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NOTE 1   Where an International Publication has been modified by common modifications, indicated by (mod), 
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NOTE 2   Up-to-date information on the latest versions of the European Standards listed in this annex is available 
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Publication Year Title EN/HD Year 

IEC 60050 series  International Electrotechnical Vocabulary  - -  

IEC 60068-1 2013  Environmental testing - Part 1: General 
and guidance 

EN 60068-1 2014  

IEC 60068-2-1 -   Environmental testing - Part 2-1: Tests - 
Test A: Cold 

EN 60068-2-1 -   

IEC 60068-2-2 -   Environmental testing - Part 2-2: Tests - 
Test B: Dry heat 

EN 60068-2-2 -   

IEC 60068-2-6 -   Environmental testing - Part 2-6: Tests - 
Test Fc: Vibration (sinusoidal) 

EN 60068-2-6 -   

IEC 60068-2-7 -   Basic environmental testing procedures - 
Part 2-7: Tests - Test Ga and guidance: 
Acceleration, steady state 

EN 60068-2-7 -   

IEC 60068-2-10 -   Environmental testing - Part 2-10: Tests - 
Test J and guidance: Mould growth 

EN 60068-2-10 -   

IEC 60068-2-13 -   Basic environmental testing procedures - 
Part 2-13: Tests - Test M: Low air pressure 

EN 60068-2-13 -   

IEC 60068-2-14 -   Environmental testing - Part 2-14: Tests - 
Test N: Change of temperature 

EN 60068-2-14 -   

IEC 60068-2-17 -   Basic environmental testing procedures - 
Part 2-17: Tests - Test Q: Sealing 

EN 60068-2-17 -   

IEC 60068-2-20 -   Environmental testing - Part 2-20: Tests - 
Test T: Test methods for solderability and 
resistance to soldering heat of devices with 
leads 

EN 60068-2-20 -   

IEC 60068-2-21 -   Environmental testing - Part 2-21: Tests - 
Test U: Robustness of terminations and 
integral mounting devices 

EN 60068-2-21 -   

IEC 60068-2-27 -   Environmental testing - Part 2-27: Tests - 
Test Ea and guidance: Shock 

EN 60068-2-27 -   
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IEC 60068-2-30 -   Environmental testing - Part 2-30: Tests - 
Test Db: Damp heat, cyclic (12 h + 12 h 
cycle) 

EN 60068-2-30 -   

IEC 60068-2-42 -   Environmental testing - Part 2-42: Tests - 
Test Kc: Sulphur dioxide test for contacts 
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IEC 60068-2-78 -   Environmental testing - Part 2-78: Tests - 
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IEC 60270 -   High-voltage test techniques - Partial 
discharge measurements 

EN 60270 -   

IEC 60695-11-2 -   Fire hazard testing -- Part 11-2: Test 
flames - 1 kW nominal premixed flame: 
Apparatus, confirmatory test arrangement 
and guidance 
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IEC 60695-11-5 -   Fire hazard testing - Part 11-5: Test flames 
- Needle-flame test method - Apparatus, 
confirmatory test arrangement and 
guidance 

EN 60695-11-5 -   

IEC 61672-1 -   Electroacoustics - Sound level meters - 
Part 1: Specifications 

EN 61672-1 -   
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

TRANSFORMERS AND INDUCTORS FOR USE IN ELECTRONIC AND 
TELECOMMUNICATION EQUIPMENT –  

MEASURING METHODS AND TEST PROCEDURES 

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

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 61007 has been prepared by IEC technical committee 51: 
Magnetic components, ferrite and magnetic powder materials. 

This third edition cancels and replaces the second edition published in 1994. This edition 
constitutes a technical revision.  

This edition includes the following significant technical changes with respect to the previous 
edition: 

a) scope: the application of the scope of IEC 61007 was extended;
b) Clause 2: added new references and updated the references;
c) Clause 3: new definitions were added in 3.3, and in 3.7 the voltage-time product was

redefined;
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d) test procedures were updated:
1) addition of test method:

AC resistance (in 4.4.1.2); short-circuit power test (in 4.4.3.4); efficiency (in 4.4.3.5);
phase unbalance (in 4.4.5.7); amplitude unbalance (radio frequency) (in 4.4.5.8);
transformation ratio by impedance (in 4.4.7.1); coefficient of coupling (in 4.4.7.2);
cross-talk (in 4.4.10);

2) modification of test method:
Insulation resistance (an error range of the testing voltage, in 4.4.2.3);

3) deletion of test method:
Effective resistance;

e) environmental test procedures: new references were added;
f) Annexes A to G were added.

The text of this International Standard is based on the following documents: 

CDV Report on voting 

51/1319/CDV 51/1339/RVC 

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 date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 
the specific document. At this date, the document will be 

• reconfirmed,

• withdrawn,

• replaced by a revised edition, or

• amended.

