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Abstract: This recommended practice is intended to assist users with the preparation of
procurement specifications for electric-hydraulic speed governors.
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of
the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the
Institute and serve without compensation. While the IEEE administers the process and establishes rules to promote
fairness in the consensus development process, the IEEE does not independently evaluate, test, or verify the accuracy
of any of the information contained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other
damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly
resulting from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly
disclaims any express or implied warranty, including any implied warranty of merchantability or fitness for a specific
purpose, or that the use of the material contained herein is free from patent infringement. IEEE Standards documents
are supplied “AS IS.”

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase,
market, or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the viewpoint
expressed at the time a standard is approved and issued is subject to change brought about through developments in the
state of the art and comments received from users of the standard. Every IEEE Standard is subjected to review at least
every five years for revision or reaffirmation. When a document is more than five years old and has not been
reaffirmed, it is reasonable to conclude that its contents, although still of some value, do not wholly reflect the present
state of the art. Users are cautioned to check to determine that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other
person or entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the
advice of a competent professional in determining the exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to
specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate
action to prepare appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is
important to ensure that any interpretation has also received the concurrence of a balance of interests. For this reason,
IEEE and the members of its societies and Standards Coordinating Committees are not able to provide an instant
response to interpretation requests except in those cases where the matter has previously received formal consideration.
At lectures, symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that his or her views should be considered the personal views of that individual rather than the formal
position, explanation, or interpretation of the IEEE.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854

USA

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Institute of
Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To
arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood
Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of any individual standard for
educational classroom use can also be obtained through the Copyright Clearance Center.
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Introduction

This introduction is not part of IEEE Std 125-2007, IEEE Recommended Practice for Preparation of
Equipment Specifications for Speed-Governing of Hydraulic Turbines Intended to Drive Electric
Generators.

This recommended practice assists users with procurement specifications for turbine governing systems for
hydroelectric generating units. It is recommended this document be used in conjunction with companion
document IEEE Std 1207™." This recommended practice is designed to be a reference document for
practicing engineers in the hydroelectric industry and offers guidance for what elements of a turbine
governing system need to be specified.

Notice to users

Errata

Errata, if any, for this and all other standards can be accessed at the following URL: http://
standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for
errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/
index.html.

Patents

Attention is called to the possibility that implementation of this recommended practice may require use of
subject matter covered by patent rights. By publication of this recommended practice, no position is taken
with respect to the existence or validity of any patent rights in connection therewith. The IEEE shall not be
responsible for identifying patents or patent applications for which a license may be required to implement
an IEEE standard or for conducting inquiries into the legal validity or scope of those patents that are
brought to its attention.

# For more information about this IEEE standard, please see Clause 2.
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IEEE Recommended Practice

for Preparation of Equipment
Specifications for Speed-Governing
of Hydraulic Turbines Intended

to Drive Electric Generators

1. Overview

1.1 Scope

This document recommends performance characteristics and equipment for electric-hydraulic governors for
all types of hydraulic turbines intended to drive electric generators of all sizes. This recommended practice
is applicable to new governors and rehabilitation of existing governors.

1.2 Purpose

This recommended practice is intended to assist users with the preparation of procurement specifications
for electric-hydraulic speed governors.

1.3 Disclaimer

This recommended practice is intended to help users develop the technical portion of procurement
specifications for electric-hydraulic speed governors. It does not cover the commercial portion of the
procurement specification. It does not cover governor equipment installation procedures.
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IEEE Std 125-2007
IEEE Recommended Practice for Preparation of Equipment Specifications
for Speed-Governing of Hydraulic Turbines Intended to Drive Electric Generators

1.4 Use of IEEE Std 125

This recommended practice should be used in conjunction with IEEE Std 1207™." IEEE Std 125 provides
recommendations regarding performance characteristics and equipment specifications relating to turbine
governing systems for controlling hydroelectric units. IEEE Std 1207 provides application insight for
applying these systems to hydroelectric units and offers experience-based guidance on the impact upon
system performance of various specification parameters of turbine governing systems. In addition to
providing recommendations regarding performance characteristics, it is the intent of the IEEE Std 125 to
provide aid in preparing technical specifications for turbine governing systems for controlling hydroelectric
units. Incorporation of the technical specifications contained in IEEE Std 125 into a user organization’s
specification document is left to the user's discretion with respect to organization and sequence.

