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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CALCULATION OF THE EFFECTIVE PARAMETERS
OF MAGNETIC PIECE PARTS

FOREWORD

IEC 2016

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

2)

3)

4)

5)

6)

7)

8)

9)

Internatigqnal ( Standard IEC 60205 has been prepared by IEC technical comm
Magneticl components, ferrite and and magnetic powder materials.

all national electrotechnical
internatjerat-ee—eperationon—al—-ead e g ardardizatio al-and e
this endl and in addition to other activities, IEC publishes International Standards, Technical Speg
Technidal Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred 1

b International Organization for Standardization (ISO) in accordance with €onditions det
nt between the two organizations.

al decisions or agreements of IEC on technical matters express, as nearly as possible, an if
consensus of opinion on the relevant subjects since each technical comniittee has representati
interested IEC National Committees.

IEC Puplications have the form of recommendations for international use'and are accepted by IH
Committees in that sense. While all reasonable efforts are made tolensure that the technical con
Publicafions is accurate, IEC cannot be held responsible for tHe way in which they are used
misintefpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC H
transpafently to the maximum extent possible in their national and regional publications. Any
between any IEC Publication and the corresponding natiofal or regional publication shall be clearly
the lattg

=

IEC its¢lf does not provide any attestation of conformity. Independent certification bodies provide
assessinent services and, in some areas, accesstto |[EC marks of conformity. IEC is not responsi
service$ carried out by independent certification-bodies.

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

No liabjlity shall attach to IEC or its directors, employees, servants or agents including individual 4
membefs of its technical committees and IEC National Committees for any personal injury, property
other dgmage of any nature whatsoever, whether direct or indirect, or for costs (including lega
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any
Publicalions.

Attentign is drawn to the(Noermative references cited in this publication. Use of the referenced pul
indispepsable for the carrect application of this publication.

Attentign is drawn 4o.the possibility that some of the elements of this IEC Publication may be theg
patent fights. IEC shall not be held responsible for identifying any or all such patent rights.

Committees). The object of IEC is to promote

c fields. To
cifications,
b as “IEC
interested
and non-

ermined by

ternational
bn from all

C National
ent of IEC
or for any

ublications
divergence
ndicated in

conformity

ble for any

xperts and
damage or
fees) and
other IEC

lications is

subject of

ittee 51:

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)
c)
d)
e)

addition, in 5.1.3, of the equation of a core of rectangular cross-section with cham
equations in 5.1.4, 5.6, 5.7, 5.8, 5.9, 5.11, 5.12, 5.14 are amended or replaced;
drawings RM6-S and RM6-R in 5.7 are amended;

addition of EC-cores, see 5.15.

fer;
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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 indi i - : i Y elated to
the specific document. At this date, the document will be

e reconffirmed,
e withdfawn,
e replaged by a revised edition, or

e amended.

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



https://iecnorm.com/api/?name=1743120bb176a53c32292bce348f84d9

-6 - IEC 60205:2016 © IEC 2016

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 pargmeters in the existing IEC standards will be revised with the outcoame |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 NorIatlve references

There arg¢ 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
addrességs:

e |EC Hlectropedia: 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  Allfresults shall be expressed in@nits based on millimetres, shall be accuratg to three
significant figures, but to derive /[, 4, and 7V, the values of C; and C, shall be caldqulated 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
establishménts are identical ang-if\is not intended to imply that the parameters are capable of being defermined to
this accurapy.

4.2 4.}, is the nominal value of the smallest cross-section. 4, is the geometridal cross-
section of a ring eofe with rectangular shape. All the dimensions used to calculate 4, shall
be the megan values between the tolerance limits quoted on the appropriate piece parf drawing.
All results shall>be expressed in units based on millimetres, and shall be accuratg to three
significarnjt.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 on ring cores with rectangular cross-

section.

max
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=CylCy Vg =lgdg =Ci>1C52

where

I, is the|effective magnetic length of the core (mm);,
o is the|effective cross-sectional area (mm2);

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 Rihg cores
511 Ring cores in general

Drawingq of ring cores are shown in Figure 1.

Figure 1 — Ring cores

21
= In(d4/d>)
Cy = 4n(1/dy —1/dq)

hez In3(d1 /dz)

IEC
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5.1.2

For ring cores of rectangular cross-section with sharp corners

he =h

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

5.1.3

5.1.4

The geon

5.1.5

5.1.6

5.1.7

_p92-d

Agq 5

For ring cores of rectangular cross-section with an appreciable average

rounding radius ry

— 171681,°

he = h(1-k1) Ky =Wy —dy)

For ring cores of rectangular cross-section with appreciable chamfer ¢

he =h(1-k3) k3 = 4co”
© 3 T dy - dy)
hetrical cross-section of a ring core with appreciablé chamfer shape Ag is giv
dg=nd2= N o2

For ring cores of trapezoidal cross-section with sharp corners

h(tan a+tan ﬁ)

o = - 1 - ML

For ring cores of trapezoidal cross-section with an appreciable average|
Founding radius ry

he =h(1—kq —ky)
For ring cores of cross-section with circular arc frontal sides

he :h_cﬁ;_dz(zsinﬂ_w_ﬂ)
4sin®(p/2)

When the winding is uniformly distributed over a ring core, it may be expected that, at all

dq—ds
r

@ = 2arcsin

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.

en as:
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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 B I'4
] ]
< ’__l ...... K Q, y A1
N/ : -/ v 2] Area
X : J ' ]
h vty !
N | | . N
S . . I 1s
=~ t . i __* | . ~
A ) . i ]
= 2 ! :
\ i 3 k
........ [ “ A
" 1 AN > , Afea
I'"s X I's
Y-Y

> 3 X-X

Figure 2 — Pair of U-cores of the rectangular'section
Length of flux path associated with area A4,:
I =15+15

Mean length of flux paths at corners:

u=u+&=§@+w

l5=lé+l§:%(s+h)

Mean argas associated with' /, and /s:

A+ A

Ay = 1 . 2

L A+
S eyl
o1 Ai i=1 Ai2

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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In calculd

Length o

Mean len

Mean arsg

Figure 3 — Pair of U-cores of rounded section

flux path associated with area A4,:
lp =l +15

gth of flux path at corners:

u=u+&=}@+m

15=15+zg:%(s+h)

"4 X I'a ?
: |
') W —— ) —— -
G4 ) )
./ i \ Area
1 I | | :
h of YTy ! | « i
| ofidy = i
A | . |
A2 ! | ! 4 !
\ Area Jv \ . ; y
- : - 697 A3
/_/A_____r_ _____ \\ j Area
Y-Y I"s \9/ X ->| I's s!

