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Responsible SERC Subgroup & Region Review Group

The Generator Standard Field Test Task Force (GSFT-TF) has been tasked by the Engineering Committee to develop these field test guidelines and to provide assistance to SERC volunteer members.  Responsible SERC Subgroup(s) and the Regional Review Group would be assigned only after the successful ballot and NERC B.O.T adoption of draft NERC Reliability Standard MOD-026. 
Review and Re-Certification Requirements

Not applicable until the successful ballot and NERC B.O.T adoption of draft NERC Reliability Standard MOD-026.

Effective Dates:
Not applicable until the successful ballot and NERC B.O.T adoption of draft NERC Reliability Standard MOD-026.
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I. Introduction/ Purpose
In order to effectively evaluate the electric system’s performance, the accuracy of data for the interconnected transmission network and the associated generating equipment is critical.  Accordingly, valid data reflecting generator excitation systems are essential for performing planning and operating studies to assess or evaluate the reliability of the electric system.

This SERC field test guideline for the NERC Reliability Standards MOD-026 is intended to:

1) Provide guidance for SERC Generator Owners/Operators to address verification of generator excitation system, power system stabilizers models, and excitation limit controls.
2) Document the GSFT-TF recommended exemption criteria and sister unit philosophy.
3) Document the GSFT-TF recommended Configuration Controls.
II. Definitions 

1. Confirm (–ed, –ation) – To assure that plant or equipment conditions (including control settings) that would impact previously provided data has not changed. 
2. Exempt Generation – Generator(s) that meets the exemption criteria for a particular Validation/test requirement.
3. Validate (-dated, -dation) – To establish the accuracy of data used to model electrical equipment. Validation may be achieved through simulation, operating data, field readings, engineering evaluations or reviews, use of manufacturer data, commissioning data, performance tracking, and/or testing where appropriate.  
4. Verify (Verification) – To establish through Validation or Confirmation.
5. Standard Model (or Model) – A model included with the Power System Simulator, Power Technologies, Inc. (PSS/E) dynamic simulation software.  Many Institute of Electrical and Electronics Engineers, Inc. (IEEE) models are included in the standard PSS/E models.  Complete model information includes both the name of the Standard Model and the value of each parameter.
III. Requirements/Expectations 
A. Generator Exemption Criteria [Ref.MOD-026, R1.1]
In order to maximize the efficiency of generator testing, it is prudent to exempt generators that are believed to have less significant impact on the reliability of the bulk electric system from data Validation requirements.  The exemption criteria specified by these guidelines are based on both the operating voltage of the bulk power system to which the generator is interconnected, and the MVA rating of the generator.  When referring to the MVA rating of the generator, at facilities where multiple machines and/or prime movers are required for normal unit operation, the MVA rating refers to the total MVA capacity of the facility.  Examples of this include combined cycle or cross compound units.

As documented in the NERC Glossary of Terms, the NERC Board of Trustees approved a definition for the bulk electric system on February 8, 2005 as follows:

“As defined by the Regional Reliability Organization, the electrical generation resources, transmission lines, interconnections with neighboring systems, and associated equipment, generally operated at voltages of 100 kV or higher.  Radial transmission facilities serving only load with one transmission source are generally not included in this definition.”

Therefore, for generators interconnected to a power system operated at a voltage of less than 100 kV, Validation is not required. Inasmuch as possible, models and model parameters should be based on the most accurate information available from sources such as the manufacturer, calibration and maintenance records and field inspection (i.e., estimated parameters).
Generators with a nameplate rating less than or equal to 75 MVA or that are not connected to the bulk power system are exempt. 
Table 1 summarizes the Generator Exemption Criteria.  

