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NOTICE AND DISCLAIMER 
 
The information in this publication was considered technically sound by the consensus of 
persons engaged in the development and approval of the document at the time it was 
developed.  Consensus does not necessarily mean that there is unanimous agreement 
among every person participating in the development of this document. 
 
The National Electrical Manufacturers Association (NEMA) standards and guideline publications, of 
which the document contained herein is one, are developed through a voluntary consensus 
standards development process.  This process brings together volunteers and/or seeks out the 
views of persons who have an interest in the topic covered by this publication.  While NEMA 
administers the process and establishes rules to promote fairness in the development of 
consensus, it does not write the document and it does not independently test, evaluate, or verify 
the accuracy or completeness of any information or the soundness of any judgments contained in 
its standards and guideline publications. 
 
NEMA disclaims liability for any personal injury, property, or other damages of any nature 
whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly 
resulting from the publication, use of, application, or reliance on this document.  NEMA disclaims 
and makes no guaranty or warranty, express or implied, as to the accuracy or completeness of any 
information published herein, and disclaims and makes no warranty that the information in this 
document will fulfill any of your particular purposes or needs.  NEMA does not undertake to 
guarantee the performance of any individual manufacturer or seller’s products or services by virtue 
of this standard or guide. 
 
In publishing and making this document available, NEMA is not undertaking to render professional 
or other services for or on behalf of any person or entity, nor is NEMA undertaking to perform any 
duty owed by any person or entity to someone else.  Anyone using this document should rely on 
his or her own independent judgment or, as appropriate, seek the advice of a competent 
professional in determining the exercise of reasonable care in any given circumstances.  
Information and other standards on the topic covered by this publication may be available from 
other sources, which the user may wish to consult for additional views or information not covered 
by this publication. 
 
NEMA has no power, nor does it undertake to police or enforce compliance with the contents of 
this document.  NEMA does not certify, test, or inspect products, designs, or installations for safety 
or health purposes.  Any certification or other statement of compliance with any health or safety–
related information in this document shall not be attributable to NEMA and is solely the 
responsibility of the certifier or maker of the statement. 
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Foreword 

This document is a adaptation of the IEC Standard 61800-2 with the addition of requirements 
pertinent to use of these devices in the U.S. 

1) The IEC (International Electrotechnical Commission) is a worldwide organization for 
standardization comprising all national electrotechnical committees (IEC National 
Committees). The object of the IEC is to promote international cooperation on all questions 
concerning standardization in the electrical and electronic fields. To this end and in addition 
to other activities, the IEC publishes International Standards. 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. The 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 the 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 National Committees. 

3) The documents produced have the form of recommendations for international use and are 
published in the form of standards, technical reports or guides and they are accepted by the 
National Committees in that sense. 

4) In order to promote international unification, IEC National Committees undertake to apply IEC 
International Standards transparently to the maximum extent possible in their national and 
regional standards. Any divergence between the IEC Standard and the corresponding 
national or regional standard shall be clearly indicated in the latter. 

5) The IEC provides no marking procedure to indicate its approval and cannot be rendered 
responsible for any equipment declared to be in conformity with one of its standards. 

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

International Standard IEC 61800-2 has been prepared by IEC technical sub-committee 22G: 
Semiconductor power converters for adjustable speed electric drive systems, of IEC technical 
committee 22: Power electronics. 

The text of this standard is based on the following documents: 

FDIS Report on voting 

22G/40/FDIS 22G/44/RVD 

 
Full information on the voting for the approval of this standard can be found in the report on 
voting indicated in the above table. 

Annexes A, B, C, D, E, F, and G are for information only. 
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Section 2 
DEFINITIONS 

For the purpose of this part of IEC 61800, the following definitions, as well as those given 
in IEC 60050(111), IEC 60050(151), IEC 60050(441), IEC 60050(551), IEC 60050(601), 
IEC 60146-1-1, IEC 60146-1-2, IEC 60146-1-3, and IEC 60147-0, apply. 

2.1    SYSTEM 

2.1.1 
a.c. power drive system (PDS) 
(see figure 1) System consisting of power equipment (composed of converter section, a.c. motor 
and other equipment such as, but not limited to the feeding section), and control equipment 
(composed of switching control –on/off for example–, voltage, frequency, or current control, 
firing system, protection, status monitoring, communication, tests, diagnostics, process 
interface/port, etc.) 

NOTE – Figure 1 illustrates the main functional elements of an a.c. drive system. It also includes equipment which 
may be optional on many drive systems. It is intended to encompass a wide variety of a.c. drive configuration 
possibilities. The converter section does not illustrate or imply a specific topology, or type of switching device, due to 
the wide variety of both in current use. See annex F. 

2.1.2 
a.c. power drive system – hardware configuration 
PDS which consists of a complete drive module (CDM) and a motor or motors with sensors 
which are mechanically coupled to the motor shaft (the driven equipment is not included). See 
figure 2 for hardware partition of the power drive system 

NOTE – Figure 2 illustrates the parts of equipment which can be grouped and supplied as defined and shown. 

2.1.2.1 
basic drive module (BDM) 
drive module which consists of a converter section, a control equipment for speed, torque, 
current, frequency or voltage, and a power semiconductor gating system, etc. 

2.1.2.2 
complete drive module (CDM) 
drive system, without the motor and the sensors which are mechanically coupled to the motor 
shaft, consisting of, but not limited to, the BDM, and extensions such as feeding section, and 
auxiliaries 

2.1.2.3 
installation 
equipment or equipments which include at least both the PDS and the driven equipment 
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Figure 1 – Functional diagram of an a.c. drive system 
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Figure 2 – PDS hardware configuration within an installation 

2.2    CONVERTERS 
electronic power converter employing semiconductors for the transformation of electric power to 
be supplied to a motor operating according to figure 1.  Examples: 

2.2.1 
rectifier: A converter that changes AC power to DC power.  
 
2.2.2 
inverter: A converter that changes DC power to AC power 

IEC   346/98 
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2.2.3 
pulse-width modulated inverter (PWM):  An inverter whose switching will vary the time 
duration of voltage or current for control of the output. 
 
2.2.4 
converter:  A combination of the converter section, control protection  and auxiliary circuit 
included on one chassis.  The converter may include a disconnecting means. (See Figure 1-2-
1.Converter) 
 
2.2.5 
converter, general purpose 
operating unit for electronic power conversion, changing one or more electrical characteristics 
and comprising one or more electronic switching devices and associated components, such as 
transformers, filters, commutation aids, controls, protections and auxiliaries, if any. 

 
2.2.6 
rectifying, rectification 
converter action converting from a.c. to d.c. The rectifier can be uncontrolled or controlled 
[IEV 551-11-06 modified]. 
NOTE – For the purpose of this part of IEC 61800, the line-side converter normally operates as a rectifier. 

2.2.7 
inverting, inversion 
converter action converting from d.c. to a.c. [IEV 551-11-07 modified]. 

NOTE – For the purpose of this part of IEC 61800, the load-side converter normally operates as an inverter. 

2.2.8 
converter, a.c. 
converter for changing a.c. power of a given voltage, frequency, and phase number to a.c. 
power in which one or more of these parameters are different. 

2.2.9 
converter, adjustable frequency 
converter for changing frequency. 

2.2.6 
converter, indirect a.c. (converter d.c. linked) 
converter with an intermediate d.c. link. 

NOTE – This definition is intended to include only those circuits in which the d.c. link is readily identified or explicit. 

2.2.10 
converter, direct a.c. 
converter without an intermediate d.c. link. 

NOTE – These circuits have an implicit link but no single pair of conductors that can be identified as the d.c. link. 
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2.2.11 
converter, externally commutated 
converter in which the commutating voltages are supplied by the a.c. supply lines, the a.c. load, 
or some other a.c. source outside the converter. 

2.2.12 
converter, line-side commutated 
converter in which the commutation voltages are supplied by the a.c. input. 

2.2.13 
converter, self-commutated 
converter in which the commutation is accomplished by components within the converter. 

NOTE – In this part of IEC 61800, forced commutation refers to deliberate extinction of semiconductor devices before 
natural commutation can take place at zero current (natural commutation). 

2.2.14 
converter, load-side commutated 
converter in which the commutation voltages are supplied by the a.c. load. 

NOTE – For purposes of this part of IEC 61800, the a.c. load is an a.c. motor. 

2.2.15 
converter, a.c./a.c., voltage source 
converter which provides an adjustable output voltage supply, essentially unaffected by the 
value of the load. 

NOTE – The term "voltage stiff converter" having a similar physical background is used in the second edition of 
IEV 551. 

2.2.16 
converter, a.c./a.c., current source 
converter which provides an adjustable output current supply, essentially unaffected by the 
value of the load. 

NOTE – The term "current stiff converter" having a similar physical background is used in the second edition of 
IEV 551. 

2.2.17 
d.c. amplitude control 
method of converter voltage/current control whereby the d.c. link voltage (or current) amplitude 
is controlled resulting in a quasi-square wave with predictable harmonics. Harmonic content 
amplitude is a function of load characteristics. 

