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Abstract—This report is an annual progress report by the Generator Subcommittee of the Electrical Machinery Committee of the IEEE Power and Energy Society, Working Group No. 8 (“IEEE C50.13 Review & Compare”). This working group is tasked to compare the 2005 revision of the IEEE C50.13 standard for large round rotor synchronous generators with recent revisions of comparable International Electrotechnical Commission (IEC) 60034 standards. The intention of this paper is to report the progress this working group had made, highlight some significant comparison findings, outline the next step planning of this project  and call for more industry support.
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I.   Introduction

S
ince being convened in 2007 by the Generator Subcommittee of the Electrical Machinery Committee of the IEEE Power and Energy Society, Working Group No. 8 (“IEEE C50.13 Review & Compare”) has been comparing the 2005 revision of the IEEE C50.13 standard for large round rotor synchronous generators [2] with recent revisions of comparable International Electrotechnical Commission (IEC) 60034 standards [3],[4].  This paper is the initial progress report by Working Group 8.

As was done by a preceding IEEE PES working group that compared ANSI/IEEE and IEC standards for electric machines [5]-[10], the comparisons being made by WG 8 are to provide a technically sound and publicly vetted basis for future actions by the IEEE and IEC to continue to harmonize IEEE and IEC international standards for large round-rotor synchronous generators.  When comparing the subject IEEE and IEC standards, WG 8 is to assess the consequences of all substantive differences between the two sets of standards so that future IEEE and IEC working groups can resolve those differences.  It is anticipated that those future actions will be similar to those taken in the late 1990’s and early 2000’s by the IEEE PES working group who authored C50.13-2005 [11]-[13] and by the IEC maintenance groups who revised the 60034 standards [3],[4].

The authors of this paper are members of the above mentioned EMC-GSC Working Group 8.  In this progress report we provide the following information about WG8:

· current membership of WG8

· scope of WG8 (is and is-not)

· approach to compare the involved standards

· highlights of a few major differences

· implications of those differences

· planned next steps 

The intention of this paper is to report the progress this working group had made, and draw more industry support, especially from power companies, IEC and other international electrical machinery committees. 
II.    EMC-GCS Working Group 8 Report 
A.   Members of EMC-GCS Working Group
Initial members of WG8 accepted assignments from the WG chair at the IEEE PES Annual Meeting in 2008. WG8 has since grown to include the following people:
	Name
	Affiliation

	K. Chen, chair
	ATCO Power

	J. Amoo Otoo
	Excelon Energy

	J. Amos
	Siemens Energy

	W. Bartley
	Hartford Steam & Boiler

	M. Brimsek
	Minnesota Power

	R. Gray
	Siemens Energy

	K. Hattori
	Hitachi Power Systems

	H. Ito
	Toshiba  Power Systems

	I. Kerszenbaum
	Southern California Edison

	G. Klempner
	AMEC NSS Ltd.

	K. Mayor
	Alstom Power

	W. McCown
	Siemens Energy

	J. Michalec
	American Electric Power

	L. Montgomery
	Siemens Energy

	G. Mottershead
	consultant

	N. Nilsson
	consultant

	P. Nippes
	Nippes – Bell Associates

	J. Ready
	Bechtel

	M. Sedlak
	Midwest Generation

	T. Wait
	Pacific Gas & Electric (retired)

	J. Yagielski
	General Electric Company

	J. stein 
	EPRI 

	S. H. Kim
	IEEE Standards Association


To expand the membership to include more members from outside North America and more representatives from electric power companies, the leaders of WG 8 have requested the involvement of Study Committee A1 (Rotating Machinery) of CIGRÉ and the Turbine/Generator Users’ Group of EPRI.

In addition to making their own contributions to comparing C50.13 with IEC 60034, most working group members plan to draw contributions from other technical experts.  These others are to include engineers who have contributed to the recent revisions of the 60034 standards [3], [4].

