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VAR-501-WECC-3.1 — Power System Stabilizer (PSS)

Guidelines and Technical Basis
PSS systems are used to minimize real power oscillations by rapidly adjusting the field of the generator to
dampen the low-frequency oscillations.

It is necessary for large numbers of PSS devices to be in operation in the Western Interconnection to
provide the required system damping while still allowing for some of these units to be out of service
whenever necessary.

Mandate to Install a PSS

Nothing in this Regional Reliability Standard (RSS) should be construed to require installation of a PSS
solely because a PSS is not currently installed as of the Effective Date of this RRS. Rather, installation is only
mandated on the occurrence of either of the triggering events described in Requirement R4, Bullet 1 or
Bullet 2, after the Effective Date of the RRS.

It should be noted that a PSS is neither Transmission nor generation.

Requirement R1
Requirement R1 addresses normal operating conditions.

Requirement R1 recognizes that PSS systems have varying states, such as on, off, active, and non-active.
As long as the PSS is operating in accordance with the documentation provided to the Transmission
Operator, this is not considered a status change for purposes of this standard.

This Requirement eliminates the requirement to count hours as required in the previous version of this
standard while also allowing the Generator Owner to create a unit-specific operating plan.

The intent of Requirement R1 is to provide the Transmission Operator, the PSS operating zone in which
the PSS is “active” providing damping to the power system. Some PSS may be programmed to become
“active” at a specified megawatt loading level and above while others may be programmed to be “active”
in a particular band of megawatt loading levels and are “non-active” only when passing through the
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“rough zone” or some other band. A “rough zone” is a megawatt loading band in which the generator-
turbine system could contribute to system instability.

Requirement R2
This Requirement only applies when the PSS is out of service for a period greater than 30 minutes.

Unlike Requirement R1, Requirement R2 addresses exceptions to normal operation.

The intent of Requirement R2 is to remove the previous requirement to log hours for PSS in service. In this
standard’s previous version, the logged hours were totaled quarterly to meet the 98% in-service
requirement. Instead of documenting the number of hours excluded, this Requirement simplifies the
process by allowing the Generator Operator to communicate to the Transmission Operator the
circumstances that render the PSS unavailable to the Transmission Operator (such as component failure,
maintenance, and testing).

Requirement R3

Nothing in this RSS should be construed to mandate the design criteria for the equipment used to produce
the tuning output of the PSS. Rather, Requirement R3 is intended to address the design criteria for the
tuning output of the PSS.

Unlike the language in Requirement R5 that looks backward to address units that were once operating but
are no longer capable of operating, Requirement R3 looks forward, requiring that units be tuned to the
specified parameters.

The PSS transfer function should compensate the phase characteristics of the generator, exciter, and
power (GEP) system transfer function so the compensated transfer function ((PSS(s) * GEP(s)) has a phase
characteristic of + 30 degrees in the frequency range.

The GEP(s) transfer function is a theoretical transfer function and its phase characteristic cannot be
directly measured during field tests (only via simulation). Thus, the Requirement recognizes the practical
approach of measuring the frequency response between voltage reference set point and terminal voltage
(Et/Vref) and using the phase characteristic of such frequency response as being the phase characteristic
of GEP(s). The phase characteristic of Et/Vref is a better approximation to the phase characteristic of
GEP(s) when the frequency response Et/Vref is obtained with the generator synchronized to the grid at its
minimum stable power output.

In an effort to allow for reasonable wash-out time constants, the Requirement specifies 0.2 Hz as the
applicable threshold. The 0.2 Hz threshold more closely aligns with the observed oscillation frequencies.
A properly tuned PSS should provide positive damping to the local mode of oscillation, which typically has
a frequency higher than 1.0 Hz.

This Requirement modifies the requirement associated with the adjustment of the PSS gain. The standard
no longer defines the PSS gain in terms of gain margin, but instead requires the final PSS gain to be
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between 1/3 (10 dB) and 1/2 (6 dB) of the maximum practical gain that could be achieved during PSS
commissioning. The maximum practical gain might be associated with the excessive noise or raised
higher-frequency oscillations in the closed loop response (exciter mode) or any other form if there is
inadequate closed-loop performance, as determined during PSS commissioning. It is now part of Measure
M3 to show the field test results that led to the determination of the maximum practical gain.

Requirement R4

Requirement R4 requires a Generator Owner to install a PSS on new applicable units or when excitation
systems are replaced or retrofitted on existing applicable units. This Requirement applies to new
excitation systems and not to existing systems that do not have PSS. The Requirement also allows a
reasonable amount of time for the commissioning of new PSS.

Rationale for R5

Unlike the language in Requirement R3 that looks forward to ensure that a unit is tuned, Requirement R5
looks backward. Specifically, the language in Requirement R5, “becoming incapable,” indicates the unit
was previously capable of meeting the tuning requirements in Requirement R3, but is no longer capable.
Restated, Requirement R5 addresses units that were previously working but are now no longer working.

The intent of Requirement R5 is to remove the “tiered” approach to PSS repair/replacement following a
failure. A simple, streamlined approach to allow the Generator Owner sufficient time to repair or replace
a broken PSS has been written. Consideration has been given for the need to procure parts or new
equipment, schedule an equipment/unit outage, and install and test the repaired or replaced PSS. It is
recognized that in some instances, it may require (1) replacement of an AVR, and (2) the existence of a
PSS, or both the AVR and the PSS may need to be replaced to achieve a functioning system.

The 24-month time frame is sufficient to return a functional, operating PSS to service.
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