2.2.18 
pulse width modulation (PWM) 
method of converter voltage/current control whereby a series of fixed amplitude, variable 
duration output voltage/current pulses are created. 

2.3    DRIVE SYSTEM OPERATING CHARACTERISTICS 

2.3.1 
two quadrant operation 
converter operation of a machine as a motor in two directions of machine rotation. It involves 
operation in quadrants I and III (see figure 3). 
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2.3.2 
four quadrant operation 
converter operation of a machine as a motor or a generator in either direction of machine 
rotation. It involves operation in quadrants I, II, III, and IV as shown in figure 3. 

2.3.3 
dynamic braking 
process of converting the rotational energy of the rotor and connected inertial load to electrical 
energy dissipated in a resistance. 

2.3.4 
d.c. braking 
process of converting the rotational energy of the rotor and connected inertial load to electrical 
energy dissipated in the rotor by injection of d.c. current into the stator. 

2.3.5 
regeneration 
process of converting the mechanical energy of the system to electrical energy and transferring 
it to the input supply. The motor is then working as a generator and the ratings of the motor may 
be different. 
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2.4    CDM, BDM, AND CONVERTER INPUT PARAMETERS 

Symbols defined in 2.4 are included in table 1. 

2.4.1 
rated system voltage ULN 
RMS input line-to-line voltage at the supply terminals of the customers installation to which the 
PDS will be connected. 

2.4.2 
rated system frequency fLN 
frequency in Hertz of the power input system alternating voltage. 

2.4.3 
line-side rated a.c. voltage UVN 
rated r.m.s. line-to-line input voltage at the a.c. terminals of the line-side converter, which has 
been designated as the basis for the converter rating. 

NOTE – This voltage may differ from the rated system voltage (ULN) due to the use of transformers and the effect of 
impedance. Some drives may have an input transformer with primary voltage higher than 1000 V. In this case 
transformer and protective devices have to meet this standard and other relevant IEC standards. Capacitively coupled 
high voltage from primary to secondary winding must be bypassed to earth (see annex B). 

2.4.4 
line-side rated a.c. current ILN 
maximum r.m.s. value of current on the line-side of the CDM/BDM under rated conditions. It 
takes into account rated load and the most onerous combination of all other conditions within 
their specified ranges, for example line voltage and frequency deviations. 

NOTE – This current includes currents supplied to the auxiliary circuits of the CDM/BDM. It takes into account the 
effect of d.c. current ripple and circulating current, if any.  

2.4.5 
rated input current IVN 
maximum r.m.s. value of current on the valve side of the converter under rated conditions. It 
takes into account rated load and the most onerous combination of all other conditions within 
their specified ranges, for example line voltage and frequency deviations. 

2.4.6 
line-side harmonic content 
quantity obtained by subtracting, from an alternating quantity, its fundamental component 
[IEV 551-17-04, applied to the line-side of the system]. 

NOTE – For example, for voltage (from a practical approach and with interharmonics neglected), the r.m.s. value of 
the harmonic content is:  

U Uhh
h

Hn
n

=
=

=∑( ) ,2
2

0 5  

2.4.7 
characteristic current harmonics 
orders of the current harmonics produced by converter equipment in the course of normal 
operation. For example, in a 6-pulse converter the characteristic current harmonics are the non 
triple, odd harmonics, h = 6 k ± 1 (k any integer). 
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NOTE – In addition to power system frequency harmonics, there can be other harmonics resulting from interaction with 
the converter load. They are called interharmonics. 

2.4.8 
harmonic distortion 
according to common practice, the total harmonic distortion coefficient is relative to the fundamental 
component of the quantity which is considered. The harmonic factor is relative to the r.m.s. value of the 
quantity which is considered [IEV 551-17-05 and IEV 551-17-06, modified]. 

The total harmonic distortion (THD) and the total harmonic factor (THF) are defined by:  

 THD =
−2

1
2

1

Q Q

Q
 and THF =

−2
1
2Q Q

Q
 

where 
Q1 is the r.m.s. value of the fundamental; 
Q is the total r.m.s. value; 
h is the harmonic order; 
Qh is the r.m.s. value of harmonic component of order h; 
Q can represent either current or voltage. 

For the purpose of this standard and for clarity, limits are referred to the corresponding rated value. 

Limits for THD and THF are defined by:  

 THD
N

=
−2

1
2

1

Q Q

Q
 and THF

N
=

−2
1
2Q Q

Q
 

NOTE 1 – These definitions are inaccordance with the second edition of IEV 551 and with common practice. The 
network voltage waveform is much less distorted than the injected current. Therefore, application of both definitions, 
total harmonic distortion coefficient THD or total harmonic factor THF, to the voltage provides the same result while 
the difference is significant when current is considered. 

NOTE 2 – It is important to note that these definitions include interharmonics. When interharmonics are present the 
wave form is no longer periodical, which can produce more complex effects than those produced by harmonics. If 
interharmonics are negligible, these equations simplify to:  

 THD
N

= =

=∑ hh
h

Q

Q

2
2
40

1
 and THF

N
= =

=∑ hh
h

Q

Q

2
2
40

 

where 

Q1N is the rated r.m.s. value of the fundamental; 

QN   is the rated total r.m.s. value. 

The summation is extended to and includes order 50, according to IEC common practice. 

NOTE 3 – For particular use, the highest frequency content of THD (order h from 14 to 40 inclusive) is named partial 
harmonic distortion coefficient PHD, and the even content (where order h is only even) is named even harmonic 
distortion coefficient EHD. Applied to current this gives:  
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N

= =

=∑ hh
h I
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 and EHD
N

=
=

=∑ hh even
h I
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2
2
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1
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2.4.9  
converter input displacement factor cos ϕV1 
cosine of the phase displacement angle between the fundamental phase components of the 
voltage and current on the input a.c. side of the input power converter. 

2.4.10 
line-side displacement factor cos ϕL1 
cosine of the phase displacement angle between the fundamental phase components of the 
voltage and current on the input a.c. side of the CDM. 

2.4.11 
input total power factor, λL 
ratio of the total power input, to the apparent power, as determined at the connection of the 
CDM to the supply. 

Example: in a three-phase system where the voltage is considered sinusoidal.  

 λL = (UL IL1 3 cos ϕL1) / (UL IL 3 ) 

  = (IL1 /IL) x cos ϕL1 

NOTE 1 – The power factor includes the effect of displacement cosϕ1 and of harmonics by means of the deformation 
factor ν = λ / cos ϕ. 

NOTE 2 – The definition applies to the converter input (subscript V) or to the CDM input line side (subscript L). 

2.4.12 
d.c. current Id 
average value of the current in the d.c. link over one full period of the input power system frequency. 

2.4.13 
maximum allowable a.c. system, symmetrical short-circuit current ISCM 
maximum allowable symmetrical short-circuit current (ISCM), as specified on the rating plate can 
be related to the fundamental component of the line-side rated a.c. current (ILN1) by means of 
the short-circuit ratio (RSC). 

RSC is the ratio of the short-circuit power of the source to the fundamental apparent power on 
the line-side of the converter(s). (See IEC 60146-1-1.) 

RSC = SSC / SLN1 = ISC  / ILN1 

The maximum allowable symmetrical short-circuit current (ISCM) is of importance in the definition 
of the protection of the converter. At the point of common coupling (PCC), the relative short-
circuit power shall be considered (see 1.5.35. of IEC 60146-1-1). This RSC has to be limited to 
the following RSCM: 

RSCM  = (ISCM)  / ILN1 
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where ILN1 is equal to the fundamental content of ILN. 

2.5    CDM, BDM, AND CONVERTER OUTPUT PARAMETERS 

Symbols defined in 2.5 are included in table 1. 

2.5.1 
rated continuous output current IaN 
total r.m.s. output current which can be supplied continuously without exceeding established 
limitations, under prescribed operating conditions. 

2.5.2 
overload capability IaM 
maximum output current which can be supplied, for a specified period of time, without exceeding 
established limitations under prescribed operating conditions. 

2.5.3 
operating frequency range 
range of fundamental frequency over which the converter's output can be controlled. 

2.5.4 
load-side converter a.c. rated voltage UaN1 
RMS value of the rated fundamental voltage at the a.c. terminals of the load-side converter. 

NOTE – This is the voltage which appears at the a.c. terminals of the load-side converter and is not necessarily the 
fundamental voltage of the motor. 

2.5.5 
base frequency f0 
base frequency of an adjustable frequency drive system is the lowest frequency at which it is 
capable of delivering maximum output power. 

2.5.6 
rated fundamental output current IaN1 
RMS value of the fundamental component of the output current which can be supplied 
continuously without exceeding established limits. 

2.5.7 
efficiency of power conversion ηD, ηC 
efficiency ηD of the drive system is the ratio of the power delivered by the motor shaft to the total 
power drawn from the input power supply (see feeding line in figure 1), and is usually expressed 
as a percentage. Efficiency of the CDM (complete drive module) ηC is the ratio of the total output 
power delivered by the CDM to the motor and auxiliaries (motor ventilation fan, etc.) to the total 
power drawn from the input power supply (see feeding line in figure 1), and is usually expressed 
as a percentage. 

