Thermal design of capacitors for power electronics

1 Criteria for use

In order to scale a capacitor correctly for a particular application, the permisible ambient tempera-
ture has to be determined. This can be taken from the diagram “Permissible ambient temperature
Ta Vs total power dissipation P” after calculating the power dissipation (see individual data sheets).
For data sheets not contained in this data book, contact the nearest office of EPCOS.

Besides calculation of power dissipation P, the following examples illustrate determination of the
thermal load for continuous and intermittent operation.

2 Calculation of power dissipation P
The total power dissipation P is composed of the dielectric losses (Pp) and the resistive losses (PR):
Generally a secondary sinusoidal AC voltage can be used for calculating with sufficient accuracy.

P = PD + PR (13)
Pp = (g2 -m-fy-C-tan gy (14)
Uac peak value of symmetrical AC voltage

applied to capacitor (see also section 2.2.3) V
fo fundamental frequency Hz
C capacitance F

tan §p dissipation factor of dielectric

Pk = I2-Rg (5)
| rms value of capacitor current A
Rsg series resistance

at maximum hot-spot temperature Q

The Rg figure at maximum hot-spot temperature is used to calculate the resistive losses. In selec-
tion charts and data sheets the figure is stated for 20 °C capacitor temperature. The conversion
factors are as follows:

MP CapaCitorS R570 =1.20 - RSZO
MKV capacitors Rggs = 1.25 - Rgpg
MKK capacitors Rs70=1.20 - Rgpg
MPK capacitors Rsgs = 1.25 - Rgpg
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2.1 Calculation example for continuous operation

For data on B25855-C7255-K004, see individual data sheet, page 244.

o UA

Electrical operating parameters 000V oo -
Cr =25uF

Ugr = DC 3000 V

Oac = 1500 V

fo =300 Hz

| =50 A oV >
Rg(20 °C) = 1.4 mQ 1f,

Rg(85 °C) =1.7mQ " KLK16384
tan =2.107 Figure 1

Voltage connected to capacitor versus time

2.1.1 Dielectric power dissipation Pp
This can be read from the upper diagram in the thermal data sheet as a function of the frequency.

The diagram only applies to operation at the specified voltage 0, (peak value of the symmetrical
alternating voltage applied to the capacitor)

— for DC capacitors: Oac=0.1-Ug
— for AC capacitors: Oyc = Ugr
— for GTO snubbber capacitors: 0, =Ur (DC) /2

Pp can be calculated for all other voltages by applying equation (14):
PD:OaCZ'TE'fo'C -tan80
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for fg =300 Hz, weread: Pp = 1.1 W
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2.1.2 Ohmic power dissipation Pg

This can be read from the middle diagram as a function of the current, or can be calculated using
equation (15): Pg = 12 - Rg

101 KLK1639-C Figure 3
w Ohmic power dissipation Pg
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for =50 A, weread: PR =4.3W

2.1.3 Permissible ambient temperature

This can be read from the lower diagram as a function of the total power dissipation.
Total power dissipation (equation (13)): P = Pp + PR =5.4 W

100 KLK1640-F F|g ure 4
°c Permissible ambient temperature Tp
0, 80 \v.}_ — versus total power dissipation P
BN
~ ST~
60 \\A ~<c \.‘._~
N - ~ e~
0 \\\ Tl X Natural cooling
N~ =~ Forced cooling 2 m/s ------------=-mnmom
e N~ Permissible capacitor
20 temperature B
0 Upright mounting position
0 5 10 w 15
—P

In the example, the following permissible ambient temperature is obtained:

For natural convection cooling: Tamax = 55 °C
For forced convection cooling (2 m/s): Tamax =67 °C
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2.2 Permissible ambient temperature in intermittent operation

The effective mean power dissipation P has to be determined for intermittent operation. The maxi-
mum hot-spot temperature Tyg is also the scaling limit in intermittent operation.