B.   Scope of the Comparison
As stipulated by the Generator Subcommittee of the Electric Machinery Committee that convened WG8, the scope of WG8 is to be as follows:

1. Compare IEEE C50.13-2005 with IEC 60034-1 (11th edition-2004) & 60034-3 (6th edition-2007).

2. Identify differences between the standards in a table format.

3. Evaluate the potential impact of these differences.

4. Suggest possible refinement to C50.13 for consideration when this standard comes up for reaffirmation or revision.

5. Suggest refinements to 60034-1 and 60034-3 to the IEC maintenance committees that are responsible for these standards.

6. Review IEEE C50.13 for deficiencies or ambiguities, clarify by explanations, and suggest possible improvements.

7. Produce a series of presentations on different topics in C50.13.  These presentations are to clarify potentially confusing points in the standard, present the progress of WG8, and educate people on how to use the C50.13 standard.

As of the writing of this paper, WG8 recognizes that there is not enough time for anything but a recommendation for reaffirmation of C50.13-2005 for the 5 year renewal date of 2010.  WG8 plans to develop a future revision of C50.13 in time for the next renewal date in 2015.

Also should be mentioned is that,  as an associated aspect of these comparisons for round rotor synchronous generators, some members of WG 8 are planning a similar comparison of the 2005 revision of IEEE C50.12 standard for large salient pole synchronous machines [1] with corresponding IEC standards.
C.    Approach Being Taken by WG8
During WG8’s initial comparison of the IEEE C50.13-2005 standard with present revisions of IEC 60034 standards, we decided to group the comparisons into the following three self-evident, argument-free categories:

1. Equivalent 
2. Not Equivalent
3. Omission
Comparing a given technical parameter and getting the “Equivalent” result means that complying with the IEEE or IEC requirements for that parameter would result in an identical generator.  Good examples of equivalent items are the identical limits on permissible variation of voltage and frequency.  The authors will discuss this topic further later in this paper.

Comparing a given parameter and getting the “Not Equivalent” result means that a given generator could be different when it is designed to meet IEEE C50.13 or when it is designed to meet IEC 60034.  A simple example for this type of comparison is the ambient temperature range: -5oC to +40oC for IEC 60034 but -20oC to +50oC in C50.13.  The range is certainly similar but it is “Not Equivalent”.

A comparison that results in an “Omission” categorization points out the absence of a requirement in one standard but the presence of this requirement in the other standard.  In this category WG8 had to be careful to restrict our focus to round rotor synchronous generators because IEC 60034-1 covers many types of electrical machines.  Two types of omissions exist:

The first type of omission is where an attribute is addressed in C50.13 but not in 60034.

The second type of omission is where an attribute is addressed in 60034 but not in C50.13.

One example of the first type of omission is the fact that C50.13 contains definite limits on faulty synchronization whereas 60034 is silent on such limits.

A different example of this first type of omission is the presence of an extensive “Guide for the basic specification of generators” that is included as an informative (but not normative) appendix to C50.13.  During the creation of C50.13-2005 this guide was specifically requested by the companies that purchase generators.  Nothing like this guide exists in 60034.

An example of the second type of omission (in IEC 60034 but not in C50.13) is the fact that 60034-3 contains an extensive treatment of hydrogen safety, whereas C50.13 contains no treatment of this topic.

In our first pass at this comparison and categorization task, WG8 members concentrated on the 10 main clauses of C50.13-2005, reproduced below for the convenience of the reader:

1. Scope

2. Normative References

3. Definitions

4. Operational requirements

5. Rating and performance characteristics

6. Insulation systems

7. Temperatures and temperature limits

8. Efficiency

9. Tests

10. Markings

In approaching the IEEE-IEC comparison from this “IEEE C50.13-to-IEC 60034” direction, WG8 members have identified several examples where the standards have equivalent coverage of topics, i.e. where people being guided by either standard would come up with the same generator.  More often, however, “not-equivalent” resulted from a comparison.  Not surprisingly, this approach also detected quite a few omissions, where C50.13 addresses a topic that is not addressed in 60034, and vice versa.

