11 MAY 2004 METAL OBJECT DETECTI NG DEVI CE BACKGROUND OF THE | NVENTI ON The
present invention relates to a detecting device which uses a coil for
detecting netals. 5 Presently, there are three representative neth QS or.,
detecting netals by using coils. In a first prior-art nethod, an A% A 80t
Is continuously applied to a coil for detecting netals. Wien an object to
be exam ned is positioned on the coil, the 10 inductance of the coi
changes. As a result, the current and, consequently, the voltage of the
coil changes. The change META@REVDIIETECTENGNEEI@E and utilized for
detecting a netal. In a second prior-art nethod, a transmtting coil and
15 a recei NACMOGROUND a0B PHECENVENTAONNtly to each other. Wen an object to
be exam ned is positioned on the coils, the signal to be induced at the
receiving coil clwegeses&yt ilstvention rhdateange andekectiiggadevacfetal can
be detected. In a third prior-art nethod, a reference oscillator 20
- circuit, awkliptkctses ascoilafor detegtingamedtaldetection coil which is
coupled to the detection oscillator circuit are used. \Wen an b'?gt to be
exanm na&d i s posiPresedtby., thereopre thﬁeQSEPPFQFPBﬁaF%§&u5ﬁ59°%§L or
detection changes. By conparing the changed detection oscillation
frequency dete@singemethdsehyeusddnl FRLLSn frequency, a netal can be

detected. Also, a microconputer is sonetines usgg i n thetaggve met hods
for stabilizing &tacfisatopEiarirgns, method, an AC curreh

continuously applied to a coil for detecting metals. When
an object to be examined 1is positioned on the coil, the
10 inductance of the coil changes. As a result, the current
and, consequently, the voltage of the coil changes. The
change in the AC voltage 1is detected and utilized for
detecting a metal.
In a second prior-art method, a transmitting coil and
15 a receiving coil are placed adjacently to each other. When
an object to be examined is positioned on the coils, the
signal to be induced at the receiving coil changes. By
detecting the change in the signal, a metal can be detected.
In a third prior-art method, a reference oscillator
20 circult, a detection oscillator circuit, and a detection
coil which 1s coupled to the detection oscillator circuit
are used. When an object to be examined is positioned on
the coil, the oscillation frequency for detection changes.
By comparing the changed detection oscillation frequency and
25 the reference oscillation frequency, a metal can be detected.
Also, a microcomputer is sometimes used in the above
methods for stabilizing detection operations.
In all of the above methods, detection of a metal is
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In all of the above methods, detection of a nmetal is 11 MAY 2004 achi eved

by utilizing the phenonenon that the inpedance of a coil changes when a
metal comes close to the coil to which an AC current is supplied. T MAY 2004
Therefore, it is necessary to continuously supply an AC current to the '
coil of the 5 detecting device. Also, it is necessary to include an
oscillator circuit in the detecting device for generating an alternate
current. As a result, the nunber of parts of the detecting device

i ncreases. 54h$8veldNbiyNatRLi8ANYr theebhknobieach dhhectheg idpedamce X id is
necessary to continuously drive its oscillator circuit. Therefore, the
consunpti 089 8h8ahekCwhenea metailgkomdlsselosei toe thiee celidctto erbdaker
consunption is high, it is difficult to mniaturize the device to be able
to be drivgn abycarsentl isi zeppatied.y. TherAfeoe.i dtt ie peicessany st al

obj ect detecting device, it is necessary to construct the oscillator

circuit ungpaklifuoukay s0Epdgs iang ACheudeteadt iton thensiotily iofy téfe t he

detecting device. In other words, it is necessary to construct the

osci | | a or geteetihg deveenanddiscthdtt tilse neseisisiaaiotociipglinde2@n s easily

i nfluenced fromoutside. However, by destabi- 1izing the oscillator
circuit, tbectoptribrocictutifte imettiie Adgesdinge dedticsy f& 968 )
unstabl e. For exanple, the operation of the metal o?iec detect] devi ce
whi ch was alterahlited curredtver AsedomesWilst fihee THFRGTNOH P& 1% 1Y€ 25

the operation of the netal object detecting device which [ [
wi nt er becdesectindaleyice dBFReASChrat is? vas instalfed in

Also, in the prior-art metal object detecting device,

10 it is necessary to continuously drive its oscillator circuit.
Therefore, the consumption of electric power is high. Also,
since the electric power consumption is high, it is
difficult to miniaturize the device to be able to be driven
by a small-size battery.

15 Also, in the prior-art metal object detecting device,
it is necessary to construct the oscilliator circuit unstable,
for increasing the detection sensitivity of the detecting'
device. In other words, it is necessarylto construct the
oscillator circuit in the manner that the oscillator circuit

20 is easily influenced from outside. However, by destabi-
lizing the oscillatox circuit, the operation of the metal
object detecting device becomes unstable. For example, the
operation of the metal object detecting device which was
installed in summer becomes unstable in winter. Similarly,

