
 

 

 

 

TECHNICAL SPECIFICATION 
Nº 

I-ET-3010.00-5140-741-P4X-002 
CLIENT: 

  
SHEET: 

1 
of 

42 
JOB: 

    

AREA: 
   

DP&T/SRGE 

TITLE: 

MEDIUM-VOLTAGE MOTOR CONTROL CENTER AND 
SWITCHGEAR FOR OFFSHORE UNITS 

NP-1 

ESUP 

MICROSOFT WORD / V. 2003 /I-ET-3010.00-5140-741-P4X-002_H.DOCX 

INDEX OF REVISIONS 

REV. DESCRIPTION AND/OR REVISED SHEETS 

0 

A 

B 

 

 

C 

D 
 

E 

 

F 

 

G 

 

H 

ORIGINAL ISSUE 

REVISED WHERE INDICATED 

GENERAL REVIEW ACCORDING TO IOGP JIP 33-SUPPLEMENTARY 

SPECIFICATION TO IEC 62271-200 HIGH-VOLTAGE SWITCHGEAR AND 

CONTROLGEAR (VERSION 1.0, OCTOBER 2018) 

REVISED WHERE INDICATED 

REVISED WHERE INDICATED DUE TO CONSISTENCY ANALYSIS 

REVISED ITEMS 2.1 AND 5.3 , ACCORDING TO CLARIFICATION NOTICE DUE TO 

BIDDER QUESTIONS 

REVISED ITEM 4.14.1.1, ACCORDING TO CLARIFICATION NOTICE DUE TO 

BIDDER QUESTIONS 

REVISED ITEMS 4.5.6, 4.5.12, 4.14.6.2, 4.14.6.3, 4.14.6.4 AND Table 1 ACCORDING 

TO CLARIFICATION NOTICE DUE TO BIDDER QUESTIONS 

REVISED ITEM 4.6.10, ACCORDING TO CLARIFICATION NOTICE DUE TO 

BIDDER QUESTIONS 

 

 REV. 0 REV. A REV. B REV. C REV. D REV. E REV. F REV. G REV. H 

DATE SEP/04/18 DEC/12/19 MAR/31/20 JUN/26/20 JUL/22/20 OCT/13/20 OCT/29/20 NOV/19/20 NOV/25/20 

DESIGN ESUP ESUP ESUP ESUP ESUP ESUP ESUP ESUP ESUP 

EXECUTION FABIO.P MAFRA ESPOSTE ESPOSTE BAYO FABIO.P FABIO.P BAYO BAYO 

CHECK ESPOSTE FABIO.P PFONSECA  BAYO ESPOSTE THAYSE PFONSECA FABIO.P THAYSE 

APPROVAL MATTOSO REGGIANI REGGIANI REGGIANI REGGIANI REGGIANI REGGIANI REGGIANI REGGIANI 

INFORMATION IN THIS DOCUMENT IS PROPERTY OF PETROBRAS, BEING PROHIBITED OUTSIDE OF THEIR PURPOSE 

FORM OWNED TO PETROBRAS N-381 REV. L 
 

 



 

 

 
 

 

 

TECHNICAL SPECIFICATION 
Nº. 

I-ET-3010.00-5140-741-P4X-002 
REV. 

H 

AREA: 
  

SHEET: 
2 

of 
42 

TITLE: 

MEDIUM-VOLTAGE MOTOR CONTROL CENTER AND 
SWITCHGEAR FOR OFFSHORE UNITS 

NP-1 

ESUP 

 

    TABLE OF CONTENTS    

1. OBJECTIVE ............................................................................................................................................... 3 
2. REFERENCE DOCUMENTS, STANDARDS AND CODES ..................................................................... 3 
2.1 PETROBRAS DOCUMENTS ............................................................................................................................... 3 
2.2 IEC - INTERNATIONAL ELECTROTECHNICAL COMMISSION ................................................................................. 4 
2.3 IEEE - THE INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (ONLY WHERE SPECIFIED) .................... 4 
2.4 BRAZILIAN LABOUR AND EMPLOYMENT MINISTRY ........................................................................................... 4 
2.5 ASTM – AMERICAN SOCIETY FOR TESTING AND MATERIAL.............................................................................. 5 
2.6 IMO - INTERNATIONAL MARITIME ORGANIZATION ............................................................................................ 5 
2.7 IOGP - INTERNATIONAL ASSOCIATION OF OIL & GAS PRODUCERS.................................................................... 5 

3. GENERAL CONDITIONS .......................................................................................................................... 5 
4. CONSTRUCTIVE CHARACTERISTICS ................................................................................................... 6 
4.1 GENERAL REQUIREMENTS .................................................................................................................................. 6 
4.2 SPARE FUNCTIONAL UNITS (FEEDERS AND STARTERS) ...................................................................................... 6 
4.3 ENVIRONMENTAL CONDITIONS, INCLINATION REQUIREMENTS AND VIBRATION REQUIREMENTS ...................... 6 
4.4 INSULATION LEVEL ............................................................................................................................................ 7 
4.5 CLASSIFICATION OF ASSEMBLIES ....................................................................................................................... 7 
4.6 STRUCTURE ........................................................................................................................................................ 8 
4.7 BUSBARS .......................................................................................................................................................... 10 
4.8 INTERNAL WIRING AND CONDUCTORS ............................................................................................................. 11 
4.9 EXTERNAL WIRING AND CONDUCTORS ENTRANCE .......................................................................................... 12 
4.10 CABLE LUGS AND TERMINALS .......................................................................................................................... 13 
4.11 TERMINAL BLOCKS ........................................................................................................................................... 13 
4.12 CHANNELS ........................................................................................................................................................ 13 
4.13 HEATING RESISTORS......................................................................................................................................... 14 
4.14 FUNCTIONAL UNITS .......................................................................................................................................... 15 
4.15 BUSBAR TRUNKING (BUSWAYS) ....................................................................................................................... 27 
4.16 EXTRACTION TRUCK ........................................................................................................................................ 27 
4.17 SHORT-CIRCUIT PEAK CURRENT LIMITING DEVICES (LIMITER) ....................................................................... 28 
4.18 NAMEPLATES AND MARKINGS .......................................................................................................................... 29 
4.19 PAINTING .......................................................................................................................................................... 32 
4.20 PROTECTION ..................................................................................................................................................... 32 
4.21 ELECTROMAGNETIC COMPATIBILITY (EMC) .................................................................................................... 33 
4.22 CONTROL VOLTAGES ........................................................................................................................................ 34 
4.23 AUXILIARY VOLTAGES ..................................................................................................................................... 35 
4.24 INTERFACE WITH AUTOMATION ........................................................................................................................ 35 

5. MANUFACTURER DOCUMENTATION .................................................................................................. 36 
6. PACKAGE AND TRANSPORT................................................................................................................ 37 
7. INSPECTION AND TESTS ...................................................................................................................... 38 
7.1 GENERAL .......................................................................................................................................................... 38 
7.2 TYPE TESTS ...................................................................................................................................................... 38 
7.3 ROUTINE TESTS ................................................................................................................................................ 38 
7.4 SPECIAL TESTS ................................................................................................................................................. 38 

8. TRAINING ................................................................................................................................................ 40 
9. SPARE PARTS AND TOOLS .................................................................................................................. 40 
10. DATA SHEETS FORMS .......................................................................................................................... 41 
11. ABBREVIATIONS AND ACRONYMS ..................................................................................................... 41 
12. ANNEX ..................................................................................................................................................... 42 

   



 

 

 
 

 

 

TECHNICAL SPECIFICATION 
Nº. 

I-ET-3010.00-5140-741-P4X-002 
REV. 

H 

AREA: 
  

SHEET: 
3 

of 
42 

TITLE: 

MEDIUM-VOLTAGE MOTOR CONTROL CENTER AND 
SWITCHGEAR FOR OFFSHORE UNITS 

NP-1 

ESUP 

1. OBJECTIVE 

This specification establishes the technical requirements for the design, construction and tests of 

Medium-Voltage Motor Control Centers (MCC) and Medium-Voltage Switchgears (CDC) for 

Offshore Units. 

2. REFERENCE DOCUMENTS, STANDARDS AND CODES 

Panel design shall comply with requirements of Classification Society, Brazilian Legislation, 

applicable regulatory rules, Supplementary Specification to IEC 62271-200 High-voltage 

switchgear and controlgear (version 1.0, October 2018) attached to this Specification and 

standards listed below. 

At the design development and for equipment specification, IEC standards shall be used, all on 

their latest revisions. Exceptionally, where it is clearly justifiable, the ANSI, NEMA, IEEE and 

other internationally recognized standards may be used. Their use shall be restricted to specific 

cases and approved by PETROBRAS. 

2.1 PETROBRAS Documents 

[1]  I-ET-3010.00-5140-700-P4X-001 - SPECIFICATION FOR ELECTRICAL DESIGN 

FOR OFFSHORE UNITS 

[2]  I-ET-3010.00-5140-700-P4X-002 - SPECIFICATION FOR ELECTRICAL 

MATERIAL AND EQUIPMENT FOR 

OFFSHORE UNITS 

[3]  I-ET-3010.00-5140-700-P4X-003 – ELECTRICAL REQUIREMENTS FOR 

PACKAGES FOR OFFHORE UNITS 

[4]  I-ET-3010.00-5140-700-P4X-004 - PN-5140001 – POWER MANAGEMENT 

SYSTEM (PMS) FOR OFFSHORE UNITS 

[5]  I-ET-3010.00-5140-700-P4X-005 - REQUIREMENTS FOR HUMAN 

ENGINEERING DESIGN FOR ELECTRICAL 

SYSTEM OF OFFSHORE UNITS 

[6]  I-ET-3010.00-5143-700-P4X-001 – ELECTRICAL SYSTEM PROTECTION 

CRITERIA 

[7]  I-LI-3010.00-5140-700-P4X-001 - ELECTRICAL EQUIPMENT DATA-SHEET 

MODELS 

[8]  I-ET-3010.00-5140-772-P4X-001 - MEDIUM-VOLTAGE FREQUENCY 

CONVERTER FOR OFFSHORE UNITS  

[9]  I-LI-3010.00-5140-797-P4X-001 - ELECTRICAL SYSTEM AUTOMATION 

INTERFACE SIGNALS LIST 

[10]  I-ET-3010.00-5140-797-P4X-001 - ELECTRICAL SYSTEM AUTOMATION 

ARCHITECTURE 

[11]  I-DE-3010.00-5140-797-P4X-001 - ELECTRICAL SYSTEM AUTOMATION 

ARCHITECTURE DIAGRAM 

[12]  I-ET-3010.00-1200-800-P4X-002 - AUTOMATION, CONTROL AND 

INSTRUMENTATION ON PACKAGE UNITS 

[13]  I-ET-3010.00-5520-888-P4X-001 - AUTOMATION PANELS 

[14]  I-ET-3010.00-1200-940-P4X-002 - GENERAL TECHNICAL TERMS 
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[15]  I-ET-3010.00-1200-956-P4X-002 - GENERAL PAINTING 

2.2 IEC - International Electrotechnical Commission 

60092-201  Electrical Installation in Ships - System Design - General; 

60282-1 High-Voltage Fuses - Part 1: Current-Limiting Fuses; 

60332-1 Tests on Electric and Optical Fibre Cables under Fire Conditions - Part 1 -

all sub-parts; 

60332-3-22 Tests on Electric and Optical Fibre Cables under Fire Conditions - Part 3 -

22: Test for Vertical Flame Spread of Vertically-Mounted Bunched Wires or 

Cables - Category A 

60417-SN Graphical Symbols for Use on Equipment - Database Snapshot  

60445  Basic and Safety Principles for Man-Machine Interface, Marking and 

Identification - Identification of Equipment Terminals, Conductors 

Terminations and Connectors; 

60529  Degrees of Protection Provided by Enclosures (IP Code); 

60533  Electrical and Electronic Installations in Ships - Electromagnetic 

Compatibility; 

60617-SN Graphical Symbols for Diagrams - Database Snapshot; 

60909 Short-circuit currents in three-phase a.c. systems – All parts; 

61850 Communication Networks and Systems in Substation - All parts; 

TR-61000-5-2 Electromagnetic Compatibility (EMC) - Part 5: Installation and Mitigation 

Guidelines - Section 2: Earthing and Cabling; 

61086 Coating for Loaded Printed Wire Boards (Conformal Coatings) - All parts 

61892-1  Mobile and Fixed Offshore Units - Electrical Installations - Part 1 - General 

Requirements and Conditions; 

61892-3  Mobile and Fixed Offshore Units - Electrical Installations - Part 3 - 

Equipment; 

TR 62063  High-Voltage Switchgear and Controlgear - The Use of Electronic and 

Associated Technologies in Auxiliary Equipment of Switchgear and 

Controlgear; 

62271 High-Voltage Switchgear and Controlgear - All Parts. 

2.3 IEEE - The Institute of Electrical and Electronics Engineers (only where specified) 

C37.2 Standard for Electrical Power System Device Function Numbers, Acronyms, 

and Contact Designations 

2.4 Brazilian Labour and Employment Ministry 

NR-10 Segurança em Instalações e Serviços em Eletricidade 

NR-12 Segurança no Trabalho em Máquinas e Equipamentos 
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2.5 ASTM – American Society for Testing and Material 

F1166 Standard Practice for Human Engineering Design for Marine System, 

Equipment and Facilities; 

2.6 IMO - International Maritime Organization 

IMO IA811E Code for the Construction and Equipment of Mobile Offshore Drilling Units 

(MODU CODE) 

2.7 IOGP - International Association of Oil & Gas Producers 

S-620 Supplementary Specification to IEC 62271-200 High-voltage switchgear 

and controlgear (version 1.0, October 2018). 

3. GENERAL CONDITIONS 

3.1 For the purpose of this document, requirements concerning both MCCs and CDCs are cited 

using the word “Panel” or no word. Requirements concerning only MCCs are cited using 

the word “MCC” and requirements concerning only CDCs are cited using the word “CDC”. 

Refer to abbreviations on item 11. 

3.2 Panels shall be designed and manufactured complying with the requirements of 

Classification Society rules, I-ET-3010.00-5140-700-P4X-005 - REQUIREMENTS FOR 

HUMAN ENGINEERING DESIGN FOR ELECTRICAL SYSTEM OF OFFSHORE 

UNITS and NR-10. 

3.3 The specific characteristics of the Panel shall be indicated in the Data-Sheet. 

3.4 The Manufacturer shall supply all the electric materials, accessories (connection cables, 

connectors, software, software licenses, calibration boxes, etc.), equipment and specific 

tools, which are necessary for the assembly, start-up, commissioning, operation, 

disassembly and maintenance of the Panel. 

3.5 The final assembly of the Panels in the Unit shall be done by Manufacturer. 

3.6 It shall not be acceptable out of date or obsolete equipment or components. Technical 

support and supply of replacement parts shall be guaranteed for ten (10) years. 

3.7 The use of switchgear and controlgear assemblies and sub-components with less than 3 

years proven operational service shall be approved by PETROBRAS. 

3.8 For terms and definitions, refer to I-ET-3010.00-1200-940-P4X-002 - GENERAL 

TECHNICAL TERMS. 

3.9 The following items of the Supplementary Specification to IEC 62271-200 High-voltage 

switchgear and controlgear (version 1.0, October 2018) shall not be applicable to this 

specification:  

Items 2.1.2, 4.1, 4.2, 4.4.1, 4.4.2, 4.8, 4.101.2, 5.0.101, 5.0.102, 5.3.101, 5.3.101.2, 5.4.1.2, 

5.4.3.4.1, 5.9, 5.15.1, 5.15.2, 5.15.3, 5.17, 5.20, 5.102.1, 5.103.1, 5.104, 5.106, 5.106.2, 

5.107, 5.108.3, 5.109, 5.111, 5.112.1, 5.112.2, 5.112.4, 5.114.3, 5.115.2, 5.115.3 and 7. 
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4. CONSTRUCTIVE CHARACTERISTICS 

4.1 General Requirements 

4.1.1 Panels shall be manufactured, tested and installed according to all standards listed 

on item 2. 

4.1.2 For installation in FPSOs and FSOs platforms, the standard IEC 60092-201 shall 

have priority over others. 

4.1.3 Panels shall be designed to withstand the thermal stresses due to thermal equivalent 

short-circuit current (Ith, according to IEC 60909) informed in Data-Sheet for 1s. The 

rated short-time withstand current (Ik according to IEC 62271-1) of the Panel 

considering rated duration of short-circuit (tk according IEC 62271-1) of 1s shall be 

bigger than the informed Ith. 

4.1.4 Panels shall be designed to withstand the dynamic stresses due to peak short-circuit 

current (ip according to IEC 60909) informed in Data-Sheet. The rated peak 

withstand current (Ip according to IEC 62271-1) of the Panel shall be bigger than the 

informed ip. 

4.1.5 Panels using flammable liquids in its components shall not be accepted. 

4.2 Spare Functional Units (Feeders and Starters) 

4.2.1 Besides the definition from Supplementary Specification to IEC 62271-200 High-

voltage switchgear and controlgear, the spare Functional Units shall, include all 

hardwired and network interface signals regarding interlock, protection, control and 

supervision according to I-LI-3010.00-5140-797-P4X-001 - ELECTRICAL 

SYSTEM AUTOMATION INTERFACE SIGNALS LIST considering the Spare 

Functional Unit Classification according control mode. 

4.2.2 Spare functional units quantities shall be defined in Data-Sheets, but at least 1 (one) 

spare functional unit per busbar, suitable for motor load, shall be supplied, with rated 

current equal to the rated current of the biggest load of the Panel. 

4.2.3 Spare Functional Units classification according to control mode shall comply with 

I-ET-3010.00-5140-700-P4X-003 – ELECTRICAL REQUIREMENTS FOR 

PACKAGES FOR OFFHORE UNITS. 

4.3 Environmental Conditions, Inclination Requirements and Vibration Requirements  

4.3.1 The ambient temperature design for the Panels shall be 45°C, as stated in IEC 

61892-1. 

4.3.2 The design humidity, as a function of temperature, shall be 95% up to 45°C and 70% 

above 45°C, as stated in IEC 61892-1. 

4.3.3 Panels and internal equipment and materials shall be suitable for storage, service 

and installation on marine and petrochemical environment, complying with 

requirements related to these conditions defined in I-ET-3010.00-5140-700-P4X-

002 - SPECIFICATION FOR ELECTRICAL MATERIAL AND EQUIPMENT 

FOR OFFSHORE UNITS. 
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4.3.4 When installed in mobile units and ships (FPSO and FSO), the Panels shall be 

suitable to operate under inclination variations (static and dynamic) and acceleration 

conditions specified by IMO MODU CODE, IEC 61892 and Classification Society. 

4.3.5 Panels shall comply with vibrations requirements defined in I-ET-3010.00-5140-

700-P4X-002 - SPECIFICATION FOR ELECTRICAL MATERIAL AND 

EQUIPMENT FOR OFFSHORE UNITS and Classification Society rules. 

4.4 Insulation Level 

4.4.1 The insulation levels shall be as follow: 

Table 1 - Insulation Levels for Panels 

System 
Rated 

Voltage 

[kV] 

Panel Minimum 
Rated Voltage - 

Ur 

[kV] (r.m.s value) 

Minimum Short-Duration Power-
Frequency Withstand Voltage - Ud 

[kV] (r.m.s value) 

Minimum Lightning Impulse 
Withstand Voltage - Up 

[kV] (r.m.s value) 

Common 
Value 

Across the Isolating 
Distance 

Common 
Value 

Across the Isolating 
Distance 

4.16 7.2 20 23 60 70 

6.6 7.2 20 23 60 70 

13.8 17.5 38  45 95 110 

4.5 Classification of Assemblies 

4.5.1 The Panels shall be classified according to IEC 62271-1, IEC 62271-200, and IEC 

61892-3. 

4.5.2 Unless otherwise stated in Project Documentation, Panels shall be proper for indoor 

installation. 

4.5.3 Panels shall be stationary assemblies. 

4.5.4 The external protection degree shall be defined according to IEC 62271-200 and 

IEC 60529 with a minimum: 

 IP42W, for Panels installed in panel rooms; 

 IP44W, for Panels installed in machinery rooms; 

 IP56SW, for Panels installed outdoors. 

Notes: 1 - W means Panel suitable for saline, hot and damp atmosphere;  

2 - S means that the test for ingress of water is carried-out with the movable 

parts at stationary conditions. 

3 - Outdoors installations shall be submitted to PETROBRAS for approval 

and installation in hazardous areas shall not be permitted. 

4.5.5 Panel shall be designed to keep the external protection degree with the functional 

units in test and isolated positions and during transfer from one position to another. 

4.5.6 Panels shall be composed by withdrawable parts with the following positions: 

a) Connected or inserted; 

b) Test; 

c) Disconnected or Extracted; 

d) Removed.  
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Note: Earth position shall also be foreseen in accordance with item 

4.14.21 requirements, this position can act simultaneously with other 

positions as long as the foreseen interlocks are maintained. 

4.5.7 Each functional unit shall be one separate withdrawable part. The withdrawable 

parts shall slide over rails. 

4.5.8 Protection against electrical shock by direct contact shall be ensured by means of 

protective barriers or enclosures. 

