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PURPOSE AND SCOPE 

This specification defines the functional and performance requirements for the protection of 400kV and 
275kV oil immersed Quadrature Boosters (QB) constructed in accordance with IEC 76 or equivalent. 

PART 1 – GENERAL REQUIREMENTS 

1 FUNCTIONAL REQUIREMENTS 

The QB protection system shall comprise main protection, backup protection and mechanical 
protection.  The protection devices shall operate in to two independent tripping systems.  
The Acceptable Integration options are given in Table 1 in Appendix A. 

1.1 Main Protection 

1.1.1 A single overall unit protection shall be provided in accordance with TS 3.24.65. 

Informative: The overall unit protection shall normally be fed from the second DC supply 
system. 

1.1.2 The protection shall be responsive to both phase and earth faults on the QB series and 
shunt windings and associated connections. 

1.1.3 When specified, the protection shall be provided with dual settings to cater for the following 
operating conditions; 

a) Quadrature Booster In-Service. 

b) Quadrature Booster Out-of-Service. 

1.1.4 Switching of the protection settings for the different operations shall be controlled by the 
position of the primary (bypass) disconnector. 

Informative: Only the overall unit protection is required to have dual settings.  All other 
settings shall remain unchanged.  

Copyright National Grid 
Provided by IHS Markit under license with National Grid Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

--`,,```,,,,````-`-`,,`,,`,`,,`---

Full document details: NG TS 3.24.12 2009

http://www.avadocuments.com/doc/ng-ts-3-24-12-2009
http://www.avadocuments.com/doc/ng-ts-3-24-12-2009


National Grid - Internal and Contract Specific Quadrature Booster Bay 
Technical Specification TS3.24.12 – Issue 1 – October 2009 
 
 

Uncontrolled When Printed Page 2 of 15 

1.1.5 CT Supervision (CTS) shall be provided in accordance with the requirements of TS 3.24.65. 

1.2 Backup Protection 

1.2.1 Backup protection shall be provided in accordance with TS 3.24.38 and shall consist of; 

a) HV Differential Overcurrent Protection 

Three-phase differentially connected overcurrent protection shall be provided with 
IDMT and OC functions to protect the QB series and shunt windings and associated 
connections.  The protection shall be stable for any inrush or outrush transient. 

b) LV Instantaneous Earth Fault Protection 

LV Instantaneous earth fault protection shall be provided by an OC function to protect 
the QB LV shunt winding and associated connections. 

c) LV Earth Fault Protection 

LV earth fault protection shall be provided with an EIDMT function to protect the QB 
LV shunt winding and associated connections. 

1.3 Mechanical Protection 

Informative: Mechanical protection trip outputs shall initiate in to the No. 1 Tripping System. 
This is normally achieved by the use of ‘dioded’ connections. 

1.3.1 Gas and Oil Actuated Protection 

Gas and Oil relays as specified in TS 2.3 shall be provided to protect each separate oil-filled 
main tank associated with the QB, against loss of oil and oil surge. 

An oil surge relay shall be provided to protect the tap-changer diverter, and a gas and oil 
actuated relay shall be provided to protect the tap-changer selector against gas 
accumulation and oil surge.  These shall meet the requirements set out in TS 3.3.4 

The Gas and Oil relay trip signals shall be selectable to initiate tripping of the local circuit 
breaker(s), there shall be no initiation to remote end circuit breaker(s). 

1.3.2 Winding Temperature Protection 

Winding temperature instruments specified in TS 2.3 shall be provided to protect the QB HV 
series winding, HV shunt winding, LV series winding and LV shunt winding from over-
temperature. 

The WTI trip signals shall be selectable to initiate tripping of the local circuit breaker(s), there 
shall be no initiation to remote end circuit breaker(s). 

1.3.3 Core Temperature Protection 

A minimum of three core temperature indicators are required for each shunt and series unit, 
each with alarm and trip contacts and a 4-20 mA analogue indication output. 

The temperature of the core of each unit shall be measured at a minimum of three places 
where overheating might be expected to occur if flux levels are exceeded. 