25 the operation of the metal object detecting device which was
installed in winter becomes unstable in summer. That is,

when the detection sensitivity of the metal object detecting

device is increased, the metal object detecting device 1is




when the detection sensitivity of the metal object detecting device is
increased, the nmetal object detecting device is - 2 11 MAY 2004 easily

i nfluenced by environmental factors. Also, in the prior-art netal objledty 200
detecting device, if an AC oscillator which generates a frequency which ?;
close to that of the detecting device is placed near the 5 detecting

device, the detecting device receives the signal fromthe AC oscillator
and anplifies it. Therefore, the netal object detecting device of the
prior art gagney herfluseded by pnadeonentain faCtesws.l | ator which generates
a _frequency Is close to that of the nearby netal object 10 detecting
device. Al so, byaaddi,ngna tiiec padonpairer nedallhebjecd! detjesdtingeletiGag
device for stabilizing its operation, the costs for constructing the
detecting devapeAcnosedddnt SUMIARY: @erEia tedVENTIOqUER chhavibiflectS of the
present invention is to provide a netal object detecting device which

obvi at es t beoskote thewhdckhe Aed@cting clwiste dfs ttHa G REAT i H@ntion is
to provide a netal object detecting device conprising a circuit, 20 which
conpri ss deteicitiing ddatierst.i diheaie teatddiG ORVIGE FRGRIF DMt 2HeRal

series, but does not conprise a capacitance  elenment (capacitor wher
: ( _ { ein a
net al obj ectroins tiet &t ebciddadPomng tahsiffs piffenorﬂié}ﬁﬁ?%ﬁ%h)t)l&%ur s when

an DC voltage is applied to the above circuit.
metal object detecting device of the prior art cannot be

used in a place where an AC oscillator which generates a
' frequency is close to that of the nearby metal object
10 detecting device.

Also, by adding a microcomputer to the metal object
detecting device for stabilizing its operation, the costs
for constructing the detecting device increases.

SUMMARY OF THE INVENTION

15 The object of the present invention is to provide a
ﬁetal object detecting device which obviates the above
drawbacks.

Also, the object of the present invention is to
provide a metal object detecting device comprising a circuit

20 which comprises a coil for detection and a resistor which
are connected in series, but does not comprise a capacitance
element {capacitor), wherein a metal object is detected
based on a transient phenomenon which occurs when an DC
voltage is applied to the above circuit.

25 A detecting device of the present invention comprises

an RL series circuit which comprises
a coil (L) for detecting an object of examination,
wherein said coil is positioned to be able to place near an
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25 A detecting device of the present invention conprises an RL series
circuit which conprises a coil {L) for detecting an object of exanlqagﬁ?qq
i

wherein said coil is positioned to be able to place near an - 3 1
2004 object which is to be exam ned and nay conprise said object of
exam nation, and a resistor (R) which is connected to said coil in series;

and 5 a processing circuit (WT, G which, based on a reference
characteristic of a transient phenonenon of said RL circuit, detects a

Snange L 8pjeRRY AR Sl Goflnel il et bl GAGTRIOMD HLeC B A W) jathen a

DC vol t age Pd applle o sad CIrCUIt and 1 on the detectlon
result, oupbpULS AN N4 qﬂgngﬁkpn result which indicates whether or not said
obj ect of exan1nat|on exi'sts. A detecting device of the present invention

conprises an RL seri,egqghikedid (Wi GRieAMLi e8andetdaCebl skl tefiidakecting
an object of exam nation, wherein said coil is positioned so that it can

be placed gpedgsan ngpct which is to be exam ned and nmay conprise said
obj ect of exam nation, and a resistor (R) which is connected to said coi

in 20 series; a %O@&b@es@ﬁﬁ@ﬁcﬁ&buﬁ&r(anthlhhﬂghsupply of a DC vol tage
froma power source (E) to said RL series circuit;
based on a reference characteristic of a transient
phenomenon of said RL circuilt, detects a change in a
characteristic of a transient phenomenon which occurs when a
DC voltage is applied to said RL circuit, and
10 based on the detection result, outputs an
examination result which indicates whether or not said
object of examination exists.
A detecting device of the present invention comprises
an RL series circuit which comprises
15 a coll (L) for detecting an object of examination,
wherein said coll is positioned so that it can be placed
near an object which is to be examined and may comprise said
object of examination, and
a resistor (R) which is connected to said coil in
20 series;
a control means (S) for controlling supply of a DC
voltage from a power source (E) to said RL series circuit:
a detection circuit (W) which, based on a transient
phenomenon which occurs when a DC voltage is applied to said
25 RL circuit, outputs a detection signal which corresponds to
the time constant of said RL series circuit: and
a processing circuit (T,G)} which,
based on said detection signal and a reference
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a detection circuit (W which, based on a transient phenonenon [

when a DC voltage is applied to said 25 RL circuit,poutputs a ggéggt?gﬁurs
si gnal which corresponds to the time constant of said RL series cilrlchitt 20l
and a processing circuit (T,G which, based on said detection si gnall andLé
reference - 4 11 MAY 2004 signal which corresponds to a predeterm ned
reference time constant of said RL series circuit, detects change in the
time constant of said RL series circuit, and based on the change in the

time constan 7 9RISHALSY ' | i lHdite g i 8a
obj ect of e%érrhanat | o?f e%?strg.sﬁﬂ.?ls@%, % atchri)gégt?ove daéggﬁﬁrdﬂﬁfglﬁ: (Cji

detection gLreUil GFTRGiIFRIA ] :
: | RS RIA dBARS (rduart JenRafetits) outputté
sai d detecfron signal as a pul se which has a tine-leng?ﬁﬂﬁglcosfespozging

to said tipg copgthattantAot0.sdi IR sthisiess dghenti i i :
. , 1 g ataVi ce, said
circuit conprises a constant time pul se signal gengrati ng ci rC:Ji tpr?_cr)esa ng

whi ch generates, as $aisdd ehereRCehan@ealin a hreeftemen '
. , . cmnsis se which has
a predetermned tinme-length corresponding to said referencéﬂ?:ne const ant

