even if the
load remains constant. TABLE 4 Input   Secondary Output  Actuating  Load
Load voltage voltage V current current    resistance electro- [err]  value
preset     static value [err]" capacity preset value C" (V)      (V)
([err])    [err]        ([err])       ([err]) (C=0)     ([err]) 110
11000      550       550         10.0        184     0 100     10000    500
500        10. 0       184     0 90      9000      450       450
10.0        184     0 In the above embodiment, the voltage value is used
for the reference value [err]  and the detected value [err].   However, it
may be other physical value such as, for example, electric current value,
temperature value, light quantity value and the like. Fig. 6 shows one
embodiment in which a timer function with an integrating circuit 21c is
used at the input step of the comparator COMP.   [err] denotes an
integrating resistor, and [err] denotes an integrating condenser.
Identical reference numerals as those of Fig. 4 denote identical parts. In
this embodiment, even if the current flowing to the output circuit is
increased by some reasons as mentioned 



above and the detected value [err] exceeds the reference value [err], the
output side of the integrating circuit 21c does not become that voltage
soon.   Instead, it becomes for the first 14    time the same voltage as
the detected value [err] only after the passage of the time constant which
is determined by the in- tegrating resistor R7 and the integrating
condenser[err].   An output is outputted from the comparator COMP to light
up the light emitting diode LED of the operating circuit 23.   At the same
time, electric current is supplied to the output stopping relay operating
coil Ry2 to open the output stopping relay contact [err].   As a result,
the electric current to the power source holding relay operating coil [err]
is cut off to open the power source holding relay contact [err].   As a
con- sequence, the output of the electric field therapy apparatus A' is
stopped.   At this time, if the detected value[err] is lowered less than
the reference value [err] before the output is outputted from the
comparator COMP, the output is not out- putted.   Accordingly, the
operating circuit 23 is not ac- tuated, and the light emitting diode LED is
not lighted up, and the output is not stopped. In the embodiment of Fig. 4,
although the operating cir- cuit 23 is actuated through the timer circuit
22, the operat- ing circuit 23 may be actuated directly by the output of
the over load detecting circuit 21 and not by way of the timer circuit 22. 



In the electric field therapy apparatus of the present invention, when the
detected value is varied in accordance with variation of the voltage of the
power source, the 15    reference value of the comparator is also varied in
propor- tion to the voltage of the power source.   Accordingly, the safety
device is not actuated even if the voltage of the power source is varied,
as long as the load is present within a normal range.    In other words, it
is not affected by variation of the voltage of the power source and always
ac- tuated by a preset load.   If it is set to be actuated only when the
abnormal state is maintained more than a predeter- mined time, it is not
actuated by a temporary increase of load which is simply generated when the
patient is loaded on and unloaded from the electric conductive element.
There- fore, the patient will never mistake it for a failure of the
apparatus. 16    *   C    L    M    S  * CLAIMS 1.   An overload detecting
circuit for an electric field therapy  apparatus  comprising  a  reference
signal 5   generating means f or generating a reference signal in 



proportion to the input voltage of the electric field therapy apparatus, a
detected signal generating means for generating  a detected  signal  in
proportion  to the electric current in an output circuit of said apparatus,
10   a comparing means for comparing the reference signal and the detected
signal, an overload detecting means for generating a control output signal
when the detected signal inputted into said comparator is more than said
reference signal, and a timing means for permitting 15   output of the
control output signal only when the detected signal continuously exceeds
the reference signal for longer than a predetermined period of time. 2.
An overload detecting circuit as claimed in claim 1, 20   wherein a
physical property selected  from electric current temperature and light is
used to carry the reference and detected signals. 3.   An overload circuit
as claimed in claim 1 wherein 25   the reference and detected signals are
generated as electric voltages.    4.   An overload detecting circuit as
claimed in claim 1, claim 2 or claim 3 further comprising a safety means,
such as an alarming means and output stopping means for stopping the supply
or power to the apparatus, which 5   safety means is operated by a control
output signal generated by said comparing means. 5.   An electric field
therapy apparatus comprising an 



overload detecting circuit as claimed in any of claims 1 10   to 4. 6.   An
overload detecting circuit substantially as hereinbefore described with
reference to and as shown in Figures 4 and 5 or Figure 6 of the
accompanying drawings. 15 7.  An electric field therapy apparatus as
claimed in claim 5 and substantially as hereinbef ore described with
reference to and as illustrated in Figure 1, Figures 4 and 5, or Figure 6
of the accompanying drawings. 20    


