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Part 1: Mechanical and electrical characteristics 

 
 
 

1 Scope 

This part of IEC 60740 specifies the characteristics of laminations. Their preferred use is 
cores for transformers and inductors. The laminations are made of sheets and strips of 
magnetic materials, specified in IEC 60404-8-4 and IEC 60404-8-7. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. 
For dated references, only the edition cited applies. For undated references, the latest edition 
of the referenced document (including any amendments) applies. 

IEC 60050-221, International Electrotechnical Vocabulary (IEV) – Chapter 221: Magnetic 
materials and components 

IEC 60404-1:2000, Magnetic materials – Part 1: Classification 

IEC 60404-8-4:1998, Magnetic materials – Part 8-4: Specifications for individual materials – 
Cold-rolled non-oriented electrical steel sheet and strip delivered in the fully-processed state 

IEC 60404-8-7:1998, Magnetic materials – Part 8-7: Specifications for individual materials – 
Cold-rolled grain-oriented electrical steel sheet and strip delivered in the fully-processed 
state 

IEC 60404-11:1999, Magnetic materials – Part 11: Method of test for the determination of 
surface insulation resistance of magnetic sheet and strip 

IEC 61021-1:1990, Laminated core packages for transformers and inductors used in 
telecommunication and electronic equipment – Part 1: Dimensions 

IEC 61021-2:1995, Laminated core packages for transformers and inductors used in 
telecommunication and electronic equipment – Part 2: Electrical characteristics for cores 
using YEE 2 laminations 

ISO 286-1:1988, ISO system of limits and fits – Part 1: Bases of tolerances, deviations and 
fits 

LAMINATIONS FOR TRANSFORMERS AND INDUCTORS – 

Full document details: BS EN 60740-1:2005
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3 Terms, definitions and symbols 

For the purposes of this document, the definitions of IEC 60050-221 and the following apply. 

3.1 
lamination 
produced from a magnetic alloy sheet, usually consisting of one piece or several joined 
pieces, forming one complete layer of a laminated core 

3.2 
lamination strip 
produced from a magnetic alloy sheet, which can be composed to a layer of laminations or 
stacks for limbs or yokes 

3.3 
square stack 
results, if the height of the package hp is equal to the limb width d. 

3.4 
specific power loss 
loss of the core in an alternating field with specified frequency and sinusoidal waveform, 
generating a specified flux density divided by the core mass: 

 Fe
Fe

Fe

P
p

m
=  (1) 

where 
pFe is the specific power loss, in W/kg; 

PFe is the power loss, in W; 

mFe is the core mass, in kg. 

NOTE 1 In the power loss both  the hysteresis loss and eddy current loss are included. 

NOTE 2 This is valid for cores with and without an air gap in the magnetic path. 

3.5 
specific reactive power 
reactive power of the core in an alternating field by specified frequency and sinusoidal, 
specified flux density divided by the core mass: 

 BFe
BFe

Fe

P
p

m
=  (2) 

where 
pBFe is the specific reactive power, in VA/kg; 

PBFe is the reactive power, in VA; 

mFe is the core mass, in kg. 
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3.6 
specific reactive power of the air gap 
in an alternating field and sinusoidal, specified flux density is the r.m.s. reactive power in the 
air gap, divided by the core mass: 

 L
BL

Fe

l f B
p

l ρ
⋅ ⋅

= ⋅
⋅

2ˆ
0,25  (3) 

where 
pBL is the specific reactive power of the air gap, in VA/kg; 

B̂  is the peak flux density, in T; 
f is the frequency, in Hz; 

ρ is the density of the core, in kg/dm3; 
lL Is the length of the air gap, in µm; 

lFe is the path length, in cm. 

3.7 
specific total apparent power of cores without air gap 
in the mean flux path, the specific total apparent power consists of the specific reactive 
power and the specific power loss of the core and is the product of sinusoidal voltage and 
r.m.s. current divided by the core mass: 

 2
Fe

2
BFe pppS +=  (4) 

 S
S

Fe Fe

PU Ip
m m
⋅

= =  (5) 

where 
PS is the total apparent power, in VA; 

pS is the specific total apparent power, in VA/kg; 

pBFe is the specific reactive power, in VA/kg; 

pFe is the specific power loss, in W/kg; 

U is the voltage, in V; 

I  is the r.m.s. current, in A; 

mFe is the core mass, in kg. 