Features and tests detailed in Clause 5, Clause 6 and Clause 8 of this document are considered either
“recommended” or “optional.” The appearance of the words “should” implies this feature, function or test
is recommended for all installations. The appearance of the words “may” implies this feature, function or
test is optional (at the specifier’s discretion). Optional items are often not implemented in the majority of
installations, but may be required by some purchasers depending on their operating experience and design
philosophy.

The following example shows typical wording for a recommended feature:

“The governor-control system should provide a means for controlling the turbine-control actuators
manually.” (See 5.2.9.)

The following example shows typical wording for an optional feature:

“A governor-control strategy may be specified in accordance with the anticipated performance
requirements of the installation.” (See 5.2.1.2.)

This document applies to new governors and governor conversions. IEEE Std 1147™ contains a general

overview of governor conversions. Only those paragraphs in IEEE Std 125 that apply to the specific
equipment to be purchased should be used when preparing the procurement specification.

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments or corrigenda) applies.

IEEE Std 1010™, IEEE Guide for Control of Hydroelectric Power Plants. ** *
IEEE Std 1147™, IEEE Guide for the Rehabilitation of Hydroelectric Power Plants.

IEEE Std 1207™, IEEE Guide for the Application of Turbine Governing Systems for Hydroelectric
Generating Units.

1 . .
Information on references can be found in Clause 2.

% The IEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electronics
Engineers.

* IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08855-
1331, USA (http://standards.ieee.org/).
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3. Definitions

For the purposes of this recommended practice, the following terms and definitions apply. The glossary in
Annex B and The Authoritative Dictionary of IEEE Standards [B17], * should be referenced for terms not
defined in this clause.

3.1 control actuator limit: A maximum limit within the governor system which prevents the turbine-
control actuator from opening beyond the position for which the device is set. May be operator-adjustable.

3.2 control actuator velocity limiter: A device that functions to limit the control actuator velocity in either
the opening, closing, or both directions, exclusive of the operation of the slow closure device. See also:
slow closure device.

3.3 executable code: The software code that resides in the digital controller and executes the control
sequence/strategy in real time.

3.4 governor controller: A device or system that compares the turbine speed, along with any applicable
intermediate feedbacks, to a reference set point and processes the resultant error signal to produce a
command signal to the turbine-control actuator.

3.5 governor conversion: Replacement of the governor controller components of an existing governor,
typically with a digital controller and new speed and turbine-control actuator position-sensing equipment.

3.6 grid connected: The condition where the turbine-generator unit is electrically connected to a large
power grid consisting of many turbine-generator units operating in parallel.

3.7 hydraulic power unit (HPU): The pumps, means for driving them, sump tank, and associated
accessory devices.

3.8 hydraulic pressure supply system (HPSS): The hydraulic power unit (HPU), pressure tank(s), valves,
and piping connecting the various parts of the governing system.

3.9 main servomotor: The primary servomotor used to control the primary turbine-control device. For
reaction turbines, the main servomotor controls the wicket gates. For impulse turbines, the main servomotor
controls the deflectors. For dual-regulated turbines, the main servomotor is typically larger and faster than
the secondary servomotor.

3.10 programming computer: The computer that generates and stores the source code. It is also used to
download the executable code and operate the various software tools and utilities.

3.11 settings: The various user-adjustable parameters that reside in the digital controller such as time
constants, gains, thresholds, etc. These are also known in the industry as tunables or constants.

3.12 slow closure device: A cushioning device that retards the closing velocity of the control actuator from
a predetermined control actuator position to zero control actuator position.

3.13 speed-sensing elements: The speed responsive elements that determine speed and influence the action
of other elements of the governing system. Included are the means used to transmit a signal proportional to

the speed of the turbine to the governor.

3.14 speed error: The algebraic difference between the speed reference and the measured turbine speed.

