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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.

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, expressed 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 fulfil 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

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 co-operation 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 specifications, 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 technical report may be the
subject of patent rights. The IEC shall not be held responsible for identifying any or all such patent
rights.

The main task of IEC technical committees is to prepare International Standards. However, a technical
committee may propose the publication of a technical report when it has collected data of a different
kind from that which is normally published as an International Standard, for example “state of the art”.

IEC 61800-6, which is a technical report, has been prepared by subcommittee 22G: Semiconductor
power converters for adjustable speed electric drive systems, of IEC technical committee 22: Power
electronics systems and equipment.

This first edition cancels and replaces IEC 61136-1, issued in 1992, and constitutes a technical
revision.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
22G/85/DTR 22G/100/RVC

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until 2008. At
this date, the publication will be

* reconfirmed;

+ withdrawn;

» replaced by a revised edition, or

+ amended.
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1 Scope and Object

This technical report provides alternative methods for specifying ratings for adjustable speed electrical
power drive systems (PDS) and, in particular, their basic drive modules (BDM).

It is not intended to cover adjustable speed drives for traction purposes.
General rules for rating specification for low voltage adjustable speed d.c. power drive systems are

contained in IEC 61800-1, and for low voltage adjustable frequency a.c. power drive systems in IEC
61800-2.
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	1 Scope and Object
	This technical report provides alternative methods for specifying ratings for adjustable speed electrical power drive systems (PDS) and, in particular, their basic drive modules (BDM).
	It is not intended to cover adjustable speed drives for traction purposes.
	General rules for rating specification for low voltage adjustable speed d.c. power drive systems are contained in IEC 61800-1, and for low voltage adjustable frequency a.c. power drive systems in IEC 61800-2.
	1.1 DV (US DEVIATION)

	Other than the definition of load profiles, this document is primarily suitable for use with drives covered under the scope of NEMA ICS 61800-1.
	1.2 NORMATIVE REFERENCES

	The following referenced documents are indispensable for the application of this document. For dated references, only the edition cited applies. For undated references, the latest edition of the referenced document (including any amendments) applies.
	IEC 60146-1-1, Semiconductor convertors – General requirements and line commutated convertors – Part 1-1: Specifications of basic requirements
	IEC 61800-1, Adjustable speed electrical power drive systems – Part 1: General requirements – Rating specifications for low voltage adjustable speed d.c. power drive systems
	IEC 61800-2, Adjustable speed electrical power drive systems – Part 2: General requirements – Rating specifications for low voltage adjustable frequency a.c. power drive systems
	1.3 DV

	NEMA/ICS 61800-1, Adjustable Speed Electrical Power Drive Systems – Part 1: General Requirements – Rating Specifications for Low Voltage Adjustable Speed d.c. Power Drive Systems
	NEMA/ICS 61800-2, Adjustable Speed Electrical Power Drive Systems – Part 2: General Requirements – Rating Specifications for Low Voltage Adjustable Frequency a.c. Power Drive Systems
	2 Terms, Definitions, and Symbols
	2.1 TERMS AND DEFINITIONS

	For the purpose of this technical report, the definitions given in IEC 61800-1, IEC 61800-2, and IEC 60146-1-1, as well as the following, apply.
	2.1.1

	equilibrium temperature: steady-state temperature reached by a component of a converter under specified conditions of load and cooling.
	NOTE—Steady-state temperatures are, in general, different for different components. The times necessary to establish the steady state are also different and proportional to thermal time constants.
	2.1.2

	current-time load chart: record of load current with respect to time.
	2.1.3

	uniform load duty: duty for which a converter equipment carries a current of fixed value for an interval sufficiently long for the components of the converter to reach equilibrium temperatures corresponding to the said value of current. Figure 1 illustrates this type of load duty (see Table 1 for symbols).
	Figure 1Typical Current-Time Chart for Uniform Load Duty
	2.1.4