4.5.9 Protection against electrical shock by indirect contact shall be ensured by means of 

protective circuits (earth bar), according to IEC standards. 

4.5.10 There shall be partitions class PM between compartments, protecting people against 

contact with live parts when accessing opened compartments. 

4.5.11 The compartments with circuit-breakers shall have classification of loss of service 

continuity category LSC2B-PM. The compartments with contactors shall have 

classification LSC2A-PM, being acceptable LSC2B-PM. 

4.5.12 Compartments for switching devices shall be interlock-controlled accessible 

according to IEC 62271-200. Busbar compartments and cables compartments shall 

be tool-based accessible compartments according to IEC 62271-200. 

Note: Interlock-controlled accessible type for cables compartment shall be 

submitted to PETROBRAS approval since in compliance with item 4.6.23. 

4.5.13 Unless otherwise stated in the Project Documentation, Panels shall have 

classification for internal arc IAC AFLR (all faces with category of restricted 

accessibility to authorized personal). 

4.6 Structure 

4.6.1 The maximum height, including the skid, shall not exceed 2400mm (excluding the 

exhaust ducts for expansion of gases from short-circuits). 

4.6.2 The base of the Panel shall be drilled and the Panel shall be fixed to one additional 

metallic base (skid) by screws passing through the holes. 

4.6.3 The skid shall be dimensioned just like a bi-supported beam along the longitudinal 

direction, to support the whole Panel weight. The skid shall have sides covered with 

plates to avoid access of humidity to the Panel’s lower portion. The skid shall be 

drilled and fixed to the floor. The skid and all accessories necessary to fix the skid 

to the floor shall be supplied by Panel manufacturer. 

4.6.4 To avoid a dangerous the inclination of equipment when manoeuvring equipment 

during construction and installation, the two points supported beam on the 

longitudinal direction fixing base shall also have transversal directional beams. 

These transversal beams shall not interfere with cable access and any other 

installation requirements. Other solution may be accepted if it is previously 

submitted and approved by PETROBRAS 

4.6.5 Maximum height for installation of push-buttons and instruments shall be in 

accordance with I-ET-3010.00-5140-700-P4X-005 - REQUIREMENTS FOR 

HUMAN ENGINEERING DESIGN FOR ELECTRICAL SYSTEM OF 

OFFSHORE UNITS. 



 

 

 
 

 

 

TECHNICAL SPECIFICATION 
Nº. 

I-ET-3010.00-5140-741-P4X-002 
REV. 

H 

AREA: 
  

SHEET: 
9 

of 
42 

TITLE: 

MEDIUM-VOLTAGE MOTOR CONTROL CENTER AND 
SWITCHGEAR FOR OFFSHORE UNITS 

NP-1 

ESUP 

4.6.6 Panels shall be self-supported with extension possibility at both ends. The rear side 

shall be provided with removable sheets. Lifting devices at the upper side shall be 

provided. 

4.6.7 The panels shall be designed in such a way that a maximum of 2 columns are 

connected for mechanical handling. 

4.6.8 Panels shall have access for installation and maintenance through the front and rear 

side. Back doors shall be provided with hinges and locks to keep them in open 

position. 

4.6.9 Panels shall be comprised of independent vertical sections, formed by metallic 

compartments, aiming the flame retardation of a possible fire from one functional 

unit to another. 

4.6.10 CANCELLED. 

4.6.11 Each vertical section shall contain doors with hinges in its front part. The extraction 

of the circuit-breaker or contactor to the test position or its insertion shall be possible 

only with the door closed, through crank. 

4.6.12 All vertical sections of incoming, tie and outgoing circuit-breakers of CDCs and 

MCCs shall be subdivided in no less than the following compartments: 

a) compartment of busbar (busbar section for tie vertical sections); 

b) compartment of switching devices; 

c) cable compartment (busbar section for tie vertical sections); 

d) compartment of low-voltage components for control, protection, signalling, 

measurement and other auxiliaries. 

4.6.13 All vertical sections of measurement/protection voltage transformers (VTs) and 

busbar transitioning shall be subdivided in no less than the following compartments: 

a) compartment of busbar; 

b) compartment of the device (VT or transitioning connection bars); 

c) compartment of low-voltage components for control, protection, signalling, 

measurement and other auxiliaries. 

4.6.14 All removable parts and components of the same type, rating and construction shall 

be mechanically and electrically interchangeable. 

4.6.15 The arrangement shall enable easy access for external wiring installation and 

maintenance, including space to manipulate necessary tools. 

4.6.16 The structure of the withdrawable parts shall be dimensioned to support its weight 

in all positions. 

4.6.17 All the switching devices, being circuit-breakers or contactors, shall allow 

placement of padlocks to lock them in the OFF (open) position. 

4.6.18 Equipment that allows either set or calibration shall be installed in such a way that 

it shall not be necessary to withdraw or to open the switching device compartment 

door to operate them. Exceptions shall be agreed with PETROBRAS. 

4.6.19 The grips and switching devices connection systems to busbars shall be protected 

against rusting and they shall be able to support, without deformations, the electrical, 

mechanical and thermal stresses due to short-circuit currents. 
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4.6.20 When installed in FPSO, FSO or SS, the Panels shall have isolated handrails along 

the front and rear sides. 

4.6.21 Panels shall be provided with a durable mimic one-line (synoptic) diagram on the 

front of the assembly, displaying the single line arrangement of busbars and the main 

circuit switching devices of incomers, bus couplers, limiter (when applicable), 

feeders and starters. 

4.6.22 The arrangement of the panels shall be conceived aiming the lowest heat dissipation 

in the main busbars at the worst operation condition. 

4.6.23 The panels shall be constructed so that thermal inspection by optical infrared 

thermographic devices could be safely performed with the circuits energized. This 

facility shall not compromise arc withstand capability to comply with IEC 62271-

200. 

4.7 Busbars 

4.7.1 Main and Auxiliary Busbars 

4.7.1.1 Panels shall be provided with the number of horizontal main busbars (semi-

busbars) as indicated in Panel Data-Sheet. The busbars shall be connected 

by tie circuit-breakers. 

4.7.1.2 The busbars shall have capacity to conduct continuously the rated current 

specified in Panel Data-Sheet with the temperature rise limited to the 

standard values. 

4.7.1.3 Busbars and supporting systems shall be dimensioned to withstand the 

mechanical and thermal stresses resulting from short-circuit currents 

indicated in Panel Data-Sheet. 

4.7.1.4 Each vertical column shall be provided with a vertical busbar branched 

from the main busbar. 

4.7.1.5 Busbars shall be three-phase, of electrolytic copper. 

4.7.1.6 Each busbar phase shall have a permanent identification, using one colour 

per phase, according to: 

a) phase (R-S-T): red, white and black, respectively; 

b) ground: bicolour combination green-yellow according to IEC 60445. 

4.7.1.7 Busbars insulation shall completely cover each bar, except at the 

connection points with adjacent units, or at the connection points with 

disconnecting devices. These joints shall be covered by insulation plates, 

fixed to the bar and filled in with insulation mass to guarantee a 

homogeneous insulation. 

4.7.1.8 The busbars insulation, supports and junction pieces materials shall be 

flame retardant, non-hygroscopic and resistant to the degradation due to 

pollutant agents. Celeron and Fiberglass shall not be accepted. 

4.7.1.9 All busbars connections and outgoing bars or cables for switching devices 

and circuit-breakers shall be silver coated with minimum thickness of 

0.008mm. The junctions shall be placed in such a manner to guarantee a 

perfect alignment and high-pressure contact. 
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Note: PETROBRAS preferred option is to have both sides of contact bus 

bar silver coated. However, if manufacturing procedures can 

achieve the same results (one side only or other procedure) it 

should be sent to PETROBRAS for acknowledge and approval. 

4.7.1.10 All busbars connections shall be made with AISI 316 stainless steel bolts 

and nuts and Belleville spring washers. 

4.7.1.11 Panels shall not have neutral bar. 

4.7.2 Grounding Bars. 

4.7.2.1 A grounding bar shall be installed in the whole Panel length, through the 

internal lower part. 

4.7.2.2 All Panel metallic parts not intended for current conduction (such as 

movable parts, panel structure, doors, secondary of instrument 

transformers, cables armours, cables shields and others) shall be 

interconnected to the grounding bar, using bonding jumpers with cross 

section according to requirements of IEC 61892-3 described in                          

Table 2. 

                         Table 2 – Sizes of earth conductors when installed inside enclosures 

Cross-section Q of associated current-carrying 

conductor (one phase or pole) (mm2) 

Minimum cross-section of 

earth conductor 

Q ≤ 16 Q 

Q ≥ 16 

50 % of the current-carrying 

conductor, but not less than 

16 mm2 

Earth conductors for hinged doors Not less than 4mm2 

Note: All doors shall be provided with supplemental equipotential bonding. 

4.7.2.3 The cross section of the grounding bar shall be according to IEC 62271-

200. Each end shall be provided with non-welded type connectors, suitable 

for bare copper cables with cross-sectional area according to I-ET-3010.00-

5140-700-P4X-001 - SPECIFICATION FOR ELECTRICAL DESIGN 

FOR OFFSHORE UNITS. 

4.7.3 Electronic Reference Bar. 

4.7.3.1 The low-voltage compartments shall contain a terminal block or a bar of 

electronic reference, isolated of the structure. 

4.7.3.2 The electronic reference terminals grounding of the instruments and 

intelligent devices shall comply with the requirements of the IEC 61000-5-

2. 

4.8 Internal Wiring and Conductors 

4.8.1 All cables shall comply with the requirements of the I-ET-3010.00-5140-700-P4X-

002 - SPECIFICATION FOR ELECTRICAL MATERIAL AND EQUIPMENT 

FOR OFFSHORE UNITS. 
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4.8.2 All cables shall be flame retardant according to IEC 60332-3-22, Category A. 

4.8.3 Power conductors shall be provided with EPR or XLPE insulation. 

4.8.4 Control and signal conductors shall be provided with EPR, XLPE or PVC insulation. 

Control and signal circuits with rated voltage up to 220V with neutral bolted 

grounded shall use cables with minimum rated voltage (U0/U) 150/250(300)V. 

Control and signal circuits with rated voltage up to 220V with isolated neutral shall 

use cables with minimum rated voltage (U0/U) 450/750V. 

4.8.5 Discrete signals cables shall be collectively shielded. Analog signals cables shall 

have twisted pairs with a shield for each pair and a collective shield under the 

external cover. 

4.8.6 All internal wiring shall be duly identified through plastic rings at the ends, with the 

codification shown on the wiring drawings. 

4.8.7 The insulation of cables used for D.C. circuits shall be red for wiring with positive 

voltage and black for wiring with negative voltage. 

4.8.8 The outer sheath (protective cover) colour of cables used in ground circuits shall be 

striped with green and yellow, according to IEC 60445. 

4.8.9 Panels shall be delivered with all connections between installed components done. 

4.8.10 The wiring between sections separated for transport shall finish on terminal blocks, 

so that the final interconnection could be easily completed with jumpers, by the time 

the sections are assembled. 

4.8.11 Power cables shall be suitable for the functional unit rated power and shall withstand 

the thermal effect resulting from short-circuit currents. 

4.8.12 Components assembled on doors shall be connected through extra-flexible 

conductors. 

4.8.13 The electric cables of the low-voltage compartment shall have segregated internal 

path and terminal blocks, according to requirements of IEC 61000-5-2. 

Additionally, these cables shall have path and terminal blocks segregated in the 

following groups: 

a) control in 220 VDC; 

b) heating, lighting and socket-outlet circuits in 220VAC, 

c) 4-20mA analogical signals, RTD signals, data transmission signals; 

d) instrument transformers incoming signals. 

4.8.14 The minimum cross-section area for internal cables shall be of 0.5mm² for control 

circuits (item a) of 4.8.13), 1.0mm2 for instrumentation circuits (item c) of 4.8.13), 

2.5mm² for power, lighting and VTs circuits and 4mm² for CTs circuits. 

4.9 External Wiring and Conductors Entrance 

4.9.1 Unless otherwise stated in Project Documentation, all incoming and outgoing cables 

of medium-voltage CDCs shall enter through the bottom of the Panel. 

4.9.2 All incoming and outgoing cables entrance in medium-voltage MCCs shall be 

according to project documentation. 
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4.9.3 Unless otherwise stated in Project Documentation, if bus trunking connections are 

used, the Panels shall have appropriate edges and flexible connectors for entrance 

through the top. 

4.9.4 For single core cables, Manufacturer shall provide removable plates, with a 

minimum thickness of 2.8mm, made of AISI-316 stainless steel or non-magnetic 

material. For all other cases, the removable plates shall be of painted galvanized 

steel, with galvanization thickness for 30 years lifetime. The removable plates shall 

be provided with neoprene rubber gaskets. MCTs can be used as an alternative. 

4.9.5 Metallic cable-glands made of material galvanically compatible with the removable 

plates material shall be supplied with the Panel. 

4.10 Cable Lugs and Terminals 

4.10.1 Control circuits shall use ring (preferred) or pin cable lugs. CTs and power circuits 

shall use ring cable lugs. 

4.10.2 Terminals for control circuits shall be indirect pressure screw type and shall be 

covered with melamine or other similar equivalent material, which shall not have 

organic and toxic substances. 

4.10.3 Lugs for power circuits shall be compression type. 

4.10.4 Sizes of terminals for power circuits shall be defined according to feeders’ cross-

sectional area that shall be determined during the Detailed Design execution. 

4.10.5 All cable lugs for power circuits shall be supplied within the Panel. 

4.11 Terminal Blocks 

4.11.1 Only one cable shall be connected to each cable lug and only one cable lug shall be 

connected to each terminal. Jumpers between terminals by external conductors shall 

not be accepted. For this purpose, metallic bridges shall be used. 

4.11.2 Each control terminal block shall have at least 10% of reserve, for future application. 

4.11.3 Terminal blocks installation shall permit enough space to perform the cable 

termination, their fitting, easy access to terminals and easy reading of identification. 

4.12 Channels 

4.12.1 The internal conductors shall be installed in channel type cable trays with covers. 

4.12.2 The power cables shall be segregated from control and data cables, by installation 

in separated cable trays, placed as far as possible. 

4.12.3 Cable channels filling shall not exceed 75% of their capacity in order to prevent 

damage in internal cables during construction, commissioning and maintenance. 
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4.13 Heating Resistors 

4.13.1 For Panels 

4.13.1.1 Each vertical section shall be provided with heating resistors proper to 

220VAC, installed at the lower part and protected by circuit-breakers. 

These heating resistors shall be automatically controlled, through a 

thermostat, with maximum limit of the graduation range of 60ºC. 

4.13.1.2 The heating resistors shall be protected against accidental contacts. The 

wiring next to them (closer than 30cm), shall have proper insulation, in 

order to avoid damage due to high temperature. 

4.13.1.3 At least one miniature circuit-breaker shall be provided per bar for 

interruption of all related cubicle heaters circuits of the panel. 

4.13.2 For Motors 

4.13.2.1 All medium-voltage motors shall have circuits to feed heating resistors fed 

from external source (same source of item 4.13.1), being automatically 

turned on by the respective functional unit when the motors are turned off. 

4.13.2.2 One miniature circuit-breaker shall be provided in each vertical section or 

drawer, to protect the motors’ heating resistors circuits. 

4.13.2.3 For motors installed in hazardous areas Zone 1 and circuits for loads which 

cables cross hazardous areas Zone 1, the circuit-breaker for protection of 

the heating resistor shall have thermomagnetic unit with integrated or 

additional differential residual current protection. 

4.13.2.4 Auxiliary circuits for motor space heaters shall be energized whenever the 

motor starter functional unit main circuit switching device is open, when 

either in the inserted or the test position; 

4.13.2.5 Auxiliary circuits for motor space heaters shall be deenergized when 

drawer is in isolated position. 

4.13.3 For Generators 

4.13.3.1 All generators shall have circuits to feed heating resistors fed from external 

source (same source of item 4.13.1), being automatically turned on by the 

respective functional unit when the generators are turned off. The generator 

status signal shall be obtained from the generator control panel, according 

to I-LI-3010.00-5140-797-P4X-001 - ELECTRICAL SYSTEM 

AUTOMATION INTERFACE SIGNALS LIST. 

4.13.3.2 One miniature circuit-breaker shall be provided in each vertical section, to 

protect the generators’ heating resistors circuits. 

4.13.3.3 For generators installed in hazardous areas Zone 1, the circuit-breaker for 

protection of the heating resistor shall have thermomagnetic unit with 

integrated or additional differential residual current protection. 
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4.14 Functional Units 

4.14.1 General 

4.14.1.1 Unless otherwise stated in Project Documentation, the starters up to 

1.2MW in 4.16kV and 6.6kV systems for MCCs shall be formed by 

current-limiting fuses, SF6 or Vacuum contactors and microprocessor-

based multifunction relays (MMRs). For other cases, the starters in MCCs 

shall be formed by SF6 or Vacuum circuit-breakers and MMRs. The 

starters shall be configured in full compliance with the NR-10 Standard. 

4.14.1.2 Unless otherwise stated in Project Documentation, the starters in CDCs 

shall be formed by SF6 or Vacuum circuit-breakers and MMRs. 

4.14.1.3 Manufacturer shall dimension all functional units according to the loads 

rated power defined by Detailed Design. 

4.14.2 Protective Devices 

4.14.2.1 Circuit-breakers and MMRs shall be used as protective devices for the 

power conductors and power equipment in CDCs and also in incoming, tie 

and back-feed circuits of MCCs. 

4.14.2.2 Fuses, MMRs and contactors shall be used as protective devices for the 

power conductors and power equipment in outgoing circuits of MCCs. 

4.14.2.3 Each panel functional unit shall have dedicated miniature circuit-breaker to 

protect circuits of spring charging motor (when applicable), and other 

miniature circuit-breakers to MMRs control and signalling. 

4.14.3 Power Fuses 

4.14.3.1 Functional units of MCCs shall be supplied with current-limiting fuses with 

appropriated capacity to give the maximum protection and to allow the 

motors starting, complying with IEC 60282-1. 

4.14.3.2 The manufacturer shall supply test certificate, issued by official laboratory, 

testifying that the fuses are of “current-limiting" type. 

4.14.3.3 Fuses shall be installed in such a way that they can be removed and inserted 

with no voltage in their terminals. 

4.14.3.4 Blown fuses shall trip main contactors and shall block their closing. Blown 

fuses signalling in the front side of the panel shall be provided according 

to 4.14.15.1 and 4.14.15.2 and shall be available to the MMR in order to 

send an alarm through network. 

4.14.3.5 Contactor-fuse combinations shall be furnished by the same manufacturer 

and comply with IEC 62271-106. 

4.14.4 Main Contactors 

4.14.4.1 Power circuits of functional units of MCCs shall use withdrawable vacuum 

or SF6 contactors complying with IEC 62271-106 and MMRs. 

4.14.4.2 Main contactors shall be with three-poles, dry and suitable for direct-on-

line start of three-phase induction motors. 
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4.14.4.3 Nominal operating voltage for contactors coils shall be 220VDC. These 

devices shall close satisfactorily their contacts at voltage variation between 

85% and 110% of rated voltage. The maximum voltage limit for drop out, 

as defined in IEC 62271-1, shall be 70% of rated voltage. 

4.14.4.4 It is recommended to use fuses and contactors from the same manufacturer. 

4.14.4.5 In the cases where is not possible to comply with the previous item, the 

Manufacturer of the Panel shall present a declaration of the contactor 

manufacturer guaranteeing that the contactor is appropriately protected by 

the specified fuse. 

4.14.4.6 Electric control shall be executed by closing and opening contacts of 

buttons or switches installed in the front door of the cubicle or by remote 

signals, energizing or de-energizing coils. STOP action (turn off) shall be 

available through frontal push-buttons for all main contactors. START 

action (turn on) shall be delayed to close and available through frontal 

push-button for outgoing feeders for transformers, non-motor loads 

classified as EA03 and non-motor loads classified as EA02. For the other 

kind of loads the closing action from front door buttons or switches shall 

be active only with functional unit in test position. For loads classification 

according control mode, refer also to I-ET-3010.00-5140-700-P4X-003 – 

ELECTRICAL REQUIREMENTS FOR PACKAGES FOR OFFHORE 

UNITS. 

4.14.5 MCCs Functional Units Interlocks 

4.14.5.1 There shall be a mechanical lock to prevent the opening of the enclosure 

door when the contactor is racked in. 

4.14.5.2 There shall be a mechanical lock to prevent the racking-in of the contactor 

when the enclosure door is open. 

4.14.5.3 There shall be a mechanical lock to prevent the racking in and out of the 

contactor when closed. 

4.14.5.4 There shall be provided means to assure that the contactor shall never be 

left in an intermediary position when racked in or out. 

4.14.5.5 There shall be an electrical lock to prevent the contactor from closing or 

remain closed between the test and operation positions. 

4.14.5.6 There shall be provided means to avoid the contactor to be inadvertently 

extracted beyond the "Test" position. 

4.14.5.7 The “Test” position shall allow local and remote test of the starter without 

energize the load. 

4.14.5.8 There shall be provided means to prevent misoperation of the power and 

interlocking devices due to the application of too much force by the 

operator. 