The contents of the corrigendum of June 2021 have been included in this copy.
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TRANSFORMERS AND INDUCTORS FOR USE IN ELECTRONIC AND 
TELECOMMUNICATION EQUIPMENT –  

MEASURING METHODS AND TEST PROCEDURES 
 
 
 

1 Scope 

This document describes a number of tests for use in determining the significant parameters 
and performance characteristics of transformers and inductors for use in electronics and 
telecommunication equipment. These test methods are designed primarily for transformers 
and inductors used in all types of electronics applications that can be involved in any 
specification for such components. Even though these tests can be useful to the other types 
of transformers used in power distribution applications in utilities, industry, and others, the 
tests discussed in this document can supplement or complement the tests but are not 
intended to replace the tests in standards for transformers. Some of the tests described are 
intended for qualifying a product for a specific application, while others are test practices used 
for manufacturing and customer acceptance testing. The test methods described here include 
those parameters most commonly used in the electronics transformer and inductor industry: 
electric strength, resistance, power loss, inductance, impedance, balance, transformation 
ratio and many others used less frequently. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their 
content constitutes requirements 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 (all parts), International Electrotechnical Vocabulary (IEV) (available at 
www.electropedia.org) 

IEC 60068-1: 2013, Environmental testing – Part 1: General and guidance 

IEC 60068-2-1, Environmental testing – Part 2-1: Tests – Tests A: Cold 

IEC 60068-2-2, Environmental testing – Part 2-2: Tests – Tests 8: Dry heat 

IEC 60068-2-6, Environmental testing – Part 2-6: Tests – Test Fc: Vibration (sinusoidal) 

IEC 60068-2-7, Basic environmental testing procedures – Part 2-7: Tests – Test Ga and 
guidance: Acceleration, steady state 

IEC 60068-2-10, Environmental testing – Part 2-10: Tests – Test J and guidance: Mould 
growth 

IEC 60068-2-13, Basic environmental testing procedures – Part 2-13: Tests – Test M: Low air 
pressure 

IEC 60068-2-14, Environmental testing – Part 2-14: Tests – Test N: Change of temperature 

IEC 60068-2-17, Basic environmental testing procedure – Part 2-17: Tests – Test Q: Sealing 

IEC 60068-2-20, Environmental testing – Part 2-20: Tests – Test T: Test methods for 
solderability and resistance to soldering heat of devices with leads 
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IEC 60068-2-21, Environmental testing – Part 2-21: Tests – Test U: Robustness of 
terminations and integral mounting devices 

IEC 60068-2-27, Environmental testing – Part 2-27: Tests – Test Ea and guidance: Shock 

IEC 60068-2-30, Environmental testing – Part 2-30: Tests – Test Db: Damp heat, cyclic (12 h 
+ 12 h cycle) 

IEC 60068-2-42, Environmental testing – Part 2-42: Tests – Test Kc: Sulphur dioxide test for 
contacts and connections 

IEC 60068-2-45, Basic environmental testing procedures – Part 2-45: Tests – Test XA and 
guidance: Immersion in cleaning solvents 

IEC 60068-2-52, Environmental testing – Part 2-52: Tests – Test Kb: Salt mist, cyclic (sodium 
chloride solution) 

IEC 60068-2-78, Environmental testing – Part 2-78: Tests – Test Cab: Damp heat, steady 
state 

IEC 60270, High-voltage test techniques – Partial discharge measurements 

IEC 60695-11-2, Fire hazard testing – Part 11–2: Test flames – 1 kW pre-mixed flame – 
Apparatus, confirmatory test arrangement and guidance 

IEC 60695-11-5, Fire hazard testing – Part 11–5: Test flames – Needle-flame test method – 
Apparatus, confirmatory test arrangement and guidance  

IEC 61672-1, Electroacoustics – Sound level meters – Part 1: Specifications 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC 60050 (all parts) 
and the following apply. 

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses:  

• IEC Electromedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 

3.1  
component 
transformer or inductor 

3.2  
peak working voltage 
maximum instantaneous voltage for which the winding insulation is rated under working circuit 
conditions 
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3.3  
pulse wave form parameters (see Figure 1) 
3.3.1  
peak pulse amplitude  
Um 
maximum value of an extrapolated smooth curve through the top of the pulse, excluding any 
initial "spike" or "overshoot", the duration of which is less than 10 % of the pulse duration 

3.3.2  
pulse duration  
td 
time interval between the first and last instant at which the pulse amplitude equals 50 % of the 
peak pulse amplitude 

3.3.3  
pulse rise time  
tr 
interval between the first instant at which the pulse amplitude reaches 10 % of the peak pulse 
amplitude and the first instant at which the pulse amplitude reaches 90 % of the peak pulse 
amplitude, excluding an unwanted or irrelevant portion of the waveform 

3.3.4  
pulse fall time  
tf 
interval between the last instant at which the pulse amplitude reaches 90 % of the peak pulse 
amplitude and the next instant at which the pulse amplitude reaches 10 % of the peak pulse 
amplitude excluding any unwanted or irrelevant portion of the waveform 

Note 1 to entry: Where the value of the droop approaches 10 % of the peak pulse amplitude, the upper point 
defining fall time can be replaced by the last instant at which the pulse amplitude reaches 80 % of the peak pulse 
amplitude. 

