TECHNICAL NOTES Jianghal

1. The standard system of fixed plastic film capacitor for use in
electronic equipment

The standard system of fixed plastic flm capacitor for use in
electronic equipment includes the foundational standard,
generic specification, sectional specification, blank detail
specification and detail specification, or manufacturer specifi-
cation.

Generic specification specifies the terminology, inspection
procedures and test methods applied in sectional and detail
specifications. Sectional specification is classified according to
the specific dielectric material and construction of capacitor, it
prescribes preferred rating and characteristics and to select
from generic specification the appropriate quality assessment
procedures, tests and measuring methods and to give general
performance requirements for this type of capacitor. Blank
detail specification is a supplementary document to the
sectional specification and contains requirements for style,
layout and minimum contents of detail specifications.

The corresponding specification lists for plastic film capacitors

are as follows.
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FRES (No.) R/ (Standards)
GB/T 2693 MTEEHEERARE B1HD: ST
(IEC 60384-1) Fixed capacitors for use in elecfronic equipment Part 1: Generic specification
GB/T 17702 B TFHRARS
(IEC 61071) Power electronic capacitors
g RN TR S TAIERLSE
AEC-Q200 Stress test qualification for passive components
GB/T 25121 HUEZIE N EEHRS BB FRER
(IEC61881) Railway applications - Rolling stock equipment - Capacitors for power electronics
GB/T 21563 HUERB MEEHEE PHMREIRNG
(IEC61373) Railway applications - Rolling stock equipment Shock and vibration tests
GB/T 4798-1 IR F-RNAMREERG £189: F
(IEC 60721-3-1) Classification of groups of environmental parameters and their severities Section 1 Storage
GB/T 4798-2 MmITHFRN ARG 2559 156
(IEC 60721-3-2) Classification of groups of environmental parameters and their severities Section 2 Transportation
g BmITHEFF-RNAREEMS B384 BREHFHEEER
Eldts Classification of fenvi fal i their severiti
(IEC 60721-3-3) assification of groups of environmental parameters and their severities
Section 3 Stationary use at weather protected locations
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2. General Description of Film Capacitors

2-1 Principle of Capacitor Construction
The principle construction of a parallel plate capacitor is
shown in Fig.1. When a voltage V is applied between the
conducting electrodes placed opposite to each other, a
certain amount Q of electric charge proportional to the
voltage can be stored on the surfaces of the dielectric. The
proportional constant is called capacitance C, designating
the ability of a capacitor to store energy in an electric field.
Q=CeV
Q: Charge [Coulomb]
V: Voltage [Voli]
C: Capacitance [Farad]

The capacitance C of capacitor
can be expressed by the following
equation:

Fig. 1
C=¢,-e-A/Md

¢: dielectric constant

g, dielectric constant in vacuum (= 8.85x10-'2F/m)
A: electrode area [m?]

d: electrode distance [m]

The dielectric constant of Polypropylene film is 2.2. Larger
capacitances can be obtained by enlarging the electrode
area A or by reducing the distance.

Table 1 shows the dielectric constants of typical film
dielectrics used in capacitors. In many cases, capacitor
naming are related to their dielectric material used.

Table-1

Dielectric Dielectric Constant

Polypropylene 2.2

Polyester 3.3

Polyimide 3.5

Polyethylene 2.3

Polycarbonate 2.8

Polytetrafluoroethylene 2
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The schematic of an film capacitor is shown in Fig.2
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3. Basic parameters and terms

3-1. Rated capacitance C,
Nominal capacitance value is measured at 20°C and the
measuring frequency range is from 50 to 120 Hz.

3-2. Rated voltage U,

Maximum operating peak voltage of either polarity but of a
non-reversing type waveform, for which the capacitor has
been designed, for continuous operation. It shall be higher
than the sum of operating d.c. voltage and operating ripple
peak voltage.

3-3. Ripple voltage U,
Peak-to-peak alternating component of the unidirectional
voltage.

3-4. Non-recurrent surge voltage U,

Peak voltage induced by a switching or any other
disturbance of the system which is allowed for a limited number
of times and for durations shorter than the basic period.

- Maximum duration: 50 ms/pulse

- Maximum number of occurrences: 1000 (during load)

3-5. Insulation voltage U,

Rms value of A.C. voltage designed for the insulation
between terminals of the capacitor to case or earth. The
insulation voltage is equal to the rated voltage of the capaci-
tor, divided by{2, unless otherwise specified.