3.8 
specific total apparent power of cores with air gap 
in the mean flux path, the specific total apparent power consists of the specific reactive 
power of the core, the specific reactive power of the air gap and the specific power loss: 

 ( ) 2
Fe

2
BLBFe pppPS ++=  (6) 

Full document details: BS EN 60740-1:2005

http://www.avadocuments.com/doc/bs-en-60740-1-2005
http://www.avadocuments.com/doc/bs-en-60740-1-2005


EN 60740-1:2005 – 10 –  
 
where 
pS is the specific total apparent power, in VA/kg; 

pBFe is the specific reactive power of the core, in VA/kg; 

pBL is the specific reactive power of the air gap, in VA/kg; 

pFe is the specific power loss, in W/kg. 

3.9 
magnetic path length 
arithmetic mean of the longest and the shortest path length of the core neglecting radii. 

NOTE For details of the calculation for each core, see 13.3 to 13.10. 

3.10 Symbols 

AFe core cross-section, in mm2; 

B̂  peak flux density, in T; 

nB̂  nominal peak flux density, in T; 

B0ˆ  peak flux density for the characteristic of the specific reactive power, in dT; 

C1 core constant 1, in mm–1; 

C2 core constant 2, in mm–3; 

c1 , c2 constants for the characteristic of the specific reactive power; 

c3 , c4 constants for the characteristic of the specific power loss; 

d limb width, in mm; 

f frequency, in Hz; 

Ĥ  peak field strength, in A/m; 

hp stack height, in mm; 

I current, in A; 

I1 , I2 , I3 currents in the phases of three-phase cores, in A; 

Ĵ  peak polarisation, in T; 

l magnetic path length, in mm; 

lFe magnetic path length, in mm; 

lFe1, lFe2 magnetic path lengths for three-phase cores, in mm; 

lL path length of the air gap, in µm; 

lq magnetic path length cross to the rolling direction, in mm; 

lw magnetic path length in rolling direction, in mm; 

mFe core mass, in kg; 

N number of turns; 

N1 number of turns of winding N1; 

N2 number of turns of winding N2; 

P1 , P2 , P3 power loss in the phases of three-phase cores, in W; 

PBFe reactive power of the core, in VA; 

PBL reactive power of the air gap, in VA; 

PFe power loss, in W; 
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Pm test value of the power loss, in W; 

PS total apparent power, in VA; 

pB specific reactive power, in VA/kg; 

pBFe specific reactive power of the core, in VA/kg; 

pBL specific reactive power of the air gap, in VA/kg; 

pFe specific power loss; in W/kg; 

pFe0 cardinal value for the specific power loss, in W/kg; 

pS specific total apparent power, in VA/kg; 

pS0 cardinal value of the total apparent power, in VA/kg; 

pS, sin specific total apparent power at sinusoidal current; in VA/kg; 

R1 resistance of winding N1, in Ω; 

R2 resistance of winding N2, in Ω; 

Rn precision resistor, in Ω; 

RV resistance of the voltmeter, in Ω;  

RW resistance of the voltage path of the wattmeter, in Ω; 

U voltage, in V; 

U1 voltage of the source, in V; 

U2 r.m.s voltage of the winding N2, in V; 

U2 avg voltage of the winding N2, in V; 

nÛ  peak value of the voltage across Rn , in V; 

VFe core volume, in mm3; 

x tolerance factor; 

y auxiliary value for the characteristics of the specific reactive power; 

y1 , y2 constants for the characteristics of the specific reactive power; 

y3 constant for the characteristics of the specific power loss; 

η stacking factor; 

µ0 magnetic constant, in H/cm (4 · π · 10–9 H/cm); 

µa amplitude permeability; 

µi initial permeability; 

π in this standard = 3,1416; 

ρ the density of the core alloy, in kg/dm3. 
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4 Materials and lamination thicknesses 

4.1 Materials 

Laminations are made from one of the materials specified in Table 1. 

Table 1 – Preferred magnetic steel and alloys used for laminations 

Designation 

IEC 60404-8-4 Material 
Approximate 

composition in 
addition to iron 

Density 

kg/dm3 IEC 60404-1 
IEC 60404-8-7 

M 270-35A 5 

M 330-35A 5 7,65 

M 330-50A 5 

M 400-50A 5 
7,7 

M 530-50A 5 

Non-oriented 
silicon steel 1 % to 3 % silicon  

7,8 

C 21 

M 800-50A 5 

Grain-oriented 
silicon steel 3,2 % silicon 7,65 C 22 M 165-35S 5 

72 % to 83 % nickel 8,7 E 1 

45 % to 50 % nickel 
(both oriented and 
non-oriented) 

8,25 E 3 Nickel-iron 
alloys 

35 % to 40 % nickel 8,15 E 4 

Cobalt-iron 
alloys 

47 % to 50 % cobalt 
(isotropic)  F 1 

 

 

____ 

 

4.2 Nominal lamination thickness 

Lamination thickness shall be selected from one of the values specified in Table 2, according 
to the material in use. 

