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Introduction

(This introduction is not a part of IEEE Std C57.12.59-2001, IEEE Guide for Dry-Type Transformer Through-Fault
Current Duration.)

This guide provides recommendations for the application of overcurrent protection devices to limit the expo-
sure time of dry-type transformers to short circuits. It must not be confused with IEEE Std CER289

IEEE Guide for Liquid-Immersed Transformer Through-Fault Current Duration, which applies only to lig-
uid-immersed transformers.

Dry-type transformers differ significantly from liquid-immersed types in several respects:

a) There are five different temperature ratings for dry-type transformet€;, 89°C, 115°C, 130°C,
and 15C°C; whereas there is only one temperature rating for liquid-immersed transform¥ts: 65

b) There are significant variations in dry-type winding constructions, including conventional varnish
impregnated layered windings, vertically stacked varnish-impregnated disk windings, solid-cast
resin windings, and combinations thereof, all of which have different transient heating characteris-
tics during time intervals greater than about 100 s.

c) The transient heating of liquid-immersed transformer windings are considerably buffered by the
insulating medium in which they are immersed, providing a relatively long thermal time constant as
compared to dry-type transformers.

Because of the foregoing, the through-fault protection curves for dry-type transformers are limited to over-

load time intervals of 100 s or less. No one curve for longer time intervals would characterize the thermal

performance of all the different dry-type transformer constructions and temperature ratings. Moreover, such
curves are not known or, at least, not available. Consequently, the curves in this guide pertain to the temper
ature rise of the windings during time intervals less than 100 s, wherein nearly all the heat generated is
stored in the conductors. For longer time intervals, it is recommended that reference be made to IEEE Std
C57.96"-1999, IEEE Guide for Loading Dry-Type Distribution and Power Transformers.

As short-circuit time intervals become progressively less than 100 s, mechanical considerations become
more important than thermal characteristics.

Short-circuit performance characteristics are contained in IEEE Std C57'11808, IEEE Standard Gen-
eral Requirements for Dry-Type Distribution and Power Transformers Including Those With Solid-Cast and/
or Resin-Encapsulated Windings. This guide supplements that information, but in no way supersedes it.

Participants

At the time this guide was completed, the Working Group for Dry-Type Transformer Through-Fault Current
Duration had the following membership:

Paulette A. PayneChair

Derek Foster Philip J. Hopkinson Charles W. Johnson, Jr.
Michael E. Haas Rush Horton Gene Morehart
N. Wayne Hansen Bipin K. Patel
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IEEE Guide for Dry-Type Transformer
Through-Fault Current Duration

1. Overview

1.1 Scope

This guide applies to dry-type transformers designated as Category | and Category Il in IEEE Std
C57.12.01-19981 Category Il transformers have not been included since these are not commonly manu-
factured and may require special consideration depending on the manufacturer’s recommendations.

1.2 Purpose

Protective devices, such as relays and fuses, have well-defined operating characteristics that relate fault mag-
nitude to clearing time. It is desirable that these characteristic curves be coordinated with comparable curves
applicable to dry-type transformers that relate duration and fault magnitude to withstand capability.

This guide sets forth recommendations believed essential for the application of overcurrent protective
devices that limit the exposure time of dry-type transformers to short-circuit currents. This guide is not
intended to imply overload capability.

1.3 General

The magnitude and duration of fault currents are of utmost importance in establishing a coordinated protec-
tion practice for transformers, as both mechanical and thermal effects of fault currents must be considered.
For fault-current magnitudes near the maximum short-circuit current rating of the transformer, mechanical
effects are more significant than thermal effects. The maximum symmetrical short-circuit current should not
exceed 25 times normal base current in accordance with IEEE Std C57.12.01-1998. At lower fault-current
magnitudes approaching the overload range, mechanical effects are less important unless the frequency and
duration of fault occurrence is high enough to promote mechanical degradation. The point of transition
between mechanical concern and thermal concern cannot be precisely defined; mechanical effects tend to
have a more prominent role in larger kVA ratings because the mechanical forces are greater.