IEC

ting 4, ignore any ridges introduced for the purpose of facilitating manufactdire.

54 Pa

Drawings

as associated with /, and /g:
A4 _ A1 +A2
2
T /424-/40
T2
2 2 |
=" ="

ir of E-cores of rectangular section

of a pair of E-cores of the rectangular section are shown in Figure 4.
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A1

\ Vb

A2

- 2 Area I

Area of hialf the centre limb: 45

Mean length of flux paths at corners:

Mean argas associated with /, and /s:

Figure 4 — Pair of E-cores of rectangular section

Areal

IEC

A+ A

ay = 12 2

Ay + A

s = 22 3
5, 5
Ci=)— (= l
;Ai ;’214[2

5.5 Pair of ETD/EER-cores

Drawings of a pair of ETD/EER-cores are shown in Figure 5.
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X N
i<—> 14
R 4
P
Y I Y I I o Area
vl Ly | | .
\.._.._..:_..1_ ..... s < Area
3
A1 s NN N 1oL —
‘h —— = | ....... S~ \ [5 ~
> i | I S Area
AV, I 1 1
|7/ ey
}'g Area :\ ----- == /: Y ,
e y
I v ‘rr' Areq
-Y : I
X
X-X

Figure 5 — Pair of ETD/EER-cores

, 1
A4 is equpl to the rectangle b(;a —cj less the cap or segment A4,

A = %dzz arcsin(dLJ - %b11d22 —b?

2

Ay = %ab - %b\/dzz ~b?% - %dzz arcsin(diJ

2

Mean length of flux path at back walls:
zzzg{dyddf-sz—%%

1
NOTE |/, i taken“from the mean value of E(dz —d3) and (c—d3 /2).

Area of hatf-thecentretimb:

Ay = Ay + 44
The condition to obtain 4’3 = 4”5 is

Sy =0,2980d3

Mean length of flux path at corners:

I4 =§(P+h)

Ac

A3

4

A3

IEC


https://iecnorm.com/api/?name=1743120bb176a53c32292bce348f84d9

- 14 - IEC 60205:2016 © IEC 2016

where p :%—12 oy

g:%@&+m

Mean areas associated with /, and /5:

A+ A

Ay =0 . 2

A2 + 4

As = 23
i=1 4 i=1 2Ai2

5.6 Palir of pot-cores

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

IA] h

NG
R

A S AN

i M

P
A4

4

\>/&

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

S2 :d73— i(0132 +d42)

8
Area of ring:
Afb%m—na@f—df)
@ = arcsin
d1 +d2
where
b is the[slot width;
n is the[number of slots.
Core factors associated with /,:
o1,
A2 mth d3
12 a —d3

Area of centre limb:

Mean length of flux paths at corners:

M=&+M=%@&+M

%=%+g=%@&+m

Areas associated with /, and /5:

A, for cores with back-wall slot:
1 2 2. h
A4 :§(n—n9)(d1 —d2)+E(TCd2 —}’lb)

A, for cores without back-wall slot:


https://iecnorm.com/api/?name=1743120bb176a53c32292bce348f84d9

- 16 - IEC 60205:2016 © IEC 2016

Ay = %(n —nO)d? —d3)+ %dzh

A = %(df —d? 4d3h)

Core factors associated with /4:

. 2
o 4 i—1 4;

5.7 Palir of RM-cores

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

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

PN

1 ! /'y
| 13

N G

1”5\4% //% I's

./ .
, . 4 .
\/\"“Ji")i) . ‘)‘ S A S
e :
XN -

<+ P

X-X
IEQ

IEC

Imax = I'max + ["max IEC


https://iecnorm.com/api/?name=1743120bb176a53c32292bce348f84d9

- 18 — IEC 60205:2016 © IEC 2016

Type 4 —- RM6-R

Figure 7 — Pair of RM-cores

Total arep of the outer leg:

1 2 n p.r2 1 2
A= —a?+tan| p- T |\ Bgy?
1 261{+ (/3 4)} 5d"—5rp

. e
where [k a—arcsin—
d

Core facfors associated with /,:

dp

In—=
45 !
A2 Drh
where f :M D= ﬂ
2Umim ’ Ag
Iy = 1'2 +l§

lp _ (ds —1dy)f

Ap? (Drh)?

Type 1, Type 4:

Imax = \/%(dzz +dq? )—%d2d3 cos(a - f3)
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Type 2:
1 2 2 1 b
Imax = \/Z(dz +dy j—5d2d3cos(a—ﬂ)—
2sin 2
2
Type 3:
[ = [etang — (1—sin£)]
max e ¢ 2
2tanﬂosin£
2
Type 1:
11,2 12 12 ) w2
A7 =—{—d> " +—e“tanf——e“tanja - = |——d
74{226[’)26(“243
Type 4:
1,2 1 , 1 2. @ W 2
A7 =—1-—=dy" + —dydssinla - f)+—lc =dy) tan—-—d
74{22 223(0!/3)2(0 3) > 2%
Type 2:
18,2 n 2 H2 2 P 2
A7:Z{7d _Zd —(b —e )tan o - +—e“tang
Type 3:
1/B ,2 ©m 2 2
Ay '= —3-—dy" ——d3” +—c” tanla -
P G - Rs? e P anla - )
Ag ——(d22 —dsz)
Area of ceatfe pole:

T 2 2
A :—(d —d )
3 4 3 4

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

e 1 1
g =lp+1) =—|h+—a—-—d
4 =lg +lg 4( 2975 2)

1
Ay = §(A1 +2/d,h)
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Is =I5 + 14 = %{drj +h- ‘/%(d;;z +d42)}

1{n(, 2 2)
As = —<—\d2° —ds° |+ 2adah
5 2{4(3 4 0!3}

Ci=) &+ Co=) -
i=1 Ai i=1 A12
This cal i - can have
some influence on the outcome of the calculation, especially for smaller cores.
5.8 Palir of EP-cores
Drawingg of a pair of EP-cores are shown in Figure 8.
- b | I'a , I - 1"4)
le— X v i |
' 1 % NN
A3 K A
‘N % 13 - \§ »N
da/2 | / \\\ ,
_ A7
. X / \
d1/2 I's %x >>]’f_
, %///ﬁk\&x\§
Xx-X IEC
Figure 8 — Pair of EP-cores
As a pair:

L hy
44 ab—nd12/8—d1c

N g
A2 (ab-nd? 18—dyc)?

