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1. Field of the Invention Hre—pres i on sG
" relates to a nethod of ' charging a capacﬂﬁ ?“‘?ggbuggﬁi%gg
medsur enent of insul ation resi st ancq gfpacGRRACI daged --foito paged ...coonms
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. 10 2. Description of the Related Art. Drawing(s) : page€ner abwged,..ﬁ .....
" order to determne the quaility or fajt Agstragie 0 agadgapaolpugud ---------- '
there is known a nethod where adre ent__neasutement
voltage is applied to a capacitor and a Teakage current (charge
current) of the 15 capacitor is measured after the capacitor has been
sufficiently charged, by which the insulation resistance of t he
capacitor is-nmeasured. Naturally, an excellent product S
provided with small | eakage current. Conventional ly, as
a nmet hod of neasuring 20 insul ation pesistance of this kind, there
is known a measur ement system pr escrl bed in JIS (Japanese
| ndustri al St andar ds) - C 5102. Accordi ng to this system a
measur enent time p S onds i s needed
since it I S necess o 1Eas e after a

25 been. suff|C|entIy charged However, in order to

ﬁﬁSt E E IEEQEE EEg rellablllty of el ectronlc

1. Field of the Invention B

The present invention relates to a method of
charging a capacitor for use in measurement of insulation
resistance of a capacitor, for determination of the quality

or failure rate or the like.

2. Descr:.pt:Lon of the Related Axrt = ' .. .

Generally, in order to determine the quality or
failure rate of a capacitor, there i§,%known a method where'.__
a direct current measurement voltage is aple.ed to a "
capacitor and a leakage current (ch_a.:::_ge current) of the
capacitor is measured after the égpacitor'has been
sufficiently charged, by which the :.nsulation resistance of
the capacitor is measured. Naturally, an excellent product
is provided with small leakage current.

Conventionally, as a method of measuring

-lnsulation | resistance of this kind, there is known a

meas‘urement system prescribed in JIS (Japanese Industrial
Standards)-C 5102. According to this system, a measurement
time period of substantially 60 seconds is needed since it
is necessary to measure a current value after a capacitor has
been sufficiently charged. However, in order to reduce the
cost and 'impr'ove the reliability of electronic devices,

improvements in production capacity and quality are required
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| nprovenents in production capacity and quality are required

-2-. also in an electronic part such as a.capacitor or the like
and therefore, these requirenents cannot be nmet at all by the

conventional neasuring nethod where such a | ong neasurenment tinme
period is needed for one capacitor. For charging a
capacitor, a nmethod of continuously applying direct current voltage
as well as a method of intermttently applying direct current voltage
(Japanese ‘Unexam ned Patent Publicathon No. JP-A-4-254769) are known.
This nmethod is suitable in the case where characteristic 10 measur enent
Is perforned by using a turntable that is - intermttently fed and is
capabl e of perform ng characteristic measurenent continuously in
respect of a nunber of capacitors supplied froma parts feeder. In
or der to nmeasure insulation resistance by using such a turntable, 15
it inpossibl e 4DsoiSin can helectxomic pmets sych aag a cagacitor or theclike

o e ohar g e o HiES + Sk ERREERS apnns pEOREE ATy i Fe™

regi ons one byconeentiomalai¢dsuring Qdmndeereesabhrgl Inhgameasazemeatent
of insulation 20 resi étance ar.e S|nultaneouslg ﬁarrled out in respect
of a pl b HE (RO abScPeeiedLfOL: 8B AGPACAEPRrabl e after

suppl yi ng a predet er m negof Whexgirig aaéﬁa_saéﬂtért @ inéthod of continabusly
However, a |on erj od t time is needeg i arglnglg| Sgﬁ;tger of
these systens Y9 tﬁ%?ﬁlﬁﬁriﬁnt ve FP@PeﬁéyWP% n8f

However, as a iﬁﬁe&ﬁlﬁfeﬂﬂlynhﬁpi&iﬁgsaﬂéﬁcefcurrentlﬁb&tﬁgbtquhpanese
appllcatlon of dlrect?ﬁarrent volt $he | ventors

have found tha¥ M?’Fe?tub cat’é’ﬁbppcatﬂ’ o‘i\pﬁ'gggﬁns% QPWPI ar

to that of confhis/Ghéthod is suitable: in the case where characteristic

10 measurement is performed!by using a turntable that is
intermittently fed and is capable of performing
characterlstic measurement contlnuously in respect of a
number of capacitors supplied from a parts feeder. In order

. to measure :.nsulat:.on resistance by using such a turntable,

15 it 15 .possible to use either a continuous system, in which
the insulat;on!res1stance is measured in respect of
capacitors which have finished charging after passing
through a plurality of charging regions one by one, or a batch
system where charging and measurement of insulation:

20 resistance are simultaneously carried out ‘in respect of a
plurality of capacitors by Stopplng a turntable after
supplying a predetermined number of capac:tors to the
turntable. However, a long period of t;me is needed for
charging in either of these systems and their charglng

25 efficiency is not excellent. ’

) Hewever, as a result of an intensive study of
intermittent application of direct current voltage to a
capacitor, the inventors have found that even intermittent
application has an effect similar to that of continuous
30 application under certain conditions. That is, intermittent



30 application under certain conditions. That is, internittent

-3 application provides charging characteristics simlar to
t hose of continuous application and chargi ng progresses even i f
tthere are nonments where voltage application is interrupted, as |ong
as they are short -tinme periods. 5 Fig. 1 and Fig. 2 are
graphs show ng accurately measur ed changes of current val ue, when
~direct current voltage is continuously applied to a ceram c
. capacitor, and when it is intermfitgntly applied, respectively,
“l'ogarithmc- : current value being plotted against tine. In the case of
- 10 continuous application, as shown by Fig. 1, a substantially
" constant large current flows during a very snmall time period (D)
after a tine t[err] of starting application of a voltage E[err].
However, the current value is rapidly | owered successively during a

transient ti mappddicatiol) pravides efdmying thadfacteistion siaidar o

| owered with i ne hargi ng. . .characteristic (,3) having an '
i nclinati on. %1?8 s:él ﬁtiﬁcon%ﬂmcgt%gpg}ﬁ.& Pa%?érqt"sat‘iqé"%%?ri?‘éﬁg?ﬁﬁ§§mi I
about 1 to 2 if therienalres nvakerdls prite iviaaddee aii%ﬂ!itcaﬁidihqwi ng.

