Filter Inductor Design

A variety of factors constrain the design of a magnetic device. The peak flux density
must not saturate the core. The peak ac flux density should atsdficeently small, such
that corelossesare acceptablfow. The wire size should besufficiently small, tofit the
required number of turns the corewindow. Subject to this constrainthe wire cross-
sectional areghould be atarge aspossible, tominimize thewinding dc resistance and
copper loss. But ithe wire is too thick,then unacceptable coppessesoccur due to the
proximity effect. An air gap is needed when the device stores signiéoangy.But an air
gap is undesirable in transformer applications. It shouldggarentthat, for agiven
magnetic device, some of these constraints are active while others are not significant.

The objective othis handout is to derive a basic procediaedesigning dilter
inductor. In Section 1, several types ohagnetic devices commonly encountered in
converters are investigated, and the relevant design constraints are discussed. The design of
filter inductors is then covered in Sections 2 and 3hénfilter inductor application, it is
necessary to obtain the required inductance, avoid saturatiooptaid an acceptably low
dc winding resistance and coppess. The geometrical constait, is a measure of the
effective magnetic size of eore, when daopperloss and winding resistancare the
dominant constraintfl,2]. The discussionhere closelyfollows [3]. Design of a filter
inductor involves selection of a core having asufficiently largefor the application, then
computing the required amap, turns,and wire size. Design of transformers and ac
inductors, where core loss is significant, is covered in a later handout.

1. Several types of magneticdevices, their B-H loops, and core vs.
copper loss

Filter inductor

A filter inductor employed in a CCNduck converter is illustrated iRig. 1(a). In
this application, the value of inductanicas usually chosen sudhat theinductor current
ripple peak magnituddi is a small fraction of the full-load inductor current dc component
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Fig. 1 Filter inductor employed in a CCM buck converter: (a) circuit schematic, (b) inductor
current waveform.
a b)
core reluctance®,
(_(DH Tc
i) " -
+ > Re
n d p .
v(®) turns ) ar gap
_ 9 S reluctance
R n it @ 5 R,
—

Fig. 2 Filter inductor: (a) structure, (b) magnetic circuit model.

I, as illustrated irFig. 1(b). Asillustrated inFig. 2, anair gap is employedvhich is
sufficiently large to prevent saturation of the core by the peak cuirrefit

The core magnetic field strendth(t) is related to the winding currei() according
to

_ni(t R.
0= g )

wherel. is the magnetic path length of the core. SiHg#) is proportional ta(t), H.(t) can
be expressed as a large dc compokiepnand a small superimposed ac ripglé., where

H - nil QEC
0 Ic Qc + Kg
AH = nAi Rc
c |C gac + qe'g (2)
A sketch ofB(t) vs.H(t) for this application is given ifrig. B,
3. Thisdevice operatewith the minorB-H loop illustrated. Bea

minor B-H loop,—|

The size of the minor loop, and hertbe coreloss, depends filter inductor
on the magnitude of the inductor current ripgle The

copperloss depends oithe rms inductor current ripple, HCO H,
essentially equal to the dc componéntTypically, the core
loss can beignored,and thedesign is driven byhe copper B ation

loss. The maximunflux density islimited by saturation of
Fig. 3 Filter inductor

minor B-H loop.
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the core. Proximity losses are negligible. Although a high-frequency feraiterial can be
employed in this application, othenaterials having higher cortosses and greater
saturation flux density lead to a physically smaller device.

Ac inductor
An ac inductor employed in a resonanitcuit is illustrated inFig. 4. In this
application, the high-frequency current variationslarge. In consequencthe B(t)-H(t)

loop illustrated inFig. 5 a B,

is large. Core loss and L B

L _nnny\_,_“_ """ B-H loop, for— |
proximity loss are i) operation as
ac inductor

usually significant in i(%) o
this application. The V\ N //
maximum flux density is i -
limited by core loss \—\/ 'Ai ' ‘ | core 5.+ foop

rather than saturation. Fig. 4  Ac inductor, resonant

Both core loss and converter example: (a) resonant tank
circuit, (b) inductor current waveform.