To enrich the comparison of C50.13 and 60034 WG8 now intends to reverse the approach and start from IEC 60034-3 and compare the requirements listed there with comparable requirements in C50.13.  Some results from that approach are recorded in the comparison tables that have been produced to date.  A topic by topic scan of IEC 60034-3-to-IEEE C50.13 will complete this comparison.
D.   Initial results of the comparison of C50.13 and IEC 60034
In our first pass through the 10 clauses of C50.13-2005 listed earlier in this paper WG8 compared 136 topics and categorized them.  This comparison did not cover clause 8 “efficiency”. The WG had decided to work to include the most up to date standard IEC 34.2 to consider for some new revisions which are still being made by IEC. We would finalize the comparison on clause 8 once we receive all updated IEC standards. We also did not finalize clause 7 and clause 9. With further work on finalizing these 3 sections, the numbers in the category of “Not Equivalent “ and “Omission” are expected to further increase.  
A summary of results is presented in Table 1 and in Figures 1 and 2.  A spreadsheet listing all topics that were reviewed with the details of the comparison results is available upon request. (Please contact the working group chair Kay Chen.) More support from the industry is needed to review and finalize this spreadsheet. After finalization, it would be used as the basis for further improvements on C50.13. 
TABLE I

Results of initial comparison of IEEE C50.13-2005 with IEC 60034-1, 2004 and IEC 60034-3, 2007
	Comparison
	number of topics that fit this comparison

	Equivalent
	34

	Not equivalent
	65

	Omission A (in C50.13 but not in 60034)
	24

	Omission B (in 60034 but not in C50.13)
	13
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Fig. 1.  Number of comparisons categorized E, NE, O
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Fig. 2.  Percentage of comparisons categorized E, NE, O
As shown in Table 1, Figure 1 and Figure 2, the efforts of the previous IEEE working group who wrote the 2005 revision of C50.13 [11]-[13] have had some effect in harmonizing IEEE standards for round-rotor synchronous generators with the similar but different IEC 60034 standards; 25% of the comparisons got an “Equivalent” grade.  However, the fact that 75% of the comparisons yielded “Not Equivalent” or “Omission” indicates that further efforts at harmonization are needed.  Some of the categorizations other than “equivalent” indicate that the C50.13-2005 was not completely harmonized with the 60034 standards then extant, and some such categorizations reveal that recent revisions of the 60034 standards have changed from what they were when the IEEE working group was developing C50.13-2005.  In any case, the first pass at comparing IEEE C50.13-2005 with the 2004-2007 revision of IEC 60034 has confirmed the Generator Subcommittee’s idea that it was appropriate to convene WG8.
E.   Implication of some key differences between C50.13 and IEC 60034

As suggested by the comparison summary presented in the preceding section, many differences exist between IEEE C50.13-2005 and the present IEC 60034 series.  Some of these differences are inconsequential.  Others can result in noticeably different design limits for a given generator of a given nominal rating.  In the following text the authors present three such substantive differences. 
    1)   Known differences on Hotspot temperature limits 

 Previous publications on this general topic of IEEE and IEC standards comparison have reported the fact that limits for stator and rotor winding hot spot temperatures exist in the IEEE C50.13 standard and do not exist in IEC 60034 standards [6], [11], [12], [13].  This difference remains in the most recent editions of these standards.  Because the implications of this difference remain as they have been for decades and because this difference is now commonly appreciated by all purchasers of large generators, it seems to be of little value to re-publicize this fact.

A couple other comparisons may be of more interest.
    2)   Differences on short-time stator current overloads      
Both IEEE C50.13-2005 and IEC 60034-3, ed. 6 contain limits on short-time stator current overloads.  The limits in the two standards take the same general form, both being based on 150% current for 30 seconds.  For times shorter or longer than 30 seconds the following equivalent relations are specified.
IEEE C50.13-2005:
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Where I is the stator current in percentage and t is time in seconds.

IEC 60034-3, ed. 6-2007:

(I2 – 1) t = 37.5 s                                                  (2) 

Where I = stator current in per unit and t is time in seconds.

The formulas relating current and time are equivalent, but two important differences exist:

1. In C50.13 the duration for “t” is specified to be from 10 to 120 seconds, whereas for 60034-3 the duration is 10 to 60 seconds.