4.14.5.9 Refer also to interlocks with the grounding switch on item 4.14.21. 
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4.14.5.10 Temporary parallel operation of transformers shall allow the operator 

changing the configuration of MV MCCs, from “II” (the incoming 

circuit-breakers from transformers closed and the tie circuit-breaker 

opened) to “L” (one incoming circuit-breaker from transformer plus the 

tie circuit-breaker closed and the other incoming circuit-breaker from 

transformer opened) and return it to “II”. 

4.14.5.11 Temporary parallel operation of transformers (secondaries or tertiaries), 

with the panel in “U” configuration (two incoming circuit-breaker plus 

the tie circuit-breaker closed) shall be possible momentarily, since 

synchronization conditions are guaranteed (relay function 25). For more 

information, refer to I-ET-3010.00-5143-700-P4X-001 – 

ELECTRICAL SYSTEM PROTECTION CRITERIA. 

4.14.5.12 The “U” operation shall only be allowed for the time required to change 

the configuration from one to the other. 

4.14.5.13 MV MCCs shall have two selector switches for Temporary parallel 

operation of transformers. The first one will allow Temporary parallel 

operation. The second one will allow operator to select the circuit-

breaker that will open (one of the incomings from transformers or the 

tie circuit-breaker), after the load transference (closing of the third 

circuit-breaker).  

4.14.5.14 For other interlocks see project documentation. 

4.14.6 Circuit-Breakers  

4.14.6.1 Power circuits of CDCs and incoming and tie functional units of MCCs 

shall be with three-poles and shall use withdrawable Vacuum or SF6 

circuit-breakers with MMRs. 

4.14.6.2 Circuit-breakers for 13.8kV systems shall be with three-poles and shall 

have at least the following characteristics as defined on IEC 62271-100 but 

with some different values, as follows: 

a) Frame minimum rated voltage (Ur) 17.5kV; 

b) Circuit-breaker interrupters 

minimum rated voltage (Ur)
 17.5kV; 

c) DC time constant of the rated short-

circuit breaking current ():  100ms (X/R=37.7); 

Note: 1 -  Circuit-breakers interrupters rated voltage shall be confirmed 

during Transient Recovery Studies during Detailed Design 

 2 - Test reports certified by recognized laboratory for these circuit-

breakers interrupters shall confirm that circuit-breakers 

interrupters can withstand TRV and RRRV found in the worst 

scenario of Transient Recovery Studies simulated by Detailed 

Design  

4.14.6.3 Circuit-breakers for 6.6kV systems shall be with three-poles and shall have 

at least the following characteristics as defined on IEC 62271-100 but with 

some different values, as follows: 

a) Frame minimum rated voltage 

(Ur) 12kV;  
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b) Circuit-breakers interrupters rated 

voltage (Ur)   12kV; 

Note: 1 -  Circuit-breakers interrupters rated voltage shall be confirmed 

during Transient Recovery Studies during Detailed Design 

 2 - Test reports certified by recognized laboratory for these circuit-

breakers interrupters shall confirm that circuit-breakers interrupters can 

withstand TRV and RRRV found in the worst scenario of Transient 

Recovery Studies simulated by Detailed Design 

4.14.6.4 Circuit-breakers for 4.16kV systems shall be with three-poles and shall 

have at least the following characteristics as defined on IEC 62271-100 but 

with some different values, as follows: 

a) Frame minimum rated voltage (Ur) 7.2kV; 

b) Circuit-breakers interrupters rated 

voltage (Ur)   12kV; 

Note: 1 - In order to achieve these values, it shall be acceptable the use of 

circuit-breakers with 7.2kV frames and using interrupters with voltage 

class above 12kV. 

 2 - Circuit-breakers interrupters rated voltage shall be confirmed 

during Transient Recovery Studies during Detailed Design. 

 3 - It shall be acceptable circuit-breakers interrupters with rated 

voltage lesser than 12kV by means of presentation of test reports certified 

by recognized laboratory for these circuit-breakers interrupters. These 

reports shall confirm that circuit-breakers interrupters can withstand TRV 

and RRRV found in the worst scenario of Transient Recovery Studies 

simulated by Detailed Design. 

4.14.6.5 The CDCs and MCCs shall be fitted with motorized racking devices to 

permit the local and remote extraction and insertion of the circuit-breakers 

and contactors with the door closed. If not provided by the same 

Manufacturer of the circuit-breakers and contactors, the compatibility of 

the interlocks and the safeness of the operation shall be attested by a 

certificate issued by the Manufacturers of the panel and circuit-breakers 

and contactors. 

4.14.6.6 The incoming and tie circuit-breakers shall be identical and 

interchangeable. 

4.14.6.7 The opening mechanism shall be "trip free" type and the closing 

mechanism shall have "anti-pumping" device. 

4.14.6.8 Circuit-breakers shall not have undervoltage trip (UVT) coil as opening 

mechanism by ANSI 27 function. 
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4.14.6.9 Circuit-breakers shall have mechanical and electric control. Mechanical 

opening (turn off) shall be executed through mechanical actuator in the 

front plate of all circuit-breakers. Mechanical closing (turn on) shall be 

executed through mechanical actuators, only for incoming and tie circuit-

breakers of MCCs, outgoing feeders for transformers, for non-motor loads 

classified as EA03 and for non-motor loads classified as EA02. These 

actuators shall be accessible with the front door of the compartment closed. 

For loads classification according control mode, refer also to I-ET-

3010.00-5140-700-P4X-003 – ELECTRICAL REQUIREMENTS FOR 

PACKAGES FOR OFFHORE UNITS. 

4.14.6.10 Electric control shall be executed by closing and opening contacts of 

buttons or switches installed in the front door of the cubicle or by remote 

signals, energizing the closing and opening coils. STOP action (turn off) 

shall be available through frontal push-buttons for all circuit-breakers. 

START action (turn on) shall be delayed to close and available through 

frontal push-button for incoming and tie circuit-breakers of MCCs, 

outgoing feeders for transformers, non-motor loads classified as EA03 

and non-motor loads classified as EA02. For the other kind of loads the 

closing action from front door buttons or switches shall be active only 

with functional unit in test position. For loads classification according 

control mode, refer also to I-ET-3010.00-5140-700-P4X-003 – 

ELECTRICAL REQUIREMENTS FOR PACKAGES FOR OFFHORE 

UNITS. 

4.14.6.11 Springs shall be charged by electric motor or by a manual lever installed 

in the circuit-breaker. The motor shall be controlled by limiting-switches 

to charge the spring whenever it is discharged. 

4.14.6.12 Cancelled 

4.14.6.13 Indicators for the contacts position and for the spring position shall be 

provided at the front cover of the circuit-breaker. 

4.14.6.14 The rated control voltage for motors and coils shall be 220VDC. 

4.14.6.15 Trip coil circuit monitoring shall be supplied in order to provide signalling 

in the front side of the panel according to 4.14.15.1 and 4.14.15.2 and 

shall be available to the MMR in order to send an alarm through network. 

4.14.7 CDC Functional Unit Interlocks 

4.14.7.1 There shall be a mechanical lock to prevent the opening of the enclosure 

door when the circuit-breaker is racked in. 

4.14.7.2 There shall be a mechanical lock to prevent the racking-in of the circuit-

breaker when the enclosure door is open. 

4.14.7.3 There shall be a mechanical lock to prevent the racking in and out of the 

circuit-breaker when closed. 

4.14.7.4 There shall be provided means to assure that the circuit-breaker shall never 

be left in an intermediary position when racked in or out. 

4.14.7.5 There shall be an electrical lock to prevent the circuit-breaker from closing 

or remain closed between the test and operation positions. 
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4.14.7.6 There shall be provided means to avoid the circuit-breaker to be 

inadvertently extracted beyond the "Test" position. 

4.14.7.7 The “Test” position shall allow local and remote test of the circuit-breaker 

without energize the load. 

4.14.7.8 There shall be provided means to prevent misoperation of the interlocking 

devices due to the application of excessive force by the operator. 

4.14.7.9 Refer also to interlocks with the grounding switch on item 4.14.21. 

4.14.7.10 For other interlocks see project documentation. 

 

4.14.8 Microprocessor-Based Multifunction Relays (MMR) 

4.14.8.1 MMRs used in Panels shall comply with the requirements of I-ET-3010.00-

5140-700-P4X-002 - SPECIFICATION FOR ELECTRICAL MATERIAL 

AND EQUIPMENT FOR OFFSHORE UNITS. 

4.14.8.2 Unless the digital inputs of MMRs are checked by self-diagnosis routine, 

these digital inputs shall not be used to control the load by signals from 

external protective or safety devices (e.g. high temperature of bearings, 

high pressure of vessels, etc.). 

4.14.8.3 The MMRs shall have the function of circuit-breakers coils monitoring 

activated. 

4.14.8.4 Starting button of MMRs (if existent) for functional units shall be enabled 

only for incoming feeders and tie of MCCs and outgoing feeders for non-

motor loads with control mode EA02 and EA03. 

4.14.8.5 Besides the oscillography triggering events listed in I-ET-3010.00-5140-

700-P4X-002 - SPECIFICATION FOR ELECTRICAL MATERIAL AND 

EQUIPMENT FOR OFFSHORE UNITS, closing of incoming, tie and 

outgoing circuit-breakers and main contactors of medium-voltage panels 

shall also trigger the oscillography. 

4.14.9 Lockout Relays 

4.14.9.1 Lockout relays shall comply with requirements of I-ET-3010.00-5140-700-

P4X-002 - SPECIFICATION FOR ELECTRICAL MATERIAL AND 

EQUIPMENT FOR OFFSHORE UNITS. 

4.14.9.2 To reduce failure probability, in circuits to activate the trip coils of circuit-

breakers, the trip contacts of lockout relays shall be connected in parallel 

with trip contacts of the respective MMRs and Arc Monitoring Relays. 

4.14.10 Auxiliary Contactors, Auxiliary Relays and Interposing Relays 

4.14.10.1 The use of auxiliary contactors, auxiliary relays and interposing relays for 

contacts multiplication shall be avoided, being mainly limited to cases 

where the original output contact has no capacity to switch the load and 

for hardwired interfaces with A&C and Package Control Panels according 

to I-ET-3010.00-1200-800-P4X-002 - AUTOMATION, CONTROL 

AND INSTRUMENTATION ON PACKAGE UNITS and I-ET-3010.00-

5520-888-P4X-001 - AUTOMATION PANELS. 
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4.14.10.2 All output contacts shall be sized for the making and breaking capacity 

required by the respective load. 

4.14.10.3 Auxiliary contactors and auxiliary relays shall be able to work 

continuously energised, without economy resistance. 

4.14.10.4 Multiplication of trip signals for safety functions and interlocks shall be 

done only through approved lockout (86) relays. 

4.14.11 Arc Protection 

4.14.11.1 All busbar compartments (horizontal and vertical), all outgoing cables 

compartments and all compartments with coupling parts of switching 

devices shall be provided with arc flash optical sensors connected to “Arc 

Monitoring Relay” for protection against short-circuit with electrical 

arcs.  

4.14.11.2 Arc Monitoring Relay shall consider optical and current signals to 

prevent nuisance tripping. 

4.14.11.3 The “Arc Monitoring Relay” shall be fitted with solid state output relays 

and shall be capable to send trip signal to circuit-breakers in no more than 

4ms to isolate the faulty busbar. They shall also have outputs for trip the 

related upstream panels circuit-breakers or generators. 

4.14.11.4 One lockout relay shall be provided to block all circuit-breakers in busbar 

A and tie circuit-breaker in case of arc detection in any functional unit of 

busbar A. One lockout relay shall be provided to block all circuit-

breakers in busbar B and tie circuit-breaker in case of arc detection in 

any functional unit of busbar B. Lockout relays related to Arc Monitoring 

Relays shall send a status signal to the relay associated to the circuit-

breaker where current sensor is connected. For lockout relays, refer to 

4.14.9. 

4.14.11.5 Arc detection in tie compartments shall trip and block all circuit-breakers 

from busbars A and B. 

4.14.11.6 Arc detection in MV MCCs incoming functional units shall trip and 

block outgoing circuit-breakers of upstream panel. For more details, refer 

to project documentation. 

4.14.12 Temperature Monitoring System of Power connections 

4.14.12.1 For MV CDCs and MCCs, manufacturer shall provide an on-line 

Temperature Monitoring System for predictive temperature monitoring 

of all busbars connections, all circuit-breaker incoming terminals and all 

outgoing bars for cables connection. This monitoring shall be performed 

in incoming, tie, busbar connection and outgoing functional units. 

4.14.12.2 Detailed design shall supply to Panel Manufacturer a list of all points to 

be monitored. 

4.14.12.3 The Temperature Monitoring System shall consist of one or more 

intelligent relays with integrated HMI and a set of temperature sensors 

(associated to each intelligent relay) properly installed and appointed to 

internal targets mentioned in 4.14.12.1.  
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4.14.12.4 The power supply of intelligent relays and respective associated 

temperature sensors shall be 220VDC. Refer to 4.22 for more details. 

4.14.12.5 The system shall perform continuous monitoring for all monitored 

points. 

4.14.12.6 Panel manufacturer shall provide and install all accessories needed for 

mounting the sensors inside the panels, including (but not limited to) 

supports, cables and terminal blocks. 

4.14.12.7 The relay shall perform accurate temperature measurement of all 

sensors/targets and of the environment surrounding the sensor. It shall be 

possible to store and display the last alarms, with date and time of 

occurrence (time stamp) for at least 30 days. This information may not 

be lost even if the relay is turned off. The relay shall have a graphical 

display with the functionality of "trending", indicating predictively any 

faults and abnormal behavior of any monitored target. 

4.14.12.8 Monitoring signals shall be also available by EIA-232 communication 

port of the intelligent relay. 

4.14.12.9 Panel manufacturer shall provide special tools, softwares, list of spare 

parts and documentation of the Temperature Monitoring System. 

4.14.13 Instruments’ Transformers 

4.14.13.1 All transformers shall be dry-type. 

4.14.13.2 VTs’, CTs’ and auxiliary transformers’ characteristics shall be defined 

by the Panel Manufacturer, regarding the perfect operation of devices 

connected to them and complying with requirements of I-ET-3010.00-

5140-700-P4X-002 - SPECIFICATION FOR ELECTRICAL 

MATERIAL AND EQUIPMENT FOR OFFSHORE UNITS. 

4.14.13.3 VTs and auxiliary transformers shall be protected by fuses in their 

primaries. Secondary circuits shall be protected by miniature circuit-

breakers. 

4.14.13.4 CTs for protection purposes shall not saturate for the foreseen short-

circuit currents. 

4.14.13.5 CTs for differential protection for all Main Generators and Hull 

Generators, installed in incoming cubicles, shall be bus-type, supplied 

by Generators’ Manufacturer. Detailed Design will update information 

about these CTs to Panel Manufacturer. 

4.14.13.6 Ground sensors CTs data of Main Generators shall comply with Main 

Generators protection relays installed in MGCPs (Main Generator 

Control Panels). 

4.14.14 Measurement Instruments 

4.14.14.1 Ammeters and voltmeters for motors, when required, shall be moving-

iron type, with accuracy of 1.5%, provided with magnetic dampening, 

external zero adjustment, white background scale and black marking. 

4.14.14.2 Ammeters and voltmeters for the other loads, when required, shall be 

moving-coil type. 
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4.14.14.3 Analogue instruments scales shall be such that, at full load, the indicator 

needle remains between 50% and 75% of the upper limit of the scale. 

4.14.14.4 Instruments sizes, deflections, types (analogue or digital), position, 

orientation and quantity shall be according to I-ET-3010.00-5140-700-

P4X-005 - REQUIREMENTS FOR HUMAN ENGINEERING 

DESIGN FOR ELECTRICAL SYSTEM OF OFFSHORE UNITS. 

4.14.14.5 Active energy meters shall have maximum demand indicator for 15 

(fifteen) minutes integration time. 

4.14.14.6 All analogue measurement instruments shall have the gauge marked in 

red on the rated or maximum operational position. 

4.14.14.7 Digital measuring devices having capacity for data gathering and data 

availability through digital communication port shall be able to indicate 

a reverse power up to 15% of the rated power. 

4.14.14.8 One Power Quality Monitoring System (PQMS) shall be furnished for 

CDCs. 

4.14.14.9 The PQMS shall be capable to indicate the busbar THDv, and individual 

harmonics components up to 50th harmonic. The PQMS relay shall have 

at least one (1) Ethernet network rear output capable to communicate 

through network with the Electrical System Automation according to I-

ET-3010.00-5140-797-P4X-001 - ELECTRICAL SYSTEM 

AUTOMATION ARCHITECTURE and I-DE-3010.00-5140-797-P4X-

001 - ELECTRICAL SYSTEM AUTOMATION ARCHITECTURE 

DIAGRAM for supervision and historical data recording. 

4.14.15 CDC/MCC Signalling  

4.14.15.1 Incoming and outgoing functional units of CDCs and outgoing 

functional units of MCCs shall be provided with signalling leds for 

indication of: 

 Red  (R) - circuit-breaker or main contactor closed; 

 Yellow  (Y) - circuit-breaker or contactor opened by protection; 

 Yellow  (Y) - Blown fuse; 

 Green  (G) - circuit-breaker or contactor opened; 

 White  (W) - functional unit extracted; 

 Blue  (B) - functional unit tripped by emergency shut-down. 

 White (W) – circuit-breaker trip coil circuit fault (when applicable). 

4.14.15.2 Tie functional unit of CDCs and incoming and tie functional units of 

MCCs shall be provided with signalling leds for indication of: 

 Red  (R) - circuit-breaker or main contactor closed; 

 Yellow  (Y) - circuit-breaker or contactor opened by protection; 

 Green  (G) - circuit-breaker or contactor opened; 

 White  (W) - functional unit extracted; 

 White (W) – circuit-breaker trip coil circuit fault (when applicable). 
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4.14.15.3 On each heating resistor circuit, for motors and for vertical sections, a 

red signalling led shall be provided, which shall be activated when the 

heating resistor is turned-on. 

4.14.15.4 Two signalling LEDs shall be installed upstream the control voltage 

decoupling module to signalize control voltage available downstream 

the protection of each control voltage source. 

4.14.15.5 Signalling LEDs shall be provided with bayonet type base. The 

replacement of LEDs shall be performed without necessity to open the 

compartment door and without necessity to extract the switching device. 

4.14.16 Remote Commands, Signalling and Measuring 

4.14.16.1 The list of remote interface signals that shall be implemented for each 

kind of functional unit is described in the I-LI-3010.00-5140-797-P4X-

001 - ELECTRICAL SYSTEM AUTOMATION INTERFACE 

SIGNALS LIST. 

4.14.16.2 Remote ESD signals shall be through wet contacts (24VDC) and through 

auxiliary interposing relays installed in the functional unit. The auxiliary 

contacts of the interposing relays shall actuate directly opening contactors 

or circuit-breakers. Additional auxiliary contacts shall be used to replicate 

the trip signal to the MMR. 

4.14.16.3 Auxiliary interposing relays for Remote ESD signals shall have enough 

auxiliary contacts in order to, at least, actuate directly opening the circuit-

breaker or main contactor, send the ESD signal to the MMR, provide 

signalling and to avoid closing the circuit-breaker or main contactor. 

4.14.16.4 Remote ESD signals shall follow the Emergency Shutdown (ESD) 

Criteria for Electrical Loads from I-ET-3010.00-5140-700-P4X-001 - 

SPECIFICATION FOR ELECTRICAL DESIGN FOR OFFSHORE 

UNITS. 

4.14.16.5 Hardwired interface signals with A&C and Package Control Panels shall 

follow the interface requirements from I-ET-3010.00-5520-888-P4X-001 

- AUTOMATION PANELS and I-ET-3010.00-1200-800-P4X-002 - 

AUTOMATION, CONTROL AND INSTRUMENTATION ON 

PACKAGE UNITS. 

4.14.17 CDC/MCC Push Buttons 

4.14.17.1 START (turn on) push-buttons shall be with automatic return (return 

after push). STOP (turn off) push buttons shall be mushroom type with 

release (retain after push) and with possibility to lock by padlock when 

activated. 

4.14.17.2 They shall be externally operated, with no necessity to open the cubicle 

door. 

4.14.18 Switches 

4.14.18.1 The ammeter and voltmeter selector switches shall be externally 

installed. 

4.14.18.2 All control switches used at the Panel shall be rotary switches. 
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4.14.19 Variable Speed Drives (VSDs) 

4.14.19.1 When required in Project documentation, medium-voltage VSDs shall 

be used as drive device, installed in separated panels, according to I-ET-

3010.00-5140-772-P4X-001 - MEDIUM-VOLTAGE FREQUENCY 

CONVERTER FOR OFFSHORE UNITS. 

4.14.19.2 Detailed Design shall define in Panel Data-Sheet the requirements of 

communication interfaces between Panel and VSDs, complying with 

requirements of I-LI-3010.00-5140-797-P4X-001 - ELECTRICAL 

SYSTEM AUTOMATION INTERFACE SIGNALS LIST. 

