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Techni cal

| nfor mat 1 on

The Effect of Drect Qurrent on the
| nduct ance of a Ferrite Qre

| ntroducti on

If ferrite cores are used in the design of transforners, chokes or
filters, wich arereqiredto carry drect curent, it is necessary
to predict the degree of inductance degradation caused by the
static field. Viden dc fl ows through the winding of aferronagnetic
device, it tends to pre-nagnetize the core and reduce its induc-
tance. The perneability of a ferrite nateria neasured wth
superinposed dc might increase slightly for very | owval ues of dc
anpere-turns, but thenit progressively decreases as the dc fiel d
is increased and the core approaches saturation. This perne-
adlity isreferred to as the increnenta pernesbility p,. If anar
gapisintroducedintothe nagnetic path of a core, the rel uctance
is increased hence the inductance is decreased. Hwever, the
core's capacity for dc anpere-turns wthout a degradation in
inductance is significatly inproved, abeit a the expense of a
lover effective perneability.

DC Bias in Gapped Cores

The use of graphs such as the Hanna* curves has sinplified the
tedious tria and error nethods often enpl oyed when desi gni ng
inductors wth superinposed dc. A Hanna curve is created by
neasuring the inductance vs. dc bias of various core sizes and
gap lengths of the sane naterial grade. The neasured data is
usedtocreate curves suchas thoseplottedin Fgure 1 (this curve
is specific for a set of 9478015002 E cores). Aline is dram
connecting the individual curves through the point of tangency.
The graphs are then nornal i zed by dividing the vertical sca e of
Foure 1 by the effective core vol une V,and the hori zontal scal e
and the gap lengths by the effective path length | of the core set.
The individua curves, once nornalized, overlay creating the
Hanna curve. Fgure 2 is such acurve for Fair-Rte 78 nateria
and can be used for al core setsinthat naterid.
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Figure 1 Poduct inductance factor and current squared vs.
DCcurrent for a pair of 9478015002 E cores.

Desi gn Exanpl e

For a typicad output choke application, the designer knows a
nuniber of design criteria such as the required inductance, the
drect curet, adternating ripde curet and alondd e dc resis-
tance. He will aso have requirenents for core size, anbient
tenperature an often apreference for a particul ar core geonetry.

CR Hanna presented a paper “Design of Reactances and Transforners which Garry Drect Qurrent” at the 1927 Wnter Qoxnvention of AEE

The paper provided a nethod of calcuating the air gap that wil yield the naxi numinductance for a g ven nunber of turns, wth a specified anout of dc, fa a

paticdar nateid.
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The fo lowng exanple il lustrates the use of the Hanna curve in 10° ’l-‘} e man i
the design of an i ndctor o =alrgap — 2
’ £, = effective path length of core set ~ 150

Inductor  speci fi cati ons: )(X:_ 00

M ni num i nduct ance L =1nH A ;0'&70

Drect curent l, =1A )'/z_czo

Aterneting ripde curet I =0.2 A 10 Lot

Mixi numdc resistance R, <02 Q /f"=.01‘0

2
L ¥~ 005
Sep 1 Initid Qre SHedtion v, /
sing the Hinna curve for 78 naterial of Houre 2, select aval ue /
fa LI/ V, aporoxinately mid range on the vertica axis, thet is 10+ //5—
between 10+ and 103. Ay val ue greater than 102 wll verk the / 4;'002
ferrite too hard and the dc resistance is apt to be high. Awything va
lower than 10+ wll resuit in a conservative design and the dc /
resistance wll be qite low
SHect therefore L|2/Ve= 3.5 10+ 105
1 10 100 1000

Glcuate V, from
VvV, =12/3510+

e

L. =1nd designfor L=21110°%H

| =l +1/2=1+022=11A
V, =1110%x11%3510+ = 3.8 cn

e

Sl ect Ecore (preferred core shape), based upon the cal cul at ed
core volune of 3.8 cn® fromthe catal og, pages xx and xx. Two

Fair-Rte E cores are consi dered:

9478015002
9478014002

V,=1.95 cnt and
V,=3.92 cnt.

The 9478014002 is clasest and will be used in this inductor
design. The core paraneters for this Ecore set are

[,=49cm A ,=.80cnt ad V, =392 cnt.

Recal cul ate
LI2/V,=1110°%x112/392 =34 10

Sep 22 Nunber of Turns, Wre Sze and Wre Ft.
FomFgure 2, a LI?/V,=3.410“ yields aHval ue of 17 oersted.