3.3.5  
droop 
difference between the peak pulse amplitude and the amplitude of the extrapolated smooth 
curve through the top of the pulse, excluding any initial "spike" of "overshoot", at its 
intersection with the straight line through the points defining the pulse fall time, expressed as 
a percentage of the peak pulse amplitude 

3.3.6   
pulse crest 
maximum amplitude of the pulse 

3.3.7  
overshoot 
amount by which the pulse crest exceeds the peak pulse amplitude, expressed as a 
percentage of the peak pulse amplitude 

3.3.8  
backswing 
maximum amplitude of the reverse pulse, i.e. the portion of the pulse after the zero-crossing, 
expressed as a percentage of the peak pulse amplitude 

3.3.9  
return backswing 
maximum amplitude of the swing that follows the backswing, expressed as a percentage of 
the peak pulse amplitude 
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3.3.10  
recovery time 
time interval between the end of the pulse fall time and the time at which the pulse amplitude 
last reaches 10 % of the peak pulse amplitude 

Note 1 to entry: Exceptionally, a value of less than 10 % may be used, in which case the interval is termed "the 
X % recovery time". 

3.3.11  
pulse repetition frequency  
average number of pulses in unit time independent of the period over which it is measured 

 

Leading edge: the interval between the first instant at which the pulse amplitude begins and the first instant at 
which the pulse amplitude reaches the peak pulse amplitude. 

Pulse top: the interval between the first instants at which the pulse amplitude equals the peak pulse amplitude and 
the last instants at which the pulse amplitude equals 90 % of the peak pulse amplitude. 

Trailing edge: the interval between the last instants at which the pulse amplitude equals 90 % of the peak pulse 
amplitude and the first instants at which the pulse amplitude of the second cycle begins. 

For clarity in illustrating droop, the 80 % and 10 % points have been used in constructing the line which determines the 
border between the pulse top and the trailing edge. 

Figure 1 – Pulse waveform parameters 

3.4  
quality factor 
Q factor 
ratio of the energy stored to the energy dissipated during one cycle at a particular frequency 
in a specified winding  

Note 1 to entry: The Q factor is expressed in terms of either the series or the parallel components of reactance 
and loss resistance. 

3.5  
harmonic distortion 
square root of the sum of the square of all harmonic voltages up to and including the seventh 
harmonic (excluding the fundamental) expressed as a percentage or as a ratio in decibels of 
the fundamental 
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3.6  
maximum winding temperature 
mean temperature rise of any winding of the component under full load at maximum ambient 
temperature, when thermal stability has been achieved, added to the specified maximum 
ambient temperature 

3.7  
voltage-time product rating 
voltage pulse amplitude multiplied by the time interval between the first and last instants at 
which the pulse amplitude equals 50 % of the peak pulse amplitude 

Note 1 to entry: The start of the pulse within which the non–linearity of the magnetizing current does not exceed a 
specified value. 

3.8  
background noise 
acoustic noise 
noise measured at a measuring point with the component under test not electrically excited 

3.9  
compass safe distance 
distance from the pivot of the test magnetometer of a compass to the nearest on the surface 
of the component under test, at which the magnetic deviation is limited to a stated value 

3.10  
duty ratio  
ratio of pulse duration td to the cycle time 

3.11  
current transformer parameters 
3.11.1  
burden 
property of the circuit connected to the secondary winding of a current transformer which 
determines the real and reactive power at the secondary terminals  

Note 1 to entry: Burden is expressed as total impedance with effective resistive and reactive components or as 
the total volt amperes and power factor at the specified values of current and frequency. 

3.11.2  
current transformation ratio  
k 
ratio of the RMS value of the primary current to the RMS value of the secondary current under 
specified conditions 

3.11.3  
phase angle 
angular displacement of the fundamental frequency between the vector representing the 
primary and secondary currents of the transformer  

Note 1 to entry: The phase angle is positive when the secondary current leads the primary current. 

3.11.4  
ratio error 
difference between the measured current transformation ratio k and its nominal value kn, 
divided by the measured value k, and expressed as a percentage 

 %n 100 k k
k
−

⋅  
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3.12  
electrostatic screen 
conducting screen inserted between windings that, when it is connected to earth or the points 
where the voltage potentials are constant, considerably reduces the transference of unwanted 
signals from one winding to the other via inter-winding capacitance 

3.13  
safety screen 
conducting screen inserted between windings that, when it is connected to earth, effectively 
prevents fault currents flowing between those windings, in the event of an insulation failure 

3.14  
polarity  
<single–phase windings> property of a single–phase winding such that a terminal on one 
winding has the same polarity as a terminal on another winding if, when the other ends of the 
windings are connected to form a common terminal and the transformer/inductor is energized 
with a sinusoidal voltage, the induced voltage appearing between each of the two terminals 
and the common terminal rise positively through zero at the same instant of time 

3.15  
uniformly-insulated winding 
winding in which the insulation to earth is, at all points, designed to withstand an electric 
strength test of a value appropriate to the maximum voltage potential to be applied at the high 
voltage end 

3.16  
graded-insulated winding 
winding in which insulation to earth is graded from the amount at the high-voltage end to a 
smaller amount at the low-voltage end 

Note 1 to entry: Such a winding should withstand an electric strength test of a value appropriate to the insulation 
of the low-voltage end. 

