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To determ ne whether a capacitor is acceptable, there is generally
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capacitor, in which a DC voltage is gpplLed to the capacitor

CAPACITOR CHARGING METHOD

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to capacitor charging
methods used for measuring the insulation resistance of a
capacitor and for determining whether a capacitor is acceptable.
2. Description of the Related Art

To determine whether a capacitor is acceptable, there is
genérally known a method for measuring the insulation resistance
of the capacitor, in which a DC voltage is applied to the capacitor
and the leakage current (charging current) of the capacitor is
measured after the capacitor is sufficiently charged. As a
matter of course, the leakage current is low in an acceptable
capacitor. _

The measurement method specified in Japanese Industrial
Standard (JIS) No. C5102 has been known as this type of

insulation-resistance measuring method. This measuring method

*requlres a measurement time of about 60 seconds because a current

_1needs to be measured when a capacitor is sufficiently charged.
--As the cost of an electronic unit has been reduced and it has
3 \ been demanded to increase reliability, however, it has been also
requ:.;red that the manufacturing capac:.ty and the qual:Lty of
electronlc components such as capacitors be increased. Such a

request'cannot be satisfied by the conventional measuring method,



and’ t he | eakage current (charging current) of the capacitor is

neasured after the capacitor is sufficiently charged. As a matt er of
course, the | eakage current is low in an acceptable capaci tor.

The neasurenent method specified in Japanese |Industri al St andar d
(JI'S) No. C5102 has been known as this type of I nsul ati on-resi stance
measuring nmethod. This nmeasuring nethod requires a neasurenent tine of
about 60 seconds because a current needs to be neasured when a
capacitor is sufficiently charged. - 2 - As the cost of an electronic unit
has been reduced and it has been demanded to increase reliability,
however, it has been al so required that the nmanufacturing capacity
and the quality of el ectroni c conponents such as capacitors be
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measuri ng net hod
capa01tor.

In addition to the above method, which continuously
applies a DC voltége, there has been known a capacitor charging
method in which a DC voltage is intermittently applied (Japanese
Unexamined Patent Publication No. 4-254769). This charging
method is suited to a case in which a characteristic is measured
with the use of a turn table which is intermittently rotated.

This method can be used for continuous characteristic
measurement for a number of capacitors supplied from a parts
feeder. In such an insulation-resistance measuring method
employing a turn table, there are a continuos type in which the
insulation resistance of each capacitor is measured one by one
when capacitors have been charged at a plurality of charging areas,
and a batch type in which a specified number of capacitors are
supplied to a turn table , the turn table i.s stopped, and charging
and insulation-resistance measurement are performed at the same
time for a plurality of capacitors. Both types require a long
time period for charging and have not good charging efficiency.

The inventors of this application found after'intensive
research on intermittent application of a DC voltage to a
capacitor that even intermittent voltage application has the same
effect as continuous voltage application, under a certain
condition. In other words ; the intermittent voltage application

has the same charging characteristic as the continuous voltage



-2-*+ which requires such a | ong neasurenent tinme period for each

capaci tor. In addition to the above nethod, which continuously
applies a DC voltage, there has been known a capacitor charging nethod in
which a DC voltage is intermttently applied (Japanese Unexani ned Patent
Publ i cati on No. 4-254769). This charging nethod is suited to a case in

whi ch a characteristic is neasured wth the use of a turn table which is
intermttently rotated. This nmethod can be used for continuous
characteristic measurenment for a nuabgr.of capacitors supplied froma
parts feeder. In such an insulation-resistance neasuring nethod enploying
a turn table, there are a continuos type in which the

application. Evenif voltageapplication is stopped for amoment,
if it is a short period, charging advances.

Fig. 1 and Fig. 2 show the relationship befween the current
and the time in each of cases in which a DC voltage was continuously
applied to a ceramic capacitor and a DC voltage was intermittently
applied to the ceraﬁic capaciﬁor, with'coordinates in a
logarithmic current scale and a logarithmic time scale and with
correct measurement of current changes. In the continuous
voltage application, as shown in Fig. 1, an almost constant, high
current flowed in a short period@ from the application start t,,
the current rapidly decreased in a transition period@ following
it, and then the current was reduced with a linear charging
characteristic@having acertain gradient. This linear charging
characteristic@continued until one to two minutes elapsed after
the charging start.

In the intermittent voltage application, as shown in Fig.
2, characteristics@,@, and@in a first voltage application were
the same as those in the continuous voltage application. The
'voltage application was stopped at a time t, and the capacitor
was discharged to the ground. And then a second voltage
application was performed at a time t,. The current rapidly
increased with a characteristicgpand rapidly decreased to be
stable with a linear charging characteristic@) Although the top
section of the characteristicégkannot be clearly seen because

the horizontal axis is a logarithmic time scale in Fig. 2, the



insulation resistance of each capacitor is neasured one by one when
capacitors have been charged at a plurality of charging areas, and a batch
type in which a specified nunber of capacitors are supplied to a turn
table, the turn table is stopped, and charging and insulation-resistance
measurenment are performed at the same tinme for a plurality of capacitors.
Both types require a long tinme period for charging and have not good
chargi ng efficiency. The inventors of this application found after
intensive research on intermttent _agplication of a DC voltage to a
capacitor that even intermttent voltage application has the sane effect
as continuous voltage application, under a certain condition. In other
words, the intermttent voltage application has the sane charging

char act ¢/dctiiidn ¥as! Aetualiyn¢erhedObEa8Clevel part which was the same
as the characteristic@ and a transition period which was the same
as the characteristidil It was found that the linear charging
characteristia)/was positioned on an extended line of the linear
charging characteristic@ which was obtained in the first voltage
application. When the intermittent voltage application was
repeated, the same characteristics as those@nd@were repéated
and the current curve became stable on an extended line of the
linear charging characteristics()andga The same voltage was
applied in the above continuous and intermittent voltage
applications.

