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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CALCULATION OF THE EFFECTIVE PARAMETERS
OF MAGNETIC PIECE PARTS

FOREWORD

The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnlcal commlttees (IEC Natlonal Comm|ttees) The object of the IEC is to promote

internationa fields. To
this enfl and in addltlon to other act|V|t|es the IEC publishes International Stan dparation is
entrustd to technlcal committees; any IEC National Committee interested in<{the subject (de with may

s liaising

Standaildization (ISO) in accordance with cond|t|ons determined by agreementbetwgen tions

2) The fogmal decisions or agreements of the IEC on technical matters\express bssible, an
internafional consensus of opinion on the relevant subjects since eagf ica ami 2 resentation
from alllinterested National Committees.

3) The doguments produced have the form of recommendations fo 5 € in the form
of standards, technical specifications, technical reports or/guides a d are\accepted by the National
Commiftees in that sense.

4) In orde ternational
Standa lards. Any
diverge be clearly
indicatgd in the latter.

5) The IEC iple for any
equipmeg

6) Attentidn is drawn to the possiRili i i the subject
of patent rights. The IEC shdll no )

Internatignal Standard : IMagnetic

components and ferrit

This secpnd edi

e first edition published in 1966, amendment 1

(1976), gmendment (1968) and second supplement (19j74). This
second editi it

The text j S ed on the first edition, amendments 1 and 2, supplemepts A and
B and thd

X

Report on voting

51/582/FDIS 51/594/RVD

Full information-on the \/n’ring for the npprn\/al of this standard can be found in the eport on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

Annex A is for information only.

The committee has decided that the contents of this publication will remain unchanged until
2005. At this date, the publication will be

reconfirmed;

withdrawn;

replaced by a revised edition, or
amended.

A bilingual version of this publication may be issued at a later date.
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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

The folloying basic rules are applicable to this standard.

2.1 All results shall be expressed in units based on the millimetre ?urate to
three sigpificant figures, but to derive [/, 4., and V, the values © alculated
to five significant figures.

NOTE Thé¢ purpose of specifying this degree of accuracy is only to e g at different
establishments are identical, and it is not intended to imply that € 2 ermined to
this accuragy.

2.2 Am”
calculate
piece paf

used to
propriate

2.3 Calq uit.

2.4 Al
tolerance

vithin the

2.5 Alli
shall be i

fers, etc.

2.6 Whent
flux path
the two
shall be

length of
f area of
at length

Calculati

The effective parameters can be defined as

le = C12/C2 Ae = C1/C2 Ve = leAe = C13/C22

where

le is the effective magnetic length of the core (mm);
Ao is the effective cross-sectional area (mm?2);

Ve is the effective volume (mms3);

C, is the core constant (mm-1);

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

3.1 Ring cores

v
/\ ‘d1/2

Y

U1 Z

-

IEC 345/01

3.1.1 Forring o

3.1.2 Faqrring~egres of regtangular cross-section with an appreciable average rounding(radius rg

4 171681,
he=h(1=kq) kq =—F——+

h(dq~d3)

3.1.3 Forrirgceres-efrectanguareross—sectonwith-sharp-corrers
he =h (1= k)
_h(tana +tan p)
kg =————
dy—dy

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

he = (1 = kq— k2)
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3.1.5 Forring cores of cross-section with circular arc frontal sides

he :h—M&sing - M - gH
g

4sin2£D 2 2 2

=2 arcsinM ;
4r

¢, in radians.

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 |eakag fluxwill therefore leave or gnter the ring core—This jllcfifinc the use of a Hérmoally more correct

derivation pf the effective parameters which does not make use of the assumptio at the %, i uniformly
distributed jover the cross-section.

3.2 Palir of U-cores of rectangular section

%

4 < N
\ A W A1
r G Q: > Area
Ah‘ A Y : \:\ \_/
M o~ ¥l ;
A ~ I \ N
.A . .
w, %Area ? ~ | ! K\ N A :
¢ “ /—b A
A Area

Section X-X

IEC B46/01

Length of

Mean Ie2

L L ZLLL T[I L)
15—t5T15—Z\.>Tn)

Mean areas associated with /4 and /s:

A1+ Ao

Ay = ——=
4 2
+

s _A2+ 43
2

5
Cy= LS C
YT G

1
M
A~
= |
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3.3 Pair of U-cores of rounded section

"y < i > ' £
- v 4
X» /Y |
] ! \
h n y 1 : |/
M :
o L)Y i ;
1 / 4, i i i =
- /Ne’a 2 i E ;
A4 A . . . \4
\' ______ i ....... /
7 [,
Segtion Y-Y l"( ad X1, P §’
5 < : > 5

In calculgting 45, ignore any ridges introduced for the pu

Length of flux path associated with area 45:

Mean length of flux path at corners:

Mean ardas assoc;t i
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3.4 Pair of E-cores of rectangular section

ls
Xl [ PEELEEEN
f——»]
———— mo 1 . A
,° ' /'\ il i Area
Y "Iy | !
L2 W R o
R R ! v
|

