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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 

CALCULATION  OF THE EFFECTIVE PARAMETERS 

OF MAGNETIC PIECE PARTS 

 
FOREWORD 

1 )  The  I n ternational  E lectrotechn ical  Comm ission  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  national  e l ectrotechn ical  comm i ttees  ( I EC National  Commi ttees).  The  object  of I EC i s  to  promote  
i n ternational  co-operation  on  a l l  questions  concern ing  s tandard ization  i n  the  e l ectri cal  and  e l ectron ic fi e l ds.  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es ,  I EC publ i shes  I n ternational  Standards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports,  Publ i cl y Avai l able  Speci fi cations  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC 
Publ i cation(s)”).  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC National  Commi ttee  i n terested  
i n  the  subject  deal t  wi th  may parti cipate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non-
governmental  organ i zations  l i a i s i ng  wi th  the  I EC a l so  parti ci pate  i n  th i s  preparation .  I EC col l aborates  cl osely 
wi th  the  I n ternational  Organ ization  for S tandard i zation  ( I SO)  i n  accordance  wi th  cond i ti ons  determ ined  by 
agreement  between  the  two  organ izations.  

2)  The  formal  decis ions  or agreements  of I EC on  techn ical  matters  express,  as  nearl y as  possib le,  an  i n ternational  
consensus  of opin ion  on  the  re levant  subjects  s i nce  each  techn ical  comm i ttee  has  representation  from  al l  
i n terested  I EC National  Commi ttees.  

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  conten t of I EC 
Publ i cations  i s  accurate,  I EC cannot be  hel d  responsible  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  user.  

4)  I n  order to  promote  i n ternational  un i form i ty,  I EC National  Commi ttees  undertake  to  apply I EC Publ i cations  
transparen tl y to  the  maximum  extent  possib le  i n  thei r national  and  reg ional  publ i cations.  Any d i vergence  
between  any I EC Publ i cation  and  the  correspond ing  national  or reg ional  publ i cation  shal l  be  cl earl y i nd icated  i n  
the  l atter.  

5)  I EC i tsel f does  not  provide  any attestation  of conform i ty.  I ndependent  certi fi cati on  bod ies  provide  conform i ty 
assessment services  and ,  i n  some areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  respons ible  for any 
services  carried  ou t  by i ndependent certi fi cation  bod ies .  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cation .  

7)  No  l i abi l i ty shal l  attach  to  I EC or i ts  d i rectors ,  employees,  servan ts  or agents  i ncl ud ing  i nd ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC National  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud ing  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cation  or any other I EC 
Publ i cations.  

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cation  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  poss ibi l i ty that  some  of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t ri gh ts.  I EC shal l  not  be  hel d  responsible  for i den ti fyi ng  any or a l l  such  patent  ri gh ts .  

I n ternational  Standard  I EC 60205 has  been  prepared  by I EC techn ical  committee  51 :  Magnetic 
components,  ferri te  and  and  magnetic powder materials.  

Th is  fourth  ed i tion  cancels  and  replaces  the  th i rd  ed i tion  publ ished  in  2006  and  
Amendment 1 : 2009.  Th is  ed i tion  consti tu tes  a  techn ical  revision .  

Th is  ed i tion  i ncludes  the  fol lowing  s ign i ficant techn ical  changes  wi th  respect to  the  previous  
ed i tion :  

a)  add i tion ,  in  5. 1 ,  of the  d rawing  of a  core  of rectangu lar cross-section  wi th  chamfer;  

b)  add i tion ,  i n  5. 1 . 3,  of the  equation  of a  core  of rectangu lar cross-section  wi th  chamfer;  

c)  equations  in  5. 1 . 4,  5. 6,  5. 7,  5. 8,  5. 9,  5 . 1 1 ,  5 . 1 2,  5. 1 4  are  amended  or replaced ;  

d )  d rawings  RM6-S  and  RM6-R in  5. 7  are  amended ;  

e)  add i tion  of EC-cores,  see  5. 1 5.  
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The  text of th is  standard  i s  based  on  the  fol lowing  documents:  

FDIS  Report  on  voti ng  

51 /1 1 49/FDIS  51 /1 1 56/RVD 

 

Fu l l  i n formation  on  the  voting  for the  approval  of th is  I n ternational  Standard  can  be  found  in  the  
report on  voting  i nd icated  in  the  above table.  

