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Final Report on Questionnaire “Adjustable Speed Drives”
The questionnaire is divided into two parts: the first one devoted to the more technical aspects and the second one covering the application topics.

Part 1 

Adjustable speed drive (ASD) systems are increasingly being installed because of the improved efficiency, availability, and reliability they offer. The improved efficiency, availability, and reliability are themselves higher than in the past years due to better electronic components and topology.

ASDs generally comprise a frequency converter that supplies a three-phase electric motor coupled to a driven machine. According to the voltage level of the grid and the voltage level of the frequency converter, converter transformer (step down or step up) may also be part of the system.

The recent evolution and development of semiconductor devices combined with updated control strategies suggest that it is an appropriate time for a global survey of the technology.  The attached questionnaire is intended to provide an overview of the present situation and an outlook of possible future development, as far as known.

Motors with power ratings of 800 kW and above and voltage ratings of 1 kV and higher, for power generation and industrial applications, are within the scope of the questionnaire.

The questionnaire was answered by 4 countries: Australia, Canada, Korea, and US.

The Australian expert specifies that there is no experience in that country as there are no significant applications available so far.

Questions

1. What are the most important fields of application of ASDs in your country? List the items (i.e. pumps, fans, others as “kind of mechanism” and boiler feed-water pumps, induced draft fans, others as “field of application”) in order of importance.

The most important fields of application in the US are: pumps and fans (in electric utilities), gas compressors (in petroleum refining and in natural gas pipe lines), sag mills, ball mills,  rod mills and fans smelters (in copper mining).

The most important fields of application in Canada are: fans and pumps (in pulp and paper industry), fans (commercial HVAC), conveyors, fans and pumps (general manufacturing). The indications of Canada seem to apply also to motors with rated voltage below 600 V.

The most important fields of applications in Korea are, in order of importance: fans and pumps in general manufacturing and in paper industry, agitators in chemical industry, elevators and lifts in conveying.

2. With reference to the list of Q.1, indicate the most important semiconductor devices in use for frequency converters (i.e. IGBT, IGCT, GTO, etc.).

According to US the most important semiconductor devices in use for frequency converters are: IGBTs, IGCTs, and SGCTs.

According to Canadian expert the IGBT type converter is used for all applications indicated in answer to question 1.

According to the Korean expert in case of fans and pumps for the general industry there are a lot of possible solutions: IGBT, GTO and IGCT. In the other cases only IGBT is practically considered.

3. What are the main limits/merits (technical aspects, cost, reliability-maintenance, etc) of the present technology devices/frequency converters?

Only the Korean expert filled the tables of the questionnaire as follows. 

TABLE.3.1 LIMITS/PENALTIES

	TYPE OF DEVICE
	TECH. ASPECTS
	COSTS
	RELIAB./MAINTENANCE

	IGBT
	Electric noise
	H
	H

	IGCT
	Topology design
	L
	H

	GTO
	Drive difficulty
	H
	M


TABLE.3.2 MERITS

	TYPE OF DEVICE
	TECH. ASPECTS
	COSTS
	RELIAB./MAINTENANCE

	IGBT
	High class control
	H
	H

	IGCT
	High power/easy driver
	H
	H

	GTO
	High power
	H
	M


According to the US expert low cost and high reliability have always been and always be the “make or break” requirements for ASDs for the user.

According to the Canadian expert the positive features of IGBT are good reaction time, small package size, easiness to control; low heat dissipation while the only negative feature worthwhile mentioning is that fast switching can cause motor damage at high voltages.

Q.4 With reference to the most important items of tables 3.1 and 3.2, if possible, give additional details about technical aspects (i.e. features like speed range control, performance, functions to be available, impact on the motors, etc.)

According to the US expert forced draft fans may require a full speed range, depending on how low minimum load is. In no case can the ASD be allowed to have any negative impact on the motor whatsoever. This is not an issue for debate- no voltage spikes, no harmonics, no so-called “transmission line effects”, no bearing problems.

According to the Canadian expert any VFD being specified for 600 V or less must have as a minimum the following key features: IGBT output devices, PWM control, microprocessor based control, digital keypad, line and/or load reactors depending on voltage, disconnection or circuit breaker (if required), minimum output frequency range of 0-120 Hz, no input or output transformers, mounting in an enclosure (if required), dv/dt filter to protect motors (certain conditions only).

According to the Korean expert additional details about technical aspects are: power quality, electric noise, high power, easy driving.

Q.5 Please give additional details like topology  (including use of transformers for medium voltage drives) and type of control about the most popular devices.

According to the US expert input transformers are normally used on the higher horsepower ASDs.