2.5.8 
load-side harmonic content 
this definition is identical to line-side harmonic content (2.4.6) but determined at the output side 
of the BDM. 
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I Ihh
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NOTE – Load-side harmonic content is a function of the converter waveform and load reactance. 

2.5.9 
load-side total harmonic distortion THDa 
the definition of harmonic distortion (2.4.8) can be applied to the output of the BDM yielding 
THDa. 

NOTE – Load-side voltage total harmonic distortion is expressed as THDUa and load side current total harmonic 
distortion is expressed as THD Ia. The difference between THD and THF is significant for both voltage and current. 

2.5.10 
rated load power factor 
cosine of the angle between the motor phase voltage and current, at rated load, with sinusoidal 
voltage applied. 

2.5.11 
load-side displacement factor 
this definition is identical to line-side displacement factor (2.4.10) but determined at the output 
side of the BDM. 

2.5.12 
quasi-square wave 
stepped waveform as obtained from the difference of two phase-shifted square waves (one square 
wave per half period) of equal amplitude. The wave form applies to either voltage or current 

 
 

 

 

Figure 4 – Quasi-square wave 

2.5.13 
stepped wave 
waveform obtained from the summation of any number of square waves of the same frequency, 
each displaced in time from the others. 

2.6    CONVERTER CIRCUITRY AND CIRCUIT ELEMENTS 

2.6.1 
commutating capacitor 
capacitor which provides commutating energy for circuit-commutated thyristors in a self-
commutated converter. 

Max .......

Min .....................................

0 

60°60° 120°120°

IEC   348/98 
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2.6.2 
commutating inductor 
inductor having one or more windings which modifies or couples the transient current produced 
during commutation. 

2.6.3 
a.c. filter network 
network designed to reduce the flow of harmonic currents into the associated power system. 

2.6.4 
power factor correction network 
network designed to improve the power factor of the associated power system. This network will 
frequently also reduce the flow of harmonic currents. 

2.6.5 
d.c. filter capacitor 
capacitor connected across the rectifier output within a converter to reduce voltage ripple. 

2.6.6 
d.c. filter inductor 
inductor connected in series with the output of the rectifier to reduce ripple current. 

2.6.7 
d.c. filter network 
combination of d.c. filter capacitor and d.c. filter inductor applied to the d.c. link to reduce 
voltage ripple and input line harmonics. 

2.7    INDUCTION MOTOR PARAMETERS 
The following parameter definitions are essential to define induction motor operation with an 
adjustable frequency converter. Symbols defined in 2.7 are included in table 1. 

2.7.1 
rated motor voltage 
rated a.c. input voltage as specified on the rating plate of the motor. It is the line-to-line, r.m.s. 
sinusoidal, motor terminal voltage. 

2.7.2 
rated frequency 
frequency at which rated motor voltage is defined and which appears on the rating plate. 

2.7.3 
rated motor current 
a.c. r.m.s. current at rated operating conditions as specified on the rating plate. 

2.7.4 
rated power factor 
power factor under rated conditions of voltage, frequency, and load. 
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2.7.5 
slip s 
per-unit, relative rotor speed difference between synchronous speed at the operating frequency 
(Na) and the actual rotor speed (N), defined as:  

   (Na – N) 
 s =   ––––––– 
         Na 

2.7.6 
rated slip sN 
motor slip under rated load conditions. 

2.7.7 
base speed N0 
motor synchronous speed at base frequency. 

2.7.8 
maximum operating speed NM 
motor speed at maximum inverter frequency. 

2.7.9 
minimum operating speed Nmin 
motor speed at minimum inverter frequency. 

2.7.10 
maximum safe motor speed Nsmax 
maximum designed speed of the motor under which no permanent abnormal mechanical 
deformation or weakness is introduced (see clause 21 of IEC 60034-1). 
NOTE – The maximum safe speed of the driven equipment may be more restrictive. 

2.7.11 
equivalent circuit constants: 
NOTE – For dynamic performance it is necessary to have the equivalent circuit constants of the individual motor. In 
addition, for field weakened operation, the ratio between pull-out torque and rated torque at rated flux needs to be 
known. See annex A for typical values. 

2.7.12 
rated voltage to rated frequency ratio UaN/faN 
ratio at which rated air-gap flux exists, providing rated torque per ampere. 

2.7.13 
torque pulsation 
cyclic fluctuation of a steady state motor torque measured as a peak-to-peak variation. 

2.8    CONTROL SYSTEMS 

2.8.1 
controlled variable 
system variable in the feedback control of adjustable frequency a.c. drives. Some examples of 
controlled variables are voltage, stator current, frequency, speed, slip, and torque. 
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2.8.2 
service variable 
specified variable, usually related to ambient conditions (e.g. temperature), for which the feedback control 
system is to correct in attempting to maintain the ideal value of the controlled variable. 

2.8.3 
operating variable 
specified variable (e.g. load torque for a speed controlled drive), other than those arising from 
service conditions and drift, for which the feedback control system is to correct in attempting to 
maintain the ideal value of the controlled variable. 

2.8.4 
feedback control system variables 
range of service and operating variables covering the total deviations for which the feedback 
system attempts to correct by means of the controlled variables. The accuracy of this control is 
then defined as the width of the band of allowable deviation within which the feedback system 
will regulate the controlled variable. 
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Section 3 
FUNCTIONAL FEATURES 

3.1    REDUNDANCIES 

The adjustable-speed drives of Part 7 are often applied to critical systems that require high 
availability. Availability can be enhanced by designing the adjustable-speed drive system with 
redundancies, which can be provided at the component level, subassembly level, and at the 
system level. 

3.2    OPERATIONAL 

CDM shall include specified features which may include, but are not limited to, one or more of 
the following features. 

– timed acceleration; 
– timed deceleration; 
– jog; 
– adjustable current limit(s); 
– dynamic braking; 
– reversing; 
– regeneration; 
– line filtering; 
– input/output data processing (analog/digital); 
– automatic restart; 
– boost; 
– d.c. braking; 
– precharge circuit. 

3.3    FAULT SUPERVISION 

The CDM shall provide specified fault indication. This may consist of a common alarm and/or trip 
signal provided via dry relay contact(s) or static relay(s). The fault indication is normally 
activated by one or more of the CDM faults which may include but are not limited to the 
following: 

– external faults; 
– output power stage fault; 
– instantaneous overcurrent; 
– overtemperature (converter); 
– loss of cooling air; 
– motor overload; 
– auxiliary power supply fault; 
– supply over/under voltage; 
– supply phase loss; 
– internal control system fault; 
– regulator/power circuit diagnostics. 
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3.4    MINIMUM STATUS INDICATION REQUIRED 

The CDM shall be equipped with a status indication signal for "drive on" (whether rotating or at 
standstill). The CDM may also be equipped with a status indication signal "drive ready for 
operation." 

3.5    I/O DEVICES 

Number and nature of I/O shall be stated by the manufacturer. Any modification shall be agreed 
upon between the manufacturer and user. 

NOTE – Inputs and outputs are needed for both variables and parameters. They are provided through analog or digital 
inputs/outputs using voltage or current. They are communicated through serial or parallel links according to various 
communications standards. Both analog and digital variables can be manually set by use of a control panel and can 
be read on displays. Variables and parameters are treated in the same manner. 

4    SERVICE CONDITIONS 
4.1    Installation and operation 

Unless modified, the equipment which is within the scope of this part of IEC 61800 shall 
be capable of operation under the conditions listed in 2.2 and 2.3 of IEC 60146-1-1 and 
IEC Guide 106. 

4.1.1    Electrical service conditions 

Unless otherwise specified, the CDM or BDM shall be designed to operate under the service 
conditions specified below. The values specified include the effect of the drive system being 
considered. 

EMC requirements for power drive systems are stated in IEC 61800-3. 

NOTE - The limits specified in 4.1.1.1 to 4.1.1.5 link the EMC standards to existing practice in semiconductor 
converters given in 2.5.1, 2.5.2, and 2.5.3 of IEC 60146-1-1, and correspond generally to class B. 

4.1.2    Frequency variations 

Frequency fLN ± 2 % (± 4 % for separated supply network) according to class 3 defined in 
IEC 61000-2-4.  

Rate of change of frequency ≤ 2 % fLN /s. 

(See also 5.2.3.2 of IEC 61800-3.) 

4.1.1.2    Voltage changes 

Voltage limits for uninterrupted operation 

PDS rated input voltage ± 10 % (at the point of coupling, PC), according to class 2, defined in 
IEC 61000-2-4 (see also 5.2.2.1 and 5.2.2.2 of IEC 61800-3). 

NOTE – Short time voltage variation beyond the levels specified, may result in interruption of operation or tripping. If 
continuous operation is necessary, an agreement is required between the user and the supplier/manufacturer. 

