A AN | VT
‘CMERLOAD DETECTI:NG Cl RCU T AND ELECTRI C FI ELD THERAPY APPARATUS COWPRI SI NG
SAME The present invention relates to an overload detecting circuit. The
i nvention also includes an electric field therapy apparatus for perfornm ng
a nedical treatnment utilizing a high voltage, which apparatus includes an
over|l oad 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 nuneral 1 denotes a main body of the

electric field therapy appapwEREOAD BETRCTING €UTRCEBIE anDput terminal of
the main body 1, 3, a high voltage-proof cord, and 4, an electric con-

duce®ve el enent, resELECTRIQ. FIEMDETKERAPY | APPARATUS| COMPRES INGNSAVE

conprises an el ectrode 4a to which a hi gh voltage, is applied fromthe main

:body 1, an insulating elenent 4b cover- ing the marginal area of the

surface of the electrode 4a, and insulating pieces 4b' for insulating the

whol e el ect r ilThe @reserti imventiomirelates thecan| overloadhdetesdiag 5

denotes a chair, 5a, insulating devices for |nsulat|n% the chair 5 fromthe
r

floor, &idadite hiFhe Bewntion el i@clmﬁs,aante%a@ kenfields yheraps v.

I n other words, the electric field th at u rises,_in a
ough CIARRATIE R [ IT ROBE mr%nso%am 1Y BRERLaenE OeidiE naoanpie

appar at s . ta ut_term .l oad portlon L
(hi gh vof #%ﬁg (ﬁﬁlﬁk) %tf%?iﬁéé%hﬁﬂlQgegigﬁéngeﬁec Qgr 5, and
human body. Q)i+ 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 glectric field therapy
apparatus A, 2, a high voltage output terminal of the main
body 1, 3, a high voltage-proof cpp@. and 4, an electric con-
ducfive_element._respectively.'- The electric ‘conductive ele-
ment 4 comprises an electrode 4a to which a high voltage is
applied from the mﬁin body 1, an insulating element }b cover-
ing the marginal area of the surface of the electrode 4a, and
_K«f insulatiﬁg pieces 4b' for insulating the whole electric con-
ductive element 4 from the floor. fhe numeral 5 denotes a
chair, 5a, insulating devices for insulating the chair 5 from
the floor, and 6, a human body sﬁbjected to medical treat-
meni._respegtively. ln_otherfwords,-the-electric field
therapy apparatus A comprises, in a rough classification, .the

main body 1 of the electric field therapy apparatus A and its



_For using this electric field therapy apparatus A, a part (for. exanple,

- feet) of the human body 6 who sits on the chair 5 insulated fromthe floor
(ground) by the insulating devices 5a is contacted onto the electric
conductive element 4 which is covered with the insulating elenent 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

d f d | f h f Fi 1
denot 6 el reasa €L of 8t pERa) cReceRing, Ipee derblee’ 'aoigerger Ccial
power %Qqﬁg%einpé¥ éﬁktecpueléc?Pptngohgugghfgn% %a? f urrentLj .

detection crrcuit for ting-an over tely

turn oghdtm%myﬂrygdfngymnng relay contact 8.  This neans that the output
stopping relay contact 8 and the over current detection circuit 9

constitute 1y Qigicil teidfs tdPe S0f £EYs fEVE ConBrapy thSp 2L SELLI &, fge' d therapy '
apparatus A. The nuneral .10 denotes a step-up transforner,

cur r enpalritnictfiony ex@sipitaaNceee i N é hetpel Kanaslevs &g @5ﬁhot9€t§b9ﬂethe
-conventional electric field therapy apparatus-A- when electric current nore
than acprésets (itnsuliated frqmetite i bbgovat geguivd) Usy f tipwsi hAouPa6eRPN- dary

circuit of the step-up transformer 10, this over current 2 - 1Is
detectéévbyeﬁhéaov@rqnnt&nﬂeimmmtolbmecercmtt1@ ccnnhchﬁv@uepﬂmeﬁtopplng
relay contact 8 is turned off to stop the output. However,. in the safety

devi ce4BvBi chyds €oveaed with the insulating element 4b and a high
electric field is applied to the human~body 6. - o :;
'Fig. 2 shows a basic circuit of’the'eiectric'ffeld | |
therapy apparatus A (1nclud1ng a safety devxce B) of Fxg. 1,
and identical reference numerals as those of Flg. 1 denote'
1dent1ca1-parts. The reference uumeral 7 denotes:a'commer-
cial power source, and 8, an output:stoppinE'reiay-coptact;'
9, an over-curreut detection'ctrcutt for'detecting an'ouer
current in order to 1mmed1ately turn off the output stopplngr
relay contact 8. ThlS means that the output stopp1ng relay':
contact 8 and the over current detectlon 01rcu1t 9 constltute'“' -
the c1rcu1t of the safety device B in the electric f1eld o 7
therapy_apparatus A.'f The numeral 10 denotes a step up
transformer, and 11, a current llmltrng resistance.'
In the safety device B of the above convent1ona1 electrtc S
field therapy apparatus A, when electrlc current more’ than a
preset (to fix to a prescribed value) value flows to a secon53