	intermittent peak load duty: type of duty for which loads of high magnitude and short duration are applied following no-load periods, such that thermal equilibrium is reached between successive applications of the load. Figure 2 illustrates this type of load duty. The intermittent loads need not be equidistant, but the minimum value of t0 to achieve no-load semiconductor temperature before the next intermittent load should be specified by the manufacturer.
	Figure 2Typical Current-Time Chart for Intermittent Peak Load Duty
	2.1.5

	intermittent load duty: type of duty for which intermittent loads are superimposed onto a constant base load, such that thermal equilibrium is reached between successive applications of the intermittent load. Figure 3 illustrates this type of load duty. The intermittent loads need not be equidistant, but the minimum value of tb to achieve steady-state semiconductor temperature before the next intermittent load is applied should be specified by the manufacturer.
	Figure 3Typical Current-Time Chart for Intermittent Load Duty
	2.1.6

	intermittent load duty with no-load intervals: type of duty for which intermittent no-load intervals followed by high-load intervals are superimposed onto a constant base load, such that thermal equilibrium is reached between successive applications of the intermittent load. Figure 4 illustrates this type of load duty. The intermittent loads need not be equidistant, but the minimum value of tb to achieve steady-state semiconductor temperature before the next intermittent load is applied should be specified by the manufacturer.
	Figure 4Typical Time Chart for Intermittent Load Duty with No-Load Intervals
	2.1.7
	repetitive load duty: type of duty for which loads are cyclically variable, such that steady-state temperature is not reached within the cycle period, and hence no base load can be given. Thermal equilibrium is reached when the average (j does not vary from load cycle to load cycle. Figure 5 illustrates this type of load duty.
	Figure 5Example of Current-Time Chart for Repetitive Load Duty
	2.1.8

	non-repetitive load duty: type of duty for which a peak load is applied at the end of a constant load period during which thermal equilibrium is reached. Figure 6 illustrates this kind of load duty.
	Figure 6Typical Current-Time Chart for Non-Repetitive Load Duty
	2.1.9

	reversible converter: line-side converter in which the flow of dc power is reversible.
	2.1.10

	double converter: current stiff reversible ac/dc converter with direct current in both directions.
	A double converter usually consists of two sections, one for each direction of current flow.
	NOTE—The converter sections may be supplied from common windings, from separate windings on a common transformer, or from separate transformers.
	2.1.10 DV

	“Double converter” is also known as “Dual converter” or “Dual Full converter.”
	2.1.11 DV

	current source: converter that provides an adjustable output current supply, essentially unaffected by the value of the load.
	2.1.12 DV

	current stiff: converter that provides an adjustable output current supply, essentially unaffected by the value of the load.
	2.1.13 DV

	voltage source: converter that provides an adjustable output voltage supply, essentially unaffected by the value of the load.
	2.1.14 DV

	voltage stiff: an electronic a.c./d.c. converter having an essentially smooth voltage on the DC side provided, e.g., by a low impedance path for the harmonic currents.
	2.2 SYMBOLS

	Table 1List of Symbols
	t time
	tb base load interval
	ts load cycle period (duration) 
	t0 no-load interval 
	tp peak load duration 
	Ia converter current
	Ib base load current value 
	Ip peak load current value 
	Iv minimum load current value
	Im mean load current value for period ts
	Is r.m.s. load current value for period ts 
	IaN rated continuous output current of the converter
	IdN rated direct current (of a line commutated converter)
	(j temperature of the converter under consideration. This is usually taken to be the junction  temperature of the semiconductor device .
	rN factor that is used to evaluate the per-unit average semiconductor junction power loss as a function  of the per-unit direct current, it is given by: 
	where
	Ro is the resistance value of the on-state characteristic of the semiconductor device 
	Vo is the threshold value of the on-state characteristic of the semiconductor device
	3 Rated Values
	3.1 GENERAL

