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1 OBJECTIVE

1.1 This specification establishes the minimum technical requirements for design, manufacture, and
supply of Transformers for PETROBRAS Offshore Units.

1.2 Classification Society requirements shall prevail over requirements of this document.

2 REFERENCE STANDARDS AND DOCUMENT LIST

2.1 GENERAL

At the design development and for equipment specification, IEC standards shall be used, all on
their latest revisions. Exceptionally, where it is clearly justifiable, ANSI, IEEE and others,
internationally recognized standards, may be used. Their use shall be restricted to specific cases
and shall be approved by PETROBRAS.

2.2 CODES, STANDARDS AND RECOMMENDED PRACTICES

2.21 IEC-INTERNATIONAL ELECTROTECHNICAL COMMISSION

IEC 60076

IEC TS 60076-20

IEC 60146-1-1

IEC 60214-1
IEC 60214-2
IEC 60270
IEC TR 60616
IEC 61378-1
IEC 62041

IEC 61558

Power Transformers - All parts
Power transformers — Part 20: Energy efficiency

Semiconductor Convertors - General Requirements and Line Commutated
Convertors - Part 1-1: Specification of Basic Requirements

Tap-changers — Part 1: Performance requirements and test methods
Tap-changers — Part 2: Application guide

High-Voltage Test Techniques - Partial Discharge Measurements
Terminal and tapping markings for power transformers

Converter Transformers - Part 1. Transformers for Industrial Applications

Safety of transformers, reactors, power supply units and combinations
thereof — EMC requirements

Safety of power transformers, power supplies, reactors and similar products
— All parts

Note: When all parts are informed, all applicable parts shall be used as reference. If a specific part
in mentioned in text, it will be listed following the general code reference.

2.2.2 IEEE-INSTITUTE OF ELECTRICAL AND ELECTRONIC ENGINEERING

C57.110

C57.147

Recommended Practice for Establishing Liquid-Filled and Dry-Type Power
and Distribution Transformer Capability when Supplying Nonsinusoidal Load
Currents

IEEE Guide for Acceptance and Maintenance of Natural Ester Insulating
Liquid in Transformers
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2.2.3 LABOUR SECRETARY - MINISTRY OF ECONOMY - REGULATORY

224

2.25

2.3
[1]
[2]

[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]

[11]
[12]
[13]

STANDARDS FOR OCCUPATIONAL SAFETY AND HEALTH

NR-12 Seguranca no Trabalho em Maquinas e Equipamentos

ASTM - AMERICAN SOCIETY FOR TESTING AND MATERIAL

B700 Standard Specification for Electrodeposited Coatings of Silver for

Engineering Use
IOGP — INTERNATIONAL ASSOCIATION OF OIL & GAS PRODUCERS

S-720 Supplementary Specification to IEC 60076-1 Transformers

REFERENCE DOCUMENTS
I-DE-3010.00-5140-741-P4X-001 - FUNCTIONAL UNITS BLOCK DIAGRAMS

[-ET-3010.00-1200-300-P4X-001 — NOISE AND VIBRATION CONTROL
REQUIREMENTS

I-ET-3010.00-5140-700-P4X-001 - SPECIFICATION FOR ELECTRICAL DESIGN FOR
OFFSHORE UNITS

[-ET-3010.00-5140-700-P4X-002 — SPECIFICATION FOR ELECTRICAL MATERIAL
FOR OFFSHORE UNITS

I-ET-3010.00-5140-700-P4X-003 - ELECTRICAL REQUIREMENTS FOR PACKAGES
FOR OFFSHORE UNITS

[-ET-3010.00-5140-700-P4X-007 — SPECIFICATION FOR GENERIC ELECTRICAL
EQUIPMENT FOR OFFSHORE UNITS

[-ET-3010.00-5140-700-P4X-009 — GENERAL REQUIREMENTS FOR ELECTRICAL
MATERIAL AND EQUIPMENT FOR OFFSHORE UNITS

[-ET-3010.00-5140-712-P4X-001 - LOW-VOLTAGE INDUCTION MOTORS FOR
OFFSHORE UNITS

I-ET-3010.00-5140-741-P4X-004 — SPECIFICATION FOR LOW-VOLTAGE GENERIC
ELECTRICAL PANELS FOR OFFSHORE UNITS

I-ET-3010.00-5140-797-P4X-001 - ELECTRICAL SYSTEM AUTOMATION
ARCHITECTURE

[-ET-3010.00-5143-700-P4X-001 - ELECTRICAL SYSTEM PROTECTION CRITERIA
I-L1-3010.00-5140-700-P4X-001 - ELETRICAL EQUIPMENT DATA SHEET MODELS

[-L1-3010.00-5140-797-P4X-001 - ELECTRICAL SYSTEM AUTOMATION INTERFACE
SIGNALS LIST
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3 EQUIPMENT

The following items shall have priority over similar ones which are included at
Supplementary Specification to IEC 60076-1 Transformers IOGP JIP 33 S-720 (Annex).
Annex shall be considered as Supplementary Specification to this document. The
Supplementary Requirements is an IOGP (The International Association of Oil & Gas
Producers) Specification which was prepared by a Joint Industry Project 33 Standardization
of Equipment Specifications for Procurement. The Joint Industry Project 33 was organized
by IOGP with support by the World Economic Forum (WEF).

3.1 GENERAL CONDITIONS

All  General Equipment Conditions (Environmental Conditions, Heat Dissipation
Characteristics, Motion and Inclination Limits Requirements, Vibration Limits
Requirements, Hazardous Areas Requirements, Construction Requirements, Warning
Labels for Electrical Equipment, VVoltage Requirements, Frequency Requirements and EMC
and RFI Requirements) not covered by this Specification, are defined, when applicable, in
I-ET-3010.00-5140-700-P4X-009 — GENERAL REQUIREMENTS FOR ELECTRICAL
MATERIAL AND EQUIPMENT FOR OFFSHORE UNITS.

3.2 GENERAL REQUIREMENTS

321

3.2.2

3.2.3
3.24

Transformers shall be sized for continuous duty and shall comply with the requirements of
IEC 60076, IEC 62041, and IEC 61558. For sizing of transformers for non-linear loads, see
also 3.7.

Unless otherwise stated in Project Documentation, all guaranteed values shall be established
with measurement methods and shall comply with the tolerances foreseen on reference
standards.

Transformers shall be installed as separate units with individual enclosures.

The general criteria informed in section 3 EQUIPMENT apply to all transformers informed
in this specification.

3.3 SCOPE OF SUPPLY

3.3.1

The transformers shall be furnished with at least the following items:
a) Protection enclosure.

b) Finishing, terminals, and cable glands.

c) Accessories and tools recommended by manufacturer own experience.
d) Spare parts for the commissioning and pre operation periods.

e) Drawings and Technical Documentation.
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3.4 CONSTRUCTION AND MECHANICAL REQUIREMENTS

3.4.1 CONSTRUCTION MATERIAL (TYPE)

3.4.1.1 Primary windings shall be moulded/encapsulated in epoxy resin under vacuum (cast-resin).
Secondary (and tertiary if applicable) windings shall be moulded/encapsulated in epoxy resin
under vacuum (cast-resin) or pre-impregnated with end-packing sealed with epoxy resin.
Other solutions shall be submitted to PETROBRAS for approval.

3.4.1.2 Lighting transformers shall be dry type moulded in epoxy resin, encapsulated with glass
fibre epoxy resin under vacuum or resin impregnated windings.

3.4.1.3 All transformers shall be dry type. Liquid cooled power transformers are accepted only as
part of complete package, i.e.: electrical chlorination unit and oil dehydrator equipment.

Note: When not defined in this Specification, the scope and definition is responsibility of
Packager.

3.4.1.4 Transformers shall comply with Fire Behaviour Class F1, according to IEC 60076-11.

3.4.1.5 Transformer windings’ coil material shall be made of copper or aluminium material. Other
materials shall have Petrobras approval.

3.4.2 TEMPERATURE RISE, CLIMATIC AND ENVIRONMENTAL CLASSES

3.4.2.1 The permissible temperature rise referred to environmental conditions shall be as a
maximum average, equal to 80°C for the outer winding(s) and 100°C for the inner
winding(s), according to IEC 60076-11.