3-6. Maximum current I
Maximum rms current for continuous operation.

3-7. Maximum rate of voltage rise dV/dt
Maximum permissible repetitive rate of voltage rise of the
operational voltage.

3-8. Maximum peak current T

Maximum permitted repetitive peak current that can occur
during continuous operation.

The value is following: =C, X (dV/dt)

3-9. Maximum surge current T,

Admissible peak currentinduced by a switching or any other
disturbance of the system.

- Maximum duration: 50 ms / pulse

- Maximum number of occurrences: 1000

3-10. Series resistance R,
Effective ohmic resistance of the conductors of a capacitor
under specified operating conditions.

3-11. Equivalent series resistance ESR
The equivalent series resistance (ESR) represents all of the
ohmic losses of the capacitor.

od _  1g8,

ESR:OO'C S wecC

3-12. Dielectric dissipation factor tgé,

Constant dissipation factor of the dielectric material for all
capagciftors at their rated frequency. The typical loss factor of
polypropylene filmis 2x 10
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3-13. Loss factor of the capacitor tgé

The dissipation factor is ratio between reactive power of the
impedance of the capacitor and effective power when
capacitor is submitted to a sinusoidal voltage of specified
frequency, it is that ratio between the equivalent series
resistance and the capacitive reactance of a capacitor.

3-14. Dielectric power loss P
Loss power induced by dielectric polarization or dielectric
conductance.

3-15. Joule power loss P,
Loss power induced by series resistance of the capacitor
under rms current.

3-16. Capacitor losses P,
Active power dissipated in the capacitor.

P~I2_ XESR

3-17. Maximum power loss P
Maximum power loss at which the capacitor may be
operated at the maximum case temperature.

3-18. Self-inductance L,

Represents the sum of all inductive elements which are for
mechanical and consfruction reasons contained in any
capagcitor.

3-19.Resonance frequency f,
Lowest frequency at which the impedance of the capacitor
becomes minimum. The value is following:

f=1/(2nxJLxC, )

3-20. Ambient temperature ©,

Temperature of the air measured at the hottest position of
the capacitor, under steady-state conditions, midway
between two units.

If only one unit is involved, it is the temperature of
surrounding air, measured 10cm away and at 2/3 of the case
height of the capacitor under steady-state conditions.

3-21.Maximum operating temperature @,
Highest temperature of the case at which the capacitor
may be operated.

3-22 Lowest operating temperature @
Lowest temperature of the dielectric at which the capacitor
may be energized.

3-23.Thermalresistance R,

The thermal resistance indicates by how many degrees the
capacitor temperature at the hofspot rises above ©, per watt
of the heat dissipation losse.

3-24.Hotspot temperature ®,

Temperature at the hottest spot inside the capacitor. The
value is following:

(©) =0,+P, xR,

hotspof_
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3-25.Temperature coefficient of capacitance a
The change rate of capacitance with temperature
measured over a specified range of temperature.

3-26. Voltage between terminals U,
Voltage between terminals

3-27. Voltage between terminals and case U,
Voltage between terminals and case

3-28. Climatic category

The climatic category which the capacitor belongs fo is
expressed in three numbers separated by slashes,
(IEC 60068-1: example 40/85/56)

40 / 85/ 56

days relevant to the damp heat test (56days)
the upper category temperature (+85°C)
the lower category temperature (-40°C)

3-29.Insulafion Resistance (IR) /Time Constant (1)

The insulation resistance is the ratio between an applied
D.C. voltage and the resulting leakage current affer a minute
of charge. Itis expressed in MQ. The time constant is expressed
in seconds with the following formula: t[s]=IR [MQ] X C[uF]

3-30. Self-healing (Only for metallized film capacitor)

Process by which the electrical prorerties of the capacitor,
after a local breakdown of the dielectric, are rapidly and
essentially restored to the values before the breakdown.

The metal coatings of the metallized film, which are
vacuum-deposited directly onto the plastic fiim, have a
thickness of only several tfens nm. At weak points or impurities in
the dielectric, a dielectric breakdown would occur. The
energy released by the arc discharge in the breakdown chan-
nel is sufficient to totally evaporate the thin metal coating in
the vivinity of the channel. The insulated region thus resulting
around the former faulty area will cause the capacitor to
regain its full operation ability.

