ALCON

ELECTRONICS
PRIVATE LIMITED

ALUMINIUM ELECTROLYTIC CAPACITORS

Technical Information
Construction « Manufacturing process

Construction

An alurminium elecirolyiic copacitor consists of two
electically conductive alurminium lavers, separated
by a dielectic layer. One of the electiodes

(the aluminiurm foil called anode) undergoes a
process called ‘forming’. by which a dielectric layer
of auminium oxide (AlzO3) is electrochemically
coated on it. The other elecirode is a conduciive
liquid, called the slecholyte. The second aluminium
foil, the cathode, acts as a large surfaced contact
area for passing current fo the electrolyte.

The basic principle of the capacifor is fo store
electrical charge and is defined as;

Q= Cv

Q = charge in Coulombs

C = copacitance in Farads
(between the plafes)

V = potential difference between

the plates

Based on the formnula given above, it can be said that
the unit of capacitance, the Farad, is the
capacitance between the plates, across which
appears d potential difference of 1 Volt when it is
charged by 1 Coulomb of electricity.

The value of capacitance in a copacitor is directly
prapotional to the area of the plates and is inversely
proporional to the distance between them. Hence
capacitance is expressed by the equation:

C = Eo. EI. A

d
A = surface area of the plates in m’
d = distance between the plates

(or dielectic thickness)in metres
€o. = pemitivity of free space
8.885x 10 “F/m
€. = relalive pemitiivity of the

dielectric (9.5 for Alz03)
The surface area of the anode is enlarged
(up to 200 tfimes) by an elecirochemical eiching
process. Similary the cathode is also efched 1o
increase the surface area. The thickness of the
dielectric layer is very smdll (in microns) and increoses
in proportion o the forming voliage (approximately
1.2 nmfv), meaking the distance between the two
plates very small. This consiruction of aluminium
slectrolylic capacitors dllows for very high
capacitance per unit ared in comparnson with
capacitors which use other dislectic materials.

Property of Alcon Electronics Pvt. Ltd.

An equivalent circuit of an aluminium electrolytic

capacitor s : Ric
o— WA | L | M,
Resr C Lest
Rese = equivalent series resistance (ESR)
C = copaclance
Re = reslstance due to leckage cument

Ll = equivalent series inductance (ESL)

The capacitance of the anode foil will depend on the
etching patten and the forming voltage. The
cathode foil is etched and has a thin oxide layer

on it, which is caused due to aimospheric oxidation.

Manutacturing Process
The main stages of the manufacturing process are:

Etching — Fomming
|

winding
!

Impreghation
4
Assembly
{
Agelng
4
Testing
4
Sleeving
}
Packing
Super pure aluminium foil is etched to increase the
surface areq. The anode foil undergoes an
electrochemical process called forming by which g
dielectric layer is ‘formed” on it. The anode and
cathode are interleaved with support andfor
absorbent papers and wound into a cylinder s
shown In the flg. below. Dulng winding, aluminium

tabs are attached to the foils for electical contacts
by a cold welding process.
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The capacitor element is impregnated with an
electiolyte, under vacuum. In the assembly process,
ferminals are riveted and/f or welded 1o the tabs and 9
housed in an aluminiurm can with or without anchorin
material as shown:

'J:L| 'J:H— Terminal
e

Multiple Tabs

F 3

Wind element

l+— Aluminium can

Spigot

I I +=}— Rib

Capacttors are then sedled and aged. The aging
process repadlrs any damage to the oxide layer thot
may have been caused during the process of
assembiling the capacttor Into the aluminlum can.

A thorough test Is camed out for seepage by placing
the capacitors in an oven. A visual check is canied
out on each capachor for any sign of electrolyte

leakage.

Next, capacitors are tested for the following electrical
parameters:

i) Capacitance i) ESR

iy Leakage current  iv) Tan &

The capaclicrs are then sleeved and packed.
After completion of the production process, the
company’s &.A. personngl camy out a sample fest.

Electrical Characteristics

¢ Rated voltage : The rated voltage is the DC
voltage for which the capacitor has been
designed. The capacitors can be operated
continuously af the full rated voltage within the
operating temperature range.

# Surge voltage : The surge voltage is the
maximum DC voltage that a capacitor can
be subjected to, for a very short duration, not
exceeding 30 seconds. This includes
transients and peak ripple at the highest line
voltage. Capacitors with surge voltage
ratings higher than these specified are
available as custom designed capacitors.
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The capacitor will withstand a surge test (at 25°C to
30°C ) of 1000 charge / discharge cycles. Each

fi ¢ h a cydeenil surge voltage for a maximum of 30
seconds, thereafter capacitor will then kept for
discharge mode through a 1000 ohm resistor for 5
minutes and 30 second.