A current i, was measured at a time t, when a constant time

T elapsed from the application start in both continuous voltage
application and intermittent voltage application. The same
current i, was measured. In other words, even when a DC voltage
is intermittently applied, if an OFF period (t, to t,) in the
intermittent application is short (equal to or less than several
hundred milliseconds, for example), the same reéult is obtained

as when charging is performed with continuous voltage application.

According to an expériment performed by the inventors of
this application, the same result was obtained as when continuous
application was performed, for a capacitor having a capacitance
of 0.01 UF or less if the OFF time period of intermittent

application was 500 ms or less.



-3- application. Evenifvoltageapplicationisstoppedforanonent, if it is
a short period, chargi ng advances. JFig. 1 and Fig. 2 showhe

rel ationship between the current and the tine in each of cases in which a
DC vol tage was continuously applied to a ceramic capacitor and a DC
voltage was intermttently applied to the ceramc capacitor, wth
coordinates in a logarithmc current scale and a logarithmc tine scale
and with correct neasurenent of current changes. In the continuous

vol tage application, as shown in Fig. % _an alnmost constant, high current
flowed in a short period [err] fromthe application start t[err], the
current rapidly decreased in a transition period following it, and then
the current was reduced with a linear charging characteristic [err] having

a certain gradi with arhesamin&8ioflt® Ché@bove charging characteristics,
the following fact was found. An equivalent circuit of the
capacitor is formed of a capacitof C,, an internal resistor r,
an insulation resistor R,, and a dielectric polarization
component D, as shown in Fig. 3. It was found that the non-
linear characteristic@ and@ shown in Figs. 1 and 2 correspond
to the charging stage of the capacitor C, whereas fhe linear
charging character_ist:_i.cs n orrespond to the charging stage
"of the dielectric polarization component'D.

It was found tﬁat the above intermittent voltage
application causes the same result as continuous voltage
application. The charging speed of the capacitor is the same.

The inventors of.this application found with further
research on intermittent application of a DC voltage to a
capacitor that higher-speed charging can be performed in
intermittent application under a certain condition than in
continuous application of a constant voltage. According to this
fact, charging can be performed at a higher speed than in
continuou_s application of a constant voltage, and the measurement
of capacitor insulation resistance or the determinafion of
whether a capacitor is acceptable can be performed in a short

period.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to



~chatacteristic [err] continued until one to two mnutes el apsed after the
charging start. In the intermttent voltage application, as shown
in Fig. 2, characteristics [err] and [err] in a first voltage application
were the same as those in the continuous voltage application. The voltage
application was stopped at a tinme t[err] and the capacitor was discharged
to the ground. And then a second voltage application was perforned at a
time tferr]. The current rapidly increased with a characteristic [err] and
rapidly decreased to be stable with & ki near charging characteristic
[err]. Although the top section of the characteristic [err] cannot be
clearly seen because the horizontal axis is a logarithmc tinme scale in
Fig. 2, the
provide a capacitor chargingmethod inwhich a high-speed charging
is allowed with a DC voltage being intermittently applied to a
capacitor.
The foregoing object is achieved according to the present
invention through the provision of a capacitor charging method
in which a DC voltage is intermittently applied to a capacitor,
wherein a precedingly applied voltage E, is set higher than a
subsequently applied voltage E,.
| The inventors of the present invention obtained the result
shown in Fig. 4 with a voltage applied in intermittent application
being changed variously. In the continuous voltage application
shown in Fig. 1 and the intermittent voltage application shown
in Fig. 2, a rated voltage E, was applied. In Fig. 4, a first
applied voltage E, was set higher than the rated voltage and a
second applied voltage E, was set to the rated voltage.
In Fig. 4, characteristics@ to@in the first voltage
application are substantially the same as those shown in Figs. .
1 and 2. 1In the second voltage application, the current rises
with a characteristic@and then drastically decreases to become
stable with a linear charging characteristic@. The current on
the linear characteristic@ is lower than that on the linear
characteristic@ shown in Fig. 2. Namely, the characteristic@
is not on an extended line of the characteristic@. When a third
voltage application (at a voltage of E,) is performed, the current

becomes stable on an extended line of the linear characteristic



~4-"+ section was actually formed of a |level part which was the sane as
the characteristic [err] and a transition period which was the sane as the
characteristic [err]. It was found that the linear charging characteristi
was positioned on an extended line of the linear charging characteristic
[err], which was obtained in the first voltage application. Wen the
intermttent voltage application was repeated, the sane characteristics as
those [err] and [err] were repeated and the current curve becane stable on

an extended line of the |inear chargirg-characteristics [err] and [err].
The sane voltage was applied in the above continuous and intermttent
vol tage applications. A current i[err] was neasured at a tine
tlerr] n a constant tine T elapsed fromthe application start in both
continu voltage application and intermttent voltage application. The
sane

The charging characteristics@and@shown in Fig. 4 are
obtained when the capacitor is discharged to the ground in a time
period (t, to t,) between the first voltage application to the
second voltage application. A charge accumulated into the
capacitor-co (see Fig. 3) becomes almost zero, and with the voltage
E, being applied, the capacitor is charged with the
characteristics@and@, which are similar to the characteristics

@,@, and@. On th-e'other hand, when the capacitor is set open
in the period (t, to t,) between the first wvoltage application
to the second voltage application, charging characteristics@'
and@' shown in Fig. 5 appear. This is because the charge
accumulated into the capacitor C, flows in reverse when the voltage
E, is applied since E, is higher than E,. Therefore, the current
changes from a negative value through the vicinity of zero to
a charging value to form the characteristics@' and@' .

