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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CALCULATION OF THE EFFECTIVE PARAMETERS
OF MAGNETIC PIECE PARTS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60205 has been prepared by IEC technical committee 51:
Magnetic components, ferrite and and magnetic powder materials.

This fourth edition cancels and replaces the third edition published in 2006 and
Amendment 1:2009. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) addition, in 5.1, of the drawing of a core of rectangular cross-section with chamfer;
b) addition, in 5.1.3, of the equation of a core of rectangular cross-section with chamfer;
c) equationsin 5.1.4, 5.6, 5.7, 5.8, 5.9, 5.11, 5.12, 5.14 are amended or replaced;

d) drawings RM6-S and RM6-R in 5.7 are amended;

e) addition of EC-cores, see 5.15.
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The text of this standard is based on the following documents:

FDIS

Report on voting

51/1149/FDIS

51/1156/RVD

Full information on the voting for the approval of this International Standard can be found in

the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

The contents of the corrigendum of July 2018 have been included in this copy.

Full document details: IEC 60205-2016
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INTRODUCTION

The purpose of this revision is to provide formulae by which everybody can reach the same
effective parameter values. Firstly, it is necessary to have a sufficient number of significant
figures when figures are rounded off in the process of calculation. Additionally, some of the
calculation formulae have been changed to get closer to the actual shape.

In this revision, the basic idea of calculation has not been changed. Recently, analysis of the
magnetic field in the core has been considerably improved, so that, based on these ideas,
development of new approaches and formulae can be expected.

Furthermore, the new “EC-cores” have been added.

The parameters in the existing IEC standards will be revised with the outcome from the
formulae of this document.
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CALCULATION OF THE EFFECTIVE PARAMETERS
OF MAGNETIC PIECE PARTS

1 Scope

This document specifies uniform rules for the calculation of the effective parameters of closed
circuits of ferromagnetic material.

2 Normative references

There are no normative references in this document.

3 Terms and definitions
No terms and definitions are listed in this document.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp
4 Basic rules applicable to this standard

4.1  All results shall be expressed in units based on millimetres, shall be accurate to three
significant figures, but to derive /,, 4, and ¥V, the values of Cy and C, shall be calculated to
five significant figures. All angles are in radians.

NOTE The purpose of specifying this degree of accuracy is only to ensure that parameters calculated at different
establishments are identical and it is not intended to imply that the parameters are capable of being determined to
this accuracy.

4.2 A, is the nominal value of the smallest cross-section. 4, is the geometrical cross-
section of a ring core with rectangular shape. All the dimensions used to calculate 4, shall
be the mean values between the tolerance limits quoted on the appropriate piece part drawing.
All results shall be expressed in units based on millimetres, and shall be accurate to three
significant figures.

The minimum physical cross-section area 4, is given as: A4,;, = min (4;)

NOTE 4 to be used for the measurement of the saturation flux density B
section.

max ON ring cores with rectangular cross-

4.3 Calculations are only applicable to the component parts of a closed magnetic circuit.

4.4 All dimensions used for the purpose of calculations shall be the mean value within the
tolerance limits quoted on the appropriate piece part drawing.

4.5 All irregularities in the outline of the core, such as small cut-outs, notches, chamfers,
etc. shall be ignored unless otherwise described.
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4.6 When the calculation involves the sharp corner of a piece part, then the mean length of
flux path for that corner shall be taken as the mean circular path joining the centres of area of
the two adjacent uniform sections, and the cross-sectional area associated with that length
shall be taken as the average area of the two adjacent uniform sections.

Calculation of effective parameters /,, 4, and V.

The effective parameters can be defined as

lg =C2ICy  Ag=CyICy Vg =lgdg =Ci>1Cy2

where

Il is the effective magnetic length of the core (mm);,
A, is the effective cross-sectional area (mm2);

Ve is the effective volume (mm3);

C4 is the core constant (mm~1);

C, is the core constant (mm~3).

