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Abstract: Activities related to load flow analysis, including design considerations for new systems,
analytical studies for existing systems, as well as operational and model validation considerations
for industrial and commercial power systems are addressed. Load flow analysis includes steady-
state power flow and voltage analysis along with considerations for optimal power flow calculations.
The use of computer-aided analysis software, with a list of desirable capabilities recommended
to conduct a modern load-flow study, is emphasized. Examples of system data requirements and
result analysis techniques are presented.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notices
and disclaimers, or a reference to this page, appear in all standards and may be found under the heading
“Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on
request from IEEE or viewed at http://standards.ieee.org/[PR/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use,
are developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute) develops its standards through a consensus
development process, approved by the American National Standards Institute (“ANSI”), which brings
together volunteers representing varied viewpoints and interests to achieve the final product. Volunteers
are not necessarily members of the Institute and participate without compensation from IEEE. While IEEE
administers the process and establishes rules to promote fairness in the consensus development process, IEEE
does not independently evaluate, test, or verify the accuracy of any of the information or the soundness of any
judgments contained in its standards.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other document
relating to the standard, including, but not limited to, the warranties of: merchantability; fitness for a particular
purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of material. In
addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. IEEE standards
documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. 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.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or
her own independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate,
seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event that
an [EEE standard is translated, only the English version published by IEEE should be considered the approved
IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall
not be considered to be, or be relied upon as, a formal position of IEEE. 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 of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless
of membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
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 comments or questions except in
those cases where the matter has previously been addressed. For the same reason, IEEE does not respond to
interpretation requests. Any person who would like to participate in revisions to an IEEE standard is welcome
to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

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

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the
promotion of engineering practices and methods. By making these documents available for use and adoption
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to photocopy
portions of any individual standard for company or organizational internal use or individual, non-commercial
use only. To arrange for payment of licensing fees, 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.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years old
and has not undergone a revision process, 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 order to determine whether a given document is the current edition and whether it has been amended through
the issuance of amendments, corrigenda, or errata, visit the IEEE-SA Website at http://iecexplore.ieee.org/ or
contact IEEE at the address listed previously. For more information about the IEEE-SA or IEEE’s standards
development process, visit the IEEE-SA Website at http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: http://
standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are
reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility.
Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std 3002.2-2018, IEEE Recommended Practice for Conducting Load-Flow Studies
and Analysis of Industrial and Commercial Power Systems.

IEEE 3000 Standards Collection™

This recommended practice was developed by the Technical Books Coordinating Committee of the Industrial
and Commercial Power Systems Department of the Industry Applications Society, as part of a project
to repackage the popular IEEE Color Books®. The goal of this project is to speed up the revision process,
eliminate duplicate material, and facilitate use of modern publishing and distribution technologies.

When this project is completed, the technical material included in the 13 IEEE Color Books will be included
in a series of new standards—the most significant of which will be a new standard, IEEE Std 3000™, IEEE
Recommended Practice for the Engineering of Industrial and Commercial Power Systems. The new standard
will cover the fundamentals of planning, design, analysis, construction, installation, startup, operation, and
maintenance of electrical systems in industrial and commercial facilities. Approximately 60 additional dot
standards, organized into the following categories, will provide in-depth treatment of many of the topics
introduced by IEEE Std 3000™:

— Power Systems Design (3001 series)

— Power Systems Analysis (3002 series)

— Power Systems Grounding (3003 series)

—  Protection and Coordination (3004 series)

— Emergency, Standby Power, and Energy Management Systems (3005 series)
— Power Systems Reliability (3006 series)

— Power Systems Maintenance, Operations, and Safety (3007 series)

In many cases, the material in a dot standard comes from a particular chapter of a particular IEEE Color Book.
In other cases, material from several IEEE Color Books has been combined into a new dot standard.

IEEE Std 3002.2™

This recommended practice describes how to conduct load-flow studies and analysis of industrial and
commercial power systems. It is likely to be of greatest value to the power-oriented engineer with limited
experience in this area. It can also be an aid to all engineers responsible for the analysis of the operation of
industrial and commercial power systems.
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IEEE Recommended Practice for Conducting
Load-Flow Studies and Analysis of
Industrial and Commercial Power Systems

1. Overview

1.1 Scope

This recommended practice describes how to conduct load-flow studies and analysis for industrial and
commercial power systems. It will be of greatest value to the power-oriented engineer with limited experience
in this area. It can also be an aid to all engineers responsible for the electrical design of industrial and
commercial power systems.

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 399™-1997, IEEE Recommended Practice for Industrial and Commercial Power Systems Analysis
(IEEE Brown Book™).!?