4 The numbers in brackets correspond to those in the bibliography in Annex A.
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3.15 turbine-control actuator: A device or system that controls the position of a turbine-control device in
response to a command signal from the governor controller. Examples include: electric motor-driven
actuator; hydraulic-control actuator and associated distributing valve.

3.16 turbine-control device: An adjustable device that directly affects the operation of the hydraulic
turbine. Some examples of turbine-control devices are wicket gates, runner blades, flow-controlling orifices
(or “nozzles™), and deflectors.

3.17 turbine-control actuator rating: The turbine-control actuator rating is the flow rate in volume per
unit time that the turbine-control actuator can deliver at a specified pressure drop. The pressure drop should
be measured across the terminating pipe connections to the turbine-control actuators at the actuator. This
pressure drop is measured with the specified minimum normal working pressure of the HPSS delivered to
the supply port of the actuator distributing valve.

4. Functions and characteristics

For purposes of this document, the functions and characteristics discussed in 4.1, 4.2, and 4.3 apply.
IEEE Std 1207 should be referenced for functions and characteristics not defined in this clause.

4.1 Control actuator position

The instantaneous position of the turbine-control actuator measured from its zero position expressed as a
percentage of the control actuator stroke. This is commonly referred to as gate position, nozzle position,
blade position, or deflector position, although the relationship between control actuator stroke and the
position of the controlled device may not always be linear.

4.2 Control actuator stroke

Travel of the turbine-control actuator (in inches or mm) from minimum (zero without squeeze) position to
maximum position (without overtravel). This is sometimes referred to as “effective control actuator stroke.”
For a gate or nozzle control actuator this is defined as the travel of the control actuator required to change
the gate or nozzle position from no discharge to maximum discharge. For a blade control actuator this is
defined as the travel of the control actuator required to change the blade position from “flat” to “steep.” For
a deflector-control actuator this is defined as the travel of the control actuator required to change the
deflector position from the “no deflection” position to the “full flow deflected” position with maximum
discharge under maximum specified head, including overpressure due to water hammer.

4.3 Control actuator time

The elapsed time for one full control actuator stroke (either opening or closing) at maximum control
actuator velocity. The control actuator time is equal to 100 divided by the maximum control actuator
velocity (velocity expressed in units of percent per second) and is typically measured over a reduced range
(for example, 25% to 75%) to eliminate the effect of cushioning.
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5. Equipment specifications

5.1 General specifications

5.1.1 Interface to other plant equipment

For new unit supply, the manufacturer of the governor equipment should cooperate to the fullest extent
possible with the manufacturers of the turbine and generator equipment to ensure that the purchaser is
furnished with a complete and properly coordinated governor-control system capable of functioning to
properly regulate the speed and power output of the turbine and generator.

For governor replacements and conversions, the manufacturer of the governor equipment is responsible for
ensuring that the equipment will interface both mechanically and electrically to the existing plant
equipment. Visits to the site by the manufacturer may be required to confirm compatibility between
existing and proposed equipment and to confirm dimensions shown on existing plant equipment drawings.

5.1.2 Governor operation

Unless otherwise specified, the governor-control system should be supplied as a complete system,
including speed-sensing elements, governor-control cabinet, governor hydraulic-control valve, HPSS, and
all specified parts and accessories required to control the speed and generation of the hydroelectric
generating unit. The rating of the governor hydraulic-control valve should be sufficient to operate the
turbine-control actuators within the specified control actuator timing parameters.

This recommended practice primarily focuses upon using hydraulic turbine-control actuators, which are
very commonly used for hydroelectric turbines. However, the functional characteristics specified also apply
to any other type of turbine-control actuator that may be used in a particular application (e.g., electric
actuators).

5.1.3 Governor cabinet construction

The governor-control equipment should be housed in a cabinet that provides physical protection, electrical
shielding and protection from contaminants such as dust and oil. The specification writer may include
detailed requirements related to cabinet size, material, paint type and color, grounding, cable access,
seismic withstand, wiring and wire termination. Steel and aluminum are commonly specified cabinet
materials. The governor electronic control cabinet may either be mounted on the hydraulic power unit, or it
may be mounted at a separate location.