TR s BT et e O
fromsaid gpiscantoft idamination exists. pul se which is outputted
Also, in the above detecting device, said detection
circuit comprises a means (W) for generating and outputting
said detection signal as a.pulse which has a time-length
10 corresponding to said time constant.
Also, in the above detecting device, said processing
circuit comprises
a constant time pulse signal generating circuit
(T) which generates, as said reference signal, a reference
15 pulse which has a predetermined time-length corresponding to
said reference time constant, and
a means (G) for generating. based on said pulse
which is outputted from said detection circuit and said
~ reference pulse which is outputted from said constant time
20 pulse signal generating circuit, a signal which indicates
whether or not said object of examination is detected.
Also, in the above detecting device, in a different
embodiment, said processing circuit comprises
a means for storing and outputting, as said
25 reference signal, the value of said reference time constant,
a pulse time measuring circuit which measures the
time-length of said pulse outputted from said detection
circuit and outputs a signal representing the time-length of

-5 -



20 pul se signal generating circuit, a signal which indic

not said object of exam nation is detectgd. Al'so, in thgtggovghgnggt?Lg
device, in a different enmbodinent, said processing circuit conprises gy im;
means for storing and outputting, as said 25 reference signal, the Vélﬁém%f
said reference time constant, a pulse time neasuring circuit which
nmeasures the tinme-length of said pulse outputted fromsaid detection
circuit and outputs a signal representing the tinme-length of 11 MAY 2004

said pul se,,apd gixRan ' : : :
53 113Ra gnhor generating, based on said tinme--|ength
pul se and salg Parte of said reference tinme constant, a signalgv\hicﬁf sald

i ndi cat es whet her or zngkagai ¢oebheakratihgexbasedt bon siadddét n '
the abpve detecting device, saidjgreferencge time constantdﬁggegﬁg'egrﬁg’ "
which is egyakatiQ tha s Mhd Gt anlluel ofaisdiBl rederenas tdue wfiplG
obt ai ned when an el ectronagnetically affecting object does not exist near
10 sai d cojl ¢ignasAiwhilkel dmelica tdsTwhedhsranr hed said @It is a
little shorter than said tinme constant. Also, in the above detecting

devi ce,s saicstaglijineaiicdfl ise)dmtiewteddon is a metal. Also, in the above
detecting device, said tine 15 constant of said RL series circuit is

der [ved from a shyse, smteoraboits de egfisgeey N A SR the
d;?giiﬁgt dghenonenon of said RL series circuit. Also, in the above
g wiec esorsdiahtsilgm| the value which is equal to the time
constant of said RL series circuit which is obtained when an
electromagnetically affecting object does not exist near
10 said coil, or said reference time constant has a value which
is a little shorter than said time constant.

Also, in the above detecting device, said object of
examination is a metal.

Alsc, in the above detecting device, said time

15 constant of said RL series circuit is derived from a signal
waveform which represents a characteristic of the transient
phenomenon of said RL series circuit.

Also, in the above detecting device. said signal
waveform which represents a characteristic of the transient

20 phenomenon is a signal waveform which represents change in
voltage.

Also, in the above detecting device, said control
means comprises a switch {S) which turns on and off the
supply of said DC voltage, based on a predetermined time

25 interval based on said reference time constant.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a drawing for explaining the fundamental of

the present invention.



wavef orm whi ch represents a characteristic of the transient 2

is a signal waveform which represents change in voltage. Alsg prﬁnﬁﬂgnon
above detecting device, said control means conprises a smﬁtch’(S) whi :
turns on and off the supply of said DC voltage, based on a predetéﬁn#ﬁ&@%
time 25 interval based on said reference time constant. BRI EF DESCRI PTI ON
OF THE DRAWNGS Fig. 1 is a drawing for explaining the fundamental of the
present invention. 6 11 MAY 2004 Fig. 2 is a diagram which shows the

vol tage of the gijpcuit jshawaiiadrang which ehabisy e hieo wd s gevhef etine ( a)

i ndi cates the change in voltage between points A and Cof Fig. 1, and (b)
i ndi cates thecahangdowh M@l rage het weamtiweoitat sitheand vheaxfeFiglal. Fig. 3
is a drawi ng which shows an enbodi ment of a metal object detecting device
of the presgalcafeanttheN charig® ih ivdltajeadretmeadn qieishiowsA tardrel afi ons
between tinme and signal waveforns of some points of the metal object 10
detecting deyi.cae ,ofanid b)3 intdiersias tihe wheafge i WiltigmAratwepnch are
generated when no netal object is placed near the coil, and the waveforns
of sigmal spohntls & engerdered gdgwhdn a netal object is placed near the coil
are shown. DETAI LED DESCRI PTI ON OF THE | NVENTION 15 In the present

i nvention, the cldage 3 ris lee doaiiciaddcloshowfoad YRALITHHE coF12i s
detected by utilizing the
metal object detecting device of the present invention.

