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Type TOP
Nuclear-powered ballistic missile submarine.

Development TOP
Following the decision on 15 July 1980 by the UK government to buy the US Trident 1 (C4) nuclear weapon system and the subsequent announcement on 11 March 1982 that the government had opted for the improved Trident 2 weapon system, Vickers Shipbuilding & Engineering Ltd (VSEL, now BAE Systems Submarine Solutions) designed the Vanguard class of SSBNs to accommodate this missile system. Four boats were built: Vanguard S 28, Victorious S 29, Vigilant S 30 and Vengeance S 31. Vanguard conducted first of class sea trials from October 1992 and was commissioned in August 1993. The UK government decision to opt for the Trident 2 rather than the Trident 1 system was influenced by the Reagan administration's decision to phase out Trident 1 from about 1995 to the end of the century only a year or two after the planned Royal Navy (RN) introduction of the missile. This would have forced the UK government to bear the total cost of supporting the system for two decades, so it had little choice other than to opt for Trident 2 in March 1982, the development of which was firmly announced by President Reagan on 2 October 1981.

The first test firing of Trident by Vanguard took place on 26 May 1994 and the boat embarked on its first operational patrol in early 1995. The Resolution class SSBNs were retired from service as the Vanguard class became operational, with the Repulse decommissioning in 1996, signalling the end of Polaris SLBM Continuous-At-Sea-Deterrence (CASD) patrols. The last of class, Vengeance, was commissioned in November 1999.

Description TOP
Design TOP
The Vanguard class were an entirely new design of SSBNs unlike the previous Resolution class which was based on the existing Valiant class of SSN. The Vanguard class submarines are roughly twice the displacement of the Resolution-class boats, although the complement is lower, with the increase in dimensions a result of the much larger size of the Trident SLBM in comparison to Polaris.

The design of the missile tubes adopted by the UK was similar to those of the Ohio class SSBN, which could accept the larger Trident 2 missiles. VSEL designed and built the submarines, though design of the missile compartments was the responsibility of General Dynamics Electric Boat Division. In the first of class Vanguard, the launch tubes were supplied by Electric Boat to avoid delays in the programme, while those in the remaining boats were provided by VSEL and Babcock Power Ltd. The missile fire control system is a version of the Mk 98 developed for Trident 1 by GE Ordinance Systems Division (now Lockheed Martin). Westinghouse provided the launcher sub system, which protects the missile, pressurises the launch tube and missile before launch and launches the missile.

The outer surface of the boats are covered with conformal anechoic noise reduction coatings and a pump-jet propulsor limits self noise still further.

Propulsion TOP
The Vanguard-class boats are powered by a Rolls-Royce PWR 2 pressurised water-cooled reactor powering two GEC turbines driving a single shaft to the pump-jet propulsor. A new reactor core, Core H, has been fitted to Vanguard and is to be installed in the other three boats at their Long Overhaul Period (Refuelling) (LOP(R)). Fitting of this new reactor core means no further reactor fuelling will be required during the remainder of the boats' service lives. The boats are fitted with two Paxman diesel alternators with a combined power output of 2 MW, two auxiliary drive motors and two auxiliary, retractable propellers. Sensors, services and weapons systems are supplied with 6 MW of electrical power by two sets of WH Allen turbo generators.

Combat Management TOP
The boats are equipped with the SubMarine Command System (SMCS) for tactical data handling. The weapon control system is Outfit DCM 4 supplied by Ultra Electronics. The submarines are also fitted with the SAWCS (Submarine Acoustic Warfare System) torpedo defence system, which provides detection, classification, localisation and threat evaluation, and automatically generates tactical evasion advice and launches appropriate countermeasures against torpedo threats. It is planned that all RN submarines will be fitted with SAWCS by 2010.

Electronics TOP
The optical systems carried by the boats are the Thales CK 51 search and CH 91 attack electro-optic periscopes.

The sonar suite is the Type 2054 composite multifunction sonar and the Type 2081 Environmental Sensor System is also fitted.