It'is clear from Figs. 4 and 5 that the charging
'characteristic@ is obtained earlier when the capacitor is
discharged and, on the other hand, a process for connecting the
capacitor to the ground can be omitted when the capacitor is set
open. _

As described above, the charging characteristics@ to_@
obtained by the first voltage application are substantially the
same as those obtained by the rated voltage application, but the

charging current in the second voltage application (voltage E,)



current i[err] was neasured. In other words, even when a DC voltage is
intermttently applied, if an OFF period (t[err] to t[err]) in the
intermttent application is short (equal to or |less than several hundred
mlliseconds, for exanple), the same result is obtained as when charging
I's performed with continuous vol tage application. According to an
experinment perforned by the inventors of this application, the sanme result
was obt ai ned as when continuous application was perforned, for a capacitor
having a capacitance of 0.01 [err]F orglgess if the OFF tine period of
intermttent application was 500 ns or |ess.

is greatly reduced as éompared with that obtained by the rated
voltage application. Namely, this type of voltage_applicatién
implements faster charg:_‘.ng than continuous voltage application.
Therefore, the intermittent voltage application with the
foregoing voltages reduces the charging time to a time t, whereas
continuous voltage application or intermittent voltage
application with the rated voltage needs the time t, until the
certain current i._3 is reached.

With an examination of the ratio of the precedingly applied
voltage E, and the subsequently applieci voltage E,, it was found
that a conspicuous effect is obtainedwhenE,/E,>1.2. Especially
when E,/E, was set to two or more, charging proceeded at a speed
several times higher than when E, was equal to E,, reducing the
charging time greatly.

In a third voltage application (with the voltage E,), when
the capacitor is discharged'to the ground in a time period from
t, to fd, a characteristic shown in Fig. 4 is obtained in which
a high current drastically decreases. When the capacitor is set
open in the time period t, to t,, the current changes from a lower
initial value than when the capacitor is discharged, ih the same
curve to become stable in the characteristic() as shown in Figqg.
5. This can be considered to be because the charge accumulated
into the capacitor C, is released when the capacitor is discharged
whereas the charge accumulated into the capacitor C, moves to the

capacitors C, to C, when the capacitor c.; is set open. Therefore,



= 5-7. Wth an exam nation of the above charging characteristics,
the follow ng fact was found. An equivalent circuit of the capacitor is
formed of a capacitor Cferr], an internal resistor r, an insulation
resistor Rerr], and a dielectric polarization conponent D, as shown in
Fig. 3. It was found that the non- linear characteristics [err] and [err]
shown in Figs. 1 and 2 correspond to the charging stage of the capacitor
Clerr] whereas the linear charging characteristics [err] and [err]
correspond to the charging stage of .tlge_dielectric polarization conponent
D. It was found that the above intermttent voltage application
causes the sane result as continuous voltage application. The charging
speed of the capacitor is the sane. The inventors of thij

appl i cat itre éavpentidiariges barlieessnche cHarging ﬂihhtraﬂ:ﬂ:e&ﬁﬁﬁl@dh&nﬁ a

DC voltage to a capacitor that higher-speed charging can be perforned in
the capacitor is set open than when the capacitor is discharged.

In the present invention, when the capacitor is discharged
during the time periods, t, to t, aﬁd t. to t;, a voltage lower
than E, may be applied instead of being discharged to the ground.

Alternatively, a negative voltage is applied so that the current
flows in reverse. In either case, the same effect is obtained
as when the cap&citor is discharged to the ground.

A period of diséharging (discharged to the ground, a lower
voltage than E, being applied, or a negative voltage being applied)
is not necessarily match the whole periods, t, to t, and t, to
tsr and needs to be included in the whole periods.

0 < period of dischargings< t, to t,, t. to td

According to the present invention, since it is
unnecessary to stop a measuring apparatus (such as a turn table)
for a long period, which is required in the continuous voltage
application type, and insulation resistance can be measured while
a capacitor is intermittently carried, facility capacity is
increased.

Especially when a measuring apparatus having a {:urn table
is used, a charging area can be reduced and the number of
measurement terminals can also be reduced.

When the precedingly applied voltage E, is set to a high
value, if the application period T, of the voltage E, is reduced,

the same effect is obtained. 1Inother words, when the application



intermttent application under a certain condition than in continuous
application of a constant voltage. According to this fact, charging can be
performed at a higher speed than in continuous application of a constant
vol tage, and the neasurenent of capacitor insulation resistance or the
determ nation of whether a capacitor is acceptable can be perforned in a

short period. SUMMARY OF THE | NVENTI ON Accordingly, it is an
obj ect of the present invention to

-6- - 10 -

period T, of the precedingly appiied voltage E; is reduced to be
shorter than the period T, of the subsequently applied voltage
E,, the same effect is obtained, further reducing the charging
time period. This effect is effective in that processing
capacity is increased in the batch type, in which a specified
number of capacitors are supplied to a turn table, the turn table
is stopped, and charging and insulation-resistance measurement
are performed at the same time for a plurality of capacitors.

In this cas.e, fhe preceding-application time period T,
needs to be the sum of the charging period@ and the transition
period@of the capacitor C, or more. It is preferred that this
time period T, be set to 100 milliseconds or less so as to measure
a capacitor in a short period.

It is clear from the above descriptions that according
to the present invention, since DC voltages are intermittently
applied to a capacitor such that the precedingly applied voltage
E, is higher than the subsequently applied voltage E,,' charging
rapidly advances during a period inwhich a voltage is not applied,
and charging is performed at a higher speed than in a case when
the same voltage is cohtinuously applied. As a result,
insulation-resistance measurement and the determination of
whether a capacitor is acceptable can be performed at a high speed,

and measuring capacity is greatly improved.