5.1.4 Nameplate

A permanent metal nameplate should be provided on each governor-control cabinet, clearly marked or
stamped to indicate the following information:

— Manufacturer’s name and address
—  Serial number of the governor-control system
— Model number and type number of the governor-control system

— Date of manufacture
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— Maximum working hydraulic supply pressure
—  Minimum normal working hydraulic supply pressure

— Rated hydraulic fluid flow at the minimum normal working hydraulic supply pressure

5.1.5 Electrical power

The purchaser will make available uninterruptible direct current (dc) or alternating current (ac) control
power from the station’s battery or UPS system within a specified range of voltage. All critical control
devices including solenoids, relays, electronic controls, and power supplies used within the governor-
control system should be operable within the stated control power voltage range.

The purchaser will also make available three-phase and single-phase station service ac (SSAC) power
within stated voltage ranges. These SSAC power sources will be subject to transient overfrequency and
overvoltage conditions following a separation of the station from the interconnected power system. All
governor-control system components utilizing the SSAC power sources should be designed to withstand
these transient conditions without damage and without mis-operation.

Assuming that adequate hydraulic pressure exists and control power is available, it should be possible to
start the turbine generator without SSAC power.

5.1.6 Power supplies

A reliable power supply system should be provided for powering the governor electronic control circuitry.
The preferred power supply system should include redundant power supplies connected to separate power
sources within the station such that the failure of any one regulated output voltage should cause
instantaneous transfer to a redundant supply without affecting normal governor operation in any way.
Alarm indication should be provided to indicate the failure of one of the redundant power supplies. If non-
redundant power supplies are specified, proper fail-safe operation of the governor control in the event of a
power supply failure should also be specified. The manufacturer of the governor system should provide full
details of the proposed power supply system for approval by the purchaser. A common design philosophy
for redundant power supply systems powers one redundant power supply from the station service ac source,
and one redundant power supply from the station dc battery system. This approach accommodates the fact
that the ac power source is not considered secure, and the dc power source is always available to act as a
backup to the ac power source.

5.1.7 Test facilities

5.1.7.1 Isolation and test switches

The specifier may specify isolation and test switches to facilitate testing during commissioning or
maintenance. The quantity, circuit location and physical location should be clearly indicated.

5.1.7.2 Signal monitoring

If a digital controller is specified, analog outputs may be provided for purposes of monitoring internal
variables with the purchaser’s recording device. The bandwidth of each analog output should be specified
(10 Hz or higher typical). Alternatively, this capability may be provided by way of having the governor
controller automatically record the internal variables. The recording rate should be user adjustable. The
fastest recording rate (10 samples per second typical) and the minimum number of samples (1000 typical)
should be specified.
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It should be possible for the user to select any combination of variables for recording from a preset menu or
list. The quantity and variable names should be clearly indicated. The following variables are typical:

— Main turbine-control actuator (gate or deflector) position
— Main turbine-control actuator (gate or deflector) set point
— Blade or nozzle servomotor position (if applicable)

— Blade or nozzle servomotor set point (if applicable)

—  Speed

—  Speed error (input to damping element)

—  Turbine-control actuator limit setting

5.1.7.3 Signal injection

A specified quantity (typically two) of analog inputs may be specified for purposes of external live-signal
injection for test purposes. The bandwidth of the analog inputs should be a minimum of 10 Hz. It should be
possible to sum the injected signal at various user-selectable points inside the governor controller. Typical
injection points include the following:

—  Speed-error summing point

—  Active-power summing point (if applicable)

5.2 Governor and auxiliary functions

5.2.1 Governor control

5.2.1.1 Speed error

Measurement of turbine speed is a basic requirement of a speed-governing system. The governors specified
in accordance with this recommended practice should measure the speed of turbine rotation and compare
this measured speed with the governor speed reference to produce a speed error. The speed error is used to
develop a controlling output to the turbine-control devices according to the chosen governor-control
strategy in order to regulate the speed and power output of the hydraulic turbine/generator to satisfy the
specified performance criteria.

NOTE—The term “speed reference” is also commonly known as a speed changer or speed set point.”