2 2 a1
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I 4(dy - dy)
2 2
4% ) (hy = by ) dyd
B hy Ak
2
13 _ h2 - 16]’12
2 4 2. 4
A3 nz(d_z] ndy
2

Areas aspociated with /, and /5:

, " T d1 h1 h2
Iy=ly+15=—|y-=+
4 =404 2[7 2 4

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

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

A4:l{ab—%d2 d12dz (n (Z)d(}” hzj}

2 2

ls = It +IL :%[0,292 89"72+%j

dy?  d
e R
5 I 5 I,
=2 C=2-fF

5.9 Pair of PM-cores

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

!13

//'%/

/% \%\ >(l” ~ ~ | =
_ B8
N 4
S BRI
2
< h1 > .
X-X IEC

Figure 9 — Pair of PM-cores

Total arep of the leg:

f

where fE a—arcsin—
dy

Core factors associated with /,:

where g b tlmax p A7
2lmin ’ Ag

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

Iy _ (Yd3-1dy)e
4% (Dl —hy)/2f

L, 2 1 2 1 2 P T o, 2
A doy" +— f“tanf-—f“tana-=|-——4d
7="g% 8f B 8f a-— =75 %
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Area of centre limb:

T 2 2
-l —a)
3 4 3 4

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

5.10 Palir of EL-cores

Drawings

EL + PLT|

[ S LUl § S N S I
=3 = = AL r4 1 v

8

@z%Mﬁﬁb%—@»

! 14 T h _h 1
Isg=1I5+I5 = Z{d3 +%—1/3(d§ +d2)}

T hy — 1t
A =205 - d)+ ady 1212

re 11.

Figure 10 — Pair of EL-cores

of a pair of EL-cores and PLT(plate)-cores are shown in Figure 10 and Figu
(plate)-cores use EL .core formulae.
c B
)| I
2 _ D | «—
- > -« 14
A
= A ‘\A _____ pe—- \,/>>\
[ | l \| [
13 K
| | \

IEC
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B2 C

IEC

Figure 11 — PLT(plate)-cores

Area of guter leg:
(A E)C - 4[ Znkj

Mean length of flux path at outer leg:

Area of black wall:
4y =51~ 1)+ iy 2)B - D)

Mean length of flux at back wall:

Area of centre limby

F1)F1L

1
:E{

Mean length of flux path at centre limb:

.[;l_\

Area of outside corner:

where 4,4 = (B - D)C
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Mean length of flux path at outside corner:

Area of inside corner:

where Ay = (Fo-F )+ 1F /2 R - D)

Mean length of flux path at inside corner:

8\ F
Cy= 25:1_1 Cy = 25: li
2
i i i—1 24;

lo =C2ICy Ay = C4/Cy Vo =CPIC2

5.11 Palir of ER-cores (low profile)

Drawingq of a pair of ER-cores (low profile)and PLT(plate)-cores are shown in Figur

Figure 13.

ER + PLT (plate)-cores use ER core-formulae.

e 12 and
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i IEC

B2 - ¢ >

IEC

Figure 13 — PLT(plate)-cores

Area of outer leg:

aE? EG .
4

1
44 :EC(A—G)—[——Tsma

where
a = arccos (G/E)

Mean length of flux path at outer leg:
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K
o

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

Mean length of flux path at back wall:

I :%(E+\/G2 +C? —2Fj

Area of centre Tmb:

As (2
204

Mean length of flux path at centre limb:

l3 =D
Area of qutside corner:
A+ A
P .
4 2
Mean length of flux path at outside corner:
T
Iy = g(ﬁ +h)

where
A E

h=B-D p=—--—
P=50

Area of inside eorner:

_ Ao + Az

Ag =
Mean length of flux path at inside corner:
Is == (284 +h)
8
The condition to obtain 475 = 4"5 is

Sy =%F(1—cosﬂ):0,29801F
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lo =C2ICy Ay =C4/Cy Vo =CPICE

5.12 Pair of PQ-cores

Drawings of a pair of PQ-cores and PLT(plate)-cores are shown in Figure 14, Figure 15 and
Figure 16.

PQ + PLT (plate)-cores use PQ core formulae.

NOTE 1 Tlhis calculation ignores the effect of spring recesses.

NOTE 2 Tlhe equations below are consistent with those given in IEC 62317-13.

A7 X—}i As 1”4

X
I
I

|
_ A I B
N | I / N
= N R4 .\ L. _. _A ~ o ] S &) [ I NE
: v l%\/ s | Is
A3 v i \
L y '
M — N | i |
\/ L
s D - h e
Rl X-X IEC
| d
Y
_ N
|
x\| N
5y

IEC
Figure 14 — Pair of PQ-cores
Area of outer leg:

2
A1 =C(4-G —ﬂi+%cz
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where
G
= arccos| —
p (Ej

I=Esing

Mean length of flux path at outer leg:

Core factors associated with Iy:

For 5, A4 the elemental radius dr shown in Figure 15 is the elemental length,of the flyx path in
the intedral below. The radius vector extends from F/2 to E/2 for the~entire cifcle. The
effective |length /,; for the section is multiplied by /. The area is the physical area multiplied by
K.

IEC

Figure 15 — PQ-cores

C B2

A
Y
Y
A

IEC

Figure 16 — PLT(plate)-cores

E
i _(5___J eI £
Ag _Jéz K2mr(B- D) d 2nK(B-D) In[Fj
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J‘2 2 fdx 3 2f J‘2 dx _
> 2K [— (B_D)? [2Kn(B-D)P
where
K :A_7 :A—7
Ag i(EZ _Fz)
16

1/

IEC 60205:2016 © IEC 2016

1F-1E
K?n?(B - D)?