5 Formulae for the various types of cores

5.1 Ring cores
511 Ring cores in general

Drawings of ring cores are shown in Figure 1.

g
<
10
4x '\
[
< h -
X-X

IEC

Figure 1 — Ring cores

21
= In(d4/d>)
Cy = 4n(1/dy —1/dq)

hez In3(d1 /dz)
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5.1.2 For ring cores of rectangular cross-section with sharp corners

hey = h
The geometrical cross-section of a ring core with rectangular shape Ag is given as:

_p92-d

Agq 2

5.1.3 For ring cores of rectangular cross-section with an appreciable average
rounding radius ry

1716812

he = h(1=k1) Ky =Wy —dy)

5.1.4 For ring cores of rectangular cross-section with appreciable chamfer ¢,
4C02

he =h(1—k3) k3 :m

The geometrical cross-section of a ring core with appreciable chamfer shape Ag is given as:

5.1.5 For ring cores of trapezoidal cross-section with sharp corners

h(tan a+tan ﬁ)

ho = H1-kz) 1 = ML

5.1.6 For ring cores of trapezoidal cross-section with an appreciable average
rounding radius r,

he :h(1_k1 _k2)
5.1.7 For ring cores of cross-section with circular arc frontal sides

e :h_‘ﬁ;_dz(zsinﬂ_w_ﬂ)
4sin®(p/2)

dy—dy
r

@ = 2arcsin

When the winding is uniformly distributed over a ring core, it may be expected that, at all
points inside the ring core, the flux lines will be parallel to its surface.

No leakage flux will therefore leave or enter the ring core. This justifies the use of a
theoretically more correct derivation of the effective parameters, which does not make use of
the assumption that the flux is uniformly distributed over the cross-section.
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5.2 Pair of U-cores of rectangular section

Drawings of a pair of U-cores of the rectangular section are shown in Figure 2.

"4 X Bt I'a
| A
NP T
N/ : -/ v 2] Area
A : I I
| i |1
h Yl:]Y . [
N I I . N
\ ~ t . | -_* | I ~
@‘ | A2 | I
Y Area ) | I ) v
S — T H—-
'</ : \ > Area
I"s X-»! I's
Y-Y
« 3 > X-X
IEC
Figure 2 — Pair of U-cores of the rectangular section
Length of flux path associated with area A4,:
Io =15 +15
Mean length of flux paths at corners:
ly=ly+li =7 (p+h)
Is =15 +18 = =(s+h)
4
Mean areas associated with /, and /5:
A4 _ A1 + A2
2
A5 _ A2 + A3
2
Sh G-y
‘ 2
i1 Ai i=1 4
5.3 Pair of U-cores of rounded section
Drawings of a pair of U-cores of the rounded section are shown in Figure 3.
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\ Area Jv \ . . J'
- J 7 A3
4_ AT TN K hrea
" J
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B I3 -
X-X
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Figure 3 — Pair of U-cores of rounded section
In calculating 4, ignore any ridges introduced for the purpose of facilitating manufacture.

Length of flux path associated with area A4,:
Iy =15+15

Mean length of flux path at corners:

u=u+u=}@+m

15:lé+l§:%(s+h)

Mean areas associated with /, and /g:

A+ A
Ay = 12 2
A2+A
A5 == 3
S, S
C: —l C = —l

5.4 Pair of E-cores of rectangular section

Drawings of a pair of E-cores of the rectangular section are shown in Figure 4.
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Figure 4 — Pair of E-cores of rectangular section

Area of half the centre limb: 45
Mean length of flux paths at corners:

Iy =—(p+h)

I = X[ 92,
8 2

Mean areas associated with /, and /5:

A4 _ A1 + A2

2
A5 _ A2 + A3
2
Ci=)— (= l
2
o1 Ai i=124;
5.5 Pair of ETD/EER-cores
Drawings of a pair of ETD/EER-cores are shown in Figure 5.
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I<—> I4
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IEC
Figure 5 — Pair of ETD/EER-cores
A4 is equal to the rectangle b(%a —cj less the cap or segment 4,
A =1d22 arcsin b —ibwldzz ye
4 do 4
A= lab —ibwldzz ye —idzz arcsin LA
2 4 4 do
Mean length of flux path at back walls:
Iy = %(dzﬂldzz — b2 )—%3
NOTE |/, is taken from the mean value of %(dz - d3) and (c—d3 /2).
Area of half the centre limb:
Ay = A5 + 44
The condition to obtain 4’3 = 4”5 is
S1=0,2980d3
Mean length of flux path at corners:
T
g =—\p+h
2= Tlp+n)
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where p _5—12 oy

%=%@&+@

Mean areas associated with /, and /5:

A+ A

A4 1+ Ao
2

Ay + A4

A5 2+ 43
2

Cy= z—— Q— l

112A

5.6 Pair of pot-cores

Drawings of a pair of pot-cores are shown in Figure 6.

IA] h

////%/ .

