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ABSTRACT

This thesis investigates the employment of British aircraft against German submarines
during the final years of the First World War, an issue that appears only marginally in
other studies because it does not clearly fall into naval or air power history. A focused
study is needed to assess the effectiveness of the effort and the veracity of the
secondary literature.

The Roya Naval Air Service invested heavily in aircraft of al types—aeroplanes,
seaplanes, airships, and kite balloons—in order to counter the U-boat. Under the Royal
Air Force, the air campaign against U-boats continued uninterrupted. Aircraft bombed
German U-boat bases in Flanders, conducted area and ‘hunting’ patrols around the
coasts of Britain, and escorted merchant convoysto safety. Despite the fact that aircraft
acting aone destroyed only one U-boat during the war, their overall contribution to
foiling U-boat attacks was significant. Only five merchant vessels succumbed to
submarine attack when convoyed by a combined air and surface escort during World
War I.

This thesis is organised thematically. Early chapters examine the aircraft and weapons
technology, aircrew training, and aircraft production issues that shaped this campaign.
Then, a close examination of anti-submarine operations—that is, bombing, patrols, and
escort—yields a significantly different judgment from existing interpretations of these
operations. A chapter on the British official assessments, which provided a basis for
much of the secondary literature, demonstrates that this campaign was often
misrepresented because it was either used to promote specific agendas or it was
inappropriately employed as evidence in unrelated historical arguments. The next
chapter examines the German view of aircraft effectiveness, through German actions,
prisoner interrogations, official histories, and memoirs, to provide a comparative
judgment. The conclusion closes with a brief narrative of post-war air anti-submarine
developments and a summary of findings.
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CHAPTER 1—Introduction: British Naval Aviation and
the U-Boat Menace

On the morning of 22 September 1917, a Royal Naval Air Service Large
America flying boat sighted a small U-boat in the English Channel, on the surface and
steering north-east away from the East Hinder Bank. Piloted by Flight Sub-Lieutenants
N. A. Magor and C. E. S. Lusk, Curtiss H-12 No. 8695 was the only Large America
stationed at the Dunkirk Seaplane Station and, due to the planned patrol’ s proximity to
German seaplane bases in Flanders, was escorted by two Sopwith Pups from Dunkirk’s
Seaplane Defence Flight. Upon sighting UB32, one of the UBII class of coasta
submarines operating with the Flanders U-Flaotilla, Magor and Lusk immediately
initiated a high-speed descent from their cruising altitude of 4,100 feet. The target was
7 miles to the south-west of their position.*

Shortly thereafter Kapitanleutnant Hans von Ditfurth of UB32 readlised his
submarine was under attack and ordered an emergency dive. A strong westerly wind
was blowing, and this may have hindered the U-boat crewmembers watching the
horizon towards the direction of the attack. When Magor and Lusk reached their target,
the conning tower was still visible above the surface. Two well placed 230-1b bombs
struck the submarine just aft of the conning tower and exploded. As the H-12 climbed
away, the flight engineer, Leading Mechanic R. A. Lucas, observed a‘large bubble and
wreckage and large quantities of oil.”> The escorting fighters verified these hits along
with a substantial amount of wreckage on the surface.® Lusk later noted in his logbook
that ‘oil and debris [were] flung up and [a] big piece of wreckage' resulted from the
explosions.*

After departing from Zeebrugge on 10 September, UB32 failed to return to port

and was later considered lost with no survivors.®> Large America No. 8695, on the other

'Crew of Seaplane 8695, Report of Bombing Submarine, RN Seaplane Station Dunkerque, 22 Sep
1917, ADM 137/377, 311-12, Public Record Office, National Archives, Kew. [Hereafter collection
references to all PRO documents will include only department lettercodes and applicable series
numbers.

’Ibid.

3Report of Operations, Dunkerque Seaplane Station and Seaplane Defence Flight, 22 Sep 1917, AIR
1/1880/204/221/8.

*C. E. S. Lusk Logbook, 22 Sep 1917, FAAM.

®Arno Spindler, Der Handelskrieg mit U-Booten, vol. IV (Berlin: E. S. Mittler, 1941), 302.

Chapter 1



13
hand, was grounded for an entire week after the attack due to hull deterioration. It had
arrived at Dunkirk only in July 1917 and would be withdrawn before the end of the
year. This single aircraft accounted for five U-boat sightings and two attacks during
only 16 patrol flights flown between July and October 1917.°

The engagement of 22 September 1917—one of over two hundred air attacks
against German submarines in Home Waters—was the only confirmed case of a British
aircraft destroying a U-boat, without the aid of surface vessels, during the First World
War. There were five probable successes where aircraft working with destroyers or
patrol vessels sank U-boats.” During the closing years of the First World War, aircraft
increasingly contributed to the Royal Navy's anti-submarine effort—a struggle where
an overall failure would have meant disaster for Britain and her Allies and victory for
Germany. For a number of reasons, however, the sinking of UB32 aong with the
events preceding and following the action may be considered a microcosm of the story
of aircraft versus U-boats during the Great War.

This attack took place during a period of rapid expansion of RNAS anti-
submarine forces, growth initiated late in 1916 but not bearing fruit until the summer of
1917 and beyond. The Large America, one of many new aircraft designs providing
substantial increases in endurance and bomb load relative to other fixed-wing aircraft,
was likewise beginning to arrive in greater but still limited numbers. Although their
superior performance offered clear operational advantages, these flying boats were
plagued by maintenance, production, and training difficulties. Still, the British
attempted to alleviate shortages through two methods: replacing seaplanes with land-
based aeroplanes (for example, DH-4 aircraft assumed the anti-submarine patrol
mission at Dunkirk in January 1918) and the assistance of American naval aviation,
which took over the Dunkirk seaplane station on 1 February 19182 These genera
trends—of aeroplane substitution for seaplanes and of American promises of help—
were even more important throughout the British Isles later in 1918. The 22 September
1917 engagement also took place during an area patrol and had nothing to do with

S0 RNAS Dunkirk to VADP, 30 Sep 1917 and 15 Oct 1917, AIR 1/71/15/9/124.

"UB31, 2 May 1918, Airship SSZ-29 and drifters forced her into a minefield; UB83, 10 Sep 1918, HMS
Ophelia’s depth charge attack guided by kite balloon; UB103, 16 Sep 1918, attacks by Airship SS57-1 and
surface vessels, UB115, 29 Sep 1918, Airship R-29 with subsequent destroyer and trawler attack; and
UCT70, 28 Aug 1918, attack by a Blackburn Kangaroo aeroplane followed by depth charge attack from
HMS Ouse. One further destroyer with kite balloon (HMS Patriot) attack may have been successful on
12 July 1917, but evidence of U69's loss is sketchy. Robert M. Grant, U-Boats Destroyed: The Effect of
Anti-Submarine Warfare, 1914-1918 (London: Putnam, 1964); Dwight R. Messimer, Verschollen: World
War | U-Boat Losses (Annapolis: Naval Institute Press, 2003).

8/ADP to SO RNAS Dunkirk, 4 Jan 1918, and Commodore Dunkirk to SO RNAS Dunkirk, 12 Jan
1918, AIR 1/71/15/9/124.

Chapter 1
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convoy escort operations. This fact highlights the historical debate over the apparently
misguided policy of ‘U-boat hunting’ operations, which will be addressed later in this
study.

Finally, asin many of the crucial issues concerning the use of aircraft against U-
boats during the Great War, most historians narrated this incident inaccurately. In
1934, the officia air historian incorrectly wrote that on 22 September 1917 UC72 was
destroyed by a Large America escorted by Sopwith Camels.” The officia nava
historian reported that No. 8695 destroyed UC72 in the southern North Sea’® Robert
Grant, historian of Great War U-boat losses, told most of the story correctly except for
the course of the U-boat.* Popular historian John Terraine wrote that the attack
occurred inside the ‘ Spider Web,” a patrol system based around the North Hinder Light
Vessel and flown exclusively by Large Americas stationed at Felixstowe.*? Although
these inaccuracies may seem trivial, they represent a general trend in the literature of

Great War naval aviation in Britain.

Purpose and Methodology
This dissertation examines the role of British aircraft in defeating Germany’s

Unrestricted Submarine Campaign of 1917 and 1918. Despite air power’s limited
achievement in destroying U-boats outright, aircraft made an important contribution to
deterring U-boat commanders from operating in the vicinity of merchant vessels, and
this effort absorbed a great deal of attention and resources from the British war
machine. This innovative role for air power was developed without the benefit of
historical experience to guide operations. Both aircraft and submarines were new
weapons systemsin 1914 and as aresult the Great War witnessed naval combat in three
dimensions for the first time on a significant scale. This inquiry will therefore
investigate this intersection of air and U-boat warfare in order to uncover the
difficulties of employing new technologies (aircraft) to defeat new threats (submarines)
that employed an ancient strategy (commerce warfare).

Superimposed against this question is another important issue: the

historiography of this air effort. Although the literature of this campaign comprises an

°H. A. Jones, The War in the Air, vol. IV (Oxford: Clarendon, 1934), 73.

%Henry Newbolt, Naval Operations, vol. V (London: Longmans, Green and Co., 1931), 425.

"Grant, U-Boats Destroyed, 63.

2John Terraine, Business in Great Waters: The U-Boat Wars, 1916-1945 (London: Leo Cooper,
1989), 77. Although this attack occurred beneath the extreme southern boundary of the Spider Web area,
to be discussed in Chapter 5, this statement misleads the reader to assume that a Spider Web patrol
aircraft made the attack. See S. F. Wise, Canadian Airmen and the First World War: The Official

Chapter 1
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extensive collection of official histories, secondary works, and memoirs, no single
volume deals exclusively with air anti-submarine warfare in World War 1. With the
exception of the British and Canadian officia air histories, pertinent details of the
campaign are widely scattered across a range of texts. A key difficulty is the fact that
this subject does not fit neatly into popular history because it crosses the boundaries of
air power and sea power studies. Air and nava histories of the Great War see the
campaign as only aminor issue in a greater conflict and offer only a few paragraphs or
a best a chapter to explain it."® Likewise, the numerous extant surveys of naval
aviation tend to view the RNAS's air campaign against U-boats simply as a forerunner
to operations in World War 1. These brief treatments do not adequately explain this
campaign and suffer from over-generalisation of the key issues.

A focused study—one that examines technology, tactics, operations, policy,
training, and production—is therefore necessary to make sense of this campaign. If
Michael Howard's assertion that ‘the historian cannot escape from the present’ is
correct, then the opinions of past historians must be analysed.** This thesis will re-
examine the subject from new perspectives, relying largely on the primary evidence to
assess the veracity and integrity of the secondary literature. Close scrutiny of the
pertinent documents reveals a more complete understanding of the employment and
effectiveness of aircraft against U-boats during the Great War.

The Public Record Office’s Air Ministry collection in the AIR 1 series forms
the bulk of available documents on this subject. The Air Historical Branch collected
these documents from RNAS, Roya Flying Corps, Roya Air Force, Admiralty, and
Air Ministry sources in order to prepare the official air history series of the Great War,
and many historians have since researched this collection.'®> Some portions of this series
have not been sufficiently scrutinised. Large volumes concerning naval aviation in the
PRO’'s Admiralty documents (in ADM 1, 116, 137, and 186, for example) have
unfortunately remained relatively untouched despite their value to gaining a deeper

History of the Royal Canadian Air Force, Volume | (Toronto: University of Toronto Press, 1980), 177n,
for further historiographical errors.

3For example, Paul G. Halpern, A Naval History of World War | (Annapolis: Naval Institute Press,
1995), 424-27; Dwight R. Messimer, Find and Destroy: Antisubmarine Warfare in World War |
(Annapolis: Naval Institute Press, 2001), Chapter 15; Lee Kennett, The First Air War, 1914-1918 (New
York: Free Press, 1991), 189-97; John H. Morrow, Jr., The Great War in the Air: Military Aviation from
1909 to 1921 (Washington: Smithsonian Institution Press, 1993), 245, 324-25.

“Michael Howard, The Lessons of History (New Haven: Yale University Press, 1991), 13.

5Simon Fowler, Peter Elliot, Roy Conyers Neshit, and Christina Goulter, RAF Records in the PRO
(London: PRO Publications, 1994), 24; Sir Walter Raleigh and H. A. Jones, The War in the Air: Being
the Sory of the Part Played in the Great War by the Royal Air Force, vol. I-VI (Oxford: Clarendon,
1922-1937).

Chapter 1



16
understanding of RNAS air operations. PRO records from the Cabinet (CAB), War
Office (WO), and Munitions (MUN) series serve to further highlight aspects of this air
campaign.

Other collections, many of them previously untapped in academic writing, also
help to illuminate the topic. Logbooks, diaries, personal correspondence, and other
pertinent material from the Fleet Air Arm Museum, Imperial War Museum, RAF
Museum, and other repositories provide unique persona views of air anti-submarine
warfare. Finally, a superb collection of Admiralty documents and papers of naval
historians at the Naval Historical Branch (MoD) were especially useful.

Scope and Organisation of Thesis
Although Britain worked with Allies towards defeating Germany’ s U-boats, this

thesis focuses on the British experience of using aircraft as anti-submarine weapons.
Also, this study only addresses the employment of aircraft in Home Waters, arguably
the most important naval theatre of the war.’® British naval air operations in the
Mediterranean and the air anti-submarine efforts of the Entente Allies will only be
mentioned to provide context. American naval air operations—closely linked to the
British effort in Home Waters—deserve slightly more attention but remain a secondary
focus. Aninvestigation of a single, national effort facilitates both a thematic approach
to the subject and a study of the workings of defence establishments in employing new
technology for which there was no precedent.

Many types of aircraft participated in air anti-submarine work. Fixed-wing
aircraft—aeroplanes, seaplanes, and flying boats—made the numerically largest
contribution to these operations. Non-rigid airships and kite balloons (which were
towed by warships) aso proved useful in hindering the U-boat campaign. The
advantages and drawbacks of each of these weapons systems in anti-submarine
operations, along with a discussion of technologica problems and efforts to solve them,
will be approached in Chapter 2. Chapter 3 follows with an examination of training
and aircraft production, as they applied to air anti-submarine work. These chapters set
the stage for the three chapters covering the actual development of air anti-submarine
operations.

The employment of aircraft against U-boats fell into three broad areas during
the Great War. First, bomber aircraft attacked U-boat bases, attempting to damage or
destroy supporting facilities and undermine U-boat crew morale. The ebb and flow of

®Halpern, Naval History, 333; Terraine, Business, 150.
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these efforts will be addressed in Chapter 4. Second, patrol systems, whereby aircraft
conducted area patrols over fixed sectors or ‘hunted’ U-boats known to be in certain
locations, occupied the attention of naval air units around the coasts of Britain and will
be covered in Chapter 5. Chapter 6 closes the operational discussion with a view of
aircraft in the escort role, operations that proved to be extremely useful in hindering U-
boat attacks against convoys. These three roles for aircraft in anti-submarine warfare
were complementary and reflected the Admiralty’s greater strategy of attacking U-
boats incessantly, wherever they could be found.

Aspects of all of these topics require re-examination; commentary regarding the
secondary literature will run throughout the investigation. Chapter 7, however, will
analyse British staff studies and official histories, which formed the basis for the
majority of the other forms of secondary literature concerning maritime air operations
in World War |, and will address key issues regarding their purposes and conclusions.
On the receiving end of this air effort, the German view of aircraft as anti-submarine
weapon systems appears in Chapter 8 in order to corroborate an accurate comparison
with the British opinion. Finaly, Chapter 9 concludes with a brief discussion of
Interwar and World War 11 developments and achievements, for comparative purposes,
and closes with a summary of findings.

Although this subject could have been approached in a chronological fashion,
the thematic approach lends itself to better understanding the interrelationship between
the use of aircraft against U-boats and other crucial wartime issues. This approach also
appreciates emerging thought processes in each area and highlights the fact that most
senior and mid-level Admiralty leaders did evaluate naval air power redlistically, far
from the supposed ‘mental rigidity’ of senior British naval officers expressed by some
historians.*” Finally, the evolution of organisation and supervision of naval aviation
explains many of the changes in production and employment priorities and hence
affected the development of maritime air doctrine.

Organising Naval Air Assets
One of the most important issues regarding the employment of aircraft against

U-boats during the First World War is the way in which the British organised and
administered naval and air forces. Changes in the highest levels of Admiralty

leadership caused an almost constant reorganising of naval air supervision and policy;

YRobin Higham, The British Rigid Airship, 1908-1931: A Study in Weapons Policy (London: G. T.
Foulis, 1961), 88-90; Ronald Spector, At War at Sea: Sailors and Naval Warfare in the Twentieth
Century (London: Penguin, 2001), 60, 108.
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such inconsistent senior supervision meant that the anti-submarine role for aircraft did
not mature steadily. In order to provide an organisationa and therefore political
context for this study, abrief overview of naval air supervision is necessary.

The proliferation of civilian and military aviation following the Wright
Brothers' 1903 success eventually led to an Advisory Committee for Aeronautics of
1909 and the Haldane Committee of 1911-1912. Established by the Cabinet in order to
investigate the future of military and naval aviation, these bodies closely followed
worldwide air developments.*® Haldane recommended the formation of a Royal Flying
Corps, with separate military and naval wings as well as a Central Flying School and a
genera reserve, in early 1912. From July 1912, an Air Committee of naval and
military representatives was formed without executive power—the individual services
controlled their new air assets directly—and served only as a forum to exchange views.
This committee met until the start of the Great War, when it dissolved.’® Thus from the
start of military and naval aviation in Britain, the Admiralty and War Office controlled
their own air policies with little Cabinet level interference or supervision.

Lord Derby’s Joint War Air Board (February to April 1916) and Lord Curzon's
First Air Board (May to December 1916) tried to resolve differences between the RFC
and RNAS regarding increasingly competitive aircraft production policies, but both
failed since the respective ministries retained executive power and naturally saw their
own interests as paramount. When David Lloyd George became Prime Minister in
December 1916 he established Lord Cowdray’s Second Air Board, which was allowed
to control aircraft and engine design and production policy, absorbing the respective
branches from the RFC and RNAS, but still held no power over operationa policy.
German daylight Gotha raids against London led to the Smuts Committee of July 1917,
and this investigation concluded that a separate British air service was required.
Further committees, such as the short-lived Air Organisation and Air Operations
Committees, preceded the establishment of an independent Air Council in January
1918. Three months later the Roya Air Force became operational, absorbing the
former RNAS and RFC into asingle air service.®®

Thus at the highest political level, the Admiralty retained the control of

operational naval aviation policy until the transition to Air Ministry supervision began

18Higham, British Rigid Airship, 39.

D. V. Peyton-Ward, Air Historical Branch, The RAF in Maritime War, Volume |, nd, AIR 41/45, 1.
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in January 1918. Unfortunately, the senior leadership of the Admiralty almost
continually changed during the war years, leading to inconsistencies in aviation
priorities. Winston Churchill held the First Lord post at the start of the war, with Prince
Louis of Battenberg as his First Sea Lord colleague. Prince Louis left the Admiralty in
October 1914, being replaced by the colourful Sir John Fisher—his second tenure as
First Sea Lord. The Churchill/Fisher administration, which was very supportive of an
aggressive naval air arm, lasted until May 1915, a month witnessing Fisher's
resignation over the Dardanelles campaign and Churchill’s ousting as part of a general
shake-up in Asquith’s government.” A. J. Bafour, a former Conservative Prime
Minister (1902-5), then assumed the First Lord portfolio, and Sir Henry Jackson, a
wireless specialist, took the top uniformed post. This team, ‘two philosophical
scientists' as Robin Higham puts it, supported a renewed rigid airship programme, one
that had been suspended since the Mayfly incident of September 1911.%

Another government change in December 1916 brought a new Prime Minister,
David Lloyd George, and in turn Sir Edward Carson and Sir John Jellicoe replaced
Balfour and Jackson. Carson left in July 1917, probably because he had not done
enough to counter the U-boat menace, and Sir Eric Geddes took his place. Jellicoe was
then dismissed in December 1917 to be replaced by Sir Rosslyn Wemyss. As Higham
concludes, these changes in senior leadership meant inconsistency in policy and a
‘spasmodic’ supervision of Admiralty programmes.?®

Finally, within this environment, changes in the direct supervision of naval
aviation followed each change in the Admiralty’s higher leadership. The first step in
providing supervision for naval aviation, resulting from Haldane’'s recommended RFC
of naval and military flying units, was the Admiralty’s decision in May 1912 to
establish an Air Department under Captain Murray Sueter, who Higham calls ‘the
Rickover of his day.’® Sueter, a hard-charging innovator who participated in the
introduction of both submarines and airships into the Royal Navy, supervised the

gradual growth of ‘the Naval Wing of the Royal Flying Corps from the Central Air

ZRoy Jenkins, Churchill (London: Pan Macmillan, 2001), 269-76.

#Higham, British Rigid Airship, 77. Between May 1915 and Dec 1916, airship policy was discussed
more than any other naval aviation topic at Admiralty Board meetings. Admiralty Board Minutes, ADM
167/49[1915] and 50[1916]. The Mayfly would have been the first British rigid airship had it not been
wrecked during trials. After Lloyd George's rise to power in Dec 1916, the rigid airship programme
once again fell into neglect.
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Twentieth Century 1900-1945, edited by Gerald Jordan (London: Croom Helm, 1977), 102n.
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Office at Sheerness.® Ultimately, he reported to the Commander-in-Chief The Nore
for the administration and discipline of the Royal Naval Air Service, which assumed
that title officialy in July 1914.

RNAS growth caused by the start of the Great War proved to be too much for
the C-in-C of a single naval district to supervise. In February 1915, all of the RNAS,
including stations, seaplane carriers, aircraft and personnel, were place directly under
Sueter for both operational and administrative purposes.® As a result, Sueter rapidly
gathered and dispaiched air contingents for Flanders and the Dardanelles.
Unfortunately, Sueter lost the blessings of Churchill and Fisher when they left office.
In July 1915, Balfour and Jackson, anxious to ‘bring an errant department under tighter
and more conservative control’ rescinded the Air Department's newfound
independence and put all air stations under the direct operationa command of the
regional naval district in which they resided.?” By this time, there were over 50 RNAS
air stations in operation. Now the Calshot Seaplane Base would serve the C-in-C
Portsmouth, the naval air stations in the vicinity of Dunkirk would fall under the Vice-
Admiral Dover Patrol, and so on—just as any other specialised forces in the Royal
Navy, such as destroyer or submarine flotillas, generally fell under local, regional
command.”®

In September 1915, Balfour and Jackson relieved Sueter and appointed Rear-
Admiral Sir Charles L. Vaughan-Lee asthe new ‘Director of Air Services’ Sueter then
assumed the title of ‘ Superintendent of Aircraft Construction,” where he was ‘freed to
give his undivided time and attention to the development and supply of aircraft.’?
Vaughan-Lee had no experience in aviation matters, but was committed to working ‘in
complete conformity to the existing Admiralty organization.*® While at least one
historian saw this shuffle as a positive change, with the RNAS becoming more ‘naval’

in character, most considered it a step backward.® Nevertheless, Vaughan-Lee did

%3, W. Roskill, ed., Documents Relating to the Naval Air Service: Volume 1, 1908-1918 (London:
Naval Records Society, 1969), xi.

