NEMA Standards Publication

-

5

gl

i
!

@

NEMA ST 20-1992 (R1997)

Dry Type Transformers
for General Applications

National Electrical Manufacturers Association



STD.NEMA ST 20-ENGL 1992 BN b470247 053432 38L A

T A ND A RDS P UBILIGCATTION

NEMA ST 20

DRY TYPE TRANSFORMERS
FOR GENERAL APPLICATIONS

NATITHON AL ELECTRICAL MANUFACTURERS ASSOCIATION




STD.NEMA ST 20-ENGL 1992 B k4?0247 0524363 212 WM

NEMA Standards Publication ST 20-1992 (R1997)

Dry Type Transformers for General Applications

Published by:

National Electrical Manufacturers Association
1300 North 17th Street
Rosslyn, VA 22209

© Copyright 1989 by the National Electrical Manufacturers Association. All rights including
translation into other languages, reserved under the Universal Copyright Convention, the Berne
Convention for the Protection of Literary and Artistic Works, and the International and Pan
American Copyright Conventions.



STD.NEMA ST 20-ENGL 1992 ®E bu?0247 05243kLY 159 M

Section 1

Section 2

Section 3

Table of Contents

Foreword . . . . . . . . . . . e e e e e e e e e e e e e i
SCOPE . . i e e e e e e e e e e e e ii
REFERENCED STANDARDS AND DEFINITIONS

ReferencedStandards. . . . . .. ... ... ... ... ... . . e 1
Definitions . . . . . . . it it e e e e e e e e e 2
RATING STANDARDS

RatingsandPrimary Taps . . . . . . . .« oottt t it i e e 9
Volage RANGES . . . . . . . . v ittt e e e e e e 9
DESIGN AND MARKING

DesignandConstruction . . . . . . . . . o v ottt it e e s 11
Meansof Handling . . . . . . . . . ... . it i e 11
Transformer Enclosure . . . . . . . . . . . . .. i e e e e e 11
Openings . . . . . . it it e e e e e e e 12
Wall-Mounted Enclosures . . . .. ... .. ... ... ... e 13
Testing a Knockout Surrounded by Multiple Twistouts . . . . . .. ... ... ....... 13
Thermal RAHNE . . . . o o v v v ettt e e e e e et e e e e e 14
Classification of Insulating Materials . . . . .. ... ... ... .. ... .. 0...... 14
Classificaionof Insulation Systems . . . . . .. . . .. ... ... 14
CoilInsulation . . . . ... . ... . it it ittt i et 15
Internal Wire,Cable,andBus . . . .. . .. ... .. ... e e e 16
Cormrosive Materials . . . . . .. . .. i i e e e e 16
Flexible COrds . . . . o i v ittt e e e et e et e e et e e e e e 16
Switches, Circuit Breakers, Control Devices,Etc . . . . . . ... ... ........... 16
Capacilors . . . . .t o i i e e e e e e e e e 16
Limits of Winding Temperature Rise for Continuously Rated Transformers . . . . .. . .. 16
Maximum Allowable TemperatureRise . . . ... .... .. .. ... ..., 17
Reference Temperature for Efficiency, Losses, Impedance, and Regulation . . . . .. ... 17
Transformer Surface Temperatures . . . . . .. .. ... .. ... v 17
Temperature Rise of Transformer Terminations for Field Connections . .. ... ... .. 17
Clearance Between Terminals for FieldConnections . . . . ... ... ... .. ...... 19
Grounding of COTE . . . . . . . i it e et e e e e e e e 20
Contact Surfaces of Grounding Terminals . . . . . ... ..... ... .......... 20
Marking . . . .. . it e e e e e 20
Nameplates . . . . . . . . vt e e e e e e e e e e 20
Designation of Voltage Ratingsof Windings . . . . ... .. ... .. .. .. ... ... 20
Autotransformers . . . . . . . . . ... e e e e 21
Tap . .. e e e e 21
Terminal Markings . . . . . . . . . 0 e e e e 21
FieldCoMNeCtions . . . . v v v v v i ettt ittt e e e e oot as aesa e 28
Connection of Transformers forShipment . . . . . .. .. ... ... .. ... ...... 28
AudibleSoundLevels . . . . .. .. .. . . ... e e 28



STD.NEMA ST 20-ENGL 1992 WM Luy?0247? 0524365 095 M

Section 4

Section 5

Section 6

Section 7

Appendix

Figures
Figure 3-1
Figure 3-2
Figure 3-3
Figure 34
Figure 3-5
Figure 3-6
Figure 3-7
Figure 3-8

Figure 3-9
Figure 3-10
Figure 4-1
Figure 4-2
Figure 4-3
Figure 44
Figure 4-5
Figure 4-6
Figure 4-7
Figure 4-8

Figure 4-9

TESTING

Classificaion Of TeSIS . . &« « v v v v i e e e e e et et e e e
Routine, Design,and Prototype Tests . . . . .. . ... .. ...ttt
Regulationand Efficiency . . . ... . .. ... v i ittt e
EnclosureCompressionTest . . . . . . . . . ... it

APPLICATION

Selection of Rated TransformerkVA . . . . . . . . . . . i i it i it
Usual Temperature and Altitude Service Conditions . . . . ... ... ...........
Unusual Temperature, Altitude, and Environmental Service Conditions . . . . . . ... ..