4.14.20 Soft-Starters 

4.14.20.1 When required in Project documentation, electronic medium-voltage 

soft-starters shall be used as auxiliary starting devices, installed in 

separated panels, according to I-ET-3010.00-5140-700-P4X-002 - 

SPECIFICATION FOR ELECTRICAL MATERIAL AND 

EQUIPMENT FOR OFFSHORE UNITS. 

4.14.20.2 Detailed Design shall define in Panel Data-Sheet the requirements of 

communication and interfaces between Panel and soft-starters, 

complying with requirements of I-LI-3010.00-5140-797-P4X-001 - 

ELECTRICAL SYSTEM AUTOMATION INTERFACE SIGNALS 

LIST. 

4.14.21 Grounding Switch 

4.14.21.1 Incoming sections of CDCs and all outgoing sections of the CDCs and 

MCCs shall have grounding switches. 

4.14.21.2 MCCs incomers shall not have grounding switches. Means for 

temporary grounding of these cubicles shall be supplied.  

4.14.21.3 Grounding switches shall comply with requirements of IEC 62271-102. 

4.14.21.4 The grounding switch shall be mechanically interlocked with the 

position of the disconnection device, being possible to close and open it 

manually only when the disconnection device is extracted. Furthermore, 

the insertion of disconnection device shall not be allowed when the 

grounding switch is closed. The automatic close/open operations of 

grounding switch with the racking out/in of incoming circuit-breakers 

of CDC are not acceptable. This automatic close/open operation of 

grounding switches with the racking out/in of circuit-breakers for other 

feeders may be acceptable but only in panels supplied by the same 

manufacturer of the disconnection device. 

4.14.21.5 There shall be an electrical interlock to avoid closing of grounding 

switch of incoming feeder of CDCs (Main Generators) in case of 

presence of voltage in respective generator terminals (even residual 

voltage, in case of turbine running and generator exciter turned off).  

Presence of voltage in generator terminals shall be verified through 

signal from MMR. 
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4.14.21.6 There shall be an electrical interlock to avoid starting Main Generator 

when the grounding switch of the Main Generator incoming feeder is 

closed. When grounding switch is closed, an interlock signal shall be 

sent to MGCP (Main Generator Control Panel) to avoid starting the 

Main Generator. 

4.14.21.7 The grounding switch shall be designed for operation with the doors 

closed and to provide a clear indication of its position to the operator. 

Means shall be provided to assure that the grounding switch never can 

be left in an intermediary position. 

4.14.21.8 An electrical interlock shall avoid the closing of the disconnection 

device if the grounding switch is not totally open. 

4.14.21.9 The short-time withstand current shall be compatible with the system 

characteristics. 

4.14.21.10 Locking facilities (for example, padlocks) shall be provided to ensure 

the grounding switch in closed position while functional unit is 

extracted, securing isolating distances during maintenance work, 

according to IEC 62271-201 and in compliance with the NR-10. 

4.14.21.11 There shall be warning labels near the mechanical actuator of grounding 

switch of incomer sections of CDC with the following warning texts: 
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4.14.22 Capacitors 

Capacitors installed inside the Panels may be accepted only if considered as 

integrated to the Panel in the type tests certificates presented in the proposal. 

4.14.23 Surge Protection Devices 

Unless otherwise stated, protection devices against switching surges shall not be 

integral part of the Panel’s functional units, but installed at the loads. 

4.14.24 Power Transducers 

4.14.24.1 Power transducers complying with I-ET-3010.00-5140-700-P4X-002 - 

SPECIFICATION FOR ELECTRICAL MATERIAL AND 

EQUIPMENT FOR OFFSHORE UNITS.  

4.14.24.2 It shall be provided transducers for all outgoing feeders of CDCs for 

motor compressors. These transducers shall be hardwired to Package 

Control Panels, sending current measurements to be used for overload 

control. 

4.14.24.3 Galvanic isolators shall be provided for all analog signals from 

transducers output.  

4.14.25 Voltage detecting and indicating systems 

A capacitive three-phase voltage detecting system to confirm both the presence and 

absence of main circuit voltage in accordance with IEC 61243-5 shall be provided. 

The voltage detectors on each functional unit shall be installed adjacent to the 

connection (cable) compartment on all incoming circuits and outgoing feeders, and 

on the front of the bus coupler panels for each bus section. 

Voltage indicating/detection systems shall be installed in panel front doors and shall 

be fitted with measuring test points which permit connection of an external phase 

comparator (phasing-out) instrument. 

4.15 Busbar Trunking (Busways) 

4.15.1 Busbar trunkings, when applied, shall comply with the requirements of I-ET-

3010.00-5140-700-P4X-002 - SPECIFICATION FOR ELECTRICAL MATERIAL 

AND EQUIPMENT FOR OFFSHORE UNITS. 

4.16 Extraction Truck 

4.16.1 Suitable devices mounted on truck shall be supplied to remove circuit-breakers and 

contactors for maintenance facility. A minimum of 2 extraction trucks for each 

circuit-breaker and contactor frame size shall be supplied. 

4.16.2 Circuit-breakers and contactors extraction shall be executed on a safe way, being 

the functional unit structure dimensioned to support the circuit-breaker or contactor 

weight even when totally extracted. 

4.16.3 Circuit-breakers for CDCs shall have capability for local and remote motorized 

extraction and insertion, complying with interlocks of item 4.14.7.  

4.16.4 Circuit-breakers and contactors for MCCs shall have capability for local and remote 

motorized extraction and insertion, complying with interlocks of item 4.14.5. 
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4.17 Short-Circuit Peak Current Limiting Devices (Limiter) 

4.17.1 Limiter shall be used as short-circuit current limiting device when required in 

PETROBRAS documentation. 

4.17.2 Limiter shall be capable to provide fast protection against short-circuit peak 

currents higher than the short-circuit withstand of the Panel, limiting the fault 

current in the first rise (first quarter-cycle). 

4.17.3 Limiter shall consist of a replaceable bursting element in parallel with a high 

rupture capacity fuse plus sensors, control and ignition devices. 

4.17.4 The bursting element, the fuse and the current sensors shall be part of Limiter 

power part, which shall be installed in the Panel to be protected. 

4.17.5 Limiter shall be installed in series with tie circuit-breaker of the Panel and with a 

no-load switch, in order to isolate the Limiter for maintenance. Withdrawable 

Limiter is acceptable as an alternative to the no load switch, since it is not possible 

to insert or remove the Limiter with the tie circuit-breaker closed. No-load Switch 

in open position shall ground the Limiter power part (grounded position). 

4.17.6 It shall be provided signalling for Limiter Position (Extracted or Inserted, in case 

of withdrawable Limiter), Limiter Blocking (Limiter Enabled or Limiter Disabled) 

and Limiter Actuation (Actuated or Not Actuated). 

4.17.7 When the Limiter is withdrawn, shutters shall cover all live parts of the Limiter 

cubicle. 

4.17.8 The no-load switch rated capacity shall be equal to the rated capacity of the tie 

circuit-breaker. 

4.17.9 There shall be interlocks in order to permit opening Limiter power part cubicle 

door only when the tie circuit-breaker is open and the no-load switch is at grounded 

position. 

4.17.10 There shall be interlocks between the no-load switch and the tie circuit-breaker, so 

that: 

 It shall be possible to move no-load switch from busbar position to the grounded 

position only if tie circuit-breaker is open; 

 It shall not be possible to close the tie circuit-breaker with the switch at the 

grounded position. 

4.17.11 The control, measuring and tripping devices shall be  

preferably mounted in the low-voltage compartment of the cubicle of the Limiter. 

If not feasible, the devices can be mounted in a low-voltage separate steel-sheet 

floor-mounted cabinet, to be installed as close as possible to the Limiter cubicle. 

4.17.12 The control, measuring and tripping systems shall be electronic and shall have 

protection against interference signals. The control boards shall be replaceable. 

Arrangement of wiring without open loop and with twisted pair wires immunized 

against disturbance like high frequencies. Special designed electronic (filter) 

against EMI (embedded inside the impulse transformer). 

4.17.13 The control cabinet shall have local indication of tripped phases, UAM (unit alarm 

malfunction) and failure of control voltage. 
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4.17.14 The control cabinet shall have dry type contacts for remote indication of UAM and 

summary of trip. 

4.17.15 The electronic circuitry of the Limiter shall be capable to analyze the instantaneous 

current magnitude (i) and the rate of current rise (di/dt) at the first rise, in order to 

decide when to send a triggering signal. 

4.17.16 After the confirmation of actuation of the Limiter, its control shall send a trip signal 

to the tie circuit-breaker, in order to avoid unbalanced connection between the 

busbars. 

4.17.17 After the confirmation of actuation of the Limiter, its control shall send a triggering 

signal to the MMR of tie functional unit in order to initiate an oscillography of 

currents and voltages in this event. 

4.17.18 Along with the Limiter it shall also be supplied three (3) spare inserts, one (1) test 

equipment and three (3) test inserts.  

4.17.19 It shall be possible to test the control, measuring and tripping systems. 

4.17.20 Limiter control system shall be capable to receive two auxiliary supplies. The main 

auxiliary supply for Limiter operation shall be provided by voltage transformers 

(included in Limiter devices) connected to the main circuit to be protected. An 

external stand-by auxiliary supply shall be provided in 220VDC, provided from 

Unit’s battery-chargers. 

4.17.21 Tests in Limiter shall be performed by Limiter Manufacturer. The manufacturer 

shall perform an Is limiter block test during commissioning. If there is improper 

performance of the inserts during commissioning, the manufacturer shall replace 

the damaged inserts at no cost to PETROBRAS. 

4.17.22 All certificates and tests reports required for the panel shall include the column 

where the Limiter is installed.  

4.17.23 Limiter control system shall include one discrete input for external inhibition of its 

actuation. 

4.17.24 Limiter control system shall be capable of communicating in Ethernet Network 

according to I-DE-3010.00-5140-797-P4X-001 - ELECTRICAL SYSTEM 

AUTOMATION ARCHITECTURE DIAGRAM. 

4.17.25 Interface signals to be exchanged shall follow at least the signals listed in I-LI-

3010.00-5140-797-P4X-001 - ELECTRICAL SYSTEM AUTOMATION 

INTERFACE SIGNALS LIST. 

4.17.26 The manufacturer shall provide procedures and devices for the mechanical 

blocking of the Is limiter during the commissioning phase. 

4.18 Nameplates and Markings 

4.18.1 The Panels’ nameplates shall be in accordance with IEC 62271-1 and made with 

AISI-316L stainless steel. 

4.18.2 The Panel shall be outfitted with plate of supplemental identification containing, at 

least, the following data: 

a) PETRÓLEO BRASILEIRO S.A.  - PETROBRAS; 

b) name of the department of PETROBRAS; 
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c) name of the enterprise (platform); 

d) TAG number of the Panel; 

e) number of the RM; 

f) number of the Order of Purchase of Material (PC); 

g) in alternative to paragraph f), the number of the contract, in the cases of 

acquisition built-in in contract of the type lump sum ("Turn Key ", "Lump Sum", 

etc.). 

4.18.3 MCCs nameplates shall include the TAG of the transformer and the number of the 

column (vertical section) of the CDC that feeds the MCC. 

4.18.4 Back doors shall have identification plates identical to the plates identifying the front 

sections. 

4.18.5 The Panels shall have their compartments signalled with literal and graphical labels 

of instructions, cares, warnings and alert of dangers according to the requirements 

for identification plates listed in ASTM F1166 and IEC 60417-SN. 

4.18.6 Functional Units Markings 

4.18.6.1 Black acrylic plates with white letters shall identify all functional units 

and vertical sections. 

4.18.6.2 For functional unit identification the following information shall be 

included: 

a) at the first line, the equipment tag number; 

b) at the second line, the equipment name in Portuguese; 

c) at third line, the load nominal current and circuit number; 

d) at fourth line, the electrical functional unit classification according 

control mode, according to I-ET-3010.00-5140-700-P4X-003 – 

ELECTRICAL REQUIREMENTS FOR PACKAGES FOR 

OFFHORE UNITS; 

e) at fifth line, the IP address of the functional unit. 

4.18.6.3 At spare cubicles, the plates shall be supplied with the word “Reserva” 

engraved for sub-items a) and b), maximum continuous current allowed 

of the functional unit to sub-item c), the functional unit classification of 

the spare functional unit for sub-item d) and the IP address of the spare 

functional unit for sub-item e) of the previous item. 

4.18.6.4 No adhesives shall be used to fix the plates. 

4.18.7 Components Markings - Labels 

4.18.7.1 Internally to Panels all equipment and components shall be identified with 

black acrylic labels, with white letters, containing the codification 

compatible with design documents (list of materials, diagram, etc.). 

Alternative methods of equipment and component identifications shall be 

sent to PETROBRAS approval. 

4.18.7.2 The circuit-breakers labels shall include rated current and trip current set. 

4.18.7.3 No adhesives shall be used to fix the labels. 
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4.18.8 The Panels shall have warning labels following the model below, with the values of 

the protective clothing risk category (in field “Nível de Proteção do EPI”) rated 

voltage (in field “Tensão Nominal do Painel”), arc-flash hazard distance (in field 

“Distância Segura de Aproximação para Atividades Sujeitas a Arco Elétrico”) and 

arc fault incident energy (in field “Energia Incidente”). The values to be filled in 

will be informed to Panel Manufacturer during Detailed Design. 

 

 

4.18.9 It shall be provided a specific plate with warnings and instructions for access the 

Limiters’ compartment. 

4.18.10 Panels shall have warning labels indicating the protective clothing risk category 

that shall be used for technical intervention. 

4.18.11 Panels shall have warning labels indicating that any technical intervention in the 

panels shall be executed only for authorized people. 

4.18.12 Panels shall have labels with brief description of the interlocks and 

allowed/forbidden momentary parallelisms in Portuguese language. For the 

allowed momentary parallelism, there shall be an additional label with details of 

the synchronization and load transfer operation. The label shall also include the 

document number which details the interlocks and momentary parallelisms. 

4.18.13 Panels shall have labels with information about the control voltage supply 

characteristics in Portuguese language, including information about control 

voltage earthing and expected autonomy of the Unit’s Battery Chargers. 

4.18.14 Each functional unit shall have a label indicating the maximum continuous current 

capacity of the functional unit, protection functions parameterized and the related 

relay parameterization report. 

4.18.15 Limiter cubicle shall have a label indicating clearly the blocking criteria 

implemented for the Limiter operation. 
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4.18.16 Functional Units with Grounding Switch shall have a label indicating clearly the 

interlock and inhibition of circuit-breaker closing. 

4.18.17 Incomers Functional Units shall have a label indicating the TAG of the feeder 

panel. 

4.19 Painting 

4.19.1 All electrical materials, equipment and supports shall be painted. Painting process 

shall be proper for offshore installations, and shall comply with the requirements of 

I-ET-3010.00-1200-956-P4X-002 - GENERAL PAINTING. 

4.19.2 The last coat colour shall be Light Green Munsell notation 5G8/4. Inner components 

mounting plates, internal faces of doors and safety barriers shall be Safety Orange 

Munsell 2.5YR6/14. 

4.20 Protection 

4.20.1 For general protection, minimum protection functions for each functional unit and 

adjustments criteria, refer to I-ET-3010.00-5143-700-P4X-001 – ELECTRICAL 

SYSTEM PROTECTION CRITERIA. 

4.20.2 Panels shall have one key activated selector switch in their front side with the 

positions “Operação / Manutenção” (Operation / Maintenance). When this selector 

switch is in “Manutenção” position, the instantaneous overcurrent function (50) of 

incoming and tie MMRs shall be activated, overriding protection coordination and 

minimizing damage in case of internal fault. 

4.20.3 There shall be a local signalling lamp, turned on with the switch in “Manutenção” 

position, indicating “Coordenação Desativada”. 

4.20.4 There shall be a remote signalling of the position of the switch in Electrical System 

Automation Operational Workstation. 

4.20.5 It shall be possible to close the functional units circuit-breakers or contactors listed 

in this item bypassing all necessary interlocks and protections (such as ESD and 

protection function 27) in a dead-ship scenario. The interlocks shall be overridden 

by a "OVERRIDE PROTECTIONS" switch installed in the front external part of 

each CDC or MCC Functional Unit. There shall be a label in this control switch with 

the following text “Atenção! Na posição "OVERRIDE" o sinal externo de ESD e 

várias proteções são desativadas. Usar apenas em cenário de dead-ship”. The 

following Functional Units shall have this switch: 

- MCC outgoings to transformers that feeds Auxiliary and Essential low voltage 

CDCs; 

- Any other functional unit in order to allow Emergency Loads Battery Chargers 

energization. 

4.20.6 For the cases described in 4.20.2, there shall be a label beside the switch with 

following warning text: 
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4.20.7 For the cases described in 4.20.5, there shall be a label beside the switch with 

following warning text: 

 
 

4.21 Electromagnetic Compatibility (EMC) 

4.21.1 The Panels and all their components shall comply with the emission and immunity 

requirements for electromagnetic compatibility stated in IEC 60533, presenting 

performance criterion A. 

4.21.2 Regarding induced disturbances, all electronic equipment shall comply with IEC 

61000-4-6 class 3. 

4.21.3 Regarding surges, all electronic equipment shall comply with IEC 61000-4-5 class 

4 with wave forms 1.2/50µs and 10/700µs and peaks up to 4kV. 

4.21.4 Regarding oscillatory waves, all electronic equipment shall comply with IEC 61000-

4-12 class 3 and common mode disturbances up to 150 kHz as per IEC 61000-4-16 

level 4. Data communications and signal circuits shall be tested only in common 

mode, but at the same surge magnitude as specified for transverse mode tests, 

according to IEC 61850-3. 

4.21.5 Regarding fast transients, all electronic equipment shall comply with IEC 61000-4-

4 class 4, or above. In addition, power supply circuits shall be tested with transverse 

mode applied voltages, according to IEC 61850-3. 

4.21.6 Regarding electromagnetic disturbances, all electronic equipment shall comply with 

IEC 61000-4-3 class 3. 
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4.21.7 Regarding damped oscillatory magnetic, all electronic equipment shall comply with 

IEC 61000-4-10 level 5. 

4.21.8 Regarding power frequency magnetic field, all electronic equipment shall comply 

with IEC 61000-4-8 level 5 for continuous and short duration fields. 

4.21.9 All electronic equipment shall operate correctly in the presence of a power 

frequency voltage in accordance with table 1 of IEC 61850-3 

4.22 Control Voltages 

4.22.1 The control voltage for each Panel shall be in 220VDC achieved from Unit’s 

redundant battery-chargers.  

4.22.2 The Panels shall have two control busbars, one for loads connected to main busbar 

A and other for loads connected to main busbar B. 

4.22.3 Each control busbar shall be fed by both control voltage sources (redundant battery 

chargers) continuously in parallel.  

4.22.4 Decoupling modules, including blocking diodes, shall be foreseen to each control 

voltage source in order to avoid back feeding control voltage sources. These 

decoupling modules shall monitor continuously the decoupling path. Failure in any 

component of the decoupling module shall generate a network signal to A&C, 

through Electrical System Automation by Incomers MMRs. 

4.22.5 Control incoming circuits from the external power supply shall have surge 

protective devices (SPD) with a maximum discharge current of 10 kA in 8/20 

microseconds, as required by NFPA 780.   

4.22.6 Each control busbar incoming shall be protected by miniature circuit-breakers. The 

control busbars shall be connected by miniature circuit-breakers. 

4.22.7 Undervoltage at any 220VDC control voltage sources at the panel shall generate a 

remote network alarm signal (control voltage failure) to A&C, through Electrical 

System Automation by Incomers MMRs. Each Incomer MMR shall detect control 

voltage failure from both control voltage sources redundantly. 

4.22.8 Functional Units shall not be tripped for lack of control voltage in MMRs 

4.22.9 Outgoing Functional Units for motors with protective devices supplied together with 

the motor as, for example, bearing over temperature protection shall supply 

220VDC to the protective device by using a dedicated circuit breaker installed in 

the functional unit. 

4.22.10 MCCs connected to Hull Generators shall have a third option for control voltage 

supply, by means of transformer, an auxiliary rectifier with incoming rated voltage 

in 220VAC and outgoing rated voltage in 220VDC, connected to the terminals of 

incoming feeders of the Hull Generators. The auxiliary rectifiers shall be installed 

in the MCC (one per generator, included in MCC Manufacturer scope of supply) 

and shall have the proper capacity to supply control loads of the MCC. In these 

cases, there shall be a switch in order to select the control voltage source from each 

Hull Generator (3 positions switch) or from the main control voltage sources (Unit’s 

redundant battery chargers). 
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4.23 Auxiliary Voltages 

4.23.1 The power supply for heating resistors shall be achieved from 220VAC three phase 

external source. The circuits for heating resistors shall be two phases and shall be 

balanced among three phases internally. 

4.23.2 Each Panel division for transport shall be provided with externally accessible 

terminals to energize the heating circuits during storage periods. These terminals 

shall have a label with: 

 

4.23.3 The power supply for internal lighting and socket outlets shall be achieved from 

220VAC three phase external source. The circuits for internal lighting and socket 

outlets shall be two phases and shall be balanced among three phases internally. 

4.23.4 The auxiliary circuit branches for internal lighting and internal sockets shall have 

miniature thermomagnetic circuit-breakers with integrated or additional differential 

residual current protection. 