%Extracts from Admiralty Weekly Order No. 166, ‘Naval Air Service, Reorganisation,” 5 Feb 1915,
Doc. No. 62 in Roskill, Documents Relating, 193-94. Alsoin ADM 137/2237.
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little to focus the growth of the RNAS towards naval cooperation. His March 1916
mission statement for the RNAS reflected the need to defend naval aviation against
Royal Flying Corps competition for resources. The ‘Policy of the RNAS reiterated the
need for naval flyers, familiar with naval operations, to carry out the following duties:
long-range bombing attacks on enemy fleets and bases (listed first); patrol of the coasts
of Britain to seek out enemy vessels, submarines, aircraft, and mines; assistance to the
fleet with reconnaissance and gunnery spotting; and, finally, offering help to the Army
‘Whenever and wherever required.’® Such a statement of diverse tasks demonstrated
the Air Department’ s reluctance to focus on any one sphere of naval aviation.
Vaughan-Lee€' s responsibilities ended in December 1916 with the reorganisation
of the Admiralty after Jellicoe’s arrival. As aresult of the experience of the first two
air boards, which clearly demonstrated the need for an ‘air voice on the Admiralty
Board, Carson and Jellicoe established the position of 5th Sea Lord to oversee al nava
aviation activities. Commodore Godfrey Paine, first commandant of the Central Flying
School and later Commodore of the RNAS Training Establishment at Cranwell, took
up the position in January 1917.% As a lieutenant, Paine had served with Jellicoe
aboard HM'S Ramillies, when the latter was its second-in-command.®* During Paine's
tenure, Lloyd George forced design and production cooperation upon the RNAS and
RFC through the Cowdray Air Board, yet operational control of naval air assets
remained with commanders of naval districts.® Paine did oversee the substantial
proliferation of naval ar stations along the coast of Britain as a result of the
increasingly dangerous submarine menace. Stephen Roskill states that Paine, a man of
sound judgment ‘but lacking in imagination and inspiration,” sympathised with efforts
to centralise the air effort under joint air boards.®® As Fifth Sea Lord, he sat on the
Cowdray Air Board as a full member. Paine became one of the most senior naval
officers to join the RAF and assumed the titles of Master-General of Personnel on the
First Air Council (January - April 1918) and Inspector-General of the RAF (from Apiril
1918), retiring from the RAF in 1920.
The final wartime iteration of naval air supervision came about after the
approval of plans to form an independent Air Ministry and Royal Air Force. In
December 1917 Admiral Wemyss, who was at the time the Deputy First Sea Lord,

#Extracts from Vaughan-Lee, AIR4, Joint War Air Committee, 3 Mar 1916, Doc. No. 106 in Roskill,
Documents Relating, 309-15.

#Higham, British Rigid Airship, 78.

#John Winton, Jellicoe (London: Michael Joseph, 1981), 53.

*Admiralty Secretariat, Distribution of Business, June 1917, AIR 1/279/15/226/127.
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proposed the establishment of an office within the Admiralty staff that would liaise
with the Air Ministry. When he replaced Jellicoe as the First Sea Lord in January,
Wemyss established the new Air Division under Wing Captain F. R. Scarlett—staffed
by RAF officers, most of whom were former RNAS members—to keep a close watch
on the RAF's maritime air units.®” Scarlett had wide experience in naval aviation,
serving in RNAS staff and field appointments since he learned to fly in 1913. In
August 1918, Wemyss replaced him with Colonel R. M. Groves, also an experienced
former RNAS station commander, wing commander, and staff member.*® Both Scarlett
and Groves were progressive thinkers but held a position designed to offer advice and
not to command. It is aso interesting to note that the Air Division staff numbered only
thirteen officers and nine civilians, a drastic reduction from the approximately 250
officers and warrant officers and over 100 civil staff working directly for the Fifth Sea
Lord in December 1917.* The RAF itself did not form a maritime air organisation
above the group level; each principal naval district commander had an RAF air group
directly under their operational command.”® This system remained in effect for the
remainder of the war.

Thus each change in senior leadership within the Admiralty drove a
corresponding change in the way nava air assets were controlled and organised.
Except for a brief period in 1915, there was no organisation that exercised operational
control of the Admiralty’s maritime air power as a whole. Each naval district
commander was allowed to employ his air assets as he saw fit, and this arrangement

remained in force after the RAF sformation.

Aircraft and Anti-Submarine Warfare
Within this evolving supervisory environment the RNAS and later RAF

developed the anti-submarine role for aircraft. It is important to note here that such
operations did not commence at the start of the Unrestricted Submarine Campaign in
February 1917, but at the start of the war. Also, this role for aircraft did not suddenly
appear in August 1914 but had been initially addressed before the First World War
began.
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Although the Admiraty dismissed French experiments involving the use of
captive balloons to spot primitive submarines in 1899, Roya Navy trials in 1905
identified the height advantage of a balloon’s basket in searching for mines and
possibly submarines® The advent of powered flight led to further experiments,
accelerated in part by a forward looking paper by Lieutenant H. A. Williamson, RN,
investigating the use of seaplanes to spot submerged submarinesin 1912.% Williamson
had the unique qualification of being both a submarine officer and a pilot, earning his
pilot certificate at his own expense in 1911. The paper proposed using aeroplanes for
submarine patrols because of their advantage of extended visibility at heights well
above those available to a ship’s lookout. Eventually making its way to the Admiralty,
the paper earned Williamson a letter of appreciation from the senior officers of the
Roya Navy, but more importantly led to a series of experiments on the viability of his
proposal.*®
Conducted under the supervision of Acting Commander C. R. Samson,
commander of the naval flying school at Eastchurch Air Station, and representatives of
HMS Acteon (the RN Torpedo Schooal), trials in the Firth of Forth during October 1912
demonstrated that seaplanes could always see a periscope above the surface in clear
weather and sometimes distinguish the outline of ‘the hull below the surface’
Additionally, the slow diving speeds (taking up to 5 minutes) of early British
submarines meant that ‘except in very clear weather’ seaplanes could arrive over the
submarine in order to drop abomb before it could spot the aircraft and dive for safety.**
Knowledge of the usefulness of aircraft in anti-submarine warfare began to
proliferate. In May 1913, Lieutenant C. D. Burney published an article in Naval
Review that proposed the use of seaplanes to scout ahead of the fleet in search of enemy

submarines and to attack them if discovered.*® The Admiralty’s Submarine Committee

“'Naval Torpedo School, Twentieth Annual Report on the Instruction and Practice of Torpedo Warfare,
1899, 1 May 1900, ADM 189/19, 114; Report of HMS lllustrious, 8 Apr 1905, ADM 1/7825.
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had made the same suggestion in 1912.*° Also, pre-war submarine visibility exercises
continued at Calshot under Lieutenant Arthur Longmorein early 1914.%

The potential of aircraft was immense, however, and anti-submarine patrol was
only one of many future roles the Admiralty had considered for aeroplanes, seaplanes,
airships, and kite balloons. During the war the RNAS employed aircraft for long-range
bombing, reconnaissance, gunnery and artillery spotting, aerial photography, air
defence and interception, and even torpedo attack. RNAS units supported Royal Navy
commanders not only in Home Waters, but aso in East Africa, the Dardanelles, and
throughout the Mediterranean theatre. Of these various roles and missions, naval
aviation made the most important contribution in anti-submarine warfare in Home
Waters, where by the Armistice a force of over 600 arcraft flew in support of
commerce protection—the ‘center of gravity of the naval war.* Before embarking
upon a study of these operations and the post-war histories that described them, it is
first necessary to examine the technological issues surrounding this novel role for

arcraft.
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CHAPTER 2—Technology: Aircraft and U-Boats

The First World War witnessed tremendous advances in a variety of military
technologies: explosives, propulsion, communication, and transportation, just to name
afew general areas.’ For the first time field units ‘pulled’ technology from science and
industry; naval airmen wrote requirements papers spelling out exactly what kinds of
performance characteristics they desired in future aircraft.? The Admiralty’s Board of
Invention and Research liaised with the scientific community in order to help solve a
wide array of naval technological problems.

Technological innovation is an important facet of this study; technology
determined capability and capability drove operations. Although technological
solutions were only one part of the anti-submarine equation, a close analysis of the
capabilities of World War | aircraft and submarines is an essentia first step in this
examination of Britain’s use of aircraft in the anti-submarine campaign. Much has
been written about the individual weapon systems of naval air power during the Great
War, but the literature fails to place the technology within the context of anti-submarine
warfare®  Understanding the capabilities and limitations of fixed-wing airplanes,
airships, and kite balloons relative to each other will set the stage for this study’s later
examination of operations. Additionally, this chapter will investigate the technological
problems of early air anti-submarine warfare—problems posed by the environment, the

available equipment, and the U-boats themselves.

Capabilities and Limitations
Combat between aircraft and submarines during the Great War represented an

intersection of two new technologies. While mankind had been fascinated by the
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potential of both flying and underwater travel for hundreds of years beforehand, there
were further remarkable similarities between early aircraft and submarines. These
weapon systems were new to warfare in 1914, being developed as operationally
effective models only within the preceding half-decade.* Both aircraft and submarines
were first envisioned simply as reconnai ssance platforms, yet became the tools of total
war. Both relied on avast array of sub-technologies, including petrol or diesel engines
and electric generators, wireless telegraphy, weaponry of various sorts, and the related
sciences of aerodynamics and fluid dynamicsin their designs. All of these sub-systems
and associated fields of study developed rapidly between 1914 and 1918 and pulled the
capabilities of the aircraft and submarines to higher and higher levels of performance,
while constituting a larger, three-dimensional revolution in military affairs begun
during the First World War and completed during World War 11.°

In combat both aircraft and submarines could absorb a great deal of punishment
from the enemy and still operate effectively. Machine gun bullets passing through an
airplane's canvas skin hardly made a difference to its flying characteristics while U-
boats were known to withstand attacks of dozens of depth charges and still continue on
amission.® On the other hand, both systems had a number of Achilles heels—such as
broken petrol pipes in airplanes or oil leaks in submarines—that could render the
weapon system useless until repaired. Most importantly, aircraft and submarines
pushed naval warfare into three dimensions adding height and depth to the two-
dimensional naval engagements of the past.

Each weapon system had its distinct advantages relative to the other.
Submarines had poor visibility, lying low on the water, but had the advantage of stealth
and escaping counterattack by diving. However, ‘paradoxically,” as Norman Friedman
states, ‘the submarine commander must shed his cloak in order to perform most of his
missions —especially when attacking a ship.” Aircraft possessed speed and height as
assets but had poor endurance and weapon loads in comparison with naval vessels. The
height advantage was an essential aid to visibility, physically restricted by the curvature
of the earth. While the crow’s nest on a battleship, perhaps 75 feet above the waterline,
might provide visibility to ten nautical milesin clear weather, an observer in an aircraft

*Richard Compton-Hall, Submarines and the War at Sea, 1914-1918 (London: Macmillan, 1991), 11.
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®C. P. O. Bartlett, In the Teeth of the Wind, edited by Nick Bartlett (Annapolis: Naval Institute Press,
1994), 114-18; Leonard Doughty, ‘The Effect of Depth Charges on Submarines,’” United States Naval
Ingtitute Proceedings [USNIP] 61, no. 3 (March 1935): 356; Alfred Price, Aircraft Versus Submarines:
The Evolution of the Anti-Submarine Aircraft 1912-1972 (London: Kimber, 1973), 16.

"Norman Friedman, Submarine Design and Devel opment (London: Conway, 1984), 9.

Chapter 2



27
flying at 1000 feet would be able to see objects as far as 36 nautical miles.® According
to historian Lee Kennet, at 3000 feet the ‘horizon retreated to something like 60
miles.’® The bridge of an anti-submarine P-boat, one of the workhorses of the coastal
convoy system, had only a five-mile effective radius of vision.'°

Fixed-wing aircraft progressed by leaps and bounds during the Great War. One
need only consider a comparison between the Wright Flyer of 1903, barely able to lift
off the ground, and the Handley Page O/400 bomber of 1918, capable of carrying
almost a ton of bombs over hundreds of miles by day or night, to realise the scope of
technological accomplishment. Indeed, airplanes of 1918 had more in common with
airplanes of 1939 than with those of 1914. Airships—a less-glamorous yet important
partner in naval aviation—did not make as many technological leaps as airplanes, but

their efficiency and performance advanced significantly during the war.

Heavier-than-air Craft
The fixed-wing maritime aircraft employed against submarines fell into three

general categories. aeroplanes, float seaplanes, and flying boats. Since technology was
advancing so rapidly, the RNAS and RAF employed scores of different aircraft designs.
Only the most important models, in terms of numbers employed and effectiveness, will
be discussed in the survey below.

The term aeroplane was an early twentieth century word for a fixed wing
aircraft ‘fitted with wheels and designed to land on solid ground.” Seaplanes differed
from aeroplanes in that the wheels were replaced with floats in order to operate from
the surface of the water. The flying boat, also able to land and takeoff from the water,
was a separate category of seaplane because the fuselage was a buoyant hull like that of
a boat; in other words, it was more like a boat with wings than an aeroplane that could
float."*

A survey of the main types of maritime aircraft used against submarines
demonstrates the rapid advances in performance during the war years, primarily

resulting from the availability of more powerful and efficient engines.*? At the start of
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the war, the RNAS employed a variety of multipurpose aircraft; at this time there was
no distinction between fighter, bomber, or reconnaissance types. Early Sopwith,
Farman, Avro, Short and similar designs populated RNAS land-based squadrons, while
the first float seaplanes were simple adaptations of aeroplane models. The last of this
first generation of aeroplanes was the Sopwith 1% Strutter of 1916, which saw service
in northern France as both a fighter and bomber attacking German U-boat facilities in
Flanders and conducting coastal anti-submarine patrols in south-western England.

Figure 1. Maurice Farman Shorthorn. Source: Thetford, p. 262.

Figure 3. Short Bomber. Source: Thetford, p. 286.

House Group, 2001); and Tables of Performance, Air Board Technical Section, 24 Jan 1918 and 30 Jun
1918, AIR 1/2423/305/18/45.
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While Short and Caudron bombers added greater carrying capacity to the
Dunkirk bomber force in late 1916, the year 1917 witnessed the introduction of the
DH-4 and the Handley Page O/100; both employed the latest Rolls Royce Eagle engine
and were used as bombing and reconnaissance platforms. The DH-9 and Handley Page
O/400 were 1918 derivatives of these earlier designs. The DH-6, a training aircraft,
saw service at home in the anti-submarine patrol role, but only as a stopgap measure
until more suitable aeroplanes could be produced. The only purpose-built, anti-
submarine aeroplane to see service, the Blackburn Kangaroo, well suited to its role with
long endurance and a respectable bomb load, was built too late to have a major impact
on the war effort as only 11 of these twin-engine machines saw action by the
Armistice™® The following table illustrates the increasing capabilities for aeroplanes

associated with the anti-submarine campaign during the war years.

Table 1. RNAS Aeroplane Performance. Sources. Thetford, Jane's, and Tables, AIR

1/2423/305/18/45.

Name Typical Engine | Crew | Endurance/ Typical Bomb In Use

M ax Speed L oad

Avro 504A 80 HP Gnéme 1 45hrs/82 mph | 4x 20-Ib 1914-15

BE2c 70 HP Renault | 2 3.25/72 4x 25-1b 1914-16

Farman Variants 80 HP Gnéme 2 3/60-66 Total of 100-lbs 1914-16

Sopwith 1%2 130 HP Clerget | 1 4.5/102 4x 65-1b 1916-17

Strutter

Short Bomber 250 HP 2 6/77 4 x 230-1b or 1916-17
RR Eagle 8x112-1b

DH-4 250 HP 2 3.5/119 2x230-Ibor 1917-18
RR Eagle 4x112-1b

Handley Page 2 x 266 HP 3or4 | 7.5/85 14 x 112-Ib or 1917-18

0/100 RR Eagle equivalent total

DH-9 230 HP BHP 2 4.5/111 460-Ibs total 1918

DH-6 90 HP RAF 1 2.5/75 100-Ibs total 1918

Blackburn 2x250HPRR | 3 8/98 1 x 520-1b or 1918

Kangaroo Falcon 4 x 230-Ib

Figure 4. Handley Page O/100. Source: Thetford, p. 230.

Bruce, British Aeroplanes, 96; R. D. Layman, Naval Aviation in the First World War: Its Impact and
Influence (Annapolis: Naval Ingtitute Press, 1996), 83.
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Seaplanes also made important advances in performance during the Great War.
By the middle years of the war, float seaplane development had evolved two basic
types, the single-seat light reconnaissance seaplane and a longer-range two-seat
version. The smaller design, typified by the Sopwith Schneider and the various
derivatives of the ‘Baby,” saw service in many roles from both shore stations and
seaplane carriers.  Used variably as anti-zeppelin fighters, light bombers, and
reconnaissance aircraft, the end of the war saw their final use in south-east England air
units as anti-submarine patrol aircraft. Their relatively good manoeuvrability meant
that they at least had a chance of surviving an engagement with an enemy seaplane.
The larger Short two-seat seaplanes, along with the Fairey Campania and similar
designs, were also employed as shipboard reconnaissance aircraft but more importantly
saw extensive service in most anti-submarine air groups, which benefited from their
respectable bomb load and range.*

Figure 6. Short 184 Two-Seat Seaplane. Source: Layman, Naval Aviation, facing p. 144.

Yprice, Aircraft VVs. Submarine, 17.
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Although there were a number of smaller flying boat designs by Curtiss,
Norman Thompson, and Franco-British Aviation,™ the Curtiss Large America—and
the family of related models—stood out as the leading flying boat of the anti-submarine
air campaign. This class originated from Glenn Curtiss's desire to win Lord
Northcliffe’'s 1913 prize, a sum of £10,000 to the first person to fly across the Atlantic
in 72 hours. The start of the Great War brought continued development that eventually
produced the H-12, the first Large America design.’® The RNAS purchased these

models for war use, the first service flights being flown in early 1917,

Figure7. Porte's Felixstowe F2a. Source: Thetford, p. 199.

Wing Commander J. C. Porte, who worked with Curtiss before the war and
commanded the RNAS base at Felixstowe, improved the H-12, which suffered from a
weak hull and insufficient armament for self-defence. The primary design limitation of
early flying boats was the need for hydroplaning efficiency in order to takeoff with the
limited engine power available. A hydroplaning hull, with its relatively flat bottom, did
not provide a strong structure for landing or seaworthiness. Experimenting first with
smaller Curtiss designs and later with Large Americas, Porte steepened the ‘vee' of the
hull to provide a sturdy landing platform and better sea keeping qualities. Employing
the new and more powerful Rolls Royce engines and bristling with six Lewis guns for
self-defence, Porte's F2a and subsequent derivatives proved to be formidable anti-
submarine weapon systems, combining long range with a powerful bomb load and

defensive capability.’

Ray Sturtivant and Gordon Page, Royal Navy Aircraft Serials and Units, 1911 to 1919 (Tonbridge:
Air-Britain Ltd., 1992), 15-17.

18Captain Richard C. Knott, The American Flying Boat: An lllustrated History (Annapolis: Naval
Ingtitute Press, 1979), 22-33.

YCapt A. E. Bolton, ‘The Development of the Large America Flying Boat for Naval War Purposes,
1917-1919,” nd, AIR 1/2397/267/5; Felixstowe RN Air Station, ‘Report on Experimental Flying Boat
Hulls, 1915-1916," nd, Miscellaneous Papers(B433), RAFM (H).
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Table 2. Float Seaplane and Flying Boat Performance. Sources: Thetford and Jane's.

Name Typical Engine Crew | Endurance/ Typical In Use
Max Speed Bomb L oad

Sopwith 100 HP Gnbéme 1 2 hours/ 1x 65-b 1915-16

Schneider 87 mph

Short 184 260 HP Sunbeam 2 2.75/88 520-Ibs total 1915-18

Short 320 320 HP Sunbeam 2 372 2x230-Ib 1917-18

Hamble/Sopwith | 110 or 130 HP 1 2/90-100 2x65-1b 1915-18

Baby Clerget

CurtissH-12 2 x 275 HP RR |4 6/85 4 x 100-1b or 1917-18
Eagle 2 x 230-1b

CurtissH-16 2 x 375 HP RR |4 6/98 4 x 230-1b 1918
Eagle

Felixstowe F2a 2 x 345 HP RR |4 6/95 2x230-Ib 1917-18
Eagle

Felixstowe F3 2 x 345 HP RR |4 9/91 4 x 230-1b 1918
Eagle

RNAS and later RAF flying squadrons had to contend with a number of
disadvantages in early fixed-wing aircraft, but these were offset by the specific
capabilities of each weapon system. Aeroplanes, flying from aerodromes along the
coast of Britain, possessed a number of important advantages over other types of
aircraft. First, they did not rely on the state of the sea to takeoff, a limitation for
seaplanes and flying boats. Also, a typica grass field would allow takeoffs and
landings into the wind regardless of direction or strength, strong winds being a
limitation to airship operations. Aeroplanes had fewer maintenance requirements and
had a shorter launching routine than other aircraft. For a given engine horsepower,
aeroplanes were faster, could carry more bombs, and were more manoeuvrable than
their seaplane cousins. If the opportunity presented itself, these advantages enabled
aeroplanes to attack submarines more quickly and with a greater punch than any other
type of aircraft. They could cover a larger patrol area in a given time due to their
typically faster speed. Additionally, they could usually defend themselves better than
any other type except the Large America flying boat.® Finally, for performance
reasons a sustained bombing campaign against the U-boat bases of Belgium could
realistically only be carried out by land-based bombers.