dary circuit of the step-up transformer 10,  this over current



‘tional electric field therapy apparatus A as nentioned, since the over
current is detected conparing 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. Ther ef or e,
there is such a problemthat for the sake of safety, the current val ue nust
be preset taking into consideration the expected fluctuation. In an ideal
safety qevifea diiidd 4 Ble SRS L LAULT ol PRk 1§ 8nSUPPLY @ BazahdONR Over
current to the human body 6 In view of thé nedical ‘treatnent in which a

hi gh volgtagaid S @sp m,%e‘d?m the, NBng bpgy ¢ BrnedFHEEN@LMREEp ithel S
e a Sa

reqh?red to provi ety) circuit which is actuated before the over

current gy pROt.Ual |1y RO I efh aid Cd PpL tNJathakeaphazacdeHscohakgs will be
‘created when the value of a | oad generating fromthe |oad portion L becones

nmor e thanoadioad ddefiad nei @fd e¥hd1ed ey refpdPadist Reaspheretohead” y i supposed
to be haz- ardous even if the current value is |ess than the preset val ue,

i n ot henthworod®er acypasat ild tde fdted damparibng ¢tHerpnéses eppreed to the
human body 6. The actuating point nust be determ ned only by the val ue of
the prevetlueoad.th tie tdextoridarey; anyrewtse bl theefsteptup fansformert he vol t age
fluctuation of the power source nust be avoided as nmuch as possible. 3

Fig. 3 il9,athequinedehtcwirend tvaliwgyr bsn shbwehgngpe evanei 6f vehéagead of
Fig. 2. The reference character V. denotes an input voltage of the
Connercpé|tb@mgoggﬁ”ggpqqe\zs fluctuated. Therefore, there is such

guj a problém that for the sake of safe;y, 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 ihe medical treatment in which a high voltage is ap-
plied to the human body 6. Furthermore, it is required to
provide a (safety) circuit whiéh 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-

afdous 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 0of the preset load. At that
time, any possible effect 'of - ‘the voltage fluctuation of

the power source must be avoided as much as possible.



a secondary voltage of the set-up transfornmer 10, [err], an out- put

vol tage, [err] an output current, R a resistance value of the current
limting resistance 11, C, a load electrostatic capacity val ue when the
load is entirely electrostatic capacity, and [err], a |oad resistance val ue
when the load is entirely resistance, respectively.  Table 1 shows the
results of cal culation based on the equations (1) and (2) below. ‘The
results shqulho the reS|stan tuattng t he OV current

lu i
detection cirtuit & i% cﬂ%%b%%Fﬁﬂg cfﬁéu‘ﬁpéfa§5ﬁpa§ oMdMg e Varited by .
[err] LQPpungder,d, heh‘?z?&‘ F'PFP that Uf‘ﬁ CP?‘FE [&hek RRYRaC Sl%‘t“’ce 7oistoferrl

no- | oad output vol tage: [err]|~current g resi st ance ~a fixed ~7

121 UE find G14 Jan SKDIPY SREL L AL UGy (#6EUBLIAGL YR CBLked! VT Gurrent
t err

det ection circui e case where i's entirély’ SN

resi stareRiodddry voltage of the sel-up transforme‘llolnvtheaﬁa%%tWhere the
load is entirely electrostatic capacity: ........... ) mhereln [err] 4

TABLE pltl npuitt ageSecrndady sutput céetrenting, é\cwaﬁsngncéctvlaatﬂen@fvol tage
voltage V current current | oad | oad .V,
presetthe curreast Sitiawicei g ecés Ds txateell,’ ;-uahuad[enkktnmsahnqc
capacity value when the load is entiréty;ete0tro$tati¢ :"*'
capacity, and;R;, a load resistance vqlue'when'the'loadﬂis””
entirely reéiétancé, réspectively.. Tablegl'showé ther---;,_ . o
results of-cafcul&tidnlbased on the eéuétiohsﬁtl)-and (2)
uelow. The;reéults'shbw how=the resistancéJValue_fof”ac+
tuating the.QVer7curf¢nt'detection'cifcuttﬂéuis-¢hahged'when'"”
the tnput voltage Vi is varied.by.tzloxfuwdef the'COnditiqns
that the commerciat pover éource 7“is:.v,=100Vg 50H=,‘nq-toad
output voltagé; Voéloooov;'curréhtulimitihg-réstétancéun-iSitu ﬁ
a fixed vai'ﬁe--.of 10M$ and-pr.ese:t-'valu'e:.(a'c-t:u__ating. cu:rrén;t)“'

of the over current detection circuit 9: 500z A.

