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Introduction

 

(This introduction is not part of IEEE Std C57.12.23-2002, IEEE Standard for Underground Type, Self-Cooled, Single-
Phase, Distribution Transformers with Separable Insulated High-Voltage Connectors; High Voltage 25 000 V and Below;
Low Voltage 600 V and Below; 167 kVA and Smaller.)

 

This standard covers certain electrical, dimensional, and mechanical characteristics and takes into
consideration certain safety features of single-phase, 60 Hz, mineral-oil-immersed, self-cooled, underground
distribution transformers with separable insulated high-voltage connectors. These transformers are generally
used for step-down purposes from an underground primary cable supply and are suitable for occasional
submerged operation. This standard is intended for use as a basis for determining performance, interchange-
ability, and safety of the equipment covered, and to assist in the proper selection of such equipment.

The 1986 revision to the standard expanded the scope to include 167 kVA. In addition, the dielectric test lev-
els were updated and maximum test levels introduced to be consistent with other transformer standards.

The 1992 revision to the standard added the clause on storage and installation with particular emphasis on
the position when stored and consideration of the angle of tilt when installed. This revision was reaffirmed in
1999.

The 2002 revision further expands the scope to include all high-voltage ratings 25 000 volts and below,
including transformers designed for phase-to-phase connection. Previous revisions only included transform-
ers designed for phase-to-ground connection. Also, the scope was expanded to include low-voltage ratings
600 volts and below. Previous revisions only covered a 240/120 volt rating.

The 2002 revision is the first standard in the C57.12.2X series to use the SI units of measure exclusively. The
intent of this revision is to simply convert the in-lb units of the 1992 revision to SI units. Users of this stan-
dard should use judgement when converting from SI units back to the in-lb equivalent.
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IEEE Standard for Underground Type, 
Self-Cooled, Single-Phase, Distribution 
Transformers with Separable Insulated 
High-Voltage Connectors; High Voltage 
25 000 V and Below; Low Voltage 600 V 
and Below; 167 kVA and Smaller

1. Overview

1.1 Scope

This standard covers certain electrical, dimensional, and mechanical characteristics and takes into
consideration certain safety features of single-phase, 60 Hz, mineral-oil-immersed, self-cooled, distribution
transformers with separable insulated high-voltage connectors. These transformers are rated 167 kVA and
smaller, with high voltages of 25 000 V and below and with low voltages of 600 V and below. These
transformers are generally used for step-down purposes from an underground primary cable supply and are
suitable for occasional submerged operation.

This standard does not cover the electrical and mechanical requirements of any accessory devices that may
be supplied with the transformer.

1.2 Purpose

This standard is intended for use as a basis for determining performance, interchangeability, and safety of
the equipment covered, and to assist in the proper selection of such equipment.

2. References

This standard shall be used in conjunction with the following publications. When these publications are
superseded by an approved revision, the revision shall apply:

ANSI C57.12.20-1997, American National Standard for Overhead-Type Distribution Transformers, 500
kVA and Smaller: High voltage, 34 500 Volts and Below; Low Voltage, 7970/13 800 Y Volts and Below.1

1ANSI publications are available from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor,
New York, NY 10036, USA (http://www.ansi.org/).
Copyright © 2002 IEEE. All rights reserved. 1
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ANSI C57.12.70-1978 (Reaff 1987), American National Standard Terminal Markings and Connections for
Distribution and Power Transformers. 

ICEA S-66-524/NEMA WC7-1991, Standard for Cross-Linked-Thermosetting-Polyethylene-Insulated Wire
and Cable for the Transmission and Distribution of Electrical Energy.2

IEEE Std C57.12.00™-2000, IEEE Standard General Requirements for Liquid-Immersed Distribution,
Power, and Regulating Transformers.3

IEEE Std C57.12.80™-1978 (Reaff 1992), IEEE Standard Terminology for Power and Distribution
Transformers.

IEEE Std C57.12.90™-1999, IEEE Standard Test Code for Liquid-Immersed Distribution, Power, and Regu-
lating Transformers.

IEEE Std C57.91™-1995, IEEE Guide for Loading Mineral-Oil-Immersed Transformers. 