Th is  document has  been  drafted  in  accordance wi th  the  I SO/IEC Di rectives,  Part 2 .  

The  committee  has  decided  that the  contents  of th is  document wi l l  remain  unchanged  unti l  the  
stabi l i ty date  i nd icated  on  the  I EC websi te  under "h ttp: //webstore. iec. ch"  i n  the  data  related  to  
the  speci fic document.  At th is  date,  the  document wi l l  be  

•  reconfi rmed ,  

•  wi thdrawn,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  

A bi l ingual  version  of th is  publ ication  may be  issued  at a  later date.  
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INTRODUCTION  

The purpose  of th is  revis ion  i s  to  provide  formu lae  by wh ich  everybody can  reach  the  same 
effective  parameter values.  F i rstly,  i t  i s  necessary to  have  a  sufficient number of s ign i ficant 
figures  when  figures  are  rounded  off i n  the  process  of calcu lation .  Add i tional ly,  some of the  
calcu lation  formu lae  have  been  changed  to  get closer to  the  actual  shape.  

I n  th is  revis ion ,  the  basic i dea  of calcu lation  has  not been  changed .  Recently,  analysis  of the  
magnetic fie ld  i n  the  core  has  been  considerably improved ,  so  that,  based  on  these  ideas,  
development of new approaches  and  formu lae  can  be  expected .  

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

The  parameters  in  the  existing  I EC standards  wi l l  be  revised  wi th  the  outcome from  the  
formu lae  of th is  document.  
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CALCULATION  OF THE EFFECTIVE PARAMETERS 

OF MAGNETIC PIECE PARTS 

 

 

 

1  Scope 

This  document speci fies  un i form  ru les  for the  calcu lation  of the  effective  parameters  of closed  
ci rcu i ts  of ferromagnetic material .  

2  Normative references  

There  are  no  normative  references  in  th is  document.  

3 Terms and  defin i tions  

No terms  and  defin i tions  are  l i sted  in  th is  document.  

I SO and  I EC maintain  term inolog ical  databases  for use  in  standard ization  at the  fol lowing  
addresses:  

•  I EC  Electroped ia:  avai lable  at h ttp: //www.electroped ia.org/ 

•  I SO  On l ine  browsing  platform :  avai lable  at h ttp: //www. iso. org/obp 

4 Basic ru les  appl icable  to  th is  standard  

4.1  Al l  resu l ts  shal l  be  expressed  in  un i ts  based  on  m i l l imetres,  shal l  be  accurate  to  th ree  
s ign i ficant figures,  bu t to  derive  le  ,  Ae  ,  and  Ve  the  values  of C1  and  C2  shal l  be  calcu lated  to  
five  s ign i ficant figures.  Al l  ang les  are  i n  rad ians.  

NOTE  The  purpose  of speci fying  th i s  degree  of accuracy i s  on l y to  ensure  that  parameters  calcu lated  at  d i fferen t 
establ i shments  are  i den ti cal  and  i t  i s  not  i n tended  to  imply that  the  parameters  are  capable  of being  determ ined  to  
th i s  accuracy.  

4.2  Amin  i s  the  nom inal  value  of the  smal lest cross-section .  Ag  i s  the  geometrical  cross-

section  of a  ring  core  wi th  rectangu lar shape.  Al l  the  d imensions  used  to  calcu late  Amin  shal l  be  
the  mean  values  between  the  tolerance l im i ts  quoted  on  the  appropriate  piece  part d rawing .  Al l  
resu l ts  shal l  be  expressed  in  un i ts  based  on  m i l l imetres,  and  shal l  be  accurate  to  th ree  
s ign i ficant figures.  

The  m in imum  physical  cross-section  area  Amin  i s  g iven  as:  Amin  =  m in  (A i)  

NOTE  A
g  to  be  used  for the  measurement  of the  saturation  fl ux dens i ty B

max
 on  ri ng  cores  wi th  rectangu lar cross-

secti on .  

4.3  Calcu lations  are  on ly appl icable  to  the  component parts  of a  closed  magnetic ci rcu i t.  

4.4 Al l  d imensions  used  for the  purpose  of calcu lations  shal l  be  the  mean  value  wi th in  the  
tolerance l im i ts  quoted  on  the  appropriate  p iece  part d rawing .  