3.17  
frequency weighting characteristic  
A 
most commonly used frequency curve in the measurement of sound pressure level 

4 Test procedures 

4.1 Test and measurement conditions 

4.1.1 General 

Unless otherwise specified, all tests shall be carried out under standard atmospheric 
conditions for testing as specified in IEC 60068-1. Where there is a requirement for 
components to attain temperature stability this shall be in accordance with IEC 60068‑1:2013, 
4.4. 

Unless otherwise stated in the detail specification, all voltages and currents shall be 
sinusoidal; values shall be taken as RMS, and polyphase supplies shall be assumed to be 
balanced. 

The "information to be stated" that is required to complete the descriptions of test methods in 
Clause 4 shall be specified in the relevant detail specification for the component. The detail 
specification shall also specify the test fixture to be used in association with a component, 
where this is intended for use at frequencies high enough for the length of test leads to 
become significant. 
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Recommended tests and specifications for specific transformer groups are listed in Table 1. 

Table 1 – Recommended tests and specifications for specific transformer and inductor 
groups 

Test procedures Fi
la

m
en

t 
Is

ol
at

in
g 

C
ur

re
nt

 li
m

iti
ng

 
R

ec
tif

ie
r 

C
om

bi
na

tio
n 

Fe
rr

or
es

on
an

ce
 

C
on

ve
rt

er
 

P
ol

yp
ha

se
 

S
w

itc
h 

m
od

e 
La

rg
e 

re
ct

ifi
er

 
V

ol
ta

ge
 s

te
pd

ow
n 

V
ol

ta
ge

 s
te

pu
p 

Lo
w

 r
at

io
 in

ve
rt

in
g 

Im
pe

da
nc

e 
m

at
ch

in
g 

D
C

 is
ol

at
in

g 
C

om
m

on
–m

od
e 

re
je

ct
io

n 
P

ot
en

ti
al

 tr
an

sf
or

m
er

s 
C

ur
re

nt
 t

ra
ns

fo
rm

er
s 

Fi
lte

r 
in

du
ct

or
s 

C
ha

rg
e 

in
du

ct
or

s 
H

yb
ri

d 
tr

an
sf

or
m

er
s 

R
F 

tr
an

sf
or

m
er

s 
N

et
w

or
k 

tr
an

sf
or

m
er

s 

Winding resistance (4.4.1)                        

DC winding resistance (4.4.1.1) × × × × × × × × × × × × × × × × × × × × × × × 

AC resistance (4.4.1.2) × × × × × × × × × × × × × × × × × × × × × × × 

Continuity (4.4.1.3) × × × × × × × × × × × × × × × × × × × × × × × 

Insulation tests (4.4.2)                        

Dielectric voltage withstand test (4.4.2.1) × × × × × × × × × × × × × × × × ×    × × × 

Induced voltage test (4.4.2.2) × × × × × × × × × × × × × ×   × × × × × × × 

Insulation resistance (4.4.2.3) × × × × × × × × × × × × × × × × × × × × × × × 

Losses (4.4.3)                        

No–load current (4.4.3.1) × × × × × × × × × × × × ×           

No–load loss (4.4.3.2) × × × × × × × × × × × × ×           

Losses (4.4.3)                        

Quality factor, Q (4.4.3.3)                   × ×    

Short–circuit power test 4.4.3.4) × × × × × × × × × × × × ×           

Efficiency (4.4.3.5) × × × × × × × × × × × × ×           

Inductance (4.4.4)                        

Effective inductance (4.4.4.1)       ×  ×      ×    × × ×  × 

Leakage inductance, L1 (4.4.4.2) × × ×      ×  × × × × × × ×    ×  × 

Unbalance (4.4.5)                        

Capacitance unbalance (4.4.5.1)           ×  × × × ×     ×   

Common mode rejection ratio (4.4.5.2)                       × 

Impedance unbalance (4.4.5.3)                      ×  

Cross-talk attenuation (4.4.5.4)             ×           

Voltage unbalance (4.4.5.5)               ×         

Resistance unbalance (4.4.5.6) × × × × × × × × × × × × × × × × × × × × × × × 

Phase unbalance (4.4.5.7)                  ×    ×  

Amplitude unbalance (radio frequency) 
(4.4.5.8) 

                     ×  

Capacitance (4.4.6)                        

Self–capacitance (distributed 
capacitance) (4.4.6.1) 

