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—. The standard electronics system of
capacitors for power

The main standards are GB/T17702 and GB/T12747.1&GB/T
GB/T12747.2, published by China Notional standardizing
committee.These standards are equal tolEC61071,
IEC60831-1&IEC60831-2, prepared by IEC technical committee
33: Power capacitors.

As supplementary, KWOKTRAN also refers to GB/T
25121(IEC6188I-1 idt), GB/T21563 (IEC61373 idt) and AEC-200
and so on,for railway or automobile applications.

According to the basic requirements of above standards,
KWOKTRAN made detailed standards of various types of
capacitors for internal use.

In additional, some terminologies are also reference to other
capacitor standards, which will be not listed below.

The standard system of lamp capacitors is made up of all above
standards.

Following, please find the corresponding specification lists for
power electronics capacitors.
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Power Electronics Capacitor

PS5 (No.)

FrifE(Standards)

GB/T17702
(IEC61071)

HL LT R

Capacitors for power electronics

GB/T12747.1
(IEC60831-1)

PRARHLIE 1 KV & LR A2 R G A SO L 7 48
5 B R —PERE . SIS AMUE R — % R — 2 IS AT 3

Shunt power capacitors of the self- healing type for a.c. systems having a rated voltage up to and

GB/T12747.2
(IEC60831-2)

PRPREL . 1KV KLU i) RGEH A @ AT A S 58 2 M2 lse . Al M saR i
Shunt power capacitors of the self- healing type for a.c. systems having a rated voltage up to and

Part1: Ageing test, self- healing test and destruction test

GB/T25121 | HUEATIEHL i i BT R &%

(IEG61881-1) | Railway applications- Rolling stock equipment- Capacitors for power electronics
GB/T21563 | ¥liEZCiE HLEEM S i fRka) A%
GB/T2693 | MITH&MEEMAL 5 1 M4 e

(IEC60384-1)

Fixed capacitors for use in electronic equipment- Part1: Generic specification

AEC-Q200 STRESS TEST QUALIFICATION FOR PASSIVE COMPONENTS
HTHF-MMNARERZSE F18s 07
GB/T4798.1 | Classification of environmental conditions-

(IEC60721-3-1)

Part3 Classification of groups of environmental parameters and their severities-
Section 1 Storage

GB/T4798.2
(IEC60721-3-2)

R T N S B8 2980 gk
Classification of environmental conditions-
Classification of groups of environmental parameters and their severities-

Section2 Transportation

GB/T4798.3
(IEC60721-3-3)

ML m N AR S 3 ARy AT B 7 I E A A

Classification of environmental conditions-

Part3 Classification of groups of environmental parameters and their severities-

Section3 Stationary use at weather protected locations.

PE4RIE:  Detail specification for each type.
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Power Electronics Capacitor

Terminologies

—_— e

2.1. Rated capacitance Cn
Nominal value of the capacitance at 20°C and measuring

frequency range of 50 to 120 Hz.

2.2. Rated voltage Ur

Maximum operating peak voltage of either polarity but of a non
reversing type wave form,for which the capacitor has been
designed, for continuous operation.

2.3 rms voltage Urms
Root mean square of max. Permissible value of sinusoidal a.c.
voltage in continuous operation.

2.4.Ripple voltage Ur
Peak- to- peak alternating component of the unidirectional

voltage. The maximum allowed rms ripple voltage has to be
lower than 10% of the rated voltage.

2.5.Non-recurrent surge voltage Us

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)

2.6.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 capacitor, divided \/5
by ,unless otherwise specified.

2.7.Maximum current Imax
Maximum rms current for continuous operation

2.8.Maximum peak current |

Maximum permitted repetitive peak current that can occur during
continuous operation. The value is following:

f=Cx(dV/dt)

Where C is capacitance and dV/dt indicates rate of voltage rise,
which means maximum permitted repetitive rate of voltage rise of
operational voltage, usually using instead of I.
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210, HELHPH Rs

TERLE B AT 2640 T, A4 SRS 3 1 Ha B
FP I F B 3 R T v T O, LR PR R N
0.004/°C, AL A N:
Rs(T2)=[1+0.004x(T2-T1)]xRs(T1)

211, ERHRECHEFE ESR

— ARG, e I AR A A
fEL AL L s S RIS, FERUE IISAT R 1F T, 1%
FIBAE DD ZR 55 T2 A S TP AU A DT &

212 fHHAAFEE R tgbq
FEL A A PR TR R 3008 A5 T B 4
SR BARFER 2O 2 X1 04,

il

213 HABRRIRFERER tg d
TERE R IESZ P BIEAEH T, BARRKIFEDR

214 N FIRFEINE Py
FHL 25 2% (A A T Pl T3 B e 5 5 R A 4500, LB R

Pd=U2 x m xf,xCxtgSy
B AR U=Ur/2
iz 0=4/2 Urms
GTO Wi 25 #%: U=Unpc/2
fo: Jitihn7E B 25 2% b HL I RS AT R

C:. HAE=E
215 EHRFENE P

RSB R, T AR Rs R AT
ShLERBRE, HAEN:

Pj= Izrms X Rs

Power Electronics Capacitor

2.9 Maximum surge current is
Peak non-repetitive current induced by switching or any other
disturbance of the system which is allowed for a limited number

of times, for durations shorted than basic period.