Fig. 4 is a diagram which shows the relations between
time and signal waveforms of some points of the metal object
10 detecting device of Fig. 3, wherein the waveforms of signals
which are generated when no metal object is placed near the
coil, and the waveforms of signals which are generated when
a metal object is placed near the coil are shown.
DETAILED DESCRIPTION'OF THE INVENTICN
15 In the present invention, the change in the inductance
of a metal detection coil is detected by utilizing the
transient phenomenon. The result of the detection is then
analyzed, converted to a signal, and outputted.
Fig. 1 is a drawing for explaining the fundamental of
20 the present invention, and it indicates an RL circuit. 1In
Fig. 1, L denotes a coil for detection (detection coil), R a
resistor, S a switch, and E a power source. These elements
are serially connected as shown in Fig. 1. A, B and C in
Fig. 1 indicate the points for measuring the voltage of this
25 circuit. Also, it is assumed that the inductance value of
the coil L is L(H, henry), the resistance value is R(Q,

ohm), and the voltage value of the power source is E(V,

volts).




Eran5|$né ?henonpnoni Thedresult of the detection is then analyzed,

onverte o a signal, and outputted. Fig. | is a drawing for ex i [ 2004
the fundamental of 20 the present inven?ion, and it ind?cates aﬁlg£h1mﬁhLmq
circuit. In Fig. 1, L denotes a coil for detection (detection coil), R a
resistor, S a switch, and E a power source. These elenents are serially
connected as shown in Fig. 1. A Band Cin Fig. 1 indicate the points for
measuring the voltage of this 25 circuit. Also, it is assuned that the

I nduct ance val ue bhegCQi hihgkamléhliche8hyws the ¢6si n ue
R(Q ohm, and gﬁé'voltgge vé%ge gf tﬁg pomerssougce iESE?V?Q 3%*15).87 11

MAY 2 110 4 Fig; 2 h80A dnagiam whi ¢b1skave thervablageiql thea)cismis
shown in Flb. %} rgPatlve to ?inef Fig. 2 (a) shows ?hégéhangs)in vol t age

bet ween poipLS-Aadfd EnOkofttgel betRdenFipdins(R) aflows ofhigharge ami
vol t age between points B and 5 Cof Fig. 1. Wien the switch S of the

circuit of pfhg. 21(bg Hbked thenchenaepliy aolEayel bageeknhVpoliatwednh quul nts A
and C, a waveformas shown in Fig. 2 (b) which represents a transient
phenongnponcagpeghg.aqross the coil L, that is, the signal 10 waveform
appears between points B and C. In this waveform the tinme x (that is, the
time constant T)whBat thleeswaltchgs odr aps CiveukEt\Vpft §i9.-388EEVEumneas
(1-0.632)E(V)) can be represented by the equation T = L/R Fromthis
equation, bh toaappdyurd®dcsvoddageaf (Mhe beitresnoboiRd ssifgRBd Corfsequent |y,
waveform as shown in Fig. 2 (b) which represents a transient
phenomenon appears across the coil L, that is, the signal
10 waveform appears between points B and C. In this waveform,
the time t (that is, thertime constant t) that the voltage
drops from E(V) to 0.368E(V) {(i.e., (1-0.632)E(V)) can be
represented by the equation t = L/R. From this equation, it
can be understood that the width of the signal, consequently,
15 the magnitude of the time constant T is proportional to the
inductance value L.

When an object which has an influence on the magnetic
field of the coil L, for example, a metal object, is placed
near the coil L, the inductance value of the coil L changes.

20 As the inductance value changes, the time constant of the RL
circuit changes.

With the RL circuit, for example, a constant time
pulse signal generating circuit (a circuit for generating a
pulse which has a predetermined time-length (i.e., length of

25 time), which is known, is combined. By comparing the

measured time constant (which is represented in a pulse

form) and the length of the pulse generated at the constant

time pulse signal generating circuit, it is possible to




15 the negnitude of the time constant T is proportional to the inductance
value L. Wen an object which has an influence on the magnetic field of
the coil L, for exanple, a nmetal object,~ is placed near the coil @,1 Mheld

i nductance value of the coil L changes. 20 As the inductance value changes,
the tine constant of the RL circuit changes. Wth the RL circuit, for
exanpl e, a constant tinme pulse signal generating circuit (a circuit for

generating a pulse which has a predetermned tinme-length (i.e.,

| engt h of

25 tinme), :%:t%%tl q:hlgn%%sge?lg%oi@r? arheg"ueitgl %1{ ng the neasured tine

constant ( I'S represen

and the length of the

pul se gener at ed g (16 GARAA il I Snle ST phacul L, it

is possible to -

etect the existence of a netal

obj ect.

Al ternati Vebysulitfy &R €1 (£ Wilpo A I WS dddGurIRASHEA NGike L E8hGtha
circuit for neasuring the time-length (length in tinme) of a pulse) is
combi ned. By opBRIUHING 13D TR GRNSIANti PYeddifidid Se By e d@aBUnG NG
circuit, it is” possible to detect the existence of a nmetal object. In

ot her wor dg4mlY conEtdnt by MhdBASIEE G indtncaNst By @cewit f eferesce tine
constant (for exanple, the tine constant of the RL circuit which is
obt ai ned wpersA®IEHA] diije tilse Kkintaassk nefra tieetabidhjeche eknstence of
a metal object can be detected. The above equation of the time constant
can be appbithkér words, by comparing the measured time constant and a

reference time constant {(for example, the time constant of

the RIL circuit which is obtained when no metal object is

10 placed near the coil), the existence of a metal cobject can

be detected.