2. In 60034-3 the above relation is modified for generators above 1200 MVA.  For generators rated above 1200 MVA the text suggests that agreement should be reached between manufacturer and purchaser to reduce the reference 30 second time duration for 150% current to less than 30 seconds.  A lower limit of 15 seconds is suggested.  
The authors’ understanding of stator winding over-current limits is displayed in the following figure.
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Fig. 3.  Comparison of short-time overcurrent limits in IEEE C50.13-2005 and IEC 60034-3, ed 6, 2007
    3)   Differences on short-time negative sequence current 
     Limits for the short-time negative sequence currents that flow through a generator during fault conditions are noticeably higher in IEEE C50.13 than in IEC 60034-1.  These “I22t” limits are expressed for a short-time transient negative sequence current that is specified as follows: 

I22t is the integrated product of the square of the generator negative-sequence current (I2), expressed in per unit stator current at rated kilovolt amperes and duration of the fault in seconds (t). 

Therefore I22t is expressed in seconds.
For generators designed with indirectly cooled rotors, the C50.13 limit is 30 seconds regardless of whether the generator is cooled with air or hydrogen.  This limit in 60034-1 is 15 seconds for air-cooled generators and 10 seconds for hydrogen-cooled generators.  Therefore, depending upon the type of coolant used, the limit recorded in C50.13 is 2 to 3 times the limit recorded in 60034-1.

For generators designed with directly cooled rotors the limits in both standards depend upon the MVA capability of the generator. Difference in calculation between IEC and C5013 for “I22t” limits is displayed in Figure below. 
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Fig. 4.  Comparison of short-time negative sequence current limits in IEEE C50.13-2005 and IEC 60034-1, ed 11 - 2004
In Figure 4, for generators rated less than 350 MVA, Limit specified in C50.13 is 25% higher than the 60034-1 limit.  At 800 MVA the C50.13 limit is more than 80% higher than the 60034-1 limit.  For ratings above 800 MVA the limits come progressively closer together until the two standards come into agreement at a limit of 5 seconds at 1600 MVA.  Above 1600 MVA both standards do not specify limits, thereby implying that a limit should be set by agreement between manufacturer and purchaser.
F.   “Horizon Issues” Not Addressed by Either IEEE C50.13 or IEC 63004
Limits on voltage and frequency are displayed in Figure 5. As the result of the past efforts from previous IEEE working group, this topic has been harmonized between C50.13 and IEC60034. The existing standards show identical requirement, that all generators shall be thermally capable of continuous operation within the confines of their reactive capability curves over the ranges of ±5% in voltage and ±2% in frequency as defined by the shaded area of Fig. 5.
Generators will also be capable of operation within the confines of their reactive capability curves within the ranges of ±5% in voltage and +3%/–5% in frequency as defined by the outer boundary of Fig. 5 with further reduction of insulation life and discounted stability .
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Fig. 5.  IEEE C50.13 and IEC 60034-3 limits on voltage and frequency
Challenges have recently arisen for the machine designer and power producer as the grids start to dictate that generators operate in a much wider operating range. This is happening both in Europe and North America. Fig. 6 below showed such an example from European grid code.
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Fig. 5.  Comparison of IEEE & IEC voltage-frequency limits with those of some European grid codes     
   To comply with the above european grid code, the generator would be required to operate +10% to -15% in voltage variance and +/-5% in frequency variance. This is quite a stretch compared with ±5% in voltage and +3%/–5% in frequency defined by IEEE and IEC. The implication of pushing these limits includes compromising machine stability, reliability, and perhaps performance. To overcome these difficulties, the machine designer has to increase the design margins which would eventually result in higher manufacturing costs and a larger machine.
As power systems have advanced in recent years, members in this WG, the designers and utility machine owners all have encountered challenges interacting with the grid and felt the industry needs some guidance to meet the more demanding grid codes. Therefore, members of this WG think there may be potential improvement for the existing C50.13 and IEC standards to update and provide industry the necessary guidance on these horizon issues.   
G.   Immediate Next Steps Planned 
Thanks to the strong support of its members, Working Group 8 is making excellent progress toward completing the mission that is outlined in the “Scope” section of this paper.  That progress is evident from the information that is presented in this paper.

To accelerate this progress we plan the following immediate next steps:

· Add more perspective from companies other than OEM’s, we are searching for additional members from companies that design or operate power plants.

