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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 the IEC is to promote
|nternat|ona| co- operatlon on all questlons concermng standardlzatlon in the electr|ca|ectron|c fields. To
this en i pacifications,

Technigal Reports t tp as “IEC
Publicarion(s) ). Their preparation is entrusted to technical committees; any IEC Nati itteg interested
in the [subject dealt with may participate in this preparatory work. Internati

governmental organizations liaising with the IEC also participate in this prep
with the International Organization for Standardization (ISO) in accorda
agreemfent between the two organizations.

and non-
tes closely
trmined by

2) The forfnal decisions or agreements of IEC on technical matters expr imternational
consengus of opinion on the relevant subjects since each technica e h ion from all
interested IEC National Committees.

3) IEC Puplications have the form of recommendations for i s ccepted by IHC National
Commiftees in that sense. While all reasonable efforts_are\ made /o, ensure thatthe technical confent of IEC
Publications is accurate, IEC cannot be h i i hich they are used [or for any
misintefpretation by any end user.

4) In ordefr to promote international uniformity i i dertake to apply IEC Rublications
transpafently to the maximum extent possible in egional publications. Any [divergence
between any IEC Publication and the corresponding national ‘or regional publication shall be clearly {ndicated in

the latter.
5) IEC pr pprol and cannot be rendered responsilple for any
equipmg EG Publication”.

6) All users should ensure latesteedition of this publication
7) No liablli i loyees, servants or agents including individual ¢xperts and
membe| its tg i o itte atiomal Committees for any personal injury, property|damage or

other d y 2 hether direct or indirect, or for costs (including legal fees) and
expense i , this IEC Publication or any| other IEC
Publicati

8) Attentidn i i eferénces cited in this publication. Use of the referenced puflications is
indispe

9) Attentidn i ibility’ that some of the elements of this IEC Publication may be thg subject of
patent fi . ot be held responsible for identifying any or all such patent rights.

Internatiq 60205 has been prepared by IEC technical committee 51: [Magnetic
components and-ferritg materials.

This third edfttonm cancefs and repfaces the second editfon pubtished T 2001, corrigendum 1
(2001). This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:
a) unit of angles through the text are described by using “radian”;
b) new words are added in 2.1 “All angles are in radians”;
/ Indog/d I
c) replacement, Clause 3.9, of the equation —2 = 28 3 2 =M;
Ay~ Drlh—hy) " Ay Dby —hy)I2

d) new cores “EL, ER, PQ, EFD and E planar” are added in this edition.
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The text of this standard is based on the following documents:

FDIS Report on voting
51/848/FDIS 51/857/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

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

The committee has de0|ded that the contents of thls pubhcatlon WI|| remain unchanged until the
maintena : .
related td

recon
withd
repla
amen

the specmc publlcatlon. At this date, the pubhcatlon WI|| be

[firmed;
awn;
ed by a revised edition, or

&

) the data
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CALCULATION OF THE EFFECTIVE PARAMETERS
OF MAGNETIC PIECE PARTS

1 Scope

This International Standard lays down uniform rules for the calculation of the effective
parameters of closed circuits of ferromagnetic material.

2 Basic rules TN

The folloying basic rules are applicable to this standard.

2.1 All gesults shall be expressed in units based on the millime to three
significaryt figures, but to derive I, , 45, and ¥, the values of C, - ulated to
five significant figures. All angles are in radians.

NOTE Thé¢ purpose of specifying this degree of accuracy is only to e 3 at different
establishments are identical and it is not intended to imply that ) ermined to
this accuragy.

used to
propriate

2.2 Al is the nominal value of the
calculate(4,,;, shall be the mean value
piece pafnt drawing.

2.3 Calq uit.
2.4 All dimensions used fc 3 S vithin the
tolerance limits quoted|on i i

2.5 Al irregula'
shall be ignored unle

2.6 When the_calculatio length of
flux path|for : f area of
the two adja at length
shall be4

fers, etc.

Calculati ctive,parameters [, , 4, and V.