Table 2 – Material and lamination thickness 

Thickness  

mm Material designation 

0,5 0,38 0,35 0,3 0,2 0,1 0,05 

C 21 o - o - - - - 

C 22 - - o - - - - 

E 1 - x x o o o x 

E 3 non-oriented - x x o o o x 

E 3 grain-oriented - - - - - o x 

E 4 - x x o o o x 

F 1 - - x o o o x 

NOTE o: preferred value, x: usual, -: not usual. 
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The allowed tolerance of the thickness of the laminations in Table 3 is corresponding to the 
appropriate value taken from IEC 60404-8-4 and IEC 60404-8-7.  

Table 3 – Tolerance of the thickness of laminations 

Tolerances 

mm Material designation 

Thickness 0,5 mm Thickness 0,35 mm 

C 21 ± 0,04 ± 0,028 

C 22 - ± 0,03 

 

4.3 Minimum stacking factor 

The minimum stacking factor η for usual materials and thickness shall be not lower than the 
values shown in Table 4. They are valid for uniform stacks with a minimum height of 10 mm 
subjected to a uniform pressure of 15 kN/m2 perpendicular to the lamination. 

Table 4 – Lamination thickness and stacking factor 

Minimum stacking factor η 
Lamination 
thickness 

mm 

Non-oriented 
silicon steel 

C 21 

Grain oriented
silicon steel 

C 22 

Nickel-iron and 
cobalt-iron alloys 

E, F 

0,5 0,95 – – 

0,35 0,94 0,95 0,94 

0,30 – – 0,92 

0,20 - – 0,9 

0,10 0,9 0,9 0,85 

0,05 - 0,88 0,8 

5 Designation of laminations and lamination strips 

The designation contains all information needed to describe the laminations sufficiently and 
unmistakably. 

5.1 Specified complete shapes 

5.1.1 Lamination outline shapes 

 LAM IEC 60740-1 YUI 1-50 H M 530-50A 5 

Lamination 
Number of this specification 
Sign, that this designation is different from 
eventual used national designations 
Shape and size according to 13.3 to 13.10 
Sign for holes, H with holes, X without holes 
Material in accordance with Table 1 

IEC   1195/05 
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5.1.2 Specified shape with lamination strips 
 LAM IEC 60740-1 YSUI 1-50 X M 165-35S 5 

Lamination 
Number of this standard 
Sign, that this designation is different from eventual 
used national designations 
Sign, that the shape is made of lamination strips 
Shape and size according to 13.4.2 or 13.5.2 
Sign for holes, H with holes, X without holes 
Material in accordance with Table 1 

IEC   1196/05 
 

5.2 Lamination strips for specified shapes 

5.2.1 Lamination strips for yokes 
 LAM IEC 60740-1 YSUI 1-50 Y X M 165-35S 5 

Lamination 
Number of this standard 
Sign, that this designation is different from eventual 
used national designations 
Sign, that the shape is made of lamination strips 
Shape and size according to 13.4.2 or 13.5.2 
Sign for lamination strips for yokes 
Sign for holes, H with holes, X without holes 
Material in accordance with Table 1 

IEC   1197/05 
 

5.2.2 Lamination strips for limbs 
 LAM IEC 60740-1 YSUI 1-50 L X M 165-35S 5 

Lamination 
Number of this standard 
Sign, that this designation is different from eventual 
used national designations 
Sign, that the shape is made of lamination strips 
Shape and size according to 13.4.2 or 13.5.2 
Sign for lamination strips for limbs 
Sign for holes, H with holes, X without holes 
Material in accordance with Table 1 

IEC   1198/05 
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5.3 Lamination strips for non-specified laminations  

 LAM IEC 60740-1 YS100 × 500 X M 165-35S 5 

Lamination 
Number of this standard 
Sign, that this designation is different from eventual 
used national designations 
Lamination strips according to 13.2 
Width of the lamination strip in mm 
Length of the lamination strip in mm  
Sign for holes, H with holes, X without holes 
Material in accordance with Table 1 

IEC   1199/05  

6 Packing and marking 

The laminations shall be packed for transit in such a manner that no deterioration will occur. 
Unless otherwise specified, all parts designing a layer of lamination shall be packed in one 
packaging unit. 

All packages shall be marked with the following information: 

– lamination designation; 
– quantity by mass or by number; 
– the manufacturer’s lot identification or date of manufacture; 
– manufacturer. 

Example of marking: 

– lamination: LAM IEC 60740-1 YEI 1-40 H M 330-35A 5 
– quantity: 
– date of manufacture: 
– manufacturer: 

7 Electrical tests 

7.1 General 

Electrical tests for stacked laminations shall be carried out for the appropriate materials 
specified in Table 1 according to the test parameters specified in Tables 5, 6 and 7. Effective 
parameters see 7.2 to 7.4. 

