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FOREWORD
(This Forewords not part of American National Standard ANSI/NEWA S-2011)

The InterNational Electrical Testing Association (NETA) was formed in 1972 to establish uniform testing
procedures for electrical equipment and apparafliSTA has been an Accredited Standdbdweloper for

the American National Standards I nstitutefrsn nce
that of IEEE, NECA, NEMAand UL. In matters of testing electrical equipment and systems NETA
continues to reference other standarelssde | oper s Ohed ®c mmpeont < awl e. NET A/
updating of presently published standards takes into account both national and international standards.
NETAGs standards may be used internati oomsaeslal y as
global standardization. IEC standards as well as American consensus standards are taken into considera
by NETAOGs ball ot pools and reviewing committees

The first NETAMaintenance Testing Specifications for Electrical Power Equipment andriSysis
published in 1975Since 1989, revised editions of thkaintenance Testing Specificatiomave been
published in 1993, 1997, and 2001.

In 2005, this document was approved for the first time asnagrican Nationabtandard.The 2011
Standard foiMaintenance Testing Specifications for Electrical Power Equipment and Systémasnost
currentrevisionof this document.

The ANSI/NETAStandard for Maintenance Testing Specifications for Electrical Power Equipment and
Systemsvas developed for use iyose responsible for the continued operation of existing electrical
systems and equipment to guide them in specifying and performing the necessary tests to ensure that the
systems and apparatus perform satisfactorily, minimizing downtime and maxififieiegpectancy. This
document aids in ensuring safe, reliable operation of existing electrical power systems and equipment.
Maintenance testing can identify potential problem areas before they become major problems requiring
expensive and timeonsuming slutions.

Suggestions for improvement of this standard are welcome. They should be sent to the InterNational
Electrical Testing AssociatioB050 Old Centre Avenue, Suite 102, Portage, MI 49024

77N
NE
ANSI/NETA MTS -2011



PREFACE

It is recognized by the Assation that the needs fanaintenanceéesting of commercial, industrial,
governmental, and other electrical power systems vary widely. Many criteria are used in determining what
equipment is to be tested and to what extent.

To help the user bettenderstand and navigate more efficiently through this document, we offer the
following information:

The Document Structure
The document is divided into twelve separate and defined sections:

Section Description

Section 1 General Scope

Section 2 Applicable References

Section 3 Quialifications of Testing Organization and Personnel
Section 4 Division of Responsibility

Section 5 General

Section 6 Power System Studies

Section 7 Inspection and Test Procedures
Section 8 System Function Test

Section 9 Thermographic Survey

Section 10 Electromagnetic Field Testing
Tables Reference Tables

Appendices Various Informational Documents

Section 7 Structure

Section 7 is the main body of the document with specific information on what to do relative to the
inspection ananaintenanceéesting of electrical power distribution equipment and systems. It is not intended
that this documergxplainhow to test specifipieces of equipment or systems.

Expected Test Results
Section 7 consists of sections specific to each particular type of equipment. Within those sections there are,
typically, three main bodies of information:

1. Visual and Mechanical Inspection
2. Electricd Tests
3. Test Values
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PREFACE (continued

Results of Visual and Mechanical Inspections

Some, but not all, visual and mechanical inspections have an associated test value or result. Those items
with an expected result are referenced under Section 3.1 Test YValissl and Mechanical. For

example, Section 7.1 Switchgear and Switchboar@mbdies, item 7.1.1.7.2 calls for verifying tightness of
connections using a calibrated torque wrench method. Under the Test Valsesl and Mechanical

Section 7.1.3. 1.2, the expected results for that particular task are listed within Sectiorh3dfenance

back to the original task description on item 7.1.1.7.2.

7. INSPECTION AND TEST PROCEDURES 7. INSPECTION AND TEST PROCEDURES

7.1 Switchgear and Switchboard Assemblies 7.1 Switchgear and Switchboard Assemblies (confinned)

1. Visual and Mechanical Inspection 2 Venfy cormrect fimction of control transfer relays located in switchgear with multiple
POWer sources.

1. Inspect physical, electrical, and mechanical condition including evidence of moisture or corona.
9.  Venfy operation of switchgear/switchboard heaters and their controller, if applicable.

2. Inspect anchorage, alignment, grounding, and required area clearances.
10.  Perform system fimction tests in accordance with Section 8.
3. Pnor to cleaning the umit, perform as-found tests, if required
3. Test Values
4 Clean the unit.
3.1  Test Values — Visual and Mechanical
5. Verify that fuse and/or circuit breaker sizes and types comrespond to drawings and coordination
study as well as to the circnit breaker’s address for microprocessor-communication packages. 1. Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted conmections by more than 50 percent of the
6.  Venfy that current and voltage transformer ratios comrespond to drawings. lowest vahe. (7.1.1.7.1)
| 7. Tnspect bolted electrical cormections for high resistance using one or more of the following 2. Bolt-torque levels should be m. with ’s data. In the absence
methods: BN oanncturer's published data, use Table 100.12. (7.11. 72)
1. Useofal i b in with Section 7.1.2. 3. Results of the thermographic survey shall be in accordance with Section 9. (7.1.1.7.3)
_ 2. Venfy ightness of accessible bolted electrical by torgy h 32  Test Values — Electrical
method in d with °s published data or Table 100.12.
X i i X 1. Compare bolted connection resistance values to values of similar connections. Investigate
3 Perform a thermographic survey in accordance with Section & values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.
8. Confimm correct operation and ing of electrical and mech: | interlock systems.
2. wvalues of bus msul should be in d with f:
1. Attempt closure on locked-open devices. Attempt to open locked-closed devices. pub].\shu:d data. In the absence of mamufacturer’s published data, use Table 100.1. Values uf
S . . insulation resistance less than this table or manufacturer’s recommendations should be
2 Make key exchange with all devices included in the interlock scheme as applicable. investigated. Dielectric withstand voltage tests should not proceed until insulation-resistance

9. Use appropriate lubrication on moving current-carmying parts and on moving and sliding levels are raised above minimum values.

surfices. | 3. Ifnoevidence of distress or msulation failure is ubsen'edbyﬂneenduﬂ.hemhlhme uf\ullag

application during the test, the test dielectric withstand voltage sp is d to have
passed the test.

10.  Venfy correct bamer and shutter nstallation and operation.

1 all active comg ) 4. Mininmm insulation-resistance values of control wiring should be comparable to previously
12.  Inspect mechanical indicating devices for comect operation. obtained results but not less than fwo megohms.
13.  Verify that filters are in place and/or vents are clear. 5. Results of electrical tests on instrument transformers should be in accordance with Section 7.10.
14,  Perform visual and mech 1 inspection of instrument in d with 6.  Results of ground resistance tests should be in accordance with Section 7.13.
Section 7.10 7. Accuracy of meters should be in accordance with Section 7.11.
* Optional — * Optional —
NETA tem,
Page 24 Paz= 26
ANSI/NETA MTs-2011 ANSI/NETA MTs-2011
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PREFACE (continued

Results of Electrical Tests

Each electrical test has a corresponding expected result, and the test and the result have identical numbers.
the electrical test is itenodir, the expected result under the Test Values section is also item four. For
example, under Section 7.15.1 Rotating Machinery, AC Induction Motors and Generators, item 7.15.1.2.2
(item 2 within the Electrical Tests section) calls for performing an ineunlagsistance test in accordance

with IEEE Standard 43. Under the Test Valuddectrical section, the expected results for that particular

task are listed in the Test Values section under item 2.

7

INSPECTION AND TEST PROCEDURES

7.15.1 Reotating Machinery, AC Induction Motors and Generators

L

2

—

Visual and Mechanical Inspection

Inspect physical and mechanical condition.

Inspect anchorage, alig and ding.

Tnspect air baffles, filter media, cooling fans, slip nngs, brushes, and brush ngging.
mbnmd electrical connections for high resistance using one or more of the following

Lol o o

1 Use of 1 h in with Section 7.15.1.2

2 Venfy tightness of accessible bolted electrical connections by calibrated torque-wrench
method m accordance with 's published data_ In the absence of

mamufacturer’s published data, use Table 100.12.

—) 2

7. INSPECTION AND TEST PROCEDURES
7.15.1 Rotating Machinery, AC Induction Motors and Generators (continned)
3.1  Test Values — Electrical Tests
1. Compare bolted connection resistance values to values of similar connections. Investigate any
t':llxs that deviate from similar bolted connections by more than 50 percent of the lowest
The dielectric absorption ratio or polarization sl:a.l_.!. be wmpared to pfreuiuu.sly obtained results

and should not be less than 1.0. The (IR § mmin) teSt
results in megohms should be corrected to 40° C and read as follows:

1 IR 1 i = kV + 1 for most windings made before 1970, all field windings, and others not
deseribedin 2.2 and 2.3.

(kV is the rated machine texminal-to-terminal voltage in rms kV)

2 IR 1me =100 hms for most de ture and ac windings built after 1970 (form-
3. Perform th hic survey in with Section 9. ‘wound coils).

3 Rime=3 hms fi st mach d rand d stator coils and form-
Perform special tests such as air-gap spacing and machine alignment, if applicable. W 1mlcnilsratedbe10:frinlfv_ - or corts o

Venify the application of appropriate lubrication and lubrication systems.

[l

Verify the absence of ummsual mechanical or electrical noise or signs of overheating.

8 Venfy that resistance temperature detector (RTD) circuits conform to drawings
Electrical Tests — AC Induction

1.  Perform resistance ts through bolted tions with a ]
if applicable, in accordance with Section 7.15.1.1.

Perform insulation-resistance tests in accordance with ANSVIEEE Standard 43.

1. Machines larger than 200 horsepower (150 kilowatts)
Test duration shall be for ten mimutes. Calculate polarization index_

2 Machines 200 horsepower (150 kilowatts) and less:
Test duration shall be for one minute. Calculate the dielectric-abserption ratio.

| NOTE: Dielectric withstand voltage and surge companson tests shall not be performed
on machines having values lower than those indicated above.

Ifno evidence of distress or msulation failure is observed by the end of the total fime of voltage
application during the dielectric withstand voltage test, the test specimen is considered to have
passed the test.

4. Investigate phase-to-phase stator resistance values that deviate by more than five percent.

5. Power-factor or dissipation-factor values shall be compared with previous values of similar
machines.

6. Tip-up values should indicate no significant increase in power factor.

7. Ifnoevidence of distress, msulation failure, or lack of waveform nesting is observed by the
end of the total time of voltage application during the surge comparison test, the test specimen
is considered to have passed the test.

3. Perform dc dielectric withstand voltage tests on machines rated at 2300 volts and greater in 8. Bearing insulation-resi should be within manufacturer’s published
accordance with ANSITEEE Standard 95. tolerances. In the absence of ’s publi ! the ison shall
made to similar machines.

4. Perform phase-to-phase stator resistance test on machines 2300 volts and greater.

9. Test results of surge protection devices shall be in accordance with Section 7.19 and Section

*5.  Perform insulation power-factor or dissipation-factor tests. 7.20.
* Optional N * Optional ~
NETA. NETA.
Page 135 Page 137
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PREFACE (continued

Optional Tests

The purpose of these specifications is to assure that all tested electrical equipment and systems supplied
either contractor or owner are operati ablishéed and
tolerances and that equipment and systems are installed in accordance with design specifications

Certain tests are assigned an optional classification. The following considerations are used in determining
the use of the optional classification:

1. Does another listed test provide similar information?

2. How does the cost of the test compare to the cost of other tests
providing similar information?

3. How commonplace is the test procedure? Is it new technology?

Manufacturerds Isnstruction Manual
It is important to follow the recommendations ¢
details of a complete and effective testing procedure can be obtained from this source.

Summary

The guidance of an experienced testing professghlld be sought when making decisions concerning

the extent of testing. It is necessary to make an informed judgment for each particular system regarding h
extensive a procedure is justified. The approach taken in these specifications is to pr@sgnehensive

series of tests applicable to most industrial and larger commercial systems. In smaller systems, some of t
tests can be deleted. In other cases, a number of the tests indicated as optional should be performed.

Likewise, guidance of an expenced testing professional should also be sought when making decisions
concerning the results of test data and their significance to the overall analysis of the device or system un

test. Careful consideration of all aspects of test data, includingfmarmuut ur er 6 s publ i she:
recommendations, must be included in the overall assessment of the device or system under test.

The Association encourages comment from users of this document. Please contact the NETA office or yo
local NETA Accredited Comgmy.

Standards Review Council
InterNational Electrical Testing Association

Charles K. Blizard, Sr.
Timothy J. Cotter
Diane W. Hageman
Roderic L. Hageman
Dave Huffman
Ralph Patterson
Alan D. Peterson
Jayne Tanz
Ron Widup
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1. GENERAL SCOPE

1.1 Maintenance Testing Specifications

1.

These specifications cover the suggested field tests and inspections that are available to asse
the suitability for continued service and reliability of electraiver distribution equipment
and systems.

The purpose of these specifications is to assure that tested electrical equipment and systems
operationglarewi t hi n applicabl e st andaandae saitabtk foma n
continued serde.

The work specified in these specifications may involve hazardous voltages, materials,
operations, and equipment. These specifications do not purport to address all of the safety
problems associated with their use. It is the responsibility of #retoseview all applicable
regulatory limitations prior to the use of these specifications.
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2. APPLICABLE REFERENCES

2.1 Codes, Standards, and Specifications

All inspections and field tests shall beaocordance with the latest edition of the following codes,
standards, and specifications except as provided otherwise herein.

1. American National Standards Instittit@&NSI

2.  ASTM International ASTM

ASTM D 92 Standard Test Method for Flash and Fireifts by Cleveland Open C
Tester

ASTM D 445 Standard Test Method for Kinematic Viscosity of Transparent and
Opaque Liquids (the Calculation of Dynamic Viscosity)

ASTM D 664 Standard Test Method for Acid Number of Petroleum Products by
PotentiometricTitration

ASTM D 877 Standard Test Method for Dielectric Breakdown Voltage of Insulati
Liquids using Disk Electrodes

ASTM D 923 Standard Practices for Sampling Electrical Insulating Liquids

ASTM D 924 Standard Test Method for Dissipation Factor (mvir Factor) and
Relative Permittivity (Dielectric Constant) of Electrical Insulating
Liquids

ASTM D 971 Standard Test Method for Interfacial Tension of Oil against Water |
the Ring Method

ASTM D 974 Standard Test Method for Acid and Base Number byr@othcator
Titration

ASTM D 1298 Standard Test Method for Density, Relative Density (Specific Grav

or API Gravity of Crude Petroleum and Liquid Petroleum Products
Hydrometer Method

ASTM D 1500 Standard Test Method for ASTM Color of PetroldRnoducts (ASTM
Color Scale)
ASTM D 1524 Standard Test Method for Visual Examination of Used Electrical

Insulating Oils of Petroleum Origin in the Field

RETA
_
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2. APPLICABLE REFERENCES

2.1 Codes, Standards, and Specificationg@ntinued

ASTM D 1533

ASTM D 1816

ASTM D 2029

ASTM D 2129

ASTM D 2284

ASTM D 2285

ASTM D 2477

ASTM D 2685

ASTM D 2759

ASTM D 3284

ASTM D 3612

ASTM D 3613

Standard Test Methods for Water in Insulating Liquids by Coulome
Karl Fischer Titration

Standard Test Method for Dielectric Breakdown Voltage of Insulati
Oils of Petroleum Origin Using VDE Electrodes

Standard Test Methods fivater Vapor Content of Electrical Insulati
Gases by Measurement of Dew Point

Standard Test Method for Color of Clear Electrical Insulating Liquic
(PlatinumCobalt Scale)

Standard Test Method of Acidity of Sulfur Hexafluoride

Standard Test Method for Interfacial Tension of Electrical Insulatin
Oils of Petroleum Origin against Water by the Didfeight Method

Standard Test Method for Dielectric Breakdown Voltage and Dieles
Strength of Insulating Gases Commercial Power Frequencies

Standard Test Method for Air and Carbon Tetrafluoride in Sulfur
Hexafluoride by Gas Chromatography

Standard Practice for Sampling Gas from a Transformer under Po«
Pressure

Standard Test Method for Combustible Gases in the Gas Space of
Electrical Apparatus Using Portable Meters

Standard Test Method for Analysis of Gases Dissolved in Electrica
Insulating Oil by Gas Chromatography

Standard Practice foSampling Electrical Insulating Oils for Gas
Analysis and Determination of Water Content

3. Association of Edison Illuminating Companieé&\EIC

4. Canadian Standards Associatio@SA
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2. APPLICABLE REFERENCES

2.1 Codes, Standards, and Specificationg@ntinued

5. Electrical Apparatus Service AssociatioEASA

ANSI/EASA AR1M Recommended Practice for the Repair of Rotating Electrical Appat

Institute of Electrical and Electronic EngineérdiEEE

ANSI/IEEE C2

ANSI/IEEE C37
Compilation

ANSI/IEEE C57
Compilation

ANSI/IEEE C62
Compilation
ANSI/IEEE 43

ANSI/IEEE 48

IEEE 81

ANSI/IEEE 81.2

ANSI/IEEE 95

IEEE 100

IEEE 141

ANSI/IEEE 142

ANSI/IEEE 241

ANSI/IEEE 242

National Electrical Safety Code

Guides and Standards for Circuit BreakeBsyitchgear, Relays,
Substations, and Fuses

Distribution, Power, and Regulating Transformers
Surge Protection

IEEE Recommended Practice for Testing Insulation Resistance of
Rotating Machingy

IEEE Standard Test Procedures and Requirements for Alternating
Current Cable Terminations 2.5 kV through 765 kV

IEEE Guide for Measuring Earth Resistivity, Ground Impedance, ar
Earth Surface Potentials of a Ground System Part I: Normal
Measurements

IEEE Guide for Measurement of Impedance and Safety Characteris
Large, Extended or Interconnedt&rounding Systems

IEEE Recommended Practice for Insulation Testing of Large AC
Rotating Machinery with High Direct Voltage

The Authoritative Dictionary of IEEE Standards Terms

IEEE Recommended Practice for Electrical RaviDistribution for
Industrial Plants (Red Book)

IEEE Recommended Practice for Grounding of Industrial and
Commercial Power Systems (Green Book)

IEEE Recommended Practice for Electric Power Systems in Comm
Buildings(Gray Book)

IEEE Recommended Practice for Protection and Coordination of
Industrial and Commercial Power Systems (Buff Book)

KETA
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2. APPLICABLE REFERENCES

2.1 Codes, Standards, and Specificationg@ntinued

IEEE 386

ANSI/IEEE 399

IEEE 400

ANSV/IEEE 421.3

ANSV/IEEE 446

ANSV/IEEE 450

ANSV/IEEE 493

ANSV/IEEE 519

ANSI/IEEE 602

ANSV/IEEE 637

IEEE 644

ANSI/IEEE 739

ANSI/IEEE 902

IEEE 1015

IEEE 1100

ANSI/IEEE 1106

IEEE Standard for Separable Insulated Connectors System for Pow
Distribution Systems above 600 V

IEEE Recommended Practice for Power Systems Analysis (Brown |

IEEE Guide for Field Testing and Evaluation of the Insulation of
Shielded Power Cable Systems

IEEE Standard for HighPotential Test Requirements for Exditan
Systems for Synchronous Machines

IEEE Recommended Practice for Emergency and Standby Power S
for Industrial and Commercial Applications (Orange Book)

IEEE Recommended Practice for Maintenance, TestingRepdacemel
of Vented Lead\cid Batteries for Stationary Applications

IEEE Recommended Practice for the Design of Reliable Industrial a
Commercial Power Systems (Gold Book)

IEEE Recommended Practices and Requirements fonétac Control
in Electrical Power Systems

IEEE Recommended Practice for Electric Systems in Health Care
Facilities (White Book)

IEEE Guide for the Reclamation of Insulating Oil and Criteria for Its

Procedures foMeasurement of Power Frequency Electric and Magr
Fields from AC Power Lines

IEEE Recommended Practice for Energy Management in Commerc
and Industrial Facilities (Bronze Book)

IEEE Guide for Maintenance, Operation a8dfety of Industrial and
Commercial Power Systems (Yellow Book)

IEEE Recommended Practice for Applying Egaltage Circuit Breaker
Used in Industrial and Commercial Power Systems (Blue Book)

IEEE Recommended Practice for Poweramgl Grounding Sensitive
Electronic Equipment (Emerald Book)

IEEE Recommended Practice for Maintenance, Testing, and Repla
of NicketCadmium Batteries for Stationary Applications
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2.

APPLICABLE REFERENCES

2.1 Codes, Standards, and Specificationg@ntinued

ANSI/IEEE 1159 IEEE Recommended Practice on Monitorklgctrical Power Quality

ANSI/IEEE 1188 |IEEE Recommended Practice for Maintenance, Testing, and Repla
of ValveRegulated Lead\cid (VRLA) Batteries for Stationary

Applications
IEEE 1584 IEEE Guide for Performing Ar€lash Hazard Calculations
IEEE 1584a IEEE Guide for Performing Ar€lash Hazard Calculations

Amendment 1

Insulated Cable Engineers AssociatiolCEA

ANSI/ICEA 5-46 kV Shielded Power Cable for Use in the Transmission and
S-93-639/NEMA Distribution of Electric Energy

WC 74

ANSI/ICEA Standard for Concentric Neutral Cables Rated 5,08®,000 Volts
S-94-649

ANSI/ICEA Standard for Utility Shielded Power Cables Rated 5,0@6,000 Volts
S-97-682

InterNational Electrical Testing AssociatioiNETA
ANSI/NETAETT  Standad for Certification of Electrical Testing Technicians

ANSI/NETA ATS  Acceptance Testing Specifications for Electrical Power Equipment
Systems

RETA
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2. APPLICABLE REFERENCES

2.1 Codes, Standards, and Specificationg@ntinued

9. National Electrical Manufacturers AssociatiobNEMA

NEMA AB4

Guidelines for Inspection and PreventMaintenance of Molde@€ase
Circuit Breakers Used in Commercial and Industrial Applications

ANSI/NEMA C84.1 Electrical Power Systems and Equipment Voltage Ratings (60 Hz)

NEMA MG1

Motors and Generators

10. National Fire Protection Associati®riNFPA

ANSI/NFPA 70
ANSI/NFPA 70B
ANSI/NFPA 70E
ANSI/NFPA 99
ANSI/NFPA 101
ANSI/NFPA 110

ANSI/NFPA 780

National Electrical Code

Recommended Practice for Electrical Equipment Maintenance
Standard for Electrical Safety in the Workplace

Standard for Healthcare Facilities

Life Safety Code

Emergency and Standby Power Systems

Installation of Lightning Protection Systems

11. Occupational Safety and Health Administratio©@ SHA

12. State and local codes and ordinances

13. Underwriters Laboratories, Int.UL
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2.3

APPLICABLE REFERENCES

Other Publications

Manufacturerds instruction manuals for the equi
A Stitch in TimeéThe Compl et eMeggei. de t o El ectric
Electrical Power Equipment Maintenance and TestiRgul Gill, New York: Taylo& Francis Books.

Electrical Safety Handbookohn C. Cadick, New York: McGraw Hill.

The Electrical Safety Program Badkenneth G. MastrulloRay A. Jones, Jane G. Jones, National Fire
ProtectionAssociation

Instruction Book PG 2000 f or WelkiledParhafy arfel ISecondary Unit Substation
Transformer ABB PowerT&D.

Contact Information

ABB PowerT&D

Small Transformer Division
PO Box 920

South Boston, VA 24592
(434) 5725695
www.abb.com

American National Standards Institité&ANSI
25 West 43 Street 4 FI.

New York, NY 10036

(212) 6424900

www.ansi.org

ASTM International ASTM
100 Barr Harbor Drive

W. Conshohocken, PA 1928
(610) 8329585
wWww.astm.org

Association of Edison Illuminating Companie&\EIC
600 N. 18 Street; PO Box 2641

Birmingham, AL 35291

(205) 2572530

www.aeic.org

Canadian Standards Associatio@SA
178 Rexdale Boulevard

Toronto, ON M9W 1R3

(416) 7474000

www.csa.ca
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APPLICABLE REFERENCES

Contact Information ( continued

Electrical Apparatus Service AssociatioEASA
1331 Baur Boulevard

St. Louis, MO 63132

(314) 9932220

WWww.easa.com

Institute of Electricabnd Electronic EngineefsIEEE
PO Box 1331

Piscataway, NJ 08855

(732) 9810060

WwWw.ieee.org

Insulated Cable Engineers AssociatiolCEA
c/o Global Document Engineers

15 Inverness Way East

Englewood, CO 80112

(303) 3977956

www.icea.net

InternationaElectrotechnical CommissidnlEC
Contact through American National Standards Institute

InterNational Electrical Testing AssociatiorNETA
3050 Old Centre Ave. Suite 102

Portage, M1 49024

(269)48863820r (888) 306NETA (6382)
www.netaworld.org

The McGaw-Hill Companies
P.O. Box 182604
Columbus, OH 43272

(877) 8335524
www.mcgrawhill.com

Megger

4271 Bronze Way
Dallas, TX 75237
(214) 7232861
www.megger.com

National Electrical Manufacturers AssociafiohEMA
1300 N. 17 St. Suite 1847

Rosslyn, VA 2220

(703) 8413200

Www.nema.org
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APPLICABLE REFERENCES

Contact Information ( continued

National Institute of Standards and Technology
100 Bureau Drive

Gaithersburg, SD 20899

(301) 9756478

Www.hist.gov

National Fire PreventioAssociationi NFPA
1 Battery March Park

PO Box 901

Quincy, MA 022699101

(617) 9847247

www.nfpa.org

Occupational Safety and Health Administratio@ SHA
U.S. Department of Labor

Occupational Safety and Health Administration
Office of Public Affairsi Room N3647

200 Constitution Avenue

Washington, D.C. 20210

(202) 6931999

www.osha.gov

Square D Company, Anderson Product Division
P.O. Box 455

Leeds, AL 35094

2056992411

www.squared.com

Taylor and Francis Books, Inc.CRC Press
2000 NW Corporate Blvd.

Boca Raton, FL 33431

(561) 36316000

WWW.Crcpress.com

Underwriters Laboratories, Int.UL
333 Pfingsten Road

Northbrook, IL 60062

(847) 2728800

www.ul.com
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3. QUALIFICATIONS OF TE STING PERSONNEL

1. The subjective assessment required by this NETA maintenance standard iscaomgaesd
to other American National Standards in that it deals with the evaluation of saegeade
equipment. While technicians performing tests and inspections on new equipment deal with
finite test values, those working with servaged equipment mugirm recommendations
based on judgment.

2. Technicians performing these electrical tests and inspections shall be trained and experienc
concerning the apparatus and systems being evaluated. These individuals shall be capable
conducting the tests in a sahanner and with complete knowledge of the hazards involved.
They must be able to evaluate the test data and make a judgment on the continued
serviceability or nonserviceability of the specific equipment

3. Test technicians shall have knowledge of and eepee with the specific device under test.
Additional personnel qualifications are as follows:

1. Testing organizations: Owners utilizing testing companies shall require that each on
site crew leader shall hold a current certification, Levebilhigher, in electrical
testing. This certification shall be in accordance with ANSI/NETA £0IQ
Standardfor Certification of Electrical Testing Personnel

2. Manufacturersod Service Personnel: Fi el
equipment being evaluated shall be certified by the manufacturer to perform these
electrical tests and inspectiofffhie manufacturer shall provide sufficient
documentationio satisfy the owner that its service personnel are trained and qualified
to perform these electrical tests and inspections.

3. In-House Testing Personnel: Owners havingause testing personnel shall utilize
an independent, outside certification organaabr have some system of
gualification which provides an equivalent level of assurance that their personnel are
gualified to perform electrical testing. Owners are encouraged to utilize ANSI/NETA
ETT-2010 as a means of determining that their electresting personnel possess the
training, experience, and pro@xamination requirements now being promulgated
by various governmental agencies.
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4. DIVISION OF RESPONSIBILITY

4.1 The User

The user shall be responsible for all power shirtig of equipment and for providing equipment in a
readyto-test condition. The user shall provide the testing organization with the following:

1.

6.

A shortcircuit analysis, a coordination studyparcflash hazard analysis, and a protective
device settig sheet as described in Section 6, if applicable.

The most current set of electrical drawings and instruction manuals applicable to the scope of
work relative to the equipment under test.

An itemized description of equipment to be inspected sstdde

A determination of who shall provide a suitable and stable source of electrical power to each
test site.

Notification of when equipment becomes available for maintenance tests. Work shall be
coordinated to expedite project scheduling.

Site-specific hazard notification and safety training.

4.2 The Testing Organization

The testing organization shall provide the following:

1.

All field technical services, tooling, equipment, instrumentation, and technical supervision to
perform such testsnd inspections.

Specific power requirements for test equipment.
Notificationtotheo wn er 6 s r eor te cormmenhcamentwf@ny testing.

A timely notification of any system, material, or workmanship which is found deficient on the
basis of maintenance tests.