3.4.2.2 Transformers shall comply with, at least, Climatic Class C2, according to IEC 60076-11.

3.4.2.3 Transformers shall comply with, at least, Environmental Class E2, according to IEC 60076-
11.

3.4.3 SHORT-CIRCUIT CURRENTS
3.4.3.1 Transformers shall withstand the dynamic and thermal effects of short-circuit current at the
secondary and all other terminals according to IEC 60076-11 and IEC 60076-5.

3.4.3.2 They shall be suitable for a short-circuit level, next to the primary terminals, equal to that of
the supply panel busbar.

3.4.4 WINDINGS CHARACTERISTICS

3.4.4.1 The primary and secondary windings shall be at least F Temperature Class (155°C)
insulation.

3.4.4.2 The MV (Medium-Voltage) and LV (Low-Voltage) windings shall be separated from each
other.

3.4.4.3 The insulation resin shall be non-fire propagating and self-extinguishing and, in case of fire,
shall not release toxic gases.

3.4.4.4 Their construction shall permit the removal of each winding separately, for maintenance in
site. The core assembly shall enable the removal of the coils in the field, if this should
become necessary.

3.4.4.5 Both windings shall have uniform insulation to permit their operation, indifferently, with
grounded or insulated neutral systems.
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3.4.4.6 Lifetime shall be at least 30 years.

3.44.7
3.44.8

Maximum temperature after a short-circuit shall be under limits of IEC 60076-5.

Medium-voltage transformers with secondary neutral isolated shall have an earthed shield
between the primary and the secondary winding.

3.45 ENCLOSURE

3451

3.45.2

3.453

3454

3.455

Manufacturer shall supply a latticed protection enclosure, with suitable ventilation, for each
transformer to protect against accidental contacts, with protection degree specified in I-ET-
3010.00-5140-700-P4X-009 — GENERAL REQUIREMENTS FOR ELECTRICAL
MATERIAL AND EQUIPMENT FOR OFFSHORE UNITS.

Transformers top and bottom sides shall allow easy natural ventilation keeping the specified
protection degree.

All power transformers shall be AN (air natural) cooled, unless otherwise specified in
datasheet or in documents with higher priority level.

The enclosure grating shall enable thermographic inspection of transformer windings and
connections with no necessity to open the enclosure.

Facilities for lifting of separated windings, core, complete transformers and for their
horizontal displacements shall be supplied.

3.4.6 FEEDING CABLES AND BUS TRUNKING

3.4.6.1
3.4.6.2

3.4.6.3
3.4.6.4

3.4.6.5

3.4.6.6

3.4.6.7

All conducting parts at the high voltage side shall be insulated with resin.

No stress shall be applied to bushings or terminations. These fixing devices shall be built of
non-magnetic material.

When copper/aluminium connections exist, these shall be encapsulated.

For transformers with bus trunking connections, flanged terminations shall be provided.
Galvanic insulation shall be provided to avoid electrolytic corrosion in case of dissimilar
metallic material.

For cables specification characteristics see electrical cables section in I1-ET-3010.00-5140-
700-P4X-002 — SPECIFICATION FOR ELECTRICAL MATERIAL FOR OFFSHORE
UNITS.

For bus trunking specification characteristics see busbar trunkings section in I-ET-3010.00-
5140-700-P4X-007 — SPECIFICATION FOR GENERIC ELECTRICAL EQUIPMENT
FOR OFFSHORE UNITS.

For optional EPOXY resin insulated bus bars specification characteristics see epoxy resin
insulated bus bars section in 1-ET-3010.00-5140-700-P4X-007 — SPECIFICATION FOR
GENERIC ELECTRICAL EQUIPMENT FOR OFFSHORE UNITS.

3.4.7 NEUTRAL CONNECTIONS

34.7.1

Transformer secondary neutral point shall be connected to a terminal accessible and clearly
marked according to IEC TR 60616.
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3.4.8 NOISE LEVEL

3.4.8.1 Transformers shall be designed and constructed in way that, at full load, the noise level shall
not exceed the values indicated in I-ET-3010.00-1200-300-P4X-001 — NOISE AND
VIBRATION CONTROL REQUIREMENTS and calculated by IEC 60076-10. The most
restrictive criteria shall be considered.

349 CONDUCTORS

3.4.9.1 Conductors of auxiliary circuits shall be of stranded copper, complying with requirements
of item of electrical cables in I-ET-3010.00-5140-700-P4X-002 — SPECIFICATION FOR
ELECTRICAL MATERIAL FOR OFFSHORE UNITS.

3.4.10 FACILITIES FOR GROUNDING

3.4.10.1 Facilities shall be provided to allow grounding, through screwed connectors, separately, to
the transformer frame to the terminal block box and to the enclosure.

3.4.10.2 The manufacturer shall make the interconnection of these components with copper cables
with minimum gauge according to 1-ET-3010.00-5140-700-P4X-001 - SPECIFICATION
FOR ELECTRICAL DESIGN FOR OFFSHORE UNITS and complying with requirements
of electrical cables section in I-ET-3010.00-5140-700-P4X-002 — SPECIFICATION FOR
ELECTRICAL MATERIAL FOR OFFSHORE UNITS.

3.4.10.3 Facilities shall be provided to allow temporary grounding by means of ground cables,
through screwed connectors, separately, to the transformer frame to the terminal block box
and to the enclosure.

3.4.11 TOOLSLIST
3.4.11.1 Manufacturer shall present a list of necessary tools for maintenance.

3.4.12 TERMINALS
3.4.12.1 Terminals shall be moulded in epoxy resin.

3.4.12.2 Terminals shall be silver-coated/silver-plated according to ASTM B700 with minimum
thickness of 2.5um.

Note: Both sides of contact bus bar shall be silver coated.

3.5 ELECTRICAL REQUIREMENTS

3.5.1 LOSSES AND EFFICIENCY

3.5.1.1 No-load losses and on-load losses, measured at rated voltage and frequency, at 115°C central
tap position, shall be clearly indicated on Datasheet.

3.5.1.2 Efficiency values shall be informed as defined in IEC TS 60076-20.

3.5.2 SHORT-CIRCUIT IMPEDANCE
3.5.2.1 This value at rated frequency and at 115°C shall be indicated/confirmed on Datasheet.
3.5.2.2 For three winding transformers, all impedances are indicated as percentage (%) or per unit

values referred to the base power correspondent to the lowest rated power between the
involved windings.
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3.5.2.3 All short-circuit impedance values shall be calculated referenced to normal power, thus
without forced ventilation increased power margins.
3.5.3 INRUSH CURRENT

3.5.3.1 The initial magnetizing inrush current peak value resulting from transformer primary
winding to secondary winding energization shall be informed in transformer datasheet.

Note: For specific purposes, initial magnetizing inrush current peak value resulting from
transformer secondary winding to primary winding energization shall be informed in
datasheet indicating if the values are measured, calculated or estimated.

3.5.4 TYPE OF CONNECTION

3.5.4.1 Unless otherwise stated, the type of connection shall follow the indication presented on

Table 1.
Table 1 - Reference Type of Connections for Transformers
Transformer Type Type of Connection Required
Medium-Voltage Power Transformers Dyn1 @
Low-Voltage Power Transformers Dyn1 @
Transformers for Non-Linear Loads See Datasheet
Distribution Transformers with Secondary Voltage up to 240V Dyn1 @

Notes: (1) Dynl vector group, according to IEC 60076, with the low-voltage phases lagging the corresponding high
voltage phases.

355 VOLTAGE TAPS

3.5.5.1 Unless otherwise stated in Datasheet, all transformers shall be provided with bolted links
(no-load tap changing) at the higher voltage side with the taps presented in Table 2.

3.5.,5.2 Tap changers shall be manually operated de-energized and shall comply with S-720
Supplementary Specification to IEC 60076-1 Transformers.

3.5.5.3 Tap changers shall comply with IEC 60214 parts 1 and 2.

Table 2 - Reference Voltage Taps for Transformers

Taps Required
- 5% -2.5% Ve +2.5% + 5%
Transformer Type
Power Transformers X X X X X
Distribution Transformers2 \zllvcl)t\? Secondary Voltage up to X X X X x

3.5.6 TRANSFORMERS TESTS

3.5.6.1 Where indicated, according to Table 3, Type Tests (TT), Routine Tests (RT), and Special
Tests (ST) shall be carried out for transformers following the reference standards and
acceptance criteria.

