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FOREWORD


I am delighted to write the Foreword to this outstanding work by Commander Moore and congratulate him on his historical review.


I was privileged to be appointed as the Assistant to Rear Admiral Bateson at the inauguration of the Electrical Branch on 1 January 1946.


The initial report by Rear Admiral Phillips, the subsequent report by Vice Admiral Gervaise Middleton and the Bateson Report were the result of the rapid expansion of electrical technology, throughout the Fleet, during the Second World War. Experience had been gained by commissioned officers, artificers and mechanics and there was a danger that this expertise would be lost. The Admiralty Board realised the importance of ensuring that these skills, gained in war, were not lost to the Royal Navy in peacetime.
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The result of these early initiatives was the formation of the Electrical Branch on 1 January 1946. The Electrical Branch has enabled the Royal Navy to take advantage of the design, development and maintenance of electrical systems as technology has developed, so keeping the Royal Navy at the forefront of modern weapon systems.


I have pleasure in recommending this excellent book.
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Vice Admiral Sir Philip Watson KBE LVO CEng FIET CBIM




INTRODUCTION


In the vernacular of the Royal Navy, the term ‘Greenie’ has evolved to describe the officers and ratings responsible for the support of electrical engineering functions in the ships of the Fleet. Although the reasons for the term can be loosely traced back to the introduction of the dark green distinction cloth stripe for warrant electricians in 1918, it really took off as a nom de guerre soon after 1946 when the unified Electrical Branch was first formed and all electrical officers wore the green stripe. It was at this point that the electrical engineering expertise of the Royal Navy became concentrated into one branch and one department on board ship, charged with the provision of all electrical engineering support to any other department in need of the expertise.


Although The Greenie is essentially the story of the electrical officers and men of the Royal Navy, it will quickly become apparent to the reader that other national service institutions also made significant contributions to the advancement of electrical technology in maritime warfare. These institutions include (in their past and present forms) the Royal Naval Volunteer Reserve, the Royal Naval Scientific Service and the Royal Naval Engineering Service. Many members of these services paid the ultimate sacrifice for their country in the pursuit of their work. It therefore gives me great pleasure to include at least some details of their efforts and achievements in the Greenie story.


While the name of the Electrical Branch was changed in 1961 to the Weapons and Radio Engineering Branch, and in 1965 to the Weapons and Electrical Engineering Branch, autonomy for electrical engineering expertise remained with a single branch until technology advances, particularly in machinery control systems, dictated the need for a more radical branch restructuring. This came in 1979 when, under the auspices of Engineering Branch Development, an Engineering Branch comprising Weapons Engineering, Marine Engineering and Air Engineering Sub Branches was formed. This change was primarily managed by transferring the requisite number of ‘Greenies’ (electrical officers, ordnance electrical artificers, mechanicians and mechanics) into the Marine Engineering Sub Branch.


Further advances in technology in the late 1980s resulted in Warfare Branch Development which involved the restructuring of the Operations Branch and Weapons Engineering Sub Branch in 1993 to form a Warfare Branch which embodied the concept of the user-maintainer. The impact on weapon engineering Greenies was that all rates and specialist categories of weapons engineering mechanic were transferred into the new Warfare Branch and merged with Operations Branch ratings. This combined pool of ratings was used to populate an interim rating structure, needed to support ship Schemes of Complement, which had been redesigned to allow for the combination of the operation and maintenance duties of each branch. At the same time, an operator mechanic rate was established and a training regime designed to support seagoing billets with both user and maintainer responsibilities was introduced.


In 2007, most of these user-maintainer changes were revoked, leading to redefined operator -only specialisations remaining in the Warfare Branch and the return of the Greenies into a streamlined Engineering Branch organised to meet the Royal Navy’s needs for twenty-first century technical support. The streamlining involved the merging of the artificer and mechanic rates and all engineering ratings being given the new rate of ‘engineering technician’ but with specialist categories linked either to the weapon engineering or marine engineering functions as appropriate.


Despite this ebb and flow of electrical officers and ratings to the Marine Engineering and the Warfare Branches, the term ‘Greenies’ still lives on as a source of camaraderie, not for just those who originally formed the Electrical Branch but also the ‘electrical specialists’ who were embedded in those other branches. Perhaps more pointedly, it is still also used, but with more tongue in cheek endearment, by those retired and current members of the Royal Navy who still consider that the only real middle watch was the one spent on the ship’s bridge!


While The Greenie explores the origins of Fleet manning structures, technology and the management of that technology at sea from medieval times until the present day, there is a particular focus on the significant increase in electrical technology introduced into the Fleet during the period 1890–1990 and the establishment of the Electrical Branch in 1946.


Against the backdrop of technological advances and structural volatility, this book recalls personal memories of Greenie Branch history and offers anecdotal reflections on the role of Branch personnel during times of hostility and momentous change. Finally, a number of traditional naval yarns and cameos with an Electrical Branch flavour have been included in order to provide light relief, should it be needed, during a story which, hopefully, will bring back fond memories to the many involved and raise the interest of those who were not.




CHAPTER 1


EARLY HISTORY


Technology, the application of scientific knowledge for practical purposes, can easily be thought of as a modern phenomenon. However, it has always been there in some guise or other and it is probably only the rate of change which has altered since the beginning of time. From the steady evolution of ideas, we have now reached the stage where the introduction of new technology is almost at a frenetic level. No area is free from its influence and the Royal Navy is no exception.


Prior to the nineteenth century, the Royal Navy’s interest in technology was primarily based around the evolution of ship building and propulsion technology as applicable to the man of war, along with the specialist technology associated with the naval gun and navigation. It is these technological areas which helped form the initial manning structures aboard a warship, and some explanation of these generic beginnings is worth the reader’s time in order to understand the social politics which had such an impact in the nineteenth and twentieth centuries on the way in which the Royal Navy was organised for the conduct of maritime warfare.