2.10. Series resistance Rs
Effective ohmic resistance of the conductors of a capacitor under
specified operating conditions. It depends on temperature and
the approximate TCR is 0.004/°C. The approximate formula is
following:

Rs(T2)=[1+0.004x(T2-T1 )]xRs(T1)

2.11. Equivalent series resistance ESR

Effective resistance which, if connected in series with an ideal
capacitor of capacitance value equal to that of the capacitor in
question, would have a power loss equal to active power
dissipated in that capacitor under specified operating conditions.

2.12 Dielectric dissipation factor tgd4

Constant dissipation factor of the dielectric material for all
capacitors at their rated frequency The typical loss factor of
polypropylene film is 2x104.

2.13 Loss factor of the capacitor tgd

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

2.14 Dielectric power loss Py
Loss power induced by dielectric polarization or dielectric
conductance. The value is following:

Pd=U2 x m xf,xCxtgSy

Where, for DC capacitors: ~ U=Ur/2

For AC capacitors: 0= \/EUrms

for GTO snubber capacitors: U=Unpc/2

fo: fundamental frequency

C: capacitance

2.15 Joule power loss P;

Loss power induced by series resistance of the capacitor under
rms current. The value is following:

Pi= I2ims X Rs
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2.25. AMFEIRFEAO case
AT PO A IS SR

Power Electronics Capacitor

2.16 Capacitor losses P
Active power dissipated in the capacitor, consists of dielectric
loss and joule loss, i.e. P=Pg4 1 Pj= Pms X ESR

2.17 Maximum power 10SS Pmax

Maximum power loss at which the capacitor may be operated at
the maximum case temperature.

2.18 Self-inductance Ls

Represents the sum of all inductive elements which are-for
mechanical and construction reosons-contained in any capacitor.

2.19. Resonance frequency f;
Lowest frequency at which the impedance of the capacitor
becomes minimum. The value is following:

f=1/2n XA/ LsxCy )

2.20 Rated frequency f
Specified frequency for which the capacitor has been designed.

2.21.0perating temperature 0 case
Temperature of the hottest point on the case of the operating
capacitor in thermal equilibrium.

2.22.Maximum operating temperature 0 max
Highest temperature of the case at which the capacitor may be
operated.

2.23. Lowest operating temperature 0 min
Lowest temperature of the dielectric at which the capacitor may
be energized.

2.24.Cooling-air temperature 0 amo

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 at2/3 of the case
height of the capacitor under steady-state conditions.

2.25.Contained temperature rise AO case
Difference between the temperature of the hottest point of the
container and the temperature of the cooling air.
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LA N I I R R IR . LB
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(IEC 60068-1: u1: 55/100/56)
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Power Electronics Capacitor

2.26.Thermal resistance R

The thermal resistance indicates by how many degrees the
capacitor temperature at the hotspot rises above0 am» per watt of
the heat dissipation losse.

Rt consists of Rinc(thermal resistance from internal hotspot to
case) and Rica(thermal resistance from case to ambient).

2.27. Hotspot temperature
Temperature at the hottest spot inside the capacitor The value is
following:0 ns =0 amb T PtX Rin or
0 hs=e case€ + Pt X Rinhe

2.28.Climatic category

The climatic category which the capacitor belongs to express in
three numbers separated by slashes,(IEC60068-1:example
55/100/56)

55/100/ 56

—I; days relevant to the damp heat test (Sédays)
the upper category temperature (+1007)

the lower category temperature (-55C)

2.29.Temperature coefficient of capacitance(a)

The change rate of capacitance with temperature measured over

a specified range of temperature. It is normally expressed in

parts per million per Celsius degree (10°/°C)and referred to 20°C.
Ci- O

N T Tu)

Ci: Capacitance at temperature Ti.

Co: Capacitance at temperature Te(20 + 2)C.

2.10.Insulation resistance(l.R.)/Time constant(t)
The insulation resistance is the ratio between an applied
D.C.voltage and the resulting leakage current after a minute of
charge. It is expressed in MQ. The time constant is expressed in
seconds with the following formula:

t[s]=I.R.[ MQ ] x C[uF]
In general,Insulation resistance is used for describing smaller
capacitance capacitors’ insulation character, Time constant for
describing larger ones’(example:CR>0.33 1 F).
In addition, if the capacitor with larger capacitance couldn't fully
charge in one minute, we maychoose5min, 10min, even longer
time as charging time, or it is to be determined by both purchaser
and manufacturer.
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Power Electronics Capacitor

2.31.Self-healing(Only for metallized film capacitor)

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

2.32. Failure rate A

It indicates the failure probability of components in unit time and
the value is the number of failure components in unit time
compared to the total number of components. The unitof A is
FIT(also expressed as Fit or fit) and1 FIT=1/(10° hrs).

For example, 10 000 pcs of components work at given conditions
for 10 000 hrs and 10 pcs of components failed, so A =10/(10
000x 10 000) =100 FIT.
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— Expected lifetime of the capacitor
The expected lifetime of the capacitor depends on the applied

voltage and the hot spot temperature during operation. For
capacitors applied in different situation, the designed average
service lifes are different. Generally speaking, capacitors used in
DC-Link circuits will have a expected lifetime of probablel00 000
hrs at rated voltage and 70°C hot spot temperc1ture.

Expected lifetime is a statistical value calculated on the basis of
experience and on theoretical evaluations. The following
diagrams show the correlation between expected life, operating
voltage and hot spot temperature. The diagrams should be
considered only as a theoretical reference. Please consult our
technical department in case of working condition different from
the rated ones.
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