A record of all tests and a final report.
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5. GENERAL

5.1 Safety and Precautions

All parties involved must be cognizant of indusstgndard safety procedures. This document does
not include any procedes, including specific safety procedures. It is recognized that an
overwhelming majority of the tests and inspections recommended in these specifications are
potentially hazardous. Individuals performing these tests shall be capable of conducting theatest
safe manner and with complete krledge of the hazards involved.

1.

Safety practices shall include, but are not limited to, the following requirements:

1.  All applicable provisions of the Occupational Safety and Health Act, particularly OSHA
29CFR1910.

2.  ANSI/NFPA 70E,Standard for Electrical Safety in the Workplace

3. The Electrical Safety Program Bodkenneth G. Mastiilp, Ray A. Jones, Je G.
Jones, NFPA.

4.  Applicable state and local safety operating procedures.

5. Owner 0 pradies. et vy

A safety lead person shall be identified prior to commencement of work.
A safety briefing shall be conducted prior to the commencement of work.

All tests shall be performed with the apparatusdergized and grounded except where
otherwise specifically required to be ungrounded or energized for certain tests.

The testing organization shall have a designated safety representative on the project to
supervise operations with respect to safety. This individual may be the samedessaned
in5.1.2.

5.2 Suitability of Test Equipment

1.

All test equipment shall meet the requirements in Section 5.3 and be in good mechanical and
electrical condition.

Field test metering used to check power system meter calibration must becowegeathan
the instrument being tested.

Accuracy of metering in test equipment shall be appropriate for the test being performed.

Waveshape and frequency of test equipment output wavesbratidoe appropriate for the test
and the tested equipment.
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5. GENERAL

5.3 Test Instrument Calibration

1. The testing organization shall have a calibration program which assures that all applicable test
instruments are maintained within rated accuracy for each test instrument calibrated.

2. The firm providing calibration service shall maintaintopdate instrument calibration
instructions and procedures for each test instrument calibrated.

3. The accuracy shall be directly traceable to the National Institute of Standards and Technology
(NIST).

4. Instruments shall be calibrated in accordance with the following frequency schedule:
1. Field instruments: Analognd digita) 12 months maximum.
2. Laboratory instruments: 12 months maximum.
3. Leased specialty equipment: 12 months maximum.

5. Dated calibration labels shall be visible on all test equipment.

6. Records, which show date and results of instruments calibrated or tested, must betdept up
date.

7. Calibrating standakrshall be of higher accuracy than that of the instrument tested.
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5. GENERAL

5.4 Test Report

1. The test report shall include the following:

1.

2.

3.

4.

5.

Summary of project.

Description of equipment tested.
Description of tests.

Test data.

Analysis and recommendations.

2. Test data records shall include the following minimum requirements:

1.
2.

8.
9.

Identification of the testing organization.
Equipment identification.

Humidity, temperature, and other conditions that may affect the results of the
tests/calibrations.

Dateof inspections, tests, maintenance, and/or calibrations.
Identification of the testing technician.

Indication of inspections, tests, maintenance, and/or calibrations to be performed and
recorded.

Indication of expected results when calibrasi@me to be performed.
|l ndi cat-foondb-léedd 0fiasesul ts, as applical

Sufficient spaces to allow all results and comments to be indicated.

3. The testing organization shall furnish a copy or copies of the complete report as specified in th
maintenance testing contract.
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6. POWER SYSTEM STUDIES

6.1 Short-Circuit Studies

1.

Scope of Study

Determine the shoxircuit current available at each component of the electrical system and the
ability of the component to withstand and/or interrupt the current. Provide an analysis of all
possible operating scenarios which will be or have been influenced by the proposed or
completed additions or changes to the subject system.

Procedure

The shorcircuit study shall be performed in accordance with the recommended practices and
procedures set forth in ANSI/IEEE standard 399 and thelstepep procedures outlined in the
shortcircuit calculation chapters of IEEE standard 141 and ANSI/IEEE standard 242.

Study Report

Results of the shodircuit study shall be summarized in a final report containing the following
items:

1. Basis, description, purpose, and scope of the study.

2. Tabulations of the data used to model the system components andspawdieg one
line diagram.

3. Descriptions of the scenarios evaluated and identification of the scenario used to
evaluate equipment shegircuit ratings.

4.  Tabulations of equipment sharircuit ratings versus available fault duties. The
tabulation shiidentify percentage of rated short circuit and clearly note equipment with
insufficient ratings.

5. Conclusions and recommendations.

7N
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6. POWER SYSTEM STUDIES

6.2 Coordination Studies

1.

Scope of Study

1. Determine the extent a@ivercurrent protective device coordination for the scope:

1.

Selective coordination: determine the protective device types, characteristics,
settings, or ampere ratings which provide selective coordination, equipment
protection, and correct interruptingtings for the full range of available short
circuit currents at points of application for eaxtercurrent protective device.

Compromised coordination: determine protective device types, characteristics.
settings, or ampere ratings which permit rangenoncoordination of

overcurrent protective devices. In this case, overcurrent protective device
coordination may be compromised due to the overcurrent protective devices
selected or already installed or in order to achieve protection of equipment
tha is selected or already installed. Objective is to maximize coordination of
overcurrent protective devices to extent possible based on the type of devices
Determine protective device characteristics, settings, or sizes which provide a
balance between egument protection and selective device operation that is
optimum for the electrical system.

2. Provide an analysis of all possible operating scenarios which will be or have been
influenced by the proposed or complegatilitions or changes to the subjsgstem.

Procedure

The coordination study shall be performed in accordance with the recommended practices anc
procedures set forth in ANSI/IEEE standard 399 and ANSI/IEEE standard 242. Protective
device selection and settings shall comply with requirements dfahenal Electrical Code.

Study Report

Results of the coordination study shall be summarized in a final report containing the following

items:

1. Basis, description, purpose, and scope of the study and a correspondiimg one

diagram.

2. Time-current curvs, selective coordination ratios of fuses, or selective coordination
tables of circuit breakers demonstrating the coordination of overcurrent protective
devices to the scope.

3.  Tabulations of protective devices identifying circuit location, manufacttyyee, range
of adjustment, IEEE device number, current transformer ratios, recommended settings «
device size, and referenced tho@rent curve.

NETA
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6. POWER SYSTEM STUDIES

6.2 Coordination Studies €ontinued

4. Conclusions and recommendations.

4. Implementation

The owner shall engage an independent testing firm for the purpose of inspecting, setting,
testing, and calibrating the protective relays, circuit breakesss, and other applicable

devices as outlined in this specification.
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6. POWER SYSTEM STUDIES

6.3 Arc-Flash Hazard Analysis

1. Scope of Study

Determine ardlash ncident energy levels and flash protection baupdlistances based on the
results of theshort-circuit andcoordinationstudies.Perform theanalysis under worstase are

flash conditions for all modes of operation. Provide an analysis of all possible operating
scenarios which will be or have been influenced by the proposed or completed additions to the
subject system.

2. Procedure

Identify dl locations and equipment to be included in theftash hazard analysis.
1. Prepare a onkne diagram of the power system.

2. Perform a shortircuit study in accordance with Section 6.1.

3. Perform a coordination study in accordance with Sectidn 6

4. Identify the possible system operating modes, includingréaker positions, parallel
generation, etc.

5. Calculate the arcing fault current flowing through each branch for each fault location
using empirical formula in accordance with NFPBEE, or other standards.

6. Determine the time required to clear the arcing fault current using the protective device
settings and associated trip curves.

7. Select the working distances based on system voltage and equipment class.
8. Calculate the ioident energy at each fault location at the prescribed working distance.
9. Determine the hazard/risk category (HRC) for the estimated incident energy level.
10. Calculate the flash protection boundary at each fault location.
11. Document thessessment in reports and dine diagrams.
12. Place appropriate labels on the equipment.

3. Study Report

Results of the arflash study shall be summarized in a final report containing the following
items:

1. Basis, method of hazard assessment,rg#gm, purpose, scope, and date of the study.

7N
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6. POWER SYSTEM STUDIES

6.3 Arc-Flash Hazard Analysis €ontinued

2. Tabulations of the data used to model the system components and a corresponding one
line diagram.

3. Descriptions of thecenarios evaluated and identification of the scenario used to
evaluate equipment ratings.

4.  Tabulations of equipment incident energies, hazard risk categories, and flash protection
boundaries. The tabulation shall identify and clearly note equipmerexbeeds
allowable incident energy ratings.

5. Required ardlash labeling and placement of labels.

6. Conclusions and recommendations.

KETA
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6. POWER SYSTEM STUDIES

6.4 Load-Flow Studies

1.

Scope of Study

Determineactive and reactive power, voltage, current, and power factor throughout the
electrical system. Provide an analysis of all possible operating scenarios which will be or have
been influenced by the proposed or completed additions or changes to the yatgect s

Procedure

The loadflow study shall be performed in accordance with the recommended practices and
procedures set forth in ANSI/IEEE standard 399.

Study Report

Results of the loaflow study shall be summarized in a final report contaitinegfollowing
items:

1. Basis, description, purpose, and scope of the study.

2. Tabulations of the data used to model the system components and a corresponding one
line diagram.

3. Descriptions of the scenarios evaluated and the basis for each.

4. Tabuations of power and current flow versus equipment ratings. The tabulation shall
identify percentage of rated load and the scenario for which the percentage is based.
Overloaded equipment shall be clearly noted.

5. Tabulations of system voltages versugipment ratings. The tabulation shall identify
percentage of rated voltage and the scenario for which the percentage is based. Voltag
levels outside the ranges recommended by equipment manufacturers, ANSI C84.1, or
other appropriate standards shall bewdienoted.

6. Tabulations of system real and reactive power losses with areas of concern clearly note

7. Conclusions and recommendations.
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6. POWER SYSTEM STUDIES
6.5 Stability Studies

1. Scope of Study

Determine the abilityoftn el ect r i c al systemds synchronous
one another following a disturbance. Provide an analysis of disturbances for all possible
operating scenarios which will be or have been influenced by the proposed or completed
additions orchanges to the subject system.

2. Procedure

The stability study shall be performed in accordance with the recommended practices and
procedures set forth in ANSI/IEEE standard 399.

3. Study Report

Results of the stability study shall be summarizedfina report containing the following
items:

1. Basis, description, purpose, and scope of the study.

2. Tabulations of the data used to model the system components and a corresponding one
line diagram.

3. Descriptions of the scenarios evaluated andlaions or graphs showing the
calculation results.

4. Conclusions and recommendations.

KETA
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6. POWER SYSTEM STUDIES

6.6 Harmonic-Analysis Studies

1.

Scope of Study

Determine the impact of nonlinear loads and their associated harmonic contslmutitre
voltage and currents throughout the electrical system. Provide an analysis of all possible
operating scenarios which will be or have been influenced by the proposed or completed
additions or changes to the subject system.

Procedure

The harmoit-analysis study shall be performed in accordance with the recommended practice
and procedures set forth in ANSI/IEEE standard 399.

Study Report

Results of the harmonignalysis study shall be summarized in a final report containing the
following items:

1.

2.

Basis, description, purpose, and scope of the study.

Tabulations of the data used to model the system components and a corresponding one
line diagram.

Descriptions of the scenarios evaluated and the basis for each.

Tabulations of rmsoltages, peak voltages, rms currents, and total capacitor bank
loading versus associated equipment ratings. Equipment with insufficient ratings shall
be clearly identified for each of the scenarios evaluated.

Tabulations of calculated voltage distort factors, current distortion factors, and
individual harmonics versus the limits specified by IEEE standard 519. Calculated
values exceeding the limits specified in the standard shall be clearly noted.

Plots of impedance versus frequency showingmrast frequencies to be avoided.

Tabulations of the system transformer capabilities based on the calculated nonsinusoid:
load current and the procedures set forth in ANSI/IEEE C57.110. Overloaded
transformers shall be clearly noted.

Conclusions athrecommendations.
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7. INSPECTION AND TEST PROCEDURES

7.1 Switchgear and Switchboard Assemblies
1. Visual and Mechanical Inspection
1. Inspect physical, electrical, and mechanical condition including evidence of moisture or corona.
2. Inspect anchorage,ighment, grounding, and required area clearances.
3. Prior to cleaning the unit, perform-fmund tests, if required.
4. Clean the unit.

5. Verify that fuse and/or circuit breaker sizes and types correspond to drawings and coordination
studyaswellas o t he circuit br eak econtmunicatdrdpackages. f or

6. Verify that current and voltage transformer ratios correspond to drawings.

7. Inspect bolted electrical connections for high resistance usingranereof the following
metods:

1. Use of a lowresistance ohmmeter in accordance with Sedtiar.

2. Verify tightness of accessible bolted electrical connections by calibrated-tergneh
met hod in accordance with manufactureros

3. Perform ahermographic survey in accordance with Secéion

8. Confirm correct operation and sequencing of electrical and mechanical interlock systems.
1.  Attempt closure on lockedpen devices. Attempt to open lockeldsed devices.
2. Make key exchange with all devices included in the interlock scheme as applicable.

9. Use appropriate lubrication on moving curreatrying parts and on moving and sliding
surfaces.

10. Verify correct barrier and shutter installation and operation.
11.  Exercise all active components.

12. Inspect mechanical indicating devices for correct operation.
13. Verify that filters are in place and/or vents are clear.

14. Perform visual and mechanical inspection of instrument transformers in accordance with
Section7.10.

* Optional
77N
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7. INSPECTION AND TEST PROCEDURES

7.1 Switchgear and Switchboard Assembliescontinued

15.

16.

Inspect control power transformers.

1. Inspect for physical damage, cracked insulation, broken leads, tightness of connections
defective wiring, and overall general condition.

2. Verify that primary and secondary fuse ratings or circuit breakers match drawings.

3. Verify correct functioningpf drawout disconnecting and grounding contacts and
interlocks.

Perform adeft tests.

2. Electrical Tests

1.

*3.

*4,

* Optional

Perform resistance measurements through bolted electrical connections withegisiance
ohmmeter in accordance with Sectiod.1, if aplicable.

Perform insulationresistance tests for one minute on each bus section -fmhpkase and
phasetogr ound. Apply voltage in accordance wi
absence of manufacturerds published dat a,

Perform adielectric withstandioltagetest on each bus section, each pkasgound with
phases not wunder test grounded, in accorda
manufacturer has no recommendation for this test, it shall be in accowiémdable 100.2.

The test voltage shall be applied for one minute. Refer to Séttidbefore performing test.

Perform insulatiofresistance tests on control wiring with respect to ground. The applied
potential shall be 500 volts dc for 396It rated cable and 1000 volts dc for eadlt rated

cable. Test duration shall be one minute. For units with-stdite components or control
devices that cannot tolerate the applied v

Perform electrical teston instrument transformers in accordance with Se@tibh
Perform grountlresistance tests in accordance with Sectids.

Determine accuracy of all meters and calibrate watthour meters in accordance with Section
7.11.

Control Power Trasformers

1. Perform insulatiosresistance tests. Perform measurements from wirtdimgnding

and eachwindingpgr ound. Test voltages shalll be
publ i shed dat a. I n the absence 0L manuf
RETA
N/
Page25

ANSI/NETA MTS -2011



7. INSPECTION AND TEST PROCEDURES

7.1 Switchgear and Switchboard Assembliescpntinued

2. Verify correct function of control transfer relays located in switchgear with multiple
power sources.

9. Verify operation of switchgear/switchboard heaters and their controller, if applicable.
10. Perform system function tests in accordandé Biectior8.
3. Test Values
3.1 Test Valuesi Visual and Mechanical

1. Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.1.1.7.1)

n accordance wi't

2. Bolttt orque | evels should be i
shed data, use Tabl e

of manufacturerods publi
3. Results of the thermographic survey shall be in accordanceSetion 9. (7.1.1.7.3)
3.2 Test Valuesi Electrical

1. Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the

lowest value.

2. Insulationr esi st ance values of bus i nsul ation sho
publ i shed dat a. I n the absence of manufactu
insul ation resistance | ess tdatomsshodldbs t abl e

investigatedDielectricwithstandvoltagetests should not proceed until insulati@sistance
levels are raised above minimum values.

3. If no evidence of distress or insulation failure is observed by the end of the total timtagévol
application during the test, the teglectric withstand voltagspecimen is considered to have
passed the test.

4.  Minimum insulationresistance values of control wiring should be comparable to previously
obtained results but not less than fmegohms.

5. Results of electrical tests on instrument transformers should be in accordance with Section 7.10.
6. Results of ground resistance tests should be in accordance with Section 7.13.

7. Accuracy of meters should be in accordance with Sectibh

* Optional
77N
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7. INSPECTION AND TEST PROCEDURES

7.1 Switchgear and Switchboard Assembliescontinued

8. Control Power Transformers

1. Insulatiorrresistance values of control power transformers should be in accordance with
manufacturerodéds published dat a. I n the a
Table 100.5. Values of insulationresist ce | ess than this tab

recommendations should be investigated.
2. Control transfer relays should perform as designed.

9. Heaters should be operational.

10. Results of system function tests shall be in accordance with Section 8.

* Optional
77N
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7. INSPECTION AND TEST PROCEDURES

7.2.1.1 Transformers, Dry Type, AirCooled, LowVoltage, Small

NOTE: This category consists of power transformers with windings rated 600 volts or less and sizes
equal to or less than 167 kVA singdbase 0600 kVA threephase.

1. Visual and Mechanical Inspection.
1. Inspect physical and mechanical condition.
2. Inspect anchorage, alignment, and grounding.
3. Prior to cleaning the unit, perform-fmund tests, if required.
4. Clean the unit.

5. Inspectbolted electrical connections for high resistance usingponaoreof the following
methods:

1. Use a of lowresistance ohmmeter in accordance with Sedtiarl.1.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-tergoneh
met hod in accordance with manufacturerds

3. Perform a thermographic survey in accordance with Se@tion

6. Perform adeft tests.

N

Verify that asleft tap connections are as specified.
2.  Electrical Tests

1. Peform resistance measurements through bolted connections withrasdmstance ohmmeter,
if applicable, in accordance with Sectiér2.1.1.1.

2. Perform insulatiofresistance tests windirig-winding and each windirtp-ground. Apply
voltage inaccordamc wi t h manuf acturerds published dat
published data, use Table 100C&lculatethe dielectric absorption ratio polarization index.

*3.  Perform turngratio tests at the designated tap position.

* Optional
77N
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7. INSPECTION AND TEST PROCEDURES

7.2.1.1 Transformers, Dry Type, AirCooled, LowVoltage, Small ¢ontinued

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

3.

4.

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.2.1.1.1.5.1)

Bolt-tt or que | evels should be in accordance wi
of manufactur er 0ablef0d.b2 (7.2.hleldb.2)d at a, use T

Results of the thermographic survey shall be in accordance with Section 9. (7.2.1.1.1.5.3)

Tap connections are left as found unless otherwise specified. (7.2.1.1.7)

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted ebtrical connection resistances to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

Minimum insulationresistance values of transformer insulationusthd®e in accordance with
manufacturerodéds published dat a. Il n the abse
Tablel0O. 5. Values of insulation resistance
recommendations should be investigaf&uke dielectric absorpon ratio orpolarization index

shall be compared to previously obtained results and should not be less than 1.0.

Turnsratio test results should not deviate more thant@lepercent from either the adjacent
coils or the calculated ratio.

KETA
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7. INSPECTION AND TEST PROCEDURES

7.2.1.2 Transformers, Dry Type, Air-Cooled, Large

NOTE: This category consists of power transformers with windings rated higher than 600 volts and
low-voltage transformers larger than 167 kVA singlease or 500 kVA threghase.

1. Visual and Mechanical Inspection
1. Inspect physical and mechanicaindition including evidence of moisture and corona.
2. Inspect anchorage, alignment, and grounding.
3. Prior to cleaning the unit, perform-fmund tests, if required.
4. Clean the unit.
*5.  Verify that control and alarm settings on temperature inolisaare as specified.
6. Verify that cooling fans operate correctly.

7. Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Section 7.2.1.2.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-tergoneh
met hod in accordance with manufacturerds

3. Perform a thermographic survey in accordance with Se@tion
8. Perform specific inspeicins and mechanical tests as recommended by the manufacturer.
9. Perform adeft tests.
10. Verify that asleft tap connections are as specified.

11. Verify the presence of surge arresters.

* Optional
77N
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7. INSPECTION AND TEST PROCEDURES

7.2.1.2 Transformers, Dry Type, AirCooled, Large ¢ontinued

2. Electrical Tests

1.

*4,

*7.

*9.

10.

11.

* Optional

Perform resistance measurements through bolted connections witkresistance ohmmeter,
if applicable, in accordance with Section 7.2.1.2.1.

Perform insulatiosrresistance tests wimy-to-winding and each windintp-ground. Apply
vol tage in accordance with manufactureros
published data, use Table 100.5. Calculate polarization index.

Perform insulation powsfactor or dissipatiofiactor tests on all windings in accordance with
the test equipment manufactureroés publ i she

Perform a powefactor or dissipatiofiactor tipup test on windings rated greater than 2.5 kV.
Perform turngratio tests at the designated tap posit

Perform an excitatiourrent test on each phase.

Measure the resistance of each winding at the designated tap position.

Measure core insulation resistance at 500 volts dc if the core is insulated and if the core groun
strap isremovable.

Perform an applied voltage test on all kighd lowvoltage windinggo-ground. See
ANSI/IEEE C57.12.91, Sections 10.2 and 10.9.

Verify correct secondary voltage phasephase and phage-neutral after energization and
prior to loadng.

Test surge arresters in accordance with Section 7.19.

NETA
S
Page31l

ANSI/NETA MTS -2011



7. INSPECTION AND TEST PROCEDURES

7.2.1.2 Transformers, Dry Type, AirCooled, Large ¢ontinued

3.1 Test Valuesi Visual and Mechanical

1.

5.
6.

Control and alarm settings on temperature i
recommendations for specified settings. (7.2.1.2.1.5)

Cooling fans should operate. (7.2.1.2.1.6)

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.2.1.2.1.1)

n accordance wi't

Bolt-t or que | evels should be i
shed data, use Tabl e

of manufacturerods publi
Results of the thermographic survey shall be in accordance with Sectiod. 9.21.7.3)

Tap connections shall be left as found unless otherwise specified. (7.2.1.2.1.10)

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from thosésimilar bolted connections by more than 50 percent of the
lowest value.

Minimum insulationresistance values of transformer insulation should be in accordance with
manufacturerodés published dat a. | n Table absen
100. 5. Values of insulation resistance | ess
should be investigated. The polarization index shall be compared to previously obtained results
and should not be less than 1.0.

Chand G powerfactoror dissipatiorfactor values will vary due to support insulators and bus
work utilized on dry transformers. The following should be expectedpmp&ner factors:

Power transformers: 2.0 percent or less
Distribution transformers: 5.0 percent or less

Const transformer manufacturero6s or test eq!
information.

Powerfactor or dissipatiotiactor tipup exceeding 1.0 percent should be investigated.

Turnsratio test results should not deviate more thia@half percent from either the adjacent
coils or the calculated ratio.

The typical excitation current test data pattern for a thegged core transformer is two similar
current readings and one lower current reading.

KETA
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7. INSPECTION AND TEST PROCEDURES

7.2.1.2 Transformers, Dry Type, AirCooled, Large ¢ontinued

7.

10.

11.

* Optional

Temperatureorrected windingesisance values should compare within one percent of
previouslyobtained results.

Core insulatiorresistance values should be comparable to previalgbined results but not
less than one megohm at 500 volts dc.

AC dielectric withstandestvoltageshall not exceed 65 percent of factory test voltage for one
minute duration. DCdielectric withstandestvoltageshall not exceed 100 percent of the ac
rmstest voltage specified in ANSI C57.12.91, Section 10.2 for one minute duration. If no
evidence of distress or insulation failure is observed by the end of the total time of voltage
application during théielectric withstand voltagtest, the tesspecima is considered to have
passed the test.

Phaseo-phase and phage-neutral secondary voltages should be in agreement with nameplate
data.

Test results for surge arresters shall be in accordance with Section 7.19.

NETA
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7. INSPECTION AND TEST PROCEDURES

7.2.2 Transformers, Liquid-Filled
1. Visual and Mechanical Inspection
1. Inspect physical and mechanical condition.
2. Inspect anchorage, alignment, and grounding.
3. Verify the presence of @B labeling, if applicable.
4.  Prior to cleaning the unit, perform-&sund tests, if required.
5. Clean bushings and control cabinets.

*6.  Verify operation of alarm, control, and trip circuits from temperature and level indicators,
pressure relief@vice, and fault pressure relay, if applicable.

7. Verify that cooling fans and/or pumps operate correctly.

8. Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmater n accordance with Sectiah2.2.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-tergoneh
met hod in accordance with manufacturerds

3. Perform a thermographic survey in accordance waittiSn9.
9. Verify correct liquid level in tanks and bushings.
10. Verify that positive pressure is maintained on-gesketed transformers.
11. Perform inspections and mechanical tests as recommended by the manufacturer.
12. Test load taghangerm accordance with Sectighl2, if applicable.
13. Verify the presence of transformer surge arresters.
14. Perform adeft tests.
15. Verify de-energized tayghanger position is left as specified.
2.  Electrical Tests

1. Perform resistance measurements through bolted connections withresist@ance ohmmeter,
if applicable, in accordance with Sectié2.2.1.

* Optional
77N
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7. INSPECTION AND TEST PROCEDURES

7.2.2 Transformers, Liquid-Filled (continued

2.

*8.

*9.
10.

11.

12.

* Optional

Perform insulatiofresistance tests, windirig-winding and each windingp-ground. Apply
voltage in accordance with manufactureros
published data, use Table 100.5. Calculate polarization index.

Perform turngratio tests at the designated tap position.

Perform insulation powefactor or dissipatioffiactor tests on all windings in accordance with
test equi pment manufacturerds published da

Perform poweifactor or dissipatiotfactor tests on each bushing.

Perform excitatiorcurrenttestt n accordance with the test e
published data.

Measure the resistance of each winding at the designated tap position.

If the core ground strap is accessible, remove and measure the core insulation resistance at 5
volts dc

Measure the percentage of oxygen in the gas blanket, if applicable.

Remove a sample of insulating liquid in accordance with ASX823. The sample shall be
tested for the following.

1. Dielectric breakdown voltage: ASTM 877 and/or ASTMD 1816

2. Acid neutralization number:; ANSI/ASTND 974

*3. Specific gravity: ANSI/ASTMD 1298

4. Interfacial tension: ANSI/ASTM 971 or ANSI/ASTMD 2285
5. Color: ANSI/ASTMD 1500

6. Visual Condition: ASTMD 1524

*7. Water in insulating liquids: ASTND 1533. (Required on 25 kV or higher voltages and

on all siliconefilled units.)

*8. Measure power factor or dissipation factor in accordance with ABT924.

Remove a sample of insulating liquid in accordance with ASY®613 and perform
dissolvedgas analysis (DGA) in accordance with ANSI/IEEE C57.104 or ASTM D3612.

Test the instrument transformers in accordance with Section 7.10.
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7. INSPECTION AND TEST PROCEDURES

7.2.2 Transformers, Liquid-Filled (continued

13. Test the surge arresters in accordance with Section 7.19.

14. Test the transformer neutral grounding impedance devices, if applicable.
3. Test Values
3.1 Test Valuesi Visual and Mechanical

1. Alarm, control, and trip circuits from temperature and level indicasnsell as pressure relief
device and fault pressure relay should oper;
specified settings. (7.2.2.1.6)

2. Cooling fans and/or pumps should operate. (7.2.2.1.7)

3. Compare bolted connection resistance &slto values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.2.2.1.8.1)

n accorheladbsence wi t

4. Bolt-t orque | evels should be i
shed data, use Table

of manufacturerods publi
5. Results of the thermographic survey shall be in accordance with Section 9. (7.2.2.1.8.3)

6. Liquid levels in the transformer tanks and bushings should be within indicateaht®er
(7.2.2.1.9)

7. Positive pressure should be indicated on pressure gauge {folagésted transformers.
(7.2.2.1.10)

3.2 Test Valuesi Electrical

1. Compare bolted connection resistance values to values of similar connections. Investigate
values whib deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

2. Minimum insulationresistance values of transformer insulation should be in accordance with
manufacturerdéds publ i shed dpublished data, use able ab s e n
100.5. Values of insulation resistance | ess
should be investigated. The polarization index shall be compared to previously obtained results
and should not be less than 1.0.

3. Tumsratio test results should not deviate by more tharhatfepercent from either the
adjacent coils or the calculated ratio.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.2.2 Transformers, Liquid-Filled (continued

4.

10.
11.
12.
13.
14.

* Optional

Maximum powetfactor/dissipatioffactor values of liquiefilled transformers corrected to
20°C should be in accordancewithh e t r ansf or mer manufactur el
Representative values are indicated in Table 100.3.

Investigate bushing powdactor and capacitance values that vary from nameplate values by
more than ten percent. Hobllar tests are evaluated on alrampere/milliwatt loss basis, and
the results should be compared to values of similar bushings.