Ship Building


In broad terms, before the tenth century there were two types of seagoing ship evolving throughout the European continent, the galley and the sailing ship. Both types were being developed in a different fashion in two regions, northern Europe and the Mediterranean, with the latter examples evolving from as early as 5000BC beginning in Egypt. The way in which the two regions initially evolved their designs was very much dependent on the nature and availability of their land-based technology and the extent to which it could be transferred to the design and build of a ship. An example of this would be the carpentry techniques, which were more advanced and subtle in the Mediterranean region, and this showed in the way hulls were constructed. Another significant design driver was whether the ship was intended for military or commercial purposes with, arguably, early sailing designs being developed for commercial work and galley designs for the support of military activities.
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Galley warfare. (Naval Historical Branch)


The earliest naval warships were the galleys. A notable difference between the northern European and Mediterranean designs was that there is little evidence of the former being fitted with decking or a ramming bow, either under the waterline or above it. Thus, the inherent military capability of each design was different: the early northern European galley was more of a troop carrier, while the Mediterranean galley was better equipped to attack other shipping with central walkways and, in later designs, additional decks built over the oarsmen for the deployment of men specifically carried for fighting at sea. Given these two distinctive features, tactically the use of these two types of galley would have been very different.


Galleys could be sailed under certain wind conditions but the main method of propulsion was the oar and numerous oarsmen. In some cases, these oarsmen would have been slaves but in others, primarily in northern Europe, free men were employed. The use of oars did allow some manoeuvrability in inshore waters but, as a means of fighting at sea, the ships were limited in capability as they could not easily close to board each other without risk to manoeuvring. The exception to this was the use of the bow ram which provided an offensive, ship-sinking capability and acted as a bridge onto the opposing vessel for boarding purposes. However, unless decked over, the galley could not often carry sufficient additional numbers of fighting men and these men were only able to board on a narrow front to attack the enemy. Generally in northern Europe the oarsmen were free men and part of the fighting capability, so once they had put down their oars and picked up their weapons there were obvious tactical constraints. In the ninth century King Alfred was successful in using galleys in his defence of England against the Danes. He achieved this mainly by using tactics such as blocking the waterway exit once the enemy ships had been beached and, with land troops in support, effectively surrounding the shorebound raiding parties.


By the tenth century, oared galleys were falling out of use in northern Europe. The Bayeaux Tapestry shows the hull form used for the Norman invasion of 1066 to be similar to the early Norse designs but with complete reliance being placed on sail and no evidence of any rowing capability. However, the rowed galley continued to be developed for warfare use in the Mediterranean until as late as the eighteenth century. In fact, the Mediterranean galley is believed to have been the first ship to have any heavy ordnance fitted. This occurred around the fourteenth century when the ‘Bombard’ – a form of cannon which fired stone balls weighing some 50lbs – was introduced by the Venetians. Although the cannon gradually replaced the ram as the primary means of galley warfare at sea, it was often constrained by the presence of seated oarsmen to firing only fore and aft.
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A Norman galley as depicted on the Bayeux Tapestry. (Naval Historical Branch)


Notwithstanding the occasional naval battle, the main reason for developing new ship designs was commerce. The fact that oarsmen took up space, had to be fed and, in the case of free men, paid, meant that the evolution of the galley was always going to languish because it was uneconomic for the transport of merchandise. The nature of the weather in northern Europe was also a factor against its development in that high seas were not the environment for using banks of oarsmen as the primary means of propulsion and the watertight integrity of the hull, with its numerous rowing ports, left much to be desired.


The first really effective craft for use as naval warships were single-masted ships which evolved from the type of sailing galley used by the Normans. This ship design was referred to as a ‘Cog’. They were also known as ‘Round Ships’, so called because they often featured on the round civic seals of many of the English ports. This representation tended to distort the impression of the hull into a walnut shape and did not give an impression of the great seaworthiness which was a feature of their reputation and the longevity of the basic design. In fact, the term ‘cog’ was probably a generic name which covered a number of similarly evolving northern European designs of the medieval sailing ship. The prime purpose of such a ship was commercial for they were designed to carry maximum amounts of cargo. However, they were also readily adaptable to the purpose of naval warfare.
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The Civic Seal of Hastings, one of the Cinque Ports. (Hastings Museum)


What made the round ship suitable for military use were the high castle structures, usually fitted at the bow and stern of the ship, from which fighting men could launch missiles down onto the enemy once alongside at sea. The characteristics of castles, high freeboard and maximum use of hull space, meant that the ships were also ideal for high seas, commercial use when not co-opted into a military role. With the introduction of lightweight guns in the fifteenth century, this type of hull was the development baseline for the future ships of the line.1


Subsequent evolutionary drivers in design were the needs to increase the volume of the hull and speed through the water, both attributes being a requirement for longer range trading voyages and naval warfare expeditions. The conduct of these activities contributed further to ship design by giving more opportunities for the northern European and Mediterranean build features to cross-pollinate and evolve towards the most efficient and profitable design of sailing ship.
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The Great Harry, an English carrack c.1545. (Naval Historical Branch)


One of these hybrid designs was the Carrack, developed in the fifteenth century by the Portuguese. Carracks were one of the first open ocean ships and they were used to explore the world by the Portuguese, Spanish and, in due course, the English. One notable example of the carrack was the Victoria, Magellan’s ship that first completed the circumnavigation of the globe in 1522. The ships were large enough to be stable in heavy seas and had enough hull space to carry the provisions and trade goods needed for long exploration voyages. The high castles used in the design made the Carrack very defendable against smaller craft, a great asset in less welcoming parts of the world, and the stable deck gave an effective gun platform. The downside of a high castle was that the ship had a tendency to topple in high winds and manoeuvring was also affected. The Carrack was used as the basis for the design of royal ships produced for the English Navy until the middle of the sixteenth century, such as the Henry Grace à Dieu, or more colloquially ‘The Great Harry’.