A single trip contact shall be provided for each of the shunt and series units.  The contact will 
close if two or more of the core temperatures on that unit exceed an acceptable limit.  The 
trip contacts shall be settable in the range of 30 deg C to 150 deg C. 
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a) The alarm contact should be set to operate at 120 deg C. 

b) The trip contact should be set to operate at 140 deg C. 

1.3.4 Cooler Monitoring System 

A Cooler Monitoring System as specified in TS 2.3 shall be provided. 

1.3.5 Oil Flow Fail Protection 

Appendix C defines the Oil Flow Fail protection for 5 existing QB’s located at West Ham (x2), 
Legacy (x2) and Stocksbridge (x1) 400kV substations. 

1.4 Protection Trip Systems 

1.4.1 Two separately energised independent tripping systems shall be provided. 

1.4.2 The tripping systems shall be designed to operate from 110V DC battery systems specified 
in TS 3.12.4. 

1.4.3 Each tripping system shall be provided with a separately fused supply fed from different 
batteries. 

1.4.4 High burden self resetting trip relay(s) shall be provided for each tripping system. 

Informative: Where the trip relays are used to lockout DAR for persistent faults, high burden 
electrically resetting trip relay(s) shall be provided for each tripping system. 

1.4.5 The outputs of all QB protections shall operate in to both tripping systems. 

1.4.6 Operation of the tripping systems from the protections shall be conditioned by auxiliary 
switches on the appropriate primary disconnectors to inhibit tripping when the protected QB 
is disconnected from the system. 

1.4.7 A typical tripping logic diagram for a QB protection system is shown in Appendix B. 

1.5 Busbar Protection 

1.5.1 For QB’s connected to 400kV and 275kV busbar substations, the QB bay shall interface with 
the substation busbar protection in accordance with TS 3.24.34. 

1.5.2 On operation, busbar protection shall; 

a) Trip the bay CB 

b) Initiate CBF protection where appropriate 

c) Lockout QBCS and tap-change control where appropriate 

d) Be selectable to initiate DTT to the remote end(s) of the circuit 
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1.6 Mesh Corner Protection 

1.6.1 For QB’s connected to 400kV and 275kV mesh substations, the QB bay shall interface with; 

a) Mesh corner protection in accordance with TS 3.24.6 

b) Protection functions associated with transformers connected to the same mesh corner 
in accordance with TS 3.24.8 

c) Protection and DTT functions associated with feeder circuits connected to the same 
mesh corner in accordance with TS 3.24.6 

1.6.2 On operation, mesh corner protection shall; 

a) Trip the bay CB 

b) Initiate CBF protection where appropriate 

c) Lockout QBCS and tap-change control where appropriate 

d) Initiate DTT to the remote end(s) of the circuit 

1.7 Direct Transfer Trip 

1.7.1 Receipt of a QB Direct Transfer Trip (QB DTT) shall; 

a) Trip the bay CB 

b) Initiate CBF protection where appropriate 

c) Lockout QBCS and tap-change control where appropriate 

1.8 Ferroresonance Detection and Quenching 

1.8.1 Ferroresonance detection and quenching facilities shall be provided in accordance with TS 
3.24.17 and TS 3.24.80. 

1.8.2 An F4 ferroresonance scheme shall be provided unless otherwise specified. 

1.9 Routine Protection Operation Tests 

1.9.1 A secure test facility shall be provided to initiate the tripping of the QB circuit from the QB 
main protection by simulating a QB fault.  The facility shall initiate tripping, I/T, DAR, Auto-
Switching, CBF, fault recorders etc. 

1.9.2 The circuit shall be in service and energised, with all protection systems, Auto-Switching and 
DAR in service.  Correct operation of primary equipment at all circuit ends shall be verified 
and the correct operation of intertripping, (remote) alarms, indications and auto switching 
shall be verified.  The circuit shall be returned to service after the trip, preferably as the result 
of DAR operation taking in to account the ‘IN’ or ‘OUT’ status of the bypass disconnector 
Auto-Switching scheme. 
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