In the case of, intermttent a%policatio , as shown 20 . by Fig. 2, the

charact eri sti ¢cQEEFFUPredy, @8 $ong a5 Fhey,ane short hime Reriiqds- o t hose
in the cgse of continuowdgappl iagd Fdg.. 2 are Graphy ts@fowi@xg"@chﬂ%t@l?r]
a n

I's applied a second t.i at tine tferr after voltage applicati S
interrupted of€asyred E@%sr Pt rrérm vdigy hen dirset earyents
initially i ncvedsager 88 cont fvudesly PP acté¥smid)capdd i aplg the

charging. - whEngt el FEe Tl pESIELY aRRidied e SPRF BETELY 6 AR LIS op
of the curve éﬂf;éﬂthvhlﬁbeb@ihgs?‘l%teﬁ AgAinEe WHe.SSTnOkhe caseFb® 2
desi gna&ss | Oggxrxkg.rq{lnoﬁst Iaggliégte:iog? aFljso rstl{o%wnn Ib§ Fig. 1, a substantially
constant large current flows during a very small time period
(1) after a time t, of starting application of a voltage E,.
However, the current value is rapidly lowered Successively
during a transient time period (2) and thereafter, the
15 current value is lowered with a linear charging '
characteristic (3) having an inclination. The linear
charging characteristic (3) continues'u’nt_il_about' 1 to 2
minutes has elapsed since the start of charging.
In the case of intermittent application, as shown
20 by Fig. 2, the characteristics (1),(2) and (3) are initially
quite similar to those in the case of continuous application.
‘Thereafter, a voltage E, is applied a second time at time t,
after voltage application is interrupted once at time t,.
Although the current value is initially increased rapidly as
25 shown by a curve (4), thereafter, the current value is
rapidly lowered and is stabilized to a linear charging
characteristic (5). Although the characteristic at the top
of the curve (4) is not clearly shown, since the abscissa of
Fig. 2 designates logarithmic time, the top portion is
30 actually constituted by a horizontal portion similar to (1)



30 actually constituted by a horizontal portion simlar to (1)

“4- and a transient period simlar to (2). Further, it is found.
that the linear characteristic (5) is on a |line extended from t he

l.i near charging characteristic (3) of the initial voltage

application. Even when the intermttent application of 5 voltage is
repeated thereafter, characteristics simlar to the above-described
curves (4) and (5) are repeated and the current value is stabilized
on the line extending fromthe Iingai charging characteristics (3)
and (5). Incidentally, the value of applied voltage E[err] is kept
the same in the 10 continuous application and the intermttent

appl i cation. A current value i[err] at a tinme point t3
after a constant tinme period T has el apsed since the start of voltage
application, stays the sane in both the continuous application and

the intermtteq %DE!cbﬁatlbaI& pérfﬂédl§mﬂ£ﬁ t3c5(2 g]:\/\/flﬂi}:ﬁﬁ'&'ﬂllfi:GQE f(btﬁ:iid?nt
is intermttently a

Ftine teL‘g'r r] t hr ou
tlerr] for exdh ;‘ei Jalﬂﬂérlﬂaéfafﬁ‘%%@fﬁtlc (5) 500 8 M Aok ¥o
period (for ewhineaﬁvasﬁ%m cha@é@@@i@.%t&% (@Lb‘fsaﬁéﬂﬂﬁtqms#@lt&jé a

result simlar conti nuous charg e continuous application
is 20 proviapplication. Even Wh%c%hﬁlh@t?ﬁnhﬁt%&5eﬁ‘P%HaEb‘hﬂlﬁfed by

the i nv 2 theteades,! ehabavtbgigtsaBasihdse t
val ue of 50 OlquF or %ll%h?rgp when thg}CF ti me oa mter% ttent °

application i §lb%tahqye3ﬂtﬁﬂﬁ@é?§%§§r&|esslﬁéﬂtéﬁd 5} &g repgatedsapd thet o
that in the cqy f%%raﬁgfg J‘S-.ats't%'%llh S UL VUn e 1ine extending fromitwy of

t he above-descri har gi ng aracteristic reveals the foll ow ng
fact. That is,linear charging ¢hazacteristicso(3) mnd{Sdci t%ﬁw;%e%m%n ut ed

by a . CARAfd \Alife U ddp1 Al VOLUALEME, S KDY WS WP in
10 continuous application and the intermittent application.

A current value i, at a time point t; after a
constant time period T has elapsed since the start of voltage
application, stays the same in both the continuous
application and the intermittent application. That is, even

15 when the direct current is intermittently applied, as long
. as the OFF time (t, through t, for example) in the intermittent .
application is a short time period (for example, several
hundreds of milliseconds or shorter), a result similar to
continuous charging by the continuous application is
20 provided.

'Acco-rding to an experiment conducted by the
inventors, in the case of a capacitor having a capacitance
value of 0.01 uF or higher, when the OFF time of intermittent
application is set to 500 m seconds or shorter, a result

25 similar to that in the continuous application is provided.

A study of the above-described charging
characteristic reveals the following fact. That is, the
equivalent circuit of the capacitor is con_stitut__:_ed'by a
capacitance C,, an equivalent series résista_.nee r, an insulation ‘

30 resistance R, and a dielectric polarized component D as shown




30 resistance Rlerr] and a dielectric polarized conponent D as shown
=5- by Fig. 3. It has been reveal ed that the nonlinear charging
- characteristics (1), (2) and (4) in Fig. 1 and Fig. 2 are attributed
"~ t.o the charging region of the capacitance Cerr] whereas the |inear
chargi ng characteristics (3) and (5) are 5 attributed to the charging
. region of the dielectric polarized conponent D.