Fig. 5 OperationaB-H
loop of ac inductor.
copper loss must be

accountedor in the design of this element. A high-frequenmaterialhaving low core
loss, such as ferrite, is normally employed.

Transformer

Figure 6 illustrates a conventional transformer employed in a switclmngerter.
Magnetization of the core is modeled by the magnetizing inductageerhe magnetizing
currenti,,(t) is related to the core magnetic fiéldt) according to Ampere’s law

nit
H) =— U
m (3)
However,i.,{t) is not a direct function of thevinding currentsi;(t) or i(t). Rather, the
a) b)
v, (t) areal,
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t
Fig. 6 Conventional transformer: (a) equivalent circuit, (b) typical primary voltage and

magnetizing current waveforms.
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. . - B4
magnetizing current is dependent on the appliading

voltage wavefornv,(t). Specifically, themaximum acflux ZMA
MA:
density is directly proportional to the appligdlt-seconds g-+ oop, for—__| 7/
. . . . .. . Operation as
A;. A typical B-H loop for thisapplication is illustrated in conventional R
] transformer Ay, H,
Fig. 7. I
In the transformer application, cordoss and
proximity losses are usually significant. Typically the
maximum flux density isimited by corelossrather than byFig. 7 OperationaB-H loop
. . : . of a conventional
saturation. A high-frequenayaterialhaving low core loss
transformer.
is employed. Both core and coppérsses must be

accounted for in the design of the transformer.

- core B-H loop

Coupled inductor 3

A coupled inductor is a pl
filter inductor having multiple
windings. Figure 8(a)illustrates
coupled inductors in a two-outputVg
forward converter.The inductors
can bewound onthe samecore, N
because the winding voltage v, S
waveforms are proportional. The
inductors ofthe SEPIC and Cuk )
converters, asvell as of multiple- i(t) .
output buck-derived converters and Iy po
some other converters, can be
coupled. The inductor current (0
ripples can be controlled by control
of the windingleakage inductances ’ t
[4,5]. Dc currents flow in each
winding asillustrated inFig. 8(b), Fig. 8 Coupling the output filter inductors of a two-
and the net magnetization of the output forward converter: (a) schematic, (b)
core is proportional to theum of typical inductor current waveforms.
the winding ampere-turns:
niy(0) +niy(t) R

le R+ R, (4)

H(t) =



As in the case of thseingle-windingfilter inductor, the
size of the minoB-H loop is proportional tadhe total  minor B-H loop,—
currentripple, Fig. 9. Small ripple implies small core
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B

coupled inductor

loss, aswell as small proximityloss. Anair gap is ; .

employed, andhe maximumflux density islimited by

saturation.

Flyback transformer
As discussedthe Experiment 7 3

B-H loop,
large excitation

Fig. 9  Coupled inductor
minor B-H loop.

handout,the flybacktransformer functions i
as an inductor with twowindings. The
primary winding is used during the C_)
transistor conduction interval, and the
secondary is used duringhe diode

r
3
000
11
11
NN\
<

conduction interval. A flyback converter is b)
illustrated inFig. 10(a), with the flyback L
transformer modeled as anagnetizing
inductance in parallelwith an ideal

1,pk

transformer.The magnetizing currerif, () 12(0)
is proportional to the corenagnetic field
strength H (t). Typical DCM waveforms

are given in Fig. 10(b). img(t)
Since the flyback transformstores
energy, anair gap isneeded. Cordoss

1,pk

depends onthe magnitude of the ac

. Fig. 10
component of the magnetizimyirrent. The 9

t
Flyback transformer: (a) converter

schematic, with transformer equivalent

B-H loop for discontinuousconduction circuit, (b) DCM current waveforms.

mode operation is illustrated iig. 11. When the
converter is designed to operate in DCiie core
loss is significant.The maximumflux density is
then chosen tamaintain an acceptablfow core
loss. For CCM operation, coreloss is less
significant, and the maximum flux densitylisited
only by saturation ofthe core. In either case,
winding proximity losses may be of consequence

B,

B-H loop, for— |
operation in
DCM flyback i
converter nl 1.§k ®.