IEEE Std 386™-1995, IEEE Standard for Separable Insulated Connector Systems for Power Distribution
Systems Above 600 V.

NEMA C57.12.32-1994, Submersible Equipment—Enclosure Integrity.4

NOTE—The IEEE standards referred to in this clause are trademarks owned by the Institute of Electrical and Electronics 
Engineers, Incorporated.

3. Ratings

3.1 Kilovoltampere ratings

Kilovoltampere ratings shall be continuous and based on, but not exceeding, an average winding temperature
rise of 55 ˚C and a hottest-spot temperature rise of 70 ˚C. The temperature rise of the insulating oil shall be
measured near the top of the tank and shall not exceed 55 ˚C. The transformers shall have a temperature-rise
insulation system of 65 ˚C.

Kilovoltampere ratings shall be as follows: 25, 37.5, 50, 75, 100, 167

The kilovoltampere ratings for transformers conforming to this standard shall be suitable for continuous
operation at the rated kilovoltamperes, provided that the temperature of the cooling air (enclosure ambient
temperature) does not exceed 50 ˚C and the average temperature of the cooling air does not exceed 40 ˚C for
any 24-hour period.

2This standard has been withdrawn; however, copies can be obtained from Global Engineering, 15 Inverness Way East, Englewood, CO
80112-5704, USA, tel. (303) 792-2181 (http://global.ihs.com/).
3IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (http://standards.ieee.org/).
4NEMA publications are available from Global Engineering Documents, 15 Inverness Way East, Englewood, Colorado 80112, USA
(http://global.ihs.com/).
2 Copyright © 2002 IEEE. All rights reserved.
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3.2 Voltage ratings 

Voltage ratings shall be in accordance with Table 1 and Table 2.

No taps shall be provided.

4. Basic lightning impulse insulation levels and dielectric test levels

Basic lightning impulse insulation levels (BILs) shall be in accordance with Table 1 and Table 2.   

Dielectric test levels shall be in accordance with the distribution levels in IEEE Std C57.12.00-2000 and
IEEE Std C57.12.90-1999.

Table 1—Transformer and connector requirements —High voltage

Transformers  High-voltage connectorsa 

aFor complete connector rating, see IEEE Std 386-1995.

High-voltage rating
(V)

BIL
(kV)

High-voltage rating
Phase-to-Ground/

Phase-to-Phase
(kV)

BIL
(kV)

1 min withstand
60 Hz, Dry

(kV)

4160 Grd Y/2400 60 8.3/14.4 95 34

8320 Grd Y/4800 75 8.3/14.4 95 34

12 000 Grd Y/6930 95 8.3/14.4 95 34

12 470 Grd Y/7200 95 8.3/14.4 95 34

13 200 Grd Y/7620 95 8.3/14.4 95 34

13 800 Grd Y/7970 95 8.3/14.4 95 34

16 340 Grd Y/9430 95 or 125 8.3/14.4 or 
15.2/26.3b

bThe required connector rating is to be specified.

95 or 125b 34 or 40b 

12000 95 or 125 8.3/14.4 95 or 125b 34 or 40b 

16340 95 or 125 8.3/14.4 or 
15.2/26.3b

95 or 125b 34 or 40b 

17200 95 or 125 8.3/14.4 or 
15.2/26.3b

95 or 125b 34 or 40b 

20780 125 15.2/26.3 125 40

22 860 GrdY/13 200 125 15.2/26.3 125 40

23 900 GrdY/13 800 125 15.2/26.3 125 40

24 940 GrdY/14 400 125 15.2/26.3 125 40
Copyright © 2002 IEEE. All rights reserved. 3
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5. Tests

5.1 General 

Except as specified in 5.2, tests shall be performed as specified in IEEE Std C57.12.00-2000 and IEEE Std
C57.12.90-1999.

5.2 Dielectric tests

No applied-potential test is required on high-voltage windings of units designed for use phase-to-ground.
Phase-to-phase units will require an applied-potential test, as described in IEEE Std C57.12.00-2000. 