As more dedicated warships were built, two design requirements appeared which were not of great concern to the merchant fleet. The first was improved manoeuvrability and the second was greater hull strength to withstand the shocks of heavy gun operations and battle damage. These military requirements, plus the introduction of gun ports which allowed guns to be sited lower down in the ship, reduced the medieval high castle structures. This change improved windage across the bows and enabled the building of bigger ships with more guns capable of broadside firing. From the late sixteenth century, these fighting attributes were continuously developed and led to the iconic ships of the line that engendered the phrase ‘The wooden walls of England’ and dominated the naval warfare stage until the mid nineteenth century. The first HMS Collingwood provides a good example of the wooden hulled man of war at the peak of its development as pictured in an Illustrated London News article of 22 March 1845 (below).


In the mid nineteenth century, the next major change in ship building technology took place with the arrival of the ironclad hull. Iron hulled ships had been around since the late eighteenth century in the form of canal barges. Although the structural advantages were appealing, they were not immediately welcomed by the Royal Navy because of the problems with high seas navigation and action damage. The former became problematic because of induced magnetism in the iron hull distorting the earth’s magnetic field and affecting the accuracy of the magnetic compasses in use. The latter was of concern because early trials had shown that iron plates of the time would shatter causing splinter hazards inside the ship or, in some cases, exit holes which were so ragged as to be impossible to plug against water ingress.


The problem of magnetic interference was overcome in the late 1830s when Sir George Airey developed a system of compensating iron balls that could be adjusted around the magnetic compass to counteract the induced magnetism of an individual ship. With this innovation, the Admiralty started to warm to the idea of iron hulls and, by 1843, there were seven small iron ships in Royal Navy service with further orders placed in 1845 for four frigates of around 3000 tons. Unfortunately, a report on a series of firing trials,2 carried out against iron plating in 1846, again raised the profile of action damage concerns, such that the 1845 frigate programme was modified to convert the hulls to troop ships. However, the 1846 report did recommend that if the iron was backed with wood then splinter and exit damage would be reduced. In 1859, with this mitigation in mind, the Royal Navy started to build its first ironclad ship with a hull constructed using wrought iron plates backed by wood. The ship, HMS Warrior, completed build in 1861 and was fitted with a full sailing rig as well as a steam engine and propeller propulsion system.3 The ironclad hull proved to be a short lived building technique as steel technology quickly advanced to provide a form of armour plating which allayed much of the concern about action damage. The introduction of steel hulls removed the need for timber, cut down the ship build time and enabled the construction of bigger and stronger ships, which could carry larger weapons and new systems based on emerging electrical technology. Meanwhile, Warrior was declared obsolete in 1883 without seeing any action or justifying her acquired reputation as the most powerful warship of her time.
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HMS Collingwood, Illustrated London News, 22 March 1845. (Collingwood Museum)
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HMS Warrior in 1861. (Naval Museum Portsmouth)


Propulsion Systems


Although the use of oarsmen was a propulsion technique with its own place in the history of the galley, the main form of propulsion for the Royal Navy since its inception had been the sail.4 The response of the Admiralty to the application of sailing technology was very much hands off and for centuries it was left for seagoing captains to develop and adapt new concepts of harnessing wind power for maritime warfare. Their Lordships’ approach worked surprisingly well and many Captains were highly motivated – through the promise of prize money – to exploit the ship’s mast arrangements with new sail combinations or experiment with the trim of their ships to maximise sailing performance in order to successfully pursue and defeat the enemy. This enthusiasm was also actively supported by crews anxious to supplement the not too generous pay of the Royal Navy.


There were few formal processes for putting common standards into place and the spread of new ideas was often based on word of mouth, letters and reports of proceedings which announced successful naval operations. It was not until the nineteenth century that any land-based form of sail training was put in place and, ironically, it was not too long afterwards that the Royal Navy’s attention switched totally to steam propulsion.


The first steam-propelled ships were initially used by the Navy as tugs to assist sailing ships leave harbour in the face of head winds. One of the first of these was the naval steam vessel Comet which was built in 1822 and used as a steam training vessel before becoming a steam yacht for the Navy Board. In 1827, steamships started to be commissioned with the first warship, HMS Dee, appearing in 1829.


Apart from developing the use of the steam reciprocating engine as the prime motive force, the other technological debate at the time was whether the paddle wheel was more efficient than the propeller as a means of driving a ship through the water. Paddle wheel ships had been around since the late eighteenth century but the Royal Navy had only used them for support purposes as their seagoing performance, deck layout constraints and survivability were arguable for a fighting ship. By 1840, these open questions, along with rapid advances in screw propeller design from around 1800, had persuaded the Admiralty that the propeller was the way ahead and they started to place orders for a number of small screw-propeller-fitted ships in 1844. Notwithstanding this early confidence, largely for the benefit of the public, in 1845 it was decided to hold a series of trials using two ships, HMS Alecto and HMS Rattler, in a competition to establish which propulsion system was to be adopted for the Fleet. The two ships were of the same displacement and length and fitted with similar 200HP steam engines plus a sailing rig. The only significant difference was in the propulsion systems – Alecto had a side paddle wheel configuration while Rattler had a stern propeller fitted. The ships completed a series of time trials which involved the use of steam only, sail only and steam in combination with sail propulsion. The final, and most famous, trial engaged the two ships in a tug of war during which Rattler was able to pull Alecto astern through the water at some two knots despite her paddle wheels operating at full power. Throughout the trials, Rattler continued to demonstrate the superior efficiency of the propeller and, following this very public evaluation, the Royal Navy concentrated on a combination of the steam engine and the propeller, plus a sailing rig,5 as its preferred form of propulsion system.
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Parsons’ Steam Turbine Engine destined for HMS Vanguard, 1907. (Naval Museum Portsmouth)