- In the case where the load is entirely réSistancet

Ry = — - R ...... SN ¢ § I
Iq )

In the case where the load 1s entlrely electrostattc '
capa01ty o _ : :
C = : : —~ . ciesaeaeeae (2)

w4 {(V/1,02 - R?*} '

wherein: @ =2=x f



fcapacity val.ue [err]

(V) ( ([err]) ([err]) ([err] )
([err]) ([err] ([err]) 110 11000 00 500 12.0
162 100 10000 500 500 10.0 184 90 9000
500 500 8.0 213 TABLE 2 I nput Secondary Qut put
Actuating Load Load vol tage voltage V current current
resi stance electro- [err] [err] val ue preset
static Vﬁgﬁﬁy[frr] capacity preset value C' (V) (V) [err]
([err]) (lerr] ([err]) ([err]) (Lerr]) 110 1100
”550\;. 1 PO Secon&QrQ Qutput. %%4uat1nd LIAdL D0 ng | ACPE2t ing |50
S00™"  kolt Dvoitage V184rrent|[cRirleni0 1023000 10490 50
10.0 v, 18d [erf] TABLE|PrleBRuUt . PaGaNdayanhdfdLdct Agtuatfin
‘Load | oad volta;e'voltag&aquurren i, ' | est sgance
el ectroq [err] val ue : preset {capaéiayic |val ue
[err]" |capacitly preset value C' (V) (V ([erfddlue C€ferr])
([err] (v) ([erriyy([efrke Ay |([d€r]ay 11D (MQ2DO00 | (pF)450 - 450
14. 4 143 (C=0) (Rp= )
110 11000 500 500 12.0 162 © ]
100 10000 500 500 - 10.0 _ 184 @]
90 - 9000 500 500 8.0 213 ©
: TABLE 2
br
Input Secondary| Output | Actuating| Load Load-
voltagejvol tage V| current| current resistancelelectro-
\ I Io value preset static
value Rp." | capacity
i preset :
value C"
). ) (g A) (g A) (MQ ) (pF)
: (C=0) (RL=%0 )
110 11000 5§50 500 10.0 ‘184 ©|
100 10000 500 500 10.0 184 ©
90 9000 450 500 10.0 184 X
TABLE 3
_ Input Secondary| Output | Actuating| . Load Load
KJ voltagelvoltage V| current| current .resistance| electro-
V4 . I'o value preset static
value Rp ™ | capacity
preset
_ value C"
) V) (2 A) (p A) (MQ ) (pF)
(C=0) " (Rp=20 )
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),



100

- 450

wi |1

10000 450 450 - 12,2 160 90 . 9000

450 10.0 184 In Tables 1, 2, 3 and Table 4 (as .

and anot her 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 fromthe cal cul ated val ues of Table 1,

th fiel t | el ect field t t A,
he & oa Ak G, Bl dfed PINER, BB RsTe debuicel sh e AR ) or

Table Ll rieg A ik 18y AG£Ordr ) RNGE WeLR (3l t'a%%Oeriég\g]e..' "0 tage.

[err], €appar ent

and éven if the |oad resistance preset val'u

be descri bed), the mark [err] indicates that the safety device B

in

from Tahled et At Lidh S 2 FRRDEE a%/htx(?eb%%(:tmla%(eqi A gy el L €7 1]

=[err] A), the circuit of the-safety device B is not actuate

of thethead masigdvinee p/algiend €rattwheaqt he vol tage of the power source is
| onered to 90V. In order to enable the cir- cuit of the safety device B

to be actuatssd apipdrien tpriaseli Maé UeaDbul heel] vadlieshd sl 2adikesi;stignce val ue.

efbl\/l[err]

[err] even when the input voltage [err] is 90V, it. was reqU|red t hat as
shown itheTabifet¥, devd ger Baif vihelecofiveheibaad eseseritofhergnal l er than a
desired value, i.e., the value of the load resistance preset value [err]"

i's req@hﬁ@@PﬂOd@@&ﬂﬁtﬂsmﬂyaKﬂank@ado?arabse(Sbluasdthehacauahmngngurrent

value is required to be set small ([err]of Table 3). . Ikn this case,
circui 1088 TS isdace Faliuge H}ugmft'babéeaét)uaredetlendt ha aglcoe dof

ance thh variation of the 1nput voltage V;; and even rf'the':'

load res:stance preset value RL", as apparent from Table 2

is set in such a manner as to be actuated at 10MQ (Io—SOOﬂ :

A), the 01rcu1t of the safety .device B 1s not actuated at 10M'

Q of the load resxstance value-RL when'the voltage of the-'
powermsource.is loWered.tO‘QOV' “In order to enable the cir=
cuit of the safety deV1ce B to be actuated .at the preset
value- of-lOMQ -0of the load res1stance value RL'even when'thef
input voltage V, is 90V, it was reduired that as shown in -
Table 3, the preset value of the load 1s set to be smaller
than a de51red value, ec, the value of the load res1stance
preset value Ry " 1s required to be set large (12.2MQ of
Table 3), and the actuat1ng current value is required to be
set small (450u A of- Table 3). '-In thrs case, the cxrcult

of the safety devxce ought to be actuated when the value of -

the actuating load resrstance value Ro' becomes"less than 10M -

Q, but it is actuated at 12.2MQ of Table 3. In the case

the.
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‘t he actuating | oad resi stance val ue [err] becones 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 |oad resistance value 5 J[err]' is

sensitivity of the circuit of the safety Mdevice B of the electric field
t herapy apparatus A is increased (the va'ue of the |oad resistance preset