Further, as nentioned above, when intermttent vol tage application is
performed, a resutt simlar to that f_continuous application is
obtained and in this case, the 10 chargihg rate of the capacitor remains
unchanged. : Now, as a result of a further study on the
intermttent application of direct current voltage to a capaci tor,
the inventors have found that a capacitor can be charged at a higher
speed than in the case where direct 15 . current voltage is continuously

applied, as | Qg p3y.C8L! ¥t has beefiCRSVEADES st TRk ﬁénmnea%asaehmﬁ@ese
findings, the charging of a capacitor can be finished at, a dt gher

speed than  characterishics whkle (2 ardtthh iR Bl i kAR RIFUAATR and
t he rreasurerrelr# glﬂ%q{d %é%“ﬂa’*‘f@ﬂrﬁ Pég i’@ﬁedfnﬂ?é'éﬁbééré’éhce ¢he

quality or failure e capacitor I nished in a shorter
period of ti m;qhereas the l.mear ghargingcpharacerishiemd eandchP) i ¥%L out

based 1R 8855 ghﬂgm%%&gﬁn %%k hd dx&ﬁ&t%%agsm@wéd

t he present |nve ron to provi charging a 25 - capacitor
which is capamampﬁnem:irlyd ng at a high speed by - intermttently

applying direct current wali}age 0 GnentionédPAd¥&, -when intermittent
voltage application is performed, a result similar to that
of continuous applicatioh is obtained and in this case, the
10 charging rate of the capacitor remains unchanged.
Now, as a result of a further study on the
intermittent application of direct current voltage to a
capacitor, the inventors have found that a capacitor can be
charged at a higher speed than in the case where dlrect _
15 current voltage is continuously applied, as long as certaln
conditions are satisfied. Based on these findings, the
charging of a capacitor can be finished at’'a higher speed than
in the case where the voltage is applied continuously, and
- the measurement of :.nsulat:ion res:.stance or determination of
20 the quality or fallure of the capacltor can be finished in
a shorter period of time.
The present invention has been carried out based
on the above—descrlbed knowledge and it is an advantage of
the present invention to provide a methoq of charging a
25 capacitor which is capable of charging at a high speed by
interﬁittently'applying direct current voltage to a
capacitor. ' '

SUMMARY OF THE INVENTION

30 In order to achieve the above-described object,



SUMVARY OF THE | NVENTI ON 30 In order to achieve the

- abqve-descri bed object, according to the present

i nvention, there is provided a met hod of charging a capacitor by
i.ntermttently applying a direct current voltage to a capacitor in
whi'ch a voltage E[err] applied in an initial application is |arger
than a voltage 5 E2 applied’in a succeedi ng application.

The inventors have obtained the results shown in Fig. 4 by charging
the voltages applied in an intermttent _ . _ application nmethod. That is,
I n both the continuous application of Fig. 1 and the intermttent
application of 10 Fig. 2, arated voltage E[err] is applied. However,
accordi ng to Fig. 4, an initial applied voltage E[err] is nade higher
t han the rated voltage, and an applied voltage E2 at a second tine
Is set to the rated vol tage. . In Fig. 4, although the

initial charagl@ording ¥o the Preferd ¥RYéRELoRPPLhEDéi D8 piovidédugh (3)
at the first tine are substantially the sane as those in Fig, 1 and
i g. 2, IREOG AE CBRTGSBY| 3 GRRATLOT BY AR IBISHERE R aPPLEing &

current val uegi$dciChazteft vbithaye?tos ROMEPAYiotULNSWhECh a voltdiyd E,
thereafter, the current value is rapidly |lowered and is 20 stabjlized to
a |linear char @ppdiedadacasr initdal7ppplication iscdargRr $hapeacyoltrge

| i near claracteristi 7}nl . idait§d.near characteristic (5)
in Fig. ?. T étéﬁé%f?ﬁein % gg%ﬁ%??@?’rigﬁ%g ((7) is_not disposed on the
ext ensi on of the - Jhe daventaxns haye obhainad theeresyltggsher¥naB| i ed

L?;b???zgg onﬁﬂa'rq by "Bnh¥8ihg9ens Fbitales Egﬁliﬁﬁriﬁtaﬁaiﬂﬁefﬁittent
. application method. That is, in both the continuous
application of Fig. 1 and the intermittent application of
10 Fig. 2; a rated voltage E, is applied. However, according
to fig. 4, an initial applied voltage E, is made higher than
the rated voltage, and an applied voltage E, at a second time
is set to the rated voltage.

In Fig. 4, although the initial characteristic

15 curves of voltage application (1) through (3) at the first
time afe'substantially the same as those in Fig. 1 and Fig.
2, when the voltage is applied for the second time, the
current value is increased firstly as shown by a curve (6)
and thereafter, the current value is rapidly lowered and is

20 stabilized to a linear charging characteristic (7). The
current value of the linear characteristic (7) is lower than
the linear characteristic (5) in Fig. 2. That is, ‘the
characteristic (7) is not disposed on the extension of the
characteristic (3). Further, when voltage is applied for the -

25 third time (voltage=E,), the current value is stabilized on
the extension of the linear characteristic (7).