2 2 \
—EVJE"—(Z["'+GL—J1}

L
a = arctan| —
[Jj

f= Imin + Imax
2lmin

VE2 + F2 ~ 2EF cos(p™ )
lax = 2

Define the other two physical areas in the flux path at back wall.
Ag Z2aF (B - D)
A1 = 2BE(B - D)

The mathematical area 4, is given as 449 > 4, > Ag.

Area of centre limb:

Mean lengthvof flux path at centre limb:

l3=2D

Area of outside corner:
1 1
Ay = E(A1 + dyo) = E[AH +2E(B - D)p]
Mean length of flux path at outside corner:

Iy =14 +14 =%((B—D)+%A—%E]
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Area of inside corner:

2
As :1(/13 +A9):£(£j +F(B- D
2 202

Mean length of flux path at inside corner:

Is =I5 +15 =%{(B—D)+(1—LJFJ

2
Ci=Yy — =)y L
2
i A i—1 4
The minimum physical cross-section area 4,,;, is given as:
Amin = min (A1, A3, A4, A5, Ag)
c? C c?
log =—— Ao = Ve =—=5
Cb C Cé
5.13 Palir of EFD-cores
Drawingg of a pair of EFD-cores are shown in Figure 17.
K ‘LC - 5, 1
P2 _ D - >>1
na <
‘ \\.K ..... .:_ f— .’\/ K
I . i Rk
= 3 |-1 4
' P b=
) SO S R
43+ d- | &« < 1 __d_. __,'_._._|_._&\~;>/.
\ AP
v
v |

Figure 17 — Pair of EFD-cores

Area of outer leg:

Mean length of flux path at outer leg:

IEC
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Area of back wall:

IEC 60205:2016 © IEC 2016

4y = C(B-D)
Mean length of flux at back wall:
E-F
Ip = 5
Area of centre limb:
FyFy —24°
A = 1 22
where g: [chamfer
Mean length of flux path at centre limb:
13 =D
Area of qutside corner:
A1+ A
4=l )
Mean length of flux path at outside corner:
n( A-F
Iyf=— +(B-D
)
Area of ipside corner:
A2 + A4
g =2 3
Mean length ef\flux path at inside corner:
L I
n| A C-F,-2K\" (B-DY
lg =—| —+ +
4| 4 2 2
Cr=Y 1 =y "1
2
o Ai i1 24
2 3
I —C—1 A & V C_1
e e e
Co Co c?
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5.14 Pair of E planar-cores

Drawings of a pair of E planar-cores and PLT(plate)-cores are shown in Figure 18 and
Figure 19.

E planar + PLT (plate)-cores use E planar core formulae.

z . c I
~D B 4
t ST
b2 i A
3 !
R1/ | | A
- 5 i+ T
I < -
: i I y
1 R2 ,\’- ...... I._.._(ﬁ{\
7 [} N
I Y A I I i _ N it _._\_\;\/(_
4 y VIR
v
I '

IEC

Figure 18 — Pair of E planar-cores

IEC

Figure 19 — PLT(plate)-cores

Area of outer leg:

Mean length of flux path at outer leg:

Area of back wall:

4y = C(B-D)
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Mean length of flux at back wall:

IEC 60205:2016 © IEC 2016

/ E-F
277
Area of centre limb:
FC 2 M 2
Ay =———2(R5 ——R
3= (RS 2 7)
Mean length of flux path at centre limb:
13 =D
Area of outside corner:
A1 +A2
Ay =
4 2

Mean length of flux path at outside corner:

Area of inside corner:

Mean length of flux path at inside corner:

5
l I
Cq = Z_l Cy = Z_l
) 2
o Ai i—1 24
2
le:C1 Ae:C1 Ve_c
G Ca C

5.15 Pair of EC-cores

Drawings of a pair of EC-cores are shown in Figure 20.
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Area

Area

Area

/ |:Area

Aled

C
NN
AN

[ A2
Area

<
=<

Area

Figure 20 — Pair of EC-corés

44 is equpl to the rectangle C(%A—cj less the segfiient 4, and the segment A;.

Ag = %EZ arcsin(%j —%C\/Ez -c?

2

S(A-T-S) =S

As=%+?
1 1 7 2 1 2 . (C) S(A4-T-S) =S?
A= —ACL — CVE? - C? -~ E?arcsin — |- 22471 70) T
172 4 4 (Ej 2 8

Mean length of<flux path at back walls:

NOTE 1,

Area of

The con

E

45
4%

A3

=7 TNES—C? £
2=7\ )72
is taken from the mean value of %(E—F) and (c—-F/2).
half the centre limb:

Az = A3 + A3
dition to obtain 4’3 = 4”5 is

5;=02980 F

IEC
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Mean length of flux path at corners:

where ng—lz -—

F
2

— 36 —

Iy =%(P+h)

IEC 60205:2016 © IEC 2016

Mean arsg

as associated with /, and /5:

A1+A2

Ay = >
A2+A3

A5 = 2

2, Ny



https://iecnorm.com/api/?name=1743120bb176a53c32292bce348f84d9

IEC 60205:2016 © IEC 2016 - 37 -

Bibliography

IEC 62317-13, Ferrite cores — Dimensions — Part 13: PQ-cores for use in power supply
applications