Loading . . . ..o i i e e e
Parallel Operation . . . . . . ...t ittt ittt e
AULOUANSTOMIETS . . . v v v o i et e e et e e e e e e ettt e e e e
Single-Phase Transformer Connections for Three-Phase Banks . . .. . .. .. ......
Use of Transformers in Connecting Systems of Various Phase Displacements . . . . . . ..

INSTALLATION

Inspection Priorto Energization . . . . .. ... .. .. .. .. ...
Handling . . . . . . . . oo it e e e e
Grounding . . . . . . vt it e e e e e
Room Requirements . . . . . .. I
Outdoor AppliCatioNS . . . . . . . . . . .. e e e,
Maintenance Accessibility . . . . . . . . oL e e
Personneland Public Safety . . . . . . . . . .. . . i i e

MAINTENANCE

Diagram of Test Plate Showing Area of Support with Respect to Location of Twistouts .
Transformer Mountedinan Alcove . . . . . .. ... .. . ittt e
VeCtorROWEON . . v v v v v o it e e et e e e e et e e e e ettt e e
Simple Hand X Windings without Taps . . .. .. .. .. ... ... ...
Simple H Winding with Taps Series-parallel X Winding . . . . .. ... ..........
Series-parallel H Winding with Taps Series-parallel X Winding . . . . .. ... ......
AUtOrANSIOTMEr . . . . . . . . . ittt e e e e e e e e
Terminal Markings and Voltage Phasor Diagrams for Usual

Six-phase Transformer Connections . . . . . . . . . v o vt v e it o m e e e
Angular Displacement and Terminal Markings for Three-phase Transformers . . . . . . .
Terminal Markings and Voltage Diagrams for Three-phase Transformer Connections . . .
Voltmeters Arranged to Read the Difference between the Two Secondary Voliages ..
Voltmeters Arranged to Read the Two Secondary Voltages . . ... ............
RatioBridgeforRatioTest . . ... .. .. .. ..o,
Polarity by Inductive Kick Test . . . . . .. .. . ... it
Polarity by Inductive Kick Test . . . . . . . ... ... .t
Polarity by Altemnating-Voltage Test . . . . .. . ... .. ...
RatioBridge forPolarity Test . . . . . . . o . v v vttt it et et i
Transformer Lead Markings and Voltage-phasor Diagrams for Three-phase

Transformer CONRECHONS . . . . . . v v o v v v ot vt v o s e e i e e e e e e
Transformer Lead Markings and Voltage-phasor Diagrams for Six-phase

TransformerCOMNECHONS . . . . . . . v v v o v v vt vt st et et e s s e e



STD

Figure 4-10
Figure 4-11

Figure 4-12
Figure 4-13
Figure 4-14
Figure 4-15
Figure 4-16
Figure 4-17
Figure 4-18

Figure 4-19
Figure 4-20
Figure 4-21
Figure 4-22
Figure 4-23
Figure 4-24
Figure 4-25
Figure 5-1

Figure 5-2

Figure 5-3

Figure 54

Tables
Table 2-1

Table 2-2
Table 2-3
Table 3-1
Table 3-2
Table 3-3
Table 34

Table 3-5
Table 3-6
Table 3-7
Table 3-8
Table 3-9
Table 4-1
Table 4-2
Table 4-3
Table 4-4
Table 4-5
Table 4-6
Table 4-7
Table 4-8
Table 5-1

-NEMA ST 20-ENGL 1992 B 470247 05243kk T2l EH

Connections for the Excitation Test of a Single-phase Transformer

without Instrument Transformers . . . . . . . . ... .. ... e
Connection for the Excitation Test of a Single-phase Transformer

with Instrument Transformers
Two-wattmeter Method . . . . . . ... . ... .. .. ... . e e
Three-wattmeter Method, with Transformer Neutral Available
Three-wattmeter Method, using Artificial WattmeterNeutral N . . . . .. ... ... ...
Form-factor Plot to Reduce Excitation Current to Sine-wave Basis(IsFs) ... ... ...
Single-phase Transformer Connection for Impedance-loss and Impedance-voltage Tests
Connections for Impedance-loss and Impedance-voltage Tests of an Autotransformer . . .
Three-phase Transformer Connections for Impedance-loss and