	Generator

Interconnected kV or MVA Size
	Validated Models & Data Required

	< 100 kV
	No

	≥ 100kV
&
≤ 75 MVA 
	No

	≥100kV

&

> 75 MVA
	Yes


Table 1: Generator Exemption Criteria 
B. Sister Unit/Equipment Validation Guidelines
Some units have equipment with the same characteristics such that they respond the same as equipment of other units.  If it can be demonstrated that the units, equipment, or systems have identical designs, identical major components and identical significant control system settings, then the units can be considered sisters in regard to that equipment or system.  In those situations, an assumption can be made for a sister unit by Validating the excitation system (and PSS system as appropriate) model for one (sample) unit.  Equipment or systems that do not impact the equipment or system to be Validated need not be identical. Units that are sisters in one regard may not be sisters for other equipment or systems to be Validated. Documentation must exist to demonstrate that the information about the sample unit can be applied to a sister unit. In future Validations, a different sister unit shall be selected to eventually verify that the sister approach was valid.
C. Configuration Controls

The Generator Owner shall implement a program intended to ensure the condition of the excitation controls (Automatic Voltage Regulator, Limiters, and Power System Stabilizer) remains consistent with the state of the equipment when the latest model Verification was performed. This will normally be performed during a major generator outage, or when setting changes are implemented. [Ref.MOD-026, R1.4.6]

There are several programmatic alternatives that are considered adequate for assuring the generator excitation system models accurately reflect the response of the field equipment. The alternatives are:

1. Periodically repeating the baseline testing and simulation comparisons to assure the model parameters submitted for dynamic simulations are accurate.

2. With the appropriate data collection equipment and excitation system modeling expertise available, the generator owner may want to Validate the model by alternate means.

3. If analog control equipment owners regularly calibrate their controls and have documented  excitation system parameters at the time of the baseline test, then future calibration activities can be conducted with the goal of maintaining excitation system parameters in the as-modeled state. This assures and documents that the excitation system modeling parameters are still consistent with the Validated baseline model parameters.  

4. For digital excitation systems , once baseline  parameters are established through testing, future Validation activities shall consist of ensuring any components that may drift (such as A/D converters) are properly calibrated and ensuring the control system parameters have not changed from the baseline data.

5. In general, hybrid excitation systems (excitation systems that contain both analog and digital subsystems), should be treated as analog control systems. 

D. Excitation System Classification:

The generator owner shall provide the Planning Authority and/or Transmission Planner the following excitation system classification information (see Attachment 2) [Ref.MOD-026, R1.4.1]:
1. Manufacturer and Type of Excitation System.  Examples of excitation system types are static, brushless, alternator rectifier, motor driven dc exciters, etc

2. Manufacturer and Type of Voltage Regulator.

E. Regulator and Excitation Control Systems 

 1. General Requirements [Ref.MOD-026, R1.4.2]
a) The Generator Owner shall provide an appropriate automatic voltage regulator and excitation system Standard Model and associated parameters. The Transmission Planner shall provide assistance in selection and Validation of this Standard Excitation Model
.  
b) The Generator Owner shall provide reactive current or line drop compensation settings where applicable. [Ref.MOD-026, R1.4.4]
c) The Generator Owner shall provide open circuit step test data necessary for Validation of the model for the excitation control system. 
d) The Transmission Planner will perform a simulation of the open circuit test using the modeling data provided in sections a, b, and c above to verify the generator excitation system model.
e) Due to nuclear licensing requirements and concerns, Transmission Planners and Generator Owners shall coordinate any required studies, assessment, and / or testing of the generator excitation systems that could adversely impact the capacity and/or the capability of the nuclear plant off-site sources and nuclear plant safety.

 2. Specific Requirements [Ref.MOD-026, R1.2]
a) Validation Process
Adequate Validation requires a baseline model to be established in conjunction with an Open Circuit Step Response (OCSR) test. (Note:  Data from an OCSR test itself does not constitute the model, but can be used to adjust the model parameters until the simulation results closely match the OCSR response.) This test consists of collecting data (for data points, see below) on the generator performance during transients when a step in the voltage reference is introduced.