4.23.5 Internal lighting shall turned on by the door opening detection devices. Internal 

lighting shall be installed at least in the following compartments: 

- Control cubicle; 

- Cable compartments; 

- Other compartments where PETROBRAS understands that lighting is poor. 

4.24 Interface with Automation 

4.24.1 Panel shall have internal communication networks among IEDs connecting these 

devices to the Electrical System Automation and to A&C (through Electrical System 

Automation) for remote control, supervision and monitoring. 

4.24.2 Devices connected to the networks shall have the time synchronized. Refer to I-ET-

3010.00-5140-797-P4X-001 - ELECTRICAL SYSTEM AUTOMATION 

ARCHITECTURE. 

4.24.3 Panel Manufacturer shall propose the internal network architecture in order to 

comply with requirements of I-ET-3010.00-5140-797-P4X-001 - ELECTRICAL 

SYSTEM AUTOMATION ARCHITECTURE and I-DE-3010.00-5140-797-P4X-

001 - ELECTRICAL SYSTEM AUTOMATION ARCHITECTURE DIAGRAM. 

This internal network architecture and configuration shall be submitted to 

PETROBRAS approval. 

4.24.4 Minimum Interface Signals to be exchanged are listed in I-LI-3010.00-5140-797-

P4X-001 - ELECTRICAL SYSTEM AUTOMATION INTERFACE SIGNALS 

LIST. 

4.24.5 Switches internal to the panel shall be manageable. 
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5. MANUFACTURER DOCUMENTATION 

5.1 The following documents shall be provided by Panel Manufacturer, at proposal: 

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) Spare parts list for two years of operation, including item, part number, quantity, 

description, MTBF and price for each part; 

e) Technical assistance prices and representative address; 

f) Panel 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; 

g) Data-sheet following template of item 10, when not issued by PETROBRAS, 

completely filled in, with identification of the person responsible for the filling. This 

Data-sheet shall be submitted to PETROBRAS approval; 

h) List of applicable standards; 

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

j) Type tests certificates and certificate for testing under conditions of arcing due to 

internal fault; 

k) Dimensional drawing for connections to bus trunking, when applicable; 

l) Time-current curves, current peak limiting curves and i²t minimum and total values of 

the limiting fuses; 

m) One-line electrical drawings; 

n) Other documents required in project documentation. 

5.2 The following documents shall be provided by Panel Manufacturer, for approval: 

a) Documents list; 

b) Dimensional drawings including frontal and upper views, details, location of lifting 

eyelets and area for incoming cables, fixing base details; 

c) Weight and volume of each unit for transportation; 

d) Total weight; 

e) Thermal dissipation at half load and full load, of portion of panel thermal dissipation 

that is independent of electrical system loading and the components responsible for this 

dissipation; 

f) Dimensional drawing for connections to bus trunking, when applicable; 

g) Electrical drawings, including one line, three lines, functional and logical diagrams; 

h) Connection diagrams, including all terminal blocks; 

i) Electrical Functional Units Classification List according to control mode; 

j) Saturation curves of current transformers; 

k) Components and material list per functional unit; 

l) Time-current curves, current peak limiting curves and i²t minimum and total values of 

the limiting fuses; 

m) Package and transportation instructions; 

n) Warranty certificate and declaration of availability of spare parts for 10 (ten) years; 
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o) Certificate of compatibility between racking devices and circuit-breakers, if applicable; 

p) Extraction and insertion instructions; 

q) Network architecture internal to the Panel; 

r) Network configuration, parameterization, screens, and monitoring documentation for 

all equipment that will be connected by network; 

s) Memory map; 

t) Communication List, including IP list and I/O for each Functional Unit; 

u) Expected MTTR for each type of functional unit and for each component, 

v) Relays parameterization report. 

5.3 The following documents shall be provided by Panel Manufacturer, with the Panel: 

a) Data-sheet full-filled “as built”; 

b) Storage, lifting and unpacking instructions in Portuguese language; 

c) Installation and assembly instructions in Portuguese language; 

d) Operation instructions in Portuguese language, including the description and reason of 

all interlocks; 

e) Maintenance instructions, including list of necessary equipment, accessories and tools 

in Portuguese language; 

f) Spare parts lists; 

g) “As built” technical catalogue for all components; 

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

i) Complete version of configuration, parameterization and monitoring software for 

switches, concentrators, IEDs, MMRs, VSDs and any other equipment that could be 

configured or monitored by software. These softwares shall provide facilities for full 

diagnosis of respective devices; 

j) Complete manuals for installation and configuration of all software in Portuguese 

language; 

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

number; 

l) Certificate of compatibility between racking devices and circuit-breakers, if applicable. 

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

position in baseplate. 

5.4 Documents provided by Panel 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. 

6. PACKAGE AND TRANSPORT 

6.1 Panels shall be packed properly for the foreseen transportation, so that no damage occurs 

during transport, storage and lifting operations. 

6.2 It shall be considered  

6.3 Each volume shall be properly identified with: 

a) Storage position; 

b) PETROBRAS unit, achievement, and business unit; 

c) Delivery address; 
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d) Material Requisition number; 

e) Panel TAG; 

f) Manufacturer name and address; 

g) Weight; 

h) Contract number. 

7. INSPECTION AND TESTS 

7.1 General 

7.1.1 The Manufacturer or an independent inspection authority accepted by 

PETROBRAS shall perform all inspections and tests, in conformity with the 

specification documents and applicable rules. 

7.1.2 Manufacturer shall be responsible for obtaining all necessary certification related to 

the equipment. 

7.1.3 Manufacturer shall be responsible for contact the Classification Society, in order to 

define the procedures to be followed, related to the submission of documents, and 

to carry out the necessary inspections and tests to certificate the Panels. 

7.2 Type Tests 

7.2.1 Type tests shall follow the requirements of IEC 62271-200, IEC 60533. They are 

summarized in Table 3, where they are identified as T. 

7.2.2 Certified test reports for type tests performed for identical Panels and approved and 

witnessed by Classification Society are accepted. 

7.3 Routine Tests 

7.3.1 Type tests shall follow the requirements of IEC 62271-200. They are summarized 

in Table 3, where they are identified as R. 

7.3.2 Routine tests shall be carried out for all Panels. 

7.4 Special Tests 

Special tests shall be carried out for all Panels, according to Table 3, where they are 

identified as S. 

Table 3 – Routine and Type Tests 

Test T R S 
Method and Acceptance 

Criteria 

Verification of technical documentation (1) x x x  

Verification of certificate of accuracy for measurement instruments to 
be used in tests (1) x x x  

Verification of dimensions  x  Panel Data-Sheet 

Verification of data on nameplates and labels and visual inspection   x  IEC 62271-200 and this ET 

Verification of painting (colour, thickness and adhesion)  x  

I-ET-3010.00-1200-956- 

P4X-002 - GENERAL 

PAINTING and this ET 

Verification of measuring instruments  x  Project documents 
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Test T R S 
Method and Acceptance 

Criteria 

Verification of signalling devices  x  Project documents 

Verification of operation of heating resistors  x  This ET and Data Sheet 

Test of interchangeability of withdrawable parts  x  This ET 

Dielectric tests (Power-frequency voltage test) x   IEC 62271-200 

Dielectric tests (Lightning impulse voltage test) x   IEC 62271-200 

Dielectric tests (Artificial pollution test) (2) x   IEC 62271-200 

Dielectric tests (Dielectric tests on auxiliary and control circuits) x   IEC 62271-200 

Dielectric tests (Voltage test as condition check) x   IEC 62271-200 

Dielectric tests (Dielectric tests on cable testing circuits) x   IEC 62271-200 

Measurement of the resistance of circuits (Main circuits) x   IEC 62271-200 

Measurement of the resistance of circuits (Auxiliary circuits) x   IEC 62271-200 

Temperature rise tests x   IEC 62271-200 

Short-time withstand current and peak withstand current tests x   IEC 62271-200 

Verification of the protection degree (verification of IP coding) x   IEC 62271-200 

Tightness tests (3) x   IEC 62271-200 

Electromagnetic compatibility tests (EMC) x   IEC 62271-200 

Additional tests on auxiliary and control circuits (functional tests) x   IEC 62271-200 

Additional tests on auxiliary and control circuits (electric continuity of 
earthed metallic parts) 

x   IEC 62271-200 

Additional tests on auxiliary and control circuits (verification of the 
operational characteristics of auxiliary contacts) 

x   IEC 62271-200 

Additional tests on auxiliary and control circuits (environmental tests) x   IEC 62271-200 

Additional tests on auxiliary and control circuits (dielectric tests) x   IEC 62271-200 

Verification of making and breaking capacities x   IEC 62271-200 

Mechanical operation tests (switching devices and removable parts) x   IEC 62271-200 

Mechanical operation tests (interlocks)  x  IEC 62271-200 

Pressure withstand test for gas-filled compartments (pressure 
withstand test for gas-filled compartments with pressure relief 
devices) (3) 

x   IEC 62271-200 

Pressure withstand test for gas-filled compartments (pressure 
withstand test for gas-filled compartments without pressure relief 
devices) (3) 

x   IEC 62271-200 

Tests on non-metallic partitions and shutters (dielectric tests) x   IEC 62271-200 

Tests on non-metallic partitions and shutters (measurement of 
leakage currents) 

x   IEC 62271-200 

Weatherproofing test (2) x   IEC 62271-200 

Internal arcing test x   IEC 62271-200 

Dielectric test on the main circuit  x   IEC 62271-200 

Tests on auxiliary and control circuits (inspection of auxiliary and 
control circuits, and verification of conformity to the circuit diagrams 
and wiring diagrams) 

 x  IEC 62271-200 

Tests on auxiliary and control circuits (functional tests) (7)  x  IEC 62271-200 and IEC 61850 

Tests on auxiliary and control circuits (verification of protection against 
electrical shock) 

 x  IEC 62271-200 

Measurement of the resistance of the main circuit  x  IEC 62271-200 

Tightness tests (3)  x  IEC 62271-200 

Design and visual checks  x  IEC 62271-200 

Partial discharge measurement  x  IEC 62271-200 

Mechanical operation tests  x  IEC 62271-200 
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Test T R S 
Method and Acceptance 

Criteria 

Pressure tests of gas-filled compartments (3)  x  IEC 62271-200 

Tests of auxiliary electrical, pneumatic and hydraulic devices  x  IEC 62271-200 

Tests after erection on site  x  IEC 62271-200 

Measurement of fluid condition after filling on site (3)  x  IEC 62271-200 

EMC – Conducted emission test (4) x   IEC 60533 

EMC – Radiated emission test (4) x   IEC 60533 

EMC – Conducted low frequency interference (4) x   IEC 60533 

EMC – Power supply variation (4) x   IEC 60533 

EMC – Power supply failure (4) x   IEC 60533 

EMC – Surge voltage test (4) x   IEC 60533 

EMC – Electrical fast transient test (4) x   IEC 60533 

EMC – Electromagnetic field test (4) x   IEC 60533 

EMC – Electrostatic discharges (ESD) (4) x   IEC 60533 

EMC – Conducted radio frequency interference test (4) x   IEC 60533 

Verification of relays calibration and operation (8)   x Selectivity study and IEC 61850 
 

Notes: 1 For all witnessed tests; 

 2 Only for panel installed in external areas or in rooms without HVAC filtering; 

 3 Only for pressurized panels; 

 4 EMC tests shall be carried out when required in IEC 60533 for the equipment installed in the 
Panel; 

 5 Manufacturer presence can be requested by PETROBRAS, if considered necessary, for the 
tests to be carried out at site; 

 6 Manufacturer shall be present at site, after the Panel assembly and transport, to verify, 
together with PETROBRAS, if the Panel is at the same conditions as it was when the factory 
delivered it or to verify if the Panel is ready to start operation; 

 7 These tests shall include all tests related to network communication among devices (alarms, 
interlocks, GOOSE, etc.). For IEC 61850 networks, these tests shall use calibration boxes 
certified for IEC 61850; 

 8 These tests shall include check of A/D converters of relays. These tests shall use calibration 
boxes certified for IEC 61850. 

8. TRAINING 

8.1 Manufacturer shall provide training for at least 10 (ten) PETROBRAS personnel, about 

Panel system and components. 

8.2 Training shall be provided in Brazil, during commissioning period, in Portuguese language. 

8.3 Training plan shall include at least control diagram analysis, storage, transportation, 

installation, operation, corrective maintenance, preventive maintenance, disassembly, 

assembly, extraction and insertion of switching devices, use of tools and accessories, 

interface with automation, use of softwares, configuration, parameterization and adjustment 

of MMR and IEDs, equipment and devices. 

9. SPARE PARTS AND TOOLS 

9.1 Manufacturer shall provide the necessary spare parts for the commissioning and pre-

operation periods. 
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9.2 Manufacturer shall provide a list of spare parts for all electrical equipment, for at least 2 

(two) years of continuous operation, including prices and part number codes. 

9.3 Manufacturer shall provide all unusual tools necessary for maintenance, assembly or 

disassembly of the Panel. 

9.4 Manufacturer shall guarantee the supply of the same or compatible network components 

(MMRs, concentrators, switches, etc.), from the point of view of functionality, mounting 

and wiring, during platform lifetime. 

10. DATA SHEETS FORMS 

For data-Sheet models for medium-voltage MCCs and switchgears, refer to I-LI-3010.00-5140-

700-P4X-001 - ELECTRICAL EQUIPMENT DATA-SHEET MODELS. 

11. ABBREVIATIONS AND ACRONYMS  

A&C Automation and Control System 

AFD Arc Flash Detector 

AISI American Iron and Steel Institute 

ASTM American Society for Test and Material 

CDC Switchgear 

CT Current Transformer 

DPC Diretoria de Portos e Costas 

EMC Electromagnetic Compatibility 

EPR Ethylene Propylene Rubber 

ESD Emergency Shut-Down 

ET Technical Specification 

FPSO Floating, Production, Storage and Offloading Unit 

FSO Floating, Storage and Offloading Unit 

HMI Human Machine Interface 

I/O Input/Output 

IEC International Electrotechnical Commission 

IED Intelligent Electronic Device (as defined in IEC 61850) 

IEEE Institute of Electrical and Electronics Engineers 

INMETRO Instituto Nacional de Metrologia Normalização e Qualidade Industrial 

Ik Rated Short-Time Withstand Current of a Panel, according to IEC 62271-1 

ip Peak Short-Circuit Current of a System, according to IEC 60909 

Ip Rated Peak Withstand Current of a Panel, according to IEC 62271-1 

Ith Thermal Equivalent Short-Circuit Current of a System, according to IEC 60909 

L.V. Low-Voltage 

M.V. Medium-Voltage 

MCC Motor Control Center 

MMR Microprocessor Based Multifunction Relay 

MTBF Mean Time Between Failure 

MTTR Mean Time to Repair 

NEMA National Electrical Manufacturers Association  

PLC Programmable Logic Controller 

PQMS Power Quality Monitoring System 



 

 

 
 

 

 

TECHNICAL SPECIFICATION 
Nº. 

I-ET-3010.00-5140-741-P4X-002 
REV. 

H 

AREA: 
  

SHEET: 
42 

of 
42 

TITLE: 

MEDIUM-VOLTAGE MOTOR CONTROL CENTER AND 
SWITCHGEAR FOR OFFSHORE UNITS 

NP-1 

ESUP 

PVC Polyvinyl Chloride 

r.m.s Root Mean Square 

RM Material Requisition 

R Routine Test 

RRRV Rate of Rise of Recovery Voltage 

SS Semi-Submersible Floating Platform 

S Special Test 

THD Total Harmonic Distortion 

tk Rated Duration of Short-Circuit of a Panel, according to IEC 62271-1 

T Type Test 

TRV Transient Recovery Voltage 

UFD Utility Flow Diagram 

UPS Uninterruptible Power Supply  

UVT Undervoltage Trip Coil 

VSD Variable Speed Drive 

VT Voltage Transformer 

XLPE Crosslinked Polyethylene 

12.  ANNEX 

IOGP S-620 HVSG 

Supplementary Specification to IEC-62271-200 (Ver 1.0).pdf
 





 
SPECIFICATION 


S-620 
 


OCTOBER 
2018 


 


 
 
 
 
 
 
 


Supplementary Specif ication 
to IEC 62271-200 High-voltage 
switchgear and controlgear 
 







 


Revision history     


VERSION  DATE  AMENDMENTS 


1.0  October 2018  Issued for Publication 


      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Acknowledgements 
 
This IOGP Specification was prepared by a Joint Industry Project 33 
Standardization of Equipment Specifications for Procurement organized 
by IOGP with support by the World Economic Forum (WEF). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Disclaimer 
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future warrants its accuracy or will, regardless of its or their negligence, assume 
liability for any foreseeable or unforeseeable use made thereof, which liability is 
hereby excluded. Consequently, such use is at the recipient’s own risk on the basis 
that any use by the recipient constitutes agreement to the terms of this disclaimer. 
The recipient is obliged to inform any subsequent recipient of such terms. 
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use of the user. IOGP will not directly or indirectly endorse, approve or accredit the 
content of any course, event or otherwise where this publication will be reproduced. 
 


Copyright notice 


The contents of these pages are © International Association of Oil & Gas Producers. 
Permission is given to reproduce this report in whole or in part provided (i)  
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Foreword 


This specification was prepared under a Joint Industry Project 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). Ten key oil and gas companies from the IOGP 
membership participated in developing this specification under JIP33 Phase 2 with the objective to leverage 
and improve industry level standardization for projects 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, 
based on the ten participating members’ company specifications, resulting in a common and jointly approved 
specification, and building on recognized industry and/or international standards. 


This specification has been developed in consultation with a broad user and supplier base to promote the 
opportunity to realize benefits from standardization and achieve significant cost reductions for upstream 
project costs. The JIP33 work groups performed their activities in accordance with IOGP’s Competition Law 
Guidelines (November 2014). 


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 vision from the CPC industry is to 
standardize specifications for global procurement for equipment and packages, facilitating improved 
standardization of major projects across the globe. While individual oil and gas companies have been 
improving standardization within their own businesses, this has limited value potential and the industry lags 
behind other industries and has eroded value by creating bespoke components in projects. 


This specification aims to significantly reduce this waste, decrease project costs and improve schedule 
through pre-competitive collaboration on standardization. This document defines the supplementary 
requirements to recognized international standard IEC 62271-200 Edition 2.0 2011, High-voltage switchgear 
and controlgear, which is indispensable for the application of this specification. 


Following agreement of the relevant JIP33 work group and approval by the JIP33 Steering Committee, the 
IOGP Management Committee has agreed to the publication of this specification by IOGP. Where adopted 
by the individual operating companies, this specification and associated documentation aims to supersede 
existing company documentation for the purpose of industry-harmonized standardization.  
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Introduction 


The purpose of this specification is to define a minimum common set of supplementary requirements for 
procurement of high-voltage switchgear and controlgear assemblies in accordance with IEC 62271-200, 
Edition 2.0, 2011, for application in the petroleum and natural gas industries.  


This JIP33 standardized procurement 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. 


 


JIP33 Specification for Procurement Documents 
Supplementary Technical Specification 


It is required to use all of these documents in conjunction with each other when applying this specification, as 
follows: 


IOGP S-620: Supplementary specification to IEC 62271-200 for high-voltage switchgear and 
controlgear 
This specification is written as an overlay to IEC 62271-200, following the clause structure 
of the parent standard, to assist in cross-referencing the requirements. Where clauses from 
the parent standard (IEC 62271-200) are not covered in this specification, there are no 
supplementary requirements or modifications to the respective clause. The terminology 
used within this specification follows that of the parent standard and otherwise is in 
accordance with ISO/IEC Directives, Part 2. 


Modifications to the parent standard 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-620D: Data sheets for high-voltage switchgear and controlgear 
This document provides project specific requirements where the supplementary 
specification and its parent standard require the user to define an application specific 
requirement. It follows the clause structure of the parent standard and this specification. It 
also includes information required by the user for technical evaluation. Additional user 
supplied documents are also listed in the data sheets, to define scope and technical 
requirements for enquiry and purchase of the equipment. 
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IOGP S-620L: Information requirements for high-voltage switchgear and controlgear 
This document defines the information requirements, including format, timing and purpose, 
for information to be provided by the manufacturer. It also defines the specific conditions 
which must be met for conditional information requirements to become mandatory. The 
information requirements listed in the IRS have references to the source of the 
requirement.  


IOGP S-620Q: Quality requirements for high-voltage switchgear and controlgear 
This document includes a conformity assessment system (CAS) which specifies 
standardized user interventions against quality management activities at four different 
levels. The applicable CAS level is specified by the user in the data sheets. 


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


Unless defined otherwise in the purchase order, the order of precedence (highest authority listed first) of the 
documents shall be: 


a) regulatory requirements; 


b) contract documentation (e.g. purchase order); 


c) user defined requirements (equipment data sheets, IRS, QRS); 


d) this specification; 


e) the parent standard. 
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1 General 


1.1 Scope 


Replace first sentence with 


This specification amends and supplements IEC 62271-200 Edition 2.0 2011 for the design, materials, 
fabrication, inspection and testing of AC metal enclosed high-voltage switchgear and controlgear for rated 
voltages above 1 kV and up to and including 52 kV. 