Im R AR,

rcore B-H loop

"Fig. 11  OperationaB-H loop

of a DCM flyback transformer.
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2. Filter inductor design constraints

Let usconsiderthe design ofthe filter inductor illustrated in
Figs. 1and 2. It is assumetthat the coreand proximitylosses are
negligible, sothat theinductor lossesare dominated by théow- i(t)
frequency coppelosses.The inductor can therefore be modeled by R
the equivalent circuit ofFig. 12, in which R representsthe dc
resistance of the winding. It is desired to obtain a gimdoctance

Fig. 12 Filter
and given winding resistand®. The inductorshould notsaturate inductor equivalent

when agiven worst-casepeak currentl . is applied. Notethat ~ C"eult
specification oR is equivalent to specification of the copper IBss since
P.=lme R (5)

The inductorwinding resistance influences both converéiciency and outputoltage.
Hence in design of a converter, it is necessary to construct an ingladse winding
resistance is sufficiently small.

It is assumedhat theinductor geometry is topologically equivalent koy. 13(a).
An equivalent magnetic circuit is illustratedfig. 13(b). The core reluctanc&®, and air

gap reluctance, are

9T Ho A (6)
wherel is the core magnetic path leng#,is the corecross-sectional areg, is the core
permeability, and, is the air gagength. It is assumethat the coreand air gap have the
same cross-sectional areas. Solution of Fig. 13(b) yields

nN=@(R.+xR
( 9) (7)
Usually, ®, << R, and hence Eg. (7) can be approximated as
n=® g, ©)
a) . b)
) ) cross-sectional Re
i =< areaA, M
+ n d i
vEt) turns ) :# zr gap nico) @ S %
—

Fig. 13 Filter inductor: (a) assumegtomety, (b) manetic circuit.
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The air gap dominates the inductproperties. Four design constraints n@an be
identified.

2.1. Maximum flux density

Given a peak winding curreht,,, it is desired taperate the corux density at a
peak valueB_.. The value 0B, is chosen to be leshan theworst-case saturation flux
density of the core material.

Substitution ofP =B A, into Eq. (8) leads to

ni=BA; %, ©)

Upon lettingl =1,,,,andB =B, we obtain

max

- — Ig
nlmax_BrmxAcRg_BmaxLTO (10)

This is the first design constraint. The turns ratamnd the air gap lengthare unknowns.

2.2. Inductance
The given inductance vallilemust be obtained. The inductance is given by

gﬁg lg (11)
This is the second design constraiffte turnsratio n, core area\;, and gap length, are
unknown.

2.3. Winding area core
As illustrated inFig. 14,the winding wire bare areal R
. . . . Aw 00000000000
must fit through the windowi,e., the hole in !
. : | ind
the center of thecore. The cross-sectional — 1 | g?égvvvﬁn o
area of theconductor, obarearea, isA,. If
the winding hasn turns, then the area of iy 14 ~ The winding must fit in the core
copper conductor in the window is window area.

nAy (12)
If the corehas windowareaW,, then we carexpressthe area availabléor the winding
conductors as

W, K, (13)
whereK,, is thewindow utilization factor, or fill factor. Hence the thirddesign constraint
can be expressed as

W,K,=nA, (14)
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The fill factorK,, is the fraction of the cor@indow area that is filledvith copper.
K, must lie between zero and one. As discussed irtligfe are several mechanisvhich
causeK, to be lesghanunity. Round wire doesot pack perfectly; this reducé&s, by a
factor of 0.7 to 0.55,depending on th&vinding techniqueThe wire hasinsulation; the
ratio of wire conductomarea to totalWwire areavaries from approximatel®.95 to 0.65,
depending on thaire size and type ahsulation.The bobbin uses some dhe window
area. Insulatiomay be required betweemindings and/or windindayers. Typical values
of K, for cores with winding bobbins are: 0.5 fosiaple low-voltagenductor,0.25-0.3
for an off-line transformer).05-0.2 for ahigh-voltage transformer supplying several kV,
and 0.65 for a low-voltage foil transformer or inductor.