BRIEF DESCRIPTION OF THE DRAWINGS



provideacapacitorchargingnethodinmhichahigh-speedcharging is allowed with
a DC voltage being intermttently applied to a capacitor. The
f oregoi ng object is achieved according to the present invention through
the provision of a capacitor charging nmethod in which a DC voltage is
intermttently applied to a capacitor, wherein a precedingly applied
voltage E[err] is set higher than a subsequently applied voltage E[err].
The inventors of the present invention obtained the result shown in Fig. 4
with a voltage applied in intermttentiapplication being changed
variously. In the continuous voltage application shown in Fig.- 1 and the
intermttent voltage application shown in Fig. 2, a rated voltage E[err]
was applied. In Fig. 4, afirst applied voltage E[err] was set higher than
the rated voltagdgnd ds acgoaphapfl chargibhg aciraFaetetriskicseinta ddse r at ed
vol t age. In Fig. 4, characteristics [err] to [err] in the first
vol tage in which a DC voltage is continuously applied to a capacitor.
' Fig. 2 is a graph of charging characteristics in a case
in which a DC voltage is intermittently applied to a capacitor.
Fig. 3 is an equivalent circuit diagram of a capacitor.
Fig. 4 is a graph of charging characteristics in a case
in which DC voltages are intermittently applied (with
discharging) to a capacitor according to a method of the present
invention.
Fig. 5 is a graph of charging characteristics in a case
in which DC voltages are intermittently applied (with open state)
to a capacitor according to a method of the present invention.
| Fig. 6 is a circuit diagram of a current measuring
apparatus.
Fig. 7 is a waveform chart of voltages intermittently
applied.
Fig. 8 is a graph of actual charging characteristics in
a case in which the voltages shown in Fig. 7 are intermittently
applied.
Fig. 9 is a flowchart of a method for determining whether
a capacitor is acceptable, which uses a charging method according
to the present invention.
Fig. 10 is a plan of a characteristic measuring and

selecting apparatus using a method of the present invention.



application are substantially the same as those shown in Figs. 1 and 2. In
t he second voltage application, the current rises wth a characteristic
[err] and then drastically decreases to becone stable with a |inear
charging characteristic [err]. The current on the linear characteristic
[err] is lower than that on the linear characteristic [err] shown in Fig.
2. Nanely, the characteristic is not on an extended |line of the
characteristi [err]. Wwen a third voltage application (at a voltage of
E[err]) is performed, the current begcepes stable on an extended |ine of
the linear characteristic -7-

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 6 is a block diagram of a current measuring apparatus
with which a method according to the present invention is
implemented. The inventors of the present application has
proposed this measuring apparatus in Japanese Unexamined Patent
Publication No. 7-293442.

This measuring apparatus is provided with DC-current
measurement power sources l0a and 10b, a switch 11, a capacitor
12 under measurement, a limiting resistor 13, a logarithmic
aﬁplifier 14, a measurement amplifier 15, A/D converters 16 and
18, and a calculation processing circuit (CPU) 17. The current
is measured with the use of the measurement amplifier 15 in an
early charging stage, theamplifier is switched to the logarithmic
amplifier 14 at a certain threshold, and the current is measured
by the use of the logarithmic amplifier 14 since then. Since
this measuring apparatus correctly measures the charging current
of the capacitor 12 even if the current changes in a wide range,
it can continuously'measute-the current from the early charging
stage to the late charging stage, which is difficult with the
use of the conventional measuring apparatus. |

The switch 1l is switched by the CPU 17 at a certain interval.
| A DC voltage is intermittently applied to the capacitor 12 from
either one of the Dc-currént measuring power sources 10a and 10b.
The voltage E, of the power source 10b is set to the rated voltage

(25 volts in this embodiment) and the voltage E,; of the power source



The'chargi ng characteristics [err] and [err] shown in Fig. 4 are obt ai ned
when the capacitor is discharged to the ground in a tine period (t[err]
to t[err]) between the first voltage application to the second vol t age
application. A charge accunulated into the capacitor Clerr] (see Fig. 3)
becones al nost zero, and with the voltage E[err] being applied, the
capacitor is charged wth the characteristics [err] and [err], which are
simlar to the characteristics [err] and [err]. On the other hand, when
the capacitor is set open in the perijgd{t[err] to t[err]) between the
first voltage application to the second voltage application, charging
characteristics [err]' and [err]' shown in Fig. 5 appear. This is because
the charge accumulated into the capacitor Cerr] flows in reverse when the

vol t age 1Bpeis et hizygh@dy €llans Epnc e To éis¢hasgdtheeapdwmirtdr to the givumi or e,
the current changes froma negative value through the vicinity of zero to
a chargi ay aaperiod hHetweenchdh appdticvatsitanss offethe wolltfges|E, and E,, | t
is clear fromFigs. 4 and 5 that the charging
it is necessary to provide a contact point llc connected to the
ground,betweenthecontactpoints11aand11b. The contact point
llc is unnecessary if the capacitor is set open at the period
between the applications of the voltages E; and E,.

The\time interval when the switch 11 is turned on and off
is not necessarily constant. For example, a second ON time period
T, may be set longer than a first ON time period T,. Alternatively,
the first ON time period T, may be set longer than the second ON
time period T,. When a voltage is applied three times or more,
each ON time period may be changed.

A measuring apparatus with which a method according to
the present invention is implemented is not limited to the
measuring apparatus shown in Fig. 6. Any other apparatuses can
be used if different voltages can be intermittently applied to
a capacitor.

Fig. 8 shows charging characteristics in a case A in which
the rated voltage (25 volts) was intermittently applied twice
as shown in Fig. 2 and in cases B and C in which different DC
voltages E,; and E, were intermittently applied as shown in Fig.

7. A laminated ceramic capacitor was used with an initial
charging current of 50 milliamperes. In the experiments A to

C, the (ON) time period T, of a first voltage application was set

to 20 milliseconds, a discharging time period T, was set to 20



characteristic is obtained earlier when the capacitor is di scharged and,
on the other hand, a process for connecting the capacitor to the ground
can be onmitted mhéﬁ‘fﬁé‘tapacitor is set open. As descri bed
above, the nﬁﬁmgang rlstlcs [err] to [err] obtained by the first
vol t age appl tantlally the sane as those obtained by the
rated vol tag mmm) but t he charging current in the second voltage
application (V

is greatly reduced as conpared with 1hpf obtained byt Tﬁl&S F&F%H"S BE EIG ,

CED

milliseconds, the (ON) time period T, of a second voltage
application was set to 20 milliseconds, and each applied voltage

was set as follows:

Experiment A B o

First applied 25 Vv 30V 50 v

voltage (E1l)

Second applied | 25V 25 v 25y

voltage (E2)

