TECHNICAL BULLETIN NO. 05

CAPACITORS...PF? DF? Q?

In any electrical device, including capacitors. when
we apply a certain amount of total power (energy)
into the device, we get a lesser amount out of it.
The difference between the amounts in and out is
“lost” or used within the device and isreferred to as
the “power loss.” If we now divide this “power loss”
by the input power, the resulting ratio figure is the
“power factor” of the device. The "power factor”
(PF)then is a direct measure of the “inefficiency” of
a capacitor, in that it supplies us with a measuring
tool to determine how much of the total power sup-
plied to a capacitor is used by the capacitor itself
and therefore not available to do otherwise “use-
ful” work.

Before proceeding further, a review of some fund-
amental concepts relative to the application of a
sine wave voltage to a capacitor will be helpful.

Although a capacitor is primarily capacitive in na-
ture, it does possess very small distributed a-
mounts of resistive and inductive elements. These
distributed resistor and inductor elements can be
lumped into a single value for computation pur-
poses as shown in the following equivalent circuit.

J R=Series resistance [{ohms)
- L=lInductance (henries)

C=Capucitonce {farads)

What we have then is a circuit containing all three
primary elements of resistance, inductance, and
capacitance. This means that the application of a
sine wave voltage to the capacitor will set up a
fundamental vector relationship between the vol-
tages and currents in each element as foliows:

Eq Resistive Element
lvery low value in copacitors)

D Ep=Resishive voltage

’ Ip=Resistive current

Ig 10 phase with Ep

£, Inductive Element
textremely low value in capacitors}

E, =lInductive voltage

I =Inductive current

. I, loggng E by 90° i time

E- Capacitive Element
fextremely large 1n capacitors}

. ., £ =Capacitive voltage
te ={apacitive current

1 leading EC by 90° in time

t=0 ~* time

Note also that since R, L, and C are in series in our
circuit, the circuit current (i) is the same current
that passes through all elements (in magnitude)
and therefore:

I=IR=IL=IC (Magnitude)

With the element currents out of phase with the
voltages, Ohm’s Law must be modified to use im-
pedances and reactances in addition to resistance.
That is—

ER=|R

E =1XL where XL=2:.-fL {Inductive reactance in ohms)

EC=IXC where Xc= _1__ [Copacitive reactance
in ohms) 2=tC

E=1Z where Z=Total impedance of R, X, X combina-
tion in ohms

The power relationship of our circuit is:
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Drawing the vector relationship, our power equa-
tion is:

b te (EN =(ERN H{ECI—EL 1Y
N UZIF=(RI 4 (X =X 1)
(1Z)=(7RY + (X=X )
N SR X=X )
\ I1'Z=1"R + (X=X |

Therefore: Z =R’~L(XC~XL): and Z=\’R"+[XE—XL)’

POWER FACTOR

The "power loss” within the capaitor is that portion
of the total power applied to the capacitor that is
not stored by the capacitor on an instantaneous
basis. As the current passes through the series
resistance element, it generates heat and this then
is the "power loss” we are concerned with. It should
be noted here that all energy losses (due to leads,
dielectric polarization, connections, and eddy cur-
rents in the electrode material) are taken into ac-
count by the “equivalent series resistance” ele-
ment. Analysis of the power equation shows:

N EI=(EQI) r(ECI—ELIY
substituting: (I'Z) =(FRY+{I"Xc-1'X)’

Power in=Power losses + power out
And therefore the power factor by definition is:

PF=Power Losses = (I'R)’ = ERl =cos ¥
Power In FZy B

(from the vector diagram)

Note also that the following vector relationships hold
true:
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We see then that in its simplest form the power
tactor is the ratio of the equivalent series resis-
tance to the impedance of the device.

Dissipation Factor
With the exception of electroytic and large power
capacitors, most wound dielectric type units utilize

a ratio figure known as the “dissipation factor” (DF)
instead of the Power Factor (PF). By definition, this
DF is the ratio of the equivalent series resistance to

the reactance. For comparison purposes we see
that:

PF=R=Cos 0
z

DF=R=Cot n

We can readily see that if X and Z are practically
identical (which would be the case when o ap-
proaches 90°), then the PF and DF would also be
practically identical.