https://iecnorm.com/api/?name=1743120bb176a53c32292bce348f84d9

- 38 - IEC 60205:2016 © IEC 2016

SOMMAIRE
AV ANT-PROP O S ... ettt e e e e e e e e e e e e e e et e e e e anns 40
INTRODUGCTION ..ot e e et e e e e e et e e et e et e et e e e et e e e et e et e et e e e eeanns 42
1 Domaine d’appliCation ... e 43
2 RETEreNCES NOIMATIVES ..ottt ettt et e e e e 43
3 Termes et définitioNs ... .o 43
4  Régles fondamentales applicables a cette norme ... 43
5  Formules pour les différents types de NOYauUX .........coveuiiiiiiiiiiiii i 44
5.1 [N @) £= L8 = e [ LV =< 7P R 44
5.1. Noyaux toriques en général ..........cooviiiiiiiiiiiiniiieeeeed T 44
5.1.2 Pour les noyaux toriques de section transversale rectangulaire @ angles
VIS e 45
5.1. Pour les noyaux toriques de section transversale rectangulaire avec un
rayon de l'arrondi moyen appréciable rg................... Gari b 45
514 Pour les noyaux toriques de section transversale rectangulaire avec
chanfrein appréciable cq...........coooooooeie NS 45
51.% Pour les noyaux toriques de section transversaleytrapézoidale a anglep
VIS e b 45
5.1.¢ Pour les noyaux toriques de section transversale trapézoidale avec ur
rayon de l'arrondi moyen appréciable rgh.............o.o b 45
51.7 Pour les noyaux toriques de section transversale a c6tés frontaux a arc
Circulaire.......cooevviiiiiiicam e 45
5.2 Paire de noyaux U de section rectangulaire ..........c..ccoiviiiiniiniiniin b, 46
5.3 Paire de noyaux U de section circulaire ............cooooiiiiiiniiniini b, 46
5.4 Paire de noyaux E de sectionfectangulaire ............ccocoooiiiiiiiiiiiniine e 47
5.5 Paire de noyaux ETD/EER (.7 ccuniiiic e b, 48
5.6 Paire de NoYauX P..... o e e 50
5.7 Paire de noyaux RMu . il b 52
5.8 Paire de noyaux ER ... b 56
5.9 Paire de noyaux-=PM ... b 57
5.10 [ Paire de noYauX EL........oiouiiiiiii e 59
5.11 | Paire detnoyaux ER (profil bas) .......cccooiiiiiiii e b 61
5.12 | Paireide’noyauX PQ ..o 64
5.13 | Paire de noyaux EFD ... b 67
5.14 | Paire de noyaux planaires E ............coveeieeenieeniieniiniiniiiiieniieniieiiienieeneeeeeee e, 69
5.15  Paire de NOYauX EC ... 70
71 [T o = o 1= PP 73
Figure 1 — NOYAUX tOFIQUES ... et e e e e et et et et e eaeeas 44
Figure 2 — Paire de noyaux U de section rectangulaire ..........c..ccooviiiiiiiiiiii e 46
Figure 3 — Paire de noyaux U de section Circulaire ..........ccooeiiiiiiiiii i 47
Figure 4 — Paire de noyaux E de section rectangulaire...........c.coooeiiiiiiiiiiici e 48
Figure 5 — Paire de noyaux ETD/EER ... 49
Figure 6 — Paire de NOYaUX P ... et 50

Figure 7 — Paire de NoyauX RIM ... ..o e e 54


https://iecnorm.com/api/?name=1743120bb176a53c32292bce348f84d9

IEC 60205:2016 © IEC 2016 -39 -

Figure 8 — Paire de NOYaUX EP ... 56
Figure 9 — Paire de noYauX PM ... 58
Figure 10 — Paire de NOYaUX EL .....c..iiiiiiii e 59
Figure 11 — Noyaux (Plaques) PLT ... e 60
Figure 12 — Paire de noyaux ER (profil bas)......cccooiiiiiiii e, 62
Figure 13 — Noyaux (Plaques) PLT ... e e 62
Figure 14 — Paire de NoyauX PQ .. ... 64
Figure 15 — NOYAUX Pl .. i e e e et et et et e et e et e e e eanas 65
Figure 16 — Noyaux (Plaques) PLT ... e 65
Figure 1=PaiTe e MOyauUR EFD s e 67
Figure 18 — Paire de noyaux planaires E........c.ooooiiiiiiiii e N b 69
Figure 19 — Noyaux (plaques) PLT ... e b b, 69

Figure 2(Q — Paire de noyaux EC ... i e b, 71



https://iecnorm.com/api/?name=1743120bb176a53c32292bce348f84d9

—-40 - IEC 60205:2016 © IEC 2016

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CALCUL DES PARAMETR!ES EFFECTIFS
DES PIECES MAGNETIQUES

AVANT-PROPOS

1) La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation
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La Norme internationale IEC 60205 du comité d'études 51 de [I'IEC: Composants
magnétiques, ferrites et matériaux en poudre magnétique.

Cette quatriéeme édition annule et remplace la troisieme édition parue en 2006 ainsi que
I’Amendement 1:2009. Cette édition constitue une révision technique.

La présente édition inclut les modifications techniques majeures suivantes par rapport a
I’édition précédente:

a)
b)

c)

ajout, en 5.1, du dessin d’un noyau de section transversale rectangulaire avec chanfrein;

ajout, en 5.1.3, de I'équation d’'un noyau de section transversale rectangulaire avec

chanfi

rein;

les équations en 5.1.4, 5.6, 5.7, 5.8, 5.9, 5.11, 5.12, 5.14 sont amendées ou remplacées;
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d) les dessins RM6-S et RM6-R en 5.7 sont amendés;
e) ajout de noyaux EC, voir 5.15.

La présente version bilingue (2021-01) correspond a la version anglaise monolingue publiée
en 2016-11.

La version frangaise de cette norme n'a pas été soumise au vote.
Ce document a été rédigé selon les Directives ISO/IEC, Partie 2.

Le comité a décidé que le contenu de ce document ne sera pas modifié avant la date de
stabilité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch” dans les données
relatives jau document recherché. A cette date, le document sera

e reconduit,
e supprime,
e rempllacé par une édition révisée, ou

e amendé.

Le contenu du corrigendum de juillet 2018 a été pris en considération dans cet exemplaire.
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INTRODUCTION

Cette révision a pour objet de fournir des formules permettant a tout le monde d’obtenir les
mémes valeurs de paramétres effectifs. En premier lieu, il est nécessaire de disposer dans le
processus de calcul d’'un nombre suffisant de chiffres significatifs lorsqu’ils sont arrondis. De
plus, certaines formules de calcul ont été modifiées pour se rapprocher des formes réelles.

La notion fondamentale de calcul demeure toutefois la méme dans cette révision.
Récemment, 'analyse du champ magnétique dans le noyau a été trés largement optimisée
pour pouvoir développer de nouvelles approches et formules a partir de ces notions.

A cela s'ajoutent les nouveaux "noyaux EC".