The primary technological handicap of using aeroplanes to fight the anti-
submarine campaign, compounded by the disadvantages of limited numbers of suitable
types and the need for new coastal aerodromes, appeared in the problem of flying over
water. Aeroplane engines performed better than those installed in seaplanes simply
because they were not exposed to the salt water and severe strain associated with taking

BEt Lt J P. Coleman, Lecture: ‘Aircraft v. Submarine, RAF Staff College, Oct 1924, AIR
1/2393/228/13/1, 20; Wg Capt C. L. Lambe to VADP, 3 Dec 1917, AIR 1/642/17/122/238.
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off from the surface of the sea, an activity that required extended periods of maximum
power.” Nevertheless, there was the fear of having to ditch in the sea if operating
beyond gliding distance of land, a necessity in submarine hunting. To offset this
disadvantage, one senior RNAS officer proposed fitting out aeroplanes with airbags,
capable of keeping a ditched aeroplane afloat long enough to alow a rescue of the
crew. Also, employing pilots with seaplane flying experience would help to overcome
the anxiety of flying aeroplanes offshore. In December 1917 Wing Captain C. L.
Lambe, commanding the naval air units of the Dover Patrol, went as far as to request
the replacement of his Dunkirk seaplanes with DH-4 aeroplanes for the reasons
explained above; the Admiralty approved his request and by March 1918 No. 17
Squadron (RNAS) was operating DH-4 bombers, equipped with special 375 HP Rolls
Royce engines and inflatable air bags under the wings, to conduct anti-submarine
patrols above the Dover Straits.®® After the formation of the RAF in April 1918,
aeroplanes such as the DH-4, DH-6, and DH-9 significantly reinforced the air patrol
effort in Home Waters.

Figure 8. DH-4. Source: Thetford, p. 93.

The original purpose of the seaplane, on the other hand, was to enable fixed-
wing aircraft to operate with the fleet wherever it chose to go.?* One of the chief
advantages of float seaplanes in the anti-submarine war was that they operated from
bases on the coast of Britain, within immediate striking distance of their patrol areas
above the shipping lanes. The ability to alight on the water was useful for saving the

crew in the event of engine failure and subsequent ditching. The floats often saved the

3Col F. Sykes, ‘Aircraft in the Dardanelles,” 9 Jul 1915, AIR 1/669/17/122/788, 24. Engine strain on
takeoff was a problem common to all seaplanesin all theatres.

2|_ambe to VADP, 3 Dec 1917, AIR 1/642/17/122/238; No. 217 Squadron Record Book, 1 Oct 1917 -
31 Mar 1918, AIR 1/1878/204/221/4; Commodore Dunkirk, ‘Air Notes for Belgian Coast Patrol,” 1 Jul
1918, ADM 137/2277, 381-92.

2 ayman, Naval Aviation, 25.
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aircraft itself; G. E. Livock recalls how floatplanes ‘that managed to get into the air
frequently arrived back hours later in tow of aminesweeper or minelayer.’ %

The chief limitations of the float seaplane resulted from the use of wood-
sheathed floats. Usualy situated in parallel pairs below the wings and engine, with a
smaller float under the tail, the floats lacked the strength required to operate in rough
seas. Thus, the floatplanes usually had to launch and alight on lakes or enclosed
harbours in order to increase their chances of completing a successful takeoff or
landing. The sea conditions along the northern coast of Cornwall prevented the
operation of seaplanes for the duration of the war.*® Totally calm seas, on the other
hand, were a hindrance since a headwind was necessary to gain the all-important wing
lift for takeoff. The floats themselves added a large amount of weight to the basic
airframe, especially when they leaked and took on extra water, necessitating larger
engines than similarly sized aeroplanes.®*

A further limitation specific to the anti-submarine campaign was the fact that
the RNAS operated only single-engine float seaplanes. The combination of a large
engine and the preference for placing it in front of the cockpit (tractor) as opposed to
behind (pusher) meant that forward visibility for the pilot and observer was severely
restricted. Although the tractor design of these aircraft may have helped their
aerodynamic properties, it certainly left much to be desired as a reconnaissance
platform. This limitation was also evident in single-engine aeroplanes, but to a lesser
extent due to their better manoeuvrability compared with float seaplanes.

Flying boats demonstrated a marked improvement over the floatplane designs.
Wing Captain Lambe neatly summed up the advantages of the Large America flying
boat in aletter to Vice-Admiral Sir Reginald Bacon:

i. Large radius of action, enabling six hour patrols to be carried out. ii.
Larger capacity for carrying bombs. iii. Ability to fly for some distance
onasingleengine. iv. Ability to land on the water in calm weather in
the event of engine failure.®

Both the Admiralty’s Operations Division and Air Department found Large Americas
especially desirable anti-submarine aircraft due to their superb bombing accuracy. The
twin-engine configuration of the Large America gave the observer an unhindered

forward view to search the horizon and to aim his bombs. This aircraft also employed

#G. E. Livock, To the Ends of the Air (London: HM SO, 1973), 41.

%), C. Nerney, AHB Narrative: ‘RNAS in Home Waters: Submarine Campaign,’ nd, AIR
1/677/21/13/1902, 6.

#_ayman, Naval Aviation, 26.

% ambe to VADP, 3 Dec 1917, AIR 1/642/17/122/238.
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the larger 230-1b bomb found to be extremely useful when attacking U-boats.®® The
ability to carry alarger crew (at least four but sometimes more) was a further advantage
providing more sets of eyes for spotting periscopes and more defensive gun positions
manned.

Nevertheless, the advantages of flying boats were offset by a few serious
difficulties. First, their large size meant that the pilot’s controls were heavy and proved
exhausting, especially on lengthy missions in bad weather. The Large Americas
required expensive hangars and ramps to support their operations; if left out in the
open, the hulls of these aircraft deteriorated rapidly.?” Finally, it must be remembered
that the Large Americas were basically large wooden boats with wings. They had to be
carefully designed and built—employing contractors with boat-building experience—
and meticulously maintained.® ‘In commission’ rates therefore suffered accordingly
and will be examined later in this chapter.

The great mgority of fixed-wing anti-submarine aircraft were improvements on
earlier designs, which did not necessarily have U-boat patrols in mind as a potential
role. The RNAS and RAF therefore had many limitations in performance to overcome,
which they accomplished admirably through adaptation and innovation. Another area
of technological adaptation, crucia to the air anti-submarine effort, was the use of

airships in the anti-submarine role.

Airships and Kite Balloons
Lighter-than-air craft, generally known by the term airships, played a critica

rolein the British air campaign against U-boats. There were three general categories of
airships in existence during the Great War. Common to al rigid, non-rigid, and semi-
rigid designs was the ability to use hydrogen gas for lift, rudders and elevators for
turning and pitch control, and the use of one or more engines to drive attached
propellers for propulsion.

Rigid airships were the largest of the lighter-than-air craft and derived their
shape from alight, metal framework that contained a series of airbags. Since large ship
volumes meant more hydrogen-producing lift, rigids enjoyed the highest potential for
lifting weight. Rigid airships, varying in design from ship to ship, normaly had

multiple engines, large space for crew accommodation, and were well armed. While

*DOD and DAS minutes, Nov 1917, AIR 1/642/17/122/238.

|t Col L. H. Strain, ‘Review of Aircraft Anti-Submarine Campaign, 1918, nd, AIR 1/726/137/4, 8;
Lambeto VADP, 3 Dec 1917, AIR 1/642/17/122/238.

%), M. Bruce, Felixstowe F.2A (Berkhamsted: Albatros Productions, Ltd., 2000), 12.
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the German Zeppelin program met with success, the British rigid program suffered
from design and production difficulties, exacerbated by an inconsistent development

policy over years of regime change at the Admiralty.”

Figure9. HM Rigid Airship R-29. Source: Thetford, p. 483.

Rigid airships, as a distinct class of aircraft, actually contributed very little to
the anti-submarine campaign with only nine being completed during the war and few of
those seeing operational service. One rigid, R-29, actually stood out as an exception
during its five-month wartime career. This aircraft, its massive 539-foot length and
almost one million cubic feet of volume driven by four 300 HP Rolls Royce engines,
participated in three attacks against U-boats (one of them successful after receiving
reinforcement from several British destroyers and trawlers).*® The operations of
smaller lighter-than-air craft outpaced those of the larger rigids by a wide margin,
however.

The second category, the non-rigid airship, was the most numerous type in
British service. Here a single bullet shaped gasbag, typicaly made from layers of
cotton fabric and rubber, supported a car which carried one or more engines and the
crew. A variety of designs emanated from Admiralty workshops and varied
tremendoudly in size from the early Sea Scout designs to the larger North Sea class.
From the start, however, these aircraft were designed specifically with anti-submarine
warfarein mind and took advantage of their capabilities to carry out such patrols.®

The Admiralty’s own airship factory at Kingsnorth designed and built the Sea
Scout airship, the first and smallest of the mass-produced non-rigids. In March 1915, at
the instigation of First Sea Lord Fisher, RNAS airship pilots and mechanics attached a
wingless BE2 airplane fuselage to a pre-war spare envelope to create the first prototype

of the class, designed to search narrow waters such as the Straits of Dover and the Irish

“Higham, British Rigid Airship, 342-43.
Thetford, British Naval Aircraft, 476, 483; Abbott, British Airship, 102; Messimer, Verschollen, 226.
3 Abbott, British Airship, 22.
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Sea for U-boats.** Easy to produce and simple to fly, the SS proved an effective patrol
aircraft and began to populate new airship stations during the spring and summer of
1915. Thisairship led the way to further non-rigid designs.

Figure 10. SS Airship. Source: Layman, Naval Aviation, facing p. 44.

The first Coastal airship, with designers now attaching two Avro fuselages (with
the engines at each end of this longer car) to alarger tri-lobe envelope, made its maiden
flight in May 1915. The larger size of the envelope gave greater lifting capability to
support a crew of five, a respectable bomb load and larger fuel tanks for increased
endurance. The modified Coastal Star class provided a wooden car and other
modifications for crew comfort. Meant to work with the fleet until rigids became
available, the North Sea non-rigids were first flown in early 1917 and were even larger
than Coastals, but initially suffered from fuel line and drive shaft problems. The
novelty of thistype was afully enclosed cabin slung below the envelope holding a crew
of ten, five men in two watches for extended flights. Airship authority Ces Mowthorpe
calls the North Sea's final production run ‘ perhaps the finest non-rigids in the world’;
they saw extensive service in 1918 at airship basesin Scotland.*

#\Walter Raleigh, The War in the Air, vol. | (Oxford: Clarendon, 1922), 462-63.
*Mowthorpe, Battlebags, 67.
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Figure 11. Coastal Airship. Source: Mowthorpe, Battlebags, p. 49.

Figure 12. North Sea Airship. Source: Mowthorpe, Battlebags, p. 73.

The true airship workhorse of the anti-submarine campaign, however, was the
small SS Zero (SSZ) non-rigid, an improvement upon the original SS design. The crew
benefited from a watertight, streamlined wood cabin, which housed a single Rolls
Royce Hawk engine. Situated at the rear of the car in the pusher configuration and
producing 75 HP, the Hawk was purpose-built for airship work with excellent low-
power qualities and tremendous endurance. Airship veterans lauded the SSZ’'s
reliability and ‘handiness’®* Two final versions of the basic SS design—the SS
Experimental and the SS Twin, both with two reliable engines and a dightly larger
envelope—did not enter service until the closing months of the war and therefore only

saw limited use at airship stations.®

%E,. W. Verry Transcript, IWM/SA/311, 34; T. B. Williams Transcript IWM/SA/313, 34.
*Mowthorpe, Battlebags, Chapter 7.
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Figure 13. SS Zero Airship, view of car. Source: Mowthorpe, Battlebags, p. 87.

Table 3. Non-Rigid Airship Classes. Sources. Thetford; Mowthorpe, Battlebags, and DAD Memo,
AIR 1/208/15/226/194, AD3252.

Class[No. in British | Enging(s) | Crew | Envelope Length Enduranceat | Max Bomb

Wartime Service] Size Cruise Speed L oad
Sea Scout (SS) [36] 1 2 60-70,000 143 ft 8 hrs 160-lbs
cubic ft
Coastal (C) [31] 2 4or5 | 170,000 cf 195 ft 14 hrs 450-Ibs
Coastal Star (C*) [22] | 2 5 210,000 cf 207- 24 hrs 600-1bs

218 ft
SS Zero (SSZ) [66] 1 3 70,000 cf 143 ft 12 hrs 350-1bs
North Sea (NS) [12] 2 10 360,000 cf 262 ft 20+ hrs 700-Ibs

The final category of airship, the semi-rigid, was employed in Britain only in
l[imited numbers. The semi-rigid airship differed from the non-rigid only by the use of
ametal or wood keel that ran along the bottom of the ship, offering additional support
to the shape of the gasbag. A pre-war Parseval semi-rigid, named Naval Airship No. 4,
was used in early reconnaissance patrols, later joined by three more of the same type,
but all were soon restricted to the training role.*

The two principal advantages of airships over fixed-wing aircraft in the anti-
submarine campaign were better endurance, which increased the time available for
patrol and convoy escort, and the ability to fly in low clouds and fog.>” One North Sea
airship flew a 55-hour mission in April 1918.% Indeed, airships generally made superb

platforms for navigation since they turned without the compass-upsetting bank angle

5Thetford, British Naval Aircraft, 476-77.
3"Coleman Lecture, AIR 1/2393/228/13/1, 20.
*®Capt J. S. Wheelwright, Report of NS-3 Patrol, 24 Apr 1918, ADM 137/1955, 191-96.
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inherent to aeroplanes and seaplanes.®® The commander at Capel Airship Station (near
Dover) outlined the advantages of later airship models in the anti-submarine war in
January 1918. According to Squadron Commander R. Coke, airships performed anti-
submarine patrols better than fixed wing aircraft because their endurance was greater;
they could *slow down and hover’ to make a thorough search; they could communicate
and navigate better; they could out climb and dive any seaplane or aeroplane; and
cockpit tasks were fewer, giving the crew more time to search for submarines. The
SSZ type of airship, Coke continued, had an especially superb view of the sea, and with
no wings to obstruct observation as heavier-than-air craft had. The disadvantages, of
course, were admittedly the reliance upon relatively calm winds, the threat of enemy
aircraft, and the need for hangars to properly service the airships.®® Two further
advantages of airships, mentioned in an RAF Staff College lecture, included the fact
that ‘ sea-sickness is unknown’ and engine failures did not force the pilot to land. In the
event of an engine malfunction, the airship became a free balloon while the crew’s
engineer worked on repairing the engine.** These capabilities and limitations were
generally common to all non-rigid airships classes.

A further disadvantage of airships was that they required alarge ground crew to
recover the aircraft; the small SS type, for example, required 25 men to secure the
airship after landing in cam weather and over 40 men in rough weather.”
Additionally, the infrastructure required by airships, including hydrogen production
facilities, large hangars, and an army of maintenance specialists, posed a considerable
drain on RNAS resources. The hydrogen content of the envelope posed a significant
risk from enemy fire and lightning; sparks from a ship’s funnels destroyed at least one
non-rigid by igniting the hydrogen gas.*® Finally, airships were relatively slow with a
top speed of 40 to 55 miles per hour in calm wind for most classes. This meant that
they were handicapped in attacking U-boats, especially into a headwind.**

There is one final category of lighter-than-air craft that the Admiralty and RAF
employed with some success during the Great War: the kite balloon. Kite balloons

were akin to small airships in shape but were not self-powered and were towed by

*George Meager, My Airship Flights, 1915-1930 (London: Kimber, 1970), 25.

“°CO Capel RNASSto SO RNAS Dover, 9 Jan 1918, AIR 1/77/15/9/182.

“*_ecture Notes: * Airships, RAF Staff College, 20 Jul 1924, EImhirst Papers(ELMT8/1), CCA.

2| t Cdr R. C. Hayes, ‘Instructions for Landing an Airship S.S. Type,’ 19 Jul 1916, ADM 137/1953,
139.

*3Ces Mowthorpe, Sky Sailors: The Sory of the World's Airshipmen (Stroud: Sutton, 1999), 34;
Technical History Section, The Technical History and Index, Part 4: Aircraft v. Submarine, Submarine
Campaign, 1918, March 1919, NHB, 8. [Hereafter, TH4.]

“Coleman Lecture, AIR 1/2393/228/13/1, 20.
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naval vessels ranging in size from dreadnoughts to large gunboats. The capability of
kite balloons, evolving from the experience gained in France and the Dardanelles in
artillery spotting, was finally adapted to moving vessels in 1916 after a number of
Admiralty trials. The‘M’ type kite balloon, with stabilizing fins and a two-man basket,
became the preferred design for naval use.®® By the end of the war, 247 vessels of all
types were fitted out for kite balloon towing, including 108 vessels detailed for anti-
submarine operations in Home Waters.*°

Figure 14. Kite Balloon. Source: Messimer, Find and Destroy, 112.

The advantage of the kite balloon was superb visibility, asin al aircraft. An
observer, situated in a car suspended from a standard Royal Navy kite balloon, was
reportedly able to spot a surfaced submarine at 12 miles in normal visibility and up to
28 miles in clear weather.”” Added to this the two-man crew enjoyed direct
communications with their towing vessel via voice telephone, offering escort captains
amost immediate warning of sighted torpedo tracks, U-boat periscopes, or distant
conning towers.*® Finally, kite balloons depended only on the weather, the stamina of
the crew, and the condition of the envelope in order to stay aoft. Thus the amount of
time flown above a vessel could be extensive, with patrols lasting for days and
including over 24 hours of observation time, day or night. The balloon was normally
brought down only to change observers (a pair typically flying in four hour shifts) or to
replenish the balloon’s hydrogen level.*® This weapon system could operate when

“Raleigh, WA, |: 460-62; File entitled: ‘Kite Balloons for the Co-Operation with the Navy and Army,’
caAug 1919, AIR 1/1951/204/258/1.

“DAD Report: ‘Appreciation of British Naval Operations: RNAS Aircraft Operations,” Nov 1918,
ADM 1/8549, 40.

“'DAD Memo, 11 Aug 1918, AIR 1/281/15/226/134 Part |1, AD2164. Balloon height not mentioned.

“Air Department, RNAS Kite Balloon Training Manual, Jan 1917, AIR 1/673/17/134/44, 163.

*Weekly Kite Balloon Reports, 6 Jul 1918 - 11 Jan 1919, AIR 1/270/15/226/111; Air Department
Memo, ‘Use of Kite Balloons at Sea,’” nd, AIR 1/444/15/303/11.
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other types of aircraft could not and was only limited by severe winds, lightning, and
the need for resting the observers. On the other hand, kite balloons required
maintenance bases ashore, with a support infrastructure comparable to that of the non-
rigid airships. Additionally, strong or gusty winds in rough weather caused a ‘jerky’
ride for the observers, at times hindering effective observation.*

Although the official historian of the RAF claimed that the investment of
resources to airship development retarded the growth of the fixed-wing arm of the
RNAS, airships provided an important capability, supplementing fixed-wing aircraft in
the anti-submarine campaign.>> When fixed-wing aircraft could not fly due to low
clouds or fog, airships typicaly could. When fixed-wing aircraft had to return to base
in order to refuel, airships remained at the scene of a U-boat sighting for hours.
Finally, when powered aircraft could not reach the distant U-boat danger zones, kite
balloons flown from warships could give escort forces the ability to observe from
above. As anti-submarine systems, the capabilities of the different types of aircraft
complemented each other in the air campaign against Germany’s U-boats. There were,
however, a number of technological challenges that required solutions in order to make

aircraft effective in this endeavour.

Anti-Submarine Technological Challenges
Flying in conjunction with naval operations was and is a vastly different activity

compared with army support aviation. The hazards of early flying, especially from
mechanical problems and weather, applied to all spheres of aviation but naval flyers
faced a more difficult challenge because they flew over water with few landmarks and
rapidly changing climatic conditions.®*  Subsequently, airplanes required a vast
supporting infrastructure of technological development—transport, optics, and
weaponry;>® airships would add a reliance on hydrogen production while all aircraft in
naval aviation depended on communications for effectiveness.

During World War 1, the British tended to rely on technology—both new
weapons and improvements on ‘traditional’ ones—to solve many of the tactical
problems they faced.> Although the attrition battles of the Western Front represented
an exception to his theory, David Edgerton’s interpretation of British thinking—'the

PRNASKite Balloon Training Manual, AIR 1/673/17/134/44, 138.

*'H. A. Jones, The War in the Air, vol. 11 (Oxford: Clarendon, 1928), 338.
*’Raleigh, WIA, |: 208; Layman, Naval Aviation, 22.

>Morrow, GWA, 366.
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basic strategy of the English state as one of relying on technology as a substitute for
manpower’ —is an accurate reflection for the 19" and 20" centuries.® In World War |
aviation, they looked to more powerful and more efficient engines to carry larger loads
over longer distances and to develop useful equipment for navigation, communication,
and ordnance delivery.®® A survey of how the Admiralty and Air Ministry attempted to
solve these problems sheds light not only on the great strides made in technology
during the war years, but also reveals a high level of commitment—evident in both the
RNAS and the RAF—to use technology to defeat German unrestricted submarine

warfare.

Performance and Réliability
Performance and reliability are fundamental factors to the success of any

weapon system and these basic elements were especidly critical to the use of aircraft in
the anti-submarine campaign. The determining component of aircraft performance
during the First World War, at least in the British view, was the source of power—the
engine® The Admiralty recognised this in 1914 (when the few British aero engine
firms relied almost exclusively on French engine designs) and cultivated relationships
with private engine firms, seeking to stimulate competition in order to advance designs
of high-powered engines required for seaplanes. Instead of designing the engines
themselves, as the RFC’'s Roya Aircraft Factory did, the Admiralty’s Air Department
installed engineering officers with the major engine designers—such as Rolls Royce,
Sunbeam, and Clerget—to communicate requirements and negotiate contracts for the
RNAS. This led to a competitive, market environment whereby manufacturers were
able to design engines of increasing performance, such as the successful Rolls Royce
250 HP Eagle.®

Larger engines meant less risky takeoffs for seaplanes and increased endurance
and bomb-carrying capacity for all fixed-wing aircraft. By spring 1917 RNAS aircraft
enjoyed the use of high-powered Roll Royce, Renault, and Sunbeam engines
extensively. Although the light Baby seaplanes required only the smaller Clerget and
Gnbme fighter engines, the DH-4, Handley Page O/100, Large America series, and

**Tim Travers, How the War Was Won: Command and Technology in the British Army on the Western
Front, 1917-1918 (London: Routledge, 1992), 2-3, 181-82; Nicholas Lambert, Sr John Fisher’s Naval
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*David Edgerton, England and the Aeroplane (London: MacMillan, 1991), xv, 64-65.
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Fairy Campania all used Rolls Royce Eagle engines of 250 HP or more. Short
floatplanes employed 240 HP Renaults or high-powered Sunbeams.®® Thus by early
1917 engine designers had basically solved the issue of aircraft power for aeroplanes
and seaplanes.