Good correlation between the model and the OCSR test must be achieved. Otherwise, the model along with other variables that affect exciter response must be re-examined.
b) Data Points Required for Validation Tests [Ref.MOD-026, R1.4.5]
The following data points shall be monitored for Validation.  If signal transducer outputs are used for data collection, any time lags introduced by the transducer must be accounted for in the model Validation process. Otherwise, the response of the transducer output may be inappropriate for model Validation.  The test parameters are:
1.) Generator Voltage 

2.) Field Voltage (Generator and/or Exciter as appropriate)

3.) Field Current (Generator and/or Exciter as appropriate)

4.) Step input (for voltage step test)

Note, the magnitude of the step input (generally expressed as a percentage of the generator voltage) shall be stated, but shall be no less than 1%.  See sample test data below.  Some recording equipment allows both graphical and tabular data formats.  These data collection systems are preferred since one can visually see the results and can use the tabular data for comparison with simulated results to aid in the validation process. 
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F. Power System Stabilizers

1. General Requirements [Ref.MOD-026, R1.4.6]
All units that have commissioned Power System Stabilizers (PSS) must submit a Validated Standard Model.  The Standard Model will normally be Confirmed during a major outage, or when setting changes are implemented.  [Ref.MOD-026, R1.3]
2.  Specific Requirements [Ref.MOD-026, R1.2]
a) Units commissioning new PSSs will supply the Transmission Planner applicable test results provided upon commissioning. This includes results of the Gain Margin test, Phase Compensation test, and on-line step in voltage tests with and without the PSS in service.

b) Units that have previously commissioned PSSs will supply the Transmission Planner applicable test results provided from the initial commissioning, if available, including the results of the Gain Margin test, Phase Compensation test, and on-line step in voltage tests with and without the PSS in service.  If the aforementioned tests are not available, the Transmission Planner may grant the Generator Owner the option of providing a PSS tuning study report along with field verification of the exciter and PSS settings.

c) Where appropriate, the Standard Model data can be described by block diagrams and/or tables, based on standard IEEE or PSS/E type models.  

d) The Phase Compensation Test must include a gain and phase shift Bode plot for the excitation system with and without the stabilizer.  Each Bode plot must be formatted as follows:

1) Semi-log type chart

2) Gain magnitude expressed in decibels

3) Phase shift expressed in degrees

4) Frequency expressed in Hertz, typically 0.01 – 5.0 Hz log scale

G. Excitation Limit Controls

1. General Requirements   [Ref.MOD-026, R1.3]
a) Data concerning excitation limit controls must be submitted for all units.  Updated data must be submitted to the Planning Authority and/or Transmission Planner each time changes are made that could affect the limits (such as upgrades and replacements). This data shall be Confirmed during a major generator outage, or when setting changes are implemented.

b) For new or refurbished systems, design data obtained from the vendor and submitted at the time of requisition is sufficient until such time as more accurate data (from commissioning/acceptance testing) can be obtained and submitted to the Transmission Planner.

 2. Specific Requirements   [Ref.MOD-026, R1.2 & R1.4.3]
a) Verification of setpoints may be performed for most of the regulator systems with the generator shutdown by providing simulated inputs (such as PT and CT) of the appropriate magnitude and phase angle and assuring that the regulator responds appropriately when the limit is reached.

b) Underexcition Limiter setpoints could also be checked by lowering excitation with the unit on line until the limiter prevents any further decrease in excitation.

c) If data is retrievable, calibration or maintenance data such as field measurements may be used to calculate limiter characteristics instead of a separate test.

A. Introduction

1. Title:
Verification of Models and Data for Generator Excitation System Functions


2. Number:
MOD-026-1
3. Purpose:
To ensure accurate information on generator excitation system functions (including voltage regulator controls, limiters, compensators, and power system stabilizers, if applicable) is available for models used to assess Bulk Electric System reliability.


4. Applicability 

4.1. Regional Reliability Organization.
4.2. Generator Owner. 

5. Proposed Effective Date:
To be determined.



B. Requirements

R1. The Regional Reliability Organization shall establish and maintain procedures to address verification of models and data associated with generator excitation system functions including voltage regulator controls, limiters, compensators, and power system stabilizers.  These procedures shall include the following: 

R1.1. Generating unit exemption criteria including documentation of those units that are exempt from a portion or all of these procedures.