{3 b s | 568 b8eglyl dofen Bk B B8 B MBLABRRE By .
tenmporary i nefeasg \Qgﬁégtl FolleAle + ig%?lrdatl hep the Qﬁgﬁgtﬁﬂg}’l »

| oaded onto and Uun fromtlrre ri ¢ conductive el enen

this happens,réé(}“s%&%effa}ﬁ'ésg,raggsrﬁtmémeffl'Hﬁs.éaie*cgedé%%atm)s In

order to avol IS nt avo e situation, the senSitivity of the

circuit of tHét Stelaté®\intfess At 86tK8BInGO1BAAIrbEiERERCR X WRIne
According to one aspect of the present invention 20 therefore there is
provided &an quer | 98d XiRicadd NGoCi 8RNI twied &Reel DUt C violdagd herams
apparatus conprising a reference signal generating neans for generating a
reference sidnawered prop®dvion to.the input vol tage of

| onered to 8MJQ when the input voltage [;rf(rﬂ] Is lowered to 90V. When the

When the sensitivity of the circuit of the safety

Lo . device B of the electric field therapy apparatus A is

increased (the value of the load resistance preset value

10 R " 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 electri-'.c 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 signél generating means for generating a

reference signal in- proportion to the input wvoltage 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

b



the electric field therapy apparatus, a detected signal 25 gener.ating
nmeans for generating a detected signal in proportion to the electric

current in an output circuit 8 of said apparatus, a conparing neans for

conparing t

he reference signal and the detected signal, an overl oad

detecting neans for generating a control output signal when-the detected
signal inputted into said conparator 5 Is nore than said reference

signal, and
signal only
reference s
In a differ
apparatus c
i nventi on.

apparatus f

in which an over load of 1ts out

out put is s

an object of the present inventidn to provide an

a timng neans for permitting output of the control outp

ut

mhen the detected signal® continuously exceeds the .

[ %e£ t han a predet er m ned p$r|od of time. 10
e %%%eé?p? BPReeft i HQﬁﬂQEkﬂgﬁﬂs BTt SPaTng tthe

oo et 1B 1BHAT, 234, R LRRCE R R and 7R, BB n

apy i

h the

apy

Q{eﬂ&ggﬁ{én afis ngggrcget (X 1T L) iaht.i'b g 811%5’3 Igah ;vo| tage'

Clrcul

WAL dch@NdeFBABEd! @lighial tﬁlpwﬁédf iAt8c Eu&he%o;dga&%q&&er ef ore
electric fi

er

apy

appar at 8s hadsi-ngore 26hansshgdy re®ereacehigilyrial Noanal hy taning! 4dadls &
- constant |oad value by varying a reference signal in accordance wth

vari ati on,

|ﬂbnﬂgermﬁttmngagmtpﬂta@bwﬁmesoumtrol output s1gnal only

.when the detected SLgnal contlnuously exceeds the

_ reference 51gnal for 1onger than a predetermlned perlod

~of time,

10

.In a dlfferent aspect ‘the. . J.nvent:l.on J.ncludes ‘an -

electriec fleld therapy apparatus compr181ng an' overload

detectlng 01rcu1t ln.accordance'w1th the- 1nvent10n._§h1s

invention therefore prov1des an electrlc fleld therapy'

. apparatus for.performxng.a medlcal treatment-ut111z1ng

15

a high voltage, in which an ‘over .-mad- of .its output

-c1rcu1t is detected and 1nformed, an output is stopped,

~ and means relatlng to safety is actuated

20

- It is therefore an-obJect;ofgthenpresent“inventiOn

to provide an eiectric field.therapyrapparatus having a’

safety -device Wthh lS normally actuated at a constant

1oad value by varylng a reference s;gnal in accordance

-with variation, if any, of. voltage of a- power 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 values*inputted into the

§

o



‘Anot her obj ect of the present invention is. to provide an electric field

t herapy apparatus having a 25 safety circuit for generating a control-:
out put froma conparator when a detected value inputted into the
conpar at or becones nore 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 froma
conparator so that a safety nmeans such assal arm ng neans and out put
stoppi ng nmeans are actuated in accordang€ with this output signal. A stil

furth bj f ' ion _i i d lectric field
nehdpy appaRRReTRiAT acTaes Uare, §hah; o, Pe¥REFage: J19R o saf oty means

only when the det eﬁ:tgglfﬁhggal%ﬂgzg%{:nggu %e géﬁlgggﬁat Q%Je?{t%rogfffsg nal for

‘a predeterm ned tine. ese o S can eved by a con ation of an

el ectric fielgdRele?PYnaRPAEAEHEC aggéltds Eﬁéfé‘%%/ \%gyag%@&%t-iﬁﬁirgﬂl ghe

present inveiition. Followmng 1s a scription exanp y and

with referengafiety heiPEGREPFOL NgoRbRULIAS &f dBHEXUSIS Shtpatr Widmaline
present invention’into effect. In the draw ngs:- 20 Fi g. IS a

perspect 6ve firew acbeniphiréaldry sohehatgaasaféby medne it b hilakehinker apy
apparatus; Fig. 2 is a schematic view showing a basic circuit _
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'wheh the
detected signal continuously exceeds the reference signal
for a predetermined time.

These objects can be achieved by a conetitution 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 effec¢t.