3. Introduction

Load flow is also referred to as power flow; these terms may be interchangeably used in this standard. This is
the name given to a network solution that predicts steady-state currents, voltages, and real and reactive power
flows through every branch and bus in the system. Load-flow studies simulate operating conditions that cannot
practically be experienced on the actual system because the system has not yet been built, because of the
practical constraints of time, or because it would be unwise to expose the actual physical system to conditions
that are potentially damaging. The end objective of the load-flow study is not always to arrive at hard,

numerical performance parameters. Often the objective is to gain insight into how the system performs over
a range of operating conditions. Power flows are an important part of power system operation and planning.

'The IEEE standards or products referred to in Clause 2 are trademarks owned by The Institute of Electrical and Electronics Engineers,
Incorporated.
’IEEE publications are available from The Institute of Electrical and Electronics Engineers (http://standards.ieee.org/).
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Because the parameters of the elements such as transmission and distribution lines, cables, and transformers
are constant, the power system network impedance is for the most part fixed. However, the power flow problem
often involves constant kVA loads, generators, and tap changers, which then means that the relationship
between voltage and current changes depending on the type of load. The same holds true for the relationship
between the real and reactive power consumption at a bus, or the generated real power and scheduled voltage
magnitude at a generator bus. Thus, power flow calculation involves the solution of a set of equations which
involve loads of constant impedance, constant power, and sometimes constant current type. This power flow
calculation gives the electrical response of the power system to a particular set of loading and supply power
output.

4. Analysis objectives

One of the most common computational procedures used in power system analysis is the load flow calculation.
The planning, design, and operation of power systems require such calculations to analyze the steady-state
(quiescent) performance of the power system under various operating conditions and to study the effects of
changes in equipment configuration. Typical results from steady-state load flow analysis include power flow
in each branch circuits, source loading, voltage magnitude, phase angles, etc.

For some types of equipment (e.g., photovoltaic solar arrays or wind farms), a time varying simulation, such as
a time domain load flow, may be required in order to fully understand the behavior of the electrical system over
a period of time. These time varying load flow solutions are performed using computer programs designed
specifically for this purpose.

Analyzing the solution of this problem for numerous conditions helps ensure that the power system is designed
to satisfy its performance criteria while incurring the most favorable investment and operation costs.

Some examples of the uses of load-flow studies are to determine the following:

— Component or circuit loadings

— Steady-state bus voltages

— Real and reactive power flows

— Transformer tap settings and load tap changer actions

— System real and reactive power losses and voltage drops

— Real and reactive power demand and voltage drop at utility source connection

— Generator exciter/regulator voltage set points

— Undervoltage and overvoltage conditions for buses as well as equipment terminals
— Performance under maximum, normal, minimum, and startup loading conditions

— Performance under various operating configurations (such as co-gen on or off, tie-breakers closed,
etc.)

— Performance under emergency conditions (post-contingency)

— Requirement for either fixed or variable power factor improvement equipment
Load flow analysis has a great importance:

a)  To verify the operation of a network under various load and generation conditions

b)  To plan the future growth of both loads and generation
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¢) To determine the best economical operation for existing systems
d) To establish initial conditions for stability studies

e) To help identify the need for additional capacitive or inductive VAR support, to maintain system
voltages within acceptable limits

Also, load flow results are very valuable for setting the proper protective devices to avoid nuisance tripping
and improve system reliability. In order to perform a load-flow study, full data must be provided about the
studied system, including one-line diagram, parameters of transformers, cables and transmission lines, rated
values of each equipment, and the real and reactive power for each load.

Modern systems may be complex and have many paths or branches over which power can flow. Such systems
form networks of series and parallel paths. Electric power flow in these networks divides among the branches
until a balance is reached in accordance with Kirchhoff’s laws.

There are generally two types of computer load flow programs—those intended for offline planning purposes,
and those designed to operate in real-time, actively receiving input from the actual system. Most load flow
planning studies use off-line software. On-line, or real-time load flows incorporate data input from the
actual networks and can bridge the gap between static/planning network model and the model used by those
responsible for actual system operation. Computer programs are also available that provide integrated off-line
and real-time solutions for “what if” predictive analysis. Such systems are able to integrate with existing plant
Supervisory Control and Data Acquisition (SCADA) systems. Integrated real-time systems can therefore be
used as planning and design tools as well as a dispatching tool for the operator. And an additional level of
sophistication is possible using so-called “optimal power flow” modeling that applies constraints in the load
flow solution to achieve objectives, such as minimum fuel cost, minimum power loss, flat voltage profile, etc.

For industrial and commercial power systems, the load flow problem involves balanced, steady-state
operation. Hence a single-phase, positive sequence model of the power system is typically sufficient. Three-
phase or unbalanced load flow analysis software is available, but is rarely needed in industrial power system
applications.