· Add more international perspective we are searching for more members from companies whose base of operations is outside North America.
· Make it possible for this broader membership to participate we plan to establish regular internet & telephone conference meetings to review progress.
· Further exploring the implications of differences between IEEE C50.13 and IEC 60034.  To do so we will add the recently revised 60034-2 standards for efficiency assessment to the 60034 standards being assessed.
· Supplement the initial C50.13-to-60034 comparison approach with an approach that starts with IEC 60034-3 and compares its topics with what can be found in C50.13.
· Publish annual progress reports like this paper.

· Recommend a “reaffirm” for IEEE C50.13-2005 when it is due for revision or reaffirmation in 2010.REAFFIRM C50.13-2005 IN 2010
· Create a “to-do” list of items to be targeted for change in IEEE C50.13 in time for its scheduled 2015 revision.

III.   Summary And Conclusion
As reported by the “C50.1X” Working Group during 1998 through 2004, IEEE’s extensive 2005 revision of the IEEE C50.13 standard for large, round-rotor synchronous generators [2] was intended to be significantly  harmonized with comparable IEC 60034 standards [11]-[13].  However, this effort did not eliminate substantive differences with the then existing IEC 60034 standards.  Also, during the years when the IEEE working group members were writing C50.13-2005 and then after that work had been completed, working groups in the IEC have modified the 60034 standards [3], [4].

To address these noticeable (and noticeably widening) differences, in 2008 the Generator Subcommittee of the Electric Machinery Committee of the IEEE PES convened a new working group to once again scrutinize the latest revisions of these standards to clarify their similarities and differences.  This GSC-EMC Working Group 8 has started this work and has made the following significant progress:

· Populating WG 8 with an international team of generator experts who represent users, consultants and manufacturers

· Deciding a format for doing the comparison

· Holding two face-to-face WG meetings at the PES Meetings of 2008 and 2009

· Completing an initial sweep through C50.13, and creating a parameter by parameter tabular comparison to coverage in IEC 60034

· Identifying further needs for more intensive comparisons and initiating that work

· Identifying several “on-the-horizon” topics that neither the C50.13 nor the 60034 standards now address