3-31. Failure rate A

It indicates the failure probability of components in unit fime
and the value is the number of failure components in unit
compared to the total number of components.the unit of A is
FIT,1 FIT=1/10°h

r
A= net
t: festtime

n: test number
r: number of failures
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4. Expected lifetime of the capacitor

The expected lifetime of the capacitor depends on the
applied voltage and the hot spoft temperature during
operation. For capacitors applied in different situation, the
designed average service lifes are different. The capacitors
used in DC-Link circuits will have a expected lifefime of
probable 100000 hrs at rated voltage and 70f hot spoft
temperature.

4-1. The hotspot temperature estimation

During operation, the ripple current flowing through the
capacitor will generate heat due to the series resistance (Rs)
of the capacitor. Considering the above factors hotspot
temperature estimation formula is as follows:

® ®,+1, ?XESRXR,

hotspot_

O, por: HOTSPOt Temperature, °C
0,: Environment Temperature, C
I, Ripple Current, A

ESR: Equivalent series resistance, Q
R,,: Thermal Resistance, K/W

4-2 Estimation of lifetime calculation

Considering the fever caused by ripple current, internal
resistance (hotspot temperature)., as well as the applied
voltage, life estimation formula:

|_=|_O % (UR/U)” % 2l O-Onotspot)/m

L: The calculation of Lifetime, hrs

L,: Rated Lifetime (100000hrs)

U: Working Voltage, V.

U,: Rated Voltage, V.

n: Acceleration Coefficient of Voltage, experienced value:

6~12

0, 0ot The Actual or Calculated Hotspot Temperature, °C

©: Rated Hotspot Temperature, 70°C

m: Acceleration Coefficient of Temperature, experienced
value: 5~10
PS: Typically When the capacity change rate is above + 3%,
the capacitor fails.

Expected lifetime is a stafistical value calculated on the
basis of experience and on theoretical evaluations. The
above formula is only as a theoretical reference. Please
consult our technical department in case of working condition
different from the rated ones.
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335




TECHNICAL NOTES Jianghal

5. Electrical behaviour 5. BEEY
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6. Caution items in using plastic film capacitors

6-1. Operation voltage

The plastic film capacitor varies in the maximum applicable
voltage depending on the applied voltage waveform, current
waveform, frequency, ambient temperature (capacitor
surface temperature), capacitance value, etc. Be sure to use
capacitors within the specified values by checking the
voltage waveform, current waveform, and frequency applied
to them (In the application of high frequency, the permissible
voltage varies with the type of the capacitor. Refer to the
specification for detail).

6-2. Operating current

The pulse (or AC) current flowing through the capacitor is
expressed as: I=C x dV/dft.

Due to the fact that dissipation factor of the capacitor will
generate the internal heat under the application of high
frequency or high pulse current, This leads to the temperature
rising and also causes the danger of breaking down (smoking
or firing). Therefore, the safety use of capacitor must be within
the rated voltage(or category voltage)and the permissible
current.

The rated current must be considered by dividing into pulse
current (peak current) and continuous current (rms current)
depending on the break down mode, and when using, should
make sure the both currents are within the permissible values.

6-3. Calculation of rms in various waveforms
In each waveform, calculate the rms value in the following
formula.

6. FEREEBEARNERER

61 T{EHE

BIRARSRNEABURTRMMN RS BE, FXEMARERT.
RN, X FEAE (AERFIEE) « AFRESERNY
. fEFARIEECERRRMBNEERE. BRKEINNE (5
Mine, AVRERERRRRENFEMNE, FHEEESRN
RH) TEEFEEAN.

6-2. THEEH

BEAARSRMMCR (HZR) BRETHAECSHE LFEE
RISRAR, BPI=C xdV/dt,

HTHRABREERE, E5HSERTFETERN, BYEA
BHEOP (RTR) BASEHERBESLRMBES, KBRS
Z (BR. #:k) NEk. Ak, BRRLZLFAZETZHER
E (SEHABE) MRS, mEZIEBRNERES.

TEREREIANZEREGFERENBOTER (BERR, BIE
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6-3. BMRENAREREXR
FEMEEERERTANAXITH.

fh(type) 1 2 3 4
2 WaYa¥an < | AAAE
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| — ] |
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| |
/T
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(waveform) 1 1= [ T = ] T ,\42 tl, ‘
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6-4. Charging and discharging

Because the charging and discharging current of capacitor
is obtained by the product of voltage rise rate(dV/dt)and
capacitance, low voltage charging and discharging may also
cause deterioration of capacitor such as shorting and open
due to sudden charging and discharging current.