Les paerétres des normes |IEC existantes seront révisés a la lumiére des réanItats des
formules|du présent document.



https://iecnorm.com/api/?name=1743120bb176a53c32292bce348f84d9

IEC 60205:2016 © IEC 2016 - 43 -

CALCUL DES PARAMETR!ES EFFECTIFS
DES PIECES MAGNETIQUES

1 Domaine d’application

Le présent document définit des régles uniformes pour le calcul des paramétres effectifs des
circuits fermés de matériaux ferromagnétiques.

2 Réfdrences normatives

Le présent document ne contient aucune référence normative.

3 Termes et définitions
Aucun tefme n'est défini dans le présent document.

L'ISO et ['IEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normdlisation, consultables aux adresses suivantes:

e |EC Hlectropedia: disponible a I'adresse http://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp
4 Reégles fondamentales applicables a'cette norme

4.1 Tous les résultats doivent étre.éxprimés en unités fondées sur le millimétre pvec une
précision|de trois chiffres significatifs,.mais pour déduire /,, 4, et V,, le calcul des valeurs de
C, and (', doit étre effectué a cing’chiffres significatifs. Tous les angles sont exprimés en
radians.

NOTE Un|tel degré de précision‘vise uniquement a garantir que les paramétres calculés a différents efdroits sont
identiques pt cela n'implique pas-que les paramétres peuvent étre déterminés avec une telle précision.

4.2 4.}, est la yaleur nominale de la plus petite section transversale. 4, est |4 section
transverdale géométrique d’'un noyau torique de forme rectangulaire. Toutes les dimensions
utilisées |pour ealculer 4, doivent correspondre aux valeurs moyennes comprises|dans les
limites de tolérance indiquées sur le dessin de la pieéce concernée. Tous les résultats doivent
étre expfimés en unités fondées sur le millimétre avec une précision de troi§ chiffres
significatifs:

La surface de la section transversale physique minimale A4, est donnée comme suit:
Apin = Min (4;)

NOTE 4, a utiliser pour le mesurage de la densité du flux de saturation B, sur les noyaux toriques de section
transversale rectangulaire.

4.3 Les calculs sont uniquement applicables aux piéces de composants d'un circuit
magnétique fermé.

4.4 Chacune des dimensions utilisées pour les besoins des calculs doit étre la valeur
moyenne comprise dans les limites de tolérance indiquées sur le dessin de la piéce
concernée.
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4.5 Toutes les irrégularités de la configuration du noyau, telles que les petites échancrures,
encoches et petits chanfreins, etc., doivent étre négligées, sauf description contraire.

4.6 Lorsque la piece faisant I'objet du calcul présente un angle vif, la longueur moyenne du
trajet du flux pour cet angle doit étre choisie comme le trajet circulaire moyen joignant les
centres des deux sections uniformes adjacentes, et la surface de la section transversale
associée a cette longueur doit étre choisie comme la surface moyenne des deux sections
uniformes adjacentes.

Calcul des paramétres effectifs /,, 44 et V.

Les paramétres effectifs peuvent étre définis comme suit:

lo =Ci%/Cy  Ag=CylCy Vg =Igdg =Cs>1Co?

est la|longueur magnétique effective du noyau (mm);
est la|surface effective de la section transversale (mm?2);
est le|volume effectif (mm3);

C, est la|constante du noyau (mm~1);

C, est la|constante du noyau (mm~3).

5 Formules pour les différents types de noyaux

5.1 Ndgyaux toriques
5.1.1 Noyaux toriques en général

La Figurg 1 présente les dessins de noyaux toriques

=

W L)
122

v dol2

.

IEC

Figure 1 — Noyaux toriques

2n

= inlds )


https://iecnorm.com/api/?name=1743120bb176a53c32292bce348f84d9

IEC 60205:2016 © IEC 2016 - 45—

_ 4n(1/dy —1/dy)

c
2 12N (dy/dy)

5.1.2 Pour les noyaux toriques de section transversale rectangulaire a angles vifs

he = h

La section transversale géométrique d’'un noyau torique de forme rectangulaire Ag est donnée
comme suit:

dp —dq

r=

Ag=h

5.1.3 Pour les noyaux toriques de section transversale rectangulaire avec un|rayon
e I'arrondi moyen appréciable r,

1716812
he =h(1—ki) " h(dy - d)

5.1.4 Pour les noyaux toriques de section transversale rectangulaire avec chpnfrein
hppréciable ¢,

460 2

fa = 220
3 "l - dy)

he :h(1_k3)

La section transversale géométrique d’un noyau torique avec une forme de chanfrein
appréciable Ag est donnée comme suit:

dy

—d4 2
dg = h 252,

5.1.5 Pour les noyaux toriques de section transversale trapézoidale a angles|vifs

he =h(1—kp)  ky = h(tar:ia +;an/i’)
1—dp

5.1.6 Pour les-noyaux toriques de section transversale trapézoidale avec un rayon de
‘arrondi moyen appréciable r,

~—

L 7{4 L L
ILe —Il«\l I\'l I\Z

5.1.7 Pour les noyaux toriques de section transversale a c6tés frontaux a arc
circulaire

e :h_ﬂﬁ;—flz(zsinﬁ_ﬂ_ﬂj
4sin(p/2)

dq —dy
r

@ = 2arcsin

Lorsque le bobinage est uniformément réparti sur un noyau torique, les lignes de flux peuvent
étre paralleles a sa surface en tous points a l'intérieur du noyau torique.
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Par conséquent, aucune fuite de flux ne sort du noyau torique ni ne pénétre dans celui-ci.
Ceci justifie I'utilisation d'une dérivation théoriquement plus correcte des parameétres effectifs
qui ne prend pas en considération I'hypothése selon laquelle la distribution du flux est
uniforme dans la section transversale.