Voltage limits for rated performance 

Rated converter performance shall be maintained when the steady state fundamental 
component of the line a.c. supply voltage is equal to or greater than 100% and equal to or less 
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than 110% of the rated value measured at the terminals of the BDM. Rated operation at voltages 
below 100% of rated voltage shall be subject to agreement between the user and the 
supplier/manufacturer. 

NOTE – Also refer to 5.2.1. 

4.1.1.3    Voltage unbalance 

PDS shall operate with a line voltage unbalance (at the point of coupling, PC) up to, but not 
exceeding 3 % of the fundamental rated input voltage (ULN1). See 5.2.3.1 and annex B.3 of 
IEC 61800-3, for definitions and calculations. 

NOTE – NEMA voltage unbalance (based on amplitude computation) gives a higher number than IEC voltage 
unbalance (based on fazorial computation), and τ  the IEC simple approximation as above. See below: 

NEMA  voltage unbalance is defined as: 

      Voltage Unbalance = [ (Vmax - Vmin) / Vavg] x 100 
       where: 
       Vmax = Maximum line-to-line voltage 
       Vmin = Minimum line-to-line voltage 
       Vavg = Average of the three line-to-line voltages 
 

4.1.1.4    Source impedance 

The minimum RSC ratio for the PDS to meet rated performance shall be 20, determined at the 
point of common coupling (PC). 
NOTE 1 – A larger source impedance may cause snubbers to have a poor damping ratio resulting in possible failure 
condition and excessive notch size. 

NOTE 2 – See the manufacturer's documentation to determine the maximum design RSC ratio. 

4.1.1.5    Harmonics and commutation notches 

a) Harmonics 
 Unless otherwise agreed to, the equipment within the scope of this part of IEC 61800 shall be 

designed to operate with a voltage total harmonic distortion (THD) of 10 % under steady state 
conditions (at the point of coupling, PC), and of 15 % during transient periods of less than 15 
s, according to class 3, defined in IEC 61000-2-4 (see also 5.2.1 of IEC 61800-3). 

 NOTE – Compatibility levels for individual harmonic voltages are given in tables 3, 4, and 5 of IEC 61000-2-4. 

 A theoretical example of harmonic distortion illustrates, in annex B.5, a practical assessment 
of the relationship between emission and immunity, to take into account the effect of the drive 
itself as stated in 4.1. 

b) Commutation notches 
 The equipment shall meet the rated performance with the following notching limits at the line 

side terminals of the CDM/BDM (see 2.5.4.1 of IEC 60146-1-1, immunity class B). 

– Commutation notch depth    40 % of ULWM  
– Commutation notch area  250 % x degrees 
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4.1.1.6    Repetitive and non-repetitive transients 

A typical a.c. voltage waveform containing repetitive and non-repetitive transients is shown in 
figure 5. 

The transients are caused by converter commutation, switching on the network, and 
disturbances on the power system. 

The BDM shall be designed to operate in an environment with non-repetitive transients caused 
by transformer switching provided that the supply transformer is sized for no more than five 
times the apparent power of the drive under consideration. Where transformers are sized for 
greater capacity, additional transient energy absorption capacity shall be provided external to 
the BDM. 

The energy E (in Joules) of the non-repetitive transient caused by switching of the transformer is 
directly related to the magnetization energy of the transformer feeding the BDM. The energy can 
be calculated by the equation: 

E = 400 × SN 

where SN is expressed in MVA and is equal to: 
 

SN = 3 × ULN × ILN × 10–6 

where 
ULN  is the rated system voltage; 
ILN  is the line-side rated a.c. current. 

The following assumptions are made:  

– the magnetization current is 5%; 
– switching occurs at the point of maximum energy release. 

NOTE – If the transformer characteristics are known, a specific calculation can be made.  

4.1.1.7    Unusual conditions 

Particular conditions such as unusual operating duty, unbalanced a.c. system impedance, 
unusually strong magnetic fields, unusually high levels of radio frequency interference (such as 
from communication transmitters), and additional impedance outside the CDM or BDM added 
after the acceptance test shall be communicated where known or specified.  
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NOTE – Typical range of per unit values are provided for reference only. The figure assumes there is no impedance 
between PDS terminals and the converter. 

Repetitive transients (ULRM /ULWM): 1,25 to 1,50, depending on the snubber design with respect to di/dt and IRR. 

Non repetitive transients (ULSM/ULWM): 1,80 to 2,50, depending on additional protective devices. 

Figure 5 – Typical a.c. voltage waveform at six pulses converter terminals 

IEC   349/98 
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4.1.2    Environmental service conditions 

4.1.2.1    Climatic conditions 

The CDM shall operate under environmental conditions specified in IEC 60721-3-3 for class 
3K3, and section 2 of IEC 60146-1-1 for water and oil coolants. This includes the following: 

a) coolant temperature 
 air +0 °C  to +40 °C 
 water +5 °C  to +30 °C 
 oil –5 °C  to +30 °C 
b) ambient temperature 
  +5 °C  to +40 °C 
c) relative humidity 
    5 %  to 85 % non-condensing 
d) dust and solid particle content 
 standard equipment is designed for clean air, refer to 2.5.1 of IEC 60664-1 Pollution 

degree 2. Any other condition constitutes "unusual service conditions" and requires speci-
fication by the customer; see IEC 60529 for degree of protection of enclosure; 

e) off load periods shall be specified even if the ambient temperature is in the range defined 
above. 

4.1.2.2    Mechanical installation conditions 

The CDM/BDM shall be installed indoors on a rigid mounting surface in areas or supplementary 
enclosure, which do not seriously interfere with the ventilation or cooling system. An air-
conditioner may be furnished to enhance the reliability of the CDM/BDM. 

Other installation circumstances require special consideration and require specification and 
consultation with the manufacturer. 

Vibration shall remain within the limits of IEC 60721-3-3, class 3M1 which is considered normal 
for stationary equipment. 

Table 2 – Installation vibration limits  

Frequency 

Hz 

Amplitude 

mm 

Acceleration 

m/s² 

2 ≤ f < 9 0,3 n.a 

9 ≤ f < 200 n.a 1 

Vibration beyond these limits or use on non-stationary equipment is considered unusual 
mechanical conditions. 
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4.1.3    Unusual environmental service conditions 

The use of power converter equipment, associated drive control, and drive equipment under 
conditions departing from the usual conditions listed in IEC 60146-1-1 shall be considered 
unusual. These unusual service conditions shall be specified by the purchaser. 

Unusual service conditions, of the kind listed below, may require special optional construction or 
protective features. The following conditions shall be communicated where known or specified: 

a) exposure to damaging fumes; 
b) exposure to excessive moisture (relative humidity greater than 85%); 
c) exposure to excessive dust; 
d) exposure to abrasive dust; 
e) exposure to steam or water condensation; 
f) exposure to oil vapor; 
g) exposure to explosive mixtures of dust or gases; 
h) exposure to salt air; 
i) exposure to abnormal vibration, shock or tilting; 
j) exposure to weather or dripping water; 
k) exposure to unusual transportation or storage conditions; 
l) exposure to extreme or sudden changes in temperature; 
m) unusual space limitations; 
n) cooling water containing acid or impurities which cause excessive scale, sludge, electrolysis 

or corrosion; 
o) unusually high nuclear radiation; 
p) altitudes above 1000 m (3300 ft); 
q) long off-load periods; 
r) outdoor equipment. 

4.1.4    Installation, commissioning, and operation 

Installation, commissioning, and operation have the same normal and unusual service 
conditions. 

4.2    STORAGE OF EQUIPMENT 

The equipment shall be placed under adequate cover immediately upon receipt if packing 
coverings are not generally suitable for outdoor or unprotected storage. 

4.2.1    Climatic conditions 

Equipment shall be capable of storage under environmental conditions as specified in 
IEC 60721-3-1. This includes the following: 

a) ambient temperature class 1K4: –25°C  to +55°C 
b) relative humidity class 1K3:   5%  to 95% 
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 Modules and panels shall be protected from condensation. If any part of the equipment is not 
to be installed immediately, it shall be stored in a clean, dry place and protected from 
variations in temperature, high humidity, and dust. If possible, sudden changes in 
temperature and humidity should be avoided. If the temperature of the storage room varies to 
such an extent that the equipment surfaces are exposed to sweating or freezing conditions, 
the equipment shall be protected by a safe, reliable heating system which will keep the 
temperature of the equipment slightly above that of the storage room. If the equipment has 
been exposed to low temperature for an extended period of time it should not be unpacked 
until it has reached room temperature, otherwise it will sweat. The presence of moisture on 
certain internal parts can cause electrical failure. 