        ×  ×   × × ×     ×   

Inter–winding capacitance (4.4.6.2)            × × × × ×        

Capacitance (4.4.6                        

Inter–element capacitance (4.4.6.3) × × × × × × × × × × × × × × × ×  ×   ×   

Transformation ratios (4.4.7)                        
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Transformation ratio by impedance 
(4.4.7.1) 

× × × × × × × × × × × × × × × × × × × × × × × 

Coefficient of coupling (4.4.7.2)         ×  × ×  × × ×        

Voltage transformation ratio (4.4.7.3)                 ×       

Current transformation ratio (4.4.7.4)                  ×      

Resonant frequency (4.4.8)                        

Inherent self–resonance (4.4.8.2)      × ×       ×  ×     ×   

Resonant assemblies (4.4.8.3)     × × ×       ×  ×     ×   

Signal transfer characteristics (4.4.9)                        

Insertion loss (4.4.9.1)           × × × ×        × × 

Return loss (4.4.9.2)           × × × ×         × 

Cross-talk (4.4.10)                       × 

Frequency response (4.4.11)              × × ×     ×   

Pulse characteristics (4.4.12)         ×  × × ×           

Voltage–time product rating (4.4.13)           × × ×           

Total harmonic distortion (4.4.14)              × × ×        

Voltage regulation (4.4.15) × × × × × × × × × × × × × × × × ×  × × × × × 

Temperature rise (4.4.16)                        

Method utilizing the change in DC 
resistance of a winding (4.4.16.1) 

× × × × × × × × × × × × ×      × ×    

Method using an additional series–
opposing bifilar winding (4.4.16.2) 

× × × × × × × × × × × × ×      × ×    

Surface temperature (4.4.17) × × × × × × × × × ×         × ×    

Polarity (4.4.18)  ×  ×  × × × × × × × × × × × × ×   × × × 

Screens (4.4.19)                        

Capacitance test for screens (4.4.19.1)  ×  × ×    × × ×   × × × × ×   ×   

Safety screens (4.4.19.2)               ×  ×       

Acoustic noise (4.4.20)                        

Acoustic noise (4.4.20.1) × × × × × ×  × × ×    ×          

Electromagnetic noise (4.4.20.2) × × × × × ×  × × ×    ×          

Corona tests (4.4.21) × × × × × × × × × ×       × × × ×    

Magnetic fields (4.4.22)                        

Magnetic shielding (4.4.22.1)         ×               

Magnetic influence (compass safe 
distance) (4.4.22.2) 

             ×  ×        

Magnetic radiation (4.4.22.3)  ×  × ×   × × ×   × × × × ×       

Inrush current (4.4.23)   ×               ×      
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4.1.2 Measurement uncertainty 

The limits quoted in the detail specifications shall be absolute. The tolerance values applying 
to the actual measurement system shall be taken into account when the measurements are 
assessed against specification limits. Where tolerances with respect to set conditions or 
instrument error have been specified these shall be regarded as additional minimum 
requirements. 

4.1.3 Alternative test methods 

The test and measurement methods given in the relevant specification shall not be regarded 
as the only methods to be used. Special test equipment and automatic test sets are available, 
which may also be used. However, the tester shall satisfy the customer or relevant authority1 
that any alternative methods which the tester uses will give results equivalent 2  to those 
obtained by standard methods. In the case of dispute, for referee and reference purposes the 
specified methods only shall be used. 

4.2 Visual inspection 

4.2.1 General 

Visual inspection shall be performed under normal factory lighting without visual aids. The 
condition, workmanship, marking and finish shall be satisfactory. 

NOTE If special lighting and/or visual aids are necessary for the acceptance of particular components (e.g. very 
small components such as 1812/4532 or smaller), these can be specified as additional tests in the relevant detail 
specification. 

4.2.2 Safety screen position 

NOTE 1 Sometimes the term "isolating screen" is used as an alternative to "safety screen". 

Purpose: To determine the position of a safety screen in relation to adjacent windings. 

Procedure: The fitted and positioned safety screen shall be inspected before being obscured 
by subsequent windings. The safety screen shall: 

a) totally cover the winding around which it is wrapped such that the "finish" end overlaps the 
"start" end by no less than the amount specified in the detail specification; 

b) be adequately insulated so as not to comprise a short–circuited winding. 

NOTE 2 Screens fitted to toroidal transformers can consist of a number of turns of conductive strip provided that 
each turn overlaps the adjacent turn by not less than 5 % of the strip width. 

Information to be stated: 

a) minimum overlap; 
b) minimum creepage distance. 

4.2.3 Quality of joints  

NOTE A good solder joint is one that has excellent electrical contact between the parts joined and good 
mechanical strength. Examples of good solder joints are shown in Figure 2. Figure 3 illustrates defective 
joints. 

___________ 
1 For example, a National Supervising Inspectorate within the IECQ scheme or equivalent method. 

2  By "equivalent" it is meant that the value of the characteristic established by such other method and deemed 
acceptable in accordance with the limits ascribed to such other method will fall within the specified limits when 
measured by the specified method. 
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Purpose: To determine the quality of all solder joints. 