Linformation on references can be found in Clause 2.

Copyright © 2002 IEEE. All rights reserved. 1
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2. References

This guide is to be used in conjunction with the following publications. If the following publications are
superseded by an approved revision, the revision shall apply.

IEEE C37.91-2000, IEEE Guide for Protective Relay Applications to Power Transforers.

IEEE C57.12.01-1998, IEEE Standard General Requirements for Dry-Type Distribution and Power Trans-
formers Including Those with Solid-Cast and/or Resin-Encapsulated Windings.

IEEE C57.96-1999, IEEE Guide for Loading Dry-Type Distribution and Power Transformers.

3. Definitions

For the purposes of this guide, the following terms and definitions appyAuthoritative Dictionary of
|IEEE Standards Tern{81]* should be referenced for terms not defined in this clause.

3.1 normal base current:Rated current of a transformer corresponding to its rated voltage and rated base
kVA.

3.2 transformer short-circuit impedance: 1.) For Category | transformers, the transformer expressed in
percent of rated voltage and rated base kVA of the transformer. 2.) For Category Il transformers, the sum of
transformer impedance and system short-circuit impedance at the transformer location, expressed in percent
of rated voltage and rated base kVA of the transformer.

4. Transformer coordination

For the purposes of coordination of overcurrent protective devices, with transformer short-circuit withstand
capability, Figure 1 and Figure 2 are presented as protection curves for Category | and Category Il trans-
formers as defined in IEEE Std C57.12.01-1998 and adopted in Table 1.

For Category I, a single curve applies that reflects both thermal and mechanical damage considerations.

For Category IlI, two curves apply, one of which reflects both thermal and mechanical damage consider-
ations, while the other reflects primarily thermal damage considerations only. On curves that have both a
solid and a dotted portion, the solid portion represents a total fault duration beyond which thermal damage to
insulation adjacent to current-carrying conductors and anneal-softening of aluminum may occur, while the
dotted portion represents a total fault duration beyond which cumulative mechanical damage may occur. The
increasing significance of mechanical effects for higher kVA transformers is reflected in these curves. The
frequency of faults varies with different transformer applications. Applications characterizing frequent and
infrequent faults are presented in the annex of IEEE Std C37.91-2000.

The short-time thermal load capability of dry type transformers is summarized in Table 2.

2IEEE Standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electroniss Engineer
Incorporated.

SIEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 18®8&yPisca
NJ 08855-1331, USA (http://standards.ieee.org/).

“The numbers in brackets correspond to those of the bibliography in Annex A.

2 Copyright © 2002 IEEE. All rights reserved.
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THROUGH-FAULT CURRENT DURATION Std C57.12.59-2001

The validity of these damage-limit curves cannot be demonstrated by test, since the effects are progressive
over the transformer lifetime. The curves are based principally on informed engineering judgement and
favorable historical field experience.

CATEGORY I TRANSFORMERS
1 to 500 kVA single-phase
15 to 500 kVA three-phase

THROUGH-FAULT PROTECTION
CURVE FOR FAULTS THAT WILL
OCCUR FREQUENTLY OR

200 INFREQUENTLY
100
)
I't=1250
50 where
[ = symmetrical fault current in times
normal base current
t=time in seconds
20

0.5

02

0.1

1 2 5 10 20 50
I, TIMES NORMAL BASE CURRENT

Figure 1—Category | transformers

The per-unit short-circuit currents shown in Figure 1 and Figure 2 are the balanced transformer winding cur-
rents. The line currents that relate to these winding currents depend upon the transformer connection and the

Copyright © 2002 IEEE. All rights reserved. 3
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type of fault present. Application engineers must relate the winding currents to the currents seen by the pro-
tective devices in order to protect the transformer within its capability.