The above equation of the time constant can be applied

to both a differentiating circuit and an integrating circuit.

In the following, an embodiment of the present invention

15 will be explained with reference to a circuit which

comprises a circuit of a differentiating-type in which one

end of the detection circuit can be connected to zero

electric potential.

Fig. 3 is a drawing which shows an embodiment of a

20 metal object detecting device of the present invention.

In Fig. 3, L denotes a detection coil and R denoctes a

resistor. & denotes a switch, and E denotes a driving power

source for the coil L and the resistor R. One end of the

coil L is coupled to a ground and the other end is coupled

25 to one end of the resistor R. The other end of the resistor

R is coupled to the switch S. The switch § turns on and off

the supply of the electric power to be applied from the

power source E to the resistor R and the coil L. Also, it
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to both a differentiating circuit and an integrating circuit. 1In the .
fol |l owi ng, an enbodi ment of the present invention 15 will be expl ai ndd WAt A%
reference to a circuit which conprises a circuit of a differentiating-type
in which one end of the detection circuit can be connected to zero

el ectric potential. Fig. 3 is a draw ng which shows an enbodi nent of a .20
netal object detecting device of the present invention. In Fig. 3, H

denotes a.igleiscined tbat bhe Rndenbapseavaissi efothescgdpoledsaldfilich,

and E denotes a driving power source for the coil L and the resjstor R

One end ofthidieresbstancesvabupl 88 R6QA .gidhdhenyali@as H’é'irl"éendyﬁl' STRQupl ed
25 to one end of the resistor R The other end of the resistor Ris

coupl ed t opdwner sspurheSisTEEVIwi tch S turns on and off the supply of the

el ectric power to be applied fromthe power sourCﬁ_Epto t he resiastor R and
the coil L. Al so¥ denatesny wovg-FRaBARENEATFPHAL VRACPNGOBYEREE Fal ue of

e poveruaeefern; SEERVL00PdeABE ESFRAETOR RIS G Foltt S ch converts.
"0 other vraRanGAASH WAVE va 61 GFRPEQBPELEd PR Phe Sod oL the
{1 e engtScertad, Expl RPengoiotyi Es KAV RV Cage ok the coi 1 L 10
changes from Eg\el%e%ﬁgo\.ﬁ%gggg a'la!c denat %ti%'\illl\l WA HHRY SWReC t indes- 1Gapted to

an out put EFRE pithg i rcUi

(i.e., width) as the time that the voltage of the coil L

10 changes from E(V) to 0.368E{V). I denotes an inverter which
is coupled to an output side of the wave-shaping circuit W.
The inverter I inverts the polarity of a rectangular wave
which is outputted from the wave-shaping circuit W.

T denotes a time pulse generator. The time pulse

15 generator T generates a pulse which has the same time-length
({i.e., width) as the time constant of the RL circuit which
can be obtained when no metal object is placed near the coil
L, or it generates a pulse which has a length which is a
little shorter than the time constant. By using the width

20 of the pulse as a reference, it is determined whether or not
a metal object exists near the coil L.

D is a driving signal which is coupled to the switch S
and the time pulse generator T. The switch S and the time
pulse generator T operate when the driving signal D is

25 supplied.

G denotes a gate circuit.. One input of the gate
circuit G is coupled to an output side of the time pulse
generator T, and the other input is coupled to an output

- 10 -



The inverter | inverts the polarity of a rectangular wave which is
outputted fromthe wave-shaping circuit W T denotes a tine pul se
generator. The tinme pul se 15 generator T generates a pul se which HB%‘@%@M*

same tinme-length (i.e., width) as the time constant of the RL circuit
which can be obtained when no netal object is placed near the coil L, or
it generates a pulse which has a length which is a little shorter than the

égggrﬁfgzéant tEy usi ng the mﬁdth|20 of the pulse as a reference, it is

e r.or not [
drivin? SIT i Eﬁ §n¥85 ng&a ?ﬁ%e ﬂF? i%%uéﬁg&tkgﬁplne pu- o'
gener at or S
driving si g %%?a§>W§55§ %ﬁp%ﬂ 89@%8§d§%8 gghaetqﬁﬁp?ﬁrcu geggéﬁﬂk&hgﬂ?no;he

the gate " elEgUL! oCoha CHRLAT1LoARANLA £kt i e YL

her npu ou I'ed To an out put

2004 si de of the |Qv hehny t I I nmpa which is
outputted FoR't ﬁe t?ng %ﬂ|§§{§§ng a?g% lﬁVbEt@rgq5|gﬁgﬁe%ﬁfgﬁgFgloutputted

fromthe ‘l'J‘?MEPg 2838821 CLECHRG htRd chavhiked.by thie sigvent & 1. O denotes

an 5 outp the gate Circuit G The signal 0 represents the
differ ence;f@éf%@@ﬁegh%h@ @3 eainel ibs twekhPiheed ilbheD Whe dh s pul se

gener at or signal which is outputted fromthe inverter 1
outputted from the time pulse generator T and the signal
which is outputted from the inverter I.