7\
=
v
|
|
1
1
i
ar
1
/:/‘.
jd2/ 2
I
|
=
[0
Q
&

R s 4 _7rea
> A
v ! N N, 7 Area
|
S Ve | ™
Area 1 I 1
S — N
» A1
: A Alea
Section Y-Y .
X 1 Sestion X-X
IEC 348/01

Area of half the centre limb: 43

Mean length of flux paths at corners:

Mean argas assd
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3.5 Pair of ETD-cores

A
=~

h 4

Section Y

|
Y X _>:

A1 is equpl to the rectangle bBla -c

Mean len

NOTE 1, ip

®

Area of h

alf‘the centre limb:

Hless the ca
O

The condition to obtain 4'3 = A"3 is

A3z =A'3+ A"3

S1=0,2980 dj3

IEC 349/01
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Mean length of flux path at corners:

Iy =7 (p+h)
8
a ds
where ===l -—
P37
Is = (251 +4)
Mean areas associated with /4 and /s: T~

&
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3.6  Pair of pot-cores

- 11 -

l

e — e —

i

AN =
e NN
NN R,

Area of outer ring:

The condition to obtain 4'q = A" is

Area of ¢

The conditi

X

Area of r

cti

N

X-X

b: slot width

n: number of slots

d1+d2

IEC 350/01
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Area of centre limb:
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L 1,4
A, TH dy
o __a-d;
Ay Padzh?

Mean lenjgth of flux paths at corners:

Areas aspociated with /4 and Is:

Core factors associated

ly=T4+ 1= E(zsz + )

Is=15+1"5= ;—T(2S1 +
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3.7 Pair of square cores (RM-cores)

Type 1 — RM6-S, RM6-R Type 2 — RM7

Type 3 —

AN A
N AN

lnax = I'md
IEC 352/01

NOTE This calculation is also applicable to the core type without hole.

IEC 351/01
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Total area of the leg:

1 1
A1:Ea2{1+tan([3—45)} S[Z(I)dz Epz

. e
where 8 = a —arcsin —.
dy

Core factors associated with /5:

do AN
Illi‘/
Iy ds
4, Dt
where f # Imin * max. p=41
2lmin As
12 — 112 + l"
1
Imax —\/Z( 32 _d Wﬁ
Type 2: Q
N\
! (d2 %ldzd;g COS(G —ﬂ) __ b 5
Q 4 2 2sin—
2
Type 3:
e 1 ()]
J =—+— HI sin —H do -
4 max =5 "5 0 2|]( 2 C)
I, _(Yd3 =1ds)f
45° (Dm?
Type 1: RM 6-S:
O
:l Bn do +—e2tan[3—— 2tanHI—£H—1—1d3ZD
4% 0O 204 70O

Type 1: RM 6-R:

10 1 0
Z#dz + ) dodysin(a - B)+ 2(c—d3)2tan%—£d3zg
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Type 2:

Type 3:

Area of centre limb:

Mean lenjgth of flux paths at corners and mean areas/asseciate

5 5
I8 I
C, = E —+ C, = E —
1 Ai 2 Aiz

NOTE This ealculation 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

Az —

dpl2 ——

dq /2 —

Ay A

IEC 853/01

4
where 6 ¥
18
Iy _ 4h
4\1 — llu'22
li 164y
42 2d*

Areas associated with /4 and /5:
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(n-6)d,> +2%b—§d12 _dadz %

2
4(n-9)

y:

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

20 8 2
tr—tertg=Lpoesse L2 u—lo [ —
NP 2 4 0
2
nHd d B
A5=2E1—2 +2(m-hp)
g4 2 B
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3.9 Pair of PM-cores

ds
dz

IEQ 354/01

Total arep of the leg:

2bt

Core factors associated wi

where g

lp=107+1[">

Imax = \/%(d22+d32)‘%d2d3 cos(a - B)

f

where 8 = a —arcsin—
da

ly _ (Vdy-1dy)g

4% {Dr{n-ny)/3?

_ PBnt 2 1 02 1 2 Bx ¢H_T[ 2
A =P 424" 2tanB-— f2tanto -2 g
7 440 tg/ AN/ 0 20 16 °
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Area of centre limb:
T 2 2
= -a)
3 4 3 4

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

P IS LY (A A A AN
Y I L [ b=t =l
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Annex A
(informative)

Purpose of revision and how to deal with new effective parameters

The purpose of this revision is to provide formulae by which everybody can reach the same
effective parameter values. First, 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. The calculation
formulae for the 4, portion of ETD-cores and the slots of pot-cores have’been changed and

slots are anged to
reach the same value since IEC 60205 B (second supplement, 1974 3 d to one
value. A S y-cores
with roun

In this repisi 5is of the
magnetic fi se ideas,
developn

Effective i ormulae have been champged. For
example, ™83 i 2 p e formula
in IEC 60 dard]). It
is still n due to a
difference

Many usgq irfgthis x theirncatalogues and specifications, and many
magnetic| t./Therefore, continuity of these dpcuments

will be affected if the va a gcted to use new effective parametgrs in the
future, byt users will be res i hen\they will use the new ones.