2.4. Winding resistance
The resistance of the winding is
I
R=p W
Aw (15)
wherep is the resistivity othe conductor material,, is the length of thevire, andA,, is
the wire bare area. The resistivity of copper at room temperat@r& 2410° Q-cm. The

length of the wire comprising amturn winding can be expressed as
lw=n (MLT) (16)
where(MLT) is the mean-length-per-turn of te@nding. The mean-length-per-turn is a
function of the core geometry. Substitution of Eq. (16) into (15) leads to
n(MLT)
Aw (17)
This is the fourth constraint.

R=p

3. The core geometrical constanK
Thefour constraints, Egs. (10), (11), (14nd (17), involve the quantitie,

W,, andMLT, which are functions ahe coregeometry the quantitied, ., B .0 Mo L,
Ky R, andp, which are given specifications or other known quantities,rarig andA,y,
which areunknowns.Elimination of theunknownsn, I,, andA,, leads to thefollowing
equation:

AW, | L21%,p

(MLT) ~ BZ_ RK, (18)
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The quantities on the rightide of this equatiorare specifications or otheknown
guantities.The left side ofthe equation is a function of the core geometlgne. It is
necessary to choose a core whose geometry satisfies Eq. (18).
The quantity
_ ATW,
97 (MLT) (19)
is called the core geometricabnstant. It is digure-of-merit which describethe effective
electricalsize of magneticores, inapplications where coppdoss and maximum flux
density arespecified.Tables are included in the Appendbhich listthe values oK for
several standard families of ferrite coréshas dimensions of length to the fifth power.
Equation(18) revealshow the specifications affect the coseze. Increasing the
inductance or peak current requires an increase in sinee Increasinghe peak flux

K

density allows a decrease in caiee,and hence it is advantageoususe acore material
which exhibits a high saturation fludensity.Allowing a larger winding resistande, and
hence larger copper loss, leads tenallercore. Of coursethe increased coppérss and
smaller core size will lead to a higher temperature rise, which may be unacceptaliile. The
factorK, also influences the core size.

Equation (20) revealsow core geometry affects the core capabilities. An inductor
capable of meeting increased electrical requirements can be obtained by increasing either the
core ared\,, or the window are®/,. Increase of the core area requiaeslitional ironcore
material. Increase of theindow area implies that additionalopper windingmaterial is
employed. We can trade iron for copper, or vice-versa, by chatiggngpre geometry in a
way that maintains thi&, of Eq. (19).

4. A step-by-step procedure

The procedure developed in Section 3 is summarmddw. This simplefilter
inductor design procedure should be regarded as a first-pass approach. Nusseresis
have been neglected, includidgtailed insulatiorrequirements, conductor eddy current
losses, temperature rise, roundoff of number of turns, etc.

The following quantities are specified, using the units noted:

Wire resistivity p (Q-cm)
Peak winding current | max (A)
Inductance L (H)
Winding resistance R (Q)
Winding fill factor K,

Core maximum flux density Brax (M
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The core dimensions are expressed in cm:

core cross-sectional area A, (sz)
core window area W, (sz)
mean length per turn MLT (cm)

The use ofcentimeters rather than meters requiled appropriatéactors be added to the
design equations.

Procedure

1. Determine core size
212
Ky2 M 10°  (cm®)
B RK, (20)
Choose a core which is large enough to satisfy this inequality.thiotealues oA, W,,
andMLT for this core.

2. Determine air gap length
2
= Holb e goe ()
Bliex Ac (21)

with A, expressed in cfn Mo = 41 M0’ H/m. The air gap length is given meters. The
value expressed in Eq. (13-21) mpproximate, and neglects fringing flux and other
nonidealities.

Core manufacturers sell gapped cores. Rather than specifying the air gap length, the
equivalent quantityd, is used.A_ is equal to thenductance, inmH, obtained with a
winding of 1000 turns. Whe#, is specified, it is theore manufacturer’s responsibility to
obtain the correct gap length. Equation (13-21) can be modified to yield the refuirasl
follows:

2 2
= %”‘;XAC (mH / 1000 turns)
L1 (22)

whereA, is given in crf, L is given in Henries, and8__. is given in Tesla.