7.2 Core constants 

The core constants of laminations are calculated as follows: 

 Fe

Fe

l
C

A
=1  (7) 

 Fe
2
Fe

l
C

A
=2  (8) 
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where 
C1 is the core constant 1, in mm–1; 

C2 is the core constant 2, in mm–3;

lFe is the magnetic path length, in mm, calculated as in 7.3; 

AFe is the core cross-section, in mm2, taking into account the stacking factor η, see 7.4. 

Further, the core volume, in mm3, and the core mass, in kg, are calculated as follows: 

 VFe = lFe · AFe (9) 

 mFe = VFe · ρ (10) 

where ρ is the density of the alloy, in kg/dm3. 

The effective parameters of laminated cores with square cross-section and a stacking factor 
of 0,95 are shown in Tables 17, 18, 19, 20, 21, 22, 23, 24, 25, 26 and 27. For the laminations 
in 13.3, 13.4.1 and 13.5.1 the equations for the core constants are given subsequent to the 
associated tables. 

7.3 Magnetic path length 

The magnetic path length lFe is calculated as the arithmetic mean of the longest and the 
shortest path length of the core neglecting radii. 

NOTE For details on the calculation for each core, see 13.3, 13.4.1 and 13.5.1. 

7.4 Core cross-section 

The core cross-section is calculated as the product of (centre) limb width, stack height and 
stacking factor:  

 AFe = d · hp · η (11) 

where 
AFe is the core cross-section, in mm2; 

d is the limb width, in mm; 

hp is the stack height, in mm; 

η is the stacking factor. 

For cores with square stack (hp = d) shown in Tables 17, 18, 19, 20, 21, 22, 23, 24, 25, 26 
and 27 and with η = 0,95, the core cross-section is: 

 AFe = 0,95 · d 2 (12) 

For other stack heights and stacking factors differing from Table 4, the values for AFe and C1 
shall be corrected by multiplying with the following factors: 

The factor for AFe is: p

0,95

h

d

η⋅

⋅
 

The factor for C1 is: 
p

0,95d
h η
⋅
⋅
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NOTE Alternatively, for a given core stack, the core cross-section may be determined as follows: 

For YEI, YEx, YUI and YM: Fe

Fe

m
A

l ρ
=

⋅Fe  (13) 

8 General conditions for electrical measurements 

8.1 Atmospheric conditions 

Unless otherwise stated, all tests shall be carried out at room temperature. 

8.2 Test coils 

The electrical tests in Clauses 15 and 16 are valid for the square stack. The stack height of 
the test coil and of the core may be changed, if the values are not changed. However, the 
test coils shall be suitable to the stack of laminations to be tested. The voltage winding N2 
shall be the inner winding and be as close as possible to the core, and its resistance R2 shall 
be small compared to the resistance of its load. 

The resistance in the supply circuit, including the coil resistance R1 and the resistance of the 
current measuring device (current meter, current amplifier or precision resistor), shall be 
small, so that they do not result in any appreciable distortion of the voltage. 

8.3 Test cores 

The laminations shall physically be in accordance with the requirements of Clauses 4 and 13 
and shall be selected at random from those which are fully processed for the end application. 
They shall be interleaved as a stack and shall consist of equal numbers of all necessary parts 
designing a complete layer of lamination. 

NOTE Using grain-oriented and non-oriented silicon steel the laminations may be interleaved equilateral. Only in 
case of arbitration they shall be interleaved one by one throughout the stack. 

Test cores made of lamination strips are a matter of agreement between customer and 
manufacturer. 

8.4 Harmonic content of the voltage 

In order to obtain comparable results, sinusoidal flux density shall be used for the 
measurements. During the test, the harmonic content shall not exceed 6 %. Where two 
voltmeters V1 and V2 in Figure 1a are connected in parallel to the winding N2, the first one is 
measuring the r.m.s. value and the second one is measuring the average value. The form 
factor shall be calculated from the ratio of the r.m.s. value to the average value. If this form 
factor is between 1,10 and 1,12 and at the same time the wave-shape as observed on the 
oscilloscope does not show obvious distortion, the harmonic content of the secondary voltage 
across the winding N2 and hence of the flux density will be sufficiently small. 

9 Measurements at high field strength 

9.1 General 

One of the circuits of Figure 1a, Figure 1b or Figure 2 shall be used. The test conditions shall 
be in accordance with the values specified in Table 5. Test certificates for lots of delivery are 
a matter of agreement between customer and manufacturer. 
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