The next major advance in propulsion technology was the invention of the steam turbine, which eventually replaced the steam reciprocating engine. Although the principle of the turbine had been known for many years, the first modern steam turbine with marine propulsion applications was invented by George Parsons in 1884. As a ship propulsion system, it was initially fitted for demonstration in the Turbinia and appeared at the Diamond Jubilee Fleet Review in June 1997. The Parsons turbine was first fitted for the Royal Navy in HMS Viper in 1898, and subsequently it was used in HMS Dreadnought in 1906. Despite the advantages of economy shown by the steam turbine and the improved working conditions in the engine room, the steam reciprocating engine continued to be fitted in some Royal Navy ships until the end of the Second World War. The Loch Class was one of the last classes to be fitted with reciprocating engines and these ships saw service into the 1960s.


Naval Gunnery


In 1742, Benjamin Robins published New Principles of Gunnery, which introduced the science of ballistics, propellants and the effects on gun design. However, few of his ideas were implemented before the end of the eighteenth century and the naval gun continued to be developed around the concept of delivering an ever increasing weight of broadside to destroy the enemy. Poundage of shot was the British Fleet’s measure of power projection, and even during Nelson’s time the preferred option was to engage the enemy closely and fire as many broadsides at point blank range as possible.


It was often, once again, left to individual captains to innovate and take advantage of gun technology where they felt there were shortcomings in action. Robins’ works on the physics and mathematics of gunnery firings were understood by only a few enthusiasts and the gun presented a different form of technical challenge to that of maintaining the sailing performance of the ship. While the former could often be conveniently ignored, albeit at the risk of failure in battle, the latter was always open for peer and public scrutiny to the benefit, or otherwise, of a captain’s career.


It was the gunnery challenge that first generated a need for specialist onboard maintenance and training in the eighteenth century. The need for technological specialisation became more pressing with breech loading weapons, flintlock and electrical firing mechanisms, power operated training and elevating systems, centre line turrets and ammunition improvements being just a few significant examples of changes in gun technology introduced in the nineteenth century. Advances in gunnery and the application of technology in new warfare areas prompted the debate about how newly emerging electrical technology should be managed. One of the critical developments in gunnery was the exploding shell and its use at sea6 as wooden hulls provided little defence against such ordnance. The result of this innovation was to accelerate the introduction of the armoured steel hull, which was not only capable of withstanding solid shot7 but also offered the best defence against exploding shells. Later years would see the invention of the armour piercing shell, the response being to increase the thickness of armour. Thus battleship hull design started to evolve.


Emerging Electrical Technology


During the second half of the nineteenth century, the breadth and pace of technology advance throughout the Royal Navy started to increase rapidly. The Admiralty were obliged to cope with major changes such as the transition from sail to steam propulsion, and the move from wood to ironclad and then armoured hulls. The supremacy of the Royal Navy was being challenged by other growing navies’ use of technology, and any notion that technological advances could be ignored was quickly dismissed by the threats being perceived from those nations who sought to test the resolve of the Grand Fleet.


Within the dynamic technical environment of the nineteenth century the newly discovered uses of electricity were soon applied at sea. Following the initial introduction of the electrically detonated outrigger torpedo, other ship-borne applications for electrical technology swiftly began to emerge and these were soon to have an influence on the future development of the Royal Navy far greater than originally could have been predicted. For brevity, the term ‘electrical technology’ in this book refers to all forms of the engineering application of the phenomenon of electricity, including electronic, solid state, microchip and software technology.
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HMS Excellent outrigger torpedo trials, Gig c.1860. (Naval Historical Branch)


Social Change


In parallel with technology changes, the nineteenth century also saw many social changes taking place. With the emergence of steam technology, naval officers, well versed in the art of fighting a sailing ship and usually possessing the same seamanship skills as their crew, found that their hard-won knowledge was no longer essential for conducting naval warfare as mechanical propulsion systems began replacing sail. With the arrival of the steam engine and the engineer, many of the traditional divisions between officer and rating started to be challenged. It was no coincidence that this occurred in parallel with the improvement in general educational standards. The lower classes, an historical source of rating recruits, seized the opportunity of the new technology to advance themselves. This energy fuelled the engine of the Victorian industrial revolution. With such newfound technical expertise, what had been considered the lower classes evolved social and professional aspirations that the Admiralty was to find an unstoppable force for change in the service.


As far as manning was concerned, the feudal system of the medieval era had been replaced in the eighteenth century by the ‘Hire and Fire’ approach to recruiting, which relied on the press gang and appeals to Jolly Jack’s sense of duty. In the nineteenth century it would have to change yet again and become more inclusive because of the technological needs of the Royal Navy which, to an extent, were anathema to many in the existing officer class. This new social enlightenment led to many questions about the Royal Navy as an employer and the answers raised demands for such things as improved living conditions, defined conditions of service, the supply of free uniforms, better rates of pay and more inclusive pensions in order to stop crews voting with their feet.
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An HMS Bellona recruiting notice. (Collingwood Magazine Archives)
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Payday aboard HMS Royal Sovereign c.1895. (Naval Museum Portsmouth)


Many ratings wanted the opportunity to gain a naval commission which, since the introduction of dedicated warships, had been awarded by the Admiralty to sea officers of lieutenant rank and above. The significance of this commission was that it identified that sea officers had been given Military Branch status and were qualified to take command of a ship. While a very few selected seamen who were employed in the fighting of the ship had the opportunity as the non-commissioned part of the military branch to gain a commission, other specialist professions were denied it and this was to be a continual source of debate well into the twentieth century. For the emerging engineers who did achieve commissioned status towards the end of the nineteenth century, another source of irritation was the fact that they, along with other non-seaman specialist professionals, were specifically categorised as Civil Branch officers and lacked parity in conditions of service and privileges with the officers of the Military Branch. Interestingly, issues of this nature had been first addressed by the Admiralty in 1731 when improved conditions of service were used to encourage the recruitment of the first gunnery specialists, but few further advances had been made before the advent of steam engineering. As Victorian society evolved in an increasingly technical era, the issues of status and career prospects started to become matters of concern for the rest of the men of the Fleet.