5.2 Paire de noyaux U de section rectangulaire

La Figure 2 présente les dessins d’une paire de noyaux U de section rectangulaire

1"4 % -’I I'4

I [P —

| surf

l/l
[« <

N_..._._.K

Surf

l//5
Y-Y

o 3 _ X-X

Figure 2 — Paire de noyaux U dé section rectangulaire
Longueur du trajet du flux associé a la surface 45:
12 = Ié + l§

Longueur moyenne des trajets du.flux aux angles:

ly=ly+15=7(p+h)

l5=lé+l§:%(s+h)

Surfaces|moyennes associées a [, et /5:

A+ A
A4 _ 1 5 2
A2 + A
to= 222
i I; i !
i=1 A’ i=1 Ai2

5.3 Paire de noyaux U de section circulaire

La Figure 3 présente les dessins d’'une paire de noyaux U de section circulaire
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1"4 - X > ] 9['4 T
YRR
‘},_m_: ______ \<’ “%%%QW“
bl @ @ |
! vfi]y ! @ :
| oidy |
“ ‘ A2 | | | 4 I
A Surf i - ! '.,, A 4s
[ AT i T RN i surf
Y-Y s ¥ X i I's J
B I3 N
i XX
IEC

Lors du g

Longueu

Longueu

Surfaces

Figure 3 — Paire de noyaux U de section circulaire
alcul de 4,, ignorer les nervures introduites pour faciliterla fabrication.
du trajet du flux associé a la surface 4,:
I =15 +15

moyenne du trajet du flux aux angles:

Lzl 15 =7 (p+h)

z5=zg+zg=%(s+h)

5.4

moyennes assogiées a /, et /g:
A1 + A2
Ay =
fT2
= Ao + A3
°T 2
> Ny
C = —[ C = —l
1 ; 4 ; 4

Paire de noyaux E de section rectangulaire

La Figure 4 présente les dessins d’'une paire de noyaux E de section rectangulaire.
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] ! -/ A Surf
|
|

e L 1.7 o A3
|73 \ < Surf
. SR S N S S _ s

A3
Is Surf

%///4

% Surf I

|
Y-Y !

%//%/;Z% Surfﬁ11

X-X

IEC

Figure 4 — Paire de noyaux E de section rectangulaire
Surface de la demi-branche centrale: 43

Longueur moyenne des trajets du flux aux angles:

Surfaces|moyennes associées a‘y et /g:

A1+ A
Ay = 12 2
A2+A
45 = 3
T S
1:1Al 1—12Ai2

5.5 Paire de noyaux ETD/EER

La Figure 5 présente les dessins d’'une paire de noyaux ETD/EER.
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X-N<L> l4
[ ‘/i:>
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i pmmmdaoo i/
Y ' Y : ' Q‘I - i
v |_i. Ly | i J 2 %%%
N b s BiVai.
— _.._._._._._i._l.~°’_.:‘.._\> ..... il I },
I.',_ ...... | ....... \I [\ /5 & //////% -
: ! : I
| i | i
N ! B
: x s,urfA1
Y . .
X >
X-X

44 est ég

Longueu

NOTE 1/, §

Figure 5 — Paire de noyaux ETD/EER

1
ale au rectangle b[;d—é’j moins la garniture ou/le*'segment 4

A = idzz arcsin L/ lbw/dzz ye
4 dy 4
A= %ab —%b\/dzz —b? —%dzz arcsin[%j

moyenne du trajet du flux au niveau des parois de fond:
Iy = %(dzﬂldzz ~b? )—%3

1
st releVé-a partir de la valeur moyenne de E(dz - d3) et (c—d3 /2).

Surface

| ol HEl N o 4 |
T 1a ucirmmmurarniviic voriinarc.

As = A3+ A3

La condition pour obtenir 4’3 = 4" est la suivante:

Sy =0,2980d

Longueur moyenne du trajet du flux aux angles:

Iy =%(P+h)

IEC
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15 = %(ZS»] + h)

Surfaces moyennes associées a [, et /5:

A+ A

Ay = 12 2

Ar + A

As = 22 3
o1 Ai =247

5.6 Palire de noyaux P

La Figurg 6 présente les dessins d’'une paire de noyaux P.

IEC

Figure 6 — Paire de noyaux P
Surface de I'anneau extérieur:
Ay = A+ A
La condition pour obtenir 4’y = 4", est la suivante:

dy 1( 2 2)
S1=—"7F+,—\d{" +d
1 > g 41" +d2

Surface de la branche centrale:
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Az = A3 + A3
La condition pour obtenir 4’3 = 4”5 est la suivante:

d3 1( 2 2)
Sy =3 [ 4,214
2=, g 4" +ds

Surface de 'anneau:

Aq = %(n - n9)<d12 - d22)

6 = arcsin
d1 +d2
ou
b est lallargeur d'encoche;
n est lelnombre d'encoches.
Facteurs|de noyau associés a /,:
/
o1,
A2 mth d3
12 S a —d3

A22 nzad3h2
Surface de la branche centrale:
T, 2 2
4y = Zlis2 4
3=, 4
Longueur moyenne des.trajets du flux aux angles:

lg =1y +14 =%(2S1 +h)

Is =I5 +18 :%(232 +h)

Surfaces associées a /4 et I5:

A, pour les noyaux avec encoche dans la paroi de fond:
1 2 2 h
A4 :g(n—nﬁ)(ch —d2)+5(7’td2 —}’lb)

A4 pour les noyaux sans encoche dans la paroi de fond:
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Ay = g(n—n<9)(d12 —d22)+%d2h
s 2 2
As = 2lds? —dy? + 4dsh
5 8(3 4 3)

Facteurs de noyau associés a /g:

5.7 Palire de noyaux RM

La Figurg 7 présente les dessins d’'une paire de noyaux RiVihde Type 1 a Type 4.

Ce calcul est également applicable au type de noyau.sans un trou.
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Type 1 — RM6-S

P,

: _
(——N
I
U mprm—— )
B ll1 Ah

1EQ

IEC

Imax = I'max + {"max IEC


https://iecnorm.com/api/?name=1743120bb176a53c32292bce348f84d9

- 54 — IEC 60205:2016 © IEC 2016

Type 4 - RM6-R

o/

2 Vo

IEC

Figure 7 — Paire de noyaux RM

Surface tptale de la branche extérieure:
1 - T L5271 2
Ay =—a“M+tan| p—— |} —=<£do7 ——
1=5¢ { (ﬁ 4j} S92 -5p

. e
ou S =af-arcsin—
2

Facteurs|de noyau associés a /5:

dy

In—=
o __d3 !
A2 DTEh
oul fzﬁnin"'lmax Dzﬂ
2lmin : A8
Iy =15 +1%

lp _ (Ydz—1d,)f
Ap? (Drh)?