Induced-potential tests shall be performed by applying between the terminals of one winding a voltage that
will develop between the high-voltage terminals and ground a voltage of 1000 V plus 3.46 times the rated
high voltage. However, in no case shall the line-to-ground voltage developed exceed 34 kV for 60 kV, 75 kV,
or 95 kV BIL transformers or 40 kV for 125 kV BIL transformers. For this test, the neutral terminal (if any)
shall be grounded.

6. Construction

6.1 General 

The transformers covered in this standard shall include high-voltage bushings and low-voltage terminals as
described in 6.2.

When specified, devices such as switch handles, tap changers, separable connectors, and replaceable fuses,
which are designed for operation after the transformer is in place, shall be located on the transformer so that
they can be operated from above with hot-line tools.

Construction of the units shall be such that they can be lifted and lowered into place in a suitably designed
and constructed enclosure having a minimum diameter of 910 mm. To allow for cabling space and proper air
flow for cooling, the transformers covered by this standard shall not have overall diameters in excess of 760
mm for sizes 100 kVA and smaller, or overall diameters in excess of 840 mm for 167 kVA.

The transformer tank, cover, and all external appurtenances shall be of corrosion-resistant material, unless
they are otherwise rendered corrosion-resistant.

Table 2—Transformer and terminal requirements—Low voltage 

Low-voltage ratings 
(V)

BIL
(kV)

Nominal system 
voltage

(kV)

1 min withstand
60 Hz, Dry

(kV)

Number of 
terminals

120/240 30 1.2 10 4

240/480 30 1.2 10 4

240/120 30 1.2 10 3

120, 240, 277, 480 30 1.2 10 2
4 Copyright © 2002 IEEE. All rights reserved.



 
IEEE

TRANSFORMERS WITH SEPARABLE INSULATED HIGH-VOLTAGE CONNECTORS Std C57.12.23-2002

        
Corrosion-resistant base bars or other suitable means shall be provided on the transformer tank to protect the
bottom of the tank while in transit and when installed in the underground enclosure. Minimum bar height is
25 mm.

For the purpose of locating terminations and operating devices, the plan view of the transformer is divided
into four segments with the segments numbered in a clockwise direction. See Figure 1.

The lifting provisions shall be permanently attached and arranged on the tank to provide a distributed bal-
anced lift in a vertical direction for the completely assembled transformer; they shall be designed to provide
a safety factor of 5. This safety factor of 5 is the ratio of the ultimate stress of the material used to the work-
ing stress. The working stress is the maximum combined stress developed in the lifting provisions by the
static load of the completely assembled transformer.

6.2 Connectors and terminals

The electrical characteristics of the completely assembled high-voltage connectors shall be as shown in
Table 1. The electrical characteristics of the completely assembled low-voltage terminals shall be as shown
in Table 2.

Separable insulated high-voltage connectors shall be provided for connection to the distribution system. The
high-voltage connectors shall consist of either bushing wells, bushing wells with bushing inserts, or integral
bushings, as specified. One cable accessory parking stand shall be provided for each phase of supplied high-
voltage. For specific details concerning high-voltage separable connectors and cable accessory parking
stands, refer to IEEE Std 386-1995.

Separable insulated high-voltage connectors that are designed for operation after the transformer is in place
shall be located so that they can be operated with hot-line tools.

On phase-to-ground transformers, the H2 end of the high-voltage winding shall be connected to the tank
internally. This connection shall be independent of all other electrical connections.

Low-voltage cable leads extending 350 mm above the top of the cover shall be provided and arranged for
vertical takeoff. Cable insulation shall be in accordance with ICEA S-66-524/NEMA WC7 or functional
equivalent for continuous operation at a minimum of 90 ˚C and 600 V. Cable flexibility shall be such that
bending it into an arc having a radius of 300 mm can be accomplished without overstressing the low-voltage
bushing. Cable sizes shall be as shown in Table 3.

When spade terminals are specified (one per terminal), they shall be in accordance with Figure 2.