It is clearly understood from Fig. 8 that the cases A to
C show nearly the same charging characteristic in the first
voltage application and fhe charging current is higher in the
order of the case A, the case B, and the case C in the second
voltage application. Charging is performed the fastest in the
case C. Charging is performed faster in the case B than in the
case A. The time required for the charging current to be reduced
to 1 x 1077 amperes or less is about 0.8 seconds in the case A,
about 0.4 seconds in the case B, and about 0.16 seconds in the
case C. Higher-speed charging is performed in the cases B and
C than in the case A.
The inventors of the present application found from
further experiments on cases in which E,/E, was set more than 2
that the charging speed increases as E,/E, increases. The

ihventors also found that even when the voltages applied in the



-vol'tage application. Nanely, this type of voltage application inplenments
faster charging than continuous voltage application. Therefore, the
intermttent voltage application with the foregoing voltages reduces the
charging tinme to.a tine t4whereas continuous voltage application or
intermttent voltage application wth the rated voltage needs the tine
t[err] until the <certain current i[err] is reached. Wth an
exam nation of the ratio of the precedingly applied voltage E[err] and the
subsequently applied voltage E[err}, 16t-was found that a conspi cuous
effect is obtained when E[err]/Eerr] [err] 1.2. Especially when
E[err]/E[err] was set to two or nore, charging proceeded at a speed
several tines higher than when E[err] was equal to E[err], reducing the
char gi nfintste apdesdopnd applications ldnel sell thigheppthamtthe faked t he
voltage Eferr]), when the capacitor is discharged to the ground in a tine
peri od Yob¥age ¢f theosapervyeltage hg Appddest ia thewhirst @rd seqaondbt ai ned
in which a high current drastically decreases., Wen the capacitor is set
applications, just the same characteristics as those shown in
Fig. 2 are obtained.
The inventors confirmed that the same effect was obtained
when the time period T, of the first voltage application was set
shorter than the time period T, of the second voltage application.
Therefore, the charging time can further be reduced. The time
period T, depends on the capacitance of a capacitor to be measured
and must ensure the following condition.
Charging time perioda>+ transition time periodépof Co <
T,
To respond to the demand for short insulation-resistance
measurement of a laminated ceramic capacitor, it is preferred
that the time period T, satisfy the following condition.
T,< 100 ms
The time period T, is set to any value according to the
required processing capability for a capacitor under
measurement.
Fig. 9 is a flowchart of a method for determining whether
a capacitor is acceptable, which uses a method according to the
present invention.
Different voltages E,, E,, ... are intermittently applied
in a step Sl1.

It is determined whether the elapsing time t from the



opeﬁ inthe tine period t[err] to t[err], the current changes froma | ower
i-nitial value than when the capacitor is discharged, in the same curve to
become stable in the characteristic [err] as shown in Fig. 5. This can be
considered to be because the charge accunmul ated into the capacitor C[err]
is rel eased when the capacitor is discharged whereas the charge
accunul ated into the capacitor Cerr] noves to the <capacitors Cerr] to
Clerr] when the capacitor Cferr] is set open. Therefore, o
- 9- the current changes earlier toltéhe- charging characteristic [err]
when the capacitor is set open than when the capacitor is discharged.

voltage application start reaches the specified time t_ in a step

S2. This time t, is the reference time for the charging current

to reach a threshold value i, by intermittent voltage application,

and is set, for example, to 1 to 10 seconds. If the elapsing

time t has not yet reached the specified time t_,, intermittent

voltage application is repeated.

When the specified time t, elapses, the current i(t) is
measured in a step S3. This current i(t) is compared with the
threshold value i,, used for determining whether the capacitor

is acceptable in a step S4.

When i(t) is lower than i,, it is determined that the
capacitor is acceptable since charging has advanced sufficiently
in a step S5. If i(t) is not lower than i, the capacitor is

determined to be unacceptable since charging has not yet
sufficiently advanced in a step S6.

When a capacitor has been charged according to a method

of the present invention, either the insulation resistance
thereof is measured or it is determined whether the capacitor
is acceptable by comparing the current obtained after charging
for the specified time with the threshold. The operation
following the charging is not specified.
Fig. 10 is a characteristic measuring and selecting
apparatus employing a method of the present invention.

A turn table 20 rotates intermittently in the direction

indicated by an arrow by one step. On the circumference of the



In the present invention, when the capacitor is discharged during the tine

peri ods,

may be applied instead of being discharged to the ground.

negative

t[err] to t[err] and t[err] to t[err], a voltage |ower than E2
Al ternatively,

voltage is applied so that the current flows in reverse. In

either case, the sane effect is obtained as when the capacitor is

di scharged to the ground.

the ground, a |l ower voltage than E[err] being applied, or a negative

vol tage being applied) 1is not necessalt?ly nmatch the whole periods, t[err]

to t[err]

measur i ngcwIpdakiles 20suatpleral ity wf hollding sectipnag2beaady ofiwhdibhi s

required

resi st an@ak e lsk opechipdtype |qapac itardio be measnred Are dnovwidesy ated,

facility

A period of discharging (discharged to

a

and t[err] to tdv and needs to be included in the whol e peri ods.
0O < period of discharging [err] t[err] to t[err], t[err] to t[err]
According to the present invention, since it is unnecessary to stop

In the continuous voltage application type, and insul ation

capacity . is increased. )
an equal interval. There are provided around the turn table 20

a supply section 22 for supplying capacitors to the turn table

20, a capacitance measuring section 23, a charging section 24

in ﬁhich the present invention is applied, an IRmeasuring section

25 for measuring a charging current, a discharging section 26,

and a taking-out section 27. In the supply section 22, a supply

unit 28 such as a parﬁs feeder for supplying capacitors to the
turn table 20 one by one is disposed.

The charging section 24 is divided into a plurality of
stages. For example, the first-half stage 24a applies a voltage
E, and the second-half stage 24b applies a voltage E,. Each of
the stages 24a and 24b is formed of a plurality of portions for
a plurality of voltage applications. Each of the stages may be

formed of one portion for one voltage application.