As described above, although the charging
characteristics (1) through (3) obtained by the voltage
application at a first time, are substantially the same as

30 a charging characteristic obtained by applying a rated



t he extension of the linear characteristic (7). As

descri bed above, although the charging characteristics (1) through
(3) obtained by the voltage application at a first tine, are
substantially the same as 30 a charging characteristic obtained by
applying a rated -7- '

vol tage, the charge current obtained by the voltage application E2 at
a second tinme is considerably |ess than the charge current obtained
by the rated voltage. That is, the cﬁarging progresses nore rapidly
than in the continuous appllcatlon Accordingly, although a tine
period of t3 is .needed to reach the predeterm ned current val ue
iferr] in the - continuous application or the intermttent application
in which the rated voltage is applied, in contrast, in the
intermttent application where the applied voltage is 10 changed as

descri bed aboyg (Llig " e4W Gk ®ui¥d distained BpdtiedréDtager]. Thus,

the charging tlne efio t ened
i nvesti gati onapgé:.be&n.opeE; grtr@dseq:pmbg:p@tg igfconsiderahly Jess Shapnnkhe

precedi ng appLhgd KoLk aoentFLEERLNEA bPerid ratSURARIGY. ApRbtodsyoLhage

E[err]. It haS nprovenent i s obtai ned when
E[ err]/E[ err] ¢hargkagt pcmlgmelsyﬁewme raﬁtblr?]utﬁperm} 2the ¢ORtEMIPYS ng
progressgs at ver |

E[err]=Elerr] aggi\l\lﬁgq’ﬁ'%ﬁhe ¢ a%gljlgé'gn*’i%rfe althdﬂdﬁh #Tdni lg%ﬁ?ﬁfgfgﬁt%i be
shortened. 20needed to reaCAtmajlmdetthpﬁis@mr@mﬂeﬁl% it Hey &hes

DoVt 429 ! he RHRLhqBGs. AbipLica P g PR SPite i LR appiSUELSh 1N °
as in the conwhichushepplatest Nmitaggem applled, in contrast, in the
intermittent application where the applied voltage is
1 changed as described above, the required time period is
reduced to t,. Thus, the charging time period can be
shortened. . _
An investigation has been performed' in respect of
. the ratio of the preceding applied voltage LE1 to the
15 succeeding applied voltage E;. It has been shown that a clear".-

improvement is obtained When Ei/ E=>1 2. Particularly, when

E1/ E==2| the charg:.ng progresses at a speed several times as
much as in the case of E,=E, by which the charglng time period
can significantly be shortened.

20 According to the present invention, there is
provided the advantage that it is not neceséary to stop
operating a measuring device (for example, a turntable) for
a long period of tme as in the cont:.nuous appl:.catlon system.
The ~insu1ationl resistance can be measured while

25 interm:l.tt:entlyl transferring capac:.tors., Accord:.ngly, the
. equipmenm capacity can be mproved. o
‘ Part:.cularly, when a measur:.ng dew.ce hav:.ng a

turntable is used, the charg:l.ng rng.on can be reduced and a S
number Of term:.nals for measurement can be reduced.



The insul ation resistance can be neasured while 25 intermttently

transferring capacitors. Accordingly, the equi pnent capacity can be
I mproved. Particularly, when a nmeasuring device having a
turntable is used, 'the charging region can be reduced and a ‘nunber of
term nals for neasurenent can be reduced.

- 8- . Further, it has been found that a simlar effect
can be obtained even when a tine period T[err] of applying the

voltage E[err] is shortened, if the initigl_applied voltage E[err]

IS increased. That is an effect simlar to that described 5 above can
be obtained even when the application time T[err] of the initial
applied voltage E[err] is made shorter than the application tine
period T[err] of the succeeding applied voltage E[ err] whereby the
charging tinme period can further be shortened. Such an effect is

effective in the case ot-u&tmtn;h s.s:yntaerrbb&n foWﬂdrEhataapsﬁﬁlflﬁ' reffstt
nunber of capacitors are, supp

: a turnta ni abl
stopped, and €ABrBengbhadned e"eﬁ‘eggﬁf‘eﬁe é@ga%o?f eﬁ%ﬁ

si mul t aneous! yo1tage B2ris @thottendd, reiEeEheOfinh‘.ﬁﬁ.am' upghbn ebleagacz ors _
ThUS t he pl’ OCGSSI ng cap aci t%l’ﬁl n such a syst em can I’OV

In this case, lﬁtlﬂgrﬁéﬁﬁgsar@hﬁ'br an gfifegt s:.mllagpﬁpl 'Elé??
Tlerr] tg be ggy@bk EQnObel 8BERInpd@ven when THE @b fie:atfi@mmﬁet TR f
period (1) and the transient ting 4¥HIQd 2), of th% capaci t é Clerr]
to nmeet the rEBgiiBitAalo@pplied lr’ﬁ?&&ﬂg gelc&ﬁaé'iafjﬁr shorterg g B od of
time, and it hppP9catiBhet ehalperiddtr,toe iny Tsn@beamlngcappmmealmwe od
T[err] be equal to or shorter than 10Q ﬁ1||ISECO%

- B, whereby the charging time period can fur er be shortened.

" Such an effect 1s effective in the case of a batch system

10 wherein a predeterm:.ned number of capacitors are supplied to

a turntable, the turntable is stopped, and charging and

r|od

measurement of- i_néuhia'tién. resistance are simultaneously
carried out in respect of the plurality of capacitors. Thus,
the processing capacity in such a system can be improved.

15 In this case, it is necessary for the initial
application time period T, to be equal to or longer than a
sum of the charging time period (1) and ‘the transient time
period (2) of the capacitor C, to meet the requirement of
measuring capacitors in a short period of time, and it is

20 preferable that the initial a'pplication time period T, be
equal to or shorter than 100 milliseconds.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a charging characteristic diagram when
25 direct current voltage is continuously applied to a
capacitor;
Fig. 2 is a charging characteristic diagram when
direct current voltage is intermittently applied to a
capacitor;
30 Fig. 3 is an equivalent circuit diagram of a



BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a charging

characteristic diagram when 25 direct current voltage is continuously
applied to a capaci tor; Fig. 2 is a charging
characteristic diagram when direct current voltage is intermttently
applied to a capacitor; 30 Fig. 3 is an equival ent
circuit diagramof a ' - 9-

capaci tor; Fig. 4 is a charging characteristic diagram when
direct current voltage is intermttent|ly-appkied to a capacitor in
accordance with the nethod according to an 5 enbodi nent of the present