CATEGORY Il TRANSFORMERS
501 to1667 kVA single-phase
501 to 5000 kVA three-phase

THROUGH-FAULT PROTECTION
CURVE FOR FAULTS THAT WILL
OCCUR INFREQUENTLY TYPICALLY

THROUGH-FAULT PROTECTION
CURVE FOR FAULTS THAT WILL

OCCUR FREQUENTLY OR NOT MORE THAN 10 TN
200 INFREQUENTLY TRANSFORMER LIFETIME
100
50 \
’t=1250
|
20 L
t
g Iy \ \
£ 10 LN \
o Hp 0
E 5 | L1,
Iy,
1
Vi
NN \
2 LR
1210 8 6
1 % SYSTEM & TRANSFORMER SHORT CIRCUIT IMPEDANCE, Z

05 This curve may also be used for backup
For fault currents from 70% to 100% maximum possible: protection where the transformer is
5 ( 00 )2 exposed to frequent faults normally
me - A for 1< ts 2.045 cleared by high-speed relays

For fault currents less than 70% maximum possible:
02 | %1625 for 012822 <102 s
7 = system and transformer short-circuit impedance, %

| = symmetrical fault current in times normal base curreni
01 t=time \ln seconds | A

1 2 5 10 20 50 1 2 5 10 20 50
I, TIMES NORMAL BASE CURRENT

Figure 2—Category Il transformers

4.1 Category | transformers
The recommended duration limit is based on the curve in Figure 1. The curve reflects both thermal and

mechanical damage considerations and should be applied as a protection curve for faults that will occur fre-
quently or infrequently.

4 Copyright © 2002 IEEE. All rights reserved.



IEEE

THROUGH-FAULT CURRENT DURATION Std C57.12.59-2001

4.2 Category Il transformers

The recommended duration limits depend upon fault frequency and are based upon the curves in Figure 2.
Fault frequency refers to the number of faults with magnitudes greater than 70% of maximum as limited by
system and transformer short-circuit impedance.

4.2.1 Faults that occur frequently

The left-hand curve, reflecting both thermal and mechanical damage considerations, should be applied as a
protection curve for faults that will occur frequently (typically more than 10 in a transformer lifetime). It is
dependent upon the short-circuit impedance of the transformer for fault currents above 70% of maximum
possible and is keyed to thét of the worst-case mechanical duty (maximum fault current for 2 s).

4.2.2 Faults that occur infrequently
The right-hand curve reflects primarily thermal damage considerations. It is not dependent upon short-circuit
impedance of the transformer and may be applied as a protection curve for faults which will occur only

infrequently (typically not more than 10 in a transformer lifetime). This curve may also be used for backup
protection where the transformer is exposed to frequent faults normally cleared by high-speed relaying.

Table 1—Transformer categories

Categony? Single-phase (kVA} Three-phase (KVAJ Referergﬁtrevzgotectlon
| 1-500 15-500 Figure 1
Il 501-1667 501-5000 Figure 2

8Category | includes autotransformers of 500 kVA or less (equivalent two-winding) even though nameplate kVA may
exceed 500 kVA.
BAIl kilovolt ampere ratings are minimum nameplate kVA for the principal winding.

Table 2—Transformer short-time thermal load capability

Transformer category? Time (sf’ Times rated current
I 2 25.0
Il 2 25.0

3For Category |l transformers, the maximum through-fault current depends upon the
transformer short-circuit impedance.

bRefer to IEEE Std C57.96-1999 for loading capabilities at durations longer than 2 s for
Category Il transformers.

Copyright © 2002 IEEE. All rights reserved. 5



IEEE
Std C57.12.59-2001

Annex A

(informative)

Bibliography

[B1] IEEE 100,The Authoritative Dictionary of IEEE Standards Ter®eyenth Edition.

Copyright © 2002 IEEE. All rights reserved.



	Title Page
	Introduction
	Participants
	CONTENTS
	1.Overview
	1.1 Scope
	1.2 Purpose
	1.3 General
	2.References
	3.De •nitions
	4.Transformer coordination
	4.1 Category I transformers
	4.2 Category II transformers
	Annex A (informative) Bibliography