Thus, in addition to funding and implementing technology changes, the Admiralty was now finding itself obliged to consider the service conditions and branch structures that would best support the rapidly changing nature of the Royal Navy’s men of war and secure the manpower needed for its ships.


The Impact on Manning


The speed of technical advance during the industrial revolution meant that the Fleet quickly became comprised of ships fitted with a mix of old and new technology. Virtually each hull demanded a unique set of skills from the ship’s company and a tailored departmental structure for the effective deployment of those skills. Perhaps it was because of this rate of change and the broad variance in ship construction and outfit that the Admiralty adopted a ‘wait and see’ approach to implementing such things as shore-based training and the reorganisation of ship board responsibilities. It was not until the late nineteenth century that these matters were felt important enough to be addressed and some were not resolved until after the Second World War.


The task of organising the ship’s complement became more and more difficult as the introduction of different technologies, requiring diverse skills, grew rapidly from a trickle to a torrent. While this rate of change started to stabilise after the urgency of the Second World War, it did so at a level that still demanded constant management of manpower and skills in order to keep the Royal Navy at the operational forefront. This is still the situation today.


Managing the Technology


The purpose of this book is to review the way in which electrical technology was introduced into and managed by the Royal Navy up until the establishment of the Electrical Branch in 1946 and then to portray the evolution of the Branch until the end of the twentieth century. It was during this period that the Electrical Branch became more widely known as the ‘Greenie Branch’ and the officers and ratings forming the Branch became known collectively as ‘the Greenies’. The term also became synonymous with HMS Collingwood, the shore-based training establishment in Fareham, Hampshire, which became the training Alma Mater for the Electrical Branch.


While the Electrical Branch gave some stability to the provision of electrical engineering support at sea for some 30 years, the unstoppable tide of technology started to force major changes in branch structures in the late 1970s, the late 1980s and the late 2000s. Paradoxically, the first two major changes devolved certain aspects of electrical engineering support back into other branches, thus reversing some of the decisions made leading up to the creation of the Electrical Branch in 1946. However, the most recent change reintroduced an Engineering Branch with unitary electrical responsibility, somewhat ironically echoing the thoughts of the Engineer-in-Chief of the Royal Navy in 1945 during the debate about the creation of the Electrical Branch. It is also interesting to note that all of the cases for further branch restructuring were based on reasons not dissimilar to those existing in the mid 1800s, namely social as well as technological change.


[image: Illustration]


HMS Collingwood commissioned as a wartime training establishment in 1940. (Collingwood Photographic Department)




CHAPTER 2


ELECTRICAL TECHNOLOGY 1850–1938


Surface Weapons


From its introduction into naval warfare in the fourteenth century, the cannon was muzzle loaded with the size of projectile constrained by the amount of gunpowder that could be used as a firing charge without the barrel bursting. This limitation was due to the structural weaknesses inherent in barrels manufactured from cast iron. As casting techniques improved and better machining facilities became available, so cast iron barrels were produced which could accommodate bigger charges, with less risk to the barrel, and fire larger cannonballs.


By the early 1800s, the maximum size of cannon being used on board Royal Navy ships was the 32-pounder. Although a 42-pounder had been introduced in the late 1700s, it had been withdrawn from service because its weight meant that too many men were needed to operate the gun and the rates of fire were too low. Although the 32-pounder had a range of around 2,600 yards at an elevation of 8°, according to a range table produced in 1860 by the Gunnery School at HMS Excellent, it was normally used at lower angles of elevation and much closer ranges. At the time, cannon was categorised by the weight of cannonball – or shot – fired and the 32-pounder long gun was probably the largest gun that could be fired from a wooden hull owing to the forces being applied to the deck during firings. When the wrought iron barrel was developed in the 1850s, this paved the way for what became the largest cannon of its type, the 68-pounder. In all 26 68-pounder long guns were fitted on the lower deck of HMS Warrior in 1861.


As steelmaking technology and precision machining techniques advanced, so gun barrels were produced to much tighter manufacturing tolerances than the earlier cannon barrels. With these advances the concept of the modern naval gun, as opposed to cannon, was introduced, whereby the barrel required the addition of a breech mechanism and mounting arrangement. With the arrival of precision engineered barrels, the traditionally shaped shell replaced the cannonball as a more efficient design for harnessing the energy generated by the charge detonation and firing out to the maximum range possible. This type of gun barrel led to the introduction of a new method of categorising guns by calibre, based on the diameter (calibre) in inches of the bore of the barrel, virtually equivalent to the diameter of the shell being fired from the gun. The weight of both the 68-pounder cannon and the new concept gun were such that the mechanical forces acting on the ship’s structure on firing meant that they were only really suitable for mounting in iron-hulled ships.
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68-pounder muzzle loading cannon in the HMS Excellent drill shed, 1896. (Excellent Museum)


In the 1770s, the carronade, a much lighter and shorter gun, was invented. It was produced in various sizes which could fire a range of shot from 6–68lbs. The design of the powder chamber was small for the weight of shot, which saved weight and reduced the muzzle velocity causing lower reaction forces on the ship’s structure. These features made the carronade suitable for mounting on the upper decks of a wide range of warships, including smaller vessels such as sloops and cutters. The shorter barrel and lower muzzle velocity made the carronade less accurate than the long gun but its heavier shot for size capability made it a devastating weapon at short ranges. Another advantage was that its relatively light weight made it more suitable for manhandling in battle and, when sited on the upper deck, it had a much wider firing arc than the long gun. However, by around 1820, as the ranges of the long gun increased the distance at which naval engagements were being fought, the limited range of the carronade started to make it obsolete as a naval weapon.