Effective|paramet
A.4 for users’ conv

ps A.1 to
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Table A.1 — Comparison of the effective parameter values of pot-cores (two slots)

Size Pub. No.? Cy Cy I, A, Ve
mm-1 X10-3 mm-3 mm mm?2 mm3
Pa/5 IEC 60133 1,25 125 12,5 10,0 125
IEC 60205 (Ed. 1) | 1,264 3 128,69 12,4 9,82 122
IEC 60205 (Ed.2) | 1,203 2 118,12 12,3 10,2 125
P11/7 IEC 60133 1,00 63 15,9 15,9 252
IEC 60205 (Ed. 1) 0,970 7 60,989 15,5 15,9 246
IEC 60205 (Ed. 2) 0,933 53 56,727 15,4 166 253
P14/8 IEC 60133 0,80 32,0 20,0 25.0 500
IEC 60205 (Ed. 1) 0,791 13 31,797 19,7 24 490
IEC 60205 (Ed. 2) 0,758 42 29,579 19,5 56 499
P18/11 IEC 60133 0,60 13,9 25 x 3 1120
IEC 60205 (Ed. 1) 0,598 21 13,888 8 A1 1110
IEC 60205 (Ed. 2) 0,573 82 12,863 6 44, 1140
P22/13 IEC 60133 0,50 7.9 6 > 63 2 000
IEC 60205 (Ed. 1) 0,496 09 7.8 4 63,4 1990
IEC 60205 (Ed. 2) 0480 78"\| 785 3)2 64,8 2020
P26/16 IEC 60133 0,40 \ \3_7} 93 3 460
IEC 60205 (Ed. 1) 039981 —} 44 37.6 94,1 3540
IEC 60205 (Ed. 2) 0,389 23(‘ (4,06 37,3 95,9 3 580
P30/19 IEC 60133 0,83 %) 45 136 6 100
IEC 60205 (Eg. 1) m 2,453 45,1 136 6110
IEC 60205 (E@S\)\/ 0'32% 2333 1 44,9 139 6119
P3s22 | |IEC 6@ Kw\ 0, N_1,29 52 202 10 600
IEC 60205 6 1,309 7 53,0 201 10 600
IEC 60205,(Ed. 2) 0,256 6 1,249 2 52,7 205 10 800
P42/29 IE 0,26~ 0,98 69 265 18 300
Ed\ ) 256 79 0,963 16 68,4 267 18 200
4 Ed. 2 0,251 57 0,932 49 67,9 270 18 300
@ 1st line
2nd lineli
3rd line the new
formulae-
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Table A.2 - Comparison of the effective parameter values of ETD-cores

Size Pub. No.? Cy Cy I, A, Ve
mm-~—1 X103 mm-3 mm mm?2 mm3
ETD34 IEC 61185 0,814 1 8,379 79 97 7 700
IEC 60205 (Ed. 2) 0,814 49 8,387 9 79,1 97,1 7 680
ETD39 IEC 61185 0,741 6 5,933 93 125 11 600
IEC 60205 (Ed. 2) 0,742 00 5,940 1 92,7 125 11 600
ETD44 IEC 61185 0,598 8 3,458 104 173 18 000
IEC 60205 (Ed. 2) 0,599 18 3,462 8 104 1}3\ 17 900
ETD49 IEC 61185 0,542 1 2,566 115 11 24 200
IEC 60205 (Ed. 2) 0,542 45 2,569 2 115 211 4 200
NOTE Hffective parameter values of other sizes in IEC 61185, Amendmer\\ﬁ} the\\\a\ythose
calculatgd by IEC 60205 (2nd edition [this standard]).
@ 1st ling in column: effective parameter values listed in IEC 61185.
2nd ling¢ in column: effective parameter values of IEC 60205 (2nd ez@%@culated by the
new fomulae.

Table A.3 — Comparison WMe@ es of PM-cores

Size Pub. No.? Cq e A, Ve
mm-1 —\§10— -3 mm mm2 mm3

PM50/3 | IEC 61247 , 6\\E)>613 84,0 369 30 900
IEC 60205 (Ed.ﬁ 0,249 6 o,71§\> 87,1 349 30 400
PM62/4 | IEC 61247 0,190 0390 93 109 570 §3 000
IEC 50205 (g 2) \g& 0,346 73 111 565 82 500

PM74/59 | IEC 6124 0,18@ 0,205 50 128 790 100t 000
IEC 602Q5\(Ed. 0,16 0,215 46 132 784 104 000

PM87/7d IEC 61724 w54 0,177 01 146 910 13 000
EC6 0,161 20 0,173 02 150 932 140 000

PM114/¢3 \% 47 0,116 29 0,067 692 200 1720 343 000
™ 02 0,116 68 0,066 429 205 1760 360 000

@ 1st ling in coIN}?tlve parameter values listed in IEC 61247.
2nd ling ig‘column: effective parameter values of IEC 60205 (2nd edition [this standard]) calculated by the

new formutare:
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