4.5 Al l  i rregu lari ties  i n  the  ou tl ine  of the  core,  such  as  smal l  cu t-outs,  notches,  chamfers,  etc.  
shal l  be  i gnored  un less  otherwise  described .  
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4.6  When  the  calcu lation  involves  the  sharp  corner of a  piece  part,  then  the  mean  length  of 
flux path  for that corner shal l  be  taken  as  the  mean  ci rcu lar path  j oin ing  the  centres  of area  of 
the  two ad jacent un i form  sections,  and  the  cross-sectional  area  associated  wi th  that l ength  
shal l  be  taken  as  the  average  area  of the  two ad jacent un i form  sections.  

Calcu lation  of effective  parameters  le  ,  Ae  and  Ve .  

The effective  parameters  can  be  defined  as  

2
2

1e CCl /=  21e /CCA =  
2

2
3
1eee /CCAlV ==  

where  

le  i s  the  effective  magnetic l ength  of the  core  (mm);  

Ae  i s  the  effective  cross-sectional  area  (mm 2) ;  

Ve  i s  the  effective  volume (mm 3) ;  

C1  i s  the  core  constant (mm−1 ) ;  

C2  i s  the  core  constant (mm−3) .  

5 Formulae for the various  types  of cores  

5.1  Ring  cores  

5.1 . 1  Ring  cores  in  general  

Drawings  of ring  cores  are  shown  in  F igure  1 .  

 

Figure  1  – Ring  cores  
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5.1 .2  For ring  cores  of rectangu lar cross-section  with  sharp  corners  

he  =  h  

The  geometrical  cross-section  of a  ring  core  wi th  rectangu lar shape Ag  i s  g iven  as:  

2

12
g

dd
hA

−
=  

5.1 .3  For ring  cores  of rectangular cross-section  with  an  appreciable  average 

rounding  radius  r0  

( )1e 1 khh −=  ( )21

2
0

1
871 61

ddh

r,
k

−
=  

5.1 .4 For ring  cores  of rectangular cross-section  with  appreciable  chamfer c0  

( )3e 1 khh −=  ( )21

2
0

3
ddh

c
k

−
=

4
 

The  geometrical  cross-section  of a  ring  core  wi th  appreciable  chamfer shape Ag  i s  g iven  as:  

2
0

12
g 2

2
c

dd
hA −

−
=  

5.1 .5  For ring  cores  of trapezoidal  cross-section  with  sharp corners  

( )2e 1 khh −=
 

( )
21

2
tantan

dd

h
k

−
+

=
βa

 

5.1 .6  For ring  cores  of trapezoidal  cross-section  with  an  appreciable  average 

rounding  rad ius  r0  

( )21e 1 kkhh −−=
 

5.1 .7  For ring  cores  of cross-section  wi th  ci rcu lar arc frontal  sides  

( )








−−

−
−=

22

sin

2
sin2

2/sin4 2

21
e

ϕϕϕ

ϕ

dd
hh

 

r

dd

4
arcsin2 21 −

=ϕ
.  

When  the  wind ing  i s  un i form ly d istributed  over a  ring  core,  i t  may be  expected  that,  at a l l  poin ts  
i ns ide  the  ring  core,  the  flux l i nes  wi l l  be  paral lel  to  i ts  surface.  

No  leakage flux wi l l  therefore  leave  or enter the  ring  core.  Th is  j usti fies  the  use  of a  
theoretical ly more  correct derivation  of the  effective  parameters ,  wh ich  does  not make use  of 
the  assumption  that the  flux is  un i form ly d istributed  over the  cross-section .  
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5.2  Pair of U -cores  of rectangu lar section  

Drawings  of a  pai r of U -cores  of the  rectangu lar section  are  shown  in  F igure  2 .  

 

Figure 2  – Pair of U -cores  of the  rectangular section  
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5.3  Pair of U -cores  of rounded  section  

Drawings  of a  pai r of U -cores  of the  rounded  section  are  shown  in  F igure  3.  
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Figure 3  – Pair of U -cores  of rounded  section  

I n  calcu lating  A2  i gnore  any ridges  in troduced  for the  purpose  of faci l i tating  manufacture.  
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5.4 Pair of E-cores  of rectangular section  

Drawings  of a  pai r of E-cores  of the  rectangu lar section  are  shown  in  F igure  4.  
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Figure 4  – Pair of E-cores  of rectangular section  

Area  of hal f the  centre  l imb:  A3  
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5.5  Pair of ETD/EER-cores  

Drawings  of a  pai r of ETD/EER-cores  are  shown  in  F igure  5.  
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Figure 5  – Pair of ETD/EER-cores  
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where  
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a
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5.6  Pair of pot-cores  

Drawings  of a  pai r of pot-cores  are  shown  in  F igure  6.  