3.5.6.2 Routine and Special Tests shall be carried-out to all transformers foreseen in the Unit.
3.5.6.3 Type tests shall be carried-out for the first batch of identical transformers.
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Table 3 - Reference Tests Applied for Transformers
Transformer Test TT|RT|ST | Method and Acceptance Criteria
All Types Measurements of winding resistance X IEC 60076-1
All Types Measurement on voltage ratio X IEC 60076-1
All Types Check of phase displacement X IEC 60076-1
All Types Measurement of short-circuit impedance X IEC 60076-1 and IEC 60076-11
All Types Measurement of load loss X IEC 60076-1 and IEC 60076-11
All Types Measurement of no-load loss X IEC 60076-1
All Types Measurement of no-load current X IEC 60076-1
All Dry Type |Separate-source A.C. withstand voltage test X IEC 60076-3 and IEC 60076-11
All Dry Type |Induced A.C. withstand voltage test X IEC 60076-3 and IEC 60076-11
All Dry Type |Lightning impulse test X IEC 60076-3 and IEC 60076-11
All %\geDry Partial discharge measurement X | X IEC 60270, I&%fg(ﬁe3 and [EC
All Types Temperature rise tests X IEC 60076-2 and IEC 60076-11
All Types Determination of sound levels X IEC 60076-10 and IEC 60076-11
All Types | Short-circuit withstand test © X | 1EC 60076-11 and IEC 60076-5
All Dry Type |Environmental tests © X IEC 60076-11
All Types | Climatic tests © X IEC 60076-11
All Types | Fire behaviour test © X IEC 60076-11
I-ET-3010.00-5140-700-P4X-009
— GENERAL REQUIREMENTS
All Types | Degree of protection of enclosure © X FOR ELECTRICAL MATERIAL
AND EQUIPMENT FOR
OFFSHORE UNITS
®) On-load tap changers tests X' | IEC 60076-1 and IEC 60214-1
All MV Determinat_ion_ of capacitance windings-to-earth, and X IEC 60076-1
between windings
All MV Measurement of zero-sequence impedance(s) on three X IEC 60076-1
phase transformers ()
All Types Measurement of harmonics of the load current ) X IEC 60076-1 and IEC 61378-1
) Measurement of power taken by fan or oil pump X IEC 60076-1
motors
Measurement of insulation resistance to earth of the
All MV windings, and/or measurement of the dissipation X IEC 60076-1
factor (tan 8) of the insulation system capacitances. @
All MV Measurement of frequency response X IEC 60076-18
Notes: 1) According to IEC, these are reference values for comparison with later measurement in the field. No

2)

3)
4)
5)
6)

7)

limitations for the values are given.

In case of test methods that are not prescribed in the reference standards or listed in Table 3, they shall be
presented to prior evaluation and approval by PETROBRAS.

IEC 60076-11 only for dry type transformers.

Only for transformers dedicated to non-linear loads.

For all transformers with this equipment.

Certified test reports for tests performed for similar equipment and approved and witnessed by Classification

Society are accepted.
One test for each type is acceptable.

3.5.6.4 The reports and measurement of frequency response tests shall be done in the following
moments: at factory acceptance tests; at delivery at site, and commissioning. All results shall
be recorded in digital media for comparison at each moment indicated and for warranty
verification. The test shall be performed in all transformer windings.
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3.6
3.6.1

3.6.2

3.6.3

3.6.4

3.6.5

3.6.6

3.6.7

3.6.8

3.6.9

3.6.10

POWER TRANSFORMERS

Power Transformers are the transformers with one or more Medium-Voltage (>1000V)
windings that are not subject of 3.7, 3.8 or 3.9.

Unless otherwise stated, all power transformers shall have the same connection type and phase
displacement to permit parallel continuous operation.

For power transformers, a project report shall be issued during the design phase showing the
calculations of magnetic flux and temperature distribution profiles. This report shall be
presented to PETROBRAS approval before the manufacturing of the transformers.

Unless otherwise stated, power transformers shall be furnished with at least the following
items, additionally to items related on item 3.3.1:

a) Thermal protection relays (49 Function) for each secondary voltage side winding with
as required in 3.6.8, 3.6.10, 3.6.11 and 3.6.12;

b) Provisions to receive future fans for forced ventilation.
c) Complete forced ventilation equipment, when required in Datasheet.
d) Surge arresters, if required by the System Studies.

Provisions for future forced ventilation shall include temperature sensors, instruments and
their circuits, design of transformer core spaces for fan mounting and all supports, so that,
only the fans are not included (unless otherwise stated in Project Documentation).

The provision for future installation of cooling fans shall be provided considering no hot work,
for example grinding and welding.

When required, the fans motors of each transformer shall be fed by one LV MCC drawer. An
alarm shall be sent in case of failure of the fan motors according to 1-L1-3010.00-5140-797-
P4X-001 - ELECTRICAL SYSTEM AUTOMATION INTERFACE SIGNALS LIST.

The fan motors shall comply with I-ET-3010.00-5140-712-P4X-001 - LOW-VOLTAGE
INDUCTION MOTORS FOR OFFSHORE UNITS. The fan motors shall be 440V 3ph 60Hz
if distribution voltage level is 480V or 660V 3ph 60Hz if distribution level is 690V.

Unless otherwise stated in Datasheet, power transformers shall have at least two RTD,
platinum resistance temperature detectors type (PT100Q @ 0°C), per phase in direct contact
with secondary windings. The first RTD is for the forced ventilation activation system, located
in the transformer and to over temperature protection relay, located in the transformer. The
second one is reserve. Both shall be connected to temperature protection relay and operational.

Power transformers with two windings shall have thermal protection relays (function 49)
monitoring the secondary windings. The following hardwired signals shall be available for
external use:

e high temperature in windings - trip signal and
e high temperature in windings - alarm signal.

The other signals shall be available through network communication. For more information,
refer to 1-ET-3010.00-5140-797-P4X-001 - ELECTRICAL SYSTEM AUTOMATION
ARCHITECTURE and 1-LI1-3010.00-5140-797-P4X-001 - ELECTRICAL SYSTEM
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3.6.11

3.6.12

3.6.13

3.6.14

3.6.15

3.6.16

3.6.17

AUTOMATION INTERFACE SIGNALS LIST.

Trip action only if high temperature value is detected in two or three phases of the
transformer. If the high temperature value is detected in only one phase, only alarm signal
shall be generated.

For Power transformers with more than two windings:

a) They shall have thermal protection relays (function 49) monitoring each low-voltage
winding.

b) Trip signals for each winding shall be independent from each other, so that, in case
of overheating in one secondary winding, this winding could be turned off and the
other secondary is kept operating.

c) There shall be available individual trip signal for each winding (secondary/tertiary
circuit breaker) and additionally, one trip signal related to simultaneous trip in all
windings (primary circuit breaker).

d) Trip action only if high temperature value is detected in two or three phases of the
transformer.

e) If the high temperature value is detected in only one phase, only alarm signal shall
be generated.

f) Other signals shall be available through network communication. For more
information, refer to 1-ET-3010.00-5140-797-P4X-001 - ELECTRICAL SYSTEM
AUTOMATION ARCHITECTURE and 1-LI-3010.00-5140-797-P4X-001 -
ELECTRICAL SYSTEM AUTOMATION INTERFACE SIGNALS LIST.

For transformers with more than two windings, the following hardwired signals shall be
available for external use:

o individual trip signal for each winding.
e collective trip signal (simultaneous trip in all windings).

e individual high temperature alarm for each winding and forced ventilation status
(turned on/off).

For transformers with medium-voltage secondaries, in-rush currents shall be limited to 10
times the nominal current.

Unless otherwise stated in Datasheet, power transformer thermal protection relays shall be fed
by available voltage (220vDC), as required in [-ET-3010.00-5140-700-P4X-003 -
ELECTRICAL REQUIREMENTS FOR PACKAGES FOR OFFSHORE UNITS.

Power transformers in 13.8 kV shall be provided with their primary winding “V/f x time”
curves. It shall be used for correcting set up of V/f protection in generators and to be
coordinated with transformer supportability curves.

Power transformers shall be suitable to replacement of the coils, in case of damage, by
disassembly from top side, being acceptable to remove parts of the transformer enclosure.

To allow coils disassembly and assembly from top side, the coil shall be split in two sections
(reducing the necessary height).
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3.6.18 Power transformers shall be suitable to replacement of the core, in case of damage. For the

3.6.19

3.6.20

3.7

3.7.1

3.7.2

3.7.3

3.7.4

3.8

3.8.1
3.8.2
3.8.3

3.9
3.9.1

3.9.2

disassembly, it is acceptable to remove parts of the transformer enclosure.