4.2.2    Specific storage hazards 

The following require particular attention: 
a) water – except for equipment specifically designed for outdoor installation, equipment shall 

be protected from rain, snow, sleet, etc.; 
b) altitude – equipment should not be stored above 3000 m above sea level; 
c) corrosive materials – equipment shall be protected from salt spray, hazardous gases, 

corrosive liquids, etc.; 
d) time – the above specifications apply to shipping and storage with a total duration of up to six 

months, longer storage times may require special consideration (i.e. reduced ambient 
temperature range such as in class 1K3); 

e) rodents and fungi – when storage conditions are likely to involve rodent or fungus attack, 
equipment specifications shall include protective items; 

 rodents – materials on the outside of the equipment and the size of apertures for cooling, 
connection, etc. shall be specified such as to discourage rodent attack or entry; 

 fungi – materials shall be specified for a degree of fungus resistance suitable for the storage 
and operating environments. 

4.3    TRANSPORTATION 

4.3.1    Climatic conditions 

Equipment shall be capable of transportation in the supplier's standard package, under environmental 
conditions, as specified in class 2K3 of IEC 60721-3-2. This includes the following: 

a) ambient temperature: –25°C  to    +70°C 

NOTE – Temperature limits refer to the ambient temperature immediately surrounding the equipment (example inside 
a container). 

b) relative humidity:   95%  at    +40°C 

NOTE – Some combinations of temperature and humidity may cause condensation. 

4.3.2    Unusual climatic conditions 

Where transportation temperatures below –25°C are anticipated, the use of heated transport or 
the removal of selected low temperature sensitive components is required. 
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4.3.3    Mechanical conditions 

Equipment shall be capable of transportation, in the supplier's standard package, within the 
limits prescribed in class 2M1 of IEC 721-3-2. 

This includes the following: vibration and shock (see tables 3 and 4). 

Table 3 – Transportation vibration limits  

Frequency 

Hz 

Amplitude 

mm 

Acceleration 

m/s² 

2 ≤ f < 9 3,5 n.a 

9 ≤ f < 200 n.a 10 

200 ≤ f < 500 n.a 15 

 

Table 4 – Transportation shock limits  

Mass 

kg 

Height of free fall 

m 

M < 20 0,25 

20 ≤ M < 100 0,25 

100 ≤ M 0,10 

NOTE 1 – If a shock and vibration environment beyond those limits is anticipated, special packaging or transport is 
required. 

NOTE 2 – If a less damaging environment is known to exist, packaging may reflect reduced requirements by 
agreement between manufacturer/supplier, user, and carrier. 

5    RATINGS 

5.1    BDM input ratings 

5.1.1    Input voltages 

The BDM input ratings shall be stated by the manufacturer. Preferred values are: 

a) 100, 110, 200, 220, 230*, 240, 380, 400*, 415, 440, 500, 660, 690* V at 50 Hz; 

b) 100, 115, 120, 200, 208, 220, 230, 240, 400, 440, 460, 480, 575, 600 V at 60 Hz. 

________ 

* Standard voltages as specified in IEC 60038. 
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5.1.2    Input currents 

There are two input currents: 

– converter alone: IVN; 
 this value shall be stated by the manufacturer at the minimum a.c. line impedance; 
– CDM or BDM: ILN; 
 this value includes current required by auxiliaries IXN. 

5.2    BDM OUTPUT RATINGS 

5.2.1    Continuous output ratings 

Continuous output ratings shall be stated by the manufacturer and shall be in terms of the load-
side BDM fundamental a.c. voltage (UaN1), the continuous rated output current (IaN) and the 
frequency range. 

NOTE 1 – Rating in term of UaN1 and IaN allows use of direct measurement techniques and adequately addresses 
conductor current capacity. 

NOTE 2 – When CDM and motor are not provided by the same manufacturer/supplier, information shall be exchanged 
to define proper performance and compatibility of CDM and motor. 

5.2.2    Overload capability 

PDS shall be rated for one of the following overload capabilities, unless otherwise specified. The 
overload capability applies to the rated speed range (see also note 2). 

a) Following continuous operation at rated output current, 150% rated output current (IaN) for 
1 min, followed by a period of load current less than rated current, and of such duration that 
the r.m.s. output current, over the duty cycle, does not exceed rated output current (IaN). 

 Example: if the duty cycle requires 150% rated current 1 min in every 10 min, the remaining 9 
min must be at approximately 92% rated current or less to maintain an r.m.s. value ≤ 100%. If the 
requirement is 1 min out of 60 min, the remaining 59 min must be at approximately 98% of 
rated current or less. 

b) Following continuous operation at rated output current, 125 % of rated output current (IaN) for 
1 min, followed by a period of load current less than rated current and of such duration that 
the r.m.s. output current over the duty cycle does not exceed rated output current (IaN). 

 Example: If the duty cycle requires 125% rated current 1 min in every 10 min, the remaining 9 
min must be at approximately 96% rated current or less to maintain an r.m.s. value ≤ 100%. If the 
requirement is 1 min out of 60 min, the remaining 59 min must be at approximately 99% of 
rated current or less. 

c) Following continuous operation at rated output current, 110% of rated output current (IaN) for 
1 min, followed by a period of load current less than rated current and of such duration that 
the r.m.s. output current over the duty cycle does not exceed rated output current (IaN). 

 Example: if the duty cycle requires 110% rated current for 1 min in every 10 min, the 
remaining 9 min must be at approximately 98% rated current or less to maintain an r.m.s. 
value ≤ 100%. If the requirement is 1 min out of 60 min, the remaining 59 min must be at 
approximately 99% of rated current or less. 
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 NOTE 1 – The relationship between the overload currents specified and the torque developed by the motor is not 
covered by the above. 

 NOTE 2 – Special overload conditions can be specified between the user and the supplier/manufacturer. For 
example, overload magnitude and duration may be the subject of such specification, Examples of duty classes are 
given in table 3 of IEC 60146-1-1. 

5.2.3    Operating frequency range 

The operating frequency range over which the converter is capable of maintaining its specified 
steady-state output current shall be given by the manufacturer using the following parameters. 

UaN1  = rated output voltage (fundamental); 

fmin  = minimum frequency; 

fo   = base frequency; 

fmax  = maximum frequency. 

5.3    Efficiency and losses 

The equipment included in the determination of the overall efficiency shall be stated. 

The losses or efficiency of the PDS or of the CDM, BDM (see 2.5.7) shall be given by the 
manufacturer at rated load and base speed. 

NOTE – The ventilation losses of the forced ventilated motor are included in the PDS losses, as those of a self 
ventilated motor, and in both cases they are not included in the CDM losses. 

An example of variation of efficiency (ηD) and losses versus speed is given in figure 6. 

100  %   load
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Figure 6 – Typical curves for efficiency and losses of a PDS 
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IEC   350/98 
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The parts of the equipment included in the determination of the converter efficiency shall be 
stated. For the definition of the converter alone, a guidance on the apparatus or components the 
losses of which are to be included or not, reference shall be made to the lists respectively 
included in 3.3.1 and 3.3.2 of IEC 60146-1-1. Losses in the d.c. link, due to d.c. reactors and/or 
capacitors, fuses (if any) and bus bars, not considered in 3.3.1 of IEC 60146-1-1, are a part of 
the total losses and shall be taken into account. In case of any doubt concerning whether the 
losses of a component of the converter equipment should be included or not when calculating 
the efficiency, it is to be stated whether such losses are included in the declared efficiency. 

5.4    Transformers and reactors 

Transformers and reactors shall comply with IEC 60146-1-3. 

Additional information is provided in annex C. 

5.5    Line side interface 

The term line-side interface encompasses transformers or reactors where used between the line 
and the power converter of an adjustable-speed drive. Transformers (isolation and auto) may be 
used both on the input and output of adjustable-speed drive converters. Such transformers are 
not normally essential for converter operation but are intended to satisfy one or more of the 
following requirements: 

     a.  Meet local codes 
     b.  Provide galvanic isolation 
     c.  Establish voltage levels 
     d.  Establish grounding requirements 
     e.  Reduce short-circuit fault current levels 
     f.  Provide transient suppression 
     g.  Reduce harmonic content of input currents 
     h.  Reduce motor-to-ground voltages 
The transformers are subjected to harmonic waveforms. 

6    PERFORMANCE REQUIREMENTS 

6.1    Steady state performance 

Steady state performance for drive variables such as output speed, torque etc. shall be specified 
in accordance with 6.1.1 to 6.1.4 (see annex D). 

6.1.1    Deviation band (see figure 7) 

The deviation band is the total excursion of the directly controlled variable (unless another 
variable is specified) under steady state conditions as a result of changes in the service or 
operating conditions within their specified ranges. It is expressed: 

a) as a percentage of the ideal maximum value of the directly controlled (or other specified) 
variable, see example in 6.1.2; 

b) as an absolute number for systems which have no readily definable base, such as position or 
air temperature control systems. 
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6.1.2    Selection of deviation bands (steady state) 

The steady state performance of a feedback control system shall be described by two numbers, 
selected from table 5 (other levels may be defined by agreement). 

The range of variables to which the operating and service deviation bands apply shall be 
specified (see figure 7). 

The first number, representing the operating deviation band, shall correspond to the maximum 
deviation band due to the operating variable(s), and the second number, representing the 
service deviation band, shall correspond to the maximum deviation band due to service conditions. 