Engine reliability was an entirely different matter, however. New engine
designs could take months to resolve mechanical problems; the Rolls Royce Eagle first
ran on the test bench in March 1915, was first delivered in October 1915, but was not
serving in combat units until early 1917.°° Maintaining engines in war conditions
required dependable sub-systems. For example, early British engines relied on stocks
of German-built magnetos, a device that provided electricity for continuous ignition in
the engine. Once the war started, British manufacturers had to develop a magneto
industry from scratch, and the earlier, home-built types failed consistently in the field
until they matured later in the war.**

Similarly, engine failures during patrols afflicted the float seaplane arm
especially. One veteran recalled that seaplanes at Portland suffered engine failure
‘once in three patrols.’®* The experiences of two pilots, J. H. Bentham and C. S.
Mossop, further illustrate the impact of engine reliability upon operations. During the
month of December 1917, Bentham flew eleven patrol missions from Newlyn Seaplane
Station in western Cornwall. Seven of these sorties, flown in Short 240 seaplanes,
resulted in curtailments—four for engine or engine-related reasons and three for strong
winds or bad weather. Two of the mechanical curtailments ended in forced landings
after which Bentham had to be towed back to the station.®® Likewise between 9 July
and 12 August 1918 Mossop, flying mostly Wight floatplanes from Calshot Air Station
near Portsmouth, flew 24 missions of which 16 were submarine hunting patrols. Two
of these patrol sorties were cut short for weather, six were curtailed for engine trouble,
and hislast mission ended when part of his seaplane' stail fell off in the air, leading to a
fatal crash.®* Thus one quarter of his patrol missions had to be terminated early—
sometimes only minutes after takeoff—during a two-month period due to engine

malfunctions.
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Improvements in maintenance practices may have caused a decline in engine
failuresin 1918. If Handley Page maintenance procedures were typical of most other
naval aircraft, the adoption of a daily engine inspection regime by well-trained
specialists following strict guidelines may explain increased engine reliability.®® From
January 1918 to the Armistice, Large Americas at Y armouth flew 64,000 patrol miles
and only experienced three forced landings due to engine trouble.®® During the last six
months of the submarine campaign, approximately 8 percent of seaplane and flying
boat anti-submarine patrol missions and 4 percent of aeroplane patrols were curtailed
because of engine problems.®’

Engines were not the only source of problemsin maritime aircraft. Flying boats
were especialy difficult to maintain due to their large hulls, which tended to leak,
especially those not housed in hangars.®® Wing Captain Lambe, writing from Dunkirk,
reported that his seaplane squadron possessed a single Large Americafor 96 days. No.
8695, mentioned above as the only aircraft to sink a U-boat unaided, flew only 16
patrols in three months. Weather hindered operations on 32 of those days, but a leaking
hull and engine problems grounded the aircraft on 48 days.®® T. C. Gordon, a flying
boat pilot based at Houton in the Orkneys late in the war, recorded in his diary that only
three of 18 flying boats and seaplanes were fit for patrols on 15 July 1918; two months
later only one out of 25 flying boats was in commission. The primary problem here
was alack of carpenters for hull maintenance.”

The performance and reliability of airships presented an entirely different kind
of problem. Lifting capacity, which would provide for more bombs and more fuel for
endurance, had little to do with enginesin airships. Lifting power was simply a matter
of the volume of hydrogen held in the envelope, hence the increase in envel ope sizes of
non-rigid designs as the war progressed. Early airships normally employed light
aeroplane engines for propulsion; since envelope noses blew in during high speed
flight, endurance characteristics were much more important than power in an airship
engine. The significant difficulty with adapting these low-power engines for airship
use was the need for reliability over long periods of time at slow speeds. Slow speeds
meant that airflow over the engine was not high enough to keep the engine properly

®No. 7 (Naval) Squadron, Notes on the Work And Organisation of a Handley Page Night Bombing
Sguadron, May 1918, AIR 1/2684, Pt 4.
Bolton, ‘ Development of the Large Flying Boat,” AIR 1/2397/267/5.
67
TH4, 16.
*Ibid., 5-6.
%L ambe to Bacon, 15 Oct 1917, AIR 1/71/15/9/124.

Chapter 2



46
cooled. Aeroplane engines were designed for short flights at high power, not lengthy
airship flights at low power. Thus the early SS non-rigids, using 70 HP Renault and
other similar engines tended to overheat often. Commanders of Coastal airships at
Longside (near Aberdeen) complained that they could not carry out their missions with
their unreliable engines.”” Also, the need to manually start an engine by turning the
propeller or hand cranking a starting handle meant that in-flight restarts, if required,
created a hazard for flight engineers.”

Rolls Royce once again produced a solution to Admiralty requirements in the
form of the Hawk engine. Producing only 75 to 100 HP, the Hawk was specifically
designed for non-rigid airship operations. The keys to this engine’'s success were its
superb performance under extended periods and the ability to restart easily in the air.”®
By the last six months of the war, airships of all types were suffering approximately
three percent mission curtailments due to engine problems, a low figure largely
influenced by the excellent reliability of the Hawk engine and the advantage of twin-
engine airships being able to continue flight with one engine inoperative.”

Although nava air power did not completely overcome its engine and flying
boat hull reliability issues, engine power had developed sufficiently to provide aircraft
with respectable bomb loads and endurance, both requirements of an effective anti-
submarine patrol force. The environment in which they worked, however, would

provide another challenge to maritime aviators during the Great War.

Weather and Over-water Navigation
During the Great War flying conditions often dictated the pace of operations,

since many types of aircraft lacked the ability to operate during high winds, calm or
rough seas, poor visibility, or low clouds. If one considers the additional challenge of
flying over the vast emptiness of the seas, it becomes apparent that naval aviators
fought their air war not only against German submarines but also with their hazardous

flying environment. Asthe official air historian noted, ‘the sailor is always at war with
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the sea as the airman is at war with the air, but the naval airman has to reckon with
both.’

As the first half of this chapter demonstrated, different aircraft types had
different capabilities and limitations regarding their ability to operate in poor weather.
Analysis of athree-month period in 1918 illustrates how the weather could affect flying

operations in different coastal areas.

Table 4. Number of Flying Days Available, 1 July - 30 September 1918. Source: WIA, Appendices:
XVIII.

Aircraft Type South-West England Channel Coast North-East England
Seaplanes 84 87 90
Aeroplanes 89 87 91
Airships 67 65 35

Thus during this period of consistently good weather, airships in two air groups only
flew two-thirds of the time while those based in Y orkshire only flew approximately one
day out of three. Although commanders tended to be more conservative regarding the
use of airships in questionable weather conditions, this table does indeed illustrate their
[imitations.

Greater numbers and a variety of aircraft types helped to minimise the effects of
weather by offering aternatives to air commanders; when one type of aircraft could not
fly, another type could usually be found to carry out the required anti-submarine patrols
or convoy escorts. 1918's abundance of coastal air stations meant that if the coastal
weather—which could vary tremendously from one area to the next even if only afew
miles away—qgrounded a portion of an air group, it was likely that the weather at one or
more of the remaining bases would alow the launch of patrols to cover most of the
group’s flying responsibilities.”

Flying over the water provided another challenge. Seaplanes and flying boats
were designed with thisin mind and later maritime aeroplanes normally came equipped
with flotation gear for ditching at sea. Seaplanes and flying boats required an
infrastructure of ramps for launching and hangars for protection. Similarly, the
relatively delicate non-rigid airship force required extremely large hangars and when
these were not available relied on mooring stations surrounded by trees, which offered
at least some protection from the wind.

"Jones, WIA, I1: 335.
™War Experiences of Flt Lt P. H. Mackworth, RAF Staff College, 23 Jan 1928, AIR
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Navigation over the water was yet another problem; maintaining awareness of
one's position was difficult in the absence of ground references. When out of sight of
the coastline, maritime aircraft relied on three tools. The first, if available, was the
system of light vessels established in coastal areas for maritime navigation.”” Large
Americas from Felixstowe, for example, used the North Hinder Light vessel, 52 miles
off the coast, as a navigational reference along with the many others that populated
coastal shipping routes.”®  British direction finding stations provided a second
navigational tool. These stations, originally built to pinpoint U-boat positions by
tracking their wireless transmissions, were especially useful to airships. Their slower
speeds made them more susceptible to the effects of wind drift and hence navigational
errors.”® The final and most important method of navigation over water was dead
reckoning. Aviators ssimply kept track of their course, airspeed, and time in order to
estimate their position on the navigational chart. Two key measurements were required
for accurate dead reckoning navigation: the aircraft’s course and ground speed, both
affected by the wind.

Aircraft heading and airspeed could be measured fairly accurately by the
aircraft’'s own instruments.® Large America flying boats, for example, used a vertical
compass graduated every two degrees, and al of the principal performance instruments
were located on a single instrument panel in front of the pilot.** Applying the wind's
effects to the known heading and airspeed would result in the aircraft’s course and
speed over the sea. Winds could be estimated from meteorological officers at the home
station, but once out to sea winds could easily change in both speed and direction.
Observing the effects of the wind on the sea offered one way of estimating the course
and strength of the wind. Advanced models of bombsights were also used for
determining wind drift.?> On larger aircraft, two crew members could usually devote
much of their time to navigation—the two pilots on Large Americas or the pilot and

observer on two-seat aeroplanes, float seaplanes, and airships.®®
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Although challenging, flying over water presented problems existing
technology could solve. Many of these solutions also applied to cloud flying, though
flying into clouds made scouting for U-boats impossible and therefore not worth the
risks. Night flying was yet another area of innovation, since U-boats operated in the

darkness, and the potential of operating aircraft at night was too tempting to ignore.

Night Flying

Although the RNAS had experimented with night flying in June 1914, German
night Zeppelin attacks against London in January 1915 forced the RNAS to consider a
night flying capability.®* These German attacks not only generated the necessity to
intercept enemy aircraft at night, but may also have provoked the British into trying
their own night bombing raids against facilities in occupied Belgium and elsewhere.
Later in the war, the RNAS and RAF developed night flying operations to an advanced
degree. Although bombing Flanders U-boat bases was the primary arena for employing
night aviation to counter Germany’s submarine campaign, naval aviators discovered a
measured benefit from night convoy escort missions. Specifically, flying at night
became important for the anti-submarine campaign as some of the German U-boat
commanders switched to night surface attacks against shipping. During February and
March of 1917 approximately one quarter of all Home Waters attacks on British vessels
were at night. A year later, the proportion was one half.%

To accomplish this task, two sets of technological problems needed to be
addressed. First, the ability to operate the aircraft at night was a basic prerequisite for
effectiveness. Could the pilot take off, navigate, and return to his base safely in the
darkness? The second set of problems concerned weapons employment and hunting
operations; if the crew could fly at night to the target or patrol area, would they be able
to drop bombs accurately or spot a conning tower?

By the start of the unrestricted submarine campaign, the British had for the most
part solved the basic problems of operating aeroplanes at night. RNAS units in south-
east England had by early 1916 developed techniques for taking off and landing at
night, using rows of burning petrol cans to illuminate the landing ground and the

direction of the wind. Flares and flashing lights became the primary means of
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communication between aircraft and their aerodromes.®® By 1918 the system had
evolved into an electric lighting apparatus, laid out in the shape of the letter ‘T, for
takeoff and landing, with an elaborate system of communication by coloured flares and
Aldis lamp light signals. Navigation to and from the target area relied on dead
reckoning with star and moon observations as a backup. The RNAS required its
compasses to be readable ‘by day or night,” and usually employed radium paint or
small lights for illumination of the compass card.®” Additionally, a system of
lighthouses, spaced apart at ten-mile intervals behind friendly lines, helped the aircrew
navigate back to the home aerodrome if conditions allowed them to be seen. By 1918,
pilots and observers had grown accustomed to the local landmarks in northern Belgium
and could easily navigate at night regardless of the moon’sillumination.® For landing,
the Air Ministry developed a night atitude indicator to help the pilot judge his height
during the final 500 feet of his approach. Even crash sights and bomb craters on the
home aerodrome would be marked with red lights to help pilots avoid unexpected
obstructions upon landing.®

The major problem associated with seaplane and flying boat missions at night,
which remained unresolved during World War |, was the ability to land on the surface
of the water with limited illumination and no ground references to aid the pilot. The
Cooper Night Landing Stick, seeing trials on Large Americas in August and September
1918, was simply a long pole mechanically attached to the elevator. Extending 14 feet
below the hull, it would touch the water before the hull did as the flying boat landed,
causing the elevator to deflect automatically in order to raise the nose to the landing
attitude. Fears over the device's strength prevented its adoption for general service.
The RNAS also experimented with float-mounted flares as an aid to water landings.™*

Airships used similar basic techniques, however, they benefited tremendously
from the ability to climb and descend amost vertically and to proceed a extremely
slow speeds in order to avoid running into trees and other obstacles at night. Being

stationed near the coast enabled them to make use of local lighthouses for navigation
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when necessary.®? Otherwise, navigation at night over water used the same techniques
mentioned above. With the ability to navigate between their bases and their operating
areas, all aircraft would then have to face the challenges of conducting their war tasks,
either bombing or visually searching, at night.

Although the first RFC night bombing unit was not established until February
1917, RNAS bombers had learned of its benefits in early 1915 during night raids
against naval objectivesin Flanders.*® By 1916 RNAS Sopwith 1% Strutters and Short
Bombers regularly attacked at night, taking off a few hours before dawn in order to be
ableto land in daylight.** These night bombing operations continued in 1917 and 1918
using Handley Page heavy bombers.

Asthe RNAS commander at Dunkirk reported, the advantages of night bombing
were immense. Night flying made the bombers almost impervious to German anti-
aircraft fire, which enabled them to bomb from lower altitudes thus increasing their
accuracy. The local weather pattern, where calm winds and good visihbility
predominated during the hours of darkness, was another advantage. Finally the
Handley Page, carrying more bombs than six DH-4s and using half the fuel, required no
air escort at night, since the Germans had not yet developed a night interceptor
capability.® By 1918, atypical Handley Page night bomber crew approached the target
silently, in a power-off glide, to avoid detection from the sound of the engines before
dropping their bomb load at low altitude. If caught in German searchlights, the pilot
would put the aircraft into violent jinking manoeuvres to escape.*

Patrolling the sea-lanes and escorting convoys proved more problematic at
night. Opinions were mixed during the war as to the utility of night airship patrols.
Vice-Admiral Bacon supported the idea of night airship patrols for the Dover Straits in
May 1915, where the U-boats were supposedly crossing the area on the surface at night,
but fire from friendly anti-aircraft guns was a genuine concern.”” Admiral Sir F. T.
Hamilton, commanding in Scotland, ruled out airship night flying in 1916 and only
grudgingly allowed them to fly at night in 1917.% By 1917 Scottish airship stations
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regularly launched Coastal airships before sunrise in order to have them in position
above the sea lanes by dawn, while at least one Longside airship pilot flew four night
patrols during the course of a single week in June.*

By 1917 the Dover command considered night flying a promising tool,
especialy in order to put the airship above its patrol area before daybreak, a time
regarded as likely to be fruitful in spotting a surfaced U-boat.'® The airship station at
Polegate and its substations, responsible for the eastern English Channel, flew over
1,000 hours of night flying between May 1918 and the Armistice.*®® This no doubt was
part of Vice-Admiral Sir Roger Keyes's renewed efforts to completely block the Dover
Straits as a U-boat transit area—efforts that finally sedled this chokepoint in mid-
19181

Escorting convoys provided another opportunity for night flying. In April 1918
a 55-hour patrol of NS-3 met with little difficulty in maintaining contact with a convoy
it was escorting during periods of moonlight illumination. When the moon was
obscured, however, the airship could only keep sight of the convoy by flying astern of
it and maintaining position by referencing the stern lights of the ships.!® Again, the
value of night escorts was not in spotting a U-boat at night, but in being with the
convoy at dawn in order to maximize the useful daylight in searching for U-boats in the
vicinity.

In July 1918 the Admiralty’ s Anti-Submarine and Air Divisions considered the
employment of searchlights from airships. They concluded that the benefit of limited
illumination would be outweighed by the disadvantage of the airship giving up its
position to a surfaced submarine, which could then fire on the airship."®* During the
following month the Air Division recommended that airships flying convoy escorts at
night be limited to using light signals only for recognition, emergencies, or as
specifically ordered by the local Senior Naval Officer.'® Parallel evaluations for fixed
wing aircraft discovered that much of the limited bomb-carrying capacity would have
to be sacrificed in order to carry the heavy searchlight systems. Parachute flares

promised better illumination possibilities, but the position of the U-boat would have to
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be known beforehand to avoid a massive expenditure of these devices, which weighed
80 pounds each.'®

Unfortunately, night patrol work was typically not very useful even for airships
since the ability to spot anything on the water at night was minimal. On bright
moonlight nights, however, patrols near areas of known U-boat mine-laying activity
were considered ‘worth the risk’ of being attacked by a submarine on the surface. The
primary benefit for airship night flying was found in the ability to launch before dawn
and be ‘on their beats during the whole of the hours of twilight and daylight.’*”

In April 1918, seaplanes from Fishguard experimented with four night patrols
by moonlight and found that ships and objects were ‘fairly easily discernable, and with
the help of an Aldis lamp, unmistakeable.’'® The inability of seaplanes and flying
boats to find U-boats at night combined with the risk of night landings meant that they

were largely limited to day operations.

Bombs and Ordnance Delivery
The RNAS had considered the use of aircraft to bomb submarines as early as

1912, and the Navy'’s technical orientation served it well in developing weapons and
delivery systems.’® In dealing with the U-boat threat during the Great War aircraft
required effective bombs and means of delivering them accurately in order to destroy,
damage, or at least threaten U-boats. Although a 1916 RNAS Gunnery Memorandum
suggested that a 16-lb bomb landing directly on a submarine would be sufficient to
destroy it, the first few years of the war demonstrated that bombs of 100-lbs or less
were of little use against submarines.™® Additionally early bombsights did not account
for wind and often required the use of printed charts and tables in flight. Starting from
the middle years of the war, however, the RNAS made tremendous leaps in bomb sizes,
largely as a result of performance increases of the aircraft that carried them, and in
sighting apparatus.

Aircraft theoretically did not need to make a direct bomb hit in order to sink a
submarine. Just as with depth charges, an explosion close to the U-boat’s hull should

have been sufficient to destroy or seriously damage it. The questions of course were
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how large the bomb had to be and how close to the U-boat it needed to explode. Trials
at HMS Vernon demonstrated that a bomb containing a 40-Ib explosive charge needed
to discharge within 10 feet of a submarine to ‘destroy or severely damage a submarine’;
for 120-Ibs of explosive the distance was 35 feet.*** The adoption of the 230-1b bomb,
containing 140-Ibs of amatol in a 90-Ib sheet steel case, soon followed and was first
used against a U-boat in June 1917. Fortunately, this programme coincided with the
fielding of aircraft capable of carrying such bombs on anti-submarine patrols, such as
the larger two-seat float seaplanes and the Large Americas. The December 1917 RNAS
Anti-Submarine Report recommended that field units carry a new light-case 520-1b
bomb ‘whenever possible’ Even though the larger bomb would reduce the aircraft’s
patrol time due to the extra weight, air commanders continued to press for more
destructive 520-1b bombs for their unitsin 1918.*** By April 1918 these large bombs
were dill in the developmental stage and few 520-Ib bombs are mentioned in
submarine attacks; only the later Large America flying boats and the Blackburn
Kangaroo were capable of carrying it.'** Thus the 230-1b bomb became the primary
anti-submarine weapon of larger aircraft, including airships, while smaller patrol
aircraft still relied on the lighter 100-Ib and 65-Ib bombs. One tactic adopted by the
RAF in 1918 caled for dropping a pair of 230-Ib bombs as a salvo, each one projecting
a 40 foot destructive radius for a respectable kill zone, to enhance the chances of a
kill =

Fusing these anti-submarine bombs properly created another chalenge. The
230-1b bomb was originally developed as a light-case, high explosive bomb used for
destroying buildings; the idea was for the bomb to penetrate the roof before exploding
inside the structure. It therefore did not use a nose impact fuse, but instead relied on a
delay fuse in the tail that could be set to use a .05-, 2.5-, or 15-second delayed internal
detonator; the delay length had to be set before flight. For anti-submarine use, the 2.5-

MRichard Bell Davies, Sailor in the Air (London: Peter Davies, 1967), 113-15; Jones, WA, |I: 342;
Air Department, Lectures on Bomb Sghting, 23 Apr 1917, AIR 1/673/17/134/42, 9-10; Air Department,
Gunnery Memorandum No. 31, Apr 1916, AIR 1/2103/207/30/20.

MAjr Division, Notes on the Co-operation of Aircraft with Surface Craft for Escorting Convoys of
Merchant Ships, Dec 1918, AIR 1/2321/223/41/885; Capt J. G. Struthers, Airship Department, Notes on
Aids to Submarine Hunting, Apr 1918, ADM 186/415.

22Air Ministry, Details of Aerial Bombs, Feb 1918, AIR 1/704/27/7/1-24; Anti-Submarine Division,
RNAS Anti-Submarine Report, Dec 1917, AIR 1/2105/207/41/7, 9-10 [Hereafter, ASR]; Admiralty to Air
Ministry, 29 Mar 1918 and 12 Apr 1918, AIR 1/274/15/226/124 Pt |; Col H. A. Williamson,
‘Employment of Aeroplanes for Anti-Submarine Work,” and DAD minute, Aug 1918, AIR
1/287/15/226/137 Pt 11.

Director Air Armaments to Controller Technical Department, 22 Apr 1918, AIR 1/305/15/226/163;
NAOs, Apr-Oct 1918, AIR 1/626/17/59/1-7.