Impedance-voltage Tests of an Autotransformer
General Impedance Bridge Network . . . . .. .. ... ... ... .. ...
Potentiometer-type Network usingaPhase Shiftec . . . . . ... ... . ..........
Potentiometer-type Network UsingaMutual Inductor . . . . . . ... ...........
Connections for the Voltmeter-ammeter Method of Resistance Measurement
Two Single-phase Transformers in Opposition
Two Wye-delta Connected Transformers . . . . ... ... ... . .............
Delta-delta Connection for Three Single-phase Units for One Three-phase Unit
Delta Circuit withOneComerGrounded . . . . . ... .. .. ...............
Delta Circuit with the Midpoint of One Phase Grounded . . . . . .. .. ... ... ...
Angular Displacement and Connections—Single-phase Transformers

Connected Delia-Delta and Y-Y in Three-phase Banks with O-degree

AngularDisplacement . . . . . ... . . .. .. ... e e e
Angular displacement and connections—single-phase transformers

Connected Delia-y and Y-Delta in Three-phase Banks with 30-Degree

Angular Displacement

................................

...............

......................

........................

...................................

Kilovoltampere and Voltage Ratings and Primary Taps for Transformers

Having Primary Voltages Up Through600 Volts . . . . . .. .. ... ..........
Nominal Voltage Rating for Dry-Type Transformers . . . . ... ... .. ... ......
Other Designations for Systems Identical to the Nominal Voltage
Thickness of Sheet Metal
Knockouts . . ... .. i i e e e e e e
Average Winding Temperature Rise . . . . . . . .. ... ... ... ... ...
Maximum Allowable Termperature Rises Based on a 24-Hour Average

Ambient Temperature of 30°C
Reference Temperature . . . . . . ... . . . .. ...t ittt
Wiring CompartmentMarking . . . .. .. .. ... ... ... . .. . oL,
Minimum Spacings at Field Wiring Terminals
Terminal Letter . . . . . . . . .. . e e e e e
Average Sound Level
Routine Tests . . . . . . . .. . it ittt i i e e e e e
Tolerances for Single-Phase and Three-Phase Transformer Losses
Hysteresis and Eddy-Current Values
Applied Potential Test Voltages
Induced-Potential Test Duration
Sound Level Corrections
Empirical Factor F . . . . . . . . . i e e e e
Power Factor and Reactive Factor
Altitude Correction Factors

..............

...................................

...............................

........................

.....................................

..............
.............................
................................
................................

....................................

...............................

..................................



STD-NEMA ST 20-ENGL 1992 MR b4?70247 0524357 9L MW

Foreword

This foreword is not part of ST-20 NEMA Standards for Dry-Type Transformers for General
Applications.

This standard references applicable ANSI and other national standards.

This update maintains or incorporates applicable sections of documents in the Reference
Section to provide a “one source” technical requirement standard. The “Authorized Engineering
Information” has been retained as a background and tutorial source to hopefully help the user
to better understand and use this standard.

Since Audible Sound Levels do not exist in ANSI standards, this data has been retained in
this standard until future revisions of ANSI standards incorporate the sound level data.

If a conflict of definitions occurs between this standard and ANSI/IEEE 100, the Electrical
Dictionary ANSI/IEEE 100 should be used.

In preparation of this Standards Publication, input of users and other interested parties has
been sought and evaluated by the Dry-Type and Specialty Transformer Section of NEMA.

Suggestions for improvements, comments, and proposed future revisions should be submitted
to:

Vice President, Engineering Dept.

National Electrical Manufacturers Association
2101 L Street, N.W._, Suite 300

Washington, DC 20037-1526
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Scope

This Standards Publication applies to single-phase and polyphase dry-type transformers
(including autotransformers and non-current-limiting reactors) for supplying energy to power,
heating, and lighting circuits and designed to be installed and used in accordance with the
National Electrical Code.

It applies to transformers with and/or without accessories having the following ratings:

1. 1.2kV class (600 volts nominal and below), 0.25kVA and up.
2. Abowe 1.2kV class sound level limits are supplied. These limits are applicable to commer-
cial, institutional, and industrial transformers.

This Standards Publication applies to transformers, commonly known as general-purpose
transformers, for commercial, institutional, and industrial use in nonhazardous locations both
indoors and outdoors. The publication includes ratings and information on the application,
design, construction, installation, operation, inspection, and maintenance as an aid in obtaining
a high level of safe performance. These standards, except for those for ratings, may be applicable
to transformers having other than standard ratings. These standards, as well as applicable local
codes and regulations, should be consulted to secure the safe installation, operation, and
maintenance of dry-type transformers.

This publication does not apply to the following types of specialty transformers: control,
industrial control, Class 2, signalling, oil- or gas-burner ignition, luminous tube, cold cathode
lighting, incandescent and mercury lamp. Also exciuded are network transformers, unit substa-
tion transformers, and transformer distribution centers.