S b

//%///% S

IEC

Figure 6 — Pair of pot-cores

Area of outer ring:
A=A+ 4

The condition to obtain 4’y = 4", is

Area of centre limb:
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A3 ZAé+A§

The condition to obtain 4'3 = 4”3 is

Sz :d73— i(0132 +d42)

8
Area of ring:
Ag = 1(7: - n9)(d12 - d22)
4
@ = arcsin
d1 +d2
where
b is the slot width;
n is the number of slots.
Core factors associated with /,:
b 1, a4
A2 mth d3
12 a —d3

Area of centre limb:

Mean length of flux paths at corners:

Iy =1y +15 :%(2S1 +h)

Is =I5 +1% =%(2S2 +h)

Areas associated with /, and /5:

A, for cores with back-wall slot:

Ay = %(n _n0)d? —d3)+ %(ndz _ nb)

A, for cores without back-wall slot:

Full document details: IEC 60205-2016
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1 T
Ay :§(n—n9)(d12 —d22)+5d2h
A5 = l(d32 —d42 +4d3h)
8

Core factors associated with /4:

5.7 Pair of RM-cores

Drawings of a pair of RM-cores Type 1 through Type 4 are shown in Figure 7.

This calculation is also applicable to the core type without a hole.
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Type 1 — RM6-S

PN

] ! X

v =
ol
I's %//j’/ I's

IEC

IEC

Imax = I'max + [""max IEC
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Total area of the outer leg:

. e
where S =a—arcsin—
dy

- 18 —

Type 4 —- RM6-R

Figure 7 — Pair of RM-cores

Ay = %a2{1 + tan(ﬂ - %J} .

2

Core factors associated with /,:

min * max

where f:l—, D=

2lmin

Type 1, Type 4:
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|nd_2f
lp — dj
A2 DTCh
A7
Ag
I =15 +15

lp _ (ds —1dy)f

Ap? (Drh )

Imax = \/% (d22 +dq? )—%d2d3 cos(a - j3)
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Type 2:
2
I :J%(df +dy j—%d2d3 cos(a - ) - b
2sinZ
2
Type 3:
1 .
Imax =———[etanf — c(1-sin=)]
2tanﬂosin£ 2
2
Type 1:
11,212 12 pl_m 2
A7 =—<=dy" +—e“tanf—-—e“tana - — |- —d
7 4{22 2¢ e (aZ 4
Type 4:
18,2 1 . 1 2, 9 T2
A7 = —3dy" + —dydssin(a — f)+ —(c —d3 ) tan= - —d
74{22223(0!/3)2(0 3) 243}
Type 2:
A, _1 ﬁd 2_T g2 l(bz—ez)tan a-2 +—e’tanp
412 4
Type 3:

Area of centre pole:
T, 2 2
Az = —(d -d )
3=\ 4
Mean length of flux paths at corners and mean areas associated with these:

e 1 1
g =i+l =—|h+—a—-—d
4 =lg +lg 4[ 2475 2)

1
Ay = §(A1 +2/d,h)
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Is = I + 1% :%{drj +h- ‘/%(d;;z +d42)}

1(n(, 2 2)
As = —<—\d2° —ds° |+ 2adah
5 2{4(3 4 0!3}
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This calculation ignores the effect of spring recesses and stud recesses. These can have
some influence on the outcome of the calculation, especially for smaller cores.

5.8 Pair of EP-cores

Drawings of a pair of EP-cores are shown in Figure 8.

As a pair:
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Figure 8 — Pair of EP-cores
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I 4(dy - dy)
2 2
A" (m—a)f(m—hy ) did,
I3 hy My
2
13 _ h2 - 16]’12
2 4 2, 4
A3 nz(d_zj ndy
2

Areas associated with /, and /5:

, " T d1 h1 h2
Iy=ly+1j=—|y-=+
4 =404 2[7 2 4

,_ [a=as 1 2lab—nd? 18— didy 12)
4(n—a)

where y is a hypothetical radius bisecting the cross-sectional area of the ring.

A4:l{ab—%d2 d12a’2 (n (Z)d(hl hzj}

2 2

ls = It + 1t :%(0,292 89%+%]

d? d
e R
5 5 .
— _r — 1
C1_;Al C2 ;Aiz

5.9 Pair of PM-cores

Drawings of a pair of PM-cores are shown in Figure 9.
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Figure 9 — Pair of PM-cores

Total area of the leg:

f

where f =a-—arcsin—
dy

Core factors associated with /,:

Imin + Imax D _ A7

where g =
2lmin A8

1 1
lmax = \/Z(d22 + d32)—5d2d3 COS((Z —ﬂ)

Iy _ (Yfd3-1dy)e

4°  ADrlhy - hp)J2)

L, 2 1 2 1 2 @
A dy" +— ftanf—— f“tanl a —— |- —
7 2 8f B 8f a7

8
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