To allow core disassembly and assembly, the core shall be designed in sections (reducing the
necessary height).

If windings are connected by screws Manufacturer shall indicate in the proposal the
periodicity of internal screw retightening. Manufacturer shall provide the necessary tools for
it or indicate that the retightening are free of special tools. All screwed connections shall have
devices to avoid loosening (lock/spring washers or Belleville spring washer, etc).

TRANSFORMERS FOR NON-LINEAR LOADS

Transformers dedicated to feed non-linear loads (rectifiers, VSD-FCs, UPSs, thyristors, etc.)
shall comply with the requirements of IEC 61378-1.

Transformers dedicated to feed line commutated converters (LCI) shall comply with the
requirements of IEC 60146-1-1.

Transformers to feed both, linear and non-linear loads shall comply with the requirements of
IEC 60076-12 and IEEE C57.110.

Unless otherwise stated in Datasheet, RTD location shall be the same as in section 3.6.9.

DISTRIBUTION TRANSFORMERS WITH SECONDARY UP TO 240V

Unless otherwise stated in project documentation, the rated voltages shall be 480-220V.
They shall be assembled on metallic boxes.

The transformers impedance shall be Z = 4 to 5%, unless otherwise informed in datasheet or
project documentation.

Note: Minimum short circuit impedance values are defined in IEC 60076-5.

OIL DEHYDRATOR TRANSFORMERS

Independent of technology of oil dehydrator, this equipment shall have transformers with
built-in series reactors for limiting short-circuit current at secondary to the value of rated
secondary current.

For each Oil Dehydrator using A.C. technology, the following configurations are permitted:

a) 3 (three) single-phase transformers mounted on top of the vessel, each one sized for 33%
of demand (3x33%). In this configuration, 4 (four) transformers must be provided, being
one as stand-by, to be stored in the unit’s warehouse. Each transformer must have its own
set of electrodes.

b) 2 (two) three-phase transformers mounted on the top of the vessel, each one sized for
100% of demand (2x100%). In this configuration, one of the transformers remains off as
stand-by, and each one must have its own set of electrodes, in order to be ready to start
the Oil Dehydrator into operation after a failure.

INTERNA \ Qualquer Usuario




No. REV.
0

TECHNICAL SPECIFICATION [-ET-3010.00-5140-713-P4X-001

BE e SHEET 14, 19
PETROBRAS | SPECIFICATION FOR TRANSFORMERS FOR INTERNAL
OFFSHORE UNITS ESUP
3.9.3 For each Oil Dehydrator using A.C./D.C. Technology or Variable Frequency Technology, 2

3.9.4

3.95

3.9.6

3.9.7

3.9.8

3.9.9

3.9.10

3.9.11

3.9.12

3.9.13
3.9.14
3.9.15

(two) transformers shall be supplied. Both transformers shall be assembled on the vessel and
each one shall be sized for 100% of the demand.

These transformers shall have conformity certificates for operation in hazardous areas
according to 1-ET-3010.00-5140-700-P4X-009 — GENERAL REQUIREMENTS FOR
ELECTRICAL MATERIAL AND EQUIPMENT FOR OFFSHORE UNITS and shall be
fitted with pressure safety valves.

In order to prevent corona effect, the connection boxes of transformer output and dehydrator
electrical input shall be filled in with insulation oil (according to item 3.9.11).

In order to prevent transformer insulation oil from contamination by oil from dehydrator, it
shall be foreseen effective sealing methods between the output connection box of the
transformer and the inner part of the transformer and between the electrical input connection
box of the dehydrator and the inner part of the dehydrator.

Each transformer shall have an indicator panel with:
Local indication of output voltage of transformer.

e Local indication of output current of transformer.

e Local indication of operation frequency of transformer in case of use of variable
frequency technology.

e OQutput hardwired signal for remote indication of UAM (Unit Alarm Malfunction);

e OQutput hardwired signal for remote indication of status (on, off).

Each oil dehydrator shall have a local junction box with a circuit-breaker to allow
disconnection of transformer primary winding from external power source. It shall be possible
to block the circuit-breaker in open position with padlock. This local junction box shall permit
to operate the circuit-breaker without open it.

Leakage detection in each bushing duct between each transformer and the vessel and remote
leakage alarm shall be foreseen, turning off the oil dehydrator in case of leakage.

Two additional pressure safety valves (PSV) shall be provided and installed in the bushing
duct between each transformer and the vessel (two in order to allow oil dehydrator operation
during maintenance or calibration of one of the PSVs).

Natural ester-based insulating liquids shall be used as cooling method and shall comply with
IEEE 57.147. Other oil types shall be approved by PETROBRAS.

All transformers shall be fitted with no-load oil immersed tap changers at secondary windings.
The number of taps and its voltage levels shall be defined by manufacturer, to ensure the
performance of the Oil Dehydrator for the different operational scenarios of the unit. At least
5 (five) taps shall be provided, being the highest voltage level set in 25 kV.

The tap-changer operation shall be possible externally, with the tank closed.
The secondary winding neutral terminal shall not be available.

Transformer tank, tap changer, and secondary terminal boxes shall have oil level indicators.
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3.9.16 Entrance Bushing and Insulators requirements:

3.9.17

3.10

3.10.1

3.10.2

3.10.3

3.10.4
3.10.5

3.10.6

3.10.7

3.10.8
3.10.9

a) Entrance Bushings and Insulators shall be made of NXT-75 resin or TFM-1705 resin.
b) The resin shall be entirely pure and shall not be reprocessed.

c) The Manufacturer for the entrance bushings and for the insulators shall present the resin
certification.

d) The material of entrance bushings and insulators shall be made using compression process.

e) X-ray tests, specific mass tests and penetrating tests shall be carried out to guarantee the
quality of the material.

The connection between the entrance bushings and the electrodes shall be done through a pin
and a plate system with a spring to guarantee the good connection even during vibration
conditions.

PRE-MAGNETIZATION FOR POWER TRANSFORMERS

Pre-magnetization system, when required by Project Documentation, shall be scope of the
transformer manufacturer.

Pre-magnetization system shall be composed, mainly, of pre-magnetization transformer,
control panel, auxiliary transformer (instrument transformer) and switching devices.

Unless otherwise defined in Project Documentation, the pre-magnetization device shall be
designed by means of an auxiliary transformer, installed, preferably, internally to the main
power transformer enclosure.

Pre-Magnetization system shall be supplied individually for each Power Transformer.

The pre-magnetization device, if external to the transformer, shall have its construction
design in agreement to 1-ET-3010.00-5140-741-P4X-004 — SPECIFICATION FOR LOW-
VOLTAGE GENERIC ELECTRICAL PANELS FOR OFFSHORE UNITS where
applicable, if internal to the transformer, it shall follow section 3.4, where applicable.

The pre-magnetization control panel shall be externally installed as part of power
transformer enclosure if pre-magnetization device is internal to the transformer.

The pre-magnetization device shall be able to:

a) Reduce the transformer magnetization current to a value around the rated current of the
main power transformer.

b) Cause no additional damping or voltage drop on the input voltage caused by switching
on the power transformer.

c) Guarantee no inrush behaviour when the power transformer circuit breaker is closed after
the pre-magnetizing process.

The pre-magnetization device shall be PLC controlled.

PLC signals shall be hardwired interlocked with primary transformer circuit breaker
according to [1-DE-3010.00-5140-741-P4X-001 - FUNCTIONAL UNITS BLOCK
DIAGRAMS.
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3.10.10 A bypass switch shall be supplied to allow the main transformer energization without the

3.10.11

3.10.12

3.10.13

3.10.14

3.10.15

3.10.16

pre-magnetization system.

The pre-magnetization device shall have suitable switching and protection devices according
to manufacturer standards.

Unless otherwise defined in Project Documentation, the pre-magnetization device shall be a
complete solution and dedicated for the assigned transformer.

Pre-magnetization system operation shall be included in power transformer factory
acceptance tests.

Unless otherwise defined in Project Documentation, the control panel power supply shall be
derived inside the power transformer enclosure from the primary side of an auxiliary
transformer by an instrument transformer (Potential Transformer).

The auxiliary transformer of the Pre-Magnetization system shall have the same TAPs and
connection group of the Power Transformers.

Pre-magnetization system shall be approved by PETROBRAS.