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.1l;

25 . Fig. 3 is an equivalent circuit diagram showing the

state of load of Fig. 2;

<
~—



of a safety device of the electric field therapy apparatus .of Fig.1;
25 Fig. 3 is an equivalent circuit diagramshow ng the state of | oad
of Fig. 2; Fig. 4 is a schematic view of an electric field therapy
apparatus and its circuit diagram according to one enbodi- nment of the
present invention; Fig. 5 is a waveform di agram showi ng an activating state
of the circuit of Fig. 4;, and Fig. 6 is schematic view of an electric field
t herapy appRigtud asdai sghemaduid wieqrafn amcebedinict i ahdt hberaphodi ment

of the present invention. Fig. 4 shows an electric field therapy apparatus . . .-

A" of abpapatssnénidnidst icomcarnd idigramuiaccorngimen to onn Embod4 - S
i dentical reference numeral’s as those of Fig. 1 derote iden- tical parts&”
The rementneé thar areeenterimveddifies a rel ay contact for holding a power .
sour ce, [errl, a_relay contact for stopping output, and [err], a relay
operating cBi&-f8r iFoRdMAged opdueti a%fdtesShoetpecin afyivatling adadeal 20
denotes a safety circuit _constituting a safety device [err]. = The safety -
circui ef2bheofpFredd 9 EV&- 1YvadMbtecting circuit 21, a timer circuit 22,

and an operating circuit 23.. The pver Load detegcting,.giycuil 21 conprises a
'referencg-vEP&ég&eﬂ§rﬁdhﬁ?ﬁﬁiqiY%FQl%iiﬁ%l%ﬁ?ﬁgrgggﬁbﬁtée3P?r?BY-ggner-
ating a. reference val,ue Jerr]l.in oportion to.voltage of_ fhe power

sour ge?pﬁagﬁglﬁ’h %&&%é‘r[cé‘h# %:ﬁ%gjg%?t i '?.C‘B?gﬁgﬁr'gg a;-n"Ff’er.- be! |

embodiment of the present invention.

Fig. 4 shows ?n:electrﬁc.field,therapi aPParatus1Af-9f
the presént ip§ention and its c_ircuit_diagramf _fn'ﬁig, 4,
identical refereﬁce numerals as those_¢g F§gf'l_déhpte.iden-..
ticél pﬁrts. ' The reference charac;gr:xx dgnotes a rgfay
contact for holding a bo?ér sourQe,;Xg, affe§ay cqnt#é; for
stopping outéut,.aﬁd Ryl,_a_rela§'opefating coil for hoiding“
a power source, réspeétively. The numeral 20 denoyés a
safefy circuit constituting a safety device B'. The.safety
circuit,20 comprises an over load de;éctipg;gircﬁ;t 21, a N
timer circuit 22, énd an operating circuit 23.

The_ovef loa¢.d¢t¢¢ting.circuit_z;féOmpriseé a.réfgrence;
value genérating_ppfiion_Zla”includingua di9de-D; iof gener- |
ating a reference valﬁelvn in propoftion_}é_letage-pf the
pover source, a smooth condenser C, and.partial_pfessufef-

resistors R, and Ra, and a detected value generating portion .

10



resistors [err] and [err], and a detected val ue 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 hal f-wave detected value [err], and a conparator COWP for conparing the
detected value[err] with the reference value [err] and generating a
positive voltage at the output side when the detected value [err] becones
nore than the reference value[err]. The tiner_circuit 22 conprises two

nonost ab2d bmimGludjing & GoPverch iRE nte NOR HYathss fo3r (o ¥Rl tREsaPePBE - and
fernl; etc. The operating circuit 23 conprises a NAND gate %erré, a |ight
em tT1 ngPHitoFATIEDt 0 BarY o dkdRkR» AMhA 1y 998 Be SR HIMELHINERI2 of an
t put st ' I t gct Th I 2 t i tch.
The T of oF SRVE TS, ARIAREC hilth 171" Tl ohes iAot o> ot oBr] and.
, | St , td ly. ' It of th fet I [ It
LT o BoRaR s TG 4ptE Qmno 081 Ble U GH e A e B0 LA B sce
f Fig. _ ; d d
Fo vol t agSE SEEASSLTATSRIN, S BRESR (Y o 05 (v JipbEE ey TERE S PO

respect i ¥@ltpy tOR§R! Wi nOft & OB R Vil Gecdbiid ImdYQW BRafleprEi bed
wth reference to Fig. 5. First, when the power swtch 12 is pressed,
el ectri cregerenicel haWset ¥ f.he power
The timer circuit 22 comprises two monostable multi-
Kw/ vibrators including NOR gates G,, Gz, inverters INV;,-Isz,
and INVs, etc.

The operating circuit 23 comprises a NAND gate Gz, a
light emitting diode LED, and an qutput stopping relay
operating coil Ry of an output siopping relay contact Xa.
The numeral 12 denotes a powver switch. The reference
characters C2 and Cs denote condensers, and R4, Rs and Re,
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 Vg, Vo, and {(a) through
(d) correspond to voltages at positions indicated by Vg, Vo,
and a through d of Fig. 4, respectively.