Procedure: All solder joints shall be inspected to ensure that the following requirements are 
complied with. 

Requirements: Soldered joints shall: 

a) exhibit good tinning as evidenced by the free flowing of solder with wetting of the 
termination; 

b) be smooth with no spikes; 
c) be bright and shiny; 
d) be without rough patches; 
e) have a concave surface and the outline of the wire shall be visible under the surface of the 

solder;  
f) not have been moved during soldering (such joints exhibit an "orange peel" effect, as 

shown in Figure 3(a)); 
g) not be "dry" (that is, not exhibit a distinct line where the solder fillet joins the wire or have 

a high contact angle between the solder and the wire (see Figure 3(b)); 
h) be wired at terminals in such a way as to leave no residual stress (see Figure 3(c)); 
i) not exhibit "wicking" (that is, the joining wire shall not be overheated, leading to the 

movement of solder into multi–stranded wires (see Figure 3(d)); 
j) not exhibit score and scratch at leading–out end before welding (see Figure 3(e)); 
k) not exhibit solder cracking on the spot weld end (see Figure 3(f)); 
l) not exhibit nonwetting (see Figure 3(g)); 
m) not exhibit projection on the weld end (see Figure 3(h)). 

 

Figure 2 – Examples of good solder joints 
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a) Moved joint b) Dry joints 

  

c) Mechanically stressed joint d) Wicking 

  

e) Scratches f) Cracking 

 

g) Nonwetting 

 

h) Tip of welding end 

Figure 3 – Examples of defective joints  
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4.3 Dimensioning and gauging procedure 

The dimensions shall be verified as being in accordance with the relevant specification. 

4.4 Electrical test procedures 

4.4.1 Winding resistance 

4.4.1.1 DC winding resistance 

Purpose: To determine the DC resistance of a winding or windings between specified 
terminations. 

Procedure: The resistance shall be measured by a suitable method (refer to Annex A). 

Where required by the detail specification, the ambient temperature θ (in °C) shall be 
measured and the result of the resistance measurement Rm (in Ω) corrected to the 
corresponding value at 20 °C, R20 (in Ω) by means of the following formulae: 

 20 m
20kR R

k
+

=
+θ

 

 
20

1 20k = −
α

 

where  

k  is a constant related to the thermal coefficient of resistivity. For the purposes of this 
document, the value for copper shall be taken as 234,5 and for aluminium as 228,1; 

α20 is a temperature coefficient of resistivity of the winding conductor at 20 °C. 

For safety reasons, care should be taken to avoid shock due to the risk of short–circuited 
windings generating high voltages at the moment of current interruption. 

Information to be stated: 

a) terminations between which the measurement is to be made; 
b) whether the result of measurement should be corrected to 20 °C, and if so, the value of k 

is corrected by the temperature coefficient of resistivity. 

The selected method should be determined by the ease of operating the test and the 
accuracy required. The accuracy of the equipment should be at least ten times better than 
the accuracy required of the test. 

The measuring current should not be so large as to cause self–heating or to have a 
significant magnetizing effect on the component 

4.4.1.2 AC resistance 

Purpose: To determine the AC resistance under rated operating frequency. 

Procedure: A suitable AC power source shall be adopted, and the test frequency and AC 
voltage shall be stipulated. 
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Information to be stated: 

– winding to be tested. 

Care should be taken in testing to avoid the risk of shock, especially in the case of 
components with high inductance, as a high voltage can be generated. 

4.4.1.3 Continuity 

Purpose: To verify the continuity of a specified winding. 

Procedure: Continuity shall be established using a suitable DC or AC voltage or current 
source, and a suitable detector.  

Information to be stated: 

– winding to be tested. 

The current should not be so large as to have a significant magnetizing effect on the 
component. 

Care should be taken in testing a winding with a high inductance value as a high voltage may 
be generated. 

NOTE Where there are parallel paths, as with multiple windings or in polyphase components, a DC resistance 
check can be necessary to ensure that the path under examination is not being influenced by shunt paths. 

4.4.2 Insulation tests 

4.4.2.1 Dielectric withstand voltage test 

Purpose: To ensure that the insulation of uniformly-insulated windings and the lowvoltage 
end insulation of graded-insulated windings are adequate. 

NOTE 1 This test is not suitable for the high-voltage end insulation of windings having graded insulation or 
designed to have one point earthed. The high-voltage end insulation of such windings can be tested only by the 
application of an appropriate induced voltage test of the special test conditions of 4.4.2.2 item b). 

NOTE 2 In certain cases it can be appropriate to demonstrate the adequacy of the low-voltage end insulation of 
graded-insulated windings during the induced voltage test of the special test conditions of 4.4.2.2 item b).  