The ESM system incorporates a UAP 3 passive intercept radar-band electronic support measures (RESM) receiver and the boats are equipped with a Kelvin Hughes Type 1007 I-band navigation radar.

Weapons TOP
SLBM armament consists of 16 Lockheed Trident 2 (D5) missiles. The D5 is a 3-stage solid fuel rocket with inertial guidance and stellar updates providing a CEP of 90 m. Range is 12,000 km. Each missile can carry up to 12 MIRVs with a selected warhead yield reported to be up to 100 kT. The Trident 2 (D5) missiles are designed and built in the US and these are loaded into the Vanguard-class submarines' missile tubes at the US Navy's Strategic Weapon Facility Atlantic at Kings Bay, Georgia, which is used for missile assembly and refurbishment. The UK has title to 58 missiles but does not own them and draws on a pool of stockpiled missiles held at Kings Bay. The nuclear warheads are UK-designed and built and these are mated to the 16 Trident missiles at the Royal Naval Armament Depot at Coulport on Loch Long. The warheads are removed periodically for routine maintenance, though the missiles remain in their tubes. Prior to a boat's scheduled refit the warheads are removed from the missiles and stored. The submarine then sails to Kings Bay where the missiles are removed, returning to Devonport in the UK for the refit. In 1999 the UK government took the decision to reduce the number of warheads per boat from 96 to 48. However, the precise number deployed depends on prevailing circumstances. The UK is believed to possess around 200 warheads in total. Sub-strategic low yield nuclear warheads were introduced in 1996 and some missiles can be loaded with these single warheads. From 1998 the RN assumed sole responsibility for the UK's sub-strategic deterrent following the final withdrawal of the Royal Air Force's WE177 free-fall nuclear bomb.

The boats' torpedo armament is the Spearfish heavyweight torpedo and weapons are launched from four 533 mm bow torpedo tubes using a Strachan & Henshaw Ltd positive discharge air/water ram system. The submarines also carry Type 2066 and 2071 torpedo decoys deployed through three Strachan & Henshaw Mk 10 Submarine Signal and Decoy Ejectors (SSDE).

Specifications TOP
	Displacement: 
	

	submerged: 
	15,980 t

	Dimensions: 
	

	length: 
	149.9 m

	beam: 
	12.8 m

	draft: 
	12 m

	Electronics: 
	

	combat management system: 
	SAWCS acoustic warfare system. SMCS tactical data handling system. Outfit DCM 4

	sonars: 
	Type 2054 composite multifunction sonar suite. Type 2081 environmental sensor system

	periscopes 
	Thales CK 51 search and CH 91 attack electro-optic periscopes

	radar: 
	Kelvin Hughes Type 1007 I-band navigation

	electronic warfare: 
	UAP 3 passive intercept RESM

	Weapons: 
	

	torpedo tubes: 
	4 533 mm bow tubes

	torpedoes: 
	Spearfish

	missiles: 
	16 x Lockheed Trident 2 (D5) SLBMs

	Machinery: 
	

	nuclear plant: 
	1 Rolls-Royce PWR-2

	power output: 
	20.5 MW

	turbines: 
	2 GEC

	auxiliary system: 
	2 motors for emergency drive; 2 auxiliary retractable propellers

	shafts: 
	1

	Speed: 
	

	submerged: 
	25 kt

	Personnel: 
	135 (14 officers)


Status TOP
All four Vanguard-class submarines are based at Faslane in the Firth of Clyde on the west coast of Scotland. At least one UK SSBN has been on CASD patrol ready to fire ballistic missiles since 1969. The RN operates a 'Port' and 'Starboard' two crew system for its SSBNs on patrol with one at sea and the other training or on leave. While being manpower intensive, the RN has concluded this is the most effective way of making maximum use of the submarines.

The Strategic Defence Review (SDR) published in 1998 reduced the number of warheads carried by each submarine from 96 to 48 and it was also announced that a submarine on patrol would be at a lesser state of readiness, being on several days notice to fire, rather than on Cold War stance of several minutes notice. The SDR also announced that the boats would undertake a series of secondary roles while on patrol without compromising security including hydrographic work, as well as exercises with other warships and equipment trials.