Typical excitationrcurrent test data pattern for a thtegged core transformer is two similar
current readings and one lower current reading.

Temperature corrected windhngsistance values should compare within one percent of
previously obtained results.

Core insulation values should be comparable to previously obtained results but not less than o
megohm at 500 volts dc.

Investigate lte presence of oxygen in the nitrogen gas blanket.

Insulating liquid values should be in accordance with Table 100.4.

Evaluate results of dissolvaghas analysis in accordance with ANSI/IEEE Standard C57.104.
Results of electrical tests orsirument transformers shall be in accordance with Section 7.10.
Results of surge arrester tests shall be in accordance with Section 7.19.

Compare grounding impedance device values to previously obtained results. In the absence o
previouslyobtm ed val ues, compare obtained values
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7. INSPECTION AND TEST PROCEDURES

7.3.1 Cables, Lowvoltage, Low-Energy

I RESERVEDT

* Optional
77N
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7. INSPECTION AND TEST PROCEDURES
7.3.2 Cables, Lowvoltage, 600Volt Maximum

1. Visual and Mechanical Inspection
1. Inspect exposed sections of cables for physical damage and evidence of overheating.

2. Inspect bolted electrical connections for high resistance usingranereof the following
method:

1. Use of a lowresistance ohmmeter in accordance with SedtidrR.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-terqoneh
met hod in accordance with manufacturerd

3. Perform ahermographic survey in accordance with Secéion
3. Inspect compressieapplied connectors for correct cable match and indentation.
2. Electrical Tests

1. Perform resistance measurements through bolted connections witkr@sistance ohmmeter,
if applicable, in accordance with Secti@r3.2.1.

2. Perform an insulationesistance test on each conductor with respect to ground and adjacent
conductors. The applied potential shall be 500 volts dc forvd@Qated cable and 1000 volts
dc for 600volt rated cable. The test duration shall be one minute.

3.  Verify uniform resistance of parallel conductors.
3. Test Values
3.1 Test Valuesi Visual and Mechanical

1. Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.3.2.1.2.1)

2. Bolttt orque | evels should be in accordance wi
of manufactur er 6 Dle p00.p2| (v.3212@) dat a, wuse Ta

3. Results of the thermographic survey shall be in accordance with Section 9. (7.3.2.1.2.3)

* Optional
77N
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7. INSPECTION AND TEST PROCEDURES
7.3.2 Cables, Lowoltage, 600Volt Maximum (continued

3.2 Test Valuesi Electrical
Compare bolted connection resistance values to values of similar connections. Investigate

1.
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.
2. Insulationresistance values should be comparable to previously obtained results and similar
circuits but not less than two megohms.
3. Deuviations in resistance between parallel conductors shall be investigated.
* Optional
7N
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7. INSPECTION AND TEST PROCEDURES

7.3.3 Cables, Medium and High-Voltage

1. Visual and Mechanical Inspection

1.

*7.

Inspect exposed sections of cables for physical damage and evidence of overheating and
corona.

Inspect terminations and splices for physicahdge, evidence of overheating, and corona.

Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with SedtigrB.2.

2. Verify tightness of accessibolted electrical connections by calibrated torguench
met hod in accordance with manufacturerd

3. Perform a thermographic survey in accordance with Se@tion
Inspect compressieapplied connectors for correct ¢alonatch and indentation.
Inspect shield groundingnd cable suppart

Verify that visible cable bends meet or ex
allowable bending radius.

Inspect fireproofing in common cable areas.

If cables argerminated through windotype current transformers, inspect to verify that neutral
and ground conductors are correctly placed and that shields are correctly terminated for
operation of protective devices.

2. Electrical Tests

1.

* Optional

Perform resistance measurements through bolted connections witkresistance ohmmeter,
if applicable, in accordance with Sectié:3.3.1.

Perform an insulationesistance test individually on each conductor with all other conductors
and shieldsgrunded. Apply voltage in accordance
absence of manufacturerds published dat a,

Perform a shielgtontinuity test on each power cable by ohmmeter method.

NETA
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7. INSPECTION AND TEST PROCEDURES
7.3.3 Cables, Mediumand High-Voltage (continued

Due to the various cable testing methods commercially available, the following section does not denote
Aoptional 0 or Ar e earefukeadalysistofeal diraiit paraneteris setweemthey af t e
testing entity and the cable owner thatreferred testing method should dmected

4. In accordance with ICEA, IEC, IEEE and other power cable consensus standards, testing can be
performed by meamnof direct current, power frequency alternating current, or very low
frequency alternating current. These sources may be used to perform insulation withstand tests,
and diagnostic tests such as partial discharge analysis, and powenfadissipationdctor.
The selection can only be made after an evaluation of the available test methods and a review of
the installed cable system.

4.1 DielectricWithstand

1. Directcurrent (DC)dielectric withstand voltage
2. Very low frequency (VLFXielectricwithstand voltage
3. Powerfrequency (50/60 Hzjielectric withstand voltage

4.2  Diagnostic Tests

1. Powerfactortissipationfactor (andelta)
1. Powerfrequency (50/60 Hz)
2. Verylow frequency (VLF)

2. DC insulationresistance

3. Partialdischarge
1. Online (50/60 Hz)
2. Offline

1. Powerfrequency (50/60 Hz)

2. Verylow frequency (VLF)

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.3.3 Cables, Mediumand High-Voltage (continued

3 Test Values

3.1 Test Valuesi Visual and Mechanical

1.

Compare bolted connection resistance values to values of similar connectrestighte
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.3.3.1.3.1)

Bolt-tt or que | evels should be in accordance wi
of manuf act didate, us@ $ablp 100.12. (&3134.3.2)

Results of the thermographic survey shall be in accordance with Section 9. (7.3.3.1.3.3)

The minimum bend radius to which insulated cables may be bent for permanent training shall
be in accordance with Table 100.22. (7.3.3.1.6)

3.2 Test Valuesi Electrical

1.

41

4.2

* Optional

Compare bolted connection resistance values to values of similar connectionsmatees
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

Insulationr esi st ance values should be in accord:
absence of manuf a ade Uiable 100.5kValpes of Insulatioreresistanaetless,
than this table or manufacturerds recommen

Shielding shall exhibit continuity. Investigate resistance values in excess of ten ohms per 100(
feet of cable.

If no evidence of distress or insulation failure is observed by the end of the total time of voltage
application during théest, the test specimen is considered to have passed the test.

Based on the test methodology chosen, refer to applicable standardsroru f act ur er 6
for acceptable values.
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7. INSPECTION AND TEST PROCEDURES

7.4 MetalEnclosed Busways

1. Visual and Mechanical Inspection

1.
2.
3.

6.

Inspect physical and mechanical condition.
Inspect ancorage, alignment, and grounding.

Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtidr?.

2. Verify tightness of accessible bolted@hecal connections and bus joints by calibrated
torquewr ench met hod i n accordance with manuf
100.12.

3. Perform a thermographic survey in accordance with Se@tion

Confirm physical orientation in accordance withmagna ct ur er 6 s | abel s t o
cooling.

Examine outdoor busvhaoy efoorplrueggmaov alf oafp pid weceap
installation of joint shield.

Inspect and clean ventilating openings.

2. Electrical Tests

1.

*4,

5.

* Optional

Perform resistace measurements through bolted connections and bus joints with a low
resistance ohmmeter, if applicable, in accordance with Settoh.

Perform insulation resistance tests on each busway for one minutefpiphsse and phase
to-ground. Applyvai age i n accordance with manufacture
manufacturerdéds published data, use Table 10

Perform adielectric withstand voltagest on each busway, phaseground with phases not

under test grounded, in accordancewitma nuf act urer 6s publ i shed d
recommendation for this test, it shall be in accordance with Table 100.17. Where no dc test

value is shown in Table 100.17, ac value shall be used. The test voltage shall be applied for one
minute.

Perform a contaatesistance test on each connection point of uninsulated busway. On insulated
busway, measure resistance of assembled busway sections and compare values with the
adjacent phases.

Verify operation of buswagpaceheaters.

KETA
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7. INSPECTION AND TEST PROCEDURES

7.4 MetalEnclosed Buswaysdontinued

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

2

3.

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from thosesimilar bolted connections by more than 50 percent of the
lowest value. (7.4.1.3.1)

n accordance wi

Bolt-t or que | evels should be i
shed data, use Tabl

of manufactureros publ i

Resuts of the thermographic survey shall be in accordance with Section 9. (7.4.1.3.3)

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar boltedmections by more than 50 percent of the
lowest value.

Insulatiorrresistanceest voltages and resistance values shall be in accordance with
manufacturerdds specifications or Table 100C
100Gfoot busway run. Use the following formula to convert the measured resistance value to
the 1006foot nominal value:

Rioo0 1= Measured Resistance x -€ndth of Run
1000 ft 1000

Converted values of i nsul ation resistance
minimum should be investigateielectric withstand voltagiests shall not proceed until
insulationresistance levels are raised above mimn values.

If no evidence of distress or insulation failure is observed by the end of the total time of voltage
application during thdielectric withstand voltagest, the test specimen is considered to have
passed the test.

Microhm ordc milli volt drop values should not exceed the high levels of the normal range as
indicated in the manufacturerds published
investigate values which deviate from those of similar bus connections and sections by more
than 50 percent of the lowest value.

Heaters should be operational.
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7. INSPECTION AND TEST PROCEDURES
7.5.1.1 Switches, Air, LowVoltage

1. Visual and Mechanical Inspection
1. Inspect physical and mechanical condition.
2. Inspect anchorage, alignment, grounding, and required clearances.
3. Prior to cleaning the unit, perform-fmund tests, if required.
4. Clean the unit.
5. Verify correct blade alignment, blade penetration, travel stops, and mechanical operation.

6. Verify that fuse sizes and types are in accordance with drawings;cstoont study, and
coordination study.

7. Verify that each fuse has adequate mechanical support and contact integrity.

8. Inspect bolted electrical connections for high resistasagy oneor moreof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtibril.1.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-tergoneh
met hod i n accor dan cleshedwdata br Table 800.12act ur er 0 s

3. Perform a thermographic survey in accordance with Se@tion
9. Verify operation and sequencing of interlocking systems.
10. Verify phasebarrier mounting is intact.
11. Verify correct operation of indicating and contdevices.

12. Use appropriate lubrication on moving curreatrying parts and on moving and sliding
surfaces.

13. Perform adeft tests.

* Optional
77N
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7. INSPECTION AND TEST PROCEDURES

7.5.1.1 Switches, Air, LowVoltage (continued

2. Electrical Tests

1.

6.
7.

Perform resistance measurements through bolted connections witkresistance ohmmeter,
if applicable, in accordance with Sectiérb.1.1.1.

Measure contact resistance across each switchblade and fuseholder.

Perform insulatiosresistance test®f one minute on each pole, phdsghase and phage-

ground with switch closed and across each open pole. Apply voltage in accordance with
manufacturerodéds published dat a. Il n the abse
100.1.

Measure fuseesistance.
Verify cubicle spacéeater operation.
Perform a groundault test in accordance with Sectiéri4, if applicable.

Perform tests on other protective devices in accordance with Section 7.9, if applicable.

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

3.

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.5.1.1.1.8.1)

n accordance wi

Bolt-t or que | evels should be i
shed data, use Tabl

of manufacturerods publi

Results of the thermographic survey shall be in accordance with Section 9. (7.1.1.1.8.3)

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

Microhm ordc millivolt drop values should not exceed the high levels of the normal range as
indicated in the manufacturerds published
investigate values that deviate from adjacent poles or similar switches by more than 50 percer
of the lowest value.
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7. INSPECTION AND TEST PROCEDURES

7.5.1.1 Switches, Air, LowVoltage (continued

3.

* Optional

Insulationr esi st ance values should be i n accordan
absence of manufacturerds published data, u
than this tabl e o rdations shouddeinvestigateddo s r ec o mme n

Investigate fuseesistance values that deviate from each other by more than 15 percent.
Heaters should be operational.
Ground fault tests should be in accordance with Section 7.14.

Results of protective dese tests should be in accordance with Section 7.9.
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7. INSPECTIONAND TEST PROCEDURES
7.5.1.2 Switches, Air, Mediurrvoltage, MetalEnclosed

1. Visual and Mechanical Inspection
1. Inspect physical and mechanical condition.
2. Inspect anchorag alignment, grounding, and required clearances.
3. Prior to cleaning the unit, perform-fmund tests, if required.
4. Clean the unit.

5. Verify correct blade alignment, blade penetration, travel stops, arc interrupter operation, and
mechanical operain.

6. Verify that fuse sizes and types are in accordance with drawings;céfooiit studies, and
coordination study.

7. Verify that expulsiodimiting devices are in place on all fuses having expultype elements.
8. Verify that each fuseholdéras adequate mechanical support and contact integrity.

9. Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtibril.2.2.

2. Verify tightnes of accessible bolted electrical connections by calibrated tovoprech
met hod in accordance with manufacturerd

3. Perform a thermographic survey in accordance with Se@tion
10. Verify operation and sequencingiaferlocking systems.
11. Verify that phaséarrier mounting is intact.
12. Verify correct operation of all indicating and control devices.

13. Use appropriate lubrication on moving curreatrying parts and on moving and sliding
surfaces.

14. Perform adeft tests.

* Optional
77N
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7. INSPECTION AND TEST PROCEDURES

7.5.1.2 Switches, Air, MediumVoltage, MetalEnclosed ¢ontinued

2. Electrical Tests

1. Perform resistance measurements through bolted connections witkresistance ohmmeter,
if applicable, inaccordance with Sectioh5.1.2.1.

2. Measure contact resistance across each switchblade assembly and fuseholder.

3. Perform insulatiosresistance tests for one minute on each pole, glogsease and phage-
ground with switch closed and across eagglropole. Apply voltage in accordance with
manufacturerodés published dat a. I n the absen
100.1.

4. Perform adielectric withstand voltagest on each pole with switch closed. Test each-foele
ground withallot her pol es grounded. Test voltage sh
published data or Table 100.2.

5. Measure fuse resistance.

6. Verify cubicle spac@eater operation.

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

3.

Compare boltedonnection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.5.1.2.1.9.1)

Bolt-torque levels should be in accordance with marwit ur er 6 s publ i shed d
of manufacturerdéds published data, wuse Tabl e

Results of the thermographic survey shall be in accordance with Section 9. (7.5.1.2.1.9.3)

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted carection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

Microhm ordc millivolt drop values should not exceed the high levels of the normal range as
indicated in the manufacturerdés published d
investigate values that deviate from adjacent poles or similar switches by more than 50 percent
of the lowest value.
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7. INSPECTION AND TEST PROCEDURES

7.5.1.2 Switches, Air, MediumVoltage, MetalEnclosed ¢ontinued

3. Insulationr esi st ance values should be in accord:
absence of manufacturerds published dat a,
than this t abl e mmendatoasrshodldabe investigatBiblectriawithstand
voltage tests shall not proceed until insulaticesistance levels are raised above minimum
values.

4. If no evidence of distress or insulation failure is observed by the end of the total iinieagé
application during thdielectric withstand voltagest, the test specimen is considered to have
passed the test.

5. Investigate fuse resistance values that deviate from each other by more than 15 percent.

6. Heaters should be operational.

* Optional
NETA
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7. INSPECTION AND TEST PROCEDURES
7.5.1.3 Switches, Air, Mediummand High-Voltage, Open

1. Visual and Mechanical Inspection
1. Inspect physical and mechanical condition.
2. Inspect anchorage, alignment, grounding, and redualearances.
3. Prior to cleaning insulators, performfasind tests, if required.
4. Clean the insulators.

5. Verify correct blade alignment, blade penetration, travel stops, arc interrupter operation, and
mechanical operation.

6. Verify that fusesizes and types are in accordance with drawings,-shiotiit studies, and
coordination study.

7. Verify that each fuseholder has adequate mechanical support and contact integrity.

8. Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtibrl.3.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-tergneh
met hod in accordance widonTabelfQulR.act ur er 6s

3. Perform a thermographic survey in accordance with Se@tion
9. Verify operation and sequencing of interlocking systems.

100. Perform mechanical operator tests in accord
applicable.

11. Verify correct operation and adjustment of motor operator limit switches and mechanical
interlocks, if applicable.

12. Use appropriate lubrication on moving curreatrying parts and on moving and sliding
surfaces.

13. Perform adeft tests.

14. Recordasfound and ageft operation counter readings.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.5.1.3 Switches, Air, Mediumand High-Voltage, Open €ontinued

2. Electrical Tests

1.

*4,

Perform resistance measurements through bolted connectionslamtfresistance ohmmeter,
if applicable, in accordance with Sectiérb.1.3.1.

Perform a contaatesistance test across each switchblade and fuseholder.

Perform insulatiosresistance tests for one minute on each pole, gogsease and phage-

ground with switch closed and across each open pole. Apply voltage in accordance with
manufacturerodéds published dat a. Il n the abse
100.1.

Perform insulatiosresistance tests on all control wiring with reggearound. The applied
potential shall be 500 volts dc for 396It rated cable and 1000 volts dc for 8@t rated

cable. Test duration shall be one minute. For units with-stditt components or control

devices that cannot tolerate the appliedyka, f ol | ow manuf acturer 6

Perform adielectric withstand voltagest on each pole with switch closed. Test each-jmele
ground with all other poles grounded. Test
published data or Table 100.19.

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

3.
4.

Compare boltedonnection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.5.1.3.1.8.1)

Bolt-torque levels should be in accordance withnhiaauc t ur er 6 s publ i shed

of manufacturerdés published data, wuse Tabl
Results of the thermographic survey shall be in accordance with Section 9. (7.5.1.3.1.8.3)

Operation counter should advance one digitgi@seopen cycle(7.5.1.3.1.14)

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowestvalue.

Microhm ordc millivolt drop values should not exceed the high levels of the normal range as
indicated in the manufacturerds published
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7. INSPECTION AND TEST PROCEDURES

7.5.1.3 Switches, Air, Mediumand High-Voltage, Open €ontinued

* Optional

investigate values that deviate from adjacent poles or similar switches by more than 50 percent
of the lowest value.

Insulationr esi st ance values should be in accordan
absence of manufacturerds published data, u
than this tabl e mendatiorsshodldabe investigatBublectriawithstanch
voltagetests should not proceed until insulati@sistance levels are raised above minimum

values.

Minimum insulationresistance values of control wiring should be comparable to previously
obtaned results but not less than two megohms.

If no evidence of distress or insulation failure is observed by the end of the total time of voltage
application during théielectric withstandoltagetest, the test specimen is considered to have
passed th test.
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7. INSPECTION AND TEST PROCEDURES
7.5.2 Switches, Oil, MediumVoltage

1. Visual and Mechanical Inspection
1. Inspect physical and mechanical condition.
2. Inspect anchorage, alignment, groundiagd required clearances.
3. Prior to cleaning the unit, perform-fmund tests, if required.
4. Clean the unit.

5. Perform mechanical operator tests in accor
applicable.

6. Verify correct operation and adjtment of motor operator limit switches and mechanical
interlocks, if applicable.

*7.  Verify correct blade alignment, blade penetration, travel stops, arc interrupter operation, and
mechanical operation.

8. Verify that each fuseholder has adequate machbsupport and contact integrity, if
applicable.

9. Verify that fuse sizes and types are in accordance with drawings, short circuit studies, and
coordination study.

10. Test all electrical and mechanical interlock systems for correct operation aeticeqgu

11. Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with SedtibrR.2.

2. Verify tightness of accessible bolted electrical connectiorsablgrated torquavrench
met hod in accordance with manufacturerd

3. Perform a thermographic survey in accordance with Se@tion
12. Verify that insulating oil level is correct.
13. Inspect and/or replace gaskets aonamended by the manufacturer.

14. Use appropriate lubrication on moving curreatrying parts and on moving and sliding
surfaces.

* Optional
77N
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7. INSPECTION AND TEST PROCEDURES

7.5.2 Switches, Oil, MediurriVoltage(continued

15.

16.

Perform adeft tests.

Record adound and ageft operation counter readings, if applicable.

2. Electrical Tests

1.

*4,

*5.

*6

Perform resistance measurements through bolted connections witkresistance ohmmeter,
if applicable, in accordance with Sectiérb.2.1.

Perform a coract/poleresistance test.

Perform insulatiosresistance tests for one minute on each pole, gogsease and phage-

ground with the switch closed, and across each open pole. Apply voltage in accordance with
manufacturer 6 s puebnlcies hoefd ndaantuaf.a cltnu rtehred sa bpsu b |
100.1.

Perform insulatiosresistance tests on all control wiring with respect to ground. The applied
potential shall be 500 volts dc for 396It rated cable and 1000 volts dc for 8@t rated

cable.Test duration shall be one minute. For units with ssiate components or control
devices that cannot tolerate the applied vo

Perform adielectric withstand voltagéest on each pole with switch close@sT each polo-
ground with all other poles grounded. Test
published data or Table 100.19.

Remove a sample of insulating liquid in accordance with A&X823. Sample shall be tested
in accordance witthe referenced standard.

1. Dielectric breakdown voltage: ASTM 877
2. Color: ANSI/ASTMD 1500

3. Visual condition: ASTMD 1524

3. Test Values

3.1 Test Valuesi Visual and Mechanial

1

* Optional

Compare bolted connection resistance values to valuemsidér connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.5.2.1.11.1)

Bolt-t or que | evels should be in accordance wit
ofmanufactureroés published data, use Table 1
RETA
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7. INSPECTION AND TEST PROCEDURES

7.5.2 Switches, Oil, MediurriVoltage(continued

3.
4.

Results of the thermographic survey shall be in accordance with Section 9. (7.5.2.1.11.3)

Operations counter should advance one digicfmseopen cycle. (7.5.2.16)

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

Microhm ordc millivolt drop valuesshould not exceed the high levels of the normal range as
indicated in the manufacturerds published
investigate values that deviate from adjacent poles or similar switches by more than 50 percer
of the lowestalue.

Insulationr esi stance values should be Iin accord;
absence of manufacturerds published dat a,
than this tabl e or ma hould e investigaedidlectriawithstanshme n
voltagetests should not proceed until insulati@sistance levels are raised above minimum
values.

Insulatiorrresistance values of control wiring should be comparable to previously obtained
results but not less than two megohms.

If no evidence of distress or insulation failure is observed by the end of the total time of voltage
application during tadielectric withstand voltagtest, the test specimen is considered to have
passed the test.

Insulating liquid test results should be in accordamitie Table 100.4.
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7. INSPECTION AND TEST PROCEDURES

7.5.3 Switches, Vacuum, MediurYoltage
1. Visual and Mechanical Inspection
1. Inspect physical and mechanical condition.
2. Inspect anchorage, alignment, grounding, and required clearances.
3. Prior to cleaning the unit, perform-fmund tests, if required.
4. Clean the un.

5. Perform mechanical operator tests in accord
applicable.

6. Verify correct operation and adjustment of motor operator limit switches and mechanical
interlocks, if applicable.

7. Measure critical distances operating mechanism as recommended by the manufacturer.

8. Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmmeter. See Seciidn3.2.

2. Verify tightness of accese bolted electrical connections by calibrated torguench
met hod in accordance with manufactureros

3. Perform a thermographic survey in accordance with Se@tion
9. Inspect insulating assemblies for evidence of mayslamage or contaminated surfaces.
10. Verify that each fuseholder has adequate support and contact integrity.

11. Verify that fuse sizes and types are in accordance with drawingscafooiit studies, and
coordination study.

12. Test all electricahnd mechanical interlock systems for correct operation and sequencing.
13. Verify that insulating oil level is correct, if applicable.

14. Use appropriate lubrication on moving curreatrying parts and on moving and sliding
surfaces.

15. Perform adeft tests.

16. Record adound and ageft operation counter readings, if applicable.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.5.3 Switches, Vacuum, MediurYoltage (continued

2. Electrical Tests

1.

*6.

*7.

8.

Perform resistance measurements through bolted elatonnections with a lowesistance
ohmmeter, if applicable. See Sectitb.3.1.

Perform a contact/poleesistance test.

Perform insulatiosresistance tests for one minute on each pole, gogsease and phage-

ground with switch closed, aratross each open pole. Apply voltage in accordance with
manufacturerodéds published dat a. Il n the abse
100.1.

Perform a vacuum bottle integritgli€lectric withstand voltageest across each vacuum bottle
wit h the switch in the open position ian str

Remove a sample of insulating liquid, if applicable, in accordance with ASBZ3. The
sample shall be tested in accordance with the referenced standard.

1. Dielectric breakdown voltage: ASTM 877
2. Color: ASTMD 1500
3. Visual condition: ASTMD 1524

Perform insulatiofresistance tests on all control wiring with respect to ground. The applied
potential shall be 500 volts dc for 3906It rated cablerad 1000 volts dc for 6GQolt rated
cable. Test duration shall be one minute. For units with-stditt components, follow the
manufacturerd6s recommendati on.

Perform adielectric withstand voltage e st i n accordance wit.h ma

Verify open and close operation from control devices, if applicable.

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

* Optional

Critical distances of operating mechanism
published data. (7.5.3.1.7)

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.5.3.1.8.1)
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7. INSPECTION AND TEST PROCEDURES

7.5.3 Switches, Vacuum, MediurYoltage (continued

3.

4.

5.

Bolt-torque levels should be in accordancewsi manuf acturer s publ i sh
of manufacturerdéds published data, use Tabl e

Results of the thermographic survey shall be in accordance with Section 9. (7.5.3.1.8.3)

Operation counter should advance one digitgdoseopen cycle. (7.5.3.1.16)

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowestvalue.

Microhm ordc millivolt drop values should not exceed the high levels of the normal range as
indicated in the manufactureroés published d
investigate values that deviate from adjacent poles or siawidches by more than 50 percent

of the lowest value.

Insulationr esi st ance values should be in accordan
absence of manufacturerds published data, u
than this table or manuf ac tstigatedDiélectricwihstanchme n d
voltagetests shoulahot proceed until insulatieresistance levels are raised above minimum

values.

If no evidence of distress or insulation failure is observed by the end of the total time of voltage
application duringhe vacuum bottle integrity test, the test specimen is considered to have
passed the test.

Insulating liquid test results should be in accordance with Table 100.4.

Insulatiorrresistance values of control wiring should be comparable to previousiyned
results but not less than two megohms.

If no evidence of distress or insulation failure is observed by the end of the total time of voltage
application during thdielectric withstand voltagest, the test specimen is considered to have
passedhe test.

Results of open and close operation from control devices should be in accordance with system
design.

KETA
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7. INSPECTION AND TEST PROCEDURES
7.5.4 Switches, S§ Medium-Voltage

1. Visual and Mechanicallnspection
1. Inspect physical and mechanical condition.
2. Inspect anchorage, alignment, grounding, and required clearances.
3. Prior to cleaning the unit, perform-fmund tests, if applicable.
4. Clean the unit.

5. Inspect and service mechanicakogtor and S§gas insulated system in accordance with the
manufacturerodéds published dat a.

6. Verify correct operation of SFjas pressure alarms and limit switches, if applicable, as
recommended by the manufacturer.

7. Measure critical distances as regoanded by the manufacturer.

8. Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Section 7.5.4.2.

2. Verify tightness of accessible bolted elezt connections by calibrated torqueench
met hod in accordance with manufacturerd
manufacturerdés dat a, use Table 100.12.

3. Perform a thermographic survey in accordance with Section 9.

9. Verify that fuse sizes angpes are in accordance with drawings, sfeodtuit studies, and
coordination study.

10. Verify that each fuseholder has adequate mechanical support and contact integrity.
11. Verify operation and sequencing of interlocking systems.

12. Use appropriatiubrication on moving currefttarrying parts and on moving and sliding
surfaces.

13. TestforSkgas | eaks i n accordance with manufact
14. Perform adeft tests.

15. Record afound and ageft operation counter readings, if amalble.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.5.4 Switches, S§ Medium-Voltage (continued

2. Electrical Tests

1.

*4,

*6.

\ *7.

8.

Perform resistance measurements through accessible bolted electrical connections with a low
resistance ohmmeter, if applicable. S&etion 7.5.4.1.

Perform a contaatesistance test.

Perform insulatiosresistance tests for one minute on each pole, gogsiease and phage-

ground with switch closed, and across each open pole. Apply voltage in accordance with
manuf acthlriesldesd pdat a. Il n the absence of mani
100.1.

Remove a sample of $§as and test in accordance with Table 100.13.

Perform adielectric withstand voltagest across each gas bottle with the switch in the open
position in accordance with manufactureros

Perform insulatiofresistance tests on all control wiring with respect to ground. The applied
potential shall be 500 volts dc for@9olt rated cable and 1000 volts dc for 6@t rated
cable. Test duration shall be one minute. For units with-stditt components, follow
manufacturerod6s recommendati on.

Perform adielectric withstand voltagest in accordance with manufacturé s publ i shed

Verify open and close operation from control devices, if applicable.