Ripple voltage : The ripple voltage is the
superimposed AC voltage that may be applied to

the capacitor provided that:
i) the sum of DC voltage and superimposed

AC voltage does not exceed the rated voltage.
i) rated ripple current is not exceeded.

Reverse voltage : Aluminium electrolytic capacitors
are polar capacitors. Reverse voltage 1.5V can
be applied for a duration of less than 1 secona,
but not continuously of repeatedly. The reverse
voltage of 1.5V is the voltage at which the
breakdown of the oxide layers on the cathode
takes place. Where necessary a dicde may be
connected o prevent any reverse voltage from
appearng on the capacitor.

# Selection of current limiting resistor ;

A cument limifing resistor, which is 1o be connected
in series with the capacitor, may be chosen as
follows :

a) for capacitars of rafing up to 2600 pF, the
limiting resistor will be of 1000 ohmes.

b) for capocitors of rating higher than 2500 pF,
the value of curent limiting resistor will be
detemrined by the formula:

o - 25x10°
C
C = capacitance in pF
R = resistor value in Ohms

e Capacilance : Capacitance can be

measured by :
ij meaosurng its AC impedance after taking into
account amplitude ond phase
) measurng the charge It will hold when
DC voltage is applied
DC capacitance Is gpprodmately equal to
1.1 to 1.5 times AC capachance

Note: Measursment of copacifonce Is made of
frequency of 100 Hz and ambilent fermperafure of
25°C. The value 5 In microfarods [uF or MFD} aond
5 Inciiccrted on the copacitor. Capacitance
Incraases with femperdiure and decreasas with
Incregse in frequency.
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e Dissapation factor (power factor-Tan &) : This is the ¢ |mpedance : Impedance is given by the formula :
ratio of ESR to capacitive reactance in the
equivalent series circuit, Altemnatively, it could be z =J ESRZ + (X1 - Xc )?
defined as the ratio of effective power (dissipated z = impedance in Ohms
power) to the reactive power for a sinusoidal ESR = equivalent series resistance (£2)
voltage: X. = 20IfL
Resr C Lest 2A1fC

Impedance is dominaled by capacitive
reactance (Xc) ot lower frequencies and by
4 inductive reactance (X af higher frequencies.

Rescnance occurs when :
X. = Xc at which Z = ESR

— |5 Impedance below resonance decreases with
increase in femperature and frequency. However,
impedance above resenance, decreases with

Resr femperature but increases as frequency increases.
P — aeen L — v ieen
+ ®
w@C
Impedance .\
e Equivalent series rasistance (ESR) : The equivalent \ \\
sefies resistance is the resistive component of L \\

equivalent serigs circuf. It is related v Ta e }

a 03 :og

to dissipation factor by the formula: 5 -
- e p— i
Tan & |
Rese =
wCs 10° 10° 10° 10°
. . [Frequency Hz »
Resr = equivalent series
resistance in Q Typical curve for :
. . 35 dia capacitor
Tan & = dissipation factor 50 dia CApACIOr ssemsemss
Cs = series capacitance in Forads Sz d"lfczzzz‘ﬁg?f e e e
© = 2IIf (f=frequency)

e Leakage current : Leckage current is the residual
curent which continues to flow through the
capacitor even after the capacitor has been
charged fo the set voltage or rated voltage. After
the capacitor has been fully charged to the set
voltage, the leakage cumrent will continue to fall

T with time until a steady state has been reached.

ESF Leakage current is a measure of the quality of the

dielectic layer and is dependent on capacitance

\ voltage and capacitance temperature,

ESR vaolues are measured by the bridge method
(fo elimincte the resistance of lead wires) at a
frequency of 100 Hz and ambient temperature of
25°C. ESR values decreose with increase in
temperature and frequency :

\‘: \.‘“--. . Measurement of leckage current is made at the

LT 25C rated DC voltage of the capacitor, which is

= 55%C applied from a steady source like a regulated
T | 8s°c power supply. A cument limiting resistor must be

10 16 16 16 connected in series with the capacitor under test,
Frequency Hz —m
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Measurerment is camied out at an ambient
tfemperature of 25°C =+ 3°C. The rated voltage is
applied for 5 minutes before the leakage cumrent
measurements are taken:

T

Leakage
Current

N5 10 15 20 25 30
Time (Minutes) —m

Leakage /
Current /
/
e

0 15 30 45 60 75 90
Temperature (T) —»

& Ripple current : The ripple cument rating of a
capacitor is the s value of AC current that flows
through a capacitor due to the presence of ripple
voltage.