3.11 TRANSFORMER PROTECTION

3.11.1

Transformer protection functions shall be according to I-ET-3010.00-5143-700-P4X-001 -
ELECTRICAL SYSTEM PROTECTION CRITERIA.

4 MANUFACTURER DOCUMENTATION

4.1 DOCUMENTS TO PROPOSAL

The following documents and information shall be annexed to the proposal for the
transformer and all related equipment and accessories:

a) Documents list;

b) Dimensional drawings including frontal view, upper view, estimated weight and
thermal dissipation;

c) Technical catalogues with information about all components;

d) Manuals at least with: maintenance tools list, maintenance accessories list, MTTR
(mean time to repair), coils disassembly and assembly detailed procedures, with
drawings and weights of each part, lifting drawings, support drawings to receive each
disassembled part, drawings of activity sequences and lifting heights;

e) Forced ventilation system drawings with dimensions, weight, electrical wiring of fans,
sensors, instruments and their circuits;

f)  Oil technical characteristics for operation and maintenance, if applicable;

g) Spare parts list for two years of operation, including item, part number, quantity,
description, MTBF and price for each part;

h) Technical assistance prices and representative address;

1) Transformer Data-sheet issued by PETROBRAS completely filled in with
Manufacturer data with identification of the person responsible for the filling. This
Data Sheet shall be submitted to PETROBRAS approval;
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J) List of applicable standards;

k) Painting method;

I) Inspection and test schedule, including acceptance criteria for each test;

m) Other documents required in project documentation, including certificates.

Note: At least, two copies in English language and two copies in Brazilian Portuguese

language shall be provided for all reference manuals. Manuals shall comply with
content requirements of NR-12 as defined in 1-ET-3010.00-5140-700-P4X-001 -
SPECIFICATION FOR ELECTRICAL DESIGN FOR OFFSHORE UNITS.

4.2 DOCUMENTS FOR APPROVAL

The following documents and information shall be submitted for PETROBRAS approval,
after Packager definition, for the transformer and all related equipment and accessories:

a)
b)

c)

d)

e)
f)
9)
h)
i)
)
k)
1)

Documents list;

Dimensional drawings including frontal and upper views, details, location of lifting
eyelets and area for incoming cables, fixing base details;

Dimensional drawings including frontal and upper views, weight and details of
windings temperature control panel and forced ventilation power and control panels.

Functional and on-line diagrams including demand and rated power of windings
temperature control panel and forced ventilation power and control panels.

Data-sheet of forced ventilation motors, if applicable.

Weight and volume of each unit for transportation and total weight;
Thermal dissipation at half load and full load;

Package and transportation instructions;

Identification plates;

Detailed description of the equipment, including all accessories;

Procedures during emergency conditions (including oil concerns, if applicable);
Warranty certificate and declaration of availability of spare parts for 10 (ten) years;

4.3 DOCUMENTS AFTER APPROVAL

Assembly, Installation, Operation and Maintenance manuals shall be furnished, after
documentation approval, containing at least the following information (including all
requirement of NR-12):

a)
b)

c)
d)
e)
f)
9)
h)
i)

Data-sheet full-filled “as built”;

Technical specifications for the transformer, all components and accessories, in
accordance with the approved requirements (as built);

List of standards followed for design, fabrication and tests;

Detailed description of transformer and accessories;

List of risks for operators during operation and maintenance;

Storage, preservation and unpacking instructions in Portuguese language;
Detailed lifting and handling procedures in Portuguese language;
Installation and assembly instructions in Portuguese language;

Operation instructions in Portuguese language;
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J)  Maintenance instructions, including list of necessary equipment, accessories and tools

in Portuguese language;
k) Spare parts lists;
I) “As built” technical catalogue for all components;

m) Complete test report, including type, routine and special tests;

n) Components list, including at least, item, description, draw, unit, quantity and part

number;

0) Constructive details about baseplate fixation screws such as quantity, size, type and

position in baseplate.

Documents provided by Transformer Manufacturer shall be delivered in an electronic
format (original version and PDF version), the original documents shall be editable and the

PDF documents shall be searchable.
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5 DATASHEET FORMS

5.1 All existing data sheet templates are available at I-LI-3010.00-5140-700-P4X-001 -
ELETRICAL EQUIPMENT DATA SHEET MODELS.

5.2 The Datasheets are models and do not refer to any equipment. The manufacturer shall fill in a
Datasheet for each equipment.

5.3 For equipment without Datasheet model, Manufacturer shall fill in Datasheets according to its
own standard and submit to PETROBRAS approval.

6 ABBREVIATIONS AND ACRONYMS

AC Alternated Current
AN Air Natural
ANSI AMERICAN NATIONAL STANDARDS INSTITUTE
CT Current Transformer
DC Direct Current
ET Technical Specification
IEC International Electrotechnical Commission
IEEE Institute of Electrotechnical and Electronic Engineers
LCI Line Commutated Converters
LV Low-Voltage
MTTR Mean Time To Repair
MV Medium-Voltage
PLC Programmable Logic Controller
RT Routine Test
RTD Resistance Temperature Detector
ST Special Test
TT Type Test
UAM Unit Alarm Malfunction
Un Rated Voltage
UPS Uninterruptible Power Supply
VSD Variable Speed Drive
VSD-FC Variable Speed Drive — Frequency Converter
VT Voltage Transformer
7 ANNEX
(o |

A
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Foreword

This specification was prepared under Joint Industry Programme 33 (JIP33) "Standardization of Equipment
Specifications for Procurement” organized by the International Oil & Gas Producers Association (IOGP) with
the support from the World Economic Forum (WEF). Companies from the IOGP membership participated in
developing this specification to leverage and improve industry level standardization globally in the oil and gas
sector. The work has developed a minimized set of supplementary requirements for procurement, with life
cycle cost in mind, resulting in a common and jointly agreed specification, building on recognized industry and
international standards.

Recent trends in oil and gas projects have demonstrated substantial budget and schedule overruns. The Oil
and Gas Community within the World Economic Forum (WEF) has implemented a Capital Project Complexity
(CPC) initiative which seeks to drive a structural reduction in upstream project costs with a focus on industry-
wide, non-competitive collaboration and standardization. The CPC vision is to standardize specifications for
global procurement for equipment and packages. JIP33 provides the oil and gas sector with the opportunity to
move from internally to externally focused standardization initiatives and provide step change benefits in the
sector's capital projects performance.

This specification has been developed in consultation with a broad user and supplier base to realize benefits
from standardization and achieve significant project and schedule cost reductions.

The JIP33 work groups performed their activities in accordance with IOGP's Competition Law Guidelines
(November 2014).
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Introduction

The purpose of this specification is to define a minimum common set of requirements for the procurement of
transformers in accordance with IEC 60076-1, Edition 3, 2011-04, Power Transformers for application in the
petroleum and natural gas industries.

This specification follows a common document structure comprising the four documents as shown below,
which together with the purchase order define the overall technical specification for procurement.

Data Sheet

Supplementary
Technical

_Specification

Quality / Information
Requirements ; Requirements
(QRS) ' (IRS)

International & Industry Standards

JIP33 Specification for Procurement Documents
Supplementary Technical Specification

This specification is to be applied in conjunction with the supporting data sheet, quality requirements
specification (QRS) and information requirements specification (IRS) as follows.

IOGP S-720: Supplementary Specification to IEC 60076-1 Transformers

This specification defines the technical requirements for the supply of the equipment and is written as
an overlay to IEC 60076-1, following the IEC 60076-1 clause structure. Clauses from IEC 60076-1 not
amended by this specification apply as written to the extent applicable to the scope of supply.

Modifications to IEC 60076-1 defined in this specification are identified as Add (add to clause or add
new clause), Replace (part of or entire clause) or Delete.

IOGP S-720D: Data Sheet for Transformers

The data sheet defines application specific requirements, attributes and options specified by the
purchaser for the supply of equipment to the technical specification. The data sheet may also include
fields for supplier provided information attributes subject to purchaser’s technical evaluation. Additional
purchaser supplied documents may also be incorporated or referenced in the data sheet to define scope
and technical requirements for enquiry and purchase of the equipment.
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IOGP S-720Q: Quality Requirements for Transformers

The QRS defines quality management system requirements and the proposed extent of purchaser
conformity assessment activities for the scope of supply. Purchaser conformity assessment activities
are defined through the selection of one of four generic conformity assessment system (CAS) levels on
the basis of evaluation of the associated service and supply chain risks. The applicable CAS level is
specified by the purchaser in the data sheet or in the purchase order.