The effective parameiers can be defined as

I,=C?IC, A,=C,/C, V,=1A4,=C/C)}
where
I, is the effective magnetic length of the core (mm);
A, is the effective cross-sectional area (mm?2);
V. is the effective volume (mm3);

C, is the core constant (mm=1y;

C, is the core constant (mm=3).
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3 Formulae for the various types of cores

3.1 Ring cores

} [
o
X of =
<
ro Lo \
4%

IEC 584/06

For ring cores of rec

oss-section with an appreciable average rgunding

_1,71685°

he :h(l_k1) k1 —W
1 2

3.1.3 Folr ring’ cores of trapezoidal cross-section with sharp corners

h(tana + tan S3)
d,—d,

h,=h(l-k,) k,=

3.1.4 For ring cores of trapezoidal cross-section with an appreciable average
rounding radius

h, :(1 —k; _kz)

3.1.5 Forring cores of cross-section with circular arc frontal sides

he :h—%(%ing—sum —gj
4sin*(g/2) 2 2 2
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@ = 2arcsinu.

4r

NOTE 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.
3.2 Pair of U-cores of rectangular section

NOTE U + PLT (Plate)-cores use U core formulas

Length of flux path associ

Mean length of flu;p

Mean argas<associated with /4, and /5:

AN
N
I'y
N Y o
Y Aq
S :Area>
N
h X
[ \/
wil - Ao
Area
= y A3
) Area
I's
Section Y-Y
Section X-X
IEC 5B5/06

A :A1+A2
N 2
Y :A2+A3
i 2

5 li 5
G2y G2

3.3 Pair of U-cores of rounded section

NOTE U + PLT (Plate)-cores use U core formulas.
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. h - p
s X />l'4 1
[N o = = = = = | I -
Q\,_ ..... il 74 77,
_/ ! \_ Area
i oYy ! !
S| il i
4 i i
@ Ao ! | .
M Area v \ ; .
‘.'\.._.._.! ...... —.. . A3
- < _____r_ _____ \ rea
. T . :
Section Y-Y lns\}/ X i
586/06
In calculgting 4, ignore any ridges introduced for the p iNtating~manufactute.

Length of flux path associated with area 4,:

Mean length of flux path at corners:

5 + 1
Mean argas associated with d /5:

A+ A4
A, T A
AS_ 22 3
51 5
=1 q,-= 4
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3.4 Pair of E-cores of rectangular section

NOTE E + | (Plate)-cores use E core formulas.

X-H<l—1> la = >
|
I"/_ ...... : ....... \'/>1/ Q‘jt % AreaA1
y | =] v ! ‘
L3 I 1
‘ |

_ Z
S e i R/

: [ :
! | I Are
' i !
2 Ao I | .
v A Area : - .
~._._.r . / ” 44
: 21 Area

Section Y-Y
Section X-X

S

IHC 587/06

Area of hlalf the centre limb: 45

Mean length of flux paths at corners:

Mean arg
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3.5 Pair of ETD/EER-cores

60205 © IEC:2006(E)

e <
N

=

A

oy

Az

Area

Sectjon Y-Y

A1 is equal to the rectangle b %a —cj

2

1
=—d
A=

Mean length of flux p

o) 4

ean value of —(d2 —d3) and (C —d3 /2).

— A4
Area

b
d2

Section

X-X
IEC 588/06

1
NOTE /,i
2
Area of h
A, =4+ 4
The condition to obtain A3 = A43 is
S, =0,2980d,
Mean length of flux path at corners:
7
l, :E(p + h)

where p—g—l —é
2 7 2
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=2 (os, o)

Mean areas associated with /, and /g:

A4:A1+A2
2

A5:A2+A3
2

3.6  Palir of pot-cores

Area of Suterri

The conditiér-te-ebtair—d——4"

/? |
_

A=A+

Section X-X

IEC | 589/06

Area of centre limb:

S :_d_22 +\/%(d12 +d22)

A=A+ 4

The condition to obtain 4; = 4; is

S, :%_ﬂé(d; +d42)
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Area of ring:
1
4, = (-n6)a; - a,?)
4
@ = arcsin
1 + 2
where
b : slot width
n: number of slots TN
Core factlors associated with /,:
l 1
2 = " In—=—
4,

Area of centre limb:

Mean lenjgth of flux paths &

Areas as

Core factors associated with /g:
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3.7 Pair of RM-cores
NOTE 1 This calculation is also applicable to the core type without hole.
NOTE 2 RM + | (Plate)-cores use RM core formulas.