Procedure: A test voltage whose value is from Table 2 unless otherwise specified. The test 
voltage shall be applied between specified pairs of isolated elements of the component. All 
windings shall be short–circuited. Windings and screens on one side of the insulation system 
shall be connected to the frame, core and earth while windings and screens on the other side 
shall be connected together. The test instrument should have sufficient output power (refer to 
Annex B). 

Table 2 – Voltage of dielectric withstanding voltage test  

Peak working voltage AC test voltage, 45 Hz to 65 Hz DC test voltage 

Vpk (RMS) V 

 VRMS  

< 25 50 71 

> 25 to 50 100 141 

> 50  to 100 300 424 

> 100 to 175 500 707 

> 175 to 700 2,8 × peak working voltage 4 × peak working voltage 

> 700 1,4 × peak working voltage + 1 000 2 × peak working voltage + 1 400 
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The test voltage shall be increased at a convenient rate not exceeding 2 kV/s, from zero to 
the specified value, maintained at this value for the specified time (unless breakdown occurs), 
then decreased to zero at the same rate. 

For fluid-filled components, except for those designed for operation in one plane only and so 
marked, approximately half the test samples shall be tested with terminals uppermost and half 
with the terminals underneath. 

If environmental conditioning is required in the detail specification for this test, the component 
shall be held in the specified conditions for a minimum of 6 h unless otherwise specified. (See 
IEC 60068 for information on environmental testing.) 

There shall be no evidence of heating, breakdown or deterioration. Ionization shall not be 
regarded as a criterion of breakdown. The leakage current shall not exceed the specified 
value. 

Information to be stated: 

a) terminations between which the test is to be made; 
b) test voltage (for a winding having graded–insulation, values shall be given for both ends of 

the winding); 
c) frequency of AC test voltage (if different from the values shown in Table 2); 
d) test duration; 
e) maximum leakage current, if specified. 

NOTE If breakdown occurs during the test it can at first be detected by sporadic and intermittent increases in 
leakage current followed by a significant increase to a constant higher value which, on many electric strength test 
sets, is accompanied by a partial or complete collapse of the voltage. This type of breakdown can be caused by 
partial breakdown in ionized voids and weakened insulation which then avalanches to complete breakdown in the 
form of arc-over or arc-through. 

Electric strength test voltages can be hazardous. Extreme care should be taken in performing 
this test. 

4.4.2.2 Induced voltage test 

Purpose: To verify the adequacy of inter-turn and inter-layer insulation of transformers and 
inductors, and to verify the adequacy of the high-voltage end insulation of windings having 
graded insulation. 

Special conditions of test: 

The following special conditions apply: 

a) Uniformly insulated windings are normally tested as in Procedure 1, 2 or 3, as appropriate. 
Any point of a winding may be earthed during the test as specified. 

b) Windings having graded insulation are normally tested as in Procedure 1, 2 or 3, as 
appropriate. A point on such a winding may be earthed or raised to a specified voltage 
above earth during the test. The induced voltage shall be such that, when added 
vectorially to any applied voltage, the high-voltage end of the winding is raised to the 
appropriate peak test voltage given in 4.4.2.1. 
If the specified voltage above earth is alternating, it shall be of the same frequency as the 
induced voltage (refer to Annex C). 

In general, during the execution of the induced voltage test, no winding should be 
permitted to "float", i.e. to remain unconnected at both ends. 
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Procedure 1: Applicable to transformers and inductors intended for exciting by sinusoidal 
waveforms. 

A specified test voltage of not less than twice the rated supply voltage at a frequency of not 
less than twice the lowest rated frequency shall be applied across the specified winding. The 
duration and manner of application shall be as specified in the detail specification. 

Procedure 2: Applicable to transformers and inductors intended for exciting by pulse 
waveforms. 

Specified test voltage pulses of an amplitude not less than twice the rated pulse amplitude, at 
a specified pulse repetition frequency of not less than 25 % of the maximum rated pulse 
repetition frequency and with a specified pulse duration not less than 25 % of the rated 
maximum pulse duration and normally not greater than 50 %3 of the rated pulse duration shall 
be applied across the winding. The duration and manner of application shall be as specified in 
the detail specification. 

Procedure 3: Applicable to transformers and inductors intended for exciting by non–
sinusoidal periodic waveforms such as those in power supplies operating with semi 
conductors in a switched mode. 

A specified sinusoidal test voltage of peak value not less than twice the maximum rated peak 
value for the input voltage waveform and at a specified frequency, derived as follows, shall be 
applied across the specified winding. The duration and manner of application shall be as 
specified in the detail specification. 

The test frequency shall be such that its cyclic period is normally 4  not greater than the 
effective shortest half-cycle period of the operative waveform for which the component is 
intended, for example in the case of pulse width modulated symmetrical or asymmetrical 
waveforms. 

The effective half-cycle shall be taken to be the effective minimum on-time of the electronic 
switch. 