With the introduction of the gun port and the increasing weight of cannon, the disadvantages of fighting with muzzle loading weapons was soon recognised and this led to breech loading methods being investigated as early as the sixteenth century. However, the idea did not make much progress as the technology of the times could not achieve a gas-tight seal when closing the breech. It was not until 1859 that Sir William Armstrong developed a breech loading mechanism which, when assembled with his newly designed wrought iron gun barrel, formed the basis for modern naval guns. Armstrong’s gun had a barrel with a calibre of 7 inches and it could fire a 110lb shell. Another innovative feature was that spiral grooves, or rifling, had been machined into the internal surface of the barrel. The rifling was designed to exert a spinning force on a lead-coated shell as it passed through the barrel. The spinning induced by the rifling helped to stabilise the shell in the air and improve ballistic accuracy. Eight of the new Armstrong 7-inch breech loading rifled (BLR) guns were fitted in Warrior.


Unfortunately, the Armstrong breech proved prone to overheating and it failed to such an extent that a Parliamentary Ordnance Select Committee was tasked to investigate the matter. The Committee reported in 1865 that ‘The many-grooved system of rifling with its lead-coated projectiles and complicated breech-loading arrangements is far inferior for the general purpose of war to the muzzle-loading system and has the disadvantage of being more expensive in both original cost and ammunition.’ Accordingly, the production of the breech loading gun was stopped and the Royal Navy was obliged to revert to muzzle loading guns. While muzzle loading was deemed more reliable, it had the operational impact of reducing the rate of fire achievable from the major calibre guns appearing on the scene. A typical 8-inch shell weighed around 250lbs and this required some form of mechanical ammunition supply and ramming arrangement. Gaining access to the muzzle, either by training over a clear deck or depressing the barrel to a compartment below the weather deck, made the reload process not only more complicated but also more protracted.


[image: Illustration]


68-pounder breech loading cannon in the HMS Excellent drill shed, 1896. (Excellent Museum)
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An interrupted thread breech block arrangement c.1880. (Excellent Museum)


In 1880, the interrupted thread breech was invented. This design sealed the breech more effectively than its predecessor and proved to be more reliable in service. As a result, breech loading was re-adopted, but only for guns where rate of fire was deemed operationally critical. This became more applicable to smaller calibre guns which, by virtue of the limited hitting power of a single shell, relied on higher rates of fire to deliver destructive amounts of explosive against surface targets.


As ship hull construction evolved from iron clad to steel and finally to armour plated hulls, so the demand for bigger calibre guns mounted on larger, faster ships increased. From the 7-inch gun of 1859, calibres increased in a series of steps to reach 16.25 inches in the guns fitted in the Royal Navy’s Admiral Class battleships built in the 1890s. While this dash for major calibre guns no doubt had some operational justification, there is evidence that it was more often driven by perceptions of the political importance of gun weight and shell size amongst the global sea powers.
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HMS Benbow with 16.25-inch barbette mounting, 1885. (Naval Museum Portsmouth)


Prior to 1860, naval guns could only fire on fixed – or very limited – bearings with the ship being manoeuvred to bring the guns to bear. These firing bearings were mostly on the beam, but bow and stern chasers were also fitted to give fore and aft channels of fire. What were known as ‘transferable’ gun mountings with improved arcs of training were gradually coming into use. These guns were usually mounted on manual or steam driven turntables and could be turned to align with gun ports in the ship’s hull and, later, in an armoured enclosure for firing to take place. Initially, the enclosures were either ‘turrets’ or ‘barbettes’. The early turret was fixed and fully enclosed the gun with firing arcs being limited by the gun port positions. The barbette was an open topped structure which allowed the gun to be raised for firing with arcs limited only by the ship’s superstructure. In due course, the turret itself became trainable and carried the gun giving the benefits of both wide firing arcs and full armour protection. This rotation capability also enabled the correction of convergence at close ranges.8


One of the first trainable gun mountings was installed in HMS Inflexible. The ship was fitted with four 16-inch guns in twin mountings which were installed midships ‘en echelon’,9 to allow at least three of the four guns to be used in fore and aft engagements. The designated main forward firing mounting was on the port side of the ship and the aft firing mounting on the starboard side. Despite a narrow superstructure designed to allow three of the four guns to be brought to bear, it was found that firing ahead or astern still led to considerable blast damage to the ship. The echelon configuration was eventually abandoned in favour of centre line mountings.