Type 1 — RM6-S, RM6-R

Type 2 - RM7

q "
lmax =1 max + / max

IEC 590/06
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Total area of the outer leg:

. e
where [ =a —arcsin—
2

Core factors associated with /,:

AN
d
In—2 f
L __ d
4, D
where f= [ min+ [ max , D :ﬁ
2 min AS
Type 1:
Type 2:
2
j —%d2d3 cos(a - ) - b
25in£
2
Type 3:
e 1 .
lmax :E +E[1 _Sln%j(dz _C)
Type 1: RM 6-S:
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Type 1: RM 6-R:

_1|p 1 . 1 ¢
A7 —Z{Edzz +5d2d3 Sln(a_ﬁ)+§(c_d3)2 tang_zd;}
Type 2:
1
A, ===
! 4{2
Type 3:

Area of centre pole:

Mean lenigth of flux paths a

4, = (Al +2,&1’2h)

1
2

L=l +[ =’f{d3 +h- %(df +d42)}

A = %{’ZT (a7 -a7)+ 2ad3h}

51. 51

¢ :Zj C,=) %

i=1 i i=1 Ai

NOTE This calculation ignores the effect of spring recesses and stud recesses. These may have some influence
on the outcome of the calculation, especially for smaller cores.
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3.8 Pair of EP-cores

G Section X-X
IEC 591/06

As a pair

Lo_ h_ 4h
fAy
2
I, h, 16,
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Areas associated with /, and /5:

o _TT d hy—h
Iy =1y +1y :?(y—%+%j

_ |r-a)a” +2lab -’ 18-dd, 12)
4(r-a)

AN
where y [is a hypothetical radius bisecting the cross-sectional area of thering.

3.9

dy
d3
d2

s i
1

i

4]

A
Y

Section X-X IEC 592/06
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Total area of the leg:

where £ =a - arcsini
2
Core factors—associatedwith Z2. AN
L=l o+,
d
In—2g
12 — d3
A, Dk —h
where ok [ min+ [ max D =A_7
21 min Ag

2 1, ¢ /)
tan B—— f*tan| a -~ |-—d
f“tan B 8f an( 2) T

Area of centre-tmb-

Mean length of flux paths at corners and mean areas associated with these:

! di n
=1+ zg(hl —h, +d, _dz)

A, :%{Al +2:3d2(h1 _hz}
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3.10 Palir of EL-cores

NOTE EL

L=1+ =’f{d3 +h —h, - %(df +d42)}

—-19 -

F2

+ PLT (Plate)-cores use EL core formulas.

Area of o

Mean len|

(0]

X

uter Ieg:t

a

a

=~(4-E)C -4
: )

uter leg:

(Rz—lsz
4

I

IEC 54

3/06

Area of back wall:

Mean length of flux at back wall:

A, = (C +(F, =F,)+ 7F,2)(8 - D)
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Area of centre limb:

Area of out side corner:

where 4.4 = (B - D)C

Mean lenigth of flux path at outside corner:

Area of ifside corner:

where A

Mean len|

I,=C}IC, A,=C/C, V,=C)C:
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3.11 Pair of ER-cores (low profile)
NOTE ER + PLT (Plate)-cores use ER core formulas.

B
- . I
C
« I g :D: |<_. la
S | A S ...’
T — 7y - - K ==g==1rn/
4 : I : [}
! --i-- I3 —L- ~
! <> | L\
ol 1 m AT R P
(S [ 4_ -} < =L —]- = = - . —. ‘_>!
- Ve \ ]
S . /"
i 2\
| Q
¥ l/_ \ /\
! ! | AV: SIANA
|
i

B
NS

\/

<

i

where al= arceos (GIE)

Area of oluter leg:
2
Lo-6)-[ - _£C Gha
2 4 4

|

IEG 594/06

Mean lenigth”of flux path at outer leg:

i
o

Area of back wall:
Ay = C(B - D)

Mean length of flux path at back wall:

l :%(E +VG? +C? —2F)
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Area of centre limb:

Mean length of flux path at centre limb:

Area of outside corner:

Mean lenjgth of flux path at outside corner:

where

Area of inside corner:

Mean length of f@

Thecongn obtait4 3 = 4”3 is
S, =—F (1 -sina)=0,22978F
5.7 5]
c, ="+ c,-= !
: ;Ai 2 ;2,42
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3.12 Pair of PQ-cores

NOTE 1 This calculation ignores the effect of spring recesses.
NOTE 2 PQ + PLT (Plate)-cores use PQ core formulas.

' Aq/2

Area of oluter leg:

where S F arcco@lz‘

Mean len|

1 7 In(E/F )

A, " KnB -D)

L, _ 1/F -1/E
_2_f 2 2
4; 7 2k*m(B-D)
where
_A; _ 4,
Ag E(E2 F2)
16
lmin + lmax
f B 2lmin

NOTE /,ax may be determined by measurement.

IEC 595/06
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