5.2.1.2 Governor-control strategy

A governor-control strategy is a basic requirement of a speed-governing system. A governor-control
strategy may be specified in accordance with the anticipated performance requirements of the installation.
The strategy consists of processing the speed error signal (see 5.2.1.1), applying speed droop and finally

3 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement
this standard.
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applying a suitable damping scheme, which is used to control the turbine-control actuator(s). The strategy
may include switching between different control modes (see 5.2.3).

Some common damping strategies are:

—  Temporary dropp controller
—  Proportional, integral, derivative (PID) controller
— Double derivative controller

— Lead/lag controller

For details regarding damping and control strategies, see Agee et al. [B1] and Eilts et al. [B6] in Annex A
and IEEE Std 1207.

Some manufacturers may offer only one of the above damping strategies whereas others many offer more
than one strategy. Specifying one particular damping strategy may reduce the competitiveness of the
tendering process.

5.2.2 Speed droop

Speed droop is a basic characteristic of a speed-governing system. The speed droop for the governor-
control system should be adjustable over the range specified for the application. This adjustment should be
adjustable at the governor-control cabinet, and it may be specified to be adjustable from a remote location.
The range adjustability is typically 0 to 10%

The speed droop parameter may be derived by control actuator position feedback (historically referred to as
simply “speed droop”), in terms of active power feedback (historically referred to as “speed regulation” or
sometimes “power droop”), or in terms of flow feedback. For the remainder of this recommended practice,
the historical terms will be dropped in favor of the following more precise terms:

—  Speed droop-position (speed droop derived via position feedback)
—  Speed droop-power (speed droop derived via power feedback)
—  Speed droop-flow (speed droop derived via flow feedback)

5.2.3 Control modes

5.2.3.1 Position control

For projects where position control is required, the governor should compare the measured to the desired
turbine-control actuator position, multiply this error signal by the droop parameter, and inject the resultant
signal into a summing point to adjust the turbine-control actuator(s) accordingly. The measured position
typically comes from an analog or digital actuator position-measuring transducer.

5.2.3.2 Power control

For projects where power control is required, the governor should compare the measured to the desired
power, multiply this error signal by the droop parameter, and inject the resultant signal into a summing
point to adjust the turbine-control actuator(s) accordingly. The measured power typically comes from watt
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transducers. The user should specify what automatic actions the governor will take if the power signal is
lost.

NOTE—An alternate method of achieving power control is to implement position control via an inner loop and apply
the power error signal to an outer loop.

5.2.3.3 Flow control

For projects where flow control is required, the governor should compare the measured to the desired flow,
multiply this error signal by the droop parameter, and inject the resultant signal into a summing point to
adjust the turbine-control actuator(s) accordingly. The measured flow typically comes from flow meters or
from a look-up table that uses total head along with either wicket gate position or power output to
determine the actual flow. The user should specify what automatic actions the governor will take if the flow
signal is lost.

NOTE—An alternate method of achieving flow control is to implement position control via an inner loop and apply the
flow error signal to an outer loop.

5.2.3.4 Head pond and tail pond control

For projects where head pond or tail pond level control is required, the governor controller should compare
the measured pond level to the desired pond and inject this error signal into a summing point to adjust the
turbine-control actuator(a) accordingly. The control process should take into account the physical layout of
the water system and time delays due to water passage. Due to the critical nature of the feedback from the
pond, care should be taken to ensure the reliability of the pond level signal. The user should specify what
automatic actions the governor will take if the pond level signal is lost.

5.2.3.5 Pumped storage

A pumped storage facility has additional requirements that should be accurately described in the
specification. The following is a list of some of the items that may be required:

— A means of manually controlling gate position while in pump mode
—  Gate control actuator positioning as a function of operating head

—  Separate control acutator velocity adjustments for pumping operation

For further details of pumped storage controls, see IEEE Std 1010.

5.2.4 Speed reference

The speed reference should be operator-adjustable over the range specified for the application. Typically,
the specified range is from 85% of rated speed at no load and zero speed droop to 110% rated speed at
maximum control actuator position/power and maximum speed droop. If remote control of the speed
reference is required, the time to change the power output setting from maximum to zero or vice versa
should be specified. An adjustment range of 20 s to 60 s is typical.
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