	The ratings defined in this clause are to be applied to a complete drive module (CDM), including such components as conductors, switchgear, reactors, and transformers, as defined in IEC 61800-1 and IEC 61800-2.
	The basis of the rating of a reversible converter should be such that the converter operating either as a rectifier or as an inverter should be capable of meeting in either case all the specified load conditions.
	The thermal time constants of semiconductors (including their cooling devices) are much shorter than those for converter transformers and drive motors. For this reason, the high short-time peak currents that occur in normal load duties of various types of adjustable speed drives are of greater significance for the semiconductor converter itself than for the converter transformers and motors.
	Short-time peak currents tend to cause faster and relatively higher temperature rises in the semiconductors than in the transformers and motors. However, in some cases other parts, for example motor windings, may have equally short time constants.
	The load duty cycles defined in this technical report, should be used to determine the capability for short overloads, above the base current, or r.m.s. current in case of repetitive load duty, and are simplified to show just this. It is, however, also important that the r.m.s. value of the current of the actual duty cycle does not exceed 100% of the rating of the components with longer time constants, for example transformers and motors.
	For a semiconductor device, the manufacturer’s maximum junction temperature is the critical temperature above which loss of control, failure, or deterioration may occur.
	The junction temperature cannot be measured directly, but it may be calculated for any load current-time chart.
	If load current-time charts can be specified by the user, the manufacturer can calculate the junction temperature of the semiconductor to make certain that the maximum permissible junction temperature is not exceeded.
	A load current-time chart can always be used as a basis for rating.
	Two application classes are considered in this technical report: one with converter loading conditions such that equilibrium temperature conditions are obtained between all superimposed loads; the other with cyclically variable loads such that thermal equilibrium is not reached within the cycle period but which may occur on an average basis over a number of cycle periods.
	The first application class is defined by the following types of load duty:
	a) uniform load duty (Figure 1);
	b) intermittent peak load duty (Figure 2);
	c) intermittent load duty (Figure 3);
	d) intermittent load duty with no-load intervals (Figure 4);
	A second application class is defined by the following types of load duty:
	e) repetitive load duty (Figure 5);
	f) non-repetitive load duty (Figure 6).
	To avoid ambiguity, it has been necessary to distinguish carefully between section ratings and equipment ratings. Consequently, all ratings except rated continuous output current IaN apply only to the semiconductor converter sections including components such as conductors, switchgear, reactors, and transformers. Note that some components may be common to more than one section and such components should be rated accordingly. This situation has no effect on the basis of rating, which is equipment (system)– rather than component-oriented.
	Rated current is applied to the converter equipment and is used as the per-unit base for all of the ratings applied to the converter sections.
	3.2 SYSTEM OF ESTABLISHING RATED CURRENT-TIME VALUES FOR SEMICONDUCTOR ASSEMBLIES AND EQUIPMENTS
	3.2.1 General


	All converters, with or without a transformer, should be rated in terms of one of the following six load duties:
	a) uniform load duty (Figure 1);
	b) intermittent peak load duty (Figure 2);
	c) intermittent load duty (Figure 3);
	d) intermittent load duty with no-load intervals (Figure 4);
	e) repetitive load duty (Figure 5);
	f) non-repetitive load duty (Figure 6).
	All rated current values are assigned for a specified load duty. If a semiconductor assembly or equipment is designed to operate for different types of load duty, separate current and time values should be specified.
	It should be noted that these ratings also apply to the equipment as a complete system committed to a specific application and not to any particular part of that system.
	3.2.2 Rated Current of a Common Converter Transformer

	A common transformer feeding two or more converter assemblies (for example power drive systems) may be specified in terms of rated current even though the individual converters may be specified on an intermittent duty basis. In appropriate cases, it may also be specified in terms of the basis of rating given in 3.3.2, 3.3.3, 3.3.4, 3.3.5, 3.3.6, or 3.3.7.
	3.2.3 Rated Values of a Double Converter

	Different rated values can be assigned to each section of a semiconductor double converter unit unless the duty of each section is the same.
	The rated values of each section should be in accordance with 3.3.2, 3.3.3, 3.3.4, 3.3.5, 3.3.6, or 3.3.7.
	3.2.4 Determination of Type of Load Duty