IOGP S-720L: Information Requirements for Transformers

The IRS defines the information requirements, including contents, format, timing and purpose to be
provided by the supplier. It may also define specific conditions which invoke information requirements.

The terminology used within this specification and the supporting data sheet, QRS and IRS follows that of
IEC 60076-1 and is in accordance with ISO/IEC Directives, Part 2 as appropriate.

The data sheet and IRS are published as editable documents for the purchaser to specify application specific
requirements. The supplementary specification and QRS are fixed documents.

The order of precedence (highest authority listed first) of the documents shall be:

a)
b)
c)
d)

e)

regulatory requirements;

contract documentation (e.g. purchase order);
purchaser defined requirements (data sheet, QRS, IRS);
this specification;

IEC 60076-1.
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1 Scope

Replace clause with

Add new subclause

11 General

This specification amends and supplements IEC 60076-1 and associated parts of IEC 60076 referenced in
IEC 60076-1 for the design, manufacture and testing of three-phase and single-phase power transformers,
including auto-transformers.

Add new subclause

1.2 Transformers included in scope

Included in the scope of this specification are the following types of transformers:

liquid filled transformers equipped with a breather and a conservator;
—  sealed type liquid filled transformers;

— dry type transformers;

— liquid filled and air core reactors;

— converter transformers;

transformers having no windings exceeding 1 000 V for industrial applications.
For categories of power transformers and reactors which have their own IEC standards, this specification is

applicable only when it is specifically called up by cross reference in the other standards. Such standards exist
for:

—  reactors in general (IEC 60076-6);
—  dry-type transformers (IEC 60076-11);
—  converter transformers for industrial applications (IEC 61378-1).

Add new subclause

13 Transformers excluded from scope

Excluded from the scope of this specification are the following types of transformers:

single-phase transformers with rated power less than 1 kVA and three-phase transformers less than
5 kVA;

— instrument transformers;
— traction transformers mounted on rolling stock;
—  starting transformers;

—  testing transformers;
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— welding transformers;
— mining transformers;
— transformers for deep water (submerged) applications.

Where |IEC standards do not exist for such categories of transformers, this specification may still be applicable
either as a whole or in part.

2 Normative references

Add to clause

IEC 60034-1, Rotating electrical machines — Part 1: rating and performance
IEC 60076-6, Power transformers — Part 6: Reactors

IEC 60076-14, Power transformers — Part 14: Liquid-immersed power transformers using high-temperature
insulation materials

IEC TS 60076-20, Power transformers — Part 20: Energy efficiency

IEC 60079 (all parts), Explosive atmospheres

IEC 60085, Electrical insulation — Thermal evaluation and designation

IEC 60099-4, Surge arresters — Part 4: Metal oxide surge arresters without gaps for a.c. systems
IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC TR 60616, Terminal and tapping markings for power transformers

IEC TS 60815-1, Selection and dimensioning of high voltage insulators intended for use in polluted
conditions — Part 1: Definitions, information and general principles

IEC 60836, Specifications for unused silicone insulating liquids for electrotechnical purposes

IEC 61000-6-2, Electromagnetic compatibility (EMC) — Part 6-2:Generic standards — Immunity standard for
industrial environments

IEC 61000-6-4, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards — Emission standard for
industrial environments

IEC 61099, Insulating liquids — Specifications for unused synthetic organic esters for electrical purposes
IEC 61378-1, Converter transformers — Part 1. Transformers for industrial applications

IEC 61869-2, Instrument transformers — Part 1: Current transformers

IEC 61892-3, Mobile and fixed offshore units — Electrical installations — Part 3: Equipment

IEC 62535, Insulating liquids — Test method for detection of potentially corrosive sulphur in used and unused
insulating oil
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3 Terms and definitions
Add new term

3.13.4

phase segregated terminal box

a terminal box so designed that phase segregation is provided by earthed metallic barriers forming completely
distinct individual phase compartments so as to restrict any electrical breakdown to an earth fault

[SOURCE: IEC 60050-411, 41-35, modified - note deleted]

4 Service conditions
4.2 Normal service conditions
f)  Installation environment

Replace fourth paragraph with

Environmental conditions within the following definitions according to IEC 60721-3-4:
—  climatic conditions (K);

—  special climatic conditions (2);

—  biological conditions (B);

— chemically active substances (C);

— mechanically active substances (S);

— mechanical conditions (M).

Add to subclause

The transformer shall be designed for 90 % maximum relative humidity.

Add to subclause

The design of transformers for outdoor operation shall incorporate operation without a protective shelter.

Add to subclause

Humidity changes caused by short term cyclic ambient temperature variations shall not compromise the
performance of the transformer.

Add to subclause

The installation environment shall apply to the transformer and ancillaries, for example motors,
components and accessories.

Add new subclause q)

g) Hazardous area

Transformers and reactors in hazardous areas shall comply with the applicable requirements of
IEC 60079.
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Add new subclause h)

h) Dry type transformers and reactors
Climatic, environmental and fire behaviour classes shall be in accordance with IEC 60076-11, Clause 12.

Add new subclause i)

i)  Offshore locations
Transformers installed in offshore locations shall be provided in accordance with IEC 61892-3.
5 Rating and general requirements
5.1 Rated power
5.1.1  General

Add to subclause

A transformer feeding a group of motors shall maintain operational performance following:
— infrequent restarting loads of up to 1,8 times the rated current of the transformer;
—  five restarts in succession at five second intervals.

Add to subclause

Motor unit transformers supplying individual motors shall maintain operational performance following:
—  three successive motor starts and a further two successive starts after a cooling-off period of 30 minutes;
— 3000 starts per year or greater.

Add to subclause

Transformers within the scope of IEC TS 60076-20 shall comply with the energy efficiency requirements in
accordance with IEC TS 60076-20 level 2.

Add to subclause

Transformers shall have a design lifetime of at least 25 years operating at rated output under the specified
service conditions.

Add to subclause

The design of transformers shall be for continuous operation at full load for at least 45 000 hours without
maintenance which requires the transformer to be de-energized.

NOTE Reduction in continuous operation time due to the OLTC maintenance interval based on operational count is
allowed.
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5.2 Cooling mode

Add to subclause

When specified, the provision for future installation of cooling fans without hot work, for example grinding and
welding, shall be provided.

5.7  Additional information required for enquiry
5.7.3  Sound level

Add to second paragraph

The maximum sound pressure level of the transformer at rated load with forced cooling fans in operation shall
be provided.

Add to subclause

Compliance with sound power limit shall be achieved without the use of a sound attenuation enclosure.

574 Transport

Add new subclause

5.7.4.3 Mechanical handling

5.74.3.1

Jacking pads shall be provided for transformers with an assembled mass of 2 000 kg or greater.

5.7.4.3.2

Lifting and jacking points shall be mounted on tanks, enclosures and frames.

5.7.4.3.3

Location of the lifting and jacking points shall not lead to damage of the transformer enclosure and frame.
5.74.3.4

The location of lifting and jacking points shall be identified on the general arrangement drawing and marked
on the tank, enclosure or frame.

5.7.435

Transformers and associated cooling equipment, when transported separately, shall have lifting lugs to
facilitate transportation and assembly at site.

5.7.4.3.6
Assemblies or equipment parts weighing more than 25 kg shall have provisions for lifting.
5.7.4.3.7

Shipping restraints, for example transport blocks, bindings shall be marked for the purpose of removal.
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5.7.4.3.8

Loose parts and components with moving parts at risk of damage during shipment shall be securely blocked
and braced.

NOTE Blocking is intended to prevent lateral movement and bracing is intended to prevent vertical movement.
5.7.4.3.9

Transformers and radiators, if transported without insulating liquid, shall be inerted in nitrogen or with clean
dry air.

5.7.4.3.10

When transported inerted, transformers and associated cooling equipment shall be equipped with devices to
enable the internal pressure to be measured.

5.7.4.3.11
Openings shall be protected by metal covers to prevent damage during transportation.
5.8 Components and materials

Add to subclause

Insulating liquids shall comply with IEC 61099 for synthetic organic esters, with IEC 60836 for silicon oil.

Add to subclause

Insulating liquids shall not contain or be contaminated with polychlorinated biphenyls.

Add to subclause

All materials, including gaskets and sealants, shall be free from asbestos, mercury, ceramic fibre and
chlorofluorocarbons.