Aload flow calculation determines the state of the power system for a given load and generation distribution. It
represents a steady-state condition as if that condition had been held fixed for some time. There are situations
in industrial applications where the issues of interest involve how those steady-state conditions change over
periods of minutes to hours as a consequence of changes in loading or generation; these applications can be
adequately simulated using conventional load flow tools by means of a series of simulations reflecting the
pertinent changes. However, this kind of study may also be accomplished by utilizing a time-domain load
flow program. On the other hand, concerns about how systems respond in the cycles-to-seconds time frame,
perhaps as a consequence of short-circuits or other disturbances, should be addressed using dynamic stability
software. Power system dynamic stability is beyond the scope of this document.

In actuality, branch flows and bus voltages constantly fluctuate by small amounts because loads change
constantly (e.g., lights, motors, and other loads are turned on and off). Engineers responsible for analysis shall
understand the switching pattern and its implications, and may choose to ignore this while calculating the
steady-state effects on system equipment.

As the load distribution, and possibly the network, will vary considerably during different time periods, it may
be necessary to obtain load flow solutions representing different system conditions such as peak load, average
load, or light load. These solutions will be used to determine either optimum operating modes for normal
conditions, such as the proper setting of voltage control devices, or how the system will respond to abnormal
conditions, such as branch or transformer outages. Load flows form the basis for the determination of new
equipment additions, effectiveness of alternatives to solve present deficiencies, and how to meet future system
requirements.
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The load flow model is also the basis for several other types of studies such as short-circuit, stability, motor
starting, and harmonic studies. The load flow model supplies the network data and provides an initial steady-
state condition for these studies.

5. System simulation and modeling
5.1 Modeling requirements

Industrial plant electrical systems can be extensive. A simplified visual means of representing the complete
system is essential to understanding the operation of the system under its various possible operating modes.
The system one-line diagram serves this purpose. The one-line diagram represents the actual phase and neutral
conductors of single-phase, two-phase, and three-phase ac systems (two, three, and four wires) with a single
conductor, identifying switchgears, motor control centers, loads, generators, capacitors, and interconnecting
lines, cables, transformers, reactors, variable frequency drives, etc. In order to analyze any network, we use
reference points that are electrically distinct; that is, there is some impedance between them which can sustain
apotential difference, or switching devices between them. These reference points are called nodes and buses in
this document. Buses represent a junction in the system at which the power either flows in or out of equipment,
such as a motor control center (MCC) or switchgear. Nodes are the points at which the outcome of analysis is
of interest, such as transformer or motor terminals.

The drawing format will vary depending on the computer programs used and the preference of the users, but
the one-line diagram should give the necessary network and equipment information in a clear, concise manner.
The transfer of this data to the load flow program for analysis is discussed in Clause 6.

It is necessary to know equipment parameters as well as their relationship to each other. Depending on the
computer program being used, parameters may be either displayed directly on the one-line diagram, or may
be listed in tables that accompany that diagram. Figure | is an example one-line diagram that will be used
throughout this standard to illustrate some aspects of load-flow studies.

Bus names (typically equipment tags or numbers) are displayed along with the bus nominal voltages.
Interconnecting lines are usually shown with their impedance values and lengths entered. Equipment
associated with a bus is shown connected to that bus. For instance, generators are shown connected to their
bus with their equipment parameters specified, as illustrated in Figure 1 and Figure 8. Similarly, loads are
shown connected to Bus 2A in Figure 6. Motor loads may be indicated separately (such as MCCs) or combined
into one equivalent motor (“lumped”) based on their size and quantity. Most software programs have the
requirement of having branch elements—such as transmission lines, cables, and transformers—be connected
between two buses. As depicted in Figure 1, the bus can be displayed as a node or a bus, depending on the
connection type and the equipment being represented by the bus. As an example, a bus connected between the
feeder cable and a transformer is typically displayed as a node, while a bus connected to the secondary load
side of a transformer is most often represented as a bus (which may represent a switchgear, panel, MCC, etc.).
Lastly, information to convey an off-nominal turns ratio should be given when applicable (e.g., tap settings,
voltage regulator position, etc.).

5.2 Overall description of industrial/commercial power system example

The sample system created to illustrate the process of performing a load flow analysis contains portions of
different types of components which can be encountered in different heavy and light industrial power systems
and/or commercial installations. Figure 1 below shows the example system. The system contains the following
component types:

— High-voltage switchyard (heavy industrial facilities may own and be responsible for this part of the
system).
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— Medium-voltage power distribution switchgear with multiple source feeders (common to large
refineries and process driven facilities).