YDjrector Air Armament to Director Flying Operations, 7 Sep 1918, AIR 1/32/15/1/184.
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second delay was used and typically caused the bomb to explode 80 feet below the
surface. The problem with this configuration, realised but not solved during the war,
was that a submarine on the surface or deep in the water was amost immune from
damage from these bombs.**> A technical conference in June 1918 recommended that
aircraft employ a mix of 230-1b ‘depth’ bombs and 100-Ib ‘ contact’” bombs to provide
flexibility in submarine attacks. Some units chose to provide differing weapons loads
in a formation of patrol aircraft for the same reason. Although it was technicaly
feasible, variable fusing, where the depth could be set in flight, did not gain support
from RAF technical officers and was not attempted.*'®

There were, however, a few air-delivered aternatives to bombs as anti-
submarine weapons. Historian Dwight Messimer mentions the production of two small
aeria depth charges. The Type C, with a 35-1b charge, detonated through the extension
of alanyard attached to a float, while the Type C*, of 65-lbs, used a hydrostatic pistol
set to fire at a depth of 50 feet.'*” These aerial depth charges were actually Hale's
Bombs adapted with specia fusing gear, but their limited explosive power made them
useless.™® Technical experts assumed that depth bombs were just as good if not better
than any conventional depth charge designs.'® Maritime aviators also considered
aerial mines; a scheme to develop and field such weapons for mining the Bruges-
Zeebrugge Canal never progressed beyond the experimental stage due to damage from
impact, water leaks, and the infeasibility of dropping mines in daylight from low
altitude (required for accuracy) in a highly defended area® Finally, technical experts
pushed for the use of a 1¥2-pounder or 37mm gun mounting for aircraft to shoot at U-
boats, potentially holing the double hull in order to prevent the submarine from
diving.*** Although airborne trials with a recoilless 2-pounder Davis gun had been
conducted in 1916, the use of small calibre artillery on maritime aircraft never appeared

to progress beyond the experimental stage.'*

"Details of Aerial Bombs, AIR 1/704/27/7/1-24; TH4, 9.

115 Recommendations of Conference,” 14 Jun 1918, AIR 1/305/15/226/163; ASR, Aug 1917, AIR
1/2105/207/41/3, 4.

""Messimer, Find and Destroy, 134.

8T echnical History Section, The Technical History and Index, Part 40: Anti-Submarine Development
and Experiments Prior to December 1916, Sep 1920, NHB, 54-55.

119 Recommendations of Conference,’” 14 Jun 1918, AIR 1/305/15/226/163.

20Mines Dropped From Aircraft, Mar 1917 - Jan 1918, AIR 1/72/15/9/141. One of Sir Reginald
Bacon’s many schemes, the aerial mining trials ended with his dismissal in December 1917.

124 Recommendations of Conference,’ 14 Jun 1918, and Director Air Armaments to Controller
Technical Department, 22 Apr 1918, AIR 1/305/15/226/163.

12Air Department, ‘Report of Experiments Carried Out at Grain During April 1916, AIR
1/436/15/228/2.
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The question of bomb aiming absorbed a great deal of developmenta energy
during the war years as well. The pre-1916 bombsights, the Nail, Lever, and Central
Flying School (or CFS) sights all had serious deficiencies regarding accuracy and ease
of use. The primary problem was in measuring and accounting for the effect of the
wind on the flight path of the bomb. A bomb fell at the same rate in all conditions from
a given height but acquired the ground speed of the aircraft, minus a correction for
bomb drag, as soon as it was released. Caculating the angle of release therefore
required an accurate ground speed rel ative to the target.

Ground speed could be calculated in flight by either recording the time required
to pass two points on the ground or by measuring the wind at atitude and adjusting the
indicated airspeed, as taken from the cockpit indicator. The Equal Distance Sight,
developed by Warrant Officer Scarff of the RNAS, made use of the first method of
ground speed calculation; a fixed sight and a reversible stopwatch (adjusted for the
aircraft’s height) made operation smple. Unfortunately it proved difficult to work the
stopwatch while under anti-aircraft fire, and altitude and airspeed had to be held steady
throughout the bomb run. Attacks had to be conducted either directly upwind or
downwind to minimise lateral errors. The sight was suitable for attacks against
submarines but required manoeuvring into the wind before making the bomb run,
adding precious seconds to the attack sequence as the U-boat dove for safety. Six
hundred of these sights were produced in 1916 and 1917.%%

The Drift bombsight series, invented by Lieutenant Commander H. E.
Wimperis, used the second method of wind compensation. Known winds could be
ascertained before the bomb run by flying at right angles to the wind direction and
lining up a drift bar with the actual path over the ground. This automatically adjusted
the sight for wind, negating the need for a stopwatch; the observer then dialled in the
planned altitude and indicated airspeed for the attack. The sight was now set for use.
Again, the actual bomb run had to be made either directly into or directly away from
the wind, although one version of the instruction manual offered techniques for attacks
across the known wind.*** Winds could also be forecast at the home station through
observing anti-aircraft artillery bursts and measuring their course and speed through a
mirror system. This method gave bomber aircrews the ability to plan their approach to

12Technical Department, Ministry of Munitions, Bomb-Sighting with a Short Account of the Chief
Apparatus Now in Use, 13 Aug 1918, AIR 1/701/27/3/656; Air Department, RNAS Equal Distance Bomb
Sght (Mark 1), 1 Jul 1916, AIR 1/2103/207/31; Capt D. S. Murray, ‘General Notes on Bomb Sights,” 8
Feb 1921, AIR 1/674/21/6/77.
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the target before taking off on a mission. Airships could obtain the exact wind speed
by flying into the wind, throttling back, and bringing the airship to a hover with the
engines running slowly.’® The indicated airspeed equalled the wind speed in these
circumstances. The Drift bombsight appeared in high altitude, low altitude, and airship
versions and was the most widely used British naval bombsight of World War 1.12°

‘The most important bomb sight of the war,” in Christina Goulter’s opinion, was
the Wimperis Course Setting bombsight. Setting the standard for bombsights until
World War I, this sight incorporated a working compass with the basic concepts of the
Drift bombsight.®” The new sight, first tested in December 1917 on flying boats,
allowed the aircrew to attack a target, including a moving submarine, from any
direction with superb accuracy. Trials in Large Americas and Handley Page night
bombers demonstrated that the Course Setting sight was ‘extremely simple to operate,’
but required close cooperation between the observer, who worked the sight, and the
pilot, who steered the aircraft by his partner's commands. Contractors produced
approximately 720 of these by the end of 1918.*%®

12%Air Department, RNAS Drift Bomb Sights, four releases: 28 Sep 1917, AIR 1/2103/207/31; 28 Feb
1918, AIR 1/2103/207/30/46; 28 Jun 1918, AIR 1/699/27/3/435; 13 Aug 1918, AIR 1/700/27/3/570.

15Capt G. McKerrow, Report on Drift Sight, 27 Jul 1918, AIR 1/945/204/5/999; Lectures on Bomb
Sighting, AIR 1/673/17/134/42, 14.

12Murray, ‘ General Notes on Bomb Sights,” AIR 1/674/21/6/77, 18.

2/Goulter, Forgotten Offensive, 27.

%8Djrector Air Armament to Controller Technical Department, 22 Apr 1918, AIR 1/305/15/226/163,
CO RN Seaplane Base Idles of Scilly, Bomb Test Report, 11 Dec 1917, AIR 2/38; RAF Experimental
Station Report, 3 Sep 1918, AIR 1/459/15/312/91; ‘ General Notes on Bomb Sights,” AIR 1/674/21/6/77,
18.
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Figure 15. Wimperis Cour se Setting Sight. Source: Bomb-Sighting, AIR 1/701/27/3/656, facing p. 27.
Thus by the last two years of the war, naval aviators possessed powerful bombs
(230-1b and 520-1b) and accurate sights (Drift and Course Setting) capable of inflicting
damage on U-boats. Although a post-war staff study claimed that aircraft destroyed ten
U-boats and ‘probably seriously damaged’ a further 22 submarines during the entire
course of the war, historians today agree that the most probable result of these aircraft
attacks was only one U-boat destroyed by an aircraft acting alone and five others sunk
by air patrols assisted by surface vessels'®® Nevertheless, the fact that U-boats
submerged to escape during most aircraft attacks leads to the conclusion that the
Germans respected the potential damage of a well-aimed salvo of aircraft bombs.**
Many attacks therefore had to be carried out just as the submarine submerged or
seconds after it left the field of view; the aim point for dropping bombs at this point
depended on educated guesses based on known U-boat diving rates, turning radii, and

submerged speeds.™®! The odds favoured the U-boat, as the results confirmed.

Communications
One of the principal advantages of aircraft in the anti-submarine campaign was

the ability to communicate.  Ther relatively small bomb load meant that
communicating with surface vessels would offer a better chance of bringing more

munitions to bear on a U-boat. Communications gave aircrew the opportunity to warn

12%TH4, 13-15; see Chapter 1, footnote 7, above.
9TH4, 15.
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merchant vessels of submarine threats or mines. Within most coastal commands, local
air commanders soon became dependent on effective communications in order to
provide air reinforcement to suspected U-boat sightings. Thus, communicating was not

only a benefit but became a necessity in the anti-submarine campaign.

Figure 16. Aldis Signal Lamp. Source: Air Dept Pamphlet No. 41, AIR 1/699/27/3/417.

Communications could be accomplished through a number of different means.
When in sight of another aircraft or a surface vessel, most naval aircraft used Aldis
lamps for Morse code signalling. Employing a 12-volt electric lamp within a 4-inch
mirror, this device had a pistol grip, trigger, and telescopic sight for ease of flashing a
light signal at a ship or another aircraft. Although there were complaints concerning
the use of thislamp onboard small anti-submarine vessels of the Auxiliary Patrol, Aldis
signalling remained an effective means of immediate communication, with a reliable
range of 4 to 5 miles and a maximum range of 17 miles.*?

Flares could aso be used in pre-aranged numbers and colours for
communication. Observers on airships and seaplanes had the additional capability of
using 24-inch naval signalling flags, and the semaphore system of waving two flags

BlNotes on Aids to Submarine Hunting, ADM 186/415, 12-15; Air Division, Notes on the Cooperation
of Aircraft..., Dec 1918, AIR 1/2321/223/41/885, 10-13.

2ASR, Aug 1917, AIR 1/2105/207/41/3, 4; TH4, 11; Air Department Pamphlet No. 41: Aldis Signal
Lamp, Jan 1918, AIR 1/699/27/3/417; ‘A Chronological Account of W/T and Signal Work Carried Out
By Seaplanes and Aeroplanes Working With The Grand Fleet,’ Mar 1919, AIR 2/125.

Chapter 2



60
could be accomplished from airships.*® If for some reason these systems did not prove
convenient, airship captains always had the option of descending, shutting off the
motor, and shouting to a surface vessel to passinformation.**

The wireless telegraph (W/T), however, bore the essential task of long-range
communication for aircraft. Early spark W/T sets were extremely heavy; the set
procured for the rigid airship Mayfly of 1911 weighed 500 pounds.™*® Decreasing sizes
and increasing performance of W/T sets made them standard equipment on non-rigid
airships and most seaplanes during the war years.*** The Type 53 spark transmitter of
the Coastal airship class, for example, weighed just over 100 pounds and had a range of
100 to 120 miles. Since these devices were usualy powered by electricity from the
engine, a larger engine meant more power and range for the signal. The Fairey
Campania large floatplane, introduced in July 1917, used a main, engine-driven
transmitter of 250 to 300 miles range and a battery-powered backup transmitter
providing a range of 150 miles. Wireless receivers were typically much smaller and
lighter, the common Type Tb receiver weighing only 6 pounds and able to receive
signals from 150 miles away. The introduction of continuous wave transmitters further
reduced their weight and increased their range; the Type 57 transmitter weighed only
40 pounds with all of its associated gear and batteries and possessed a 250 to 350 mile
effective range when installed in a Short floatplane.®®  Continuous wave WIT,
introduced to field units in the spring of 1918, was considered more reliable and
experienced |ess interference than the earlier spark transmitters.**®

The use of W/T from aircraft added a number of capabilities to aircraft. In two-
seat aircraft the observer worked the wireless, while in aircraft with larger crews aW/T
operator was typically a designated crewmember, acting as an additional Lewis gunner
when necessary. Although not all merchant vessels were equipped with wireless, all
convoy commodores were and thus a reliable means of communication existed with the
formations aircraft were detailed to protect.’® Naval vessels maintained a listening

133 W/T and Signal Work,” AIR 2/125.

"M eager, Airship Flights, 81.

B5Arthur Hezlet, The Electron and Sea Power (London: Peter Davies, 1975), 72.

DAD Report, ‘Appreciation of British Naval Effort: RNAS Aircraft Operations,” Nov 1918, AIR
1/2415/303/31, 18.

B7pjrship Department, Handbook on the ‘Coastal’ and ‘C Star’ Airships, May 1918, NMM(CL); Air
Department, Receiver Model Th, Dec 1917, AIR 1/2103/207/30/32; Air Department, CW Transmitter
Type 57, Jan 1918, AIR 1/2103/207/30/37; ‘WIT and Signal Work,” AIR 2/125.

3¥\g Capt E. L. Gerrard to C-in-C Plymouth, 10 Jan 1918, AIR 1/641/17/122/106; War Experiences
of Sgn Ldr R. M. Bayley, RAF Staff College, 21 Sep 1923, AIR 1/2386/228/11/20.

1¥A. J. L. Blond, ‘Technology and Tradition: Wireless Telegraphy and the Royal Navy, 1895-1920,
Ph. D. Diss. (University of Lancaster, 1993), 329.
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watch on aircraft frequencies whilst on patrol, and aviation Morse signals were
shortened and simplified in order to make transmissions more efficient and timely.
Using wireless, patrol aircraft could communicate with their home stations in order to
report U-boat sightings, call in reinforcements, or request assistance in case of
emergencies.**

Direction finding (DF) was an additional tool for aircraft. Although all anti-
submarine forces potentially benefited from the U-boat intercept information cal cul ated
by DF stations around the coasts, aircraft could verify their positions by sending
wireless signals to these stations. Air headquarters could also track their own aircraft
and move them to positions of known U-boat intercepts or sightings. Aircraft on patrol
were even known to pick up German U-boat transmissions on their own receivers and
could approximate the distance by the strength of the signal.***

Although the use of W/T required well-trained operators and were ‘ complicated
by engine and air noise, splashes of engine oil and the risk of fire, wireless
communication systems were force multipliers for maritime air units.** Wireless
telephone, using voice communication in place of Morse keying, would have been an
even greater advantage had it been fielded in time!*®  Nevertheless, the
communications capabilities of 1918—taken for granted today—represented a
technological leap of immense proportions and greatly enhanced the effectiveness of

aircraft in the anti-submarine campaign.

U-Boat Detection
One of the primary difficulties in anti-submarine warfare during the Great War

was detecting the location of the submarine. As mentioned at the beginning of this
chapter, aircraft had the advantage of height in trying to spot a submarine’'s periscope
or conning tower visually. Altitude not only extended the visual horizon but also freed

the aircraft crewmember’s line of sight from some of the effects of air density and

10/ AECE, East Coast Aircraft Orders, 30 Sep 1918, ADM 137/2242; TH4, 10; VAECE to Admiralty,
27 Nov 1917, AIR 1/641/17/122/222; RNAS HQ Plymouth, South-West Group Patrol Orders, 1 Sep
1917, AIR 1/644/17/122/292.

YITH4, 4; ASR, Sep 1917, AIR 1/2105/207/41/4, 4; NAO, May 1918, AIR 1/62617/59/2, 14; Meager,
Airship Flights, 79.

142Raleigh, WA, |: 224.

“Hartcup, War of Invention, 154-55; DAD Memo, 10 Aug 1918, AIR 1/286/15/226/137 Pt |. Wireless
telephone had been demonstrated in 1916, would have enabled ‘en clair communication, but proved
difficult to mass produce at the time.
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mist.*** Coloured goggles met with some success in filtering the light in order to aid in
visually detecting a U-boat’ s conning tower or periscope.**

Nevertheless, trying to sight a periscope or conning tower from the air was till
a difficult proposition, especially in the choppy seas and misty air prevalent around
Britain. Detecting a submerged submarine from the air presented a far greater
challenge, especialy in the murky waters of surrounding the British Isles. Although
clear water enabled aircraft to sight submarines below the surface of the water to a

limited depth (sometimes as deep as five fathoms),'*

as soon as the U-boat dove deep
it was relatively safe from detection.

Development of the hydrophone in Britain, for use from shore stations as well
as from vessels, attempted to deal with this detection problem. The hydrophone was an
advanced underwater microphone used to detect the sounds of a U-boat’s machinery.
The Board of Invention and Research and the Admiralty’s experimental establishments
had invested a great deal of time and resources into underwater acoustics and
hydrophone technology during the war.**” Various iterations of this device evolved for
use with warships. Specifically, the Admiralty fielded the Portable General Service
hydrophone—a very basic, non-directiona listening device—in late 1915 for use in
small vessels. Towed and directional models followed and saw service with
hydrophone hunting flotillas as early as summer 1917.

One of the primary difficulties associated with using hydrophones with surface
vessels was the ssimple fact that a hunted U-boat could hear the approach of the vessel
well before the ship’s hydrophone operator could identify the presence of the U-boat.
The U-boat commander could rest on the bottom or use a slow, silent speed in order to
remain undetected. Mating the hydrophone with seaplanes or flying boats offered a
potential solution to this problem, however. Seaplane engines transmitted only a slight
amount of noise to the water and could thus employ hydrophones after landing without

giving away their position to the U-boat.*°

Y%This advantage was realised as early as 1912. Lt H. A. Williamson, ‘ Aeroplanes for Naval Service,’
2 Jan 1912, Air 1/626/17/88, App I.

“>Notes on Aids to Submarine Hunting, ADM 186/415, 3.

“5TH4, 13.

“BIR, Report of Proceedings, 31 Dec 1916, Jan 1917, ADM 293/7, 18-20.

1“8Newbolt, NO, V: 124-27; Messimer, Find and Destroy, 114-16; Cdr F. Barley, Historical Section,
‘Anti-Submarine Measuresin World War |, S.5659, 30 Nov 1960, Searches, Vol. 29, NHB.

1TH4, 11; Anti-Submarine Division, Hydrophones in Flying Boats and Float Seaplanes [CB865],
Aug 1918, AIR 1/2321/223/41/865, 3. On 26 January 1917, Lord Fisher wrote to Sir John Jellicoe that
‘If the direction finder can be so effectively used (as stated) by seaplanes to locate submarines, we have a
mighty weapon!’” Doc. No. 389 in Arthur J. Marder, ed., Fear God and Dread Nought: The
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RNAS units in the Mediterranean were the first to experiment with hydrophones
from seaplanes during the spring of 1917. Thefirst trial in Home Waters took place in
July 1917 where a float seaplane from Dundee Air Station was able to detect electric
motor noises at four miles distance.™®® The RNAS conducted further trials at Westgate
Air Station in early 1918. Three problems became evident. The non-directional
hydrophone available for the trials was not very useful in pinpointing the location of the
U-boat. Also, float seaplanes had poor sea keeping properties and could not operate in
this listening role unless seas were relatively calm. Finaly, if the engine was shut off
in order to save fuel and ease the observer’ stask of listening to the hydrophone headset,
restarting the engine proved to be a challenge. Some floatplane models had asingle air
bottle, or only one chance, to start the engine. Others required the observer to stand
precariously on the float while he operated a hand crank to initiate an engine start.
Even if the engine started, a floatplane with a war load of bombs, wireless, two
crewmembers, and other equipment experienced difficulty taking off in the open
ocean.™
Employing flying boats with a bi-directional hydrophone showed more promise,
however, in minimising the drawbacks of previous floatplane trials. Experiments in
May 1918 demonstrated that the Large America flying boat, equipped with aretractable
pole that housed a bi-directional hydrophone, needed only a modified sea anchor (to
prevent excessive drifting of the aircraft while resting on the surface) to operate
effectively.’® This led to the Anti-Submarine Division ordering 35 sets of this
hydrophone gear for flying boat units in Britain with 15 more for units in the
Mediterranean.®® Tactics called for the aircraft to aight on the water to listen, then
taking off to attack the target if located with the hydrophone set. With multiple aircraft,
one or more could remain airborne to drop bombs on the U-boat while the listening
aircraft directed the attack.™ According to the Anti-Submarine Division’s technical

Correspondence of Admiral of the Fleet Lord Fisher of Kilverstone, Vol. 11l: Restoration, Abdication,
and Last Years, 1914-1920 (London: Jonathan Cape, 1959), 424.

OASR, Jul 1917, AIR 1/2105/207/41/3, 3.

BlTechnical History Section, The Technical History and Index, Part 7: The Anti-Submarine Division of
the Naval Saff, December 1916-November 1918, July 1919, Technical History Volumes, NHB, 25-26
[Hereafter TH7]; Geoffrey Williams, Wings Over Westgate (Malling, Kent: Kent County Library,
1985), 106-07.

152 t Cdr G. Hilhouse, ‘ General Report Concerning Flying Boats and Hydrophones,” 17 May 1918, and
H. W. Metcalfe, ‘Trials of Hydrophone Suspensions with “Nash” Type Hydrophone,” 16 May 1918,
ADM 137/2717.

13DASD memo, ‘ Hydrophones and Flying Boats,” 17 Jul 1918, AIR 1/284/15/226/136 Pt I. A few sets
would go to floatplane unitsin areas where flying boats were not based.

>CB865, AIR 1/2321/223/41/865, 11-12.
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history, poor weather during the autumn of 1918 (combined with a scarcity of Large
Americas) meant that little use was actually made of this new technology.**®

In the meantime, airship units pressed ahead with similar trials. In December
1917, a BIR scientist suggested using hydrophones from airships because they could
tow a hydrophone at slow speed while manoeuvring and still benefit from an
undetected presence relative to the U-boat.™® Trials throughout the spring and summer
of 1918 demonstrated that towing hydrophone gear from an airship, even at slow
speeds, produced amost insurmountable problems such as excessive water-noise
generated from the equipment, drogue and cable failure, noise from the airship’s own
engines interfering with the headset, and an inability to keep the drogue from breaking
the surface of the water. By the closing months of the war experiments had finally
found a combination of the right gear with the right technique but the war ended before
the sets could be distributed.™>” Mullion Airship Station (in Cornwall) used some of the
experimental sets operationaly, but no submarine attack reports during the closing
months of the war mention the use of hydrophones from airships.**®

Although the use of hydrophones from aircraft during the Great War
foreshadowed its current use by naval helicopters employing ‘dunking sonars’ to hunt
submarines, the Admiralty wanted more than what existing technology could offer.
The useful range of these early hydrophones was only about two miles from a towed
system or four from a stationary set; directional accuracy was not much better than 20
degrees.™ However as Richard Compton-Hall relates, ‘despite hydrophones of one
kind or another, the most reliable A/S [anti-submarine] detection method on both sides
remained, throughout the war, a sharp visua lookout for periscopes and torpedo

wakes.’ 160

Submarines
If Winston Churchill’s assessment of the U-boat threat was correct, that ‘ of all

the tasks ever set to a Navy none could have appeared more baffling than that of
sheltering this enormous traffic and groping deep below the surface of the sea for the

deadly elusive foe,” then the technical advances of British maritime air forces must be

15TH7, 26-7.

158F. B. Young, BIR Paper 40974/17: ‘The Airship in Relation to Gear for Submarine Detection, 28
Dec 1917, ADM 137/1953.