Ripple curent generates heat inside the
capacitor which is :

P = IxESR

P = power loss in Watls

Ir = s value of ripple curent in Amperes
ESR = equivalent series resistance in Ohms

The maximum Apple curent that a capacltor can
handle depends on :

) the winding design

) aluminium can design

iy surface area of the can

Iv) ESR

Since ripple curent increases the temperature of
the capacitor, it has a significant effect on the
operational life of the capacitor. Ripple current
handling capacity is dependent on frequency and
temperature. Heat sinking and forced air cooling
will aid heat fransfer and dllow higher ripple
currents to be applied.

e Shelf life : Shelf life is defined as the fime for which
a capacitor can be stored without voliage being
applied.
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Nomnally the capacitance, ESR and impedance
of a capacitor do not change significanity affer
extended storage period. However, the leakage
current can slowly increase. The shelf life versus
storage temperature graph is shown below:

T 85
Storage 65 \\
Temp (C) ~
45 \t—‘"
25
° ‘ =
N

-15

-35

1 10 100
Shelf Life (thousands of hours) —m

Region O Leakage curent remains unchanged
Region 9 Leakage curent increases

In both cases copacitance, ESR and impedance
do not change significantly.

If the capacttors are In reglon Q capachors
should be preconditioned prior 1o use. The
procedure follows undet, "precoditioning”

# Preconditioning : Preconditioning is camied out by
applying the rated working voltage across the
capacitor. The power source should be a
regulated power supply. A suitable cunent limiting
resistor should be connected in series with the
capacitor. The voltage should be maintained for
one hour after its value has become equal to the
rated working voltage applied +3%. After this the
capacltor should be discharged through a reslistor
of suitable value. The capacitor can now ke
stored Idie for 12 t¢ 24 hours. Affer this perod, the
capacltor can be tested for any of the specifled
parameters.

Application Notes

# Mounting positions : During operation, the leakage
current of the capacttor will cause electrolysls of
the electrolyte. The oxygen produced during
elecholysls, helps In ‘self hedling’ of the dlelectlc
layer. The minute quantity of hydrogen released at
this fime, may increase the intemal pressure in the
capacltor gver an extended petod of ime.

All capacitors are provided with a safety vent,
which punctures when the pressure inside the
capacitor increqses beyond the safe limit of 70 psi.
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Therefore, it is recommended that the capacitors
be mounted upright or horizontal, with the vent on
fop, as shown:

00 ‘e .
° @

If capacitors are mounted with the safety vent

at the lowest position (shown below), a small pool
of electrolyte may form near the safety vent. When
the vent punctures, the electiolyte may spray out,
oh 1o other components, causing damage.
Alternatively, the electiolyte may dry and crystallize
Inslde the safety vent, over a period of fime,
making it non-functional.

e
o

e Capacitor bank design : Capacitors may reguire
parallel or sefies connections or both. This depends
on the application,

Paraltel connaction

In a bank of 'n’ capacitors connected in parallel,
each with capacitance rating of C1 C2 . Cnand
voltage ratings Vi, Ve, .....Vn, respectively, the
effective capacitance and voltage of the

bank will be:

Coank=Ci+Cz+ ........ + Cn
V bank = minimum voltage rafing of any
capacitor in the bank.
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It is advisable 1o use capacitors of the same nominal
capacitance value and voltage rating fo avoid
excessive sfress on any one capacitor in the bank.

In this circuit, if any capacitor in the bank fails due to
an Infernal short circult, then all the other capachors In
the bank will discharge through this paricular
capacior, leading o an extremely abrupt and severe
discharge phenomenon.

Hence It Is advisable to connect these capachors
through a fuse:

1111

LT

For imipeulse discharge circuit, where it may not be
feasible 1o use the fuses, the capacitors can be
profected during charging by means of a suitable
current limiting resistor and then connected in parallel
at the time of discharge:

iy
iy
e
iy

In a bank of ‘'n" capacitors connected in series, each
with capacitance rating of Ci C2 Cn and voltage

capacitance and voltage of the bank wil be:

1 1 1 1
= + + s +

C bank Ci C: Cn

Veonk = Vi + V2 +...... +..... ¥n

It is advisable to use capacitors of the same
capacitance value and voltage rating to avoid
excessive stress on any one capacitor in the bank.
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When capacitors are conhected in series,

the voltage of any individual capacitor should not
exceed the moaximum pemissible voltage. The total
DC voltage applied is divided among individual
capacitors in proporion to their insulation resistance
value (leckage cunent). Hence to avoid any
imbalance during charging of the bark, it is
recommended that a ghunt resisteg be connected

with each caopacitor:
C ZR
G ﬁ Rs
=

T

gRa

The value of the shunt resistince ?n be computed as follows:
nVri Vi

A)R = ------ommom -
L.C.max {(Vb/Vr) i ((n+9) /1 0)}
R : Shunt resistance value (minimum) in ohms
Vr : Rated voltage of each capacitor.
n : Number of capacitors in series (n 2)
Vb : Bank voltage.
L. C. max : Maximum leakage current of one capacitor
(inamp.).