— Larger generation or co-generation plants, with a dedicated unit transformer (~75+ MW capacity).
— Smaller generation equipment (emergency, stand-by, and co-generation).
— Double-ended secondary selective medium- and low-voltage switchgear configurations.

— Emergency and critical systems (similar to “tier 1” or “small” datacenter configurations). Larger
industrial/commercial facilities may have data backup requirements with uninterruptible power supply
(UPS) units.

— Large arc-furnace loads and harmonic filter(s) similar to what may be found in large steel
manufacturing plants. Use appropriate model components from the software which simulate the power
factor correction and harmonic load flow content matching the characteristics of such equipment.

— Synchronous motor with excitation system control configurable to voltage or power factor support.

— Adjustable speed drives (ASDs) or variable frequency drives (VFDs) may be used for a variety of
induction/synchronous motor controls.

— Example of microgrid application which includes renewable energy sources like photovoltaic (PV)
installations which may be connected through converters.

— Wind turbine generation which can take advantage of renewable energy sources. The wind turbine
system is an example of distributed generation load flow simulations.

The one-line diagram in Figure 1 does not represent an actual installation that combines all of the individual
components listed above. This example was designed to be an educational tool for explaining load flow
concepts that otherwise would not be encountered in typical industrial/commercial installations. Furthermore,
the intent of the example system used in this chapter is not to represent “best design practices” of industrial and
commercial power systems.

Note that the example also contains multi-frequency components but no one-phase ac or dc elements. In an
actual industrial complex, building loads are often included and modeled as lumped loads. For simplicity they
are not included in this example.

Figure 2 through Figure 9 show individual components included inside “‘composite networks” or components
located in other areas of the drawing via “remote connectors.” The composite networks are elements which
represent a sub-layer (or nested view) of elements. The remote connectors are symbols which allow the
omission of the connecting line between two elements. These elements do not represent a real-life component,
but are used mainly to simplify the one-line drawing. The following describes the connections through these
elements:

— The contents of the composite networks “Oil & Gas,” “Substationl,” and “Data Center” are shown in
Figure 2, Figure 6, and Figure 7, respectively.

— The elements connected through remote connectors “Arc Furnace Feeder” and “Sub Pump Feeder” are
shown in Figure 4 and Figure 5, respectively.

Computer programs utilize several drawing symbols that often do not have equivalents in IEEE Std 315™-
1993. Even if a symbol is available in IEEE standards, computer programs may not draw exactly as shown.
The reasons are:

— The standard symbol is not complex enough to visually convey technical details about the component.

— IEEE standards may not be up to date with technology, or the symbol are sepcific to the program.

Documents

15 Document Sharing Hub
Authorized licensed use limited to: Tsinghua UnfvERYJIObSEhHR 48 BF Fafehrigias6$@D4ea7.42 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 3002.2-2018


http://www.avadocuments.com/doc/ieee-3002-2-2018
http://www.avadocuments.com/doc/ieee-3002-2-2018

IEEE Std 3002.2-2018

|IEEE Recommended Practice for Conducting Load-Flow Studies and Analysis of Industrial and Commercial Power Systems

— Compound elements (i.e., lumped loads, PV arrays, etc.) require more than one symbol for their
representation. Software packages may use alternate “compound symbols” to simplify the drawing.

The previous reasons explain why most software packages may not use a standardized set of symbols. Details
on the power system analysis software drawing symbols used in this example are presented in Table B.14.
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Figure 1—Load flow example system one-line diagram (IEEE 3002 system)
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Figure 2—One-line diagram for “Oil & Gas” substation
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Figure 3—One-line diagram of the wind turbine
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Figure 4—One-line diagram of the arc furnace components
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Figure 5—One-line diagram of the ASD-driven submarine system
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Figure 6—One-line diagram of “Substation1”’—general industrial system
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Figure 7—One-line diagram for “Data Center”
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Figure 8—One-line diagram of the cogeneration station
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Figure 9—One-line diagram for the unit generation plant

6. Required input data
6.1 General

This clause presents input data organization in general terms along with some comments on data preparation.
The data are divided into the following categories (this organization is typical of most load flow analysis
software): system data, bus data, load data, source data, branch data, and transformer data.

Input data required for load flow analysis is also applicable to other analysis requiring the network model,
such as short-circuit, motor starting, and stability analysis. It is therefore essential that the data preparation be
performed in a consistent, thorough manner. Data values should be inputted as accurately as possible when
the actual parameters are known. The input parameter uncertainty should always be conservatively taken
into account. Unknown parameters should not be ignored. Instead, they should be entered using conservative
assumptions based on sound engineering judgement. Impedance tolerance values, wherever applicable,
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