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Aluminum electrolytic capacitors are routinely
used as input bus capacitors in the power supply
sections of electronic equipment such as motor
drives, UPS systems, and welders. Most of these
capacitors fail eventually from wearout. This article offers a brief explanation of how capacitor
manufacturers quantify the effects of applied voltage, ripple current, frequency, ambient temperature, and airflow on capacitor life.
The general capacitor life equation is

usage electrolytic temperature range of 125 ºC (398
K), we have
1.091e5 ∆T
2 ( 10 )
≅ e ln2 ×∆T / 10 = 2∆T / 10
f1 = e (398)
> 1 (3)
The temperature rise ∆T is calculated as
∆T = Pθ = I2Rθ

(4)

where P is the dissipated power, I is the AC RMS
ripple current, R is the ESR, and θ is the thermal
L = LB × f1(TM − TC) × f2(V)
(1) resistance from core to ambient, which is the sum
of the core-to-case thermal resistance θCC and the
where L is the life estimate in hours, LB is the base case-to-ambient thermal resistance θCA.
life at elevated maximum core temperature TM, TC
θ = θCC + θCA ≅ θCC + 500A-7/8(v+1)-2/3
(5)
is the actual core temperature in the application of
interest, and V is the applied DC voltage. This equa- where A is the surface area of the capacitor (cm2)
tion shows that there are three factors in the life and v is the airflow velocity (m/s) near the capaciequation: base life, temperature, and DC voltage. tor. A fairly good model for the ESR is
Base life LB is the expected service life at full
R = RS(TC) + D/2πfC
(6)
rated voltage and temperature TM. A typical rating
is LB = 5,000 hours at TM = 108 ºC. End of life is where RS is the ohmic loss from electrolyte, tabs
usually defined in terms of parametric changes in and foils, and D/2πfC is the dielectric loss— D is
capacitance, effective series resistance (ESR), and the dissipation factor D ≅ 0.013, f is the frequency
leakage current. One of the most recent industry (Hz), and C is the capacitance (F). RS usually posefforts for standardizing these tests and limits was sesses a significant negative temperature coeffipublished by the EIA and is available as EIA IS- cient (1-2% per ºC near room temperature) due to
749.
the electrolyte viscosity’s change with temperature
The effect of temperature on capacitor life is dic- and its associated effect on the ionic mobility of
tated by the Law of Arrhenius, which is
the conductive species within the electrolyte. D
usually has a positive temperature coefficient
Ea 1 − 1
Ea TM−TC
k ( TC TM )
k ( TCTM ) (2) (0.3%/ºC is typical).
f1 = e
=e
The voltage multiplier f2 arises from the lowered
For anodic alumina the activation energy Ea = 0.94 stress on the dielectric when the applied DC volteV. The Boltzmann constant k = 8.62e-5 eV/K, so age Va is reduced. In electrolytic capacitors, apwe have Ea/k = 1.091e4 K. The Arrhenius equa- plying DC voltage actually drives a beneficial, ontion for the temperature life factor f1 may be re- going electrochemical reaction that heals defects
arranged as follows to establish the familiar in the anode dielectric. However, at higher stress
“doubles every 10 ºC” rule. If we define ∆T = TM- levels such as when the temperature is near TM ,
TC and choose TCTM based on the normally highest the additional leakage current from operating near
1
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the maximum voltage rating Vr may cause enough
electrochemical degradation and hydrogen gas evolution as to reduce the life of the capacitor. Therefore a reduction in the applied DC voltage may
extend the life of the capacitor, especially at elevated temperatures in capacitors that are tightly
sealed. The effect of voltage derating on life has
been modeled with linear fit and with power laws
of the voltage ratio x=Va/Vr with exponents from
0 (no effect) to 6. See Figure 1.
From these equations we can readily derive life
or ripple current multipliers for derated ambient
temperature, derated ripple current, airspeeds other
than natural convection, and frequencies other than
the standard 100 or 120 Hz, starting with the capacitance, ESR, and ripple current ratings. Remember not to try to “have your cake and eat it, too” by
using both the life and ripple multipliers simultaneously! The ripple multipliers are approximately
as follows:

√
√

TM−TA
TM−TR

Ambient temperature (7)

RS + D/2πfRC
RS + D/2πfC

Frequency

√

θCC + 500A-7/8(v+1)-2/3

Air speed

specified, fR is the frequency of the rated ripple,
and vR is the rated air velocity (usually 0-1 m/s).
Figure 2 shows calculated life multipliers for the
case of a 270 µF 400 Vdc snapmount capacitor
versus f & (Ia/Ir) and versus v & TA.

(8)
(9)

θCC + 500A-7/8(vR+1)-2/3

Figure 2: Life multipliers demonstrating the effects of
varying ripple amplitude and frequency (top) and varying
air speed and ambient temperature (bottom).

Large core-to-ambient temperature rises from
high ripple current shorten life more than (7) suggests because increasing ESR accelerates the temperature rise. In these equations, TR is the rated
ambient temperature at which the rated ripple is
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Figure 1: DC voltage life multipliers from various capacitor manufacturers. CDE generally uses 4.3-3.3Va/Vr.
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