	For adjustable speed drive applications, the current-time load charts are very often complex and varying in current magnitude, duration and repetition frequency. However, examination of the current-time load chart will usually determine the most suitable type of load duty to be used as a basis for rated currents.
	If the load duty changes, the effect of that change on all parts of the system should be checked. Adjustment of control and protective elements may also be required.
	3.3 RATED CURRENTS FOR EQUIPMENTS AND SECTIONS
	3.3.1 General


	All current ratings apply over the entire specified speed control range at specified ambient conditions (temperature, altitude).
	3.3.2 Rated Currents for Uniform Load Duty

	The base load current value for this case is usually specified as the rated continuous output current (Ib = IaN).
	Other base values are subject to agreement between the supplier and the user. See 2.1.3 and Figure 1.
	3.3.3 Rated Currents for Intermittent Peak Load Duty

	Rated current is not applicable in this case. Intermittent peak load duty current ratings are subject to agreement between the supplier and the user. The duration (tp) and magnitude (Ip) of the peak current and the minimum time (to) of no-load before the peak current can be re-applied should be specified by the manufacturer. See 2.1.4 and Figure 2.
	3.3.4 Rated Currents for Intermittent Load Duty

	The base load current in this case is usually specified as the rated current (Ib = IaN). Intermittent load duty current ratings are subject to agreement between the supplier and the user.
	The duration (tp) and magnitude (Ip) of the peak current, the base load current (Ib), and the minimum time (tb) of operation at the base load before the peak current can be re-applied should be specified by the manufacturer. The semiconductor must be chosen such that its maximum permitted junction temperature is not exceeded at the peak current (Ip) with its longest duration (tp). See 2.1.5 and Figure 3.
	Intermittent load duty can be specified by the same family of curves shown in Figure 8 for non-repetitive load duty with tp denoting the duration of the intermittently applied load in this case.
	3.3.5 Rated Currents for Intermittent Load Duty with No-Load Intervals

	The base load current for this case is usually specified as the rated current (Ib = IaN). Intermittent load duty current ratings are subject to agreement between the supplier and the user.
	The duration (tp) and magnitude (Ip) of the peak current, the base load current (Ib), and the minimum time (tb) of operation at the base load should be specified by the manufacturer together with the minimum no-load period (t0) before the peak current can be re-applied. The semiconductor must be chosen such that its maximum permitted junction temperature is not exceeded at the peak current (Ip) with its longest duration (tp). See 2.1.6 and Figure 4.
	3.3.6 Rated Currents for Repetitive Load Duty
	3.3.6.1 General


	The r.m.s. value of the load current, Is, evaluated over the period of the load duty cycle should not exceed the rated current of the converter, IaN. IaN usually corresponds to the rated continuous current of the motor or motors supplied by the converter equipment.
	The rated current (1,0 p.u.) refers to the converter equipment. In case of a double converter, the rated current may exceed considerably the rms current rating of either section. See 2.1.7 and Figure 5.
	In addition to the rated current, there are two other methods of defining ratings for repetitive load duty. The primary method is given in 3.3.6.2, and a secondary method is given in 3.3.6.3.
	3.3.6.2 Load-Time Charts for Repetitive Load Duty

	The repetitive duty requirements for the converter should, when possible, be specified by the user in terms of one or more applicable current-time charts, since this will result in the most economic design. These current-time charts then become part of the specifications between the user and the supplier and are, in effect, the current ratings of the converter section for repetitive load duty in the given application. In each case, all of the current levels and their durations and the duration of the duty cycle (ts) should be defined.
	NOTE—It is not necessary for load-time charts to include allowances for abnormal conditions because the converter is otherwise designed to provide adequate protection for such conditions. 
	3.3.6.3 Equivalent Repetitive Load Duty Rating