Vanguard underwent LOP(R) at Devonport from February 2002 to June 2005, with a post-refit Demonstration and Shakedown Operation culminating in October 2005 with the firing of a Trident D5 missile. Victorious started LOP(R) in April 2005, which is due to complete in 2008. The LOP(R) of Vigilant is to start in late 2008. There are no plans to deploy conventional warheads on Trident or to modify launch tubes to accommodate cruise missiles.

In September 2006 Lockheed Martin UK Integrated Systems was selected as systems integrator for the Sonar 2054 Inboard Replacement (IR) programme. This addresses issues of system obsolescence, which has seen increased costs of support, while the currently 'closed' system architecture is not receptive to technology refresh. Furthermore, legacy processing throughput is unable to fully exploit the raw sonar data gathered by the hydrophone arrays. The fast-track replacement of the inboard portion of Sonar 2054 is designed to promote an open architecture exploiting Commercial-Off-The-Shelf (COTS) technology, thereby enabling obsolescence to be overcome, adding new functionality and reducing through-life costs of ownership. The upgrade will include open architecture processing based on the Acoustic Rapid COTS Insertion (ARCI) model in service in the US Navy. The first full system is to be in service in 2009.

Thales Aerospace is undertaking a technology update for the inboard portion of the Outfit UAP RESM across the entire UK nuclear submarine fleet. The Vanguard class UAP 3 RESM is included in this under the auspices of the SubMarine Advanced RESM Technology (SMART) update, though the existing Outfit AZE mast antenna will be left essentially unchanged. SMART utilises an advanced de-interleaving and library matching system combining the Minerva signal processor and Palantir emitter identification processor. The SMART system fit will use a common core console rather than the dedicated console used by previous Outfit UAP equipments. The first set is to be installed in a shore integration facility in January 2009 and a first platform installation is planned for September 2009. The full submarine capability is to be delivered within 20 months.

Having performed studies under the umbrella of the Vanguard Life Optimisation Programme (VLOP), the UK MoD has concluded that the service life of the boats can "at most" be safely extended for around five years, prolonging the life of the class into the 2020s, and the Vanguard-class life-extension programme will extend the life of each boat to about 30 years. First-of-class Vanguard is due to decommission in 2022 with the second boat, Victorious, due to retire in 2024. Past experience with UK submarine programmes suggest that even the five-year life-extension programme deemed acceptable by the VLOP studies will involve some risk. The lives of the previous Resolution-class SSBNs ranged between 25 and 28 years, but there was a significant loss of availability and increase in support costs towards the end of their lives.

When the second-of-class Victorious is retired, the RN will no longer be able to maintain a CASD posture unless a replacement boat is in service. The UK government outlined its plans in a December 2006 White Paper to maintain and renew its strategic nuclear deterrent capability by building a new class of SSBNs and buying into the US Trident D5 missile Life-Extension Programme. The House of Commons voted on the issue on 14 March 2007 in favour of the government's proposals. The initial step towards designing a Vanguard-class replacement was taken on 12 October 2007, with the opening of the Future Submarines (FSM) Integrated Project Team (IPT) office in Barrow-in-Furness. BAE Systems, Babcock Marine and Rolls-Royce will work with the UK MoD over the subsequent two years to develop a concept design for the new submarines. The Trident D5 Life-Extension Programme involves the manufacture of a number of new missiles and the modernisation of the existing missile inventory. Work is principally focused on replacing system components to minimise the risk of obsolescence, specifically the electronics in the flight-control system. Current plans call for life-extended missiles to enter service aboard the existing Vanguard-class boats towards the end of the next decade.

Contractor TOP
BAE Systems Submarine Solutions

 Barrow-in-Furness, Cumbria. 
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	A Vanguard-class submarine (BAE Systems Submarine Solutions) 
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	Another view of a Vanguard-class boat showing the configuration of the missile compartment (BAE Systems Submarine Solutions) 
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