 

Figure 6  – Pair of pot-cores  

Area of ou ter ring :  

111 AAA ′′+′=  

The  cond i tion  to  obtain  A'1  =  A"1  i s  

( )2
2

2
1

2
1

8

1

2
dd

d
S ++−=  

Area  of centre  l imb:  

IEC  

h  

X l″4  

X-X 

l3  

A″1  
Area 

a  

X 

A ′1  
Area 

A2  
Area 

A6  
Area 

A″3  
Area 

A ′3  
Area 

l″5  

l″
6
 

l″
2
 

l1  

l′4  

l′5  

S
1
 

S
2
 l′ 2

 l
′ 6
 

d1 /2 

d4/2 

d3/2 
d2/2 

b
 

θ 



I EC 60205:201 6  © I EC 201 6  – 1 5  –  

 

333 AAA ′′+′=  

The  cond i tion  to  obtain  A'3  =  A"3  i s  
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5.7  Pair of RM-cores  

Drawings  of a  pai r of RM-cores  Type 1  through  Type 4  are  shown  in  F igure  7.  

Th is  calcu lation  i s  a lso  appl icable  to  the  core  type  wi thout a  hole.  
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Figure  7  – Pair of RM-cores  
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Th is  calcu lation  i gnores  the  effect of spring  recesses  and  stud  recesses.  These  can  have  some 
in fluence on  the  outcome of the  calcu lation ,  especial ly for smal ler cores.  

5.8  Pair of EP-cores  

Drawings  of a  pai r of EP-cores  are  shown  in  F igure  8.  

 

Figure 8  – Pair of EP-cores  
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where  y  i s  a  hypothetical  rad ius  bisecting  the  cross-sectional  area  of the  ring .
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5.9  Pair of PM-cores  

Drawings  of a  pai r of PM-cores  are  shown  in  F igure  9.  
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Figure 9  – Pair of PM-cores  
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5.1 0  Pair of EL-cores  

Drawings  of a  pai r of EL-cores  and  PLT(plate)-cores  are  shown  in  F igure  1 0  and  F igure  1 1 .  

EL  +  PLT (plate)-cores  use  EL  core  formu lae.  

 

Figure 1 0  – Pair of EL-cores  
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Figure 1 1  – PLT(plate)-cores  
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5.1 1  Pair of ER-cores  (low profi le)  

Drawings  of a  pai r of ER-cores  ( low profi le)  and  PLT(plate)-cores  are  shown  in  F igure  1 2  and  
F igure  1 3.  

ER +  PLT (plate)-cores  use  ER core  formu lae.  
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Figure  1 2  – Pair of ER-cores  (low profi le)  

 

Figure 1 3  – PLT(plate)-cores  
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5.1 2  Pair of PQ-cores  

Drawings  of a  pai r of PQ-cores  and  PLT(plate)-cores  are  shown  in  F igure  1 4,  F igure  1 5  and  
F igure  1 6.  

PQ +  PLT (plate)-cores  use  PQ core  formu lae.  

NOTE  1  Th i s  calcu lation  i gnores  the  effect  of spri ng  recesses.  

NOTE  2  The  equations  below are  cons isten t  wi th  those  g i ven  i n  I EC 6231 7-1 3.  

 

 

Figure 1 4 – Pair of PQ-cores  
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Figure 1 6  – PLT(plate)-cores  
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5.1 3  Pair of EFD-cores  

Drawings  of a  pai r of EFD-cores  are  shown  in  F igure  1 7.  

 

Figure 1 7  – Pair of EFD-cores  
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5.1 4 Pair of E  planar-cores  

Drawings  of a  pai r of E  planar-cores  and  PLT(plate)-cores  are  shown  in  F igure  1 8  and  
Figure  1 9.  

E  p lanar +  PLT (plate)-cores  use  E  planar core  formu lae.  

 

Figure 1 8  – Pair of E  planar-cores  

 

Figure 1 9  – PLT(plate)-cores  
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5.1 5 Pair of EC-cores  

Drawings  of a  pai r of EC-cores  are  shown  in  F igure  20.  
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Figure 20  – Pair of EC-cores  
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Mean  length  of flux path  at corners:  
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