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

* Optional

Critical distances of operating mechanism s
published data.7(5.4.1.7)

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.5.4.1.8.1)

Bolt-torque levelsshould e i n accordance with manufacture
of manufacturerdéds published data, use Tabl e

Results of the thermographic survey shall be in accordance with Section 9. (7.5.4.1.8.3)

Operations counter shoutdlvance one digit per clogpen cycle. (7.5.4.1.15)

KETA
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7. INSPECTION AND TEST PROCEDURES

7.5.4 Switches, S§ Medium-Voltage (continued

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more thzaeré&ht of the
lowest value.

Microhm ordc millivolt drop values should not exceed the high levels of the normal range as
indicated in the manufacturerds published
investigate values that deviate fromamnt poles or similar switches by more than 50 percent
of the lowest value.

Insulationr esi st ance values should be i n accor d;
absence of manufacturerds publ i snhresistancedessa ,
than this table or manuf act ur e Diélectricwihstancthme n
voltagetests should not proceed until insulati@sistance levels are raised above minimum
values.

Results of Skgas tests should be awcordance with Table 100.13.

If no evidence of distress or insulation failure is observed by the end of the total time of voltage
application during thdielectric withstand voltagest, the test specimen is considered to have
passed the test.

Insulationresistance values of control wiring should be comparable to previously obtained
results but not less than two megohms.

If no evidence of distress or insulation failure is observed by the end of the total time of voltage
application during thdielectric withstand voltagest, the test specimen is considered to have
passed the test.

Results of open and close operatimm control devices should be in accordance with system
design.
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7. INSPECTION AND TEST PROCEDURES

7.5.5 Switches, Cutouts
1. Visual and Mechanical Inspection
1. Inspect physical and mechanical condition.
2. Inspect anchorage, alignment, and grounding, if applicable.
3. Prior to cleaning the unit, perform-sund tests.
4. Clean the unit.

5. Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of dow-resistance ohmmeter in accordance with Section 7.5.5.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-tergoneh
met hod in accordance with manufacturerds
manufact ur erausse TanieblDOL12 hed dat

3. Perform a thermographic survey in accordance with Section 9.

6. Verify correct blade alignment, blade penetration, travel stops, latching mechanism, and
mechanical operation.

7. Verify that fuse size and types are in accordanitie dvawings, shortircuit study, and
coordination study.

8. Verify that each fuseholder has adequate mechanical support and contact integrity.
9. Perform adeft tests.
2.  Electrical Tests

1. Perform resistance measurements through bolted connegitbres low-resistance ohmmeter,
if applicable, in accordance with Section 7.5.5.1.

2. Measure contact resistance across each cutout.

3. Perform insulatiosresistance tests for one minute on each pole, gogsiease and phage-
ground with switch closednd across each open pole. Apply voltage in accordance with

manufacturerdéds published dat a. I n the absen
100.1.

4. Perform adielectric withstand voltagest on each pole, phase to ground with cutout closed.
Ground adjacent cutout s, i f applicable. Tes
publ i shed dat a. I n the absence of manufactu

* Optional
/N
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7. INSPECTION AND TEST PROCEDURES

7.5.5 Switches, Cutoutscpntinued

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

3.

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.5.5.1.5.1)

Bolt-torque levels should be inaccordae wi t h manuf acturer s pu
of manufacturerodés published data, wuse Tabl

Results of the thermographic survey shall be in accordance with Section 9. (7.5.5.1.5.3)

3.2 Test Valuesi Electrical

1.

* Optional

Comparebolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

Microhm ordc millivolt drop values should not exceed the highels of the normal range as
indicated in the manufacturerdés published
investigate values which deviate from adjacent poles or similar switches by more than 50
percent of the lowest value.

Insulationre si st ance values should be in accorda
absence of manufacturerds published dat a,
than this table or manuf act ur e Diélectriawithstantime n
voltagetests should not proceed until insulati@sistance levels are raised above minimum
values.

If no evidence of distress or insulation failure is observed by the end of the total time of voltage
application during thdielectic withstand voltageest, the test specimen is considered to have
passed the test.
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7. INSPECTION AND TEST PROCEDURES

7.6.1.1 Circuit Breakers, Air, InsulatedCase/MoldedCase
1. Visual and Mechanical Inspection
1. Inspect physical and mechanicaindition.
2. Inspect anchorage and alignment.
3. Prior to cleaning the unit, perform-fmund tests, if required.
4. Clean the unit.
5. Operate the circuit breaker to insure smooth operation.

6. Inspect bolted electrical connections for high reastausing oner moreof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtiéri.1.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-ergneh
met hod i n accor da rpebkshed datalor Tabke A00.i2act ur er 6 s

3. Perform a thermographic survey in accordance with Se@tion
7. Inspect operating mechanism, contacts, and arc chutes in unsealed units.

8. Perform adjustments for fingrotective devicaetting in accordance with coordination study
provided by end user.

9. Perform adeft tests.

2. Electrical Tests

1. Perform resistance measurements through bolted connections witkresistance ohmmeter,
if applicable, in accordance with Sectidr.1.1.1.

2. Perform insulatiofresistance tests for one minute on each pole, pogsiease and phage-
ground with the circuit breaker closed, and across each open pole. Apply voltage in accordance

with manufacturerds publisheddésapabl i sheéeded
100.1.

3. Perform a contact/poleesistance test.

* Optional
NETA
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7. INSPECTION AND TEST PROCEDURES

7.6.1.1 Circuit Breakers, Air, InsulatedCase/MoldedCase €ontinued

*4,

*9.
10.

11.

12.

13.

Perform insulatiosresistance tests on all control wigi with respect to ground. The applied
potential shall be 500 volts dc for 396It rated cable and 1000 volts dc for 8@t rated
cable. Test duration shall be one minute. For units with-stditt components, follow
manufacturerod6s recommendati on.

Determine longime pickup and delay by primary current injection.
Determine shortime pickup and delay by primary current injection.
Determine groundault pickup delay by primary current injection.
Determine instantaneous pickup currenpbiynary injection.

Test functions of the trip unit by means of secondary injection.

Perform minimum pickup voltage test on shunt trip and close coils in accordance with Table
100.20.

Verify correct operation of auxiliary features such gsand pickup indicators, zone
interlocking,electrical close and trip operation, tfige, antipump functiorgnd trip unit
battery condition.

Reset all trip logs and indicators.

Verify operationof charging mechanism

3. Test Values

3.1 TestValuesi Visual and Mechanical

1.

* Optional

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.6.1.16.1)

Bolt-tt or que | evels should be in accordance wi
of manufacturerdés publi shiéd data, wuse Tabl

Results of the thermographic survey shall be in accordance with Section 9. (¥.&3).1.

Settings shall comply with coordination study recommendat{@n$.1.1.1.8)
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7. INSPECTION AND TEST PROCEDURES

7.6.1.1 Circuit Breakers, Air, InsulatedCase/MoldedCase €ontinued

3.2 Test Valuesi Electrical

1.

10.

11.

12.

13.

* Optional

Compare bolted comttion resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

Insulationr esi st ance values shoul d bublisheddata.dnacher d a n
absence of manufacturerds published data, u
than this table or manufacturerds recommend

Microhm ordc millivolt drop values should not exceed the high levels of the normal range as
indicated in the manufacturerods published d
investigate values that deviate from adjacent poles or similar breakers by more than 50 percent
of the lowest value.

Insulatiorrresistance values of control wiring should be comparable to previously obtained
results but not less than two megohms.

Long-time pickup values should be as specified, and the trip characteristic should not exceed
maruf act ur er 0 s-cupentlthaiacehstéickoletancentsand, including adjustment
factors. | f manufacturerds curves are not a
in Table 100.7.

Shorttime pickup values should be as specified the trip characteristic should not exceed
manuf act ur er Gcsrreq tolbrhncesbaind.d t i me

Ground fault pickup values should be as specified, and the trip characteristic should not exceed
manuf act ur er Gcsrreq tolbrhncesbaind.d t i me

Instantaneous pickup valuesof moldea s e ci rcuit breakers shoul
published toleranceand/or Table 100.8

Pickup values and trip characteristics shou

Minimum pickup voltage on shunt trip and close coils should be in accordance with
manufacturerdéds published dat a. I n the absen
100.20.

Breaker open, close, trip, tripee, antipump, and auxiliary features shduildction as
designed.

Trip logs and indicators are reset.

The charging mechanismshoad er at e i n accordance with man
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7. INSPECTION AND TEST PROCEDURES

7.6.1.2 Circuit Breakers, Air, Low-Voltage Power

1. Visual and Mechanical Inspection

1.
2.

10.

11.
12.

13.

14.

15.

16.

* Optional

Inspect physical and mechanical condition.

Inspect anchorage, alignment, and grounding.

Verify that all maintenance devices are available for servicing and operating the breaker.
Prior to cleaning the unit, perform-ésund tests, if required.

Clean the unit.

Inspect arc chutes.

Inspect moving and stationary contacts for condition, wear, and alignment.

Verify that primary and secondary contact wipe and other dimensions vital to satisfactory
operation of the breaker are correct.

Perform all mechanical operator and tzat alignment tests on both the breaker and its
operating mechanism in accordance with man

Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance alnmeter in accordance with Sectid®.1.2.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-tergneh
met hod in accordance with manufacturerd

3. Perform a thermographic survey in accorclawith Sectior®.
Verify cell fit and element alignment.
Verify racking mechanism operation.

Use appropriate lubrication on moving curreatrying parts and on moving and sliding
surfaces.

Perform adjustments for final protectivevitee settings in accordance with coordination study
provided by end user.

Perform adeft tests.

Record adound and ageft operation countareadings, if applicable.
RETA
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7. INSPECTION AND TEST PROCEDURES

7.6.1.2 Circuit Breakers, Air, Low-Voltage Power ¢€ontinued
2.  Electrical Tests

1. Perform resistance measurements through bolted connectionslamtfresistance ohmmeter,
if applicable, in accordance with Section 7.6.1.2.1.

2. Perform insulatiofresistance tests for one minute onlepole, phas¢o-phase and phage-
ground with the circuit breaker closed, and across each open pole. Apply voltage in accordance
with manufacturerds published dat a. Il n the
100.1.

3. Perform a contactfpe-resistance test.

*4,  Perform insulatiofresistance tests on all control wiring with respect to ground. The applied
potential shall be 500 volts dc for 396It rated cable and 1000 volts dc for 8@t rated
cable. Test duration shall be one minter. units with solidstate components control
devices that cannot tolerate the applied voltagef ol | ow manuf acturer s

5. Determine longime pickup and delay by primary current injection.

6. Determine shortime pickup and delay by jpnary current injection.

7. Determine groundault pickup and delay by primary current injection.

8. Determine instantaneous pickup current by primary current injection.
*9.  Test functions of the trip unit by means of secondary injection.

10. Perform minimum pickup voltage test on shunt trip and close coils in accordance with Table
100.20.

11. Verify correct operation of auxiliary features such as trip and pickup indicators, zone
interlocking, electrical close and trip operation, firige, atipump function, and trip unit
battery condition.

12. Reset all trip logs and indicators.

13.  Verify operation of charging mechanism.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.6.1.2 Circuit Breakers, Air, Low-Voltage Power ¢€ontinued

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

4.

5.

Compare bolted connection resistance values to valu@sitdrsconnections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.6.1.2.1.10.1)

Bolt-tt or que | evels should be in accordance wi
ofmanufacturerodds published data, use Tabl e

Results of the thermographic survey shall be in accordance with Section 9. (7.6.1.2.1.10.3)
Settings shall comply with coordination study recommendations. (7.6.1.2.1.15)

Operaions counteshouldadvance one digit petase-open cycle. (7.6.1.2.1.16)

3.2 Test Valuesi Electrical

1.

8.

* Optional

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar boleethnections by more than 50 percent of the
lowest value.

Insulationr esi st ance values of breakers shoul d
dat a. I n the absence of manufacturerdés pul
resistice | ess than this table or manufactur e

Microhm ordc millivolt drop values should not exceed the high levels of the normal range as

i ndicated in the manufactur er O6otavalable,l i shed
investigate values that deviate from adjacent poles or similar breakers by more than 50 perce
of the lowest value.

Insulatiorrresistance values of control wiring should be comparable to previously obtained
results but not less than twiwegohms.

Long-time pickup values should be as specified, and the trip characteristic shall not exceed
manuf act ur er Gcsrreq aharhciersstic ¢éoktranca banel

Shorttime pickup values should be as specified, and the trip charactstistild not exceed
manuf act ur er Gcsrreq tolbrhncesbaind.d t i me

Ground fault pickup values should be as specified, and the trip characteristic should not excee
manuf act ur er Gcsrreqt tolbrhncesbaind.d t i me

Instantaneous pickwpal ues should be within the toler
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7. INSPECTION AND TEST PROCEDURES

7.6.1.2 Circuit Breakers, Air, Low-Voltage Power ¢€ontinued

9.

10.

11.
12.

13.

* Optional

Pickup values and trip characteristic shoul
published tolerances.

Minimum pickup voltage on shunt trip and close coils shoulohla&cordance with

manufacturerdéds published dat a. I n the absen
Table100.20.
Auxiliary features should operate in accord

Trip logs and indicators are reset.

The charging mechanism should operate in ac

7N

ETA.
s S
Page/2
ANSI/NETA MTS -2011

Z



7. INSPECTION AND TEST PROCEDURES
7.6.1.3 Circuit Breakers, Air, Medium -Voltage

1. Visual and Mechanical Inspection
1. Inspectphysical and mechanical condition.
2. Inspect anchorage, alignment, and grounding.
3. Verify that all maintenance devices are available for servicing and operating the breaker.
*4.  Perform operator analysfBrst-trip) test.
5.  Prior to cleaning thenit, perform afound tests, if required.
6. Clean the unit.
7. Inspect arc chutes.
8. Inspect moving and stationary contacts for condition, wear, and alignment.

9. If recommended by manufacturer, slow close/open breaker and check for bindiiog, frict
contact alignment, contact sequence, and penetraesify that contact sequence is in
accordance with manufactureroés published o
data, refer to ANSI/IEEE C37.04.

10. Perform all mechanical operatitests on the operating mechanism in accordance with
manufacturerodéds published dat a.

11 Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmmeter in accordance \8#ttion7.6.1.3.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-#ergoneh
met hod in accordance with manufacturerd

3. Perform a thermographic survey in accordance with Se@tion
12, Verify cell fit and element alignment.
13, Verify racking mechanism operation.
14. Inspect puffer operation.

15. Use appropriate lubrication on moving curreatrying parts and on moving and sliding
surfaces.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.6.1.3 Circuit Breakers, Air, Medium-Voltage (continued

*16.
17.

18.

Perform timetravel analysis.
Perform adeft tests.

Record adound and ageft operatiorcounter readings.

2. Electrical Tests

1.

*3.

*6.

*7.

*8.

*9.

* Optional

Perform resistance measurements through bolted connections withr@sistance ohmmeter,
if applicable. See Sectioh6.1.3.1.

Perform insulatiosresistance tester one minuteon each pole, phade-phase and phage-

ground with the circuit brd@r closed, and across each open pole. Apply voltage in accordance
with manufacturerds published dat a. Il n the
100.1.

Perform insulatiosresistance tests on all control wiring with respect to grotihd.applied

potential shall be 500 volts dc for 396It rated cable and 1000 volts dc for 8@t rated

cable. Test duration shall be one minute. For units with-stditt components or control

devices that cannot tolerate the applied voltage, followmd act ur er 6s r ec o mme

Perform a contact/poleesistance test.

With the breaker in a test position, perform the following tests:

1.  Trip and close breaker with the control switch.

2. Trip breaker by operating each of its protective relays.

3. Verify mechanism charge, trjpee, and antipump functions.

Perform minimum pickup voltage tests on trip and close coils in accordance with Table 100.20.

Perform poweifactor or dissipatiotfactor tests with breaker in both the open andet
positions.

Perform poweifactor or dissipatiotfactor tests on each bushing equipped with a pdactor/
capacitance tap. In the absence of a pdaetior/ capacitance tap, perform toatllar tests.
These tests shall be in accordance withe¢het e qui pment manufacturer

Perform adielectric withstand voltagest on each phase with the circuit breaker closed and the
poles not under test grounded. Test voltage

A

published data. Imte absence of manufactureros publ i st
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7. INSPECTION AND TEST PROCEDURES

7.6.1.3 Circuit Breakers, Air, Medium-Voltage (continued

10.
11.

*12.

Verify blowout coll circuit continuity.
Verify operation ofcubicle paceheaters, if applicable.

Test instrument transformers in accordance with Setibh.

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

6.

Compardirst-trip operation time and tripoil currentwaveformt o manuf act ur er ¢
data. In the absence of manufacturer's published data, cofinpiatep operation time and trip
coil currentwaveformto previously obtained result&.6.1.3.1.4)

Compare bolted connection resistance values to valuesiér connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.6.1.3.11.1)

Bolt-t or que | evels should be in accordance wi
oo manufacturerods publisheld2data, use Tabl

Results of the thermographic survey shall be in accordance with Section 9. (7BLBB.1.

Compare travel and velocity values tta. manu
(7.6.1.3.1.6)

Operations counter should advance one digit per-@pse cycle. (7.6.1.2.18)

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from tke of similar bolted connections by more than 50 percent of the
lowest value.

Insulationr esi st ance values of circuit breaker s

publ i shed dat a. I n the absence of. Vabnesofuf ac't
i nsul ation resistance | ess than this tabl e
investigated.

Insulatiorresistance values of control wiring should be comparable to previously obtained
results but not less than two megohms.

Microhm ordc millivolt drop values shall not exceed the high levels of the normal range as
indicated in the manufacturerds published
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7. INSPECTION AND TEST PROCEDURES

7.6.1.3 Circuit Breakers, Air, Medium-Voltage (continued

investigate values that deviate from adjacent poles or similar breakers bthamo&® percent
of the lowest value.

5. Breaker mechanism charge, close, open, trip;fteip, and antipump features shall function as

designed.
6. Mini mum pickup for trip and close coils sha
data. Inthebsence of manufacturerodos dat a, refer t

7. Powerfactor or dissipatiotiactor values shall be compared with previous test results of similar
breakers or manufacturerdés published dat a.

8. Powerfactor or dissipatiofiactor and capacitana@lues should be within ten percent of
nameplate rating for bushings. Hot collar tests are evaluated on a milliampere/milliwatt loss
basis, and the results should be compared to values of similar bushings.

‘ 9. If no evidence of distress or insulation faé is observed by the end of the total time of voltage
application during tadielectric withstand voltagest, the circuit breaker is considered to have
passed the test.

10. The blowout coil circuit should exhibit continuity.
‘ 11. Cubicle spacedmnters should be operational.

12. The results of instrument transformer tests shall be in accordance with Section 7.10.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.6.2 Circuit Breakers, Oil, Medium and High-Voltage

1. Visual and Mechanical Inspection

1.

2.

*4,

10.

11

*12.

* Optional

Inspect physical and mechanical condition.

Inspect anchorage, alignmemgdagrounding.

Verify that maintenance devices are available for servicing and operating the breaker.
Perform operator analysiBrét-trip) test.

Verify correct oil level in tanks and bushings.

Verify that breather vents are clear.

Prior to cleaning the unit, perform-ésund tests.

Clean the unit.

Inspect and service hydraulic or pneumatic system and/or air compressor in accordance with
manufacturerdéds published dat a.

Test alarms, pressure switches, and limit switcheprfetmatic and/or hydraulic operators as
recommended by the manufacturer.

Perform all mechanical operation tests on the operating mechanism in accordance with
manufacturerodéds published dat a.

If performing internal inspection:

1. Remove oil. Lowetanks or remove manhole covers as necessary. Inspect bottom of
tank for broken parts and debris and clean carbon residue from tank.

2. Inspect lift rod and toggle assemblies, contacts, interrupters, bumpers, dashpots, bushir
current transformers, tankérs, and gaskets.

3. If recommended by manufacturer, slow close/open breaker and check for binding,
friction, contact alignment, and penetration. Verify that contact sequence is in
accordance with manufacturerdost pubdt ©ds he
published data, refer to ANSI C37.04.

4. Refill tank(s) with filtered oil to correct levels.
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7. INSPECTION AND TEST PROCEDURES

7.6.2 Circuit Breakers, Oil, Medium and High-Voltage (continued

13. Inspect all bolted electrical connegt®for high resistance using ooemoreof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtiér2.2.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-tergoneh
method in accordancgi t h manuf acturerds published d.
manufacturerdéds published data, use Tabl e

3. Perform a thermographic survey in accordance with Se@tion
14.  Verify cell fit and element alignment, if applicable.
15.  Verify racking mechanis operation, if applicable.
16. Perform timetravel analysis.

17. Use appropriate lubrication on moving curreatrying parts and on moving and sliding
surfaces.

18. Perform adeft tests.

19. Record afound and ageft operation counter readings.
2.  Electrical Tests

1. Perform resistance measurements through all bolted connections withreslstance
ohmmeter, if applicable, in accordance with Secfidh2.1.12.1.

2. Perform insulatiofresistance tests for one minute on each pole, pogsieaseand phas¢o-
ground with circuit breaker closed, and across each open pole. Apply voltage in accordance
with manufacturerds published dat a. I n the
100.1.

3. Perform a contact/poleesistance test.

*4,  Perform insulatiosresistance tests on all control wiring with respect to ground. The applied
potential shall be 500 volts dc for 396It rated cable and 1000 volts dc for 8@t rated
cable. Test duration shall be one minute. For units with-stditkcomponents or for control
devices that cannot tolerate the voltage, f

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.6.2 Circuit Breakers, Oil, Medium and High-Voltage (continued

5.

*9.

10.

*11.

Remove a sample of insulating liquid in accordance with ASY823. The sample shall be
tested in accordance with the referenced standard.

1. Dielectric breakdown voltage: ASTR 877
2. Color: ANSI/ASTMD 1500
*3. Power factor: ASTMD 924
*4, Interfacial tension: ANSI/ASTMD 971 or ANSI/ASTMD 2285
*5. Visual condition: ASTMD 1524
With breaker in a test position, make the followinggest
1.  Trip and close breaker with the control switch.
2. Trip breaker by operating each of its protective relays.
3. Verify trip-free and antipump functions.

*4, Perform minimum pickup voltage tests on trip and close coils in accordance with Table
10020.

Perform poweifactor or dissipatiotiactor tests on each pole with the breaker open and each
phase with the breaker closed. Determine tank loss index.

Perform poweifactor or dissipatiotiactor tests on each bushing equipped with a pdactor/
capacitance tap. In the absence of a pdaetor/ capacitance tap, perform toatlar tests.
These tests shall be in accordance with th

Perform adielectric withstand voltagest on each phase wite circuit breaker closed and the
poles not under test grounded. Test voltag
publi shed dat a. I n the absence of manufact

Verify operation of heaters.

Test insrument transformers in accordance Section 7.10.

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

* Optional

Compardirst-trip operation time and tripoil currentwaveformt o manuf act ur er ¢
data. In the absence of manufacturer's published datgardirst-trip operation time and trip
coil currentwaveformto previously obtained resultg..6.2.1.4)
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7. INSPECTION AND TEST PROCEDURES

7.6.2 Circuit Breakers, Oil, Medium and High-Voltage (continued

2.

7.

Settings for al ar m, pressur e, and | imit swi
published data. (7.6.2110)

Compare boltedonnection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.6.2.13.1)

Bolt-torque levels should be in accordance with mandfau r er 6 s publ i shed da
of manufacturerodés publish2) data, use Tabl e

Results of the thermographic survey shall be in accordance with Section 9. (¥3&32.1.

Compare travel and v e lspublishedydata amd puericus tesbdatema n u f
(7.6.2.1.B)

Operations counteshouldadvance one digitgy closeopen cycle. (7.6.2.19)

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted connection resistance values to values of similar conndotressigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

Insulationr esi st ance values of circuit breakers s
published data. In the absence of maaufaur er 6 s publ i shed data, us
insul ation resistance | ess than this tabl e

investigated.

Microhm ordc millivolt drop values should not exceed the high levels of the normal range as
indcd ed in the manufactureroés published dat a.
investigate values that deviate from adjacent poles or similar breakers by more than 50 percent
of the lowest value.

Insulatiorrresistance values of control wiring shodlle comparable to previously obtained
results but not less than two megohms.

Insulating liquid test results should be in accordance with Table 100.4.

Open, close, trifree, and antipump features should function in accordance with
ma n u f a c esig. Mimindum pickup for trip and close coils should conform to

manufacturerdéds published dat a. I n the absen
100.20.
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7. INSPECTION AND TEST PROCEDURES

7.6.2 Circuit Breakers, Oil, Medium and High-Voltage (continued

7.

10.

11.

* Optional

Powerfactor or dissipatiofiactor values and tank loss index shall be compared to
manufacturerodés published dat a. I n the abse
shall be made to test data from similar breakers or data from test equipment manufacturers.

Powerfactor or dissipatiotiactor and capacitance values showdabthin ten percent of
nameplate rating for bushings. Hot collar tests are evaluated on a milliampere/milliwatt loss
basis, and the results should be compared to values of similar bushings.

If no evidence of distress or insulation failure is observed by the end of the total time of voltage
application during thdielectric withstandoltagetest, the test specimen is considered to have
passed the test.

Heaters should be operational.

Results of electrical tests on instrument transformers should be in accordance with Section 7.
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7. INSPECTION AND TEST PROCEDURES

7.6.3 Circuit Breakers, Vacuum, MediumVoltage
1. Visual and Mechanical Inspection
1. Inspect physical and mechanical condition.
2. Inspect anchorage, alignment, and grounding.
3. Verify that all maintenance devices are available for servicing and operating the breaker.
*4.  Perform operator analysis (fir8ip) test.
5.  Prior tocleaning the unit, perform deund tests, if required.
6. Clean the unit.
7. Inspect vacuum bottle assemblies.
8. Measure critical distances such as contact gap as recommended by the manufacturer.

9. If recommended by the manufacturer, slow closaidpe breaker and check for binding,
friction, contact alignment, contact sequence, and penetration.

10. Perform all mechanical operation tests on the operating mechanism in accordance with
manufacturerdés published dat a.

11 Inspect bolted electrical capctions for high resistance using amemoreof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtiér8.2.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-#ergoneh

methodinacc@@ance with manufacturerds publishe
manufacturerdéds published data, use Tabl e

3. Perform a thermographic survey in accordance with Se@tion
12.  Verify cell fit and element alignment.
13.  Verify racking mechanism operati.

14.  Inspect vacuum bellows operation.

15.  Use appropriate lubrication on moving curreatrying parts and on moving and sliding
surfaces.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.6.3 Circuit Breakers, Vacuum, MediumVoltage (continued

*16.
17.

18.

Perform timetravel analysis.
Perform adeft tests.

Record adound and ageft operation counter readings.

2. Electrical Tests

1.

*3.

*6.

*7.

*8.

* Optional

Perform resistance measurements through bolted connections withr@sistance ohmmeter,
if applicable, in acomlance with Sectioid.6.3.1.10.

Perform insulatiosresistance tests for one minute on each pole, gogsease and phage-

ground with circuit breaker closed and across each pole with the breaker open. Apply voltage
accordance wi pobmashktdcdatar d6sn the absenc
data, use Table 100.1.

Perform insulatiosresistance tests on all control wiring with respect to ground. The applied
potential shall be 500 volts dc for 396It rated cable and 1000 volts fdc 600-volt rated

cable. Test duration shall be one minute. For units with-stditt components or control
devices that cannot tolerate the applied Vv

Perform a contact/poleesistance test.

With bre&er in a test position, perform the following tests:

1.  Trip and close breaker with the control switch.

2. Trip breaker by operating each of its protective relays.

3. Verify mechanism charge, trjpee, and antipump functions.

Perform minimum picldp voltage tests on trip and close coils in accordance with Table 100.20.

Perform poweifactor or dissipatiotfactor tests on each pole with the breaker open and each
phase with the breaker closed.

Perform poweifactor or dissipatiotfactor tess on each bushing equipped with a poveaetor/
capacitance tap. In the absence of a pdaeor/ capacitance tap, perform fuatllar tests.
These tests shall be in accordance with the test equipmena nuf act ur er 6 s pu

Perform a vacuurhottle integrity ¢lielectric withstand voltagdest across each vacuum bottle
with the breaker in the open positioatai n s
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7. INSPECTION AND TEST PROCEDURES

7.6.3 Circuit Breakers, Vacuum, MediumVoltage (continued

*10. Perform adielectric withstand voltagest on each phase with the cirduigéaker closed and the
poles not under test grounded. Test voltage
published dat a. I n the absence of manufactu

11. Verify operation of heaters, if applicable.

12. Test insrument transformers in accordance with Sectidi®.
3. Test Values
3.1 Test Valuesi Visual and Mechanical

1. Compardirst-trip operation time and tripoil currentwaveformt o manuf act ur er 6 s
data. In the absence of manufacturer's publista¢a, comparérst-trip operation time and trip
coil currentwaveformto previously obtained result&.6.3.1.4)

2. Mechanical operation and contact alignment
published data. (7.6.3.1.9)

3. Compare bolted emection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.6.3.11.1)

4. Bolt-torque levels should be in accordance with manufaetr 6 s publ i shed dat &
of manufacturerodés publi sh&2) data, use Tabl e

5. Results of the thermographic survey shall be in accordance with Section 9. (¥1633.1.

6. Compare travel and v el adshedydatavaad prewasis testodatana n u f
(7.6.3.1.B)

7. Operation counteshouldadvance one digit per clospen cycle. (7.6.3.18)
3.2 Test Valuesi Electrical

1. Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

2. Insulationr esi st ance values of circuit breakers s

publi shed dat a. I n t h déishel datagusecTabled0.1.naluesidf a c t u
insul ation resistance | ess than this table
investigated.
* Optional
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7. INSPECTION AND TEST PROCEDURES

7.6.3 Circuit Breakers, Vacuum, MediumVoltage (continued

3.