Since the introduction of the gun port in the seventeenth century, the broadside engagement at close quarters had been the accepted method of engaging the enemy at sea. The primary reason for this was that while a synchronised firing of all cannon at maximum range was deemed to be the most effective method of engagement, the gun smoke generated invariably caused loss of sight of the enemy and any subsequent firings were only of much use if conducted at point blank range. This range removed any real need to aim the gun and meant that firing was left to the independent control of a local gun captain. Although not technically available at the time, the solution was to have the actual firing of the guns under the direct control of an officer stationed at a remote position which was clear of gun smoke. Such a system would allow broadside engagements at greater ranges, continuous observation of the enemy’s position and assessment of the fall of shot for range correction.
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HMS Inflexible at Malta, 1883. (Naval Museum Portsmouth)
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Electrical vent sealing tube sketch. (Collingwood Museum)


It had already been discovered that heat, not just flame, could be used to set off an igniter charge and with the reintroduction of the breech loading gun in the mid nineteenth century came the first major advance in the firing of the gun since the use of the flintlock at the turn of the century. This firing system came in the form of the vent sealing tube (VST) which was inserted into the propellant charge either through the breech mechanism or down through the top of the barrel. The tube contained a method of generating heat which then set off a flash charge that was directed down the tube to initiate the igniter material contained within the main propellant charge. One of the early types of VST was based on the heat produced by the friction generated when a goose quill was pulled through the copper tube by a lanyard. Although mainly used by the British Army until the end of the nineteenth century, the Royal Navy had used this type of tube in muzzle loading cannon but it did not resolve the perennial problem of remote fire control and the synchronised firing of guns as a broadside or, as it was known later, a salvo.


In 1800, Alessandro Volta invented the Voltaic Pile Battery and from this grew the science behind electrical and chemical phenomena known as electrochemistry. The electromotive force, or voltage, of the early batteries was of limited use outside the laboratory. However, by the mid 1800s the voltages being achieved were found to be sufficient to produce a heating effect which had the potential for use in the detonation of explosive material and the development of an electrically operated VST. At last the Royal Navy saw a potential solution to their problem of a remotely operated, electrically powered firing system for use on board ship. Eventually a Voltaic Pile Battery consisting of 120 cells was found to have enough voltage to make it suitable for the task of quickly heating a fusible link and initiating the igniter material inside a charge of gunpowder being used as a propellant.


It was in 1868 that Commander J.A. Fisher – who already had a reputation as a technical innovator following the publication of his book on electrically detonated torpedoes – produced an appendix to his book which proposed a design for an electrical gun firing system. (‘Jackie’ Fisher would have a major influence on warfare technology development for the next fifty years. He became First Sea Lord in 1904.) His idea led to a standard specification for the installation of electrical firing circuits to enable synchronised firing. Two electrical cables were run along the deck head over the gun positions with one connected directly to one pole of the firing battery and the other connected through a firing switch to the opposite pole. Branch cables were connected to each deck head cable and were brought down to each gun for connection to an insulated block. When the gun was loaded, the VST was inserted and connected to the block ready to receive the firing signal. Thus remotely controlled broadside firing came into being.


Perhaps the earliest formal recognition of the naval application of electricity appeared when the Admiralty issued a Confidential Circular, numbered 13S and dated 27 February 1873:


In future the electric firing apparatus [for guns] supplied to Her Majesty’s vessels is to be fitted as soon as the ship is placed in the 1st Division of the steam reserve, under the immediate superintendence of the Commander or Lieutenant of the Portsmouth Naval Torpedo School (timely information being afforded to the Captain of the Excellent) and the fittings so arranged are not to be subsequently altered without the sanction of Their Lordships.


This circular went on to give some detail as to how the firing circuits should be run throughout the ship, including the position, insulation requirements and testing of the firing key. Although the responsibility for installing the firing circuits lay with the Torpedo School, the responsibility for carrying out pre-firing checks on board lay with the Gunnery Officer. This duty would have been one of the first documented user checks and the relevant Admiralty Order read as follows:


The electrical firing wires are frequently to be tested by the Gunnery Officer and invariably before use, either with the galvanometer and test battery, or, if the firing battery is built, by keeping the firing key pressed down and sending a trustworthy man to each gun, with directions to make the necessary connections and take the shock.


It is interesting to note that the check required the assistance of a ‘trustworthy’ man, notwithstanding the fact that such a man would have previously found out that he could expect an electric shock of around 80 volts if the firing circuits tested correct!


As the weight of guns and their mountings increased rapidly, mechanical design and manufacturing limitations meant that the machinery was prone to imbalance and needed considerable force to impart training and elevation movement. This meant that the use of steam soon became the only real option for moving heavy guns, particularly with the elevating and running out of the guns to their firing position. In 1874, the forward mounting in HMS Thunderer was adapted for hydraulic operation using water as the medium. The performance of the gun was compared with that of her aft mounting; which was manually operated. The results of the evaluation trials came out in favour of hydraulically powered operation, not least because of the fact that 28 men were required to work the hydraulic gun as against 48 men for the manual version.


As improved gun designs requiring less motive force began to appear, so electrically powered mountings started to be developed by, amongst others, the United States. Little interest was shown by the Admiralty but Vernon Torpedo School did undertake a study of electrically powered mountings in use with other navies. In 1894, this led to a trial being carried out using the forward 10-inch gun mounting in HMS Barfleur with the right gun elevation motion being modified for electrical drive. The results showed that the gun would badly overshoot the required elevation, despite electrical cut outs being operated.10 Vernon also carried out trials on a smaller 6-inch gun fitted in HMS Seagull, a torpedo gunboat. Both training and elevating motions were modified and set up to be controlled using a single switch. Speeds of 7° per second in training and 4° per second in elevation were achieved. Overshoot of the fire position was prevented by shorting out the armature of the shunt-wound, 80-volt DC motors. These trials were more successful and the speed of motion sufficiently demonstrated that electric drive trains were suitable for smaller gun calibres where the emphasis was on rate of fire. While gun manufacturers still dabbled with electrical power drives in up to 12-inch gun mountings, hydraulic drives remained the preferred technology for major calibre gun operation in the Royal Navy until after the Second World War when the air threat started to demand higher rates of fire to make up for low hit probability rates and gun calibres started to reduce with the demise of the battleship.