While the total deviation may be equal to the sum of the above deviations, it is unlikely that this 
extreme will be reached in practice. 

Table 5 – Maximum deviation bands (%) 

± 20 ± 10 ± 5 ± 2 ± 1 ± 0,5 ± 0,2 ± 0,1 ± 0,05 ± 0,02 ± 0,01 

Range   of   variable

Variable   causing   deviation

Directly 
controlled 
variable Deviation   band

Ideal 
value

=

=

 

Figure 7 – Deviation band 

Example 1: "Operating deviation band 0,1%, service deviation band 0,2%" designate a system 
with ± 0,1% maximum deviation band due to the operating variables and ±0,2% maximum 
deviation band due to service conditions. 

Example 2:  A 1% speed control system for a 60 Hz 1 800 r/min drive yields the following: 

1 800 r/min Ideal maximum rated speed 
± 18 r/min Deviation 
900 r/min 50% maximum rated speed 
± 18 r/min Deviation 

IEC   351/98 
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180 r/min 10% maximum rated speed 
± 18 r/min Deviation 

6.1.3    Service deviation band – limits 

The specified service deviation band (selected from table 5) shall not be exceeded under any 
combination of applicable service conditions at any time during any 1 hr interval following a 
warm-up period as specified by the manufacturer, with the operating variables held constant 
during the observation. 

6.1.4    Operating deviation band – limits 

The operating deviation band of the directly controlled variable (selected from table 5) shall not 
be exceeded for the range of the operating variable indicated. The service conditions shall be 
held constant during the observation. 
NOTE – When required by the application, the performance information should also include data on the steady state 
relationship of the directly controlled variable to the reference. This aspect of performance is not included in the above 
discussion of operating or service deviation bands. 

6.1.5    Resolution 

The resolution represents the minimum obtainable variation of the controlled variable. It may be 
represented by an absolute value or a percentage of the maximum value. 

6.2    DYNAMIC PERFORMANCE 

If dynamic performance is important, the required dynamic responses to specific disturbances 
shall be specified (see annex D).  

Such disturbances might include those to the reference, those to the power source, and those 
reacting upon the controlled variable. 

6.3    DYNAMIC BRAKING AND DYNAMIC SLOWDOWN 

Dynamic braking refers to the addition of dissipative elements (resistors) to allow faster 
electrical braking of the machine. 

Dynamic braking here is considered to apply only to the use of a resistor across the direct 
current link of an adjustable frequency drive using an inverter. This requires maintained control 
of the inverter. It is not necessarily the only or best method of emergency stopping. 

Dynamic braking and dynamic slowdown are functions, characteristics of which should be 
agreed upon between the user and the manufacturer/supplier. The following subclauses may be 
subject to modification by negotiation. 

6.3.1    Dynamic braking 

When dynamic braking (stop) is provided: 

a) the converter shall be capable of braking a load at a current of 110%, 125%, or 150% of rated 
current, depending on converter rating; 

b) the dynamic braking resistor shall be capable of absorbing six times the stored rotational 
energy of the motor at base speed (with the resistor initially at ambient temperature); 
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c) drive systems with large variable inertia of the driven equipment (such as winders) shall be 
capable of braking the maximum stored energy; with the dynamic braking resistor initially at 
ambient temperature, the energy rating shall be adequate to allow stopping the drive system 
once from any operating speed; in this case, the inertia of the driven equipment shall be 
provided by the user. 

6.3.2    Dynamic slowdown 

When dynamic braking (slowdown) is provided: 

a) the resistors shall be capable of absorbing the total stored rotational energy of the motor and 
the driven equipment under six consecutive braking sequences from maximum to minimum 
speed, with the resistor initially at ambient temperature; 

b) the converter shall be capable of handling the a.c. current during the above sequence(s). 
 NOTE – The maximum total inertia of the driven equipment is considered to be five times that of the a.c. motor. 

6.3.3    DC braking 

DC braking can also be used but is more common for lower motor ratings. 

NOTE – The available braking torque decreases at lower speeds. 

6.4    OTHER PERFORMANCE REQUIREMENTS  

Other performance requirements are to be quantified by the purchaser or by the manufacturer 
together with the purchaser, for example using the following items. 

6.4.1    Use of the drive in the application 

– audible noise; 
– operating quadrants (see figure 3): the usual combinations are quadrants I, I and III, or all 

quadrants; 
– torque as a function of speed (see figure A.1); 
– special mechanical conditions (see D.4.3). 

6.4.2    Use of the drive in its connection to supply 

– earthing (see B.2); 
– displacement factor at rated conditions (see 2.4.9); 
– line side harmonic content (see 4.1.1.5 and B.3); 
– maximum symmetrical fault current, short circuit. 

6.4.3    Ratings 

– rated continuous output current (see 2.5.1 and 5.2.1); 
– rated output voltage (see 2.5.4 and 5.2.1). 
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6.4.4    Protective devices 

6.4.4.1    Overcurrent protection devices 

The current setting of overcurrent protection devices shall not exceed the service limit output 
current rating of the BDM. 

6.4.4.2    Acceleration control 

Drives shall be provided with either current limit or timed acceleration. 

6.4.4.3    Overspeed and speed feedback loss protection 

Shall be provided, if speed feedback is used and maximum safe speed can be exceeded. 

6.4.4.4    Fan loss protection 

Drive systems supplied with fans shall have fan loss protection. 
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Section 7 
TESTS 

7.1    CLASSIFICATION OF TESTS 

7.1.1 type test: A test of one or more devices made to a certain design to show that the design 
meets certain specifications. [IEV 151-04-15] 

7.1.2 routine test: A test to which each individual device is subjected during or after 
manufacture to ascertain whether it complies with certain criteria. [IEV 151-04-16] 

7.1.3 sampling test: A test on a number of devices taken at random from a batch. 
[IEV 151-04-17] 

7.1.4 special test: A test additional to type and routine tests, made either at the discretion of 
the manufacturer or according to an agreement between the manufacturer and the customer or 
his representative. 

7.1.5 workshop test: A test on a device or equipment carried out in the factory or laboratory of 
the manufacturer to validate the design. 

7.1.6 acceptance test: A contractual test to prove to the customer that the device meets 
certain conditions of its specification. [IEV 151-04-20] 

7.1.7 commissioning test: A test on a device or equipment carried out on site, to prove the 
correctness of installation and operation. [IEV 151-04-21] 

7.1.8 witness test: Any of the above tests performed in the presence of the customer, the 
user, or his representative. 

7.2    PERFORMANCE OF TESTS 

7.2.1    General conditions 

It is advisable to restrict the performance of costly tests to those which are necessary. 

This recommendation is therefore outlined so that testing can normally be limited to the tests in 
manufacturer's works on the separate components, in accordance with 7.3. Special tests, as 
shown in 7.4, are only carried out if specified in the contract. 

When the user or his representative desires to witness factory tests, it shall be specified in the order. 

When agreed upon before order, the supplier shall provide certified test results of type or routine 
tests. 

Tests shall be performed by the manufacturer prior to shipment, unless otherwise agreed. 

7.2.2    Earthing conditions 

The manufacturer shall state the acceptable earthing systems for the CDM/BDM. Type tests 
shall be performed to verify complete CDM/BDM performance with the acceptable earthing 
systems. These may include: 

– neutral to earth; 
– line to earth; 
– neutral to earth through high impedance; 
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– isolated (not earthed). 

The unacceptable systems shall be indicated as: 

– forbidden; or 
– with modification of performance, which shall be quantified through type test. 

7.3    ITEMS OF SEPARATE DEVICE TESTS 

7.3.1    Standard tests for PDS 

Table 6 – Separate tests  

Separate device IEC standard 

Transformer Clause 5 of IEC 60146-1-3 

Motor IEC 60034-1, IEC 60034-2 

BDM Table 7 

CDM Table 7 

NOTE 1 – All tests for power transformers specified in IEC 60076 should also apply to CDM transformers, 
if not in contradiction with the tests specified in the above clause. The tests specified in clause 5 of 
IEC 60146-1-3 are to be regarded as special tests applicable to the CDM transformer. 

NOTE 2 – The motor test, according to IEC 60034, does not guarantee drive behavior. Ripple and 
harmonic content delivered by the converter should also be considered. 
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7.3.2    Standard tests for CDM/BDM 

Table 7 – Standard tests for CDM/BDM  

Tests Type
test 

Routine
test 

Special 
test 

Specification 

Insulation (see note) x x  4.2.1 of IEC 60146-1-1 

Light load and functional x x  4.2.2 of IEC 60146-1-1 

Rated current x   4.2.3 of IEC 60146-1-1 

Overcurrent capability   x 4.2.12 of IEC 60146-1-1 

Measurement of ripple voltage and current   x 4.2.15 of IEC 60146-1-1 

Power loss determination x   4.2.4 of IEC 60146-1-1 

Temperature rise  x   4.2.5 of IEC 60146-1-1 

Power factor measurement   x 4.2.6 of IEC 60146-1-1 

Measurement of inherent voltage regulation   x 4.2.8 of IEC 60146-1-1 

Checking of auxiliary devices x x  4.2.7 of IEC 60146-1-1 

Checking the properties of the control 
equipment 

x x  See 7.3.3 

Checking the protective devices x x  4.2.10 of IEC 60146-1-1 

EM Immunity x   Clause 5 of IEC 61800-3 

EM Emission x   Clause 6 of IEC 61800-3 

Audible noise   x 4.2.14 of IEC 60146-1-1 

Additional tests   x 4.2.16 of IEC 60146-1-1 

NOTE – If components connected to earth are required for correct operation of the PDS/CDM, they are to 
be disconnected during the insulation test. (Coordination with other standards is under consideration). 