Additionally, because IEEE C50.13-2005 is up for renewal in 2010, WG 8 has recommended reaffirmation as-is, with a companion listing of minor errata that the recent scrutiny has identified.  WG8 estimates that it will take at least another year to complete our comparison work.  Then it will take a few more years for a sequel EMC-GSC working group to form and to modify C50.13 to incorporate the appropriate changes that WG8’s work will show to be necessary.  WG 8 will issue at least annual reports of progress, similar to this report.
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Finally, WG8 is seeking additional members, especially from companies that own and operate power plants anywhere in the world and especially from companies whose plants are outside North America.  Because WG8 plans to use internet and telephone conference meetings to take care of most WG business, the ability to attend working group meetings is requested but not required.  If you want to participate, please get in touch with working group chair or any of the working group members.
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V.   Biographies
Kay Chen received a BS degree in Electrical Engineering from University of Alberta. After graduation she worked at ATCO power, a utility company where her main responsibility is on generator operation and maintenance. Her project includes generator rewinds, overhaul inspections, diagnostic monitoring and testing. Her work also supports other power plant electrical maintenance needs. She had actively participated in EPRI projects and activities concerning generators. She started to serve as the chair person for IEEE PES EMC/GCS WG8 on standard harmonization in 2007. 
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Lon.W Montgomery received a BS degree in Electrical Engineering from Carnegie-Mellon University in 1968, an MSEE degree in Electrical Engineering from The Johns Hopkins University in 1970, and an MSME from Carnegie-Mellon University in 1976.  In 1968 he joined Westinghouse Electric Corporation.  Since 1970 he has concentrated on electric machine design.  At present he is a Principal Expert Engineer in Siemens Energy in Orlando, FL.  He is a recently elected Fellow of the IEEE, a member of the IEEE PES Electric Machinery Committee, and a member and past chairman of the Generator Subcommittee of the EMC.  He has served on several recent EMC/GSC Working Groups that were convened to maintain and improve IEEE standards for large turbogenerators.  In one instance he served as vice-chair of the WG to modernize IEEE C50.13-2005 and harmonizes its content with the IEC 60034 series for large turbogenerators
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Geoff Klempner is a large rotating electrical machines specialist in the power industry.  He is a Principal Engineer in the Operations Engineering Directorate at AMEC NSS Ltd. for the past 7 years.  His responsibilities include: large generator consulting including, inspection, testing, design evaluation, failure analysis, electromagnetic FE analysis, life assessment, preparation of technical specifications and test procedures, for large electrical machines. Previously he worked as a Senior Engineer-Specialist in Ontario Hydro (now Ontario Power Generation) for over 25 years.  He has also worked extensively on EPRI projects, concerning electrical machines and monitoring.  He has also served as a past Chairman of the IEEE Electric Machinery Committee and worked on numerous IEEE Standards and Working Groups. Geoff is still very active in IEEE and CIGRE working groups and represents Canada on CIGRE Study Committee A1-1 for large generators.  He has authored or co-authored numerous papers and documents, listing over 50 articles, and 2 text books on Large Turbo-Generators. 
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John R Yagielski is a 14 year IEEE member, and a graduate of Clarkson University (BSEE ’90) and Rensselaer (MSEE ’93).  He has worked at General Electric in Schenectady, New York for 19 years, in generator design engineering and manufacturing quality, most recently as a Technical Leader for high speed electric machines.  Mr. Yagielski is a registered Professional Engineer in New York State.
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 John Amos completed his BS in Electrical Engineering prior to joining the US Navy Nuclear Propulsion Program where he served for about 7 years.  While in the Navy, he completed his MS in Nuclear Engineering and Electrical Engineering.  After leaving active duty, John Joined Westinghouse Electric Company as a Large Generator Design Engineer where he worked on designs of air cooled, hydrogen cooled, and water cooled generators up to and including a 2GW generator. Currently, as Head of Engineering for Siemens Wind Power Americas, John is responsible for all engineering activities for Siemens Wind Power equipment in North and South America.  In addition, he is an active Adjunct Professor at the University of Central Florida where he has taught the Electric Machines and Power System Design courses for the last 12 years. He is an active senior member of IEEE since 1993.  He participated in IEEE working groups for Electric Machinery since 1995 (including ANSI/IEEE C50 series).  He is currently the chairman of the advisory group to IEC.
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Mike Brimsek received the B.S. degree in Engineering from the University of Illinois at Chicago in 1975.He spent most of his career in industry where he engineered and designed electrical power distribution systems for buildings. He has spent the last 10 years in the utility industry working for Minnesota Power where he is an Electrical Project Engineer in the generation division. His projects include engineering and replacement of generator coils, voltage regulators, battery systems, large motors and most currently arc flash calculations. He is currently the Chair of the IEEE Power Engineering Society, Electrical Machines Committee. He is a Registered Professional Engineer in the States of California, Minnesota and Wisconsin.
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Mike Sedlak received his Bachelor of Science in Electrical Engineering from Illinois Institute of Technology in 1997 and received a Power Engineering certificate from Georgia Institute of Technology in 2007. His career in the power industry started in 1977 when he started working for the Commonwealth Edison Company in Chicago in the T&D field engineering group. In 1991 he moved to the generation sector of the company which included commission and start up work at a 2600MW, 2 unit, Westinghouse PWR nuclear power plant. In 1999, Mr. Sedlak joined Midwest Generation, EME, LLC, an Independent Power Producer in Northern Illinois.  He currently holds the position of Manager of Electrical Engineering and is responsible for all large electrical equipment operations and maintenance. He is also an active participant in many projects and programs within the Electric Power Research Institute (EPRI).  In addition, Mr. Sedlak also was a contributor in the development of EE Helper, a power engineering software containing calculations and information pertinent to engineers working in the power industry. He is an IEEE member since 1976, a member of the Power Engineering Society since 1997 and a member of the Electric Machinery Committee (EMC) since 2005.  Since becoming a member of the EMC, Mr. Sedlak has served on the Generation Sub Committee as secretary and currently serves as Vice Chairman of the EMC.  During his service on these committees, he has been involved with the re-writing of a rewind specification for large turbo generators and is currently involved with this effort to "harmonize" various IEEE and IEC standards concerning large electric equipment.
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