_ t

p=1 [ Py (16)
tJg

P mean power dissipation W

P(t) power dissipation vs time W

dt time element S

t time S

In intermittent operation the calculation is simplified by introduction of the duty factor t; / (t; + t,) to
become

— tl

FJ't1+t2'F> 4
P mean power dissipation W

tq on time 5

to off time s

P total power dissipation W

t+ 1t cycle duration S

t1/(ty +tp) duty factor

Calculation example

Given:

t; =1650 s (on time)

t, = 2000 s (off time)

P=54W (total power dissipation)

With equation (17) this becomes:

1650

{1650 + 2000) >4~ 244 W

p -
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Figure 5 100 KLK1641-N
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Reading from the diagram
Tamax =72°C permissible ambient temperature for natural cooling in intermittent operation
ATp =13K mean temperature difference in intermittent operation
2.2.1 Check of thermal scaling in intermittent operation
It is necessary to ensure that the temperature limit ©yg is not exceeded.
Calculation of thermal resistance Ry, and thermal time constant ty,:
AT'5
Rth = — (18)
P

AT mean temperature difference
_ in intermittent operation K
P mean power dissipation W

The relationship between Ry, and Ty, is given by equation (11).
Tth = M - Cineap * Rin

Calculation example

Given:

ATp = 13K (from diagram, figure 5)

P = 244 W (calculated with equation (17), see page 48)

Cthcap= 1.3 \év_sg (specific thermal capacitance for selected capacitor)
m = 900¢g (from data sheet)
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Equation (18) produces
13
Ry = —£ = o
p 2,44
And equation (11) produces
Th=m-cC ‘R =900-13—y—v—§—-53—|-<—=6200
th thcap th “ K g Y,

The generally valid correction factor  (figure 6) can be used for final calculation of the permissible
ambient temperature in intermittent operation Tpmay, allowing for the particular application.

10 KLK1642-W
10
B 5
5 4
2
3 1
05 ti+ty Iy,
2
Figure 6
Correction factor 3 vs
1 duty factor t,/(t; + tp)
0 05 1

Ll (ttty) —>

Tamax < Ths (1= PB) + BTap (19)
T amax permissible ambient temperature
in intermittent operation °C
Tus max. hot-spot temperature °C
B correction factor
Tap mean ambient temperature
in intermittent operation °C
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Calculation example

The on and off times stated on page 48 and the thermal time constant 1, calculated on page 50
produce:

b 1650
(t, +1,) ~ (1650 + 2000)

=0.45 (duty factor)

L+ _ (1650 +2000) _
T, 6200 -

0.6 (parameter in figure 6)

The correction factor § = 1.15 can be read from figure 6.
Equation (19) produces:

Tamax <85(1—-1.15)+1.15-72

Tamax = 70 °C (for natural cooling)

3 Load duration t| 5t as a function of temperature T

The load duration of capacitors with organic dielectrics depends among other things on the hot-
spot temperature produced in operation. By derivation from the Arrhenius equation (this de-
scribes temperature-dependent aging processes) a relation can be produced for the load duration
on the basis of the maximum hot-spot temperature in a not too considerable temperature interval
(Ths = Ths --- Ths — 7 K).

THS - Ths
tpr,, = toTg 2 (_———_c———_) (20)
tLoT,, load duration at hot-spot temperature at operating point h
tUDT load duration at maximum hot-spot temperature h
Tus maximum hot-spot temperature °C
Ths hot-spot temperature at operating point °C
c Arrhenius coefficient 7°C
4 Load duration t_ py as a function of voltage U

This produces, in analogous fashion to the temperature-dependent load-duration forecast, results
that are only useful within relatively narrow limits (U = 0.9 ... 1.1 - Ug). The voltage-dependent load
duration of the capacitors can be approximated by a law of exponents:

t p, load duration at operating voltage h (21)
Ug\P tipy, load duration at rated voltage h
tip, = tLDUR(—D—) Ur rated voltage \
U operating voltage \%
n exponent which depends

on the technology used

09/05