When charging and discharging, pass though a resistance of
20Q/V t01000Q/V or more to limit current.

When multiple film capacitors which are connected in
parallel are undergoing withstand voltage test or life test,
connect a resistor valued at 20Q/V t01000Q/V or more in series
to each capacitor. (Refer to the specification for more details).
In addition, capacitors must be discharged with resistors before
handling. If the capacitor doesn’ t discharge resistor inside,
there will be residual heat inside which maybe cause danger to
the operator’ slife.

é-4. BRBFIHE
HTHASAMERRRBPURTHEREMBE EFERAFR, B
ERMEBERRE, BUEFERNBRERBERR, XTESS
HAEARMENRE, LMRERRIFE. SHTRBER, BR
EFHEEABERAAR (20~1000Q/V) , BREMEBRRHERE
HISEEA.
HENHEARBIFRITHEEN AL SN, BFHED
AR —RABE (20~1000Q/V) . ¥NLBAEIRE.
o, ARATFRIFBARZAIMIAXN BERBHITROMA, [TUAE
ARABRFNREBTHESTREARFERSNHE.
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6-5. Buzzing noise

Any buzzing noise produced by capacitor is caused by the
vibration of the film due to the coulomb force that is generated
between the electrodes with opposite poles. If the wave-form
with a high distortion rate or frequency is applied across the
capacitor, the buzzing noise will become louder. But the
buzzing noise is of no damage to capacitor.

6-6. Surface over temperature AQ__

When continuing current flows through the capacitor, the
temperature inside the capacitor will rise, induced by accumu-
lated heat. If the temperature exceeds allowed hot-spot
temperature, it might cause a short circuit or fire. The limits
described in the catalogue are not exceeded and it's neces-
sary to check the temperature on the capacitor surface when
it works.

6-7. Humid ambient

If used for a long fime in a humid ambient, the capacitor
might absorb humidity and oxidise the electrodes causing
breakage of the capacitor. If case of AC application, high
humidity would increase the corona effect. This phenomenon
causes a drop of capacitance and a increase of capacitor
losses.

6-8. Storage conditions

1) Capacitors may not be stored in corrosive atmospheres,
particularly not when chlorides, sulfides, acids, lye, salts, organ-
ic solvents or similar substances are present.

2) It shouldn't be located in particularly high temperature
and high humidity, it must submit to the following conditions
(unchanging primal package):

Temperature: -40°C~+35°C

Humidity: The annual average value shall not exceed
70%RH, and the average value for any 30 days of one year shall
not exceed 80%RH.

Storage time:<24 months (from the date marked on the
capacitor's body or the label glued to the package)

6-5. BHRIRED =4 RGNS
BRABNBEEEHTRAREEIZMBREECHNIER,

FERRSmAHNES. BNNBEMRRREAES™E, i

EMIBIBHERA., EXFGISEYBASRRN L= EEMRIAER.

6-6. REBHAO

LEARPENFEARN, ARRRKERTBAMRETS.
HEREBHATNARRER, TRE2SEHEAREHEZRE. B
e, REERRBNBRBAAFBELmERMAENRARE, mMA
AUEENERBMBNIURT

67 EiBIRE
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ik, SBEARAT. MRREACEKHTEA, STHBESM
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1) BABTEFFERIMENTSIRRT, i 2FESNY.
Wik, B . . FIUETS LR .

2) FRAREREESENSERE, BIUREFENTRESH:
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B -40°C~+35°C
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4
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7. B SRiEAERE Guide for capacitors choosing

HF R fETypical circuit

o o}
AC/DC DC/AC
N —_—cCi — —_C3 M
C2
o o}
Rectifier circuit IGBT/GTO AC filter
BA Capacitor ThiE Function = Series

CBB131. CBB132. CBB133. CBBI135.

Cl =3k DC Link

BisR DC L CBB136. CBB136G. CBB138
) IRl Snubber CBB161. CBB162. CBBI65. CBB147
C3 SR AC filter CBB235. CBB237. CBB238
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8. Typical failure modes and factors of film capacitors

8. HEARBRIEXRRRIHT

. Failure mechanism . g
Failure mode (intemal phenomenon) Produc"rlon factor Appllcc’rlonfoc’ror
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reduction |«
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IRreduction | ||
IRTBE A
. Film flaw
i T mEsRE
Short circuit
ki < Poor assembly
HAERR
| Productdamage | | Mechanical stress
=R IRIR 4 R 71 B AN
Mechanical
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