B Suggested wattage of
) res?s?tor.Vr/R g

2

NTv in viAldA O D Gin Nhhia )

Cornbined series-parallel connections
Capacitors may be connecied as follows

L1

e

Q

—
[ I

AT
T

_|
_|
_|

if one capacitor In the serles bank (Fig. 1) falls due to a

short clicult, the other capaciiors will be sublected to

Propertm_mwﬁ'@]h@&ﬁ)rwg lﬁs\gyﬂ%{d [ an excess vqlrc_:_ge

bank 1o fail. Hence it is recommended that capacitors
are connected as shown In Flg 2, where only one
“serles bank” suffers the sk of fallure, In the event of a
short circuit of one capacitor.

e Life expectancy : During the working life of

capacitors, certain physical and parametric
changes occur. These changes eventually make
the capacitor unusable, either due o “themnal
runowaly” leading to cafastrophic failure or an
excessive parametric drift, At a higher temperature,
degradation of the material, used fo manufacture
the capacitor, accelerates these effects.

There are many reasons for these: changes. Some
pearformance aspects of the capacitors cannot be
predicted. Hence evaluation of the capacitor's
long term behavier must be determined by
‘endurance’ tests.

Usefut life (service life or operational life) is the life
achieved by the capacitor without exceeding

a specified failure rate. Useful life can be
prolonged by operating the capacitors at load
factors below the rated values specified, like lower
operating vottage, ripple curment and ambient
temperature. Capacitor life can alse be prolonged
by appropriate cooling methods.

Failure percenfage is the ratio of number of
failures to total number of inspected capacitors.

Faifure rate (or long ferm failure) is the number of
components failing per unit time.

The characteristic curve is as follows:

Failure
Rate
( T )
.(A) (B) (¢
A Time £t)

Region A is the early failure period [or infant
mortdlity). This can be decreased by improvernent
in the manufacturing process
Rogion B is the useful life (operational life or senvice
life) where fallure rate Is neany constant
Reglon C is the "wear-cut’ pericd. This occurs due
1o the end of life of the capaclfors and occurs
when capacitor properies deterlorate.
End of life can be due to!
) catastephic fallure lke short clrcult, open clrcult
or operation of the safety vent
i) Parametic failure like
- ESR increases fo more than twice the inificl
specified limit
- leakage cumrent greater than specified
macxdmum limit
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Reliabflily is the probakility that the capacitors will
perform satisfactonly under given set of conditlons for
a given length of fime
For calculation of useful life the compenents are
taken from a nomnally manufactured batch. The
compoenents are fested under conitrolled condifions
and the data for long tem reliability is based on @
confidence level of 55%. The figure can be taken only
as a guide for reliability since actual working conditions
are likely to deviate significantly from those used in
routine festing.
Meaniime between faifure (MTBF} is the inverse of
fallure rate
MTBF = ——
A

e.q. for given set of condifions
No. of components used

In the fleld N = 12,000
No. of operating hours to = 10,000 hrs
No. of failures n=12
Fallues % = _ "= _ 12— 0.1% = F (%)
N 12,000
F(%) D.1%

Failures iate A = = __ " = (0.01% /1000hours

fo 10,000

Precautions

* Polarity : Aluminium electiotic capacitors are
polar. Therefore, the capacitors should be
connected accordingly. If the polarity of a
capacitor is reversed, the capacitor will heat up
and nomally the safety vent will operate. In extreme
cases there is possibility of an explosionand fire.

& Mechanlcal stress : During Installation capacttors
should not be mechanically damaged.

I) Capachors have been designed with the can
being negative. Hence damage to the insulafion
sleeve may cause d short circuit,

ii) The terminals of screw terminal type capacitors
(AEST) are made of highly pure alurinium,
whereas the screws are made of brass, which is
comparatively, a hard material. Hence mismatch
of the threads during fitment can cause damage
fo the threads of the aluminium terminals. Also
while connecting the screw teminals, the
tightening torque should not exceed 2 Nm.,

# Cleaning agents ; Halogenated hydrocarbons, if in
cortact with capacitors, may cause sefious domage.
These solvents may decompose the Insulation
sleeve and reduce insulcting properties below
permissible levels. Moreover, these may penetrate
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the capacitor through the capacitor seal leading
1o premature fallure, Commonly used halogeneted
hydrocarbons and other soivents which should not
be used are freon, fichloroethylene, methyichicride,
carbon tefrachloide, acetone, meth | eth | ketone.
Cleaning agents which normally do not have any
detrimental effects are methanol, ethanol,
propanol and isopropanal,

¢ Operating conditions : Durng operation,

capacitors may fail due to the following:

i} Operating in very high ambient conditions.

