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The current Iz through the resistor R must be larger than the
leakage current. Otherwise the R will not be able to control the
voltage dividing process. We suppose the leakage current IL to
be 0.003CUc (normally it is considerably lower than this value),
and let Ir be five times larger than I, then the balance
resistance can be calculated by the following equation:

R=Uc/(5XIL)=Uc/0.015CUc=1/0.015C
(Unit: R——0hm; Uc——VWVolt: C——Frad)

For example: calculate the value of the balance resistance
in case of connecting two CD293 400V330uF capacitors in
series.

R=1/0.015C=1/{0.015X330X10%)=202KQ

3. About the Life of an Aluminum electrolytic Capacitor
3-1 Estimation of life with minimal ripple current (negligible).

Generally, the life of an aluminum electrolytic capacitor is
closely related with its ambient temperature and the life will be
approximately the same as the one obtained by Arrhenius’
equation.
o)
L=LoX2' 10
Where L: Life aft temperature T

Lo: Life at temperature To

The effects to the life by derating of applied voltage etc.
are neglected because they are small compared to that by
the temperature.

3-2 Estimation of life considering the ripple current.

The ripple current affects the life of a capacitor because
the internal loss (ESR) generates heat. The generated heat will
be:

Where |: Ripple current (Arms)
R: ESR (Q)
With increase in the temperature of the capacitor:
2.
AT= 1R
A-H
Where AT: Temperature increase in the capacitor core (deg.)
I: Ripple current (Arms)
R: ESR (Q)
A: Surface area of the capacitor {cm?)
H: Radiation coefficient (Approx. 1.5~2.0x10°W/cm?x°C)

The above equation (3} shows that the temperature of a
capacitor increase in proportion to the square of the applied
ripple current and ESR, and in inverse proportion to the surface
area. Therefore, the amount of the ripple current determines
the heat generation, which affects the life. The value of AT
varies depending on the capacitor types and operating
conditions. The usage is generally desirable as AT remains less
than 10°C for 85°C products and 5T for 105°C products and
higher temperature products.

Since it is actually difficult fo measure the temperature
increase at the capacitor core, the following fable is provided
for conversion from the surface temperature increase to the
core temperature increase.
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Jianghal

it A PER A FR R IR UL A E B AR AR, A RBERITE
EH R ESRERE. BERSEERNER BFERARNE, ™
HAEMNRERAERIUZER0.003CUC (LEFREF/NTRE |
lkea)e s iR ha g AT WO R

R=Uc/(5XIL)=Uc/0.015CUc=1/0.015C
(#pf7: R—Q; Uc—V: C—F)

Bl 1+ #2HCD293 400V330uF 28R IRAY AV IS E A A E.

R=1/0.015C=1/{0.015X330X10%}=202KQ

3. R RRARNES
31 ZBESCE RS SRR
—MmE, BREERERNAFSSAENERESEMEX, 7
BUR Lt R 5| R R 8.
loxo 50
L=LoX2"' 10
Heb, L BSRESLEERETH A S
Lo: IREIRE HTORT o5
5RELLE, BEEANEFRNEHZERN, 2B,

3-2 B ELUH R AT
SIS ER, BTAMEREEHME (BR) SR/, M
FHRERNERSS, FENABTHRTATE

I: BGHEH (Arms)

R: Z3 kA (Q)

BT &SRR
AT

Hrh, AT ESEPOHAET (C)
I LU R (Arms)
R: ESR (Q)
A EHIEREF (cm?)
H: R %( 1.5~2.0x10°W/cm?xC)

tmast (3) R rEFRMRE LHSURRRN LIRS
RUBECHPEESRALIELE, SRFBMAREHALAAREMEL, Bk,
SURHRNANREE=ERENAN, BEXWRERSS, SRS
MBI R R ERFATEAAN, —BRIELT, 85CH M,
AT=10C. 105CHEFRE™R, AT=5C.

RTEENEEFRNPOCEAFAESEE, THRIGTREER
FHRR LR AR K R,

#®3

Caose diometer

HiE

Core/Surface

T R ERT




The measuring point for temperature increase due to ripple
current is shown below.

/— Measuring point

Test results:
(1) The life equation considering the ambient temperature
and the ripple current will be:

To-T {—Q_T]
l=lax2 10 "xx 10
Where Lq: Life at DC operation (h)
K: Ripple acceleration factor
(K=2, if with in allowable ripple current)
(K=4, if exceeding allowable ripple current)
T0: Maximum guaranteed temperature (°C)
T: Operating temperature (C)
AT: Temperature increase at capacitor core (deg.)

(2) The life equation based on the life with the rated ripple
current applied under the maximum guaranteed temperature
will be a conversion of the above equation (4}, as below:

=)
L=lrx2 10 "xg

ATo-AT
10

Where Lr: Life at the maximum guaranteed temperature with
the rated ripple current (h)

ATO: Temperature increase at capacitor core, at the
maximum guaranteed temperature (deg.)

(3) The life equation considering the ambient temperature
and the ripple current will be a conversion of the above
equation (5), as below:

To-T Jous
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Where in lo: Rated ripple current at the maximum guaranteed
temperature (Arms)
I: Applied ripple current (Arms)

The life expectancy formula shall in principle be applied to
the temperature range between the ambient temperature of
+40°C and maximum allowable working temperature. The
expected life time shall be about fifteen years at maximum as
a guide in terms of deterioration of the sealant.

4. Reliability
4-1 The bathtub curve:

Aluminum electrolytic capacitors feature failure rates shown
by the following bathtub curve.
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