10.

11.

12.

* Optional

Insulatiorrresistance values of control wiring should be comparable to previously obtained
results but not leshan two megohms.

Microhm ordc millivolt drop values shall not exceed the high levels of the normal range as
indicated in the manufacturerds published
investigate values that deviate from adjacent potesmilar breakers by more than 50 percent
of the lowest value.

Breaker mechanism charge, close, open, trip;fteée, and antipump features shall function as
designed.

Minimum pickup for trip and close coils shall be in accordance with manufaetu 6 s p u b |
r

dat a. I n the absence of manufacturerdés dat
Powerfactor or dissipatiosi act or values shall be compar ec
I n the absence of manufactur er &estogmilarl i s hed
breakers.

Powerfactor or dissipatiotiactor and capacitance values should be within ten percent of
nameplate rating for bushings. Hot collar tests are evaluated on a milliampere/milliwatt loss
basis, and the results should be compareglices of similar bushings.

If no evidence of distress or insulation failure is observed by the end of the total time of voltage
application during the vacuum bottle integrity test, the test specimen is considered to have
passed the test.

If no evidence of distress or insulation failure is observed by the end of the total time of voltage
application during thdielectric withstandoltagetest, the test specimen is considered to have
passed the test.

Heaters should be operational.

Resuls of instrument transformer tests shall be in accordance with Section 7.10.
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7. INSPECTION AND TEST PROCEDURES

7.6.4 Circuit Breakers, Sk

1. Visual and Mechanical Inspection

1.
2.

*4,

*T.

10.

11

12.

13.

14.

* Optional

Inspect physical anchechanical condition.

Inspect anchorage, alignment, and grounding.

Verify that all maintenance devices are available for servicing and operating the breaker.
Perform operator analysis (fir8ip) test.

Prior to cleaning the unit, perforasfound tests, if required.

Clean the unit.

When provisions are made for sampling, remove a samples@faéSFand test in accordance
with Table 100.13. Do not break seal or distort sefdedife interrupters.

Inspect and service operagimechanism and/or hydraulic or pneumatic system apd&d-
insul ated system in accordance with manufac

TestforSkgas | eaks in accordance with manufactu

Test alarms, pressure switches, and limitawas for pneumatic and/or hydraulic operators and
Skgas pressure in accordance with manufactur

If recommended by manufacturer, slow close/open breaker and check for binding, friction,
contact alignment, and penetration. Vetligt contact sequence is in accordance with
manufacturerdéds published dat a. I n the absen
ANSI/IEEE C37.04.

Perform all mechanical operation tests on the operating mechanism in accordance with
ma n u f a qublished data.s

Inspect all bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtiérit.2.

2. Verify tightness of accessible bolted electrical mections by calibrated torgwerench
met hod in accordance with manufacturerds
manufacturerdés published dat a, use Tabl e
3. Perform a thermographic survey in accordance with Se@tion

Verify cell fit and element alignment.
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7. INSPECTION AND TEST PROCEDURES

7.6.4 Circuit Breakers, Sk (continued)

15

16.

17.
18.
19.

Verify racking mechanism operation.

Use appropriate lubrication on moving curreatrying parts and on moving and sliding
surfaces.

Performtime-travel analysis.
Perform adeft tests.

Record adound and ageft operation counter readings.

2. Electrical Tests

1.

*4,

* Optional

Perform resistance measurements through all bolted connections withresletance
ohmmeter, if applicable, in accordanwith Sectiory.6.4.1.

Perform insulatiofresistance tests for one minute on each pole, gogsiease and phage-

ground with breaker closed, and across each open pole. Fortsinglereakers, perform

insulation resistance tests frouleto-po |l e. Apply voltage in acc
publi shed dat a. I n the absence of manufact

Perform a contact/poleesistance test.

Perform insulatiosresistance tests on all control wiring wrgtspect to ground. The applied
potential shall be 500 volts dc for 396It rated cable and 1000 volts dc for 8@t rated

cable. Test duration shall be one minute. For units with-stditt components or for control
devices that cannot toleratethetv@d ge, f ol |l ow manuf acturer 6s

With breaker in a test position, perform the following tests:
1. Trip and close breaker with the control switch.
2. Trip breaker by operating each of its protective relays.

3. Verify trip-free and antipumfunctions.

*4. Perform minimum pickup voltage tests on trip and close coils in accordance with Table

100.20.

Perform poweifactor or dissipatiotfactor tests on each pole with the breaker open and on each
phase with breaker closed.

Perform powefactor or dissipatiotfactor tests on each bushing equipped with a pdactor/
capacitance tap. In the absence of a pdaetor/ capacitance tap, perform foatllar tests.
These tests shall be in accor dangsheddata. t h t h
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7. INSPECTION AND TEST PROCEDURES

7.6.4 Circuit Breakers, Sk (continued)

| *8.
9.

*10.

Performadielectric withstand voltage e st i n accordance with mantu
Verify operation of heaters.

Test instrument transformers in accordance with Section 7.10.

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

Compardirst-trip operation time and trigoil currentwaveformt o manuf act ur er 6's
data. In the absence of manufacturer's published data, cofinpiatep operation time and trip
coil currentwaveformto previously obtained result&.6.4.1.4).

SFKs gas should have values in accordance with Table 100.13. (77%.4.1.
Results of the Sfgas leak test should confirm that na; §Bs leak exists. (7.6.49).

Settings for alarm, pressure,andrhi t swi tches should be in acc
published data. (7.6.4110)

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by mor&@hpercent of the
lowest value. (7.6.4.13.1)

Bolt-t or que | evels should be in accordance wit
of manufacturerdéds publish2) data, use Tabl e

Results of the thermographic survey sbalin accordance with Section 9. (7.6.2313)

Compare circuit breaker travel and velocity
previous test data. (7.6.41%)

Operations counteshouldadvance one digit per clospen cycle.1.6.4.119)

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

Insulationresistma c e val ues of circui-t breakers shoul
publi shed dat a. I n the absence of manufactu
insul ation resistance | ess than this table
investigated.
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7. INSPECTION AND TEST PROCEDURES

7.6.4 Circuit Breakers, Sk (continued)

3. Microhm ordc millivolt drop values should not exceed the high levels of the normal range as
indicated in the manufacturerds published
investigate values that deviate from adjacent poles ofasibreakers by more than 50 percent
of the lowest value.

4. Insulationresistance values of control wiring should be comparable to previously obtained
results but not less than two megohms.

5. Open, close, trifree, and antipump features should funttio accordance with the

manufacturerdés design. Mi ni mum pickup for
manufacturerodés published dat a. Il n the abse
100.20.

6. Powerfactor or dissipatiotiactor valuesis a | | be compared to manuf
I n the absence of manufactureroés published

similar breakers or data from test equipment manufacturers.

7. Powerfactor or dissipatioffiactor and capatance test values should be within ten percent of
nameplate rating for bushings. Hot collar tests are evaluated on a milliampere/milliwatt loss
basis, and the results should be compared to values of similar bushings.

8. If no evidence of distress or inatibn failure is observed by the end of the total time of voltage
application during thdielectric withstandoltage test, the test specimen is considered to have
passed the test.

9. Heaters should be operational.

10. Results of electrical tests on inginent transformers should be in accordance with Section 7.10.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.7 Circuit Switchers

1. Visual and Mechanical Inspection

1.
2.

10.
11.

12.

13.

14.

* Optional

Inspect physical and mechanical condition.
Inspectanchorage, alignment, and grounding.

Prior to cleaning the unit, perform-gmund tests, if required.
Clean the unit.

Perform all mechanical operational tests on both the circuit switcher and its operating
mechanism.

Inspect bolted electral connections for high resistance using onmoreof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtiagr?.

2. Verify tightness of accessible bolted electrical connections by calibrated-tergoneh
methodinacor dance with manufacturerdéds publ i s
manufacturerodéds published data, use Tabl e

3. Perform a thermographic survey in accordance with Se@tion

Verify operationof Ski nt er rupt er s i s i n apublishedddatmce wi t
VerfySispr essure is in accordance with manuf act
Verify operation of isolating switch is irceordance witma nuf act ur er 6 s publ i
Test all interlocking systems for correct operation and sequgnci

Verify all indicating and control devices for correct separation.

Use appropriate lubrication on moving curreatrying parts and on moving and sliding
surfaces.

Perform adeft tests.

Record adound and ageft operation countareadings.
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7. INSPECTION AND TEST PROCEDURES

7.7 Circuit Switchers continued

2. Electrical Tests

1.

*4,

0.
10.

Perform resistance measurements through all connections withragmstance ohmmeter, if
applicable, in accordance with Sectibi.1.

Perform contaetesistance tests of interrupters and isolating switches.

Perform insulatiosresistance tests on each pole, pkasground. Apply voltage in accordance
with manufacturerds published dat a,uselTablet he
100.1.

Perform insulatiofresistance tests on all control wiring with respect to ground. The applied
potential shall be 500 volts dc for 396It rated cable and 1000 volts dc for 6@t rated
cable. Test duration shall be one minute. duts with solidstate components, follow
manufacturero6s recommendati on.

Perform minimum pickup voltage tests on trip and close coils in accordance with Table 100.20

Verify correct operation of auxiliary features such as electrical close gnaperation, trip
free, and antipump function. Reset all trip logs and indicators.

Trip circuit switcher by operation of each protective device.
Verify correct operation of electrical trip of interrupters.
Perform adielectric withstand voltagt e st i n accordance with ma

Verify operation of heaters.

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

* Optional

Compare bolted connection resistance values to values of similar connections. Investigate
values which deate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.7.1.6.1)

Bolt-tt or que | evels should be in accordance wi
of manufacturerdés publ 78628 d data, use Tabl

Results of the thermographic survey shall be in accordance with Section 9. (7.7.1.6.3)
Skinterrupters should operate in accordanc
Skpressure should be i n publishedrddta (v.2.£8) wi t h ma
RETA
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7. INSPECTION AND TEST PROCEDURES

7.7 Circuit Switchers continued

6.
7.
8.

9.

|l sol ating switch should operate in accordan
Interlocking systems should operate per system lockout design. (7.7.1.10)

Results of open and close operation from control devicaddibe in accordance with system
design. (7.7.1.11)

Operation counter should advance one digit per adpsa cycle. (7.7.1.14)

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

Microhm ordc millivolt drop values should not exce#tk high levels of the normal range as
indicated in the manufacturerods published d
investigate values that deviate from adjacent poles or similar breakers by more than 50 percent
of the lowest value.

Insulaton-r esi st ance values of circuit switchers

publ i shed dat a. I n the absence of manufactu
insul ation resistance | ess thanhdudbes t abl e
investigated.

Insulatiorrresistance values of control wiring should be comparable to previously obtained
results but not less than two megohms.

Mi ni mum pickup for trip and close coils sho
theaebsence of manufacturerds published dat a,

Switcher mechanism charge, close, open, trip;ftep, and antipump features shall function as
designed.

Electrical trip interrupters shall function as designed.

If no eviderce of distress or insulation failure is observed by the end of the total time of voltage
application during thdielectric withstand voltagest, the circuit switcher is considered to
have passed the test.

Heaters should be operational.
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7. INSPECTION AND TEST PROCEDURES

7.8. Network Protectors, 606Volt Class
1. Visual and Mechanical Inspection
1. Inspect physical and mechanical condition.
2. Inspect anchorage, alignment, and grounding.
3. Prior to cleaning the unit, perform-fsund tests, if required.
4. Clean the unit.
5. Inspect arc chutes.
6. Inspect moving and stationary contacts for condition, wear, and alignment.
7. Verify that maintenance devices are available for servicing and operating the protector.

8. Verify thatprimary and secondary contact wipe and other dimensions vital to satisfactory
operation of the breaker are correct.

9. Perform mechanical operator and contact alignment tests on both the protector and its operati
mechanism.

10. Inspect bolted electrad connections for high resistance using onenoreof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtiér2.

2. Verify tightness of accessible bolted electrical connections by calibrated-tergneh
methodinaccr dance with manufacturerods publi
manufacturerdéds published data, wuse Tabl

3. Perform a thermographic survey in accordance with Se@tion
11. Verify cell fit and element alignment.
12. Verify racking mechanisroperation.

13. Use appropriate lubrication on moving curreatrying parts and on moving and sliding
surfaces.

14. Perform adeft tests.

* Optional
77N
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7. INSPECTION AND TEST PROCEDURES

7.8. Network Protectors, 600Volt Class (continued)
15. Record theasfound and ageft operations counter readings.

16. Perform a |l eak test, i f applicable, on subm
published data.

2. Electrical Tests

1. Perform resistance measurements through bolted connectionslamwtresistance ohmmeter,
if applicable, in accordance with Section 7.8.1.

2. Perform insulatiosresistance tests for one minute on each pole, glogsease and phage-
ground with protector closed, and across each open pole. Apply voltage in accovitlance
manufacturerodés published dat a. I n the absen
100.1.

3. Perform a contact/poleesistance test.

*4.  Perform insulatiofresistance test on all control wiring with respect to ground. The applied
potential shll be 500 volts dc for 36Qolt rated cable and 1000 volts dc for 6@t rated
cable. Test duration shall be one minute. For units with-stdite components or for control
devices that cannot tolerate the voltage, f

*5.  Verify current transformer ratios in accordance with Sectidg.
6. Measure the resistance of each protector power fuse.
7. Measure minimum pickup voltage of the motor control relay.

*8.  Verify that the motor can charge the closing mechanigtmeatinimum voltage specified by
the manufacturer.

9. Measure minimum pickup voltage of the trip actuator. Verify that the actuator resets correctly.
10. Calibrate the network protector relays in accordance with Seti®on

11. Perform operational tes

1.  Verify correct operation of all mechanical and electrical interlocks.
2. Verify trip-free operation.
3.  Verify correct operation of the autiperrclose control handle.
4. Verify the protector will close with voltage on the transformer side only.
5.  Verify the protector will open when the source feeder breaker is opened.
* Optional
7N
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7. INSPECTION AND TEST PROCEDURES

7.8. Network Protectors, 600Volt Class (continued)

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

3.

4.

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from tke of similar bolted connections by more than 50 percent of the
lowest value. (7.8.1.10.1)

n accordance wi

Bolt-t or que | evels should be i
shed data, use Tabl

of manufacturerds publi
Results of the thermographic survey shall be in accordance with Section 9. (7.8.1.10.3)

Operations counter should advance one digit per-@pse cycle. (7.8.1.15)

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted connection resistance values teesadfisimilar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

|l nsul ation resistance of the network prote
publisheddata I n t he absence of manufactureros p
i nsul ation resistance | ess than this tabl e
investigatedDielectric withstand voltagtests should not proceed until insulati@sisance

levels are raised above minimum values.

Microhm ordc millivolt drop values should not exceed the high levels of the normal range as
indicated in the manufacturerdés published
investigate values thatdiate from adjacent poles or similar protectors by more than 50
percent of the lowest value.

Insulatiorrresistance values of control wiring should be comparable to previously obtained
results but not less than two megohms.

Results of current traflormer ratios shall be in accordance with Section 7.10.
Investigate fuse resistance values that deviate from each other by more than 15 percent.

Minimum pickup voltage of the motor control relay should be in accordance with
manuf act ur dcdatd, but moturtore than Mepercent of rated control circuit voltage.

Minimum acceptable motor closing voltage should not exceed 75 percent of rated control
circuit voltage.
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7. INSPECTION AND TEST PROCEDURES

7.8. Network Protectors, 600Volt Class (continued)
9. Calibration should not exceed 7.5 percent of rated control circuit eoltag
10. Results of network protector relays should be in accordance with Section 7.9.

11. Network protector operation should be in accordance with design requirements.

* Optional
77N
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7. INSPECTION AND TEST PROCEDURES

7.9.1 Protective Relays, Electranechanical and SolidState

1. Visual and Mechanical Inspection

1.

2.

6.

7.

Inspect relays and cases for physical damage.

Prior to cleaning the unit, perform-gsund tests, if required.

Clean the unit.

Relay Case

1. Tighten case connections.

2. Inspectcover for correct gasket seal.

3. Clean cover glass. Inspect shorting hardware, connection paddles, and/or knife switche
4. Remove any foreign material from the case.

5. Verify target reset

1. Inspect relay for foreign material, particulanh disk slots of the damping and
electromagnets.

2. Verify disk clearance. Verify contact clearance and spring bias.
3. Inspect spiral spring convolutions. Inspect disk and contacts for freedom of movement

and correct travel. Verify tightness of moungt hardware and connections. Burnish
contacts. Inspect bearings and/or pivots.

Verify that all settings are in accordance with coordination study or setting sheet supplied by
owner.

Perform adeft tests.

2. Electrical Tests

1.

* Optional

Perform insulatiofresistance test on each ciretgtframe. Procedures for performing
insulatiorrresistance tests on sofstiate relays should be determined from the relay
manufacturerdés published dat a.
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7. INSPECTION AND TEST PROCEDURES

7.9.1 Protective Relays, Electromechanical and Soli$tate continued

2. Inspect targets and indicators.

1.

2.

3.

Determine pickup and dropout of electromechanical targets.
Verify operation of all lightemitting diode indicators.

Set contrast for liquidtrystal displayreadouts.

3.  Functional Operation

1. 2/62 Timing Relay

1.

2.

Determine time delay.

Verify operation of instantaneous contacts.

2. 21 Distance Relay

1.

2.

3.

*4,

Determine maximum reach.
Determine maximum torque angle.
Determine offset.

Plot impedance circle.

3. 24 Volts/Hertz Relay

1.
2.
3.

Determine pickup frequency at rated voltage.
Determine pickup frequency at a second voltage level.

Determine time delay.

4. 25 Sync Check Relay

1.

2.

* Optional

Determine closing zone at rated voltage.

Determne maximum voltage differential that permits closing at zero degrees.
Determine live line, live bus, dead line, and dead bus set points.

Determine time delay.

Verify dead bus/live line, dead line/live bus and dead bus/dead line control fiimctio
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7. INSPECTION AND TEST PROCEDURES

7.9.1 Protective Relays, Electromechanical and Soli$btate continued
5. 27 Undervoltage Relay
1. Determine dropout voltage.
2. Determine time delay.
3. Determine the time delay at a second point on the timing curve for inverse time relays.
6. 32 Directional Power Relay
1. Determine minimum pickup at maximunrdoe angle.
2. Determine closing zone.
3. Determine maximum torque angle.
4. Determine time delay.
5. Verify the time delay at a second point on the timing curve for inverse time relays.
*6. Plot the operating characteristic.
7. 40 Loss of Fieldimpedance) Relay
1. Determine maximum reach.
2. Determine maximum torque angle.
3. Determine offset.
*4, Plot impedance circle.
8. 46 Current Balance Relay
1. Determine pickup of each unit.
2. Determine percent slope.
3. Determine time delay.
9. 46N Negative Sequence Current Relay
1. Determine negative sequence alarm level.

2. Determine negative sequence minimum trip level.

* Optional
NETA
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7. INSPECTION AND TEST PROCEDURES

7.9.1 Protective Relays, Electromechanical and Soli$tate continued
3. Determine maximum time delay.
4.  Verify two points on the ) curve.
10. 47 Phase Sequence or Phase Balgottage Relay
1. Determine positive sequence voltage to close the normally open contact.

2. Determine positive sequence voltage to open the normally closed contact (undervoltage
trip).

3. Verify negative sequence trip.

4. Determine time delay to closiee normally open contact with suddapplication of 120
percent of pickup.

5. Determine time delay to close the normally closed contact upon removal of voltage
when previously set to rated system voltage.

11. 49R Thermal Replica Relay
1. Determine ime delay at 300 percent of setting.
2. Determine a second point on the operating curve.
*3. Determine pickup.
12. 49T Temperature (RTD) Relay
1. Determine trip resistance.
2. Determine reset resistance.
13. 50 Instantaneous Overcurrent Relay
1. Determine pickup.
2. Determine dropout.
*3. Determine time delay.
14. 51 Time Overcurrent
1. Determine minimum pickup.

2. Determine time delay at two points on the time current curve.

* Optional
77N
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7. INSPECTION AND TEST PROCEDURES

7.9.1 Protective Relays, Electromechanical and Soli$btate continued
15. 55 Power Factor Relay
1. Determine tripping angle.
2. Determine time delay.
16. 59 Overvoltage Relay
1. Determine overvoltage pickup.

2. Determine time delay to close the contact with sudden application of 120 percent of
pickup.

17. 60 Voltage Balance Relay
1. Determine voltage difference to close tomtacts with one source at rated voltage.
*2. Plot the operating curve for the relay.
18. 63 Transformer Sudden Pressure Relay

1. Determine ratef-rise or the pickup level of suddenly applipaessure in accordance

with manufactua er s published da
2. Verify operation of the 63 FPX sel circuit.
3. Verify trip circuit to remote operating device.

19. 64 Ground Detector Relay
Determine maximum impedance to ground causing relay pickup.
20. 67 Directional Overcurrent Relay
1. Determine d@ectional unit minimum pickup at maximum torque angle.
2. Determine closing zone.
*3. Determine maximum torque angle.
*4. Plot operating characteristics.
5. Determine overcurrent unit pickup.
6. Determine overcurrent unit time delay at two pointghantime current curve.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.9.1 Protective Relays, Electromechanical and Soli$tate continued

21. 79 Reclosing Relay

1.

2.

3.

*4,

5.

Determine time delay for each programmed reclosing interval.
Verify lockout for unsuccessful reclosing.

Determine reset time.

Determine close pulse duration.

Verify instantaneousvercurrent lockout.

22. 81 Frequency Relay

1.

2.

3.

Verify frequency set points.
Determine time delay.

Determine undervoltage cutoff.

23. 85 Pilot Wire Monitor

1.

2.

3.

Determine overcurrent pickup.
Determine undercurrent pickup.

Determine pibt wire ground pickup level.

24. 87 Differential

*6.

* Optional

Determine operating unit pickup.

Determine the operation of each restraint unit.
Determine slope.

Determine harmonic restraint.

Determine instantaneous pickup.

Plot operating chacteristics for each restraint.
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S
Pagel02

ANSI/NETA MTS -2011



7. INSPECTION AND TEST PROCEDURES
7.9.1 Protective Relays, Electromechanical and Soli$btate continued

4. Control Verification

Verify that each of the relay contacts performs its intended function in the control scheme including
breaker trip tests, close inhibit tests, 86 lockout tests, and alarm functions.

5. Test Values

1. When not otherwise specified, use manufact

2. When critical test points are specified, the relay should be calibrated to those specified points
even though other test points may be out of tolerance.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.9.2 Protective Relays, Microprocesso+Based
1. Visual and Mechanical Inspection

1. Record model number, style number, serial number, firmware revision, software revision, and
rated controloltage.

2. Download all events from the event recorder in filtered and unfiltered mode before performing
any tests on the relay. Download the sequerieevents recorder prior to testing the relay.

3. Verify operation of lightemitting diodes, displaygnd targets.

4. Record passwords for all access levels.

5. Clean the front panel and remove foreign material from the case.

6. Check tightness of connections.

7. Verify that the frame is grounded in accord

8. Download settings from the relay. Print a copy of the settings for the report and compare the
settings to those specified in the coordination study.

2. Electrical Tests

1. Perform insulatiofresistance tests from each circuit to the grounded frame in ancerdéth
manufacturerdéds published dat a.

2. Apply voltage or current to all analog inputs and verify correct registration of the relay meter
functions.

*3.  Functional Operation

Check functional operation of each element used in the protection scheaseised for
electromechanical and solgdate relays in 7.9.1.3.

4. Control Verification
1. Check operation of all active digital inputs.

2. Check all output contacts or SCRs, preferably by operating the controlled device such as
circuit breaker, aukary relay, or alarm.

*3. Check all internal logic functions used in the protection scheme.

4. For pilot schemes, perform a lotjack test to check the receive and transmit
communication circuits.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.9.2 Protective Relays, MicroprocessoBased €ontinued
*5. For pilot schemes, perform satellite synchronized (GPS}eerdd tests.

6. For pilot schemes with direct transfer trip (DTT), perform transmit and received DTT at
each terminal.

7. Upon completion ofesting reset all min/max recorders, fault counters, sequence of
events recorder, and all event records.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.10 Instrument Transformers

1. Visual and Mechanicallnspection
1. Inspect physical and mechanical condition.
2.  Prior to cleaning the unit, perform-fsund tests, if required.
3. Clean the unit.

4. Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Seéti®f.2 and 7.10.3.

2. Verify tightness of accessible bolted electrical connections by calibrated-tergneh
met hod in accordance with manufactureros

3. Perfom a thermographic survey in accordance with Se&ion
5. Verify that all required grounding and shorting connections provide contact.

6. Verify correct operation of transformer withdrawal mechanism and grounding operation, if
applicable.

7. Verify correct primary and secondary fuse sizes for voltage transformers.

8. Use appropriate lubrication on moving curreatrying parts and on moving and sliding
surfaces.

9. Perform adeft tests.
2. Electrical Tests
2.1 Electrical Testsi Current Transformers

1. Perform resistance measurements through bolted connections witkfresistance ohmmeter,
if applicable, in accordance with Sectidri0.1.

2. Perform insulatiofresistance test of each current transformer and widrggound at 1000
volts dc for me minute. For units with sokstate components that cannot tolerate the applied
voltage, follow manufacturerdéds recommendat:i

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.10 Instrument Transformers €ontinued

*3.

*4,

*5.

*6.

*9.

10.

Perform a polarity test of each current transformer in accordance with ANSI/IEEE C57.13.1.

Perform a ratieverification test using the voltage or current method in accordance with
ANSI/IEEE C57.13.1.

Perform an excitation test on transformerscufor relaying applications in accordance with
ANSI/IEEE C57.13.1.

Measure current circuit burdens at transformer terminals.

When applicable, perform insulatisasistance tests on the primary winding with the secondary
grounded. Test voltagebkall be in accordance with Table 100.5.

When applicable, perform dielectric withstammltagetests on the primary winding with the
secondary grounded. Test voltages shall be in accordance with Table100.9 respectively.

Measure insulation powéactor or dissipation factor in accordance with test equipment
manufacturerdéds published dat a.

Verify that current circuits are grounded and have only one grounding point in accordance with
ANSV/IEEE C57.13.3. (IEEEsuide for the Grounding of InstrumeTransformer Secondary
Circuits and Cases)

2.2 Electrical Testsi Voltage Transformers

1.

*3.

*5.

*6.

* Optional

Perform resistance measurements through bolted connections witlresistance ohmmeter,
if applicable, in accordance with Sectiéri0.1.

Perform insulabn-resistance tests for one minute windiogvinding and each windintp-
ground. Test voltages shall be applied in accordance with Table 100.5. For units with solid
state components that cannot tolerate the
recommendtions.

Perform a polarity test on each transformer, as applicable, to verify the polarity markXar H1
relationship.

Perform a turnsatio test on all tap positions, if applicable.
Measure voltage circuit burdens at transformer terminals.

Perform a dielectric withstangltagetest on the primary windings with the secondary
windings connected to ground. The dielectric voltage shall be in accordance with Table 100.9.
The test voltage shall be applied for one minute.

NETA
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7. INSPECTION AND TEST PROCEDURES

7.10 Instrument Transformers €ontinued

*7.

Measure ins@tion power factor or dissipation factor in accordance with test equipment
manufacturerdéds published dat a.

Verify that potential circuits are grounded and have only one grounding point in accordance
with ANSI/IEEE C57.13.3.

2.3 Electrical Testsi Coupling-Capacitor Voltage Transformers

1.

* Optional

Perform resistance measurements through bolted connections witkresistance ohmmeter,
if applicable, in accordance with SectigriO.1.

Perform insulatiosresistance tests for one minute, windtogvinding and each windingo-
ground. Test voltages shall be applied in accordance with Table 100.5. For units with solid
state components that cannot tolerate the
recommendations.

Perform a polarity test on each transfier, as applicable, to verify the polarity marks orXll
relationshipSee ANSI/IEEE C93.1 for standard polarity marking.

Perform a turns ratio test on thefasnd tap position, if applicable.
Measure voltage circuit burdens at transformer iteais.