Since a capacitor needs to be charged for a long time on

a turn tablé in the conventional method, a charging area must
be large and thereby the turn table itself becomes large.
Conversely, with the method of the present invention, since a
capacitor can be charged at a high speed, it is unnecessary to
make the charging section 24 large and thereby the turn table
20 can be made compact. In addition, the number of measurement
terﬁinals can be reduced and cost is also reduced. A part of

the charging area used in the conventional method can be used

a



Especi al | y when a neasuring apparatus having a turn table is used, a
charging area can be reduced and the nunber of measurenent term nals can
al so be reduced. When the precedingly applied voltage E[err] is set
to a high value, if the application period T[err] of the voltage E[err] is
reduced, the sane effect is obtained. In other words, when the application
- 10 - period T[err] of the precedingly applied voltage Eferr] is
reduced to be shorter than the period T2 of the subsequently applied
voltage Eerr], the sanme effect is-olfgai-hed, further reducing the charging

for other purposes such as characteristic measurement.
The present invention can also be applied to charging of
an electrolytic capacitor, a film capacitor, and other capacitors
as well as to that of a ceramic capacitor.

In the present invention, various types of voltage -
applications can be considered. The number of times each of the -
preceding voltage E, and the subsequent voltage E, is applied is
not limited to one ' and may be a plurality of times. For example,
high and low voltages may be applied a plurality of times, such
as a first application of a voltage E,;, a second application of
a voltage E, (E, > E,), a third application of the voltage E,;, and
a fourth application of the voltage E,. The relationship among
the voltages applied may be E, > E, > E,, where E, indicates the
voltage of a first application, E, indicates that of a second
application, and E, indicates that of a third application. 1In
any cases, since charging is accelerated by applying a high
voltage first and then a low voltage, it is necessary to include
a stage in which a high voltage is applied first andlthen a low

voltage is applied.



time period. This effect is effective in that processing capacity is
increased in the batch type, in which a specified nunber of capacitors are
supplied to a turn table, the turn table is stopped, and charging and

i nsul ati on-resi stance neasurenent are perfornmed at the sane tinme for a
plurality of capacitors. In this case, the preceding-application
time period T[err] needs to be the sumof the charging period [err] and
the transition period [err] of the capacitor C[err] or nore. It is
preferred that this tinme period T[esr]l9be set to 100 mlliseconds or |ess
SO as to nmeasure a capacitor in a short period. It is clear from

t he above descriptions that according to the present invention, since DC
voltages are intermttently applied to a capacitor such that the
precedingly applied voltage WHHAL IS CIAIMESr ISkan t he subsequently applied
voltage E[ferr], -charging rapidly advances during a period in which a
voltage is not applied, and charging is perforned at a hi gher speed than

in a case when _the sanme voltage is continuously agplied. As a result,
1. A capacitor charging method in which a DC voltage is

intermittently applied to a capacitor,

wherein a precedingly applied voltageE, is set higher than
a subsequently applied voltage E,;

the capacitor is discharged to the ground in a period
between the applic«_a\tion time period T, of the préceedingly applied
voltage E, and the abplication time period T, of the subsequently

applied voltage E,.

2. A capacitor charging method in which a DC voltage is
intermittently applied to a capacitor,

wherein a precedingly applied voltage E, is set higher than
a subsequently applied voltage E,;

a voltage lower than the subsequently applied voltage E,
or a negative voltage is applied to the capacitor in a period
between the preceding-application time period T, and the

subsequent-application time period T,.

3. A capacitor charging method in which a DC voltage is
intermittently applied to a capacitor,

wherein a precedingly épplied voltage E, is set higher than
a subsequently applied voltage E,;

the capacitor is set open in a period between the

A



i'nsul ati on-resi stance nmeasurement and the deternination of whether a
capacitor is acceptable can be perfornmed at a high speed, and neasuring

capacity is greatly inproved. BRI EF DESCRI PTI ON OF THE DRAW NGS
- 11 - Fig. 1 is a graph of charging characteristics in a case in
which a DC voltage is continuously applied to a capacitor. Fig. 2is

a graph of charging characteristics in a case in which a DC voltage is
intermttently applied to a capacitor.
- 20 -

preceding-rapidly advances during a period in which a voltage
is not applied, and higher-speed charging is performed than in

a case in which the same voltage is continuously applied.

[



Fig.- 3 is an equivalent circuit diagramof a capacitor. Fig. 41is a
graph of charging characteristics in a case in which DC voltages are
intermttently applied (with discharging) to a capacitor according to a
met hod of the present invention. Fig. 5is a graph of charging
characteristics ina case in which DC voltages are intermttently applied

(with open state) to a capacitor according to a ”ewoﬂ-llngHE'E? Fmsaggm

i nvention. Fig. 6 is a circuit diagramof a cyrrent RWU
appar at us. Fig. 7 is a wavefoen2thart of voltagesinfermitentl
appl i ed. Fig. 8 is a graph of actual charging characteristics in a

case in which the voltages shown in Fig. 7 are intermttently applied.
Fig. 9is a flowhart of a nmethod for determ ning whether a capacitor is
accept ablABSTRACTH OB BHEx DIBCLPSUREBret hod accordi ng

When DC voltages are intermittently applied to a capacitor
such that a precedingly applied voltage E; is higher than a
subsequently applied voltage E,, charging rapidly advances during
a period in which a voltage is not applied, and higher-speed
charging is performed than in a case in which the same voltage

is continuously applied.

\
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to the present invention. Fig. 10 is a plan of a characteristic
measuring and selecting apparatus using a nethod of the present invention.
- 12 - DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Fig. 6 is a

bl ock ents measuring apparatus wth which g neth
accordmﬁgﬂ pregei 6] vention is inplenented. The mventorspgf t%g
pr esent i?% atio S proposed this measuring apparatus in Japanese
Unexam'(n‘é ent lication No. 7-293442.
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- Thi's neasuri ng apparat us is provided with DC-current measurenment power
sourc tch 11, a capacitor 12 under ur.e t, '
Ilmt?g%%%%’?j ?Oalﬁ garithm'c anplifier 14, amaasu%z ?Pgr‘rflf?ier
15, A/D converters 16 and 18, and a cal culation processing circuit (CPU)
17. The current is nmeasured with the use of the neasurenent anplifier 15
in an early-pggpdi ng sK4Ape,2the anplifier is switched to the logarithmc
anplifier 14 at a certain threshold, and the current is neasured by the
use of the logarithmc anplifier 14 since then. Since this neasuring
apparatus correctly measures the charging current of the capacitor 12 even
if the current changes in a wide range, it can continuously neasure the
current fromthe early charging stage‘_to the late chargi ng stage, which is
difficult with the wuse|of the conventional neasuring|apparatus.