Add to subclause 


IEC 62271-200 refers to applicable common specification clauses contained within IEC 62271-1. Since the 
issue of IEC 62271-1 Edition 2.0 2017, there is a mismatch in the clause numbering used in IEC 62271-200 
Edition 2.0 2011. For information, the relevant IEC 62271-1:2017 clause numbers are identified in 
parentheses in the clause headings of these supplementary requirements. 


This specification: 


− addresses both air insulated switchgear (AIS) and gas insulated switchgear (GIS) for indoor installation 
with either fixed, removable or withdrawable parts or combinations thereof; 


− for IEC 61850 digital interfaces, establishes minimum default selections from the options given in 
IEC 62271-3; 


− specifies additional requirements for generator circuit-breakers to IEC/IEEE 62271-37-013. 


This specification does not cover: 


− high-voltage switchgear and controlgear assemblies installed outdoors, other than bus duct and outdoor 
termination bushings; 


− detailed user requirements for electrical control and management systems (ECMSs); 


− detailed requirements for optional switchgear condition monitoring systems; 


− integrated power semiconductor systems; 


− integrated high-voltage variable (adjustable) speed drives to IEC 61800-5; 


− ring main units; 


− explosion protected “Ex” equipment (incorporating a type of explosion protection covered by the 
IEC 60079 series of standards); 


− direct current (DC) uninterruptible power supply systems for auxiliary power. 


1.2 Normative references 


Add to subclause 


IEC 60051-2 Direct acting indicating analogue electrical measuring instruments and their 
accessories - Part 2: Special requirements for ammeters and voltmeters 


IEC 60051-3 Direct acting indicating analogue electrical measuring instruments and their 
accessories – Part 3: Special requirements for wattmeters and varmeters 







 Supplementary Specification to IEC 62271-200 High-voltage switchgear and controlgear 


 
 


Page 7 of 39 S-620 October 2018 
 


IEC 60092-101 Electrical installations in ships - Part 101: Definitions and general requirements 


IEC 60099-4 Surge arresters – Part 4: Metal-oxide surge arresters without gaps for a.c. systems 


IEC 60204-1 Safety of machinery – Electrical equipment of machines – Part 1: General 
requirements 


IEC 60255 Electrical relays – All parts as applicable 


IEC 60269-1 Low-voltage fuses – Part 1: General requirements 


IEC 60269-2 Low-voltage fuses – Part 2: Supplementary requirements for fuses for use by 
authorized persons (fuses mainly for industrial application) – Examples of 
standardized systems of fuses A to K 


IEC 60282-1  High-voltage fuses – Part 1: Current-limiting fuses 


IEC 60364-4-41 Low-voltage electrical installations – Part 4-41: Protection for safety – Protection 
against electric shock 


IEC 60644 Specifications for high-voltage fuse-links for motor circuit applications 


IEC 60688 Electrical measuring transducers for converting A.C. and D.C. electrical quantities 
to analogue or digital signals 


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 60947-5-1 Low-voltage switchgear and controlgear – Part 5-1: Control circuit devices and 
switching elements – Electromechanical control circuit devices 


IEC 61000-3-6 Electromagnetic compatibility (EMC) – Part 3-6: Limits – Assessment of emission 
limits for the connection of distorting installations to MV, HV and EHV power 
systems 


IEC 61243-5 Live working – Voltage detectors – Part 5: Voltage detecting systems (VDS) 


IEC 61511-1 Functional safety – Safety instrumented systems for the process industry sector – 
Part 1: Framework, definitions, system, hardware and application programming 
requirements 


IEC 61554 Panel Mounted Equipment – Electrical Measuring Instruments – Dimensions for 
Panel Mounting 


IEC 61869-1 Instrument transformers – Part 1: General requirements 


IEC 61869-2 Instrument transformers – Part 2: Additional requirements for current transformers 


IEC 61869-3 Instrument transformers – Part 3: Additional requirements for inductive voltage 
transformers 


IEC 61869-5 Instrument transformers – Part 5: Additional requirements for capacitor voltage 
transformers 


IEC 61869-6 Instrument transformers – Part 6: Additional general requirements for low-power 
instrument transformers 


IEC 61869-10 Instrument transformers – Part 10: Additional requirements for low-power passive 
current transformers 


IEC 61869-11 Instrument transformers – Part 11: Additional requirements for low power passive 
voltage transformers 


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


IEC 62052-11 Electricity metering equipment (a.c.) – General requirements, tests and test 
conditions – Part 11: Metering equipment 


IEC TR 62061-1 Guidance on the application of ISO 13849-1 and IEC 62061 in the design of safety-
related control systems for machinery 
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IEC 62271-1:2017 High-voltage switchgear and controlgear – Part 1: Common specifications for 
alternating current switchgear and controlgear 


IEC 62271-3 High-voltage switchgear and controlgear – Part 3: Digital interfaces based on 
IEC 61850 


IEC 62271-200:2011 High-voltage switchgear and controlgear – Part 200: AC metal-enclosed switchgear 
and controlgear for rated voltages above 1 kV and up to and including 52 kV 


IEC/IEEE 62271-37-013 High-voltage switchgear and controlgear – Part 37-013: Alternating current 
generator circuit-breakers 


IEC 62271-102 High-voltage switchgear and controlgear – Part 102: High-voltage alternating 
current disconnectors and earthing switches 


IEC 62271-106 High-voltage switchgear and controlgear – Part 106: Alternating current contactors, 
contactor-based controllers and motor starters 


IEC 62271-206 High-voltage switchgear and controlgear – Part 206: Voltage presence indicating 
systems for rated voltages above 1 kV and up to and including 52 kV 


ISO 7010 Graphical symbols – Safety colours and safety signs – Registered safety signs 


2 Normal and special service conditions (IEC 62271-1 Clause 4) 


Add new subclause heading 


2.1 Normal service conditions (IEC 62271-1 Subclause 4.1) 


Add new subclause 


2.1.2 Indoor switchgear and controlgear (IEC 62271-1 Subclause 4.1.2) 


The normal service conditions as described in subclause 4.1.2 of IEC 62271-1 shall be applied unless 
supplementary indoor special service conditions are defined as required by the user in the data sheets. All 
components shall have the user defined ratings after de-rating factors (if any) for the specified service 
conditions. 


Where offshore location is defined by the user in the data sheets, the maximum air temperature shall be 
40 °C unless a higher figure of 45 °C is defined by the user in the data sheets. 


Add new subclause 


2.1.3 Outdoor switchgear and controlgear (IEC 62271-1 Subclause 4.1.3) 


If high-voltage bus duct runs that extend outdoors are required, the normal service conditions, as described 
in subclause 4.1.3 of IEC 62271-1 shall be applied to the outdoor portion of bus ducts and outdoor bushings, 
unless supplementary outdoor special service conditions are defined as required by the user in the data 
sheets. 


Add new subclause heading 


2.2 Special service conditions (IEC 62271-1 Subclause 4.2) 


Add new subclause 


2.2.3 Exposure to pollution (IEC 62271-1 Subclause 4.2.3) 


Unless exposed to polluting special service conditions as defined by the user in the data sheets, high-
voltage switchgear and controlgear assemblies shall be suitable for use in an indoor environment with a 
“very light” site pollution severity. 
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Add new subclause 


2.2.7 Other parameters (IEC 62271-1 Subclause 4.2.7) 


High-voltage switchgear and controlgear shall operate under other parameters of special service conditions if 
defined by the user in the data sheets. 


NOTE  IOGP S-620D line items 2.2.7 a) to l) within section “Special service conditions - other parameters” align with 
the IEC 61439-1 special service conditions requirements for low-voltage switchgear and controlgear assemblies. 


3 Terms and definitions (IEC 62271-1 Clause 3) 


Add to subclause 


3.10.136 
bus coupler 
a functional unit that contains a mechanical switching device, which electrically connects together two bus 
sections 


3.10.137  
bus section 
a number of functional units normally connected together in service by a physically continuous main busbar 


3.10.138  
circuit schedule 
developed by the user and defining the required mechanical switching device, duty, load details, and other 
individual circuit functions 


3.10.139  
data sheets 
developed by the user summarizing the characteristics, performance and constructional requirements for the 
design and selection of the equipment 


3.10.140  
factory acceptance test (FAT) 
performance of routine tests and any user agreed additional functional tests on the assembled high-voltage 
switchgear and controlgear and associated equipment, with user agreed acceptance of the test results to 
permit release of the equipment from the factory 


3.10.141  
functional logic 
control logic embedded in intelligent electronic devices (IED) or protection relays, that is developed by the 
manufacturer to implement the requirements of the user diagrams and associated protection relay settings 


3.10.142  
manufacturer 
organization taking the responsibility for the completed high-voltage switchgear and controlgear assemblies 
and equipment with associated interconnections, accessories, enclosures and supporting structures 


NOTE The assembly manufacturer may be a different organization to the original equipment manufacturer organization 
that has carried out the original design and the associated verification of an assembly or main circuit components within 
an assembly.  


3.10.143  
user diagrams 
developed by the user, defines the functional requirements for a given type or scheme of circuit, protection, 
control, metering etc. such as switchgear single line diagrams, and circuit and wiring diagrams. Used during 
the development and design stage of a project 
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4 Ratings (IEC 62271-1 Clause 5) 


4.1 Rated voltage (Ur) (IEC 62271-1 Subclause 5.2) 


Add to subclause 


Unless defined otherwise by the user in the data sheets, the high-voltage switchgear and controlgear 
assembly shall be suitable for operation with power system supply voltage harmonic content not exceeding 
6,5 % total harmonic distortion (THD), without damaging effect. 


NOTE The THD values of 6,5 % is in accordance with IEC TR 61000-3-6:2008, Table 2 planning levels. 


4.2 Rated Insulation level (IEC 62271-1 Subclause 5.3) 


Add to subclause 


The rated insulation level of the high-voltage switchgear and controlgear shall be as defined by the user in 
the data sheets, selected from the Range I values given in Table 1 and Table 2 of IEC 62271-1. 


Main busbars in air filled compartments and their branches to switching devices and voltage transformers, 
shall be insulation covered. 


4.4 Rated normal current and temperature rise 


4.4.1 Rated normal current (Ir) (IEC 62271-1 Subclause 5.5) 


Add to subclause 


Rated normal currents of 3150 A and below for AIS assemblies, and 2500 A and below for GIS assemblies, 
shall not depend on forced ventilation, and shall be continuous ratings after de-rating for the specified 
service conditions. The main busbars shall be rated for the normal current throughout the entire length of the 
high-voltage switchgear and controlgear assembly. The use of forced cooling is subject to agreement 
between the user and the manufacturer. 


Busbars in air insulated or gas-air mixture filled compartments shall be manufactured from hard drawn, high 
conductivity electrolytic copper unless aluminium is defined as required by the user in the data sheets. 


4.4.2 Temperature rise (covered in IEC 62271-1 Subclauses 4.1.2 and 4.2.4) 


Add to subclause 


The high-voltage switchgear and controlgear assembly shall comply with temperature rise limitations for the 
maximum design air temperature defined by the user in the data sheets. 


4.5 Rated short-time withstand currents (Ik) (IEC 62271-1 Subclause 5.6) 


4.5.102 Rated short-time phase to earth withstand current (Ike) 


Replace second sentence with 


The value of rated short-time phase to earth withstand current (Ike) shall be at least 87 % of the rated short-
time withstand current (Ik) of the main circuit, unless defined otherwise by the user in the data sheets. 
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4.6 Rated peak withstand current (Ip) (IEC 62271-1 Subclause 5.7) 


4.6.102 Rated peak phase to earth withstand current (Ipe) 


Replace second sentence with 


The value of rated peak phase to earth withstand current (Ipe) shall be at least 87 % of the rated peak 
withstand current (Ip) of the main circuit, unless defined otherwise by the user in the data sheets. 


4.7 Rated durations of short circuit (tk) (IEC 62271-1 Subclause 5.8) 


4.7.102 Rated duration of phase to earth short circuit (tke) 


Replace second sentence with 


The value of rated short-time phase to earth withstand current (IKe) shall be equal to the rated duration of 
short circuit (tk) of the main circuit, unless defined otherwise by the user in the data sheets. 


4.8 Rated supply voltage of closing and opening devices and of auxiliary and control 
circuits (Ua) (IEC 62271-1 Subclause 5.9) 


Add to subclause 


The rated supply voltage of auxiliary and control circuits shall be as defined by the user in the data sheets, 
selected from the values given in Table 6 and from line items 1 to 5 in Table 7 of IEC 62271-1. 


4.101 Ratings of the internal arc classification (IAC) 


4.101.2 Types of accessibility 


Add to subclause 


Accessibility shall be Accessibility Type A unless defined otherwise by the user in the data sheets. 


Add to subclause 


All equipment shall be accessible from the front, except for cable termination chambers. Requirements for 
front or rear access to cable termination chambers shall be as defined by the user in the data sheets. All 
components in back-to-wall mounted high-voltage switchgear and controlgear assemblies shall be 
accessible from the front only. 


5 Design and construction (IEC 62271-1 Clause 6) 


Add new subclause 


5.0.101 General 


High-voltage switchgear and controlgear assemblies shall be suitable for securing to longitudinal runs of 
channels flush with the floor surface, unless defined otherwise by the user in the data sheets. 


When marine class or offshore installation is identified by the user as a requirement in the data sheets, the 
equipment shall conform with the stated requirements for high-voltage switchgear and controlgear 
assemblies as defined in IEC 60092-101 and IEC 61892-3 respectively. 
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Add new subclause 


5.0.102 Technology readiness and obsolescence 


The high-voltage switchgear and controlgear assemblies, excluding electronic components, shall have a 
design and post factory acceptance test (FAT) supported lifetime of at least 20 years under the defined 
service conditions. 


The manufacturer shall have an obsolescence management plan in accordance with a recognized system for 
all high-voltage switchgear and controlgear assembly components, as defined by the user in the data sheets. 


NOTE  IEC 62402 is an example of an obsolescence management guide; refer to [17] of Bibliography. 


The use of switchgear and controlgear assemblies and sub-components with less than 3 years proven 
operational service shall be subject to agreement between the user and the manufacturer. 


Add new subclause 


5.0.103 Dependability of materials and parts 


Unless longer service periods are defined as required by the user in the data sheets, high-voltage switchgear 
and controlgear assemblies and functional units shall be designed for continuous operation at full load under 
the normal service conditions for at least 45 000 hours (5 years). During this period, the main busbars and 
the distribution busbars (dropper system) shall not need to be de-energized for maintenance or inspection. 


The manufacturer shall identify components within the installation, operation and maintenance manual that 
are not suitable for 5 years continuous operation without inspection or replacement under the service 
conditions as defined in the data sheets. 


5.1 Requirements for liquids in switchgear and controlgear (IEC 62271-1 Subclause 6.1) 


Add to subclause 


Liquids shall not be used as a switching or as an insulating medium unless agreed between the user and the 
manufacturer for use in specialist items. 


5.3 Earthing of switchgear and controlgear (IEC 62271-1 Subclause 6.3) 


5.3.101 Earthing of the high-voltage conductive parts 


Add to subclause 


Facilities for earthing the high-voltage conductive parts shall be provided on the incoming side of each supply 
(generator/transformer) circuit and on the outgoing (cable) side of each feeder/load circuit as shown in 
Figures 101 to 106 appropriate to the provided loss of service continuity (LSC) category. 


Facilities for earthing the high-voltage conductive parts of each bus section shall be provided via the 
incoming supply functional units, or via dedicated busbar earthing compartments. 


Switches for earthing of high-voltage conductive parts shall have a minimum classification for short-circuit 
making of Class E1, as specified in subclause 5.102 of IEC 62271-102:2003 unless defined otherwise by the 
user in the data sheets. 


Switches for earthing of high-voltage conductive parts shall have a minimum mechanical endurance 
Class M0, as specified in subclause 5.106 of IEC 62271-102:2003 unless defined otherwise by the user in 
the data sheets. 
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Earthing devices shall be arranged for manually initiated operation only, from operator locations as defined 
by the user in the data sheets. 


NOTE Contactor feeder functional units serving circuits without back-feed may have outgoing circuit earthing 
automatically applied following a manually initiated isolation action or functional unit withdrawal. 


Add new subclause 


5.3.101.1 Earthing for withdrawable type switchgear 


Facilities for incoming and outgoing circuit earthing shall be via the functional unit circuit-breaker or by an 
integrally mounted three-phase earthing switch. 


Facilities for busbar earthing shall be: 


− via the functional unit circuit-breaker of each supply (generator/transformer) circuit on the busbar side; 


− by an integrally mounted three-phase earthing switch; or 


− by a withdrawable truck mounted busbar earthing switch. 


For busbar earthing via a withdrawable truck mounted earthing switch, the manufacturer shall provide one 
earthing truck for each high-voltage switchboard assembly. It shall not be possible to insert the withdrawable 
busbar earthing device into circuit positions other than the incoming supply functional units or dedicated 
busbar earthing compartments. 


Earthing devices shall include the following safety and locking and functions: 


a) It shall only be possible to apply an earth connection to high-voltage conductive parts when the main 
circuit switching device within the same functional unit, is isolated and not in the service (circuit) 
position; 


b) Insertion of a withdrawable main circuit switching device into the service (circuit) position shall not be 
possible when the earthing provision within the same functional unit is applied. 


Add new subclause 


5.3.101.2 Earthing for non-withdrawable (fixed) type switchgear 


Facilities for incoming and outgoing circuit earthing shall be via the functional unit circuit-breaker, or by an 
integrated three-position switch. 


The bus coupler functional unit shall incorporate the busbar earthing system and shall provide integrated 
facilities for earthing each bus section. 


Earthing switches shall include the following safety and locking functions: 


a) It shall only be possible to apply an earth to high-voltage conductive parts when the main circuit 
switching device within the same functional unit is isolated; and 


b) De-isolation and closing of the main circuit switching device shall not be possible when the earthing 
provision within the same functional unit is applied. 
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5.3.102 Earthing of the enclosure 


Add to subclause 


A hard-drawn high conductivity copper earth bar shall be provided along the full length of each high-
voltage switchgear and controlgear assembly sized in accordance with subclause 5.3.105 of IEC 62271-200, 
with provision for bolted connection of an external earth cable connection at each end. This earth bar shall 
be extended with the same cross section to each high-voltage external circuit termination compartment. 


Add new subclause 


5.3.106 Voltage detecting and indicating systems 


Where defined as required by the user in the data sheets, a capacitive three-phase voltage detecting system 
to confirm both the presence and absence of main circuit voltage in accordance with IEC 61243-5 shall be 
provided. The voltage detectors on each functional unit shall be installed adjacent to the connection (cable) 
compartment on all incoming circuits and outgoing feeders, and on the front of the bus coupler panels for 
each bus section. 


Where defined as required by the user in the data sheets, a capacitive three-phase voltage presence 
indicating system to confirm the presence of main circuit voltage in accordance with IEC 62271-206 shall be 
provided. The voltage indicators on each functional unit shall be installed adjacent to the connection (cable) 
compartment on all incoming circuits and outgoing feeders, and on the front of the bus coupler panels for 
each bus section. 


Voltage indicating/detection systems shall be fitted with measuring test points which permit connection of an 
external phase comparator (phasing-out) instrument. 


5.4 Auxiliary and control equipment (IEC 62271-1 Subclause 6.4) 


Add new subclause 


5.4.1 General (IEC 62271-1 Subclause 6.4.1) 


Each incoming auxiliary and control power supply shall be monitored and initiate an alarm on loss of 
availability. 


Within each functional unit, the auxiliary and control supplies shall be distributed into separate circuits. Each 
separate circuit shall be protected by miniature circuit-breakers (MCBs), fitted with an auxiliary contact to 
initiate an MCB trip remote alarm. Means shall be provided to lock the MCB operating mechanism in the 
open position.  


NOTE IEC 60898-1 locking provision may be by the insertion of proprietary third party pad lockable devices; refer to 
[15] of Bibliography. 


Functional unit control circuits are to be arranged such that operation or failure of the tripping circuit supply 
shall inhibit main circuit-breaker/contactor closure and initiate local and remote alarms. 


Low-voltage fuses shall conform to IEC 60269-1 and 2. 


Functional unit auxiliary and control circuits that derive their power supply from an external source shall be 
clearly identified and for circuits operating at above safety extra low voltage, be connected via removable 
links or isolation facilities. 
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Add new subclause 


5.4.1.1 Auxiliary components 


Unless shown otherwise on the user diagrams, protection, control, indication, metering, supervisory 
Input/Output (I/O) and communication functions shall be provided by multifunction IEDs. Any user required 
front of panel discrete components shall be proved as shown on the user diagrams. IED human machine 
interface (HMI) and discrete items of the same function shall be arranged in a consistent physical position 
across functional units. 


Plug-in type auxiliary components shall be provided with retaining clips. 


Add new subclause 


5.4.1.2 Actuators and indication 


The colour and marking of actuators (push buttons) shall be in accordance with IEC 60204-1. Where colour 
is used to define function, start/on actuators shall be green and stop/off actuators, red. 


On discrete indication components or on colour HMI screens, colour coding of status indication shall be in 
accordance with Table 105, unless defined otherwise by the user in the data sheets. 