A

max

3. Determine number of turns
n= L e 10*
Brax Ac (23)

10
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Evaluate wire size
AW S KU WA
n (24)

Select wire with bare copper area less than or equal to this vallemancan WireGauge
table is included in the Appendix.

[1]

[2]

[3]

As a check, the winding resistance can be computed:
_pn(MLT)
R= A,
W (25)

Summary of key points

A variety of magnetic devices are commouaged in switching converter$hese
devices differ in their core flux densitrariations, asvell as in the magnitudes of
the acwinding currentsWhen theflux density variationsre small, coreloss can
be neglected. Alternatively, a low-frequeneaterial can beised, having higher
saturation flux density.

The core geometrical constagy is a measure of the magnetic size ofoae, for
applications in which coppeoss is dominant. Irthe K, design method, flux
density and total copper loss are specified.
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PROBLEMS

A simple buck converter operates with a 50kHz switching frequency and a dc input voltage of
40V. The output voltage i = 20V. The load resistance ks> 4Q.

(a) Determine the value of theutput filter inductanceL such that thepeak-to-average
inductor current ripplli is 10% of the dc component

(b) Determine the peak steady-state inductor cuirgpt

(c) Design an inductor which has the values a@indl ., from parts(a) and(b). Use aferrite
E-E core, withB,,, = 0.25T. Choose a value of windingsistance sucthat theinductor
copper loss is less than or equal to 1W. AssHie 0.5. Specify.coresize, gap length,
wire size (AWG), and number of turns.

11



Filter Inductor Design

A boost converter operates at the following quiescent pgjr#:28V,V = 48V, P4 = 150W,f
= 100kHz. Design the inductor for this converi&hoose thanductancevalue such that thpeak
current ripple is 10% of the dc inductor current. Use a fleakdensity of0.225T, andassume a
fill factor of 0.5. Allow copperloss equal t00.5% of theload power. Use derrite PQ core.
Specify: core size, air gap length, wire gauge, and number of turns.

Coupled inductor design. Theo-outputforward converter ofFig. 8(a) employs secondary-side
inductors which are wound on a common core. An air gap is employed. Winding cuy(t®resd
i,(t) exhibit coincident peak currents, andl,,, andrms currentsl,,, andl,.,, respectively. The
winding resistances afg andR,.

(a)
(b)

(c)

(d)

How should the turns ratia, / n, be chosen?

For a given coravindow areaW, andgiven |, andl,,, What ratioR; / R, minimizes
the total copper loss? How should the window area be allocated between the windings?

Modify the K, design procedure, to desigthis two-winding coupled inductor.
Specifications are given regarding tteeal copperloss P, maximum fluxdensityB,,,,
peak and rms winding currents, wire resistivity, fill factamgd converteroutput voltages.
Your procedure should yield the following dataquiredcore geometrical constari,, air
gap length, primanand secondaryurns n, andn,, andprimary and secondarwire areas

A1 andA,,.

Design a coupled inductor for the following applicativh= 5V, V, = 15V, |, = 20A, |,

= 4A, D = 0.4. The magnetizingnductanceshould beequal to 8H, referred tothe 5V
winding. You may assume a fill factég, of 0.5. Allow a total of 1W of copper loss, and
use a peak flux density &, = 0.2T. Use derrite EE coreSpecify: coresize, air gap
length, number of turns and wire gauge for each winding.