According to the Canadian expert the most common VFD topologies are : 6 pulse front end, easy available and almost standard (low cost, easy to service, poor harmonic control); 12 pulse front end, for harmonic control (costly 150% of 6 pulse, hard to get, good harmonic control, requires extra transformer, normally only practical on VFDs greater than 300 hp); active front end (IGBT) (very costly 200% of 6 pulse, excellent harmonic control, hard to service, complicated, no filter or transformer required). 

According to the Korean expert the table 5 is filled up as follows.

TABLE.5

	FIELD OF APPL:/ TYPE OF MECHANISM
	TYPE OF DEVICE
	TOPOLOGY
	CONTROL SYSTEM

	Energy saving
	IGBT/GTO/IGCT
	2/3 level
	VVVF (open loop)

	Conveying 
	IGBT
	2 level
	Vector Control

	Paper
	IGBT
	3 level
	Vector control

	Chemical
	IGBT
	4 level
	VVF (open loop)

	Traction


	GTO
	3 level
	SLIP Control


Q.6 With reference to the most popular devices what are the most promising improvements?

According to the US expert it is not known what improvements are needed.

According to the Korean expert the table 6 is filled up as follows.

TABLE.6 

	TYPE OF DEVICE
	TOPOLOGY
	CONTROL SYSTEM

	GTO/IGCT
	3 level
	VVVF (open loop)

	IGBT
	2 level
	Vector control


Q7. With reference to reliability and maintenance what are the present situation and the expected improvements?

According to the US expert high degree of reliability and essentially no maintenance are generally the case.

According to the Canadian expert, the average MTBF of the IGBTs used is approximately 8 years, the average MTTB for IGBTs used in VFDs is very dependent on the construction of the VFD but would normally vary from 1 hour to 8 hours. An average time would be 2-3 hours.

There is no comment from the Canadian expert.

Q.8 Miscellaneous: please give any other comments and suggestions you wish to make about this subject, based on the experience in your country.

According to the US expert the only medium voltage motor failures suspected to have been caused by ASD harmonics happened 30 years ago when some current source type ASDs were supplied without input transformers and motors failed from the high ASD output voltage spikes caused by neutral shift. There are no motor failures from ASDs now, although some partial discharge equipment manufacturers keep insisting that IGBT type ASDs cause motor failures, in an effort to sell test equipment.  

The answer of the Canadian expert is very comprehensive and detailed, as it is possible to see in the following lines.

· The differences between 600 V (and below) VFDs and MV ( greater than 2160 V) VFD are numerous:

· The horsepower where an MV VFD becomes economical is between 1000-1500 hp;

· MV VFDs have a variety of output devices types including IGBT, IGCT and GTO. This technology is in a constant state of flux and manufacturers are re-designing there products regularly to take advantage of these improvements in output devices;

· Because MV VFDs are typically large horsepower, it is much more common to see these with multi-pulse (12, 18, 24, 36) and active front ends;

· Until recently it was impossible get an output device that could carry the full voltage required, therefore it is very common to output topologies that had multiple inverter sections series together to achieve the required output voltage;

· MV VFDs often have a variety of cooling options including water cooling, very common for large hp VFDs;

· The state-of-the-art GTO device capacity has reached 6000 V, 6000 A. The low conduction loss and rugged structure make (Emitter Turn-off Thyristor) more favourable than IGBT. These two devices (IGCT and ETO) use unity gain turn-off technique to cut the storage time of GTO by ten times, thus increase the switching performance close to that of the IGBT. The latest IGCT and ETO devices have reached the same power level of GTO (6000 V, 6000 A);

 MV VFDs are almost always unique products custom designed for the specific applications-there are few off-the-shelf solutions.
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Questionnaire on Update of ASD Technology and Applications

Part 2

Foreword

Energy conservation is of great concern in the major parts of the world.

The role of motors in energy saving is very important today all over the world, mainly due to the widespread use and popularity of electric motors.

Thanks to significant and continuous progress in power electronics, it is possible today to control the speed of motors with reduced or almost no losses, compared with past techniques ( e.g. speed controlled by resistance).

The electronic equipment which controls the speed by supplying to the motor variable frequency and/or voltage is named ASD (Adjustable Speed Drives). In some cases, the term ASD is applied to the motor and control equipment combined.

Construction techniques and types of ASDs may be very different.

Motors with power ratings of 800 kW and above and voltage ratings of 1 kV and higher, for power generation and industrial applications, are within the scope of the questionnaire.

The questionnaire was answered by Experts from 4 countries: Australia, Canada, Korea and US.

Questions

Q1. Is there a government policy in favour of energy saving in your country? In case of positive answer, please specify if saving indications are concentrated on water, gas, other kind of energy or generally speaking on electricity and list the major fields of applications involved, according to their importance.

In Australia there are government energy saving policies at both Federal and State levels. Energy efficiency is promoted across all fields of energy use- however the electricity industry appears to be specifically targeted due to high proportion of coal fired generation.