I nventi on; - Fig. 5is acircuit diagramof an exanple of a
current neasuring device; Fig. 6 is a diagram show ng an
exanpl e of an intermttent application nethod; 10 Fig. 7
I's an actual charging characteristic - diagram when the intermttent
appl i cation ofcé&pacitors carried out; Fig. 8is a flow

chart of a nethod of detgigsnan?% ?hhé@ﬁqgﬂgﬁgc@rﬁﬁ@gﬁ%fﬁ et

chargi ng net hod accordin I nventi on
Fig. 9is a pIdﬁrectwcurrentewamphgeoisa1ntermahaﬁa@ﬂ¥rﬁ@@ﬂéeﬁe&9uﬂ|ng and

sel ecting devige usiggr P8 accordBhA29wiknt RhePmEthBY 2RER2WiAG to an
5 embodiment of the present. invention;
Fig. 5 is a circuit diagram of an example of a
current measuring device;' '
Fig. 6 is a diagram showing an example of an
intermittent application method;
10 - . Fig. 7 is an actual charging characteristic
diagram when the intermittent application of Fig. 6 is

carried out;
Fig. 8 is a flow chart of a method of determining

the quality of a product using a charging method according

15 to the present invention; and
Fig. 9 is a plan view of an example of a
characteristic measuring and selecting'device using the
method of the present invention.

20 :SCR F_I [ , ,
Fig.- 5 shows an example of a current measuring
device for performing a method according to an embodiment of
the'present invention. The measuring device has been
suggested by the applicant in Japanese an;ication_Nq,_7-”
25 293442. - o
The m;:;Gr{n;—_ dev:l.ce is provided with d:.rect current
power sources 1l0a and 10b, a switch 11, a.capacitor 12 that is
an object for measurement, a current control resistor 13, a
logarithmic amplifier 14, an instrumentation.amplifier 15, A/D
(Analog to Digital) converters 16 and 18 and a calculation




20 DETAI LED DESCRI PTI ON OF EMBODI MENTS OF THE | NVENTI ON

Fig. 5 shows an exanple of a current neasuring device for performng
a nmet hod according to an enbodi nent of the present invention. The

- neasuring device has been suggested by the applicant in Japanese

- Application No. 7- 25 293442. The neasuring device is provided
with direct current power sources 10a and 10b, a switch 11, a
capacitor 12 that is an object for neasurenent, a current control
resistor 13, a - logarithmc anplifier.lfy an instrunentation anplifier
15, A/D .(Analog to Digital) converters 16 and 18 and a cal cul ati on

- 10 - processing circui-t (CPU) 17. At the initial stage of
charging, a current value is nmeasured by the instrunmentation

anplifier 15 and the current is switched to the logarithmc

anplifier -14 i-n accordance with a predetermned threshold and. 5
thereafter, nepsocessbngtotreagtr (chuncianpl Ati eheldnitlhal stagenedisuring

devi ce can accuyately neasure the chargi ng current 0, apacitor
IS even i thehargial e SUFrent wafug {f sedsita by, sneindlEafohiiics
E Eer ]ng or Ie E h%n{i:‘irirﬂt?r val1tsea/(i:_aours]hé g:ﬁrreélt i% Wﬂt?hfefﬁ aq;::rrét lobargthgito

e final stage of.chargin i C a een i cu 0 asuy e a
convent i onal ?@%\Eiﬂfﬁﬁr 14'n RKATAARCHWE ﬁtﬁ HEGG?#?”B%“R@M%%P%'J &nd’
The switch 11 tRepwhftbey myasitked bylthe logddsimiiey mmpad figre 14nt erkiel s
by V\:h!Ch a direct currer}g . voltage is mtermtte&él a| lied to the
capacitor 12 fPEAFYELNG d8vVigs Cap a¢purately megsurqt é%‘ﬁﬂ JohEFer
sources 10a angf the capdeitdr'ohtéten Hifcthe @irtérer f@wariedreved @wideset

to a rated voltage (in_this case, 25 volt and a vol tage err] -of
the power - rangeof he( width and therefore, t?x)e Surrént Vafite &Jom {:Le
initial stage of charging to the final stage of charging which
10 has been difficult to measure by a conventional measuring

device can continuously be measured.
' The switch 11 is switched by CPU 17 at
predetermined time intervals by which a direct current
_ voltage is intermittently applied to the capacitor 12 from
15 either of the direct current measuring power sources '10a"and
10b. A voltage E, of the power source 10b is set to a rated
voltage (in this case, 25 volts) and a voltage E; of the power
source 10a is set to be higher than the voltage E,.
- A time interval for making the switch 11 ON/OFF may
20 not necessarily be constant. For example, the ON time at a
second time may be longer than the ON time at a first time
or the ON time at the first time may be longer than the ON
time at the second time. Further, when the voltage is applied
three times or more, the ON times at respective times may be
25 changed. The respective intervals between ON times also may
not be constant.

Incidentally, the method of the present invention
does not need to use the measuring device of Fig. 5 but niay
use any other device as long as different voltages can be

30 intermittently applied to the capacitor.



source 10a is set to be higher than the voltage Eferr]. A
time interval for making the switch 11 OV OFF may 20 not necessarily be
constant. For exanple, the ONtine at a second time nay be | onger
than the ONtine at-a first tine or the ONtine at the first tine may
be 'l onger than the ON time at the second tinme. Further, when the

vol tage is applied three tines or nore, the ON tinmes at respective
times nmay be 25 changed. The respectlve i nterval s between ON tinmes al so
may not be-constant. - 11lacidentally, the nethod of the -
present invention does not need to use the neasuring device of Fig. 5
but may use any other device as long as different voltages can be 30
intermttently applied to the capacitor. Next ,
Fig. 7 shows charging characteristics in a case A where the rated
voltage (25 volts) is internittently appl i ed twi ce as shown by Fig. 2

and cases B and ere r n Lr

are intermttentl ﬁ%ﬁ 1i€e as Seﬂ{ows ch%%%g c‘ﬁ%g%%%%ﬁ-j%ﬂ;{é 18 g‘ E-B% B
mul ti -1 ayer etwheranthe rated cegidmgenr(35s Vlspéd:@)f e T un@ee‘mé&é:ﬁp&ﬂ-Yaﬁapéﬁed
initial char gl’;t?:ﬁ:e as shOWhERY 'F‘iail)fftz P LdHes Fﬂ”émrc whe@¥PaH ieFaReh tA