12
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Appendix

Magnetics Design Tables

Geometrical datdor several standard ferrite cohapesare listedhere. The
geometrical constari, is a measure of corsize, useful for designing inductors and
transformersthat attain agiven copperloss. The K, method for inductor design is
described in in this texK is defined as

_ AW,
9 MLT (A.1)
whereA, is the core cross-sectional aré4, is the window areaandMLT is thewinding
mean-length-per-turnThe geometrical constar€,, is a similar measure of corsze,
which is useful for designing ac inductors and transformers when the total coppeorplus
loss is constrained'he K ;. methodfor magnetics design is describedtie handout on

K

transformer desigrK . is defined as
W A2(l—l/[3)
gfe: e 2/B U(B)
MLT | (A.2)

wherel, is the core mean magnetic path length, fargithe core loss exponent:

Pfe = Kfe Bﬁmx (A3)
For modern ferrite material§ typically lies in the rang2.6 to 2.8.The quantityu(p) is
defined as

RENYES s
B 2
: B)‘ B+2 [3)(3+2)
u =[5 (8

(A.4)
u(p) is equal to 0.305 fds = 2.7. This quantity varies by roughly 5% over the range<2.6

B < 2.8. Values oK are tabulated foB = 2.7; variation oK, over the range 2.8 3 <

gfe
2.8 is typically quite small.

Thermal resistances are listed in those cases where published manufatataass
available. The thermalesistances listedre the approximate temperatuise from the

13



Filter Inductor Design

center leg of the core @mbient, per watt ototal power loss.Different temperatureises

may be observed under conditions of foragdcooling, unusual power loss distributions,

etc. Listed window areas are the winding areas for conventional single-section bobbins.
An American Wire Gauge table is included at the end of this appendix.

A.1 Pot core data

Core Geometrica Geometrica Cross- Bobbin Mean Magnetic Thermal Core

type I I sectional winding length path resistance weight
constant constant area area per turn length
(AH) A, W, MLT I Rin
(mm) Kg Kgte (cn) (cnf) (cm) (cm) (cw) ©)
cm cm'

704 0.738-16 1.61-1C 0.070 0.22:10 1.46 1.0 0.5
905 0.183-18  256-1C° 0.101 0.034 1.90 1.26 1.0
1107 0.667-1G  554-1C° 0.167 0.055 2.30 1.55 1.8
1408 2.107-1¢ 1.1-10° 0.251 0.097 2.90 2.00 100 3.2
1811 9.45-1C° 2.6:10° 0.433 0.187 3.71 2.60 60 7.3
2213 27.1-10 4.9-10° 0.635 0.297 4.42 3.15 38 13
2616 69.1-10° 8.2-1¢0° 0.948 0.406 5.28 3.75 30 20
3019 0.180 14.2-19 1.38 0.587 6.20 4.50 23 34
3622  0.411 21.7-18 2.02 0.748 7.42 5.30 19 57
4229 1.15 41.1-18 2.66 1.40 8.60 6.81 13.5 104

14
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A.2 EE core data E
A
Core Geometrical Geometrical Cross-  Bobbin Mean Magnetic Core
type constant constant  sectional winding length path weight
area area per turn length
(A) Kq Kt A, W, MLT Iy
(mm) cm’ cm’ (cn) (cn?) (cm) (cm) )
EE12 0.731-1¢ 0.458-1¢ 0.14 0.085 2.28 2.7 2.34
EE16 2.02-1¢ 0.842-1¢ 0.19 0.190 3.40 3.45 3.29
EE19 4.07-1¢ 1.3-1¢° 0.23 0.284 3.69 3.94 4.83
EE22 8.26-1C° 1.8-1¢° 0.41 0.196 3.99 3.96 8.81
EE30 85.7-1C° 6.7-10° 1.09 0.476 6.60 5.77 324
EE40 0.209 11.8-18 1.27 1.10 8.50 7.70 50.3
EE50 0.909 28.4-18 2.26 1.78 10.0 9.58 116
EEG60 1.38 36.4-16 2.47 2.89 12.8 11.0 135
EE70/68/19 5.06 127-16 3.24 6.75 14.0 9.0 280
A.3 EC core data
— A
Core Geometrica Geometrica Cross- Bobbin Mean Magnetic Thermal Core
type I I sectional winding length path resistance weight
constant constant area area per turn length
(A) A, W, MLT Il R
(mm) Kg Kgre (cn) (cn) (cm) (cm) (Ccw) @
cm cm'
EC35 0.131 9.9-10 0.843 0.975 5.30 7.74 18.5 355
EC41 0.374 19.5-19 1.21 1.35 5.30 8.93 16.5 57.0
EC52 0.914 31.7-10 1.80 2.12 7.50 10.5 11.0 111
EC70 2.84 56.2-19 2.79 471 12.9 14.4 7.5 256