Table 105 – Status indicator colour coding 


Colour Meaning High-voltage - Assembly Application 


Safety of persons or 
environment 


Circuit-breaker Motor starter / 
contactor feeder 


Red Danger Closed (On) Running (On) 


Yellow Warning/caution Tripped Tripped 


Green Safe Open (Off) Stopped (Off) 


Blue Mandatory significance Trip circuit healthy 
(or unhealthy) 


Not applicable 


White No specific meaning 
assigned 


Voltage indication 
(Heater On) 


Motor heater on 


NOTE  Colours detailed in the table are in accordance with IEC 60073; refer to [11] of the 
Bibliography 


 
NOTE This requirement does not apply to IEDs or protection relays with a suite of status LEDs which are all the same 
colour. 


Discrete indication lamps shall be long life light emitting diode (LED) type and shall operate at the same 
voltage for interchangeability purposes, exceptions being indicating lights directly connected in heater supply 
circuits. 


Add new subclause 


5.4.1.3 Auxiliary contacts 


Auxiliary and control circuit connections on withdrawable devices shall be fitted with either self-aligning plug 
and socket contacts, or a multi-conductor cable with plug and socket arrangement. 


Every high-voltage switching device shall have sets of volt free auxiliary contacts, of quantity as defined on 
the user diagrams, for remote alarm and indication, directly activated by the main operating mechanism, 
Class 2 in accordance with Table 8 of IEC 62271-1. 
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Where slave relays are used to obtain the required quantity of auxiliary contacts, one set being normally 
open and the other set normally closed, these contacts shall be terminated at the low-voltage control 
compartment. 


5.4.3 Components installed in enclosures (IEC 62271-1 Subclause 6.4.3) 


5.4.3.4 Requirements for auxiliary and control circuit components (IEC 62271-1 
Subclause 6.4.3.4) 


5.4.3.4.1 General (IEC 62271-1 Subclause 6.4.3.4.1) 


Add to subclause 


Control and auxiliary devices shall conform to IEC 60947-5-1 with thermal/breaking capacities of contacts 
rated for their application and conforming to Table 1 and Annex A of IEC 60947-5-1:2016. The utilization 
categories and minimum characteristics shall be: 


a) AC 15 for AC applications; 


b) DC 13 for DC applications; 


c) rated operational currents (Ie): 5A 230V AC; 1A 110V DC; 


d) service cycles: 120 cycles/hour (each relay); 


e) mechanical duration class: 1 (in millions of operation cycles). 


5.4.3.4.6 Heating elements (IEC 62271-1 Subclause 6.4.3.4.6) 


Add to subclause 


If defined as required by the user in the data sheets, low-voltage auxiliary and control component 
compartments and air insulated high-voltage connection (cable) compartments shall be provided with space 
heaters for anti-condensation prevention. 


Space heaters internal to the high-voltage switchgear and controlgear assemblies shall: 


− be designed for operation at the voltage as defined by the user in the data sheets; 


− have a minimum degree of protection of IP2X; 


− include an additional mechanical guard where the heater surface temperature exceeds 60 °C. 


The heating system of each bus section of the high-voltage switchgear and controlgear assembly shall: 


− be separately supplied from a remote source; 


− be provided with a MCB and 30 mA residual current device (RCD) or residual current circuit-breaker 
with overcurrent protection (RCBO), with “loss of supply” volt free contact wired to terminals for remote 
supervision; 


− be controlled by a thermostat or hygrostat, as defined by the user in the data sheets; 


− be fitted with a manual switch to bypass the thermostat/hygrostat control, if defined in the user 
diagrams. 
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If defined as required by the user in the data sheets, motor starter functional units shall be fitted with auxiliary 
circuits to supply remote space heaters within the high-voltage motors. 


Auxiliary circuits for remote motor space heaters shall: 


− supply the motor space heaters at the voltage as defined by the user in the data sheets; 


− be energized whenever the motor starter functional unit main circuit switching device is open, when 
either in the service or the test position; 


Additional requirements for isolation of the remote motor space heater supplies and by-pass of the heater 
controls when the main circuit switching device is isolated shall be as defined on the user diagrams. 


The remote motor space heater auxiliary supply of each bus section of the high-voltage switchgear and 
controlgear assembly shall: 


− be separately supplied from a remote source; 


− be distributed from dedicated motor space heater auxiliary bus wiring; 


− be provided with a MCB and 30 mA residual current device (RCD) or residual current circuit-breaker 
with overcurrent protection (RCBO), with “loss of supply” volt free contact wired to terminals for remote 
supervision. 


5.9 Low- and high-pressure interlocking and monitoring devices (IEC 62271-1 
Subclause 6.10.1) 


Add to subclause 


For GIS assemblies, local and remote indication and alarm capability shall be provided. The method of local 
pressure indication shall be as defined by the user in the data sheets. 


5.10 Nameplates (IEC 62271-1 Subclause 6.11) 


Add to subclause 


The high-voltage switchgear and controlgear assembly nameplate shall contain other legally required 
regional markings, where applicable. 


5.11 Interlocking devices (including IEC 62271-1 Subclause 6.12) 


Add to subclause 


Where interlocks between main circuit switching devices and associated earthing switches and “upstream” or 
“downstream” switchgear assemblies are required, they shall be either mechanical or electrical type to fulfil 
the interlocking function as defined in the user diagrams. 


Busbar section earthing switches shall be mechanically or electrically interlocked to prevent closure, until all 
incomers, interconnectors or possible back-feed circuits are secured in an out-of-service position. 


Facilities for padlocking shall be provided for the following as a minimum: 


a) high-voltage compartment doors closed; 


b) disconnectors (isolators) open or circuit-breakers in the isolated position; 


c) safety shutters closed (withdrawable items only with separate facility for busbar and circuit shutters); 
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d) earth switches closed or circuit-breakers in the earthed position; 


e) earth switches open or circuit-breakers blocked from being in the earthed position; 


f) access to isolation and earth switch operating mechanisms; 


g) each withdrawable main circuit device compartment shall be provided with a padlockable mechanical 
interlock to prevent reinsertion of a main circuit device. 


Padlocking or key locking shall be provided for switching device control circuit local/remote selector switches 
in all positions. 


5.15 Gas and vacuum tightness (IEC 62271-1 Subclause 6.16) 


Add new subclause 


5.15.1 General (IEC 62271-1 Subclause 6.16.1) 


For AIS assemblies, other than for earth switches and isolators, air shall not be used as a switching medium 
unless defined otherwise by the user in the data sheets. 


For GIS assemblies, compartments where SF6 is used as the switching medium, gas barriers shall be 
included to prevent the migration of arc degradation products beyond the switching compartment, and to 
uphold the functional unit LSC category during switching compartment inspection or replenishment of the 
SF6. 


Add new subclause 


5.15.2 Controlled pressure systems for gas (IEC 62271-1 Subclause 6.16.2) 


For GIS assemblies, controlled pressure systems shall not be used unless defined otherwise by the user in 
the data sheets. 


Add new subclause 


5.15.3 Closed pressure systems for gas (IEC 62271-1 Subclause 6.16.3) 


Replace first list item with 


− for SF6 and SF6 mixtures, 0,1 % per year; 


5.17 Fire hazard (flammability) (IEC 62271-1 Subclause 6.18) 


Add to subclause 


Where defined as required by the user in the data sheets, auxiliary and control circuit insulation shall be low 
smoke, zero halogen content. 


The manufacturer shall state the fire resistant and self-extinguishing properties of the materials used. 


NOTE  Properties can be demonstrated by testing to internationally recognized standards such as 
IEC 60695-1-10 and 12; refer to [13] and [14] of Bibliography. 
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5.18 Electromagnetic compatibility (EMC) (IEC 62271-1 Subclauses 6.19 and 7.9) 


Add to subclause 


The EMC requirements specified in IEC 62271-1 subclause 7.9.1.2 onwards and Annex J.5 shall be 
satisfied. 


5.20 Corrosion (IEC 62271-1 Subclause 6.21) 


Add to subclause 


Unless defined otherwise by the user in the data sheets, the manufacturer’s standard painting and corrosion 
protection system for the service conditions defined in the data sheets shall be used. 


Unless defined otherwise by the user in the data sheets, the manufacturer’s standard colour finish shall be 
used. 


5.101 Internal arc fault 


Add to subclause 


The internal arc classification (IAC) of the switchgear shall be FLR unless defined otherwise by the user in 
the data sheets. 


The internal arc type test for the high-voltage switchgear shall be for a rated three-phase arc fault current (IA) 
value not less than the defined rated short-time withstand current (Ik) for a minimum arc fault duration of 
0,5 s, unless defined for a longer duration by the user in the data sheets. The switchgear shall be provided 
with means to safely direct and exhaust gases resulting from an internal arc flash. 


Partitions shall be provided at bus coupler boundaries to prevent an internal arc in one bus section 
propagating to other bus sections. 


Where defined as required in the user diagrams, an internal arc fault detection and active protection system 
to reduce incident energy levels, shall be provided and integrated into the high-voltage switchgear and 
controlgear assembly. 


5.102 Enclosure 


5.102.1 General 


Replace second sentence of first paragraph with 


The floor surface below the installed high-voltage switchgear and controlgear shall not be considered as 
being part of the enclosure unless defined otherwise by the user in the data sheets. 


Replace first sentence of fourth paragraph with  


When the metal enclosed high-voltage switchgear and controlgear is installed, the enclosure shall provide at 
least the degree of protection IP3XW. The supplementary “W” weather conditions shall be taken as water 
dripping from above the assembly.  


NOTE The supplementary “W” requirement is not subject to verification by testing. 
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5.102.2 Covers and doors 


Add to subclause after second paragraph 


Hinged doors which can open at least 95° around their vertical axis shall not be obstructed by adjacent 
equipment or doors on the high-voltage switchgear and controlgear assembly. 


Extraneous conductive parts such as doors or covers which have mounted electrical components (lamps, 
push buttons, etc.) shall be provided with supplemental equipotential bonding, in accordance with IEC 
60364-4-41. 


Door restraints shall be provided for securing doors in the open position: 


− when placed on floating offshore, mobile offshore or marine installations; and 


− when defined as required by the user in the data sheets, on low-voltage compartment doors. 


Add to subclause after fourth paragraph 


Covers or doors that give access to compartments which do not contain any high-voltage parts (e.g. low-
voltage control compartments, or mechanism compartments), shall have tool based or procedure based 
accessibility, as defined by the user in the data sheets. 


NOTE Compartments secured by tumbler lock common keys or panel keys (e.g. 7 mm square, 8 mm triangle or 
similar) are regarded as procedure based access. 


Replace the first sentence for the procedure-based accessible compartments subclause with 


These compartments shall be provided with provision for locking by padlocks. 


Add to the end of subclause 


Covers or doors that give access to high-voltage compartments shall have accessibility as defined by the 
user in the data sheets. 


5.103 High voltage compartments 


5.103.1 General 


Add to subclause after first paragraph 


For GIS assemblies, the LSC category shall be LSC2. 


For AIS assemblies, the LSC category shall be: 


− for circuit-breaker functional units, LSC2B; 


− for contactor feeder functional units serving circuits without back-feed, a minimum of LSC2A. 


Add to subclause after fourth paragraph 


Busbar compartments shall not contain more than one busbar section. Busbar risers on different sides of a 
bus coupler switching device shall be in separate compartments. 
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5.103.2 Fluid filled compartments (gas or liquid) 


5.103.2.3 Tightness 


Add to subclause after third paragraph 


For GIS assemblies, indication when the pressure has fallen below the minimum functional level shall be 
provided locally, and with provision made for remote indication of the alarm state. 


5.103.2.4 Pressure relief of fluid filled compartments 


Add to subclause 


For GIS assemblies, each fluid filled compartment shall be equipped with a pressure relief device. 


NOTE “Compartment” in the context used above could be more than one compartment, connected together in one 
pressure system. 


5.103.3 Partitions and shutters 


5.103.3.1 General 


Replace first paragraph with 


Partitions and shutters shall provide at least the degree of protection IP2X according to Table 7 of 
IEC 62271-1, unless defined otherwise by the user in the data sheets. 


5.103.3.2 Metallic partitions and shutters 


Add to subclause 


For withdrawable parts, any revealed accessible shutters that prevent access to normally live parts, shall be 
marked with ISO 7010 W012 electrical hazard warning triangle signs with supplemental text stating the 
numerical value of the circuit voltage. 


For withdrawable parts, each three-phase set of accessible shutters for main circuit conductors shall be 
capable of being individually manually opened for inspection or testing purposes. 


For withdrawable parts, accessible shutters shall be identified in accordance with Table 106, unless 
alternative or additional languages are defined as required in 5.106 for labelling and identification. 


Table 106 – Identification of accessible shutters 


5.104 Removable parts 


Add to subclause 


Where defined as required by the user in the data sheets, facilities for remote testing of withdrawable main 
circuit units shall be provided by means of extension umbilicals or specific test modules. 


Equipment Text 


Busbars BUSBAR 


Incoming unit supply circuit SUPPLY 


Outgoing unit feeder cables CIRCUIT 
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Withdrawable main circuit units shall only be interchangeable between positions of same electrical function 
and duty.  


Add new subclause 


5.106 Labelling and identification 


The language used on all devices, labels, plates and notices shall be English, unless alternative or additional 
languages are defined as required by the user in the data sheets. Graphical symbols, safety colours, safety 
signs and registered safety signs shall be in accordance with ISO 7010. Text-only warning labels shall have 
white characters on a red background. All other labels shall have black characters on a white background. 


Each high-voltage switchgear and controlgear assembly shall be provided with an identification number 
label, fixed on the front of the assembly which shall contain the user defined switchgear tag number. 


Any main circuit hardware or equipment that is withdrawable shall be fitted with a panel number locator label 
to facilitate re-insertion to the correct functional unit. 


Add new subclause 


5.106.1 Circuit labels 


Each functional unit shall have a front of panel circuit designation label and for assemblies with rear access, 
an identical label repeated at the rear. The label shall contain the following information as defined in the 
circuit schedule: 


a) functional unit compartment location (number); 


b) tag number of connected equipment; 


c) service description of connected equipment; and 


d) circuit rating or motor kW rating. 


Circuit designation labels shall be secured with non-corrodible screws or other demountable fixing system. 


Add new subclause 


5.106.2 Identification of the conductors of main and auxiliary circuits 


The identification of the conductors in main and auxiliary circuits shall be in accordance with Table 107, 
unless defined otherwise by the user in the data sheets. 


It is not a mandatory requirement to colour wiring insulation or main circuit conductors, but where colour is 
used as an identifier, these colours shall be applied. 


In regions where national standards mandate other identification colour schemes, these shall be applied. 
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Table 107 – Identification of conductors 


Conductor Main circuit marking  Auxiliary circuit 
marking 


Supplementary colour 
marking. when used  


AC Circuits 


Phase 1 L1 L1 Brown 


Phase 2 L2 L2 Black 


Phase 3 L3 L3 Grey 


Neutral 
 


N Blue 


Protective earth PE and/or earth symbol PE and/or earth symbol Yellow/Green 


DC Circuits 


Positive pole  (+) Red 


Negative pole  (-) White 


NOTE Colouring and marking above is in accordance with Annex A of IEC 60445; refer to [12] of Bibliography. 


Add new subclause 


5.106.3 Mimic diagrams 


If defined as required by the user in the data sheets, a durable mimic one-line (synoptic) diagram shall be 
provided on the front of the assembly, displaying the single line arrangement of busbars and the main circuit 
switching devices of incomers, bus couplers, feeders and starters. 


Add new subclause 


5.107 Provisions for future development 


High-voltage switchgear and controlgear assemblies shall have the following provisions incorporated for 
future development: 


a) fully equipped “spare” panels, including a main circuit switching device, of quantity, rating and function 
as designated in the circuit schedule; 


b) partially equipped “skeleton” panels shall be fitted at a minimum with busbars and main circuit 
isolators/shutters. The quantity and rating shall be as designated in the circuit schedule. 


The switchgear assembly shall be constructed such that it is extendable at the free end of bus sections and 
that extension panels can be erected in-situ, without de-energization of the assembly. Busbar ends shall be 
pre-drilled for future extension. 


Add new subclause heading 


5.108 Main circuit switching devices 


Add new subclause 


5.108.1 Isolating switching devices (disconnectors) 


Disconnectors and earthing switches shall comply with IEC 62271-102. 


Switches shall comply with IEC 62271-103. Electrical and mechanical endurance class shall be as defined 
by the user in the data sheets. 
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Add new subclause 


5.108.2 Circuit-breakers 


Circuit-breakers shall have a minimum of Class S1 intended for use with cable system circuits, unless 
defined otherwise by the user in the circuit schedule for line system circuits. 


Circuit-breaker operating mechanisms shall have: 


a) spring stored energy; 


b) a spring charging motor operating at the voltage supply as defined by the user in the data sheets; 


c) a closing release coil with an interlock to inhibit closing if a trip condition exists; 


d) spring charged/discharged indicator and manual spring charge facility; 


e) an anti-pumping device; 


f) a shunt trip coil release of energized-to-trip type; 


g) dual shunt trip coils when defined as required in the user diagrams; 


h) under voltage release when defined as required in the user diagrams; 


i) a manual mechanical trip facility with a transparent cover guard; 


j) a mechanically operated position indicating device that shows the position of the main circuit contacts, 
marked “OPEN” and “CLOSED”; 


k) padlocking provisions for locking the circuit-breaker operating mechanism in the open position; 


l) an operations counter. 


Withdrawable circuit-breakers with identical rating and duty shall be physically interchangeable between 
receiving compartments of matching rating and duty. 


Unless defined otherwise by the user in the data sheets, circuit-breakers shall have, as a minimum, the 
following spare volt free contacts wired to terminals in the outgoing terminal block: 


− two normally open (52a) auxiliary contacts; 


− two normally closed (52b) auxiliary contacts; and 


− For withdrawable circuit-breakers, two “in service” position contacts. 


Add new subclause 


5.108.3 Generator circuit-breakers 


Generator circuit-breakers shall conform to IEC/IEEE 62271-37-013 for operation with circuit parameters as 
defined by the user in the circuit schedule. 


NOTE A generator circuit-breaker is defined as a circuit-breaker typically installed between the generator and its 
associated step up generator transformer and having enhanced transient recovery voltage and rate of rise of recovery 
voltage (RRRV) capability. 
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Add new subclause 


5.108.4 Motor starters and contactor feeders 


Contactors shall conform to IEC 62271-106. The minimum no-load operating cycle mechanical endurance 
shall be in excess of 100 000 for latched contactors and 300 000 for unlatched contactors. 


Classification of acceptable damage shall be Type c considering the largest fuse that can be accommodated. 


Motor starter contactors shall have a utilization category of AC-3 and be rated for both continuous duty and a 
minimum intermittent duty of Class 12. The manufacturer shall document the number of on-load operating 
cycles which can be made without any repair or replacement for the corresponding AC-3 service conditions 
of IEC 62271-106:2011 Table 10. 


Contactor (transformer) feeders shall be mechanically latched and have an electrical trip coil and a manual 
release. The release shall be guarded to prevent inadvertent operation. 


Add new subclause 


5.109 Voltage transformers 


Voltage transformers (VTs) shall conform to IEC 61869-1 and additionally conform to IEC 61869-3 for 
inductive VTs and IEC 61869-5 for capacitive VTs. Low power VTs shall additionally conform to IEC 61869-6 
and IEC 61869-11 for low power passive VTs. 


Unless defined otherwise in the user diagrams, VT accuracy class shall as a minimum be: 


− Class 1,0 – measuring; 


− Class 3P – protection. 


VTs shall: 


a) have a secondary voltage of 110 V, unless defined otherwise by the user in the data sheets; 


b) be of dry insulation type with an earthed screen between the primary and secondary winding; 


c) (withdrawable VTs) be protected by HRC fuses on the primary side which are accessible once the VT 
has been withdrawn, or have a current self-limiting protective feature subject to agreement between the 
user and the manufacturer; 


d) be protected by MCBs on the secondary windings whereby MCBs have an auxiliary contact for trip 
indication; 


e) (withdrawable VTs) have automatic shutters, operated by the racking of the VT, and be padlockable in 
the withdrawn position; 


f) (disconnectable VTs) be padlockable in the disconnected position; 


g) (three-phase VTs) be provided with star connected windings with the secondary star point earthed at 
one point via an accessible removable link. 


The use of low power VTs with alternative configurations to items a) to g) above, shall be subject to 
agreement between the user and the manufacturer. 
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Add new subclause 


5.110 Current transformers 


Current transformers (CTs) shall conform to IEC 61869-1 and additionally conform to IEC 61869-2 for 
inductive CTs. Low power CTs shall additionally confirm to IEC 61869-6 and IEC 61869-10 for low power 
passive CTs. 


Unless defined otherwise in the user diagrams, CT accuracy class shall as a minimum be: 


a) Class 1 – measuring incoming units; 


b) Class 3 – measuring outgoing units; 


c) Class 5P – protection. 


CTs used for differential current protection and restricted earth fault schemes shall be of accuracy class as 
defined in the user diagrams. Magnetization curves shall be provided by the manufacturer for Class PX CTs. 
Core balance CTs shall be installed in locations as shown in the user diagrams.  