For any given unit, an analysis of the divergence
error in the equation DF=PF shows:

R R
DF= PF= 3
.".R=(DF)X . .R=(PF)Z

And: (DF)X=(PF)Z=(PF} {\/RFX }=iPF (\/IDFX+X" )
{DF)X=(PF) (X\/[DFf =1
(DF)=(PF) (\/{DF1+1 )

Squaring: (DFY={PF)’ { (DF}'+1}=(PF}’ (DF)'-+(PF)’

Rearranging: (DF'—(DF)' (PF)'=(PF)’
(DFY [ 1—(PFY}=(PFY’

(DFy'=__ (PFY
{1-(PFY]
And finally: DF= PF
V 1—(PF)

Computations:

PF DF Divergence Error
0 0 0
.001 .0010000005 .00005 <,
.01 .0100005 .005%
.10 .1005 5%
.20 .204 2.0%

We see that for all values of DF=.10 (10% DF) or
less, the error in the assumption DF = PF will be .5%
or less.

The reason for using DF as a parameter instead of
PF is that determination of PF values requires



much more complicated equipment and proced-
ures compared to the simple comparison tech-
nique used for measuring DF.

DF then is a convenient, somewhat artifical method
by which the “inefficiency” of a capacitor can be
noted.

Q (Factor of Merit)
The “Q" or “Factor of Merit” of a device is also an
artifical measurement that will conveniently allow
notation ot the “inefficiency” (or power losses) of
that device.

By definition, Q is the ratio of the reactance to the
series resistance. This then shows the following
refationship:

F
or: Q is the reciprocal of the DF.
For instance:

DF=1.0% then Q= TJLI=]00

Common usage pretty much boils down to this:

1."Power Factor” is used for capacitors when the
PF is 10% or greater.

2."Dissipation Factor” is used when the PF is less
than 10%.

3. “Q” is occasionally used for capacitors. It is
widely used for inductors and total ciruits.

TECHNICAL BULLETIN NO. 06

CAPACITORS... DISSIPATION FACTOR

Whenever power {energy) in the form of voltage
times current is applied to a capacitor, part of that
total power is used or "lost" within the capacitor
itself. The ratio of this "power loss” to the total
power supplied is the “power factor” (PF) of the
capacitor. This PF figure then is a measurement
factor for rating the "inefficiency” of the power
transfer capabilites of the capacitor.

For those capacitors where the PF figureis .1 (10%)
or less, a ratio figure known as the “dissipation
factor” (DF) is more commonly used. The reason
for this usage of the DF figure is simply a conveni-
ence that takes advantage of the fact that DF mea-
surements on a capacitor are much simpler and
easier to make on standard capacitance bridges
than the determination of PF.

The relationships between PF and DF, and the fac-
tors that are concerned in these figures are deline-
ated in the following: (AC voltage applied)

where; R

R=equivalent series resistance (ohms) w

X= (XC'XLI = total reactance (ochms)

X = capacitive reactance {ohms)

]
C 2-fC
C=capacitance [farads)
f=frequency (Hz)

XL=2='fL = inductive reactance (ohms}

L=inductance (henries)

22=R2 + X2 = impedance (ohms)

I=current (amperes)

O=phase angle (radions or degrees)

Ohm's Law equations are:
E=1Z
E =IX
X
E =IR
R

ER=series resistance voltage

Ex=reoctonce voltage

where:

E—circuit voltage

Power Loss =ER,',_|2R R

=, "=,=c05 0
Total Power £l '22 z
The cos & and cot @ approach convergence as o
approaches 90 . At 90 |, both cos & and cot 0 = 0 and
Z=X

So: PF=

From cos & = O to cos & = .1 (10%}, the divergence
error of the equation cos # = cot © goes from 0 1o
5% error.

.". For values of PF = cos 6 = .1 {109%) or less, we

equate cos 0 and cot 0

Thus: PF=cos o~ cot 0 = DF

R =
X

™