15
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A.4 ETD core data

[E—

7N
N4

—

]

Core Geometrica Geometrica Cross- Bobbin Mean Magnetic Thermal Core

type I I sectional winding length path resistance weight
constant constant area area per turn length
(A) A, W, MLT I Rin
(mm) Kg Kgte (cn) (cnf) (cm) (cm) (cw) ©)
cm cm’

ETD29 0.0978 8.5-10 0.76 0.903 5.33 7.20 30
ETD34 0.193 13.1-18 0.97 1.23 6.00 7.86 19 40
ETD39 0.397 19.8-19 1.25 1.74 6.86 9.21 15 60
ETD44 0.846 30.4-18 1.74 2.13 7.62 10.3 12 94
ETD49 1.42 41.0-18 2.11 2.71 8.51 11.4 11 124

A.5 PQ core data

2D

Core Geometrical Geometrical Cross-  Bobbin Mean Magnetic Core

type constant constant  sectional winding length path weight

area area per turn length
(A,/2D) Kq Kgte A W, MLT [

(mm) cn’ cm* (cnt) (cn) (cm) (cm) )
PQ 20/16 22.4.19 3.7-10° 0.62 0.256 4.4 3.74 13
PQ 20/20 33.6-19 4.8-10° 0.62 0.384 4.4 4.54 15
PQ 26/20 83.9-19 7.2:10° 1.19 0.333 5.62 4.63 31
PQ 26/25 0.125 9.4.-170 1.18 0.503 5.62 5.55 36
PQ 32/20 0.203 11.7-F0 1.70 0.471 6.71 5.55 42
PQ 32/30 0.384 18.6-F0 1.61 0.995 6.71 7.46 55
PQ 35/35 0.820 30.4-F0 1.96 1.61 7.52 8.79 73
PQ 40/40 1.20 39.1-18 2.01 2.50 8.39 10.2 95
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Filter Inductor Design

A.6 American wire gauge data

AWGH Bare area, Resistance, Diameter,
103 c? 106 Q/em cm
0000 1072.3 1.608 1.168
000 850.3 2.027 1.040
00 674.2 2.557 0.927
0 534.8 3.224 0.825
1 424.1 4,065 0.735
2 336.3 5.128 0.654
3 266.7 6.463 0.583
4 211.5 8.153 0.519
5 167.7 10.28 0.462
6 133.0 13.0 0.411
7 105.5 16.3 0.366
8 83.67 20.6 0.326
9 66.32 26.0 0.291
10 52.41 32.9 0.267
11 41.60 41.37 0.238
12 33.08 52.09 0.213
13 26.26 69.64 0.190
14 20.02 82.80 0.171
15 16.51 104.3 0.153
16 13.07 131.8 0.137
17 10.39 165.8 0.122
18 8.228 209.5 0.109
19 6.531 263.9 0.0948
20 5.188 332.3 0.0874
21 4,116 418.9 0.0785
22 3.243 531.4 0.0701
23 2.508 666.0 0.0632
24 2.047 842.1 0.0566
25 1.623 1062.0 0.0505
26 1.280 1345.0 0.0452
27 1.021 1687.6 0.0409
28 0.8046 2142.7 0.0366
29 0.6470 2664.3 0.0330
30 0.5067 3402.2 0.0294
31 0.4013 4294.6 0.0267
32 0.3242 5314.9 0.0241
33 0.2554 6748.6 0.0236
34 0.2011 8572.8 0.0191
35 0.1589 10849 0.0170
36 0.1266 13608 0.0152
37 0.1026 16801 0.0140
38 0.08107 21266 0.0124
39 0.06207 27775 0.0109
40 0.04869 35400 0.0096
41 0.03972 43405 0.00863
42 0.03166 54429 0.00762
43 0.02452 70308 0.00685
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