B\Wg Cdr T. C. B. Cave, ‘Present Position of Hydrophone Experiments;’ 20 Apr 1918, ADM
137/2710, 37-9; TH7, 27-8; Experiment Reports, 9 Jun - 23 Aug 1918, AIR 1/645/17/122/300.

1583, C. Nerney, AHB Narrative: ‘ Short History of the RNAS,” AIR 1/682/21/13/2226, 8; NAOs, Apr -
Oct 1918, AIR 1/626/17/59/1-7; Verry Transcript, IWM/SA/311, 32.

19TH7, 27-8; ASR, Jul 1917, AIR 1/2105/207/41/3, 3.

Chapter 2



65
measured against the backdrop of German submarine capabilities and their ability to
conduct their missions.*® This final section will briefly assess these capabilities in
order to provide context for the following chapters.

There were four distinct categories of German U-boats, each designed for
specific tasks, which took part in the campaign against commerce during World War
1.1%2 The most numerous type of submarine was the patrol U-boat designed both before
and during the Great War to operate with the fleet. Early pre-war classes used heavy
oil and were limited in range and armament, but later models were superb performers
on the high seas and had two diesel engines plus two electric motors. The later classes
were well armed with large deck guns and a dozen or more torpedo rounds launched
from 4 bow or 2 stern torpedo tubes. Over 200 feet long, these fleet boats could
generally reach 16 to 17 knots while on the surface and a maximum submerged speed
of 8 to 10 knotsfor short periods. With a crew of three dozen men, they carried enough

fuel and provisions to be at sea for three to four weeks during asingle cruise.'®®

Figure 17. U95. Source: Grant, U-Boats Destroyed, p. 48.

Two smaller types of U-boats were the coasta minelayers (UC class) and
coastal patrol submarines (UB class), both designed to operate in the waters around
Britain. The earlier versions of these coastal boats were extremely small, about half the
length of the fleet boats, and could reach surface speeds of only 6 to 8 knots on their
single heavy-oil engine. Later versions, however, approached the size and performance
of the fleet boats but carried fewer torpedoes. The UC minelayers carried 12 to 18

minesin six internal tubes. According to William Jameson, typical UB and UC patrols

1%0Compton-Hall, Submarines, 98.

8inston S. Churchill, The World Crisis, 1911-1918. Volume Il (London: Odhams Press,
1923), 1223.

182performance specifications below are taken from Erich Groner, German Warships, 1815-1945.
Volume 2: U-Boats and Mine Warfare Vessels, revised by Dieter Jung and Martin Maass, trandated by
Keith Thomas and Rachel Magowan (London: Conway, 1991), 4-35; Eberhard Réssler, The U-Boat: The
Evolution and Technical History of German Submarines, trandated by Harold Erenberg (London: Arms
and Armour Press, 1981), 328-32; and John Moore, Jane's Fighting Ships of World War | (New Y ork:
Military Press, 1990), 124-27.

183\William Jameson, The Most Formidable Thing: The Story of the Submarine from Its Earliest Days to
the End of World War | (London: Rupert Hart-Davis, 1965), 209-10.
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lasted between four and fourteen days.*® The final type of World War | U-boat was
the U-cruiser, adapted from commercial cargo U-boats and designed for long-range
patrol operations. These U-boats typically carried two deck guns, had large crews of 56
men, and were poor sea boats. Only seven were completed.

On the surface, U-boats were normally fast enough to chase down an individual
merchant vessel or to manoeuvre into firing position against a convoy. Submerged,
they possessed enough battery power for about one hour at a maximum of 8 knots or up
to 20 hours at a much slower economical speed.*® The time needed to dive varied with
the capabilities of the specific type of U-boat and the training of the crew, but atypical
fleet boat could reach a fully submerged state in 45 seconds.’® Most classes could
reach depths of 200 feet safely.'®’

A weakness was that the submarine was a complicated weapon system, relying
on a number of fragile components, such as dive planes, depth-keeping gear, and
periscopes, to operate effectively. Damage to any of these from gunfire, bombs, or
depth charge attack could render the submarine useless in combat, even though the
vessel did not sink outright.*® Qil leaks would leave patches of oil on the surface and
could give away the U-boat’ s position. Ventilation was important to clear the hydrogen
gas generated from the battery cells; leaks in the hull could introduce seawater into the
battery compartments, producing poisonous fumes, necessitating immediate
surfacing.™® Batteries had to be recharged from the main diesel engines while running
on the surface. Finally, if visibility was suitable, an aircraft or ship could estimate the
position of a U-boat after it launched a torpedo because this weapon left a clearly
visible wake on the surface of the sea.

In August 1914, the Germans had 24 operational U-boats, all based with the
High Seas Fleet in north-western Germany. A rapid expansion of the U-boat
construction programme coupled with opportunities for service in other theatres meant
that by February 1917, the start of the unrestricted campaign, the Germans had 105
operational boats. Forty-six of these served with the High Seas Fleet flotillas, 23 were
in Flanders, 26 worked from the Mediterranean bases at Pola, Cattaro, and
Constantinople, and 10 more served in the Baltic. If training units are added, the total

184 Jameson, Formidable Thing, 209-10.
%Churchill, World Crisis, 11: 1224.
1%6Groner, German Warships, 11: 11.
1%’Compton-Hall, Submarines, 37.
1%8price, Aircraft Vis. Submarine, 16.
1%9Compton-Hall, Submarines, 28.

Chapter 2



67
number of U-boats in commission during that time was 152. This total U-boat strength
peaked in mid-1918 with about 175 commissioned boats in German service.*™

It isimportant to note that only about a third of available U-boats were on patrol
a any one time; a high proportion were proceeding to or returning from their
operational areas and some were undergoing repairs at any given time. For example
between March and July of 1917, the most effective period for the Germans with over 3
million tons of enemy shipping sunk, they had an average of about 157 U-boats in
commission per month. The average number of operational U-boats at sea, however,
was only 46 over the same period."*

When operated by a trained and motivated crew, al classes of U-boats were
formidable weapon systems. However, once they completely submerged below
periscope depth, U-boats lost the ability to navigate and attack. Later chapters will
show that forcing the U-boat down, through the credible threat of air attack and
communication with surface vessels, was the true tactical value of aircraft technology
in the First World War.

Summary
By 1918 maritime air power had made tremendous leaps in solving the

technological problems related to anti-submarine warfare. Many, but not al, of the
ingredients for success were in place by the critical final two years of the anti-
submarine campaign. Air groups balanced advantages with limitations in using a wide
array of aircraft for anti-submarine patrols. Engine power increased rapidly during the
war years, producing high performance aircraft capable of flying extended patrols and
carrying heavy bombs. As bomb sizes increased, advanced bomb delivery systems
provided accuracy. Navigating out of sight of the coast and flying at night were
challenges that became routine by the end of the war. Communications capabilities
served as aforce multiplier. Finally, detecting a submerged U-boat held promise for
the future, but hydrophones did not develop sufficiently to have an impact on
operations.

Combined arms teams do well on the tactical level of warfare because they take
advantage of the capabilities of each weapon system. It will become evident in later
chapters that aircraft rarely did well acting alone but nevertheless contributed

measurably to the anti-submarine campaign. As a team member, working within an

0y, E. Tarrant, The U-Boat Offensive, 1914-1945 (London: Arms and Armour Press, 1989), 7, 46,
164.
" bid., 58, 164.
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intricate intelligence network, naval aviation enhanced the effectiveness of surface
patrols and escorts, and mine barrages.

Although it played an important role in early maritime air power, technology
could not defeat the U-boat threat alone. Asin any era, innovative equipment required
trained aircrews to operate it and a training system to continue the flow of qualified
personnel to flying units. Also the new aircraft, and their engines, had to be produced
in large enough quantities to make an impact on the naval war. Finaly, these new
weapon systems of 1917-1918, which were indeed extremely advanced by the
standards of 1914, required organisation and doctrine to govern their employment if

they were to be effective in the field.}"

Y27 concept that is well-argued in I. B. Holley, Jr., Ideas and Weapons (Washington, D. C.: U. S.
Government Printing Office, 1997), 175-78.
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CHAPTER 3—Training and Production

Despite its competition with the RFC, British Army, Royal Navy, and industry
for qualified personnel and materiel, Britain’s maritime air arm never worried about the
supply of superb volunteers for naval flying duties.® These volunteers, however,
required flying training and aircraft in order to be productive to the war effort; the
growth of the RNAS caused tremendous strains on both the training infrastructure and
Britain’s ability to either produce or purchase aircraft for use in the field.

Both systems—training and production—experienced significant organisational
changes and rapid leaps in technology and methods while Britain's war machine
continued to demand higher volumes and faster output. This chapter summarises the
challenges, changes, and results of the twin problems of training naval aircrews and
producing maritime aircraft within the context of both the anti-submarine campaign and
the growth of British air services during World War I. The impact of the independent

RAF on these interrel ated subjects also deserves special attention.

The Evolution of RNAS Training System
Although the Admiralty paid civilian instructors to train the first four naval

aviators at the Isle of Sheppey in early 1911, its own initial naval pilot training system
consisted of two separate establishments. The first was the Central Flying School
(CFS) at Upavon, which opened in June 1912 under Captain Godfrey Paine, RN.
Jointly financed by the Admiralty and War Office and employing a small staff of naval
and military instructors, the CFS provided basic flight training for pilots of the Royal
Navy and Marines and of the British Army. The first course commenced on 17 August
1912; trainees learned how to fly aeroplanes and accomplished coursework and
examinations in map reading, engines, both military and naval operations, signalling,
and aerial reconnaissance. The Admiraty soon established its own separate Naval
Flying School at Eastchurch, and this facility, under Commander C. R. Samson,
conducted both initial and advanced flight training of a particularly ‘naval’ character.
The Airship Service, which only employed seven airships at the start of the war, trained
its small aircrew force at Farnborough. By May 1914, the Naval Wing of the RFC had
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trained 28 pilots at the CFS, 16 pilots at Eastchurch, and 19 airship officers at
Farnborough.?

Early flight training was extremely primitive during the pre-war years. At the
time, the Roya Aero Club flight examination, required for all naval pilots, consisted of
three parts; in order to earn their certificate the applicant had to fly a set of figure eights
around posts in the ground, attain a height of 50 meters, and land within 50 meters of a
point chosen by the examiner. Thus, flight training was geared towards passing this
exam and usualy saw students soloing after only a few hours of dual instruction.
Students and instructors flew on Bristol Boxkites and early Shorts and Farmans. These
aeroplanes had only the most basic instruments. a glass to monitor oil flow to the
engine, an airspeed pointer on the wing, and a piece of string to coordinate turns. With
50 HP engines, they attained maximum speeds of only 40 miles per hour.®> After this
initial training, new pilots were posted to their field stations to learn how to fly on

service machinesin use at the unit.

Figure 18. Bristol Boxkite. Source: Thetford, p. 410.

The start of the war brought rapid expansion of the flying services and quickly
overwhelmed this small training establishment. The Admiralty immediately turned to
contracting civilian flying schools, such as those at Bristol, Hendon, and Eastbourne, in
order to increase the volume of its initia pilot training programme. The RNAS aso
recruited civilian pilots who had aready earned their Royal Aero Club Aviator's

YEven by the end of 1917, more volunteers were being entered than could be trained in the RNAS.
Copy of Admiralty letter to Air Policy Committee, 5 Dec 1917, AIR 1/678/21/13/2108.

%First and Second Annual Reports of the Air Committee on the Progress of the RFC, 7 Jun 1913 and 9
May 1914, Doc. Nos. 31 and 41 in Roskill, Documents Relating, 96-107, 128-138; Longmore, Sea to
Sy, Chapters 1 and 2; Colonel C. R. Samson, ‘History of Naval Aeroplanes and Seaplanes,’” nd, AIR
1/724/76/2. Eastchurch was established as a haval aerodrome in late 1911, and the Naval Flying School
started there in December 1911. John W. R. Taylor, C. F. S: Birthplace of Air Power (London: Putnam,
1958), 22.

3Christopher Draper, The Mad Major (Letchworth: Air Review Ltd., 1962), 29-35; Longmore, Sea to
Sy, 12-14; Thetford, British Naval Aircraft, 410, 452; Nigel Steel and Peter Hart, Tumult in the Clouds:
The British Experience of the War in the Air 1914-1918 (London: Hodder and Stoughton, 1997), 82.
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Certificate, offering them advanced seaplane training at Calshot.* By the end of 1914,
the Admiralty had established a selection and training system for pilots that reflected
the Roya Navy’s traditionally high standards for obtaining new officers. After
approval by an Admiralty selection committee, which considered education, sporting
ability, fitness, and of course, social background, a medical examination determined the
applicant’s physical suitability for flying duty.’

Candidates who passed the selection process were graded as Probationary Flight
Sub-Lieutenants and began a three-stage training program. The first element was a
very short basic military training course at White City or, later, Sheerness. C. P. O.
Bartlett, who later became an RNAS bomber pilot, mentions that the basic course lasted
for one week and was limited to training in military drill and discipline.® Basic flying
training—which included classroom instruction—at the CFS, Eastchurch, Farnborough
(airships only), or a civilian flying school immediately followed. Those candidates
attending civilian aeroplane schools earned their civilian pilot rating and then
transferred to the CFS or Eastchurch to complete the naval basic flying course.’
Students then progressed to advanced flying training at Fort Grange or Eastchurch for
aeroplanes, Calshot for seaplanes, and Kingsnorth for airships. In this higher stage of
learning, the student flew aircraft of increased performance and learned advanced
flying concepts such as cross-country navigation, bomb dropping, and gunnery—all
skills required in a combat pilot.

September 1915 witnessed a change in Admiralty and RNAS leadership and a
subsequent reorganisation of the training system. The sweeping changes that brought
C. L. Vaughan-Lee into the Air Service directorship aso included a new supervisory
position, the Inspecting Captain of Training, to oversee the rapid expansion of the
RNAS training establishment. The new regime instituted standardised training
programmes for all aircrew members. A stream of RNAS memoranda spelled out
exactly what subjects trainees would study and how they would be examined. Since
one of the objectives of the Balfour-Jackson administration was to bring the RNAS
back into the fold of the regular navy, it approved a new finishing course for all officers

under aircrew instruction, which included pilots and observers in aeroplanes, seaplanes,

“Raleigh, WIA, 1: 359; H. A. Jones, The War in the Air, vol. V (Oxford: Clarendon, 1935), 438-39.
This practice was actually started before the war. RNAS leaders such as Richard Bell Davies (1911),
Christopher Draper (1913), Oliver Swann (1911), and H. A. Williamson (1911) earned their civilian pilot
rating at their own expense and only later transferred to the RNAS.

*Livock, To the Ends, 4.

®Bartlett, Teeth of the Wind, 3.
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airships, and kite balloons. This course was to be conducted at HMS Daedalus, the
new ‘RNAS Training Establishment Cranwell’ in Lincolnshire, which opened under
Commaodore Godfrey Paine’s command on 1 April 1916. Additionally, the Admiralty
established a policy that called for new pilots to initially remain at home stations in
order to increase their flying experience prior to going overseas.®

Pilots were not the only crew position requiring training, however. The
observer aircrew position at this time was a new concept for the RNAS, and the nature
of the aircraft and mission often determined the type of training the observer received,
if any at all. An enlisted gunner or W/T operator, with little or no training specific to
aerial operations, often occupied the rear seat in early two-seat aeroplanes and
seaplanes. Gradually the RNAS began to train these ratings at Eastchurch and other
training facilities in more thorough courses.’ The Admiralty also began to commission
Royal Naval Volunteer Reserve Officers as aircraft observers in seaplanes. Fears of
having no naval aircraft observer officers on active service after demobilisation forced
the Admiralty to recognise the RNAS observer as an official crew position.’® After
March 1916, officer and enlisted observers received flight pay, an RNAS perk
previously offered only to pilots.** By mid-March 1916 the RNAS had 78 observers,
48 of those in training!*?

The year 1916 saw further changes regarding training flow, rank of trainees, and
command of the training establishment. The RN training centre at Crystal Palace
opened during the spring of 1916 and became the basic training establishment for new
RNAS officers and most ratings. All new entrants attended a three-week course of
instruction there. All aeroplane and seaplane pilots then went to a basic flying training
course at one of four RNAS schools. Lighter-than-air pilots did their basic flight
training during a free ballooning course at Roehampton. Advanced flight training was
accomplished at Cranwell for aeroplane pilots; Calshot, Felixstowe, or Killingholme for
seaplane pilots; Kingsnorth for airship pilots, and Roehampton for kite balloon

crewvmembers. Naval observers attended a single four-month course at Eastchurch.

"Livock, To the Ends, 14-18; J. C. Nerney, AHB Narrative: ‘Summary of Notes on Training of RNAS
Personnel, 1914-1918," nd, AIR 1/678/21/17/2082, 2-3.

8bid., 2-4; Air Department, GM No. 14, 24 Feb 1916, AIR 1/660/17/122/632; Jones, WIA, V: 439;
Office Memo, Admiralty Secretariat, 13 Dec 1915, ADM 1/8448/36.

*Wardrop Transcript, IWM/SA/0029, 9-15.

Nerney, ‘Summary,” AIR 1/678/21/17/2082, 3-5; L. H. Kemp Interview, IWM/SA/0026, Reels 1-2,
and Wardrop Transcript, IWM/SA/0029, 9-16; ‘ Status and Training of Observers,’ January 1916, AIR
1/688/17/122/773 (excerpts also in Doc. No. 96 in Roskill, Documents Relating, 277-78).

“Admiralty Memo CW 22508, 24 Aug 1917, ADM 1/8494/174.

12C. G. Jefford, Observers and Navigators and Other Non-Pilot Aircrew in the RFC, RNAS and RAF
(Shrewsbury: Airlife, 2001), 25.
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After these courses, all flying officer trainees attended the Cranwell finishing school for

further classroom instruction and a series of flying and written examinations.™

BNerney, ‘Summary,” AIR 1/678/21/17/2082, 4-10; Jones, WIA, V: 440-42; Gordon, Early Flying, 14.
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Map 1. RNAS and RAF Maritime Air Training Establishments.
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The initial rank system in the RNAS, which gave new entrants immediate rank
as Probationary Flight Sub-lieutenants and experienced civilian pilots the rank of
Acting Flight Sub-lieutenants, gave its officers an advantage over the rest of the Royal
Navy, where officer candidates entered as midshipman. After training, RNAS officers
rapidly rose to the rank of Flight Lieutenant, equivalent of a Lieutenant, RN, which
otherwise would have taken many years. This system attracted the best candidates; the
RNAS was especially successful at recruiting Canadians during this period.** The
Balfour-Jackson administration found this an unfair head start and in August 1916
changed entry rank for all new RNAS officers to Probationary Flight Officer,
equivalent in status and pay to a Midshipman, RN. Finally Commodore Paine, as
commander at Cranwell, was put in charge of al RNAS training establishments, and
the short-lived post of Inspecting Captain of Air Training abolished as of September
1916.°
This system of training remained in forcein its basic form until early 1918. The
only maor revision was the opening of a basic officer training course at RN College
Greenwich during the summer of 1917, which increased the level of classroom
instruction and written examinations than had previously been the norm. Additionally
new schools opened in order to increase training output, such as a new airship pilot
school at Wormwood Scrubs (early 1917), another basic flight training school at
Venddme (late 1916) in France, another seaplane training base at Lee-on-Solent (early
1918) and a few specialised courses such as the Manston Fighting School, where new
pilots learned air-to-air gunnery tactics.™
A few personal accounts serve to further demonstrate the evolution of the
training system. George Meager attended Wormwood Scrubs for his SS airship
training in late 1915 after the free balloon course at Roehampton. The RNAS sent him
to navigation, engineering, and gunnery courses at Portsmouth before being posted to
his active duty station, Anglesey. He finished training before Cranwell opened.'’
When he later upgraded in other types of non-rigid airships, he simply reported to the
depot and flew the new aircraft. There appeared to be no formal training for

experienced airship pilots upgrading to new types.*®

“Wise, CAFWW, |: 123, 126; Jones, WIA, V: 458-59.

“Nerney, ‘Summary,” AIR 1/678/21/17/2082, 7-8. The ICAT position was later resurrected in early
1918 only to be dropped again after the amal gamation with the RAF.

Ipid., 8-11, 17-18.

YMeager, Airship Flights, 22-23.

Blpid., 72-73.
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C.P.O. Bartlett entered in April 1916 and was thus caught between training
system changes. After only a week of drill and military lectures at White City, he
immediately transferred to Chingford for basic flight training. Ground school included
lectures on aerodynamics, engines, navigation, and meteorology; initial flight training
was still flown on Farman Longhorns and Bristol Boxkites. After soloing (after just
under 4 hours of instruction), he and his fellow students flew more advanced trainers
such as the Avro 504K and the BE2C. After four months and eight and a half total
flying hours, he graduated and proceeded to the RNAS two-week gunnery course at
Eastchurch. He then went to the finishing school at Cranwell, further flight training at
Dover in service aircraft, and reported to Dunkirk on 28 September 1916.%

The advantages of this system was standardisation; all new pilots and observers
would be indoctrinated, step by step, as the Admiralty saw fit and would achieve a
minimum standard of proficiency and knowledge. For example, all aeroplane pilots
were trained in bomb dropping—in the advanced flying course at Cranwell—in the
same manner. All trainees flew the same number of practice bomb runs and were
examined to the same standard.®® Finally, changes to existing syllabi for the various
courses could be made relatively easily since each facility focused on a certain aspect
of training.

The weakness of the RNAS's system of course was volume. The RNAS lost
more officers in combat in 1917 than it did during the period 1914 to 1916 combined
and needed to make good its losses as well as provide more personnel for new units.*
In order to increase the number of trained aircrews the RNAS needed to provide more
experienced instructors; thus it had to balance its experienced personnel between
training establishments, combat units, and forming squadrons.?> The finishing course at
Cranwell actually served as a bottleneck since facilities to house and educate trainees
were physically limited. Inearly 1916, all of the basic flying schools were graduating a
total of 64 pilots per month. By mid 1917 Cranwell was only graduating 90 officers
per month for all types of aircraft and the goal for 1918 would be 200 per month.

“Bartlett, Teeth of the Wind, 3-7.

“Paine to DAS, 3 May 1916, AIR 1/66/17/122/631.

2 Casualties to RNAS Officers and Ratings, 1914-1918," AIR 1/671/17/133/2. Officers killed (all
causes): 1914, 5; 1915, 29; 1916, 68; 1917, 217; ratios of WIA and MIA annually were similar.