Towards the end of the nineteenth century, power for electrical firing circuits started to be provided from low power switchboards with battery power only being used in an emergency. Throughout this period, the control features of the firing circuit continued to evolve as the needs of the gun mounting also changed. Notable features included safety interlocks – to avoid the dangers of self inflicted damage when training gun mountings – the introduction of centre line turrets and, in 1915, gyro interlocks to ensure that the firing circuit was only closed when the ship’s roll and pitch attitude coincided with the horizontal plane being used to calculate the firing solution.


From around 1890 and before the advent of aircraft and submarines, the major close engagement threat to Royal Navy’s Battle Fleet was perceived to be from torpedo boats. This resulted in smaller calibre guns, principally 4-inch and 4.7-inch, being fitted as secondary armament in capital ships. These guns used fixed ammunition, a combination of charge and shell into one round,11 that enabled quicker reload times and manhandling during the loading process. Priority was given to achieving a high rate of fire with the smaller explosive payload being deemed sufficient to inflict lethal damage on unarmoured vessels. However, the gun mountings were designed with only a limited elevation capability as they were intended to meet the surface threat at relatively close range. This later proved a limitation in their use against any airborne threat. As major Fleet units moved further away from the coastal waters, so the torpedo threat to the Fleet transferred to the torpedo boat destroyer (later destroyer) which could operate in the open ocean, carried torpedoes and was also fitted with 4-inch guns as the main armament.


At this point, it is worth recounting some of the history of the political environment for technology development in the early twentieth century. It was this environment that not only affected the pattern of technology investment but also the development of the personnel skills required to support that technology.


In October 1904, ‘Jackie’ Fisher was appointed as First Sea Lord and set about implementing major reforms of the operational, materiel and training organisation of the Royal Navy. A significant part of these reforms was to streamline the Fleet, which Fisher considered had become operationally unwieldy and too expensive to maintain owing to the reluctance to take obsolete ships out of service. The main reason for this reluctance was the long established policy of maintaining a fleet which, numerically, was the equivalent of any two other world navies combined together. This arbitrary measure, known as the Two Power Standard, had been re-established in law under the 1889 Naval Defence Act and led to unsustainable rises in the annual Naval Estimates to support what Fisher regarded as a largely ‘useless’ fighting capability.12 This assessment was widely debated and had many detractors both in and outside the Royal Navy but Fisher remained determined to see his ideas implemented.


One result of Fisher’s technical reforms was to consolidate capital ship main armament about the 12-inch gun mounting and this concept, coupled with an operating speed of 21 knots, formed the core fighting capability requirement of HMS Dreadnought. Dreadnought commenced build in November 1905 and the name became the iconic generic term for similar classes of battleship developed by other navies which subsequently followed this change in Royal Navy operational policy. In conjunction with a build programme for more Dreadnoughts and modernised armoured cruisers, Fisher also rationalised the global disposition of Royal Navy Fleets with the focus on a Grand Fleet based in Britain and ready for the war with Germany. Details of Fisher’s significant reforms in the personnel area are covered elsewhere in this book.
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HMS Dreadnought in 1906. (Collingwood Museum)


After six years as First Sea Lord and setting the strategy for the Royal Navy in the face of the German threat, Fisher retired in January 1911 at the age of 70. Not all naval officers had shared his views, particularly those outside the ‘Fishpond’,13 and some were glad to see him leave having felt that his tenure had been autocratic and, in certain areas, blinkered. However, during Fisher’s time, the German warship building programme had become so intensive that his strong beliefs about containing the threat had taken Britain into a costly and escalating naval arms race in order to maintain its superiority. Such was Fisher’s concern about the need to modernise the Fleet, it is probable that he arranged for Admiral of the Fleet Sir Arthur Wilson to succeed him as First Sea Lord, partly because Wilson shared Fisher’s strategic view and partly, it is said, because he had enough seniority to keep the serving Admirals who still disagreed with Fisher under control.


The rising expenditure was not well received by the Liberal government of the time, not least by Winston Churchill who was then the Home Secretary. In October 1911, Churchill was appointed as First Lord of the Admiralty, probably being expected to cut back on Fisher’s expansionist aspirations. Instead, Churchill struck up a relationship with the retired Fisher and became more convinced by the strategic thinking of the aging Admiral. Notwithstanding this relationship, Churchill’s arrival at the Admiralty quickly saw the departure of Wilson as First Sea Lord in November 1911. Wilson was replaced by Admiral Sir Francis Bridgeman, who resigned in December 1912, allegedly under pressure from Churchill, and was replaced by Admiral His Serene Highness Louis of Battenberg. Thus in the four crucial years before the outbreak of war, the Royal Navy had seen four different Admirals as First Sea Lord in charge of its affairs.


Following the outbreak of the First World War on 3 August 1914, the Royal Navy’s early wartime operations were not wholly successful. The global, but aging and thinly spread, British Fleets failed to stop German commerce raiders from deploying to attack British overseas trade routes and three cruisers, HM Ships Aboukir, Cressy and Hogue were torpedoed by a single U-boat and sunk off the coast of Holland in September 1914 with the loss of over 1,400 lives. Churchill brought back Fisher as First Sea Lord to replace Louis of Battenburg in October 1914.14 In November 1914, two cruisers, HM Ships Good Hope and Monmouth, were outgunned and sunk at the Battle of Coronel and, in February 1915, HM Ships Irresistible, Inflexible and Ocean were lost to mines during the ill-fated Dardanelles Campaign. The Germans also declared unrestricted submarine warfare in February 1915 and British shipping losses were rising rapidly in the face of increasing U-boat operations. The only slight relief for a dismayed public opinion was the victory off the Falklands Islands over the German victors at Coronel.
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