The switch 11 is switﬁhda by the CPU 17 at a certain interval. A DC

vol tagegb rm teeent I[y4applli ed t§ §hé ¢tapaci {of IZ]from either one of
the DC-curren rijng pever sour ¢e$g}Oq and LOEEo
\
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The vol tage E2 of the power source 10b is set to the rated voltage (25
volts i rgnt) ,and the voltage E[err] of the power source

tg%ﬁj gtdrﬁib ¢ than E[err]. To discharge the é‘ap'aé’ & A3 Xne
gr ound at a period between the applications of the voltages Eerr] and

E[err], it is necessary to provide a contact point 1lc connected to the
ground, bet\/\% cog&,qﬁtgpoi nts l1lla and 11b. The contact point 1llc is
unnecessary i capacitor is set open at the period between the
applications of the voltages E[err] and Eferr]. The tine interval

when the switch 11 is turned on and off
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is not necessarily constant. For exanple, a second ON tinme period T2may be

"[Sie?rel ng%#%g?]fhgétbg\l time period T[err]. Alternatively._btg%gi/rs?t)m

~
Tlerr]. each ON tine period

et longer than the second ON tine
When a voltage is applied three tinmes or nore,
may be changed. A neasuring apparatus with which a nethod according

to the preserg@gg%]' tigagks g-nplenented is not limted to the neasuring
apparatus shown 1n Fig. 6.¢'Ar$; ot her apparatuses can be used if different
voltages can be intermttently applied to a capacitor. Fig. 8

shows charging characteristics in a case Ain which the rated voltage (25
volts) was intermttently applied twice as shown in Fig. 2 and in cases B
and Cin which different DC voltages E[err] and E[err] were intermttently

applied as shown in Fig. 7. Alamndted ceram c capacitor was used with an
initial charging cur;&if‘?\/ Mt Tanmperes: mﬂ'lE experinments Ato C

the (ON) tine period bf a first voltage applifcati on was set
} L T2 | ~ Ts
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to 20 mlliseconds, a discharging tinme period T[err] was set to 20

-14- mlliseconds, the (ON) tinme period T2 of a second voltage
appl i cat [EiE&ESJet 100 1 0 §1 second , and each applied vol t age ",W?s set as
fol | ows: Exper i ment A B N=2 (@ AT)st
applied 25V 30 V 50 V voltage (E1) Second

applied 25 V 25 V 25 V voltage (E2)

Ader £/5 ¢

MEASUREMENT |

15 18 17
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It is clearly understood fron1Fig“—8*that the casés Ato C show nearly the

sane ch i aragtery 9t gc inth ppllcatxpn‘an t

char gi ngf%%?ig [ s?hdleghgrsl n the erh's E‘eeEH <t Eceﬂ A, the case g’ﬁ ﬁ-{j)t he
case Cin the second voltage appllc |s perforned the
fastest in the case C Charging is in the case B than in
the case A IREg8Re FéquigPed for the charglng current to be reduced to 1

X 10[err] anperes or |less is about 0.8 seconds in the case A, about 0.4
seconds in | BoHrO—16—se60rds——t-he1r¢ .—Hi gher - speed

ToUTTOrY

charging is [ he casps B and Cthan in the
case A The i nvemtors of the present japplic und from
further expgrinment$ on cases in fwhich Hlerr]/HBerr] A nore than 2 °
that the chfrging $peed ifcreasep as E[ferr]/E[lerr] {n . The
inventors also founpd that {even when theg vol tages appli t he
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- 15 -

first and second applications are set higher than the rated

vol t age, (¥R ESJaneiv0l 1408 is applied in the first and secoRd- 3 (1./1)

appl i cations,
Fig. 2 are obtained.
was obt ai ned

just the sane characteristics as those shown in

The inventors confirnmed that the sane effect

was set
Ther ef or e,

short €

the charging tine can further be reduced.

en the tinme period T[err] of the first voltage application
% thé"/ﬁrr%r

period T2of the second vol tage application.

The tinme period

T[err] depends on the capacitance of a capacitor to be neasured

and nust ensure the follow ng condition
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Charéi ng tine.period [err] + transition time period ﬁr]qorﬁ"%ferbﬁ [err]
Tlerr]. -7 B-the demand for short i nsul gig ofFsR AP
measur enment REPEQCE { SH ';'g am c capacitor, is pre%l rred ?r' @ t he

time period{T[jerr] satisfy the foll ow ng condrtron 3
Tlerr] [err] 100?6sJAN 1999 | The tine period T2 is set to any al ue

according to ghe ‘requiyed processing capability for a capacitor under
measur enent F 0. is-a fl ovvchartl of a nmethod for determ ning
whet her a tapacitor is accepltable, whicCh ds&s a nethod accordi ng to the
present invention. - Different voltages E[ferr], Eferr], ... are
intermttently applied . . in a step S1. I t
i's determ neqyitigldiiondsS ehePoRy tifie peliSd +/'®f a second voltage
application was set to 1 second . and each applied voltage

was set as follows:

Experiment A B . c

First applied 25 v 30V .50 Vv
voltage (El) -

Second applied 25 v 25 Vv 25 V

voltage (E2)

It is clearly understood from Fig. 8 that the cases A to

C show nearly the same charging characteristic in. the first
voltage application and the charging current is higher in the
order of the case A, the case B, and the case C in the second
voltage application. Charging is performed the fastest in the
case C. Charging is performed faster in the case B than in the
case A. The time required for the charging current to be reduced
to 1 x 10~ amperes or less is about 0.8 seconds in the case A, -
about 0.4 seconds in the case B, and about 0.16 seconds in the
case C. Higher-speed charging is performed in the cases B and

C than in the case A.