Table 3—Low-voltage cable leads

kVA rating Copper cable size

25 2/0 AWG

37.5, 50 4/0 AWG

75, 100 500 kcmil  or spade terminal

167 500 kcmil (2/terminal)  or spade 
terminal
Copyright © 2002 IEEE. All rights reserved. 5
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Figure 1—Location of high-voltage and low-voltage connectors and terminals

NOTES
1—Low-voltage terminals shown for subtractive polarity transformers. Locations are reversed for 
additive polarity. For more information, refer to ANSI C57.12.20-1997.
2—The preferred location for the externally replaceable fuse is in Segment 2 or 4.
3—To maintain adequate mechanical and electrical clearances in Segment 3, it is permissible to 
encroach upon adjacent segments.
4—Dashed boxes indicate either side wall or cover location.
5—Omit H1B and adjacent ground connector on non-loop-feed phase-to-ground units.
6 Copyright © 2002 IEEE. All rights reserved.
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NOTES
1—All dimensions are in millimeters and are nominal unless otherwise specified.
2—Greater thickness may be required to provide adequate conductivity.
3—Corners and edges may be rounded.

Figure 2—Spade terminals
Copyright © 2002 IEEE. All rights reserved. 7
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On three-secondary-bushing (240/120V) units only, the low-voltage neutral (X2) connection of the winding
shall be made to the tank or cover but not to the core clamp. When a fully insulated terminal is used for this
low-voltage neutral connection, it shall be externally identified as being internally connected to the tank or
cover.

All neutral connections shall be suitably sized for the short-circuit rating of the transformer as defined in
IEEE Std C57.12.00-2000.

Connector and terminal designations shall be as defined in ANSI C57.12.70-1978. The high-voltage
connector and low-voltage terminal designations and locations are shown in Figure 1. The identification of
the connector and terminal connections shall be shown on the instruction nameplate.

The tank grounding connector, as shown in Figure 1, shall be solderless-type connectors that will accommo-
date AWG conductor size No. 8 solid to No. 2 stranded.

6.3 Instruction nameplate

The instruction nameplate shall be located on the transformer cover in Segment 3.

The nameplate shall conform to the requirements of nameplate “A,” as described in IEEE Std C57.12.00-
2000, but shall also include 

— The total weight of the transformer.
— The volume of the contained oil.

The nameplate shall be made of corrosion-resistant material and secured with non-corrosive hardware.

6.4 Oil preservation

The transformer shall be of sealed-tank construction. Sealed-tank construction is construction that seals the
interior of the tank from the atmosphere, and in which the gas plus the oil volume remains constant. The
transformer shall remain effectively sealed for a top oil temperature range of –5 ˚C to +105 ˚C continuous
under operating conditions as described in IEEE Std C57.91-1995. An oil-level sight gauge shall be
provided.

6.5 Tanks

The tank shall be of sufficient strength to withstand a static internal pressure of 50 kPa gauge without
permanent distortion and 140 kPa gauge without rupturing.5 A 1/2 inch or larger NPT fitting sized for speci-
fied minimum flow rate shall be provided for the installation of a pressure-relief device.

The cover shall be welded in place.

If a handhole is required, it shall be located on the cover, be adequately sized, and be suitably located to per-
mit access to internal components. 

The completely assembled transformer enclosure shall be capable of passing the fault current tests as defined
in ANSI C57.12.20-1997.

550 kPa = 7 lbf/in2 ; 140 kPA = 20 lbf/in2.
8 Copyright © 2002 IEEE. All rights reserved.
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Tank grounding provisions shall consist of stainless steel or non-corrosive pads with a 1/2-inch-13-NC
tapped hole, 11 mm deep, located in Segment 3, as shown in Figure 1.

6.6 Components for primary cable system

The minimum current-carrying capabilities of components for primary cable systems shall be 200 A (contin-
uous) and 10 000 A rms symmetrical for 0.17 s (short-time current rating) for transformers with or without
high-voltage switching.

7. Storage and installation

7.1 Storage

The transformer shall be stored in a vertical position and shall remain essentially in that position at all times
including transport to the site and during installation.

7.2 Installation

Equipment manufactured to this standard may be installed in areas where environmental and climatic condi-
tions make operation at varying angles of tilt from the horizontal an important consideration. Under these
circumstances, the user may wish to make a particular maximum “angle of tilt” part of their specification.
Copyright © 2002 IEEE. All rights reserved. 9
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