ZMemo by Naval War Staff, 16 Aug 1917, Doc. No. 178 in Roskill, Documents Relating, 501-10. ‘A
Short History of No. 218 (Bomber) Squadron, Royal Air Force; nd, Sgn Histories(5/218), AHB.
Formed at Dover on 24 April 1918 this DH9 squadron did not see service in France until 10 June; when
it formed it only had two pilots with combat experience. Although this example was later in the war, it
servesto illustrate the challenges of balancing experience.

“Nerney, ‘Summary,” AIR 1/678/21/17/2082, 15-16.
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During the first five months of 1917, the RNAS produced only 250 pilots of al types,
or an average of 50 per month; poor weather and engine shortages for training aircraft
were to blame for the poor showing.?* At this time, however, Dunkirk’s RNAS
commander was asking for 60 pilots per month just to maintain the complements of his
own squadrons.”® Field units also complained of a lack of trained observer officers;
seaplane pilots flying offshore anti-submarine patrols needed more than just a W/T
rating in the back seat.?® Commanders quickly recognised the requirement for more
multi-purpose observers with skills in navigation, ship recognition, bombing, gunnery,
and communication.
By the beginning of 1918—again, with new leadership at the Admiraty—the
RNAS was forced to abandon the finishing school concept for its naval aviators.
Cranwell continued as an advanced flying training station for aeroplanes and airships,
however.?” At HMS Daedalus aeroplane students learned cross-country navigation and
aerial photography and other advanced skills in Sopwith Pups and 1Y% Strutters and in
Bristol Bullets.®® Airship trainees learned similar skills in small Sea Scout non-rigid
airships, which by this time had mostly been relegated to training duties, being replaced
by more advanced typesin the field.?°
Finally, as the Royal Navy expanded its use of kite balloons with the fleet, and
subsequent use of these tethered ‘aircraft’ with anti-submarine flotillas, it needed to
provide training for such crewmembers. According to Richard Bell Davies, the kite
balloon service ‘ attracted members of the stage and police’* Nevertheless the course
for kite balloon observers at Roehampton reflected the Admiralty’s high standards of
training.  Trainees studied the theory of ballooning, naval operations, and
communications. In addition to ‘flying’ their tethered lighter-than-air craft, they also
learned how to build and maintain their balloons on land and at sea. Their course

called for an extensive battery of examinations prior to quaification.®

#Asst DAS Minute, 24 May 1917, Doc. No. 168(4) in Roskill, Documents Relating, 481-82.

%|_ambe to Bacon, 8 May 1917, Doc. No. 168(1) in ibid., 479-80.

%\Wg Cdr A. W. Bigsworth to DAS, 5 May 1917, AIR 1/660/17/122/625.

#’Memoranda on Method of Training, 18-22 Dec 1917, AIR 1/663/17/122/692.

%Gordon, Early Flying, 14.

®Peter Wright, ‘Submarine Scout Pusher Pilots: Captain George E Bungay and Lt John E Hoskins
RNAS," Cross & Cockade Journal [GB] 15, no. 4 (Winter 1984): 170-73.

*Bell Davies, Sailor in the Air, 162.

3CO RNAS Roehampton to DAS, 14 Jun 1917, AIR 1/663/17/122/683; Air Department, RNAS Kite
Balloon Training Manual, Jan 1917, AIR 1/673/17/134/44. This textbook contains almost 200 pages of
theoretical and practical subjects. Curiously, this edition contains nothing about spotting for enemy
submarines, which reflects the relatively late adoption of kite balloons in the anti-submarine role.
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The RAF Training System

Aircrew training faced two maor problems in early 1918: a continued high
demand for trained aircrew for active service sguadrons and the approaching
amalgamation of the RFC and RNAS into an independent air arm. The RFC had a
much larger training organisation, but was itself in the process of reorganising its
training system. In early 1918 the RFC began to eliminate the distinction between
preliminary and advance flying training units, instead adopting ‘all-through’ training
squadrons where both programmes would be merged. Thus at a single location the
student would fly basic trainers, proceed to advanced trainers, and finish with their
service machine. Brief advanced flying courses in navigation, bombing, or gunnery
would follow depending on the final assignment.*

The amalgamation therefore brought the smaller RNAS training scheme more
into the flow of the RFC’s programme. Initially, however, this meant that the RAF's
new coastal air groups, which were under the operational control of local naval
commanders, continued to conduct maritime flight training since the Air Ministry’s
new Training Directorate needed time to organise itself.*®* By and large the
amalgamation of the training systems was a slow process with changes to maritime
aviator training measured incrementally.

Naval aeroplane pilots benefited from the RAF amagamation by gradually
adopting the Gosport method of flight instruction, which had been widely accepted in
the RFC by 1917. The RFC institutionalised the teaching techniques of Major Robert
Smith-Barry, who had been an RFC combat flyer and became a training squadron
commander in December 1916. Smith-Barry replaced older Farman and Short trainers
with the relatively advanced Avro 504 aircraft as the students' initial training aircraft.
He added an elementary speaking tube system in order to enhance verba
communication between the instructor and the student; engine noise had previously
been a serious hindrance to teaching in the air. His instructiona techniques were so
successful that the RFC established the Gosport Special School of Flying in July 1917.
Here new flying instructors were trained how to be effective teachers. Instructors
learned what they were themselves doing with the controls and how to teach that to
students. Complex aerial manoeuvres such as loops and spins, formerly considered
‘stunting,” were now encouraged and included during the latter stages of training.

These manoeuvres taught students how to recognise their own limitations and those of

). C. Nerney, AHB Narrative: ‘Notes on Training: Home, 1918," nd, AIR 1/676/21/13/1840, 1-7.
33| i
Ibid., 21.
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their aircraft. They also promoted self-confidence and resulted in a better-trained pilot
force.®

RNAS flight instructors began adopting the Gosport techniques early in 1918
but stopped short of implementing the full system due to a‘prohibitive’ requirement for
more instructors. The Gosport instructor school became mandatory for RNAS
instructors a month prior to the amalgamation.® The Gosport system introduced three
fundamental changes to previous flight instruction programmes. First, it focused on
student confidence—hence the addition of aerobatics and practice forced landings to
the syllabus. Second it called for more dual instruction prior to solo and occasional
dual flights during the solo phase to ‘correct faults and add finish in the later stages of
instruction.” Previously, students flew with instructors only until they were safe
enough to solo and then essentially learned how to fly on their own. The final,
fundamental concept of the Gosport system was an arsena of superior methods and
skills for the instructor. Instructors now thoroughly pre-briefed manoeuvres on the
ground prior to demonstrating them in the air. They were encouraged to allow students
to recognise and correct mistakes on their own in order to enhance their learning
experience. Instructors were reminded to stress the ‘how and why’ of aircraft control.*
This system required a much greater investment in numbers of instructors and explains
why the RFC had a training establishment of over 100 training squadrons by the end of
1917.%" Students trained under the new ‘all-through’ system at the Central Flying

School averaged 66.7 hoursin less than five months of training during early 1918.3®

Figure 19. Avro 504K . Source: Thetford, p. 34.

Although seaplane and flying boat pilot and observer training remained
relatively unchanged after the amalgamation, with former RNAS officers till

#Steel and Hart, Tumult in the Clouds, 88-93; Taylor, CFS, 76-85.

*H. D. Briggs, RNAS Director of Training, Memo, 4 Mar 1918, AIR 1/663/17/122/686.

*Flying Instruction, Mar 1918, AIR 1/700/27/3/521.

37). C. Nerney, AHB Narrative: ‘Notes on Training: Home, 1914-1917, nd, AIR 1/626/21/13/1773, 69.

®Ma M. H. Davies, ‘RAF Training, 1917-1918," nd, AIR 1/2423/305/18/36. For comparison, RFC
pilots were arriving in France with as few as 14 hours of total flying experience in early 1916. Ralph
Barker, A Brief History of the Royal Flying Corpsin World War | (London: Robinson, 2002), 145.

Chapter 3



80
commanding training units and instructing students in their new RAF uniforms, the
RAF benefited enormously from former RNAS Handley Page aircrew experience. In
preparing for the amalgamation of the air services, the RNAS moved their Handley
Page training squadron to Stonehenge in January 1918. There it merged with an RFC
Training Depot Squadron to become the No. 1 School of Navigation and Bomb
Dropping. Now the RAF would benefit from RNAS experience with navigation and
long-range bombing—the school was commanded and staffed almost exclusively by
former RNAS aircrews—in its build up of bomber pilots and crewmembers for the
projected Independent Force of ‘strategic bombers .*® Likewise, the RAF's new all-
through Handley Page Training Squadron was opened at Cranwell in June 1918.%
Thus while naval aviation clearly gained from the training techniques and sheer volume
of the RFC’s training system, the RAF aso benefited from the expertise of the former
RNAS flyers.

Admiralty Reservations
The loss of the RNAS to the RAF did not mean that the Admiralty surrendered

its concerns about naval aviation. On the contrary the Naval Staff’s own Air Division
was designed to keep a close watch on the new service and liaise with the Air Ministry
in the areas of operations, supply, and especialy training. Since August 1917, when
serious proposals for a new independent air service reached the Admiralty, the training
of naval aviators stood out as a pressing matter to the Royal Navy's leaders. The
proliferation of fleet cooperation and anti-submarine patrol aircraft meant that naval
aviators required a particularly thorough course of training, in some specialties lasting
twice as long as similar crew positions in the RFC.**

Within three weeks of the RAF's establishment, the Admiralty was already
demanding 200 additional aeroplane observers immediately, and 50 per month after
that, to be employed with the fleet and in anti-submarine units in Home Waters. In a
letter to the Air Ministry, the Board of Admiralty further stated that it felt that anti-
submarine training for pilots and observers needed to be improved and was willing to
provide lectures by Royal Navy submarine officers for RAF coastal air units. The Air
Ministry accepted the offer and patrol sguadrons benefited from these lectures

*Air Department Acquaint No. 57, 8 Jan 1918, AIR 1/663/17/122/691; HQ Training Division, RFC, to
Master General of Personnel, Air Board, 23 Jan 1918, AIR 1/122/15/40/136; Syllabus of Lectures: No. 1
School of Navigation and Bomb Dropping, RAF Stonehenge, 12 Apr 1918, AIR 1/457/15/312/64.

“OPeter Dye, ‘Biffy Borton's Bomber,” Cross and Cockade Journal [GB] 34, no. 2 (Summer 2003): 78
(note 9).
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beginning in May 1918.% Additionally, the Admiralty proposed special anti-submarine
courses for both observers and pilots to enhance aircrew effectiveness. As a result, the
Air Ministry established courses at Dover (pilots) and Aldeburgh (observers). These
advanced courses emphasised rapid signalling skills, low altitude bombing of moving
targets, ship recognition, and advanced over-water navigation.*

The anti-submarine observer issue remained a concern for Captain F. R.
Scarlett, director of the Air Division. Complaining that the RAF s system usually took
observer candidates from those officers who had failed the pilot course, Scarlett felt
that the importance of maritime observers in the U-boat war meant that these officers
should instead be recruited from the ‘most intelligent’ cadets left after the best became
fighter pilots. In his view, career inducements, such as promotion, honours, and
command opportunities, were sorely needed to retain quality officers as observers.*
There is, however, no evidence that these suggestions were heeded at the Air Ministry.

By July and August 1918 shortages of trained pilots and observers at coastal
patrol squadrons became critical. Since the personnel demands of the anti-submarine
squadrons left few trained observers for duty with the Grand Fleet, the Admiraty had
to resort to using naval officers and ratings as temporary observers with ship-borne
aircraft.” Shortages of flying boat pilots led to RAF proposals of converting Calshot,
where both operational and training squadrons of flying boats flew side by side, to a
purely training establishment. The Admiralty’s Air Division would not agree until the
area was reinforced with long-range aeroplane patrol units*® Likewise, the RAF
investigated shortening the training course for flying boat pilots by skipping the
intermediate float seaplane training phase. The float seaplanes, which were more
numerous than flying boats and cheaper to maintain, were found to be a more
economical way of giving trainees appropriate flight experience and the proposa was
dropped.*” In July, Scarlett voiced his concerns to the Assistant Chief of the Naval
Staff over the shortages in RAF training output and the Admiralty passed on these
concerns directly to the Air Ministry in early August. The Air Ministry defended the

“Naval War Staff Memo, 16 Aug 1917, and Admiralty Board Minutes, 23 Aug 1917, Doc. Nos. 178
and 183 in Roskill, Documents Relating, 501-10, 522-25.

“Admiralty to Air Ministry, 19 Apr 1918, Doc. No. 245 in Roskill, Documents Relating, 657-58, and
in AIR 1/274/15/226/124 Pt |; DAD Memo, 11 Aug 1918, AIR 1/289/15/226/139 Pt I1.

“DAD Minute, 31 May 1918, Doc. No. 256 in Roskill, Documents Relating, 676-77 and also in AIR
1/274/15/226/124 Pt |; Training Conference Minutes, 28 Aug 1918, AIR 1/289/15/226/139 Pt 1.

“DAD Minute, Jun 1918, AIR 1/283/15/226/135 Pt |1, AD2774.

“DAD Memo, July 1918, ADM 1/8494/174.

“®RAF Training Expansion Committee Minutes, 5 Aug 1918, AIR 1/28/15/1/132; DAD Minute, 30 Oct
1918, AIR 1/290/15/226/139 Pt I1.

“MTraining Conference Minutes, 28 Aug 1918, AIR 1/289/15/226/139 Pt I1.
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patry training output by reminding the Admiralty that the importance of anti-
submarine operations required the maority of Large Americas in commission, leaving
few for training. ‘Marine Observer’ training was increased and improved as quickly as
available facilities would alow, and the Air Ministry promised a higher output by
September.*®

The Final Training System
By October 1918 the RAF had established a thorough aircrew training

programme to meet the needs of al of its missions*® The training system provided
generalised training as well as applicable specialisation schools and was divided into a
number of tracks, based on which weapon system the trainee would employ. From
artillery observation aircraft to carrier-based torpedo bombers, the RAF laid out a set of
courses to meet the needs of military and nava commanders in the field. A seaplane
pilot, for example, would attend six different schools or courses before reaching his
field service squadron. A brief review of these programmes, with emphasis on
antisubmarine units, provides clear evidence of the RAF s commitment to preparing its
aviatorsfor field service.

The anti-submarine pilot programme called for between nine months and a year
of training before posting to service units. Pilots experienced three distinct phases of
training during this programme. The first phase, which was basicaly the same for
pilots of all types, was strictly limited to ground training and began with eight to ten
weeks of basic training at Cranwell. Here the ‘cadet’ experienced military drill,
physical training, and classroom work in signalling, law and other basic subjects. The
cadet then attended a six to seven week course at an RAF School of Aeronautics where
he would continue with drill and physical training but would add coursework in aircraft
engines and rigging, navigation, instruments, photography, and artillery and infantry
cooperation. Classroom performance, as well as the specific needs of RAF field units,
would determine the cadet’ s aircraft assignment at this stage. Most cadets then went on
to the Ground Armament School at Uxbridge for a basic course in the use of machine
guns and bombs. For bomber and seaplane selectees this course lasted three to four
weeks. Upon the successful completion of thislast course in the first phase of training,

“®Admiralty to Air Ministry, 8 Aug 1918, and 16 Sep reply, Doc. No. 264 in Roskill, Documents
Relating, 693-98.

“**The following paragraphs summarise: Directorate of Training, RAF, Training Courses in RAF [FS
Publication 39], October 1918, AIR 1/2087/207/7/39.
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the cadet was promoted to ‘flight cadet’ and sent off to a flying training squadron, the
second phase of training.

By late 1918 RAF training squadrons had completely transformed into the ‘all-
through’ training system whereby a single squadron would train the flight cadet in both
basic and advanced trainer aircraft types, completing the course by providing
instruction in the actual service aircraft. Trainees continued to attend classroom
sessions during this period of flight training. For day bomber trainees, the four to five
month course included a minimum of 35 hours of flight instruction, eight of those
mandated to be on the service aircraft. The Handley Page night bomber training
squadron offered a course of the same length, but its syllabus required a minimum of
five day and five night flying hours in the Handley Page itself. Seaplane pilots first
attended a Land Training Squadron for three months with a minimum of 20 flight hours
followed by a six-week seaplane school for an additional 16 hours. Successful
completion of this second phase resulted in the flight cadet being commissioned as a
second lieutenant in the RAF. Training did not however end here.

Advanced flying schools, also known as finishing courses, comprised the third
and final stage of pilot training. Day bomber pilots attended one of the three-week
Aerial Fighting schools followed by a four- to five-week course at one of the three
Schools of Navigation and Bomb Dropping. Handley Page pilots only attended the
latter advanced course. Seaplane pilots attended a School of Advanced Gunnery for
four weeks. Upon completing these finishing courses, the pilot would be awarded his
‘wings and posted to a field service unit. In the case of flying boat pilots, who had
undergone the complete seaplane track of training and earned their wings, one final
training course in Large America flying would be required prior to field service. Once
the Large America pilot became experienced as a co-pilot (who in practice carried out
the duties of navigator, bombardier, Lewis gunner, and occasionally relieving the pilot
at the controls), he would upgrade to first pilot at the unit.>

Aircraft observers went through a shorter but no less rigorous course of
instruction. Observer volunteers were initially graded as cadets and attended an eight-
week course of basic training and ground school at an Observer School of Aeronautics
(at Bath or Reading). Graduation from this single school meant a promotion to
‘Observer Flight Cadet’ and selection for a number of observer tracks. Cadets who had
excelled in W/T performance were selected for anti-submarine observer duty. This
track required attending Anti-submarine Observer School at either Aldeburgh (8-10
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weeks) or Eastchurch (15-16 weeks). The course thoroughly familiarised observer
trainees with the naval environment where they were:

Taught high rate of visual and W/T signalling, elementary W/T theory,
spark W/T sets, navigation chart reading, seamanship, recognition of
ships, naval codes and procedure, sea reconnaissance, photography,
Lewis gun ground and aeria firing, bombs, bomb-carriers and bomb
dropping.

Successful completion meant a second lieutenant’s commission, observer’s wings, and
posting to a service squadron; training time averaged five months. Bomber observers
attended three different advanced schools to receive training in gunnery, bomb
dropping and navigation, and signalling, but of course lacked the naval flavour of the
maritime observer course.

Largely run by former RNAS personnel, airship pilot training retained a
particularly naval orientation. Flight cadets attended six weeks of free balloon training
at Roehampton. In addition to 45 hours of ballooning in seven flights, this course
included sixty hours of ship recognition training, part of which was accomplished with
scale models on a training lake, and fifty hours on the international signal code.
Lectures on convoy work and submarine hunting prepared the airship pilot for his anti-
submarine role. The trainee then attended two weeks at the Uxbridge Armament
School. During the first week he studied bombing (to include sights, fusing, arming,
loading, and dropping gear) and during the second he learned the vagaries of the Lewis
gun. The trainee then attended airship flight training at Cranwell for nine weeks. Here
he would receive dual instruction in non-rigid airships and accomplish a minimum of
ten hours of solo flight. A number of courses on aircraft, navigation, naval operations,
and signalling rounded out the curriculum.>

Finally, the RAF had by late 1918 established separate kite balloon courses for
army and naval cooperation. The course for ‘Kite Balloon Officers for work at sea
drew its recruits from officers and cadets. Since the course description for this track
assumed that the trainee had already accomplished basic military training elsewhere, it
must be assumed that he was recruited either from active service with the Royal Navy
or from other incomplete RAF training programmes, perhaps resulting from a failed
course. Nevertheless, a 12-week free balloon course at the No. 1 Balloon Training
Depot (Roehampton), still demanding extensive ground schooling and examinations,
was followed by four weeks at the No. 1 Balloon Training Base at Sheerness. This

*®Gordon, Early Flying, 18; Hallam, Spider Web, 42-43.
*!Airship Pilot Training Syllabus, 30 Oct 1918, AIR 1/724/75/18.
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finishing course concentrated on kite balloon flying and coursework in naval
operations; successful completion led to observer’'s wings, a second lieutenant’s
commission (if required) in the RAF, and an active service posting.>

How well were RNAS aircrews trained for the missions assigned them?
Although anti-submarine patrol and bombing missions against U-boat bases required a
specific range of skills, especially familiarity with naval operations and over-water
navigation, maritime pilots generally performed well in the field. Monthly RNAS Anti-
submarine Reports and later Reports of Naval Air Operations, which detailed the
particulars of every known air attack on submarines between June 1917 and October
1918, rarely mention bombs dropped outside of 50 feet of the aiming point. Likewise,
records of air combat between Large America flying boats and German seaplanes
demonstrate a high level of air-to-air gunnery skill.>

Memoirs of combatants and official reports seldom mention aircraft getting lost
owing to poor navigational technique. During a 17-month period at Felixstowe,
witnessing 949 patrols from that base, only one pilot had to force land at sea owing to
navigational error.>* Only on limited occasions did field commanders complain of
poorly trained new pilots>® For example, on the fourth Spider Web patrol in April
1917, Large America pilot T. D. Hallam could not attack a sighted submarine because
his co-pilot had not yet been trained in the flying boat’s bomb dropping gear.® This
probably had more to do with the constant changes to bomb dropping equipment in the
field than to the fault of the training establishment.

Still, classroom time in the training environment was limited and senior RNAS
were never completely satisfied with the level of naval knowledge new aircrew
possessed after training. As late as March 1918, the Director of the Air Division
complained that aircrew knowledge of German submarine tactics was weak and

proposed that a pamphlet be produced to make up for the lack of training in this area.

%’FS Pub. 39, 40-41.

*ASRs, Jun 1917-Mar 1918, AIR 1/2105/207/41/1-11; NAOs, Apr-Oct 1918, AIR 1/626/17/59/1-7;
‘Flying Boats v Hogtile Aircraft,” T. D. Hallam, nd but circa late 1918, AIR 1/6A/4/29. In 19 air to air
engagements between Felixstowe and Yarmouth flying boats and German seaplanes (April 1917 to
August 1918), the always-outnumbered Large America crews shot down nine of the more manoeuvrable
German aircraft while losing eight of their own.

> andingsat Sea,’ T. D. Hallam, nd, AIR 1/6A/4/29.

*For example, see Wg Capt Oliver Swann to DAS, 9 Aug 1917, Doc. No. 173 in Roskill, Documents
Relating, 491-92.