Perform a dielectric withstanaltagetest on the primary windings with the secondary
windings connected to ground. The dielectvithstandvoltage shall be in accordance with
Table 100.9. The test voltage shall be applied for one minute.

Measure capacitance of capacitor sections.

Measure insulation power factor or dissipation factor in accordance with test equipment
manufacturerdéds published dat a

Verify that potential circuits are grounded and have only one grounding peict@ndance
with ANSI/IEEE C57.13.3.
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7. INSPECTION AND TEST PROCEDURES

7.10 Instrument Transformers €ontinued

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

3.

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by thane50 percent of the
lowest value. (7.10.1.4.1)

Bolt-tt or que | evels should be in accordance wi
of manufacturerdés published data, wuse Tabl

Results of the thermographic survéwah be in accordance with Section 9. (7.10.1.4.3)

3.2.1 Test Valuesi Current Transformers i Electrical

1.

10.

* Optional

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted conoastby more than 50 percent of the
lowest value.

Insulationresistance values of instrument transformers should not be less than values shown i
Table 100.5.

Polarity results should agree with transformer markings.
Ratio errors should not beaater than values shown in Table 100.21.

Excitation results should match the curve supplied by the manufacturer or be in accordance
with ANSI C57.13.1.

Compare measured burdens to instrument transformer ratings.

Insulationresistance values afstrument transformers should not be less than values shown in
Table 100.5.

If no evidence of distress or insulation failure is observed by the end of the total time of voltage
application during thdielectric withstandoltagetest, the primary widing is considered to
have passed the test.

Powerfactor or dissipatiosi act or val ues shall be in accor
dat a. I n the absence of manufacturerdés put
published data.

Test results should indicate that the circuits have only one grounding point.
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7. INSPECTION AND TEST PROCEDURES

7.10 Instrument Transformers €ontinued
3.2.2 Test Valuesi Voltage Transformersi Electrical

1. Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from thosésimilar bolted connections by more than 50 percent of the
lowest value.

2. Insulationresistance values of instrument transformers should not be less than values shown in
Table 100.5.

3. Polarity results should agree with transformer markings.
4. In accordance with IEEE C57.13; 8.1.1 the ratio error should be as follows:

1. Revenue metering applications: equal to or less than 0.1 percent for ratio and +0.9
mrad (three minutes) for phase angle.

2. Other applications: equal to or less than +1.2¢mréor ratio and £17.5 mrad (one
degree) for phase angle.

5. Compare measured burdens to instrument transformer ratings.

6. If no evidence of distress or insulation failure is observed by the end of the total time of voltage
application during thdielectric withstandsoltagetest, the primary windings are considered to
have passed the test.

7. Powerfactor or dissipatiof act or values shall be in accord
dat a. I n the absence of magnuuifpantetnutr emmaénsu fpaucht! u
published data.

8. Test results should indicate that the circuits have only one grounding point.
3.2.3 Test Valuesi Coupling Capacitor Voltage Transformers

1. Compare bolted connection resistance values to values of stmilaections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

2. Insulationresistance values of instrument transformers should not be less than values shown in
Table 100.5.

3. Polarity results should agree with transformer markings.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.10 Instrument Transformers €ontinued

4.

* Optional

In accordance with IEEE C57.13; 8.1.1 the ratio error should be as follows:

1. Revenue metering applications: equal to or less than +0.1 percent for ratio and +0.9
mrad (three minutes) for phase angle

2. Other applications: equal to or less than +1.2 percent for ratio and £17.5 mrad (one
degree) for phase angle.

Compare measured burdens to instrument transformer ratings.

If no evidence of distress or insulation failure is observed by thefehe total time of voltage
application during thdielectric withstandoltagetest, the test specimen is considered to have
passed the test.

Capacitance of capacitor sections of coupliagacitance voltage transformers should be in

accordancewitmanuf act urer 6s published dat a.
Powerfactor or dissipatioti act or val ues shall be in accor
dat a. I n the absence of manufacturerods putb

published data.

Test results huld indicate that the circuits have only one grounding point.
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7. INSPECTION AND TEST PROCEDURES
7.11.1 Metering Devices, Electromechanical and Solistate
1. Visual and Mechanical Inspection

1. Inspect physical and mechanical condition.

2. Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtiah.2.

2. Verify tightness of accessible bolted electrical connections by calibratggetwrench

met hod in accordance with manufacturerds
manufacturerdéds published data, use Tabl e
3. Perform a thermographic survey in accordance with Se@tion
3. Inspect cover gasket, cover glass, condition ofégpring, disk clearance, contacts, and case
shorting contacts, as applicable.
4. Prior to cleaning the unit, perform-fsund tests, if required.
5. Clean the unit.
6. Verify freedom of movement, end play, and alignment of rotating disk(s).
7. Perform adeft tests.
2.  Electrical Tests
1. Perform resistance measurements through bolted connections withr@sistance ohmmeter,
if applicable, in accordance with Section 7.11.1.
2. Verify accuracy of meters at all cardinal points.
3. Calibratemet er s in accordance with manufacturer o6

*4.  Verify all instrument multipliers.

* Optional
77N
Sy
Pagell2
ANSI/NETA MTS -2011



7. INSPECTION AND TEST PROCEDURES

7.11.1 Metering Devices, Eldromechanical and SolidState continued

3. TestValues

3.1 Test Valuesi Visual and Mechanical

1.

3.

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.11.1.2.1)

Bolt-torque levelsshodl be i n accordance with manuf act
of manufacturerdés published data, wuse Tabl

Results of the thermographic survey shall be in accordance with Section 9. (7.11.1.2.3)

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

Meter acuracy should be in accordancewitta nuf act ur er s publ i she
Calibration results should be within manuf

Instrument multipliers should be in accordance with specified system design.
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7. INSPECTION AND TEST PROCEDURES

7.11.2 Metering Devices, MicroprocesseiBased
1. Visual and Mechanical Inspection
1. Inspectmetersand cases for physical damage.
2. Clean front panel
3. Check tightness of electrical connections.

4. Record model number, seriaimber, firmware revision, software revision, and rated control
voltage.

5.  Verify operation of display and indicating devices.

6. Record passwords.

7. Verify wunit is grounded in accordance with
8. Verifyunitisconnected h accordance with manufacturerds

9. Download settings from the meter, print a copy of the settings for the report, and compare the
settings to those specified.

2. Electrical Tests

1. Apply voltage or current as apprage to each analog input and verify correct measurement
and indication.

2. Confirm correct operation and setting of each auxiliary input/output feiatuse including
mechanical relay, digital, and analog.

3.  Confirm measurements and indications ewasistent with loads present.
3. Test Values
3.1 Test Valuesi Visual and Mechanical
1. Tightness of electrical connections shall assure a low resistance connection. (3)11.2.1.
2. Display and indicating devi cealdaah(@AllR3)oper at
3.2 Test Valuesi Electrical

1. Measurement and indication of applied values of voltage and cshreualdbe within
manufacturerdéds published tolerances for acc

* Optional
NETA
s S
Pagell4

ANSI/NETA MTS -2011



7. INSPECTION AND TEST PROCEDURES

7.11.2 Metering Devices, MicroprocesseBased continued

2. All auxiliary input/output featureshouldo per at e per settings and
data

3. Measurements and indicatiosisouldbe consistent with energized system loads.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.12.1.1 Regulating Apparatus, VoltageStepVoltage Regulators
1. Visual and Mechanical Inspection

1. Inspect physical and mechanical condition.

2. Inspect anchorage, alignment, and grounding.

3. Record psition indicator agound, maximum, and minimum values.

4.  Prior to cleaning the unit, perform-&sund tests, if required.

5. Clean the unit.

6. Verify auxiliary device operation.

7. Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtitg.1.1.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-tergoneh
met hod in accordance whatadriTabl@l®@ulRact ur er 0s

3. Perform a thermographic survey in accordance with Se@tion

‘ 8.  Verify correct operation ahotor and drive train and automatic motor cutoff at maximum lower
and maximum raispositions

9. Verify correct liquid level in altanks and bushings.
10. Perform specific inspections and mechanical tests as recommended by the manufacturer.
\ *11. Performan internal inspection:
1. Remove oll.

2. Clean carbon residue and debris from compartment.

3. Inspect contacts for wear andgalment.

4. Inspect all electrical and mechanical connections for tightness using calibrated torque
wrench method in accordance with manuf ac:

5. Inspect tapchanger compartment terminal board, contact support boards, and insulating

operating components for evidence of moisture, cracks, excessive wear, breakage,
and/or signs of electrical tracking.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.12.1.1 Regulating Apparatus, Voltage, Step Voltage Regulatoitinued
6. Electrically operate taphanger through full range of taps.
7. Replace gaskets and seal compartment.
8.  Fill with filtered oil.

12. Use appropriate lubrication on moving curreatrying parts and on moving and sliding
surfaces.

13. Perform adeft tests.
14. Record adound and ageft operation counter readings.
2. Electrical Tests

1. Perform resistance measurements through bolted connections witkr@sistance ohmmeter,
if applicable, in accordance with Sectiéri2.1.1.1.

2. Perform insulton-resistance tests on each windieeground in any ofineutral position.
Apply voltage in accordance with manufactu
manufacturerodds published data, use Tabl e 1

3. Perform insulabn powerfactor or dissipatiotiactor tests on windings in accordance with test
equi pment manufactureros published dat a.

4. Perform poweffactor or dissipatioffactor tests on each bushing equipped with a pdactor/
capacitance tap. In the absencea giowerfactor/ capacitance tap, perform toatlar tests.
These tests shall be in accordance with th

5. Measure winding resistance of source windings in the neutral position. Measure the resistance
of all taps on load windings.

6. Perform special tests and adjustments as recommended by manufacturer.

*7.  If the regulator has a separate-tdganger compartment, measure the percentage of oxygen of
the nitrogen gas blanket in the main tank.

8. Perform turngatio test on each voltage step position. Verify that the tap position indicator
correctly identifies all tap positions.

9. Verify accurate operation of voltage range limiter.

10. Verify operation and accuracy of bandwidth, time delay, voltageliaedirop compensation
adjustments of taphanger control device

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.12.1.1

*11.

12.

13.

*14.

15.

* Optional

Regulating Apparatus, Voltage, Step Voltage Regulatortinued

If requlator has a separate telpanger compartment, sample insulating liquid in the main tank
in accordance with ASTND 3613 and perform dissolveghs analysis in accordance with
ANSI/IEEE C57.104 or ASTMD 3612.

Remove a sample of insulating liquid from the main tank or common tank in accordance with
ASTM D 923. Sample shall be tested in accordance with the referenced standard.

1. Dielectric breakdown voltage: ASTM 877 and/or ATM D 1816
2. Acid neutralization number: ANSI/ASTND 974

3. Specific gravity: ANSI/ASTMD 1298

4. Interfacial tension: ANSI/ASTMD 971 or ASTMD 2285

5. Color: ANSI/ASTMD 1500

6.  Visual condition: ASTMD 1524

*7. Power factor: ASTMD 924
Requred when the regulator voltage is 46 kV or higher.

*8. PPM water: ASTMD 1533
Required when the regulator voltage is 25 kV or higher and on all siid@teunits.

Remove a sample of insulating liquid from the-tdganger tank in accordance lwit
ASTM D 923. Sample shall be tested in accordance with the referenced standard.

1. Dielectric breakdown voltage: ASTHM 877
2. Color: ANSI/ASTMD 1500
3. Visual condition: ASTMD 1524

Remove a sample of insulating liquid from the-tdyangeicompartment or common tank in
accordance with ASTND 3613 and perform dissolvaghs analysis (DGA) in accordance with
ANSV/IEEE C57.104 or ASTMD 3612.

Verify operation of heaters.

NETA
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7. INSPECTION AND TEST PROCEDURES

7.12.1.1

Regulating Apparatus, Voltage, Step Voltage Regulatortinued

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

2.

10.
11.

Auxiliary devices should operate in accordance with system design. (7.12.1.1.1.6)

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 perbent of t
lowest value. (7.12.1.1.1.7.1)

n accordance Wwi

Bolt-t or que | evels should be i
shed data, use Tabl

of manufacturerdés publ i
Results of the thermographic survey shall be imetance with Section 9. (7.12.1.1.1.7.3)

Mot or , drive train, and automatic cutof f S
design. (7.12.1.1.1.8)

Liquid level in tanks and bushings should be within indicated tolerances. (7.12.1.1.1.9)

On internal inspection, contact alignment
recommendations for continued service. (7.12.1.1.1.11.3)

Bolt torque levels should be in accordance with Table 100.12 unless otherwise specified by th
manufacturer. (72.1.1.1.11.4)

Terminal board, contact support boards, and insulating operating components should not shov
signs of moisture, cracking, excessive wear, breakage, or electrical cracking. (7.12.1.1.1.11.5)

The tapchanger should operate electricatlyough the full range of taps. (7.12.1.1.1.11.6)

The operation counter should move incrementally for each operation performed. (7.12.1.1.1.1-

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted connection resistance values to values of similar coneetriestigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

Insulationr esi st ance values should be Iin accord;
absence of ma nedfdaacusaTaderl@0s. Vplues df inssldtion resistance less
than this table or manufacturero6s recommen
shall be temperature corrected in accordance with Table 100.14. The polarization index shall t
compaed to previously obtained results.

NETA
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7. INSPECTION AND TEST PROCEDURES

7.12.1.1 Regulating Apparatus, Voltage, Step Voltage Regulatorfitinued

3. Maximum poweifactor or dissipatiotfactor values of liquiefilled regulators should be in

accordance with manufactureroés published da
to test equi psmpeblighedcedan Representative valuesd are indicated in Table
100.3.

4. Powerfactor or dissipatiofiactor and capacitance values should be within ten percent of
nameplate rating for bushings. Hot collar tests are evaluated on a milliampere/milligatt los
basis, and the results should be compared to values of similar bushings.

5. Consult manufacturer if windingesistance values vary by more than one percent from test
results of adjacent windings.

6. Special tests and adjustments should meet manufaciusee publ i shed require
7. Investigate presence of oxygen in nitrogen gas blanket.

8. Turnsratio test results should maintain a normal deviation between each voltage step and
should not deviate more than enalf percent from the calculated voltageio.

9. Vol tage range | imiter should operate within

10. Accuracy of bandwidth, timdelay, voltage, and live drop compensation adjustments should be
as specified.

11. Results odissolvedgas analysisf insulating liquid on the main tank of regulators having a
separate taphanger compartmeshall be evaluated in accordance WAMKSI/IEEE C57.104
or ASTMD 3612

12. Results of insulating liquid tests themain tank ocommon tank of single tank voltage
regulatorsshould be in accordance with Table 100.4.

13. Results of insulating liquid tests the tapchanger tank of regulators having a separate tap
changer compartmeshould be in accordance with Table 100.4.

14. Compare results of dissolved gas analysigéwipus test results.

15. Heaters should be operational.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.12.1.2 Regulating Apparatus, Voltage, Induction Regulators
1. Visual and Mechanical Inspection
1. Inspect physical and meahical condition.
2. Inspect anchorage, alignment, and grounding.
3. Record position indicator @sund, maximum, and minimum values.
4. Prior to cleaning the unit, perform-&sund tests, if required.
5. Clean the unit.
6. Verify correct auxiliarydevice operation.

7. Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtit@.1.2.2.

2. Verify tightness of accessible bolted electricalmections by calibrated torgwerench
met hod in accordance with manufacturerd
manufacturerods published data, use Tabl

3. Perform a thermographic survey in accordance with Se@tion

8. Check motor and drive tmaifor correct operation and automatic motor cutoff at maximum
lower and maximum raise.

9. Verify appropriate liquid level in all tanks and bushings, if applicable.
10. Perform specific inspections and mechanical tests as recommended by the manufacturer.

11. Use appropriate lubrication on moving curreatrying parts and on moving and sliding
surfaces.

12. Perform adeft tests.
2. Electrical Tests

1. Perform resistance measurements through bolted connections witkresistance ohmmeter,
if applicable, in accordance with Sectign12.1.2.1.

2. Perform insulatiofresistance tests windirtg-winding and each windintp-ground. Apply
voltage in accordance with manufacturer s
published data, use Table 180Calculate polarization index.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.12.1.2 Regulating Apparatus, Voltage, Induction Regulatorggntinued

3. Perform poweffactor or dissipatioffiactor tests on winding insulation in accordance with test
equipment manuf acturer és published dat a.

4. Perform poweffactor or dissipatiotfactor tests on each bushing equipped with a pdactor/
capacitance tap. In the absence of a pdaetior/ capacitance tap, perform toatlar tests.
These testsshallbeanc cor dance with the test equi pment

5. Verify voltage regulation.
6. Verify that the indicator correctly identifies neutral position.
7. Perform winding resistance tests on each winding.

8. Sample insulating liquid, if apipable, in accordance with ASTM 923. Sample shall be
tested in accordance with the referenced standard.

1. Dielectric breakdown voltage: ASTM 877 and/or ASTMD 1816
2. Acid neutralization number: ANSI/ASTND 974
*3. Specific gravity ANSI/ASTM D 1298
4. Interfacial tension: ANSI/ASTMD 971 or ASTMD 2285
5. Color: ANSI/ASTMD 1500
6.  Visual condition: ASTMD 1524

*7. Power factor: ASTMD 924
Required when the regulator voltage is 46 kV or higher.

*8. Water content: ASTMD 1533
Required when the regulator voltage is 25 kV or higher.

*9.  Remove a sample of insulating liquid, if applicable, in accordance with ASB®IL3 and
perform dissolvedjas analysis (DGA) in accordance with ASTMB612 or ANSI.IEEE
C57.104.

*10. Test for thepresence of oxygen in the gas blanket of ligfilldd regulators.

11. Verify operation of control cabinet space heater.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.12.1.2

Regulating Apparatus, Voltage, Induction Regulatorgg¢ntinued

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

2.

6.

Auxiliary devices should operate in accordance with system design. (7.12.1.2.1.6)

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate fro those of similar bolted connections by more than 50 percent of the
lowest value. (7.12.1.2.1.7.1)

Bolt-t or que | evels should be in accordance wi
of manufacturerdés publ i sl2éd2)data, wuse Tabl

Results of the thermographic survey shall be in accordance with Section 9. (7.12.1.2.1.7.3)

Mot or, drive train, and automatic cutoff s
design intent and automatic motor cutoff should opexateaximum lower and maximum raise
positions. (7.12.1.2.1.8)

Liquid level in tanks and bushings should be within indicated tolerances. (7.12.1.2.1.9)

3.2 Test Valuesi Electrical

1.

6.

* Optional

Compare bolted connection resistance values to values of simitzgatans. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

Insulationr esi stance values should be Iin accord;
absence of mblishedfdata; use Takele 160s5. falues of insulation resistance less
than this table or manufacturero6s recommen
index shall be compared to previously obtained results.

Maximum poweiffactor or dissipatioffiactor values of liqui€filled regulators should be in

accordance with manufacturero6s published o
to test equipment manufactureroés published
100.3.

Power-factor or dissipatiotiactor and capacitance values should be within ten percent of
nameplate rating for bushings. Hot collar tests are evaluated on a milliampere/milliwatt loss
basis, and the results should be compared to values of similar bushings.

The regulation should be a linear ratio throughout the range between the maximum raise and
the maximum lower positions.

Indicator should indicate neutral position correctly.
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7. INSPECTION AND TEST PROCEDURES

7.12.1.2
7.

10.
11.

* Optional

Regulating Apparatus, Voltage, Induction Regulatorgg¢ntinued

Consult the manufacturer if windifrgsistance values vary by more tlzare percent from
measurements of adjacent windings.

Results of insulating liquid tests should be in accordance with Table 100.4.
Evaluate results of dissolvaghs analysis in accordance with ANSI/IEEE C57.104.
Investigate presence of oxygemnitrogen gas blanket.

Heaters should be operational.
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7. INSPECTION AND TEST PROCEDURES

7.12.2 Regulating Apparatus, Current

I RESERVEDT

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.12.3 Regulating Apparatus, Load TagChangers
1. Visual and Mechanical Inspection
1. Inspect physical and mecheal condition.
2. Inspect anchorage, alignment, and grounding.
3. Record position indicator @sund, maximum, and minimum values.
4.  Prior to cleaning the unit, perform-&sund tests.
5. Clean the unit.

6. Inspect bolted electrical connections fiogh resistance using ooe moreof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtihd.3.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-ergneh
method in accordance withmai f act ur er 6 s publi shed dat a.
manufacturerdéds published data, use Tabl e

3. Perform a thermographic survey in accordance with Se@tion
7. Verify correct auxiliary device operation.

8.  Verify motor and drive train for correct o@gion and automatic motor cutoff at maximum
lower and maximum raise.

9. Verify correct liquid level in all tanks.
10. Perform specific inspections and mechanical tests as recommended by the manufacturer.
11. Visually inspect wear/erosion indicators wacuum bottles, if applicable.
*12. Performan internal inspection:
1. Remove oll.
2. Clean carbon residue and debris from compartment.

3. Inspect contacts for wear and alignment.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.12.3 Regulating Apparatus, Load TagChangers ¢ontinued

4. Inspect all electrical and mechanical connections for tightness using calibrated torque
wrench method in accordance with manuf a
5. Inspect t@-changer compartment terminal board, contact support boards, and insulated

operating components for evidence of moisture, cracks, excessive wear, breakage,
and/or signs of electrical tracking.

6. Electrically operate taphanger through full range of ®p
7. Replace gaskets and seal compartment.
8. Fill with filtered oll.

13. Use appropriate lubrication on moving curreatrying parts and on moving and sliding
surfaces.

14. Perform adeft tests.
15. Record afound and ageft operation countereadings.
2.  Electrical Tests

1. Perform resistance measurements through bolted connections wited®tance ohmmeter, if
applicable, in accordance with Sectiti2.3.1.

2. Perform insulatiofresistance tests in any afeutral position in accordanegth Section 7.2.2.

3. Perform insulation powefiactor or dissipatiotfactor tests in ofheutral position in accordance
with Section7.2.2.

*4.  Perform windingresistance test.
5. Perform special tests and adjustments as recommended by the manufacture
6. Perform turngatio test at all tap positions.

7. Remove a sample of insulating liquid in accordance with AZX823. The sample shall be
tested for the following in accordance with the referenced standard.

1. Dielectric breakdown voltage: ASTR 877 and/or ASTM D 1816
2. Color: ANSI/ASTMD 1500

3. Visual condition: ASTMD 1524

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.12.3 Regulating Apparatus, Load TagChangers ¢ontinued

8.

10.

Remove a sample of insulating liquid in accordance with AST8613 and perform dissolved
gas analysis (DGA) in accordance with ANSI/IEEE C57.104 or ABT8612.

Perform vacuum bottle integrity testii€lectric withstand voltageacross each vacuum bottle
with the contacts in the open position in s

Verify operation of heaters.

3. Test Values

3.1 TestValuesi Visual and Mechanical

1.

10.

11.

12.

* Optional

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.12.3.1.6.1)

n accordance wi't

Bolt-t or que | evels should be i
shed dat a, use Tabl e

of manufacturerdés publ i
Results of the thermographic survey shall be in accordance with Section 9. (7.12.3.1.6.3)
Auxiliary device operation should be in accordance with design intent. (7.12.3.1.7)

Mot or, drive train, and automatic cutoff sh
design intent and automatic motor cutoff should operate at maximum lower amdumaraise
positions.

Liquid level in tanks should be within indicated tolerances. (7.12.3.1.9)

Vacuum bottle wear/ erosion indicators shoul
tolerances. (7.12.3.1.11)

Contact wear and alignment shouldbé i n manuf acturer ds r ecomme
(7.12.3.1.12.3)

n accordance wi't

Bolt-t or que | evels should be i
shed dat a, use Tabl e

of manufacturerdés publ i

No evidence of moistureracks, excessive wear, breakage, or electrical tracking should be
found. (7.12.3.1.12.5)

The tapchanger should operate through the full range of taps. (7.12.3.1.12.6)

Operations counter should have had an incremental change in accordaneg-shémger
operation. (7.12.3.1.15)
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7. INSPECTION AND TEST PROCEDURES

7.12.3 Regulating Apparatus, Load TagChangers ¢ontinued

3.2 Test Valuesi Electrical

1.

10.

* Optional

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

i n accor d.
hed dat a,
S recommen

Insulationr esi st ance values should be
absence of manufacturerds publ i s
than this tabl e or mashaulfl Bednvestigated.

Maximum winding insulation powefiactor or dissipatiotiactor values of liquiefilled
transformers should be in accordance with
are indicated in Table 100.3. Also, comparéhwitt e st equi pment manuf ¢

Consult the manufacturer if windifrgsistance values vary by more than one percent from
measurements of adjacent windings.

Special tests and adjustments s&ould confoc

Turnsratio test results should maintain a normal deviation between each voltage step and
should not deviate more than enalf percent from the calculated voltage ratio.

Results of insulating liquid tests should be in accordance with Tablé.100.
Evaluate results of dissolvaghas analysis in accordance with ANSI/IEEE C57.104.

If no evidence of distress or insulation failure is observed by the end of the total time of voltage
application during the dielectric withstamdltagetest, theest specimen is considered to have
passed the test.

Heaters should be operational.
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7. INSPECTION AND TEST PROCEDURES

7.13 Grounding Systems

1. Visual and Mechanical Inspection

1.

4.

Verify ground system is in compliance with ANSI/NFPA Rational Electrical Code,
Article 250.

Inspect physical and mechanical condition.

Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of lowresistance ohmmeter in accordance with SedtiaB.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-4ergqoneh
met hod in accordance with manufactureros

Inspect anchorage.

2. Electrical Tests

1.

Perform resistance measurements through bolted connections witkresistance ohmmeter,
if applicable, in accordance with section 7.13.1.

Perform faltof-potential or alternative test in accordance with IEEE Standard 81 omaihe
grounding electrode or system.

Perform poirtto-point tests to determine the resistance between the main grounding system and
all major electrical equipment frames, system neutral, and/or derived neutral points.

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

2.

Grounding system electrical and mechanical connections should be free of corrosion2f7.13.1.

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of simibaited connections by more than 50 percent of the
lowest value. (7.13.1.3.1)

Bolt-tt or que | evels should be in accordance wit
of manufacturerodéds publisBBdd data, use Tabl e

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.
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7. INSPECTION AND TEST PROCEDURES

7.13 Grounding Systems ¢ontinued
2. The resistance between the main grounding electrode and ground should be no greater than f
ohms for large commercial or industrial systems and 1.0 ohm or less for generating or

transmission station groundslass otherwise specified by the owner. (Reference ANSI/IEEE
Standard 142)

3. Investigate pointo-point resistance values which exceed 0.5 ohm.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.14 Ground-Fault Protection Systems, LowVoltage
1. Visual and Mechanical Inspection
1. Inspect the components for damage and errors in polarity or conductor routing.

1.  Verify that the ground connection is made on the source side of the neutral disconnect
link and also on the source side of any ground fault sensor.

2. Verify that the neutral sensors are connected with correct polarity on both primary and
secondary.

3. Verify that all phase conductors and the neutral pass through the sensor in the same
direction for zero sequence systems.

4. Verify that groundingsonductors do not pass through zero sequence sensors.
5. Verify that the grounded conductor is solidly grounded.

2. Prior to cleaning the unit, perform-sund tests.

3. Clean the unit.

4. Inspect bolted electrical connections for high resistaisaey oneor moreof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtiha.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-4ergneh
met hod i n accor danc ehewdata.lhntheabsandeafct ur er 0
manufacturerdéds published data, wuse Tabl

S
e
5.  Verify correct operation of all functions of the s&dkt panel, if applicable.

6. Verify pickup and timedelay settings in accordance with the settings provided in therodre
specifications. Record appropriate operation and test sequences as required by ANSI/NFPA 70
National Electrical CodgArticle 230.95.

7. Perform adeft tests.

2. Electrical Tests

1. Perform resistance measurements through bolted connections aitiresistance ohmmeter,
if applicable, in accordance with Sectiori4.1.

2. Measure the system neuttatground insulation resistance with the neutral disconnect link
temporarily removed. Replace neutral disconnect link after testing.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.14 Ground-Fault Protection Systems, LowVoltage (continued

*3.

8.

Perform insulatiosresistance tests on all control wiring with respect to ground. The applied
potential shall be 500 volts dc for 396It rated cable and 100®lts dc for 606volt rated

cable. Test duration shall be one minute. For units with-stditt components or control
devices that cannot tolerate the applied Vv

Perform ground fault protective device pickiegts using primary current injection.

For summation type systems utilizing phase and neutral current transformers, verify correct
polarities by applying current to each phaseitral current transformer pair. This test also
applies to moldedase brakers utilizing an external neutral current transformer.

Measure time delay of the ground fault protective device at a value equal to or greater than 15
percent of the pickup value.

Verify that reduced control voltage tripping capability is 55cpat for ac systems and 80
percent for dc systems.

Verify blocking capability of zone interlock systems.