Enforced government policy is pointed out by the Korean respondent too, but it is limited to AS small-size motors for fans and pumps.

In US there were government assistance programs 20 years ago for wind farms. Besides there were in US rebate programs launched by electric utility companies 20 years ago for installing ASDs, on pumps and fans all the same.

No government programs of this kind exist in Canada but energy saving programs are only promoted by individual utilities.

Q.2 Please report on the significant elements of your country policy and indicate the role and the importance of ASD in energy saving (L= low; M= medium; H= high). If possible, please, categorise your answers for different fields of applications and sizes ( e.g. power, maximum speed and speed-range).

In Korea ASDs is one of the 6 kinds of equipments for government money supports in energy saving and its importance is considered high.

According to US the ASD application has to be economically justified, and the natural bias of mechanical engineers still has to be overcome in many cases.

In Australia an interest exists in ASDs for boiler feed pumps and boiler induced draft fans with the aim of mitigating green house effect in coal fired power plants, but there are no examples of real applications.

Q3. Are there specific national laws/acts managing and pricing energy saving? If possible, please, categorise your answers for different fields of applications and sizes.

Australian answer is positive, but specific costing is not included. Any proposal submitted for allocation of the (quite limited) available funding would be assessed on its merits, on the basis of cost per unit of greenhouse gas mitigation.

Korea respondent adds nothing to the answer to question 1.

Answers from Canada and US are obviously negative. 

Q4. If yes list the laws/acts in question, their major contents, and pertaining economic figures (e.g. $ per kW. etc.). If possible, please, categorise your answers for different fields of applications and sizes.

No answer was given to question 4 by different countries.

Q5. Are there computer program and/or procedures available to calculate energy saving in case of conversion from fixed speed to variable speed? Please specify the origin of evaluation methods: “in-house” programs, commercial methods, Major Consultants methods, etc. If possible, please, categorise your answers for different fields of applications and sizes.

This question did receive no answer from Korea.

Australian and Canadian respondents mentioned only in-house programs in use c/o electric utilities and/or IPPs, which are not always so rigorous.

On the other side the US respondent indicated the availability on WEB site of computer programs to calculate pump and fan performance with ASDs.

Q6 According to any specific applications (and sizes), are there any preference for the technology, specific components and/or complete system to use (combination of ASD and motor)?

The US respondent gave a comprehensive answer. According to him, medium voltage induction motor systems are preferred over medium voltage synchronous motor systems, but for the highest powers, it is necessary to use the synchronous motor system. There are also preferences based on performance, e.g. no input or output harmonics, availability of redundancy, liquid cooling.

According to Canadian respondent only initial costs are important.

The Australian respondent stressed the importance of the waveform and the harmonics.

No specific comment from Korea.

Q7 Miscellaneous: please give any other comments and suggestions you wish to make about this subject, based on the experience in your country.

In US one manufacturer seems to be dominating the large ASD business with an IGBT-based system which has no input or output harmonics, no voltage spikes, availability of redundancy, and water cooling. In Korea there is ESCO business (ESCO stands for Energy Savings Company). ESCO apply the energy savings equipment to their customer’s plant or building under agreements. Typical agreements are as follows. But they are not specific condition. ESCO specify the energy savings for installing ASD to customer’s motor and submits it, a kind of proposal, to the customer. ESCO can receive the savings money evaluated in proposal from customer each month under agreement. If investments and benefits of ESCO can be recovered customer does not pay for ESCO. The kind of policy in this country is applied not only to the ASD but also other energy savings equipment. 

Disclaimer

This report is issued by CIGRE solely for information purposes. You accept that in providing you with a copy of this report and otherwise communicating with you concerning this report, you use the report at your own risk and CIGRE and any of CIGRE’s members, agents, employees, sub-contractors and any person who has contributed to the content of this report (together referred to as the “CIGRE Parties) shall not be liable to you or any other party for any losses or damages whatsoever arising in connection with this report, whether in contract, tort (including negligence) or otherwise. Nothing in this report shall or may be used in any court of law or other jurisdiction as evidence of the liability or other responsibility of the CIGRE Parties in regard of subject of the report. This report is not intended to constitute advice or a recommendation by the CIGRE Parties to any recipient of this report. You should take your own advice and conduct your own research in relation to the subject of this report. The CIGRE Parties give you no warranty or assurance about the content of this report , nor do any of them accept any responsibility or liability as to the accuracy or completeness of such information. All implied warranties and conditions are excluded, to the maximum extent permitted by law.

This report may not be distributed, reproduced, or used without the express consent of CIGRE.

M. Sica/ E.Tortello/ Prof. Yu Vinitzky 
         the 17th of May , 2004
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