*Hallam, Spider Web, 49-51.
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The proposal resulted in a manual covering known U-boat capabilities and
limitations.>

At the time of the Armistice, there were 199 RAF training squadrons of all
types. This contrasts with 67 naval cooperation squadrons, 10 squadrons in the
Independent Force, and 133 for Home Defence and Army cooperation.® There were
30,000 pilot pupils under various stages of instruction, including cadets, at the end of
the war, and the total number trained in Britain amounted to 22,000.> Training aircrew
was a costly endeavour in terms of pilots killed and aircraft wrecked in accidents; exact
numbers are ‘impossible to establish’ from available records but some evidence shows
that deaths in training were far fewer than has been assumed. Admira Mark Kerr, who
commanded the training-heavy South-west Air Force Area in 1918 as an RAF officer,
recalled that 300 pilots were killed in only three months during his tenure, mostly
through ‘stunting low and other follies.”® If this was a standard accident rate, then the
cost was heavy indeed.

However, historian Lee Kennett explains that one RNAS surgeon, stationed at a
flying training base, recorded that he had seen only four training deaths in two years.®*
Surgeon’s logs at other RNAS training bases show that aviation training deaths were
relatively uncommon in the Royal Navy, with only twelve deaths each at Chingford and
Cranwell in al of 1917.% It is difficult to determine an overall comparison of safety
records among RFC, RNAS, and later RAF training units, but the advanced training
methods and relatively faster aircraft in use by 1918 probably explains the apparent
increase in training fatalities. Nevertheless, by 1918 the training of arcrew had
become a high priority in the RAF, and pressure from the Admiralty ensured that anti-
submarine pilots and observers received a thorough course to prepare them for flying

duties.

*'DAD Memo, 7 Mar 1918, Doc. No. 231 in Roskill, Documents Relating, 635-36; NID Manual:
German Navy: Part 111, Submarines, Apr 1918, AIR 1/2321/223/41/1182. A number of other handbooks
and manuals were produced by branches of the Admiralty for the RAF s use; these are referenced in later
chapters.

*Major General The Right Hon. Sir Frederick Sykes, From Many Angles: An Autobiography (London:
George Harrap, 1942), 244 and n.

*Air Historical Branch, A Short History of the Royal Air Force [FS Publication 136], June 1920, AIR
10/164, 230.

“Morrow, GWA, 318; Mark Kerr, Land Sea, and Air: Reminiscences of Mark Kerr (London:
Longmans, Green and Co., 1927), 280.

®'K ennett, First Air War, 127-29.

2Surgeon’s Journals, Chingford and Cranwell, ADM 101/439. Surgeon H. R. B. Hull noted that
1917's 35,000 training sorties at Cranwell—yielding 1,000 new pilots—witnessed only 12 fatal
accidents, 75 seriousinjuries, and 500 further crashes with serious damage to aircraft but without serious
injury to the pilot.
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Maritime Aircraft and Engine Production

Trained aircrew would be useless, however, without sufficient numbers of
aircraft to fly on active service. Before examining the specific issue of the production
of maritime aircraft and engines, the supply of which was a critical factor in assessing
the effectiveness of the air anti-submarine campaign, a brief summary of the British
aircraft production in general is necessary.

Although the end of the war saw Britain with what John Morrow calls ‘the
world's largest aircraft industry,” a number of factors hampered the nation’s aircraft
production effort. The first group of issues concerned the capabilities of the aircraft
industry, a latecomer relative to other war industries and a field of production that saw
expansion from a handful of British firms in 1914 to over 800 by the end of the war.
The Admiralty’s policy of encouraging civilian firmsto design and produce war aircraft
and engines, in order to promote heathy competition, often clashed with the War
Office's early reliance on the Royal Aircraft Factory. The Admiralty wisely recruited
engineer officersinto the Royal Naval Volunteer Reserve to serve as quality controllers
and liaison officers at the factories. Growth of the industry, where firms gradually
learned mass production techniques, was a painfully slow process. By 1917 a dearth of
skilled labour, in an industry that was new and reliant on high proportions of such
workers (especially in the manufacture of aircraft engines), was exacerbated by the
needs of the air services for skilled mechanics, the requirement for skilled workers in
Britain’s dockyards to replace losses to U-boats, and Army demands for infantrymen.
Labour unrest was not uncommon in the aircraft industry either, especially over
workers wages. In mid-December 1917, for example, 50,000 striking aircraft factory
workers seriously retarded aircraft production.®®

The nature of the industry—where firms constructed aircraft of wood frames,
fabric coverings, rubber tyres, sheet metal parts, and complicated engine, fuel, and
armament systems—added to the complexity of construction and supply. Shortages of
raw materials such as hardwood timber (most of which was imported), textiles, dope,
ball bearings, and steel meant that aircraft production was especially susceptible to
delays if only one of these components did not arrive at the assembly factories as

®Morrow, GWA, 329, 43, 121, 251-52; Ministry of Munitions, History of the Ministry of Munitions,
Volume Xl1: The Supply of Munitions, Part I: Aircraft (1921), 169-71; J. C. Nerney, AHB Narrative:
‘Development of Aircraft Production, 1917-1918," nd, AIR 1/678/21/13/2100, 2-6; H. A. Jones, The War
in the Air, vol. VI (Oxford: Clarendon, 1937), 28, 67. At the start of the war there were only ‘about
eight’ British companies building aircraft, according to the Ministry of Munitions.
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expected.®® The most critical component, and the one that had the largest impact on
production, was aircraft engines, which John Morrow calls ‘Britain’s Achilles hedl in
aviation.’® During the last five months of 1914 Britain’'s aero engine firms produced
only 99 engines; in 1918 alone the industry delivered 22,088—an extraordinary rate of
growth. Britain relied on imports of French and other foreign engines, especially
during the first two years of the war, to make up the difference in engines for its
aircraft.®® However, engine production did not grow as quickly as airframe production;
during June and July of 1918, 40% of all aircraft accepted from manufacturers were
delivered without engines.®” Even as late as August 1918, 4,000 aircraft sat uselessly in
storage depots awaiting engine deliveries,®

The second set of issues hampering production growth stemmed from the
difficulties of standardisation. The evolution of aircraft roles, which required new
types of machines with specific performance capabilities, and rapid advances in aircraft
technology meant that designs changed almost continuously; ‘machines became
obsolete very quickly.” In January 1917 there were 76 different types of aeroplanes and
32 seaplane models being produced for the RFC and RNAS aong with 57 different
engine designs. A forced programmed of standardisation by the Ministry of Munitions
led to only 18 aeroplane, 12 seaplane, and 25 engine models in production by March of
1918 with further planned reductions in design types. Most of these however were
proven models that had been around for years where improved performance was
squeezed out of existing designs.®® The Rolls Royce Eagle engine, with eight versions,

and the Large America flying boat, with five, serve to illustrate this concept.”

®Ministry of Munitions, Munitions, X1, |, Chapters IV and V; ‘Aeroplanes and Seaplanes: A paper in
relation to Strategical Policy,” H. A. Williamson, 26 Jan 1916, Williamson Papers(\WLMNZL/5), CCA, II-
7; Cooper, Birth, 87.

®Morrow, GWA, 44.

®Ibid., 78, 328-29.

*"Minutes of Aircraft Supply Committee, 29 Jul 1918, AIR 1/2302/215/11.

®Nerney, ‘ Aircraft Production,” AIR 1/678/21/13/2100, 173.

®Ministry of Munitions, Munitions, XII, |, 155-58; Raleigh, WIA, |: 426.

"The Eagle had eight ‘ marks,” while the Large America design evolved into the Curtiss H-12 and H-16
and the Felixstowe F2a, F3, and later F5.

Chapter 3



89

Figure 20. Comparison of Early Gndme Rotary (left and centre) with
later Rolls Royce Eagle (right) Engines. Source: Jane's, p. 276, 313.

The third area of concern was in organisation; how did the ministries and
services organise their efforts in producing aircraft? The early Joint War Air
Committee (February to April 1916) and Curzon Air Board (May to December 1916)
failed to resolve the issue of interservice rivalry over aircraft production priorities and
methods, the responsibility for which initially rested individually with the Admiralty
and War Office and not with the Ministry of Munitions. In December 1916, Lloyd
George's new cabinet established the Cowdray Air Board, which controlled design and
supply aircraft but left policy and operations to the services. By establishing a
Department of Aeronautical Supplies (later, the Department of Aircraft Production),
whose controller, William Weir, sat on both the Air Board and the Ministry of
Munitions Council, the War Cabinet made great strides in consolidating the air
production effort. Both Admiralty and War Office aircraft supply sections were
absorbed into this new department. The establishment of the Air Ministry in January
1918 and an independent RAF three months later confirmed this arrangement but better
linked production and operationa policy under one ministry.”* All of these
organisational changes, along with the establishment of the Fifth Sea Lord position to
oversee naval aviation, were initiated under Sir Edward Carson’s administration of the
navy—Ieadership considered by one historian to be ‘more pliant’ than previous First
Lords."

Finally, the issue of America's entry in the war was a hindrance rather than a
boost to British aircraft production. The planned expansion of American air services
meant that the US was less willing to offer Britain her raw materials (such as spruce for

"Morrow, GWA, 178-79, 325; Ministry of Munitions, Munitions, 11, |, 144-45. When Weir became
Secretary of State for Air in April 1918, Sir Arthur Duckham took over as Director-General of Aircraft
Production. The Ministry of Munitions still held responsibility for design of aircraft.

"2Cooper, Birth, 85.
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aircraft construction) and finished aircraft and engines. The Americans also sought
excess French production and now competed with Britain for contracts. With the
exception of limited Large America deliveries and promises of new Liberty engines
from American industry, Britain had to become largely self-sufficient with her own
aircraft production after April 1917.7

These overal industrial and organisational factors shaped Britain's effort to
produce maritime aircraft for the anti-submarine campaign. Although the general
issues surrounding aircraft production—adequately assessed in the air and munitions
officia histories as well as John Morrow’s The Great War in the Air, David Edgerton’s
England and the Aeroplane, and Macolm Cooper's The Birth of Independent Air
Power “—are well known, neither these texts nor any other secondary work make a
clear evaluation of the production effort towards constructing the required number of
anti-submarine aircraft.

The realisation that aircraft were useful against submarines came too late, and
this led to severe difficulties in the generation of adequate numbers of aircraft for this
purpose. The Admiralty’s requirement for more anti-submarine air unitsin early 1917,
resulting from increasing merchant losses to U-boats and leading to an expansion of
squadrons operating over Home Waters, caled for increased maritime aircraft
production at a time when the British aircraft industry was already overwhelmed and
just when the establishment of the Cowdray Air Board meant that the Admiralty lost
control of aircraft production priorities. This period also saw increased demands for air
support from the BEF; during the last half of 1916 the RFC’s planned establishment
had been doubled to 106 service and 97 training squadrons!”> America's entry in the
war and increased losses to the merchant fleet, as mentioned above, meant a further
strain on materiel and labour for the aircraft industry. Added to this, the Admiralty,
after careful study, had hoped to make the Large America flying boat the primary anti-
submarine patrol aircraft—an aircraft which probably more than any other was
susceptible to the difficulties of mass production.”

Flying boats required skilled craftsmen to build the hulls and their production
was necessarily slow. Only a small number of firms—such as Saunders, Dick Kerr,
and Short in Britain and Curtiss in America—had the necessary experience in building

these designs. Additionaly, the large size of these aircraft meant that only two engine

Ministry of Munitions, Munitions, XII, |, 62-63.

"Morrow, GWA; Edgerton, England and the Aeroplane; Cooper, Birth, Chapter 7.
Jones, WA, V1: 29-30.

®*DOD and DAD Minutes, 26 Oct 1917, AIR 1/642/17/122/238.
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types were suitable as power plants. Rolls Royce Eagles or American Liberties. Even
though the Air Board gave Large Americas first priority for Rolls Royce engines, their
meagre rate of production curtailed deliveries of flying boats severely. Eagle engine
components had to be hand fitted by experienced specialists and were unsuited for mass
production, and Rolls Royce refused to alow other companies to produce its engines.
Eventually Rolls Royce agreed to alow American firms to mass-produce Eagle
components, assembling the engines themselves in Britain, but bureaucratic delays led
to failure; no components arrived in Britain prior to the Armistice. Likewise, promises
of Liberty engines from America, suffering from its own production difficulties, did not
materialise until the closing months of the war and even then on a scale much less than
had been hoped. By the end of September 1918, only 980 Liberties had been shipped
to England, and these engines were desperately needed not only for Large Americas but
also for Handley Page and DH-9a bombers.”

A brief satistical review will provide scope to these production woes.
Although the programme for the first half of 1918 called for 200 seaplanes and flying
boats of al types per month, only 120 arrived on average. An adjustment for the
second half of 1918 called for 190 per month; shortfalls continued and monthly
deliveries averaged only 127 aircraft.”® Taken separately, flying boat shortfalls were
even more pronounced. According to R. M. Groves sdiary, by 1 May 1918 flying boat
deliveries were behind by 50%, which he blamed on strikes and labour shortages.”
Ministry of Munitions records for deliveries of Large Americas of all models between
October 1917 and July 1918 demonstrate a profound disappointment in the flying boat

programme: %

Table5. Snapshot of Maritime Aircraft Deliveries, October 1917-July 1918

Oct Nov Dec Jan Feb Mar | Apr May | Jun Jul
Lg Americas
Expected 19 13 23 18 23 24 32 44 46 50
Lg Americas
Delivered 4 17 8 5 13 16 18 32 32 22
Short 184s
Expected 41 47 26 19 26 20 28 32 34 38
Short 184s
Delivered 26 34 27 31 31 20 18 35 31 20

""Air Board Minutes (AB 167), 21 Nov 1917, AHB; Morrow, GWA, 252, 255, 328, 369; Jones, WIA,
VI: 45-53; Ministry of Munitions, Munitions, XII, I, 78-81; Nerney, ‘Aircraft Production,’ AIR
1/678/21/13/2100, 169-171.

Morrow, GWA, 326.

Diary, 1 May 1918, Groves Papers, IWM/DD/P322. Groves was serving as Deputy Chief of the Air
Staff at thistime.

®Ministry of Munitions]C.R.R.(S)7], Output of Seaplanes, MUN 5/212/1960/26. Short 184 production
shown for comparison.
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Added to this was the fact that flying boat hulls typically had a useful service life of
only six months due to the nature of operations and therefore required a faster rate of
replacement for ‘wastage’ than was common in other large aircraft.®

The realisation that flying boat production would never reach desired levels in
the immediate future meant that the Admiralty and Air Ministry were forced to rely on
float seaplanes—which the Admiralty had hoped would eventually ‘die out' as a
class—and land-based aeroplanes for the anti-submarine patrol mission.®? During the
spring of 1918 the Air Ministry agreed to provide as many Large Americas as
production would allow and supplement this force with float seaplanes. It aso
suggested that the Admiralty consider replacing float seaplanes with twin-engine
aeroplanes after August 1918. The Admiralty agreed in principle provided they receive
their full requirement of flying boats, which was 169 Large Americas for patrol and
reconnaissance plus 50 more for a planned bombing offensive of German harbours.
The entire programme, as of April 1918, called for a force of 459 seaplanes and flying
boats plus 726 aeroplanes for naval cooperation at home and anti-submarine work 2

About the same time that these negotiations were taking place, Wing Captain R.
M. Groves, a senior RNAS officer seconded to the Department of Aircraft Production,
produced a proposal to use DH-6 training aircraft for submarine patrols close to the
coast. Groves surmised that even aircraft of such poor performance, unable to carry
both an observer and a bomb, would act as a ‘scarecrow’ against German U-boats,
which usually submerged upon sighting any type of arcraft. The Air Ministry and
Admiralty accepted the proposal only as a stopgap measure since more suitable
aeroplanes, such as the DH-9 bomber, were not yet available to meet nava
requirements. Admiral A. L. Duff, the Assistant Chief of the Naval Staff, warned that

8 Jones, WIA, VI:338. For example, many of the first batch of Handley Page O/100 bombers,
delivered in 1916, were still flying and serving in training unitsin 1918. Sturtivant and Page, Serials and
Units, 76-78.

#Admiralty to Air Ministry, 30 Apr 1918, Doc. No. 248 in Roskill, Documents Relating, 661-63.

BAir Ministry to Admiralty, 30 Mar 1918, and Admiralty reply, 23 Apr 1918, Doc. No. 239 in Roskill,
Documents Relating, 650-53; Jones, WA, VI: 338-40.
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these aircraft could never replace seaplanes in anti-submarine work.2* By September
1918, over three hundred DH-6s served in anti-submarine patrol squadronsin Britain.®

On 30 April the Admiralty returned to the question of their air programme for
anti-submarine aircraft. In addition to the 27 planned flights (6 aircraft each) of
obsolescent DH-6 aeroplanes, they submitted a request to the Air Ministry for 27
submarine hunting aeroplane squadrons (almost 500 aircraft) of the latest design, which
did not yet exist. Additionally they asked for 13 flights of the well-armed DH-9 for the
south-east coast, where German seaplanes were a serious threat. They also requested
an establishment of 180 flying boats and 180 float seaplanes, this second group to be
replaced by a similar number of flying boats when available® Although the Air
Ministry tried to shrink this programme to provide more aircraft for the Independent
Force in August, Geddes protested loudly, asserting that ‘the country could not afford
the risk’ of predictions of successful bombing operations against U-boat bases and
yards being incorrect.®”

While delays were lengthy, flying boat production finally began to see progress
by the close of the war. On 25 April 1918, about a year after their debut with RNAS
units, there were only 68 Large Americas of all types in service; 25 July saw an
increase to 135 with 238 by 31 October. On 31 October Air Ministry contracts in force
called for further deliveries of 174 of H-16, F2a, and F3 Large Americas plus an
additional 392 new Fb5s, a dlightly more advanced ‘mark’ which did not reach field
units by the Armistice.®®

Even naval aeroplanes were susceptible to production problems. The Blackburn
Kangaroo aircraft, which largely fulfilled the Admiralty’s desire for a twin-engine
submarine-hunting aeroplane, suffered from shortages of cypress timber, slowing
production.®® Only 11 were on charge on 31 October 1918. Of the DH-9 and DH-9a
aeroplanes that the Air Ministry hoped to offer as replacements for the DH-6, almost

#Groves, ‘Notes on Marine Aircraft Construction and Design Policy,’ circa 1st week of Mar 1918,
ADM 116/1278; Groves, ‘Inshore Patrol Work by Aeroplanes,” 18 Mar 1918, AIR 1/6A/4/43; Jones,
WA, VI: 330-34; First Lord Memo for Cabinet: * Anti-submarine Coastal Patrols by Aeroplanes,” 12 Apr
1918, ADM 116/1278; DAD Memo, 27 Mar 1918, and ACNS Memos, 13 and 29 Mar 1918, ADM
116/1278.

8 and Machines on Charge of Home Anti-Submarine Units at 30 September 1918, 22 Nov 1918,
AIR 1/427/15/312/86.

&Admiralty to Air Ministry, 30 Apr 1918, Doc. No. 248 in Roskill, Documents Relating, 661-63.

8 Air Ministry to Admiralty, 13 Aug 1918, and Admiralty Memo, 31 Aug 1918, Doc. Nos. 266 and 269
inibid., 699-703, 711-12.

®Djsposition of Aircraft returns for 25 April, 25 July, and 31 October 1918, AIR 1/670/17/124. Does
not include construction of flying boats at Malta, which amounted to only a handful by the end of the
war.

8A. J. Jackson, Blackburn Aircraft Since 1909 (London: Putnam, 1968), 113.
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250 of these were available to naval cooperation units by the end of the war, but 90 of
those were assigned during the last week of October. Likewise, a squadron of Vickers
Vimy bombers, designed as a replacement for the Handley Page O/400, was due to
arrive with naval units in November 1918.° Seven squadrons of these long-range
aeroplanes were programmed to serve with anti-submarine units at home, but the war
ended before any arrived at coastal air groups.™
In 1918 alone, British industry produced 30,671 land aeroplanes and 936 float
seaplanes and ship-borne aeroplanes. During the same period, Britain produced only
411 flying boats of al types. A further 100 flying boats were purchased from
manufacturers abroad, mostly American.** Between June and November 1918, Eagle
engines (of al models) on charge in all RAF units and depots hovered between 1741
and 2077 each month, with new production barely making up for losses in combat and
flying accidents.®®
Although they were used in far fewer numbers than fixed wing aircraft, lighter-
than-air weapon system production deserves mention here. It is important to note that
due to its expertise in the field the Admiralty retained production responsibility for
airships even after the Air and Munitions Ministries took over aeroplane, seaplane, and
flying boat production. The Admiralty rigid airship programme, witnessing changes in
administration and accompanying shifts in policy, suffered from severe production
problems. As Robin Higham asserts, these huge craft, as well as their bases, soaked up
tremendous amounts of manpower and materiel, which the war economy could barely

spare.®*

Sheds alone used six to ten thousand tons of steel over lengthy periods of
construction—scarce resources due to the needs of other war industries, especially
shipbuilding.® Only latein the war did the Admiralty finally get afew rigids, but these
were plagued with performance problems.*® The Admiralty was therefore never able to
provide an adequate fleet reconnaissance rigid airship, like the Zeppelins of the German
Navy, but instead employed alarge force of non-rigid airships for anti-submarine patrol

and occasional fleet work.

% Number of Machines on Charge of Naval Service Units at 31st October 1918, 22 Nov 1918, AIR
1/427/15/312/86; Air Ministry Order B.6251, 25 Oct 1918, AIR 1/290/15/226/139 Pt I1; DAD Memo, 10
Sep 1918, AIR 1/289/15/226/139 Pt |, AD4341.

*Admiralty to Air Ministry, 8 Aug 1918, Doc. No. 264 in Roskill, Documents Relating, 693-98; DAD
Memo, 31 Jul 1918, AIR 1/286/15/226/137 Pt I.

*’Ministry of Munitions, Munitions, XII, I, 173.

®RAF Forms 9a: ‘Engines on Charge’ for June through November 1918, AIR 1/162/15/124/7 and 9.

*Higham, British Rigid Airship, 79-81; Higham, ‘ Peripheral Weapon.’

®Mr John Hunter, Director of Steel Production, Memo for Admiralty, 20 Apr 1917, ADM 167/52;
Higham, ‘ Peripheral Weapon,” 95.

%Jones, WIA, IV: 41.
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The Admiralty itself built most of the envelopes for these non-rigids at its own
depots, while civilian firms provided the cars and engines. Always under Admiralty
control, the production of non-rigid airships was never a particularly difficult issue; the
Roya Navy contracted and built what it deemed necessary for operational
requirements.”” In one case, however, the Airship Department, rushed by lack of
progress in rigid construction, went into full-scale production of the North Sea type
non-rigid before it completed operational testing. Problems with the engine
transmission gear, discovered only after 200 hours of flying, led to a fleet-wide
modification after full production was underway.® However, the end of the war saw
Admiralty depots in the process of replacing C and C Star airships with the new SS
Twin design and no major problems appear to have affected production.*

The final area of naval aircraft product