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

Compare bolted connection resistance values to values of similar connections. ltevestiga
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.14.1.4.1)

Bolt-t or que | evels should be in accordance wi
of manufactur e séTabledOd2. (74hled@) dat a, u

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest valle.

System neutrao-ground insulatiomesistanceshould be a minimum of one megohm.

Insulatiorrresistance values of control wiring should be comparable to previously obtained
results but not less than two megohms.

Results of pickup test shalibe greater than 90 percent of the ground fault protection device
pickup setting and less than 1200 amperes or 125 percent of the pickup setting, whichever is
smaller.
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7. INSPECTION AND TEST PROCEDURES

7.14 Ground-Fault Protection Systems, LowVoltage (continued

5. The ground fault protective device should operate when current direction is theetanve to
polarity marks in the two current transformers. The ground fault protective device should not
operate when current direction is opposite relative to polarity marks in the two current
transformers.

6. Relay timing should be in accordancewitta nuf act ur er 6s speci ficat.i
than one second at 3000 amperes in accordance with ANSI/NFRafional Electrical
Code,Article 230.95.

7. The circuit interrupting device should operate when control voltage is 55 percent of nominal
voltage for ac circuits and 80 percent of nominal voltage for dc circuits.

8. Resultsofzodd | ocking tests should be in accordanc
and/or design specifications.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.15.1 Rotating Machinery, AC Induction Motors and Generators
1. Visual and Mechanical Inspection
1. Inspect physical and mechanical condition.
2. Inspect anchorage, alignment, and grounding.
3. Inspect air baffles, filter media, cooling fans, slipgs, brushes, and brush rigging.

4. Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of lowresistance ohmmeter in accordance with Seatiab.1.2.

2. Verify tightness of accessible boltetkctrical connections by calibrated torguesnch
met hod in accordance with manufacturerd
manufacturerdéds published data, wuse Tabl

3. Perform thermographic survey in accordance with Se&ion
5. Perform speciaests such as agap spacing and machine alignment, if applicable.
6. Verify the application of appropriate lubrication and lubrication systems.
7. Verify the absence of unusual mechanical or electrical noise or signs of overheating.
8. Verify that resistance temperature detector (RTD) circuits conform to drawings.
2.  Electrical Testsi AC Induction

1. Perform resistance measurements through bolted connections witkresistance ohmmeter,
if applicable, in accordance with Sectiéri5.1.1.

2. Perform insulatiorresistance tests in accordance with ANSI/IEEE Standard 43.

1. Machines larger than 200 horsepower (150 kilowatts):
Test duration shall be for ten minutes. Calculate polarization index.

2. Machines 200 horsepower (150 kilowatts) and:less
Test duration shall be for one minute. Calculate the dielemtsorption ratio.

3. Perform ddielectric withstand voltagists on machines rated at 2300 volts and greater in
accordance with ANSI/IEEE Standard 95.

4. Perform phas¢o-phase statoresistance test on machines 2300 volts and greater.

*5.  Perform insulation powsliactor or dissipatioffiactor tests.
* Optional
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7. INSPECTION AND TEST PROCEDURES

7.15.1 Rotating Machinery, AC Induction Motors and Generators¢ontinued
*6.  Perform poweifactor tip-up tests.

*7.  Perform surge comparison tests.

8. Performinsulatiom esi st ance test on insul ated beari

published data, if applicable.
9. Test surge protection devices in accordance with Settighand 8ction 7.20.
10. Test motor starter in accordance with Section 7.16.
11. Perform resistance tests on resistance temperature detector (RTD) circuits.
12. Verify operation of machine space heater, if applicable.
*13.  Perform vibration test.
3. Test Values
3.1 Test Valuesi Visual and Mechanical
1. Inspection (7.15.1.1.3)
1.  Air baffles should be clean.
2. Filter media should be clean.

3. Cooling fans should operate.

4. SI'ip ring wear should be within manufact |

5. Brushes should be within manufactureros

6. Brush rigging should be intact.

2. Compare bolted connection resistance values to values of similar connections. Investigate

values which deviate from those of similar bolted cotinas by more than 50 percent of the
lowest value. (7.15.1.1.4.1)

3. Boltt orque | evels should b n accordance
S

of manufacturero6s publi

4. Results of the therngwaphic survey shall be in accordance with Section 9. (7.15.1.1.4.3)

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.15.1 Rotating Machinery, AC Induction Motors and Generators¢ontinued

3.2 Test Valuesi Electrical Tests

1.

* Optional

Compare bolted connection resistance values to values of similar connections. Investigate any
values that deviate from similar bolted connectionsiore than 50 percent of the lowest
value.

The dielectric absorption ratio or polarization shall be compared to previously obtained results
and should not be less than 1.0. The recommended minimum insulation resistangg (&t
results in meghms should be corrected46° C and read as follows:

1. IR 1 min=kV + 1 for most windings made before 1970, all field windings, and others not
described in 2.2 and 2.3.

(kV is the rated machine termint@-terminal voltage in rms kV)

2. IR 1 min =100 megohms for most dc armature and ac windings built after 1970 (form
wound colils).
3. IR 1 min=5 megohms for most machines and randemand stator coils and form

wound coils rated below 1 kV.

NOTE: Dielectric withstand voltagand surge compariadests shall not be performed
on machines having values lower than those indicated above.

If no evidence of distress or insulation failure is observed by the end of the total time of voltage
application during thdielectric withstand voltagest, he test specimen is considered to have
passed the test.

Investigate phast-phase stator resistance values that deviate by morébarercent.

Powerfactor or dissipatiotiactor values shall be compared with previous values of similar
machine.

Tip-up values should indicate no significant increase in power factor.

If no evidence of distress, insulation failure, or lack of waveform nesting is observed by the
end of the total time of voltage application during the surge comparispthestst specimen
is considered to have passed the test.

Bearing insulatior esi st ance measurements should be
t ol erances. Il n the absence of manufacturer
made to similar rachines.

Test results of surge protection devices shall be in accordance with Section 7.19 and Section
7.20.
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7. INSPECTION AND TEST PROCEDURES

7.15.1 Rotating Machinery, AC Induction Motors and Generators¢ontinued
10. Test results of motor starter equipment shall be in accordance with Section 7.16.

11. RTD circuits should conform to design intentandoms c hi ne pr ot ection dev
specifications.

12. Heaters should be operational.

13. Vibration amplitude®f the uncoupled and unloaded mactsheuld not exceed values shown
in Table 100.10. If values exceed those in Table 100.10, pedomplete vibration analysis.

* Optional

NETA
S
Pagel38

ANSI/NETA MTS -2011



7. INSPECTION AND TEST PROCEDURES

7.15.2 Rotating Machinery, Synchronous Motors and Generators
1. Visual and Mechanical Inspection
1. Inspect physical and mechanical condition.
2. Inspectanchorage, alignment, and grounding.
3. Inspect air baffles, filter media, cooling fans, slip rings, brushes, and brush rigging.

4. Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use oflow-resistance ohmmeter in accordance with Seatiab.2.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-tergneh
met hod in accordance with manufacturerd
manuf act ur e rta sse TahleblDO.12. hed da

3. Perform thermographic survey in accordance with Se&ion
5. Perform special tests such as@ap spacing and machine alignment, if applicable.
6. Verify the application of appropriate lubrication and lubrication systems.
7. Verify the absence of unusual mechanical or electrical noise or signs of overheating.
8.  Verify that resistance temperature detector (RTD) circuits conform to drawings.
2.  Electrical Tests

1. Perform resistance measurements through bolted conneciibres w-resistance ohmmeter,
if applicable, in accordance with Sectiéri5.2.1.

2. Perform insulatiosresistance tests in accordance with ANSI/IEEE Standard 43.

1. Machines larger than 200 horsepower (150 kilowatts):
Test duration shall be for ten noites. Calculate polarization index.

2. Machines 200 horsepower (150 kilowatts) and less:
Test duration shall be for one minute. Calculate the dielemtsorption ratio.

3. Perform ddielectric withstand voltagests on machines rated at 2300 voltd greater in
accordance with ANSI/IEEE Standard 95.

4. Perform phas¢o-phase stator resistance test on machines 2300 volts and greater.

*5.  Perform insulation powsliactor or dissipatioffiactor tests.
* Optional
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7. INSPECTION AND TEST PROCEDURES

7.15.2 Rotating Machinery, Synchronous Motors and Generatorg@ntinued
*6.  Perform poweifactor tip-up tests.
*7.  Perform surge comparison tests.

8. Performinsulatiomr esi st ance test on insulated beari ni
published dataf applicable.

9. Test surge protection devices in accordance with Set¢tidhand Section 7.20.
10. Test motor starter in accordance with Section 7.16.
11. Perform resistance tests on resistance temperature detector (RTD) circuits.
12. Verify operaton of machine space heater, if applicable.
*13. Perform vibration test.

14. Perform insulatiofresistance tests on the main rotating field winding, the exogerwinding,
and the excitearmature winding in accordance with ANSI/IEEE Standard 43.

*15. Perform an ac voltagérop test on all rotating field poles.

*16. Perform a higkpotential test on the excitation system in accordance with ANSI/IEEE Standard
421.3.

17. Measure resistance of machifreld winding, exciterstator winding, exciterotor windings,
and field discharge resistors.

*18. Perform frontto-back resistance tests on diodes and gating tests of siladrolled rectifiers
for field application semiconductors.

19. Prior to reenergizing, apply voltage to the exciter supply atidst excitetfield current to
nameplate value.

20. Verify that the field application timer and the enable timer for the péator relay have been
tested and set to the motor drive manufactu

*21. Record stator current, statasltage, and field current for the complete acceleration period
including stabilization time for a normally loaded starting condition. From the recording
determine the following information:

1. Bus voltage prior to start.
2.  Voltage drop at start.

3. Bus voltage at machine fulibad.
* Optional
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7. INSPECTION AND TEST PROCEDURES

7.15.2 Rotating Machinery, Synchronous Motors and Generatorg@ntinued

*22.

*23.

4. Lockedrotor current.
5. Current after synchronization but before loading.
6. Current at maximum loading.
7.  Acceleration time to near synchronous speed.
8. RPM just prior to synchronization.
9. Field application tne.
10.  Time to reach stable synchronous operation.

Plot a \fcurve of stator current versus excitation current at approximately 50 percent load to
check correct exciter operation.

If the range of exciter adjustment and machine loading penediice excitation to cause power
factor to fall below the trip value of the powactor relay. Verify relay operation.

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

4.

* Optional

Inspection (7.15.2.1.3)

1.  Air baffles should be clean.

2 Filter media shold be clean.

3 Cooling fans should operate.

4. Slip ring wear should be within manuf ac
5 Brushes should be within manufactureros
6 Brush rigging should be intact.

Compare boltedonnection resistance values to values of similar connections. Investigate any
values that deviate from similar bolted connections by more than 50 percent of the lowest
value. (7.15.2.1.4.1)

Bolt-torque levels should be in accordance with manufadiuser pub |l i shed dat a
of manufacturerdés published dat a, use Tabl

Results of thermographic survey shall be in accordance with Section 9. (7.15.2.1.4.3)
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7. INSPECTION AND TEST PROCEDURES

7.15.2 Rotating Machinery, Synchronous Motors and Generatorg@ntinued

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted connection rdsisce values to values of similar connections. Investigate any
values that deviate from similar bolted connections by more than 50 percent of the lowest
value.

The dielectric absorption ratio or polarization index shall be compared to previoushedbtai
results and should not be less than 1.0. The recommended minimum insulation resistance
(IR 1 min) test results in megohms should be corrected t&_4&id read as follows:

1. IR 1 min=kV + 1 for most windings made before 1970, all field windings atihers not
described in 2.2 and 2.3.

(kV is the rated mache terminalto-terminal voltagen rms kV)

2. IR 1 min= 100 megohms for most dc armature and ac windings built after 1970 (form
wound colils).
3. IR 1 min=5 megohms for most machines anddomwound stator coils and form

wound coils rated below 1 kV.

NOTE: Dielectric withstand voltagenigh-potential, and surge comparison tests shall not
be performed on machines having values lower than those indicated above

If no evidence of diséss or insulation failure is observed by the end of the total time of voltage
application during thdielectric withstand voltagtest, the test specimen is considered to have
passed the test.

Investigate phast-phase stator resistance values thatadle by more thafive percent.

Powerfactor or dissipatiotiactor values shall be compared with previous values of similar
machines.

Tip-up values should indicate no significant increase wgvdactor.

If no evidence of distress)sulation failure, or lack of waveform nesting is observed by the end
of the total time of voltage application during the surge comparison test, the test specimen is
considered to have passed the test.

Insulation resistance of bearings should beiwith manuf act ur er s publ i s
absence of manufacturerds published tol eran
machines.

Test results of surge protection devices shall be in accordance with Section 7.19 and Section
7.20.
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7. INSPECTION AND TEST PROCEDURES

7.15.2 Rotating Machinery, Synchronous Motors and Generatorg@ntinued

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

* Optional

Test results of motor starter equipment shall be in accordance with Section 7.16.

RTD circuits should conform to design inte
specifications.

Heaters should be operational.

Vibration amplitwesof the uncoupled and unloaded macksheuld not exceed values shown
in Table 100.10. If values exceed those in Table 100.10, perform complete vibration analysis.

The recommended minimum insulation resistance §}iR test results in megohms shadbe
corrected to 40€ and read as follows:

1. IR 1 min= KV + 1 for most windings made before 1970, all field windings, and others not
described in 2.2 and 2.3.

(kV is the rated mache terminalto-terminal voltagen rms kV)

2. IR 1 min= 100 megomms for most dc armature and ac windings built after 1970 ¢form
wound coils).
3. IR 1 min=5 megohms for most machines and randemond stator coils and form

wound coils rated below 1 kV.

NOTE: Dielectric withstand voltagdnigh-potential, and surgeomparison tests shall
not be performed on machines having values lower than those indicated above.

The poleto-poleacvoltage drop shall not exceed 10 percent variance between poles.

If no evidence of distress or insulation failure is obsebsethe end of the total time of voltage
application during thdielectric withstand voltageest, the winding is considered to have
passed the test.

The measured resistance values of mb&dd windings, excitesstator windings, exciterotor
windings, and fieldd i scharge resistors shall be compa
values.

Resistance test results of diodes and gating tests of sdaurolled rectifiers should be in
accordance with industry standards and system design requisement

Exciter power supply should allow exciigeld current to be adjusted to nameplate value.

Application timer and enable timer for power factor relay test results should comply with
manufacturero6s recommended values.
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7. INSPECTION AND TEST PROCEDURES

7.15.2 Rotating Machinery, Synchronous Motors and Generatorg@ntinued
21. Recorded values shoute in accordance with system design requirements.
22. Plotted \tcurve should indicate correct exciter operation.

23.  Whenreduced excitation falls below trip value for the povaator relay, the relay should
operate.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.15.3 Rotating Machinery, DC Motors and Generators

1. Visual and Mechanical Inspection

1.
2.

5.
6.

Inspect physical and mechanical condition.

Inspect anchorage, alignment, and grounding.

Inspect air baffles,éld media, cooling fans, brushes, and brush rigging.

Inspect bolted electrical connections for high resistance usingranereof the following

methods:
1. Use of lowresistance ohmmeter in accordance with Sedtihh.3.2.
2. Verify tightness oficcessible bolted electrical connections by calibrated tesgeech
met hod in accordance with manufacturerd
manufacturerdéds published data, wuse Tabl
3. Perform thermographic survey in accordance with Se&ion

Inspect commutator and tachometer generator.

Perform special tests such as@ap spacing and machine alignment, if applicable.

2. Electrical Tests

1.

*4,

*6.

* Optional

Perform resistance measurements through bolted connections witlresistance ohmmeter,
if applicable, in accordance with Sectibid5.3.1.

Perform insulatiosresistance tests on all windings in accordance with ANSI/IEEE Standard 43.

1.

Machines larger than 200 horsepower (150 kilowatts):
Test duration shall be for ten minutes. Calculatiafzation index.

Machines 200 horsepower (150 kilowatts) and less:
Test duration shall be for one minute. Calculate the dielectric absorption ratio.

Perform highpotential test in accordance with NEMA MG 1, paragraph 3.01.

Perform an ac vtdgedrop test on all field poles.

Measure armature running current and field current or voltage. Compare to nameplate.

Perform vibration tests.

Verify that all protective devices are in accordance with Setibé.
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7. INSPECTION AND TEST PROCEDURES
7.15.3 Rotating Machinery, DC Motors and Generatorsgontinued
3. TestValues
3.1 Test Valuesi Visual and Mechanical
1. Inspection (7.15.3.1.3)

1.  Air baffles should be clean

2.  Filter media should be clean.

3. Cooling fans shouldperate.

4. Brushes should be within manufacturer s |

5. Brush rigging should be intact.

2. Compare bolted connection resistance values to values of similar connections. Investigate any
values that deviate from similar balteonnections by more than 50 percent of the lowest
value. (7.15.3.1.4.1)

n accordance wi't

3. Bolttt orque | evels should be i
shed data, use Tabl e

of manufacturerods publi
4. Results of termographic survey shall be in accordance with Section 9. (7.15.3.1.4.3)

5. Commut ator and tachometer generator should
data and/or system design. (7.15.3.1.5)

6. Air-gap spacing and machine alignmentshdulel wi t hi n manuf acturer 6s
(7.15.3.1.6)

3.2 Test Valuesi Electrical

1. Compare bolted connection resistance values to values of similar connections. Investigate any
values that deviate from similar bolted connections by more than 50 pefdka lowest
value.

2. The dielectric absorption ratio or polarization index shall be compared to previously obtained
results and should not be less than 1.0. The recommended minimum insulation resistance
(IR1 min) test results in megohms should loerected to 40T and read as follows:

1. IR 1 min=kV + 1 for most windings made before 1970, all field windings, and others not
described in 2.2 and 2.3.

(kV is the rated machine terminr@-terminal voltage, in rms kV)

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.15.3 Rotating Machinery, DC Motors and Generatorsgontinued

* Optional

2. IR 1 min =100 megohms famost dc armature and ac windings built after 1970 (form
wound coils).
3. IR 1 min=5 megohms for most machines and randemand stator coils and form

wound coils rated below 1 kV.

NOTE: Dielectric withstand voltagehigh-potential, and surge companistests shall not
be performed on machines having values lower than those indicated above.

If no evidence of distress or insulation failure is observed by the end of the total time of voltage
application during the dielectric withstand test, the wigds considered to have passed the
test.

The poleto-pole voltage drop shall not excekee percent variance between poles.
Measured running current and field current or voltage should be comparable to nameplate dat

Vibration amplitude®f the uncoupled and unloaded machsheuld not exceed values shown
in Table 100.10. If values exceed those in Table 100.10, perform complete vibration analysis.

Test results of motor starter equipment shall be in accordance with Section 7.16.
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7. INSPECTION AND TEST PROCEDURES

7.16.1.1 Motor Control, Motor Starters, LowVoltage
1. Visual and Mechanical Inspection
1. Inspect physical and mechanical condition.
2. Inspect anchorage, alignment, and grounding.
3. Priorto cleaning the unit, perform-dégund tests, if required.
4. Clean the unit.
5. Inspect contactors.
1. Verify mechanical operation.

2. Inspect and adjust contact gap, wipe, alignment, and pressure in accordance with
manufacturerdéds published dat a.

*6. Motor-Running Protection

1. Compare overload element rating with motor-fakd current rating to verify correct
sizing.

2. If motor-running protection is provided by fuses, verify correct fuse rating considering
motor characteristics and powfactor correction capacitors.

7. Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtih6.1.1.2.

2. Verify tightness of accessible bolted elexdiiconnections by calibrated torgueench
met hod in accordance with manufactureros
manufacturerdéds published data, use Tabl e
3. Perform a thermographic survey in accordance with Se@tion

8. Use appropriate lufzation on moving currentarrying parts and on moving and sliding
surfaces.

9. Perform adeft tests.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.16.1.1

Motor Control, Motor Starters, LowVoltage (continued

2. Electrical Tests

1.

*3.

5.
6.

Perform resistancmeasurements through bolted connections with ar&sistance ohmmeter,
if applicable, in accordance with Secti6ri6.1.1.1.

Perform insulatiosresistance tests for one minute on each pole, gogsease and phage-
ground with starter closed, aadross each open pole. Test voltage shall be in accordance with
manufacturerdéds published data or Tabl e 100C

Perform insulatiosresistance tests on all control wiring with respect to ground. The applied
potential shall be 500 volts dc for 396It rated cable and 1000 volts dc for 600It rated
cable. Test duration shall be one minute. For units with-stditt components, follow
manufacturerd6s recommendati on.

Test motor protection devi @ékshed datadnctle abseaheen c
of manufacturerd@ dat a, use Section 7.

Test circuit breakers in accordance with Secfidhl.1.

Perform operational tests by initiating control devices.

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

3.

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.16.1.1.1.7.1)

Bolt-torque levels should be inaccarm c e wi t h manufacturerds pl
of manufacturerdés published data, wuse Tabl

Results of the thermographic survey shall be in accordance with Section 9. (7.16.1.1.1.7.3)

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

Insulatiorrresistance values should be in accordancemghn uf act ur er 6s publ
absence of manufacturerds published dat a,
than this table or manufacturero6s recommen
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7. INSPECTION AND TEST PROCEDURES

7.16.1.1 Motor Control, Motor Starters, Low\Voltage (continued

3. Insulationresistance values of control wig should be comparable to previously obtained
results but not less than two megohms.

4. Motor protection parameters shall be in acc
Section 7.9.

5. Circuit breaker test results shall be in accordance witkidi®e7.6.1.1.

6. Control devices should perform in accordance with system design and/or requirements.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.16.1.2 Motor Control, Motor Starters, Medium-VVoltage
1. Visual and Mechanical Inspe&tion
1. Inspect physical and mechanical condition including evidence of moisture and corona.
2. Inspect anchorage, alignment, and grounding.
3. Prior to cleaning the unit, perform-fmund tests, if required.
4. Clean the unit.

5. Inspect bolted efdrical connections for high resistance using onmoreof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtia6.1.2.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-tergoneh
met hod in accordance with manufacturerd
manufacturerds published data, wuse Tabl

3. Perform a thermographic survey in accordance with Se@tion
6. Test electrical and mechanical interlock systems for correstitipn and sequencing.
7. Verify correct barrier and shutter installation and operation.
8. Exercise active components and confirm correct operation of indicating devices.
9. Inspect contactors.

1.  Verify mechanical operation.

2. Inspect and adjusbatact gap, wipe, alignment, and pressure in accordance with
manufacturerdéds published dat a.

10. Compare overload protection rating with motor nameplate to verify correct size. Set adjustable
or programmable devices according to the protective deviceinatich study.

11. Use appropriate lubrication on moving curreatrying parts and on moving and sliding
surfaces.

12. Perform adeft tests.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.16.1.2

Motor Control, Motor Starters, MediumVoltage (continued

2. Electrical Tests

1.

*3.

*4,

10.
11.
12.

13.

*14.

15.

* Optional

Perform resistance measurements through bolted connections witkresistance ohmmeter,
if applicable, in accordance with Secti6ri6.1.2.1.

Perform insulatiofresistance tests on contactor(s) for one minute, givegeurd and phase
to-phase with the contactor closed, and across each open contact. Test voltage shall be in
accordance with manufactureroés published da

Perform insulatiosresistance tests on all control wiring with respect to groundappked
potential shall be 500 volts dc for 396It rated cable and 1000 volts dc for 8@t rated
cable. Test duration shall be one minute. For units with-stditt components, follow
manufacturerd6s recommendati on.

Perform adielectric withstad voltaget e st i n accordance with mantu
the absence of manufacturl®er ds published dat

Perform vacuum bottle integrity testi€¢lectric withstand voltageif applicable, across each
vacuum bottle withtheant act s i n the open position in s
published data. Do not exceed maximum voltage stipulated for this test.

Perform contact resistance tests.
Measure blowout coil circuit resistance, if applicable.
Measure restance of power fuses.

Energize contactor using an auxiliary source. Adjust armature to minimize operating vibration
where applicable.

Test control power transformers in accordance with Seztib2.8.
Test starting transformers, if applid@bin accordance with Section 7.2.1.
Test starting reactors, if applicable, in accordance with Section 7.20.3.

Test motor protection devi qebkshed datadmncthe absaheen c e

A

of manufacturerdés data, test in accordance
Perform system function test in accordance with Se@&ion

Verify operation of cubicle space heater.
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7. INSPECTION AND TEST PROCEDURES

7.16.1.2 Motor Control, Motor Starters, MediumVoltage (continued
3. Test Values
3.1 Test Valuesi Visual and Mecharical

1. Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.16.1.2.1.5.1)

2. Bolt-torque levels shouldbien accordance with manufacture
of manufacturerdés published data, wuse Tabl

3. Results of the thermographic survey shall be in accordance with Section 9. (7.16.1.2.1.5.3)

4. Electrical and mechacal interlocks should operate in accordance with system design.
(7.16.1.2.1.6)

5. Barrier and shutter installation and opera
design. (7.16.1.2.1.7)

6. Indicating devices should operate in accordance witesydesign. (7.16.1.2.1.8)
3.2 Test Valuesi Electrical

1. Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value

i n accor d.
hed dat a,
S recommen

2. Insulationr esi stance values should be
absence of manufactureroés publis
than this table or manuf aiovedigated. 6

3. Insulationresistance values of control wiring should be comparable to previously obtained
results but not less than two megohms.

4. If no evidence of distress or insulation failure is observed by the end of the total time of voltage
application during thdielectric withstand voltagest, the test specimen is considered to have
passed the test.

5. If no evidence of distress or insulation failure is observed by the end of the total time of voltage
application during the vacuum bottlgegrity test, the vacuum bottle is considered to have
passed the test.

6. Microhm ordcmillivolt drop values should not exceed the high levels of the normal range as
indicated in the manufacturerds published

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.16.1.2 Motor Control, Motor Starters, MediumVoltage (continued

investigate values which deviate from those of similar connections by more than 50 percent of
thelowest value.

7. Resistance values of blowout coils should b
8. Resistance values should not deviate by more than 15 percent between identical fuses.
9. Contactor coishouldoperate with minimal vitation and noise.

10. Control power transformeest results shall be in accordance with Section 7.1.2.8.

11. Starting transformer test results shall be in accordance with Section 7.2.1.

12. Starting reactor test results shall be in accordance witio8et20.3.

13. Mot or protection parameters shall be in acc

14, System function test results should be in a
system design.

15. Heaters should be operational.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.16.2.1
1.

2.

7.16.2.2

* Optional

Motor Control, Motor Control Centers, LowVoltage
Refer to Sectiof7.1 for appropriate inspections and tests of the motor control center bus.

Refer to Sectio7.5.1.1 forappropriate inspections and tests of the motor control center
switches.

Refer to Sectior7.6 for appropriate inspections and tests of the motor control center circuit
breakers.

Refer to Sectior7.16.1.1 for appropriate inspections and tests ofrtbr control center
starters.

Motor Control, Motor Control Centers, MediumVoltage
Refer to Sectior7.1 for appropriate inspections and tests of the motor control center bus.

Refer to Sectio7.5.1.2 for appropriate inspections andded the motor control center
switches.

Refer to Sectior7.6 for appropriate inspections and tests of the motor control center circuit
breakers.

Refer to Sectio7.16.1.2 for appropriate inspections and tests of the motor control center
starters.
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7. INSPECTION AND TEST PROCEDURES

7.17 AdjustableSpeed Drive Systems

1. Visual and Mechanical Inspection

1.
2.

10.

* Optional

Inspect physical and mechanical condition.
Inspect anchorage, alignment, and grounding.
Prior to cleaning the unit, perform-fsund tests.
Clean the unit.

Ensure vent path openings are free from debris and that heat transfer surfaces are not
contaminated by oil, dust, or dirt.

Verify correct connections of circuit boards, wiringsabnnects, and ribbon cables.
Motor running protection

1. Compare drive overcurrent set points with motor-fodld current rating to verify correct
settings.

2. If drive is used to operate multiple motors, compare individual overload element ratings
with motor fulkload current ratings.

3.  Apply minimum and maximum speed set points. Confirm set points are within
limitations of the load coupled to the motor.

Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtiti.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-tergoneh
met hod in accordance with md00UX acturer ds

3. Perform a thermographic survey in accordance with Se@tion
Verify correct fuse sizing in accordance wi

Perform adeft tests.
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7. INSPECTION AND TEST PROCEDURES

7.17 AdjustableSpeed Drive Systemscpntinued

2. Electrical Tests

1.

*4,

* Optional

Perform resistance measurements through bolted connections wited®tance ohmmeter, if
applicable, in accordance with Sectibid7.1.

Test the motor overload relay elements by injecting primary cutiesigh the overload
circuit and monitoring trip time of the overload element.

Test input circuit breaker by primary injection in accordance with Se¢t&n

Perform insulation resistance tests on all control wiring with respect to groundpflirezia
potential shall be 500 volts dc for 396It rated cable and 1000 volts dc for 8@t rated
cable. Test duration shall be one minute. For units with-stditt components, follow
manufacturerd6s recommendati on.