Also, arrows indicated in Fig. 3 show flowing

10 directions of signals.

Next, an operation of the metal object detecting
device indicated in Fig. 3 will be explained.

When the driving signal D is supplied to the switch S
and the time pulse generator T, both of them are driven.

15 Upon receiving the driving signal D, the switch S
changes its state from an off state to an on state, and
couples the power source E to the resistor R and the coil L.
Then, a current flows from the power source E to the
resistor R and the coil L. At this time, a transient

20 phenomenon appears at the resistor R and coil L. The wave-
shaping circuit W detects a waveform which appears at the
time of the transient phenomenon and represents the change
in voltage of the coil L.

It is noted that the length (in time) of a waveform,

25 that is, the width of a signal, which is detected when a
metal object exists near the coil L, and the length of a
waveform which is detected when a metal object does not
exist near the coil L are different.

- 11 -



Al so, arrows indicated in Fig. 3 showflowing 10 directions of signals.
Next, an operation of the nmetal object detecting device indicated finMay 2w,
3 will be explained. Wen the driving signal Dis supplied to the switch S
and the tine pul se generator T, both of themare driven. 15 Upon receiving
the driving signal D, the switch S changes its state froman off state to
an on state, and couples the power source E to the resistor R and the coi
L. Then, a current flows fromthe power source Eto the resistor R and

the coil L. Al LhhS bR shddifids Al ANGANERMAR ARRREICu iy ldIcy T eSi Stor

R and coil L. The wave- shapingcircuit Wdetects a waveformwhi ch appears

at the tigg @hﬁq#mee%mﬁgfy% %é%@fm@@ﬁm%h@m&lma

vol t age of tﬁ IS note at the length (in of a waveform

25 that isy hfeetwed%ﬂfag% %»a%’é o fMUHED det LHAT Wt eisin achaeg@é ebb@ct

exi sts near the coil L, and the length of a waveform which is detected

when a et al yqbiech @Qm:mt e iradt@ndlarC Gidvd @ltpulifd@rerdm thdl 1
1 MAY 2 004 The wave-shaping circuit Wgenerates and outputs a rectangul ar

wave Wy chyhas -ishepiare diirRritengtis anvidiedd vy tHetinvervat thgendal ue of
t he detected waveform changes from E(V) to 0.368E(V). The rectangul ar wave
out putted tupmltikd FTovathe ey rglyouwicuid, Wis inverted by the inverter |
and supplied to the gate circuit G
On the other hand, the time pulse generator T supplies
a signal which is in the form of a pulse and has a predeter-
mined length. The'predetermined length is equal to the time
10 constant which can be calculated based on the equation Tt =
L/R, or it is a little shorter than the calculated time
constant.
The gate circuit G compares the signal which is
outputted from the time pulse generator T with the signal
15 which is outputted from the inverter I, and outputs a signal
0 which represents the difference in length between these
two signals. Based on the signal O, it is judged whether or
not a metal object exists.
If the time (length) of the output signal O is not
20 long enough and cannot be used for further processing, the
signal O can be processed by a microcomputer or can be
extended to a desired length by a single shot multivibrator
to be used for further processing.
Also, it is possible to continuously perform the
25 detection operation by periodically applying a DC voltage to
the resistor R and the coil L. To this end, the switch S
may be turned on and off in accordance with a predetermined

cycle. Also, it may be possible to use a pulse generator as

- 12 -



On the other hand, the tinme pulse generator T supplies a signal which is
in the formof a pulse and has a predeter- mned I ength. The predeterm ned
length is equal to the time 10 constant which can be cal cul ated basdd wamy 249
the equationt = L/R or it is alittle shorter than the calculated time )
constant. The gate circuit G conpares the signal which is outputted from
the tine pul se generator T with the signal 15 which is outputted fromthe
inverter I, and outputs a signal O which represents the difference in

| ength betyegg tResGppiyQ SirgeahimeBaseduppiyha Bropahtlgel tisl,s Hordged
whet her or&eﬁot a nepglggbject exi sts. Iﬁg?hg tinme (Ieng?ﬁ)lgf f%e gutput

signal 0 igyARb1e20eh@ad @BO4HR po¢icanaet aberusedeher phenbienopr qdaessing,
the signal 0 can be "‘processed by a m croconputer or can be extended to a

desired | epgbhl Breabsgian@ngNeb Mkl evidbodt ar traashents gtehomehoni)her
processing. Also, it i's possible to continuously performthe 25 detection
operation QyigRr bedueal Wheappl YolgageDisvalppagedt ao the RésicdtrouiR and the
coil L. To this end, the switch S may be turned on and off in accordance
wi t h a=predgieentnedconyditaonAlthat nio meyrale opdssitbéfectgsdhe wwlise L.
generator as - 12 11 MAY 20914 a power supply. The time to supply a DC
vol tage i sorf ar liexaeplengeguahano thiee peeriodd off thet tawdisdenthhenonenon
(i.e., fromthe beginning to the end of a transient phenonenon) which
occurs whephanvokenags | $happilimed too sitlee RuPPLydfo: @ DC voltage is

equal to the period of a transient phenomenon which occurs
when a voltage applied to the RL circuit is turned off.

10 Also, except for the resistor R and the coil L, it is
possible to construct the circuit of the metal object
detecting device of the present invention in a digital
circuit form.