t hr ough an application ( time period at a first t et to

T[err] =20 m sEFFRRt %l tages Eornd Eznﬁrﬁe:l“?mt'é%’%thb aﬁ@riﬂ@ﬂf gHown,

seconds and ausyammicallom(mhstw@epealmm Dayered (céramic is set

ta_T2=1 second and respective valta ges are specifie JE:V\i1 -
Table 1 cggg;t%r&sam%;ﬁpe he gapacitor andzan initial charging

current is set to 50 mA. Further, in experiments A through
C, an application (ON) time period at a first time is set to
T,=20 m seconds, an open (OFF) time period is set to T,=20
10 m .secor'xd,s and an application (ON) time period at a second time
is set to T,=1 second and respective voltages are specified

below.
Table 1 _
Experimental example A B Cc
1st time (E1) 75V 30V |50V
2nd time (E2) 25V 25v |25V
15 As is apparent from Fig. 7, although the charging

characteristic at the first voltage application stays
substantially the same in either of the cases A through c,
in the second voltage application, the charge ‘current values
are in a relationship of A>B>C and the charging progresses
20 the fastest in case C. - Also, in case B, the charging
progresses faster than in caseA. A time period required for
lowering the charging current value to 1x107’A or lower is
about 0.8 second in case A, about 0.4 second in case B and
about 0.16 second in case C whereby it is seen that high speed
25 : charging has been performed in cases B and C compared with

case A.



1st tinme (E1) 25V 30V 50V 2nd time (E2)

25V . 25V 25v 15 As is apparent fromFig. 7,

al t hough the chargi ng characteristic at the first voltage application
stays substantially the sanme in either of the cases A through C,

In the second voltage application, the charge current val ues are in a
relati onship of A>B>C and the chargi ng progresses 20 the fastest in case
C. Also, in case B, the charging progresses faster than in'case A A
time period requifed for | owering~t @ charging current value to
1x10[err] A or lower is about 0.8 second in case A, about 0.4 second
In case B and about 0.16 second in case C whereby it is seen that

hi gh speed 25 char gi ng has ‘been perforned in cases B and C conpared with
case A - 12 -

As a result of conducting a further experinment in ~ the case of

E[err]/E[err]>2, it has Asca@nresubh ofiztondurctring @i figrther experiment in
i ncreased wit r [ q&r [ urther,. 1t _h al so '
been shown thQ%hgg ﬁfiéé%ﬁzgdg'\q}o%gg%ééét 4: L{Ii\a& {:Emfen%aﬁaggmgat;ﬂ}:g he
second tine ads naqaeaaegmltMan iihereasedin ®,YBge, Furtherpnity has also ,
characteristi | | 0. can, be as,_ |l.on
the applied vo%I g‘gléégg'{‘ ?ﬂ ?‘E’l?éﬁ {#%Eapplled o4 tagss Eg et st t to
t he sane5vol t agd. the second time ard-mddelarigerhghahethe otated sl tdyd
simlar 10 ained .even_ if. the first ap Ilcatlon ti T[err]
is . made 2‘2& lh?ﬁ%% 3 S0 S AT %:ﬁ it "ﬁg :% ore,
t he charging bealned hurlbng bs ﬁherappbﬂedeMEu&@estitfﬁhéﬂflrst tigey i od
Tlerr] is var| t he ca i.,t ance of the capacitor an a condition
of an upper ﬁg %§F FEP 5§€b§Fﬁb% Same v(itage.
Further, it has been confirmed that a similar
10 effect "is obtained even if the first application time T, is
made shorter than the second application time T,. Therefore,
the charging time can further be shortened. However, the time
period T, is varied by the capacitance of the capacitor and
. a condition of an upper limit of T, must be establlshed as
15 follows:
Charge time period (1) of C, + transient
time period (2) of ¢, = T, ' _
Further, it is preferable that for a .Upper limit
value of T, to sgtl;fy the following condition ln order to
measure the multi- layered ceramic capac:l.tor in a short

period of time:

T, = 100 ms
Further, the time period T, may be determined
arbitrarily from the requested processing capacity of the
25 object for measurement. _ '
An explanation will be given of a method of
determining quality or failure rate by using the method of

the present invention in reference to Fig. 8. -

First, the intermittent application using



15 fol | ows: Charge tinme period (1) of (Jerr] +

transi ent time period (2) of CJerr] [err] T[err]

Further, it is preferable that for a upper limt - value of T[err] to
satisfy the followi'ng condition in order to measure the nmulti-Iayered
ceram c capacitor in a short period of tine: Tlerr]

- [err] 100 ns Further, the tine period T2 may be determ ned
arbitrarily fromthe requested processing capacity of the 25 obj ect for
measur enment . - An expl anaLigg wi |l be given of a nethod of
determning quality or failure rate by using the nethod of t he
present invention in reference to Fig. 8. First, the

intermttent application using o
- 13 - different voltages E[err], Eerr] .... is perforned (step

+ S1). Next, it is determ.ned whether a tine period "t"

. el apsed from atlmfh:@‘nw@ld]meaomll,cnglon.. his pérnformed (step Sl).
~predetermned tinme perioqd t]er,r st.e e, ti t w IS
~a reference tine period e it d cﬂ&?’&?"ﬂé‘"&ﬁf gﬁtﬁgggghégﬂe ég{'{‘]’d e
threshol d i [ eelhpied Fromistiait (o iveldde apphicariong hasreelapsed peri od

t t t f | e, about, 0
o edel or i nod BESRESILAEY 19 BRELR ool SHEBAL] e The Ling, perlieh 5o

appl i catison i isré&@lté.féncjé)tme perJ.od wheifd ehetdltany g carvientdréaciees

eriod t[err] has ed, t I
23) ! and 'Ehe ! a threghedf lvé?mé:hea(“g‘%”en rerey ﬂ%%@%ﬁ?e&ﬁﬁlh‘ferr]
for det YeFivid'g, 14akbt ) forl bitafipiel cabddt 1 to 10 seconds. When

the predetermined time period t, has not elapsed, the
intermittent application is repeated.