	The method in this subclause may be used in cases where detailed load-time charts are not available. This method may also be used to define a simple repetitive load duty, which gives the same thermal stresses as a more complex repetitive load duty. The user need only specify values for Ip, Is, Im, Iv, and ts as defined in Figure 5 and Table 1 for the converter section. The basis for the rating then becomes the equivalent repetitive load-time chart shown in Figure 7 with Ip, Iv, and ts as specified, and the equivalent tp given by:
	where Pm is the semiconductor power loss associated with the specified load (Is and Im), Pp is the semiconductor power loss associated with the peak load (Ip), and Pv is the semiconductor power loss associated with the minimum load (Iv).
	For a line commutated converter bridge, with negligible switching losses, the above relation becomes:
	in which Ip, Is, Im, Iv, and ts correspond to the specified values, and rN is a semiconductor loss factor associated with IdN as defined in Table 1.
	It is usual for the converter supplier to specify the maximum allowable values for Ip and tp that correspond to a current limit setting of the converter regulator and a maximum value of Is that usually corresponds to IaN. Such limits have precedence over those imposed by the equivalent repetitive load duty rating.
	Figure 7Equivalent Repetitive Load Duty Load-Time Chart
	3.3.7 Rated Currents for Non-Repetitive Load Duty

	The rated current for this duty is usually specified as the base load Ib. Non-repetitive load ratings are subject to agreement between the supplier and the user (see 2.1.8 and Figure 6).
	The manufacturer should specify the non-repetitive current rating by a family of curves (Ip, Ib) for different values of peak load duration tp as shown in Figure 8. It is usually possible to define an equivalent non-repetitive load duty for other types of load duty. For example, as noted in 3.3.4, the equivalence is one to one for intermittent load duty.
	A repetitive load duty can also be conservatively approximated by an equivalent non-repetitive load duty if the values used for Ip and tp in the non-repetitive case are the same as the values specified for the repetitive case and if the value used for Ib in the equivalent non-repetitive case is obtained from the relation:
	Pb = Pm
	where Pm is the semiconductor power loss associated with the specified load (Is and Im) of the repetitive duty and Pb is the semiconductor power loss associated with the equivalent base load (Ib).
	As an example, for a line commutated converter bridge, with negligible switching losses, the above relation becomes:
	(lb IdN) + (rN Ib2) = (Im IdN) + (rN Is2)
	in which Im and Is are the mean and r.m.s. values, respectively, specified for the repetitive case, and rN is the semiconductor loss factor defined in Table 1. If this parameter is not known, a good approximation that may be used for the equivalent Ib is:
	This approximation will normally give a conservative value of the equivalent Ib, except in cases with extremely efficient semiconductor cooling, where the dependence of Is may be larger.
	Because of such consideration, this rating is often used as a basis for establishing duty classes or for testing the load duty capability of converter equipment.
	Figure 8Typical Rating Curves for Non-Repetitive Load Duty
	3.4 OVERLOAD AND SURGE CURRENT CAPABILITY

	A semiconductor converter unit should be capable of withstanding overload and surge currents of such magnitude and duration as is necessary to allow its protective equipment to operate as intended. The protection equipment should permit the converter unit to carry any of the loads within its specified ratings.
	NOTE—Equipment ratings may depend on more than just the junction temperature of the semiconductor devices. For example, thermomechanical fatigue of current limiting fuses caused by thermal fluctuations under varying load conditions could be a limiting factor and should be taken into consideration.
	4 Duty Classes for Non-Repetitive Load Duty
	Non-repetitive load duty classes as given in Table 2 can be assigned when appropriate for adjustable speed electric drive system applications. The notation “G” is used to distinguish these classes from the duty classes for general purpose converters in IEC 60146-1-1.
	Table 2Duty Classes for Non-Repetitive Industrial Applications
	Duty Class
	Ib
	Ip
	tp
	IG
	IIG
	IIIG
	IVG
	VG
	100%
	100%100%
	100%
	100%100%
	100%100%
	120%
	120%150%
	150%
	150%200%
	200%300%
	10 s
	60 s10 s
	60 s
	60 s10 s
	60 s10 s
	Table 2 gives rated current values for semiconductor converters in per cent of rated direct current for non-repetitive load duty as defined in 3.3.7 and Figure 6.
	NOTE—If two sets of values are specified for any duty class, both apply.
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