Also, it is possible to further stabilize the detec-

15 tion operation of the metal object detecting device of the
present invention by combining the metal object detecting
device with a computer, etc. Also, it is possible to manage
the operation conditions of the metal object detecting
device of the present invention by using a computer, etc.

20 According to the construction of the metal ocbject
detecting device of the present invention, the number of
parts for constructing the metal object detecting device can
be reduced.

Also, according to the construction of the metal

25 object detecting device of the present invention, the metal
object detecting device can stably operate without
assistance of a microcomputer, etc.

Also, according to the construction of the metal
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5 under the condition that no netal object affects the coil L, or alittle
| onger than the period of the transient phenonenon. The tine to s& p... .
supplying a DC voltage is equal to the period of a transient phen ﬁéﬁﬁﬂmﬂ
whi ch occurs when a voltage applied to the RL circuit is turned off. 10

Al so, except for the resistor Rand the coil L, it is possible to
construct the circuit of the netal object detecting device of the present
invention in a digital «circuit form Also, it is possible to further

stabllize Lhfegde! 'a%-teé%ih'gggieqa%ato!fo%h%f prag eFR! ahnvalitatdn datigst i ng devi ce

of the pr i nvention ~conbining the nmetal object detecting device
with a Cogggésfﬁ_ﬁg_ﬁhgypgi%&s%pn'shm 2 1RPS S tiel ReFRAGR jddte MR RG

condi tion object detecting device of the present invention

by using asgoput i 18Weredl ARGONY M@ dothelshos@IVIGd aiirofatiiei s t al
obj ect de?ectlng evice of the present invention, the nunber of parts for

constructi pget A8 +AB! 3bjebitctk tdeitadly @evdRr ¢o &N atle redusediriven, by
according to the construction of the nmetal 25 object detecting device of

the preseny bR¥eNLisGRe b tdetyal object detecting device can stably
operate w thout assistance of a mcroconputer, etc. Al so, according to the

construction of hheolehalcordihy tbl thiaY c20G4ruigjtdeom ddt ddtd meitdeli ce of the
present invention, the electric power consunption of the netal object
detecting object detecting device of the present invention, it is
possible to use the metal object detecting device at a place
where an AC oscillator which generates a frequency which is
10 the same or close to that of the metal object detecting
device exists nearby.
Also, by forming the circuit, except for the resistor
R and the coil L, of the metal object detecting device of

the present invention in a digital circuit, it is possible

15 to reduce a drift due to temperature.
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device is lowered, and it becones possible to mniaturize the netal object
detecting device to be able to be driven by 5 a snmall-size battery. Al so,
according to the construction of the nmetal object detecting device lof MAheld:
present invention, it is possible to use the netal object detecting device
at a place where an AC oscillator which generates a frequency which is 10
the sanme or close to that of the netal object detecting device exists
nearby. Also, by formng the circuit, except for the resistor R and the
coil L, of_the_netal object detecting device of the present invention in a
digital ciPFBuFLa s possible 15 to reduce a drift due to tenperature. 11

MAY 2004 cl ai 1. A.detecti devjce . ising; an RL series circuit
whi ch conpri ses glg&ﬁﬁcfﬂygf@Fvggfeg¥hﬁ%l§%gggject of exam nation, 5
wherein said coil _is,pQsitiqgn i pl aced near an object
which is to be e?gni%egzgﬁggnggrggﬁgr%@ghga%ﬁﬁegggggt of exam nation, and a

resistor (R) which i i%&gﬂﬁgh d £l a%it%fc%%tg bR oBSkkeSorakdakination,

processing circuit sed on a reference characteristic of a

transi ent wﬂggggﬁe%@lcpfoﬁ@j d R itaWned dRIACIthad Ghargd vk dlaced

characteristi a transient phenomenon which occurs when a DC voltage is
appl i ed tongadaR Hfddt twhi®d is to be examined and may comprise said

object of examination, and
a resistor (R) which is connected to said coil in
series; and
10 a processing circuit which,
based on a reference characteristic of a transient
phenomenon of said RL circuit, detects a change in a
characteristic of a transient phenomenon which occurs when a
DC voltage is applied to said RL circuit, and
15 based on the detection result, outputs an
examination result which indicates whether or not said
object of examination exists.
2. A detecting device comprising:
an RL series circuit which comprises
20 a coil (L) for detecting an object of examination,
wherein said coil is positioned such that it can be placed
near an object which is to be examined and may comprises
said object of examination, and
a resistor (R) which is connected to said coil in
25 series;
a control means (S) for controlling supply of a DC
voltage from a power source (E) to said RL series circuit;
a detection circuit (W) which, based on a transient
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15 based on the detection result, outputs an exam nation result which

i ndi cat es whether or not said object of exam nation exists. 2. A detecting
device conprising; an RL series circuit which conprises 20 a coil (L)1t o4ay 20
detecting an object of exam nation, wherein said coil is positioned such
that it can be placed near an object which is to be exam ned and may
conprises said object of examnation, and a resistor (R) which is