Test for the following parametein accordance with relay calibration procedures outlined in
Section7.9 or as recommended by the manufacturer:

1.

2.

7.

8.

Input phase loss protection
Input overvoltage protection
Output phase rotation
Overtemperature protection
DC overvoltag protection
Overfrequency protection
Drive overload protection

Fault alarm outputs

Perform continuity tests on bonding conductors in accordance with Section 7.13.

Perform operational tests by initiating control devices.

1.

Slowly vary drive speed between minimum and maximum. Observe motor and load for
unusual noise or vibration.

Verify operation of drive from remote start/stop and speed control signals.
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7. INSPECTION AND TEST PROCEDURES

7.17 AdjustableSpeed Drive Systemscpntinued

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

3.

Comparebolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.17.1.8.1)

Bolt-torque levels should be in accordancewitomu f act ur er 6s publ i shed
of manufacturerodés published data, use Tabl e

Results of the thermographic survey shall be in accordance with Section 9. (7.17.1.8.3)

3.2 Test Valuesi Electrical

1.

* Optional

Compare boltedonnection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

Overload test trip times at 300 percent of overload element ratingddb® in accordance with
manufactur er Gcsrrepoutvé.i shed ti me

Input circuit breaker test results shall be in accordance with Section 7.6.

Insulatiorrresistance values of control wiring should be comparable to previously obtained
results It not less than two megohms.

Relay calibration test results shall be in accordance with Section 7.9.
Continuity of bonding conductors shall be in accordance with Section 7.13.

Control devices should perform in accordance with system requitemen
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7. INSPECTION AND TEST PROCEDURES

7.18.1.1 DirectCurrent Systems, Batteries, Flooded Lead\cid
1. Visual and Mechanical Inspection

1. Verify the battery area ventilation system is operable.

2. Verify existence of suitable eyewash equipment

3. Inspect physical and mechanical condition.

4. Inspect battery support racks, mountibgttery spill containment systemanchorage,
clearances, alignment, and grounding.

5. Prior to cleaning or adding electrolyte, perforrdf@snd tests, if applable.

6. Verify electrolyte level. Measure electrolyte specific gravity and temperature levels.
7. Verify presence of flame arresters.

8. Neutralize acid on exterior surfaces and rinse with water.

9. Clean corroded/oxidized terminals and apply an okit#itor.

10. Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Section 7.18.1.1.2.

2. Verify tightness of accessible bolted electrical connestby calibrated torquerench
met hod in accordance with manufacturerd

3. Perform a thermographic survey under load in accordance with Section 9.
11. Perform adeft tests.
2.  Electrical Tests

1. Perform resistance mgarements through all bolted connections with aflesgistance
ohmmeter, if applicable, in accordance with Section 7.18.1.1.1.

2. Measure charger float and equalizing volta
recommended settings.

3. Verify all charger functions and alarms.

4. Measure each cell voltage and total battery voltage with charger energized and in float mode «
operation.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.18.1.1
5.
6.

*7.

Diret-Current Systems, Batteries, Flooded Lead\cid (continued
Measure intercell connection resistances.
Perform internal ohmic measurement tests.

Perform a | oad test in accordance with manu
Recommended Practice for Maintenance, Testing and Replacement of kathyStorage
Batteries for Generating Stations and Substations.

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

2.

4.

Electrolyte level and specific gravity should be within normal limits. (7.18.1.1.1.6)

Compare bolted connection resistance v&boevalues of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.18.1.1.1.10.1)

n accmtheabsewmce wi t

Bolt-t or que | evels should be i
shed data, use Tabl e

of manufacturerods publi

Results of the thermographic survey shall be in accordance with Section 9. (7.18.1.1.1.10.3)

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted connection resistamaties to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

Charger float and equalize voltage | ewel s s
published data.

The results of charger functions and al ar ms
published data.

Cell voltages should be within 0.05 volt of
published data.

Compare boltedonnection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

Cell internal ohmic values (resistance, impedance or conductanae¥would not vary by
more than 25 percent between identical cells that are in a fully charged state.
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7. INSPECTION AND TEST PROCEDURES

7.18.1.1 Diret-Current Systems, Batteries, Flooded Lead\cid (continued

7. Results of | oad tests should be in accorda
450.
* Optional
/N
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7. INSPECTION AND TEST PROCEDURES

7.18.1.2 DirectCurrent Systems, Batteries, Vented NickeCadmium
1. Visual and Mechanical Inspection

1. Verify that battery area ventilation system is operable.

2. Verify existence of suitable eyewash equipment.

3. Inspect physical anchechanical condition.

4. Verify adequacy of battery support rackscabinetsmounting battery spill containment
systemanchorage, alignment, groundjrasnd clearances.

5. Prior to cleaning or adding electrolyte, perforrf@snd tests.

6. Verify electrolyte levelnd neasurepilot-cell electrolyte temperature

7.  Verify the units are clean.

8.  Verify application of an oxide inhibitor on battery terminal connections.

9. Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use ofalow-resistance ohmmeter atcordance with Section 7.18.22

2. Verify tightness of accessible bolted electrical connections by calibrated-ergoneh
met hod in accordance with bed@0dx act ur er 0s

3. Perform thermographic survey in accordance with Section 9.
10. Perform adeft tests.
2. Electrical Tests

1. Perform resistance measurements through all bolted connections withreslstance
ohmmeter, if applicable, iaccordancevith Section 7.18.1.2.

2. Measure charger float and equalizing voltag
recommended settings.

3. Verify all charger functions and alarms.

4. Measure each cell voltage and total battery voltage with chargeizgteemd in float mode of
operation.

5. Measure intercell connection resistances.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.18.1.2 DirectCurrent Systems, Batteries, Vented NickeCadmium (continued
6. Perform internal ohmic measurement tests.
*T. Perform a | oad test in accordance WwWil@h man
8. Measure the battery system voltage from positdvground and negativi-ground.
3. Test Values
3.1 Test Valuesi Visual and Mechanical
1. Electrolyte levekhallbe within normal limits. (7.18.2.1.7)

2. Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.18.2.1.101)

3. Bolt-torquelevelshallbe i n accordance with manufactur
manufacturerdéds publishe@lXd3ta, use Tabl e 1

4. Results of the thermographic survey shall be in accordance with Section 9.271180.3
3.2  Test Valuesi Electrical

1. Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

2. Charger fbat and equalize voltage levelsouldb e i n accordance with
published data.

3. The results of charger functionsand alaghsuldb e i n accordance with
published data.

4. Cell voltageshouldbe within 0.05voltoe ach ot her or i n accordal
published data.

5. Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowed value.

6. Cellinternal ohmic values (resistance, impedance, or conducttmmgyinot vary by more
than 25 percent between identical se¢lat are in a fui charged state, ahouldbe in
accordance with manufacturero6s published o

* Optional
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7. INSPECTION AND TEST PROCEDURES
DirectCurrent Systems, Batteries, Vented NickeCadmium (continued

7.18.1.2
7. Resultsofloadtesshouldbe i n accordance with manufactur
1106
8. Voltage measwd frompositiveto-ground shoulde equal in magnitude to the voltage
measured from negatise-ground.
* Optional
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7. INSPECTION AND TEST PROCEDURES

7.18.1.3 DirectCurrent Systems, Batteries, ValveRegulated LeadAcid
1. Visual and Mechanical Inspection

1. Verify the battery ventilation system is operable.

2. Verify the existence of suitable eyewash equipment.

3. Inspectphysical and mechanical condition.

4. Inspect battery support racks or cabinets, mounting, anchorage, clearances, alignment, and
grounding.

5.  Prior to cleaning, perform g&sund tests.
6. Neutralize acid on exterior surfaces and rinse with water.
7. Clean corroded/oxidized terminals and apply an oxide inhibitor.

8. Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Section 7.18.1.3.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-tergoneh
met hod in accordance with manufacturerd

3. Perform a thermographic survey under load in accordance with Section 9.
9. Perform adeft tests.
2.  Electrical Tests

1. Perform resistance measurements through all bolted connections withreslstance
ohmmeter, if applicable, in accordance with Section 7.18.1.3.1.

2. Measure negative post temperature.
3. Measure charger float and equalgwoltage levels.
4. Verify all charger functions and alarms.

5. Measure each monoblock/cell voltage and total battery voltage with charger energized and in
float mode of operation.

6. Measure intercell connection resistances.

7. Perform internal ohmimeasurement tests.
* Optional
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7. INSPECTION AND TEST PROCEDURES

7.18.1.3
8.

DirectCurrent Systems, Batteries, ValveRegulated LeadAcid (continued

Perform an annual | oad test in accordance w
Recommendedractice for Maintenance, Testing and Replacement of VRégrlated Lead
Acid (VRLA) Batteries for Stationary Applications.

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

3.

Compare bolted connection resistance values to values of similar doneebiivestigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.18.1.3.9.1)

Bolt-t or que | evels should be in accordance wit
of ma n u fpabtished datayuéesTable 100.12. (7.18.1.3.9.2)

Results of the thermographic survey shall be in accordance with Section 9. (7.18.1.3.9.3)

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted connection resistance values to values of similar connectresighte
values that deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

Negative post temperature should be within

Charger float and equalize voltage levelewdt be in accordance with the battery
manufacturerés published dat a.

Results of charger functions and al arms sho
data.

Monobl ock/ cell voltages should bedataan accord

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

Monoblock/cell internal ohmic values (resista, impedance, or conductance) should not vary
by more than 25 percent between identical monoblocks/cells that are in a fully charged state.

Resul ts of |l oad tests should be in accordan
1188.
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7. INSPECTION AND TEST PROCEDURES

7.18.2 DirectCurrent Systems, Chargers

1. Visual and Mechanical Inspection
1. Inspect for physical and mechanical condition.
2. Inspect anchorage, alignment, ajrdunding.
3. Prior to cleaning the unit, perform-sund tests.
4. Clean the unit.

5. Inspect all bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmmeter in accordance \8#ttion 7.18.2.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-tergoneh
met hod in accordance with manufacturerd

3. Perform a thermographic survey under load in accordance with S@ction
6. Inspect filter and tank capacitors.
7. Verify operation of cooling fans. Clean filters if provided.
8. Perform adeft tests.
2. Electrical Tests

1. Perform resistance measurements through all bolted connections withreslstance
ohmmeter,fiapplicable, in accordance with Section 7.18.2.1.

2. Verify float voltage, equalize voltage, and higbltage shutdown settings.
3. Verify current limit.

4. Verify correct load sharing (parallel chargers).

5. Verify calibration of meters in accordamneéh Section 7.11.

6. Verify operation of alarms.

7. Measure and record input and output voltage and current.

8. Measure and record ac ripple current and/or voltage imposed on battery.

*9.  Perform full load testing of charger.
* Optional
RETA
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7. INSPECTION AND TEST PROCEDURES

7.18.2 DirectCurrent Systems, Chargers ¢ontinued
3. Test Values
3.1 Test Valuesi Visual and Mechanical

1. Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from thosésimilar bolted connections by more than 50 percent of the
lowest value. (7.18.2.1.5.1)

n accordance wi't

2. Bolttt orque | evels should be i
shed data, use Tabl e

of manufacturerods publi
3. Results of the thermographic survey shall be in accordance with Section 9. (7.18.2.1.5.1)
3.2 Test Valuesi Electrical

1. Compare bolted connection resistance values to values of similar connections. Investigate
values that deviate from those of simitelted connections by more than 50 percent of the
lowest value.

2. Fl oat and equalize voltage settings shoul d
published data.

3. Current I i mi t should be within manufacturer

4. Reallts of load sharing between parallel chargers should be in accordance with system design
specifications.

5. Results of meter calibration should be in accordance with Section 7.11.

6. Results of alarm operation s houblisddataand n acc
system design.

7. Il nput and output voltage should be in accor

8. AC ripple current and/or voltage imposed on the battery should be in accordance with
manufacturerdéds published dat a.

9. Charges houl d be capable of manufacturerdés spec

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.18.3 DirectCurrent Systems, Rectifies

I RESERVEDT

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.19.1 Surge Arresters, Lowvoltage Surge Protection Devices
1. Visual and Mechanical Inspection

1. Inspect physical and mechanical condition.

2. Inspect anchorage, alignment, and grounding.

3. Prior to cleaning the unit, perform-sund tests.

4. Clean the unit.

5. Inspect bolteetlectrical connections for high resistance usingamnaoreof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtihf.1.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-tergoneh
mg hod in accordance with manufactureroés

6. Verify that the ground lead on each device is individually attached to a ground bus or ground
electrode.

7. Perform adeft tests.
2. Electrical Tests

1. Perform resistance measurents through bolted connections with a-l@sistance ohmmeter,
if applicable, in accordance with Sectiéri9.1.1.

2. Perform insulatiofresistance test on each arrester, from the phase terminal to ground. Apply
voltage in accor dsangwblwidghe dnachautf aa.c t lum etr be
published data, use Table 100.1.

3. Test grounding connection in accordance with Sectias.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.19.1 Surge Arresters, Lowoltage Surge Protection Devicescpntinued

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 pétbent o
lowest value. (7.19.1.1.5.1)

n accordance wi

Bolt-t or que | evels should be i
shed data, use Tabl

of manufacturerds publi

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted conneoti resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

Insulationr esi st ance values shoul d be sheddata.dndher d -
absence of manufacturerds published dat a,
than this table or manufacturerods recommen

Resistance between the arrester ground terminal and the gy@tiewh should be less than 0.5
ohm and in accordance with Section 7.13.
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7. INSPECTION AND TEST PROCEDURES
7.19.2 Surge Arresters, Mediumand High-Voltage Surge Protection Devices
1. Visual and Mechanical Inspection

1. Inspectphysical and mechanical condition.

2. Inspect anchorage, alignment, and grounding.

3. Prior to cleaning the unit, perform-sund tests.

4. Clean the unit.

5. Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtihf.2.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-tergoneh
met hod in accordance with RA0WAX acturer ds

6. Verify that the ground lead on each device is individually attached to a ground bus or ground
electrode.

7. Verify that stroke counter, if present, is correctly mounted and electrically connected.
8. Perform adeft tests.
2.  Electrical Tests

1. Perform resistance measurements through bolted connections witkfresistance ohmmeter,
if applicable, in accordance with Sectiri9.2.1.

2. Perform insulatiofresistance tests from phase terminals(s) to case for one minute. Test voltage
andminimum resistance shall be in accordance with manufacturer's published data. In the
absence of manufacturer's published data, refer to Table 100.1.

3. Test the grounding connection in accordance with Seztb3

*4. Perform a watidoss testinaccod ance with test equi pment man

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.19.2 Surge Arresters, Mediumand High-Voltage Surge Protection Devices
(continued

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

Comparebolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.19.2.1.5.1)

Bolt-torque levels should be in accordancewita nuf act ur er 6s publ i sh
of manufacturerdés published data, wuse Tabl

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted connection resistance values to values of similar connections. Investigate
values whichdeviate from those of similar bolted connections by more than 50 percent of the
lowest value.

Insulationr esi st ance values should be in accord:
absence of manufactur er 0s upswhnsulaton esstadca lesa |,
than this table or manufacturerods recommen

Resistance between the arrester ground terminal and the ground system should be less than (
ohm and in accordance with Section 7.13.

Watts loss values are evaluated on a comparison basis with similar units and test equipment
manufacturerads published dat
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7. INSPECTION AND TEST PROCEDURES

7.20.1 Capacitors and Reactors, Capacitors
1. Visual and Mechanical Inspection
1. Inspect physical and mechanical condition.
2. Inspect anchorage, alignment, grounding, and required clearances.
3. Prior to cleaning the unit, perform-sund tests.
4. Clean the unit.
5. Verify that capacitcs are electrically connected in their specified configuration.

6. Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtigf.1.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-4ergoeh
met hod in accordance with manufactureros

3. Perform a thermographic survey in accordance with Se@tion
7. Perform adeft tests.
2.  Electrical Tests

1. Perform resistance measurements through bolted connections withr@sistance ohmmeter,
if applicable. See Sectioh20.1.1.

2. Perform insulatiosresistance tests from phase terminal(s) to case for one minute. Test voltage
and minimunresistance shall be in accordance with manufacturer's published data. In the
absence of manufacturer's published data, refer to Table 100.1.

3. Measure the capacitance of all terminal combinations.

4. Measure resistance of internal discharge resistors.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.20.1 Capacitors and Reactors, Capacitorg@ntinued

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

3.

Compare bolted connection resistance values to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.20.1.1.6.1)

Bolt-tt or que | evels should be in accordance wi
of manufact ur eredlabled@0ia. (7.280nMd.6.2)d at a, us

Results of the thermographic survey shall be in accordance with Section 9. (7.20.1.1.6.3)

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted connection resistance values to values of similar connections. Investigate
values vhich deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

Insulationr esi st ance values should be in accord:
absence of manuf act ur er 6 ¥Valupswhirsulation eesistadca lesa |,
than this table or manufacturerds recommen

|l nvestigate capacitance values differing f

A

Investigate discharge resistor values differing from manafau r er 6 s publ i shed
accordance with ANSI/NFPA 7RQational Electrical CodeArticle 460, residual voltage of a
capacitor shall be reduced to 50 volts in the following time intervals after being disconnected
from the source of supply:

Rated Voltage Discharge Time

<600 volts 1 minute
> 600 volts 5 minutes
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7. INSPECTION AND TEST PROCEDURES

7.20.2 Capacitors and Reactorg;apacitor Control Devices

I RESERVEDT

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.20.3.1 Capaitors and Reactors, Reactors (Shunt and Currentimiting), Dry Type
1. Visual and Mechanical Inspections

1. Inspect physical and mechanical condition.

2. Inspect anchorage, alignment, and grounding.

3. Prior to cleaning the unit, perform-sund tests.

4. Clean the unit.

5. Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtigd.3.1.2.

2. Verify tightness of accessible bolted electrical connections byratdih torquevrench
met hod in accordance with manufacturerd

3. Perform a thermographic survey in accordance with Se@tion
6. Verify that tap connections are as specified, if applicable.
7. Perform adeft tests.
2.  Electrical Tests

1. Perform resistance measurements through bolted connections witedstance ohmmeter, if
applicable, in accordance with Sectin20.3.1.1.

2. Perform windingto-ground insulatiofresistance tests. Apply voltage in accordance with

manufacturerdéds published dat a. Il n the abse
100.1.

3. Measure winding resistance.

*4.  Performdielectric withstand voltagests on each windiap-ground.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.20.3.1 Capacitors and Reactors, Reactors (St and Current-Limiting),
Dry Type (continued

3. Test Values
3.1 Test Valuesi Visual and Mechanical

1. Compare bolted connection resistance values to values of similar connections. Investigate
values which devia from those of similar bolted connections by more than 50 percent of the
lowest value. (7.20.3.1.1.5.1

2. Boltt orque | evels should be in accordance wit
of manufacturer6s publ726Rledd.2)dat a, use Tabl e

3. Results of the thermographic survey shall be in accordance with Section 9. (7.20.3.1.1.5.3)
3.2 Test Valuesi Electrical

1. Compare bolted connection resistance values to values of similar connections. Investigate
values which deviatBom those of similar bolted connections by more than 50 percent of the

lowest value.
2. Insulationr esi st ance values should be in accordan
absence of manufacturer ds puhsulatorhresstandeddssa, u

than this table or manufacturerds recommend

3. If winding-resistance test results vary by more than one percent from factory tests, consult the
manufacturer.

4. AC dielectric withstandest voltage shall not exceed 75 percent of factory test voltage for one
minute duration. DGlielectric withstandest voltage shall not exceed 100 percent of the factory
rms test voltage for one minute duration. If no evidence of distress or insulditioa &
observed by the end of the total time of voltage application durindjelectric withstand
voltagetest, the test specimen is considered to have passed the test.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.20.3.2 Capacitors and Reactors, Reactors (Shunt and Currentimiting),
Liquid -Filled

1. Visual and Mechanical Inspection
1. Inspect physical and mechanical condition.
2. Inspect anchorage, alignment, and grounding.
3. Prior to cleaning the unit, perform-sund tests.
4. Clean the unit.
5. Verify settings and operation of all temperature devices, if applicable.

6. Verify that cooling fans and pumps operate correctly and that fan and pump motors have
correct overcurrent protection, if applicable.

7. Verify operationof all alarm, control, and trip circuits from temperature and level indicators,
pressure relief device, and fault pressure relay, if applicable.

8. Inspect bolted electrical connections for high resistance usingranereof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtiaf.3.2.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-tergneh
met hod in accordance with manufacturerd

3. Perform a thenographic survey in accordance with Sec8on
9. Perform adeft tests.
10. Verify correct liquid level in all tanks and bushings.
11. Verify that positive pressure is maintained on nitregtmketed reactors.
12. Perform specific inspections and rhaaical tests as recommended by the manufacturer.

13. Verify that tap connections are as specified, if applicable.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.20.3.2 Capacitors and Reactors, Reactors (Shunt and Currentimiting),

Liquid -Filled (continued

2. Electrical Tests

1.

8.

* Optional

Perform resistance measurements through bolted connections witkresistance ohmmeter,
if applicable, in accordance with Secti6r20.3.2.1.

Perform windingto-ground insulatiofresistance tests. Apply voltage in accordance with
manufacturerodés published dat a. I n the absen
100.1. Calculate polarization index.

Perform insulation powsfactor or dssipationfactor tests on windings in accordance with the
test equi pment manufacturerds published dat

Perform poweifactor or dissipatiotfactor tests on each bushing equipped with a pdactor/
capacitance tap. In the absence of a pdaetior/ capacitance tap, perform hoollar tests.
These tests shall be in accordance with the

Measure winding resistance.
Measure the percentage of oxygen in the nitrogen gas blanket, if applicable.

Remoe a sample of insulating liquid in accordance with ASTMZ3. Sample shall be tested
for the following:

1. Dielectric breakdown voltage: ASTM-B77

2. Acid neutralization number: ASTMD74

3. Specific gravity: ASTM BD1298

4. Interfacial tension: ASM D-971 or ASTM D2285
5. Color: ASTM D-1500

6.  Visual Condition: ASTM D1524

7. Water in insulating liquids: ASTM £E1533 (Required on 25 kV or higher voltages and
on all siliconefilled units)

*8. Measure power factor or dissipation factor in accocdamith ASTM D924

Remove a sample of insulating liquid in accordance with ASTBBD3 and perform
dissolvedgasanalysis (DGA) in accordance with ANSI/IEEE C57.10/ASTM D-3612.
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7. INSPECTION AND TEST PROCEDURES

7.20.3.2 Capacitors and Reactors, Reactors (Shunt and Currentimiting),

Liquid -Filled (continued

3. Test Values

3.1 Test Valuesi Visual and Mechanical

1.

Operationof temperature devices should be in accordance with system requirements.
(7.20.3.2.1.5)

Operation of pumps and fans should be in &
and system design. (7.20.3.2.1.6)

Compare bolted connection resistana&ies to values of similar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.20.3.2.1.8.1)

n ac a tnthd abseoce wi

Bolt-t or que | evels should be i
shed data, use Tabl

of manufacturerods publi
Results of the thermographic survey shall be in accordance with Section 9. (7.20.3.2.1.8.3)
Liquid I evels should be i n atclevamgesd @.80c32.1.10) t h

Positive pressurshouldbe indicated on the pressure gauge forlgasketed reactors.
(7.20.3.2.1.11

3.2 Test Valuesi Electrical

1.

* Optional

Compare bolted connection resistance values to values of similar conndotrestigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

Insulationr esi stance values should be Iin accord;
absence of manufamcusearabke 400.4. Vaduesoof inswatian desistiance less
than this table or manufacturero6s recommen
index should be greater than 1.0 and should be compared to previous data.

Maximum powesfactor or disgationfactor values of liquiefilled reactors should be in

accordance with manufacturero6s published o
to test equipment manufacturerés published
100.3.

Powerfactor or dissipatioffiactor and capacitance values should be within ten percent of
nameplate rating for bushings. Hot collar tests are evaluated on a milliampere/milliwatt loss
basis, and the results should be compared to values of similangsishi
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7. INSPECTION AND TEST PROCEDURES

7.20.3.2 Capacitors and Reactors, Reactors (Shunt and Currentimiting),
Liquid -Filled (continued

5. Consult the manufacturer if windingsistance values vary more than one percent from factory
tests.

6. Investigate presence of oxygen in the nitrogen gas blanket.
7. Insulating liquid values should be in accordance with Table 100.4.

8. Evaluae results of dissolvedas analysis in accordance with IEEE Standard C57.104. Compare
results to previous test data.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.21 Outdoor Bus Structures

1. Visual and Mechanical Inspection

1.

2.

6.

7.

Inspect physical and mechanical condition.
Inspect anchorage, alignment, and grounding.
Prior to cleaning the unit, perform-gsund tests.
Clean the unit.

Inspect boltectlectrical connections for high resistance usingammaoreof the following
methods:

1. Use of a lowresistance ohmmeter in accordance with Sedtigmh.2.

2. Verify tightness of accessible bolted electrical connections by calibrated-tergoneh
metod in accordance with manufactureroés

3. Perform a thermographic survey in accordance with Se@tion
Clean the insulators.

Perform adeft tests.

2. Electrical Tests

1.

*2.

* Optional

Perform resistance measurements througletaobnnections with a lowesistance ohmmeter,
if applicable, in accordance with Sectidr21.1.

Measure insulation resistance of each bus, pttageound with other phases grounded. Apply
voltage in accordance wi tthhenaammludearcdarefr 6ma
published data, use Table 100.1.

Performdielectric withstand voltagest on each bus phase, phsground with other phases
grounded in accordance with manufacturer 0s
daa use Table 100.19. Test duration shall be for one minute.
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7. INSPECTION AND TEST PROCEDURES

7.21 Outdoor Bus Structures (continued
3. Test Values
3.1 Test Valuesi Visual and Mechanical

1. Compare bolted connection resistance values tasalfisimilar connections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value. (7.21.1.5.1)

n accordance wi't

2. Bolttt orque | evels should be i
shed data, use Tabl e

of manufacturerods publi
3. Results of the thermographic survey shall be in accordance with Section 9. (7.21.1.5.3)
3.2 Test Valuesi Electrical

1. Compare bolted connection resistance values to values of stmilaections. Investigate
values which deviate from those of similar bolted connections by more than 50 percent of the
lowest value.

2. Insulationr esi st ance values should be in accordan
Table 100.1.

3. If no evidence of distress or insulation failure is observed by the end of the total time of voltage
application during thdielectric withstand voltagest, the test specimen is considered to have
passed the test.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.22.1 Emergency Systems, Engine Generator

NOTE: The prime mover is not addressed in these specifications.
1. Visual and Mechanical Inspection

1. Inspect physical and mechanical condition.

2. Inspect anchorage, alignment, and grounding.

3. Prior to cleaning the unit, perform-fzund tests.

4. Clean the unit.

5. Perform adeft tests.
2. Electrical and Mechanical Tests

1. Perform an insulaticnesistance test on the generator windimground in accordance with
ANSV/IEEE Standard 43alculate the polarization index.

2. Test protective relay devices in accordance with SeCti®n

3. Functionally test engine shutdown for low oil pressure, overtemperature, overspeed, and othel
protection features as applicable.

*4. Perform vibratim test for each main bearing cap.
5. Conduct performance test in accordance with ANSI/NFPA Standard 110.
6. Verify correct functioning of governor and regulator.
3. Test Values
3.1 Test Valuesi Visual and Mechanical

1. Anchorage, alignment,andgroundy s houl d be in accordance \
data and system design.

* Optional
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7. INSPECTION AND TEST PROCEDURES

7.22.1 Emergency Systems, Engine Generataofitinued

3.2 Test Valuesi Electrical

1.
2.

* Optional

Insulation resistance values should badnordance with ANSI/IEEE Standard 43.

The dielectric absorption ratio or polarization shall be compared to previously obtained results
and should not be less than 1.0. The recommended minimum insulation resistangg (&t
results in megohms ehld be corrected t40° C and read as follows:

1. IR 1 min=kV + 1 for most windings made before 1970, all field windings, and others not
described in 2.2 and 2.3.

(kV is the rated machine termir@-terminal voltage, in rms kV)

2. IR 1 min= 100 mgohms for most dc armature and ac windings built after 1970 {form
wound colls).
3. IR 1 min=5 megohms for most machines and randemand stator coils and form

wound coils rated below 1 kV.

NOTE: Dielectric withstand voltagkigh-potential, and surggomparison tests shall not
be performed on machines having values lower than those indicated above.

Protective relay device test results shall be in accordance with Section 7.9.

Low oil pressure, overtemperature, overspeed, and other protectarefeshould operate in

A

accordance with manufacturerds and system d

Vi bration |l evels should be in accordance wi
compared to baseline data.

Performance tests should conform to manufacr er 6 s publ i shed data an
110.
Governor and regul ator should operate in ac

requirements.
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