Requirements for free issue CTs to be installed remotely to the assembly shall be as defined in the user 
diagrams, in quantities as defined in the high-voltage switchgear and controlgear scope. 


CT wiring connected to external circuits shall have shorting links located at the outgoing terminals. CT 
circuits shall have their secondary windings connected to earth via one disconnecting link. 


Add new subclause 


5.111 Surge arrestors 


Metal oxide surge arresters to IEC 60099-4, as required by the user in the data sheets, shall be installed on 
the circuit (cable) side of the main circuit switching device within a switchgear enclosure compartment. 


Add new subclause heading 


5.112 Indication and measuring devices 


Add new subclause 


5.112.1 General 


Where indication and measuring functions are not incorporated into the multifunction IED, discrete analogue 
instruments shall comply with 5.112.2 and multifunction digital instruments shall comply with 5.112.3. 


Discrete indicating and measuring devices shall be of flush mounting type, equipped with non-glare, 
non-reflecting windows and shall have standardized dimensions in accordance with IEC 61554 and installed 
in the associated functional unit. 


Indicating functions shall have a minimum accuracy class of 2,5 S for digital instruments. 


Add new subclause 


5.112.2 Analogue instruments 


Analogue indicating instruments shall be of square bezel type, minimum size in accordance with IEC 61554. 
Analogue device fascias shall be white with black pointers and the scale shall be marked with primary circuit 
actual values. 
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External zero adjustment shall be provided. Analogue ammeters and voltmeters shall have a deviation at the 
rated value of about 80 % of the full scale range. 


Analogue voltmeters shall: 


− conform to IEC 60051-2; 


− have a voltage selector switch; and 


− have an off position. 


Analogue ammeters shall: 


− conform to IEC 60051-2; 


− have a selector switch; and 


− have an off position.  


Ammeter selector switches shall be “make before break” type and are to include a maximum demand 
indicator where used for incomers and outgoing feeders, or where defined on the user diagrams. 


The minimum scale reading for analogue ammeters on non-motor circuits shall not be less than 20 % of the 
normal or full load reading. Analogue motor ammeters shall: 


− monitor single-phase only; 


− have reduced full scale; and 


− be rated for motor starting currents. 


Analogue wattmeters and varmeters shall conform to IEC 60051-3 and shall be suitable for three-phase 
unbalanced load. 


Add new subclause 


5.112.3 Digital instruments 


Multi-function digital measuring devices shall have an accuracy class of 1,0 S unless defined otherwise by 
the user in the data sheets. 


Add new subclause 


5.112.4 Energy metering 


Static energy meters and maximum demand meters shall conform to IEC 62052-11 with a default minimum 
accuracy class as defined by the user in the data sheets, or higher accuracy for specific schemes as defined 
in the user diagrams. They shall be suitable for three-phase unbalanced load. 


Where shown in the user diagrams, test terminal blocks shall be provided on the panel front for testing the 
kilowatt hour meters. Where shown in the user diagrams, meters shall be provided with maximum demand 
indicators of 30 minute period. 
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Add new subclause 


5.112.5 Transducer outputs 


Transducer outputs shall comply with IEC 60688 and be wired to a separate terminal block for external 
connections. Unless defined otherwise by the user in the data sheets, the transducer outputs shall be 
4-20 mA. The output signal of the transducer shall not exceed 20 mA, even when the input value is more 
than 100 % of the defined output range (e.g. during motor starting). 


Add new subclause 


5.113 Protection devices 


Protection relays shall be of multi-function IED type unless defined otherwise by the user in the data sheets. 


Protection relays shall conform to IEC 60255. HMI and front of panel mounted relays shall be flush mounted. 
The portion of the device providing the protection function shall be demountable without the need to 
disconnect secondary wiring. Inductive CT connections shall be automatically shorted if the device is 
removed. 


Each protection relay shall have facilities for calibration and injection testing by personnel standing at the 
front of the functional unit and without disconnection of secondary wiring. Accessible test terminals shall be 
provided for calibration and testing and inductive CT secondary circuits provided with shorting link terminals. 


Power supply for the protection relays shall be derived from the AC or DC tripping supply as defined by the 
user in the data sheets. A main circuit trip shall not be initiated in the event of loss of this supply to the relay. 
Protection relays shall maintain their accuracy and functionality for continuous operation at any point over the 
full range of AC and DC auxiliary voltage variations, defined by the user in the data sheets. 


Where shown as required on the user diagrams, duplicate trip systems shall be provided. 


Where fuses are used for main circuit protection, they shall conform to IEC 60282-1 or IEC 60644 for motor 
circuits. 


Add new subclause heading 


5.114 Cable terminations 


Add new subclause 


5.114.1 Terminals for external conductors 


The default method of high-voltage cable termination for incoming and outgoing circuits shall be as defined 
by the user in the data sheets, or if required differently for individual circuits, as defined in the circuit 
schedule. 


The high-voltage and low-voltage terminals and termination compartments shall be sized to accommodate 
the type, size and number of cables as defined in the circuit schedule. Separate termination compartments 
for high-voltage and low-voltage connections shall be provided. 


The default direction of entry for main circuit and auxiliary and control cables shall be from below unless 
defined otherwise by the user in the data sheets, or if required differently for individual circuits, as defined in 
the circuit schedule. 


Where high-voltage terminations employ palm cable lugs, high-voltage cable termination (bar) conductors 
shall be pre-drilled by the manufacturer to accommodate the type, size and number of cable conductor cores 
as defined in the circuit schedule. 
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Where high-voltage terminations employ cable glands, undrilled gland plates shall be provided, sized to 
accommodate the type, size and number of cables as defined in the circuit schedule. Gland plates for single 
core cable terminations shall be non-ferrous and any requirements for gland plates to be insulated from the 
enclosure, are to be identified in the circuit schedule. 


Where high-voltage terminations employ proprietary separable insulated connector systems, they shall be of 
deadbreak type. 


Add new subclause 


5.114.2 Terminals for control and auxiliaries 


All wiring for external connections shall be brought out to individual terminals on a terminal block. The 
terminal blocks shall be grouped by function and operating voltage, separated from other groups using 
barrier plates or earthed terminals. Functional grouping, voltage levels and discrete terminals shall be 
identified by labels. Terminals remaining live when a functional unit is isolated shall be provided with a 
warning label. Terminals associated with external sources of supply shall be provided with a warning label. 


All spare I/O contacts of protection/auxiliary relays shall be wired to terminal blocks and numbered as per 
manufacturer documentation. If required by the user, space for or provision of, unused spare terminals for 
future use shall be provided as defined by the user in the data sheets. Terminals associated with inductive 
CT circuits shall be provided with shorting links mounted in accessible low-voltage compartments. Links used 
for earthing of control supplies and CTs shall be mounted in accessible low-voltage compartments. 


Equipment containing instrument or instrument circuits requiring special earthing, shall be equipped with a 
separate instrument earth bar isolated from the enclosure. 


Add new subclause 


5.114.3 Gas to air bushings 


Where external, open terminal high-voltage connections are defined as required in the circuit schedule, gas 
to air bushings shall be provided for connections between the GIS assemblies, overhead transmission lines 
and open terminal transformers. 


Unless defined otherwise by the user in the data sheets, outdoor bushings shall be suitable for use in an 
outdoor environment with site pollution severity class “medium” and selection to Approach 3 according to 
IEC TS 60815-1. 


Bushing electrical connection hole configuration shall be as defined in the circuit schedule, or in the absence 
of user requirements, the manufacturer's standard hole configuration. 


Add new subclause 


5.115 Interfaces 


Add new subclause 


5.115.1 Interface with supervisory systems 


Communication interfaces with process control systems, ECMSs or other non-safety function systems shall 
be as defined by the user in the data sheets. 


Any user requirements for discrete analogue and digital I/O interfaces with a remote supervisory system or 
substation annunciator panel shall be as identified on the user diagrams or as defined in a user functional 
specification. 







 Supplementary Specification to IEC 62271-200 High-voltage switchgear and controlgear 


 
 


Page 30 of 39 S-620 October 2018 
 


Add new subclause 


5.115.2 Interface with external equipment packages and control systems 


The user requirements for interfaces with external packages and machinery control systems and emergency 
shutdown systems shall be as identified on the user diagrams or as defined in a user functional specification. 


If a functional unit is defined on the circuit schedule as forming part of a machinery package, the interface 
components shall conform to IEC TR 62061-1 for safety of machinery and control systems, and requirements 
for related documents. 


Emergency shutdown interface relays shall be safety integrity level (SIL) rated in accordance with 
IEC 61511-1 to the SIL level defined in the circuit schedule. 


Manufacturer shall provide probability of failure on demand reliability data for SIL loop connected 
components. 


Add new subclause 


5.115.3 Device configuration and set-point responsibilities 


The manufacturer shall be responsible for protection relay, IED generic configuration and IED functional logic 
files. The user will be responsible for provision of the protection relay settings specific to the load or the 
electrical system network. The manufacturer shall submit functional logic diagrams and configuration settings 
files to the user. 


A responsibility matrix or flow chart shall be developed between both parties and used as an interface control 
document. 


Add new subclause 


5.115.4 Application of communication protocols to protective functions 


Digital interfaces based on IEC 61850 (refer to [16] of Bibliography) shall conform to IEC 62271-3. 


Use of IEC 61850 for transfer of protection signals or measured values used for protective functions between 
IEDs shall be subject to agreement between the user and the manufacturer. 


Use of IEC 61850 process bus shall be subject to agreement between the user and the manufacturer. 


For interlocking, blocking, protection signals or measured values used for protective function transferred 
between IEDs on the same IEC 61850 Station Bus network, the following applies: 


− they shall be fully functional independently of the associated wide area communications infrastructure 
(servers and firewalls); 


− the FAT shall demonstrate that this is achieved. 


6 Type tests (IEC 62271-1 Clause 7) 


6.1 General (IEC 62271-1 Subclause 7.1) 


Add to subclause 


For each high-voltage switchgear and controlgear assembly type and rating offered, the manufacturer shall 
provide type test certificates for all applicable type tests. 
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Type test certificates shall as a minimum, provide a summary of type tests, including the specific year and 
edition of the IEC used to perform the type tests. 


Optional type tests shall be performed if defined as required by the user in the data sheets. 


Type test specimens shall not be offered for use in service. 


6.2 Dielectric tests 


6.2.8 Artificial pollution tests for outdoor insulators 


Add to subclause 


Additional tests for condensation and pollution shall be performed if defined as required by the user in the 
data sheets. 


7 Routine tests (IEC 62271-1 Clause 8) 


Add to clause 


Equipment shall be subject to user inspection and user routine test representation as defined in IOGP 
S-620Q for the required conformity assessment system (CAS) level. 


The CAS level shall be as defined by the user in the data sheets. 


7.5 Design and visual checks (IEC 62271-1 Subclause 8.6) 


Add to subclause 


Visual inspection to verify conformance of the switchgear shall be based on the current version of approved 
documentation and all other relevant information in accordance with IOGP S-620L, to validate the following 
as a minimum: 


a) assembly layout in accordance with the drawings; 


b) functional units and overall assembly are correctly labelled; 


c) interchangeability of removable parts in accordance with 5.104; 


d) operation, padlocking facility and effectiveness of safety shutters; 


e) effectiveness of padlocking facilities, interlocks, operating mechanisms and limit switches; 


f) integrity of internal wiring connections and earthing; 


g) correctness of wiring in accordance with final wiring diagrams; 


h) component layout and mounting. 


7.101 Partial discharge measurement 


Add to subclause 


The partial discharge test shall be performed if defined as required by the user in the data sheets. 
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Add new subclause 


7.107 ECMS simulation test 


Where defined by the user in the data sheets, a simulation test to validate the ECMS interfaces shall be 
carried out between the remote HMI and IEDs on the high-voltage switchgear and controlgear assemblies 
and the specific functions (remote control, restarting, automatic transfer, load shedding, etc.). The scope, 
timing and location of the ECMS simulation test shall be agreed between the user and the manufacturer. 


9 Information to be given with enquiries, tenders and orders 


Add to subclause 


The manufacturer shall provide the information as defined by the user in the information requirements 
specification. 


The language used for all provided information shall be English, unless defined otherwise by the user in the 
data sheets. 


All order unique information (i.e. excluding the manufacturer standard catalogues and manuals) shall show 
the assembly identification number, the user’s purchase order number and the manufacturer’s reference 
number. 


NOTE Installation, operations and maintenance instructions can be contained within the manufacturer’s standard 
catalogues and manuals, provided they contain all data and information required in their final form and are relevant to the 
assemblies supplied and that the materials included in the supply are clearly identifiable within the documents. 


Replace clause heading with 


9.2 Information with tenders and orders 


Replace item 2) with 


2) Certificates: 


a) type test certificates; 


b) certificate of conformity. 


Add to item 3) 


m) general arrangement details; 


n) weight data sheet; 


o) heat dissipation calculation; 


p) bill of materials. 


Add to item 4) 


d) functional design specification; 


NOTE Functional design specification to include motor starter and contactor feeder number of on-load operating cycles 


e) switchgear single line diagram; 


f) circuit and wiring diagram; 
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g) inter-panel diagram; 


h) CT sizing calculations; 


i) CT characteristics; 


j) high-voltage protective devices characteristics and ratings. 


Replace item 5) with 


5) Parts management: 


a) recommended spare parts list; 


b) list of components not suitable for 5 years continuous operation without inspection or replacement. 


NOTE Identified as supplementary sheet to the Installation, Operation and Maintenance Manual. 


Add to subclause 


6) Contract management: 


a) supplier master information register/index; 


b) obsolescence management plan. 


10 Transport, storage, installation, operation and maintenance (IEC 62271-1 
Clause 11) 


10.1 Conditions during transport, storage and installation (IEC 62271-1 Subclause 11.2) 


Add new subclause 


10.1.1 Packing provisions 


Preparation for shipment shall be in accordance with the manufacturer’s standard packing provision to meet 
project location and storage requirements, as defined by the user in the data sheets and purchase order. 


Where the equipment integration site differs from the end usage site, associated transport/logistic options 
and conditions at the integration site shall be subject to agreement between the user and the manufacturer. 


Add new subclause 


10.1.2 Special tools 


Special tools and equipment required for installation, operation, and maintenance of the switchgear shall be 
identified by the manufacturer as priced options with their bid package, for the user consideration. Items 
selected for purchase by the user, and detailed in the purchase order, shall be packed separately and 
shipped together with the assembly. 


For high-voltage switchgear assemblies which have operational removable or withdrawable parts with a 
weight greater than 25 kg requiring lifting, shall be marked with their weight. A load certified hoist to facilitate 
removal of these parts shall be provided, or where other methods for manual handling are proposed by the 
manufacturer, these shall be subject to agreement with the user. 


Where a capacitive three-phase voltage indicating or voltage detecting system is fitted, a compatible external 
phase comparator (phasing-out) instrument shall be offered as a special tool option by the manufacturer. 
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The required quantity of load certified hoists shall be defined by the user in the purchase order. 


11 Safety (IEC 62271-1 Clause 12) 


11.101 Procedures 


Add to subclause 


Warning plates or caution notices shall be installed, identifying possible danger points. The labels shall be 
strategically located to ensure visibility prior to access to the respective parts of the assembly. 


12 Influence of the product on the environment (IEC 62271-1 Clause 13) 


Add to clause 


Handling of SF6 during manufacture, transport, installation and commissioning shall be in accordance with 
IEC 62271-4. 
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Add new annex 


Annex DD (new) 
(normative) 


Additional requirements for fault current limiter assembly 


DD.1 General 


This annex specifies additional requirements, additional to the main body of this specification, for fault 
current limiters, either integrated within a high-voltage switchgear and controlgear assembly, or forming a 
free standing fault current limiter assembly. 


The clause numbering of this annex follows that of the main body of this specification, preceded with “DD.” 
The additional text in this annex should be read alongside the relevant clauses. 


Fault current limiters with superconducting elements shall only be used if subject to agreement between the 
user and the manufacturer. 


DD.4 Ratings 


DD.4.4 Rated normal current and temperature rise 


DD.4.4.1 Rated normal current (Ir) 


Add to subclause 


The rated normal current (Ir) of the fault current limiter shall not be less than the rated normal current of the 
incoming circuit, bus sections or bus coupler with which it is associated. 


DD.4.5 Rated short-time withstand currents (Ik) 


Add to subclause 


The rated short time withstand current (Ik) and the rated short time phase to earth withstand current (Ike) of 
the fault current limiter shall not be less than the rated short time withstand currents of the incoming circuit, 
bus sections or bus coupler with which it is associated. 


DD.4.6 Rated peak withstand current (Ip) 


Add to subclause 


The rated peak withstand current (Ip) and the rated peak phase to earth withstand current (Ipe) of the fault 
current limiter shall not be less than the rated peak withstand currents of the incoming circuit, bus sections or 
bus coupler with which it is associated. 


DD.4.7 Rated durations of short circuit (tk) 


Add to subclause 


The rated duration of short circuit (tk) and the rated duration of phase to earth short circuit (tke) of the fault 
current limiter shall not be less than the rated durations of short circuits of the incoming circuit, bus sections 
or bus coupler with which it is associated. 
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DD.5 Design and construction 


DD.5.0.101 General 


Add to subclause 


The fault current limiter shall recognize and limit a short circuit current within the first quarter cycle of the fault 
current rise. 


In a switchboard with more than one fault current limiter installed, additional tripping criteria shall be subject 
to agreement between the user and the manufacturer. 


DD.5.0.103 Dependability of materials and parts 


Add to subclause 


With the exception of the replacement of interrupting elements, the manufacturer shall advise of any 
components requiring maintenance or inspection within the service periods defined, as required for the high-
voltage switchgear by the user in the data sheets, that would require de-energizing of the main circuit of the 
fault current limiter assembly. 


DD.5.3 Earthing of switchgear and controlgear 


DD.5.3.101 Earthing of the high-voltage conductive parts 


The fault current limiter assembly shall be configured with the switchgear and controlgear assembly, such 
that it is provided with earthing facilities on both sides of the main circuit conductors, for the purpose of 
maintenance and testing. 


DD.5.4 Auxiliary and control equipment 


DD.5.4.1 General 


Add to subclause 


Fault current limiter protective function circuits shall be designed to prevent common mode failures between 
each phase, including sensors, signal treatment and triggering system. The three triggering units shall work 
independently of each other. The auxiliary power supplies for each treatment and triggering system shall be 
powered by separately protected auxiliary circuits. A watchdog module shall be provided to continuously 
monitor the most important functions of the three triggering units. 


Fault current limiter protective function circuits shall be designed to accept the option of an external blocking 
function such that the fault limiter operation is blocked whenever the operating condition (system fault levels 
are within an acceptable range) allows. 


If defined in the user diagrams, a front of panel, lockable, three-position selector switch (“On”, “Inhibited” 
and “Off”), shall be provided for the purpose of isolation of the protective function circuits. The selector switch 
shall be fitted with auxiliary contacts for position status remote indication. 


DD.5.108 Main circuit switching devices 


DD.5.108.1 Isolating switching devices (disconnectors) 


Add to subclause 


The fault current limiter assembly shall be configured with the switchgear and controlgear assembly, such 
that it is provided with isolation on both sides of the main circuit conductors, for the purpose of maintenance 
and testing. 
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DD.5.11 Interlocking devices 


Add to subclause 


Any circuit-breakers installed in series with the fault current limiter shall be opened automatically when the 
fault current limiter is triggered and shall: 


− receive the triggering signal directly from the triggering unit of the fault current limiter; and 


− be interlocked to prevent circuit-breaker closure until the interrupting elements are replaced and the 
fault current limiter triggering unit is reset. 


Access within the fault current limiter enclosure compartment shall be prevented unless all of the following 
apply: 


− the series circuit-breakers are open; and 


− the other series downstream switching devices or isolators (where present) are in the open position; and 


− both sides of the main circuit conductor are earthed. 


The series circuit-breaker and where relevant, the other series switching devices or isolators shall be 
interlocked to prevent closure, until all fault current limiter earths are removed. 


DD.7.5 Design and visual checks 


Add to subclause 


In addition to the inspection defined to verify conformance of high-voltage switchgear and controlgear 
assemblies, the fault current limiter assembly checks shall include: 


− functioning of the measuring unit; 


− functioning of the triggering (firing) and indication unit, excluding final elements. 


DD.9 Information to be given with enquiries, tenders and orders 


DD.9.2 Information with tenders 


Add to item 3) 


m) fault current limiter details: 


− interrupting current capability (kA rms); 


− weight of each fault current limiter replaceable element (kg). 


DD.10 Transport, storage, installation, operation and maintenance 


DD.10.1.3 Special tools 


Add to subclause 


Special tools and equipment required for installation, operation, and maintenance of the fault current limiter 
shall form part of the order and be packed separately and shipped together with the fault current limiter 
assembly. 
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The special tool set shall include: 


a) Test unit and leads for commissioning and periodic function test of the fault current limiter; 


b) One three-phase set of copper bars which can be fixed in the position normally occupied by the active 
elements, of rated normal current equal to the busbars. 


DD.10.2.9 Basic input data by the manufacturer 


Add to subclause 


The manufacturer shall be responsible for setting the triggering value of the fault current limiter based on 
minimum and maximum short circuit fault level contribution figures provided by the user. 
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Add to clause 
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