Glcuate tuns N fromthe fomlaH=.4 TIN / |, oersted
N=17x49.4x Tx11=603 o 61turs.

Fomthe core di nensions, the core wnding area can be
cacuated, see Table 1.

Wnding area for a set of E cores 9478014002 i s:

A, =D(EP ininchz
A,=.255 (.740-.250) =.125 inch2.
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H (oersted)

Fgure 2 Huinna curve for core sets in 78 naterial .

Table 1

Qre Wnding Area (inch?)
E Qores O EF
ETD Cores OER
PQ Cores OER
Pot Gores OER
EP Cores O EF

Snce the wnding area of the appropriate bobbinis snaller than
the core wnding area, a correction factor F, has to be used to
deternine the bobbi n wnding area. Fgure 3 givesthis correction
factar F, as a function of the cal cu ated core wnding area A,.
Aset of Ecores 9478014002 has a A, =.125inch?, fromFgure
3 can be determined that the F, = .55 therefore the babbin
wnding areais .5 x .125 = .069 inch2. Wsing a conservative
curent density of 1 m\per circdar ml or 1275 A per inch?, an
initial wre size sel ection of 20 ANB can be nade fromthe Wre
Tabl e on page xx. To deternine the dc resi stance of the w nding,
first find the average length of turn fromTad e 2

Tabl e 2

Mean Length of Turn (inch)
E Qores 2 (CB
ETD Cores S5 (BP
PQ Cores .5 (B
Pot Qores S5 (BP
EP Cores .5 (BH
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1.0 The graphs in Fgures 4 through 8 showthe inductance factors
9 g A vaues as afuxtion of thear gas for the dfferent core
types and sizes.The air gap deternined in the desi gn exanpl e
8 Egtccoi::ss andthe air gaps shownin Figures 4 through 8 represent the total
A air gap. The nost practica vay toobtainthisar ggpistogind
7 P =i thisgapintothe center legof one of the core hal ves. Non-netal lic
// // shing can also be used to obtain the desired air gap. This is
6 v / usual |y done by pl aci ng shins between the outer | egs or outside
Fe 5 // ATE Cores rins of the core halves. In cores wth a uni formcross-sectiond
' / L7111 PQcores area, the A value or inductance index wll be the sane whet her
4 /| d SUD RS the core is gapped or shins are used that have a thickness hal f
the total air gap. For cores that have a no-uniform cross-
3 sectional area the shimthickness can be cal cul ated from
5 Simthickness = tatal air gap x CSenter maing area
total nating area
1 The above exanpl e of the E core 9478014002, a core wth a
0 uni formeross-sectional area, can therefore use . 006 i nch shins
0.01 01 1.0 between the outer |egs.
A, (inch?)

FHogure 3 Qrrection factor F vs. core wnding area A,.

Average length of turn for E 9478014002 i s:

l, =2(CH .
luy =2(.500 +.740) =248 irch 10000 T — T T T
R, =248 x 61 x 10.2/12000 = 0.13 Q 1-94-625002 5-94-375002 9-94-015002
2-94-500002 6-94--014002 10-94--016002 |
(Fomthe Wre Table, 1000 ft of 20 AABhas a resistance of 10.2 Q) 3-04--036002 7-94-012002 11-94-020002 |
4-94-017002 8-94-034002 12-94-019002
To check for wnding fit, mitipy the nunbber of turns per square N
inch for 20 A/G fromthe Wre Table wth the bobbin wnding 1000 25 TN
area of .069 inchz. For 20 ANG the bobbin wnding area can 1
acconmodat e 854 x .069 = 58.9 turns. This is too close to the A 3 N
cacuated turns for an easily nanufactured nagnetic design. (nH) 5 S N
Wse 21 ANG vire i nstead. 4148§Q§§~ N NN
I §\\\ \\ \§:
R, =248 x 61 x 12.8/12000 = 0.16 Q. 100 okl | TN R
Wnding fit for 21 A/G
I~
N = 1065 x .069 = 73.5, vel| above the require 61 turns. ™~ L
™
Sep 3 Ar gp.
G]I’gbacktoﬁg.l’ez, f0|’ L|2/Ve:3.4 :I.O’4 arﬂa H=17 CEfSted, 100001 0.01 0.1

alll ratioof approxinately .006is found Air Gap (inch)

The gap length = .006 x |._.
| =.006 x 49254 =.012 inch.
To summari ze:
E core 9478014002 N=61turns
Wre size 21 ANG Gp length . 012 inch

Fogure 4 A vs. gapfor Ecoresin 77 and 78 naterial .
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