Operation of the embodiment of Fig. 4 will now be
described with reference to Fié; 5. First, when. the power
switch 12 is pressed, electric current flows to the power

sourée hdlding relay opefating coil Ry, to close the power

11



source holding relay operating coil [err] to close the power : seurce

hol ding relay contact [err]. This closing state is nmaintained even if the
power switch 12 is rel eased. By this, a high voltage is generated to the
output of the main-. body 1 of the electric field therapy apparatus to
start the nedical treatnment with respect to the human body 6 placed on the
el ectric conductive elenent 4. At this tine, when the state of the |oad
portion L is changed by sonme reasons (chan%e.in_tenperature and noi sture,
accunufAUrss &P IGUNE difd AhELIMIRC 14t ur TBE St RLCEMBEt Bit@ Y& disd t herapy
apparatus, .insufficient. insulation of the ap; paratus, etc.) and the val ug;
of the"’lz"d&d""B(—5’(’?(51rré"s"el’-’ar’g‘lert ME R i)‘?’bggi't‘ 5/)§I ‘gﬁ (F'ﬁ@aﬁgfiet:t e®Wal ue [erfy
of the,gconparatar  COVR becones |l arger, thap the reference _value [err].

erci niRogr . o RRERSIRE S Tt i e bdelo e L BREPRAT S N i hoe the
vol taggegl 4NG A o ldUN AL ot s % R0rABe RUbREALLET FbN8La5!dq l Lhe
conpar at of becones a posi--tive voltage- shown by a waveform (a),

the |ighk;eit ti el B0 of - OPEL at i DOn Gk & 6 Ui 23 | lLisghted up.
Fur- t gélggpnggﬂ:%yéﬁﬁxﬂﬁﬁﬁﬁpﬁiégﬁéiﬁgigﬁgngﬁ?égdbg?yegt 3afﬁfogﬁhe NOR

~gate [ehe] e1@cRWiTe WG A dlidndt 2t i Me constant [err] deternined by
the resistor [err] and the condenser[err] appears on the output term nal

'side of theaitnalilsert iRy, lwHeh St £t 408-0o Neth@sldad bporBisnunehrgni smwith

a | eadi ng edge of the waveform(a). The waveform thus appeared is '

i nvert edahged wavebmenﬁdasdnstduhéﬁyerimrgémpéiatureyahapmbﬁhngrbhe
accumulation of dust and the likef-faiiﬁfe_of the electric. - ;.)
field therap§ abparatus. insufficiént,insuiation of the ap- - |
Paratus, etc.) and the value of the-Ioad3be§0mes.larger-fhan
the preset-value:(thé.détected value Vp of ihe 90ﬁParator
COMP_becomes larger than the referenCe:vaIUe Yn{

Hereinafter, this=staté is.referféd@to'asﬂthe,“aﬁnormélf-
state"), since the vq1ta§g at.tﬁe point.indiéaied'by a;oﬁ théﬂ;
output terminal side of the comparator COMP.bécomes aﬁﬁoSie -
tive voltage as shown by a waveform (é), the-lightfemitting= 
diode LED of the operating circuit 23 is lighted up. Fur- . -
ther, since the output'of the COMP is inputted directly fnfo
the NOR. gate Gi,'a.pulse having a width.of a time_constént Ty -
determined by the resistor Ras and_the_con&enser-Cz_appéars on -
the output-termin#l»éide~oi.the”inventér INV, in such a man-
ner as-to be:'in synchronism withla Ieéding?edge of the
waveform (a). The waveform thus appear§d-js.inverted'tb-é

waveform (b) by the inverter 1INV,. =By:rnputting:the

12



i2 wavef orm (b) into the NOR gate [err], a pulse having a width of a
time constant [err] determned by the resistor-[err] and the con- denser
[err] appears on the output termi nal side of the inverter [err], as shown
by the waveform (c), in such a manner as to be in synchronismwth a

| eadi ng edge of the waveform (b), and it is then inputted into NAND gate
[err]. When the afore- nentioned abnornal state occurs here during the
time when the input termnal of the NAND gate G3 is naintained to be a
posi ti ve“¢yrdga By)tH@ﬁﬂHER?\MREﬁ%ﬁ?ﬁ(Qﬁ thePBlEpubayfingnd NAdDhgade

err], beconqes zero as shown t he mav d Therefgre, electric
Eur#%ht Ps @ﬁppoéétﬁﬂttﬁé ﬁﬁﬁﬁUW"gl {Eé %ﬁ%&sbﬁérgflﬁgdcéhF[éPPT

| & I
@Er ent H8heRs ?;dﬁéltf%ﬁeﬁ.aﬁstciﬂl"rﬁo% 5 Cﬁt“%%ﬁi%% ?pSFﬁh pEeEiEror |
he ol oot Mra 1 o8 AReRs 3y, U SAEATR [ G4 oI 9'5’9&?%?%9”9# 5otk bR,

in Table;d, sbhchipgn¥ et 389 10fa LG AME eﬂ%“&@ H%e V@%bggorﬁ)h?b??t QF& .
f re ue [err] is

current[err| 1Is changed an at the sane t1 ne, erence va

al so chapgegst Qh‘éhaﬁﬁﬁu(tctredcqrnrt%CWAl\td“%:ﬂ@ Wi Ng WhER CPhe VAkHRe -
Therefore, the device is actuated normal |y at a constant | oad val ue (preset

| oad val WehtionfacaboRdla), sita tlehe cfred \netayider Fhgothéheimbeghehcihiel d
t herapy apparatus A of the present in- vention, the operating state is

never changed, tesminatlhe fsahet WAND gzt 8 G itshana:nnvsmwnab peegtric field
theray positive voltage by the pulse waveform (c), the output of the
NAND gate Gs becomes zero as shown by the waveform (d).-
Thefefore, electric current is supplied to the output stop-
"ping relay operating coil Ryz. As a result, the output-
stopping relay .contact X2 is opened, electrip.current to the
power source holding relay operaiing coil ﬁy1 is cut off, the
power source holding relay confact=X1 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 I, is changed and
at the same time, the reference value Vg 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
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apparatus A, when the voltage of the power source is changed even.f the
. load remai ns constant. TABLE 4 | nput Secondary CQutput Actuating Load