Il) Surge voltage Is exceeded or surge voltage Is
applied for longer periods than specified.

iil) Voltage on the capacitor exceeds rated
voltage.

iv] Ripple curent exceeds the specified values.

v) Reverse polarity.
These can lead to catastrophlic fallure, with the
possibility of an explesion and fire, Hence care
sheuld be taken during use. Also capacitors
should be used in a well ventilated enclosure.

& BExposure to electrolyle : When an electrolvie
comes in contact with skin, wash thoroughly with
water. If electiolyte comes in contact with eyes,
wash thoroughly with water and immmediately seek
medical advice.

e Storage : The following conditions for stforage are
recommended:

i} When not in use capacitors should be kept in
their criginal packing.

i) Capacitors should be stored indoors, awary from
direct sunlight, af o fempercature of 5 0 35°C
and a humidity level of less than 70% RH.

iii) Capacitors should be stored in an environment
free friom water, o, salt water and gases like
hydrogen sulphide. Keep away from other
chemicals like sulfuric acid, hydrochloric acid,
chloring, ammonial o any corosive
environment.

Iv) wWhen sfored capacttors should not be
subjected to severe mechanlcal shock or

vibration, beyond specified limits.
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The useful life for known ripple current loads and

ambient temperatures is determined on the basis

of the useful life graphs as follows :

1 Measure ambient temperature.

1 Co-relate measured temperature with the
nearest temperature curve given in the graph.

1 Calculate the ratio of ripple to be applied (1 g)to

ripple specified at 85 C (1 ssc) : | r/ 1 ssc
0

1 Draw the line from X-axis though the gquotient
value to the desired temperature curve , the
value at Y- axis will give the useful operation life a t
given temperature and ripple current.

The frequency dependence of the ripple current
has not been taken into account in the procedure
described above.

Life Expetancy
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Life Time Test Life time criteria

Procedure
Useful Life: A) Param_etric failure
Ambient I) Capacitance change of
Temperature morethan +15%.
o I) ESR increases to more than
=85C;at

twice the initial specified limit
rated voltage ||) Leakage current greater than
and rated specified maximum limit.
ripple current B) Catastrophic failure

applied ) Short circuit or open circuit
2000 hours " Operation of safety vent.

Example:
Capacitor PG6DI 10000 mfd 200 vdc

f worki ondijtions are :

| R= Zglgi i\mgfent temperature =50 C
0

Frequency = 100 Hz

1. |r/lssc=28/1863=15

0
2. Drawing line from point 1 .5 on X -axis to 50 C

life curve, corresponding Y-axis value is 9khr.
Means the expected life is 9000 hr.

Thermal resistance values (Rha)

Air Flow Rate
Can Size
(DXL) mm 0.5 m/s 1.0m/s 2.5mls 5.0 m/s
Clip Clip Clip Clip
mounted | mounted mounted mounted
35X62 13.21 9.94 7.05 5.59
35X80 11.63 8.83 8.35 5.11
35X105 9.48 7.32 5.39 4.42
50X80 7.38 5.54 3.91 3.09
50X105 6.09 4.65 3.37 2.73
63X105 4.66 3.54 2.54 2.04
63x120 4.04 3.11 2.29 1.88
63X145 3.80 2.95 2.19 1.81
76X105 3.73 2.82 2.02 1.61
76X120 3.70 2.80 2.00 1.60
76X145 3.07 2.37 1.76 1.44
76X220 2.35 1.87 1.45 1.23
90X105 3.09 2.33 1.65 131
90X120 2.88 2.19 1.57 1.26
90X145 2.56 1.97 1.45 1.19
90X220 1.98 1.58 1.22 1.04

Note : Ripple current capacity of capacitors with AEST-D terminal
will increase by 30% to 40% when mounted on a metal plate.
Write- in for details.
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Temperature range

90 220

5
FrequencyHz  |100(250 |500 }EL" >10K
Multiplying Factor| 1.0 [1.05]1.20(1.32 | 1.35

e Can is negative. However, it is isolated with a PVC

insulating sleeve and polypropylene end-disc.
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