Duration for application of test voltage in Procedures 1, 2 and 3: 

The duration of application of the test voltage shall be specified as one of the following: 

a) the applied voltage shall be raised from one-third of the specified voltage to the full value 
which shall then be maintained for 60 s ± 5 s before reducing the voltage to one-third of 
its value and thence to zero; 

b) 5 s to 10 s (value to be stated). 

Requirements: 

There shall be no evidence of heating, breakdown or deterioration. Ionization shall not be 
regarded as a criterion of breakdown. 

___________ 
3  Pulse durations greater than 50 % of the rated maximum value may be specified provided that they do not 

cause core flux saturation or other abnormalities.  

4  A lower test frequency may be specified provided that it does not cause core flux saturation or other 
abnormalities. 
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Information to be stated in the detail specification: 

a) the test voltage (RMS or peak as applicable); 
b) the winding(s) to be excited (see the last paragraph in 4.4.2.1); 
c) the winding point intended to be connected to a known potential and the value of this 

potential (if applicable); 
d) the duration of application of test voltage; 
e) the test frequency or pulse repetition frequency (as applicable); 
f) the pulse duration (applicable to Procedure 2). 

NOTE A source of test voltage can be connected to windings other than the normal input winding in order to 
obtain the necessary voltages. 

4.4.2.3 Insulation resistance 

Purpose: To measure the resistance of the insulation between the various parts of the 
component. 

Procedure: Unless otherwise specified the insulation resistance shall be measured with a DC 
voltage of either: 

100 V ± 10 V for windings with peak working voltage < 500 V, or 
500 V ± 10 V for windings with peak working voltage ≥ 500 V. 

The test voltage shall be applied until a steady reading is obtained or, failing that, for 
60 s ± 5 s. 

If environmental conditioning is required in the detail specification for this test, the component 
shall be held in the specified conditions for a minimum of 6 h unless otherwise specified. (See 
IEC 60068 (all parts) for information on environmental testing.) 

Information to be stated: 

a) terminations between which the measurement is to be made; 
b) peak working voltage of each winding; 
c) environmental conditioning. 

4.4.3 Losses 

4.4.3.1 No-load current 

Purpose: To verify that the core is of the required quality and is correctly assembled and that 
there are no short-circuited parts of the windings. 

Procedure: The specified voltage at the frequency or frequencies specified shall be applied 
from a low impedance source to the input winding with all other windings in open-circuit. The 
harmonic distortion of the applied voltage shall be less than 6 %. The input current shall be 
measured with a true RMS. instrument, whose impedance is sufficiently low not to affect the 
applied voltage by more than 1 %. The input current shall be measured when its value is 
stabilized. For polyphase components, all input currents shall be measured. The test 
schematic is shown in Figure 4. 
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Figure 4 – No-load current test schematic 

Information to be stated: 

a) AC voltage; 
b) test frequency; 
c) winding to be tested; 
d) maximum RMS value of input current. 

4.4.3.2 No-load loss 

Purpose: To verify that the transformer is of the required quality and is correctly assembled 
and that there are no short-circuited parts of the windings. 

Procedure: The specified voltage at the specified frequency shall be applied to the input 
winding via a suitable wattmeter, all other windings being in open-circuit. The harmonic 
distortion of the voltage when applied to the winding shall be less than 6 % (refer to Annex D). 
The test schematic is shown in Figure 5. 

The power loss shall be measured when its value has been stabilized, a correction being 
made for the wattmeter losses if these are significant. 

 

Figure 5 – No-load loss test schematic 

Information to be stated: 

a) test voltage; 
b) test frequency; 
c) winding to be connected; 
d) maximum power loss. 
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4.4.3.3 Quality factor, Q 

Purpose: To determine the quality factor of a component at a particular frequency. 

Procedure: The quality factor, Q, shall be measured at the specified voltage and frequency 
using a suitable method, for example: 

a) a suitable inductance bridge; 
b) circuit magnification meter (Q-meter); 
c) insertion loss measurement; 
d) damped oscillation test method (refer to Annex E). 

The relationships between the effective inductance L and resistance R of a component under 
test, according to whether a series (s) or parallel (p) circuit representation is used, and the 
measured value of Q at the frequency f are given by: 

 s

s

2 f LQ
R

π ⋅ ⋅
=  

and 

 p

p2
R

Q
f Lπ

=
⋅ ⋅

 

respectively. 

Information to be stated: 

a) winding connections; 
b) AC voltage; 
c) measuring frequency; 
d) limits of Q value. 

NOTE In tests of high Q components, corrections for t h e  dissipation factor of the capacitor and terminating 
impedance can be necessary. 

4.4.3.4 Short-circuit power test 

Purpose：The purpose of the short-circuit power test is to determine the losses due to the 
effective AC resistance of the transformer, excluding the losses of the core, at rated current. 

Procedure: The simplified diagram is shown in Figure 6. The circuit consists of a power 
source of specified frequency, an ammeter to monitor the primary current of the transformer, 
and a wattmeter to measure the losses in the transformer’s primary circuit. The secondary 
winding is short-circuited with the least impedance practical. 
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