Load vol tage voltage V current current resi stance electro- [err] value
preset static value [err]" capacity preset value C' (V) (V)
([err]) [err] ([err]) (ferr]) (C=0) ([err]) 110

- 11000 550 55 10 0 184 0 100 10000 500
500 ~ 9000 - 450 450 o
10.0 apparaltsw A, "61% ttrre ‘é‘bbtegeneéduth@mpoweﬁesmrtogges\/aqrm&eg used .%o
for the refere e valued[err%%%and the detected value [err]. However,. it
may beS8ERer Ipnyng df12q, hC38S RBf -exanpl e, el ectric current val uesi=# *

tenperek%?%_value | ight quantity value and the like. Fig. 6 shows one

enmbodi 0N n_which a tinmer function with an |nteqrat|nq circuit 2ic is .
used aknble | MR HAR-fo ru;tﬁt CTREL LY gc g LerrTTd gates an ]
int egr%'l'%qgre JoTUge ks é | Tegdcating| Etdenser- | |
| dentigal reference. Eumglr B t Q§€ o ilgprdsdgnoteligggiti.cal parfs. In
this epbodi nept, even if| the current ?Iomn ngughg Qutgg5a%|QQU|t'is
i ncreased by some reasorjs as nenfioned preset
_ _ ' 3 _ . ‘value C"
o | v) - (g A) - (p A - 1.(MQ') ApFY |}
| | | €©=0) | (Re=w)
110 11000 | 550 | 850 | 10.0 | 184 @
100 | 10000 - [ 500 | 500- - | 10.0 | 184  |®} N
90 9000 [ 450 [ 450 | 10.0 | 184  |Of e

In the eboveeembodiment..thequlﬂage.QaluétiseﬁSed-for'
- the reference valﬁe Vg and the detected,vaiue-vbyh ‘However,
it may be other ph?sical value such'as; fof;exémple,.electric~
current: value, temperature value:irtght-quantity value and.
the like. | |
Fig.eG shows one embodiment in'whichfa_timer_function'
with an integrating ciféuit'21c_is_use&*at;the ihpuf étep of -
the comparator COMP. . R» denotes-an.tntEgrating-resietor, . -
and C. denotes an.iﬁtegrating-condensen,'._Identical,
reference numerals as those of Fig; 4 denote,identical partsn::
In-thistembodiment, even if thercurrent.flowing to- the -
output circuit is-inCreaSed'By some;fegsbns*as-meﬁtionede
above and the detected value Vp:exceed5~the referenee value -
Ve, the outpﬁt side of:the-integrétingtcrrcuit 21c does_not-.~5

become that vbltage:soon;' Instead, it becomes for the first -
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‘above and the detected value [err] exceeds the reference value [err], the
output side of the integrating circuit 21c does not becone .that voltage
soon. Instead, it becones for the first 14 time the sanme voltage as
the detected value [err] only after the passage of the tinme constant which
Is determned by the in- tegrating resistor R7 and the integrating
condenserferr]. An output is outputted fromthe conparator COW to |ight
up the light emtting diode LED of the operatjng cirguit 2 e samne
ot Wopt

tirr‘IE, elfe'd?eri&;"%u??‘aﬁg.t"f’é‘ééﬁplaiseo”‘[eo 44 Dl n‘b"f%l%f/ %‘bte $ing
coil Ry2 t h ppi lay c It
Ehewel ettt & pbningo Bt FoMBR ARL TSl i b b erne TG EET1 [ e
Is cut off Fé)tﬂfﬁgz-é?fsEﬁ\ﬁgﬁzﬁ%%ceth@'ﬂwl&%xfefidw%%ﬁmséﬁ%.}; AR @

con- sequé%ce, outp the electric erapy apparatus A is

5t0pped'outnp§1‘5tt j Soﬁkﬂﬁ’t tkgeg*}%nﬂﬁ]heect@d%ﬁ/ﬁlmxerddué St d OpEged %ﬁrwhéhan

the reference value [err]" ore e output I1s outputted fromthe

conpar atjof g f NG £ PEnRUERBE e L.EIOl OUhe RIBd ek i ng ACOS W] D2y, thet

operating circurt 23 1s not ac- tuated, and the light emtting diode LED is

not |ighiipd dibme apPmé NeedelcReti d Tutdierst Opashpd Ni ddret €ntiveli oetpudf Fig. 4,
al though the operating cir- cuit 23 is actuated through the tiner circuit