R1.2. Acceptable methods for model and data verification, including any applicable conditions under which the data should be verified.  Such methods can include use of manufacturer data, commissioning data, performance tracking, engineering analysis, field verification of equipment settings, testing, simulation and comparison with test results or disturbance monitoring data, etc.

R1.3. Periodicity and schedule of verification and reporting, including a list of report recipients, schedules associated with field changes to existing units, and refurbished units.
R1.4. Information to be reported related to generator excitation system functions:

R1.4.1. Verified manufacturer and type of excitation system/voltage regulator control system (for example, static, brushless, rotating, etc.).

R1.4.2. Verified model for each excitation system/voltage regulator control system with associated gains, time constants, and limits.

R1.4.3. Verified static set points for under and over excitation limiters.

R1.4.4. Verified line drop compensator settings.  

R1.4.5. Open circuit test response data showing generator field voltage and generator terminal voltage (exciter field voltage and current data for brushless units).

R1.4.6. Verified model for each power system stabilizer with associated gains, time constants, and limits.

R1.4.7. Confirmation that the verification was conducted with the voltage regulator in the automatic voltage control mode

R1.4.8. Method of verification used. 

R1.4.9. Date of verification.

R2. The Regional Reliability Organization shall provide its generator excitation system data verification and reporting procedures, and any changes to those procedures, to the Generator Owners, Generator Operators, Transmission Operators, Planning Authorities, and Transmission Planners affected by the procedure within 30 calendar days of the approval.

R3. The Generator Owner shall follow its Regional Reliability Organization’s procedures for verifying and reporting its models and data associated with generator excitation system functions per MOD-026 R1.

C. Measures

M1. The Regional Reliability Organization shall have available for inspection a procedure for the verification and reporting of models and data associated with its generator excitation system functions in accordance with MOD-026 R1.

M2. The Regional Reliability Organization shall have evidence that its procedure for verification and reporting of generator excitation system data, and any revisions to that procedure were provided to affected Generator Owners, Generator Operators, Transmission Operators, Planning Authorities, and Transmission Planners within 30 calendar days of approval.

M3. The Generator Owner shall have evidence it provided verification of the models and data associated with its generator excitation system functions, consistent with the Regional Reliability Organization procedure.
1. Unit Name:  _____________________________________

2. Company: _______________________________________

3. Date:  ___________________________________________

4. Submitter: _______________________________________

5. Phone No. _______________________________________

1. Exciter Information:


 Manufacturer: ___________________________________

 Type of Excitation System:

	
	Static

	
	Brushless

	
	Alternator Rectifier

	
	Motor Driven dc exciter

	
	Shaft Driven dc exciter


2. Voltage Regulator Information:


Manufacturer:  ________________________________


Type of Voltage Regulator:

	
	Analog

	
	Digital

	
	Other(describe)

	
	


3. Does unit have a commissioned Power System Stabilizer (PSS):



Yes______
No____

If the answer is yes, 


Manufacturer:  ________________________________


Type of PSS:

	
	Single input (delta speed/frequency type)

	
	Dual input (integral of accelerating power)

	
	Other(describe)

	
	


4.  Provide the open circuit test data (plots), appropriate voltage regulator and excitation system Standard Model and associated parameters, and documentation/plots showing good correlation between model simulation and OCSR test results.  

5.  If the unit is equipped with a commissioned PSS, provide the data required in III.F.2.  

6.  Provide the data required in III.G.2 on Excitation Limit Controls.  










� Many times, dynamic simulation software manufacturers wait until a model is approved by IEEE before including it within the library of models provided with the software.  Therefore, there can be a significant time lapse between installation/use of something that requires a model and the availability of a Standard Model. Until such time as new models are added to the Transmission Planners’ model library, a Standard Model that most closely approximates the actual response shall be used.  User Defined Models are usually complicated and troublesome to incorporate into the regional and interregional dynamics databases, and therefore they shall only be used in extraordinary situations
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