.10 . After the predetermined time period t. has
elapsed, a current value i (t) is measured (step S3) and the
current value i (t) is compared with the threshold i, for
determining quality or failure (step S4).

_ When i(t)<i,, it is determined that the object z.s

15 an excellent product since the charging has sufficiently been

progressed (step S5) and when i(t)=zi,, the object is
"determined to be a failed product since the charging has not
been progressed sufficiently (step S6).
__ __ Incidentally, no limitation is imposed on whether
20 the :.nsulat:.on resistance is measured after charging the
capacitor in accordance with the method of the present

invent:.on, or whether quality or failure is determined, by

. com;i;-g-_‘l the current value after the capacitor has been -
charged, for a predetermined time period with the threshold.
25 _ '_ Fig. 9 shows a specific example of a character:.st:.c
| h"measurz.ngl and selecting device using the method of the
Presentl invention.
.Numeral 20 designates a turntable and the

— - - = _n

. turntable! 20 is rotated intermittently pitch by pitch in the

direction of the arrow. A plurality of holders 21 each



Wien i(t)<i[err], it is determined that the object is 15 an excel | ent
product since the charging has sufficiently been progressed (step S5)
and when i(t)[err]iferr], the object is determined to be a failed
product ‘since the charging has not been progressed sufficiently (step
S6) . Incidentally, no limtation is inposed on whether 20
the insulation resistance is neasured after charging the capacitor in
. accordance with the nethod of the present ~invention, or whether
- quality or failure is determned, by = l4cenparing the current val ue
~after the capacitor has been charged for a predetermined tinme period
with the threshold. 25 Fig. 9 shows a specific exanple of a
characteristic measuri ng and selecting devi ce using the nmethod of the
pr esent nvent i 20 designates a turntable and
the uraeREPLe,@f Shelding, 7o PR ETRS, SRERRLEDTY SHAE] 15 rad
direction of o¢bpeatrowf mpasuzementof are ddnstallleath at equal pitch
- 14 - . e_of I | hat, i s_a
obj ect of rrea’é%‘r:%grrg%?lgarag Fﬁgtglepgﬁ%%t e%tﬁltw%é‘%%f er\ﬁll%u rEI'¥he
peri phery of wuhitt@Rnifsld eswgplyingpphpacitoraurtia ﬁﬁefburaupbmﬂlﬂpf a

capacitors t og éﬁ'Q?iﬁéﬂE@blﬁe%% n?nﬁjﬁ'cafgm tANgE gggépr '1ﬂ9.1.t‘:'nb

charging unit ésent an nsulation
resi stance Prerferming hbeLPWQS%thGWm i rRp m@&ﬂ}%mstmce
di schar ge Un'ﬂ\eggurin&ahﬁi%mzsurfér %Yeié'{?riﬂf éhkﬁgﬁﬁ@ curferitnSté‘l | ed

surroundi ng o F&F turntabl e such as--a-
parts feeder $HF¢ %’é%‘?nﬁn?:‘épaértﬁr§al§ﬁ€°ﬂ§; Hﬁé-tl(37 angd the e Axee 20 is

arranged at. tiwseabpéd slﬂﬁxtou%?dlng of the turntabl®'20&d dCstiPpiy %@v‘l%e
separated intg sO{{)Iurall % of stages _in_which, for exahple,
appl i ed vol t 22 SHCH RS a parks, f?@ﬁeﬁaﬁPrpﬁ?ﬁibﬁg Qeapagiters tQﬁE[h?f PPeand

an appli®d vold agfe “turntable 20 is arranged at the supply unit 22.
The charge unit 24 is separated into a plurality

of stages in which, for example, an applied voltage at an
earlier half portion 24a is set to E, and an applied voltage
at a later half portion 24b is set to E,. Although in this
15 case, a plurality of times of voltage application is
performed for each of the portions 24a and 24b, the voltage
application may be performed only once for each thereof.
Although in the cbnventional case, the charging
region needs to be widened since a long period of time of
20 . charging must be performed in respect of capacitors on the
turntable and therefore, the turntable per se is large-sized,
. when the method of the present invention is used, the charging
region 24 need not be widened since the capacitors can be
charged at a high speed and therefore, the turntable 20 can
25 be downsized, the number of terminals for measurement can be
reduced and cost reduction can be achieved. Further, a
portion which has been the charging region can be used for
other uses such as characteristic measurement or the. like.
' Further, the present invention is not limited to
30 charging of a ceramic capacitor but can be used in charging



at a later half portion 24b is set to E2. Although in this 15 case, a
plurality of times of voltage application is performed for each of
the portions 24a and 24b, the voltage application may be perforned
only once for each thereof. Al t hough in the conventi onal
case, the charging regi on needs to be w dened since a | ong period of
time of 20 chargi ng nust be perforned in respect of capacitors on the
turntable and therefore, the turntable per se is |arge-sized, when
the met hod of the”present-invention is usqd Jhe charging region 24
need not be -wi dened since the capacitors can be charged at a high
speed and therefore, the turntable 20 can 25 be downsi zed, the nunber of
termnals for nmeasurenent can be reduced and cost reduction can be
achi eved. Further, a portion which has been the charging region can
be used for ot her uses such as characteristic neasurenent or the

i ke. other capagitieys sued pseaeneleateolytid eapatitof) €01t 30

char gi ng of acﬁﬁ’é@ﬁ.‘t&f%ﬂﬁc'ﬁ% lilﬁ can be used -t n-charging
er

- 15- capacitors SUch as an.el ectrol ytic capaci tor afilm
capacitor and the |ike. Further, var:.ous PItheins amrd:rm@ep@éﬁﬁé Nfopl €