The inventors of the present appliéation found from

further experiments on cases in which EJE, was set more than 2

that the charging speed increases as E,/E, increases. The

inventors also found that even when the voltages applied in the



- 16 - vol tage application start reaches the specified ti r@i p%r ;.g a
step S2. This time t[err] is the reference tinme for the charé 3’ rreént

to reach a threshold value iby intermttent voltage application, dis
set, for exanple, to 1 to 10 seconds. If the elapsing tine t hasifot yet
reached the specified time t[err], intermttent : vol t age
application is repeated. When the specified tinme t[err] el apses,

the current i(t) is neasured in a step S3. This current i(t) is conpared
with the threshold value i[err], used f2ar -determ ni ng whet her the

capaci t or I's acceptable in a step 4. VWhen i (t)
Is lower than i[err], it is determned that the capacitor is acceptable

si nce chargi ng has advancc@APACGITOBRNCHARGING METHOD

ABSTRACT OF THE DISCLOSURE

When DC voltages are intermittently applied to a capacitor
such that a precedingly applied voltage E, is higher than a
subsequently applied voltage E,, charging rapidly advances during
a period in which a voltage is not applied, and higher-speed
charging is performed than in a case in which the same voltage

is continuously applied.

Fig. 4
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inastep S5. If i(t) is not Iomer-than'i[érr], the capacitor is
deternmined to be unacceptabl e since charging has not yet
sufficiently advanced in a step S6. '

charged according to a nethod
i hsul ati on resistance t her eof

When a capacitor has been

of the present invention, either.the
is neasured or it is determn ned whet her the_

capaci tor is acceptable by conparing the current obtained after charging
for the specified tine with the thresholl. The. operation
followi ng the charging is not specified. - Fig. 10 is a

characteristic measuring and sel ecting

the present invention.

VOLTAGE I

apparatus enpl oyi ng a nmet hod of

A turn table 20 rotates internmittently in the
direction indicated by an arrow by one step. On the circunference of the

Fig.
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- 17 - turn table 20, a plurality of holding sections 21 each of which
can hold one chip-type capacitor to be neasured are provided at an equal
interval. There are provided around the twurn table 20 a supply section 22
for supplying capacitors to the turn table 20, a capacitance neasuring
section 23, a charging section 24 in which the present invention is
applied, an IR neasuring section 25 for measuring a charging current, a

di schargi ng section 26, and a taking-o® section 27. In the supply section
22, a supply wunit 28-such as a parts feeder for supplying capacitors to

t he turn table 20 one by one is disposed. The chargi ng
section 24 is divided into a plurality of stages. For exanple, the
first-half stage 24a applies a voltage FE[err] and the second-half stage
24b applies a voltage E[err]. Each of :

Fig. 2
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the stages 24a and 24b is formed of a plurality of portions for a
plturality of voltage applications. Each of the stages may be f ormed
of one portion for one voltage application. _ Si nce a capacitor needs
to be charged for a long tine on a turn table in the conventional nethod,
a charging area nmust be large and thereby the turn table itself becones

| arge. Conversely, wth the nmethod of the present invention, since a
capaci tor can be charged at- aFiq'{gﬁ spee@ it is unnecessary to nmake the
chargi ng section 24 |large and thereby the turn table 20 can be made
conpact. In addition, the nunber of neasurenment termnals can be reduced
and cost is also reduced. A part of the charging area used in the
conventional nethod can be ysed
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-.18 - for other purposes such as characteristic nmeasurenent.

The present invention can also be applied to charging of an electrolytic
capacitor, a filmcapacitor, and other capacitors - as well as to
that of a ceramc capacitor. . In the present invention, various
types of voltage applications can be considered. The nunber of tines each
of the preceding voltage E[err] and the subsequent voltage E[err] is
applied is not limted to one, and nay &e a plurality of tines. For .
exanpl e, high and | ow voltages may be applied a plurality of -times, such
as a first application of a voltage E[err], a second application of a
voltage E[ferr] (E[ferr] > Elerr]), a third application of the voltage
E[err], and a fourth application of the voltage E[err]. The relationship
anong the voltages applied be E[err] > E[err] > E[err], where E[err]
indicates the voltage of a fﬁéi 531pp| ication, E2 indicates that of a

second
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application, and Eferr] i ndi cat es that of a third application. In any
cases, .since charging is accelerated by applying a high voltage first and
then g low voltage, it is necessary to include a stage in which a high:

voltage is applied first and then a | ow . voltage i S
appl i ed. - 19 -
WHAT IS CLAIMED I S: ‘ 1 A capacitor charging nethod |n which a DC
voltage is intermttently applied to a_8apacitor,
Fig. 6
MEASUREMENT .
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wherein a precedlngly appl i ed vol tage E[err] s set hlgherﬂt*

subsequent |y appli ed vol tage E[err]; t he capacitor rs*d1scha¥ge t
the ground in a period between the application time period: Tlerr]. . of the\j
preceedingly applied voltage E[err] and the application tlnE“bérrﬂd?%ﬁ%rr]
of the subsequently applied voltage E[err]. 2.. A capacitor :
charging nmethod in WpRg, g DC voltage is intermttently applled to a i
capaci tor, wherein a precedi ngl§ _applied vol tage E[-err}i-s-setu... ﬁ
hi gher than a_subsequently annlied valtage F2- a_uiLtage | ower

than the sub equently applied voltage E4d or a negat| ge is applied
to the capaciftor inja peri ¢d betpeen tHhe precedlng- catlon time period

O

T[err] and the subdqequent{applicption tlime period qu 3. A
capacitor chgrging nethod ijn which a DClvoltage is by
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intermttently applied to a capacitor, wherein a precedingly
applied voltage E[err] is set higher than a subsequently applied voltage
Elerr]; the capacitor-is set open in a period between the

-2 20 - precedi ng-rapi dly advances during a period in which a voltage is
not applied, and hi gher-speed charging is performed than in a case in

whi ch the sane voltage .is continUOUSI¥JﬁPplied,
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