Type 1, Type 4:

Imax = \/%(dzz +dq? )—%d2d3 cos(a - )
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Type 2:
2
IMX:J%@f+d3j—%@¢wm@—ﬁy- b
23in£
2
Type 3:
1 . @
Imax :—[etanﬁ—c(1—sm?)]
2tanﬂ-sin£
2
Type 1:
18,2 12 12 p| m 2
A7 =—<—d>" +—e“tanf——e“tanja - |——d
7 4{2 2 ryettanfi- e [“ |74
Type 4:
118 ,2 1 . 1 2 o T2
A7 = —<1—=—d>" + —dods sinla — B)+—(c —d3) tan=— - —d
74{22223(0!,3)2(0 3) 243}
Type 2:
1 2 n, 2 Y2 2 p) 12
A7 =—<1=d>" ——da3” +=b° —e“ Jtan| a — = |+ —e“ tan
74{22 473 2( ?) @ o Jtpetens
Type 3:
1/ ,2 m, 2 12
Ayp'=—<-—dp" ——d3" + —c“ tanla -
7 4{2 2"~y dst e (e ﬁ)}
a(, 2 2
ts = 0% -a5?)
8 =g \¥2 3
Surface qu‘pdle central:

Y
@:—@f—@ﬂ
4
Longueur moyenne des trajets du flux aux angles et surfaces moyennes associées a ceux-ci:

T 1 1
g =l +lp =—|h+—a—-—d
4 =lg+ig 4( 5975 2]
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ls = Ig +18 = %{dg, +h- ‘/%(df +d42)}

ds = %{%(432 ag?)+ 2ad3h}
S 7 S,
C = 1 C — _r
P I I

1 ) H H
Ce calcuylre—tientpas—ecompte—de—teffetdenfoncement—du—ressertetdu—godiery; Ceux-ci
er

1
peuvent influer sur le résultat du calcul, en particulier pour les noyaux de petite taille

5.8 Palire de noyaux EP

La Figurg 8 présente les dessins d’une paire de noyaux EP.

ra 11 7>1:
[} 82>_"_| ..... :
A3 A | [ 1
: i
2 e 1 !
dfl \ A| | \
Q A =N
dil , - > "
" I's | \ I"s
A1 ! |
k |
\ __I ..... L
h1
X-X IEC

Figure 8 — Paire de noyaux EP

En tant que paire:

Iy ho
44 ab—nd12/8—d1c

o ha

A2 (ab-nd? 18 - dyc)?

2 2 a1
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Uy by 4n
2
l3 _ h2 - 16]’12
2 4 2,4
A3 nz[d—z] T d2
2

Surfaces|associées a /, et /5:

. om dy  h—h
l4=l4+l4=5[7—71+—14 Z\J

y = (TE—(Z)d12 +2(ab—nd12 /8—d1d2 /2)
4(n—a)

ou y est ¢in rayon hypothétique bissectant la surface dé.la section transversale de I'apneau.

1 T 2 d1d2 h1 h2
Ay =—tab- L@ - L (g )y -2
4 2{“ gl g k|

' p T dy h—hy
e =1t +1 =T 020289 92 L M~ "2
575 A 2[ 2 4 )

5.9 Paire de noyaux PM

La Figure 9 présente les dessins d’'une paire de noyaux PM.


https://iecnorm.com/api/?name=1743120bb176a53c32292bce348f84d9

— 58 —

IEC 60205:2016 © IEC 2016

Figure 9 — Paire de noyaux PM

Surface tptale de la branche:

Ay :ﬁ(au2 —dzz)— 2bt
2
ou f=a —arcsinL
2
Facteurs|de noyau associés a /5.
Iy =Il5+13
|nd_2g
b _ 4
A2 DTC(/’!1 —hz)/z
Indin’$+1 A
2Zmin Ag

Imax = \/% (d22 +da? )—%d2d3 cos(a - B)

Ly _ (Yds—1dy)e
{Dn{hy — hp)/2}?

Ap?

B

Ar =
[

2 1 2 1 .2 @ T2
A2+~ 2tanf-— 2tan a -2 |- 4
2 g /itanf-g/ [a 2) 16 43

| AN
. 7
N A== \|/
t ]! | Il 1 $
I 13 : .
= I — o
A ' H : A
76\ | _| = [
._/_._._._-_._._._\_\'/ 3| el
1!5 ./-—-. .._'.\. >(l"5 ¥
I [ |
: | '
| | ! !
\
h2
h1
X-X IEC
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Surface de la branche centrale:
T
As :—(d32 —d42)
4
Longueur moyenne des trajets du flux aux angles et surfaces moyennes associées a ceux-ci:

[ N L | S S N
= = = 8 L 4 T 7

Z

44 =%{A1 + fdy (I — )}

T

h—hy 1. 92 2
o dg+ M2 (R d
15:15+15=4{3 > 5 (d5 +d3)}

T hq —h
As =§(d§ —d£)+ad3%

5.10 Palire de noyaux EL

La Figure 10 et la Figure 11 présentent les dessins d’'une paire de noyaux EL et noyaux
(plaques] PLT.

Les noyaux (plaques) EL + PLT ‘utilisent les formules des noyaux EL.

C < B >
151
F2 D | >
< > - 14
¥
= [ Rp— p— 7 K
1
WY i | A
: 13 K\l
I [+—> I
] I 5 1 /
. 1 H v
_ { ___________ 5 C e - el B Vit St NN N
| i [
: — \ A I5
R
AN ‘ L
‘ | I
IEC

Figure 10 — Paire de noyaux EL
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B2 C

IEC

Figure 11 — Noyaux (plaques) PLT

Surface de la branche extérieure:
A :i(A—E)C—4 R2 - g2
172 4

Longueur moyenne du trajet du flux au niveau de la branche extérieure:
11 =D

Surface de la paroi de fond:
Ay :%(C+(F2 — Fy)+ nFy/2)B - D)
Longueur moyenne du flux au niveau de la paroi de fond:
5

2 2

Surface de la branche centrale:

Surface du coin extérieur:

ou A21 = (B = D)C
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