8 Rating plates
8.2 Information to be given in all cases

Add before list item a)

The following information shall be included on the rating plate:

Add new list item q)

g) Supplier's purchase order number.

Add new list item r)

r)  Transformer's tag number.
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8.3  Additional information to be given when applicable

Add new list item [)

[)  Tank design pressure for sealed type transformers with a gas cushion.

Add new list item m)

m) A plate with an overview of the cooling circuit, including valves, check valves, pumps and sensors, and
the indication for direction of flow in case of liquid filled transformers with circulating pumps for the cooling
circuit.

9 Safety, environmental and other requirements
9.2 Dimensioning of neutral connection

Add to subclause

The low voltage neutral terminal of polyphase liquid immersed distribution transformers shall be rated for 50 %
or greater of the phase current.

9.3 Liquid preservation system

Add to subclause

Desiccant used in the breather shall be non-carcinogenic and regenerative type.

Add to subclause

Sealed-tank transformers with a permanent nitrogen cushion shall not require nitrogen pressure adjustment at
site.

9.5 Centre of gravity marking

Add to subclause

The centre of gravity shall be indicated on the general arrangement drawings.

Add new subclause

9.6 Construction requirements
9.6.1  General
9.6.1.1

Where specified, liquid immersed transformers and reactors shall be provided with relief valve type pressure
relief devices with mechanical operation indicator.

9.6.1.2

Pressure relief devices shall be provided with a trip contact.
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9.6.1.3

Where specified, pressure relief devices shall be provided with a facility for directing emissions of liquid from
the relief device in the direction away from the transformer.

9.6.1.4

Indicating instruments shall be accessible for maintenance without obstruction.
9.6.1.5

Indicating instruments shall be readable from ground level.

9.6.1.6

For the following applications, enclosures shall offer the specified degree of protection in accordance with
IEC 60529:

— Indoor- IP41, IP2X with the enclosure doors open;
—  Outdoor - IP56.
9.6.1.7

Access panels shall be provided for liquid immersed transformers and reactors for allowing maintenance of
internal components, for example internals of cable boxes, OLTC contacts, main power bushings and current
transformers.

9.6.1.8

Liquid immersed transformers and reactors shall be provided with a sampling orifice fitted with a valve for
condition monitoring of the liquid for each fluid compartment.

NOTE It is allowed to combine sampling orifice with the draining orifice.

9.6.2 Tanks and radiators

9.6.2.1

Sample valves shall be fitted with a chained screwed plug.

9.6.2.2

For liquid immersed transformers and reactors, devices fixed to the tank or tank lid shall be flanged.
9.6.2.3

Removable radiators shall have:

— isolating valves on tank and radiator sides; and

— vent and drain orifices fitted with screw plugs.
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9.6.3 Conservators

9.6.3.1

Conservators shall be removable for transportation.
9.6.3.2

Conservators shall be provided with the following:

a level indicator;

— afilling hole with screwed plug;

— acombined filter and drain valve;

— adetachable end plate for cleaning access;
— alockable isolating valve;

— adehydrating breather;

a standpipe to prevent sludge from entering the tank.

9.6.3.3

The liquid level indicator on the conservator shall be provided with minimum and maximum level markings.
9.6.34

Transformers and reactors with conservators shall be provided with a Buchholz relay.
9.6.3.5

The Buchholz relay shall be provided with:

— alarm and trip contacts;

— an air relief valve;

— flanges and valves to isolate the relay without draining the insulating liquid.
9.6.3.6

Breathers shall be accessible from ground level.

9.6.3.7

Breathers shall be protected from mechanical damage.

9.6.4 Valves

9.6.4.1 Valves

Valves shall be provided with permanently marked position indication for open and closed positions.
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9.6.4.2

Devices, except thermowells, fixed to the tank of liquid immersed transformers and reactors shall have a
lockable isolation valve.

9.6.5 Windings and tappings

Winding interconnections inside the transformer shall be brazed or crimped.
9.6.6 Earthing

9.6.6.1

Metal parts of the core, frame, tank, cable boxes and internal earthing bars or studs shall be interconnected
for earthing on the tank earthing boss.

9.6.6.2

Liquid immersed transformers and reactors shall be provided with accessible core and frame earth connections
with removable links to provide access for maintenance and commissioning when filled with liquid.

9.6.6.3

Two sets of earthing terminals or earthing pads for termination of the earth strip or earth cable of the size
specified shall be provided on the tank of the transformer.

9.6.7 Cooling

9.6.7.1

When forced cooling is specified, the associated control cubicle shall be mounted on the transformer.
9.6.7.2

For liquid immersed transformers and reactors equipped with a liquid to water heat exchanger, the heat
exchanger shall be double wall design.

9.6.7.3

For liquid immersed transformers and reactors equipped with a liquid to water heat exchanger, a leakage
monitoring system with alarm contact shall be provided.

9.6.7.4

Materials exposed to cooling water in heat exchangers shall be protected against corrosion caused by
exposure to the cooling water.

9.6.7.5

Dry type transformers equipped with a water to air heat exchanger, shall be provided with monitoring of leakage
from the heat exchanger inside the enclosure of the transformer.

9.6.7.6

Dry type transformers equipped with a water to air heat exchanger, shall be provided with moisture sensors in
the air flow circuit to detect leakage.
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9.6.7.7

Condensation shall not accumulate in the heat exchanger air circuits.

9.6.7.8

Cooling air ducts and cooling fan protective covers shall be provided with IP2X protection.
9.6.8 Temperature measurement

9.6.8.1

A thermowell shall be provided at the top of the tank to measure the top liquid temperature.
9.6.8.2

The top liquid indicator shall be a dial-type and calibrated in degrees Celsius.

9.6.8.3

The liquid and winding temperature indicators shall be fitted with two adjustable setting contacts for remote
alarm and trip purposes.

9.6.8.4

The liguid and winding temperature indicators shall be fitted with a hand-reset pointer to register the highest
temperature attained.

9.6.8.5

Winding temperature measurement shall be thermally compensated type.
9.6.8.6

Thermistors shall be positive temperature coefficient (PTC) type.

9.6.8.7

Winding temperature measurement thermistors and resistance elements shall be supplied with the auxiliary
equipment necessary to initiate remote alarms/trips via voltage-free changeover contacts.

9.6.8.8

A minimum of two winding temperature measurement thermistors or resistance elements shall be provided
per phase.

9.6.9 Cable connecting boxes
9.6.9.1

Cable connecting boxes shall be made of steel.

9.6.9.2

The dimensions of the cable connecting boxes shall be designed for air-insulated connections including:
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— clearances;
—  creepage distances.
9.6.9.3

When specified, HV and LV cable connecting boxes shall be separate for:

the HV side of the transformer;
— the LV side of the transformer;

— the auxiliary circuits of the transformer, for example direct measuring alarm/trip devices and current
transformer (CT) secondaries;

— forced cooling installation, if installed;

— the on-load tap changer, if installed;

— the neutral connection for transformers with HV secondary voltages.

9.6.9.4

The cover of cable boxes shall be secured by means of captive bolts or screws.
9.6.9.5

Where specified, transformers installed outdoors shall incorporate metal canopies over cable connecting boxes.
9.6.9.6

The canopy shall have an overhang of at least 50 mm on each side.

9.6.9.7

The canopy shall be sloped to prevent accumulation of water.

9.6.9.8

An air space of at least 50 mm above the top cover shall be provided for ventilation.
9.6.9.9 Main cable connecting box

9.6.9.9.1

Main cable connecting boxes shall be designed to minimize bending requirements for single core or multicore
cable conductors.

9.6.9.9.2

If two or more parallel conductors are connected, straight conductors, for example copper bars or flags, shall
be provided to permit the cable conductors to be separately terminated.

9.6.9.9.3

Connections shall be sized to carry the maximum continuous current and the prospective through-fault
currents.
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9.6.9.94

Test certificates or calculations for main cable connecting boxes shall state their short circuit withstand
capability.

9.6.9.9.5
Main cable connecting boxes shall have accessible removable links for dielectric testing of cables.
9.6.9.9.6

Copper earthing bars shall be provided for the earthing of the protective screen and/or armour inside the cable
connecting box for cables.

9.6.9.9.7

When site conditions require a method of preventing condensation in main cable boxes, a method shall be
proposed.