oenceny ™1 ¢ "Basterns, oOVLTAS L ook {ARAPTLLERN R S ENN b
appllcatﬁon |snupptnen-E[Ehe]nam%eﬁmeﬁunﬁuﬁs(ﬂhélpﬁébéd&hg voltadgelicceedi ng
A oy or PpRLiBSBAOR AR 5ol B! Sy’ B uaber o, e oRe °
appl i cations a’agceedn.ageupktlagepiwrmi latppldfed lalr%SnotlﬂlmltédCEb asne Hutage
2Eons o (REL b BpUiFied 8 pH8L 20 ey crandFl) (FLas ord Sl o”
ti me and vol tﬂgbtagplappll.oatﬂ:nsrﬂ\aytbe tepehbedi ﬂeplurallty @f times,
relati opghi p A00R %Y OJan‘gggng 35090 o5 ¥ rit L 2;LLEst time, voltage
application E, at a second time (E3<E1), voltage application
E, at a third time and voltage applicéi:ion E, at a fourth time.
Or, a rélationship among voltage application E, at a first
) time, voltage application E, at a second time and voltage
15 application E, at a third time may be specified byngég;ﬁ; In
' any case, the charging is accelerated by perfo;ming
application of a small voltage after applic__atioh '_o_f g!the large
voltage and therefore, stages of application 6f a small
voltage after application of a large voltage may preferably
20 be included.

As is apparent from the above-described
explanation,laccording to the present invention, a direct
current voltage is intermittently applied to a capacitor such
that the preceding applied voltage E, is made larger than the

25 succeeding applied voltage E, and therefore, charging
swiftly progresses during the open period and charging can
be performed at a higher speed than when continuously
applying the voltagg._.As_a result, it is possible to finish

measurement of inSU1ati°n .resistance and determination of
30 quality or failureiat a higher speed, thereby significantly



t.ime, voltage application E2 at a second tine and vol tage 15 application

E3 at athird tinme may be specified by E[err]<E[err]<Eferr]. In any
case, the charging is accel erated by performn ng application of a
smal | voltage after application of the |arge vol tage and therefore,
stages of application of a small vol tage after application of a

| arge voltage may preferably 20 be i ncl uded. As is
apparent fromthe above-descri bed expl anati on, according to the
present invention, a direct currentevoltage is intermttently applied
to a capacitor such that the preceding applied voltage E[err] is nade
| arger than the 25 succeedi ng applied voltage E2 and therefore, charging
swiftly progresses during the open period and chargi ng can be
performed at a higher speed than when continuously appl yi ng the
voltage. As a result, it is possible to finish measur enent of

i nsul ati on rPEPBOLADG nedsdeememtn apae ity .30 quality or failure at a
hi gher speed, thereby significantly -
16 - pronoting nmeasurenent capacity. 17



VWHAT IS CLAI MED | S: 1. A nethod of charging a capacitor for
use in measuri ng data of said capacitor by intermttently
applylng a ditect curren age to the capacitor, conprising the

steps of: yi ng a voltage E[err] to the capacitor; and
S AR

to the capacitor, wherei Ef-ef
smal | er than err ‘,

The method of charging a. J&Hﬁ&‘ﬁg}' HAS éEtN
according to claim1, wherein the initial appliedjvoltaBePBCEDr] is
not less than 1.2. tinmes. as large as 1 succeedi ng apprred

vol tage E[err] 3. The nethod of charging a capacitor according to
claim2: " wherein an application tinme period T[err] of the initial
applied voltage E[err] is shorter than an application time period
T[err] of the succeeding applied voltage E[err] and wherein the
initial application tine period T[err] is equal to or longer than a

sumof a char%iigum%meri od (1) of a capacitance Cferr] of the
capacitor, an a transient tine period gx of the ca;]):_agl tance Clerr]
of the capacitorl-and® Bghhed: Sfth§l‘r'6|’- 3 FFR2ATAY

mlliseconds. tedBey"BHPPYiAG aNALGEBE dusdenti vWoltageCebdithe to
claim1: lm\;'\ﬁgpg}:negn <yi F?Cg%l gn time period T[err] of atéﬁe initial

appl i ed vol t agap&EFEERY /| §°§H§P~§é¥19t khe gheRSpPEéation time period T2
of the succeeding applief;¥9hi#geafhPyihg a voltage E, to the capacitor;

5 and then applying a voltage E, to the capacitor, wherein E,

is smaller than E,.

2. The method of charging a capacitor according
to Claim 1, wherein the initial applied voltage E, is not less
than 1.2 times as large as the succeeding applied voltage E,.

3. The method of charging a capacitor according
to Claim 2:

wherein an application time period T, of the
initial applied voltage E, is shorter than an application
time period T, of the succeeding applied voltage E,; and

wherein the initial application time period T, is

5 equal to or longer than a sum of a charging time period (1)

of a capacitance C, of the capacitor, and a transient time
period (2) of the capacitance C, of the capacitor, and equal
to or shorter than 100 milliseconds.

4. The method of charging a capacitor according
to Claim 1:
wherein an application time period T, of the
initial applied voltage E, is shorter than an application
5 ° time period T, of the succeeding applied voltage E,; and
wherein the initial application time period T, is
equal to or longer than a sum of a charging time period (1)

This Sheet Has Been Replaced '




and wherein the initial applicati'on time T[err] is equal to or |onger

than a sum of a charging tine period (1) of a capacitance Cerr] of
the capacitor, and a transient tinme period (2) of the capacitance
Clerr] of the capacitor, and equal to or shorten f—+00-

m Il i seconds. 18 THIS SHEER GthSOBEEN

char gi ngMng to claim1, wherein. E[Jerr] REPICEBter than
arated volta citor and E[err] is substanttarry eguar 1o the
rated vol t? “ﬁ“\“m mt@m‘t - 18 -

of a capacitance C, of the capacitor, and a transient time
period (2) of the capacitance C, of the capacitor, and equal
10 to or shorter than 100 milliseconds.

5. The method of charging a capacitor according
to claim 1, wherein E, is greater than a rated voltage of the
capac:.tor and E, is substantially equal to the rated voltage

of the capacxtor.
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