connected to said coil in 25 series a control neans (S) for controlling

2:821&?? oBnBrpmERaT Jhal G PUGrIUSF; Ra ity Saisdfﬁlp%%dﬁ}%w%%ﬁﬁ”
enonen

gutputs gn etec?F@%ﬁgr%dﬂb %ﬁ%orrespon q ||4?3%41é§%£h1 Eﬁ%gc? sald
RL series %hEC‘E g:rg)a e toqﬁssgﬂgi qiﬂcslgvé] e({c@ré’ﬁl €h, dF.jl'Eh(ansed on said

detection si gna erence signal COI’I’ESpOﬂ to a

predet er m ned reghég%ggggl Saﬂgnéqotnsqhg£§¢ series circuit, detects a

change in the constant” o L series circuit, and based on the
change ¢ n the time ceaskanin LA igeRRARIARS A Fighall whicchy, it atiase whet her

or not said object of exam nation exists. 3. e detecting device as set
forth in ckipiad, WwHRiteiddbrresponds to a predetermined reference time
constant of said RL series circuit, detects a change in the
time constant of said RL series circuit, and
based on the change in the time constant,
10 generates a signal which indicates whefher or not said
object of examination exists.
3. The detecting device as set forth in claim 2, wherein
said detection circuit comprises a means (W} for generating
and outputting said detection signal as a pulse which has a
15 time-length corresponding to said time constant.
4. The detecting device as set forth in claim 3, wherein
said processing circuit comprises
a constant time pulse signal generating circuit
(T) which generates, as said reference signal, a reference
20 pulse which has a predetermined time-length corresponding to
said reference time constant, and
a means {G) for generating, based on said pulse
which is outputted from said detection circuit and said
reference pulse which is outputted from said constant time
25 pulse signal generating circuit, a signal which indicates
whether or not said object of examination is detected.
5. The detecting device as set forth in claim 3, wherein
said processing circuit comprises
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sai d detection circuit conprises a nmeans (W for generating and outputting
said detection signal as a pulse which has a 15 tine-length corrgspg ﬂWﬂQ
to said tine constant. 4. The detecting device as set forth in cIaYn1g,L‘
wherein said processing circuit conprises a constant tine pulse signal
generating circuit (T) which generates, as said reference signal, a
reference 20 pulse which has a predetermned tine-length corresponding to
said reference tinme constant, and a neans (G for generating, based on said

pul se which is outpy tyechdd ofpSad thEigif P buigth inqntasaigliaq r ef erence
pul se which is outputted fromsaid constant tinme 25 pul se signal generating

circuit, a digidnddi$iyddd] cetesvavhetdiers®ia nedrepeicObt Bed Gdnstant,
exam nation is detected. 5. The detecting device as set forth in claimS3,

wherein said processd e Ctlile GREE¥ USRSy cikfouiltl WNCK? Qb stureanishé or
storing and outputting, as said reference signal, the value of said
reference tiie Cofifgetof a4 il SpulsetounbAsttédgr com Csmid wie téc tbas ur es t he
time-length of said pulse outputted fromsaid detection 5 circuit and
out put s5a igralit emi@santpurgs tdes igmel | eaytdsanitisgi theut bes - bemgth nefins
for generating, based on said tine-length of said pulse and said value of
sa!d referamiﬂtpq&sepnﬂuant, a signal which indicates whether or not said
obj ect of 10 exami nation is detected.
a means for generating, based on said time-length
of said pulse and said value of said reference time constant,
a signal which indicates whether or not said object of
10 examination is detected.
6. The detecting device as set forth in one of claims 2
to 5, wherein said reference time constant has the value
which is equal to the time constant of said RL series
circuit which is obtained when an electromagnetically
15 affecting object does not exist near said coil, or said
reference time constant has the value which is a little
shorter than said time constant.
7. The detecting device as set forth in one of claims 2
to 6, wherein said object of examination is a metal.
20 8. The detecting device as set forth in one of claims 2
to 7, wherein said time constant of said RL series circuit
is derived from a signal waveform which represents a
characteristic of the transient phenomenon of said RL series
circuit.
25 9. The detecting device as set forth in claim 8, wherein
said signal waveform which represents a characteristic of

the transient phenomenon is a signal waveform which

represents change in voltage.
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6. The detecting device as set forth in one of clains 2 to 5 wherein said
reference tine constant has the value which is equal to the tine c€£§}qqq;
of said RL series circuit which is obtained when an el ectronagneti P’y‘-%
affecting object does not exist near said coil, or said reference tine
constant has the value which is a little shorter than said tine constant.
7. The detecting device as set forth in one of clains 2 to 6, wherein said
obj ect of exam nation is a netal. 20 8. The detecting device as set forth
in one of gfaiMspge ?Qtéctﬂ?ﬁf gbPisal dst s8R ¢8R%haAh Ohesdfd JHaiwwy iEs
circuit is derived froma signal waveform which represents a

characterigtig ofnbhgihr 3agheRbnRRONOWRANE Compaiidel asaniiash cfgruit. 25
9. The detecting gevice as set forth in claim@8, wherein said signal

wavef or m V\@ﬁf?hf eALASEBhLS addCbarather issippl yobof shad mansictagieomesdn i s
a signal waveform which represents change in voltage. - 17 11 MAY 2004

10. The depgchi pgedeviceminsdsetimkolintervain®asfedlon mmidl tefdrember ein
said control mnmeans conprises a switch (S) which turns on and off the
suppl y £of gahd Ben¥ehbh&ge, based on a predetermned tinme interval based on
said reference 5 tinme constant.