 

7.3.3    Checking the properties of the control equipment of CDM/BDM 

It is not possible to verify the properties of the control equipment under all load conditions which 
may prevail in the user application. However, the equipment shall be checked with a motor 
preferably of similar rated power. If this cannot be done as a workshop test (see 7.1.5), it may 
be performed using a lower power motor with appropriate scaling of feedback quantities. 

If specified by the manufacturer, routine test for the checking of the control equipment may be 
accomplished with an unloaded motor check using multiple steady state speed conditions, i.e. at 
minimum and maximum speed. The dynamic performances shall be checked during the 
transition from one speed to another. It may be useful to add inertial loads to the motor so that 
the CDM/BDM operates in current limit (if supplied) during the acceleration. The checking of the 
deceleration shall be compatible with the design of the equipment. 
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The satisfactory operation of the equipment shall also be verified for the whole range of supply 
voltage for which it is designed, if this has not yet been done in another test (e.g. checking the 
protective devices). For the routine test, the CDM/BDM is connected to rated input voltage, or 
voltages if multi-rated. For the type test, the function of the equipment is also tested at maximum 
and minimum values of each input voltage range. 

7.4    ITEMS OF POWER DRIVE SYSTEM TESTS 

Items for PDS tests are shown in table 8. These are special tests (see 7.1.4). 

Table 8 – Classification of special PDS tests 

Rating tests Subclause 

Light load  7.4.2.1 

Load  7.4.2.2 

Load duty  7.4.2.3 

Allowable FLC (full load current) versus speed  7.4.2.4 

Temperature rise  7.4.2.5 

Efficiency  7.4.2.6 

Line-side current harmonic content  7.4.2.7 

Power factor  7.4.2.8 

Current sharing  7.4.2.9 

Voltage division  7.4.2.10 

Checking of auxiliary devices  7.4.2.11 

Checking coordination of protective devices  7.4.2.12 

Checking properties under unusual service conditions  7.4.2.13 

Shaft current / bearing insulation  7.4.2.14 

Audible noise  7.4.2.15 

Motor vibration  7.4.2.16 

EMC  7.4.2.17 

Harmonic content of the CDM output current  7.4.2.18 

Dynamic tests  

Current limit and current loop  7.4.3.1 

Speed loop  7.4.3.2 

Torque pulsation  7.4.3.3 

Automatic restart  7.4.3.4 
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7.4.1    Test set-up 

Regarding measuring circuit see figure 8. In this figure physical variables are directly measured 
or calculated from indirect measurements. 
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Figure 8 – Measuring circuit of power drive system 

7.4.2    Definitions of rating tests 

7.4.2.1    Light load 

The shaft of the motor is coupled to a load (see note), which is able to provide conditions to the 
tested drive such that the correct function of the control system can be proven. If agreed 
between the manufacturer and the user, a no load test can be used. The motor should be 
selected to require adequate current to prove correct CDM/BDM functions. 
NOTE – The load is the driven equipment, or for test purposes a simulation of the driven equipment. 

7.4.2.2    Load 

The following data are measured at 100%, 75%, 50%, and 25% of the nominal speed and at the 
required maximum load for each speed: 
– voltage U0, current I0, and power P0 at the input transformer (if any) input; 
– voltage U1, current I1, and power P1 at the converter input; 
– voltage U2, current I2, and power P2 at the motor input; 
– temperature rise of each equipment. 

The manufacturer and the user have to agree if this test is carried out in a workshop test or in a 
commissioning test. 
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NOTE 1 – Voltage U2 is measured with an instrument of type and adequate accuracy to indicate the r.m.s. value of the 
fundamental component of the converter output voltage. Currents I0, I1, and I2 are measured with an a.c. ammeter of 
adequate accuracy to indicate the r.m.s. value of the total current. 

NOTE 2 – The load is the driven equipment or, for test purposes, a simulation of the driven equipment. 

7.4.2.3    Load duty 

The shaft of the motor is coupled to a load (see note), which is capable of providing the agreed 
upon load duty profile over a long-term run, to verify that the temperature rise in the equipment 
reaches stable conditions within ratings. 

Manufacturer and user have to agree if this test is done in a workshop test or in a 
commissioning test. 

NOTE – The load is the driven equipment or, for test purposes, a simulation of the driven equipment. 

7.4.2.4    Allowable FLC (full load current) versus speed 

The range of speed over which the drive system can operate continuously with the converter 
delivering rated full load current, without exceeding the thermal rating of any equipment, will be 
determined by appropriate temperature measurements conducted at stabilized temperatures for 
each speed examined. 

The shaft of the motor is coupled to a load. The load is to provide full load or appropriate 
overload. 

NOTE – This test is typically a workshop test but may in certain cases be accomplished during a commissioning test 
by agreement between manufacturer and customer. If a workshop test, the shaft of the motor is coupled to a load. The 
load is adjusted to provide FLC or specified overload at appropriate points within the speed range. If a commissioning 
test, the load is provided by the process and conditions shall be specified. 

7.4.2.5    Temperature rise tests 

The temperature rise tests are carried out at minimum speed, base speed and maximum speed 
with the maximum required load. The temperature rise tests are continued until all temperatures 
are stabilized. 

7.4.2.6    Efficiency 

Mechanical power (P3) is measured by the brake tests, dynamometer test or back to back test 
according to 9.2 of IEC 60034-2, or calorimetric test. Then overall system efficiency = (P3/P0) × 
100 (%). If the accurate measurement of the PDS output is not possible, the efficiency can be 
approximated by calculations in conjunction with system tests. 

7.4.2.7    Line side current harmonic content 

This measurement is performed using instrumentation and techniques in accordance with 
IEC 61000-4-7, under rated operating conditions. 

7.4.2.8    Power factor 

Power factor measurements shall be made under rated operating conditions, (see 2.4.10 and 
2.4.11). This measurement can be made while performing load test, see 7.4.2.2. 
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7.4.2.9    Current sharing 

If parallel connected power devices are used in the power drive system, the current sharing 
shall be checked. This test shall be performed at rated output current. 

Examples of parallel configurations are: 

– a converter section made up by more than one converter bridge; 
– a converter section made up by more than one semiconductor valve per arm; 
– a motor section with motor windings in parallel. 

The balance shall be adequate to insure that no device is stressed beyond design values under 
worst case conditions. 

7.4.2.10    Voltage division 

If two or more, BDM and/or motors, are connected in series, voltage division shall be checked 
so that no overvoltage occurs to BDM and / or motors. The voltage division shall be adequate to 
insure that no device is stressed beyond design values under worst case conditions. 

7.4.2.11    Checking of auxiliary devices 

The function of all auxiliary devices, that are not completely tested in the CDM/BDM or motor 
tests, shall be checked. Examples of such devices are: motor fans, lubricating oil pumps fed 
from the CDM, external circuit breakers, disconnect devices, etc. 

If convenient, this can be done while performing light load test, see 7.4.2.1. 

7.4.2.12    Checking coordination of protective devices 

Checking of the protective devices shall be done, as far as possible, without stressing the 
components of the equipment above their rated values. 

The emergency stop function, if supplied, shall be verified. The proper operation of all protective 
devices, that are not completely tested in the CDM/BDM or motor tests, shall be verified. 

Due to the wide variety of protective devices and their combinations, it is not possible to state 
any general rules for the checking of these devices. 

Examples of protective devices to be checked during the drive system test are: motor 
overspeed, motor overvoltage, motor overload, loss of speed feedback, mains undervoltage, 
earth fault, etc. 

Reduced settings are recommended to verify the protection functions, without stressing the 
components of the system. 

When the converter has earth fault protection, this earth fault test is carried out at the motor 
terminals in order to verify that the earth fault protection operates as specified. 
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7.4.2.13    Checking properties under unusual service conditions 

Unusual climatic conditions may require special coating on electronic assemblies and/or cabinet. 
In extreme temperature conditions, an air conditioner or heater may be provided. The unusual 
condition shall be specified by the purchaser and the corrective measure and test shall be 
agreed upon by the equipment manufacturer and the purchaser. 

7.4.2.14    Shaft current – Bearing insulation 

Shaft currents may result due to common-mode effects and harmonics in motor voltage and 
current. While these currents are small in magnitude, they may cause damage to either anti-
friction or sleeve bearings. Test methods for their presence are to be agreed upon by the 
manufacturer and the purchaser of the equipment. 