22, the sopspwing | PGl &¥r opietr a2d nEp\edid dytdlakedmkn edie ywbtp e hes boppimg of
the over load detecting circuit 21 and not by way of the tiner circuit 22.
relay contact Xz. As a result, the electric current to the
N/ power source holding relay operating coil Ry. is cut off to
open the.power source holding relay contact X:. As a con-
sequence, the output of the electric field therapy apparatus
A' is stopped. At this time, if the detected value Vp is
lowered less than the reference value Vg before the output is
outputted froﬁ the comparator COMP, the output is not out-
putted. Accordingly, the opéfating 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

1%



In the electric field therapy apparatus of the- present invention, -when the e
. detected value is varied in accordance with variation of the voltage of the

power source, the 15 ref erence value of the conparator 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“pomet.source and ‘al.ways

ac- tuaedé¢rigpce prabet ¢ Hbathe cpmppratersés adspevaciedt éd ®APYowhen 't he o
abnormal state is maintained nore than a predeter- mned tine, it is not —,
act uat éd opy t@ tldvgporaltagece 8atbeoPoONEAdSHHIER i s AFAPrgigE&hEs athe when izt °
patient is |oaded on and unl oaded from.the el.ectric_conductive el enent.
Ther e- SRdedY (%Y iR i Ehtnd | RChBRépAneYeRKE T theoVOhtRER| AfetBf the _
apparatus. 16 * . C, L. M S * CLAINE_l. - An,overkoad det.ecting
ci rcui POMET éHWﬂQ£n¥§CV?YéFﬂ’tﬁéréﬁyg éﬁpépﬁt gadcbﬁppr§fﬁ5 HftPéPerence
stonal 5o 9109, PR oRL-O50RAEY 10 ST RbET gRRERLATRY 0
variation of the voltage of the'powef'SOurCe_aﬁd'always_ac-'

tuated by a preset load. ~If it is set to be actuated only =~
when the abhdrmaI state*islmaintainé&~more-thaﬁﬁé.predeter-i“-
mined time, it is not actuated byﬁa-jempdrary iﬁérea;éjof S W,
load which ‘is Simp1§ generated:ﬁhen'fhé'patieniﬂis'Loaded on .

and unloaded from thefelecftric conductive element.  There-.

fore, the patient will never mistake it for a failure of the

apparatus.
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‘proportion t.o the input veltage *of the electric field therapy apparatus, a
det ect ed si gnal genergti:n@ r'r'ea_ns for generating a detected signal in--
proportion to the electric current in an output circuit of said apparatus,
10 a conparing neans for conparing.the reference signal and the detected
signal, an overload detecting neans for generating a c ! g al
when the detected signal inputted into said conpar atoroln“I“HuanImqum}
reference signal, and a tinmng neans for permtting 15 *ouwtput ®f She*
control output signal only when the detected signal continuously exceeds
the-reference signal for |onger than acpagsigt erm ned period of time. 2.

An ®%erl oad detecting circuit as claingd inclaimil, 20 wherein a ‘
physi cal property selected fromelectric current tenperature and light is
used to carry the reference and detected signals. 3. An overload circuit
as clai med inigcl ai ;inl ovlkealead detedting efieccancefopdafadBsédisifrwlsd are
generated as electric voltages. 4, An overl oad detecting circuit as
claimed in cl sherapyc| aappdratusl ai cofpfisimer @npréfépenéesafsighdleans,
such as an al arm ng neans and out put stopping neans for stopping the supply
or power bo tgengyedimgusveans cfios gewrabingeamsrefevercat edghpla iaont rol
out put signal generated by said conparing neans. 5. An electric field

t her apy appar RE@PoEdHon stagthe input voltage of the electric field

therapy apparatus, a detected signal generating means for

K/ | generat;ing 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 é control output signal when the dete“cted

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.
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overload detecting circuit as clained in any of claims 1 10
overl oad detecting circuit substantially as herei nbefore described W th

reference to and as shown in Figures 4 and 5 or Figure 67of the

acconpanying drawings.- 15 7. An electric fiel

clainmed in claim5 and substantlally .as hereinbe

reference to and as illustrated in Figure 1, Fig

of the acconpanyi ng. dramnngs_ 20

10

15

20

4. An.overload.detectlng c1rcu1t as’ clalmed 1n.cla1m 1,

claim 2 or clalm 3 further compr151ng a safety means,

‘such as an alarmlng means and - output stopplng means for'

stopplng the . supply .or power to the apparatus, Wthh

safety means is. operated by a control output signal"

generated by sald comparlng means. [

5. - An.eleotriQ’field:therapy'apparatuSicomprisingﬂan

overload detecting7Circuit as claimed'in{anyﬁoffclaims 1 -

- to 4.
6. An overload detecting  circuit’' substantially as
. hereinbefore described with reference.to-and;as-shGWn'in

Figures 4 and 5 or Figure 6-of-thenaccompaﬂYinéﬁdraWings.

7. An electrlc fleld therapy apparatus as claimed in

claim 5 and substantlally as herelnbefore descrlbed with
reference to and as illustrated in Flgure 1, Flgures 4

and 5, or Flgure 6 of the accompanying draw1ngs.

8

.to 4. 6.

L.

: An

ﬁlﬁu mﬂﬁiﬁi mmﬁnrm gu? ; 3

.

¥

-y

R o
=