9.6.10 Cable terminations

9.6.10.1 Gland plates

9.6.10.1.1

Cable boxes shall be provided with undrilled gland plates.
9.6.10.1.2

Gland plates shall be separate from those used for the interconnecting cables of the on-skid auxiliary
equipment.

9.6.10.1.3

For single core conductors, gland plates of main cable connecting boxes shall be constructed from a non-
magnetic material.

9.6.10.2 Bushings

9.6.10.2.1

Bushings inside cable boxes shall comply with site pollution severity class ¢ in accordance with IEC TS 60815-1.
9.6.10.2.2

For outdoor transformers and reactors, exposed bushings shall comply with site pollution severity class e in
accordance with IEC TS 60815-1.

9.6.10.2.3

Bushings shall withstand mechanical loading arising from the cable termination.

9.6.10.3 Liquid filled cable box
9.6.10.3.1

The liquid filled cable box shall be equipped with a liquid sampling/drain valve and a vent plug.
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9.6.10.3.2

Where specified, a pressure relief device with trip contacts shall be fitted to a liquid filled cable box.
9.6.11 Terminals

9.6.11.1 Main terminals

9.6.11.1.1

Main terminals shall be suitable for the cables specified.

9.6.11.1.2

Cable clamping arrangements shall be provided in accordance with the cables specified.

9.6.11.1.3

Clearly and indelibly marked terminals shall be provided to identify the phase connections in accordance with
the connection diagram on the rating plate.

9.6.11.1.4

Main cable terminations shall be sized in accordance with the specified cable types and sizes.
9.6.11.2 Auxiliary terminals

9.6.11.2.1

Auxiliary terminal blocks shall be provided with individual terminals for each external cable core.
9.6.11.2.2

Auxiliary terminals shall be modular, finger-proof, non-loosening, wedge type.

9.6.11.2.3

Auxiliary terminal blocks shall be grouped by function (analog and digital signals) and operating voltage.
9.6.11.2.4

Barrier plates shall separate each group of auxiliary terminals.

9.6.11.2.5

Auxiliary terminals shall be clearly and indelibly marked in accordance with the auxiliary wiring diagrams and
IEC TR 60616.

9.6.11.2.6

Measuring instrument and signal cabling shall be routed to a terminal box located on the outside of the
enclosure.
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9.6.12 Cable supports and clamps
9.6.12.1

Cable supports and clamps for the main cables shall be provided within 500 mm of the bottom of the cable
box gland plate.

9.6.12.2

Spacing between supports/clamps for the main cables shall not exceed 500 mm.

9.6.13 Surge arresters

When specified, transformers shall be equipped with surge arresters complying with IEC 60099-4.
9.6.14 Auxiliary wiring

9.6.14.1

Conductors shall be stranded copper with a cross-section of at least 1,5 mm?2.

9.6.14.2

Auxiliary wiring and cabling shall be provided with ferrules.

9.6.14.3

Auxiliary cables shall be wire braided or wire armoured.

9.6.15 Motors

9.6.15.1 Electric motors

All motors shall have a minimum degree of protection of IP55, in accordance with IEC 60529.
9.6.15.2

The motor insulation system shall be thermal class 155 (F) in accordance with IEC 60085 without exceeding
thermal class 130 (B) temperature limits at the motor rated output at maximum ambient air temperature.

9.6.16 Current transformers

9.6.16.1

When specified, current transformers shall be in accordance with IEC 61869-2.
9.6.16.2

Secondary terminals of current transformers shall be wired to a terminal block in the transformer auxiliary cable
connecting box.

9.6.16.3

One side of the secondary winding of each current transformer circuit shall be earthed at the terminal block.
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9.6.16.4
Current transformer secondary winding terminals shall be provided with short-circuiting links.
9.6.16.5

The current transformer for the neutral-earth connection shall be located in a separate terminal box for HV and
in the main terminal box for LV.

9.6.17 Tap changers

9.6.17.1 De-energized tap-changer (DETC)

9.6.17.1.1

Manually operated de-energized tap-changers shall have a tapping range of + 5 % in steps of 2,5 %.
9.6.17.1.2

Manually operated de-energized tap changers shall be provided with a steel operating handle.
9.6.17.1.3

Manually operated de-energized tap-changers shall be pad lockable in each position.

9.6.17.1.4

Manually operated de-energized tap-changers shall allow operation without the use of tools.
9.6.17.1.5

Manually operated de-energized tap-changers shall have a handle to operate all phases simultaneously.
9.6.17.1.6

Manually operated de-energized tap-changers for dry type transformers shall have bolted links.
9.6.17.2 On-load tap-changer (OLTC)

9.6.17.2.1

The diverter switch oil compartment shall be connected to a separate conservator or segregated section of the
main conservator of the transformer.

9.6.17.2.2
Provisions shall be made for equalizing the vacuum in main tank and OLTC tank.

9.6.17.2.3  Diverter switch oil compartment
9.6.17.2.3.1

The diverter switch oil compartment shall have an oil sampling connection at bottom of the compartment.
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9.6.17.2.3.2

The diverter switch oil compartment shall have a filling/filter connection valve and one drain/filter connection
valve.

9.6.17.2.3.3

The diverter switch oil compartment shall have a dehydrating breather.
9.6.17.2.3.4

The diverter switch oil compartment shall have a liquid-flow controlled relay.
9.6.17.2.4  Motor drive mechanism

9.6.17.24.1

The motor drive mechanism shall have direction of rotation protection.
9.6.17.2.4.2

The motor drive mechanism shall have a lockable isolating switch.
9.6.17.2.4.3

The motor drive mechanism shall have local control facilities.
9.6.17.2.4.4

The motor drive mechanism shall have individual fault indications with two sets of common single-pole double-
throw, dry-type contacts.

9.6.17.3 Remote control panel for on-load tap changer

9.6.17.3.1

The degree of protection shall be in accordance with general requirements specified in 9.6.1.

9.6.17.3.2

The master/follower method of controlling two or more transformers operating in parallel shall be applied.
9.6.17.3.3

The tap changer shall be controllable from the remote control panel.

9.6.17.3.4

The remote control panel shall be provided with an automatic, solid-state voltage regulator relay with the
following provisions:

— an adjustable set point;
—  selectable time characteristics;

— under-voltage and over-current blocking;
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— atap position indicator;

— tap change in progress indication;

— tap changer fault indication.

9.6.17.3.5

The remote control panel shall be provided with an anti-condensation heater.
9.6.18 Surface preparation, galvanizing and finishing

9.6.18.1

The supplier's standard paint system applied to the transformer shall provide protection against the climatic
conditions specified in 4.2 f).

9.6.18.2

The finish of the internal walls of the tank, covers, connecting boxes and cooling systems shall protect against
the effects of corrosion and the influence of the insulating liquid used in the transformer.

9.6.18.3

The tank and radiator material along with the fixing hardware shall have surface treatment in accordance
with the category of corrosivity specified.

9.6.19 Markings

Transformers and their accessories shall be clearly marked to facilitate assembly and erection at site.

Add new subclause

9.7  Operating manual
9.7.1

The co-relation between nitrogen pressure and top liquid temperature shall be included in the operating
manual.

9.7.2

A table indicating liquid levels at different top liquid temperatures shall be included in the operating manual.

11 Tests

11.1 General requirements for routine, type and special tests
11.1.2 Routine tests

11.1.2.1 Routine tests for all transformers

Add before list item a)

The following routine tests shall be performed:
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Add new list item k)

k) Measurement for the dissipation factor (tan 8) of the insulation system capacitances.

Add new list item |)

[) Measurement for the d.c. insulation resistance each winding to earth and between windings.

Add new list item m)

m) Measurement for the dissolved gasses in dielectric liquid.

Add new list item n)

n) Visual and functional check of the various components and accessories of the transformer.
11.1.4 Special Tests

Add new list item q)

gq) Foratransformer feeding a single motor where there is no short-circuit type test certificate for an identical
transformer, the following sequential tests shall be conducted:

1) three simulated transformer/motor on-load start tests with a current corresponding to the motor
starting current and the transformer at its normal operating temperature;

2) measurement of reactance at normal operating temperature;
3) measurement of reactance after the simulated starts.

On-load start test duration shall be equal to the running-up time of the motor.
The measured reactance value shall not deviate by more than 2 % from the value prior to testing.
12 Electromagnetic compatibility (EMC)

Add to clause

Accessories shall conform to IEC 61000-6-2 and IEC 61000-6-4 for industrial type installations, for both
immunity and emissions.
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