7.4.2.15    Audible noise 

Power drive systems may be required to be tested for audible noise. The test should be done 
over the operating speed range and load range (see note). Acceptable audible noise levels shall 
be agreed upon between manufacturer and user (see IEC 60034-9). 

NOTE – The load is the driven equipment, or for test purposes, a simulation of the driven equipment. 

7.4.2.16    Motor vibration 

This test is carried out at various speeds and loads to identify any converter effects on motor 
vibration. 

7.4.2.17    EMC 

EMC tests are defined in IEC 61800-3. 

7.4.2.18    Harmonic content of CDM output 

Harmonic content is in terms of voltage for voltage source and current for current source 
converters. The measurement shall be made using harmonic analysis to determine the 
amplitude of each order up to 25 (usually) or 50 (in special cases) over the speed range. 
Conditions of measurement shall be agreed upon between the manufacturer and the user. 

7.4.3    Definitions of dynamic tests 

7.4.3.1    Current limit and current loop 

These tests characterize the dynamic performance of the CDM or of the PDS independently from 
the driven equipment. 

Three items can be tested. 

a) Current limit 
 An incremental load change is provided to require the CDM to reach its preset current limit 

point. (As an alternative, an incremental step speed change into adequate rotational inertia 
can provide a transient load causing the CDM to reach the current limit set point.) The rise 
time of current, overshoot magnitude and duration and damping characteristics may then be 
analyzed. 
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b) Current loop bandwidth 
 Current loop bandwidth can be established by using harmonic analysis of the response 

between current reference and current measurement (feedback). Amplitude and phase shift 
have to be checked. This test, when performed, shall be carried out within a linear or quasi 
linear area. 

c) Step response to current reference 
 This test can include non linear area. 

These tests shall be carried out at different speeds to be chosen near 0, 50 % base speed, 
100% base speed, and maximum field weakened speed (NM). 

NOTE – It is usually necessary to adjust the speed by using a machine coupled to the shaft of the drive system under 
test (which is itself adjusting the torque by means of current following the reference). 

7.4.3.2    Speed loop 

A step in speed reference is provided and correctly selected to accommodate the following 
tests. This test can be carried out under no load or light load conditions. 

– The current limitation value is reached and checked. 

– The drive output speed response is measured without reaching any limits (normally done 
within 50% base speed, at 100% base speed, and at maximum field weakening speed (NM)). 
Time response following a step in speed reference is illustrated in annex D.  

A step in load may be provided to allow measurement of the consequent speed response. This 
may be carried out while performing rating test 7.4.2.2 (load test). The load step shall be chosen 
so that no limitations are reached. 

Measurement shall be performed in accordance with the description given in annex D. 

7.4.3.3    Torque pulsation 

Relative levels of air-gap torque pulsation may be measured under no load conditions using 
speed changes, provided that adequately sensitive speed measurement devices are coupled to 
the shaft. Ideally, air-gap torque pulsation arising within a specific PDS should be measured with 
a known load inertia, proper load/PDS mechanical coupling and shaft mounted torque sensing 
equipment. 

7.4.3.4    Automatic restart 

If automatic restart is provided, it shall be verified for the specified power outage duration. This 
function shall be coordinated with emergency stop and inhibited if required. 

7.5    INSTRUMENTATION FOR PERFORMANCE TESTING 

The output currents and voltages of the converters will have varying amounts of harmonics, 
depending on frequency setting and type of modulation in the inverter stage. 

NOTE – The manufacturer should, upon request, advise what type of instruments (ammeters, voltmeters) are to be 
used in measuring these output quantities. 
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E.2.3 Alarm and fault listing 

Messages needed and setting values are proposed by the manufacturer and should be 
agreed upon between the user and the manufacturer. Examples are shown in figure E.1. 
These examples illustrate those associated with CDMs applied in a coordinated drive system 
utilizing high performance drives. Simple drive applications may provide alarm and trip 
functions only. 
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Figure E.1 – Protection classification 
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E.3 SYSTEM PROTECTION (FEATURES AND DEVICES) 

The purpose of this clause is to help the user consider techniques and select the necessary 
devices to properly protect the system. The system includes, but is not limited to: 

a) line feeders; 
b) line isolation transformers; 
c) motors; 
d) power factor correction capacitor banks; 
e) converter bypass; 
f) system control circuits. 

Protection for these auxiliaries is provided through the coordination of current interruption 
devices, circuit impedance, surge arrestors, relays and alarm devices. These devices prevent 
dangerous overvoltage, overcurrent, and overtemperature conditions. 

Mechanical sensors are also provided on motors, transformers and other equipments, when 
needed, to detect overspeed, excessive vibration, loss of lubrication, loss of ventilation and 
other improper running conditions. They signal shutdown of the system before mechanical 
damage occurs. 

E.4 PROTECTION OF THE DRIVE SYSTEM 

E.4.1 Protections included in the CDM/BDM 

The exact requirements for the drive system protection (see figure E.1) will depend on the 
mission and configuration of the equipment. Protection from equipment damage caused by 
various contingencies is recommended in figure E.1. 

A well designed system will also also provides protection against contingencies, both internal 
and external to the system. These include: 

a) power source irregularities 
– voltage transients, 
– under-/over-voltage, 
– phase loss, phase reversal, 
– phase unbalance, 
– outages; 

b) overcurrent conditions 
– fault currents, 
– ground currents, 
– internal faults, 
– overloads; 

c) ventilation loss; 
d) overtemperature of equipment; 
e) sudden pressure change in liquid filled reactors and transformers; 
f) overspeed of motors; 
g) excessive vibration of motors; 
h) loss of motor lubrication. 

NOTE – Transient earth currents should be taken into account due to load/system earth capacitance. 
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E.4.2    Specific motor protection 

Motors and motor branch circuits are effectively protected by apparatus using relay devices 
which can disconnect the converter. Besides overcurrent and overload protection, it is highly 
recommended that winding overtemperature, differential current, and surge protection be 
used for motors over 300 kW.  
 

E.4.3 Specific transformer protection 

Isolation transformer protection is typically provided by relays. Overcurrent protection in the 
primary circuits is required. Ground fault and differential current protection are commonly 
provided on larger units. Care should be taken in selecting relays for this application 
including consideration of harmonics. 

Surge protection is typically provided on the primary side of isolation transformers. When 
properly coordinated, it can protect the entire drive system from line voltage surges caused 
by electrical storms and switchgear transients.  
 

E.5 MACHINERY ASPECTS AND OTHER REFERENCE DOCUMENTS 

IEC 60204-1: Electrical equipment of industrial machines – Part 1: General requirements 
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Annex F 
(informative) 

TOPOLOGIES 

A converter for changing a.c. power to a.c. power with different parameters (voltage, 
frequency, phase) can be realized with direct or indirect conversion processes. 

The only example of a direct a.c. converter is the cyclo converter. Indirect converters, which 
include a d.c. link, can be realized with different configurations for the line and load sides. 
These are shown in figure F.1. 

Identification of a particular converter's configuration may be accomplished by marking the 
relevant boxes which are descriptive of the particular converter process. 

 

 

 

 

 

 

 

 

 

 

 

NOTE – On each row of the converter diagram, alternative processes are given. For example, in the source row 
there is a choice between voltage source (VSI) and current source (CSI). 

A given converter will have features drawn from several rows. For example, a particular converter may be a 
voltage source converter, self commutated, pulse width modulation (PWM) type. 

Figure F.1 – AC converter topologies 
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Annex G 
(informative) 

MONITORING FEATURES 

G.1 GENERAL 

Monitoring of the complete drive system is divided into two parts: 

– monitoring of CDM status; 
– monitoring of motor status. 

In addition, there are two ways of monitoring, which can lead to two different strategies: 

– monitoring for a stand alone drive system; 
– monitoring for a drive system integrated in an overall automation system. 

The monitoring system of the CDM normally gives more detailed information about failure and 
status on a local control panel (included in the CDM or BDM), either by LED, or alphanumeric 
code on LED or LCD or terminal (hand held programmer, personal computer). 

G.2 TECHNOLOGY 

Systems based on analogue circuit design have normally a less sophisticated monitoring 
system using LED for status and faults. Some displays may be provided (local and/or remote) 
for, but are not limited to the following: 

– maximum safe speed; 
– maximum speed; 
– current limit; 
– actual load current; 
– actual speed; 
– other limited conditions; 
– faults. 

Systems based on microprocessor design normally present a great deal of information 
(status, alarms, fault) via numeric codes or clear language. These systems allow control to be 
carried out from a simple keyboard and display. Display may provide for, and is not limited to: 

– parameter modifications (such as gain of controllers, acceleration, deceleration, etc.); 
– monitoring of control variables (such as speed, voltage, current actual values or 

references); 
– historical record of variables etc. 

These systems may offer the possibility of sophisticated communications by means of serial 
or parallel link(s) in point-to-point connection or multidrop bus. 

 __________ 


